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ABSTRACT. The marketing system and structure significantly impact the socio-economic conditions
and production systems of local communities. Hence, this study aimed to explore the diversity of fish
and crustacean species and the marketing system in the urban fish market known as Alexander Fish
Market in Lakshmipur. During the study, 32 fish species and 3 crustaceans were identified, representing
35 genera, 21 families, and 11 orders. The majority of species belonged to the orders Cypriniformes
(family Cyprinidae) and Siluriformes (families Bagridae and Ailiidae). Among the recorded species, a
total of 3 species have been reported as Endangered (EN), 3 as Vulnerable (VU), 4 as Not Listed (NL),
6 as Not Threatened (NT), and 19 as Least Concern (LC). The fish distribution chain involved interme-
diaries such as beparies, aratders, wholesalers, and retailers. Three types of marketing channels were
identified in the study. The average marketing cost, income, and profit for retailers were BDT 97.14/
day, BDT 792.71/day, and BDT 695.57/day, respectively. Fish pricing depended mainly on market
structure, species quality, size, weight, and season. The average prices per kg for different fish species
were recorded as follows: Ilish (BDT 1200+17.89), Ayre (BDT 915+ 8.64), Bacha (BDT 847 +8.24),
Ghagra (BDT 816 +7.94), Khorsula (BDT 830 +5.63), Golda Chingri (BDT 855 + 8.45), Bagdha Chingri
(BDT 712+7.11), Chiring (BDT 715=+6.15), and Gang Tengra (BDT 725 +8.25). Major challenges in
fish marketing included the use of unhygienic ice, lack of financial support from the government and
NGOs, and poor knowledge of fish handling and transportation. Organizational and government sup-
port, along with extension services on fish preservation, handling, icing, and curing, are crucial for
enhancing fish marketing and improving fish quality.
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1. Introduction particularly in inland open water areas, have progres-

sively declined. The IUCN Red List (IUCN, 2000) identi-
fied 54 threatened freshwater species in Bangladesh, of
which 12 are critically endangered, 28 are endangered,
and 14 are vulnerable.

The marketing system and structure significantly
impact the socio-economic conditions of local commu-
nities and the production systems of any area. It involves
a complex chain of systems linking the production sec-
tor to the consumer sector. Since fish and fishery prod-
ucts are highly traded commodities, fish production
is an essential part of the marketing process (Alam et
al., 2010). In Bangladesh, fish marketing is predomi-
nantly managed by the private sector. The distribution
channel for small indigenous fish species includes three

Fish and fisheries resources play a vital role in
the socio-economic development of Bangladesh. The
fisheries sector contributes 3.00% of the total export
earnings, 3.74% to GDP, and 22.23% to the agricul-
tural sector (DoF, 2011). The country is rich in aquatic
biodiversity, with 260 species of freshwater finfish,
475 species of marine fish, 63 species of palaemonid
and penaeid prawns, 36 species of shrimp, 50 species
of reptiles, 24 species of aquatic mammals, 19 species
of amphibians, 25 species of tortoises and turtles, and
17 species of crabs, freshwater mussels, and snails
(Rahman, 2005; Hossain et al., 2008). However, due
to overexploitation and high consumption, fish stocks,
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market levels: primary, secondary/higher secondary,
and final consuming markets. Fish collectors, known as
mahajans or aratdars, procure fish from catchers with
the help of local brokers who receive a profit margin or
commission. However, remote communities face signif-
icant marketing challenges due to inadequate transport,
lack of ice, poor road facilities, and a weak bargaining
position of farmers relative to intermediaries (Rahman,
1997). In addition, middlemen have established a new
marketing chain that exploits fish farming communi-
ties by enforcing an artificial pricing policy through
multiple intermediaries. This results in high marketing
margins and prices, causing dissatisfaction among con-
sumers, farmers, fishermen, and small traders (Rahman
et al., 2009).

Lakshmipur is recognized as one of the most
important fisheries zones in the country and lays a
crucial role in the growth of fish production and cul-
ture. Various types of fish species (freshwater, brack-
ish, and marine) are available in the Alexander Fish
Market. However, the availability of fish species and
the marketing channels for this market have received
little attention until now. Detailed long-term studies
specifically focusing on fish species availability and
marketing channels in this market have not yet been
published. Therefore, the current study aims to identify
the existing marketing system and the availability of
fish species in the Alexander Fish Market, Lakshmipur.

2. Materials and methods

Study area and study period. The study was
conducted over a period of 7 months, from June 2022
to December 2022, at the Alexander Fish Market in
Lakshmipur (Fig. 1). This market, located in Ramgati
Upazila, Lakshmipur, Bangladesh, is geographically
positioned at 22.6547036°N latitude and 90.908538°E
longitude. The site was selected due to its significance
as the primary landing center in Lakshmipur. Various
activities were carried out using different survey tools
and specific methodologies to assess the biodiversity
status of the fish market.

Data collection. The study was conducted using
a survey method, with data collected directly from
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Fig.1. Geographical location of the study area (google map).
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wholesalers (aratders) and retailers through on-the-spot
interviews. For the questionnaire interviews, 20-25 fish
retailers and 10 aratders were randomly selected from
the study area using a simple random sampling tech-
nique. Data collection focused on the species diversity
of fish, including information on species availability,
abundance, distribution, and their IUCN status. The
activities aimed to understand biodiversity and the
marketing channels involved in the entire process.

Primary data were obtained from local people
through structured questionnaires designed to meet
the study’s objectives. Information such as local names,
distribution, and species availability was collected at
the study sites. Additionally, relevant published and
unpublished documents were gathered from various
sources for secondary data collection. Research papers
on the fish fauna of Bangladesh were also reviewed to
compile historical data on species abundance and avail-
ability for biodiversity assessment.

After data collection, the information was cross-
checked with key informants, including the Upazila
Fisheries Officer (UFO), District Fisheries Officers
(DFO), and NGO workers. The data were then entered
into a database system using Microsoft Excel. All col-
lected information was analyzed using MS Excel and
presented in textual, tabular, and graphical forms.

3. Results
3.1. Fish and Crustaceans Diversity

During the study period, a total of 32 fish spe-
cies and 3 crustaceans were recorded, represent-
ing 35 genera, 21 families, and 11 orders. Detailed
information on the recorded fish and crustacean
species, including specimen collection dates, along
with their total length, availability, economic impor-
tance, distribution, and IUCN conservation status, is
provided in Table 1 and 2. Morphometric and meris-
tic analyses revealed that the order Siluriformes and
Cypriniformes contributed the most (11 species of each
order), followed by Perciformes and Decapoda (3),
Gobiiformes (1), Mugiliformes (1), Aulopiformes (1),
Scombriformes (1), Pleuronectiformes (1), Cichliformes
(1), and Anabantiformes (1) (Table 1).
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Table 1. Fish and Crustaceans diversity in the Alexander Fish Market, Ramgati, Lakshmipur.

Order Family Local Name Scientific Name Collection date
(2022)
Cypriniformes Cyprinidae Rohu Labeo rohita 6™ June
(Hamilton, 1822)
Catla Labeo catla 6™ June
(Hamilton, 1822)
Mrigal Cirrhinus cirrhosus 10" June
(Bloch. 1795)
Bata Labeo bata 10% June
(Hamilton, 1822)
Puti Puntius sophore 6% July
(Hamilton, 1822)
Sarputi Systomus sarana 6t July
(Hamilton, 1822)
Gonia Labeo boggut 12% July
(Sykes, 1839)
Xenocyprididae Silver carp Hypophthalmichthys molitrix 12% July
(Valenciennes, 1844)
Chapila Gudusia chapra 23 July
(Hamilton, 1822)
Ilish Tenualosa ilisha 23 July
(Hamilton, 1822)
Engrauliidae Olua Coilia dussumieri 2nd August
(Valenciennes, 1844)
Siluriformes Bagridae Tengra Batasio batasio 10™ August
(Hamilton, 1822)
Gang Tengra Hemibagrus menoda 10® August
(Hamilton, 1822)
Nuna Mystus gulio 31 September
Tengra (Hamilton, 1822)
Ayre Sperata aor 3t September
(Hamilton, 1822)
Rita Rita rita 10"September
(Hamilton, 1822)
Clariidae Magur Clarias batrachus 10t September
(Linnaeus, 1758)
Ailiidae Gagra Clupisoma garua 14"September
(Hamilton, 1822)
Baspata Ailia coila 14t% September
(Hamilton, 1822)
Schilbeidae Bacha Eutropiichthys vacha 20%"September
(Hamilton, 1822)
Pangasiidae Pangas Pangasius pangasius 20™September
(Hamilton, 1822)
Ariidae Ghagra Arius gagora 8th October
(Hamilton, 1822)
Gobiiformes Oxudercidae Chiring Apocryptes bato 8™ October
(Hamilton, 1822)
Mugiliformes Mugilidae Khorsula Rhinomugil corsula 15%QOctober
(Hamilton, 1822)
Perciformes Sillaginidae Tulardandi Sillaginopsispanijus 15%0ctober
(Hamilton, 1822)
Polynemidae Taposi Polynemus paradiseus 221 October
(Linnaeus, 1758)
Sciaenidae Poa Otolithoides pama 221 October
(Hamilton, 1822)
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Order Family Local Name Scientific Name Collection date
(2022)
Scombriformes Trichiuridae Chhuri Trichiurus lepturus 221 October
Linnaeus, 1758
Aulopiformes Synodontidae Loittya Harpodon nehereus 27% November
(Hamilton, 1822)
Cichliformes Cichlidae Tilapia Oreochromis mossambicus 27% November
(Peters, 1852)
Anabantiformes Anabantidae Koi Anabas testudineus 27" November
(Bloch, 1792)
Pleuronectiformes Cynoglossidae Kukur Jeeb Cynoglossus cynoglossus 6™ December
(Hamilton, 1822)
Decapoda Palaemonida Golda Chingri Macrobrachium rosenbergii 6™ December
(De Man, 1879)
Goda Chingri Macrobrachium dolichodactylus 26™ December
(Hilgendorf, 1879)
Penaeidae Bagda Chingri Penaeus monodon 26" December
(Fabricius, 1798)

All the species collected from the study area
were primarily used as food fish, with the excep-
tion of Clupisoma garua and Europlichthys vacha,
which were also caught as sport fish. Among these
species, 10 were found rarely, 3 species (Gudusia
chapra, Mystus gulio, and Rhinomugil corsula) were
found moderately, and the remaining species were
recorded most commonly (Table 2). The national
biodiversity status (Red Book, IUCN, 2000 and
2015) classified the species into various cate-
gories: Critically Endangered (CR), Endangered
(EN), Vulnerable (VU), Not Threatened (NT),
Data Deficient (DD), Least Concern (LC) and Not
Listed (NL).

Merging with the IUCN (2000) report for
the collected fishes, 5 species (Systomus sarana,
Rita rita, C. garua, E. vacha, and Pangasius pan-
gasius) were recorded as CR, 5 species (Mystus
gulio, Labeo boggut, Macrobrachium rosenbergii,
Macrobrachium dolichodactylus, Penaeus monodomn)
as DD, 1 species (Sperata aor) as VU, 1 species
(Labeo bata) as EN, and the remaining 23 species
as NT (Table 2). On the other hand, according to
Red Book, IUCN (2015), there were few variations
reported over time as 19 species LC, 6 species NT,
3 species VU, 4 species NL and 3 species EN.

In this investigation, the dominant order
were Cypriniformes and Siluriformes, comprising
62% of all recorded fish species. The next most
dominant orders were Perciformes and Decapoda
(18%), and the rest of the orders contributed 3%
of each (Fig. 2).

When fish species were grouped into fam-
ilies, Cyprinidae constituted the largest share at
20%, followed by Bagridae 14%, Xenocyprididae
9%, Ailiidae 6% and the rest of the families con-
tributed 3% of each (Fig. 3).
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Fig.2. Diagram representing the number of Fish and Crustaceans
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Table 2. Fish and Crustaceans diversity in the Alexander Fish Market, Ramgati, Lakshmipur.

Scientific Name Total Economic | Availability Distribution IUCN | IUCN
Length (Average),|Importance | in the study Status | Status
cm area (2000) | (2015)
Labeo rohita 68 Food Common Beels, ponds and streams NT LC
Labeo catla 70 Food Common Rivers, lakes and ponds NT LC
Cirrhinus cirrhosus 39 Food Common Rivers, lakes and ponds NT NT
Labeo bata 61 Food Common Ponds, rivers and estuaries EN LC
Puntius sophore 08 Food Common Rivers, beels and ponds NT LC
Systomus sarana 42 Food Rare Rivers, lakes and beels CR NT
Labeo boggut 29 Food Common Rivers DD VU
Hypophthalmichthys 90 Food Common Rivers NT NL
molitrix
Gudusia chapra 14 Food Moderate Rivers and estuaries NT VU
Tenualosa ilisha 23 Food Common Marine water NT LC
Coilia dussumieri 12 Food Rare Estuaries and Bay of Bengal NT LC
Batasio batasio 10 Food Rare Rivers and canals NT NT
Hemibagrus menoda 15 Food Common Rivers, tributaries and ponds NT NT
Mystus gulio 10 Food Moderate Freshwater bodies DD NT
Clarias batrachus 51 Food Rare Ponds, canals and swamps NT LC
Rita rita 60 Food Rare Fresh and brackish water CR EN
Sperata aor 70 Food Rare Canals, lakesand ponds VU VU
Clupisoma garua 20 Food, Game | Common Large freshwater bodies and tidal CR EN
rivers
Eutropiichthys vacha 20 Food, Game | Common Tidal rivers and lakes CR LC
Pangasius pangasius 15 Food Common Rivers and estuaries CR EN
Arius gagora 27 Food Common Estuaries and tidal rivers NT NL
Ailia coila 16 Food Rare Rivers NT LC
Sillaginopsis panijus 27 Food Common River and estuaries NT LC
Apocryptes bato 16 Food Rare Streams, estuaries and lagoons NT LC
Rhinomugil corsula 22 Food Moderate Rivers and estuaries NT LC
Otolithoides pama 30 Food Common Rivers and estuaries NT LC
Polynemus paradiseus 23 Food Common Sea and rivers NT LC
Trichiurus lepturus 198 Food Rare Bay of Bengal NT NL
Oreochromis 32 Food Common Lakes, pools and estuaries NT NL
mossambicus
Anabas testudineus 10 Food Rare Lakes, canals and swamps NT LC
Harpodon nehereus 25 Food Common Estuaries and coastal water NT NT
Cynoglossus 8.5 Food Common Estuaries and tidal rivers NT LC
Cynoglossus
Macrobrachium 30.3 Food Common Rivers, estuaries and canals DD LC
rosenbergii
Macrobrachium 6.6 Food Common Rivers, estuaries and canals DD LC
dolichodactylus
Penaeus monodon 21.9 Food Common Estuaries and marine water DD LC

Note: EN. Endangered; VU. Vulnerable; CR. Critically endangered; NT: Not threatened, and DD: Data deficient, LC. Least
Concern, NL. Not Listed.
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3.2. Marketing Chain of fish

The fish marketing chain typically begins with
the fish farmer and involves several intermediaries
before reaching the end consumer. Three distinct mar-
keting channels were observed in the study area. The
first type involves a sequence from fisherman to bep-
ary, then aratdar, wholesalers, retailer, and finally the
consumer. The second type includes a route from fish-
erman to local fish traders, then wholesalers, retailer,
and consumer. The third type comprises a direct path
from fisherman to retailer, and then to the consumer
(Fig. 4). At each stage of the marketing process, the
value of fish increases by 5-7%.

3.3. Personnel involved in fish marketing
in the landing centre

Intermediaries are fish traders who do not sell
fish directly to consumers. Instead, they purchase fish
to sell to other traders or intermediaries. There are dif-
ferent intermediaries in the fish marketing system.

Fish harvester group. These groups consist
of individuals who harvest fish from ponds, canals,
ditches, floodplains, haors, baors, rivers, and other
water bodies. Generally, the harvester group earns a
3-5% commission from the market price of fish.

Beparies are professional traders who buy fish
from farmers or fishermen and sell them in the whole-
sale market. They earn profit through the buying and
selling process.

Aratders act as agents in the wholesale mar-
ket. They receive a commission from the fish pur-
chased by retailers. This commission is sometimes paid
in cash or after the retailers sell the fish to consum-
ers. Approximately 10 aratders were recorded in the
Alexander Fish Market.

Auctioneers are responsible for auctioning fish
in the wholesale market. When intermediaries bring
fish into the wholesale markets from various sources,
auctioneers initiate the auction process. They start with
a minimum bid and increase the bid until the highest
bidder wins the fish. Auctioneers typically receive a
fixed amount or 1-2% of the sold price.

Fish retailers. Retailers are those who buy fishes
from intermediaries and sell them to ultimate consum-
ers. Their role involves procuring supplies and display-
ing them in ways that are convenient for consumers.
Retailers often buy fish through open auctions and cat-
egorize the fish by species or size before selling them.

Local fish traders. Farmers sell their fish to
wholesalers through local traders. Local traders are typ-
ically based in local markets near the fish farming com-

munities. These traders may have informal agreements
with wholesalers to supply specific quantities despite
lower profit margins. The fish then reach consumers
through retailers. During the study period, about 20-25
retailers were recorded at the Alexander Fish Market,
Lakshmipur. Some individuals also worked as day
laborers for retailers. No women’s participation was
recorded in this marketing channel.

3.4. Marketing cost of retailers in fish
market

Icing, watering, packaging, and transportation
were all included in the marketing costs. The highest
marketing cost was recorded in June at BDT 107/day,
while the lowest was in December at BDT 89/day. For
the other months, the costs were BDT 103/day in July,
BDT 98/day in August, BDT 95/day in September, BDT
96/day in October, and BDT 92/day in November. On
average, the marketing cost was estimated to be BDT
97.14/day (Fig. 5).

3.5. Income and profit of fish retailers

The income and profit of fish retailers depended
on daily fish supply, marketing costs, weather, and var-
ious occasions. The average daily income of fish retail-
ers was recorded as follows: BDT 786/day in June, BDT
787/day in July, BDT 805/day in August, BDT 811/day
in September, BDT 795/day in October, BDT 783/day
in November, and BDT 782/day in December. Notably,
the highest average income and profit were observed
in September (BDT 811/day and BDT 697 /day, respec-
tively), while the lowest were in December (BDT 782/
day and BDT 675/day, respectively). Consequently, the
overall average daily income of the retailers was cal-
culated to be BDT 792.71/day, with an average daily
profit of BDT 695.57/day in the study area (Fig. 6).

3.6. Amount and prices of available fish
species

According to the current survey, a fish retailer
sold an average of 45 kg of fish daily. The total daily
fish supply was approximately 1.8-2.0 metric tons
(average 40 retailers x 45 kg). Fish prices were largely
influenced by supply and demand. It was observed that
the prices of the same fish remained relatively consis-
tent throughout the study period. The average price per
kilogram (with =SD) of all available fish species in the
Alexander fish market is listed in Table 3. The aver-
age prices per kilogram for Ilish (1200+17.89), Ayre
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Fig.4. Diagram representing the fish distribution chain from fishermen to consumer.
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(915+8.64), Bacha (847 =8.24), Ghagra (816+7.94),
Khorsula (830*5.63), Golda Chingri (855=*8.45),
Bagdha Chingri (712+7.11), Chiring (715%6.15),
and Gang Tengra (725 + 8.25) were recorded as higher
compared to other fish species (Table 3). However, the
supply of carp species was found to be higher than that
of other species.

3.7. Constraints of Fish Marketing

There is minimal effort to enhance the quality
of fish sold in the market due to the persistent high
demand surpassing supply. Consequently, fish of any
quality are readily sold, despite traders encountering
significant issues such as insufficient capital, high trans-
portation costs, prolonged exposure to high tempera-
tures, improper use of ice, rough and unhygienic han-
dling methods, contamination, and a lack of knowledge
about quality standards among the involved parties.

4. Discussion

The total number of fish and crustacean species
observed at the Alexander Fish Market in Lakshmipur
was 32 species and 3 species respectively. Aktar et al.
(2013) reported a higher number of fish species com-
pared to our findings, potentially due to their consid-
eration of seven markets. However, Afroz (2007) and
Chakraborty (2023) reported a similar number of fish
species to our study. Cypriniformes and Siluriformes
emerged as the order with the highest number of fish spe-
cies, followed by Perciformes, Decapoda, Gobiiformes,
Mugiliformes, Scombriformes, Cichliformes,
Aulopiformes, Anabantiformes, and Pleuronectiformes.

Marketing cost of retailers
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Fig.5. Marketing cost of retailers in the Alexander fish
market.
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Fig.6. Average daily income (BDT/day) and average
daily profit (BDT/day) of retailers across different months at
Alexander fish market, Lakshmipur.

Table 3. Prices of available fish and crustacean species in Alexander Fish Market, Ramgati, Lakshmipur.

