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Abstract  This work provides a retrospective and 
dynamic investigation of the variety of hydrobionts 
making the main taxonomic components in freshwater 
reservoirs of the Angarsky Sor Bay in the northern section 
of Lake Baikal in September 2020 (reconnaissance), July 
2020 (reconnaissance), and August 2021. In 2020, 
high-quality zoobenthos samples were collected through 
reconnaissance employing ichthyofauna and deep zoning. 
The data on zooplankton were gathered and processed 
using the quantitative method. Based on a modified 
numerical classification, 24 species of phytoplanktons, 
dominant species of zooplanktocenosis, 25 taxonomic 
groups representing the zoobenthos species composition, 
and 14 species from ichthyofauna groups were identified. 
Depending on the rise in depth, quantitative zoobenthos 
indicators were identified at all depths of the littoral zone. 
Based on the analysis of literary sources, the taxonomic 
identification of phytoplankton at various sites is 
determined considering the individual volume of their cell 
mass. The counting method was used to aggregate and 
process quantitative and qualitative data on zooplankton 
of epilimnion, metalimnion, and the upper horizon of 
hypolimnion. The species structure of the system-forming 
complex of zooplanktocenosis in the context of rotifers, 
copepods, and branched crustaceans is determined. The 

dynamic and dominant structure of zooplanktocenosis by 
sectors of deep sites is analyzed. This study provides 
insight to researchers searching for interspecies diversity, 
particularly in Baikal Lake. Moreover, the proposed 
research provides apprehension of several phytoplankton, 
zooplankton, and zoobenthos species by performing 
wide-scale reconnaissance of the freshwater depths. This 
study also provides qualitative characteristics of benthic 
invertebrates’ diversity and zoobenthos productivity in the 
reservoir. This article assists the researchers in 
contributing to the effective management of biological 
diversity conservation. Although there are studies on the 
diversity of hydrobionts, very limited data is present on 
dynamic and retrospective analysis of hydrobiont 
diversity in the Angarsky Sor Bay situated in the northern 
part of Lake Baikal. 

Keywords  Zooplankton, Zoobenthos, Ichthyofauna, 
Phytoplankton, Baikal 
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1. Introduction 
The world's deepest lake, Lake Baikal, has been 

recognized as a UNESCO World Heritage Site [1]. The 
influence of hydrological level regime variation 
attributable to natural and human-caused sources is the 
lake's most serious environmental issue. A shallow gulf in 
the northeastern part of the lake was chosen as the key 
study location in the Angarsky Sor. Recent low-water years 
have seen oscillations in Lake Baikal's water level that 
have noteworthy environmental effects because they 
threaten the lake's unique ecosystem and could lead to 
several ecological and economic issues [1]. Lake Baikal's 
ecology's geological, geomorphological, hydrological, 
hydro-physical, structural, and functional characteristics 
make it resemble a miniature ocean. As a result, the 
research may serve as a model that may be applied to 
marine environments and other large lakes. To follow the 
impact of anthropogenic influences (impact monitoring) 
and to identify the changes in the ecosystems of big lakes 
and seas under the influence of natural and anthropogenic 
processes, long-term monitoring is crucial for solving both 
applied and fundamental scientific questions (basic 
monitoring) [2]. The marine hydrobionts found in 
freshwater bodies and freshwater indigenous biota are of 
great importance. They are a wide source of substances 
with various functions, including antioxidant, antibacterial, 
and membrane-protecting properties [3]. The subject of 
how the biodiversity of natural ecosystems will evolve 
through time and place is currently important due to the 
global climate change. The taxonomic mix of aquatic life is 
one of the indicators used to measure how marine and 
freshwater ecosystems respond to changes in 
environmental and climatic conditions that affect marine 
ecosystems [4,5]. 2565 species and subspecies of animals 
live in Lake Baikal [6]. Methods of quick assessment of the 
Baikal fauna's condition are crucial to spot changes in its 
composition considering the region's warming 
environment, particularly in the endemic complex of 
species that have evolved to live in a cold-water lake [7,8]. 

Biological diversity is the diversification of life [9], 
which is the currency of conservation strategies [10,11]. 
Still, all signs point to us failing in our efforts to stem the 
loss of biodiversity. Key biodiversity indices fell by 2010, 
according to an examination of the results of a significant 
global promise made in 2022 to limit the trend of 
biodiversity loss, while stresses on biological ecosystems 
increased. Given the ongoing biodiversity loss, efforts 
were made in 2010 to fulfill international agreements on a 
series of challenging Aichi targets relating to biodiversity 
that were to be accomplished by 2020. However, 
preliminary estimates show that rates of biodiversity loss 
have not decreased despite some local achievements and 
better responses and regulations, making it doubtful that 
the 2020 targets are either met or not [12]. The rate, at 
which we can manage to investigate and track threatened 
species is outpacing the rate, at which biodiversity is 

vanishing at an extraordinary rate. This study aims to 
dynamically analyze the hydrobiont diversity in the region 
of the Angarsky Sor Bay, which is a shallow basin situated 
on the northern side of the world's largest and deepest Lake 
Baikal. Lake Baikal, located in eastern Siberia, is one of 
the oldest lakes and home to numerous indigenous species. 
Lake Baikal's main deep-water layers, which are made up 
of pure, drinkable water and are home to rare species of 
large biodiversity, are particularly well renowned for their 
water purity. However, portions of this large lake's 
coastline areas, mostly those that are secluded shallow 
basins and littoral regions near populated areas and 
industrial facilities, experience an ecological problem that 
jeopardizes the water quality and its ecological 
sustainability. The global climate alterations already have a 
considerable negative impact on Lake Baikal as a global 
ecosystem, which raises the dangers and repercussions of 
local anthropogenic effects. Despite the lake's legal 
protection, human activities have a growing detrimental 
effect on its ecosystem [13]. 

