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ABSTRACT. The research goal is the investigation of environmental processes of recent sedimenta-
tion in the Arctic Ocean area. A short core (length – 37 cm) was taken from the Northern part of the 
Chukchi Sea. Analytical methods included macroscopic sedimentological description by smear-slides, 

137Cs and 210Pb, diatom and palynological analyses. Sedimentation rates 
at the research site have been determined to be 1 mm y-1. Thus, the age of the cored sediments spans 
approximately 400 years, which includes the period of the Little Ice Age. Abundant cold-water diatom 
species and spores of terrestrial plants within the lower part of the sediment core are characteristic for 
cold climate conditions, which dominated the Little Ice Age. The occurrence of Jurassic, Cretaceous, 
and Neogene species of spores and pollen in the Holocene deposits are the evidence of coastal abrasion 
and the subsequent transfer of the material to the coring site by currents. Southern, subtropical, and 
tropical species of diatoms within the upper, more recent part of the core reveal the transfer of mate-

biostratigraphic analyses indicate environmental changes during the last 400 years, revealed in bottom 
sediments of the Northern part of the Chukchi Sea.
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1. Introduction

Wilson et al., 2007) leads to changes in the natural 
environment, both on continents and in oceans. The 
research has been conducted in the Chukchi Sea, a mar-
ginal sea of the Arctic Ocean, located between Chukotka 
and Alaska. Here, the increase of the mean annual air 
temperature over the past decades has caused a distinct 

in the formation and composition of the bottom sed-

et al., 2019).
Compared to other marginal seas of the Arctic 

Ocean, the Chukchi Sea is characterized by its higher 

are particularly important for studying bottom sedi-

This paper presents biostratigraphic results of 
palynological and diatom analyses of upper layers of 
bottom sediments sampled in the Northern region of 
the Chukchi Sea and leads to a better understanding of 
environmental processes of recent sedimentation in this 
region of the Arctic Ocean.

2. Material and Methods

Sediments were taken during an international 
expedition with the research vessel «Professor Khromov» 

-
ered from a «boxcorer» at a site in the northern part 
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of the Chukchi Sea with coordinates 72°32’37.8” / N 

splitting the core in half a macroscopic description of 
the split core was carried out, followed by the analysis 
of smear-slides with a light microscope SK14 (magni-

qualitative determination of the particle size and the 
occurrence of lithological and biological components. 

-
ments of the activities of 137Cs and 210Pb, described by 

and palynological analyses were carried out at sam-
pling intervals of 1 cm to 2 cm. Diatom analysis was 

of the USSR, 1974) and preliminary results were pub-
lished by Vologina et al. (2018). Technical process-
ing of samples for palynological analysis was carried 

3. Results

(Fig.2). The relatively homogeneous lithological com-
position indicates stable depositional conditions during 
their formation. Dating results reveal a sedimentation 
rate of approximately 1 mm y-1, implying a time range 

-
ent (Vologina et al., 2018). Thus, the studied deposits 
belong to the Late Holocene.

3.1. Palynological analysis results

The total amount of pollen and spores in the sed-

-
tions can be distinguished in the core.

Section 1: 17–37 cm. Picea obovata and Sphagnum 
sp. are dominant in this interval, which is character-

represented by Sphagnum
Picea obovata (13–21 

Pinus sec. Cembra Pinus sylvestris (2–4 

and mainly represented by Betula type Nanae
and Duschekia 

Artemisia 

Section 2: 0–17 cm. This section is dominated 
by Picea obovata, Betula type Nanae, Duschekia sp. 
and Sphagnum
decreases and is represented by Sphagnum sp. (29–37 

-
acterized by Picea obovata Pinus sec. Cembra 

Pinus sylvestris Betula type Albae (up 

Betula type Nanae Duschekia sp. 
and Salix

Fig.1. Map of Chukchi Sea with the positions of core 

Sea according to (Stein et al., 2017): SCC – Siberian Coastal 
Current, HC – Herald Canyon Current, CC – Central Channel 

Current.

Artemisia -

Neogene age (N) occur throughout the core (Tsuga sp., 
Juglandaceae, Carya sp., Myrica sp., Alnus sp., Quercus 
sp., Betula sp. Corylus sp., Ulmus sp., Tilia sp.,

Cretaceous (K) periods (Cyathidites-type, Pinus proto-
cembra, Gleicheniidites sp., Ginkgo sp., Cicatricosisporites 
sp.) (Fig. 2).

3.2. Results of diatom analysis

The distribution of the most typical diatoms in 

occurrence can be observed of southern boreal, sub-
tropical and tropical species, as well as redeposited 
ancient diatoms.

Approximately half of all diatom valves belong 
to the genus Chaetoceros -
cies Chaetoceros Coscinodiscus margin-
atus Ch. mitra

is observed in the lower part of the core (Section 1, 
Table), where arctoboreal, cold-loving species of the 
genus Thalassiosira dominate: Th. antarctica, Th. hyalina, 
as well as Bacterosira fragilis, Coscinodiscus marginatus, 
Actinocyclus sp., Paralia sulcata (Ehr.) Cl., Rhizosolenia 
hebetata
the genus Chaetoceros.
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4. Discussion

The Holocene sediments of the Chukchi Sea con-
sist mainly of material formed by bottom erosion and 
coastal abrasion (Yashin, 2000). Material from river 

-
ments from the northern part of the Chukchi Sea the 
terrigenous fractions predominate over the biogenic 
components.

The palynological spectra of sediments from core 
-

etation, which is widespread along the coasts of the 
Chukchi Sea including a distinct predominance of pol-
len of shrubs, herbs and spores. In the lower part of the 
core, corresponding to the period of LIA, an increase 
in the content of spores is associated to colder cli-
matic conditions. Re-deposited species of the Jurassic, 
Cretaceous, and Neogene are observed throughout 
the entire sediment core (Fig. 2). They derived from 
coastal abrasion and subsequent transfer by currents. 

coniferous pollen (especially spruce). Their most likely 

Sea.
Most of the diatom species observed in the sed-

-
tion) are characteristic of cold-water conditions at 
high latitudes. The presence of south boreal, subtrop-
ical, and tropical valves is most likely caused by their 

Vologina et al., 2018), facilitated mainly by currents 

in composition and quantity of pollen, spores and 
diatoms in the sediments allows a distinction of two 
stages of sedimentation. Obviously, lower temperatures 
during cooler environmental conditions throughout 
LIA prevailed during the time of sedimentation within 
the lower half of the core. This caused lower biological 
productivity and lead to the increase of the cold-water 
species of genus Thalassiosira (Table) (Vologina et al., 
2018).

The obtained data correlate well with variations 
in the chemical composition of bottom sediments sam-
pled in the northern part of the Chukchi Sea (Astakhov 
et al., 2019). The results of palynological and diatom 
analyzes complement the geochemical data for core 

conditions in the Arctic over the past 300–400 years 
(Astakhov et al., 2019).

5. Conclusion

Detailed biostratigraphic analyses of a sediment 
core from the northern part of the Chukchi Sea allow 
the reconstruction of environmental conditions during 
the last 400 years in this part of the Arctic Ocean. 
The lower section of the core was formed during the 
cooling period of the Little Ice Age. It is characterized 
by the deposition of the cold-water diatoms and the 
increased content of spores of terrestrial plants. The 
upper core-section represents the time after the end of 
LIA, when warmer climate conditions prevailed and led 

Fig.2. -
toms. Note for the diagram: N – Neogene, J-K – Jurrassic-Cretaceous.
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to a distinct reduction of the cold-water diatoms and 
spores of terrestrial plants. The appearance of south-
ern boreal, subtropical and tropical diatom species in 
the sediments of the northern part of the Chukchi Sea 

-
ous pollen and spores to the sediments of the Chukchi 
Sea occurs mainly by ocean currents and by wind 
drift from land areas. Coastal abrasion and the subse-
quent transfer by currents are responsible for Jurassic, 
Cretaceous and Neogene species of spores and pollen 
redeposited in the Holocene deposits.

6. Acknowledgments

The authors express gratitude to many colleagues 

support during the collection of bottom sediments, ana-
lytical work, and discussion of the results.

7. Funding

The study was supported by the Russian Science 
Foundation grant No. 24-27-00098, https://rscf.ru/

en/project/24-27-00098/. The equipment of the  
Central Collective Use Center «Geodynamics and 

involved in the work.

The authors declare no competing interest.

References

Sediment geochemistry and diatom distribution in the 
Chukchi Sea: Application for bioproductivity and paleocean-
ography. Oceanography 28(3): 190–201.

Astakhov A.S., Vologina E.G., Dar’in A.V. et al. 2018. 

chemical composition of bottom sediments in the Chukchi 

DOI:

Reconstruction of ice conditions in the northern Chukchi 
Sea during recent centuries: geochemical proxy compared 

DOI:

Table.

Se
ct

io
n

D
ep

th
, c

m

A
ch

na
nt

he
s 

br
ev

ip
es

Ba
ct

er
os

ir
a 

fr
ag

ili
s

C
os

ci
no

di
sc

us
 m

ar
gi

na
tu

s

C
ha

et
oc

er
os

 s
p.

C
h.

 m
itr

a

C
ha

et
oc

er
os

 (
sp

or
es

)

N
itz

sc
hi

a 
sp

.

R
hi

zo
so

le
ni

a 
sp

.

Th
al

as
si

os
ir

a 
an

ta
rc

tic
a

Th
. h

ya
lin

a

Th
. n

or
de

ns
ki

oe
ld

ii

Th
al

as
si

on
em

a 
ni

tz
se

hi
oi

de
s

2 0–1 3.7 1.1 12.4 4.0 0.3 4.0 0.9

3–4 1.3 1.0 4.1 3.4 1.1 41.7 4.3 3.2 0.9 1.7 3.0

1.8 2.2 2.4 3.9 2.7 1.1 3.1 3.1

7–8 2.3 1.7 49.4 3.2 0.8 1.9 0.9

9–10 3.2 1.8 0.9 12.4 0.9 0.8 2.2

11–12 1.1 1.9 2.1 4.1 41.9 3.2 8.0 3.4 – 1.9 3.4

13–14 0.7 3.3 14.9 3.3 44.2 3.1 – 1.1

1.4 2.3 0.9 9.2 49.3 4.3 0.9 1.3 – 2.3 1.1

1 17–18 1.2 2.7 8.3 4.2 32.3 3.7 2.3 2.1 1.1 0.2 2.7

19–20 0.7 2.1 19.3 42.1 2.1 0.8 0.2 1.2 2.8

21–22 1.3 4.2 1.1 32.1 3.3 1.7 2.0 0.4

23–24 1.0 2.1 0.7 28.4 4.0 2.0 0.9 1.8 1.4

2.0 1.3 29.4 3.3 3.1 4.1 – 1.3

27–28 1.3 2.1 1.0 28.0 4.0 27.3 4.1 3.4 3.0 1.3 0.3 2.7

29–30 0.9 1.3 14.9 4.3 40.3 2.9 0.9 0.2 0.2

31–32 1.1 14.7 4.1 2.7 0.1 1.0

33–34 0.3 9.8 4.0 2.4 3.0 1.0 2.2

0.8 2.3 8.4 29.0 3.9 3.9 0.3

0.8 1.2 1.1 2.8 3.7 1.8 1.2 0.8 1.2



Vologina E.G. et al. / Limnology and Freshwater Biology 2024 (2): 48-57

of Holocene Palaeoecology and Palaeohydrology. Ed. by 

estimates in regional and global observed temperature 

Variability of sea ice cover in the Chukchi Sea (western Arctic 
Ocean) during the Holocene. Paleoceanography 20: PA4018. 
DOI:

Diatoms of the USSR. 1974. In: Proshkina-Lavrenko A.I. 
(Ed.). Leningrad: Nauka. (in Russian).

Obrezkova M.S., Pospelova V., Kolesnik A.N. 2023. 
-

ments of the Chukchi Sea in relation to the upper water masses. 
Marine Micropaleontology 178: 102184. DOI:
marmicro.2022.102184

Ogorodnikov V.I., Rusanov V.P. 1978. Conditions for 
accumulation and distribution of amorphous silica in bottom 

Saidova H.M. 1994. Ecology of shelf foraminiferal com-

Chukchi Seas. Moscow: Nauka.
Stein R., Fahl K., Schade I. et al. 2017. Holocene variabil-

Seas (Arctic Ocean). Journal of Quaternary Science 32(3): 

Stone R.S. 1997. Variations in western Arctic tem-
peratures in response to cloud radiative and synoptic-scale 

Vologina E.G., Kalugin I.A., Daryin A.V. et al. 2018. Late 
Holocene sedimentation in active geological structures of the 
Chukchi Sea. Geodynamics & Tectonophysics 9(1): 199–219. 
DOI:

Vologina E.G., Sturm M., Astakhov A.S., Shi Xuefa. 
2019. Anthropogenic traces in bottom sediments of Chukchi 

quaint.2019.07.008

of divergence: Tracking recent warming at hemispheric scales 
using tree ring data. Journal of Geophysical Research 112: 
D17103.