Sl. Species Price Sl. Species Price
No. | (Local Name) (Mean =+ SD) No. | (Local Name) (Mean + SD)
1. Rohu 335+5.16 19. Bacha 847 +8.24
2. Catla 300+4.14 20. Pangas 180+2.90
3. Mrigal 237+4.23 21. Ghagra 816+7.94
4. Bata 251+8.94 22, Baspata 627 +£5.24
5. Puti 200+3.23 23. Tulardandi 610+5.63
6. Sarputi 220+2.89 24. Chiring 715+6.15
7. Gonia 358+3.23 25. Khorsula 830+5.63
8. Silver carp 204 +2.41 26. Poa 155+2.88
9. Chapila 180+2.80 27. Taposi 548 +4.39
10. Ilish 1200+17.89 | 28. Chhuri 800 +6.45
11. Olua 110+4.21 29. Tilapia 180+2.89
12. Tengra 515+5.63 30. Koi 619+2.89
13. Gang Tengra 725+8.25 31. Loittya 150+3.43
14. Nuna Tengra 415+4.76 32. Kukur Jeeb 425+5.63
15. Magur 522+3.31 33. | Golda Chingri 855+8.45
16. Rita 790+7.56 34. Goda Chingri 813+6.55
17. Ayre 915+8.64 35. | Bagda Chingri 712+7.11

18. Gagra 758+7.16
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Notably, the Cyprinidae family exhibited the highest
species count (7 species) and individual abundance, fol-
lowed by the Bagridae family exhibited the 2" highest
(5 species), and the Xenocyprinidae family exhibited
the 3 highest species count (3 species) and individual
abundance among the observed fish. Out of the recorded
species, 5 were classified as Critically Endangered, 5 as
Data deficient, 1 as Vulnerable, 1 as Endangered, and
the remaining 23 were categorized as Not Threatened,
based on IUCN classification (IUCN, 2000). While in the
updated list on 2015, a total 19 species were reported
as Least Concern, 6 as Not Threatened, 3 as Vulnerable,
4 as Not Listed and 3 as Endangered (IUCN, 2015).

4.1. Fish Marketing Systems

In the study area, three distinct marketing chan-
nels were identified. Similar observations were made
by Mia (1996) in the Mymensingh district, while Khan
(2004) reported four types of marketing channels in the
Jessore district. At the Alexander Fish Market, whole-
salers typically procure fish from araders or beparies,
who directly obtain fish from fish farmers or fishermen.
These fish are then sold to wholesalers with the assis-
tance of commission agents. Wholesalers, in the next
stage, auction off their fish to retailers, who, in turn,
sell them to local consumers. Occasionally, local retail-
ers directly purchase fish from fishermen and sell them
to consumers. Suppliers typically employ vans, boats,
buses, trucks, tempos, pickups, or even rickshaws to
transport fish to wholesalers.

4.2. Average marketing cost, income and
profit of retailers

In the current study, the average daily marketing
cost for retailers was estimated at BDT 97.14, with the
highest value recorded in July (BDT 107) and the low-
est in December (BDT 89). Aktar et al. (2013) reported
a higher average cost (BDT 141.2) in the Noakhali
district, possibly due to their inclusion of seven mar-
kets, which might have influenced the higher value.
However, the average daily income and profit for fish
retailers were higher in the present study, recorded at
BDT 792.71 and BDT 695.57 respectively, compared to
Aktar et al. (2013) in Noakhali and Rashid (2006) in
Mymensingh. This discrepancy could be attributed to
variations in consumer purchasing power and popula-
tion density across different regions.

4.3. Amount and prices of available fish
and crustacean species

Based on the findings of the present study, the
daily fish supply was approximately 1.8-2.0 metric
tons, calculated from an average of 40 retailers each
selling 45 kg of fish. Certain fish species, including Ilish,
Ayre, Bacha, Ghagra, Khorsula, Golda Chingri, Bagdha
Chingri, Chiring, and Gang Tengra, commanded higher
prices compared to others. Rashid (2006) reported
higher daily fish supplies in municipal markets and
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Maijdee bazar, estimated at 3-3.2 metric tons and 1-1.1
metric tons, respectively. These variations in supply
might be attributed to differences in location.

4.4. Constraints of Fish Marketing

During the survey, fish retailers highlighted sev-
eral constraints in fish marketing. These include insuf-
ficient capital, elevated transportation costs, prolonged
exposure to high temperatures, improper ice usage,
rough handling practices leading to contamination,
and inadequate knowledge regarding quality standards
among stakeholders. Similar challenges in fish market-
ing were also observed by Mia (1996) and Rokeya et al.
(1997). The involvement of numerous intermediaries
in the marketing chain often leads to higher prices for
consumers, while fishers themselves may not receive
fair prices for their products, with the majority of prof-
its going to intermediaries (Alam et al., 2010).

5. Conclusions

Throughout the study period, a total of 32 fish
and 3 crustacean species were recorded, represent-
ing 35 genera, 21 families and 11 orders. Present
study found that the order Cypriniformes (11 species)
and Siluriformes (11) and the family Cyprinidae had
the highest contributions, followed by the orders,
Perciformes (3) and several others. A total of 3 species
were recorded as EN, 3 as VU, 4 as NL, 6 as NT, and 16
as LC (IUCN, 2015). The dominant order, Cypriniformes
and Siluriformes, comprised the highest percentage of
fish species, followed by the orders, Perciformes, and
others. These fish typically inhabit estuaries, rivers,
canals, and the Bay of Bengal. Fish availability varies
seasonally. The primary causes of the decline in fish pop-
ulations include overfishing, river siltation, the reckless
use of agrochemicals, and the introduction of foreign
species, all of which negatively impact fish populations
by increasing mortality, spreading diseases, and reduc-
ing fertility. In the current study area, three categories
of marketing channels were identified. The basic pat-
tern involves intermediaries, known locally as aratdars,
who purchase fish from farmers and fishermen, bring it
to market, and sell it to wholesalers, known as beparies.
Retailers bid at auction to purchase fish from wholesal-
ers, then transport the fish to specific markets where
they sell it to consumers. The main issues identified in
the Alexander Fish Market were inadequate funding,
unsanitary handling practices, contamination, and poor
icing facilities. Therefore, further research and under-
standing of fish marketing, along with government
support, institutional and organizational support, and
extension services, are necessary.
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ABSTRACT. The diversity of eukaryotic communities associated with bryozoans was investigated using
DNA metabarcoding based on the 18S rRNA gene. The results obtained indicate that each bryozoan
species, coexisting in close proximity to one another, harbors a distinctive community of associated
eukaryotes, the composition of which likely depends on the form of the colonies. The community asso-
ciated with the “bushy” colony of Plumatella sp. was found to be more diverse and differed in spe-
cies composition from the community formed on the “creeping” colony of P. repens. In the “bushy”
bryozoans, diatoms (60%) and ciliates (22%) predominated, along with golden algae (4%), hydras
(3%), chytridiomycetes (1.6%), and rotifers (1%). In contrast, unicellular algae (32%), dinoflagellates
(27%), apicomplexans (10.6%), and other groups of protists (amoebas, euglenoids, and others) (4.6%)
were more frequently associated with the “creeping” bryozoan. Among invertebrates, annelid worms
(12.5%), tapeworms (4%), and mollusks (3%) predominated. Notably, the study revealed the presence
of protostome animals belonging to the phylum Entoprocta, marking the first documentation of this
taxon in the water bodies of the Baikal region.

Keywords: DNA metabarcoding, 18S pPHK, ITS1-5.85-ITS2, COI, 16S rRNA
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1. Introduction eton into which the polypide can retract. The mouth,
covered by an epistome, is situated within the tentacle
Bryozoans (phylum Bryozoa) are colonial ani- CrOWL.
mals that exhibit a sessile lifestyle, settling on any solid Within the Phylactolaemata, the most diverse
substrate including submerged wood, macrophytes, family is Plumatellidae Allman, 1856, comprising four
stones, plastic, polyethylene, and others. Some species genera and more than 20 valid species, most of which
are known to encrust the hulls of ships (Gontar, 2010). belong to the genus Plumatella Lamark, 1816. In Russian
The phylum Bryozoa comprises three classes: freshwater ecosystems, seven species of this genus have
Phylactolaemata (freshwater bryozoans), Stenolaemata been recorded (Gontar, 2010), with three species occur-
(exclusively marine bryozoans) m Gymnolaemata ring in the Baikal region (Vinogradov, 2008).
(mostly marine bryozoans). Phylactolaemata includes Phylactolaemates often dominate among aquatic
one order, seven families, and about 70 species that organisms. As active water filterers, they play a signif-
inhabit exclusively freshwater environments (Ryland, icant role in the self-purification of water bodies, par-
2005). Members of this class are globally distributed, ticularly during periods of abundant growth (Protasov,
except in polar regions, and occur in both lentic and 1994). The size of their colonies varies from a few
lotic ecosystems. Some species are considered cosmo- millimeters to several tens of centimeters, and their
politan (Wood, 2002). Colonies of phylactolaemates rapid growth can result in substantial benthic bio-
consist of zooids divided into two parts: the soft polyp- mass. Consequently, bryozoans also contribute to nutri-
ide with its crown of ciliated tentacles, and the gelati- ent cycling (Serensen et al., 1986). Phylactolaemates
nous or chitinous cystid, which functions as an exoskel- can form associations with other bryozoans, sponges,
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hydroids, and caddisfly larvae (Ricciardi and Reiswig,
1994). Their colonies provide habitat for various small
organisms, including rotifers, planarians, nematodes,
annelids, mollusks, gastrotrichs, copepods, tardigrades,
insect larvae, mites, and others (Raddum and Johnsen,
1983; Ricciardi and Reiswig, 1994).

Species of Plumatella differ in the morphology
and size of their colonies, suggesting that their associ-
ated communities may vary depending on the structure
of the colonies. To test this hypothesis, we employed
the DNA metabarcoding, a method that enables iden-
tification of the community taxonomic composition
through amplification and high-throughput sequenc-
ing of marker gene sequences. The metabarcoding of
organism-associated communities also facilitates the
identification of interaction mechanisms between dif-
ferent organismal groups and their potential ecological
roles within the community.

DNA metabarcoding using the COI gene frag-
ment has been successfully implemented to studies
invertebrate communities in Bolshie Koty Bay and
Listvennichny Bay of Lake Baikal (Kravtsova et al.,
2021; Kravtsova et al., 2023). Furthermore, this method
has proven to be effective for investigating the diver-
sity of algae-associated organisms using the 18S rRNA
gene fragment (Bukin et al., 2022) and for researching
the microeukaryotic planktonic communities in Lake
Baikal (Bukin et al., 2023).

This study aimed to investigate and compare the
composition of eukaryotic communities associated with
two sympatric bryozoan species exhibiting different
colony morphologies.

2. Materials and Methods

Bryozoan colonies were collected from sub-
merged wood at the mouth of the Tompuda River
(northern Lake Baikal, 55.12122° N, 109.753418° E) in
2022 (Fig. 1). The river mouth valley is characterized
by a swampy plain intersected by numerous macro-
phyte-dominated channels with abundant submerged
logs. Bryozoans were observed on the majority of
logs. Colonies were collected from a single submerged
log to eliminate habitat-associated influences on the
taxonomic composition of the bryozoan associated
organisms.

Living colony fragments were photographed
using an MSP-1 stereomicroscope (“LOMO” JSC)
equipped with a Levenhuk C800 digital camera (Fig. 1).

DNA was performed following the protocol
described by Doyle and Dickson (Doyle and Dickson,
1987). For Sanger sequencing, DNA samples were
obtained from small colony fragments that were care-
fully cleaned to prevent contamination from bryozo-
an-associated organisms. For metabarcoding analysis,
DNA was extracted from larger colony fragments (five
samples per species).

All DNA samples were amplified. Amplification
was carried out using the BioMaster HS-Taqg PCR Kit
(Biolabmix, Russia) according to the manufacturer’s
recommendations. Amplification conditions and primer
sequences are detailed in Table 1. For metabarcoding,
PCR products from each species were pooled into a sin-
gle tube.

Fig.1. A - photo of Tompuda River valley; B — map of Lake Baikal with collection point indicated; C, D — photos of living
colonies of bryozoans. C — Plumatella sp.; D — P. repens. Scale 1 mm.
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Table 1. Amplification conditions and primers used in this study.

Gene Amplification conditions, 30 cycles Primers References
CoI DNA denaturation at 95°C — 40 sec LCO1490 (f) 5-GGT CAA CAA ATC | Folmer et al.,
(5 minutes on the first cycle), primer ATA AAG ATATTG G -3’ 1994
annealing at 50°C — 60 sec, nucleotide | HCO2198 (r) 5-TAA ACT TCA GGG
chain elongation at 72°C - 60 sec (10 TGA CCA AAA AAT CA-3’
ITS1-5,85-ITS2 minutes on the last cycle) ITS1 () 5-TCC GTA GGT GAA CCT | White et al.,
GCG G-3’ 1990
ITS4 (r): 5-TCC TCC GCT TAT TGA
TAT GC-3’
18S DNA denaturation at 95°C — 60 sec EukA (f) 5’-ACC TGG TTG ATC CTG | Medlin et al.,
(5 minutes on the first cycle), primer CCA GT-3’ 1988
annealing at 55°C - 60 sec, nucleotide | EukB (r) 5-TGA TCC TTC TGC AGG
chain elongation at 72°C — 60 sec (10 TTC ACC TAC-3’
165 miniites on the last eycle) ZX-1-F 5-ACC CGC TGA ATT TAA |Van der Auwera

GCA TAT-3’ et al., 1994
LSUD-R 5-ACG GAA TGA ACT CAA | Littlewood et
ATC ATG TAA G-3’ al., 2000

PCR products were visualized through electro-
phoresis on 1% agarose gel. Enzymatic purification
of the products was performed using the ExoSAP-IT
express kit (Thermo Fisher Scientific, USA) according
to the manufacturer’s protocol.

The COI, 16S and the ITS1-5.8S-ITS2 markers
were sequenced using a NANOFOR 05 genetic analyzer
with the Brilliant Dye Terminator (v.3.1) Sequencing
kit (NimaGene, Holland). The nucleotide sequences
were edited and aligned using the BioEdit software
(Hall, 2011).

The taxonomic identification of bryozoans was
accomplished through DNA barcoding using COI,
16S mtDNA, and ITS1-5.8S-ITS2 rDNA markers.
Taxa delimatation was performed using the web ver-
sion of the ASAP program (available at: https://bio-
info.mnhn.fr/abi/public/asap/), employing pairwise
genetic distances (p-distances) as the genetic distance
metric. Additionally, nucleotide sequences of various
Plumatellidae species for COI, 16S and ITS1-5.8S-ITS2
markers were retrieved from GenBank (Table 2).

18S rRNA metabarcoding of bryozoan-associated
eukaryotes was performed using portable nanopore DNA
sequencer MinION (Oxford Nanopore Technologies).
The quality of reads was assessed using FastQC; reads
were filtered by quality using Trimmomatic-0.32
(Bolger et al., 2014). Sequences with an average quality
score exceeding 12 were selected for further analysis.
Sequence identification was conducted using the SILVA
database version 138.2 (Quast et al., 2012), containing
full-length 18S rRNA fragments. BLASTn (Altschul et
al.,, 1990) was employed with parameters “word_size
= 25, gapopen 2, gapextend = 1, reward = 1,
penalty = -1” to compare sequenced amplicon library
fragments with the SILVA database. These parameters
allowed for the identification of amplicon sequences
with low similarity to the reference database. An 18S
rRNA amplicon sequence was considered identified if
alignment parameters were E-value < 0.00001 and bit
score = 50, indicating non-random matches. All 18S
rRNA amplicon sequences mapping to the same SILVA
database sequence in BLASTn alignment results were
grouped into operational taxonomic units (OTUs). OTU
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abundance was quantified by the number of 18S rRNA
amplicon reads assigned to each unit.

The results were visualized as histogram where
OTUs were grouped into high-rank taxa.

The statistical convergence of the results of tax-
onomic diversity assessment was characterized using
rarefaction curves and the Chaol index (the expected
number of OTUs in samples). Community diversity
comparisons were conducted using the Shannon index,
as well as species abundance curves, where slower con-
vergence to zero indicates higher community diversity.
All statistical analyses and graphical visualizations
were performed using the “Vegan” package (Dixon,
2003) and “ggplot2” (Wickham, 2011) in the R pro-
gramming environment.

3. Resulits

The bryozoans studied were classified into two
species of the genus Plumatella, based on the external
morphology of zooids and colonies (Fig. 1). For each
species, two nucleotide sequences for the COI (629 bp),
16S (439-440 bp), and ITS1-5.8S-ITS2 (738-742 bp)
were obtained and submitted in the GenBank data-
base under accession numbers: PQ766342-PQ766343,
PQ771669-PQ771670 (COIL); PQ770921-PQ770922,
PQ772041-PQ772042 (ITS1-5.8S-ITS2); PQ774235-
PQ774238 (16S).

Species delimitation analysis using three molec-
ular genetic markers identified the bryozoan with a
“creeping” colony type as Plumatella repens (Linnaeus,
1758), while the bryozoan with a “bushy” colony type
(Plumatella sp.) could not be definitively identified
to species level due to limited nucleotide sequences
available in GenBank. 16S mtDNA fragment analysis
revealed that the sister species for this bryozoan is P.
emarginata Allman, 1844 (with a genetic distance of 2%
nucleotide substitutions), while ITS1-5.85-ITS2 anal-
ysis indicated close relation to P. vaihiriae (Hastings,
1929) (with a genetic distance of 0.4% substitutions).
Species delimitation based on the COI gene fragment
could not be performed due to the lack of nucleotide
sequences for P. emarginata and P. vaihiriae in GenBank.
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Table 2. List of taxa used for species delimitation analysis with GenBank accession numbers and references.

Species name COI GB# References |[ITS1-5,8S-ITS2 References 16S GB# References
GB#
Plumatella fungosa | KF805632 Dash and GU733426 Rubini et al., 2011 AB365624 [Hirose et al., 2011,
(Pallas, 1768) Vasemaégi 2014, unpublished
unpublished
MH286272 |Klass et al., 2018 - - - -
Plumatella repens FJ196105 Fuchs et al., GU733417 Rubini et al., 2011 AB365622 [Hirose et al., 2011,
(Linnaeus, 1758) 2009 unpublished
- - EU377576 |Taticchi et al., 2010, - -
unpublished
Plumatella vaihiriae - - EU377577 |Taticchi et al., 2010, AB365625 |Hirose et al., 2011,
(Hastings, 1929) unpublished unpublished
Plumatella casmiana | KJ024813 | Koletic, 2014 EU377579 |Taticchi et al., 2010,] GQ343297 | Briski et al., 2011
Oka, 1907 unpublished
- - - - AB365629 |Hirose et al., 2011,
unpublished
Plumatella rugosa - - GU733418 Rubini et al., 2011 AB365623 |Hirose et al., 2011,
Wood, Wood, Geimer unpublished
& Massard, 1998
Plumatella viganoi - - GU733422, Rubini et al., 2011 - -
Taticchi 2010 GU733421,
GU733420
Plumatella geimermas- - - GU733423 Rubini et al., 2011 - -
sardi Wood and - - EU377578  |Taticchi et al., 2010, - -
Okamura, 2004 .
unpublished
Plumatella emarginata - - GU733424 Rubini et al., 2011 JN681057 | Waeschenbach et
Allman, 1844 al., 2012
- - - - AB365623 |Hirose et al., 2011,
unpublished
- - - - GQ343296, | Briski et al., 2011
GQ343300,
GQ343301
Plumatella reticulata - - GU733425 Rubini et al., 2011 - -
Wood, 1988
Plumatella vorstmani - - - - AB365634 |Hirose et al., 2011,
Toriumi, 1952 unpublished
Plumatellidae sp. | KU720129| Jiang et al., - - - -
2017
KX620051 Dong et al., - - - -
2020
Hyalinella punctata | KJ024814 | Koletic, 2014 EU377580 |Taticchi et al., 2010,] AB365631 |[Hirose et al., 2011,
(Hancock, 1850) unpublished unpublished
- - GU733427, Rubini et al., 2011 DQ305342 Okuyama et al.,
GU733428 2006

The initial datasets after nanopore sequencing
of the 18S rRNA gene included 44,771 sequences for
Plumatella sp. and 51,057 for P. repens; after quality
filtering, the datasets contained 19,027 and 21,762
sequences, respectively, from which OTUs (Operational
Taxonomic Units) were formed. Single OTUs (repre-
senting fewer than 4 copies per sample) were excluded
from analyses. The final analysis identified 299 OTUs
for Plumatella sp., and 33 OTUs for P. repens.

Rarefaction curves and species abundance curves
are presented in Fig. 2. The saturation curves for both
species reached plateaus, confirming statistical signifi-
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cance of the results. The expected number of taxa, cal-
culated using the Chaol index, corresponded with the
actual number of identified OTUs.

The Shannon diversity index for the community
associated with the “bushy” bryozoan Plumatella sp was
4.1, while for the “creeping” P. repens it was 2.8.