Lake Baikal has a great diversity of zoobenthos; 
according to Khanaev et al. [14], the world's freshwater 
sponge native species consists of more than 200 species 
from 45 genera and six families. In contrast, the fauna of 
Lake Baikal is only represented by 18 species from seven 
genera and two families, the 13 species of the 
Lubomirskiidae and 5 species of the Spongillidae. A study 
by Kravtsova et al. [6] collected samples that contained 
5042 specimens, of which 2239 were macroinvertebrates 
of 2-mm sizes, and 2083 were larger than 2 mm. The study 
also claimed that 972 specimens of Oligochaeta, 605 
specimens of Amphipoda, 546 specimens of Chironomidae, 
and 225 specimens of Mollusca were found. In the case of 
meioinvertebrates, the study claimed 642 specimens of 
Ostracoda, 588 specimens of Nematoda, and 198 
specimens of Rhabdocoela. Five clutches, 62 cocoons, and 
pieces of sponge colony were recorded. The dismantled 
samples revealed members of 17 higher taxa. 

Human activities have a growing detrimental effect on 
the ecosystem. The cascades of natural consequences in 
water quality, coastal sustainability, pollution sinks, water 
level management, forest care, fire control, and 
biodiversity are caused by political, economic, and social 
forces. Despite being UNESCO World Heritage Site, Lake 
Baikal is nevertheless threatened by growing issues that 
need to be solved if humanity continues to protect this 
distinct ecosystem and its distinctive species [13]. 
Conceptual elements of the Federal Law on the 
Conservation of Lake Baikal, enacted in 1999, have not 
been contested during the past 20 years. The state has 
established environmental expertise, and the legal system 
is principally reinforced by regulation acts in the primary 
ecological zone [15]. Discussions have been centered on 
the issue of Lake Baikal's water level regulation for several 
decades, considering any potential effects on the areas' 
environment and economic and social situations [16]. 
Owing to the thermobaric instability, the lake's immense 
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depth occasionally, almost twice a year, sees large amounts 
of top, chilly, and oxygenated water descend to the bottom. 
This impacts the lake ecology. Due to Lake Baikal's 
sensitivity to climate change, its ecosystem and water 
quality may see significant disruptions [17]. Therefore, 
additional work should be done to strengthen the 
partnership between physicists and biologists to overcome 
these problems.  

The main aim of the study was to dynamically analyze 
the diversity of hydrobionts in the Angarsky Sor Bay, 
located in the northern section of Lake Baikal [1]. On that 
basis, the following study objectives are defined: 

1. To identify the species of hydrobionts on the 
northern side of Lake Baikal’s Angarsky Sor Bay; 

2. To assess the diversity of hydrobionts, including 
phytoplankton, zooplankton, and zoobenthos, in 
Lake Baikal’s Angarsky Sor Bay; 

3. To dynamically measure the impact of hydrobiont 
diversity on the Angarsky Sor Bay. 

Based on these aims and objectives, the study answers 
the following research question: How does dynamic 
analysis of the diversity of hydrobionts in the Angarsky 
Sor Bay play a role in the conservation of biodiversity and 
health of the gulf’s aquatic ecosystem? 

According to this research question, the hypothesis of 
the present study is as follows: 

H1: Dynamic analysis of hydrobiont diversity in the 
Angarsky Sor Bay can facilitate the knowledge of 
biodiversity researchers for understanding the conservation 
of biological diversity in Lake Baikal.  

H2: A retrospective analysis of hydrobionts in the 
Angarsky Sor Bay can facilitate biodiversity researchers’ 
identifying species biodivestiy and subsequently studying 
the exposures that might affect their conservation in the 
marine ecosystem. 

 

 

2. Materials and Methods 

2.1. Overview of the Angarsky Sor Bay and Lake 
Baikal 

The Angarsky Sor Bay is in the extreme northern part of 
Lake Baikal in the Severobaikalsky district of Buryatia. 
The Angarsky Sor (Upper Angarsky Sor) is a bay in the 
northernmost part of Lake Baikal. The bay is a closed 
territory, a unique ecosystem, separated from the main 
water area of the lake by the island of Yarki. For a long 
time, this vast space was formed under the influence of 
currents flowing into the northern part of Lake Baikal of 
the River Upper Angara and the River Kicher. Lake Baikal 
has a great diversity of freshwater species. 

The map of the research location, the Angarsky Sor Bay 
in the northern section of Lake Baikal, is depicted in Figure 
1. 

2.2. Sample Collection 

Figure 2 shows the methodology of the study. We 
conducted the Angarsky Sor retrospective and dynamic 
investigation qualitative and quantitative studies on 
September 2020 (reconnaissance), July 2020 
(reconnaissance), and August 2021. In 2020, mainly 
qualitative sampling of zoobenthos and studies of the 
Angarsky Sor Bay ichthyofauna were carried out. In 2021, 
a detailed hydrobiological survey of the Angarsky Sor Bay 
was carried out with the selection of quantitative samples 
of phytoplankton, zooplankton, and zoobenthos. The 
phytoplankton is a highly diversified polyphyletic 
community of cyanobacteria and photosynthetic protists 
that powers biogeochemical cycling and supports food 
webs. Phylogenetically and functionally wide protistan and 
metazoan eaters that occupy various trophic levels in 
pelagic goof webs make marine zooplankton. 
Production-grazing coupling and trophic levels in pelagic 
food webs make marine zooplankton. A crucial element of 
aquatic ecosystems, zoobenthos, serves as a trustworthy 
bioindicator of environmental deterioration [18]. 