Yashin D.S. 2000. Holocene sedimentogenesis of 
the Arctic seas of Russia. In: Geological and Geophysical 
Characteristics of the Lithosphere in the Arctic Region. Vol 

Russian).

Russian).



Limnology and Freshwater Biology 2024 (2): 48-57 DOI:10.31951/2658-3518-2024-A-2-48

Commons Attribution-NonCommercial 4.0.

1, 1 1 2 3

1 

2 

3 

-

137 210

-
-

-

-

1.

-

-

vologina@crust.irk.ru (E.G. Vologina)

-
-

-

al., 2023).
-

-
-



2. 

-

-
-

-
-

210 137

-
-
-

3. 

-
-

-
-

-
-

3.1. 

-

Picea obovata Sphagnum -
-

Sphagnum 
-

Picea obovata Pinus sec. Cembra
P. sylvestris -

Betula type Nanae 
Duschekia 

Artemisia -

-
-

-
Picea obovata, Betula type Nanae, Duschekia 

Sphagnum 
 Sphagnum sp. (29–37 

-
Picea obovata (8–20 

Pinus sec.Cembra Pinus sylvestris
Betula type Albae

Betula type Nanae  Duschekia Salix sp. 

Artemisia 

-
Tsuga sp., 

Juglandaceae, Carya sp., Myrica sp., Alnus sp., Quercus 
sp., Betula sp., Corylus sp., Ulmus sp., Tilia sp., 

(Cyathidites-type, Pinus protocembra, Gleicheniidites sp., 
Ginkgo sp., Cicatricosisporites .

3.2. 

-
-



Chaetoceros 
Chaetoceros Coscinodiscus marginatus 

Ch. mitra
-

-
Thalassiosira: 

, Th. hyalina Bacterosira fragilis, 
Coscinodiscus marginatus, Actinocyclus sp, Paralia sulcata 
(Ehr.) Cl., Rhizosolenia hebetata -

Chaetoceros.

4. 

-
-

-

-

-
-
-

-

-

-

-
-

Thalassiosira 

-



-
-

5. 

-
-
-

-

-

-
-
-

-

-

-
-

-
-

6. 

7. 

https://
rscf.ru/project/24-27-00098/

A
ch

na
nt

he
s 

br
ev

ip
es

Ba
ct

er
os

ir
a 

fr
ag

ili
s

C
os

ci
no

di
sc

us
 m

ar
gi

na
tu

s

C
ha

et
oc

er
os

 s
p.

Ch
. m

it
ra

C
ha

et
oc

er
os

 

N
itz

sc
hi

a 
sp

.

R
hi

zo
so

le
ni

a 
sp

.

Th
al

as
si

os
ir

a 
an

ta
rc

tic
a

Th
. h

ya
lin

a

Th
. n

or
de

ns
ki

oe
ld

ii

Th
al

as
si

on
em

a 
ni

tz
se

hi
oi

de
s

2 0–1 3.7 1.1 12.4 4.0 0.3 4.0 0.9

3–4 1.3 1.0 4.1 3.4 1.1 41.7 4.3 3.2 0.9 1.7 3.0

1.8 2.2 2.4 3.9 2.7 1.1 3.1 3.1

7–8 2.3 1.7 49.4 3.2 0.8 1.9 0.9

9–10 3.2 1.8 0.9 12.4 0.9 0.8 2.2

11–12 1.1 1.9 2.1 4.1 41.9 3.2 8.0 3.4 – 1.9 3.4

13–14 0.7 3.3 14.9 3.3 44.2 3.1 – 1.1

1.4 2.3 0.9 9.2 49.3 4.3 0.9 1.3 – 2.3 1.1

1 17–18 1.2 2.7 8.3 4.2 32.3 3.7 2.3 2.1 1.1 0.2 2.7

19–20 0.7 2.1 19.3 42.1 2.1 0.8 0.2 1.2 2.8

21–22 1.3 4.2 1.1 32.1 3.3 1.7 2.0 0.4

23–24 1.0 2.1 0.7 28.4 4.0 2.0 0.9 1.8 1.4

2.0 1.3 29.4 3.3 3.1 4.1 – 1.3

27–28 1.3 2.1 1.0 28.0 4.0 27.3 4.1 3.4 3.0 1.3 0.3 2.7

29–30 0.9 1.3 14.9 4.3 40.3 2.9 0.9 0.2 0.2

31–32 1.1 14.7 4.1 2.7 0.1 1.0

33–34 0.3 9.8 4.0 2.4 3.0 1.0 2.2

0.8 2.3 8.4 29.0 3.9 3.9 0.3

0.8 1.2 1.1 2.8 3.7 1.8 1.2 0.8 1.2



-

-
-

-

-

-

-
-

Sediment geochemistry and diatom distribution in the Chukchi 
Sea: Application for bioproductivity and paleoceanography. 
Oceanography 28(3): 190–201.

Reconstruction of ice conditions in the northern Chukchi Sea 
during recent centuries: geochemical proxy compared with 

of Holocene Palaeoecology and Palaeohydrology. Ed. by 

estimates in regional and global observed temperature 

Variability of sea ice cover in the Chukchi Sea (western Arctic 
Ocean) during the Holocene. Paleoceanography 20: PA4018. 
DOI:

Obrezkova M.S., Pospelova V., Kolesnik A.N. 2023. 

sediments of the Chukchi Sea in relation to the upper water 
masses. Marine Micropaleontology 178: 102184. DOI: 

Stein R., Fahl K., Schade I. et al. 2017. Holocene 

Siberian Seas (Arctic Ocean). Journal of Quaternary Science 

Stone R.S. 1997. Variations in western Arctic temperatures 

Journal of Geophysical Research: Atmospheres 102(D18): 

Vologina E.G., Sturm M., Astakhov A.S., Shi Xuefa. 
2019. Anthropogenic traces in bottom sediments of Chukchi 

quaint.2019.07.008

of divergence: Tracking recent warming at hemispheric scales 
using tree ring data. Journal of Geophysical Research 112: 
D17103.



Limnology and Freshwater Biology 2024 (2): 58-97 DOI:10.31951/2658-3518-2024-A-2-58

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

Original Article

Coregonus lavaretus
of the Nizhnetulomskoye Reservoir 
(Tuloma River basin, Murmansk region) 
and its habitat conditions

Zubova E.M.1,*, Terentyev P.M.1, Kashulin N.A.1 2 1, 
Valkova S.A.1, Cherepanov A.A.1, Postnova S.V.1

1 

2 Institute of Systematics and Ecology of Animals Siberian Branch of the Russian Academy of Sciences, Frunze Str., 11, Novosibirsk, 

ABSTRACT. The modern biological characteristics of the most common polymorphic species of European 
Coregonus lavaretus (L.) in Northern Europe were studied in the conditions of its habitat in the 

oldest riverbed reservoir in the Murmansk region. A number of features of the functioning of the eco-
-

cation of the reservoir, accompanied by the development of cyanoprokaryotes in phytoplankton com-
munities, including potentially toxic species. The introduction of the Onega smelt  (L.) 
into the Tuloma River system half a century ago led to the transformation of the structure of the NTR 

as a benthophage with a wide range of consumption of food organisms. The stomach contents of white-

 (Walbaum) in 

-

changing environmental conditions and of fundamental practical importance in the implementation of 

Keywords: Coregonus lavaretus, biological characteristics, Nizhnetulomskoe Reservoir

1. Introduction

The Murmansk region is one of the areas with 
a high level of electrical energy consumption, which 
is determined by the high energy intensity of mining 
and processing enterprises and non-ferrous metallurgy. 
Around two-thirds of the total electrical energy con-
sumption in the region is accounted for by these sectors 
(Kuznetsov et al., 2020). The creation and development 
of the electric power system on the Kola Peninsula in the 
initial stage were primarily reliant on the construction 
of hydroelectric dams (Kuznetsova and Konovalova, 

dams on certain large lakes and rivers in the Murmansk 
region, resulted in the creation of approximately 20 

-
nogenic geosystems, the development of which occurs 

external (various types of anthropogenic and natural 

elements of lotic and lentic systems are characterized 
by an unstable balance of ecological interactions among 
their four main components: the atmosphere, hydro-
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sphere, lithosphere and biosphere. It is determined 

from the natural one (Dvinskikh and Kitaev, 2014). 
Especially in the conditions of the Extreme North, this 
leads to disruptions in biogeochemical cycles, the sea-
sonality of biotic processes, and, ultimately, a decrease 
in biological diversity and the transformation of the 
hydrobiotic community structure.

The Tuloma is one of the largest river sys-

Following the reconstruction of the Tuloma River 
territories, the majority of the river now belongs to 
the Verkhnetulomskoye and Nizhnetulomskoye riv-
erbed reservoirs. At the same time, the state of the 
ecosystem after the river damming was studied only 
in the younger Verkhnetulomskoye Reservoir (VTR) 

-
tem in one of the oldest riverbed reservoirs in the 
Murmansk region, the Nizhnetulomskoye, has not been 
extensively studied. There are some papers on mollusks 

2009) and on the level of parasitic worm infections in 

et al., 2022). Some population characteristics of juve-
nile Atlantic salmon Salmo salar L. of the NTR have 
also been studied (Samokhvalov et al., 2014), there 

(Konovalova and Kuznetsov, 2020). This paper pres-
ents the results of biological characteristics studies of 

Coregonus lavaretus (L.) of the NTR and 

allopatric and sympatric morphs and populations, dif-
fering in morphology, life cycle strategies, and ecologi-

that the formation of sympatric morphs in conditions of 
low species diversity in northern watercourses allows 

and determines the stability of water ecosystems as a 

Understanding the mechanisms of structural and func-

fundamental importance in revealing the mechanisms 

in changing environmental conditions and of funda-
mental practical importance in the implementation of 

-

2. Materials and methods
2.1. Study area

The Tuloma River basin is located in the north-
-

ming, the Tuloma River originated from Notozero Lake 

km2

Sea (Fig. 1). After the Tuloma River regulation by 
the dams of hydropower stations (hereinafter HPP) 
Nizhnetulomskaya and Verkhnetulomskaya, the major-
ity of the river is the NTR (Fig. 1). The length of the 

2

of the river is represented by complex and extensive 
lake-river systems draining the territory of the western 
part of the Murmansk region, where there are numer-
ous hills and tundra. The Salnye Tundry are located 

the Nota and Lotta rivers,which originate in Finland, is 
formed on the slopes of the hills and adjacent swampy 

Tuloma River catchment area. The river fall is 48 m, 

the river is located in a narrow and deep gorge (incision 
depth is 200-300 m) and forms incised bends. There 
are many rapids on the river. In the lower reaches of 

-
ence of sea tides are felt. There are two HPP on the 

Nizhnetulomskaya (since 1937), forming the VTR and 

area of the reservoir water surface is 38 km2, the vol-
ume is 0.39 km3 (0.037 km3 of which is useful), the 

average depth is 12 m, and the maximum depth is 20 
m. The level of the upper pool of the reservoir is: forced 

-
-

3/s. The rivers Pyaive 

farms for growing rainbow trout 
(Walbaum).

Fig.1. Hydrochemical, hydrobiological and ichthyo-
logical sampling points in the Nizhnetulomskoye Reservoir 
(Tuloma River basin), 2018-2022.
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The autumn ice phenomena on the Tuloma 

is covered with ice at the end of December. Ice sets 
in mid-November in the stretch areas of the river, and 
much later in rapid areas.. The river opens at the begin-
ning of May, ice drifts until the beginning of June. In 
the downstream of the Nizhnetulomskaya HPP and fur-
ther to the mouth, the Tuloma River is subject to a pow-

addition, the river does not freeze in this part during 

and its habitat conditions was carried out in the NTR 
(Fig. 1).

The sampling program included measurements 
of the reservoir productivity (total nitrogen (μg/L), 
total phosphorus (μg/L), chlorophyll a content (μg/m3) 
and phytoplankton biomass (g/m3)), prey availability 
(diversity, total abundance, and biomass of zooplank-
ton (thousand individuals/m3 and g/m3) and macrozo-
obenthos (individuals/m2 and g/m2)), putative prey for 

-
-

tion, morphology, sex and length-weight composition, 
growth rate, diet, and maturation).