The taxonomic composition (in percentage)
of both communities is illustrated in the histogram
(Fig. 3). A total of 21 high-rank taxa were identified
within the communities. The community associated
with the “bushy” bryozoan was dominated by diatoms
(60%) and ciliates (22%), with notable presence of
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Fig.2. A - rarefaction curves; B — species abundance curves.

golden algae (4%) and hydras (3%), as well as chyt-
ridiomycetes (1.6%), which are parasites of algae and
invertebrates. Rotifers were also observed (1%), likely
attracted by an abundance of ciliates, unicellular algae,
and bacteria.

The “creeping” bryozoan-associated community
exhibited lower diversity, dominated by unicellular
algae (32%) and dinoflagellates (27%). Significant pro-
portions of apicomplexans (10.6%), which are inverte-
brate parasites, and other protozoan classes (including
amoebas, euglena, etc.) (4.6%) were also observed.
Among the invertebrates, annelid worms (12.5%),
tapeworms (4%), and mollusks (3%) predominated.
Additionally, nucleotide sequences of protostome
animals belonging to the phylum Entoprocta were
identified.

4. Discussion

At the mouth of the River Tompuda, which
flows into Baikal, two genetically distant species of
the genus Plumatella (16% substitutions based on COI,
9% based on ITS1-5.85-ITS2, and 4% based on 16S)
were found living sympatrically. One of them, P. repens,
is widely distributed in temperate water bodies. The
other species, Plumatella sp. showed genetic similarity
to Plumatella vaihiriae (Hastings, 1929) based on the
ITS1-5.8S-ITS2 marker (0.4% divergence). P. vaihiriae
was initially described from a lake on Tahiti and has
been recorded in lakes in Hawaii, Argentina, Thailand,
and the USA (Taticchi et al., 2008). According to the
16S marker (2% divergence) Plumatella sp. is closely
related to P. emarginata, a species distributed in Eurasia,
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North America, and New Zealand. It should be noted
that the presence of P. emarginata in the Baikal region
has been previously reported (Vinogradov, 2008), but
the examined specimens likely represent a distinct spe-
cies (potentially new to science) based on their level of
genetic divergence. However, definitive species identi-
fication requires morphological analysis of statoblasts.

The sympatric occurrence of two bryozoan spe-
cies on the same substrate is not unique to the Baikal
region. For example, Taticchi et al. (2008) reported
the cohabitation of P. vaihiriae with P. fungosa (Pallas,
1768), and representatives of Victorellidae Hincks,
1880 in Italian lakes.

The studied bryozoans exhibit different colony
morphologies: P. repens forms creeping or sprawling
branching tubes that spread flat across the substrate,
while Plumatella sp. develops tubular branched zooids
that extend vertically from the substrate in a bush-like
formation. We observed that each coexisting bryozoan
species harbored a unique eukaryotic community, the
composition of which dependson the colony morphology.
The community associated with the “bushy” Plumatella
sp., was much more diverse (Shannon index 4.1)
compared to that of the “creeping” P. repens (Shannon
index = 2.8), considering both high-rank taxon com-
position and the number of dominant OTUs. This may
be related to the structure of the “bushy” colony, which
creates microhabitats within the spaces between zooids
that are favorable for diverse epibionts. Various dia-
toms easily attach to the bryozoan zooids, as evidenced
by the abundance of reads corresponding to these
organisms. Conversely, “creeping” colony exhibited
substantially lower biodiversity, hosting larger inver-
tebrates that potentially feed on the bryozoan itself,
along with protozoan Apicomplexa, which are parasites
of invertebrates.

An interesting finding was the discovery of the
phylum Entoprocta Nitsche, 1870 or Kamptozoa Cori,
1929, which have not previously been reported in the
water bodies of the Baikal region. These animals, resem-
bling hydroids and bryozoans, exhibit sessile lifestyles
either solitarily or colonially, with individual organisms
ranging from 1 to 5 mm in size. Entoprocts are often
commensals of invertebrates, including sessile anne-
lids, mollusk shells, and bryozoans (Brusca and Brusca,
2003; Emschermann, 1993; Kristensen, 1970; Wood,
2005). It is possible that the “creeping” colony of P. rep-
ens allows for the Entoprocta attachment, and the water
flow generated by the bryozoan’s lophophores poten-
tially facilitates their feeding. Due to limited studies
of this phylum, nucleotide sequence data for them are
nearly absent in databases, making it possible to iden-
tify them only to a high taxonomic level (Entoprocta:
Barentsiidae Emschermann, 1972). Currently, approx-
imately 200 species of Entoprocts are known, includ-
ing sessile solitary species (Loxosomatidae) and colo-
nial species (Loxokalypodidae, Pedicellinidae, and
Barentsiidae), most of which are marine. Only two
species inhabit freshwater: Loxosomatoides sirindhorne
Wood, 2005 (fam. Loxosomatidae) and Urnatella grac-
ilis Leidy, 1851 (fam. Barentsiidae). It should be noted
that area of L. sirindhorne is limited to Thailand (Wood,
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2005; Schwaha et al., 2010), while U. gracilis, originally
described as a North American species, is distributed
on all continents except Antarctica (Brusca and Brusca,
2003), and has been found in the Don River (Sklyarova,
1969) and the Volga River (Vinogradov, 1997). It is
possible that U. gracilis occurs in the water bodies of
the Baikal region, although this assumption requires
detailed morphological analysis.

DNA metabarcoding using the 18S rRNA gene
proved to be an effective method for investigating the
diversity of eukaryotic communities associated with
bryozoans, as indicated by the wide range of identi-
fied taxa. Saturation and abundance graphs, as well as
the expected species number indices (Chaol), confirm
the statistical significance of the results. Nevertheless,
it should be noted that nanopore sequencing may
introduce errors in the form of insertions and dele-
tions of nucleotides within the 18S rRNA sequences.
Analysis of the results from BLASTn alignments of
amplicon sequences with the SILVA database revealed
that in some cases, sequence similarity (ranging from
97% to 99%) was only determined by single-nucleo-
tide insertions and deletions rather than substitutions,
a phenomenon not typically observed in short-read
sequencing platforms, like Illumina. This limitation of
the MinION portable DNA sequencer (Oxford Nanopore
Technologies) should be considered in future software
development for amplicon analysis in metabarcoding
studies.

5. Conclusions

The results of DNA metabarcoding of the 18S
rRNA gene revealed the specificity of the composition
of eukaryotic communities associated with bryozoans.
It was shown that the colony morphology plays a cru-
cial role in shaping their species diversity. The commu-
nity associated with Plumatella sp., which has a “bushy”
colony form, is much more diverse and differs in spe-
cies composition from the community formed on the
“creeping” colony of P. repens.

The application of molecular-genetic methods
allowed for the identification of representatives of
protostome animals of the phylum Entoprocta among
organisms associated with P. repens, which is signifi-
cant for the study of aquatic biodiversity. New findings
of Entoprocta in the fauna of water bodies of the Baikal
region indicate that their distribution is broader than
previously assumed.

Acknowledgements

The research was supported by the state proj-
ects 121032300196-8 and 121032300180-7. The
authors thank team of research vessel “Titov” (The
Center for Collective Use «Research vessels Center of
LIN SB RAS on Lake Baikal») for assistance in sam-
pling. Sequencing of the samples was carried out at the
Collective Use Instrument Center for Physicochemical
Ultramicroanalysis of the LIN SB RAS (Center for
Collective Use “Ultramicroanalysis”).



Peretolchina T.E. et al. / Limnology and Freshwater Biology 2025 (3): 268-283

Conflict of interest

The authors declare no conflict of interest.

References

Altschul S.F., Gish W., Miller W. et al. 1990. Basic local
alignment search tool. Journal of molecular biology 215(3):
403-410.

Bolger A.M., Lohse M., Usadel B. 2014.Trimmomatic: a
flexible trimmer for Illumina sequence data. Bioinformatics
30: 2114-2120.

Briski E., Cristescu M.E., Bailey S.A. et al. 2011. Use of
DNA barcoding to detect invertebrate invasive species from
diapausing eggs. Biological Invasions 13: 1325-1340. DOI:
10.1007/510530-010-9892-7

Brusca R., Brusca G. 2003. Invertebrates (2nd Edition).
Sunderland MA: Sinauer Associates.

Bukin Y.S., Kravtsova L.S., Peretolchina T.E. et al. 2022.
DNA metabarcoding of benthic algae and associated eukary-
otes from Lake Baikal in the face of rapid environmental
changes. Vavilov Journal of Genetic and Breeding 26(1):
86-95. DOI: 10.18699/VJGB-22-12

Bukin Y.S., Mikhailov I.S., Petrova D.P. et al. 2023. The
effect of metabarcoding 18S rRNA region choice on diversity
of microeukaryotes including phytoplankton. World Journal
of Microbiology and Biotechnology 39(229): 1-18. DOL:
10.1007/511274-023-03678-1

Dixon P. 2003. VEGAN, a package of R functions for
community ecology. Journal of vegetation science 14(6):
927-930.

Dong Y., Zheng X., Ma Y. et al. 2020. Diversity and com-
munity structure of zooplankton resting eggs in intertidal
mudflats and creeks of an estuary. Journal of Experimental
Marine Biology and Ecology 532: 151446. DOI: 10.1016/j.
jembe.2020.151446

Doyle J.J., Dickson E. 1987. Preservation of plant sam-
ples for DNA restriction endonuclease analysis. Taxon 36:
715-722. DOI: 10.2307/1221122

Emschermann P. 1993. On Antarcrtic Entoprocta:
Nematocyst-like Organs in a Loxosomatid, Adaptive
Developmental Strategies, Host Specificity, and Bipolar
Occurrence of Species. The Biological Bulletin 184(2):
153-185.

Folmer O., Black M., Hoeh W. et al. 1994. DNA Primers
for amplification of mitochondrial cytochrome c oxidase
subunit I from diverse metazoan invertebrates. Molecular
Marine Biology and Biotechnology 3: 294-299.

Fuchs J., Obst M., Sundberg P. 2009. The first compre-
hensive molecular phylogeny of Bryozoa (Ectoprocta) based
on combined analyses of nuclear and mitochondrial genes.
Molecular Phylogenetics and Evolution 52(1): 225-233.

Gontar V.I. 2010. Bryozoans (Bryozoa, Polyzoa,
Ectoprocta) of fresh water bodies of Russia. Altaiskiy zoo-
logicheskiy zhurnal [Altai Zoological Journal] 4: 52-63. (In
Russian)

Hall T. 2011. BioEdit: an important software for molec-
ular biology. Green Earth Research Foundation Bulletin of
Bioscience 2(1): 60-61.

Jiang X., Xie J., Xu Y. et al. 2017. Increasing dominance
of small zooplankton with toxic cyanobacteria. Freshwater
Biology 62(2): 429-443. DOI: 10.1111/fwb.12877

Klass A.L., Sokolova S.E., Kondakov A.V. et al. 2018. An
example of a possible leech-bryozoan association in freshwa-
ter. ZooKeys 794: 23-30. DOI: 10.3897/zookeys.794.28088

Koletic N. 2014. Genetic diversity and gene identification
of freshwater bryozoans in Croatia (Bryozoa: Gymnolaemata,
Phylactolaemata). Graduation Thesis, Faculty of Science,
University of Zagreb, Croatia.

274

Kravtsova L.S., Peretolchina T.E., Triboy T.I. et al.
2021. Study of the diversity of aquatic organisms in the
Listvenichniy Bay of Lake Baikal using DNA metabarcoding.
Genetika [Russian Journal of Genetics] 57(4): 445-453. DOI:
10.31857/50016675821040056 (In Russian)

Kravtsova L.S., Peretolchina T.E., Triboy T.I. et al. 2023.
A study of macroinvertebrate communities in Bolshiye Koty
Bay of Lake Baikal using DNA metabarcoding. Vavilov Journal
of Genetic and Breeding 27(6): 694-702. DOIL: 10.18699/
VJGB-23-80

Kristensen J.H. 1970. Fauna associated with the sipun-
culid Phascolion strombi (Montagu), especially the para-
sitic gastropod Menestho diaphana (Jeffreys). Ophelia 7(2):
257-276.

Littlewood D.T.J., Curini-Galletti M., Herniou E.A.
2000. The interrelationships of Proseriata (Platyhelminthes:
Seriata) tested with molecules and morphology. Molecular
Phylogenetics and Evolution 16(3): 449-466.

Medlin L., Elwood H.J., Stickel S. et al. 1988. The
characterization of enzymatically amplified eukaryotic
16S-like rRNA-coding regions. Gene 71: 491-499. DOL
10.1016/0378-1119(88)90066-2

Okuyama M., Wada H., Ishii T. 2006. Phylogenetic
relationships of freshwater bryozoans (Ectoprocta,
Phylactolaemata) inferred from mitochondrial ribosomal
DNA sequences. Zoologica Scripta 35(3): 243-249. DOL
10.1111/5.1463-6409.2006.00227.x

Protasov A.A. 1994. Freshwater periphyton. Kyiv:
Naukova Dumka. (In Russian)

Quast C., Pruesse E., Yilmaz P. et al. 2012. The SILVA
ribosomal RNA gene database project: improved data pro-
cessing and web-based tools. Nucleic acids research 41(D1):
D590-D596. DOI: 10.1093/nar/gks1219

Raddum G.G., Johnsen T.M. 1983. Growth and feeding
of Fredericella sultana (Bryozoa) in the outlet of a humic acid
lake. Hydrobiologia 101: 115-120.

Ricciardi A., Reiswig H.M. 1994. Taxonomy, distribution
and ecology of the freshwater bryozoans (Ectoprocta) of east-
ern Canada. Canadian Journal of Zoology 72: 339-359.

Rubini A., Pieroni G., Elia A.C. et al. 2011. Novel mor-
phological and genetic tools to discriminate species among
the family Plumatellidae (Phylactolaemata, Bryozoa).
Hydrobiologia 664: 81-93. DOI: 10.1007/s10750-010-0584-1

Ryland J.S. 2005. Bryozoa: an introductory overview. In:
Woss E.R. (Ed.), Moostiere (Bryozoa), pp. 9-20. (in German)

Schwaha T., Wood T.S., Wanninger A. 2010. Trapped
in freshwater: the internal anatomy of the entoproct
Loxosomatoides sirindhornae. Frontiers in Zoology 7: 1-15.

Sklyarova T.V. 1969. Distribution of Urnatella gracilis
Leidy (Kamptozoa) in the Don River. Gidrobiologicheskiy
zhurnal [Hydrobiological journal] 5(4): 107-111. (in Russian)

Serensen J.P., Riber H.H., Kowalczewski A. 1986. Soluble
reactive phosphorus release from bryozoan dominated periph-
yton. Hydrobiologia 132: 145-148.

Taticchi M.I., Pieroni G., Elia A.C. 2008. First find-
ing of Plumatella vaihiriae (Hastings, 1929) (Bryozoa,
Phylactolaemata) in Europe. Italian Journal of Zoology 75(4):
411-416.

Van der Auwera G., Chapelle S., De Wichter R. 1994.
Structure of the large ribosomal subunit RNA of Phytophthora
megasperma, and phylogeny of the oomycetes. FEBS letters
338(2): 133-136.

Vinogradov A.V. 1997. Finding of Urnatella gracilis Leidy
(Kamptozoa) In Volga River. Byulleten’ Samarskaya Luka
[Samara Luka Bulletin] 9: 203-205. (In Russian)

Vinogradov A.V. 2008. Fauna of bryozoans Eurystomata
and Phylactolaemata of Lake Baikal. Vestnik Samarckogo
gosudarstvennogo pedagogicheskogo universiteta [Bulletin
of the Samara State Pedagogical University] 6(1): 19-31. (In
Russian)



https://www.doi.org/10.1007/s10530-010-9892-7
https://www.doi.org/10.18699/VJGB-22-12
https://www.doi.org/10.1007/s11274-023-03678-1
https://www.doi.org/10.1016/j.jembe.2020.151446
https://www.doi.org/10.1016/j.jembe.2020.151446
https://www.doi.org/10.2307/1221122
https://www.doi.org/10.1111/fwb.12877
https://www.doi.org/10.3897/zookeys.794.28088
https://www.doi.org/10.31857/S0016675821040056
https://www.doi.org/10.18699/VJGB-23-80
https://www.doi.org/10.18699/VJGB-23-80
https://www.doi.org/10.1016/0378-1119(88)90066-2
https://www.doi.org/10.1111/j.1463-6409.2006.00227.x
https://www.doi.org/10.1093/nar/gks1219
https://www.doi.org/10.1007/s10750-010-0584-1

Peretolchina T.E. et al. / Limnology and Freshwater Biology 2025 (3): 268-283

Waeschenbach A., Taylor P.D., Littlewood D.T.J. 2012.
A molecular phylogeny of bryozoans. Molecular phylo-
genetics and evolution 62(2): 718-735. DOIL: 10.1016/j.

Wickham H. 2011. ggplot2. Wiley interdisciplin-
ary reviews: computational statistics 3(2): 180-185. DOIL:
10.3354/meps07322

ympev.2011.11.011

White T.J., Bruns T., Lee S. et al. 1990. Amplification
and direct sequencing of fungal ribosomal RNA genes for phy-
logenetics. In: Innis M.A., Gelfand D.H., Sninsky J.J. et al.
(Eds.), PCR Protocols: A Guide to Methods and Applications.
NY Acad. Press, pp. 315-322.

275

Wood T. 2002. Freshwater bryozoans: a zoogeographical
reassessment. In: Jackson P.N.W., Buttler C.J., Jones M.E.S.
(Eds.). Bryozoan studies 2001. Lisse, Abington: A. A. Balkema
Publishers, pp. 339-345.

Wood T.S. 2005. Loxosomatoides sirindhornae, new spe-
cies, a freshwater kamptozoan from Thailand (Entoprocta).
Hydrobiologia 544: 27-31. DOI: 10.1007/s10750-004-7909-x



https://www.doi.org/10.1016/j.ympev.2011.11.011
https://www.doi.org/10.1016/j.ympev.2011.11.011
https://www.doi.org/10.3354/meps07322
https://www.doi.org/10.1007/s10750-004-7909-x

Limnology and Freshwater Biology 2025 (3): 268-283 DOI:10.31951/2658-3518-2025-A-3-268

OpuruHanbHan craTbf

JykapuoTnueckue coobuiecrsa [ IMNOLOGY
npecHoBOAHbIX MwaHokK (Phylactolaemata: | orrvaTrR

Plumatellidae) BaMkanbCKOro peruoHa BIOLOGY
P

[lepetonmuuna T.E.'*", lllep6akosa A.A.!, CHTHUKOBa T.A4.1°,
ApensmuH P.B.% Bykus [0.C.!

I TumHostoeuyeckuti uHcmumym Cubupckozo omdesteHus Poccutickoti akademuu Hayk, ys. YaaH-Bamopckas, 9. 3, Hpkymck,
664033, Poccusa
2 Hpxymckuii eocydapcmeeHHblil yHugepcumem, yi. Cyxa-Bamopa, 9. 5, Hpkymck, 664025, Poccua

AHHOTALIUA. Metogom AHK merabapkoauHra Ha ocHoBe 18S pPHK mccienoBaHo pasHooOpasue
€000IIeCTB OPTAaHU3MOB, ACCOMMPOBAHHAIX C MITaHKaMU. [1oJiydeHHbIe pe3yJIbTaThl CBU/IETEIbCTBYIOT
0 TOM, YTO JJI KaXJOro BH/Ia MIIAHOK, COCYIIECTBYIOMINX B HEMOCPEACTBEHHOU OJIM30CTU APYT OT
Apyra, CBOMCTBEHHO CBOe0Opa3HOe COOOIIECTBO aCCOIUMPOBAHHBIX C HUMU 3YKapUOT, COCTaB KOTOPOTO,
BEPOSITHO, 3aBUCUT OT (GOpMHI KoJioHHI. COOOIIEeCTBO, aCCONUMPOBAHHOE C «KyCTHUCTOW» KOJIOHUEN
Plumatella sp. oka3anoch 60jiee pa3HOOGPA3HbIM, 1 OTJINYAJIOCH IO BUAOBOMY COCTaBy OT COOOIIECTBA,
copmupoBaBIIerocsi Ha «CTeJIIONencsa» KoJaoHuu P. repens. Ha «KyCTUCTBIX» MIAHKAX Mpeobsagaiu
auaTroMoBble Bogopociau (60%) u undysopuu (22%), a Takke 30J0TUCTBIE Bogopocau (4%), TUAPHL
(3%), xutpuauomuriets (1,6%), kosioBpaTtku (1%). Ha «cTeJmomnielics» MITaHKe 0OHapYKeHbI OJHOKJIE-
TOYHbIe BogopocsH (32%), nuHodarenarsl (27%), anukomiuiekcs (10,6%), Apyrue KJIacChl IPOCTEN-
mux (ame6b1, 3BrJIeHH U Ap.) (4,6%), 13 6eCII03BOHOYHBIX XXKUBOTHHIX ITpeobsiaganu kobuyathie (12,5%)
U JIeHTOuHbIe (4%) 4epBu, MOJUTIOCKU (3%); oOHapyXeHbl IIpeCTaBUTE N IIEPBUYHOPOTHIX KUBOTHBIX
tuna Entoprocta, koTopeie paHee He OBLIM OTMeYeHBI B BofoeMax balikabCKOro peruoHa.