618 Biodiversity Dynamics of Hydrobionts, Including Zooplankton, Phytoplankton,  
Zoobenthos, and Fishes in the Angarsky Sor Bay, Russian Federation 

 

Figure 1.  Lake Baikal, Russia 
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Figure 2.  Flowchart representing the methodology of the study 

2.3. Hydrobionts Collection 

5 samples of phytoplankton, 11 samples of zooplankton, 
and 80 samples of zoobenthos were taken from four 
sections. 430 fish species were caught in various parts of 
the Angarsky Sor Bay of Lake Baikal. Within three years 
of research, 33 qualitative zoobenthos samples were 
selected from the Angarsky Sor Bay littoral zone and the 
source part flowing from the flowing rivers - Upper Angara 

and Kichera. 

2.4. Phytoplankton Collection 

In the present study, phytoplankton collection was 
carried out in the coastal area and open part of the 
Angarsky Sor Bay by fixing 1 l of water with an Uthermel 
solution. Under laboratory conditions, the samples were 
concentrated by the sedimentary method. Then, the 
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concentrate was viewed under a light microscope in a 0.1 
ml chamber in a double repetition procedure. With an 
increase of ×200, net shapes and nanoplankton were 
identified and considered, and with an increase of ×400 - 
picoplankton. 

2.5. Zooplankton Collection 

Further, for the contemporary study, zooplankton 
samples were taken on August 2021 at four sections 
located in the central part and the southeastern bay of 
Angarsky Sor Bay. Depending on the depth, samples 
ranged from 2 to 4 m. The sampling was carried out using 
the Jedi network from mill sieve No. 55. The samples were 
fixed with 4% formalin solution. 

2.6. Zoobenthos Collection 

A sampling of zoobenthos was carried out by 
quantitative (Petersen dredger (small model)) and 
qualitative (scraper, hand collection from rocks and 
driftwood at a depth of up to 1 m) collection tools. 
Quantitative samples of zoobenthos in the Angarsky Sor 
Bay tributaries and part of Lake Baikal were taken with a 
Levanidov bentometer with a capture area of 1/16 m2. A 
net from mill sieve No. 23 was used to wash the samples. 
The material was fixed with 4% formalin and 70% ethanol. 
The material was processed under laboratory conditions 
according to the methods adopted in hydrobiology [23]. 

2.7. Calculation of Benthic Organisms 

The determination of benthic organisms was carried out 
according to the books of the series "Key to freshwater 
invertebrates of Russia and adjacent territories" [24-27]; 
"Keys to the Insects of the Far East of the USSR" [28]; 
"Determinants of the fauna of the USSR" and "Fauna of 
Russia and adjacent countries" [19-22,29] and some others. 

2.8. Determination of Benthic Invertebrate Structure 

Numerical classification A was used to determine the 
structure of benthic invertebrate communities by 
Cheltsov-Bebutov, modified by Levanidov [30], according 
to which dominants in number or biomass are 15% or more, 
subdominants from 5.0 to 14.9%, secondary from 1.0 to 
4.9%, third-rate less than 1.0%. 

2.9. Fish Trap 

Fish were caught in the standard order of gill nets with a 
mesh of 10-50 mm (50 m each cell), which were exposed 
for 6-8 hours at night in various Sor biotopes. The catches 
were sorted by species, the Angarsky Sor Bay areas, and 
depth zones. 

2.10. Statistical Analysis 

The calculation of data and the construction of graphical 
images are performed using the Excel program from the 
MS Office 2010 package for Windows. 

3. Results 

3.1. Phytoplankton 

Our phytoplankton studies were conducted in the second 
decade of August 2021. This is the beginning of the 
vegetation of the summer algae complex. At this time, 
mainly autotrophic picoplankton develops. The role of 
larger factions increases by August, and the maximum is 
reached in October. Considering these features of 
phytoplankton functioning, the analysis of the collections 
of 2021 showed a high level of development of planktonic 
algae. There are 24 species and two varieties, four and two 
of which, respectively, belong to the golden genus 
Dinobryon. Most of the algae noted are widespread species 
in the planet's reservoirs. The species identified from 
phytoplanktons are listed in Table 1, and their examples are 
depicted in Figure 3. 

Table 1.  List of species identified 

Species Identification by synonymous names and characters 

Coenochloris 
polycocca 

Radiococcus polycoccus (taxonomic synonym 
based on nomenclatural rules) 

Dinobryon Golden algae 

Gloeocapsa Bichatia (taxonomic synonym based on 
taxonomists’ view) - cynobacteria 

Rhodomonas Cryptomonads (blast name) – large species group 

Aulacoseira Diatoms 

Cyclotella Stephanocyclus –belongs to the higher taxa of 
Stephanodiscaceae 

Peridinium Group of dinoflagellates 

Elakatothrix Green plants 

Fragilaria Freshwater diatoms 

 

A 
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B 

Figure 3.  Examples of the dominant species of phytoplankton: 
Coenochloris polycocca (A) and golden Dinobryon (B) 

Moreover, our studies showed that phytoplankton 
biomass ranged from 100 to 130 mg/m3. The main 
contribution belonged to green and golden algae. The 
maximum number (more than 140 thousand cells/l) was 
noted for green Coenochloris polycocca. Golden 
Dinobryon divergens was subdominant (22 thousand 
cells/l). The concentration of other algae is low, ranging 
from 3.5-4.5 thousand cells/l (Gloeocapsa, Rhodomonas, 
Aulacoseira, Cyclotella) to 8-11 thousand cells/l 
(Peridinium, Elakatothrix, Fragilaria).  

