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Diversity of fishery resources and catch

efficiency of fishing gears in the Feni River
(Bangladesh)
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ABSTRACT. A thorough examination of fish diversity indices, gear efficiency, catch composition, and
decline causes of fish diversity was carried out in the Feni River (Bangladesh). Monthly data collection
took place from July to December 2023 at three stations of the river. A total of 8 fish species under
7 orders and 8 families were recorded. The order Perciformes was the most prevalent, representing
30% of the total. Approximately half of the identified species are classified as least concern, while the
remaining 4 species are classified as Not Threatened (12.5%), Vulnerable (12.5%), Endangered (12.5%),
and Critically Endangered (12.5%). The mean values of the Margalef’s richness (d), Pielou’s evenness
(J), Simpson’s index (1-D), Shannon-Weaver diversity (H), and 0.973 +0.002 were calculated as fol-
lows: 1.720+0.139, 0.699+0.112, and 0.248 = 0.034, respectively. Based on the Bray-Curtis similarity
matrix, two groups were observed at a similarity of 58% within six months across the three sites. The
chandi net and ghera net recorded the highest CPUE (kg gear'day™) at 5.93+0.966 and 0.53 +0.041,
respectively. The highest fish catch was recorded in July (2249 = 668.71 kg), while the lowest was in
October (1564 = 465.05 kg). There was no significant difference (p>0.05) in the monthly fish catch.
Fish biodiversity in the Feni River is declining day by day as a result of pollution, overfishing, the use
of harmful gear, and a lack of optimal water and pollution. To improve and conserve fish species in the
Feni River, it is strongly advised that appropriate fishery management techniques should be applied,
that overfishing be closely monitored, and that fishermen be made more aware of their rights.
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1. Introduction ply catchability (q). The distribution of the total fish

stock by time, area, and depth influences fish availabil-
ity for a fishing operation. Catchability is a function of
both stock availability and gear efficiency (Q) (Zhou et
al., 2019). Moreover, a variety of elements, such as fish
behavior, angler skill, gear selectivity, and surrounding
conditions, might impact the efficiency of fishing gear
(Arreguin-Sanchez, 1996). Catch per unit effort (CPUE)
is a measure of a fishing operation’s efficiency as well
as a measure of stock density and financial and phys-
ical production (Ghosh and Biswas, 2017). The diver-

Bangladeshi people have depended on fish and
fisheries for their basic requirements since the begin-
ning of time, and it is a component of the nation’s cul-
tural heritage (DoF, 2012). The majority of Bangladesh’s
waterbodies are home to multiple aquatic species. The
government has not yet recommended any equipment
or vessels for use in inland waters. The choice and cap-
ital of the fish traders, who invest a substantial amount
of money by paying the fishermen dadan, or advance

credit, determined the type of nets, their length,
breadth, and mesh size (Hasan et al., 2016). The possi-
bility of catching a specific fish in a particular area that
one specific type of fishing gear affect in a single oper-
ation is known as gear efficiency. The number, which
represents the actual population size of the entire fish
stock, is known as the catchability coefficient, or sim-
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sity index is a useful tool that provides information not
only the species number but also on the scarcity and
frequency of species of a community in a given body of
waterbody (Sultana et al., 2018).

With a catchment area of 3800 km?, the Feni
River is a transboundary river that rises in India and
empties into the Sandwip Channel. The river is steep
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in its upper and middle sections, but it is flat and tidal
in its lower reaches (Mondal et al., 2021). To evaluate
the recorded species’ status for both national and inter-
national conservation, the IUCN (2015) Red List was
assessed. 36 of the 54 fish species found in the Feni
River were classified as Least Concern, 9 species rated
as Near Threatened, 6 species rated as Vulnerable, 1 as
Endangered, 1 rated as Critically Endanger and 1 as Data
Difficient. According to Yeasmin et al. (2017), there is
a larger degree of species variety in the mouth of the
Feni River Estuary than in the upper stream direction.
The fish species of the Feni River struggle to main-
tain their biodiversity, just like the fish species in
Bangladesh’s other rivers. Threats to fish species’ abil-
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
and gear efficiency has been conducted. The purpose
of this study is to determine the number of fish spe-
cies and the factors contributing to the decline in fish
variety, additionally to ascertain the primary gear types
utilized by the fisherman when operating in the Feni
River, Bangladesh.

2. Materials and Methods
2.1. Study area and study period

The present study was conducted in the Feni River
(Bangladesh). Three sampling stations named Station
1- Musapur Closure (22°46’N to 91°21’E), Station 2-
Char Khondokar (22°49’N to 91°24’E) and Station 3-
Charkrisnaganj (22°52’N to 91°28’E) were selected for
the study (Fig. 1). The investigation was conducted for
a time of 6 months from July 2023-December 2023.

2.2. Sampling procedure

A simple random sampling method was employed
for the data gathering (Siddiq et al., 2013). The selec-
tion of this sampling technique was based on the equal
chances or probability that each fisherman would be
chosen for an interview.

2.3. Questionnaire design and collection
of data

A structured questionnaire was prepared prior to
data collection (Raushon et al., 2017). A draft question-
naire must be manifested and pretested in the study area

in order to meet the study’s necessary objectives. The
target was paid to prepare any fresh information for the
pre-examination and fill up the draft interview cadaster
with material that wasn’t intended to be questioned.
After that, the pretest results were used to adjust, mod-
ify, and rearrange the questionnaire. The last survey
was then distributed in a manageable order so that the
fishermen could complete it gradually. The question-
naire included questions about the current state of fish
biodiversity in comparison to past data, the majority of
fish species and fishing gear available in the study area
(Aktar et al., 2020). Primary data were gathered from
the full-time fishermen via questionnaires from each of
the three stations. From each station, 8-10 fishermen
were interviewed. Journal articles, books, newspapers,
and the internet were the sources of the secondary data.
Based on their external appearance, the samples were
identified up to the species level (Rahman, 2005; I[UCN
Bangladesh, 2015). Weight of catch, duration of fish-
ing, number of haul, individuals connected with each
gear, number of species caught, number of individu-
als of each species per unit weight, number of fishing
efforts of each gear were recorded.

2.4. Fishing Gear Survey

A variety of fishing gears are employed in the
Feni River, with five particular types being the most
prevalent among fishermen. These are the gill net, the
seine net, the barrier net, the set bag net and the cast
net. Some fry and fingerlings were collecting by nets
(Mosari net, Moia net) were also found there.

2.5. Data Processing

2.5.1 Shannon-Weaver diversity index,
H=-2 Pi In Pi (Shannon and Weaver, 1949)
where, H - diversity index, Pi is the relative abundance
(s/N), s is the number of individuals of one species, N is
the total number of individuals in the sample.
2.5.2 Simpson’s index, 1-D=1-(Zn(n-1)/
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, d=S-1/In N
(Margalef, 1958)
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. Map of the Feni River indicating three stations (google map)
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2.5.4 Pielou’s evenness index, J=H/InS
(Pielou, 1966)
here, J is the similarity or evenness index, S is the total
number of species, In is the natural logarithm and H is
the Shannon-Weaver index.

2.5.5 Catch per unit effort (CPUE) and gear
efficiency

Catch per unit of effort: Catch per unit of effort
is the average catch rate estimated using the following

formula: CPUE g = v ;

n
where, CPUE g - daily mean catch per unit of effort,
w — total weight of fish recorded from the gear sampled
and n - number of gears sampled (Harikrishnan and
Kurup, 2001).

2.6. Statistical Analysis

Tabular technique was applied for processing the
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
of cluster of Bray-Curtis similarities from species abun-
dance using the software PAST 4.03. The differences in
CPUE, species composition and gear efficiency of the
catch between months and fishing sites were analyzed,
employing analysis of variance (ANOVA) techniques
with significant differences (p> 0.05). The processed
data were analyzed by Microsoft Excel and relevant
tables and graphs were also prepared according to the
objective of the study for clear understanding.

3. Results
3.1. Monthly abundance and biodiversity
status of fish species

A total of 7 fish and 1 prawn species under 7
orders and 8 families were recorded from the study area
over the course of a six-month study period (July 2023
to December 2023). Chaiya (Gobius schlosseri) ranked
as the highest with the number of 57050 + 844 and fol-
lowed by Macrobrachium malcolmsonii (46550 + 225),
Mystus bleekeri (35800+512), Otolithoides pama

Table 1. Present status of fish diversity in the Feni River

Abundance in Number

(17150 299), Tenualosa ilisha (11300 +546), Ompok
pabda (11100+198), Labeo bata (8450=+501),
Mastacembelus armatus (4400 = 447) (Fig. 2). Though
all recorded species were found available in every
month of the study period but the intensity of abun-
dance varied with the different months and different
sampling sites (Table 1). Based on conservation status
IUCN 2015; about 4 species Least Concern (LC; 50%)
and other 4 species each Critically Endangered (CR;
12.5%), Vulnerable (VU, 12.5%) and Endangered (EN,
12.5%) and Not Threatened (NT; 12.5%) were recorded.
Pabda (Ompok pabda), baim (Mastacembelus armatus)
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
order was Perciformes comprising 30% of the total
of fish species recorded. When other dominant
orders were recorded Siluriformes (25%), Decapoda
(24%), Tetraodontiformes (9%), Clupeiformes (6%),
Cypriniformes (4%) and Synbranchiformes (2%) from
the study area (Fig. 3).

3.2. Diversity indices

The values of Shannon-Weaver diversity,
Simpson’s index, Margalef’s richness and Pielou’s even-
ness indices in each sampling month were recorded
in the present investigation. Diversity was recorded
highest (H = 1.867, 1-D = 0.977) in July and low-
est in October (H = 1.520, 1-D =0.969); richness
was highest (d = 0.829) in December and lowest in

12000 = Hilsha
10000 - = Poa
8000 1 = Gulsha
6000 - = Bata
4000 -+ = Cingri
2000 - Baim
0 - Pabda
July August September October November December
Chaiya

Months

Fig.2. Abundance (number) of fish species in the Feni River

Order Family Local Name | English Name Scientific name |[IUCN status (BD)
Clupeiformes Clupeidae Hilsha Hilsa shad Tenualosa ilisha LC
Cypriniformes Cyprinidae Bata Bata Labeo bata LC

Tetraodontiformes Tetraodontidae Poa Red Jaw Fish Otolithoides pama NT

Siluriformes Siluridae Gulsha Bleeker’s Mystus Mystus bleekeri LC

Siluridae Pabda Pabdah catfish Ompok pabda CR

Decapoda Palaemonidae Cingri Monsoon river Macrobrachium LC
prawn malcolmsonii

Synbranchiformes Mastacembelidae Baim Tire-track Mastacembelus EN

Spinyeel armatus
Perciformes Gobiidae Chaiya Mud-skipper Gobius schlosseri VU

Note: * EN: Endangered, *CR: Critically Endangered, *VU: Vulnerable, *NT: Near Threatened, *LC: Least Concern, *Jul: July,
*Aug: August, *Sep: September, *Oct: October, *Nov: November, *Dec: December.
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August (d = 0.567) and the values of evenness index
(J) was recorded highest (J = 0.302) in August and
lowest in December (J = 0.199). The mean value of
Shannon-Weaver diversity (H), Simpson’s index (1-D),
Margalef’s richness (d) and Pielou’s evenness (J) indi-
ces were recorded as, 1.720+0.139, 0.973+0.002,
0.699+0.112 and 0.248 + 0.034 respectively (Table 2).

3.3. Cluster Analysis

Cluster analysis indicates a clear structural varia-
tion in fish communities among the three stations in six
months of the study area. Three stations of July, August,
September November and December are closely related
to one another and form a cluster then this cluster was
found related to another cluster in which 3 stations of
October were connected. At the similarity level of 58%
separation, two major clusters were observed. The first
cluster consists of July, August, September, November
and December and second cluster contains only October
for station 1, station 2, and station 3 (Fig. 4).

3.4. Fishing gears and catch composition
of different fishing gears

About 5 types of fishing gears including gill net
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
boat etc. Mesh size of gill net, seine net, barrier net,
cast net and set bag net were recorded 1 to 1.5 cm, 0.2
to 0.8 cm, 0.3t0 5.1 cm, 0.5to 1.5 cm and 1 to 10 cm
respectively and all the identified fishing gears were
operated by 1 to 8 persons. Chandi and seine net can
capture almost all types of fish but barrier net is used
to capture small species like cingri (Macrobrachium mal-
colmsonii) and gulsha (Mystus bleekeri) (Table 3).

3.5. Fishing Gear Efficiency

In the present study, fishing gear efficiency was
calculated based on kg gear'day?’, kg gear'person’, kg
gear! haul?! of different months were shown as graph-
ical representation. Gill net showed higher CPUE (kg
gear'day?!) in July about 5.1 + 0.674; seine and barrier
net in August about 2.53 +0.278 and 0.74 = 0.062; cast
and set bag net in September about 1.05+0.135 and
1.04 £0.128 respectively (Fig. 5).

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

The highest CPUE (kg gear'person') was found
0.84+0.026, 0.85+0.05, 0.69 +0.01, 1.05+0.007 and
0.52+0.061 respectively in the months of July (gill
net) and September (seine, barrier, cast and set bag net)
(Fig. 6). CPUE (kg gear'haul?) for all identified fishing
nets was found maximum in different months of the
study period (Fig. 7). There was no significant differ-
ence (p>0.05) was observed on monthly based CPUE
of fishing gears in the study area.

3.6. Station based CPUE of fishing gears

For gill net, the maximum CPUE’s was found
from station 1(5.14 = 0.638 kg gear'day), (0.9 +0.026
kg gearlperson!) and (2.74%0.071 kg gearthaul?)
in the months of July, July and October respectively.
On the other hand, the minimum CPUE’s were found
respectively from station 2(3.30 +0.095 kg gear'day),
station 3(0.53+0.073 kg gear'person?!) and again sta-
tion 2(1.64+0.083 kg gear'haul!) in the month of
December (Table 4). The highest and lowest CPUE (kg
gear'day?) in the study area were recorded in station
1 and station 2 respectively for all types of identified
gears. CPUE (kg gear'person') was measured highest
at station 1 in the study area but the lowest value was
found at station 3 for all gears except cast net (sta-
tion 2). Again, the highest CPUE (kg gear'haul') was
recorded at station 1 for all types of nets but the low-
est values were observed at station 2 (gill net, barrier
net and cast net) and station 3 (seine net and set bag
net). However, there was no significant difference was
observed (p > 0.05) in the station based CPUE.

The highest CPUE was observed in the months of
July, August, September and October for station 1. But
the lowest CPUE mostly was recorded for station 2 and

Table 2. Number of calculated species, individuals, and values of Shannon-Weaver diversity, Simpson’s index, Margalef’s

richness and Pielou’s evenness indices in each sampling month

Months Species, S Diversity, H | Simpsons, 1-D | Richness, d Evenness, J
July 7 1.867 0.977 0.697 0.266
August 6 1.813 0.975 0.567 0.302
September 8 1.825 0.975 0.824 0.228
October 6 1.520 0.969 0.581 0.253
November 7 1.699 0.973 0.699 0.242
December 8 1.595 0.971 0.829 0.199
Mean + SD 7 1.720+0.139 | 0.973+0.002 | 0.699+0.112 | 0.248+0.034
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Fig.4. Dendrogram of clusters based on Bray-Curtis similarity matrix of different months and stations showing structural
variability of the fish communities (Station 1, station 2, station 3).

station 3 in December (Table 4). No significant
difference was observed among the stations for
different fishing gears (p >0.05) in the study area.

3.7. Total catch of Fish

The total fish catch was recorded
12008 +=727.08 kg in the study area. Most of the
fishes were caught in July (2249 + 668.71) kg
and least in October (1564 * 465.05) kg. During
October, reduced number of fishing efforts were
seen due to banning period. Tenualosa ilisha had
the highest catch (2825+136.39) kg and fol-
lowed by Otolithoides pama (2144 + 37.38) kg,
Macrobrachium malcolmsonii (1862+8.98) kg,
Gobius schlosseri (1268 +18.74) kg, Mystus bleekeri
(1194 +17.05) kg, Ompokpabda (1110+19.74) kg,
Labeo bata (1056 +62.68) kg and Mastacembelus
armatus (550 +55.85) kg in the study period (Fig.
8). However, no significance difference (p >0.05)
in monthly variation of fish catch was observed in
the study area.

3.8. Decline Causes of Fish Diversity
in the Feni River

Over-exploitation and indiscriminate fish-
ing due to lack of knowledge, use of illegal fishing
gear, catching of brood fish, fry, fingerlings and
juvenile, low water depth, improper implementa-
tion of fishing rules and regulations are the rea-
sons behind loss of fish diversity in the river.

4. Discussion
4.1. Fish Species Abundance

During the study period, 7 species of fishes
and 1prawn species were found in the Feni River
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Table 3. Various fishing gears with species composition and gear efficiency

Net Type Local Name Mesh People Species Period of opera-
(cm) tion (months)
Gill Net Chandi Jal 1-1.5 6-8 Hilsha (Tenualosa ilisha), Punti (Puntius | All months except
sophore), Baim (Mastacembelus armatus), Oct
Koi (Anabas testudineus)
Seine Net Ber Jal 0.2-0.8 4-5 Gulsha (Mystus bleekeri), Cingri All
(Macrobrachium malcolmsonii), Poa
(Otolithoides pama)
Barrier Net | Char ghera Jal | 0.3-5.1 2-3 Cingri, Gulsha Sep, Oct, Nov and
Dec
Cast Net Jhaki Jal 0.5-1.5 1 Bata (Labeo bata), Dhela (Osteobrama All
cotio), Koi, Poa, Boal (Wallago attu), Baila
(Glossogobius giuris), Baim
Set bag Net Behundi Jal 1-10 2 Pabda (Ompok pabda), Koi, Pangus All

(Pangasius pangasius)

Note: *Sep: September, *Oct: October, *Nov: November, *Dec: December.

(Bangladesh). Among them, highest species belonged to
the order Perciformes (30%) followed by Siluiriformes
(25%), Decapoda (24%), Tetraodontiformes (9%),
Clupeiformes (6%), Cypriniformes (4%) and
Synbranchiformes (2%) (Fig. 3). The present study was
similar to Rubel et al. (2016) in case of order domi-
nance where highest species belonged to the order
Perciformes (40%) in the Lohalia River. As dominant
order Cypriniformes was identified by Galib et al. (2013)
and Islam et al. (2018) in the Choto Jamuna River and
the Ghaghat River, respectively. Gobius schlosseri,
Macrobrachium malcolmsonii, Mystus bleekeri were
the dominant species in the study area (Table 1). The
most common fish species found in Bangladesh’s the
Bangshi River are jat punti (Puntius sophore) and kalo
bujuri (Mystus tengara), as reported by Kamrujjaman
and Nabi (2015). According to Galib et al. (2013), the
most prevalent species in Bangladesh’s Halti beel is jat
punti (Puntius sophore). These results are different from
the present study due to the difference in geographical
location of these water bodies, survey periods, choice
of fishing gear, etc.

4.2. Present Status of Fish Biodiversity

In the study area from 8 species 50% are under
least concern (LC) and 12.5% each under critically
endangered (CR), vulnerable (VU) and endangered
(EN) in Bangladesh were recorded (Table 1). Rubel et

al. (2016) found 40% species NT, 37% of species as
VU, 17% species EN and 6% species CR in Lohalia
River. Chaki et al. (2014) identified and recorded
thirty (30) locally threatened species, among them,
13.51%,18.92% and 8.11% were vulnerable, endan-
gered and critically endangered at the Atrai River
(Bangladesh). These findings are different from the
present study due to differences in sample size, survey
duration, geographical location and variation in fishing
techniques.

4.3. Diversity Indices

The Shannon-Weaver variety (H) index takes
into account both the total number of species and the
population distribution within the Feni River’s spe-
cies. From the study area we see that diversity of fishes
was high in July and low in October for both diver-
sity and Simpson’s index. Highest value of H was 1.867
and lowest was 1.520 with an average of 1.720+0.13
(Table 2). It is close to the findings of Igbal et al. (2015)
between 1.8 to 3.40 in the Hakaluki River. Rahman et
al. (2015) carried out a study on the Talma River found
slightly lower and Jewel et al. (2018) recorded higher
value of the diversity index (H) in the Atrai River of
Bangladesh. So, these findings which are slightly dif-
ferent from the present findings because of different
geographical locations, survey periods, different fishing
methods and choice of fishing gear in the Feni River.
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But Biligrami (1988) recommended improve water
body conditions for fish variety when the H° index was
between 3.0 and 4.5. According to this recommenda-
tion, the Feni River is strongly degraded which led to
decline the fish diversity.

Simpson’s dominance index gave the possibil-
ity that any two individuals chosen at random from an
indefinitely huge community would be of different spe-
cies. The present research observed highest Simpson’s
dominance index (1-D) value as 0.97 in July and lowest
in October 0.96 with an average of 0.97 =0.002 (Table
2). Tikadar et al. (2021) found the highest Simpson
Dominance index value 0.84 was observed in June
and the lowest 0.21 in September with a mean value
of 0.57+0.197 in the Gorai River. Dominance index
0.325 to 0.893 was recorded in the Dhaleshwari River,
Bangladesh, by Islam and Yasmin (2018). According to
Hossain et al. (2012), the monthly dominance diversity
index value in March had the maximum value of 0.102,
while the lowest value was 0.062 in December. The
finding of this study was slightly higher might be due
to different geographical location, duration of survey
and sample size.