2.2. Hydrochemical research

Water samples from the surface layer (1 m from 
the surface) and bottom layer (1 m from the bottom) 
of the NTR were taken with a 2.0 L plastic bathometer. 
The collected water samples were transported in 1.0 L 
plastic bottles. The chemical composition of water was 
determined at the center for collective use of the INEP 

et al., 2019). The periods for collecting hydrochemical 
samples and their quantities are given in Table 1.

2.3. Hydrobiological research

Detailed information on the hydrobiological 
sample sizes and their collection time is presented in 
Table 1. Quantitative phytoplankton samples were 
taken with a 2.2 L Rüttner bathometer at a depth inter-

were taken with a Juday net. Each sample obtained was 
-

et al., 2019). Phytoplankton biomass was calculated 
using the counting-volume method based on determin-
ing the individual volume of cells (or dense colonies) of 
each species, calculated using formulas for the volume 

-
otes was carried out in a 0.1 ml Nageotte Chamber on 

were used. The names of taxa are given in accordance 
with the international algological database (Guiry and 
Guiry, 2024).

To assess the physiological state and photosyn-
thetic activity of algae and cyanoprokaryotes, the con-
tent of chlorophyll a -
pling was carried out monthly. Water samples with a 

out directly on the reservoir to avoid changes in the 
content of photosynthetic pigments during the transpor-
tation of water samples. Extraction of chlorophylls was 

grade), the optical density of the extracts was measured 

of photosynthetic chlorophyll a were calculated using 
standard methods generally accepted in interna-

-

Table 1. Characteristics of the used hydrochemical, hydrobiological and ichthyological material from the Nizhnetulomskoye 
Reservoir (Tuloma River basin), 2018-2022

Research period of 
GCS

Research period of GBS Number of 
samples

Research 
period of IS

n1 n2 n3 n4

P, Z GC P, Z

IV, V, VII, X 2019, VII 2018, monthly XII 2018, 431 379 107

I-II, V, VII, IX, XII 2020, monthly from V to XI 2019-2022 monthly

VI 2021, from I to X 2019, from V to XII 
2019-2020 

II, VIII, XI 2022 I-III, V-XI 2020, V, VIII-XII 2021

I-III, V-XII 2021, III, VII-XII 2022 

monthly

from I to XII 2022
Note:

zooplankton, M – macrozoobenthos, n1 -
ductive products and linear growth rate, n2 – with studied branchial arch, n3 – with studied body morphology, n4 – with studied 
stomach contents.
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phic status of waters was assessed by the content of 
chlorophyll a
by Kitaev (2007).

Quantitative zooplankton samples were taken 
with a 2.2 L Rüttner bathometer at the depths of 0-2, 

-
ples were taken with an Apstein net (38 cm diameter, 
30 μm mesh size). Vertical trawling provides more 
complete data on the plankton population of the stud-
ied reservoir. Stretching the plankton net from the 
bottom up – from the bottom of the reservoir to the 

Sandimirov et al., 2019).
Quantitative and qualitative macrozoobenthos 

samples from littoral zones (<1 m depth) were col-

and the animals were selected from stones. The col-

-

Zooplankton and macrozoobenthos samples 

a microscope (mostly to genus level) (Merritt and 

counted (thousand individuals/m3 and individuals/
m2 respectively) and weighed (g/m3 and g/m2 respec-

to count the zooplankton organisms in the sample. It is 
a thick plate of glass or plexiglass with a notch in the 
form of a labyrinth. Trophic status was assessed by zoo-
plankton and macrozoobenthos biomass using the scale 
proposed by Kitaev (2007).

2.4. Ichthyological research

Detailed information on the samples sizes and 

collected using gill nets in all three sampled habitats 
of the NTR (littoral, pelagic, and profundal). In the 
NTR, catches were made with a standard set of nets 

nets are set overnight (c. 12h). Fish taken from the 
-

FL) 
± 1 mm) and weighed (total weight (W) ± 1 g). Fifty-

-
ter sp.br.

Also, based on the number of perforated scales in the 
lateral line (ll

Sp.br. were counted 

-

raker (hereinafter lsp.br.) was also measured (Pravdin, 
-

ers (ssp.br.) was calculated according to the method of 

ll numbers in the lateral line of the 
ImageJ program, 

-
tures (30 features) were made (± 0.1 mm) according to 

– highest body height, h – caudal peduncle height, aA, 
– anteanal, anteventral, antedorsal, antepec-

tral distances, respectively, – dorsocaudal, 
ventrocaudal and analcaudal distances, respectively, 

– pectroanal, pectroventral, ventroanal dis-
tances, respectively, pA – caudal peduncle length, pD 
– postdorsal distance, – the length of the 

hD, 
hA 
respectively, – head length, r – snout length, – eye 
diameter, b – pupil diameter, – postorbital distance, 
Ch1 and Ch2 – head height at the level of the eye and 
the back of the head, respectively, lmax and hmax – 
length and height of the upper jaw respectively, lmd 
– lower jaw length.

Morphologic data (lsp.br., ssp.br., and morpho-
log10-transformed to 

reduce heterogenity in variance and size-adjusted to the 

Xi = 10Yi, where Xi 
is the size-adjusted morphologic measurement. Yi is the 
logarithm of the adjusted morphologic measurement 
with the following relationship: Yi= log10Mi – b(log10 
Li – log10Ltot), where b -
cient of log10Mi against log10Li, Mi is the morphologic 
measurement of i Li is the total length of ith 

Ltot
samples. Meristic counts were examined as raw data. 
For every trait, the mean (M) and standard error (m) 
were calculated. The normal distribution of the traits 
was tested in Statistica 10 program (asymmetry and 
kurtosis, Kolmogorov-Smirnov, Shapiro-Wilk tests, two 
normal probability plots). Since visual analysis of the 

and processingof the material, as well as evaluation of 
-

phology of the head and body of individual sparsely 
-

rected) measurements were subjected to multivariate 
analysis (principal component analysis) in the Statistica 
10 program. The data obtained were compared, and the 

normal and non-normal (samples were large-volume) 
distribution was checked using Student’s t-test. The dif-

p

if their gonads were in sexual maturity stages III-IV, 



Zubova E.M. et al. / Limnology and Freshwater Biology 2024 (2): 58-97

length on scales was conducted according to the method 

individuals with empty stomachs and stomachs con-
taining food components was determined from May to 
December. To analyze qualitative and quantitative fea-

stomach contents were evaluated (Table 1) according 

ethanol solution in less than 2-3 h after collection of 
nets from the lake. The treatment of the material was 
conducted in a laboratory using a microscope. Food 

the wet mass (± 0.1 g) of each category was measured. 
To characterize the feeding spectrum, the IR (index of 

 IR = (Fi Pi Fi Pi
Fi is frequency of occurrence of each com-

ponent of food, Pi i changes from 
1 to n (n is the number of food components in the whole 
stomach contents) (Popova and Reshetnikov, 2011).

3. Results
3.1. Hydrochemical and hydrobiological 
characteristics

In terms of the content of total phosphorus and 

mesotrophic water bodies with signs of eutrophication 
(Table 2). At the same time, the average quantitative 
parameters (abundance, individuals/m3, and biomass, 
g/m3) of planktonic communities and chlorophyll a 
(mg/m3

(Table 2). Quantitative parameters are characterized by 
-

etation processes continue during the subglacial period. 
Relatively long periods of autumn vegetation, almost 
until freeze-up, were observed, maintaining the zoo-
plankton biomass at the level of summer values.

Phytoplankton communities were character-
ized by a species composition dominated by diatoms 
and golden algae, as well as the presence of represen-
tatives of charophyte (desmidia) algae. According to 
ecological characteristics, the bulk were made up of 
representatives of phytoplankton, characteristic of sub-
arctic reservoirs of the northern taiga zone, as well as 
cosmopolitans with a wide biogeography: Aulacoseira 
islandica (O.Müll.) Simons., Asterionella formosa Hass., 
Tabellaria fenestrata (Lyngb.) Kütz., Dinobryon divergens 
Imh. The development of cyanoprokaryotes in com-

autumn, including potentially toxic species that can 
cause algal blooms ( Ralfs ex 

Dolichospermum lemmermannii (Rich.) 
Planktothrixa gardhii 

The zooplankton communities of the studied res-
ervoir were characterized by the dominance of eurybiont 
species typical of subarctic water bodies. In the studied 
water body, the taxonomic composition turned out to 

Table 2. Average hydrochemical and hydrobiological 
parameters from the Nizhnetuloma Reservoir (Tuloma River 
basin), 2018-2022

Parameters Values of 
parameters

Total phosphorus content, μg/L

Total nitrogen, μg/L

Trophic status* mesotrophic 
with signs of 
eutrophicity

Phytoplankton biomass, g/m3

3 1.42

Trophic status** 

rotifers 84.1

crustaceans

rotifers

crustaceans

Total abundance of zooplankton, thousand 
individuals/m3

143.1

Total biomass of zooplankton, g/m3 0.4

Trophic status**

chironomids 72

2

bivalve mollusks 4

gastropod mollusks 3

oligochaetes 11

other groups of organisms 7

chironomids

4

bivalve mollusks 2

gastropod mollusks 14

oligochaetes 10

other groups of organisms 10

Total abundance of littoral macrozooben-
thos, individuals/m2

Total biomass of littoral macrozoobenthos, 
g/m2

Trophic status** eutrophic
Note:

be relatively poor (18-19 species). Rotifers dominated 
in abundance: Keratella cochlearis Gosse, Polyarthra vul-
garis Carlin, Synchaeta pectinata Ehrb, the share of crus-
taceans was lower: Eudiaptomus gracilis Sars, Bosmina 
obtusirostris Sars, Daphniasp. (Table 2). According to the 
ecological characteristics, the zooplankton community 
corresponded to the rotary-cladoceran and rotary-cope-
pod type, depending on the observation period.
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The macrozoobenthos of the littoral zone of the 
NTR studied areas is typically freshwater. During the 
study period, invertebrates belonging to 13 system-

Turbellaria), 
nematodes (Nematoda), oligochaeta ( ), 
leeches (Hirudinea), bivalves (Bivalvia), gastropods 
(Gastropodae), water mites (Hydracarina), chironomids 
(Chironomidae Diptera), true bugs (Hemiptera), 

Trichoptera Ephemeroptera), and 
Megaloptera). The macrozoobenthos of the 

NTR littoral zone was characterized by a relatively 
high abundance and biomass – eutrophic trophic status 
(Table 2). The dominant complex was supplemented 
by inhabitants of the rocky littoral zone: gastropods 
(Lymnaea sp., Polycentropus 

 Pict., 1834,  sp., Limnephilidae), 
leeches (Glossiphonia complanata -

(Table 2).

3.2. Fish species composition

During our work from 2018 to 2022, ten species 

rainbow trout, brown trout Salmo trutta Linnaeus, white-
Coregonus albula (Linnaeus), 

European smelt, European grayling Thymallus thymallus
(Linnaeus), European perch  Linnaeus, 
burbot Lota lota (Linnaeus), and northern pike Esox 
lucius Linnaeus. The nine-spined stickleback Pungitius 
pungitius Linnaeus was observed in the stomachs of bur-
bot and rainbow trout, as well as in the coastal zone 
of the reservoir. The dominant NTR species include 

The abundance of European smelt (hereinafter 
smelt) in general during the entire study period reached 

-
ous in the catches were European vendace (vendace) 
and rainbow trout, which periodically escape from 

are less common. The number of perch reached almost 

-
cies were encountered only sporadically.

3.3. Features of the distribution of 

morphological characteristics

The catches from the NTR mainly contained the 
sparsely rakered (hereinafter sr
the number of sp.br.
3).Throughout the entire study period, only two white-

sp.br.
-

Fig.2. Composition of catches from the Nizhnetulomskoye 
Reservoir (Tuloma River basin) during the open water period 
(a) and the ice-covered period (b), 2018-2022.