3.2. Zooplankton 

Data on zooplankton of epilimnion, metalimnion, and 
the upper horizon of hypolimnion were obtained. This is 
enough to characterize the zooplanktocenosis of the 
Angarsky Sor Bay. In hypolimnion, only the rotifer 
Asplanchna priodonta can reach a relatively large number. 
According to our data, zooplankton includes ten species: 
five species of rotifers, three species of copepods, and two 
species of branched crustaceans. The vast majority of 
zooplankton organisms in the Angarsky Sor Bay are 
widespread Palearctic species. The highest frequency of 
occurrence is characterized by A. priodonta, Kellicottia 
longispina, Cyclops scutifer, Daphnia hyalina, and 
Bosmina cf. longispina. 

In the central part of the Angarsky Sor Bay (Sections 
1-3), the average population density of zooplankton by 
sections was as follows: Section 1 – 9 thousand 
specimens/m3; Section 2 – 8.0 thousand specimens/m3; 
Section 3 – 6 thousand specimens/m3 with average biomass 
of 0.211, 0.154, and 0.098 g/m3, respectively. In the 
southeastern part of the Angarsky Sor Bay (Section 4), the 
quantitative characteristics of zooplankton were lower 
(4.04 thousand specimens/m3, 0.062 g/m3). 

Despite the fluctuations in biomass, the dominant 
complex, including C. scutifer and D. hyalina, is stable at 
all sampling points. All age stages represent cyclopes, but 
their quantitative ratio varies irregularly. The distribution 
of C. scutifer retains the features noted by previous 
researchers: maximum abundance and biomass are 
observed in the layers affecting the border of the 
metalimnion and hypolimnion. The cyclop dominance 

index usually does not fall below 60%, reaching the highest 
values above 90% in layers up to 2-4 m deep. Subdominant 
D. hyalina in all sections reaches biomass of 0.009–0.03 
g/m3, except for one point in the Angarsky Sor Bay central 
zone, where Daphnia biomass increases to 0.250 thousand 
specimens/m3, which is more than 50% of the plankton 
biomass. The identified zooplankton species are listed in 
Table 2, and their examples are depicted in Figure 4. 

Table 2.  List of species identified 

Species Identification 

Cyclops scutifer Blast name - crustaceans 

Daphnia hyalina Common name – water fleas 

Bosmina cf. longispina Belongs to family 
Bosminidae/Cladocera 

Acanthodiaptomus Higher taxa order - Diaptomidae 

Asplanchna priodonta Rotifers – higher order Asplanchnidae 

Kellicottia longispina Anuraea 

Conochilus Rotifers – higher order Conochilidae 

  

A 

 

B 

 

C 

Figure 4.  Examples of the dominant species of zooplankton: C. scutifer 
(A), A. denticornis (B), and D. hyaline (C) 
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The abundance and biomass of B. cf. longispina do not 
exceed 0.3 thousand specimens/m3 and 0.006 g/m3, 
respectively. Acanthodiaptomus denticornis occurs 
sporadically in the bay and central part of the Angarsky Sor, 
with the population reaching 2.8 thousand specimens/m3. 
However, the nauplial stages are numerically predominant, 
so the total biomass of diaptomus does not exceed 0.016 
g/m3.  

Rotatoriocenoses reach the maximum quantitative 
development (3.31 thousand specimens/m3) in the central 
part of the sor in epilimnion at a depth of up to 4 m. The 
structure-forming complex of rotatoriocenosis consists of 
A. priodonta and K. longispina, which are extremely 
unevenly distributed. Conochilus unicornis can be added as 
a co-dominant, the number of which varies by four orders 
of magnitude. The biomass of rotifers in the case of mass 
development of A. bryodonta and C. unicornis reaches 29% 
of the zooplankton biomass. According to the results 
obtained, the system-forming complex of 
zooplanktocenosis includes the dominant species C. 
scutifer, A. denticornis, and D. hyalina. According to the 
composition of the dominants, the predominance of 
"predatory" plankton over the filters, the quantitative 
development, and the ratio of N Sor/N Clad/N Rot, a 
typical oligodominant zooplanktocenosis of an 
oligotrophic reservoir develops in the Sor. 

3.3. Zoobenthos 

According to the results of the 2020 and 2021 studies, a 
noticeably high taxonomic diversity of benthic 
invertebrates was found in Sor. In total, 25 taxonomic 
groups of family rank and higher were found in the 
zoobenthos of the Sor: sponges (1 species), hydra, 
turbellaria (1), nematodes, oligochaetes (6), leeches (3), 
gastropods (7), bivalves (5), ostracods, amphipods (1) and 
insects. The latter is most widely represented in benthic 
fauna. In our samples, almost all orders of insects that are 
inhabitants of fresh waters were found: long-tailed insects, 
mites, mayflies (11 species were identified), dragonflies, 
stoneflies (3), bedbugs, large-winged insects (1), beetles 
(5), caddisflies (32), and Diptera. Larvae of the families 
Chironomidae, Ceratopogonidae, Ephydridae, Limoniidae, 
Simuliidae, Tabanidae and Tipulidae were found among 
the representatives of the latter order. Of the chironomids, 
58 species were found in the Sor. Zoobenthos higher 
order/families identified are listed in Table 3, and their 
examples are listed in Figure 5. 

Taking into account the incomplete definition of several 
groups of organisms in the Sor, the habitat of 150 species 
and taxa of supraspecific rank was established. 

Only groups of hydrobionts such as sponges, hydra, 
nematodes, and ostracods are noted. The most diverse 
chironomids are represented here – 30 species and 
caddisflies – 25 species. Baikal endemic forms 
characterize the Sor fauna of chironomids – Sergentia 
longiventris, S. baicalensis, S. koschowi, and S. 

flavodentata, whose habitation is confined mainly to 
depths over 20 m and soft muddy soils. 

