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Abstract 

The characteristic of the phytoplankton of the Ket River (Tomsk region) is given based on the results 

of studies in July 2019 and 2021. The species composition and taxonomic structure of phytoplankton 

were established; a complex of dominant species was identified, and the abundance, biomass and bio- 

diversity indices of phytoplanktocenosis were calculated. Green algae (Chlorophyta) and significant 

number of euglenids (Euglenophyta) form the basis of phytoplankton species richness. The dominant 

complex is formed by centric diatoms and cyanoprokaryotes. Biodiversity indices indicate high spe- 

cies richness, average complexity and balanced structure of phytoplanktocenosis. Trophic status of the 

river corresponds to eutrophic category of waters, the water quality corresponds to class 3 "satisfactory 

purity". 
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Introduction 

The Ket is a large right tributary of the middle course of the Ob river, flowing into 

it with two arms which are the Togur Ket (located downstream from Kolpashevo) 

and the Kopylovskaya Ket (located 2246 km from the mouth of the Ob), flowing 

along the Ob to the village Narym. The river is a plain stream one, and its source 

is located in the swamps of the Ob-Yenisei watershed. It flows through the West 

Siberian Plain, through the territories of Krasnoyarsk Krai and the Tomsk Region. 
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The river is 1621 km long, and half of it (805 km) flows through the Tomsk Region. 

The drainage basin (94200 km2) is covered with deciduous and coniferous forests, 

and the average annual flow volume is 560 m3/s or 17.7 km3. A high water period 

lasts from May to August. The river freezes in late October – early November and 

breaks up in late April – early May. The riverbed is characterized by a high degree 

of meandering, the flow velocity rarely exceeds 1 m/s (Resources of surface ... 1967; 

Domanitsky et al. 1971; Evseeva 2001). 

Conservation of wetlands in West Siberia, which are of great importance in 

maintaining biodiversity and performing their resource and socio-economic func- 

tions (Bulatov 2009), has become a significantly more acute problem in recent years 

due to the high level of anthropogenic impact in the Ob-Irtysh basin and global 

climate change (Puzanov et al. 2017). The current situation determines the need 

to study and assess the current state of water bodies in the region using data on 

their biocenoses development and taking into account natural features of drainage 

basins. Phytoplankton, which occupies first level of trophic structure, quickly reacts 

to anthropogenic and other impacts. It is the most important indicator in assessing 

ecological state of water bodies (Abakumov 1977; Bazhenova 2005). Phytoplankton 

structural indicators play a significant role in this process, especially in the context 

of ecological modifications. These indicators are species composition, taxonomic 

structure, abundance, biomass, etc. (Abakumov 1991). In order to preserve and 

restore aquatic ecosystems, the European Water Framework Directive proposes to 

assess the ecological status of reservoirs by structural indicators of phytoplankton 

(Directive of the European ... 2000). 

The aim of the work is to assess the ecological state, trophic status and water 

quality of the Ket River by phytoplankton structural indicators. 

 
 

Materials and methods 

The study was based on the materials obtained from the analyzed samples of phyto- 

plankton that were taken on July 15, 2019 and July 12, 2021 in the mouth of the Ket 

(Kopylovskaya Ket) 2 km above the village Narym. Coordinates of the sampling site: 

in 2019 – 58°53'44.5"N, 81°33'29.9"E; in 2021 – 58°53'25.5"N, 81°34'57.0"E. Quanti- 

tative sampling of phytoplankton in the amount of 0.5 dm3 was carried out from the 

surface layer of water (0-20 cm) using a barometer. The samples were fixed using 

40% formalin mixed with Lugol solution and concentrated by sedimentary method. 

Qualitative samples were obtained by integrating quantitative ones. The samples 

were processed by conventional methods (Fedorov 1979). The number of algae cells 

was taken into account in the Goryaev counting chamber in duplicate. Biomass 

was calculated by the counting by weighing method, based on the number and vol- 

ume of cells that was determined via geometric similarity formulas (Koltsova 1970). 

The dominant species included species whose number was at least 10% of the total 
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(Korneva 2015). Trophic status and water quality were assessed by phytoplankton 

biomass (Oksiyuk et al. 1993). 

During sampling, the flow velocity, depth, water temperature in the surface lay- 

er, water Secchi disk transparency, electrical conductivity of water, pH, BOD5, total 

mineralization, O2 and CO2 content were measured. 

Species identification was carried out on the Euler Professor 770T light micro- 

scope using modern determinants, monographs and summaries. 

The taxonomic list of algae was compiled taking into account modern nomen- 

clature transformations. Dinophyta (Krachmalnyi 2011), Chrysophyta and Xantho- 

phyta (Voloshko 2017) were allocated to independent divisions. Species names were 

specified according to Algaebase international database (Guiry and Guiry 2022). 

Taxonomic structure of phytoplankton was analyzed using methods of com- 

parative floristics (Schmidt 1980). 

Ecological and geographical description of the identified species was based on 

the materials of determinants and individual publications (Barinova et al. 2006, 

2019). 

