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ABSTRACT. The data on the distribution of fish species in 128 different types of freshwater bodies of
northeastern Fennoscandia (Murmansk region, northern Karelia, northeastern Finland and Norway)
(hereinafter referred NEF), belonging to 22 river basins (Barents and White Sea basins) for the time
period from 1972 to 2024 are summarized. The factors determining the presence/ absence of fish spe-
cies were analyzed. The trends of changes in the structure of fish communities of freshwater bodies
under conditions of environmental changes were studied. The data are presented on the distribution and
biological characteristics of the European whitefish Coregonus lavaretus, which remains a widespread
species in various freshwater bodies of the NEF and often forms the “core” of their ichthyocenoses. In
total, 20 species of fish live in the freshwater bodies of the study area, of which 16 are native and 4
are introduced. The basis of the native ichthyofauna of water bodies is the cold-water adapted group of
fish. The number of fish species in a water bodies varies from 1 to 18. The distribution of fish species
is determined by a number of factors, including geography, catchment area size, and water body mor-
phometry. The number of species in the basins of medium-sized rivers of the Murmansk region increases
in the direction from northwest to southeast due to taxa of higher rank (families and genera). The large
and deep-water lakes and lake reservoirs of the White Sea basin are home to virtually the entire spec-
trum of species in this study area. The most common fish species are the Eurasian minnow, nine-spined
stickleback, northern pike, burbot, European perch and European whitefish. It was established that in
the studied water bodies the European whitefish is represented by various sympatric ecological morphs.
The studied morphs of whitefish in the water bodies of 8 river basins of the NEF differ not only in the
structure of the branchial apparatus and nutrition, but also in the age, growth and maturation of the
fish. Differences in the structure of whitefish populations are observed both between water bodies of
different river basins and within the basins of these rivers. In the studied water bodies of the NEF, a
general tendency of transition of whitefish-salmon water bodies to whitefish-perch or whitefish-smelt
water bodies is observed. These successional processes are associated with changes in fish habitat con-
ditions under the influence of global and regional factors: climate change, hydropower, anthropogenic
pollution, eutrophication, and invasive species.
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1. Introduction 2012), at present there is no clear idea of the distribu-

tion of species, factors and mechanisms of the structure
of fish communities formation in the numerous and
diverse water bodies of this Arctic region. The situation
is aggravated by rapid restructuring of freshwater eco-

Despite long-term and numerous ichthyological
studies of the water bodies of the NEF, which began
in the 20s of the XX century (Yakovlev and Kashulin,
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systems under the influence of both global and regional
factors (Moiseenko and Yakovlev, 1990; Moiseenko,
1991; 2000; 2002; Nost et al., 1991; 1997; Moiseenko
et al.,, 1994; Amundsen et al., 1997; 1999; Kashulin
et al.,, 1999; 2005; 2007; 2009a; 2010; Sharova and
Lukin, 2000; Kashulin, 2004; Terentyev, 2005; Lukin
et al., 2006, Reshetnikov et al., 2011; 2020; Terentyev
and Kashulin, 2012; Zubova et al., 2015; 2016; 2018;
2019; 2020b; c; Ylikorkko et al., 2015; Terentyev et
al., 2017; 2019; Denisov et al., 2020; Zubova et al.,
2020a and others). Fishes, occupying the upper tro-
phic levels, integrate all these changes (Moiseenko,
1991; Kashulin, 1994; 2000; 2004; Kashulin et al.,
1999; 2006; Reshetnikov et al., 1999; Denisov et al.,
2009; Ylikorkko et al., 2015). Due to their biological
characteristics, fish are convenient objects for study-
ing the processes of transformation of water bodies,
which makes it possible to establish the adverse effects
of the entire complex of various impacts, including
the impact on other components of the aquatic ecosys-
tem (Moiseenko, 1991; Kashulin, 1994; 2000; 2004;
Kashulin et al., 1999; 2006; Reshetnikov et al., 1999;
Denisov et al., 2009; Ylikorkko et al., 2015).