 

A 

 
B 

Figure 5.  Examples of the dominant species of zoobenthos: 
Lumbriculus variegates (A) and bivalves (B) 

Table 3.  List of higher order/families identified 

Identified families Characteristic identification 

Chironomidae Family of nematoceran flies 

Ceratopogonidae Common name – biting midges 

Ephydridae Sphaerocera: common name - brine flies 

Limoniidae and 
Tipulidae 

Belong to Diptera: common name – 
crane flies 

Simuliidae Black fly 

Tabanidae Family Tabanidae – horse flies 

Chironomids (30 species), caddisflies (16), and mayflies 
(9) are the most diverse. 

On the soils of the Sor, the littoral zone fauna is the most 
diverse, where 78 taxa belonging to 19 taxonomic groups 
of the family rank and higher are found, which makes up      
77% of the species composition of the zoobenthos 
organisms of this section of the Sor. The most diverse in 
this zone are caddisflies (24 species) and chironomids (19 
species). Six species represent gastropods, and five species 
represent mayflies and beetles. Only in this depth zone, 
sponges, planarians, gastropods, mayflies, caddisflies, 
winglets, and Diptera of the families Ephydridae, 
Limoniidae, Tabanidae, and Tipulidae were recorded. 

Chironomids, represented by 14 species, are 
characterized by the greatest diversity in this depth zone. 
Oligochaetes and bivalves are represented by four species 
of each group. 
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Chironomids are represented by four species of the 
genus Sergentia, oligochaetes – by one species 
(Lumbriculus variegates), and bivalves – by one species 
(Euglesa granum). 

Our research obtained quantitative indicators of 
zoobenthos for all Sor depths. 

The maximum and average values of the abundance and 
biomass of zoobenthos were noted in the littoral zone at 
depths from 3 to 5 m. Here, the population indicators 
varied from 960 to 9,300 specimens/m2, averaging 3,577 
specimens/m2 at a depth of 3 m, 1.86 specimens/m2 at 5 m, 
and 3,901 specimens/m2 at 10 m. Biomass indicators 
varied from 0.75 to 10.9 g/m2 with average values at a 
depth of 3 m – 4.201 g/m2 and 5 m – 4.405 g/m2. Almost 
half the numbers (1,543 specimens/m2) and biomass (2.73 
g/m2) were observed in the upper zone of the littoral zone 
(up to 1.5–2 m), which is most likely due to seasonal 
fluctuations in the level, causing a decrease in the 
quantitative indicators of sedentary organisms in this depth 
zone (oligochaetes, chironomids, bivalves). At various 
depths of the littoral zone, the dominant and subdominant 
groups of organisms were oligochaetes, gastropods, 
bivalves, and chironomids. The dominant biomass 
complex in the zone of depths up to 1.5–2 m includes Sialis 
sibirica. The subdominant complex includes caddisflies in 
the zone of depths of 3 m. 

3.4. Ichthyofauna 

Based on the results of our research, 14 species of fish 
inhabit the Angarsky Sor Bay, among which perch, Arctic 
char, roach, lenok, and burbot play the most important role 
in the structure of the fish part of the community by the 
share in our catches and pike. As the data on the diet of 
predatory fish and visual observations show, there is 
undoubtedly a significant number of Cottus kesslerii and 
common minnow in the Angarsky Sor Bay. Nevertheless, 
despite using small-scale nets in research, these species 
were represented in single specimens in catches. The 
dominant species in July – August were roach and perch, 
which accounted for 57.7 and 25.4% of the total number of 
fish, respectively. Table 4 shows the identified 
ichthyofauna species, and Figure 6 shows their examples. 

Table 4.  List of identified species 

Species Identification 

Cottus kesslerii Synonymous name of Leocottus kesslerii 

Siberian char Salvelinus leucomaenis ray-finned fish 

Spined loach Belong to the family Cobitidae – 
freshwater fish 

Rutilus rutilus (Roach) Marine roaches belong to rheophilus 
species 

 
A 

 
B 

 
C 

Figure 6.  Examples of the dominant species of ichthyofauna: spined 
loach (A), Siberian char (B), and Cottus kesslerii (C) 

Pike was also found in the catches, and during visual 
observations, isolated individuals of Cottus kesslerii, 
Siberian char, and spined loach were noted. In July – 
August, the amount of Arctic char was the highest, 
accounting for up to 55% of the total number of fish. The 
number of perch was slightly lower, represented here by 
relatively large individuals fattening, like the Arctic char, 
with a Cottus kesslerii. Roach and lenok adhered to the 
shallowest part here, and their combined share was slightly 
more than 10% of the population. 

4. Discussion 

4.1. Phytoplankton 

Phytoplankton forms the base of the marine ecosystem. 
These organisms grow in a temperature-dependent manner 
whereby the rate of growth of phytoplankton increases 
with a slight increase in temperature but declines with a 
sharp increase because of enzymatic breakdown [31]. The 
current findings revealed a list of species including 
Coenochloris polycocca, Dinobryon, Gloeocapsa 
Rhodomonas, Aulacoseira, Cyclotella, Peridinium, 
Elakatothrix, and Fragilaria characterized as green and 
golden algae, diatoms and microalgae cyanobacteria. 
Green and golden alga (phytoplankton) have a large 
proportion in the depths of these lakes, whereas other alga 
have lower concentrations. The reason may be the wide 
adaptation of green and golden algae in the respective 
environment [32]. The analysis was carried out around 
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August 2021 in the Angarsky Sor Bay and Lake Baikal, 
which is the initial time for the vegetation of summer algae 
that grows at raising temperatures. One species from the 
golden algae Dinobryon was widespread. However, the 
differential presence of phytoplanktons in Lake Baikal is 
the result of their surface redistribution. For example, the 
global climate change affects the hydrological parameters 
of lakes. The climate change crisis greatly affects the 
physical and chemical processes in water bodies. However, 
there are various methods that address this issue. One of 
the main methods includes the provision of ecosystem 
conservation and restoration strategies and models that 
help preserve water bodies from deterioration. Moreover, 
sustainable water management approaches may also prove 
significant in reducing climate crisis.  