When studying phytoplanktocenosis alpha diversity parameters in the Paleon- 

tological Statistics Software for Education and Data Analysis (Past 4), the indices of 

Shannon (H) and Margalef (d) diversity, Simpson dominance (D) were calculated 

using the following formulas: 

– Simpson dominance index 

where n is the total number of taxa; 

ni is the number of individuals of the i- taxon; 

 
– Shannon index (H) 

where n is the total number of taxa; 

ni is the number of individuals of the i- taxon; 

 
– Margalef index 

where S is the number of taxa; 

n is the size of community. 

The Margalef index reflects the species richness in a certain area, its calculation 

uses an absolute value (abundance), which makes it extremely sensitive to the sam- 
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ple size. The Shannon index characterizes the diversity and evenness in the commu- 

nity structure. The Simpson index shows the degree of dominance of certain species 

in the community structure (Schitikov et al. 2011). 

Microsoft Excel program was used for statistical data processing. 

 
 

Result 

The Ket water was slightly mineralized (51.0–79.3 mg/dm3), water electrical con- 

ductivity was relatively low (108.4–165.0 ms/cm), active reaction of the medium 

varied from neutral to slightly alkaline one (7.30–7.92). Surface layer temperature 

varied between 21.0–22.0 °C, water transparency was low (0.45 m), the flow veloc- 

ity reached 0.44 m/s, and the depth of the river at the sampling points was 1.2 m. 

The oxygen content was sufficient (4.56–8.36 ppm), the CO2 content ranged widely 

from 430 ppm in 2019 to 4086 ppm in 2021. By the value of BOD5 (1.28 mg O/dm3), 

the river belongs to the class of pure waters (Guseva et al. 2000). 

To date, 209 species and intraspecific taxa from 8 divisions are identified in the 

phytoplankton of the Ket River, including the species name-bearing type: Cyano- 

prokaryota – 19, Dinophyta – 7, Xanthophyta – 6, Chrysophyta – 9, Euglenophyta 

– 37, Bacillariophyta – 29, Chlorophyta – 100, Charophyta – 2 (Table 1, Supplemen- 

tary material 1: Species composition of algae in the Ket River, 2019–2021). 

Table 1. Taxonomic structure of summer phytoplankton of the Ket River, 2019–2021 
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Cyanoprokaryotа Cyanophyceae 4 6 12 19 19 

Dinophyta Dinophyceae 2 4 5 7 7 

Xanthophyta 
Xanthophyceae 1 2 3 5 5 

Eustigmatophyceae 1 1 1 1 1 

Chrysophyta Chrysophyceae 1 2 4 9 9 

Euglenophyta Euglenophyceae 1 2 5 30 37 

 
Bacillariophyta 

Coscinodiscophyceae 2 2 2 4 4 

Mediophyceae 2 2 3 4 4 

Bacillariophyceae 9 12 16 21 21 

Chlorophyta 
Chlorophyceae 2 13 32 64 67 

Trebouxiophyceae 2 4 17 32 33 

Charophyta Zygnematophyceae 1 1 1 2 2 

Total 28 51 101 198 209 
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Green algae represented the basis of the phytoplankton species richness, form- 

ing about half (47.85%) of the taxonomic composition, significantly inferior to them 

were euglenids (17.70%), diatoms (13.88%) and cyanoprokaryotes (9.09%). Other 

divisions of algae did not play significant role in forming the Ket phytoplankton 

species richness. 

Most representatives of green algae (Chlorophyta) belonged to a group of small- 

celled species (Monoraphidium Kom.-Legn., Raphidocelis Hind., Siderocelis (Naum.) 

Fott, Coenocystis Korsch., Coenococcus Korsch., Pseudodidymocystis Hegew. et Dea- 

son, Tetrastrum Chod. etc.). In terms of species richness, the Desmodesmus genus 

(Chod.) An, Friedl et Hegew. (12 intraspecific taxa) standed out among green algae. 

The Ket River diatoms composition was formed by two ecological groups – true 

planktonic and accidental planktonic species. The former created the largest pro- 

portion of phytoplankton abundance and the basis of its biomass. Representatives 

of centric diatoms predominated, which were species of the genera Aulacoseira 

Thw., Stephanodiscus Ehr., Cyclotella (Kütz.) Bréb., less frequently there are wide- 

spread species of pennate diatoms – Asterionella formosa Hass., Diatoma tenuis Ag., 

Nitzschia holsatica Hust., Ulnaria acus (Kütz.) Aboal. 

The species richness of the Ket diatoms is caused mostly by diversity of acci- 

dental planktonic species of diatoms entering deep water layers with turbulent wa- 

ter flow via phytobenthos and periphyton. These include widespread species from 

the genera Eucocconeis Ehr., Encyonema Kütz., Gomphonema Ehr., Navicula Bory, 

Nitzschia Hass., Surirella Turp. and others . Abundance of this ecological group of 

diatoms is low, which is due to low flow rate of the Ket in summer. 

The genus Trachelomonas Ehr. (19 intraspecific taxa) had the maximum species 

richness among the euglenids of the Ket, and the most common species were Trach- 

elomonas volvocinopsis Swir. and T. volvocina (Ehr.) Ehr. Other genera of euglenids 

were represented by a small number of intraspecific taxa Phacus Duj. – 7, Euglena 

Ehr. – 6, Lepocinclis Perty – 3, Strombomonas Defl. – 2. 