Kiouegwie ciioga: IHK metabapkoaunr, 18S pPHK, ITS1-5.85-ITS2, COI, 16S pPHK

s nmutupoBanus: Ileperonunna T.E., Illep6akoBa A.A., CutHukoBa T.f., Agensumud P.B., Bykun 10.C. DykapuoTuueckue
coobmiecTBa nmpecHoBoAHBIX MmaHOK (Phylactolaemata: Plumatellidae) Baiikansckoro pervioHa // Limnology and Freshwater
Biology. 2025. - Ne 3. - C. 268-283. DOI: 10.31951/2658-3518-2025-A-3-268

1. Beepenne 13 3000UJI0B, B KOTOPHIX BHIJIEJIAIOT [[BA OT/iejia — MAT-

KU MOJIUMIK/]] C BEHYMKOM IIyTaJjieln] 1 XeJJaTUHU3UPO-
BaHHBIN (WM XUTWHU3WUPOBAHHBIN) IUCTUL, SBJIAIO-
IIUIACS DK30CKEJIETOM, B HEro BTATUBAETCSA MOJIMIUL.
BHYTpHU BeHUMKa IynaJiel] HaXOAUTCS POTOBOE OTBEP-
CTUe, IPUKPBHITOE SMMCTOMOM.

Cpenu dunakrosiemMaTr Haubosiee pasHOOOPA3HO
ceMm. Plumatellidae Allman, 1856, HacuMTHIBawIee
4 poma u Oosiee 20 BaJIMOHBIX BHUIOB, U3 KOTOPBIX
HauOoJiblllee YHMCJIO TNPUHAJIEXUT poay Plumatella
Lamark, 1816. [{nia mpecHsix Bog Poccun otmeueHO 7
ByuoB poja (I'ontapp, 2010), Tpu U3 HUX BCTPEYEHHI B
BarikaisckoMm permnone (Bunorpagos, 2008).

OduakTosIeMaThl HEPeOKO JOMUHUPYIOT Cpenu
ruapoOHOHTOB. B psAae ciydaes, Kak aKkTUBHbIE (DUIIb-
TPaTOPHI, IPU OOMJIBHOM Pa3BUTHU UTPAIOT OTPOMHYIO
poJsib B camoounineHuu Bogoema (IIportacos, 1994).
PazmMep KOJIOHUI BappUpPyeT OT HECKOJIBKUX MUJI-

Mmanku (tun Bryozoa) mpuHaiexar KOJIOHU-
aJIbHBIM KUBOTHBIM, BEeIYIIUM HPUKPEIIEHHBIN 06pa3
xu3HU. CesiATca Ha J10O0M TBepAOM cyOcTpaTe — 3aTO-
HyBIIlelN JpeBecrHe, MakpoduTax, KaMHAX, IJIACTUKE,
MOoJIMATUJIEHE U Jp. HekoTophie BHIb 00pacTaOT
nuuma kopabsen (F'oraTtaps, 2010).

B Tume BrIAEAIOT TpU Kiacca: Phylactolaemata
(TloxperTopoTthie), Stenolaemata (Y3kopoTele) u
Gymnolaemata (Tosopotsie). Phylactolaemata BxJtio-
YaeT OAWH OTPsAJ, CeMb CEMENCTB U 0KoJio 70 BHUAOB,
00OHTAINX UCKITIOYNTEJIFHO B ITpecHbIX Bogax (Ryland,
2005). TIpeacTaBuTe M 3TOTO KJIacca MIMPOKO PacIpo-
CTpaHEeHHI TI0 BCEMY MUPY, 32 UCKJIIOUEHNEM TOJIAPHBIX
obslacTell, U HaceJAKT JIEHTUYeCKHe U JIOTHYecKue
SKOCHUCTEMBI, HEKOTOPBIE BUIbI CYUTAIOTCS KOCMOIIOJIH-
tamu (Wood, 2002). KosioHuu ¢hpuaakTojemMaT COCTOAT
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JIMMEeTPOB A0 JeCATKOB CaHTHMeTpoB. MX OBICTPHII
POCT MOXeT IIPUBeCTH K BBHICOKOM Omomacce OeHTOca.
Takum 00pa3oM, MIIaHKU TaKXe UrpaioT BaXXHYIO POJIb
B KpyroBOpoTe MNUTaTeJbHBIX BemlecTB (Sgrensen et
al., 1986). IIpecHOBOHbIE MIIAHKA MOTYT OOPa30BHI-
BaTh accolyalyy C APYIMMU MIIaHKaMy, IyOKamu,
rupouilaMi W JUYMHKaMu pyderiHUKoB (Ricciardi
and Reiswig 1994). Hx koJIoOHUU OGeCIeynBalT cpeny
obuTaHuA Ji pa3IMYHbIX MeJIKUX OpraHUu3MOB, TAaKUX
KakK KOJIOBpATKH{, IJIJaHapWHM, HeMaToAbl, aHHEJIWJBI,
MOJUIIOCKHM, TacTpOTPUXH, KONEeNOoAbl, TapAWrpajbl,
JMYUHKA HaceKoMbix, kjemyd u 1p. (Raddum and
Johnsen, 1983; Ricciardi and Reiswig, 1994).

Bugsl Plumatella imeroT pasHble 1o ¢dopme u
pasMepaM KOJIOHMM, YTO IIO3BOJIAET Ipeanojararb
CyIlleCTBOBaHME PasJMYHBEIX II0 COCTaBy COOOMIECTB,
acCcOLMMPOBAaHHBIX C TeJIOM KOJIOHMH. J[J1A mpoBepKu
9TOH I'MNOTe3bl Mbl HCIIOJIb30BaJI COBPEMEHHEIN MoJie-
KyJiapHO-TeHeTHnueckuii Mmeron — JIHK meTabapkoauHr,
KOTOpBIH MO3BOJIAET UAEHTU(PULINPOBATh TaKCOHOMHU-
YecKUM cocTaB cooblecTBa MyTeM aMIUIMUKaNuud U
BBICOKOIIPOM3BOAUTEJIBHOIO CEeKBEHUPOBAHUA IOCJe-
JloBaTeJIbHOCTeNl MapKepHBIX IeHOB. MeTabapKOOUHT
€o00I1IeCcTB, acCCOLMMPOBAHHAIX C ONpefesIeHHbIM Opra-
HU3MOM, N03BOJIAET TakXe IpeAnosiararb MeXxaHU3Mbl
Y TUMNBI B3aUMOAENCTBUI MeXJy pasHbIMHU Ipynnamu
OPraHu3MOB U UX BO3MOXHYIO 3KOJIOTHUYECKYIO POJIb B
COOOIIeCTBe.

JHK meTabapKoJUHT € HCIOJIb30BaHUeM ¢par-
MeHTa reda COI ycnemHo npyuMeHseTcs NpU Ucceqo-
BaHUU co0O1IecTB 6eCrI03BOHOYHEIX XUBOTHBIX B OyXTe
6ospmnie KoTsl 1 JIicTBeHUYHOM 3asuBe o3epa batikan

(KpaBuosa u ap., 2021; Kpasuosa u ap., 2023). Kpome
TOT0, 3TOT METO]] M0Ka3asl cBol0 3P GbeKTUBHOCTD NpU
rcceoBaHUM pa3sHOOOpasysi OpraHM3MOB, acCOLHU-
POBaHHBIX C 3eJIEHBIMU BOJOPOC/ISIMU Ha OCHOBe ¢par-
MeHTa reda 18S pPHK (Bykun u fp., 2022), a Takxe
IpUMeHsJICA IPU HCCIIeJOBAaHUN MUKPO3YKapHUOTHYe-
CKHUX IJIAHKTOHHBIX cooOijecTB Batikana (Bukin et al.,
2023).

Llespio paboThl OBUIO MCCIENOBAaTh U CPABHUTH
CcoCTaB COOOLIECTB JyKAapUOTHYECKUX OPraHU3MOB,
accOLMUPOBAHHBIX C ABYMs BUJaMU MIIAHOK, o6UTalo0-
[IMX CUMITATPUYECKU U pa3INdanmuxcs Mopdooruei
KOJIOHUM.

2. MaTtepuanbl U METOADI.

Kosionnu MmaHOK ObLIM cOOpaHBl C 3aTOILJIEH-
HOU ApeBecuHH B ycThe p. Tommyna (ceBep o3. batikan,
55,12122° N 109,753418° E) B 2022 rogy (Puc. 1).
B6su3u ycThA AOJMHA peKU MMeeT XapakTep 3a00JI0-
YeHHO! paBHUHBI, M3pe3aHHOI MHOI'OYHMCJIeHHBIMU
IIPOTOKaM¥, 3apOoCHIMMU Makpoduramu U ¢ OOJIBIMINUM
KOJIN4eCTBOM 3aTOIIEHHBIX OpeBeH. [1ouTu Ha Kaxa0M
M3 HUX BCTpeyanch MilaHku. KosioHum coGpaHBl ¢
OAHOT0 3aTOIJIEHHOI0 OpeBHa, YTOObI MCKJIIOYUTD BJIU-
sAHMe MeCTOOOMTaHHs Ha TaKCOHOMUYECKUI COCTaB
OpraHu3MoOB, aCCOLIMMPOBAaHHBIX C HUMHU.

[IprxusHenHsle  ¢ortorpaduu  pparmMeHTOB
xostoHu#l (Puc. 1) chenaHbl moj CTepeocKONMUYecKrUM
mukpockoriom MCII-1 (OAO «JIoMo»), OCHaleHHBIM
nudpoBoii poTokamepoit Levenhuk C800.

p.Tomnyga

Puc.1. A — doro ycrba p. Tomnyaa; Kapra o3. Batikan ¢ ykaszaHHoi# Toukoil c6opa; C, D — mprxuzHeHHOe HOTO KOJIOHUIT

mimaHok. C — Plumatella sp.; D — P. repens. Macmrta6 — 1 MM.
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JHK skcTrparupoBaHa IO NPOTOKOJY, ONMCAH-
HoMy Jo#iiom u dukcoH (Doyle and Dickson, 1987).
[Ipenapatsl JHK 1A nocieyoiiero ceKBeHUpOBaHUA
no CsHrepy moJjiydyeHbl K3 HeOoJIbIINX (parMeHTOB
KOJIOHUH, KOTOpble IIpeABapUTesIbHO TIIATeJIbHO OYM-
mjany, yToObl n30exaTh KOHTaMUHAIMY OpraHu3Mamu,
obuTtaromumu Ha MmaHkax. IHK aia metabapkoauHra
SKCTparupoBaji u3 60JbHMX (PparMeHTOB KOJIOHUH
(o mATH qJIA KaXIoro BHAA).

Bce nostyuenHsle npenapatsl JJHK 6b011 amMIuim-
¢punupoBaHbel. Ammndukanus OpoBeJeHa C IIOMO-
mpio Habopa peaktuBoB BioMaster HS-Taq PCR Kit
(Biolabmix, Poccus), corjlacHo peKoMeHAalusaM Ipo-
U3BOAUTENA. YCJIoBUA aMIUIMGUKaAlUU U CTPYKTypa
npaiiMepoB MpuBefieHsbl B Tabiuie 1.

[IpoayKTHl peakliiy NpOaHaIU3UPOBAHEI 3JIEK-
Tpodoperndecku B 1%-HoM arapo3Hom rese. B ciyudae
MeTabapkoauHra, [1IP-npoaykTsl 06beAUHAIN B OAHY
MpOOHPKY [JIA KaXXJ0ro BUAA.

depMmeHTaTHUBHAasA OYMCTKA NPOAYKTOB IpOBe-
JeHa ¢ moMoupl0 KoMMepueckoro Habopa ExoSAP-IT
express (Thermo Fisher Scientific, CIITIA) coryiacHo mpo-
TOKOJIy, PEKOMEeHOBaHHOMY IIPOU3BOAUTEJIEM.

CexBeHupoBaHue Mapkepos COI n 16S mt/JHK
n ITS1-5.8S-ITS2 a/THK nmpoBeeHO Ha reHETUYECKOM
anammzatope «<HAHO®OP 05» ¢ nomomipio Habopa pea-
reHnToB Brilliant Dye Terminator (v.3.1) Sequencing kit
(NimaGene, Tosutanpus). HyxkiieotugHble nocjefo-
BaTeJIbHOCTH OTPeJaKTUPOBAaHBl M BBIPOBHEHH B IIPO-
rpamme BioEdit (Hall, 2011).

TakcoHOMHYECKyI0 IIPUHAAJIEXXHOCTh UCCieaye-
MBIX MIIaHOK omnpenesanu Merogom JJHK 6apkoaguHra
¢ nomounipio Mapkepos COI, 16S mt/IHK u ITS1-5.85-
ITS2 adHK. [enuMmutanus TakCOHOB IIpoBefeHa C
noMolIIpio Be6-Bepcun nporpamMMbl ASAP, mocTymHOI
mo cceuike: https://bioinfo.mnhn.fr/abi/public/asap/.
B xauecTBe Mepbl FeHeTHYeCKUX pacCTOSAHUIN HUCII0JIb30-
BaJy p-AWCTaHIMU. JIONOJIHUTEIbHO U3 6a3bl JaHHBIX
GenBank npuBJieyeHB HYKJIEOTUIHbIE TTOCTIEA0BATEb-
HOCTHU pa3HbIX BUJOB ceM. Plumatellidae mo mapkepam
COlI, 16S u ITS1-5.8S-ITS2 (Tabaura 2).

JHK meTabapKoAUHT acCOLUNPOBAHHBIX C MIIIaH-
KO 3ykapuoT nposefieH 1o reHy 18S pPHK c momorisio
HaHOIIOPOBOTO CEKBEHHWPOBaHUA C MCIOJIb30BaHUEM
nopratuBHoro J[HK-cekBeHatopa MinION (Oxford
Nanopore Technologies). KauecTBo moJIyuyeHHBIX IPO-
YTeHUl IIpoBepeHO ¢ mnoMombio nporpamMmsl FastQC.
[TocsiemoBaTesIbHOCTH OTCOPTUPOBAHBEI IO KAaueCTBY B
Trimmomatic-0.32 (Bolger et al., 2014), ana aHanu3a
BBIOpaHBHI IT0CJIeJ0BATEJIBHOCTH CO CPeJHUM KauyeCcTBOM
npoureHus 6osiee 12 6asuioB. UaeHTuduKanus nocie-
JloBaTeJIbHOCTel mpoBoAusachk no 6ase JaHHbIX SILVA
(Quast et al., 2012). B aHaysM3e HUCIOJIB30BaHA BEpCUs
6a3pl 138.2, 13 KOTOpPOH ObLIM M3BJIEUeHBl MOJHOpPAa3-
mepHble ¢dparmeHTHl 18S pPHK. CpaBHeHue pacmud-
pOBaHHBIX (parMeHTOB AaMILUIMKOHHON OHOJINOTEKU
¢ 6azoii SILVA mpoBogujach ¢ IMOMOIIbIO aJirOPUTMa
BLASTn (Altschul et al., 1990) ¢ napameTpamu word_
size = 25, gapopen = 2, gapextend = 1, reward =
1, penalty=-1. BrelOpaHHBI Juana3oH IapaMeTpOB
[I03BOJIAET WAeHTU(PUIMPOBATh MOCJIEJOBATEIbHOCTU
aMIIMKOHOB C HU3KOM CTelleHbIo POJICTBAa CO CpaBHUBA-
eMoli 6a3oi naHHbIX. [TocinenoBaTensHoCcTh 18S pPHK
aMIUIMKOHAa cuuTajach WAeHTUUIMPOBAaHHON IIpU
mapameTpax BelpaBHuBaHUI E-value < 0,00001 u bit
score = 50, 4To XapakTepusyeT HecJlydaliHoe coBIaje-
Hue. Bee nocnenosaresnsHocTu 18S pPHK amninkoHa,
KapTupywiuecs no pesysjabrataM BLASTn BeipaBHUBa-
HUI Ha OHY U TyXe IOocJieloBaTeJIbHOCTh 6a3bl SILVA
6b11u crpynnuposaHsl B OTE (onepanroHHasA TaKCOHO-
muueckas equnuia). [IpencrasienHocts OTE B mpobe
XapaKTepu3oBajlach KOJIMYeCTBOM NPUXOAUBIINXCA Ha
Hero npouteHuii 18S pPHK ammukoHa.

PesyibpTaThl BHU3yalu3upoOBaHbl B BHJle TUCTO-
rpaMMmbl, Ha kotopoli OTE oObeAuHeHBI B TaKCOHBI
BBICOKOI'O paHra.

CraTtucTuyeckasgd  CXOOUMOCTb  Pe3yJIbTaTOB
OIleHKM TaKCOHOMUYECKOro pasHooOpas3us oxapakre-
pH30BaHa C IOMOIIBI0 KPUBBIX HACHIIEHUA U MHAEKCA
Chaol (unpmekc oxumaemoro umcia OTE B mpo6ax).
I'paduueckoe cpaBHeHHe pa3HOOOpasys COOOIECTB
IIPOBOJIUJIOCH C IOMOIIBbI0 KPUBBIX TaKCOHOMUYECKOTO

Ta6sauna 1. Ycaosusa aMmindukanui U CTPyKTypa npaiiMepoB.

MUHYT Ha IIEPBOM I[HKJIE),
oTxur npatimepoB — 50°C - 60c, 3J10HTa-
U HyKJileoTUAHOU 1enu — 72°C — 60c
(10 MuHyT Ha IOCIeHeM IUKJIe)

ITS1-5,85-1TS2

I'en YcaoBusa ammiudpukanuu, 30 CTpyKTypa npaiiMepoB CepLiku
IMKJIOB
COI nenarypanua JIHK: 95°C — 40c (5 LCO01490 (f) 5-GGT CAA CAA ATC | Folmer et al.,

ATA AAG ATATTG G -3’ 1994
HCO2198 (r) 5-TAA ACT TCA GGG
TGA CCA AAA AAT CA-3

ITS1 (f) 5-TCC GTA GGT GAA CCT White et al.,

oTxur npaiiMepos: 55°C - 60c, 3JI0HTa-
U HyKJIeoTuHOoH nenu: 72°C — 60c
16S (10 MuHYT Ha IocaeHeM IUKJIe)

GCG G-3’ 1990
ITS4 (r): 5’-TCC TCC GCT TAT TGA
TAT GC-3’
18S nenarypanua JHK: 95°C — 60c (5 EukA (f) 5’-ACC TGG TTG ATC CTG | Medlin et al.,
MHHYT Ha IIEPBOM I[HKJIE), CCA GT-3’ 1988

EukB (r) 5-TGA TCC TTC TGC AGG
TTC ACC TAC-3’

ZX-1-F 5’-ACC CGC TGA ATT TAA |Van der Auwera

GCA TAT-3’ et al., 1994
LSUD-R 5-ACG GAA TGA ACT CAA | Littlewood et
ATC ATG TAA G-3’ al., 2000
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Ta6smmna 2. CiicoK TaKCOHOB, MCIOJIb30BAHHBIX JJIA AEJIMMUTALIMYI TAKCOHOB ¢ HOMepaMH Jjoctyna B GenBank u cchuikamu.

HaszBaHue BHUAA COI GB# CchLIKHA ITS1-5,8S-ITS2 CchLIKHU 16S GB# CchLIKU
GB#
Plumatella fungosa KF805632 Dash and GU733426 Rubini et al., 2011 | AB365624 |Hirose et al., 2011,
(Pallas, 1768) Vasemagi, 2014, HeoIy6JINKOBAaHO
HeOoMyOJIMKOBAaHO
MH286272 |Klass et al., 2018 - - - -
Plumatella repens FJ196105 Fuchs et al., GU733417 Rubini et al., 2011 | AB365622 |Hirose et al., 2011,
(Linnaeus, 1758) 2009 HeonyOJIMKOBaHO
- - EU377576 |Taticchi et al., 2010, - -
Heony0JIMKOBaHO
Plumatella vaihiriae - - EU377577 |Taticchi et al., 2010, AB365625 |Hirose et al., 2011,
(Hastings, 1929) Heony0JIMKOBaHO Heony0JIMKOBAaHO
Plumatella casmiana | KJ024813 Koletic, 2014 EU377579 |Taticchi et al., 2010, GQ343297 | Briski et al., 2011
Oka, 1907 Heony0JIMKOBaHO
- - - - AB365629 | Hirose et al., 2011,
HEeOIyDJIMKOBAHO
Plumatella rugosa - - GU733418 Rubini et al., 2011 | AB365623 |Hirose et al., 2011,
Wood, Wood, Geimer Heomy6JIMKOBaHO
& Massard, 1998
Plumatella viganoi - - GU733422, Rubini et al., 2011 - -
Taticchi 2010 GU733421,
GU733420
Plumatella - - GU733423 Rubini et al., 2011 - -
geimermassardi Wood - - EU377578  |Taticchi et al., 2010, - -
and Okamura, 2004
HEeOIy0OJIMKOBAaHO
Plumatella emarginata - - GU733424 Rubini et al., 2011 | JN681057 | Waeschenbach et
Allman, 1844 al., 2012
- - - - AB365623 | Hirose et al., 2011,
HeomnyOJIMKOBAaHO
- - - - GQ343296, | Briski et al., 2011
GQ343300,
GQ343301
Plumatella reticulata - - GU733425 Rubini et al., 2011 - -
Wood, 1988
Plumatella vorstmani - - - - AB365634 |Hirose et al., 2011,
Toriumi, 1952 HeoITy6JINKOBAaHO
Plumatellidae sp. KU720129 Jiang et al., - - - -
2017
KX620051 [Dong et al., 2020 - - - -
Hyalinella punctata KJ024814 Koletic, 2014 EU377580 |Taticchi et al., 2010, AB365631 |Hirose et al., 2011,
(Hancock, 1850) Heony0JIMKOBaHO HeonyOJIMKOBAHO
- - GU733427, Rubini et al., 2011 | DQ305342 Okuyama et al.,
GU733428 2006

obunsa ¢ y4eToM TOro, 4YTo 4eM MeJJIeHHee KpHuBas
CTPEMUTCA K HYJII0, TeM pa3HooOpa3Hee COOOIIeCTBO.
PasHooOpasue wucciaefyeMblx COOOIIECTB OlleHHBaJIN
¢ nomMomnipio nHAekca IllemHoHa. Bce cTatucThueckue
pacueTnl M rpaduveckas BU3yaJu3alUsa Pe3yJibTaToB
MpOBe/IEHH C MCII0JIb30BaHUeM nakeTa «Vegan» (Dixon,
2003) u «ggplot2» (Wickham, 2011) mgya cpeznsl mpo-
rpammupoBaHus R.