Fig.3.
 n in the 

Nizhnetulomskoye Reservoir (Tuloma River basin), 2018-
2022. Sr mr – medium 
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Table 3.
Nizhnetulomskoye Reservoir (Tuloma River basin), 2018-2022

Parameters sr

«humpbacked» «low-bodied» «wide-bodied» «dolphin-snouted» «high-bodied»

FL, mm 2 222 ± 13.1 234 ± 13.7

133–299 (12) 239 – 338 (7)

sp.br., n 20.2 ± 0.32 22.0 ± 0.89  ± 0.87

18–21 (10) 17 – 24 (12) 22 – 28 (7)

ll, n 88. 87.8 ± 1.23 87.0 ± 1.37

80–92 (10) 82 – 93 (12)

CXi, mm

rXi, mm 11.2 ± 0.18 11.4 ± 0.37

10.0–12.0 (10) 8.8 – 11.2 (12) 8.7 – 12.1 (7)

oXi, mm 11.8 ± 0.28 12.3 ± 0.28 11.7 ± 0.32

9.8 – 12.3 (7)

bXi, mm 4 4.8 ± 0.14

poXi, mm 22.8 ± 0.30 22.2 ± 0.29 23.0 ± 0.30

20.4 – 23.9 (12) 21.9 – 23.7 (7)

ChXi1, mm 21.4 ± 0.27 22.1 ± 0.49 21.8 ± 0.38 21.0 ± 0.49

17.7 – 21.8 (7)

Ch2Xi, mm 32. 30.8 ± 0.48

29.0 – 32.3 (7)

lmaxXi, mm 13.0 ± 0.29 13.4 ± 0.39 13.2 ± 0.32

11.9 – 14.8 (10)

lmdXi, mm 17.7 ± 0.72 18.1 ± 0.30 17.9 ± 0.38

ered (mr

catching and processing of the material, as well as the 

body of individual specimens of the sr 
Thus, the NTR met:
1. -

able hump behind the head and a subterminal or 
terminal mouth (Fig. 4a, b) (hereinafter referred to 

2. 
snout and a subterminal or terminal mouth (Fig. 

3. 
and terminal mouth (Fig. 4d) (“high-bodied” 

4. 
eye and a terminal mouth (Fig. 4e) (“low-bodied” 

by external characteristics into the above-described 
groups or morphotypes (“uncertain” morphotype).

sr -

The most detailed morphological character-
sr white-

sr
were assigned to one of the six morphotypes described 

morphotype), meristic and morphometric characteris-
tics were analyzed and compared (Table 3). Thus, the 
number of sp.br. and ll 

in the average number of sp.br. (p
ll (p

sp.br. against 20-22 sp.br. and 91 ll ll, 
respectively.

When studying the head morphology of the iden-
-

justed parameters overlapped (Table 3). The closest 
indicators of head parameters were characteristic of 

p
head, snout, eye and pupil, and upper and lower jaws 
(Table 3). The head height at the level of the eye and 
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Parameters sr

«humpbacked» «low-bodied» «wide-bodied» «dolphin-snouted» «high-bodied»

Xi, mm 1 ± 1.12

hXi, mm 2 ± 0.21 17.0 ± 0.34

aAXi, mm

mm 113.2 ± 0.87 111.9 ± 1.33

109.1–119.2 (12)

aDXi, mm 104.0 ± 0.89 103.4 ± 0.83 103.4

99.1–107.3 (12)

aPXi, mm 43.9 ± 0.43 47. 44.4 ± 0.48 44.1 ± 0.74

42.2–47.4 (12)

DCXi, mm 119.9 ± 1.24 120.

117.9–124.2 (10)

ACXi, mm 1.03

PAXi, mm 71 123.4 ± 0.90 123.4 ± 0.80

120.8–127.3 (7)

mm

mm  ± 0.48

pAXi, mm 29.2 ± 0.73 28.9 ± 0. 28.9 ± 0.81

pDXi, mm 90.4 ± 1.02 90.3 ± 1.10 91.3 ± 1.39

lDXi, mm 39.2 ± 0.90

lAXi, mm 23.1 ± 0.39 22.8 ± 0.29

21.7–23.9 (7)

mm 30.8 ± 0. 31.4 ± 0.42

29.3–32.7 (10) 29.7–32.7 (7)

lPXi, mm 34. 33.3 ± 0.81 33.9 ± 

29.3–40.3 (12)

hDXi, mm 27.7 ± 0.84 27.9 ± 0.97

24.4–32.0 (10)

hAXi, mm

Note: Sr  FL – Smith length, sp.br. ll – 
number of perforated scales in the lateral line, – highest body height, h – caudal peduncle height, – anteanal, 
anteventral, antedorsal, antepectral distances, respectively, – dorsocaudal, ventrocaudal and analcaudal distances, 
respectively, – pectroanal, pectroventral, ventroanal distances, respectively, pA – caudal peduncle length, pD – post-
dorsal distance, hD, hA – length of the bases 

– head length, r – snout length, – eye diameter, b – pupil diameter, – postorbital 
distance, Ch1 and Ch2 – head height at the level of the eye and the back of the head, respectively, lmax and hmax – length and 
height of the upper jaw respectively, lmd – lower jaw length, Xi – is the size-adjusted plastic measurement. Above the line is the 
average value of the characteristics and its error, below the line is the minimum and maximum value of the characteristics. The 

n.
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the back of the head was greater (p
-

were characterized by the lowest (p
values of head parameters (Table 3). Thus, extreme 
values of head parameters were mainly characteristic 

-

morphotype (lowest values) (Table 3).
The average length in the sample for the 

p 

(Table 3). When studying the body morphology of the 
-

body structure were minor and were mainly observed 
-

ues (p aA, , and PA com-
pared to the other morphotypes (Table 3).

Thus, we can observe diversity in some meristic 
traits and morphometric head characteristics in the sr 

In a series of changes in the head morphometric and 

morphotypes, the extreme average values are typical 
-

est values of head parameters and lowest values of 

(the lowest values of head parameters and the high-
est values of meristic parameters). The values for these 
parameters in “wide-bodied” and “dolphin-snouted” 

of the size-adjusted morphometric characteristics to 
the principal components (PCs), only the graph of PC2 
against PC1 PC3 and PC4 have 

-

-
photype are those belonging to the “dolphin-snouted” 
morphotype, the furthest from them are the “hump-

-
mediate position is occupied by the “wide-bodied” 

to PC1 was made by body shape parameters (the great-
est (H) and smallest (h) body heights, the length of the 
dorsal (lD) and anal (lA
contribution was made by head shape parameters (the 
eye diameter (o) and pupil diameter (b), and the length 
of the upper jaw (lmax)) (Table 4). In the PC2, the main 
positive contribution was made by the body parameter 

Fig.4.
(a – FL sp.br. = 20, ll FL = 249 

sp.br. = 20, ll FL
sp.br. = 21, ll FL sp.br. = 27, ll 

FL sp.br. = 18, ll FL = 
sp.br. = 22, ll = 93) in the Nizhnetulomskoye 

Reservoir (Tuloma River basin), 2018-2022. Sp.br. – the number 
 n, ll – the number of 

perforated scales in the lateral line, n.
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(caudal peduncle length (pA)), the main negative con-
tribution was made by the head parameter – the upper 
jaw height (hmax) (Table 4).

Summarizing the above, we can talk about the 
presence of individuals of the sr 
the NTR with such morphotypes as “humpbacked”, 
“low-bodied”, “wide-bodied”, “dolphin-snouted”, 
“high-bodied”, that is, the presence of a polymorphic 
population of the sr
which generalized biological characteristics will be 
given below.

The generalized table with meristic and the 
size-adjusted morphometric characteristics of the sr 

The lsp.br. in the sr 
mr 

ssp.br. in 
sr mr – 

sr 
 ll is formed 

numbers of ll in sr
it included both small scaled, medium scaled and multi 

3.4. 

According to our data, in the NTR the sr white-

The mr
sr 

3.5. Length-weight characteristics of 

length and weight is presented in Figures 7a, b. In terms 
of length, sr -

from 181 to 240 mm (Fig. 7a). The weight distribution 
of the sr
(Fig. 7b).

will present generalized length-weight characteristics 

 mr

weight of 40-42 g. Linear growth rates were calculated 
using the scale back-calculation method only for sr 

size. The relationship between the measured length of 

Table 4. Contributions of plastic characteristics to princi-
pal components (PCs) 1-4 in the morphotypes of sparsely rak-

River basin), 2018-2022

Parameters PCs

1 2 3 4

FL 0.02 0.08 -0.04 0.07

H 0.25 -0.08 -0.27 -0.33

h 0.18 0.02 -0.03

aA 0.02 -0.09 0.003

0.03 -0.04 -0.07 0.03

aD -0.02 0.07 -0.07 -0.02

aP 0.01 0.02 -0.02

DC 0.08 0.17 -0.09 0.09

0.07 0.09 -0.01

AC 0.10 0.09

PA 0.12 0.02 -0.12 -0.01

0.13 -0.07 -0.13 0.08

0.11 0.08 -0.18 -0.12

pA 0.03 0.38 0.12

pD 0.04 -0.02

lD 0.11 0.09 0.17 0.17

lA 0.22 -0.01 0.42 0.02

0.11 0.27 0.18

lP 0.10 -0.03 0.07

hD 0.20 -0.30 0.42

hA 0.07 -0.17 0.07 0.12

C 0.07 -0.02 -0.09

r -0.07 0.09 0.10

o -0.47 0.01 -0.003 0.09

b -0.62 0.12 -0.01 0.24

po -0.04 0.09 -0.17 0.02

Ch1 -0.11 -0.13 -0.12

Ch2 0.03 -0.17

lmax -0.18 -0.10 0.19 -0.44

hmax -0.79 -0.01 0.18

lmd -0.04 -0.01 0.002 -0.21

13.28

Note: The maximum contributions of parameters are high-
lighted in bold. The length of the eigenvector is 1. FL – Smith 
length, sp.br. ll – 
number of perforated scales in the lateral line, – highest body 
height, h – caudal peduncle height, – anteanal, 
anteventral, antedorsal, antepectral distances, respectively, DC, 

– dorsocaudal, ventrocaudal and analcaudal distances, 
respectively, – pectroanal, pectroventral, ventroanal 
distances, respectively, pA – caudal peduncle length, pD – post-
dorsal distance, – the length of the dorsal, anal, 

hD, hA – length of the 
– head length, 

r – snout length, – eye diameter, b – pupil diameter, – 
postorbital distance, Ch1 and Ch2 – head height at the level of 
the eye and the back of the head, respectively, lmax and hmax 
– length and height of the upper jaw respectively, lmd – lower 
jaw length.
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Table 5.
Nizhnetulomskoye Reservoir (Tuloma River basin), 2018-2022

Parameters M ± m S min-max

FL, mm 40.9 17.7 133 – 338 

sp.br., n 20.7 ± 0.10 (377) 2.01 9.71

lsp.br.Xi, mm 2.9 ± 0.03 (201)

ssp.br.Xi, mm 1.2 ± 0.02 (201) 0.14 12.14

ll, n 4.12 4.70 80 – 98

CXi, mm 1.89 4.22 40.7 – 49.9

rXi, mm 0.94 8.7 – 13.0

oXi, mm 0.93 7.98

bXi, mm 11.20

poXi, mm 1.21

Ch1Xi, mm 1.38

Ch2Xi, mm 1.88

lmaxXi, mm 1.07 8.11

lmdXi, mm 1.31 7.31

Xi, mm 4.34 8.01

hXi, mm 0.88 14.0 – 18.4

aAXi, mm 2.74

mm 2.80

aDXi, mm 2.47 99.1 – 108.9

aPXi, mm 2.02

DCXi, mm 3.18

mm 2.49 2.22 107.0 – 117.3

ACXi, mm 2.11 3.74

PAXi, mm 2.74 114.7 – 132.0

mm 2.97 4.37

mm 4.48

pAXi, mm 2.17 7.70 24.1 – 33.2

pDXi, mm 2.84

lDXi, mm 2.24

lAXi, mm

mm

lPXi, mm 2.38 29.3 – 40.3

hDXi, mm 2.28 8.39 23.1 – 32.7

hAXi, mm 1.83

Note: M ± m – mean value and standard error, S – standard deviation, min-max – minimum 
and maximum value of the characteristic, FL – Smith length, sp.br. lsp.br. – central 
gill raker length, ssp.br. – distance between the gill rakers, ll – number of perforated scales in the lateral line, – highest body 
height, h – caudal peduncle height, – anteanal, anteventral, antedorsal, antepectral distances, respectively, DC, 

– dorsocaudal, ventrocaudal and analcaudal distances, respectively, – pectroanal, pectroventral, ventroanal 
distances, respectively, pA – caudal peduncle length, pD – postdorsal distance, – the length of the dorsal, anal, ventral 

hD, hA – head length, r – snout 
length, – eye diameter, b – pupil diameter, – postorbital distance, Ch1 and Ch2 – head height at the level of the eye and the 
back of the head, respectively, lmax and hmax – length and height of the upper jaw respectively, lmd – lower jaw length, Xi – is 
the size-adjusted plastic measurement. Above the line is the average value of the characteristics and its error, below the line is 

n.
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Table 6.
basin), 2018-2022