Margalef’s richness, which is only a count of
the various species present in a specific area, is the most
basic indicator of biodiversity. The present study result
in observation of maximum Margalef’s richness index
was recorded in December as 0.829 while minimum in
August 0.567 with an average of 0.699+0.112 (Table
2). Most fish species started breeding from June when
the monsoon start in Bangladesh which might be the
purpose in the back of the lowest and very best richness
value during August and December. Galib et al. (2013)
have calculated fish species richness value in the Choto
Jamuna River and found values varied from 6.973 in
June to 8.932 in November. The species richness in
winter grew as more participants joined the fish shares
(Siddique et al., 2016). Because of the lower water
depth brought on by the lack of rainfall, which caused
fishermen to adjust their fishing gear more effectively,
the Margalef’s index may slightly differ from the actual
diversity value (Igbal et al., 2015). Furthermore, the
distribution of the fish species was influenced by eco-
logical factors as well (Siddique et al., 2021).

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
(J°) value was found as 0.302 (August) and the low-
est as 0.199 (December) whereas the mean value was
recorded as 0.248 +£0.03 in the sampling area of the
Feni River (Table 2). Therefore, the species equitability
index among the sampling area in the different months
reveals that the distribution of fish population of the
Feni River is more or less equally distributed. This
was close to the finding of Islam and Yasmin (2018);
they recorded evenness index (J) 0.117 to 0.588 in
the Dhaleshwari River. Tikadar et al. (2021) recorded
highest evenness (J) as 0.763 (August) and the lowest
as 0.235(September) whereas the average value was
recorded as 0.481 in the sampling area of the Gorai
River.
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4.4. Cluster Analysis

Two groups reached in a similarity level of 58%
separation in the study area (Fig. 4). All the other
months (July to December) of the study period stand
in the same cluster but October was found in differ-
ent cluster. Month October was the banning period for
capturing fish declared by government which might be
the reason behind this difference. Shamsuzzaman et al.
(2016) and Hossain et al. (2012) found lower similar-
ity percentages in the Karnafully and Meghna Rivers
(Bangladesh) respectively. On the other hand, Rashed-
Un-Nabi et al. (2011) discovered that the finfish and
shellfish in estuary of the Bakkhali River were 65% sim-
ilar throughout the year which was higher from present
findings. Their findings are dissimilar from the pres-
ent result because of the different geographical loca-
tions, different survey periods and sample size. Almost
same types and number of species were recorded in all
months of the present study period with small differ-
ences so the least percentages of separation in clusters
was observed.

4.5. Fishing Gears, Gear Efficiency and
Total Fish Catch

In the present study, 5 types of fishing nets were
found in the Feni River (Table 3) which is much more
similar to the findings of Mondal et al. (2013). Sultana
et al. (2018) and Sayeed et al. (2014) recorded higher
amount of fishing gears used respectively in the Payra
River and the Chalan Beel than the present study find-
ings. Because the choice of fishing gears by the fisher-
men depends on many factors like types of fish species
available in the river, the physical condition of the river
such as the presence of currents, bottom conditions,
and types of aquatic vegetation present in the river. In
the Old Brahmaputra River, Saberin et al. (2018) have
documented 19 different kinds of fishing gear between
April 2011 and March 2012. Seine nets, with fishing
effort of 0.0224 gear'haul'day! and a CPUE of 5.56
56 kg gear! day!, demonstrated the greatest CPUE
among them, followed by push and lift nets. According
to Ahmed and Hambery’s (2005), the CPUE varied from
2.91 to 30.86 kg gear'day. According to Sayeed et al.
(2014), there were 34 distinct kinds of fishing gear used
in the Chalan Beel, with seine nets being the most com-
mon type, followed by gill nets and set bag nets. These
previously documented study on CPUE is different from
the present study due to dependence on same old gears,
types of fish species available in the river, the physical
condition of the river such as the presence of currents,
low availability of other gears etc.

4.6. Total catch of fish

In this study the highest and lowest fish catch
was in July (2249 = 668.71) kg and in October (1564
+ 465.05) kg respectively (Fig. 8). Tikadar et al. (2021)
have recorded higher fish catch from the present study
in the Gorai River. The current study was deviated
from reference value due to little survey period, sample
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size, efficiency of fishing gears, different geographical
pattern.

5. Conclusion and Recommendations

The Feni River is a moderate productive water-
body with a reasonable range of declining fish species.
The species selectivity associated with various types of
fishing gear differed greatly. It was shown that fine-
meshed seine nets and gill nets were more damaging
than those with varied gears. These illegal fishing
practices were widespread, and poor fishermen con-
tinued to practice them for their staff members since
they were unable to find alternative leisure activities
during the periods. This study is an initial attempt to
consider factors such as the fish variety index, CPUE,
gear efficiency, and catch composition of different fish-
ing gears, as well as the causes of the declining fish
population in the Feni River. Therefore, while fisher-
ies investigate foundation, NGOs and the government
should forbid fishing during breeding seasons. Fishing
gear should be designed with the intended species of
fish in mind. Large mesh fishing nets, such as seine and
gill nets, could be an effective tool for fish species con-
servation. While the introduction of new fishing meth-
ods always requires effective management and control,
their adaption may assist small-scale fisheries increase
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
training program should be held for fishermen to teach
knowledge of fishing rules and to raise awareness of the
long-term impacts of various fishing equipment.

Acknowledgements

We are thankful to the Dept. of Fisheries and
Marine Science, Noakhali Science and Technology
University for the support and giving facility of using
laboratory and equipment’s. And no funding was avail-
able for the work.

Conflict of interests

The authors declare no conflicts of interest.

References

AhmedK.K.U.,Hambrey J.B. 2005. Studies on the fish catch
efficiency of different types of fishing gear in Kaptai Reservoir,
Bangladesh. Lakes & Reservoirs: Research & Management
10(4): 221-234. DOI: 10.1111/j.1440-1770.2005.00280.x

Aktar M.J., Islam M.J., Barman S.K. et al. 2020. Assessment
of fish biodiversity in the Teesta River of Banladesh. Journal
of Sylhet Agricultural University 7(2): 95-114.

Arreguin-Sanchez F. 1996. Catchability: a key parameter
for fish stock assessment. Reviews in fish biology and fisher-
ies 6: 221-242. DOI: 10.1007/BF00182344

Biligrami K.S. 1988. Biological monitoring of rivers,
problems and prospect in India. Aquatic Ecotoxicology 37:
245-250.

1204

Chaki N., Jahan S., Fahad M.F.H. et al. 2014. Environment
and fish fauna of the Atrai River: global and local conser-
vation perspective. Journal of fisheries 2(3): 163-172. DOI:
10.17017/jfish.v2i3.2014.46

DoF. 2012. Saranica, Matsya Pakhya Sankalan, Annual
Report, Ministry of Fisheries and Livestock. The Government
of People’s Republic of Bangladesh 12: 319-328.

Galib S.M., Naser S.A., Mohsin A.B.M. et al. 2013. Fish
diversity of the River Choto Jamuna, Bangladesh: Present
status and conservation needs. International journal of bio-
diversity and conservation 5(6): 389-395. DOI: 10.5897/
1JBC2013.0552

Ghosh D., Biswas J.K. 2017. Fish Fauna faces anthro-
pogenic double trouble: erosion of fish diversity in tropi-
cal Oxbow Lake of the Ganga River Basin in Eastern India.
Journal of Biodiversity and Endangered Species 5(2): 188.
DOI: 10.4172/2332-2543.1000188

Harikrishnan M., Kurup B.M. 2001. Fishery of
Macrobrachium rosenbergii (de Man) in the Vembanad lake and
confluent rivers. Indian Journal of Fisheries 48(2): 189-198.

Hasan S.J., Haidar M., Rahman M.A. et al. 2016.
Fishing Gears in Meghna River: Threatening or Sustainable
for Fisheries. International Journal of Business and Social
Science Research 4(4): 303-306.

Hossain M.S., Das N.G., Sarker S. et al. 2012. Fish
diversity and habitat relationship with environmental vari-
ables at Meghna river estuary, Bangladesh. The Egyptian
Journal of Aquatic Research 38(3): 213-226. DOI: 10.1016/].
ejar.2012.12.006

Igbal M.M., Nasren S., Abdullah-Almamun M. et al. 2015.
Fish assemblage including threatened species in Hakaluki
haor, Sylhet, Bangladesh. Journal of Aquaculture in the
Tropics 30(3-4): 233-246.

Islam M.R., Das M., Mondal M.N. et al. 2018. Status of fish
species diversity in Ghaghat River in Northern Bangladesh.
Annals of Bangladesh Agriculture 22: 95-105.

Islam M., Yasmin R. 2018. Assemblage, abundance and
diversity of fish species in River Dhaleshwari, Bangladesh.
Asian Journal of Fish and Aquatic Research 2(1): 1-28. DOI:
10.9734/ajfar/2018/v2i126112

IUCN Bangladesh. 2015. Red Book of Threatened Fishes
of Bangladesh. IUCN. The world conservation Union. In: Khan
M.A.R. (Ed.). Dhaka: IUCN Bangladesh Country Office.

Jewel M., Sayed A., Haque M. et al. 2018. A compara-
tive study of fish assemblage and diversity indices in two dif-
ferent aquatic habitats in Bangladesh: Lakhandaha wetland
and Atari river. Jordan Journal of Biological Sciences 11(4):
427-434.

Kamrujjaman M., Nabi M.R. 2015. Ichthyodiversity of
the Bangshi river, Savar, Dhaka. Jahangirnagar University
Journal of Biological Sciences 4(1): 19-25. DOI: 10.3329/

Margalef R. 1958. Information Theory in Ecology.
General Systems 3: 36-71.

Mondal M.S., Islam M.R., Islam G.M.T. et al. 2021.
Construction of bridge on an intervened coastal river:
Reflections from a hydro-morphological study on Feni
River in southeast Bangladesh. In: Proceedings of the 5th
International Conference on Advances in Civil Engineering,
CUET, Chattogram, Bangladesh, pp.4-6.

Mondal M., Asadujjaman M.D., Amin M.D. 2013. Analyses
of catch composition and fish marketing of the Meghna river
at Ramgati Upazilla under Lakshmipur District in Bangladesh.
Middle-East Journal of Scientific Research 16(11): 1452-
1461. DOIL: 10.5829/idosi.mejsr.2013.16.11.75172

Pielou E.C. 1966. The Measurement of Diversity
in Different Types of Biological Collections. Journal of
Theoretical Biology 13: 131-144. DOIL 10.5829/idosi.
mejsr.2013.16.11.75172




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

Rahman A.K.A. 2005. Freshwater Fisheries of Bangladesh
(2nd ed.). Dhaka: Zoological Society of Bangladesh.

Rahman M.A., Mondal M.N., Hannan M.A. et al. 2015.
Present status of fish biodiversity in Talma River at Northern
part of Bangladesh. International Journal of Fish and Aquatic
Studies 3(1): 341-348.

Rashed-Un-Nabi M., Al-Mamun M.A., Ullah M.H. et al.
2011. Temporal and spatial distribution of fish and shrimp
assemblage in the Bakkhali river estuary of Bangladesh in rela-
tion to some water quality parameters. Marine Biology Research
7(5): 436-452. DOI: 10.1080/17451000.2010.527988

Raushon N.A., Riar M.G.S., Sonia S.K.U. et al. 2017.
Fish biodiversity of the old Brahmaputra river, Mymensingh.
Journal of Biosciences and Agriculture Research 3(1): 1109-
1115. DOI: 10.18801/jbar.130117.135

Rubel M.R.L, Hashem S., Jaman N. et al. 2016. A study
on the fish biodiversity of Lohalia River of Bangladesh.
International Journal of Environmental Biology 6(1): 11-15.

Saberin L.S., Reza M.S., Hasan M.M. et al. 2018. Fishing
gear efficiency and their effects on fish biodiversity in the Old
Brahmaputra River, Mymensingh, Bangladesh. Bangladesh
Journal of Fisheries 30(1): 73-81.

Sayeed M.A., Hashem S., Salam M.A. et al. 2014.
Efficiency of fishing gears and their effects on fish biodiversity
and production in the Chalan Beel of Bangladesh. European
Scientific Journal 10(30): 294-309.

Shamsuzzaman M.M., Barman P.P., Hasan A. et al. 2016.
Fish assemblage patterns: Temporal distribution structure
and influence of environmental variables in the Karnafully
River Estuary, Bangladesh. International Journal of Marine
Science 6(1): 7. DOI: 10.5376/ijms.2016.06.0012

Shannon C.E., Weaver W. 1949. The Mathematical Theory
of Communication. Urbana: University of Illinois Press.

1205

Siddiq M.A., Miah M.L., Ahmed Z.F. et al. 2013. Present
status of fish, fishers and fisheries of Dogger Beel in Hajigonj
Upazila, Chandpur, Bangladesh. Journal of Aquatic Science
1(2): 39-45. DOI: 10.12691 /jas-1-2-3

Siddique M.A., Rahman M., Rahman S.M. et al. 2021.
Assessment of heavy metal contamination in the surficial sed-
iments from the lower Meghna River estuary, Noakhali coast,
Bangladesh. International Journal of Sediment Research
36(3): 384-391. DOI: 10.1016/].ijsrc.2020.10.010

Siddique M.A.B., Hussain M.A., Flowra F.A. et al. 2016.
Assessment of fish fauna in relation to biodiversity indices
of Chalan Beel, Bangladesh. International Journal of Aquatic
Biology, 4(5), pp.345-352. DOI: 10.22034/ijab.v4i5.234

Simpson E.H. 1949. Measurement of diversity. Nature
163(4148): 688-688.

Sultana M.A., Mazumder S.K., Kunda M. 2018. Diversity
of fish fauna and fishing gears used in the River Banar,
Mymensingh, Bangladesh. Bangladesh Journal of Fisheries
30(2): 229-240.

Tikadar K.K., Kunda M., Mazumder S.K. 2021. Diversity
of fishery resources and catch efficiency of fishing gears
in Gorai River, Bangladesh. Heliyon 7(12): e08478. DOL
10.1016/j.heliyon.2021.e08478

Yeasmin S., Latifa G.A., Chowdhury G.W. 2017. Diversity
of ichthyofauna of Feni and Muhuri rivers, Feni, Bangladesh.
Bangladesh Journal of Zoology, 45(1), pp.47-60. DOL
10.3329/bjz.v45i1.34194

Zhou S., Campbell R.A., Hoyle S.D. 2019. Catch per
unit effort standardization using spatio-temporal models for
Australia’s Eastern Tuna and Billfish Fishery. ICES Journal
of Marine Science 76(6): 1489-1504. DOI: 10.1093/icesjms/
fsz034




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

The first detection of coccidia
(Conoidasida: Eimeriidae) DNA in
Godlewski’s sculpin Abyssocottus
(Limnocottus) godlewskii (Dybowski, 1874)

Original Article

Dzyuba E.V.", Bukin Yu.S.”, Khanaev I.V.”, Bogdanov B.E.”, Yakhnenko A.S.%,

Sapozhnikova Yu.P.*", Denikina N.N.

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

ABSTRACT. For the first time, fragments of the cox1 gene of a representative of the family Eimeriidae
were obtained by high-throughput sequencing in the digestive tract of Godlewski’s sculpin Abyssocottus
(Limnocottus) godlewskii (Dybowski, 1874). The nucleotide sequences of the coccidia, which accounted
for less than 0.01% of the total data set, belonged to a single genotype and were significantly different
from all previously known. Phylogenetic reconstruction based on the translated amino acid sequences
reliably revealed the basal location of branches belonging to representatives of the family Eimeriidae
among fishes. The question of the genus of the detected organism remains unresolved due to the limited
nucleotide data for representatives of the genera Eimeria, Calyptospora, and Goussia from fish.
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1. Introduction

The analysis of fish parasites is an essential part
of studies on their ecology. The advantage of the molec-
ular genetic approach using high-throughput sequenc-
ing technologies is the ability to analyze and identify
relatively short fragments of foreign DNA from the con-
tents of the digestive tract, organs, and tissues of fish.
These methods are efficient due to their high resolution
and ability to identify a wide range of species (Harms-
Tuohy et al., 2016; Jakubaviciiité et al., 2017; Yoon
et al., 2017). Despite a number of drawbacks, includ-
ing inaccurate species identification due to the limited
genetic data in publicly available databases (Siddall et
al., 2012; Kvist, 2013) and the detection of organisms
from the digestive tract of food using DNA (Sakaguchi
et al., 2017), metabarcoding can serve as a complemen-
tary approach to traditional methods for studying fish
parasite fauna (Ogedengbe et al., 2011; Villsen et al.,
2022; Denikina et al., 2023a; b).

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
world (Morrison, 2009). It is estimated that more than
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6,000 described species represent only 0.1% of the total
diversity of the group (Morrison, 2009). Representatives
of the genera Cryptosporidium, Plasmodium, Toxoplasma,
and Babesia are causative agents of human and ani-
mal diseases. Coccidia cause significant damage to
agricultural production (Conoidasida: Eimeriidae).
Despite their widespread distribution and economic
importance, research on the evolutionary relation-
ships within this group is still in its infancy (Arisue and
Hashimoto, 2015; Xavier et al., 2018). The taxonomy
of coccidia is still evolving, with many genera being
paraphyletic. This raises questions about the value of
strict morphological and ecological traits for their clas-
sification (Ogedengbe et al., 2018; Xavier et al., 2018).
Representatives of the family Eimeriidae are less well
studied in aquatic animals than in terrestrial animals.
Nevertheless, even the limited sequence data available
for the small subunit ribosomal RNA (ssrRNA) enable to
suggest that these are the base groups within the fam-
ilies (Jirkti et al., 2009; Xavier et al., 2018; Denikina
et al., 2023b). The NCBI database currently contains
mtDNA cox1 gene sequences for the following fish spe-
cies: redlip blenny Ophioblennius macclurei (Silvester,
1915), white perch Morone americana (Gmelin, 1789),
and belica Leucaspius delineatus (Heckel, 1843).

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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Godlewski’s sculpin Abyssocottus (Limnocottus)
godlewskii (Dybowski, 1874) is an endemic species of
lake sculpins that inhabits depths ranging from 100
to 900 m (Bogdanov, 2023). Difficulties in studying
of the ecology and parasite fauna of deepwater spe-
cies arise from the limited number of fish samples due
to the labor-intensive capture process. A study of the
food spectrum of Godlewski’s sculpin using next-gen-
eration sequencing techniques has resulted in coccidia
sequences. The aim of the work was to determine the
phylogenetic position of a representative of the fam-
ily Eimeriidae from the digestive tract of Godlewski’s
sculpin.

2. Materials and methods

The samples were collected in September 2019
from the R/V “G.Y. Vereshchagin” in the area around
the Chivyrkuisky Bay of Lake Baikal (53°59.674'N,
109°09.086’E) at depths of 790 to 820 m. The fish
species were identified according to the latest revi-
sions (Bogdanov, 2017; 2023). Five individuals of
Godlewski’s sculpin with weights ranging from 8.7 to
28.5 g and total lengths from 95 to 149 mm were used
for the analysis.

In vitro, the contents of the entire digestive tract
(250-700 pl) of each individual were diluted with an
equal volume of mQ water, ground and mixed thor-
oughly. Total DNA was extracted using the DNA-
sorb-AM kit (Russia) according to the manufacturer's
instructions. An approximately 350 bp fragment of the
cox1 gene was amplified for each sample in 30 cycles
with reducing the annealing temperature by 0.3°C
from the initial 55°C, using MiSeq primers: COIintF
5’tcgtcggeagegtcagatgtgtataagagacagGGWACWGGWT-
GAACWGTWTAYCCYCC and dgHCO2198 5’gtctcgt-
gggctcggagatgtgtataagagacagTAIACYTCIGGRTGIC-
CRAARAAYCA (Leray et al., 2013). All amplicons from
the digestive tract were pooled and used to prepare the
sample for sequencing.

A library was constructed from the purified ampl-
icon pool using the Nextera XT kit (Illumina, Hayward,
California, USA). The nucleotide sequences were deter-
mined using Illumina NextSeq. The registration number
of the data obtained in the international NCBI database
is PRINA1086215.

All original reads were trimmed for quality using
the program Trimmomatic V 0.39 (Bolger et al., 2014)
with options: average read quality 20, minimum read
length 140. The original reads were assembled into
contigs corresponding to the full-length amplification
products using the program metaSPAdes (Nurk et al.,
2017) with k-mer lengths of 21, 33, 55, 77, 99, and
121. The chosen k-mer lengths allowed the aggregation
to be brought into single contigs containing only reads
specific to the original coxI fragments of the DNA mix-
ture of different metagenomic sample species.

The complete sequence set of the cox] marker
from the International Barcode of Life Database (iBOL)
(https://ibol.org/) was used as a reference database
for the taxonomic analysis. The DNA sequences of
the amplicon assembly were compared to a reference
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database using the local BLASTn application (Altschul
et al.,, 1990). The results of the BLAST analysis were
converted into a table of taxonomic representation in
the DNA of the host digestive tract contents. The pri-
mary processing of the obtained nucleotide sequences
of representatives of the family Eimeriidae and the cor-
responding data in the NCBI database (Table 1) was
performed with the editor BioEdit and aligned with the
program ClustalW. The sequence is registered in NCBI
under the number PP552829. Phylogenetic analysis,
including model selection for estimating evolutionary
divergence and reconstructing evolutionary history,
was performed using the program MEGA7 (Kumar et
al.,, 2016). The evolutionary divergence between the
sequence groups was estimated with the maximum
likelihood method using the Tamura-Nei model (TrN
DNA evolutionary model) (Tamura and Nei, 1993).