3. Pe3ynbTaTthbl

[To BHemHEMy CTPOEHMIO 300UJOB U KOJIOHUMH,
vccjefyeMble MIIAHKK OTHECEHH K JIBYM BHJaM pojia
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Plumatella (Puc. 1). JnsA KaXAgoro BUAA MOJIyYeHO IO
JIBe HYKJIEOTHHBIE TOCJIEAOBATEILHOCTU AJIA MapKe-
poB COI (629 m.H.), 16S (439-440 n.H.), ITS1-5.8S-
ITS2 (738-742 1n.H.) U NENOHUPOBAHO B 6a3y AaHHBIX
GenBank ¢ Homepamu fgoctymna: PQ766342-PQ766343,
PQ771669-PQ771670 (COI); PQ770921-PQ770922,
PQ772041-PQ772042 (ITS1-5.8S-ITS2); PQ774235-
PQ774238 (168S).

Ilo pe3sysbTaTaM MAEJIUMHUTALUM TAaKCOHOB C
HCIIOJIb30BAaHUEM TpeX MOJIEKYIAPHO-TEHETUYECKUX
MapKepoB MINAHKY CO «CTEJIIOI[UMCS» TUIIOM KOJIO-
HuM oTHecau K Plumatella repens (Linnaeus, 1758), B
TO BpeMsA KaK MIIAHKY C «KyCTHCTBIM» THUIIOM KOJIO-
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Humn (Plumatella sp.) He yAajioch TOYHO OMNpPEAETUTDH
[0 BHUJA, U3-3a OTCYyTCTBUsA JOCTATOYHOTO KOJIMYecTBa
HYKJIEOTHIHBIX MOcJiefoBaTebHOoCcTel B GenBank. ITo
¢parmenTy 16S mTIHK cecTpuHCKUM BUAOM JJIs1 3TON
MIIAHKU sBJsieTcsA P. emarginata Allman, 1844 (rene-
TUYeckas AUCTaHIUA cocTaBuiia 2% HYKJIEOTUAHBIX
3ameH), a no ITS1-5.8S-ITS2 ona okasayiach OJiM3Ka
K P. vaihiriae (Hastings, 1929) (reHeTnyeckas JUCTaH-
uus 0,4% 3amen). ITo dparmenty rena COI genumura-
LIUI0 TAKCOHOB IIPOBECTU He yaJIOCh U3-3a OTCYTCTBUSA
HYKJIEOTUIHBIX IOCJIe[loBaTe/IbHOCTel P. emarginata u
P. vaihiriae B GenBank.

HcxomHble HAOOPHI JaHHBIX MIOCJIe HAHOIIOPOBOTO
cekBeHUpoBaHua reHa 18S pPHK Brximouanu 44771
nocjegoBaresibHOCcTel 1A Plumatella sp. u 51057 —
nns P. repens, nociie GuiabTpanyy no KauecTsy Habopsl
Bxmouyanu 19027 u 21762 mnociiefoBaTeIbHOCTEMH,
COOTBETCTBEHHO, U3 KOTOPBHIX OBLIM CHOPMHPOBAHBL
OTE. OnuHounsle OTE (mpeacTaBieHHOCTh MeHbllle 4
Konuii Ha npoOy) He MpUHUMAJIUCh B pacueT. B urore,
nis Plumatella sp. naentuduiuposado 299 OTE, miA
P. repens — 33 OTE.

'paduky ¢ KpUBBIMU HACHIIIEHUS U TaKCOHO-
MHYecKoro obusus mpejicraByieHs Ha Puc. 2. Kpusbie
HachIIeHs OJi9 000UX BUIOB BBIXOJIAT Ha ILJIATO, YTO
MOATBEPXK/aeT pe3yJbTaT, KaK CTAaTHUCTUYECKU JI0CTO-
BepHBIH. OX1/JaeMoe Y1CJIO TAKCOHOB, PACCUUTAHHOE C
nomoInbio uHaekca Chaol, coBmagaer ¢ GpakTUyecKuM
pe3yJybTaToM BhifeseHHBIX OTE.

Hnpexc 6uopazHooOpasus IlleHHoOHa il cO06-
IIECTBA, ACCOIMUPOBAHHOIO C «KYCTHUCTON» MIIAHKOM
Plumatella sp., cocraBun 4,1, a co «cresmomencsa» P.
repens — 2,8.

TakcoHOMMYECKU cocTaB (B MPOLIEHTHOM COOT-
HOIlIleHNH) 00OouX cOoOOIIecTB, IpejcTaBjieH Ha Jua-
rpamMe (Puc. 3). B cocraBe coobmiecTB oTmeueH 21
TAaKCOH BBICOKOr0 paHra. Ha «KyCTHUCTBIX» MIIaHKaX
npeobJiaganu guaTtoMoBsle Bogopociu (60%), nady-
3opuu (22%), a Takxe 30JI0THCTBIE Bogopociu (4%) u
ruaps (3%). Kpome Toro, B 3T0I npobe oOHapy>XeHbI
xutpuauomuiiets (1,6%), sABaAOmMecs Mapa3uTaMu
BoJiopocsieil 1 6ecrno3BOHOYHBIX XXUBOTHBIX. Takxke
cpely OpPraHU3MOB, aCCOLIMMPOBAHHBIX C «KYCTHCTOU»
MIIaHKOM, ObLIM KoJioBpaTku (1%), BO3MOXHO, IpU-

BJIEKaeMble GOJIBIINM KOJIMYEeCTBOM UHGY30PUA, OTHO-
KJIETOYHBIX BOAOPOCJEN U GaKTepuil, KOTOPHIMU OHU
MMUTAIOTCA.

Ha «cTemomielicsa» MilaHke Omopa3HooOpasue
MeHbIe. [Ipeobiagasu OSHOKJIETOYHBIE BOAOPOCIHU
(32%) u guHodmaremsATe (27%), BCTpeUyaJCh amu-
komiuiekch (10,6%), ABJsoLMecs MapasuTaMu 6ecrio-
3BOHOYHBIX XUBOTHBIX U JIPYyTU€ KJIACCHl MPOCTEUIINX
(ame6n1, sBryieHsl u 1p.) (4,6%). Cpeau 6Gecrio3Bo-
HOYHBIX XUBOTHBIX Mpeobsagaii KOJIbYaThle YepBU
(12,5%), nmenTounsle uepBu (4%) u mosumocku (3%).
OOGHapyXeHbl TaKXKe HYKJIEOTUAHBIE TOCIIEI0BATETBHO-
CTU MEPBUYHOPOTHIX XKUBOTHBIX THMa Entoprocta.

4. 06cyxpenue

B yctee pexku Tommnyza, Bnafamwoiieil B Baiikar,
BBIABJIEHO CUMIATpHiecKoe o0MTaHUe IBYX reHeTude-
cku ganekux (16% sameH nmo COI, 9% mo ITS1-5.8S-
ITS2, 4% mno 16S) BumoB poaa Plumatella. Oqun u3 HUX
— P. repens, mMpOKO paclpoCTpaHeH B BOJOEMAax yMe-
peHHoM 30HBL [pyroii Bug — Plumatella sp. — mo map-
kepy ITS1-5.8S-ITS2 oka3zasicsa reHeTU4YeCKH CXOAHBIM
(0,4% 3amen) c Plumatella vaihiriae (Hastings, 1929),
KOTOPBI OBLT OMKCaH U3 o3epa Ha 0. Tautu u obHapy-
xkeH B o3epax l'aBaiieB, ApreHTuHnl, Taiinanpga, CIIA
(Taticchi et al., 2008). ITo mapkepy 16S (2% 3ameH)
Plumatella sp. siBJisieTcsA CeCTPUHCKUM K P. emarginata,
pacnpocrpaHeHHOMY B EBpasun, CeBepHoOil AMepuKe U
HoBoii 3eranauu. CiiefyetT OTMETUTD, UTO IIPUCYTCTBUE
P. emarginata otrMeuasiocb paHee u B DbalikasbckoM
peruoHe (Bunorpaznos, 2008), oqHako ob6HapykeHHbIe
HaMHM MIIAaHKU [0 YPOBHIO TeHeTHYeCKUX OTJINYUH,
CKOpee BCero, MpeJ/ICTaBJIAIT COO0I caMOCTOATEIbHBIN
BUJ (BO3MOXHO, HOBBIU AJIA HAyKU), OAJIs TOUHOU Tak-
COHOMUYECKOH MJeHTH(PUKALNYI KOTOPOTo HEOOXOAUM
Mopdosornueckuil aHaIu3 cTaTobJ1acToB.

CoBMecTHOe ofuTaHue 2 BHIOB MIIAHOK Ha
omHOM cyOcTpaTe, He SBJIAETCA YHUKIBHBIM JIS
Baiikaseckoro pervoHa, Hampumep Taticchi et al.
(2008) mokaszanu coBMecTHOe oburtauue P. vaihiriae ¢
P. fungosa (Pallas, 1768), a TakXe NpeJCTaBUTEJIAMU
Victorellidae Hincks, 1880 B o3epax Utammmu.

Plumatella sp.
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HccetoBaHHbBIE MIITAHKY UMEIOT Pa3HBIE (POPMBI
KOJIOHUM: P. repens, B COOTBETCTBUM C Ha3BAHUEM, —
MOJI3yYas WA CTeJImasca — oOpa3yeT BETBUCTHIE
TpyOKH, IIJIOCKO CTeJoIuecs mo cyoerpary, Plumatella
Sp. UMeeT TpyOuaThie pa3BeTBJIEHHbBIE 300U Ibl, BHICOKO
MoHUMAIOIIKeEeCs HaJ cyOcTparoM (IO TUIy KycCTa).
Msb1 oOHapyXWiM, 4YTO MJIA KaXAoro Buia CcocCylle-
CTBYIOLIMX MIIAHOK CBONCTBEHHO CBOeoOpa3Hoe co00-
IIECTBO ACCOIMUPOBAHHBIX C HUMM 3YKAapHOT, COCTaB
KOTOPOT'O, BEpPOATHO, 3aBUCUT OT (POPMBI KOJIOHUM.
Coo0111eCTBO OPraHU3MOB, aCCOLIMUPOBAHHOE C «KYCTHU-
ctoii» Plumatella sp., okazajioch HAMHOTO pa3sHOOOpas-
Hee (uHpekc IlleHHOHAa 4,1) coobmecTBa, acco-
[UMPOBAHHOTO C KOJIOHUEW «CTeJIomencs» P. repens
(uapekc IllenHoHa = 2,8) KaK MO COCTaBy TaKCOHOB
BBICOKOI'O paHra, Tak ¥ 1o unciy noMmuHupyoumumx OTE.
OTO MOXeT OBITh CBA3aHO C TEM, YTO CTPYKTYPaA «KYCTH-
CTOI» KOJIOHUM (POPMUPYET MPOCTPAHCTBA MEXAY 300-
UAaMu ¢ MUKPOCPEJION, OJarompusaTHOU Uil obuTa-
HHUA pa3HOOOpa3HbIX 3NMOMOHTOB. K 300uaM MIIaHOK
JIETKO KPEMATCSA Pa3JINYHbIe TMAaTOMOBBIE BOJIOPOCIIU, O
yeM CBUETEbCTBYET MPUXOSAIIeecs HAa HUX OOJIbIIoe
KOJIMYeCTBO mpouTeHuil. Ha cresomelicss KOJIOHUU,
OuopasHooOpa3ue 3HAUYUTEJbHO HUXe. BceTpeuarrtca
KpYIHBIE 6€CITIO3BOHOYHBIE, KOTOPBIE, BO3MOXHO, MTUTa-
I0TCsI CaMO¥ MIIIAHKOI, mpocTelimue Tuna Apicomplexa,
SIBJIAIOIINECS Mapa3uTaMy 0eClIO3BOHOYHBIX.

HHTepecHOI HaXOAKOU cTajio OOHapyXeHuUe mnep-
BUYHOPOTHIX XXMBOTHBIX THHa Entoprocta Nitsche, 1870
wiu Kamptozoa Cori, 1929 (BHyTpunopomuieBsie Uin
Crubaromuecs), KOTOpble paHee He OBbLIM OTMEYEHBI
B BojoeMax BalKaJbCKOTO pPErrmoHa. JTU XUBOTHHIE
BHEITHE HANIOMUHAKT THUAPOUJIHBIX U MIIAHOK, BEOYT
MpUKpeIJIEeHHBI! 00pa3 XW3HH, XMUBYT IOOAMHOYKE
WA B KOJIOHUAX, pa3Mep OJHOTO OpraHusma 1-5 mm.
BHyTpUIIOpOIIUIIEBEIE Yallle BCETO SBJIAIOTCSI KOMMEH-
cajlaMu Ha 6eCITO3BOHOYHBIX, TAKUX KaK ryOKu, HEMO/-
BUXKHBIE KOJIbYAThIE YEPBU, PAKOBHHBI MOJLITIOCKOB
n MmaHky (Brusca and Brusca, 2003; Emschermann,
1993; Kristensen, 1970; Wood, 2005). Bo3aM0XxHO, «CTe-

mQOstracoda

HCryptomycota

B Labyrinthulomycetes

mEntoprocta
Rotifera
Cryptophyta
Chlorophyta

B Ascomycota

M Porifera
Chytridiomycota

® Mollusca

H Hydrozoa
Nemertea
Ochrophyta

M Protozoa
Apicomplexa

M Annelida
Ciliophora

M Dinoflagellata
Unicellular Chlorophyta

W Diatoms

P. repens
Puc.3. I'ucrorpamma pacmpefesierns OTE o TakcoHaMm Bbicokoro paHra ajist Plumatella sp. u P. repens.
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Jonasaca» ¢GopMa KOJIOHUM P. repens mo3BoJiseT IpU-
KpemiAThesA NpefcTaBuTesiaM Entoprocta, a TOK BOJEL,
co3fiaBaeMbiil jododopaMu MIIAHKH, oOJierdaeT ux
nutaHue. [TockosbKy IpefcTaBUTENd AAHHOIO THIA
KpaliHe MaJio M3y4eHbl, B 6a3ax JaHHBIX [IPaKTUYECKU
HeT nHbopManuy 06 UX HyKJIEOTUAHBIX II0CIeJoBaTeIb-
HOCTAX, I03TOMY HJeHTHU(DUKAIMIO YaJI0Ch IPOBECTU
TOJIPKO Ha YPOBHe TaKCOHa BhIcOKoro paHra (Entoprocta:
Barentsiidae Emschermann, 1972). B HacTosiIlee BpeMs
n3zBectHo okojsio 200 BumoB Entoprocta BkIIIOUar-
IMUX CUOAYMX, OAUHOYHBIX (ceMm. Loxosomatidae) win
koJioHnasbHbIX (ceM. Loxokalypodidae, Pedicellinidae
u Barentsiidae), B OCHOBHOM MOPCKHX OpPTaHH3MOB.
M3BecTHO Bcero ABa BHJA, KOTOphle OOUTAIOT B IIpec-
HBIX Bojax: Loxosomatoides sirindhorne Wood, 2005
(cem. Loxosomatidae) u Urnatella gracilis Leidy, 1851
(cem. Barentsiidae). ITpuuem apeau L. sirindhorne orpa-
anueH Taimangom (Wood, 2005; Schwaha et al., 2010),
B TO BpeMs Kak U. gracilis, n3HaYaJIbHO OMMCAHHBIN KaK
CeBepoaMepUKaHCKUI BUJ, paclIpocTpaHeH Ha BceX
KOHTHUHEHTaX, KpoMe AHTapkTuzsl (Brusca and Brusca,
2003), obnapyxeH B pekax [on (CxysipoBa, 1969) u
Bosira (Bunorpamos, 1997). Bo3aM0XXHO, UMEHHO 3TOT
By Entoprocta BcTpedaeTcs B BogoeMax batikaabckoro
pervoHa, XoTs 3TO IpeAIoJIokKeHne TpebyeT mposese-
HUA JleTaJIbHOT0 MOpP()OJIOruieckoro aHasmsa.

JAHK meTabapKOOAWHI C HCIOJIb30BaHMEM TIeHa
18S pPHK okasanca >¢p@PeKTUBHBIM METOAOM [JiA
HccjieloBaHuA pasHooOpas3us acCOLMUPOBAHHBIX C
MILIAaHKaMU 3yKapUOTUYeCKUX cO0DIIecTB, 0 YeM CBH/e-
TeJIbCTBYeT HIMPOKUI CIeKTP BBIABJIEHHBIX TaKCOHOB.
I'paduky HacelmeHUA U OOWJINSA, a TaKKe UHAEKC OXU-
JlaeMOT0 YrcJia BUJOB B pobax Chaol moATBepKaaOT
CTaTUCTUYECKYI0 JOCTOBEPHOCTh pe3ysibTara. Tem He
MeHee, cjleflyeT oOpaTUTh BHMMaHHe, YTO IIPU HaHO-
IIOPOBOM CEKBEHUPOBAHUU He HCKJII0YeHBl OMMOKHU B
BUJle BCTABOK U JieJielllii HyKJIEOTHIOB B IOCJIeIoBa-
tespHOCTAX 18S pPHK. Ananus pesynbratoB BLASTn
BBHIPAaBHMBAHUH IOCJIEJOBATEIbHOCTEN aMILJIMKOHOB C
6a3on maHHbX SILVA mokasasi, 4TO B HEKOTOPHIX CJIy-
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yasAx cTelleHb CXOACTBa MeXy [Tocjae0BaTeIbHOCTAMU
18S pPHK, Baprupymwoias B npefenax ot 99% mgo 97%,
omnpefesAiach TOJIBKO HajauyueM OJHOOYKBEHHBIX
BCTaBOK U Jejielnii, a He HyKJIeOTUJHbIMHU 3aMeHaMu,
YTO MCKJIIOYEHO IIPU CeKBEHHPOBAHUU KOPOTKUX ¢par-
MeHTOB Ha matdopmax tuna Ilumina. JanHywo oco-
6eHHocth mnopratuBHoro JIHK-cexkBeHaTopa MinION
(Oxford Nanopore Technologies) ciienyeT yuuThBaTh B
JasibHelleM pa3paboTdyukaM MpOrpaMMHOro obecrie-
4yeHUs JIA aHajIu3a aMILIMKOHOB IIpU MeTabapKOANH-
TOBBIX HCCJIE[JOBAaHUAX.

5. BoiBOABI

PesynbpraTe JJTHK metabapkoaunra no rety 18S
pPHK BpIABUIN cnenPUYHOCTh COCTaBa acCCOLUUPO-
BaHHBIX C MIIAHKaMH JyKapUOTHYeCKUX COOOILIecTs.
ITokazaHo, 4yTO opmMa KOJIOHHI HMeeT KPUTHYeCKoe
3HavyeHue 1 GOpMHUPOBaHUA UX BUAOBOro Oorarcraa.
CoobmecTBOo, accouurpoBaHHoe ¢ Plumatella sp., nme-
I0IIero «KyCTHUCTYI0» (opMy KOJIOHWM, ropasfo pas-
HooOpasHee, U OTJIMYAETCA IO BUAOBOMY COCTaBy OT
coobiecTBa, copMHpOBaBIIErocsa Ha «CTeJIIoLelicsa»
KoJioHuU P. repens.