The findings of the study further revealed that the period 
of August and September in which research was conducted 
is crucial for the development and growth of autotrophic 
picoplankton. The autotrophic picoplankton, a type of 
phytoplankton, is distributed worldwide and found in lakes 
of tropical lands. The increased temperature due to climate 
change, however, gives a chance for the active growth of 
small plankton, however, the significant rise of global 
warming with disruptive climate changes may affect the 
growth and functioning of phytoplankton in Lake Baikal 
[33]. The mentioned climate anomalies affected Baikal’s 
ice coverage and produced threats to the biodiversity of the 
lake. These biodiversity threats are indirectly caused by 
human activities and therefore measures are sought for 
sustainable ecosystem development with preserving 
Lake’s biodiversity through sustainable use as 
biocomposites and biologically active substances in 
pharmaceuticals [34]. It is more encouraging to use 
endemic species rather than imposing damage since 
sustainable use can replace the harmful human activities 
that affect the climate. 

Picoplankton was also reported since samples were 
collected in August and September. Large aggregates of 
different sizes from 4 cells up to 50 cells are formed, work 
as a cluster and give an adaptive function, thereby 
increasing nutrient recycling. The development of 
planktonic algae holds potential significance in the study 
period. There has been a greater variety of these organisms 
because of the range of traits capable of adaptation [32]. 
Apart from this, the range of biomass mostly belonged to 
the green and golden algae in the deep lake and the 
consistent distribution of phytoplankton over a long period 
can be noticed. Overall, all this biodiversity can be 
preserved by positive and sustainable human activities and 
environmental measures. 

4.2. Zooplankton 

Three layers of the Angarsky Sor, Lake Baikal, were 
explored for collecting samples to determine the 
concentration of zooplankton. As the findings suggest on 
the three layers, the significant distribution of zooplankton 

is an indicator of the increased survival adaptation in the 
layers. However, the study reported an increased 
distribution of zooplankton in the hypolimnion layer. This 
deepest layer of the lake remains cold in summer. The 
vertical distribution of the species in the deepest layers of 
hypolimnion and somewhere cross-border with 
metalimnion was reported. The study found the abundance 
of about ten species. 

In terms of quantity, rotatoriocenoses reach the 
maximum level of development in the layers with a 
concentric development of biomass of rotifers reaching    
29% of zooplankton development. On the other hand, the 
literature reports the decline of endemic rotifers [35]. This 
growth of the rotifer was reported to be affected by the low 
temperature and subsequently lowered reproductive rate, 
which may decrease the number of rotifers in these layers 
[36]. One of the reasons for decline is associated with the 
anoxic condition of the lower layer of the lake [37]. It can 
be inferred that changes in environmental composition can 
lead to changes in aquatic responses. Different outcomes 
were observed; climate change with temperature rise in 
summer increases the production of rotifers; however, 
other activities, such as anthropogenic influence, lead to 
the eutrophication of the lake environment, which is 
characterized as harmful to the production of aquatic 
organisms [6]. Both climate and anthropogenic influences 
affect the growth of zooplankton and other species in the 
lake. Another species abundant in the hypolimnion was 
Asplanchna periodontal feeding on different animals and 
plants and being omnivorous. In terms of abundance, 
rotifers were in the majority, followed by copepods and 
crustaceans (branched groups). The highest frequency of 
occurrence is as follows from A. priodonta, Kellicottia 
longispina, Cyclops scutifer, Daphnia hyalina, and 
Bosmina cf. longispina. 

Apart from this, reproductive rates change with 
increasing temperature. For example, there is an indication 
of variations in the vertical migration of zooplankton 
species on their distribution layer in Lake Baikal. Such 
modifications for zooplankton in the deep region may be 
driven by light penetration, temperature changes, 
competition for predation, and depth of mixed layers [38]. 
For zooplanktons, the average biodensity was in the 
thousands, and the average biomass was g/m3, which is an 
indicator of significant numbers of the population. Apart 
from this, even though considerable fluctuation is found in 
the biomass composition. However, the stability of C. 
scutifer and D. hyaline has its ground in the phylogeny. 
Cyclops specie belongs to the Palearctic genus adapted to 
cold environments. The species are predominant in 
freshwater and can even be found in harsh and low 
temperatures and high salinity, thereby indicating their 
high tolerance to climate change [39]. Hence, maximum 
abundance in both layers, metalimnion and hypolimnion, 
could be the outcome of these characteristics affecting the 
biomass composition. 

The most important strategy proposed for improving 
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zooplankton growth in Lake Baikal is monitoring 
zooplankton biodiversity. In Lake Baikal, the diversity is 
distributed in deep layers, and therefore, monitoring 
becomes crucial from the samples from these deep layers. 
Monitoring can help understand the variations in 
community structure and functional diversity. This can 
allow researchers and practitioners to set agendas and 
develop conservation and management programs [40]. 
Achieving marine biodiversity is not a simple goal but is a 
long-term achievement acquired by sustainable practices. 
In this regard, appropriate evaluation strategies are the 
primary step-forward toward the implication of effective 
management programs, which allows for collaborative 
efforts to overcome the ever-increasing challenges of 
climate change and increased predation.  

An extensive diversity of the organism has already been 
reported, as the results suggest that the dominant species in 
Lake Baikal are C. scutifer, A. denticornis, and D. hyalina, 
which form a complex of zooplanktocenosis. Therefore, 
continuous monitoring can allow overcoming future 
challenges imposed by the global warming. 