Cyanoprokaryotes were represented by 19 intraspecific taxa. A characteristic 

feature here was the presence, and in some cases, intensive vegetation of small- 

celled, non-heterocyst cyanoprokaryotes Aphanocapsa incerta (Lemm.) Cronb et 

Komárek, Chroococcus minimus (Keissl.) Lemm., Ch. minor (Kütz.) Näg. In summer 

2021, Dolichospermum scheremetieviae (Elenkin) Wacklin, Hoffm. et Kom. domi- 

nated the river; its abundance reached 1.08 million cells/dm3 and accounted for 

42.52% of the total phytoplankton abundance. Trichomes of Leptolyngbya foveo- 

larum (Gomont) Anagn. et Komárek were quite offen found in plankton. 

As for the Chrysophyta, Chrysococcus biporus Skuja and Dinobryon divergens 

Imh. were most often found in the Ket plankton. The Xantophyta, Charophyta and 

Dinophyta were represented by a small number of algae species and varieties widely 

distributed in the plankton of water bodies in Western Siberia. 

Analysis of the Ket phytoplankton taxonomic spectrum indicated the leading 

position of green algae and euglenids, occupying 1st, 2nd and 3rd rank places at 

all levels, from classes to genera. At the level of classes, orders and families, green 
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algae occupied the first place in the phytoplankton taxonomic spectrum, but the gap 

between them and euglenids is gradually decreasing in the direction from class to 

family, and at the level of genera, euglenids are already in the first place (Tables 2, 3). 

 
Table 2. Taxonomic spectrum of the leading classes and orders of summer phytoplankton 

of the Ket River (rank position is given in parentheses) 
 

Class Number of Order Number of 

 Species Intraspecific 

taxa 

 Species Intraspecific 

taxa 

Chlorophyceae 64 (1) 67 (1) Sphaeropleales 56 (1) 59 (1) 

Euglenophyceae 30 (3) 37 (2) Euglenales 30 (2-3) 37 (2) 

Trebouxiophyceae 32 (2) 33 (3) Chlorellales 29 (2-3) 30 (3) 

Bacillariophyceae 21 (4) 21 (4) Chlamydomonadales 8 (4) 8 (4) 

Cyanophyceae 19 (5) 19 (5) Chromulinales 7 (5-6) 7 (5-6) 

Chrysophyceae 9 (6) 9 (6) Nostocales 7 (5-6) 7 (5-6) 

Dinophyceae 7 (7) 7 (7) Peridiniales 6 (7-8) 6 (7-8) 

Xanthophyceae 5 (8) 5 (8) Synechococcales 6 (7-8) 6 (7-8) 

Mediophyceae 4 (9-10) 4 (9-10) Mischococcales 5 (9) 5 (9) 

Coscinodiscophyceae 4 (9-10) 4 (9-10)    

Total 195 206 Total 154 165 

% of the total number 
of taxa 

98.48 98.56 % of the total number 
of taxa 

73.68 78.95 

 

Table 3. Taxonomic spectrum of the leading families and genera of summer phytoplankton 

of the Ket River (rank position is given in parentheses) 
 

Family Number of Genus Number of 

 Species Intraspecific 

taxa 

 Species Intraspecific 

taxa 

Scenedesmaceae 29 (1) 31 (1) Trachelomonas 13 (1) 19 (1) 

Euglenaceae 21 (2) 27 (2) Desmodesmus 10 (2) 12 (2) 

Oocystaceae 15 (3) 15 (3) Phacus 7 (3) 7 (3) 

Chlorellaceae 12 (5) 13 (4-5) Euglena 6 (4-6) 6 (4-6) 

Selenastraceae 13 (4) 13 (4-5) Monoraphidium 6 (4-6) 6 (4-6) 

Phacaceae 10 (6) 10 (6) Scenedesmus 6 (4-6) 6 (4-6) 

Hydrodictyaceae 6 (7) 7 (7) Lagerheimia 5 (7) 5 (7) 

Aphanizomenonaceae 5 (8) 5 (8) Oocystis 4 (8) 4 (8) 

Dinobryaceae 4 (9-10) 4 (9-10)    

Sciadiaceae 4 (9-10) 4 (9-10)    
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Family Number of Genus Number of 

 Species Intraspecific 

taxa 

 Species Intraspecific 

taxa 

Total 119 129 Total 57 65 

% of the total number 
of taxa 

56.94 61.72 % of the total 
number of taxa 

27.27 31.10 

 

Diatoms, which usually dominate the plankton of rivers, occupied a modest 

place in the Ket phytoplankton taxonomic spectrum. Their participation was no- 

ticeable only at the class level, where diatoms of the Bacillariophyceae class occu- 

pied the 4th rank. 

The participation of cyanoprokaryotes in the taxonomic spectrum was also 

hardly noticeable. At the class level, they followed diatoms. At the level of orders 

and families, their status gradually decreased. At the level of genera, exclusively eu- 

glenids and green algae dominated the phytoplankton taxonomic spectrum of the 

Ket River. 