[IpuMeHeHMe MOJIEKYJIAPHO-TeHeTHYeCKUX MeTO-
JI0B TIO3BOJIMJIO BBIABUTH Cpei OPraHu3MOB, acCOLMU-
POBaHHBIX C P. repens npejcraBuTesiell IepBUYHOPOTHIX
kUBOTHBIX Entoprocta, 4yTo mpencTaByisieT MHTepecC C
TOYKHU 3peHus n3ydeHusa 6uopasHooOpas3us BOJOEMOB.
Hosrle Haxonku nepBUYHOPOTHIX Entoprocta B coctase
dayns! BomoeMoB balikasibCckoro pernoHa CBUAETeb-
CTBYIOT O TOM, YTO MX apeaJs LMpe, 4eM IpeAroJiara-
Jloch paHee.

bAaaropapHoCTH

PaGora BhINOJIHEHa NpU MHOAAEpXKe O KeT-
HBIX IpoekToB 121032300196-8 u 121032300180-
7. ABTOpH BBIpaXaloT OJlarogapHOCTb KOMaHfe
HUC «Turos» (LKII «l{eHTp KOMILJIEKCHBIX CyIOBBIX
ucciefoBaHuil batikana») 3a nomonib B oT6ope mnpoo.
CexBeHHpOBaHUe 00pa3LoB IpoBeaeHO B IIpubopHOM
LIeHTpe KOJUIEKTUBHOIO II0JIb30BAHUA (PU3NKO-XUMU-
yeckoro yJjpTpaMukpoaHanusza JIMH CO PAH (LIKII
«YJIbTpaMHKpOaHaJIN3»).

KoHpAUKT UHTEpecoB

ABTOpHI 3asBJIAIOT 06 OTCYTCTBHM KOHQIIMKTA
HWHTEPECOB.

Cnucok AuTeparypbl

Altschul S.F., Gish W., Miller W. et al. 1990. Basic local
alignment search tool. Journal of molecular biology 215(3):
403-410.

Briski E., Cristescu M.E., Bailey S.A. et al. 2011. Use of
DNA barcoding to detect invertebrate invasive species from
diapausing eggs. Biological Invasions 13: 1325-1340. DOL:
10.1007/510530-010-9892-7

Bolger A.M., Lohse M., Usadel B. 2014.Trimmomatic: a
flexible trimmer for Illumina sequence data. Bioinformatics
30: 2114-2120.

282

Brusca R., Brusca G. 2003. Invertebrates (2nd Edition).
Sunderland MA: Sinauer Associates.

Bukin Y.S., Mikhailov I.S., Petrova D.P. et al. 2023. The
effect of metabarcoding 18S rRNA region choice on diversity
of microeukaryotes including phytoplankton. World Journal
of Microbiology and Biotechnology 39(229): 1-18. DOL
10.1007/511274-023-03678-1

Dixon P. 2003. VEGAN, a package of R functions for
community ecology. Journal of vegetation science 14(6):
927-930.

Dong Y., Zheng X., Ma Y. et al. 2020. Diversity and
community structure of zooplankton resting eggs in intertidal
mudflats and creeks of an estuary. Journal of Experimental
Marine Biology and Ecology 532: 151446. DOI: 10.1016/j.
jembe.2020.151446

Doyle J.J., Dickson E. 1987. Preservation of plant samples
for DNA restriction endonuclease analysis. Taxon 36: 715-
722. DOI: 10.2307/1221122

Emschermann P. 1993. On Antarcrtic Entoprocta:
Nematocyst-like Organs in a Loxosomatid, Adaptive
Developmental Strategies, Host Specificity, and Bipolar
Occurrence of Species. The Biological Bulletin 184(2):
153-185.

Folmer O., Black M., Hoeh W. et al. 1994. DNA Primers
for amplification of mitochondrial cytochrome c oxidase
subunit I from diverse metazoan invertebrates. Molecular
Marine Biology and Biotechnology 3: 294-299.

Fuchs J., Obst M., Sundberg P. 2009. The first
comprehensive molecular phylogeny of Bryozoa (Ectoprocta)
based on combined analyses of nuclear and mitochondrial
genes. Molecular Phylogenetics and Evolution 52(1): 225-233.

Hall T. 2011. BioEdit: an important software for
molecular biology. Green Earth Research Foundation Bulletin
of Bioscience 2(1): 60-61

Jiang X., Xie J., Xu Y. et al. 2017. Increasing dominance
of small zooplankton with toxic cyanobacteria. Freshwater
Biology 62(2): 429-443. DOI: 10.1111/fwb.12877

Klass A.L., Sokolova S.E., Kondakov A.V. et al. 2018. An
example of a possible leech-bryozoan association in freshwater.
ZooKeys 794: 23-30. DOI: 10.3897/zookeys.794.28088

Koletic N. 2014. Genetic diversity and gene identification
of freshwater bryozoans in Croatia (Bryozoa: Gymnolaemata,
Phylactolaemata). Graduation Thesis, Faculty of Science,
University of Zagreb, Croatia.

Kristensen J.H. 1970. Fauna associated with the
sipunculid Phascolion strombi (Montagu), especially the
parasitic gastropod Menestho diaphana (Jeffreys). Ophelia
7(2): 257-276.

Littlewood D.T.J., Curini-Galletti M., Herniou E.A.
2000. The interrelationships of Proseriata (Platyhelminthes:
Seriata) tested with molecules and morphology. Molecular
Phylogenetics and Evolution 16(3): 449-466.

Medlin L., Elwood H.J., Stickel S. et al. 1988. The
characterization of enzymatically amplified eukaryotic
16S-like rRNA-coding regions. Gene 71: 491-499. DOL
10.1016/0378-1119(88)90066-2

Okuyama M., Wada H., Ishii T. 2006. Phylogenetic
relationships of freshwater bryozoans (Ectoprocta,
Phylactolaemata) inferred from mitochondrial ribosomal
DNA sequences. Zoologica Scripta 35(3): 243-249. DOI:
10.1111/j.1463-6409.2006.00227.x

Quast C., Pruesse E., Yilmaz P. et al. 2012. The SILVA
ribosomal RNA gene database project: improved data
processing and web-based tools. Nucleic acids research
41(D1): D590-D596. DOI: 10.1093/nar/gks1219

Raddum G.G., Johnsen T.M. 1983. Growth and feeding
of Fredericella sultana (Bryozoa) in the outlet of a humic acid
lake. Hydrobiologia 101: 115-120.



https://www.doi.org/10.1007/s10530-010-9892-7
https://www.doi.org/10.1007/s11274-023-03678-1
https://www.doi.org/10.1016/j.jembe.2020.151446
https://www.doi.org/10.1016/j.jembe.2020.151446
https://www.doi.org/10.2307/1221122
https://www.doi.org/10.1111/fwb.12877
https://www.doi.org/10.3897/zookeys.794.28088
https://www.doi.org/10.1016/0378-1119(88)90066-2
https://www.doi.org/10.1111/j.1463-6409.2006.00227.x
https://www.doi.org/10.1093/nar/gks1219

lMepemonyuHa T.E. u dp. / Limnology and Freshwater Biology 2025 (3): 268-283

Ricciardi A., Reiswig H.M. 1994. Taxonomy, distribution
and ecology of the freshwater bryozoans (Ectoprocta) of
eastern Canada. Canadian Journal of Zoology 72: 339-359.

Rubini A., Pieroni G., Elia A.C. et al. 2011. Novel
morphological and genetic tools to discriminate species
among the family Plumatellidae (Phylactolaemata, Bryozoa).
Hydrobiologia 664: 81-93. DOI: 10.1007/s10750-010-0584-1

Ryland J.S. 2005. Bryozoa: an introductory overview. In:
Woss E.R. (Ed.), Moostiere (Bryozoa), pp. 9-20. (in German)

Schwaha T., Wood T.S., Wanninger A. 2010. Trapped
in freshwater: the internal anatomy of the entoproct
Loxosomatoides sirindhornae. Frontiers in Zoology 7: 1-15.

Sgrensen J.P., Riber H.H., Kowalczewski A. 1986. Soluble
reactive phosphorus release from bryozoan dominated
periphyton. Hydrobiologia 132: 145-148.

Taticchi M.I., Pieroni G., Elia A.C. 2008. First
finding of Plumatella vaihiriae (Hastings, 1929) (Bryozoa,
Phylactolaemata) in Europe. Italian Journal of Zoology 75(4):
411-416.

Van der Auwera G., Chapelle S., De Wéachter R. 1994.
Structure of the large ribosomal subunit RNA of Phytophthora
megasperma, and phylogeny of the oomycetes. FEBS letters
338(2): 133-136.

Waeschenbach A., Taylor P.D., Littlewood D.T.J.
2012. A molecular phylogeny of bryozoans. Molecular
phylogenetics and evolution 62(2): 718-735. DOI: 10.1016/j.
ympev.2011.11.011

White T.J., Bruns T., Lee S. et al. 1990. Amplification
and direct sequencing of fungal ribosomal RNA genes for
phylogenetics. In: Innis M.A., Gelfand D.H., Sninsky J.J. et al.
(Eds.), PCR Protocols: A Guide to Methods and Applications.
NY Acad. Press, pp. 315-322.

Wickham H. 2011. ggplot2. Wiley interdisciplinary
reviews: computational statistics 3(2): 180-185. DOIL:
10.3354/meps07322

Wood T. 2002. Freshwater bryozoans: a zoogeographical
reassessment. In: Jackson P.N.W., Buttler C.J., Jones M.E.S.

283

(Eds.). Bryozoan studies 2001. Lisse, Abington: A. A. Balkema
Publishers, pp. 339-345.

Wood T.S. 2005. Loxosomatoides sirindhornae, new
species, a freshwater kamptozoan from Thailand (Entoprocta)
Hydrobiologia 544: 27-31. DOI: 10.1007/s10750-004-7909-x

bykun 10.C., Kpasuosa JI.C., [lepetosmuuna T.E. u 1p.
2022. JHK-meTabapkoAuHr 6€HTOCHBIX BOAOPOCIIEN U acco-
[MMPOBAHHBIX C HUMH 3YKapuoT 03. Ballkay B yCJIOBHAX
OBICTPBIX JKOJIOTMYECKUX H3MeHeHUH. BaBuyioBckuil xyp-
Haj reHeTuku u cejekiuu 26(1): 86-95. DOI: 10.18699/
VJGB-22-12

BunorpagoB A.B. 1997. Haxoxpaenue Urnatella gracilis
Leidy (Kamptozoa) B Bosre. Brojuterenp Camapckas Jlyka 9:
203-205.

Bunorpagos A.B. 2008. ®ayna mmanok Eurystomata u
Phylactolaemata o3epa Baiikaj. BectHuk Camapckoro rocy-
JlapCTBEHHOI'0 Ilejarorunyeckoro yHusepcurera 6(1): 19-31.

Tontapp B.M. 2010. Mmasku (Bryozoa, Polyzoa,
Ectoprocta) mpecHbix BofoeMoB Poccuu. Asraiickuil 300J10-
ruyeckuii xypHaua 4: 52-63.

KpaBuosa JI.C., Ileperosuuna T.E., Tpuboit T.U. u
ap. 2021. HccrnepoBaHue pasHooOpasuss THAPOOMOHTOB
JlucTBeHHUYHOrO 3ajiBa o3epa baiikan ¢ ucrosb3oBaHUeM
JHK-metabapkoaunra. I'eneruxa 57(4): 445-453. DOI:
10.31857/50016675821040056

Kpasuosa JI.C., Ileperosuuna T.E., Tpuboit T.U. u ap.
2023. HccnemoBaHue cooOIIecTB MaKpoOeCclo3BOHOYHBIX
XUBOTHBIX B OyxTe Bonbmirie KoTel o3epa Baiikan ¢ ncnoss-
3oBanueM JIHK wmerabapkoauHra. BaBUJIOBCKUI XKypHasl
reHeTUKM U cejeknuu 27(6): 694-702. DOI: 10.18699/
VJGB-23-80

IIpotacoB A.A. 1994. IIpecHoBoanbI! nnepuduToH. Kues:
HaykoBa gymka.

CkispoBa T.B. 1969. Pacnpoctpanenue Urnatella gracilis
Leidy (Kamptozoa) B peke [oH. I'nipoGHOIOTMYECKUI XKYP-
Has: 5(4): 107-111.



https://www.doi.org/10.1007/s10750-010-0584-1
https://www.doi.org/10.1016/j.ympev.2011.11.011
https://www.doi.org/10.1016/j.ympev.2011.11.011
https://www.doi.org/10.3354/meps07322
https://www.doi.org/10.1007/s10750-004-7909-x
https://www.doi.org/10.18699/VJGB-22-12
https://www.doi.org/10.18699/VJGB-22-12
https://www.doi.org/10.31857/S0016675821040056
https://www.doi.org/10.18699/VJGB-23-80
https://www.doi.org/10.18699/VJGB-23-80

Limnology and Freshwater Biology 2025 (3): 284-297 DOI:10.31951/2658-3518-2025-A-3-284

Original Article

Decoding the Infl_uence of Water Quality [IMNOLOGY
and Seasonal Shifts on Phytoplankton FRESHWATER
Communities in Eastern Indian Freshwater BIOLOGY

Waterbodies -

Garai S.’, Mondal A.', Dey 1., Bose R.!?, Pal R.'*

! Department of Botany, University of Calcutta, 35 Ballygunge Circular Road Kolkata 700019, West Bengal, India

2 Department of Botany, Rajendra University, Prajna Vihar, Balangir, Odisha 767002, India

3 Department of Chemical Engineering, Indian Institute of Technology Guwahati, Amingaon, North Guwahati, Guwahati, Assam
781039, India

ABSTRACT. This study presents a comparative analysis of phytoplankton dynamics and ecological sta-
tus across two freshwater ponds in Birbhum, West Bengal, India, for the two years (from April 2020
to March 2022). The two study sites included a fish cultivation pond (S1) and an agricultural waste
pond used for irrigation (S2). Phytoplankton productivity and environmental parameters, including
chlorophyll-a content, temperature, pH, dissolved oxygen (DO), biological oxygen demand (BOD), gross
primary productivity (GPP), net primary productivity (NPP), and nutrient levels (nitrate, phosphate,
ammonia, silicate, and chloride) were monitored. Both sites were exposed to similar temperature ranges
(12°C to 38°C), but S2 was more alkaline than S1. Chlorophyll-a content ranged from 1.84 to 5.78 mg/L
in S1 and 1.22 to 3.68 mg/L in S2. Nutrient concentrations peaked during post-monsoon period, sup-
porting enhanced phytoplankton growth, and were minimum in summer for both sites. Principal com-
ponent analysis revealed that nitrate, phosphate, and silicate were primary influencers for S1, while pH,
nitrate, phosphate, ammonia, and chloride were influential for S2. GPP and NPP emerged as common
factor in both ponds. Correlation analysis indicated that chlorophyll-a in S1 was positively associated
with nitrate, phosphate, silicate, and GPP-NPP, whereas, in S2, it correlated positively with pH, nitrate,
phosphate, ammonia, and chloride. The post-monsoon season exhibited the highest phytoplankton
diversity, dominated by chlorophycean species in S1 and Euglenophyceae in S2, the latter likely due to
elevated ammonia levels.

Keywords: Phytoplankton dynamics, physicochemical parameters, nutrient variation, correlation coefficient, PCA
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1. Introduction Gwddada (2015) reported temperature, total phospho-

rus and nitrate to play major roles in phytoplankton
dynamics of reservouirs throughout the year. Bose et al.
(2016) investigated phytoplankton diversity from dif-
ferent ecological niches of West Bengal, like freshwater
lotic & lentic ponds, oligotrophic and eutrophic water
bodies, shallow and deep lakes, and recorded more
than 70 microplanktonic taxa belonging to 11 families
of Cyanobacteria and 11 families of Chlorophyta. After
a thorough study on Santragachi Lake of West Bengal,
Barinova et al. (2012) revealed that phytoplankton
density became high with increasing temperature and
nutrients, where Chlorophycean species dominated
over Euglenozoa species during the post-monsoon
but minimum during the monsoon period. Bhavya et
al. (2016) recorded ammonia as a preferred substrate

Phytoplankton growth and productivity con-
trolled by environmental parameters indicated the eco-
logical status of ponds and wetlands used for various
purposes (Singha Roy et al., 2018, Dey et al., 2021).
They are the chief primary producers and efficient
bio-indicators for water quality assessment (Brraich
and Kaur, 2015). In an aquatic ecosystem, the base of
the food chain is maintained by phytoplankton popula-
tion (Tas and Gonulal, 2007). Seasonal variation of pro-
ductivity and diversity of phytoplankton are influenced
by different physical, chemical and biological parame-
tersand therefore play a significant role in fish growth
and diversity in a particular ecosystem (Angelini and
Petrere, 2000; Saifulla et al., 2016). Kaparapu and
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for phytoplankton growth both in estuary and coastal
waters. Nag and Gupta (2014) analysed physicochem-
ical parameters of some waste ponds in and around
Santiniketan of Birbhum district and reported huge
variation in physicochemical parameters due to anthro-
pogenic activities. Several authors (Ghosh et al., 2012;
Saifulla et al., 2016; Singha Roy et al., 2018) reported
positive relation of phytoplankton density with tem-
perature and nutrients. Choudhury and Pal (2010) also
reported growth of phytoplankton to be positive with
dissolved oxygen, salinity and pH and negative with
nitrate, silicate, and BOD in the marine environment.

Seasonal variation of phytoplankton production
was reported by several authors. Choudhury and Pal
(2011, 2012) concluded that the growth of blue-green
and green algal populations were maximum during
warmer conditions of summer and monsoon months
and diatom population dominated in autumn and win-
ter in estuary water. They found that the total phy-
toplankton density was highest in winter and lowest
during monsoon seasons due to dilution of phytoplank-
ton cells by rainwater. After investigation on a lentic
water body in Howrah district Ghosh and Keshri (2011)
reported highest phytoplankton diversity and distribu-
tion during pre-monsoon and lowest in monsoon. After
a thorough study from coastal waters, Vajravelu et al.
(2018) reported maximum phytoplankton population
density during pre-monsoon and minimum during mon-
soon. After a thorough study from freshwater ponds
of the Hooghly district, Halder et al. (2019) reported
that dissolved oxygen, electrical conductivity, pH, light
intensity and inorganic phosphorus have important
roles in occurrence of microalgal taxa and dominance
of chlorophycean members throughout the year.

This research offers a thorough examination
of the dynamics of phytoplankton in two divergent
freshwater ecosystems, emphasizing the influence of
environmental conditions and nutrient availability
on the structure and productivity of the community.
This research employs a comparative approach, which
enables us to distinguish the ecological responses and
phytoplankton dynamics of a fish cultivation pond
(Site S1) and an agricultural runoff pond (Site S2) that
are located in the same region, in contrast to previous
studies that have primarily concentrated on individual
water bodies only. From this background knowledge, it
has been found that a very few studies have done till
now about the fresh water phytoplankton diversity in
relation to nutrient parameters from Birbhum district
with laterite soils of eastern India. Thus, an initiative
has been taken to determine the phytoplankton produc-
tivity in relation to Chlorophyll-a content with several
environmental parameters of two different fresh water
ecosystems of Birbhum district in West Bengal- one is
used for fish cultivation (S1) and another one for agri-
cultural purposes (S2) surrounded by agricultural field.

2. Material and methods
2.1. Study area

Surface water samples were collected from two
physiologically different freshwater ponds located in
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Birbhum district, West Bengal, India (Fig. 1). Study Site
1 (S1) is the Gangasagar pond in Bolpur, primarily used
for freshwater fish cultivation (Latitude: 23°39’8” N to
23°39’12” N; Longitude: 87°41’59”E to 87°42’3”E; Total
Area: 15,625 m?). This pond retains a stable water level
year-round, with an average depth of 1.5 + 0.5 meters,
supported by seasonal rainfall and groundwater inputs.
The surrounding area is sparsely vegetated, mostly with
grasses and aquatic plants, which contribute to habitat
structure and nutrient cycling. The pond is subject to
occasional organic matter input from fish feed and local
vegetation, impacting water chemistry. Study Site 2
(S2) is an agricultural runoff pond (Latitude: 23°40’12”
N to 23°40’16” N; Longitude: 87°42’48” E to 87°42’52”
E; Total Area: 14,640 m?), with an average depth of 1.3
+ 0.5 meters. This pond receives nutrient-rich agricul-
tural runoff from nearby cropland, especially following
the monsoon season, which elevates levels of nitrate,
phosphate, and other nutrients. Surrounding this pond
are fields of rice, mustard, and other seasonal crops that
contribute varying levels of sediment and agrochemical
residue.

Both sites experience a subtropical monsoon
climate, with significant temperature variation (12°C -
38°C annually) and distinct wet (June to September) and
dry seasons. Rainfall predominantly during the mon-
soon season affects water quality and nutrient input,
influencing phytoplankton dynamics. Additionally, dif-
ferences in the primary use of these ponds—fish cul-
tivation for S1 and agricultural runoff collection for
S2—result in distinct water quality profiles, ecological
processes, and seasonal productivity patterns.

2.2. Phytoplankton sampling and
identification

Phytoplankton samples were collected from both
ponds every 15 days over a two-year period (April
2020 - March 2022), capturing seasonal variations
across Summer, Monsoon, Post-monsoon, and Winter.
To ensure consistent sampling conditions, all water
samples were collected between 8:00 and 10:00 AM,
a timeframe chosen to reflect typical diurnal activity
levels of phytoplankton and minimize fluctuations due
to photosynthetic variation.