Phylogenetic reconstruction of evolutionary his-
tory based on amino acid sequences was performed with
the maximum likelihood method using the Le-Gascuel
model with gamma correction for differences in rates
of substitution accumulation at different sites (LG + G
protein evolutionary model) (Nei and Kumar, 2000; Le
and Gascuel, 2008). A non-parametric booster (1000
replicates) was used to test the validity of the phyloge-
netic tree topology.

3. Results and discussion

As a result of analyzing data from metagenomic
DNA sequencing of the Godlewski’s sculpin diges-
tive tract contents, sequences from representatives of
the family Eimeriidae with a relative representation
of <0.01% were detected. The sequences obtained
belonged to the only haplotype significantly different
from all known sequences of the cox1 gene of coccidia,
including G. bayae and Eimeriidae derived from the
belica, and showed the highest degree of homology
(86.71%) with the nucleotide sequences of Cyclospora
cayetanensis (Ortega, Gilman & Sterling, 1994).

Fish coccidia are relatively understudied, and
very little nucleotide data is available for them. In addi-
tion to the sequences of the coxI mtDNA gene from the
common sunbleak, which were previously obtained in
a similar experiment (Denikina et al., 2023b), only two
sequences of representatives of the family Eimeriidae
from fish are currently available in the NCBI database.
The sequences of G. bayae from the gall bladder of
the white perch (Matsche et al., 2019) and a sequence
from the blood of the redlip blenny were also obtained.
However, the latter, referred to as Coccidia sp. (NCBI:
OR822199.1), actually belongs to a clade of a new
widespread group of fish parasites of the Apicomplexa
type, sister to the order Corallicolida and called “ich-
thyocolids” by the authors (Bonacolta et al., 2024).
Based on the above, these data were not included in
the phylogenetic analysis. The phylogenetic tree was
constructed using data from representatives of the
family Eimeriidae of vertebrates; the sequence of the
Toxoplasma gondii mtDNA cox1 gene was represented
as an outgroup (Nicolle & Manceaux, 1908) (Table 1,
Fig. 1).
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Table 1. The cox1 gene nucleotide sequence numbers from the NCBI database used in the analysis.

Host No.No. NCBI; Species

MN260359; MN260361; MN260362; MN260363; MN260364; MN316534; MN316535; Cyclospora
cayetanensis Ortega, Gilman & Sterling, 1994

KP025693; Eimeria flavescens Marotel & Guilhon, 1941
KT203398; Eimeria mephitidis Andrews 1928
JQ993698; Eimeria piriformis Kotlan & Pospesch, 1934
HM771687; KX495130; OL770312; Eimeria zuernii (Rivolta, 1878) Martin, 1909
MNO077082; Toxoplasma gondii (Nicolle & Manceaux, 1908)

MK202809; Eimeria gaimardi Barker, O’Callaghan, and Beveridge, 1988
MK202808; Eimeria mundayi Barker, O’Callaghan, and Beveridge, 1988
MK202807; Eimeria potoroi Barker, O’Callaghan, and Beveridge, 1988

Mammalia:
Placentalia

Mammalia:
Marsupialia

JN192136; Eimeria trichosuri O’Callaghan & O’Donoghue, 2001
MK202806; Eimeria woyliei Northover et al., 2019

Reptilia

KF859856; Caryospora bigenetica Wacha and Christiensen, 1982
KR108297; MW720599; Isospora amphiboluri Cannon, 1967
MW?720599; Isospora lunulatae Yang, Brice, Berto & Zahedid, 2021

Aves

EF158855; Eimeria acervulina Tyzzer, 1929
MH758793; Eimeria anseris (Kotlan, 1932)
HM771675; Eimeria brunetti Levine, 1942
JQ659301; KX094945; Eimeria praecox Johnson, 1930
MF497440; Eimeria tenella (Railliet & Lucet, 1891) Fantham, 1909
KC346355; Isospora gryphoni Olson, Gissing, Barta & Middleton, 1998
KT224377; Isospora manorinae Yang, Brice, Jian & Ryan 2016
NC_065382; Isospora picoflavae Rejman, Hak-Kovacs & Barta, 2021
ON584773; Isospora serini (Aragao, 1933)
KX276860; Isospora serinuse Yang, Brice, Elliot & Ryan 2015

Amphibia

KT184381; Lankesterella minima (Chaussat, 1850) Néller, 1912

Actinopteri

PP590353; PP590354; PP590355; PP590356; Eimeriidae
MH792860; Goussia bayae Matsche, Adams & Blazer, 2019

It is important to note that for all currently
available sequences of the family Eimeriidae from
fish, the closest homologs are those of parasites from
homeothermic animals and birds: G. bayae is homol-
ogous to Choleoeimeria taggarti (Amery-Gale et al.,
2018) Kruth, Michel, Amery-Gale & Barta, 2020
(79.33%, NCBI: MK813349) from the yellow-footed
antechinus Antechinus flavipes flavipes (Waterhouse,
1838). Representatives of the family Eimeriidae from
the belica are most closely related to Eimeria praecox
(Johnson, 1938) (82.95%, NCBI: KX094945) from the
red junglefowl Gallus gallus (Linnaeus, 1758); Isospora
serini (Aragao, 1933) (84.62%, NCBI: ON584773) and
Isospora serinuse (Yang, Brice, Elliot & Ryan, 2015)
(82.37%; NCBI: KX276860) from the common canary
Serinus canaria (Linnaeus, 1758). A comparative analy-
sis of the nucleotide sequences revealed a high degree
of similarity between representatives of the family
Eimeriidae from Godlewski’s sculpin and parasites of
marsupials (Table 2).

Analysis of phylogenetic relationships based on
the coxI mtDNA nucleotide sequences proved to be
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uninformative; the tree was unresolved with low sup-
port. However, representatives of the family Eimeriidae
of fish have formed basal branches. The phyloge-
netic reconstruction based on translated amino acid
sequences (Fig. 1) demonstrates that representatives of
the family Eimeriidae from fishes are reliably located
at the base of the tree. The hypothesis that fish coccidia
were the source of all known coccidia lineages in other
vertebrates (Rosenthal et al., 2016; Xavier et al., 2018;
Matsche et al., 2019; Denikina et al., 2023b) was indi-
rectly confirmed.

It has been previously suggested that the cox1
gene fragment has sufficient phylogenetic potential
to contribute to the resolution of the apparent para-
phyly within coccidia (Ogedengbe et al., 2011). The
results obtained do not allow us to definitely confirm
this hypothesis, as data on coxI mtDNA sequences of
representatives of the genera Eimeria, Calyptospora,
and Goussia from fish are currently insufficient. For
the above reasons, it is premature to determine to
which genus the detected representative of the family
Eimeriidae belongs.
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Metagenomic studies (metabarcoding) of eukary-
otes from marine and terrestrial ecosystems have shown
the high diversity and dominance of Apicomplexa rep-
resentatives (Mahé et al., 2017; Lentendu et al., 2018),
which are parasites of invertebrates and vertebrates,
and have complex life cycles that differ significantly
between groups (Votypka et al., 2016; Rueckert et al.,
2019). The family Eimeriidae is the most diverse taxon
of protozoa. The main characteristic of its representa-
tives is the formation of environmentally stable oocysts,
that are released with the host’s feces. The general mor-
phology of the oocysts, as well as the number of spo-
rocysts and sporozoites are commonly used to identify
individual genera. However, the results of recent phylo-
genetic studies correlate poorly with current taxonomy.
They have also shown that several diagnostic traits
thought to be unique and are also found in representa-
tives of several genetically distant genera (Votypka et
al., 2016). It is now known that members of the genera
Eimeria, Goussia and Calyptospora are most commonly
found in various species of marine and freshwater fish
(Xavier et al., 2018).

Previously, five species of coccidia were iden-
tified in fish from Lake Baikal (Shulman and Zaika,
1964; Zaika, 1965; Pronina, 1990), and only one was
observed in representatives of the Cottidae family:

1. Goussia carpelli (Leger et Stankovitch,
1921) (Syn.: Eimeria carpelli (Leger et Stankovitch,
1921); E. cyprini (Plehn, 1924); Goussia carpelli sensu
(Dykova et Lom, 1983). The parasite is localized in the
intestinal and gall bladder walls of the bighead sculpin
Batrachocottus baicalensis (Dybowski, 1874), the sandy
sculpin Leocottus kesslerii (Dybowski, 1874), the broad-
snout sculpin Abyssocottus (Cyphocottus) eurystomus
(Taliev, 1955), and the siberian river minnow Phoxinus
rivularis (Pallas, 1773).

2. Goussia leucisci (Schulman et Zaika, 1964)
Lom, Desser, Dykova, 1989 (Syn.: Eimeria leucisci
(Schulman et Zaika, 1964); E. freemani (Molnar et
Fernando, 1974); Goussia freemani (Molnar et Fernando,
1974)). The parasite is localized in the kidneys and
in the walls of the gall bladder of the Siberian dace
Leuciscus baicalensis (Dybowski, 1874).

3. Eimeria esoci Schulman et Zaika, 1964. The
parasite is localized in the intestinal and gall bladder
walls of the northern pike Esox lucius (Linnaeus, 1758).

4. Eimeria percae (Riviere, 1914) (Syn.:
Coccidium percae Riviere, 1914; Eimeria percae

Fig.1. A phylogenetic tree of representatives of the fam-
ily Eimeriidae constructed using the maximum likelihood
method based on translated amino acid sequences of the
mtDNA cox1 gene fragments. T. gondii as an outgroup

Reichenow, 1921; E. rivieri Yakimoff, 1929). The par-
asite is localized in the intestinal walls and kidneys of
the European perch Perca fluviatilis (Linnaeus, 1758).

5. Eimeria sp. The parasite is localized in the
intestinal walls of the Baikal omul Coregonus migratorius
(Georgi, 1775).

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-
snout sculpin. For the parasitic protozoa Apicomplexa,
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-
ples (Rueckert et al., 2011; C6té and Le Bailly, 2018; Le
Bailly et al., 2019; Singer et al., 2020; Beltrame et al.,

Table 2. The estimation of evolutionary divergence between sequence groups. The standard errors are given above the

diagonal
1 2 3 4 5 6 7

1. Eimeriidae (Abyssocottus godlewskit) 0.029 0.062 0.019 0.020 0.022 0.076
2. Eimeriidae (Leucaspius delineatus) 0.119 0.047 0.026 0.024 0.021 0.069
3. Goussia bayae 0.385 0.271 0.053 0.049 0.050 0.065
4. Mammalia: Marsupialia 0.061 0.105 0.315 0.010 0.012 0.077
5. Reptilia+ Amphibia 0.070 0.102 0.293 0.020 0.004 0.068
6. Mammalia: Placentalia + Aves 0.087 0.089 0.303 0.034 0.010 0.069
7. Toxoplasma gondii 0.486 0.450 0.423 0.487 0.433 0.443
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2022). Oocysts, including those of the genera Eimeria
and Goussia, may be present in the external environ-
ment, including bottom sediments (Sifiski and Behnke,
2004). In coccidia of aquatic animals, young oocysts
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
(Votypka et al., 2016). Two modes of transmission are
observed in the life cycle of coccidia in fish: direct with
fecal contamination and indirect, which includes inver-
tebrates (Steinhagen and Korting, 1988; Davis and Ball,
1993). It can therefore be assumed that the DNA of a
representative of the family Eimeriidae could enter the
digestive tract of Godlewski’s sculpin with equal prob-
ability in two ways: directly from the external environ-
ment and/or indirectly via its food objects.

Sequences derived from representatives of the
family Eimeriidae accounted for <0.01% of all metag-
enomic DNA sequencing data from the contents of the
digestive tract of fish. However, we cannot currently
confirm whether the parasite we detected is specific to
the Godlewski’s sculpin. G. carpelli, which is found in
members of the family Cottidae, is considered a specific
parasite of the common carp Cyprinus carpio (Linnaeus,
1758) (Molnér et al., 2005). However, other fish spe-
cies on its host list have their own separate coccidia
species (Sokolov and Moshu, 2014). In this context, a
comprehensive morphological and molecular genetic
study of these parasites is required, with particular
attention to the widespread G. carpelli from different
systematic fish groups.

4. Conclusion

When analyzing the metagenomic DNA sequenc-
ing data of the Godlewski’s sculpin digestive tract
contents with a relative representation of <0.01%,
sequences from representatives of the family Eimeriidae
were detected for the first time. The sequences obtained
belonged to the only haplotype that was reliably differ-
ent from all previously known. In contrast to the anal-
ysis of the nucleotide sequences of the coxI mtDNA,
the phylogenetic reconstruction based on translated
amino acid sequences reliably demonstrated the basal
location of the branches of representatives of the fam-
ily Eimeriidae in fish. The question of the genus of the
detected organism remains unresolved due to the lim-
ited nucleotide data for representatives of the genera
Eimeria, Calyptospora, and Goussia in fish. The results
obtained indicate the need for targeted and complex
studies, including molecular genetic studies, of the
fauna of parasitic protozoa in fish.
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1. Beeapenue

Ananu3 ¢ayHbsl napasuToB pbid ABJAETCA HEOO-
XOAUMOM YacThI0 UCCJIeJOBAHUH, TOCBAIIEHHBIX BOIIPO-
caM ux skoJiorud. IIpenMyIecTBo MOJIeKyJIApHO-TeHe-
TUYECKOro MOJAX0/la C HCIOJIb30BaHUEM COBPEMEHHBIX
TEeXHOJIOTHI BEICOKOIIPOU3BOIUTEIBHOTO CEKBEHUPOBa-
HUA 3aKJII0YaeTcs B BO3MOXXHOCTHU aHaIM3a U UOeHTU-
¢dukanuy OTHOCUTEIBHO KOPOTKUX (GparMeHTOB Uyxe-
pomHoyi JIHK u3 comepXUMoOro nuIeBapUTeIbHOIO
TpakTa, OpTaHOB U TKaHel pbrI0. OTU MeToAbl 3ddek-
TUBHBI 32 CYET BBHICOKOI'O pa3pelleHUs U BO3MOXHOCTHU
naeHTH(PUKAMNU MHUPOKOro crekrpa Buaos (Harms-
al., 2017). HecMoTpst Ha psf HEJOCTAaTKOB, TAKUX KakK
HeTouyHas uAeHTU(UKAIMA BUAOB U3-3a OTCYTCTBUA
UX TeHeTHMYecKUX [aHHBIX B OOIIeJOCTYIHBIX 0a3zax
(Siddall et al., 2012; Kvist, 2013) u gerekius JJHK
OpPraHu3MOB 13 NHIeBapUTeIbHBIX TPAKTOB KOPMOBBIX
o6bexToB (Sakaguchi et al., 2017), meTa6apkoauposa-
HUe MOXeT JOIOJIHATh TPaAULIOHHble MeTO/bl 1cciie-
noBaHus dayHsl mapasutoB pei6 (Ogedengbe et al.,
2011; Villsen et al., 2022; denukuHa u ap., 2023a; b).

*ABTOp ISl HEPENUCKU.
Anpec e-mail: jsap@mail.ru (FO.I1. CamoXXHUKOBA)

INocmynuna: 19 utona 2024; IIpunama: 04 centa0psa 2024;
Onyo6nuxkogana online: 31 oxtabps 2024
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Bce mpeicTaBUTENIM TUIIA MPOCTENIINX SpOrozoa
win Apicomplexa u3 rpynmsl Alveolata sBiAOTCSA
OTHOKJIETOYHBIMM OOJIUTATHBIMU TapasuTaMu MHOTO-
KJIETOYHBIX JXUBOTHBIX, @ TaKXe CUYMTAIOTCS OIHUMHU
M3 CaMbIX YCIEIIHbIX TapasuToB B mupe (Morrison,
2009). Tlpennosiaraercs, uro 6osiee 6000 omMCcaHHBIX
BUIOB cocTaBJiAlT Bcero 0,1% ot oOmjero mx pasHo-
obpasusa (Morrison, 2009). IIpeactaBuTesy PpOJOB
Cryptosporidium, Plasmodium, Toxoplasma u Babesia
ABJIAIOTCA BO3OyAuTessAMU 3a0oJieBaHUI desioBeKa U
xkuBoTHbIX. Koknuauu (Conoidasida: Eimeriidae) HaHo-
CAT 3HAUUTEJIBHBIN YPOH CEJIbCKOXO35IMCTBEHHOMY IPO-
M3BOJICTBY. HecMOTps Ha IMIMPOKOE paclpocTpaHeHue
U XO35AMCTBEHHOE 3HAYeHIe, MCCJIeJOBAHNA dBOJIIOM-
OHHBIX OTHOIIIEHUI BHYTPU 3TOU TPYIIHI TOJIBKO HAUU-
Hatotcsa (Arisue and Hashimoto, 2015; Xavier et al.,
2018). TakcoHOMUSI KOKIUUH K HACTOAIEMY BpeMeHH!
HaXOAUTCA B CTaUU pa3pabOTKU, MHOTHE POIBI SBJIS-
I0TCA NMapadUIeTUYECKUMU, YTO CTABUT MOJ] COMHEHUE
I[EHHOCTh CTPOTHUX MOPGOJIOTUYECKUX UM JKOJIOTHYe-
CKMX MPU3HAKOB JJiA uX kiaccudukanuu (Ogedengbe
et al., 2018; Xavier et al., 2018). IIpu 3TOM IpeACTaBU-
Tes cemelicTBa Eimeriidae y BOAHBIX )XUBOTHBIX U3Y-

© ABTop(s1) 2024. DTa paboTa pacnpocTpaHs-
eTCs o] MeXAyHapoJHOI inneH3uel Creative
Commons Attribution-NonCommercial 4.0.
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YeHbl 3HAYMTEJIBHO XyXe, yeM y HadeMHbIX. OJIHaKo,
Jaxe nMemomecs CKyHble JaHHbIe O MOoCJIef0BaTesIb-
HOCTAX MaJiol cyObeAuHUIBI pubocoManbHON PHK
(MCE pPHK) Mo3BOJIAIOT MPE/NOJIOXKUTh, YTO UMEHHO
OHU ABJIAIOTCA 6Q30BBIMU I'PyNIIaMU BHYTPU CeMENCTB
(Jirka et al., 2009; Xavier et al., 2018; JleHnkuHa u
nap., 2023b). B HacTosiee Bpemsa B 6aze NCBI 3aperu-
CTPUPOBAHHBI MOCJIeoBaTeNIbHOCTU reHa coxl MtJHK
Eimeriidae u3 ciiemyiomux BUOOB phIO: KpacHOryoOas
Mopckasa cobauka Ophioblennius macclurei (Silvester,
1915), GeJiplil aMepUKaHCKUi JJaBpak Morone americana
(Gmelin, 1789) u oObIKHOBEeHHasi BepXOBKa Leucaspius
delineatus (Heckel, 1843).

[InpokoJioOKa T'ognesckoro Abyssocottus
(Limnocottus) godlewskii (Dybowski, 1874) — angemuy-
HBIN BUJ 03€PHBIX HTMPOKOJI000K, OOMTAIIUNI HA TJIy-
6unax ot 100 o 900 m (BormaHos, 2023). C10XHOCTU
B HCCJIEJOBAHUAX 3KOJIOTMU U (payHbI Tapa3uTOB IJ1y0o-
KOBOJHBIX BUJOB BhI3BAHBI MAJIbIM KOJIMYECTBOM BHIOO-
POK pBIO B CBA3U C TPYJOEMKUM IIPOLIECCOM OTJIOBa. B
pe3yJibTaTe KCCJIe[I0BaHUs MUIEBOr0 CIeKTpa MIHUpO-
k0s106ku T'0[IJIEBCKOTO C WCIIOJIb30BAHWEM METO/I0B
CeKBEHNPOBAHUA HOBOTO IMOKOJIEHUs ObLIN IMOJTy4eHbI
rocJieJoBaTeIbHOCTU KOKIUAuN. 1{espio paboThl sABJISA-
JIoCh ompefejieHre (QUIIOreHeTUYeCKOro IMOJIOXKeHUs
npefcraButesia ceM. Eimeriidae u3 mumeBaputesib-
HOT'0 TpaKTa MMPOKOJIOOKU ['oeBcKoro.

2. MaTepuanbl U METOADI

Cbop mpob ocyecTBJIAIU ¢ 60pTa HAyYHO-UC-
ciefoBartesbckoro cyana «I.10. Bepemarna» B ceHTA-
6pe 2019 r. B patioHe cTBOopa UMBBIPKYIHCKOTO 3aJiiBa
o3epa barikan (53°59.674°N, 109°09.086’E) ¢ riiy6uH ot
790 no 820 M. BuoBy1o npruHaJIeXXHOCTb PBIO NIEHTU-
(uiypoBasn B COOTBETCTBUU C NOCJEAHUMH PEBU3U-
svu (Bormanos, 2017; 2023). 4 aHajM3a HUCHOJIb30-
BaJIU IATHh 0coleil MUpPoKoJI06KU I'o11eBCcKoro Maccom
oT 8,7 no 28,5 r, obuei aiauHOM oT 95 g0 149 MM.