Age In whole for the sample 
juv/ males / females, n

juv/ males / females, n  

1/0/0 4/19/22 0/41/44 0/43/47 0/31/48 0/32/21 0/9/10 0/3/3 0/1/1 10/183/210

(0.2) (11.2) (21.1) (22.3) (13.2) (4.7)

Table 7. Length (FL), mm and weight (W

Sex Age

0+ 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+

FL

male1 - 181 ± 7.7  4.8 239 ± 9.0 247 ± 0.9 270  

- 192–333

(4) (19) (41) (43) (31) (32) (9) (3) (1)

female2 - 148 ± 3.1 .1 240 ± 4.9 237 ± 7.2 

- 133–177 148–293 170–280 182–293 189–318 197–320

(14) (22) (44) (47) (48) (21) (10) (3) (1)

t1-2 - 0.00 1.37 1.37 0.78 2.17 -

common 104 238 ± 3.4 

128–177 148–293 182–293 189–333 197–320

(1) (23) (90) (79) (19) (2)

W

male1 - 30 ± 4.4 82 ± 12. 112 ± 9.3 172 ± 12.4  20.3 230  

- 20–199 48–271

(4) (19) (41) (43) (31) (32) (9) (3) (1)

female2 - 38 ± 4.4 201 ± 14.1 348 ± 79.2 

- 24–188 30–277 78–492 80–408

(14) (22) (44) (47) (48) (21) (10) (3) (1)

t1-2 - 0.97 0.94 0.97 1.42 1.92 -

common 9 34 ± 1.9 147±9.4 189±9.9 271±49.9 238±7

20–199 30–277 78–492 74–408

(1) (23) (90) (79) (19) (2)
Note: Student’s t

sr 
is presented in Figure 8 and is well described by both 
the linear regression formula and the power regression 
formula. The regression line does not pass through the 

length for sr lnLi = ln
lnRi/lnRn lnLn – ln -
eralized results, the Rosa Lee “phenomenon” is absent 
in reverse growth calculations, which indicates the cor-

The sr

-
ple were caught in the summer-autumn-winter period 

-
pleted their full growth of the current year. Therefore, 
the best agreement between the measured and 
back-calculated lengths is obtained by comparing the 

the average back-calculated lengths at the time of the 
current annual ring formation (Fig. 9). The variability 
of the back-calculated length of sr 

(c
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-
age), after which it gradually decreases again (Table 8). 
The absolute linear increments in sr 

decrease until the age of seven years (Table 8). From 
the age of eight, there is an alternation of larger and 
smaller increments (Table 8). Starting from the second 
year of life, estimates of back-calculated lengths made 
on the basis of relative increments are generally similar 
to estimates made on the basis of absolute increments 
(Table 8).

3.6.

The share of feeding individuals of the sr 

-
mer months (May-August) and averaged 2.9-3.4 points 

Fig.5.

Fig.6.
the numberof perforated scales in the lateral line in the 
Nizhnetulomskoye Reservoir (Tuloma River basin), 2018-
2022. Sr

Fig.7.
Reservoir (Tuloma River basin), 2018-2022. Sr mr
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Table 8. FL), mm and absolute increments, mm/ relative growth rate according to Schmalhausen-

Age

1 2 3 4 7 8 9

FL), mm

11.1 11.0 12.8 12.3 13.2 11.7 10.1

104–230 188–290 208–292

(404) (384) (343) (80) (28) (9) (2)

Absolute increments, mm

31 20 18 12 7 12 4

- 0.43 0.39 0.41 0.31 0.20 0.38 0.14
Note:

it gradually decreased and reached an average of 1.9- 
2.1 points.

In 31 individuals of sr
the sample of sr

feeds were found, which were used to feed rainbow 
-

mm, only natural food was found in the stomachs, 

Euglesa and Sphaerium
play a greater role (IR

-
era Limnea and  were less common in the food 

Sergentia) (Table 10) are the second most important 
in the diet of sr IR). 

(Table 10). Zooplankton was represented by large pred-
atory cladocerans and copepods belonging to the gen-
era Acanthocyclops and . The stomachs of two 
mr

3.7.

The sr
gonad development (with poorly developed gonads) 

sr 
years (Table 11). The modal age of maturation in both 

(Table 11). The average observed length-weight char-
acteristics of mature males and females of sr

Fig.8. The ratio of the measured length (FL), mm and 
the anterior diagonal radius of the scales (Rs), eyepiece 

the Nizhnetulomskoye Reservoir (Tuloma River basin), 
2018-2022.

Fig.9. Comparison of the measured length (FL), mm 
with the back-calculated length (FL), mm of sparsely rakered 

Reservoir (Tuloma River basin), 2018-2022.
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Table 10. Feeding according to the index of relative 
importance (IR
the Nizhnetuloma Reservoir (Tuloma River basin), 2018-2022

Characteristics IR, %

Min.-max. length (FL  
with an examined stomach

130-333

Zooplankton 3.9

Macrozoobenthos:

chironomids

2.2

0.4

bivalves

gastropods

Fish caviar 0.2

Uncertain mass 8.3

n

Table 9.
Reservoir (Tuloma River basin), 2018-2022 

January,
2021

February,
2021

March,
2019 
2022

May,
2019 
2020 
2021

June,
2019 
2020 
2021

July, 
2022

August,
2019 
2020 
2021 
2022

September,
2019 
2020 
2021 
2022

October,
2019 
2020 
2021 
2022

November,
2019 
2020 
2021 
2022

December,
2018 
2019 
2020 
2021 
2022

- - - 100 (24) 91 (11) 97 (103) 81 (72) 94 (17)
Note:

The only sexually mature female mr

(stage V of gonad development) in the NTR began to 

were found until mid-November.

4. Discussion

Our research enabled to identify the peculiarities 
of the functioning of the NTR ecosystem. Currently, we 
observe the process of eutrophication in the reservoir. 
High concentrations of total phosphorus and nitrogen 
are recorded in the water, the sources of which are cage 
farms for growing rainbow trout. It is considered that 

aquaculture in terms of negative impact on the envi-

reservoir’s catchment area, there are large agricultural 
areas of the “Tuloma” enterprise, large settlements 
(Tuloma, Murmashi, Prichalnoe), and intensively devel-
oping dacha and villa communities, which also make 

-
pogenic eutrophication. In addition to the pollution of 
water bodies with biogenic and organic compounds, 
one of the factors contributing to the negative impact 
of cage aquaculture is the entry into the ecosystem in 
large quantities of a new type of food for autochthonous 
aquatic organisms. Despite the high content of biogenic 
elements in the NTR water, the average quantitative 
parameters of planktonic communities and chloro-
phyll a correspond to the oligotrophic status. In addi-
tion to the development of eutrophication processes, 

Nizhnetulomskaya HPP (the reservoir remains a lotic 

organisms are carried away), as well as temperature 
-

ing the seasonal dynamics of plankton. According to 
ecological characteristics, the bulk of phyto- and zoo-
plankton communities were representatives typical of 
subarctic reservoirs of the northern taiga zone, as well 
as cosmopolitans with a wide biogeography.The con-
sequences of anthropogenic eutrophication of the NTR 
waters are manifested in the development of cyanopro-
karyotes in phytoplankton communities, mainly in the 

that can cause water blooms.

Macrozoobenthos of the NTR littoral zone is rep-
resented by groups that are typical and widespread in 
freshwater bodies of the Murmansk region (Yakovlev, 

(abundance and biomass) of macrozoobenthos with the 
dominance of a limited number of species in the mac-
rozoobenthos of the littoral zone are possible response 
of the community to reservoir water eutrophication 

-
ics of zoobenthos abundance and biomass were closely 
related to the life cycle of chironomids, which were 
the dominant group of benthic fauna throughout the 
entire observation period. The maximum average abun-
dance and biomass of macrozoobenthos in the littoral 
zone was observed in summer, and the minimum – in 
autumn.

Lethenteron 
camtschaticum (Tilesius), Atlantic salmon (salmon), 

Salvelinus alpinus (Linnaeus), 
-

ling, northern pike, common minnow Phoxinus phoxi-
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nus (Linnaeus), burbot, European perch, three-spined 
stickleback Gasterosteus aculeatus Linnaeus, nine-spined 
stickleback, fourhorn sculpin Myoxocephalus quadricor-
nis  
(Linnaeus)* (* – species that live only in the estuarine 
zone of the river).

the Tuloma River was characterized by the dominance 

salmon  (Walbaum) acclima-

passage of the Nizhnetulomskaya HPP. From 1979 to 

released from Lake Onega in order to reproduce the 
food supply for salmon predators in the VTR (Tuloma 
River basin). In the reservoir, smelt adapted well (gave 

-
cantly surpassed its relative from Lake Onega (Nelichik, 

throughout the Tuloma River system.
Taking into account the presented literature 

changes. Smelt introduction into the Tuloma River sys-
tem resulted in the development of a reservoir contain-

-

century.The short life cycle of smelt, low abundance 
-

reproduction in tributary rivers make smelt a successful 
-

cal niches throughout its life cycle leading to increased 
-

ervoir (Kashulin et al., 2012). In the water bodies of 
the Murmansk region, smelt under 100 mm in length 
is a typical planktonophages, while larger individu-

vendace and nine-spined stickleback) (Zubova et al., 

as nine-spined stickleback and vendace had greater 
importance in their natural diet. Also, bivalves, chi-
ronomids, and cladocerans were found in the stomachs 

-
phication processes and regional and climatic changes, 
including abnormal temperature deviations against the 
backdrop of a warming trend, advantages are gained 

to high temperatures, such as perch and smelt, which 
have multichannel feeding and are capable of forming 

al., 2023).

in the catches from the NTR. According to Reshetnikov 
(1980), the Tuloma River basin is mainly inhabited by 
the sr sr.br. 20-30 

also described here the only mr 
the number of sr.br. 33.In his work on the main areas of 

-

sr.br. number”. For the indicated areas, the average 
sr.br.,according to Shuster, was 

recent works on the ichthyofauna of the VTR and NTR 
sr

is also described, but with a lower (p = 0.001) average 
number of sr.br.

Table 11. Measured length (FL), mm and weight (W
from the Nizhnetulomskoye Reservoir (Tuloma River basin), 2018-2022

Sex Age In whole for 
the sample 0+ 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+

FL

male - - 204±7.1 238±4.7 248±7.8 270  

- - 197–271 200–333 -

(107)

female - - 180±11.7 212±7.7 242±10.3 

- - 170–280 182–290 200–273 -

(112)

W

male - - 104±47.3 131±19 177±14.1 212±23.2  230

- - 48–271 74–319 -

female - - 138±137.7 142±14.0 348±79.2 

- - 78–271 -
Note: Above the line is the average value of the parameter and its error, below the line is the minimum and maximum value 

in parentheses.
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of extreme values of sr.br. than indicated in the litera-
sr

the sr.br. 
mr 

with the sr.br. number 32 and 39. Taking into account 

the Murmansk region (basins of the Pasvik, Tuloma, 
Niva and Umba rivers), the sr
the lowest average sr.br. number inhabits the NTR (p = 

 sr
NTR based on the structure of the head and body, up 

know and are based on the available data. Also, given 
the range of the ll number (80-98) in the sr 
of the reservoir, it consists of both small-, medium- and 

according to the ll number was observed by us in other 
studied water bodies of the Murmansk region, and the 
division into small, medium, and multi scaled morphs 
was characteristic of both sr mr

the ll number is an evolutionarily more neutral trait 
than sr.br. number, since a direct connection between 
the ll and the morphological characters and ecolog-

 ll 
phylogenetic relationships to a greater extent than the 
sr.br. 

a polymorphic population, which may be the result of 
a “mixing” in the Tuloma River of lake and lake-river 

the NTR polymorphism is impossible without modern 
genetic research methods.

Analysis of the modern age composition of the sr 
-

acteristics, and sexual maturation relative to the litera-

 sr 

and weight growth decreases, and maturation occurs 

-

We have not discovered mass spawning sites for the 

Pyaive, Sholgoch, Kercha, etc.), as well as their pre-es-
tuary areas in the reservoir itself, where there is less 
siltation of the bottom and more favorable oxygen and 
hydrological regimes for the development of eggs.

Taking into account modern data on the biolog-

from reservoirs of various river basins of the Murmansk 
region (Pasvik, Niva, Umba), sr 
the NTR, according to length-weight characteristics, can 

sr 

are also found in relatively clean (Lake Virtuovoshjaur) 
and heavily polluted (Lake Kuetsjarvi) water bodies of 
the Pasvik River basin (Zubova et al., 2022).

sr

with a wide range of consumption of food organisms. 
The stomach contents of sr -
mer-autumn period in water bodies of the Murmansk 
region usually correlate well with the hydrobiologi-

Zubova et al., 2023). The high content of bivalves in 
the stomachs of the sr
indicates that they were consumed from the profundal 
zone of the reservoir, since their numbers and biomass 

second most important food organisms, chironomids, 
could be consumed from both the littoral and profundal 
zones of the reservoir.