Sampling was conducted at the surface layer (0.5
meters depth) to capture the phytoplankton commu-
nities that thrive in the photic zone. Using a 20-liter
water sampler, 100 litre of water was collected at each
site by retrieving five 20-liter subsamples (20 L X 5
= 100 L total). These subsamples were then pooled
and filtered through a 20 um mesh phytoplankton net
to concentrate the phytoplankton biomass, ensuring a
representative collection of the community structure
at each site. Sampling was performed in triplicate to
increase data reliability.

The retained phytoplankton biomass was gently
rinsed off the net and combined into a single sample
for each site and sampling time. Samples were imme-
diately centrifuged to further concentrate the biomass,
then preserved with 4% neutralized formaldehyde to
maintain cellular integrity for subsequent analysis.
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Fig.1. A-Location of study sites B,C Site 1 (S1) and D,E Site 2 (S2).

For microscopic examination, a 200 ul aliquot of
the concentrated sample was placed on a glass slide,
covered with a cover slip, and examined under a com-
pound microscope (Carl Zeiss Axiostar) at magnifica-
tions of 10X, 40X, and 100X. Phytoplankton were iden-
tified by morphology and other distinctive features,
following standard taxonomic references (Phlipose,
1967; Prescott, 1961; Prescott, 1982; Desikachary,
1989; Komarek and Anagnostidis, 2005; Das and
Adhikary, 2014), and cross-verified using Algaebase
(Guiry and Guiry, 2002) for confirmation.
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2.3. Physico-chemical parameter analysis

Water samples were collected from both sites
and immediately filtered through a 20 pm phytoplank-
ton net to remove large particulates and debris. The
filtered water samples were then transferred to PVC
amber bottles to minimize light exposure and prevent
any photochemical changes. Samples were insulated in
ice buckets and promptly transported to the laboratory
to minimize alterations in water quality parameters.
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Upon arrival, several key physicochemical
parameters were measured following standard proce-
dures outlined by APHA (2000). Water temperature
was recorded in situ using a calibrated glass mercury
thermometer (Labworld, -10°C to 110°C) at the sam-
pling depth (0.5 meters), while pH was measured
on-site with an Ionix digital pH meter, ensuring imme-
diate and accurate readings.

Dissolved Oxygen (DO) was measured using
Winkler’s iodometric titration method, known for its
accuracy in assessing oxygen concentration directly
in the field. Biochemical Oxygen Demand (BOD) was
determined by incubating the samples at 20°C for 5
days, following the APHA standard protocol, to assess
the organic load in each pond.

In the Ilaboratory, nutrient concentrations
(nitrate, nitrite, phosphate, ammonia, silicate, and
chloride) were analyzed using spectrophotometric
methods. These nutrient levels provided insights into
the eutrophic conditions of the ponds and were crucial
for understanding phytoplankton growth patterns and
seasonal dynamics.

Gross Primary Productivity (GPP) and Net
Primary Productivity (NPP) were measured using the
light and dark bottle method, which involves incubat-
ing samples for 3 hours under natural light conditions
to estimate photosynthetic rates. Samples for GPP and
NPP were incubated at pond temperature and light lev-
els, simulating natural conditions for accurate produc-
tivity measurements.

Chlorophyll-a content, an indicator of phyto-
plankton biomass and productivity, was determined
by the Arnon (1949) method. This involved acetone
extraction, followed by spectrophotometric analysis at
specified wavelengths to estimate chlorophyll concen-
tration in each sample.

2.4. Correlation coefficient and PCA
analysis

To investigate the relationship between phy-
toplankton community dynamics and environmental
parameters, statistical analyses were performed on the
collected data. Pearson and Spearman correlation anal-
yses were used to examine associations between vari-
ous physico-chemical factors (e.g., nitrate, phosphate,
ammonia, silicate, chloride, pH, dissolved oxygen) and
phytoplankton abundance and diversity metrics, such
as chlorophyll-a concentration. Pearson correlation was
applied for parameters with normal distributions, while
Spearman correlation was used for parameters with
non-normal distributions to capture a broader range of
relationships. Principal Component Analysis (PCA) was
conducted to reduce the dimensionality of environmen-
tal variables and identify the key factors contributing
to seasonal changes in phytoplankton communities.
This analysis highlighted the primary variables influ-
encing productivity and diversity, differentiating key
nutrients and other conditions between the two ponds.
Additionally, stepwise regression models were applied
to determine the influence of environmental variables
on gross and net primary productivity (GPP and NPP)
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and chlorophyll-a content across seasons. These regres-
sion models helped quantify the relative impact of each
physico-chemical factor on phytoplankton growth pat-
terns and productivity.

Statistical analyses were conducted using
GraphPad Prism (version10.10) with significance levels
set at p < 0.05. This comprehensive approach allowed
for a detailed understanding of how seasonal shifts and
nutrient availability drive phytoplankton community
dynamics in these freshwater ponds.

3. Results
3.1. Phytoplankton Diversity and
Composition

A total of 47 phytoplankton species were identi-
fied in Site 1 (S1), a fish cultivation pond, whereas Site
2 (82), an agricultural waste pond, exhibited a lower
diversity with 24 species (Table 1). The percentage
composition of different phytoplankton groups across
the two sites is illustrated in Figures 2a and 2b. In S1,
Chlorophyceae emerged as the dominant group, consti-
tuting 59% of the phytoplankton population, followed
by Bacillariophyceae (23%) and Cyanophyceae (14%).
Minor contributions came from Conjugatophyceae
(2%) and Euglenophyceae (2%). Contrastingly, S2
exhibited a higher representation of Euglenophyceae
(33%), making it the second most dominant group
after Chlorophyceae (42%). Cyanophyceae (17%)
and Bacillariophyceae (8%) were present in smaller
proportions, with Conjugatophyceae being virtually

Percentage of Phytoplankton members recorded from Site-I

Euglenophyceae
2%

Cyanophyceae
14%
Conjugatophyceae
2%

Chlorophyceae
59%

Percentage of Phytoplankton members recorded from Site-II

Chlorophyceae
42%

Bacillariophyceae
8%

Fig.2. Abundance of different phytoplankton groups in
2a. Site-1, 2b. Site-2.
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Table 1. Phytoplankton taxa present in Site 1 and Site 2 in different season.

Systematic Position Name of the Species Site-1 Site-2
Sum | Mon | Post- | Win | Sum | Mon | Post- | Win
Mon Mon
Class-Cyanophyceae

Order-Synechococcales | Merismopedia elegans var. major 3 1 2 2 0 0 0 0
Merismopedia tenuissima 3 1 2 2 0 0 0 0
Aphanocapsa elachista 1 0 0 1 0 0 0 0
Coelosphaerium dubium 2 0 0 1 0 0 0 0
Planktolyngbya contorta 2 1 2 1 0 0 0 0
Planktolyngbya circumcreta 2 1 1 1 0 0 0 0
Synechococcus elongatus 1 0 0 1 1 0 1 2
Order-Chroococcales | Microcystis aeruginosa 0 0 0 0 2 0 3 2
Order-Oscillatoriales | Arthrospira platensis 2 1 3 1 0 0 0 0
Pseudoanabaena sp 0 0 0 0 1 0 1 1

Class-Chlorophyceae

Order-Chlorococcales

Chlorococcum humicola
Monoraphidium contortum
Monoraphidium circinale
Kirchneriella lunaris
Tetraedron regulare var. minus
Tetraedron minimum
Tetraedron muticum
Tetraedron caudatum var. longispinum
Tetraedron triangulare
Lemmermannia tetrapedia
Oocystis lacustris

Treubaria schmidlei

Willea rectangularis

Willea apiculata

Order-Sphaeropleales

Monactinus simplex

Pediastrum simplex

Pediastrum duplex var. genuinum
Scenedesmus acutus var. globosus
Scenedesmus bijuga

Scenedesmus quadricauda
Scenedesmus denticulatus
Scenedesmus disciformis
Scenedesmus dimorphus
Scenedesmus acuminatus
Coelastrum astroideum
Desmodesmus armatus var. bicaudatus
Tetrastrum staurogeniaeforme

Golenkinia radiata

Order-Chlorellales

Chlorella vulgaris

Chlorella ellipsoidea

Order-Chlamydomonadales

Asterococcus limneticus

Order-Desmidiales

Cosmarium abbreviatum var. planctonicum
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Systematic Position Name of the Species

Site-2
Mon

Site-1
Mon

Post- | Win

Mon

Post- | Win | Sum

Mon

Sum

Class-Bacillariophyceae

Order-Bacillariales Nitzschia frustulum
Nitzschia sigmoidea
Nitzschia dubiiformis
Nitzschia palea

Nitzschia brachygramma

1

Order-Navicullales Sellaphora pupula

Order-Aulacoseirales Aulacoseira islandica

Aulacoseira granulata

Order-Thalassiosirales | Cyclotella meneghiniana

= |m OOl O O =

- lo R |lOo|lo R © =k M
Nl ND|=R]=m = = NN
N = === N N NN
= | OO © O O =
O | Oo|lo|]o © © ©o ©
N O OO0 O O O =
N |©O OO © O O N

Class-Euglenoidea

Order-Euglenales Euglena viridis
Euglena tuberculata
Euglena gracilis

Euglena polymorpha

Trachelomonas similis

Trachelomonas scabra

Trachelomonas volvocina

Trachelomonas hispida var. papillata

S O »r O O O ©
S O B O O O O

SO O O N O O O O
o O O » O O O O
SO =B O N H = O N
—_ o O e e e
= ON = N N~ = N
N N = = N N = N

0 0

Note: 0—Absent, 1—1-25%, 2—26-50% 3—51-75%, 4—76-100% Occurrence.

absent (Fig. 2, Table 1). The most frequently observed
species in S1 included Merismopedia elegans var.
major G.M.Smith, Monoraphidium contortum (Thuret)
Komarkova-Legnerova, Scenedesmus acutus var. globosus
Hortobagyi, Scenedesmus dimorphus (Turpin) Kiitzing,
Desmodesmus armatus var. bicaudatus (Guglielmetti)
E.H.Hegewald, Nitzschia frustulum (Kiitzing) Grunow,
and Cyclotella meneghiniana Kiitzing. In contrast, S2 was
dominated by Microcystis aeruginosa (Kiitzing) Kiitzing,
Synechococcus elongatus (Négeli) Négeli and Euglena vir-
idis (O.F.Miiller) Ehrenberg (Table 1).

3.2. Seasonal Variations

Phytoplankton abundance and diversity var-
ied significantly across seasons in both sites. S1 was
dominated by Merismopedia elegans, M. tenuissima and
S2 with Microcystis aeruginosa, Monoraphidium contor-
tum, Euglena viridis and Trachelomonas hispida during
Summer (Fig. 3A). Post-monsoon exhibited the high-
est species richness and productivity, while summer
Monsoon recorded the lowest (Fig. 3B). In S1, the
dominant species included Monoraphidium contortum,
Scenedesmus acutus var. globosus, Scenedesmus dimor-
phus, Desmodesmus armatus var. bicaudatus, Nitzschia
frustulum, and Cyclotella meneghiniana. These spe-
cies thrived in the nutrient-enriched post-monsoon
environment, with Chlorophyceae being particularly
responsive to increased nitrate and phosphate levels
(Table 1). In S2, dominant species included Microcystis
aeruginosa, Synechococcus elongatus and Euglena viridis.
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The dominance of Euglenophyceae in S2, particularly
during post-monsoon (Fig. 3C), was likely influenced
by elevated ammonia levels from agricultural runoff.
This group’s resilience to highly alkaline conditions and
nutrient enrichment underscores their adaptability to
such environments. S1 was influenced by M. contortum,
many species of Merismopedia, Scenedesmus, Nitzschia
and Cyclotella and S2 with S. elongatus, M. aeruginosa,
M. contortum, N. frustulum, C. meneghiniana and several
species of Euglena and Trachelomonas during winter
(Fig. 3D) due to prolonged nutrient availability.

It was recorded from the results that S2 pond
was more alkaline (pH 10.69) than that of S1 (pH
8.16) (Fig. 4A). The seasonal temperature variation
was almost similar for both the ponds ranging from
12°C to 38°C (Fig. 4B) but dissolved oxygen content
was more in S1(17.23 mg/L) than that of S2 (14.66
mg/L (Fig. 4C). The BOD level was 8.25 to 8.73 in S1
and S2 respectively (Fig. 4D). Maximum GPP value
recorded as 1.4 mg/L/h in S1 and0.98mg/L/h in S2
during post-monsoon period (Fig. 4E), NPP level was
more (0.8 mg/L/h) inS1 than that of S2 again (0.58
mg/L/h) (Fig. 4F). Maximum chlorophyll content was
recorded in post monsoon period but more in S1 as
expected (5.78 mg/L) compared to S2 (3.68 mg/L)
followed by winter season (Fig. 5A). High growth rate
of Euglenophyceae is justified with high amount of
nitrate (2.52 mg/L) (Fig. 5B), phosphate (4.56 mg/L)
(Fig. 5C) and ammonia (0.664 mg/L) (Fig. 5D) con-
tents of S2 pond indicating eutrophication. Chloride
content recorded maximum 162.5 mg/during winter
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from S1 and 162.5 mg/L during post-monsoon from
S2 (Fig. 5E), and silicate contents were almost high in
post-monsoon (6.92 mg/1.) and lowest (2.065 mg/L)
during summer (Fig. 5F).

3.3. Correlation with Environmental
Parameters

The environmental parameters monitored across
seasons included temperature, pH, dissolved oxygen
(DO), biological oxygen demand (BOD), gross primary
productivity (GPP), net primary productivity (NPP),
and key nutrients such as nitrate, phosphate, ammonia,
silicate, and chloride.

The chlorophyll-a content, an essential indicator
of phytoplankton biomass, varied significantly between
the two sites (S1 and S2). At Site S1, chlorophyll-a lev-
els ranged from 1.84 to 5.78 mg/L, while at Site S2,
values were lower, ranging from 1.22 to 3.68 mg/L.
These variations highlight differences in the ecological
dynamics and nutrient availability between the sites.
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In S1, a strong positive correlation was observed
between chlorophyll-a content and nutrients such as
nitrate, phosphate, and silicate, indicating that nutri-
ent enrichment plays a critical role in promoting phy-
toplankton growth. Additionally, chlorophyll-a showed
a positive relationship with both gross primary pro-
ductivity (GPP) and net primary productivity (NPP).
This suggests a synergistic effect where higher nutri-
ent concentrations enhance productivity, further stim-
ulating phytoplankton biomass. Notably, during the
post-monsoon period, both nutrient levels and chloro-
phyll-a content peaked, emphasizing the significance of
nutrient runoff and seasonal mixing in driving primary
productivity.

At Site S2, chlorophyll a demonstrated a posi-
tive correlation with pH, nitrate, phosphate, ammonia,
and chloride. The strong relationship with pH indicates
the influence of alkaline conditions in shaping the phy-
toplankton community structure. Unlike S1, nutrient
levels at S2 were comparatively lower, yet the correla-
tion between chlorophyll-a and ammonia highlights the
role of ammonium as a preferred nitrogen source for



Garai S. et al. / Limnology and Freshwater Biology 2025 (3): 284-297

s_

=
=
E 44
z = @ g
[ i
5 21 @y
S 8 Pt
0 ] I 1 I 1 ] 1 1
éfs’\ & S & e‘v.a”'
[+) a2
&,ﬁ & £§O§&of@s@@e
SR
Qo" <° A
5— -
ia: 23]
< 4
-
2 3 -4
=
g, B
5 HEE
£ 94 = . =B
ez
o T T T T T T T T
& @’"ﬁ_@"‘fé’ o":\ o‘-“e} & &
& G & & &
& ¥l
QC;B Qd’
C
1504
i
= 100 B
® g
L
S i
&= 50~
u T T T T T T T T
éc;"‘ & J_\c;»"‘ oa;"'cp‘\q" ;,f" & &
& A & -\(.59 -.§‘°
6,6‘ _b\gfs\ @o@ @oe" *‘,‘5’ !“0@’ S
& F
Q <
E

Nitrate (mg L-1)

0 T T T T T

o

T 1T
e""f; 6‘9“;" W ol e*"ﬂv
& o
o o '&oe"ﬁ '&D&f *d‘,o“ ﬁﬁu“ S
Qoﬁ\ qob\

B

nia (mg L-1)
P
1

=
o
1

Amm

Silicate (mg L-1)

Fig.5. Variations in seasonal mean values with standard error of physico-chemical parameters of Site-1(S-1) and Site-2(S-2)-
A. Chlorophyll B. Nitrate C. Phosphate D. Ammonia E. Chloride F. Silicate.

phytoplankton. Seasonal patterns showed a moderate
increase in chlorophyll a during the monsoon season,
likely driven by nutrient inputs from surrounding areas.
From the Correlation matrix and PCA biplots
of S1 and S2 of chlorophyll-a content during different
seasons, it was found that PCA of S1 were Nitrate and
Silicate (Table 2A, Fig. 6A) and PCA of S2 were pH,
phosphate, ammonia and Chloride (Table 2B, Fig. 6B).
Among the PCA, GPP and NPP were common for both
sites and showed positive relations. Temperature and
BOD showed a negative correlation with chlorophyll-a
in both the wetlands (Table 2A, 2B and Fig. 6A, 6B).
The graphical representation of environmen-
tal parameters across seasons provides a clear insight
into the interplay between physical and chemical fac-
tors influencing phytoplankton biomass. The pH values
(Fig. 4A) exhibited a seasonal trend, with higher alka-
linity during the summer and post-monsoon periods,
particularly at Site S2, indicating favourable conditions
for phytoplankton growth under alkaline environ-
ments. Temperature (Fig. 4B) followed a predictable
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seasonal pattern, peaking during summer and declin-
ing in winter. This rise in temperature corresponded
with increased metabolic and photosynthetic activity,
as reflected by higher gross primary productivity (GPP)
and net primary productivity (NPP) during these peri-
ods, especially at Site S1.

Dissolved oxygen (DO) levels (Fig. 4C) showed
seasonal peaks that aligned with periods of heightened
primary productivity. The post-monsoon period, in
particular, recorded elevated DO concentrations due
to increased photosynthetic activity driven by nutri-
ent enrichment. Conversely, biological oxygen demand
(BOD) values (Fig. 4D) were moderately higher at
Site S2, indicative of active decomposition processes
likely linked to organic matter inputs. These opposing
trends in DO and BOD emphasize the dynamic balance
between oxygen production and consumption across
seasons.

The productivity parameters, GPP and NPP
(Figs. 4E and 4F), exhibited strong correlations with
chlorophyll-a levels, underscoring the role of pri-
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mary productivity in driving phytoplankton biomass.
Seasonal peaks in GPP and NPP during the post-mon-
soon period at Site S1 highlighted the combined effect
of nutrient runoff and optimal environmental condi-
tions. In contrast, the comparatively lower productivity
observed at Site S2 reflected nutrient limitations, with
ammonium playing a critical role in sustaining phyto- _
plankton communities during certain seasons. L4

Collectively, these graphs illustrate the seasonal
and site-specific dynamics of environmental factors,
reinforcing the pivotal role of nutrient availability,
temperature, and pH in regulating primary productiv-
ity and phytoplankton growth. Site S1’s nutrient-en-
riched conditions supported higher productivity and
chlorophyll-a content, whereas Site S2 displayed a
more nuanced response influenced by pH and specific
nutrient parameters.

3.4. Ecological Implications and Status

From the study, it was revealed that the
post-monsoon season was ideal for maximum nutrient
availability as well as peak phytoplankton production.
Site S2, with its higher nutrient content, showed some
degree of eutrophication, evident from the occurrence
of Euglena and Microcystis species. Correlation and _
PCA analyses identified nitrate, phosphate, and silicate =
as the principal components influencing phytoplankton
dynamics in Site S1, while pH, nitrate, ammonia, and
chloride played dominant roles in Site S2. Among the
principal components, GPP, NPP, and chlorophyll-a
were common drivers across both sites and displayed
strong positive correlations. The PCA analysis provided
a comprehensive understanding of the environmental
variables shaping phytoplankton dynamics. In Site S1,
nitrate, phosphate, and silicate emerged as key contrib-
utors to phytoplankton growth, as reflected in the PCA
biplots (Fig. 6A). These variables formed a tight cluster
aligned with post-monsoon conditions, underscoring
their importance in enhancing chlorophyll-a concentra-
tion and supporting chlorophycean species. The align-
ment of temperature and dissolved oxygen (DO) with
summer and monsoon seasons further highlighted their
seasonal influence, while the lower influence of chlo-
ride and BOD during winter suggested reduced nutrient
input and productivity in this period.