B j1a6opaTOpHBIX YCJIOBUAX COJAEPXKUMOE BCEro
nuinieBapyuTesibHOro Tpakra (250-700 MKJI) OT KaXXJJ0Tro
OTJZIeJIbHO B3ATOr0 3K3eMIUIApa Pa3BOAWIM PaBHBIM
o6beMoM BOJbl MQ, M3Mesbyajid M TH[ATeJbHO Iepe-
MemyBaad. CymmapHyo JHK Bbiessaay ¢ MOMOIIBIO
Habopa aiia skerpaknun «AmmnCenc JJHK-cop6-AM»
(Poccus) B COOTBETCTBUU C MHCTPYKI[EN POU3BOAU-
TenA. dparMeHT reHa coxl AJIVMHON NPUOIU3UTESIBHO
350 map ocHoBaHMI aMILTUGUIIUPOBATINA OJIA KaXI0U
11po6sl 30 HUKJIOB C MOHMXXEHEM TeMIlepaTyphl OTXUra
Ha 0.3°C ot HavambHbX 55°C ¢ mpaniMmepamu MiSeq:
COIintF 57tcgtcggcagcgtcagatgtgtataagagacagGGWAC
WGGWTGAACWGTWTAYCCYCC u dgHCO2198 5°gtc
tcgtgggeteggagatgtgtataagagacagTAIACYTCIGGRTGIC
CRAARAAYCA (Leray et al., 2013). Bce aMITUKOHHI U3
MUIIEeBAPUTEJIBHOTO TPaKTa OO0beIUHAIN 1 HCIO0JIb30-
BaJIY JIJIA TIOATOTOBKYU MPOOHI K CEKBEHUPOBAHUIO.

BubyinoTeKky W3 OYMINEHHOro IyJia aMIIHKO-
HOB CKOHCTPYUpPOBaJIM C HCIIOJIb30BaHHeM Habopa
Nextera XT (Illumina, XeiiBopy, Kamudopnus, CIIA),
HYKJIEOTUAHBIE I10CJIeI0BATEJIbHOCTH OIpefesisii C
nmomoripio Illumina NextSeq. PeructpanrioHHbI HOMep
[IOJIyYeHHBIX JaHHBIX B MexAyHaponHou 6aze NCBI:
PRIJNA1086215.
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Bce ncxonHble JaHHBIE TPUMMUPOBAJIN IO Kaye-
ctBy B nporpammMe Trimmomatic V 0.39 (Bolger et al.,
2014) c onmuaMu: cpegHee KavyecTBO npouTeHus 20,
MUHUMAaJIbHasA aanHa npouteHud 140. CO0OpKy ucxon-
HBIX [IPOYTEHU! B KOHTUTHY, COOTBETCTBYIOIILE [TOJTHO-
pa3MepHBIM IPOJYyKTaM aMILUIU(UKAIIY, TPOBOIN B
mporpamme metaSPAdes (Nurk et al., 2017) aauHamu
k-mer 21, 33, 55, 77, 99 u 121. BuiGpaHHble AJIUHEI
k-mer mo3BoJiMIM IPUBECTH arperamuio B eUHbE KOH-
TUTH TOJIBKO IIPOYTEHUH, crelu(pUIHbIX IepBOHaYaIb-
HBIM (pparmenTam coxI cmecu JJHK pa3janyHBIX BHUJIOB
MeTareHOMHOTro oOpasia.

B xauectBe pedepeHcHO!l 6a3bl AAHHBIX AJIA
TaKCOHOMHYECKOIO aHa/li3a MUCIOJIb30BaJd  IOJI-
HBIII HAbOp TMOCJieoBaTeIbHOCTEN Mapkepa cox]1 u3
International Barcode of Life Database (iBOL) (https://
ibol.org/). TlocnemoBatenpHOCTH JJHK cOOpKHM aMILIU-
KOHOB COIOCTaBJIAIN ¢ pedepeHCHOU 6a30i JaHHBIX
¢ nowmoiipio npuioxeHus local BLASTn (Altschul et
al., 1990). Pesysnpratel BLAST aHanu3a npeo6pa3oBhl-
BaJM B Tabaully IpeAcTaBJIEHHOCTU TakcoHOB B JIHK
COAEepPKMMOro IUIIEeBOro TpakTa xo3sauHa. [lepBuyHyi0
00paboTKy NOJIyYEeHHBIX HYKJIEOTHJHBIX MOCJIeJ0Ba-
TeJIbHOCTEH TmpefcTaBuTtesell cemelictBa Eimeriidae u
COOTBETCTBYIOIMX [JaHHBIX, NpeJcTaBjIeHHBIX B Oase
NCBI (Ta6suna 1), npoBoauiu B pemakrope BioEdit,
BBIpaBHUBAJIX C MOMOINb0 Tmporpammbel  ClustalW.
[TocnemoBaTenbHOCTh  3apeructpupoBaHa B NCBI
No PP552829. dunoreHeTuveckuil aHajau3, BKJIOYAs
BBHIOOp MoOJiesiell JJis OL[eHKU 3BOJIIOLMOHHON IUBEp-
TeHI[MY W PEeKOHCTPYKLHM 3BOJIIOLKMOHHON HCTOPUH,
MPOBOAWJIM C HCHOJIb30BaHMeM IporpamMmel MEGA7
(Kumar et al., 2016). DBOJIOIMOHHYI JUBEpPreH-
I[MI0 MeXAy IpylnnaMy IMocjefoBaTeIbHOCTel OlleHU-
BaJli METOJOM MaKCHMaJIbHOrO IpaBAoNoAo0Hs IO
Monesn Tamypoel-Hesa (TN DNA evolutionary model)
(Tamura and Nei, 1993). ®uioreHeTUYECKYI0 PEKOH-
CTPYKI[MIO 3BOJIIOIMOHHON KCTOPUM, OCHOBAHHOHM Ha
AMUHOKHCJIOTHBIX TI0OCJIE[JOBATEJIbHOCTAX, MPOBOIIN
METOJIOM MAaKCHMAaJIbHOTO MPaBAONO00UA 110 MOAETN
JIn-T'ackyasisa ¢ raMMa KoppeKnyeil pa3jinuuil B CKOpo-
CTAX HAKOIUJIeHHs 3aMeH B pasjnyHbIX caitax (LG +
G protein evolutionary model) (Nei and Kumar, 2000;
Le and Gascuel, 2008). TecTupoBaHHEe TOCTOBEPHOCTHU
TONOJIOTUU HUIOTeHeTUYEeCKUX JepeBbeB IIPOBONIIOCH
HenapaMeTtpudeckuM 6yctepoM (1000 periuk).

3. Pe3yabTaTtbl M 06Ccy)xpeHue

B pesysnbTaTe aHasiu3a JAHHBIX MeTareHOMHOTO
cekBeHupoBaHusa JHK comepxumoro mnuieBapyuTesib-
HBIX TPAKTOB MIKNPOKOJI00KM ['0JieBCKOT0 OBLIN AeTeK-
THPOBAHBI IOCJIEOBATEJIBHOCTU IpeJICTaBUTEJIEN CeM.
Eimeriidae ¢ OTHOCHTENIBHOU TpeaCcTaBIEHHOCTHIO
<0,01%. ITosydeHHble MOCIeJOBATEJIbHOCTH IPUHAM-
Jiexasiy e JUHCTBEHHOMY ralJjIOTUITy, JOCTOBEPHO OTJIN-
YaIeEMyCs OT BCEX M3BECTHBIX TOCJIE[OBATEJIBHOCTEN
rera coxl xoknuauii, Bkiovas G. bayae u Eimeriidae
U3 OOBIKHOBEHHOU BEPXOBKH, U IPOJAEMOHCTPHPOBAB-
meMy HauOOJIBIIYI0 CcTereHb romoJiorun (86,71%) c
HYKJIEOTUAHBIMU TIOcaeAoBaresbHOCTAMU  Cyclospora
cayetanensis Ortega, Gilman & Sterling, 1994.
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Kokuuaum pei6 CpPaBHUTEIBHO MaJIOU3yYeHbI
U HYKJIEOTHHbIE AaHHbIE VI HUX KpalHe CKYIHBIL.
Kpome mnocnenoBaTtenbHOcTell reHa coxl Mt/JHK u3
OOBIKHOBEHHO!N BEPXOBKU, IMOJIyYeHHBIX HAaMH paHee
B AHAJIOTUYHOM OJKcrmepuMeHTte (JleHUKWUHA W Ap.,
2023b), B 6a3e NCBI mpecTaBJieHBI TOJIBKO [BE TOCJIE-
JIoBaTeJIbHOCTU TpefcTaButesneli cem. Eimeriidae
u3 peid: G. bayae u3 xemuHoro my3eipsa M. americana
(Matsche et al.,, 2019) u mocJieqOBaTEJILHOCTh U3
kpoBu O. macclurei. OgHaKo TOCJIeAHsAsA, 3asgBJIeHHAs
kak Coccidia sp. (NCBI: OR822199.1), B AeHCTBUTETb-
HOCTH TPUHAJJIEXUT NPEICTABUTEI0 KJIaJbl HOBOU
IIMPOKO PACIPOCTPAHEHHOU TPYMNIBI MApa3vuTOB PbHIO
tuna Apicomplexa, cectpuHckoii otpsagy Corallicolida
u HasBaHHas aBTopamu «ichthyocolids» (Bonacolta et
al., 2024). Ucxos 13 BBIIIECKA3aHHOTO, 3TU JaHHbIE B
(usioreHeTnueckoMm aHasin3e He paccMarpuBaiu. [Ipu
ocTpoeHnu GUIOreHeTUIECKOT0 JpeBa UCIIOJIb30BAHBI
MaHHbIe TpefcTaBuTesieil ceM. Eimeriidae mo3BoHOu-
HBIX )KUBOTHBIX, B KaUueCTBe ayT-T'PYIIIHI MIpeJicTaBJIeHa
nocsefoBaTesibHOCTh TeHa cox] mtOHK Toxoplasma
gondii (Nicolle & Manceaux, 1908) (Ta6suna 1, Puc. 1).

CieqyeT OTMETUTh, YTO Ui BCEX HMEIOIINXCA
B HacTosllee BpeMsA I[OCJIefOBaTeJbHOCTEH CeM.
Eimeriidae u3 pwi6, GymkaiilinMy TOMOJIOTAMU SBJIS-
I0TCA MOCJeOBaTeJIbHOCTU Iapa3uToOB U3 TeIJIo-
KPOBHBIX JXUBOTHBIX W OTUIl: G. bayae roMmoJsiornyHa
Choleoeimeria taggarti (Amery-Gale et al., 2018) Kruth,
Michel, Amery-Gale & Barta, 2020 (79,33%, NCBIL
MK813349) 13 ’keJITOHOTOM CyMYaTO! MbITIu Antechinus
flavipes flavipes Waterhouse, 1838. IIpencraBureyu
ceM. Eimeriidae 13 06bIKHOBEHHOI BEpXOBKHU Haubosiee
63k K Eimeria praecox (Johnson, 1938) (82,95%,
NCBI: KX094945) 13 6aHKHUBCKO IKYHIJIEBOI KyPHIIBI
Gallus gallus (Linnaeus, 1758); Isospora serini (Aragao,
1933) (84,62%, NCBI: ON584773) u Isospora serinuse
(Yang, Brice, Elliot & Ryan 2015) (82,37%; NCBI:
KX276860) u3 kaHapckoro KaHapeeyHOro BblOpKa
Serinus canaria (Linnaeus, 1758). AHau3 3BOJIIOLINOH-
HOU [AWBEPreHIMU MeXIy TpyInaMy HyKJIEOTUIHBIX
MOCJIEJOBATEIBHOCTEA BBIABUJI OJIM30CTh IMPENCTABU-
Teselt Eimeriidae w3 mwmpokosiobku T'0JJIEBCKOTO K
rnapasuTaM CyM4aThIX )KUBOTHbIX (Tabiuna 2).

Ta6suna 1. Homepa HyKJIEOTUAHBIX ITOCTIeJOBAaTeIbHOCTEN reHa cox] 3 6a3sl qanasx NCBI, ncnosib30BaHHBIE B aHAJIM3E.

Xo03suH

NoNo NCBI; Bup

Mammalia:
Placentalia

MN260359; MN260361; MN260362; MN260363; MN260364; MN316534; MN316535; Cyclospora
cayetanensis Ortega, Gilman & Sterling, 1994

KP025693; Eimeria flavescens Marotel & Guilhon, 1941
KT203398; Eimeria mephitidis Andrews 1928
JQ993698; Eimeria piriformis Kotlan & Pospesch, 1934
HM771687; KX495130; OL770312; Eimeria zuernii (Rivolta, 1878) Martin, 1909
MNO077082; Toxoplasma gondii (Nicolle & Manceaux, 1908)

Mammalia:
Marsupialia

MK202809; Eimeria gaimardi Barker, O’Callaghan, and Beveridge, 1988
MK202808; Eimeria mundayi Barker, O’Callaghan, and Beveridge, 1988
MK202807; Eimeria potoroi Barker, O’Callaghan, and Beveridge, 1988
JN192136; Eimeria trichosuri O’Callaghan & O’Donoghue, 2001
MK202806; Eimeria woyliei Northover et al., 2019

Reptilia

KF859856; Caryospora bigenetica Wacha and Christiensen, 1982
KR108297; MW720599; Isospora amphiboluri Cannon, 1967
MW720599; Isospora lunulatae Yang, Brice, Berto & Zahedid, 2021

Aves

EF158855; Eimeria acervulina Tyzzer, 1929
MH758793; Eimeria anseris (Kotlan, 1932)
HM771675; Eimeria brunetti Levine, 1942
JQ659301; KX094945; Eimeria praecox Johnson, 1930
MF497440; Eimeria tenella (Railliet & Lucet, 1891) Fantham, 1909
KC346355; Isospora gryphoni Olson, Gissing, Barta & Middleton, 1998
KT224377; Isospora manorinae Yang, Brice, Jian & Ryan 2016
NC_065382; Isospora picoflavae Rejman, Hak-Kovacs & Barta, 2021
ON584773; Isospora serini (Aragao, 1933)
KX276860; Isospora serinuse Yang, Brice, Elliot & Ryan 2015

Amphibia

KT184381; Lankesterella minima (Chaussat, 1850) Noller, 1912

Actinopteri

PP590353; PP590354; PP590355; PP590356; Eimeriidae
MH792860; Goussia bayae Matsche, Adams & Blazer, 2019
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[TpoBeeHHBIN aHATTN3 UIIOTEeHETUYECKUX OTHO-
[IeHNIT Ha OCHOBAaHUU HYKJIEOTUAHBIX I10CJIeI0BATEIb-
Hocrel cox] MT/IHK okazasica MasonH(@OpMaTHBHBIM:
JpeBO OKa3aJioCh Hepa3pelleHHBIM C HU3KUMU TOJ-
nepxkamu. OiHaKo npeacTaBuTeu ceM. Eimeriidae us
pBIO copmupoBany 6a3anabHble BETBU. B MoJTydeHHON
(usioreHeTHyecKOll PEKOHCTPYKIMU Ha OCHOBAaHUU
TPaHC/JIMPOBAaHHBIX aMUHOKHCJIOTHBIX I10CJIeI0BaTeIb-
HocTteir (Puc. 1) mpenctaButenu ceM. Eimeriidae w3
PBIO JOCTOBEPHO pacroJjiaraloTcsA B OCHOBAaHUU [peBa.
TakuMm obOpa3oM, paHee cHOpPMyJIMPOBAHHAA MIIOTE3a
0 TOM, YTO MMEHHO KOKIMANU PHIO Aajii Hayaylo BCeM
HM3BECTHBIM JIMHUAM KOKIUAUN y APYTUX TO3BOHOYHBIX
*kuBoTHBIX (Rosenthal et al., 2016; Xavier et al., 2018;
Matsche et al., 2019; [lenukuHa u ap., 2023b), Hamia
CBOE KOCBEHHOe MO/ TBepXaeHue.

Panee ObUIO BBICKA3aHO MpeNIOJIOXKEHUe, YTO
¢pparmeHT reHa cox] UMeeT AOCTATOYHBIN (UIOTEeHe-
TUYECKUHN TOTeHI[Uasl, YTOOBl MOMOYb B pa3pelieHuu
OoueBHIHBIX Mapaduiinii BHyTpu Koknuauii (Ogedengbe
et al., 2011). [MoyryueHHbIe Pe3yJIHTATH HE MTO3BOJIAIOT
OAHO3HAYHO MOATBEPAUTb 3Ty THIIOTE3y, IOCKOJIbKY
MoKa AAHHBIX O MmocjiefoBaTeabHOCTAX cox]l mTAHK
npejctaButesieit pogoB Eimeria, Calyptospora u Goussia
U3 peI0 fABHO HemocTaroyHo. [Io ToOH >xe IpuUYMHe
IpexJeBpeMeHHO yTBepXJaTb, K KaKOMy pOAY OTHO-
cATCA JeTEeKTHPOBAaHHBI HaMM IIpe[CTaBUTEJIb CEM.
Eimeriidae.

MeraresoMHBle  HccaefjoBaHUA (MeTabapKo-
JUpOBaHUe) 3yYKapuOT MOPCKUX M Ha3eMHBIX 3KOCHU-
cTeM NPOAEeMOHCTPHUPOBAJIA BBICOKOE pa3HooOpasue u
JOMHHUPOBaHMe TpejcTaBuTesieil Apicomplexa (Mahé
et al., 2017; Lentendu et al., 2018), KoTOpbIe ABJIAIOTCSA
napasuTaMy 0eClO3BOHOYHBIX U IT03BOHOYHBIX XUBOT-
HBIX, 1 HMMEIOT CJIOXXHble XKM3HEHHble LMKJIbI, 3Ha4u-
TeJIBHO pasJinyaloliuecs Mexay rpynnamu (Votypka et
al., 2016; Rueckert et al., 2019). CemeticTBo Eimeriidae
— HauboJiee pPa3sHOOOpPa3HBII TaKCOH IIPOCTENIINX,
OCHOBHOHM OCOOEHHOCTBIO IpeJCTaBUTEJIEH KOTOPOTo
ABJiAeTcs 00pa3oBaHWE JKOJIOTMYECKU YCTOHYUBBIX
OOLIKCT, KOTOPBIE BBIAEJIAITCA ¢ heKaJTnAMU X03AUHa.
Ob6masa mopdosorvus OOLMCT, a TakKXke KOJIMYeCTBO
CIOPOIIMCT U CIIOPO30MTOB IIHMPOKO HCIOJIB3YIOTCSA
JUIA onpefiesieHUs OTAEJIbHBIX poaoB. OHAKO, pe3yJib-
TaThl TOCJIeAHUX (PUIIOTeHETUYECKUX HCCIIeJOBaHUN
IJIOXO KOPPEeJUPYIOT C TeKylleill TakcoHoMuen. OHU
TakXe IOKa3aJid, YTO HECKOJbKO [UarHOCTUYeCKUX
MIPU3HAKOB, CYMTABLIMXCA IO CUX [IOP YHUKAJIbHBIMU,
Ha caMoOM [iejie MPUCYTCTBYIOT y IIpeAcTaBUTesel

Puc.1. OusoreHeTnyeckoe [peBO IpeicTaBUTesIeN
cemeiictBa Eimeriidae, mocTpoeHHOEe METOIOM MaKCHUMaJib-
HOTO0 NpaBIoNof00KsA Ha OCHOBAHUM TPAHCJINPOBAHHBIX aMU-
HOKHCJIOTHBIX ITOCJIeloBaTeIbHOCTel (PparMeHToB reHa coxl
mt/IHK. B xauecTBe ayT-rpynms! — T. gondii

HeCKOJIPKUX reHeTHYecku Aajiekux poaos (Votypka et
al., 2016). B HacTosIiee BpeMs M3BECTHO, YTO y pas-
JINYHBIX BUJIOB MOPCKHX U IPECHOBOIHBIX PHIO Hanbo-
Jlee pacrpocTpaHeHHl INpejcTaBUTes ponos Eimeria,
Goussia u Calyptospora (Xavier et al., 2018).

Panee y pri6 u3 03. Batikas GblJI0O OTMeUeHO HATh
BugoB kokiuaui (Llynsman u 3auka, 1964; 3auka,
1965; Ilponuna, 1990), 13 KOTOPBHIX TOJIBKO OAWH Yy
npexacrasuTeseil cemetictsa Cottidae:

1. Goussia carpelli (Leger et Stankovitch, 1921)
(Syn.: Eimeria carpelli (Leger et Stankovitch, 1921); E.
cyprini (Plehn, 1924); Goussia carpelli sensu (Dykova et
Lom, 1983). [Tapa3uT JioKaJIM30BaH B CTeHKaxX KUIIed-
HUKA U XKeJYHOTO My3bIpsA OOJIBIIEroJIOBOM MIMPOKO-
J06ku  Batrachocottus baicalensis (Dybowski, 1874),
mecyaHol MHpokosIo6ku Leocottus kesslerii (Dybowski,
1874), mMUPOKOPBUION IIHUPOKOJIOOKU Abyssocottus
(Cyphocottus) eurystomus (Taliev, 1955) u cuGupckoro
peuHoro rosbsaHa Phoxinus rivularis (Pallas, 1773).