The ichthyofauna of the NEF’s freshwater bod-
ies is represented by a relatively small number of spe-
cies, compensated by the diversity of their ecological
morphs. This allows populations to make the most of
available resources and ensures the sustainability of
Arctic freshwater ecosystems as a whole (Reshetnikov,
1980).

In this work we analyzed the occurrence and
presence of fish species in inland waters of the NEF. This
is one of the most industrially developed and urbanized
regions of the European North. In the Murmansk region
alone there are 105 593 lakes with an area of more than
0.01 km? (of which 15 712 are wastewater) and about

20 large reservoirs. The area of the lakes is 9179 km?
The NEF is characterized by an extreme diversity of
natural conditions, determined by both natural and
anthropogenic factors that modify living conditions
(hydropower, anthropogenic pollution, eutrophication,
invasive species, etc.) (Moiseenko and Yakovlev, 1990;
Kashulin et al., 1999; 2007; 2009a; 2010; Moiseenko
et al., 2002; Dauvalter et al., 2023). This causes dif-
ferences in the microevolution of local populations of
European whitefish (Zubova et al., 2022a).

The aim of this work is to generalize data on the
distribution of fish species in inland waters of the NEF,
and to analyze the factors determining their presence/
absence. We also highlight key gaps in the data accu-
mulated over the history of ichthyological research
in the region in terms of European whitefish biology
and environment. The study of the modern diversity,
distribution and biological characteristics of fish spe-
cies in different types of freshwater bodies of the NEF
will allow us to trace the main directions of adaptive
reactions of fish populations to the diversity of natu-
ral habitat conditions, as well as their changes under
the influence of global and regional factors. The results
obtained will serve as a scientific basis for assessing
the current state of freshwater ecosystems in the Arctic
and forecasting their changes under various scenarios
of environmental change.

2. Materials and methods
2.1. Study area

In the NEF we included the entire Murmansk
region, as well as data on those water bodies that
belong to river basins located both in the Murmansk
region and in the adjacent territories of the Republic of
Karelia, Finland and Norway (Fig. 1).

River basins
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3 Lotta
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5 Zarubikha
B 6 Ura
B 7 Tuloma
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17 Umba
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B 21 Varzuga
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Fig.1. Map-scheme of river basins of the northeastern Fennoscandia with studied ichthyofauna, 1972-2024.
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About 60% of the NEF is occupied by the Kola
Peninsula (its area is 100 000 km?). Most of the study
area is located beyond the Arctic Circle within the
southern tundra, forest tundra and northern taiga.
Permafrost rocks are widespread in the northeast of the
Kola Peninsula. It is washed by the White and Barents
Seas. The length is 720 km from west to east and 520
km from north to south (Fig. 1) (Kolskaya..., 2008).

In this work, 128 freshwater bodies of various
origins and morphologies were analyzed, included in
22 lake-river systems of the NEF (Table 1, Fig. 1) and
belonging to the basins of the Barents and White Seas.
The water bodies of the Baltic Sea basin were not con-
sidered in this work.