In contrast, the PCA biplot for Site S2 (Fig. 6B)
revealed distinct drivers. Here, pH, nitrate, ammo-
nia, and chloride were the most influential parame-
ters, closely associated with the post-monsoon season.
Their strong alignment with GPP, NPP, and chloro-
phyll-a content illustrated their role in promoting
eutrophication events and supporting Euglenophyceae
and Cyanophyceae abundance. Temperature and DO
showed moderate influences during summer and mon-
soon seasons, while BOD was prominent during win-
ter, indicating seasonal variations in organic load and
decomposition rates.

The principal component analysis (PCA) high-
lights distinct environmental and nutrient-driven fac-
tors influencing phytoplankton dynamics in the two
ponds. At Site S1, nitrate, phosphate, and silicate were
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Fig.6. Principal Component Analysis of environmental
variables recorded from Site-1 (A) and Site-2 (B).

identified as the primary drivers of phytoplankton
diversity and productivity, supporting the dominance
of Chlorophyceae and Bacillariophyceae. These groups
thrived in the nutrient-enriched conditions typical of
a fish cultivation pond, where the interplay between
nutrient availability and seasonal variations fostered
a robust and responsive phytoplankton community. In
contrast, Site S2, heavily influenced by agricultural run-
off, demonstrated a more specialized ecological profile.
Here, pH, nitrate, phosphate, ammonia, and chloride
emerged as critical determinants, reflecting the alka-
line and nutrient-specific conditions that favoured the
proliferation of Euglenophyceae and Cyanophyceae.
The ammonia-rich environment, coupled with ele-
vated chloride levels, provided a competitive edge to
these phytoplankton groups, enabling them to adapt
and sustain productivity despite lower diversity com-
pared to S1. These findings underscore the ecological
dichotomy between the two sites: S1, characterized by
a nutrient-responsive and diverse phytoplankton com-
munity, and S2, exhibiting a nutrient-adaptive yet less
diverse assemblage shaped by its unique environmental
stressors. Seasonal nutrient fluctuations further ampli-
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fied these site-specific dynamics, reinforcing the piv-
otal role of both natural and anthropogenic influences
in governing phytoplankton diversity and ecological
health.These findings have significant ecological and
practical implications. The study enhances understand-
ing of phytoplankton dynamics in nutrient-rich fresh-
water ecosystems, offering insights into the ecological
models of fish cultivation ponds and agricultural runoff
ponds. For instance, the dominance of chlorophycean
species in Site S1 highlights the potential for optimiz-
ing fish pond management through nutrient modula-
tion. Similarly, the eutrophication observed in Site S2
underscores the need for strategies to manage agricul-
tural runoff to maintain water quality. Moreover, this
research suggests the potential for predictive model-
ling of phytoplankton dynamics based on environmen-
tal parameters. Such models could aid in sustainable
water resource management, ensuring balanced ecosys-
tem productivity while mitigating adverse effects like
eutrophication.

4. Discussion

The phytoplankton population of the particular
ecosystem is controlled by various physical, chemical,
and biological factors, which ultimately regulate the
phytoplankton dynamics of particular ecosystems (Cole
and Cloern, 1984). Results indicated a diverse phyto-
plankton population, primarily composed of members
of Cyanobacteria, Chlorophyceae, Euglenophyceae,
Bacillariophyceae, and Conjugatophyceae. Members
of Chlorophyceae made up the bulk of the population
for both the ponds, followed by Bacillariophyceae,
Cyanobacteria, Euglenophyceae and Ochlorophyceae
for fish pond and Euglenophyta, Cyanobacteria and
Bacillariophyta for the Agricultural pond (Table 1
and Fig. 2a, 2b). Similar results of dominance of
Euglenophyceae, Chlorophyceae, followed by cyano-
bacteria, were recorded from East Kolkata Wetland- a
Ramsar site by other authors (Singha Roy et al., 2018),
wetlands of tropical region (Bose et al., 2016). The
dominant genera recorded from the study area included
Merismopedia from Cyanobacteria, Scenedesmus from
Chlorophyta, Nitzschia from Bacillariophyta, and
Euglena from Euglenophyta as already published
(Garai et al., 2022). In a similar study at different
discharge points of the Tannery industry, Dey et al.
(2021) reported the role of chemical parameters in
phytoplankton productivity and recorded Phormidium,
Leptolyngbya, Pseudoanabaena, Amphora and Nitzschia
as major taxa.

No significant interseasonal variation was noted
among different groups of phytoplankton population.
In case of both the sites, almost same groups appeared,
except dominance of Euglenophyceae members in
post-monsoon and winter in Site-2.

Wassie et al. (2017) reported that Melosira and
Microcystis were dominated in polluted water with high
Nitrate and phosphate content polluted water. We also
noticed that S2 contained high amount of nitrate, phos-
phate and dominance of cyanobacteria and Euglena sig-
nifying eutrophication of the water body. The nutrient
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concentration and pH play an important role in phy-
toplankton productivity as evident from correlation
matrix and PCA studies. Among different factors, pH,
nitrate, phosphate, ammonia, silicate, GPP, and NPP
played the most significant role as they are highly pos-
itively correlated with chlorophyll productivity. On the
other hand from the PCA plot also Nitrate and Silicate
in S1 and pH, phosphate, ammonia and chloride in S2
appeared as principal components for phytoplankton
dynamics.

Karak et al. (2013) estimated total nitrogen
(16.9 g/kg), total carbon (321.4 g/kg) from agricul-
tural fish pond sediment, which was better than the
Indian compost standard. Our results showed that the
post-monsoon period was most productive for both the
ponds, showing high chlorophyll content with maxi-
mum level of nutrients like nitrate, phosphate, silicate
etc, along with high GPP value as expected. Therefore,
the fishpond sediment would be very good compost as
well.

Highly significant correlations between chloro-
phyll content and GPP clearly established that GPP was
the estimation of total fixed carbon by phytoplankton
population (Choudhury and Pal, 2012). Thus, the over-
all productivity is totally dependent on phytoplankton
photosynthetic activity for both ponds.

This study provides a comprehensive analysis
of phytoplankton dynamics in two distinct freshwater
ecosystems, highlighting how nutrient availability and
environmental conditions shape community structure
and productivity. Unlike previous studies that have pri-
marily focused on individual water bodies, our research
adopts a comparative approach, allowing us to differ-
entiate the ecological responses and phytoplankton
dynamics of a fish cultivation pond (Site S1) and an
agricultural runoff pond (Site S2) belonging from the
same area.

A key novelty of this study lies in its demon-
stration of site-specific phytoplankton adaptation to
varying nutrient inputs. At Site S1, the dominance of
Chlorophyceae and Bacillariophyceae under nutri-
ent-rich post-monsoon conditions aligns with find-
ings from managed aquaculture systems in the region.
However, this study reveals a unique interplay between
nitrate, phosphate, and silicate, which together foster
a more diverse and resilient phytoplankton commu-
nity. The seasonal influence of temperature and dis-
solved oxygen further underscores the dynamic nature
of fish ponds, distinguishing them from static water
bodies like reservoirs or lakes, where nutrient turnover
rates may be slower. Conversely, Site S2 exhibited a
phytoplankton community composition strongly influ-
enced by agricultural runoff, with Euglenophyceae and
Cyanophyceae emerging as dominant groups. This pat-
tern aligns with eutrophic conditions observed in other
anthropogenically impacted freshwater bodies, yet this
study provides novel insights into the role of ammo-
nia and chloride in shaping these assemblages. Unlike
previous reports where nutrient enrichment primarily
favored cyanobacterial blooms, our results suggest a
co-dominance of Euglenophyceae, indicating a more
complex response to agricultural inputs.
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Comparative studies from regional lakes and res-
ervoirs have reported different phytoplankton composi-
tions, often dominated by diatoms (Bacillariophyceae)
in winter and Cyanophyceae in summer. In contrast,
our findings highlight how specific nutrient regimes
in managed ponds can sustain diverse communities
year-round, emphasizing the importance of localized
environmental factors. This distinction underscores
the need for tailored water management strategies, as
generic models based on large water bodies may not
accurately predict phytoplankton dynamics in smaller,
human-influenced ecosystems. By integrating PCA
and correlation analyses, this study not only identifies
key environmental drivers but also provides a frame-
work for predicting phytoplankton shifts in response
to nutrient fluctuations. These findings contribute to
the broader understanding of freshwater ecology by
offering a site-specific perspective on phytoplankton
responses, which can be valuable for both aquaculture
management and eutrophication mitigation strategies
in similar water bodies.

5. Conclusion

From the study, it was revealed that the
post-monsoon season was ideal for maximum nutrient
availability as well as peak phytoplankton production.
Site S2, with its higher nutrient content, showed some
degree of eutrophication, evident from the occurrence
of Euglena and Microcystis species. Correlation and PCA
analyses identified nitrate, phosphate, and silicate as
the principal components influencing phytoplankton
dynamics in Site S1, while pH, nitrate, ammonia, and
chloride played dominant roles in Site S2. Among the
principal components, GPP, NPP, and chlorophyll-a
were common drivers across both sites and displayed
strong positive correlations. These findings have signif-
icant ecological and practical implications. The study
enhances understanding of phytoplankton dynamics in
nutrient-rich freshwater ecosystems, offering insights
into the ecological models of fish cultivation ponds
and agricultural runoff ponds. For instance, the dom-
inance of chlorophycean species in Site S1 highlights
the potential for optimizing fish pond management
through nutrient modulation. Similarly, the eutrophica-
tion observed in Site S2 underscores the need for strat-
egies to manage agricultural runoff to maintain water
quality. Moreover, this research suggests the potential
for predictive modelling of phytoplankton dynam-
ics based on environmental parameters. Such models
could aid in sustainable water resource management,
ensuring balanced ecosystem productivity while miti-
gating adverse effects like eutrophication. Future stud-
ies should expand to other freshwater ecosystems with
varying anthropogenic impacts to validate these find-
ings. Investigating intervention strategies, such as con-
trolled nutrient inputs or bioremediation techniques,
could further enhance the applicability of this research
in ecological conservation and resource management.
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ABSTRACT. Invasive jellyfish Craspedacusta sowerbii (Lankester, 1880) is a hydrozoan (Phylum
Cnidaria, Class Hydrozoa), most easily identified in its hydromedusa form as a small, bell-shaped jel-
lyfish. Indigenous to the Yangtze River valley in China, this species has spread across temperate cli-
mates, including Tiirkiye, for over a century. In this study, three new locality records were discovered
in Tiirkiye: Umurbey (Canakkale), Geyik (Mugla), and Seyhan (Adana) dams. Some physicochemical
parameters (pH, dissolved oxygen, temperature and electrical conductivity) of the sampling points were
measured. Although there is no definite information on the origin of this species in the dams, it is
thought that it is hypothesized that it may have been introduced by fish stocking, aquatic birds and

human activities.
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1. Introduction

Currently, numerous species are voluntarily or
involuntarily relocated outside their natural or poten-
tial distribution areas for various reasons, including
aquaculture, research, biological control, bio-manipu-
lation, sport fishing, replenishment of declining stocks
or ballast water releasing ornamental fishes deliber-
ately or unintentionally (Lockwood et al., 2007; Cicek
et al., 2022). A range of anthropogenic factors, such
as global warming, climate change, pollution, uninten-
tional water consumption, eutrophication, and urban-
ization, present significant challenges to the integrity
and biodiversity of aquatic ecosystems. These factors
facilitate the spread of non-native species and support
the establishment of large populations in new areas
(Galil et al., 2014; Mannino et al., 2017).

Globally, over 20 species of freshwater jellyfish
exist, with Craspedacusta sowerbii (Lankester, 1880)
being the most widespread. This small freshwater
hydrozoan cnidarian, originally from the Yangtze River
region in China, has now spread to many regions world-
wide (Kramp, 1950). Craspedacusta sowerbii is typically
found in natural lakes but is more commonly present
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in dams and ponds (Augustin et al., 1987). Hydrozoans
have two adult forms: polyps and medusae. Polyps can
develop a protective membrane called the podocyst,
allowing them to withstand prolonged food shortages
and extreme conditions. When conditions become
favorable, podocysts revert to polyps. This adaptive
ability allows the species to colonize various freshwater
habitats (Bouillon and Boero, 2000; Lucas et al., 2013).

The first record of C. sowerbii in Tiirkiye was
documented by Dumont (1994) from Keban Dam Lake.
Subsequent records include Balik et al. (2001) from
Topcam Dam Lake, Bozkurt (2004) from Kozan Dam
Lake, Bekleyen et al. (2011) from Kiralkizi Dam Lake,
Akcaalan et al. (2011) from Sapanca Lake, Giilsahin
(2017) from Ula Pond, Kutlu (2020) from Uzuncayir
Dam Lake, Ozbek and Somek (2020) from Urkmez
Dam Lake and Killi et al. (2021) from Akdegirmen and
Atakoy Dam Lake.

Recently, several studies have been focused on
new localities and mapping the spatial distribution of
C. sowerbii. In this study, the presence of C. sowerbii
was discovered for the first time in the Geyik (Mugla),
Umurbey (Canakkale), and Seyhan (Adana) Dam lakes.

© Author(s) 2025. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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2. Material and Method
2.1. Study area

The sampling studies were conducted in 2022
at the following locations: Geyik (37.405760N,
27.87983E), Umurbey (40.243824N, 26.676228E), and
Seyhan (37.074054N, 35.272088E) dam lakes.

The Umurbey Dam, constructed in 2003, aims
to facilitate irrigation on the Umurbey Stream, located
within the boundaries of Canakkale province in the
Marmara basin. This dam covers a surface area of
213 km? and is fed by three rivers. It is in 55 meters
depth.

Geyik Dam, was constructed in 1998, provides
drinking water in the Western Mediterranean basin on
Saricay in Milas district of Mugla province. The dam
has a surface area of 320 km? and is fed by three river
sources. The depth of the dam lake is 12 meters.

Seyhan Dam, was builted in 1956 in the Seyhan
basin, serves the dual purposes of agricultural irriga-
tion and electricity generation. The dam stands at 67
meters above sea level, with the deepest point reach-
ing approximately 45 meters. The lake’s surface area
of the lake varies seasonally, averaging around 53 km?
(Fig. 1).

2.2. Physicochemical analysis and
sampling

Water samples were collected to measure envi-
ronmental parameters at three locations within the
dam lakes from the bottom, middle, and surface waters.
Samples from the surface and bottom of the dam were
collected using a Nansen bottle. Light transmittance
was determined with a 30-centimeter diameter Seki
disk. In situ measurements of temperature (°C), salinity
(ppt), dissolved oxygen (mg/L), electrical conductivity
(uS/cm), and pH parameters were taken using a Hach
Lange HQ 40 D multi-parameter.

To determine the current distribution of C. sow-
erbii, a review of the relevant literature was conducted,
and a map was created for each locality (Fig. 1). The
taxonomic identification of the medusa was performed
using the methodology proposed by Jankowski (2001)
with a Leika EZ-4D stereomicroscope. The density of

individuals was calculated in situ through instanta-
neous observations over an area of approximately one
square meter.

3. Result and Discussion

This study presents additional records
of C. sowerbii from freshwaters bodies in
Tiirkiye (Fig. 2). A dense population was found
in Geyik Dam Lake in September 2022 with
9 individuals/m? in the dam lake with bell diam-
eters ranging from 1.5 to 3.2 cm. In October
2022, a smaller population was found in Umurbey
Dam, with 2 individuals/m? with bell diameters
between 1.4 and 1.9 cm. In Seyhan Dam Lake,
3 individuals/m? were observed in September 2022
with bell diameters ranging from 1.3 to 2.1 cm.

Physicochemical parameters of the sampling
points are in Table 1. It found that the optimum tem-
perature range for C. sowerbii is between 19 and 30 °C
(Dunham, 1941; Reisinger, 1957; Lytle, 1959; Acker
and Muscat, 1976). However, some studies have
observed medusae at lower temperatures (Milne, 1938;
Killi et al., 2021). This demonstrates the species’ high
tolerance to varying environmental parameters. The
formation of medusae is influenced by nutrient abun-
dance and temperature (Matthews, 1966).

The density of Craspedacusta sowerbii is signifi-
cantly influenced by factors such as dissolved oxygen,
pH, electrical conductivity, and water transparency.
In Geyik Dam Lake, low dissolved oxygen (6.7 mg/L),
low pH (7.94), and low electrical conductivity (160
uS/cm) may provide a competitive advantage for the
species, while the low Secchi depth (1.5 m) suggests
high phytoplankton productivity, potentially enhanc-
ing food availability. In contrast, Umurbey Dam Lake,
characterized by the highest dissolved oxygen (8.2
mg/L), the highest pH (8.46), and the greatest water
transparency (5.9 m), presents a more stable and oxy-
gen-rich environment; however, lower planktonic
productivity may make it less favorable for the spe-
cies. Seyhan Dam Lake, with moderate values across
parameters, represents a relatively balanced ecosystem,
while its highest electrical conductivity (387 uS/cm)
indicates a higher concentration of nutrients, poten-
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Fig.1. Distribution map of Craspedacusta sowerbii in Tiirkiye.

299



Secer B. et al. / Limnology and Freshwater Biology 2025 (3): 298-301

Table 1. Ecological parameters of sampling stations (DO: Dissolved Oxygen; Temp: Temperature; EC: Electical conductivity)

Station Parameters
DO (mg/L) | Temp (°C) EC (uS/cm) pH Depth (m) | Secchi depth (m)
Umurbey Dam Lake 8.2 18.2 136 8.46 55.0 5.9
Seyhan Dam Lake 8.1 24.4 387 8.23 24.0 5.0
Geyik Dam Lake 6.7 26.6 160 7.94 8.0 1.5

tially supporting greater zooplankton abundance and
improving food accessibility for C. sowerbii. These find-
ings underscore the critical role of physicochemical
water properties in directly shaping the distribution
and density of this species.

Anthropogenic impacts on aquatic ecosystems
lead ecological degradation, with invasive species
exacerbating these disturbances. Increased ecological
disturbances facilitate the easier entry of invasive spe-
cies into aquatic ecosystems (Perdikaris et al., 2010).
Especially in fragile areas already inhabited by invasive
species, new invasions occur even more rapidly. This is
one reason for the high population density observed in
Geyik Dam. The region has been invaded by Lepomis
gibbosus (Linnaeus, 1758), an invasive inland fish;
Dreissena polymorpha (Pallas, 1771), a highly invasive
mussel; and Elodea canadensis Michx., an aquarium
plant that has become invasive due to its relocation to
different regions (personal observation). It is expected
that a new invasive species would enter Geyik Dam,
which is which is vulnerable to invasions, and estab-
lish large populations. In addition to its susceptibility to
invasive species, the high air temperature and nutrient
availability create a favorable habitat for C. sowebii.

The study conducted at Umurbey Dam in October
revealed that the water temperature was lower than in
other dams, and the nutrients levels in the reservoir
were also lower compared to Geyik Dam. However,
interviews with local fishermen indicated that C. sow-
erbii was much more abundant in August than it is
currently.

In the context of biological invasion, identify-
ing the exact entry-dispersal vectors and pathways is
challenging. Nevertheless, primary methods of spread
include biological control, research, recreation, and
the augmentation of declining aquatic bird popula-
tions. Proposed vectors proposed for the dispersal of C.
sowerbii are aquatic birds, aquatic plants, and human
activities (Lockwood et al., 2007; Morpurgo and Alber,
2015). Dumont (1994) highlighted the significance of
avian migration routes for C. sowerbii, citing the pres-
ence of podocysts. The irregular and counterintuitive
global distribution of different lineage groups of C. sow-
erbii on underscores the importance of the bird migra-
tion route hypothesis. However, further detailed stud-
ies are needed to substantiate this hypothesis. Based on
current evidence, it can be concluded that Seyhan Dam
(Adana-Seyhan) serves as a primary migration route,
while Umurbey Dam (Canakkale-Lapseki) and Geyik
Dam (Mugla-Milas) constitute secondary migration
routes (Kiziroglu, 2009). The Tuzla wetland in Mugla/
Milas is an important important habitat for migratory
birds, and the present distribution of this species aligns

Fig.2. Craspedacusta sowerbii sample from Geyik Dam
Lake.

with the migratory patterns, substantiating Dumont’s
hypothesis.

The detection of Craspedacusta sowerbii in three
new localities in Tiirkiye has increased the total num-
ber of recorded sites to 13. This invasive freshwater
jellyfish primarily preys on zooplankton, disrupting
planktonic equilibrium and intensifying resource com-
petition for larval and juvenile fish, potentially reduc-
ing their growth rates. The decline in zooplankton pop-
ulations, coupled with an increase in phytoplankton
biomass, may accelerate eutrophication and degrade
water quality. Additionally, the competitive advantage
of C. sowerbii may threaten endemic or narrowly dis-
tributed species, posing a significant risk to biodiversity
by altering trophic interactions and ecological stability.

This invasion may also have severe implications
for ecosystem services. The decline in fishery produc-
tivity could result in economic losses, while deteriorat-
ing water quality may limit its use for drinking and irri-
gation. Furthermore, recreational activities in affected
freshwater bodies could be negatively impacted by high
jellyfish densities. To mitigate these effects, long-term
ecological monitoring, environmental DNA (eDNA)
analysis, and the development of strategic management
plans to preserve local ecosystems are imperative.
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