Ta6suna 2. OreHka 3BOJIONMOHHON AVBEPreHINN MeXAy IPYIIaMu MocjefoBaTesibHOCTelr. CTaHJapTHRIE MOTPEITHOCTH

IIOKa3aHbl HAA AaroHaJiblo

1 2 3 4 5 6 7

1. Eimeriidae (Abyssocottus godlewskii) 0,029 0,062 0,019 0,020 0,022 0,076
2. Eimeriidae (Leucaspius delineatus) 0,119 0,047 0,026 0,024 0,021 0,069
3. Goussia bayae 0,385 0,271 0,053 0,049 0,050 0,065
4. Mammalia: Marsupialia 0,061 0,105 0,315 0,010 0,012 0,077
5. Reptilia+ Amphibia 0,070 0,102 0,293 0,020 0,004 0,068
6. Mammalia: Placentalia + Aves 0,087 0,089 0,303 0,034 0,010 0,069
7. Toxoplasma gondii 0,486 0,450 0,423 0,487 0,433 0,443
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2. Goussia leucisci (Schulman et Zaika, 1964)
Lom, Desser, Dykova, 1989 (Syn.: Eimeria leucisci
(Schulman et Zaika, 1964); E. freemani (Molnar
et Fernando, 1974); Goussia freemani (Molnar et
Fernando, 1974)). [Tapa3uT JIOKaJIM30BaH B MOYKax U B
CTeHKax )KeJTYHOT0 My3bIpsi CUOMPCKOTro eJblia Leuciscus
baicalensis (Dybowski, 1874).

3. Eimeria esoci Schulman et Zaika, 1964.
[Mapa3uT JIOKAJIM30BaH B CTEHKAX KUIIEUYHUKA U JKeJTy-
HOTO Iy3bIpsI OOBIKHOBEHHOM 11yKu Esox lucius Linnaeus,
1758.

4. Eimeria percae (Riviere, 1914) (Syn.:
Coccidium percae Riviere, 1914; Eimeria percae
Reichenow, 1921; E. rivieri Yakimoff, 1929). ITapa3ut
JIOKa/IN30BaH B CTEHKaX KUIIIeYHNKA 1 TOYKaX OOBIKHO-
BeHHOro OKyHs Perca fluviatilis (Linnaeus, 1758).

5. Eimeria sp. [Tapa3uTt J0KaJIM30BaH B CTEHKAX
KuIleyHHKa 6alikajibckoro omyJsiss Coregonus migratorius
(Georgi, 1775).

V mpexncraButesieil cemerictBa Cottidae: mpu-
OpeXHBIX BUAOB OOJIBIIET0JIOBOU MIMPOKOJIOOKU U TIec-
YaHOU MINPOKOJIOOKHU, a TaKXKe y rJTyDOKOBOLHOIO BUA
— MIUPOKOPBLUION MIMPOKOJIOOKU paHee OB OTMedeH
omuH Bup — G. carpelli.

J71a mapa3uTHyecKux mpocrenmux Apicomplexa,
KICIIOJIb3YIOIIUX OPaIbHO-(DEeKaIbHBIN My Th epeqayu 1
pacnpocTpaHeHusi, 0OJIbIIOe 3HAauYeHNe HMeeT YCTOU-
YHUBOCTh OOIIMCT K JEeHUCTBUIO (AaKTOPOB OKpPYXKaro-
mei cpenbl (Clopton et al., 2016). 3Tu 0cOGeHHOCTHU
MO3BOJIAIOT AETEKTUPOBATh MX B PA3JIMYHBIX oOpasmax
OKpY’XalIlel cpenbl, BKJIOYAs MaJIEOHTOJIOTMYECKHe
(Rueckert et al., 2011; C6té and Le Bailly, 2018; Le
Bailly et al., 2019; Singer et al., 2020; Beltrame et al.,
2022). OonucThl, B TOM YMCJIE U IIpeJicTaBUTeJIel pofoB
Eimeria u Goussia, MOTYT IPUCYyTCTBOBaTh BO BHEIIHE
cpedie, B TOM 4YMCJie U B JJOHHBIX ocagkax (Sinski and
Behnke, 2004). Y KOKIMINI BOJHBIX KUBOTHBIX MOJIO-
Jible OOLIMCTHI OOBIYHO BBIJEJIAIOTCA € (PpeKaTusaAMHU Hec-
MOPYJIMPOBAHHBIMU U HEeUMHQEKIMOHHBIMU, TaK Kak
UX pa3BUTHeE IpeKpalaeTcs JIUIIb BO BHELIHEN cpeje,
rAe MPOHCXOOUT 0Opa3oBaHMe CIIOPOIMCT CO CIIOPO-
3outamu (Votypka et al., 2016). B xu3HeHHOM I{UKJIe
KOKIUAWK phIO 3aperucTprUpoOBaHO /IBa TUIA MEpeIavur:
npAMON ¢ (peKaJIbHbIM 3arpsi3HEHHMEM U HEeNpsIMOWU,
KOTOPBIN BKJTIOUAET B ce0s1 0€CITO3BOHOYHBIX KUBOTHBIX
(Steinhagen and Korting, 1988; Davis and Ball, 1993).
COOTBETCTBEHHO, MOXHO IpeAnosyioxkuts, 4yro JJHK
npeacTaBuTesisa ceM. Eimeriidae ¢ paBHO# foJieti Bepo-
SAITHOCTH MOTJIa IOCTYTUTh B MUIEBAPUTEIIbHBIN TPAKT
IIMPOKOJIOOKU ['OJTIEBCKOTO ABYMs MyTAMU: MPSMBIM
U3 BHEIITHEN Cpebl U/WJIN HETPSIMBIM U3 €€ KOPMOBBIX
O0BEKTOB.

IlocnenoBaTebHOCTU npeacTaBUTeNEeN
Eimeriidae cocraBiasam <0,01% oT Bcex AgaHHBIX
MeTareHOMHOro cekBeHupoBaHuA JITHK comepxumoro
NUIeBapUTESIbHBIX TPakTOB pbO. OAHAKO, B HACTOS-
mee BpeMs MBI HE MOXEM YTBEpPXJaTb, SIBJISIETCA JIA
JeTEeKTUPOBAHHBIA HaMU MapasdT CHEIUPUIHBIM 15
mpoko106ku l'ofmnesckoro. G. carpelli, 3apeructTpupo-
BaHHAas y HpeJcTaBuTesiell cemerictBa Cottidae, cuura-
eTca crnenn@UUYHBIM ITapasuToM kKapna Cyprinus carpio
Linnaeus, 1758 (Molnar et al., 2005), a y Apyrux BU/I0B
pBIO M3 CIHMCKA ee XO03s5€B MMEKTCS CBOU OT/eJIbHBIE
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Bubl KoKnuaui (CokostoB u Momry, 2014). B cBs3u ¢
9TUM, He06X0AUMO KOMILIeKCHOe Mopdosioruyeckoe 1
MOJIEKYJISIDHO-TeHETUYECKOe M3yYeHHe JTUX Mapasu-
TOB, 0COOEHHO MIMPOKO pachpocTpaHeHHOol G. carpelli
U3 Pa3JINYHBIX CUCTEMATUYECKUX T'PYIIIT PhIO.

4. 3aknioueHue

BriepBrle B pe3yJsibTaTe aHa/M3a JaHHBIX MeTare-
HOMHOro cekBeHuposaHusa JITHK comepxumoro mnwuiie-
BapUTEJIBHBIX TPAaKTOB IIMPOKOJIOOKH ['ofsieBcKoro
OBLIN JleTeKTHPOBaHbI [0CJIeJOBaTeJIbHOCTU IpeJicTa-
Buresieil ceM. Eimeriidae ¢ oTHOocuTenbHOI npencTaB-
jeHHocThi0 <0,01%. IlosyueHHBIE HOCJIEOOBATEID-
HOCTH NpUHAJJIeXaJd eJUHCTBEHHOMY TallJIOTUILY,
JIOCTOBEPHO OTJIMYalolleMycs OT BCeX paHee H3BecCT-
HbIX. B oTyimunMe OT aHasiM3a HYKJIEOTUAHBIX IOCJIe-
nosatenpHOcTell cox1 wTIAHK, @uioreHeruueckas
PEKOHCTPYKLMA Ha OCHOBAaHUM TPAaHCJINPOBAHHBIX
AMUHOKMCJIOTHBIX IIOCJIeJoBaTeJIbHOCTeN AOCTOBEPHO
[IpOoIeMOHCTpHpOBaja 6a3ajbHOe paCIOJIOXeHUe BeT-
Bel mpencraButesieil cem. Eimeriidae u3 pei6. Bompoc
O pOAOBOM NPHHAJIEKHOCTH [AeTeKTUPOBAHHOI'O
opranmsMa ocTaeTcsd OTKPBITHIM U3-3a HeJOoCTaToy-
HOT'O KOJIMYeCTBA HYKJIEOTUAHBIX JaHHBIX IIpefCcTaBU-
Tesielt pomoB Eimeria, Calyptospora u Goussia u3 phi0.
[TosryyeHHBIE pe3yJsibTaThl CBUAETEJILCTBYIOT O HE0OXO-
JUMOCTH TIpOBeJleHNsA IejleHallpaBJIeHHBIX KOMILIEeKC-
HBIX (BKJIIOYAsA MOJIEKYJIAPHO-TeHeTHYecKue) MUCCaeqo-
BaHUM (ayHbl Napa3suTUYECKUX IPOCTENIINX PHIO.
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Intragroup variability of growth in perch,

Perca fluviatilis L., 1758 (Percidae) in
waterbodies in the watershed of the
Middle Ishim
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ABSTRACT. As a result of the research carried out in 2016-2021 on the lakes of the Shchuchinsk-
Borovoe resort area and on the Ishim River, material was obtained on the intragroup variability in the
growth of perch. The absence of sexual variability was noted, which is explained by the relative sta-
bility and positive influence of environmental factors. The revealed generational variability of growth
showed both a noticeable decrease in its rates in Lake Shchuchie and a significant increase in Lakes
Borovoe, Katarkol and Tekekol. These processes of linear growth dynamics are caused by the interaction
of hydrological and trophic factors. In all samples, a division of the general population into two clus-
ters (incremental morphs) with different growth characteristics was observed. They correspond to the
traditionally identified “coastal” and “pelagic” morphs of perch from the largest bodies of water (e.g.
the former Aral Sea), but their differences are revealed statistically and not visually. Perch populations
differ in the proportion of these clusters, which largely determines the average length per generation
in general samples. Based on the characteristics of the back calculation of linear growth for clusters, all
samples can be divided into two types, which in miniature resemble species-specific evolutionary r- and
K-strategies (but not identical to it).

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

For citation: Krainyuk V.N. Intragroup variability of growth in perch, Perca fluviatilis L., 1758 (Percidae) in water-
bodies in the watershed of the Middle Ishim // Limnology and Freshwater Biology. 2024. - Ne 5. - P. 1219-1227.
DOI: 10.31951/2658-3518-2024-A-5-1219

1. Introduction heterogeneity can also pose challenges for organisms.

Some conditions can be extreme and require organisms
to exert significant effort to survive. This can lead to
stress, deterioration and reduced reproductive capacity
(de Vries, 1971; Fry, 1971; Nikolsky, 1974; Richards

Environmental conditions play a critical role in
determining the development, behaviour and evolution
of biological systems. Of course, this environment is not

always homogeneous, and differences in factors such
as temperature, food availability and light, among oth-
ers, can lead to heterogeneous conditions and hetero-
geneous effects on organisms. These mechanisms can
have a significant impact on the dynamics of perfor-
mance, response norms and evolutionary processes in
biological systems (Swartz, 1969; Mayr, 1970; Gilpin,
1987; Campeas et al., 2009; Shinohara et al., 2022; da
Silva Lima et al., 2022).

From an evolutionary perspective, environmen-
tal heterogeneity can serve as a catalyst for the devel-
opment of new adaptations and traits. Organisms that
can adapt to different environments have a greater
chance of surviving and passing on their genetic char-
acteristics to offspring.

However, it should be noted that environmental
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et al.,, 2009). The adaptation of organisms to differ-
ent conditions and the diversity of populations help to
reduce risks and maintain the viability of species.

One of the most important adaptive mechanisms
is the growth of an organism, defined as a change in
its weight and linear dimensions over time (Mina and
Klevezal, 1976; Jobling, 2002). The nature and rate of
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-
ties of the body (Mina and Klevezal, 1976; Dgebuadze,
2001; Kuznetsova, 2003).

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

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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Linnaeus, 1758, which is one of the most abundant spe-
cies among the ichthyofauna of the waterbodies of the
watershed of the Ishim River.

The dynamics of various growth indicators
within populations in groups of different gender and
generation were assessed. An attempt was made to
determine the belonging of individuals to various eco-
logical morphs, distinguished by growth rates, and to
assess the differences between these groups.

2. Materials and methods

The data were collected during 2016-2021
from the Shchuchinsk-Borovoe lakes group (Lakes
Bolshoe Chebachie (2016-2021); Borovoe (2016-2018);
Shchuchie (2016-2019); and Tekekol (2016-2021), in
Akmola oblast, Kazakhstan) and on the River Ishim
(2018-2020) in the vicinity of Astrakhanka village
(Akmola oblast, Kazakhstan) (Fig. 1). The morphomet-
ric parameters of the waterbodies were assessed using
standard methods (Kitaev, 2007).

An operculum was used (Le Cren, 1947) when
measuring along the fish’s vertical ray (Krainyuk et
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
R.I.C.C. Francis (1990). A total of 1159 specimens were
examined.

To determine the variables of the von Bertalanffy
equation (hereinafter referred to as VBGE), the Ford-
Walford equation indices a and [ were previously cal-
culated based on the formula (Milovanov, 2019):

L,,=a+ ﬁLi
where L, is the length of the individual in the initial
year of life and L_, | is the length of the fish in the next
year of life.

This equation is solved by the least squares
method.

The asymptotic length of VBGE is determined by
the formula:

L = a/(1-B)

Fig.1. Map of location of investigated waterbodies
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The growth constant VBGE is found by the
formula:

k = Inp

The initial age at which the length would be 0 is
found for each age and then averaged:

t,=1+ ((In(L/L_)/k)

Based on the indicators obtained, the Pauly-
Munro growth-efficiency index is determined (growth
performance index) (Pauly and Munro, 1984):

@ =lgk+2-IgL_

The “growth potential realization coefficient”
(Krainyuk, 2023) was calculated through the ratio of
the arithmetic mean of the last calculated value (I__) to
the asymptotic length VBGE:

R=1_/L_-100%

This coefficient (R) allows us to correlate the
elongation of the theoretical size-age series and back
calculated length. This indicator is close to that used
(Kleanthidis and Stergiou, 2006), but in this case the
calculated maximum length is used, not the observed
one.

To identify incremental (Latin: incrementum —
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
(Shatunovsky and Ruban, 2013).

Clusters were identified from back-calculated
growth data sets with separate endpoints for ranges of
1-4, 1-5, 1-6 years of life. The final cluster number 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-
paring pairwise adjacent sets. The maximum thresh-
old percentage of mismatches should not exceed 15%,
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
out according to standard methods (Plokhinsky, 1970;
Zhivotovsky, 1991) using MS Excel 2003 (Korosov and
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Gorbach, 2007) and IBM SSPS Statistics v. 22 (Biithl and
Zofel, 2005). The significance level was accepted as sig-
nificant at a < 0.001 for all types of variability (sex,
generation, cluster).

3. Results

Of the six reservoirs studied, five are lakes and
one is a river section (Table 1). The lakes vary in area
(up to 1000 ha and more) and the average depth of
three lakes is up to 3 m, two (Shchuchie and Bolshoe
Chebachie) being deeper (at over 7 m). However, they
also have differences that have a significant impact on
the biota of the waterbodies. The floor of Lake Bolshoe
Chebachie has a certain share of shallow waters and is
subject to significant interannual fluctuations in water
content, unlike Lake Shchuchie with its pit type.

The hydrochemical regime of the bodies of water
is quite different: fresh, with mineralization up to
0.5 g/dm?3; brackish, with mineralizationupto 1.0 g/dm?;
and brackish, with mineralization above 1 g/dm3. The
water of the lakes is of the hydrocarbonate class; while
in the river it is of the chloride class, mainly of the
sodium group, and in two cases (Lakes Borovoe and
Shchuchie - they are also less mineralized) calcium.

Sexual variability in the linear growth of perch in
the studied waters is not evident (Table 2). The existing
trends towards differences were not even at the level
of a < 0.01. A similar situation was also noted in pre-
vious articles (Krainyuk et al., 2020; Krainyuk, 2022).

Differences in growth between generations
within the same waterbody were clearly expressed in
only eight cases (o < 0.001). To this, we can add four
more cases where the reliability of differentiation was

Table 1. Description of water bodies

close to a = [0.001; 0.01]. For aggregates from the
Lake Bolshoe Chebachie and River Ishim, no significant
differences in growth between generations were noted
at all.

Figures 2-5 show the growth dynamics curves by
generation. The linear regression trend vector (contin-
uous line) is for illustrative purposes only.

In Lake Shchuchie (Fig. 2), different generations
show differentiation of growth in the mid-age period
(5-7 years). At the same time, the trends in the dynam-
ics of growth indicators are clearly negative, although
at five years of age, younger generations show some
improvement in performance.

The other three samples are characterized by
increasing growth rates at certain stages. Thus, perch
from Lake Tekekol (Fig. 3) demonstrate a significant
increase in the average calculated indicators at two and
three years over 11 generations. Naturally, the increase
in indicators was not straightforward: significant devi-
ations were also noted.

The increase in growth rates in individuals from
Lake Katarkol (Fig. 4) during the 2nd and 3rd years of
life was almost linear, and only the last two generations
of all those studied had some deviations. Another age
at which the differences were significant (nine years)
showed high fluctuations with a general increase in
average scores.

A significant increase in the average calculated
linear dimensions of perch from Lake Borovoe was
observed in the range of four years — from two to five
years of life over 10 generations (Fig. 5).

All studied groups of perch show a stable, reliable
division into clusters (incremental morphs) in the range
from the first year of life to generations 5-8 (Table 3).

Water body: Lake Lake Lake Lake |Lake Bolshoe | river
Katarkol | Borovoe | Shchuchie | Tekekol [ Chebachie Ishim
Full square, ha 462 1000 1490 115 1860 -
Open water square, ha 443 1000 1490 109 1833 -
Length, km 3.4 4.5 6.5 1.5 7.4 -
Widht, km 2.0 3.6 3.5 1.1 5.0 -
Perimeter, km 9.7 14.6 18.8 5.3 43.0 -
Average depth, m 2.9 3.0 10.0 2.8 7.9 2.0
Maximal depth, m 5.7 5.3 22.0 6.1 30.0 7.0
Degree of coastline development 0.13 0.13 0.14 0.14 0.28 -
Salinity, mg/dm? 970 247 493 852 1109 1331
Na* +K*, mg/dm? 155 13 55 124 169 245
Ca’*, mg/dm?® 40 40 50 30 58 120
Mg>*, mg/dm? 66 7 16 68 80 43
Cl, mg/dm?® 92 11 35 60 156 344
SO,*, mg/dm? 134 23 67 134 280 255
HCO,, mg/dm? 415 146 232 366 305 317
pH 8.63 8.17 7.87 8.60 8.59 7.93
General hardness, mEq/dm?® 7.4 2.6 3.8 7.1 9.5 9.5
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Table 2. Growth sex variability at perch from investigated water bodies

Water body Sex Back calculated length, cm Number
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Lake Katarkol| female 5.6 | 89 |11.9|14.3|16.5|18.5]|20.6|22.6|24.4]26.7|28.7|31.1]|32.2 - 139
male 56 | 89 (11.7]|14,2|16,4| 18,6 | 20,6 | 22,6 | 24,5 | 27,2 | 29,2 | 30,0 | 31,6 - 107

ANOVA,F| O 05]109(109]01[0,2| O 0 0 1.2 | 0.5 - - -
Lake Borovoe| female | 5.7 | 9.3 [12.0|14.2|16.1|17.8[19.9|22.0|24.3|26.4|28.6 | 30.0 | 32.5| 34.1 88

male |59 |95 [12.2]|144]|162|181| - - - - - - - - 48
ANOVA,F| 1.4 | 1.4 [ 10|12 ] 01 |02 - - - - - - - -
Lake female | 5.6 | 8.9 |11.8|14.5(|16.6 | 18.4|20.5|22.0|23.6|25.9]| - - - - 57
Shchuchie male | 50 | 89 |11.8][14.2(16.3|17.9]|19.6|20.8| - - - - - - 47
ANOVA,Fl 02|01 | 0 | 16| 45|57 |74 |30 - - - - - -
Lake Tekekol | female | 5.9 | 9.0 |11.4|13.6|16.0[18.1 |20.021.7]|23.3|24.8| - - - - 88
male | 58 [ 88 [11.3]13.5]|15.9|17.9|19.7|21.2|22.8|23.8| - - - - 62

ANOVA,F| 1.1 | 1.5 |04 | 1.2 | 06 | 0.3 | 19 | 5.9 | 3.4 | 7.7 - - - -

Lake Bolshoe | female 6.0 | 9.1 |11.9114.5]16.5]|18.6|20.7]122.6|24.3]|25.9|27.3|28.3130.5|31.7 189
Chebachie

male 6.1 | 9.3 [12.0]|14.5(16.7]|18.8|20.7 | 22.4 ]| 24.1 | 25.8]|26.9| - - - 182

ANOVA,F| 1.1 | 41 | 15|01 | 15| 3.0 01 | 19 | 2.0 0 0.7 - - -
River Ishim | female | 5.9 | 9.9 |13.0|15.5|17.6|19.7 | 21.6 | 23.0 | 25.1 | 26.3 | - - - - 106
male 5.8 |1 9.8 (128]15.2]17.3|19.1]|22.5(23.6|25.3| - - - - - 46

ANOVA, F| 0.2 0 1.2 132 |15(18] 21 )] 09|02 - - - - -

At the older ages, the differences between the
morphs are smoothed out, mainly due to the statistical
effect of their small number in the sample. It is worth
noting a fairly strict division into morphs, shown by the
low level of discrepancy in belonging to them between
the adjacent set of generations — from 0 to 10.7%.