The ecological and geographical description of the identified algae species was 

very diverse. The majority of the found species (over 50%) had a known relation to 

their habitat (88.99% of the total number of intraspecific taxa found), water sapro- 

bity (74.16%), geographical distribution (68.42%), about half of the found species 

were indicators of salinity (45.45%), which allows correctly analysing the ratio of 

those or other environmental groups to the specified indicators. The pH ratio of 

the aquatic environment (so-called acidophilicity) is known only for 42 identified 

intraspecific taxa (20.10%), therefore it was not possible to characterize the river 

phytoplankton in this regard. 

More than a third of the found species (37.10%) were truly planktonic inhabit- 

ants. The same proportion of species were able to inhabit both plankton and benthos 

(36.02%), and also occurred in periphyton (15.59%). There are few typical inhabit- 

ants of benthos (13 infraspecific taxa), and all of them belong to diatoms. Several 

species (9 intraspecific taxa) can inhabit both water and soil. 

According to the Kolbe's classification, most of the species were indifferent to 

water salinity (77.42% of the number of species with known halobility), and smaller 

parts were halophiles (11.83%) and halophobes (4.30%). A small number of halo- 

bility indicators belonged to meso- and oligohalobes (6 intraspecific taxa). In terms 

of geographical distribution, most of the found species belonged to cosmopolitans 

(76.92% of the number of species with a known geographical distribution), boreal 

and circumboreal species made up to 5.59%, inhabitants of the holarctic region – 

16.78%, and there was one of arctoalpin species (Dinobryon suecicum Lemm.). 

Species that indicate saprobity index formed a significant part (74.16%) of the 

identified species. β-mesosaprobes predominated among them (49.68% of the total 

number of species with known saprobity). There were few inhabitants of clean wa- 

ters - oligo- and xenosaprobes (12.26%), and a small part of the indicator species 
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(3.87%) were inhabitants of dirty waters. A high proportion (33.55%) were indica- 

tors of saprobity transition zones – from clean to dirty (o-β, β-o, o-α, α-o, o-m). 

The total abundance of summer phytoplankton in the mouth of the Ket varied 

widely during the years of research. Cyanoprokaryotes, green algae and diatoms 

make the main contribution to its formation. Representatives of other divisions 

formed a small proportion of the total phytoplankton abundance, ranging from 0.14 

to 4.33%. The most significant role among them is played by euglenids (Table 4). 

 
Table 4. Abundance and biomass of summer phytoplankton at the mouth of the Ket River 

 

Month, 

year 

Total 

abundance 
million 
cells/dm3

 

Total 

biomass, 
g/m3

 

Abundance, % 

biomass,% 

Cyano- 

prokaryota 

Bacilla- 

riophyta 

Eugleno- 

phyta 

Chloro- 

phyta 

Other 

July, 2019 7,13±0,05 2,49±0,10 18.23 
0.15 

30.71 
54.38 

1.40 
6.47 

49.10 
27.36 

0.56 
11.62 

July, 2021 2,54±0,01 2,60±0,11 42.52 
25.39 

21.65 
55.24 

4.33 
14.31 

29.92 
4.62 

1.58 
0.44 

 

 
The maximum phytoplankton abundance was observed in July 2019. It was due 

to intensive vegetation of the centric diatom Aulacoseira sp. (up to 1.72 million cells/ 

dm3) and small-cell non-heterocyst cyanoprokaryotes Aphanocapsa incerta (up to 

1.0 million cells/dm3), forming a dominant phytoplankton complex. 

In summer of 2021, the phytoplankton abundance was almost 3 times lower 

than in 2019, which was mainly caused by a decrease in the vegetation of Aulaco- 

seira sp. (100 thousand cells/ dm3). There had been changes in the dominant species 

and among cyanoprokaryotes. Instead of Aphanocapsa incerta, Dolichospermum 

scheremetieviae became the only dominant phytoplankton (up to 1.08 million cells/ 

dm3). 

Diatoms formed about a third (21.65–30.71%) of the total phytoplankton abun- 

dance. They play the most significant role in forming the total phytoplankton bio- 

mass (54.38–55.24%). 

The contribution of green algae and cyanoprokaryotes to the total abundance 

of phytoplankton in the Ket differed markedly over the years of research. In 2019, 

intensive vegetation of small-celled green algae (Monoraphidium contortum (Thur.) 

Kom.-Legn., Pseudodidymocystis inconspicua (Korsch.) Hind., Stauridium tetras 

(Ehr.) Hegew., species of the genera Desmodesmus, Scenedesmus Meyen) was the 

reason for their largest abundance. In 2021, vegetation of green algae noticeably 

decreased, and cyanoprokaryotes took the leading positions in terms of abun- 

dance. Dominant Dolichospermum scheremetieviae had a larger cell size than 2019 

dominant Aphanocapsa incerta. That was the reason why the importance of cyano- 

prokaryotes in the creation of total phytoplankton biomass in 2021 markedly in- 
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creased, while the role of green algae, on the contrary, decreased. The share of green 

algae in the total phytoplankton biomass is insignificant and even lower than the 

contribution of the found species of euglenids that differ in large sizes (see Table 4). 