-
ies of trout farms in the reservoir is currently of great 
importance in the feeding of the NTR sr 

of smelt. Perhaps this is the main reason for the large 

measured length and especially the mass of the NTR sr 
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-

-
-
-

-
-
-

Aulacoseira islandica (O.Müll.) Simons., 
Asterionella formosa Hass., Tabellaria fenestrata (Lyngb.) 
Kütz., Dinobryon divergens 

-
Ralfs 

Dolichospermum lemmermannii (Rich.) 
Planktothrixa gardhii (Gom.) 

Keratella 
cochlearis Gosse, Polyarthra vulgaris Carlin, Synchaeta 
pectinata Eudiaptomus 
gracilis Sars, Bosmina obtusirostris Sars, Daphnia sp.

-

-
-

Turbellaria
(Nematoda
(Hirudinea Bivalvia), 

Gastropodae
(Hydracarina Chironomidae -

Diptera Hemiptera), 
Trichoptera Ephemeroptera), 

Megaloptera -

-

-
-

Lymnaea sp., sp.), 
Pict., 1834, 
Glossiphonia 

complanata -

3.2.

Salmo 
trutta Coregonus 
albula -

Thymallus thymallus -
Lota 

lota Esox lucius Linnaeus. 

-
Pungitius pungitius Linnaeus.

-
-

-
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-
-

-

-

3.3.

sr
sp.br. -

sp.br. -
mr) 

sr 

1.

2.

3.

4. -
-

-

sr 

-
sr 

-

n
Sr – 

mr

sp.br. ll

sp.br. (p
ll (p -

-

p -

p = 

p
-

-

p -
-

-

p PA 

3).
-

sr



-

sr

FL, 222 ± 13.1 234 ± 13.7

133–299 (12) 239 – 338 (7)

sp.br., n 20.2 ± 0.32 19.8 22.0 ± 0.89

18–21 (10) 17 – 24 (12) 22 – 28 (7)

ll, n 87.8 ± 1.23 87.0 ± 1.37

80–92 (10) 82 – 93 (12)

CXi, 

rXi, 11.2 ± 0.18 11.4 ± 0.37

10.0–12.0 (10) 8.8 – 11.2 (12) 8.7 – 12.1 (7)

oXi, 11.8 ± 0.28 12.3 ± 0.28 11.7 ± 0.32

9.8 – 12.3 (7)

bXi, 4.8 ± 0.14

poXi, 22.8 ± 0.30 22.2 ± 0.29 23.0 ± 0.30

20.4 – 23.9 (12) 21.9 – 23.7 (7)

ChXi1, 21.4 ± 0.27 22.1 ± 0.49 21.8 ± 0.38 21.0 ± 0.49

17.7 – 21.8 (7)

Ch2Xi, 30.8 ± 0.48

29.0 – 32.3 (7)

lmaxXi, 13.0 ± 0.29 13.4 ± 0.39 13.2 ± 0.32

11.9 – 14.8 (10)

lmdXi, 17.7 ± 0.72 18.1 ± 0.30 17.9 ± 0.38

Xi, 

hXi, .14 17.0 ± 0.34 0.33

aAXi, 

113.2 ± 0.87 111.9 ± 1.33

109.1–119.2 (12)

aDXi, 104.0 ± 0.89 103.4 ± 0.83

99.1–107.3 (12)

aPXi, 43.9 ± 0.43 44.4 ± 0.48 44.1 ± 0.74

42.2–47.4 (12)

DCXi, 118. 119.9 ± 1.24

117.9–124.2 (10)

ACXi, 4 ± 0.47

PAXi, 123.4 ± 0.90 123.4 ± 0.80

120.8–127.3 (7)



-

-

-
-

-

-
-

-

-

-

H h
lD lA

o
(b lmax

-

pA
hmax) 

sr
-
-

sr -

-
sr

sr 

mr 
sr

mr 

sr ll 

sr

pAXi, 29.2 ± 0.73 28.9 ± 0.81

pDXi, 90.4 ± 1.02 90.3 ± 1.10 91.3 ± 1.39

lDXi, 39.2 ± 0.90

lAXi, 23.1 ± 0.39 23. 22.8 ± 0.29

21.7–23.9 (7)

30. 31.4 ± 0.42

29.3–32.7 (10) 29.7–32.7 (7)

lPXi, 33.3 ± 0.81

29.3–40.3 (12)

hDXi, 27.7 ± 0.84 27.9 ± 0.97 27.0 ± 0.

24.4–32.0 (10)

hAXi, 1

 Sr , FL sp.br. -
ll h 

AC -
pA pD 

hD, hA 
r b – 

Ch1 Ch2 lmax 
hmax lmd Xi  

n.
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ll sr 

3.4. 

sr -
-

-

sr 

3.5. 

sr 

sr

-
-

-

sr 

-

-
sr lnLi = 

ln lnRi/lnRn lnLn – ln

FL sp.br. = 20, ll FL
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-

-

sr -

-
-

sr -

-
-

3.6. 

sr

sr sr

-

-
-

-
sr
Euglesa Sphaerium 

(IR
Limnea

sr 
IR -
, Procladius, Prodiamesa, Psectrocladius, 

Sergentia -

Acanthocyclops . 
mr

-

1 2 3 4

FL 0.02 0.08 -0.04 0.07

H 0.25 -0.08 -0.27 -0.33

h 0.18 0.02 -0.03

aA 0.02 -0.09 0.003

aV 0.03 -0.04 -0.07 0.03

aD -0.02 0.07 -0.07 -0.02

aP 0.01 0.02 -0.02

DC 0.08 0.17 -0.09 0.09

VC 0.07 0.09 -0.01

AC 0.10 0.09

PA 0.12 0.02 -0.12 -0.01

PV 0.13 -0.07 -0.13 0.08

VA 0.11 0.08 -0.18 -0.12

pA 0.03 0.38 0.12

pD 0.04 -0.02

lD 0.11 0.09 0.17 0.17

lA 0.22 -0.01 0.42 0.02

lV 0.11 0.27 0.18

lP 0.10 -0.03 0.07

hD 0.20 -0.30 0.42

hA 0.07 -0.17 0.07 0.12

C 0.07 -0.02 -0.09

r -0.07 0.09 0.10

o -0.47 0.01 -0.003 0.09

b -0.62 0.12 -0.01 0.24

po -0.04 0.09 -0.17 0.02

Ch1 -0.11 -0.13 -0.12

Ch2 0.03 -0.17

lmax -0.18 -0.10 0.19 -0.44

hmax -0.79 -0.01 0.18

lmd -0.04 -0.01 0.002 -0.21

13.28
-

FL sp.br. -
ll

h 
-

-
-

pA pD -

hD, hA – 
-

r 
b Ch1 Ch2 

lmax hmax lmd 
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M ± m S min-max

FL, 40.9 17.7 133 – 338 

sp.br., n 20.7 ± 0.10 (377) 2.01 9.71

lsp.br.Xi, 2.9 ± 0.03 (201)

ssp.br.Xi, 1.2 ± 0.02 (201) 0.14 12.14

ll, n 4.12 4.70 80 – 98

CXi, 1.89 4.22 40.7 – 49.9

rXi, 0.94 8.7 – 13.0

oXi, 0.93 7.98

bXi, 11.20

poXi, 1.21

Ch1Xi, 1.38

Ch2Xi, 1.88

lmaxXi, 1.07 8.11

lmdXi, 1.31 7.31

Xi, 4.34 8.01

hXi, 0.88 14.0 – 18.4

aAXi, 2.74

2.80

aDXi, 2.47 99.1 – 108.9

aPXi, 2.02

DCXi, 3.18

2.49 2.22 107.0 – 117.3

ACXi, 2.11 3.74

PAXi, 2.74 114.7 – 132.0

2.97 4.37

4.48

pAXi, 2.17 7.70 24.1 – 33.2

pDXi, 2.84

lDXi, 2.24

lAXi, 

lPXi, 2.38 29.3 – 40.3

hDXi, 2.28 8.39 23.1 – 32.7

hAXi, 1.83

 M ± m S -
min-max  FL – sp.br.

lsp.br. ssp.br.
ll  h 

-
-

pA pD lD, 
hD, hA -

r b 
Ch1 Ch2 lmax hmax 

lmd Xi
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juv , n 

1/0/0 4/19/22 0/41/44 0/43/47 0/31/48 0/32/21 0/9/10 0/3/3 0/1/1 10/183/210

(0.2) (11.2) (21.1) (22.3) (13.2) (4.7)

FL W

0+ 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+

FL
1 - 181 ± 7.7 239 ± 9.0 247 ± 0.9 270  

- 192–333

(4) (19) (41) (43) (31) (32) (9) (3) (1)
2 - 148 ± 3.1 240 ± 4.9 237 ± 7.2 

- 133–177 148–293 170–280 182–293 189–318 197–320

(14) (22) (44) (47) (48) (21) (10) (3) (1)

t1-2 - 0.00 1.37 1.37 0.78 2.17 -

104 238 ± 3.4 

128–177 148–293 182–293 189–333 197–320

(1) (23) (90) (79) (19) (2)

W
1 - 30 ± 4.4 112 ± 9.3 172 ± 12.4 230  

- 20–199 48–271

(4) (19) (41) (43) (31) (32) (9) (3) (1)
2 - 38 ± 4.4 201 ± 14.1 348 ± 79.2 

- 24–188 30–277 78–492 80–408

(14) (22) (44) (47) (48) (21) (10) (3) (1)

t1-2 - 0.97 0.94 0.97 1.42 1.92 -

9 34 ± 1.9 147±9.4 189±9.9 271±49.9

20–199 30–277 78–492 74–408

(1) (23) (90) (79) (19) (2)
 t

FL

1 2 3 4 7 8 9

FL

11.1 11.0 12.8 12.3 13.2 11.7 10.1

104–230 188–290 208–292

(404) (384) (343) (80) (28) (9) (2)

31 20 18 12 7 12 4

- 0.43 0.39 0.41 0.31 0.20 0.38 0.14
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2021 2021 2019 
2022

2019 
2020 
2021

2019 
2020 
2021

2022 2019 
2020 
2021 
2022

2019 
2020 
2021 
2022

2019 
2020 
2021 
2022

2019 
2020 
2021 
2022

2018 
2019 
2020 
2021 
2022

- - - 100 (24) 91 (11) 97 (103) 81 (72) 94 (17)

-
IR

IR, %

FL - 130-333

3.9

2.2

0.4

0.2

8.3

 n

3.7. 

sr

-

sr

-

mr
-

-
-
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4.
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-

-
-
-

-
-

-
-
-

-

-
-

n 

Sr

FL

-
-
-

-

-
-
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-
Phoxinus phoxinus

Gasterosteus 
aculeatus -

Myoxocephalus quadricornis

-

-
-

-

-

-

-

-

-
-

FL
FL

-

FL
R

FL W

0+ 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+

FL

- - 204±7.1 238±4.7 248±7.8 270 ±3.

- - 197–271 200–333 - –

(107)

- - 180±11.7 212±7.7 242±10.3 ±3.0

- - 170–280 182–290 200–273 - –

(112)

W

- - 104±47.3 177±14.1 212±23.2 230 ±9.7

- - 48–271 74–319 - –

- - 138±137.7 142±14.0 348±79.2 ±8.

- - 78–271 - –
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lavaretus -
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Coregonus lavaretus 
pidschian, Coregonidae

-
-
-

-

-

-
-

(29): 34–40
-

-

Coregonus 
lavaretus

lim387

Coregonus lavaretus (L.) 