The ratio of clusters in the total sample is most
often approximately equal (Table 3), with the excep-
tion of Lake Borovoe, where fast-growing ones pre-
dominate, and Lake Shchuchie, where individuals with
slower linear growth dominate. This ratio has a fairly
strong influence on the performance of the sample as
a whole.

The indicators of the von Bertalanffy equation
should be considered as special attributes of the popu-
lation (sample) to some extent reflecting the averaged
integral indicators of the interaction of the metabolism
of individuals, environmental factors and more com-
plex ecological and other processes.

The asymptotic length from the von Bertalanffy
equation (Table 4) is quite illogical in a number of
cases (if we still assume some kind of limit of this vari-
able). However, it is worth remembering that they rep-
resent a specific attribute of the population and are not
necessarily an achievable value. This is understandable
when calculating the growth potential realization rate
R, which varies between 39.2-78.7%. It is also worth
noting the twofold increase in L_ for cluster 2, com-
pared to cluster 1, in the sample of perches from Lake
Borovoe. An almost 1.5-fold excess is also typical for
the sample from Lake Katarkol. In other populations,
the difference is not so significant. The catabolic coef- Fig.3. Variability of average back calculated length at
ficient k behaves in exactly the opposite way. In gen- perch from Lake Tekekol

Fig.2. Variability of average back calculated length at
perch from Lake Shchuchie
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Table 3. Back calculated length of individuals from distinguishing clusters

Water Cluster Back calculated length, cm* Clusters
A 1 2 3| 4|5 |6 | 7| 8| o [10f11]|12]13]14] ratio
Lake 1 57 | 93 | 124|150 17.0[19.2|21.2|23.0|249| 271|289 - - - 1:1
Katarkol 2 53 | 82 [11.0]13.6|15.9[18.0| 200222240 265]|29.0(30.7[31.9] -
ANOVA, F| 15.5 |110.7|191.7|211.9(153.7| 97.2 | 54.2 | 18.8| 7.6 | 1.8 | © - - -
Lake 1 6.0 | 9.8 |12.7|14.8|16.5[18.2| 205224243261 - - - - | 107
LSO 2 53 | 84 [11.1]136|15.6|17.5[19.7 | 21.9 | 24.3 [ 26.5 | 28.6 | 30.0 | 32.5 | 34.1
ANOVA, F| 23.3 |100.5|157.5| 77.6 | 36.8 [ 100 | 2.4 [ 0.7 | o | 43 | - - - -
Lake 1 6.1 [10.0|12.8]151|17.1|18.8| 205|221 237|259 - - - - | 118
Shchuchie 2 54 | 83 [11.3]139(16.1[17.9]20.1 216231 - - - - -
ANOVA, F| 19.6 | 90.7 [ 94.8 | 65.5|63.9|25.9| 1.5 | 1.4 | 03 | - - - - -
Lake 1 6.4 | 9.4 [11.8]|14.1|16.4|18.4|20.1|21.4 232246260271 - - 1:1
Uishreliel 2 53 | 83 [10.7]13.0|15.4|17.6|19.6 | 21.3 | 229243 | - - - -
ANOVA, F| 67.8 | 68.3 [ 60.7 | 86.6 | 38.1 [12.7| 53 | 02 | 20 [ 0.4 | - - - -
Lake 1 6.3 | 9.8 127|152 |17.2[19.2|21.0 227 | 24.4| 259|27.1 [ 28.3 305 |31.7]| 1:1
Cﬁggi‘;ﬁe 2 57 | 87 [11.3]|13.8|16.0[18.2]20.4|22.3| 240|258 - - - -
ANOVA, F| 46.0 |162.0|382.0|463.7|231.7[113.0[ 39.2 | 95 | 40 | © - - - -
River 1 6.4 |10.7 | 13.6 | 15.9|18.1 [19.9|21.9 233|253 |26.3| - - - - | 111
Lt 2 53 [ 9.0 [121]14917.0[19.1| 210|228 24.4| - - - - -
ANOVA, F| 50.4 |137.5| 97.5 | 52.4 | 35.1 [ 15.1 [ 19.1 | 2.9 | 13.9| - - - - -

* — significant differences between clusters are highlighted in bold (a < 0.001)

eral, only the sample from Lake Shchuchie stands out
somewhat from the overall picture of the relationship
between VBGE constants.

The Poly-Munro growth efficiency coefficient @’
for most populations is at an average level. It is slightly
increased only for Lakes Katarkol and Borovoe.

4. Discussion

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
cycle, as well as for assessing the influence and strength
of factors influencing this process. This has very prac-
tical applications, including predicting the quantitative
characteristics of commercial stocks.

Within-group variation in size can be considered
at several levels. Differences are noted between gener-
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.

Sex differences in growth rates in some cases
may be related to the uniqueness of reproductive
strategies of species and/or ethological characteristics
(Henderson et al., 2003; Marshall et al., 2009; Pompei
et al., 2012; Sandip et al., 2012). According to G.V.
Nikolsky (1965), sexual variability in growth may be
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
no prerequisites for the formation of such dimorphism.

Fig.4. Variability of average back calculated length at
perch from Lake Katarkol

Fig.5. Variability of average back calculated length at
perch from Lake Borovoe
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Table 4. Bertalanffy equation indices for general samples and clusters

Water body Clusters L k t, @’ R n
Lake Katarkol total sample: 58.0 0.058 -0.74 2.29 55.0 246
1 49.0 0.076 -0.57 2.26 59.0 95

2 69.3 0.045 -0.79 2.33 46.1 94
Lake Borovoe total sample: 75.9 0.040 -0.94 2.36 44.9 136
1 42.3 0.089 -0.66 2.20 61.7 65

2 86.9 0.033 -0.87 2.40 39.2 48
Lake Shchuchie total sample: 45.1 0.079 -0.64 2.21 57.4 104
1 38.0 0.106 -0.55 2.19 68.1 36

2 37.4 0.101 -0.56 2.15 61.8 64
Lake Tekekol total sample: 40.9 0.085 -0.84 2.15 66.3 150
1 39.2 0.090 -0.99 2.14 69.1 54

2 41.9 0.081 -0.67 2.16 58.0 52
Lake Bolshoe Chebachie total sample: 49.8 0.067 -0.93 2.22 63.6 371
1 45.1 0.081 -0.76 2.22 70.3 172
2 50.5 0.066 -0.80 2.23 51.1 174
River Ishim total sample: 35.6 0.128 -0.38 2.21 73.9 152

1 33.4 0.147 -0.40 2.21 78.7 60

2 35.4 0.126 -0.27 2.20 69.0 63

This may indirectly indicate a relatively positive char-
acteristic of their habitat. However, this does not mean
that, under certain conditions, sexual dimorphism in
growth rates will not appear somewhere in the future.

Generational variability represents the dynamics
of growth processes over time. Every year one gener-
ation replaces another. For convenience, we associate
them with years of life. This is quite logical, given the
cyclical nature of phenological phases.

Differences in the growth of generations are
based on different mechanisms of differentiation of
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
it (Post and McQueen, 1994; Boisclare and Rasmussen,
1996; Hjelm et al., 2000; Holmgren and Appelberg,
2001; Bobyrev, 2013; Rask et al., 2014; Roloson et al.,
2016) due to tension in trophic competition. This also
cannot but affect adjacent age classes that are similar
in type of nutrition.

By comparing the growth of alternating gener-
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,
Katarkol and Borovoe should be associated with an
increase in water content in the second half of the first
decade of this century.

An increase in the level of the waterbodies leads
to an increase in feeding areas. New areas are being
flooded, in which, due to their shallow water, there is
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.
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The situation is different in the case of Lake
Shchuchie. The level is also rising here, and there are
also flooded shallows. But, the main part of the lake
bed is a natural pit with significant depth. Also, at the
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
composed of juveniles of their own species and species
similar in ecological preferences in all water bodies of
the region (Krainyuk and Assylbekova, 2013), which
has a certain impact on their growth.

Intrapopulation differentiation based on growth
rates in fish has been known a long time (Nikolsky,
1965). For perch, the slow-growing form is usually
designated as “coastal” and the fast-growing form as
“pelagic” (Berg, 1949). A similar division is found not
only in the European perch, but also in its Mountain-
Asian variant, the Balkhash perch Perca schrenkii
Kessler, 1874 (Mitrofanov et al., 1989). “Pelagic” and
“coastal” morphs have significant differences in life
expectancy, fertility and other indicators (Shatunovsky
and Ruban, 2013).

The basic factor in the appearance of differences
and the formation of these morphs is nutrition, the
influence of which can be masked by a number of other
reasons (ethological, environmental, etc.) and can
manifest itself differently depending on any influence
of external or internal nature (Berg, 1949; Nikolsky,
1965; Mitrofanov et al., 1989; Fontaine et al., 1997;
Craig, 2000; Dgebuadze, 2001; Svanbéack and Eklov,
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2002; Krainyuk and Assylbekova, 2013; Kestemont et
al., 2015; Nakayama et al., 2017).

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
contrasting the habitat and, as a consequence, the like-
lihood of the genesis of these forms and the degree of
their differences is more likely and strong. For perch,
for example, these morphs were once noted in the Aral
Sea (Nikolsky, 1940), for Balkhash perch - earlier in
Lake Balkhash (Mitrofanov et al., 1989) and is still in
the delta of the Yli River delta (Tsoy and Assylbekova,
2012). In smaller water bodies, their differentiation
is difficult, including due to the high level of homing
(Shaikin, 1989). However, here too one can observe
a picture of intra-group division in these reservoirs
(Svanbick and Eklov, 2002; Krainyuk, 2022), although
not so pronounced.

Perch is a carnivorous species. Initially, in the
larval and juvenile stages, it is characterized as a zoo-
planktivore (Glushakova, 1981; Skrzypczak et al.,
1998; Kratochvil et al., 2008). The inclusion of zooben-
thos in the diet occurs starting from the summer of the
first year of life or later periods in the life of the perch
(Tyutenkov, 1956; Glushakova, 1981; Lappalainen et
al., 2001; Amundsen et al., 2003; Adamek et al., 2004;
Krainyuk and Assylbekova, 2013). The onset of preda-
tion usually occurs at a body length of 10 to 25 cm,
depending on feeding conditions. (McCormack, 1970;
Collete et al., 1977; Mitrofanov et al., 1989; Amundsen
et al., 2003; Ceccuzzi et al., 2011).

Within one generation, the transition to age-ap-
propriate food items occurs unevenly, which ensures
differentiation of the group according to growth rates.
In addition, within a single population there is a divi-
sion according to biotopic preferences (Bobyrev, 2013),
largely related to the type of nutrition and foraging
behavior in age (size) groups. Trophic factors and tro-
phic behavior are quite logically the main ones when
dividing a group into incremental morphs. They further
determine the choice of habitat stations along a chain
of other environmental factors.

When analyzing back-calculated growth, two
types of population can also be distinguished. The first
type includes cases of a longer age series and a higher
growth rate in older generations in cluster 2 (Lakes
Katarkol and Borovoe). They also have higher L _ and
@’ exponents of the von Bertalanffy equation. They
begin their life cycle from a “lower start”, but by 7-8
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
and its life cycle is longer (Lake Shchuchie, Bolshoe
Chebachie, Tekekol and the Ishim River). In the first
years, their growth rate is better than that of popula-
tions of the first type but already at the end of their life
cycle, their growth rate decreases.

These divisions to some extent resemble the r-
and K-strategies in miniature of an extra-taxonomic
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group with a scanty number (compared to taxonomic
units), acting on scanty time periods, but not identical
to it. We noted something similar, but at the popula-
tion level, for the tench Tinca tinca (Linnaeus, 1758)
from the reservoirs of the Irtysh-Karaganda canal (now
named after K. Satpayev) (Krainyuk et al., 2021).

5. Conclusion

As noted by Yu.Yu. Dgebuadze (2001), not much
attention is paid to intrapopulation growth variability
and its analytical apparatus is quite insufficient. At the
same time, if you use a number of conventional statis-
tical techniques, you can reach quite interesting con-
clusions regarding ecological and microevolutionary
processes.

The absence of sexual variability in height in
the studied samples is quite logical, since there are no
prerequisites for its appearance in the form of extreme
changes in the environment. The presence of differ-
ences between generations is determined by a combi-
nation of hydrological and trophic factors.

The emergence of ecological forms that differ in
growth rates occurs from the heterogeneity of environ-
mental factors and the distribution of food resources,
as well as age-related (size) behavioral reactions.
However, specific reaction norms can vary within fairly
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.

Differences in relatively small waterbodies will
not be so striking, but when using statistical-analysis
methods they show high reliability of the differences.
Most likely, this phenomenon is typical only for species
where some environmental factors contribute to the
gradient of the intrapopulation structure.

In general, studies aimed at studying intrapopu-
lation differentiation in growth rates make it possible
to assess the state of populations and determine mecha-
nisms for their management, taking into account diver-
sity within groups.
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Teletskoye in summer

Akulova O.B.*", Bukaty V.I.

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
surface layer of Lake Teletskoye (21 sampling stations) obtained in summer of 2017-2022. During the
study period, values of the light attenuation index calculated at the natural logarithmic base at four
wavelengths (430, 450, 550 and 670 nm) ranged within 0.2—4.0 m~!. The index of light absorption by
yellow substance varied from 0.1 to 3.2 m™'. Relative transparency measured with the use of a white
Secchi disk made up 0.8-11.7 m at its average of 6.3 m. Over a 6-year study period, the content of chlo-
rophyll-a in the surface layer was 0.1-4.1 mg/m? that corresponded to the oligotrophic type of lakes.
The concentration of yellow substance in the lake, optically determined through measuring light absorp-
tion by yellow substance at a wavelength of A. =450 nm, ranged from 0.9 to 15.0 g/m?. 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
suspension had the greatest optical effect on the total attenuation. It is shown that the optic structure of
the study reservoir (dynamics of major primary hydro-optical properties) depends on spatial-temporal
variability of concentrations of different optically active components influenced by the in-water pro-
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
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1. Introduction errors (20% or more) and limitations in application
during a winter under-ice period. Being universal and

Water transparency was long thought to be more precise, electronic spectrophotometric methods

just a qualitative visually defined characteristics. and devices (spectrophotometers, turbidimeters, trans-
Traditionally, relative transparency of various natural parency meters, etc.) can measure spectral water trans-
waters (oceans, seas, lakes, reservoirs, rivers, etc.) is parency at any depth day and night with the provision
determined by a semi-instrumental method, i.e. maxi- of its data records.

mum visibility depth of a standard Secchi disk (SD) in According to (Erlov, 1980; Kopelevich and
the water column until its complete disappearance from Shifrin, 1981; Shifrin, 1983; Kopelevich, 1983;
view (measured in meters). Close to waters of oceans Mankovsky et al., 2009; Dera, 1992; Mobley, 1994;
and seas, water transparency of Lake Ba}ikal is one of Mankovsky, 2011; Levin, 2014), spectral transparency
the highest among freshwater water bodies due to few of water (measured in reverse meters) refers to the pri-
dissolved and suspended substances. For instance, SD in mary (or internal, intrinsic) hydro-optical features. It is

Baikal water is visible to a depth of 40 m (Sherstyankin, a physical quantity characterizing optical properties of
1993), while in Lake Teletskoye — up to 15.5 m (Selegey natural waters. Spectral water transparency defines the

et al., 2001). This method, widely used by hydrobiol- conditions for light propagation in water and contains
ogists because of its simplicity and practicality, is still the information about suspended organic-mineral par-
considered subjective. It has significant measurement ticles and organic matter dissolved there.
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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
components, i.e. yellow substance (YS), suspension (S),
chlorophyll (Chl) and pure water (PW). Currently, spe-
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
transparency in the 5-7 cm surface layer of Lake
Teletskoye in summer of 2017-2022 and the influence
of its main optically active components on the total
light attenuation.

2. Material and methods

Object of study

Lake Teletskoye (coordinates: 51°21’46”
51°48’36”N, 87°14’40” — 87°50’54”E) is a deep-water
reservoir of tectonic origin located at an altitude of
434 m asl in the northeastern part of the Altai Mountains
(south of Western Siberia). Its water area is 227.3 km?,
drainage basin area — 20400 km?2, length — 77.8 km,
average width — 2.9 km, maximum depth — 323.0 m,
and volume - 41.1 km? (Selegey and Selegey, 1978).
The lake consists of two parts, i.e. the 50 km southern
elongated along the meridian and the northern latitudi-
nal one of 28 km long. As compared to the deep-water
(pelagic) zone, the shallow (littoral) part of the lake is
distinguished by a considerable hydrodynamic impact
caused by intensive wind-wave processes (maximum
wave height up to 2.5 m) and significant (up to 6 m)
annual fluctuations in water levels. The lake’s coast-
line is weakly rugged. There are few bays here, but the
largest are Kamginsky and Kyginsky with an area of

6.5 km? and 3.1 km? respectively. Kamginsky Bay is
the shallowest and well-protected from waves. In terms
of thermal regime and soil type, it is the most favor-
able among all bays of Lake Teletskoye. By its hydro-
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
Mountains. Ecosystems of cold-water oligotrophic
lakes are the most vulnerable to external impacts. Poor
development of aquatic organisms in such reservoirs is
responsible for the low potential of biological self-pu-
rification of coming from the catchment suspended,
dissolved and slightly soluble substances able to affect
water quality and intensity of intra-reservoir processes
significantly.

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
area of Lake Teletskoye were carried out by IWEP SB
RAS in summer of 2017-2022 (July 7-11, 2017; June
19-23, 2018; July 1-5, 2019; June 24-29, 2020; July
29-August 1, 2021; August 1-5, 2022).

Every year, 21 samples were taken from the
surface layer of Lake Teletskoye using a bathometer
installed a board of a research vessel (Fig. 1). During
the 6-year period of the lake study, a total of 126 water
samplings were implemented and 1008 separate mea-
surements of spectral water transparency (transmis-
sion factor) at four wavelengths (430, 450, 550 and
670 nm) on the stationary single-beam spectrophotom-
eter PE-5400UF before and after sample filtration were
examined in the laboratory.

Fig.1. Sampling sites in the water area of Lake Teletskoye
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The spectral light attenuation index c(A) was cal-
culated using the formula derived from the Bouguer’s
1

law
c(z):(L].m(T(k)}(n

where L is the length of a measuring glass cuvette of
50 mm long, T(;t):](;t)/[o (;t) — the spectral
transparency of water in relative units; I(A), I,(A) —
the intensity of transmitted and incident light on the
cuvette, respectively, A — the wavelength of light.
The indicator of light absorption by yellow substance
a,(A) was determined after measuring spectral trans-
parency of the water purified from suspension by fil-
tration through «Vladipor» membranes of MFAS-OS- 1
type with a pore diameter of 0.22 pm. The maximum
absolute error in measuring c(A) and ays(X) within the
studied spectral range made up 0.1 m™.

The spectral dependence of light absorption by
YS was approximated by the exponential law

a, (/'L) ~e (@)

where p — the coefficient of spectral variability, char-
acterizing the qualitative composition of dissolved
organic matter (DOM). Following (Mankovsky, 2015),
we measured a, (450) (at A=450 nm) and estimated
the content of YS in water samples by the formula

Cys = (450)/%7 s (450). 3
Here, Cis "the concentration of YS, in g/m>3,
a, (450) is the specific indicator of light absorption
by YS (m?/g). Taking into account the approach pro-
posed in (Mankovsky, 2015), we calculated C . using
the value a, (450) from (Nyquist, 1979).

In addltlon to compare our data on spectral
water transparency with the results of similar optical
studies previously performed in aquatic ecosystems by
other researchers, we measured relative transparency
by SD.

The concentrations of chlorophyll C_,, were
determined by a standard spectrophotometric method
according to (GOST, 2003).

The relative spectral contribution of major opti-
cally active components of lake water (S,YS, Chl-a and
PW) to c(A) in the surface layer of the studied reser-
voir was calculated using the modified semi-empirical
light attenuation model (Akulova, 2015) first proposed
by O.V. Kopelevich (Kopelevich, 1983) and having the
form

c(l) =ag, (l)+ a, (/1)

where a, (A) and a (A) are indicators of spectral
absorption by Chl-a and YS, respectively, b _(A) -
spectral molecular scattering by PW, b (A) — spectral
scattering by S, a, (A) — spectral absorption by PW. As
can be seen from this expression, spectral attenuation
of light is described by a three-parameter model. Since
the parameter a (A) is identified experimentally, the
spectral index for PW scattering b (A) can be derived
from the formula
b (R)=c(1)=[an, (2)+a, (A)+b,,(2)+a,,(2)]. 5
The trophic status was assessed using the
Carlson Trophic State Index (Carlson, 1977) and the

1

+b

mol (l)—i—bs ()‘)—'—apw’ (4)
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international trophic classification of water bodies
(Environment Canada, 2004). We also applied the spec-
tral index of light attenuation c(A). The oligotrophic
type of reservoirs corresponds to a range of values c(})
from 0 to 2 m™, mesotrophic — from 2 to 3 m™!, eutro-
phic — from 3 to 23 m™!, and hypereuthrophic - from 23
m~' or more (Sutorikhin et al., 2017).