This is due to the predominance of small-celled species. 

Parameters of the alpha diversity of the Ket phytoplanktocenosis have rather 

high metrics and differ significantly by the years of research (Table 5). 

 
Table 5. Biodiversity indices of the Ket River summer phytoplanktocenosis 

 

Year Shannon index Margalef index Simpson index 

2019 3.06 6.20 0.09 

2021 2.47 4.10 0.20 

 
 

During the research years, the trophic state of the Ket corresponded to the eu- 

trophic category, eutrophic class, water quality class 3 «satisfactory purity», category 

3b «slightly polluted». 

 
 

Discussion 

In summer, in the mouth of the Ket there're favourable conditions for phytoplank- 

ton development: low flow velocity, sufficient depth and temperature of water, low 

mineralization, neutral or slightly alkaline environment. In general, this is typical 

for most of the recently studied tributaries of the middle course of the Ob River that 

enrich it with diverse and abundant phytoplankton (Barsukova et al. 2022; Bazhe- 

nova and Barsukova 2022). 

There are several large tributaries that fall into the middle course of the Ob. 

These include, first of all, the Irtysh, comparable in its water content with the Ob, as 

well as the Tom, Ket, Chulym, Chaya, Parabel, Vasyugan, etc. The phytoplankton of 

the upper and middle Irtysh has been most studied, which made it possible to assess 

the ecological state of the river and predict its changes (Bazhenova 2005; Bazhenova 

and Gulchenko 2017). Phytoplankton and the ecological state of the Tom have been 

studied deeply enough (Ioganzen et al. 1951; Yakubova 1951; Novikova 1991; Nau- 

menko 1993; Golubykh 1996, 2007; Mitrofanova 2007, 2008). Algae of the most of 

other tributaries have not been studied. Only in 2022, the first scientific information 

about the phytoplankton of the Vasyugan and the Ket appeared (Barsukova et al. 

2022; Bazhenova and Barsukova 2022). 

The taxonomic structure of the phytoplankton of the Ket River generally cor- 

responds to the modern structure of the phytoplankton of the Ob River (Barsukova 

et al. 2021), but differs from its structure established at the end of the 20th century. 

So, at present, no cryptophyte algae have been found in the phytoplankton of the Ob 

(and Ket), but at the end of the 20th century, cryptophytes were present in the Ob, 
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although they did not differ in species richness and abundance (Naumenko 1995, 

1996). 

Is also has great similarity with another tributary of the Ob – Vasyugan (Bar- 

sukova et al. 2022; Bazhenova and Barsukova 2022), as well as with the right-bank 

tributaries of the middle Irtysh, which flow from swamps through the forest zone 

– rivers Tara and Uy (Barsukova and Bazhenova 2012). In terms of the taxonomic 

structure of phytoplankton of these rivers, as well as in the Ket, green algae pre- 

dominate, and euglenids make up a significant proportion. 

It should be noted that the intensive vegetation of small-celled green algae spe- 

cies, as established in the Ket, is a characteristic feature of phytoplankton that occurs 

during anthropogenic eutrophication of water bodies and is observed in the main 

tributary of the Ob – Irtysh (Bazhenova 2005), in many rivers and lakes of the basin 

of its middle reaches (Bazhenova et al. 2019), Ob (Barsukova et al. 2021), Yenisei 

(Kozhevnikova 2001). It is also known that small-celled algae are highly productive 

and able to actively consume low-molecular dissolved organic matter, contributing 

to self-purification of water bodies (Sadchikov and Makarov 2000). 

Euglenids are another notable phytoplankton component in West Siberia water 

bodies, including basins of the Ob and Irtysh rivers (Safonova 1987). Trachelomonas 

genus is the most widespread among them (Safonova 1972; Bazhenova et al. 2019). 

The species richness of euglenids in the Ket is primarily due to the swamp origin of 

the river. However, it should be taken into account that widespread distribution of 

euglenids in the water bodies of West Siberia is also due to increased anthropogenic 

eutrophication of rivers and lakes in the region observed since the end of the twen- 

tieth century (Safonova 1987; Bazhenova 2005; Bazhenova et al. 2019). 

Most cyanoprokaryotes found in the Ket plankton are widely distributed in 

various water bodies of Western Siberia. Small-celled non-heterocyst species, are 

the most common in their composition. These species ofter cause «flowering» of 

water bodies in various geographical zones, and mass development of these species 

occurs with an increase in the trophic status of waters (Korneva 2015; Bazhenova 

and Mikhailov 2021). 

Golden algae found in the Ket are often seen in other rivers of West Siberia – the 

Ob, Irtysh and their tributaries (Naumenko 1992; Barsukova and Bazhenova 2012; 

Bazhenova et al. 2019). In addition, in the Ket, same as in the Vasyugan, Kephyrion 

impletum Nyg. and Pseudokephyrion pseudospirale Bourr. were found. Initially these 

species had been found in the middle course of the Ob (Bazhenova and Barsukova 

2021; Barsukova et al. 2022). 