4.3. Zoobenthos 

This study also found species in the category of 
zoobenthos, which belong to the benthic communities of 
water inhabiting the bottom surface of estuaries. The 
results found half of the taxonomic diversity of zoobenthic 
organisms in the littoral zones at a depth of 3 to 5 meters. 
Zoobenthos belongs to benthic communities of water that 
are distributed with respect to the different gradients of 
water that change across different seasons. Moreover, the 
benthic fauna is disseminated in these gradients based on 
factors such as humidity, light, water temperature, and 
wave-related factors. The zoobenthic communities are 
assembled at soft bottoms [41]. The results show families 
that most of the species belong to, including Chironomidae, 
Ceratopogonidae, Ephydridae Limoniidae, Tipulidae, 
Simuliidae, and Tabanidae. As the name suggests, benthic 
organisms live in the bottom region. The majority in this 
class belong to the invertebrate category, including 
mollusks, gastropods, bivalves, and polychaetes. 
Chernitsyna et al. [42] also found that most species found 
in the lake were invertebrates. The invertebrates tend to 
inhabit the benthic environment, the bottom of the water 
with exclusively high temperature, hydrothermal vents, 
and cold seeps [42]. Their ability to perform symbiosis 
gives them additional benefits, as microbial symbiosis 
greatly facilitates survival in deep vents. Hence, dominant 
and subdominant groups of oligochaetes, gastropods, and 
bivalves were found in the deepest areas [42]. The 
specie-level identification gave results for species from 
Chrionomidae (30 species), caddifishes (16 species), and 
mayflies (9 species). The common representative species 
from Chrionomidae were Lumbriculus variegates and 
Euglesa granum. 

Moreover, even though all endemic species are found in 
the benthic zone, benthic insects are still predominant. 
Besides, the presence of a group of hydrobionts depends on 
the composition of rocks and surface structure at the sea 
bottom. These organisms take part in the interactions 
between substrate and water. This is very important since 
the destruction of rocks depends on how Baikal water 
interacts with the substrate, and therefore the presence of 
hydrobionts is compulsory since it mediates the process 
efficiently [43]. 

Contrary to the benthic zone, the soil layer of Sor has a 
diverse community of littoral zone fauna, as reported in the 
results. This area mainly remains submerged, and 
organisms in this region usually have a macro-composition. 
The littoral zone comprises 7% of the benthic region, and 
the Baikal endemic sponge species family covers half of 
the percentage of the region, thus having a large proportion 
of the biomass of this region [13]. Not only this but also the 
taxonomic diversity of the region is the best. Besides 
sponges that were studied in the literature, the findings 
have also significantly shown the presence of mayflies, 
gastropods, planarians, Diptera, and others. Chironomids, 
bivalves, and oligochaetes were further discussed as 
having greater diversity.  

The research also informs about population-level 
indicators including biomass and abundance varying from 
hundreds to thousands of specimens on average. The 
variations of these indicators would reflect the structural 
changes in the sea layers with the changes in climate. The 
variations in the Baikal environment are a product of 
human activities and integration affecting the ecosystem 
health of Lake Baikal. The benthic organisms may become 
vulnerable to a rise in temperature like some species from 
phytoplankton and zooplankton. This study reported that a 
seasonal downwelling due to climate change in the 
ecosystem would have caused fluctuations in wind 
circulation in the lake, which provides deep ventilation for 
organisms. However, climatic effects have reduced deep 
ventilation, leading to sensitive conditions for organism 
survival [13]. Not only this but also this climate change can 
alter the water flow in the lake. At present, the seasonal 
variations and subsequent distributions of organisms may 
be the outcomes of the previously mentioned causes. 

One of the implications of the community resilience 
strategy studied in the literature is preserving benthic 
communities. This can be achieved by recovery of the 
benthic species. Due to climate change, resilience weakens 
because the biodiversity and habitat heterogeneity decrease. 
Environmentalists must implement management systems 
such as collaborative management for achieving the 
resilience. The collaborative management actions can 
include continuous water quality management, oxygen and 
nutrient balance systems for the lake as examples of 
practically implementing the strategies [44]. More studies 
are appreciated for understanding the context of the 
strategies. 
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4.4. Ichthyofauna 

As the results said, 14 species from this group usually 
predominate in the Sor. The term ichthyofauna refers to the 
vertebrate group fish life. Many pivotal factors, including 
physicochemical properties, alter their inter-species 
interactions. Besides, the highest and lowest temperatures 
studied for this group were 27°C and 19°C, respectively, 
whereas the pH was around 7. The role of these species is 
imperative for the balance of the marine environment by 
impacting the status and composition of water and by 
promoting sustainable management [45]. At present, the 
identified species were Cottus kesslerii, Siberian char, 
Spined loach, and from the group of roach. The present 
findings report that Arctic char is most abundant in August, 
accounting for 55% of the total fish. This is the same with 
Guimarães et al. [46] reporting a higher abundance of 
perch from the Eurasian group, Arctic char and burbot 
from Siberian, and lenoks. These were the most dominant 
groups in the fish community. The predatory fishes were 
found as Cottus kesslerii and common minnow.  

The presence of these species in the influence of the 
strong and global climate change at present may be an 
indicator of their adaptation to climate change. However, 
climate changes and human interference can disrupt the 
fauna of aquatic communities. For instance, speciation and 
extinction are interrelated and can be affected by climatic 
events. An imbalance in the process can shift the organism 
toward the decline of the living composition of Lake Baikal 
[47]. However, proper aquatic management strategies and 
policies can help mitigate this harmful effect. Apart from 
this, the study did not include research on Omul, which is 
the world-famous Baikal whitefish species of the salmon 
family because of the lack of scope and focus of the study. 
This study focused on other fish species considering the 
current environmental status and recognized vulnerability. 
However, the effective proposed strategies for Omul have 
been studied in the literature. For example, for preserving 
the existing biodiversity, it is important to ban Omul 
fishing in Lake Baikal since there is excessive illegal 
overfishing of these species [48]. In other words, 
government regulations and policy implementation are 
important for banning and improving anthropogenic 
activities to support these types of biodiversity to grow in 
the marine environment for a longer time [48,49].  