3. Results and discussion

Summer field works (2017-2022) in Lake
Teletskoye allowed to estimate the primary hydro-op-
tical characteristics, i.e. indicators of light attenuation
c(\), light absorption by yellow substance ays(K), rel-
ative transparency according to SD at heterogeneous
spatial distribution. Values of c()) at four wavelengths
(W =430, 450, 550 and 670 nm) in water samples taken
in the surface layer of the reservoir varied from 0.2
to 4.0 m™. In summer of 2017 and 2021, this indica-
tor changed slightly (1.0-1.6 m™). Reduced spectral
transparency was noted in 2022 (0.2 m™). At the con-
fluence of rivers Chulyshman, Chulyush and Kyga,
including Cape Syraktu, c(A) exceeded 3.0 m™. Its peak
was registered in the littoral zone of the Kyga River
in 2018-2020. This is due to intensive removal of sus-
pension (mainly mineral) by river waters and shoreline
destruction. Here, in shallow waters, induced by wind-
and-waves currents lifted bottom sediments and mixed
them throughout the water column. In the pelagic
zone, from Cape Vakty (site 023) to Cape Azhu (site
045), including Kamenny Bay (site 113), c¢(A) did not
exceed 2.1 m™. This is in good agreement with YS con-
tent (close to its average in summer).

Over a 6-year period of optical investigations,
indicators of light absorption by yellow substance a (A)
at wavelengths A= 430, 450, 550 and 670 nm in the
surface layer showed minor fluctuations (0.1-3.2 m™)
Maximum values (above 2.0 m™') were recorded in
2018-2020 on rivers Chulyshman, Chulyush and
Kyga, including Cape Syraktu. As an example, Fig. 2
and 3 represent the dynamics of ¢(430) and ays(450),
respectively.

During the study period, SD-measured relative
transparency widely ranged as 0.8-11.7 m with its
average of 6.3 m. Transparency of 11.0 m was observed
in 2019 in the pelagic zone of the Adamysh and Taldu-
kool (sites 025 and 028, respectively). The highest SD
value (11.7 m) was marked at the village of Yailyu in
2018.

It is known from (Mankovsky et al., 1996;
Kukushkin, 2011; Voskresenskaya et al., 2011;
Korchemkina and Latushkin, 2016; Churilova et al.,
2018; 2022; Matyushenko et al., 2001; Betancur-Turizo
et al., 2018; Shi et al., 2017; Slade and Boss, 2015;
Korosov et al., 2017; Wozniak and Stramski, 2004;
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 c¢(A), the data on chlorophyll-a concentrations C, -a
are required.

In the course of our 6-year study, the content of
Chl-a the main photosynthetic pigment of phytoplankton
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Fig.2. Long-term dynamics of light attenuation at a wavelength of A =430 nm in different sites of Lake Teletskoye

algae, varied as 0.1-4.1 mg/m? (average: 2.1 mg/m3),
thereby corresponding to the oligotrophic type of
lakes (Fig. 4). Its maximum was recorded in 2021 in
all sampling sites of the lake (1.1-4.1 mg/m?), while
its minimum - in 2019 (0.1-1.8 mg/m?).). 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
Chemical Analytical Center of INEP SB RAS headed
by Dr. Sc. Papina detected a low content (0.7-1.9 mg/
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
phosphate ions in the lake were insignificant (within
micrograms), while silicon was one or two orders of
magnitude higher than the content of other biogenic
elements and averaged 2.2-2.9 mg/dm?.

3,6
34

In 2017-2022, concentrations of yellow sub-
stance C _ in the surface layer of the lake varied greatly,
i.e. from 0.9 to 15.0 g/m? (average: 8.0 g/m?) (Fig. 5).
For the last two years of our investigations, it decreased
(0.9-7.1 g/m®) and reached the indicators of 2017
(2.9-5.1 g/m?).

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
evidence of the greatest optical influence of YS and S
on the total attenuation.

In 2017, the maximum contribution (89.2%) to
light attenuation by YS at A =430 nm was noted in the
littoral zone of the river Kamga (site 038). At a wave-
length of 550 nm, this indicator varied from 60.0% to
83.3% in sites 111 and 038 of the Chulyshman River
littoral. Suspension made its maximum contribution
(17.1%) at A=430 nm in site 103 of the Kyga River.
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Fig.3. Long-term dynamics of light absorption by YS at a wavelength of A =450 nm in different sites of Lake Teletskoye
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Fig.4. Long-term dynamics of chlorophyll-a concentrations in different sites of Lake Teletskoye

It increased to 28.1% at A.=550 nm in site 111. The
contribution of PW was insignificant at A=430 nm
in all sampling stations (less than 0.4%). However, it
drastically increased in the long-wave region (up to
18.8%) at A.=550 nm. The contribution of chlorophyll
at A=430 nm was 0.6% — 11.3% (sites 037 and 036
of the pelagic zone of the Kamga River), whereas at
A=550 nm - from 0.1% (site 037) to 2.6% (site 002 —
the pelagic zone of the Chulyshman River).

In 2018, the largest contribution of YS to c(A)
at A=430 nm occurred in the pelagic zone of rivers
Kamga (site 036) and Chulyshman (site 002), i.e. 94.1
and 90.9%, respectively. At a wavelength of 550 nm, its
contribution varied from 40.0% (site 025 — the pelagic
zone of the Adamysh River) to 91.3% (site 103 - the
littoral of the Kyga River). Suspension made the max-
imum contribution (33.4%) at A=430 nm in site 119
of the pelagic zone of Cape Syraktu, which increased to
47.8% in site 025 of the pelagic zone of the Adamysh

16,0

River at A=550 nm. Contribution of PW was inessen-
tial (0.4%) at A =430 nm. However, it greatly increased
up to 14.1% in the long-wave region at A =550 nm.
The contribution of Chl-a at A =430 nm ranged as 1.8%
(site 021 — the pelagic zone of the Kokshi River) and
4.8% (site 040 — the pelagic zone of Yailyu village), at
A.=550 nm — from 0.3% to 1.2% (sites (021 and 040 of
the pelagic zone of Yailyu village).

In 2019, the largest contribution of YS at
A=430 nm was noted in the pelagic zone of rivers
Chulyush, Kyga and Kokshi (87.1, 85.7 and 85.1%,
respectively). At a wavelength of 550 nm, the contri-
bution of YS changed from 50.0% (the pelagic zone
of the B. Korbu River and Kamenny Bay, respectively)
to 95.4% (the pelagic zone of the Chulyush River).
Suspension made its maximum contribution (31.5%)
to light attenuation at A=430 nm in site 025 of the
pelagic part of the Adamysh River, increasing to
41.9% at A=550 nm in site 113 of the pelagic zone of
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Fig.5. Long-term dynamics of YS concentrations in different sites of Lake Teletskoye
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Kamenny Bay. The contribution of PW to light attenua-
tion was insignificant (up to 14.1%) at A =430 nm (less
than 0.4%), but at A=550 nm it increased sharply in
the green region of the spectrum. The contribution of
chlorophyll at A =430 nm ranged from 0.6 to 8.5% and
at A=550 nm - from 0.1% to 1.8%.

In 2020, the largest contribution of YS at
A =430 nm was recorded in the pelagic part of rivers
Kamga and Chulyshman (94.1 and 93.5%, respectively).
At a wavelength of 550 nm, YS contribution varied
from 40.0% (the pelagial area of the Adamysh River) to
91.3% (the littoral of the Kyga River). Suspension made
its maximum contribution (32.1%) at A =430 nm in site
019 (the pelagic zone of Cape Syraktu), which increased
to 46.4% (site 014 — the pelagic part of Chulyush River)
at A =550 nm. At A =430 nm, PW demonstrated minor
contribution in all sites (less than 0.1%), but it abruptly
increased in the green region of the spectrum (up to
14.1%). The contribution of chlorophyll at A =430 nm
ranged from 0.5 to 6.0%, while at A=550 nm - from
0.1% to 1.4%.

In 2021, the largest contribution of YS at
A=430 nm was detected in the pelagic and littoral
parts of the Kamga River (85.8 and 75.0%, respec-
tively). At a wavelength of 550 nm, the contribution
of YS varied from 29.6% (the pelagic part of Kamenny
Bay) to 67.0% (the pelagic part of the Kamga River).
Suspension made the greatest contribution (21.4%) at
A=430 nm in site 103 (the littoral of the Kyga River)
and was growing up to 43.8% at A =550 nm in site 113
of the pelagic part of Kamenny Bay. The contribution
of chlorophyll at A =430 nm ranged as 6.8-27.3% and
at A=550 nm - from 1.4% to 7.8%. PW made an insig-
nificant contribution to light attenuation at A =430 nm
(less than 0.1%), but sharply increased up to 18.8% in
the green region of the spectrum at A =550 nm.

In 2022, the largest contribution of YS at
A=430 nm was noted in the pelagic part of rivers
Kamga and Saimysh (90.0%). At a wavelength of
550 nm, this indicator varied from 33.3% (the pelagic
part of the Kamga River) to 88.8% (the pelagic part
of Yailyu village). Suspension showed its maximum
contribution (40.3%) at A=430 nm in site 014 of the
pelagic zone of the Chulyush River) and increased to
46.1% at A.=550 nm in site 002 of the pelagic part of
the Chulyshman River. A share of PW was negligible
(less than 0.1%) at A =430 nm, but abruptly increased
up to 28.2% at A.=550 nm. The contribution of chlo-
rophyll at A =430 nm ranged from 3.2 to 29.3% and at
A =550 nm - from 0.8% to 10.5%. The least indicators
(about 0.1%) of molecular light scattering by PW were
observed in the study spectral range.

Thus, YS and S turned out to be the most sig-
nificant optically active components affecting the total
light attenuation in Lake Teletskoye waters.

The analyzed literature data confirm our pioneer
calculations of spectral contributions of the main opti-
cally active components of Lake Teletskoye waters to the
spectral index of light attenuation c(A) (2017-2022).

The trophic status of the lake is determined by
limnoclimate, a type of a catchment area and its alti-
tude. Prolonged periods of mixing of water masses and
short periods of stratification, oxygenated water supply
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by mountain streams, low water temperature through-
out almost the whole year — all this contributes to oxy-
gen saturation of the entire water column. Note that at
the bottom saturation may be even higher than at the
surface.

Our findings suggest that the trophic status of
Lake Teletskoye can be characterized mainly as oligo-
trophic with the elements of mesotrophy in sites of the
large rivers’ confluence.

From general and specific indicators (i.e. tropho-
saprobity, mineralization and hardness of water, the
hydrogen index and the presence of harmful substances
(GOST, 1977), including quantitative characteristics
of aquatic organisms (abundance, biomass and spe-
cies number) it follows that waters of Lake Teletskoye
belong to the class of “clean waters”, as well as “very
clean” and “quite clean” according to the unified eco-
logical classification of the surface waters of the land
(Oksiyuk et al., 1993).

4. Conclusions

During Lake Teletskoye investigations (2017-
2022), we collected new field data on spatiotemporal
variability of light attenuation, light absorption by YS,
SD-measured relative transparency, Chl and YS con-
centrations for various sampling sites. The modified
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-
strated insignificant changes in the long-term dynamics
of hydro-optical characteristics thus indicating good
oligotrophic ecosystem conservation and high water
quality of Lake Teletskoye under growing economic
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
pollution level, qualitative assessment of the content of
suspended and dissolved substances and, consequently,
the ecological state of different-type waters.
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OpuruHaAbHan cTaTbA

MHOroneTHAf AMHAMHKA CNeKTPaAbHOM
NPO3pPaYyHOCTH BOADLI B NOBEPXHOCTHOM
cnoe o3epa Teneukoe B AeTHUH NEPUOA

Axynosa O.B.*", Bykatbi1 B.1.

HHemumym 800HbIX U 3KoT02udeckux npobyiem, Cubupckoeo omdesieHus Poccutickoti akademuu Hayk, Yit. MotodéxcHas, 0. 1,
Bapnayst, 656038, Poccusa

AHHOTAILIUA. B paboTe mpeacTaBjeHb pe3yJIbTaThl MHOTOJIETHUX SKCIIEPUMEHTAIbHBIX AAaHHBIX IO
CIEKTPaIbHOM IIPO3PavyHOCTH BOAHI B IOBEPXHOCTHOM cJioe Teserikoro o3epa (21 touka or6opa npob),
NoJiy4eHHbIe JieToM B ieprof 2017-2022 rr. 3HaueHus okasaTeJsis ocjaalJieHrs CBeTa, paCCUUTaHbI IPU
HaTypaJIbHOM OCHOBaHWU Jiorapudma Ha 4eThIpEX ymmHax BoJH (430, 450, 550 u 670 HM) 3a ucciieny-
€MBII IepUOo HAXOAUJIMCh B JOCTATOYHO y3KOM auamna3oHe ot 0,2 10 4,0 M, moka3aTesisi MOTJIONeHHsA
cBeTa XENThIM BerecTBOM — OT 0,1 10 3,2 M~!. BeJIMYMHBI OTHOCUTEIFHON MPO3PAavYHOCTU, N3MEPEHHON
¢ moMo1isio 6esioro aucka Cexkku, HaxoAUIUCh B npenenax 0,8-11,7 M co cpeAHUM 3HaueHHEM 6,3 M.
CopeprxaHue XJIOpoduUILIa-a B IOBEPXHOCTHOM CJIO€ BOJOEMA M3MEHSIIOCH 3a 6-JIETHUI NIEPUOT B JUA-
ma3oHe 0,1-4,1 Mr/m®, 4TO COOTBETCTBYET OJIMTOTPOGHOMY THUILy 03€p. KOHIIEHTpaIus EJITOrO Bellle-
CTBa B 03epe, onpejessgeMas ONTUYECKUM METOJOM [0 U3MepPEHHOMY [TOKa3aTeJIio MOTJIOMeHNsA CBeTa
JKEJITHIM BENECTBOM Ha JJIMHE BOJIHBI A.=450 HM, BapbupoBaia B mpejeiax 0,9-15,0 r/m°. B pesyJib-
TaTe PacYETOB CIEKTPAJIBHOTO BKJIA/[A OCHOBHBIX ONTHYECKN AKTHMBHBIX KOMIIOHEHTOB O3EPHOI BOBI B
CIeKTpaJIbHBIN ITOKa3aTesb OcIabJieHus cBeTa AJiA IOBEPXHOCTHOrO cJjioA Teyienkoro osepa B pasjiny-
HBIX TOYKaX 0TOOpa Mpoob MOJIy4eHo, YTO HanboJiblliee ONTHUYECKOE BIUAHNE HA CyMMapHOe ocjabyieHne
OKa3bIBAIOT KEJITOE Bell[eCTBO U B3Bech. IIokazaHo, 4TO oNTHYEeCKas CTPYKTypa UCCIeyeMOoro Bogoéma —
OVHAMHUKA OCHOBHBIX MEPBUYHBIX T'UIPOONTUYECKUX XAaPAKTEPUCTUK 3aBUCUT OT U3MEHYUBOCTU KOH-
[IEHTPANUN Pa3JINYHBIX ONTUYECKN aKTUBHBIX KOMIIOHEHTOB KaK BO BpEMEHU, TaK U B IPOCTPAHCTBE MO/
BJIMAHUEM BHYTPHUBOJOEMHBIX [IPOLIECCOB, IPOTEKAIIINX B TECHOM CBA3U € BOAOCOOPOM 03epa.

Kittoueavle ctoea: crieKTpajbHasi MpO3pavHOCTh BOIbI, TOKA3aTe b OcIabIeHns CBETa, MOKa3aTesIb MOTJIOMeHNs
cBeTa XEJITHIM BellleCcTBOM, husnueckast MOJieJb, XEITOE BEeCTBO, XJTOPO(HILI-a, B3BECH,
yucTas Boja, TeJlelikoe 03epo

Jlia nutupoBaHusa: Axysosa O.B., Bykarteiii B.MI. MHoronetHsasa OMHaMHKa CIEKTPajbHON MPO3PAavHOCTU BOJBI B MOBEPX-
HOCTHOM cJjioe osepa Tesenkoe B JieTHUI nepuop // Limnology and Freshwater Biology. 2024. - Ne 5. - C. 1228-1242.
DOI: 10.31951/2658-3518-2024-A-5-1228

1. Beeaenne okeaHoB u Mopeil. Tak, B OalikayjibCcKON Bofe OeJIbIii

auck Cexkku BufieH o riyounsl 40 m (IllepcTsHKUH,
1993), a wMakcuMajibHas MPO3PAavyHOCTh BOJABI B
TesneuxoMm o3epe — 15,5 m (Cestereii u ap., 2001). Otot
MeTOJi, MIUPOKO IPUMEeHseMBbIH Cpeld y4€HBIX-TUJPO-
010JIOTOB B CUJIy CBOEH IPOCTOTHI M NPAKTUYHOCTH,
BCE-TaKU cuyMTaeTcs CyObeKTUBHBIM U obJyiafaeT 3Ha-
YUTEJIbHOU MOTPelHoCcThi0 n3MepeHuii (20% u 6oiee)
U Cyl[eCTBEHHBIM OrpaHHYeHHeM ero MCIIO0JIb30BaHUA
B 3MMHUX IOJUIEAHBIX YCJIOBHAX. A BOT HCIIOJIb30Ba-
HUe 3JIeKTPOHHBIX CIeKTPOdOTOMETPpUYECKNX METOI0B
u npubopoB (cneKTpodOTOMETPOB, TYpOUAUMETPOB,
[IpO3pavyHOMEpOB M Ap.), KOTOpble IO3BOJIAIOT OIpe-
JeJITh CHEeKTPaJIbHYI0 MPO3payHOCTh BOABI Ha JII060I1
rIyOrHe Kak HEM, TaK U HOYBK, a Pe3yJIbTaThl 3alu-

Josroe BpemsA Npo3pavyHOCTh BOABI ObLIa JIMIIb
KauyeCTBEHHOHM XapaKTepHUCTUKOM, HaOJoeHnus 3a
KOTOPOU IIPOBOJWJINCH JINIIb BU3yaJIbHO. TpaguiiOHHO
OTHOCHUTEJIbHYIO IPO3PavyHOCTb IIPUPOAHBIX BOJ pas-
HOro Tuna (oOKeaHOB, MOpeH, 03€p, BOJOXPAaHWJIUIL, PEK
U [Ip.) oIlpefesifaioT OJyUHCTPYMeHTaJIbHBIM MeTOJ0M
— M0 TpeJieJIbHON TJIlyOuHe BUAUMOCTU 6esloro CTaH-
JapTHOro aucka Cekku B BOAHOM ToJIIie, JO IOJIHOIO
ero McYe3HOBeHMs U3 BUAy (M3MepsieTcsa B MeTpax).
Hanpumep, nmpo3padyHocTh BOJbl o3epa batikan sBis-
eTcs OAHOM M3 CaMBIX BBICOKUX Cpeay IPecHOBOAHBIX
BOJOEMOB, TaK KaK COAEPXWUT Majl0 pPaCTBOPEHHBIX U
B3BeIlIeHHBIX BelllecTB M OJiM3Ka K IIPO3PavyHOCTU BOJ
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caTh Ha CaMONUIIYINX Npubopax, ABJIAIOTCA MPaKTU-
YeCcK! yHUBEpCaJIbHbIMU, a IJIaBHOE — O0jiee TOUHBIMU.

Kak wusBectHo (EpsioB, 1980; KomeseBuu wu
MIuppun, 1981; Iudpun, 1983; Komeneruy, 1983;
ManbkoBckUi u Ap., 2009; Dera, 1992; Mobley, 1994;
ManbkoBckuii, 2011; JleBun, 2014), cmektpasibHas
[IPO3PayHOCTh BOJIBI (13MepsieTcs B 0OpaTHBIX MeTpax),
OTHOCUTCSA K IepBUYHBIM (MJIU BHYTPEHHUM, COOCTBEH-
HBIM) TUAPOONTHUYECKUM XapaKTepHCTUKaM, KOTopasd
npeJicTaBjseT co00i (PU3NYECKyH BeJIMYKHY, Xapak-
Tepusymlias ONTHYEeCcKHe CBONCTBA NPUPOLHBIX BOJ.
CnexTpaJsibHas IPO3pavyHOCTh BOJBI ONpeAesseT ycCyo-
BUA pacnpocTpaHeHUs cBeTa B BoJe, a TakXe COAeEp-
KUT MHGOPMALUI0 O B3BelIeHHBIX OpraHo-MUHepasib-
HBIX YacTUIaX U PAaCTBOPEHHOM B BOJle OPraHUYeCKOM
Bell[eCTBe.

AKTyasIbHOCTh HCCJIeIOBaHUA IPOJUKTOBaHA
HeoO0XOAUMOCTBI0 pAaCIIMPATh U YIJIyOJIATH NpefcTaB-
JIeHV O CIIeKTPaJIbHOU IIPO3payHOCTH BObI Tesierkoro
o3epa, IOCKOJIbKY OHA CYIIeCTBEHHO 3aBUCHUT OT Iepu-
OAWYEeCKUX U3MeHeHU e€ OCHOBHBIX ONITUYeCKU aKTHB-
HBIX KOMIIOHEHTOB — XEJITOTO BellecTBa, B3BecH, XJIO-
podumia u yucroii BoAsl. Kpome Toro, B Hacrosiiee
BpeMsA BO BCEM Mupe yaeiseTcsa ocoboe BHUMAaHUE
HCCJIeIOBAHUIO CIIEKTPaJIbHOIO BKJIaAa ONTUYECKHU
aKTUBHBIX KOMIIOHEHTOB NPUPOAHON BOJBI (Kaxxoi
10 OTHEeJIbHOCTH) B CYMMapHoe ocJjiabjieHue cBeTa, a
TakXke AMHAMUKe X KOHI[EHTpalluu KaK BO BpeMeHH,
Tak U B IPOCTPAHCTBe.