Ecological groups composition of the found species reflects conditions prevail- 

ing in the river and its geographical location. Predominance of cosmopolitans is a 

feature of water bodies located in temperate climate (Barinova et al. 2006). High 

proportion of planktonic-benthic and epiphytic species (51.61%) is typical for so- 

called potamoplankton. The majority of saprobity indicator species (53.55%) be- 

long to inhabitants of polluted and dirty waters. It shows a high content of organic 

substances in the Ket and may be associated not only with its swamp origin, but also 



Phytoplankton of the Ket River (Tomsk Region)  65 
 

 

 

with increased anthropogenic impact on the river. At the same time, a significant 

proportion (33.55%) of widely tolerant species indicates a high potential for self- 

cleaning ability of the river, which ensures stability of its ecosystem (Odum 1986). 

Alpha diversity parameters of the Ket phytoplankton are rather high, and in 

summer 2019 they were close to that of the Ob River (Barsukova et al. 2021). Mar- 

galef index showes high diversity of the phytoplanktocenosis, and the Shannon in- 

dex indicatees a structure of phytoplanktocenosis that is close to average complexity. 

The value of the Simpson index, which is a very sensitive indicator of the dominance 

of a small number of species (Rosenberg 2007), was twice as high in 2021 as in 2019, 

which reflects the changes noted above in the dominant complex of phytoplankton 

species of the Ket. In general, the alpha diversity indicators corresponds to the pros- 

perous state of the phytoplanktocenosis of the Kety. 

In 2019, the trophic state and water quality of the Ket coincided with the indica- 

tors of the entire course of the Ob and another major tributary of the Ob – Vasyugan 

(Barsukova et al. 2021 2022). 

 
 

Conclusions 

The phytoplankton of the Ket River is rich and diverse, which is due to the flat nature 

of the river, the large area of the drainage basin, and other hydrological and mor- 

phometric factors that favor its development. The marsh origin of the river plays an 

important role in the formation of species richness and structure of phytoplankton. 

The state of Ket's phytoplanktocenosis, assessed by alpha-diversity parameters, 

is quite favorable, but some structural indicators of phytoplankton, identified dur- 

ing the study, indicate the development of negative phenomena. Examples are the 

predominance of small-celled green algae in phytoplankton, intensive vegetation 

of non-heterocyst cyanoprokaryotes, significant fluctuations in the number of phy- 

toplankton over the years, and a high proportion of β-mesosaprobionts among the 

indicator species of water saprobity. Taken together, these phenomena characterize 

the beginning of eutrophication of the river ecosystem, and the flat nature of the 

river and its high trophic status can contribute to this process. To assess the direc- 

tion of changes in the ecosystem of the Ket River, it is necessary to conduct further 

studies of its phytoplankton. 

 
 

Acknowledgements 

In 2019, the research was carried out within the framework of the initiative "Phyto- 

plankton and the ecological state of water bodies of the Ob-Irtysh basin" (Research 

reg. no. 121031900167-5), with the support of RFBR grants 18-00-01493, 18-05- 

60264. In 2021, the materials were collected using partial funding from the Scien- 

tific Fleet Support Program of the Russian Academy of Sciences. 



66 Olga P. Bazhenova, Natalya N. Barsukova / Acta Biologica Sibirica 9: 55–69 (2022) 
 

 

The authors express their deep gratitude to L.G. Kolesnichenko (National Re- 

search Tomsk State University) and N.I. Ermolaeva (Novosibirsk Branch of the In- 

stitute of Water and Environmental Problems of the Siberian Branch of the Russian 

Academy of Sciences) for providing data on hydrochemistry. 

 
 

References 

Abakumov VA (1977) Control of water quality by hydrobiological indicators in the system 

of hydrometeorological service of the USSR. Scientific bases of surface water quality 

control by hydrobiological indicators. Proceedings of the Soviet-English Seminar. Gid- 

rometeoizdat, Leningrad, 93–100. [In Russian] 

Abakumov VA (1991) Ecological modifications and development of biocenoses. Ecological 

modifications and criteria for ecological regulation. Proceedings of the international 

symposium. Gidrometeoizdat, Leningrad, 18–40. [In Russian] 

Barinova SS, Medvedeva LA, Anisimova OV (2006) Biodiversity of environmental indicator 

algae. Pilies Studio, Tel Aviv, 498 pр. [In Russian] 

Barinova SS, Bilous OP, Tsarenko PM (2019) Algal indication of water bodies in Ukraine: 

methods and perspectives. University of Haifa Publisher, Haifa-Kiev, 367 pр. [In Rus- 

sian] 

Barsukova N, Bazhenova O (2012) Phytoplankton and the ecological state of the tributaries 

of the middle Irtysh. LAP LAMBERT Academic Publishing, GmbH & Co. KG, 151 рp. 