-
10.31241/

FNS.2020.17.038

Coregonus lavaretus C. albula

DOI:

-
-
-

Coregonus 
lavaretus

Triaenophorus nodulosus
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-
Hemiculter leucisculus Basilewsky

29–34
-

Coregonus lavaretus 
pidschian
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Original Article

Evaluating the water quality status 
using selected indexes and the aquatic 
arthropod species composition of the Idim 
Eye-Asana River, south Nigeria

1* 1 1 1 2, 
1 1 1 1 1 1

1 Department of Animal and Environmental Biology, Faculty of Biological Sciences, University of Uyo, Uyo, Akwa Ibom State, Nigeria
2 

Abia State, Nigeria

ABSTRACT. The objective of the study was to evaluate the water quality status and the aquatic arthro-
pod species composition of the Idim Eye-Asana River, Edebom 1, between May and July 2023. The 
sampling area was divided into four (4) sampling sites with unique coordinates. The physico-chemical 
parameters such as dissolved oxygen (DO), pH, temperature, total dissolved solute (TDS), inorganic 

the water quality status of the river. The physico-chemical parameter results revealed that they were dif-

sampling sites. The Pi values for the inorganic contents revealed that the water quality at site 2 was 

(3) arthropod classes, sorted into seven (7) orders, and thirty-four (34) families were collected. Through 
-

erately contaminated), site 2 (poor), and sites 3 and 4 (Good water quality). Sites 3 and 4 sections of 
the river had good water quality, and as indicated by the results, it was concluded that the sites (i.e., 3 
and 4) have better ecological conditions that can sustain the development and survival of the aquatic 
arthropod species.

Keywords: Physico-chemical parameters, inorganic contents, single factor pollution index, diversity indices, 
biological monitoring working party index

1. Introduction

Freshwater ecosystems are critical components 
of the Earth`s biosphere, supporting a diverse range 
of arthropod biodiversity and providing a variety of 

-
-

viding water and food, acting in climate regulation, and 

Ocasio-Torres, 2023).

Water quality refers to the chemical, physical, 
and biological characteristics of water, which deter-
mine its suitability for various uses, such as drinking, 
irrigation, and sustaining aquatic life. Many rivers 
in Nigeria are impacted by anthropogenic activities, 

and domestic sewage, which can degrade water qual-
ity. Physicochemical parameters of water quality and 
nutrients include dissolved oxygen (DO), pH, turbidity, 
total suspended solids (TSS), nitrate, nitrite, phosphate, 
sulphate, and chloride, whose alteration in the river 
system could lead to pollution (Ochekwu and Odeh, 
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Inorganic contents, particularly nitrogen and 

aquatic ecosystems. Excessive nutrient inputs can lead 
to eutrophication, algal blooms, and oxygen deple-
tion. In Nigeria, nutrient loading is often associated 

industrial discharges (Ololade, 2020). Johnson and 
Williams (2011) and Martinez et al. (2017) reported 
that higher nutrient concentrations in rivers were asso-
ciated with variations in macroinvertebrate community 
composition, regularly supporting pollution-tolerant 
species over sensitive ones.

The continuous deterioration in water quality 
and decline in arthropod diversity constitute a threat 
to freshwater bodies, and this reduces their ecosystem 

-
water bodies have led to changes in the water quality, 
which in turn causes changes in the composition of the 
arthropod fauna inhabiting the river, which is usually 
evidenced in the reduction of taxon richness, species 

Arthropods, which include many organisms such 
as insects and crustaceans, are essential components 
of freshwater ecosystems (river, stream) (Statzner and 
Hildrew, 2010). As a group, arthropods are sensitive to 
environmental changes and respond highly to changes 
caused by nature and human perturbation, which lead 

years over the study of the group of aquatic macro-in-
vertebrates (arthropods, mollusks, annelids), with little 
consideration of the arthropod groups. It is important 

organic matter decomposition, and food source for 
higher trophic levels, of arthropod groups in rivers and 
the use of this group to assess aquatic ecosystem health 
(Tonkin et al., 2017). The composition and abundance 
of arthropod groups can provide a direct indication of 

Despite growing studies and publications on 
macroinvertebrates and the water quality of rivers 

baseline information with emphasis on arthropod 
groups as bio-indicators for assessment of the water 
quality of the Idim Eye-Asana river system in the Nsit 
Ibom local government area of the south-south region 
of Nigeria. 

There is a dearth of information and knowledge 
regarding the pollution status and arthropod species 
composition of the Eye-Asana River system, and this 
formed the core rationale for this study. The dearth of 
this information and knowledge about the river could 
be a barrier preventing the safe use of this water source 
for human consumption in the area.

This work stands to incorporate a single factor 
pollution index to assess the pollution status of water 

score per taxon (ASPT) for a better representation and 
assessment of the pollution status of the Eye-Asana river 

-
tebrate taxa according to their sensitivity to pollution 
caused by organic materials, and it is once assigned to 
a family regardless of the number of individuals col-
lected. ASPT is the average sensitivity of the families 
of the macroinvertebrate organisms present (Orozco-

2. Materials and methods
2.1. Study area

The river is known as the Idim Eye-Asana River 
and is located in Edebom 1, Nsit Ibom Local Government 
Area, Akwa Ibom state, south-south Nigeria. Nsit Ibom 
shares common boundaries with Ibesikpo Asutan, 
Etinan, and Nsit Ubium Local Government Areas. The 

located in the Edebom area of the Nsit Ibom Local 
Government Area. The river takes its origin from Aba 

other villages within the Local Government and others. 
The river serves as a vital lifeline for the local commu-
nities, providing water for various home and agricul-
tural activities. It also serves as a harbour for sand min-
ing, swimming, and domestic activities such as bathing, 
laundry, and fetching water, as well as a water source 

surrounded by riparian vegetation, which includes 

and Screw pine (Pandamus spp.). Tropical hydrophytes 

plants such as Water hyacinth (Eichhorina crassipe) 
and Water lilies (Nymphaea lotus).

2.2. Study site selection

Four representative sections of the river that 
were accessible with canon and with unique ecolog-
ical characteristics were selected for sampling of the 
water and arthropods. Site 1 lies between Latitude 

is the entrance into the river. Here, the water was shal-
low and transparent. A few plants such as water hya-
cinth (Eichhorina crassipe) characterised the study site. 

water lilies (Nymphaea lotus), water Primrose (Ludwigia 
repens), and submerged plants of common eelgrass 
(Zostera marina). This site served as the receiving point 

by the over-heard bridge. The river water at this site 

aquatic plants found here were water lilies (Nymphaea 
lotus), water Primrose (Ludwigia repens), and bamboo. 
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Activities at the site included bathing, washing, and 

Bambusa vulgaris) 
and Algae of Chlorophyta species are some of the aquatic 
macrophytes around this sampling site. Each sampling 
site was 120 m in length away from each other.

2.3. Collection of samples

The collection of samples was carried out between 
May and July 2023. Water samples and arthropod spec-
imens were collected from each sampling site. Water 
samples were also subjected to a comprehensive water 
quality analysis, which included measurements of dis-
solved oxygen, pH, temperature, and nutrient concen-
trations. Several species of arthropod specimens were 
collected using the sweep-net method.

2.4. Water sample collection 

Surface water samples were collected from each 
site for three (3) months from May to July 2023 at 
9:00 a.m. and 11:00 a.m. Water samples were collected 
using clean 330 ml amber bottles from the four sam-
pling sites. Dissolved oxygen (DO), temperature, con-
ductivity, and pH were measured in situ using the Water 

samples collected, about 10 ml was turned into a coni-
in situ readings. The water analysis kit was 

turned on, and each parameter was measured twice to 
attain two readings each, and then the mode of the kit 
would be changed to measure the next parameter. This 
continued until all the parameters had been recorded 
properly. Afterward, all the samples were properly 
sealed and well stored in a bucket, covered, and taken 
to the Department of Chemistry, Faculty of Physical 
Science, University of Uyo for analysis of inorganic 
contents (nitrate, phosphate, sulphate, and nitrite) and 

) following standard 
methods provided in (James, 2007).

2.5. Collection of arthropod samples

The arthropod specimens were collected from the 
four (4) selected sampling sites using a Circular-framed 

-
eter, with an iron handle of 2m in length. Following 
standard methods, the net was submerged in the water 
and pushed repeatedly, backward and frontward, 
against and through marginal and aquatic vegetation 
for 30 minutes to dislodge invertebrates. This was car-
ried out at all the sampling sites with the aid of Canon 
Man. Flying specimens were also collected using the 
net. At each sampling site, the whole content of the net, 
which included leaves, logs, sediment, and other loose 

sample container (with the site and date information) 

carefully sharking the net to ensure that no arthropod 
-

tainers and their contents are taken to the laboratory of 

Table 1.
Factor Pollution Index

Pollution Assessment Pi

I No pollution

II Slightly polluted 1 – 2

III Lightly polluted 2 – 3

IV Moderately polluted

V Seriously polluted

University of Uyo, Uyo. In the laboratory, each of the 

from the tap is made to run over the sample until a clean 
sample is observed. The leaves, logs, and other debris 
are carefully examined for any clinging invertebrates 
before putting them away in the trash. The specimens 
are harvested from the tray using forceps and hand-

provided by Danladi et al. (2013) to the genus level.

3. Statistical analysis

Calculation of pollution status (water quality) 
indexes:

1) Single Factor pollution index:

Pi
G
S
1

                                  (1)

where G = measured value of pollutant content 
recorded in mg/L

S1 = is the standard value of environmental 
quality of the pollutant (mg/L)

The results as calculated will be compared with 
the standards in Table 1.

Fig.1. Map showing the selected study sites 
Source: Cartography Studio, Department of Geography 
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Torres, 2023).
where ti is the score assigned to the pollution tolerance 
family

are compared to determine the pollution status in the 
water of the river, according to the categories listed in 
Table 2.

3) The average score per taxa (ASPT) value was 
calculated using the formula below:

al., 2018)
The data was entered with Microsoft Excel 

2019 and analysed for comparison of means of phys-
iocochemical parameters, and inorganic contents, and 

4.09 version, respectively.

4. Results
4.1. Physico-chemical parameters

The mean (±SE) physico-chemical results 
revealed that the water temperature is in the range of 

-

the sampling sites. The dissolved oxygen (DO) was rela-

Table 3b. Mean (±SE) results from inorganic contents and single factor pollution index (Pi) of the inorganic contents

Sites Nitrate 
(mg/L)

Pi Sulphate 
(mg/L)

Pi Nitrite 
(mg/L)

Pi Phosphate 
(mg/L)

Pi

Site 1 3.3±0.2 NP) NP) NP) 1.9±0.0 NP)

Site 2 3.9±0.0 0.078 (NP) 8.7±0.0 0.087 (NP) 0.8±0.0 MP) 2.1±0.0 0.072 (NP)

Site 3 3.3±0.2 NP) NP) LP) 2.1±0.1 NP)

Site 4 3.1±0.1 NP) 7.1±0.2 0.072 (NP) 0.7±0.0 LP) 2.1±0.0 NP)

Range 3.0 – 3.5 7.0 – 9.0 0.49 – 8.20 1.85 – 2.00 

Total 3.4±0.1 0.69±0.003 7.7±0.1 0.078±0.003 0.6±0.0 2.17±0.714 2.1±0.0 0.46±0.128

p 0.019* 0.000* 0.000* 0.000* 0.000* 0.038*
Note:

Table 3a. Mean (±SE) results of the physico-chemical parameters and inorganic contents

Sites Temperature (°C) pH
(μs/cm)

DO (mg/L) BOD5 (mg/L) TDS (mg/L)

Site 1 27.1±0.1 2.1±0.0 0.8±0.2 7.8±0.4

Site 2 1.9±0.1 0.7±0.1 13.0±1.3

Site 3 1.7±0.1

Site 4 18.3±0.8 1.9±0.0 9.3±0.4

Range 26.0 - 28.0 5.4 – 6.2 15.00 – 26.5 1.6 – 2.3 0.49 – 0.82 7.5 – 13.4

Total 27.3±0.3 5.8±0.1 20.2±1.1 1.9±0.0 0.6±0.1 10.2±0.5

p 0.433* 0.000* 0.014* 0.481* 0.000*

Table 2. Water quality categories (pollution status) 

S/N BMWP

1 Good – not heavily polluted with 
contaminant

3 Regular—eutrophic, moderately 
contaminated

4 Poor—water contaminated

Poor—water very contaminated

Very poor—water extremely contaminated

tively high at site 1 (2.1±0.0mg/L) followed by sites 2 
and 3 (1.9±0.1mg/L) with a mean total concentration 
of 1.9±0.00mg/L. The physico-chemical parameters 

(Table 3a).
The inorganic contents (contaminants) results 

revealed that nitrate expressed in mg/L, phosphate 
(mg/L), sulphate (mg/L), and nitrite (mg/L) were dif-

-
pling sites. The single factor pollution (Pi) results 

-
phate (mg/L), and phosphate (mg/L) across the sam-
pling sites was not polluted, less than 1 (< 1), whereas 
the single factor pollution (Pi

-
erately polluted) (Table 3b).
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4.2. Arthropod species composition

The collected aquatic arthropod species were 

Araneae, Decapoda, Coleoptera, Diptera, Hemiptera, 
Lepidoptera, Mantoidae, Odonata, Orthoptera, and 

Trichoptera, and thirty-four (34) families. Arachnura 
sp., Cheiracanthium sp., Harpactea sp., Lycosidae sp., 
Pholcus sp., Pisaura sp., Sassacus sp., Sibianor sp., 
Tetragnatha sp, Cardisoma sp., Macrobrachium sp., and 
Palaemon sp. are among the aquatic arthropod species 

Table 4. Aquatic arthropod species collected in the study areas of the Idim Eye-Asana River during the study period

S/N Class Order Common Name

1

Arachnida Araneae

Araneidae Arachnura sp. Scorpion sp.iders

2 Cheiracanthiidae Cheiracanthium sp.

3 Dysderidae Harpactea sp. Hunting sp.iders

4 Lycosidae Lycosidae sp. Wolf sp.ider

Pholcidae Pholcus sp. Daddy longlegs

Pisauridae Pisaura sp. Nursery web sp.ider

7
Salticidae

Sassacus sp. Jumping sp.iders
8 Sibianor sp. Jumping sp.ider

9 Tetragnathidae Tetragnatha sp. Long-jawed orb weaver

10
Crustacea Decapoda

Gecarcinidae Cardisoma sp. Patriot/Moon Crab
11

Palaemonidae
Macrobrachium sp.