Llenpio paboTHl ABJIAIOTCA dKCIepUMeHTaJIbHbIe
HccJIeIoOBaHusA 10 OLleHKe MHOTOJIeTHeH N3MeHYHBO-
CTU CIeKTpaJIbHOM IPO3PayHOCTU BOABI B IIOBEPXHOC-
THOM cJioe (TosymmHou 5-7 cm) Teserkoro osepa B
netHuil nepuop 2017-2022 IT. 1 BIUSAHUIO OCHOBHBIX
ONTHUYECKHU aKTUBHBIX KOMIIOHEHTOB O3€pHOI BOABI Ha
CyMMapHoe ocjiabJieHue CBeTa.

2. Marepuanbl U MeTOAbI

O6bekm uccre008aHus

Tenernkoe o3epo (koopAuHATHL: Mexay 51°21746”
u 51°48’36” c.m., mexay 87°14’40” u 87°50°54” B.1.)
— 1TyOOKOBOAHBIN BOJJOEM TEKTOHUYECKOT'O TPOUCXOXK-
JeHUs, pacloJIoXKeHHBIN Ha BbicoTe 434 M HaJ ypOB-
HEM MOpsI B CEBEPO-BOCTOYHON 4acTu I'opHoro AJitas
(tor 3amapgHoii Cubupu). OCHOBHBIE XapaKTepPUCTUKU
BOJIOEMA CJIeyIOIIUE: TJIOMAAb 3epKaia — 227,3 Kkm?,
oA b BogocbopHoro 6acceiita — 20400 kv?, myimHa
- 77,8 kM, cpenHsAA mupuHa — 2,9 KM, MakCcuUMallb-
Has rayouHa — 323,0 M, 06béM — 41,1 km® (Cenereii
u Cenereii, 1978). O3epo COCTOMUT U3 BYX 4YacTel —
I0KHOH, BBITAHYTOU MO MepuauaHy, [JIMHON OoJiee
50 KM, U ceBepHOI, UMeloIlell MUPOTHOE Hampase-
Hue, ajauHou 28 kM. [1o cpaBHeHUIO ¢ TrJIyOOKOBOOHOM
(meyrarnaJibHOM) 30HOUM MEJIKOBOAHAs (JIMTOPAIbHAS)
30HA 03epa MMeeT Psif 0OCOOEHHOCTEN, OHO U3 KOTO-
PHIX — 3HAUYWTEJIbHOE THJIPOIMHAMUYECKOE BO3/IEN-
CTBUE, CB3aHHOE C MHTEHCUBHBIMU BETPO-BOJTHOBBIMU
nporjeccamu (MakCHUMaJTbHasi BBICOTA BOJIHBI 70 2,5 M)
W CO 3HAUUTEJIbHBIMU (0 6 M) eXerogHbIMU KoJjeba-
HUAMU YPOBHS BOIbl. MI3pe3aHHOCTh 6eperoBoi JTUHUU
o3epa BeIpaxkeHa cj1abo0, OyXT U 3aJIMBOB MaJjio, Camble
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oosbinie — Kamruackuili 1 KbITMHCKHI ¢ TIJIOMIAJIbIO
6,5 km? 1 3,1 KM2, cCOOTBEeTCTBEHHO. KaMIr'MHCKIH 3a/I1B
caMblli MeJIKOBOJIHBIN, 3allWIlleHHBIN OT BOJIHEHHU U
HauOoJiee OJIArONPUATHBIN 110 TEPMHUYECKOMY PEXUMY
U XapakTepy TpPyYHTOB U3 BCEeX 3aJMBOB TeJIenKoro
osepa. [To ruaApoXUMHYEeCKOMYy PEeXHUMy 03epo — cCJia-
OoMMHepasIu30BaHHbIN, OOraTelili KHUCJIOPOAOM TOp-
HBIII BOOOEM C HU3KMMMU TeMIlepaTypaMH, C He3Hauu-
TEJIbHBIM COJIEP)XKAaHUEM OPTraHUYECKUX U OHMOTEeHHBIX
BemecTB B Boje (Cesereit u np., 2001). 3a mocnen-
HUe TOABl B CBA3U C aKTUBHBIM Pa3BUTHEM TypH3Ma B
T'oprom AnTae, BO3pociia aHTPOIIOTeHHasA Harpyska Ha
03epo, 0COOEHHO B €ro CeBepHOMN YacTU. DKOCHCTEMBI
XOJIOAHOBOJHBIX OJMIOTPOGHBIX 03€p HauboJiee ysa3-
BUMBI K BHEITHEMY BO3J1eHCTBUI0. HEBBHICOKMI yPOBEHD
pas3BUTHA THAPOOUOHTOB B NOAOOHBIX BOJOEMAX OIpe-
JeJiseT HU3KUHN MOTeHI[1all GM0JI0TMYECKOTO CaMOOYH-
IeHUsA [Jis MOCTYMAKIUX C BojocOopa B3BElIeHHBIX,
PACTBOPEHHBIX U CJIa00PAaCTBOPUMBIX B BOJE BeIeCTB,
KOTOpble MOTYT CYIL[eCTBEHHO W3MEHHUTb KauyecTBO
BO/Ibl I UHTEHCUBHOCTh BHYTPUBOJOEMHBIX ITPOLIECCOB.

MemoOdut uccsredo8aHus

HccrenoBaHusi OCHOBHBIX — TUAPOONTUYECKUX
XapaKTepHUCTUK ([moKa3aTesisa ocjabJieHns cBeTa BOJIOM,
ToKasaTeJis MOTJION[eHNs CBeTa XEJITHIM Bel[eCTBOM U
OTHOCUTEJIbHOIM MPO3pavHOCTH, U3MEPEHHOU ¢ MOMO-
uipio Oesioro aucka CekkH) Mo akBaToOpuu TeJienkoro
o3epa BBIIOJIHWIM JieToM B nepuop 2017-2022 rr.,
OpraHu30BaHHBIN VHCTUTYTOM BOJHBIX U 3KOJIOTU-
yeckux npobsem CO PAH. [laThl skcrieAuIyil cieny-
omue: 7-11 wutona 2017 r., 19-23 uiona 2018 r., 1-5
ntosia 2019 r., 24-29 mrona 2020 r., 29 urwoia -1 aBry-
cra 2021 r., 1-5 aBrycra 2022 1.

ExeroqHo ¢ moBepxXHOCTHOro cjiosA Tesienkoro
o3epa OGaTomMeTpoM ¢ 6GopTa Hay4YHO-HCCJIe[JOBaTesIb-
ckoro cyfHa otroupanu no 21 npobe (Puc. 1), Bcero 3a
nepuo/ UccjaefoBaHusa orodpaau 126 BoaHBIX pob. B
snabopatopuu nposesi 1008 OTHeabHBIX H3MepeHUil
CIIeKTpaJIbHON mpo3pauHocTu (koadduuueHTta Mpo-
MyCKaHUA) BOJbI Ha YeThIPEX JIMHaxX BoJiH (430, 450,
550 n 670 HM) Ha CTalMOHAapHOM CIIeKTpooTOoMeTpe
[13-5400Y® mo u mocye uabTpaiuu npob 3a 6-jet-
HUI NepuoJ hccjefOBaHusA 03epa.

CnexTpaJibHBINI TIOKa3aTesib ocjiabJjieHus cBeTa
c¢(\) paccuntanu no GpopMmyJie, BRITEKAOIIEH U3 3aK0Ha
byrepa
c( i) = l .In L

L T(2)
roe L — pjiuHA WM3MepUTEeJIbHOUM KIOBETHI (HCIIO0JIb30-
BaJIU CTEKJISTHHBIE KIOBETH ¢ paboueit [ummHOU 50 MMm),

, (1)

T (/1) =1 (l) /1, (l) — CHeKTpasbHAA IPO3PayHOCTh
BOZIBl B OTHOCUTEJIbHBIX eluHunax, I(A), I,(A) — uHTeH-
CHBHOCTH IIpOLIeIIero 1 nafallero Ha KIoBeTy CBeTa,
COOTBETCTBEHHO, A — JIJINHA BOJIHHI cBeTa. [loka3aTesib
IIOTJIOIIEHNsA CBeTa XXEJITHIM Bell[eCTBOM ays(?h) onpefe-
JIUJIY IIOCJie M3MepeHUs CIeKTPaIbHON NPO3padyHOCTU
BO/Ibl, OUHMIIIEHHON OT B3BeCcU (GUJIbTPOBAHKEM C UCII0JIb-
30BaHMeM MemOpaH «Baagunop» tuma M®AC-OC-1 c
auamerpoM nop 0,22 mxkm. MakcumaspHas abCcoJIOT-
Has TOrpeIHOCTh u3MepeHuil c(A) u ays(l) AaA U3y-
JaeMoro CIeKTpaJIbHOro JuanasoHa cocrasmia 0,1 M.
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Puc.1. Kaptocxema Touek orbopa mpo0 1o akBaropuu TeJienkoro osepa

CnexkTpaJsibHas 3aBHCUMOCTD [MOKa3aTeJis MOIJIo-
IIeHUs CBeTa XEJITHIM Bel[eCTBOM allpOKCUMUPYeTCA
9KCIIOHEeHIINaJIbHBIM 3aKOHOM

a, (1)~ @
rge 4 — Kodh(PUIMEHT CIEeKTPAJIbHOM W3MEHYHBO-
CTY, XapaKTepU3YIOIUI KayeCTBEHHBI COCTAaB pac-
TBOpPEHHOT0 opraHmveckoro BemecTtBa (POB). Crenys
pabore (ManbkoBckuii, 2015), nsmepus ays(450) (mpu
A=450 HM) ompeneausd KOHI[EHTPAIMIO XKEJITOrO
BelecTBa B npodax BOAHI 0 popMyie

C,=a,(450)/a,  (450). (3

31ech Cys— KOHILIEHTpaLus KEJITOro Bel[ecTBa, B
/M2, asp‘ys(450) — yAeJIbHBIN TOKa3aTeJib NOTJIOUeHUA
CBeTa XXEJITHIM BellecTBoM, B M2/T. C y4éTOM IpeaJio-
skeHHOTO B (MaHbKOBckui, 2015) noaxoa pacculTaHbI
3HaueHUs Cys C MCII0JIb30BaHUEM BeJIMUYMHbI asp.ys(450),
B3ATON U3 pabotsl (Nyquist, 1979).

C TeM, 4TOOBI MMETh BO3MOXHOCTH CPaBHUTH
[OJTy4YeHHbIe HAMU JJaHHBIE 10 CIIeKTPaJIbHON Mpo3pay-
HOCTH BOZBI C pe3yjabTaTaMy MOAOOHBIX ONTHUYECKUX
VICCJIE/IOBAHUI, BBIOJIHEHHBIX paHee IPYTUMU aBTO-
pamMu 1A BOJHBIX SKOCHCTEM, MPOBEJIU TaKXe U3Me-
peHus OTHOCUTEJIbHOM NMpo3payHOCTU SD ¢ mOoMOIIbIo
Oestoro gucka Cekku.

JIOMOJTHUTEJIPHO  OTIpefeSINId  KOHIIEHTPAIU
xyopopuiiia C ., cTaHAaPTHBIM CIIEKTPOPOTOMETPUYE-
ckuM MetozoM coryacHo (I'OCT, 2003).

OTHOCUTEJIBHBIN CITIEKTPAJIbHBIN BKJIaJ OCHOB-
HBIX ONITUYECKU aKTUBHBIX KOMIIOHEHTOB 03EPHOI BO/IbI
(B3BecH, KEITOTO BEMIECTBA, XJIOPODUILIA-A U YUCTON
BOJZIbI) B C(A) B TOBEPXHOCTHOM CJIO€ HCCJIETyEMOTO
BOJIOEMA PACCUUTAJIM C HCIOJIb30BAHUEM MOIU(DUIIH-
POBAHHOU MMOJIyDMITUPUYECKON MOJen ocjabiieHus
cBeTta (AkyJioBa, 2015), KoTopas BliepBble IIpeyioKeHa
0O.B. KoneneBuueM (Koneneuy, 1983) u nMmeeTt B
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c(A)=ag, (2)+a,(2)+b,, (A)+b (1)+a,,, @
rae a,(A) u ays(l) — CIeKTpaJibHblE TIOKa3aTeJn
TOTJIOL[EHUA XJI0PODUILIIOM-a U KEJITHIM BEI[eCTBOM,
COOTBETCTBEHHO, bmnl(X) — CIIeKTpaJIbHBIN TOKa3aTeJib
MOJIEKYJIIDHOTO paccesHUs YMCTOH Bomoit, b (A) -
CITEKTPAJIbHBIN TTOKAa3aTeJb PACCESHUS B3BECHIO, apw(?\,)
— CIEeKTPAJIbHBIN TIOKA3aTeJib TMOTJIOMIEHUs YHCTOU
Bojioi. Kak BUAHO M3 JAHHOTO BBIPAXEHUs CIIEKTPAJThb-
Hoe ocJrabjieHre CBeTa OMMCAHO C TTOMOIIBI0 TPEXTapa-
MeTpUYecKor mMofiesiv. Tak Kak B dKCIIEPUMEHTE OIIpe-
JeJTUIN TapaMeTp ays(X), TO CIIEKTPAJIbHBIN MTOKA3aTeITh
paccesHus B3Bechio b (1) MOXHO HaiiTh 10 popmyJie
b (2)=c(2)-[ag, (1)+a, (2)+b,, (A)+a,.(2)]. )
Tpoduueckuii cTaTyc OIeHUJIU C IPUMEHEHUEM
Tpoduueckoro nHAekca Kapicoua TSI (Trophic State
Index) (Carlson, 1977) u MexayHapoAHOU Tpoduue-
cKoi kitaccubukanuu Bogoémos (Environment Canada,
2004). Takxe MCIIOJIb30BAIY 3HAYEHHUS CIIEKTPAJIBHOTO
mokasartesisa ocjabjeHus cBeta c()), Te OJIUTOTPOd-
HOMY TUIY BOAOEMOB OyAeT COOTBETCTBOBAThH Auama-
30H 3HaueHui c(A) ot 0 7o 2 M}, Me30TpoHOMY — OT
2 10 3 M, 3BTpodHOMY — OT 3 10 23 M}, TUIIEP3BTPO-
duaOMY — o1 23 M! u 6osee (CyropuxuH u nip., 2017).

3. Pe3ynbTaTtbl H 06Ccy)kpeHHue

B pesyJsibTaTe NpoBeIEHHBIX JIETHUX SKCIe AU
2017-2022 rr. no axkBaropum Tesienkoro osepa ObLIN
[IOJIyuyeHbl 3HayeHus IepBUYHBIX T'HMAPOONTUYECKUX
XapaKTEPUCTHUK — MMoKa3aTeJiel ociabiaeHus csera c(A),
IIoKasaTesiell NOTJIOIeHUsA CBeTa XXKEJITHIM BelleCTBOM
ays(X), OTHOCUTEJIbHOM TIPO3pAavyHOCTH IO OeyioMy
aucky Cekku SD, mpoCTpaHCTBEHHOe paclpefesieHue
KOTOPHIX OBUIO HEOJHOPOAHBIM. Bemmumubl c()) Ha
4yeThIpEX AmHax BoyH (A=430, 450, 550 u 670 HM)
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B npobax BOABI, OTOOPAHHBIX B MOBEPXHOCTHOM CJIOE
BOJ0€Ma, Haxoquauch B guamnasoHe ot 0,2 mo 4,0 M.
B 2017 r. u 2021 r. jmeTHue 3HaueHUA c(A) U3MeH:-
Juch He3HaunuTeibHO (1,0-1,6 m™!). [ToHMXXKeHHasI CIek-
TpajibHas NpO3pavyHOCTh 3adukcupoBaHa B 2022 T.
(0,2 m1). 3nauenus csoimie 3,0 M~ HabIOgAINCh B
TOuKax BHajgeHus pek Yyseimvan, Yysmom u Keira,
a Takxe Mbica CBIPAKTYy, MaKCUMAaJIbHbIE BEJIMYUHBI
3aperucTpUpPOBaHbI B JIUTOPAJIBHON 30HE peku Keira B
2018-2020 rr. OTO CBA3aHO C MHTEHCHBHBIM BHIHOCOM
B3BEIIEHHOTO BelecTBa (MPeuMYyIIeCTBEHHO MUHe-
PaJIbHOT'0) PEYHBIMU BOJAMU U TMPOIleccaMy paspylie-
HUsA OGeperoBoyl JIMHUM O3epa. 3[ech Ha MEJIKOBOJbE
BETPO-BOJTHOBBIE T€UEHUs MOAHUMAIT JOHHBIE OCAIKU
U MepeMEeNBAKT UX MO BCe BOAHOH ToJie. B mena-
ryajJbHOM 30He, HaUMHasA ¢ Mbica BakTel (Touka 023) 10
Mbica Axy (Touka 045), a Takxe B KameHHOM 3aJiiiBe
(touka 113) 3HavyeHus c(A) He mpeBbaoOT 2,1 M. 3TO
XOPOIIO COTJIACYeTCsA ¢ COAepKaHUeM XKEJTOro Belle-
CTBa, KOTOpPOe ObLIO OJIM3KUM K €ro cpefJHeMy COAep-
’KaHUIO B JIETHUI TIEPUOJ.

3a 6-J1eTHUN IepUO/]T ONTUYECKUX UCCIIeIOBAaHUI
Ha 03epe aMIUTUTy/da KoJiebaHUl 3HaueHUI mokasaTe-
JIeH TOIJIOIIEHUs CBeTa JKEJITHIM BeEI[eCTBOM ays(X) Ha
JumHax BoytH A =430, 450, 550 u 670 HM B MOBEPXHOC-
THOM CJIO€ U3MEeHsJIach TakXe B HeOOJIbIINX Mpejiesiax
or 0,1 mo 3,2 m~!, MakcuMaJibHble BeJIMYMHBI (OoJiee
2,0 1) 3adukcupoBansl B mepuon 2018-2020 r. B
Toukax pek UyssimMan, Yysom u Keira, a Takxe Mbica
CelpakTy. B kauecTBe npuMepa, Ha Puc. 2 u 3 npeacras-
JleHa auHamuka c(430) u ays(450), COOTBETCTBEHHO.

BesMuWHBL ~ OTHOCUTEJIBHOU  IMPO3PavyHOCTH,
U3MepeHHOH ¢ momoibio 6esioro aucka Cekku SD 3a
uccaelyeMblil Ilepuo], HaXOAWJINCh B IIUPOKOM Jua-
nasoHe 0,8-11,7 M co cpeaHuM 3HadyeHueM 6,3 M.
[Tpo3paunocts 11,0 M Habatoaanacs B 2019 r. B nena-
ruasie pexk Apamsbim u Tangy-koos (B Toukax 025 u
028, cooTBeTcTBeHHO). MakcumasibHasA BejquuuHa SD
(11,7 m) 3apeructpupoBasa B nocéske Ainmo B 2018 r.
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HW3BecTHO (MaHbKOBCKUI U JIp., 1996; KyKyIIkuH,
2011; Bockpecenckaa u nap., 2011; KopuemkunHa
u Jlatymkud, 2016; Churilova et al., 2018; 2022;
MarromeHko u ap., 2001; Betancur-Turizo et al., 2018;
Shi et al., 2017; Slade and Boss, 2015; Korosov et al.,
2017; Wozniak and Stramski, 2004; Reinart et al.,
2004), uyTo crekTpaJjibHasA IPO3pPavyHOCTh BOJBI CyIlle-
CTBEHHO 3aBHCHUT OT COAEPXXaHUA B Hell B3BeUIEHHOTO
BeljecTBa (OpPraHMYECKOro, MUHEpPAJIbHOIO0), TO MAJA
00BbACHEHNS MEXIOJOBBIX H3MEHEHUII XapaKTepHBIX
3HaueHu c(A) HeoOXOAMMO HCIOJIb30BaTh CBEAEHHS O
KOHIleHTpanuu xjopopusa-a (C,-a).

CopepxaHrue OCHOBHOIO (OTOCHHTETUYECKOIO
UrMeHTa Bojopociell GUTOIUIaHKTOHA — XJIOpoduII-
Jla-a ¥M3MEeHAJIOCh 3a 6-JIeTHUII Iepuoj B IpeleJax
0,1-4,1 mr/m® co cpegqHUM U3 MOJIYYEHHBIX 3HAYEHUI
- 2,1 mr/m® (Puc. 4), 9TO COOTBETCTBYET OJIUTOTPO-
¢HOoMy THIy 03€p. MakcumasbHble Bes4uHbl G, -a
3aperucTpupoBaHsl B 2021 r. Ha BCeX TOYKax O3epa
(1,1-4,1 mr/m3), mumanumaiabheie — B 2019 r. (0,1-
1,8 mr/m®). B mesom pasButve Bomopociieil Guro-
IIJIAHKTOHA 03epa HeBBICOKOE, HA YTO BJIUAIOT HU3KHE
KOHIIeHTpaluy OMOreHHBIX 5JIeMEeHTOB, a TakKe HecTa-
OMJIBHOCTh BOJIHOT