[In Russian] 

Barsukova NN, Bazhenova OP, Kolesnichenkо LG (2021) Phytoplankton as an indicator of 

the current ecological status of the Ob River. Acta Biologica Sibirica 7: 573–591. https:// 

doi.org/10.3897/abs.7.e79236 

Barsukova NN, Bazhenova OP, Kolesnichenkо LG (2022) Phytoplankton and water quality 

of some tributaries of the Ob River. Voprosy sovremennoi algologii (Issues of modern 

algology) 1 (28): 35–41. https://doi.org/10.33624/2311-0147-2022-1(28)-35-41[In Rus- 

sian] 

Bazhenova OP (2005) Phytoplankton of the Upper and Middle Irtysh under conditions of 

regulated flow. Publishing House of FGOU VPO OmGAU, Omsk, 248 рp. [In Russian] 

Bazhenova OP, Barsukova NN (2021) New and rare species of algae in the plankton of the 

Ob River. Problems of Botany of South Siberia and Mongolia 20 (1): 41–44. https://doi. 

org/10.14258/pbssm.2021008 [In Russian] 

Bazhenova OP, Barsukova NN (2022) The First Information about the Phytoplankton and 

Ecological State of the Vasyugan River (Tomsk Oblast). Contemporary Problems of 

Ecology 15 (6): 683–689. https://doi.org/10.1134/S199542552206004X 

Bazhenova OP, Gulchenko YaI (2017) Long-Term Succession of the Phytoplankton of the 

Irtysh River Middle Flow (Omsk, Russia). International Journal on Algae 19 (1): 85–98. 

https://doi.org/10.1615/INTERJALGAE.V19.I1.80 

https://doi.org/10.3897/abs.7.e79236
https://doi.org/10.3897/abs.7.e79236
https://doi.org/10.33624/2311-0147-2022-1(28)-35-41
https://doi.org/10.14258/pbssm.2021008
https://doi.org/10.14258/pbssm.2021008
https://doi.org/10.1134/S199542552206004X
https://doi.org/10.1615/INTERJALGAE.V19.I1.80


Phytoplankton of the Ket River (Tomsk Region)  67 
 

 

 

Bazhenova OP, Mikhailov VV (2021) Phytoplankton As an Indicator of the Modern Eco- 

logical State of the Novosibirsk Reservoir. Inland Water Biology 14 (6): 670–678. https:// 

doi.org/10.1134/S1995082921050023 

Bazhenova OP, Barsukova NN, Igoshkina IYu, Konovalova OA, Korzhova LV, Krents OO 

(2019) Phytoplankton of the Omsk Priirtyshiye. Bazhenova OP (Ed.) Publishing House 

of FGBOU VO OmSAU, Omsk, 320 рp. [In Russian] 

Bulatov VI (2009) Radioecological monitoring of the Ob-Irtysh basin. Water problems of 

large river basins and ways to solve them. Advertising Technologies Agency LLC, Bar- 

naul, 419–432. [In Russian] 

Directive of the European Parliament and of the Council 2000/60EC (2000) Establishing a 

Framework for Community Action in the Field of Water Policy. European Commission 

PE-CONS 3639/1/100. Rev. 1. Luxembourg: EC Parliament and Council. 

Domanitsky AP, Dubrovina RG, Isaeva AI (1971) Rivers and lakes of the Soviet Union. Gid- 

rometeoizdat, Leningrad, 104 рp. [In Russian] 

Evseeva NS (2001) Geography of the Tomsk region (Natural conditions and resources). Pub- 

lishing House of Tomsk University, Tomsk, 223 рp. [In Russian] 

Fedorov VD (1979) About methods of studying phytoplankton and its activity. Publishing 

House of Moscow University, Moscow, 168 рp. [In Russian] 

Golubykh OS (1996) Phytoplankton of the Tom River. In: Tasks and problems of the devel- 

opment of fisheries in inland waters of Siberia. Publishing House of Tomsk University, 

Tomsk, 13–14. [in Russian] 

Golubykh OS (2007) Dynamics of phytoplankton populations in the middle Ob and Tom 

rivers in 2005. In: Romanov VI (Ed.) Biological aspects of the rational use and pro- 

tection of Siberian water bodies: Proceeding of the All-Russian conference. Lito-Print, 

Tomsk, 49–52. [In Russian] 

Guiry MD, Guiry GM (2022) AlgaeBase. World-wide electronic publication, National Uni- 

versity of Ireland, Galway. http://www.algaebase.org 

Guseva TV, Molchanova YaP, Zaika EA, Vinichenko VN, Averochkin EM (2000) Hydro- 

chemical indicators of the state of the environment: reference materials. Publishing 

House of the Social and Ecological Union, Moscow, 148 рp. [In Russian] 

Ioganzen BG, Popov MA, Yakubova AI (1951) Reservoirs in the environs of Tomsk. Pro- 

ceedings of Tomsk State University 115: 121–190. [In Russian] 

Koltsova TI (1970) Determination of the volume and surface of phytoplankton. Scientific 

reports of higher school. Biology Series. 6: 114–120. [In Russian] 

Korneva LG (2015) Phytoplankton of reservoirs of the Volga basin. Kostroma Printing 

House, Kostroma, 284 рp. [In Russian] 