5. Conclusions 
The focus of the study was attributed to the identification 

of species in the deep lakes; therefore, the species are listed 
accordingly as collected from deep regions.  

However, portions of this large lake's coastline areas are 
experiencing an ecological problem that jeopardizes the 
water quality and its ecological sustainability. In this 
regard, the influence of environmental changes on climatic 
events is overviewed. Contemporary research conducted a 

dynamic analysis with the purpose of overviewing the 
distribution of the effect of climate change and seasonal 
variations. Hence, the study dynamically analyzed the 
Angarsky Sor Bay hydrobiont diversity in September 2020 
(reconnaissance), July 2020 (reconnaissance), and August 
2021. 5 samples of phytoplankton, 11 samples of 
zooplankton, and 80 samples of zoobenthos were taken 
from four sections. 430 fish species were caught in various 
parts of the Angarsky Sor Bay of Lake Baikal. Over three 
years of research, 33 qualitative zoobenthos samples were 
selected from the Angarsky Sor Bay littoral zone and the 
source part flowing from the flowing rivers. 

Phytoplankton collection was carried out in the coastal 
area of the Angarsky Sor Bay by fixing 1 liter of water with 
Uthermel solution, whereas zooplankton samples were 
taken from four sections located in the central part and the 
southeastern bay of the Angarsky Sor. Numerical 
classification A was used to determine the structure of 
benthic invertebrate communities, according to which 
dominants in number or biomass are 15% or more, 
subdominants from 5.0 to 14.9%, secondary from 1.0 to 
4.9%, third-rate less than 1.0%.  

Considering the features of phytoplankton functioning, 
the analysis of the collections of 2021 showed a high level 
of development of planktonic algae. Most zooplankton 
organisms in the Sor are widespread Palearctic species. 
The highest frequency of occurrence is characterized by A. 
priodonta, Kellicottia longispina, Cyclops scutifer, 
Daphnia hyalina, and Bosmina cf. longispina. According 
to the results of the 2020 and 2021 studies, a noticeably 
high taxonomic diversity of benthic invertebrates was 
found in Sor. In total, 25 taxonomic groups of family rank 
and higher were found in the zoobenthos of the Sor: 
sponges (1 species), hydra, turbellaria (1), nematodes, 
oligochaetes (6), leeches (3), gastropods (7), bivalves (5), 
ostracods, amphipods (1) and insects. 

On the other hand, the littoral zone fauna is the most 
diverse in the Sor soil. Caddisflies (24 species) and 
chironomids (19 species) are the most diverse in this zone. 
Six species represent gastropods, and five species represent 
mayflies and beetles. Only in this depth zone, sponges, 
planarians, gastropods, mayflies, caddisflies, winglets, and 
Diptera of the families Ephydridae, Limoniidae, Tabanidae, 
and Tipulidae were recorded. The maximum and average 
values of the abundance and biomass of zoobenthos were 
noted in the littoral zone at depths from 3 to 5 m. Based on 
the results of our research, 14 species of fish inhabit the Sor, 
among which perch, Arctic char, roach, lenok, burbot, and 
pike play the most important role in the structure of the fish 
community by making our catches. Since the scope of the 
study was to assess the distribution of hydrobionts in deep 
lakes. Therefore, the findings mainly focused on the 
distribution and different gradients of Lake Baikal’s 
aquatic species diversity, which occur due to climate 
change and anthropogenic influence. This study provides 
insight into interspecies diversity and presence in the 
gradients of the deepest lake in the Angarsky Sor Bay. The 
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main focus is on the exploration of aquatic organisms or 
hydrobionts and their distribution in deep layers. It 
provides apprehension of several phytoplankton, 
zooplankton, zoobenthos, and ichthyofauna species by 
performing wide-scale reconnaissance of freshwater 
depths. This study also highlights the factors that might 
have been responsible for differential distribution in the 
Lake, supported by the analysis in the Discussion section. 
This research is an effective contribution for marine 
researchers studying the large biodiversity in deep lakes 
and adds value to the knowledge of these researchers for 
producing significant interpretations for future research 
direction. 

This study is confined to the Russian region, while 
selecting only quality samples of phytoplankton, 
zooplankton, and zoobenthos. According to the data, the 
species were discovered only in single specimen catches. 
Even though these species had a high concentration in the 
lake region, the study did not provide data about Omul, 
which reflects the lack of scope and focus of the study. The 
current research prioritizes other fish species considering 
the current environmental status and recognized 
vulnerability. This limitation provides an opportunity for 
future researchers to focus on it. The research is also 
limited to the mere observation of the state of aquatic 
organisms. 

The proposed study bridges this gap by identifying the 
species of hydrobionts in the Angarsky Sor Bay. Lake 
Baikal's sensitivity to climate change and this distinctive 
lacustrine system's ecosystem and quality of water may see 
significant disruptions. This multidisciplinary 
collaboration allows holistic comprehension of the 
environmental dynamics of Lake Baikal, which assists the 
development of efficient ecosystem models to conserve 
diverse species of Lake. Moreover, the use of empirical 
studies alongside visual observations helps in the provision 
of more authentic and relevant information. The research 
also provides future prospects for secondary research 
related to the state of aquatic organisms. 
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