12 Palaemon sp. Caridean shrimp
13

Insecta

Coleoptera

Chrysomelidae

Altica sp.
14 Charidotella sp. Golden tortoise beetle

Chrysochus sp.
Dytiscidae Neobidessus sp. Diving beetle

17
Scarabaeidae

Heteronychus sp. Long-jointed black beetle
18 Protaetia sp.
19 Tenebrionidae Prionychus sp.
20 Diptera Muscidae Musca sp.
21

Hemiptera

Alydidae Leptocorisa sp. Paddy ear head bug
22 Aphrophoridae Philaenus sp. Sp.ittlebugs
23 Lethocerus sp. Giant water bugs
24 Gerridae Gerris sp. Water striders

Notonectidae Notonecta sp.

Pentatomidae
Brochymena sp. Stink bug

27 Halyomorpha sp.
28 Reduviidae Reduvius sp. Assassin bugs
29

Hymenoptera Formicidae
Dinoponera sp.

30 Formica sp. Field ants
31

Lepidoptera

Elachistidae Elachista sp. Moth larvae
32 Erebidae Lymantria sp. Nun moth
33 Tineidae Acrolophus sp. Tubeworm moths
34 Yponomeutidae Eucalantica sp. Small white moth

Mantoidea Mantidae Polysp.ilota sp. Madagascan marbled mantis

Odonata

Calopterygidae Calopteryx sp.
37

Coenagrionidae
Argia sp.

38 Ischnura sp.
39

Corduliidae
Neurocordulia sp.

40 Procordulia sp.
41

Orthoptera
Acrididae

Chrysochraon sp. Short-winged grasshopper
42 sp. Green grasshopper
43 Romaleidae Romalea sp. Romalea grasshopper
44 Trichoptera Rhyacophilidae Rhyacophila sp.
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4.3. Composition and distribution of the 
arthropod species

The composition and distribution revealed that 
Arachnura sp. and Altica sp. were only present at site 3, 
and Sassaccus sp. and Cardisoma sp. were only present 

the other arthropod species at the study sites are pre-

4.4. Diversity indices and biomonitoring 
indexes (BMWP score and ASPT)

The highest number of Taxa species and individ-
uals of the aquatic arthropod species were collected in 
sites 3 and 4, whereas site 2 recorded the least Taxa 
species (10), and site 1 (20) recorded the least individ-
ual aquatic arthropod species. Site 3 (4.178) and site 

site 4 (110) and site 3 (110), and low for site 2 (4.3). 
ASPT was also calculated and the results are expressed 

4.5. Correlation between physico-
chemical parameters, single factor 
pollution index (Pi) of the contaminants 
(inorganic content), bio-indicator indexes, 
and diversity indices

The Pearson correlation results between physi-
co-chemical parameters, single factor pollution index 
of the contaminants (inorganic content), bio-indicator 
indexes, and diversity indices in Table 7, indicate that 

sulphate (PiSulphate) inversely correlated (r = 0.917, 

PiNitrite. Taxa species showed a positive correlation 

-

with the pollution level of the contaminants (inorganic 
contents) are also expressed in Table 7.

5. Discussion

The physico-chemical parameters of the Idim 
Eye-Asana River’s water were taken into consideration 
to evaluate the water quality. In this study, it was 
deduced that temperature, pH, DO, and conductivity 
were in the range favourable for the survival and sus-
tainability of life of aquatic organisms. The correlation 
results strengthened the fact that the physico-chemical 
parameters and single-factor pollution index of the inor-
ganic contents are integral parts of the test indexes for 
the evaluation of the biomonitoring of the water qual-
ity of a river. Thus, by the indication of the correlation 

Table 5. Aquatic arthropod species composition and dis-
tribution across the study areas during the study period 

S/N Sampling Sites

1 2 3 4

1 Arachnura sp. - - -

2 Cheiracanthium sp. - -

3 Harpactea sp.

4 Lycosidae sp. - -

Pholcus sp. -

Pisaura sp. - - -

7 Sassacus sp. - - -

8 Sibianor sp. - - -

9 Tetragnatha sp. - -

10 Macrobrachium sp. - -

11 Palaemon sp.

12 Cardisoma sp. - - -

13 Acrolophus sp. - - -

14 Altica sp. - - -

Argia sp. - - -

Brochymena sp. - - -

17 Calopteryx sp. -

18 Charidotella sp. - - -

19 Chrysochraon sp.

20 Chrysochus sp. - - -

21 Dinoponera sp. - - -

22 Ectobius sp. - - -

23 Elachista sp. - - -

24 Eucalantica sp. - - -

Formica sp. - - -

Gerris sp. - - -

27 Halyomorpha sp. - - -

28 Harmonia sp. - -

29 Harpalus sp. - - -

30 Heteronychus sp. - - -

31 Ischnura sp. - - -

32 Leptocorisa sp. - - -

33 Lethocerus sp. - - -

34 Lymantria sp. - - -

Musca sp. - - -

Neobidessus sp. - - -

37 Neurocordulia sp.

38 Notonecta sp. - -

39 sp. - -

40 Philaenus sp. - - -

41 Polysp.ilota sp. - -

42 Prionychus sp. - - -

43 Procordulia sp. - - -

44 Protaetia sp. - - -

Reduvius sp. - - -

Rhyacophila sp. - -

47 Romalea sp. -
Note:
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results, it was revealed that as the pH level increases 

reason sites 3 and 4 recorded more taxa groups and 
individuals of the arthropod species.

Dissolved Oxygen (DO) is an important parame-
ter that determines the survival of aquatic organisms. 
The low DO values record in these results suggest 
high loads of inorganic pollutants discharged from the 
nearby settlements, which are harmful and toxic for 
fauna growth. The decomposition of these inorganic 
contents by microorganisms and inorganic pollutants 
r esulted in the depletion of DO at the sampling sites 
(Jonah et al., 2020).

The physio-chemical parameters of a water 
body, such as temperature, pH, and salinity can have 
an impact on the levels of the nutrients (Gopalkrushna, 
2011). The physico-chemical parameters were relative 
to the nutrient levels in the study area. The high level 
of nitrate in Site 2 is likely relative to the highest level 
of temperature in that the site had an increase in tem-

-
tion. This is complimentary to the high level of nitrate 
and nitrite in Site Two, as the reverse was the case in 
Site 4 for both inorganic contents` relativeness to tem-
perature levels.

Sulphate is an important inorganic content load 

on their survival and reproduction in water (Coria et 
al., 2007). A high level of sulphate can lead to stress 
and mortality, while a low level can lead to reduced 
growth and reproduction (Ga et al., 2000).

Phosphates are more readily soluble in water 
with a low pH and may increase in concentration at 
higher pH levels (Golterman, 2004). This was typically 
the case in all sites, as the pollution index of phosphate 

Nitrate and Phosphate had similar trends, with 
high concentrations in sites 2 and 4, which could be 
because of the discharge of minute inorganic pollutants 
in the sites through point and non-point sources. Wastes 
from nearby shores and anthropogenic activities inside 
the water could also contribute to the variation of the 

Mandal et al. (2012) associated high phosphate values 
with human activities. Okorafor et al. (2014) reported 
that leaching of fertilizer residues from cultivated 

high concentrations of phosphate in water. The vari-
ability in physico-chemical characteristics and anthro-
pogenic perturbations in the water body of the Idim 

of the aquatic arthropod species (Orozco-Gonzalez and 
Ocasio-Porres, 2023).

The use of aquatic arthropod species as bio-indi-
cators of the water quality of the river made it possi-
ble to determine the water quality of the river and its 
degree of contamination through the calculation of the 
indices. The results showed that the families such as 
Aphrophoridae, Palaemonidae, Elachistidae, Mantidae, 
Calopterygidae, Corduliidae, and Rhyacophilidae, with 
the highest abundance at the sampling sites obtained 

of the river is good and that there is a low degree of 

and Ocasio-Porres, 2023). The presence of the fam-
ilies Tineidae, Pholcidae, and Acrididae at sampling 

quality index, indicates that their presence and level 

the river, and this indicates a relatively high degree 

Table 6.
River

Variables Site 1 Site 2 Site 3 Site 4

Taxa Species 13 10 24

Individuals 20 48 91

0.2083 0.0779 0.07341

0.9421 0.7917 0.9221

3.917 4.178 4.29

0.7241

Menhinick 2.907 1.443 3

Margalef

0.8293 0.8997

3.843 11.38

of the pollution status of the 
river

43 100 110

Regular – water 
is moderately 
contaminated

Poor-water quality Good water 
quality 

Good water 
quality 

ASPT 4.30 4.00
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of pollution at the site. These results are corroborated 
by the single factor pollution indices (Pi) calculated in 
this study, which revealed the presence of a high con-
centration of nitrite, an inorganic content, at sampling 
site 2, marking that the water quality at the sampling 
site is contaminated and polluted. During the study, it 
was observed that the farm that is located uphill of the 
river system, discharged wastewater from the pig pen, 

of sampling site 2, and this further explained the high 
level of the inorganic content contaminants at the site.

Taxonomic abundance at each sampling site 
revealed that fewer taxa were recorded at site 2 than 
at any other site. Taxa species richness equals the total 
number of taxa represented within the sample, and the 
healthier the community is, the greater the number of 

et al., 2018). The diverse structure of aquatic arthropod 
species showed that the water quality of the Idim Eye-
Asana River is impacted by anthropogenic activities. 
Comparison of communities to identify biotic distur-
bances or level of stability can be done with species 
diversity indices as useful tools (Olawusi-Peters and 
Ajibare, 2014), and the indices increase as the com-
plexity or stability of the habitat increases (Leinster and 
Cobbold, 2012). The Shannon-Weiner diversity values 
recorded at all the sites were within a range that could 
indicate a moderately polluted environment. The index 
categories calculated in this study indicated that val-
ues for sampling site 2 mid values of 2 and 3, which 
prostrated the water quality to be moderately polluted 
and contaminated, while for sampling sites 1, 3, and 
4, the values were > 3 and the water quality at these 
sites could be described as having fewer contaminants 
and the sections of the river could be said to be of sta-
ble environment with sustainable and survival condi-
tions for the aquatic arthropod species inhabiting these 
section (Mason, 2002, Yeom and Kim, 2011, Shah and 

in the community structure (Shannon-wiener, Margalef, 
Simpson, and Evenness indices) may be attributed to 
anthropogenic impacts (Anyanwu et al., 2019). The 
anthropogenic impacts exerted on the river may have 
well led to arthropod species drifting from one section 
of the river to another, which may eventually lead to 
the complete drift of the arthropod species of impor-
tance from the river to another river that is away from 
the village.

6. Conclusion

The use of the physico-chemical parameters, 
inorganic contents, and the aquatic arthropod species 
to calculate the single factor pollution index, diversity 

-
ity status of the river was a great success. The four (4) 
water quality monitoring indexes revealed that site 2 is 
contaminated with inorganic contents because it is the 
receiving point from the farm yard located uphill of the 

from the farm are extended to site 1. Sites 3 and 4, 
which are at the downstream section of the river, by 

the monitoring indexes results revealed that the water 
quality status was of good quality. As evident by the 
results, it could be concluded that the sites have bet-
ter ecological conditions that can sustain the develop-
ment and survival of the aquatic arthropod species col-
lected during this study. Nevertheless, the river should 
be managed properly given its ecological importance. 
Also, the farm should look elsewhere to channel their 
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