Kozhevnikova NA (2001) Species structure of the phytoplankton of the Krasnoyarsk reser- 

voir (1977–2000). Modern problems of Siberian hydrobiology: Рroceedings All-Russian 

conference. Tomsk, 48–50. [In Russian] 

Krachmalnyi AF (2011) Dinophyte algae of Ukraine. Alterpress, Kyiv, 444 рp. [In Russian] 

Mitrofanova EYu (2007) Use of phytoplankton characteristics to assess the ecological state of 

the Tom River (Russia) during floods. Algology 17 (4): 476–484. 

https://doi.org/10.1134/S1995082921050023
https://doi.org/10.1134/S1995082921050023
http://www.algaebase.org/


68 Olga P. Bazhenova, Natalya N. Barsukova / Acta Biologica Sibirica 9: 55–69 (2022) 
 

 

Mitrofanova EYu (2008) Influence of cities and settlements on the indicators of phytoplank- 

ton abundance in the Ob and Tom rivers. Mir nauki, kul'tury, obrazovaniya 2 (9): 11–14. 

[In Russian] 

Naumenko YuV (1992) On the golden algae of the middle course of the river Ob. Siberian 

biological journal 5: 76–81. [In Russian] 

Naumenko YuV (1993) New data on the species composition of algae of the river Tom. Si- 

berian ecological journal 5: 67–72. [In Russian] 

Naumenko YuV (1995) Phytoplankton algae of the Ob River. Preprint, Novosibirsk, 55 pp. 

[In Russian] 

Naumenko YuV (1996) Phytoplankton of the Ob River: Abstract of the dissertation for the 

degree of Doctor of Biological Sciences. Novosibirsk, 33 pp. [In Russian] 

Novikova AB (1991) Phytoplankton of the middle reaches of the Tom River. In: Problems of 

social progress in Siberia. KSU Press, Krasnoyarsk, 34–35. [In Russian] 

Odum E (1986) Ecology. Mir Press, Moscow, 328 pp. [In Russian] 

Oksiyuk OP, Zhukinskij VN, Braginskij LP, Linnik PN, Kuz'menko MI, Klenus VG (1993) 

Complex ecological classification of the quality of land surface waters. Hydrobiological 

journal 29 (4): 62–76. [In Russian] 

PAST 4 – the Past of the Future https://www.nhm.uio.no/english/research/resources/past/ 

Puzanov AV, Bezmaternykh DM, Vinokurov YuI, Zinoviev AT, Kirillov VV, Kotovshchikov 

AV, Krasnoyarova BA, Rybkina ID, Dyachenko AV (2017) The current state of water 

resources and water management complex of the Ob-Irtysh basin. Water and environ- 

mental problems of Siberia and Central Asia. Рroceedings of III All-Russian scientific 

conference with the international participation. In 4 volumes. Volume 1. ARTIKA, 3–

16. [In Russian] 

Resources of surface waters of the USSR: Hydrological knowledge (1967) Volume 15. Altai 

and Western Siberia. Issue 2. Middle Ob. Gidrometeoizdat, Leningrad, 351 pp. [In Rus- 

sian] 

Rosenberg GS (2007) A few words about the Simpson diversity index. Samarskaya Luka 16 

(3): 581–584. [In Russian] 

Sadchikov AP, Makarov AA (2000) Consumption and Transformation of Low-Molecular 

Dissolved Organic Matter by Phyto- and Bacterioplankton in Two Water Bodies of Dif- 

ferent Trophic Status. Water Resources 27 (1): 64–67. [In Russian] 

Safonova TA (1972) On the distribution of the genus Trachelomonas Ehr. (Euglenic algae) 

in the water bodies of the Ob floodplain. Proceedings of Biological Institute of Siberian 

Branch of the USSR Academy of Sciences 19: 352–361. [In Russian] 

Safonova TA (1987) Euglenic algae of Western Siberia. Nauka Publishing House, Novosi- 

birsk, 191 pp. [In Russian] 

Schitikov VK, Zinchenko TD, Rosenberg GS (2011) Macroecology of river communities: 

concepts, methods, models. Cassandra, Tolyatti, 255 pp. [In Russian] 

Schmidt VM (1980) Statistical methods in comparative floristry. Publishing House of Len- 

ingrad State University, Leningrad, 176 pp. [In Russian] 

Voloshko LN (2017) Golden algae of reservoirs of the North of Russia. Renome Publishing 

House, St. Petersburg, 380 pp. [In Russian] 

https://www.nhm.uio.no/english/research/resources/past/


Phytoplankton of the Ket River (Tomsk Region)  69 
 

 

 

Yakubova AI (1951) Seasonal changes in phytoplankton and biological productivity of water 

bodies in the environs of Tomsk. Proceedings of Tomsk State University 115: 191–218. 

[In Russian] 

 

 

Supplementary material 1 

Species composition of algae in the Ket River, 2019–2021 

Authors: Olga P. Bazhenova, Natalya N. Barsukova 

Data type: Table 

Explanation note: The table contains information on the ecological and geographi- 

cal characteristics of the algae species of the Ket River, obtained as a result of the 

research in 2019-2021. 

Copyright notice: This dataset is made available under the Open Database License 
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