In the Barents Sea basin, the ichthyofauna of 62
water bodies belonging to 13 river basins was studied
(Table 1, Fig. 1): Pasvik (S_ . .. i 18300 km?),
PeChenga (Scatchment area = 1820 kmz)’ Lotta (Scatchment area =
7980 km?), Uritsa (S_, . .. ... = 107 km?), Zarubikha
(Scatchment area =176 kmz)’ Ura (Scatchment area = 176 ka)’
Tlﬂoma (Scatchment area = 21500 kmz)’ KOla (Scatchment area
3850 km?), Rosta, Teriberka (S, .. . = 2230 km?),
Voronya (Scatchment area = 9940 kmz)’ IOkanga (Scatchment area
= 6020 km?) and Varzina (S, . = 1450 km?). The
majority (77%) the studied water bodies in these river
basins belong to natural very small, small and medi-
um-sized lakes of glacial origin (S_ . .. varies from
0.01 to 94.4 km?) (Table 1) (Kitaev, 2007; Kashulin
et al.,, 2008; Kashulin et al., 2009b; 2010; 2013).
According to the content of total phosphorus and nitro-
gen in the water, among lakes there are both ultra-oli-
gothotrophic and mesotrophic water bodies with signs
of eutrophication (Likens, 1975). The latter (Lake
Kuetsjarvi in the Pasvik River system, Lake Haukilampi
in the Pechenga River system, Lake Pulozero in the Kola
River system and Lake Semenovskoe within the city
of Murmansk) are anthropogenically modified water
bodies exposed to the influence of industries (non-fer-
rous metallurgy — OJSC “Severonickel Plant”, thermal
power plants) and/ or domestic wastewater (Kashulin
et al.,, 2009b; Zubova et al.,, 2020a; Slukovskiy et
al., 2023). The 23% of the remaining water bodies
include the large Lake Lovozero and the lake reser-
voirs Inarijarvi and Verkhnetulomskoe (S___ .. ...
is 208.5-1040.3 km?), the medium and small (S____ .
oo Varies from 3.2 to 38.5 km?) channel reservoirs
Nizhnetulomskoe, Kajtakoski, Yaniskoski, Rajakoski
and the small (S_,  is 509-1450 km?) rivers Kitsa,
Tsaga, Yunka, Elvan, Varzina (Table 1) (Kitaev, 2007).
Small channel reservoirs are classified as ultra-oligotro-
phic reservoirs in terms of biogenic elements (Zubova
et al., 2021; 2023). In the Nizhnetulomskoye Reservoir,
eutrophication processes are observed, accompanied
by the development of cyanoprokaryotes in the phy-
toplankton communities, including potentially toxic
species. The sources of biogenic elements here are cage
farms for growing rainbow trout Oncorhynchus mykiss.
In addition, in the reservoir’s catchment area there are
large agricultural areas of the “Tuloma” enterprise,
large settlements (Tuloma, Murmashi, Prichalnoe)
and intensively developing country and cottage settle-
ments, which also make a significant contribution to
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the processes of anthropogenic eutrophication (Zubova
et al., 2024).

In the White Sea basin, the ichthyofauna of 66
water bodies belonging to 9 river basins was studied
(Table 1, Fig. 1): Tumcha (S_, ... s = 5240 km?),
Kovda (S, ;i aea = 26100 km?), Niva (S
12830 km?), Umba (S_, .. ... = 1310 km?), Kolvitca
(Seatchment area = 6250 km?), Chernaya (S
141 km?), Ponoj (S_, ;. ent s = 15500 km?), Varzuga
(Scatchment area = 9840 kmz) and Chavanga (Scatchment area

1210 km?). 73% of these water bodies are very
small, small and medium-sized lakes of glacial origin
(S, ccervoir arca Varies from 0.01 to 98.6 km?) (Kitaev, 2007;
Kashulin et al., 2012; 2013). Based on the content of
biogenic elements in the water, among the lakes stud-
ied, there are both ultra-oligotrophic and mesotro-
phic-hypereutrophic reservoirs (Likens, 1975). Here we
can highlight the lakes Nyudjavr (the most polluted res-
ervoir in the NEF), Bolshoy Vudjavr and Kovdor in the
Niva River basin, which are subject to anthropogenic
influence from enterprises of the mining (JSC “Apatit”)
and the metallurgical industry (non-ferrous metallurgy
— 0JSC “Severonickel Plant”, ferrous metallurgy — OJSC
“Kovdorsky MPP”) (Kashulin et al., 2013; Dauvalter et
al., 2023). In the basins of the Niva and Umba rivers,
the largest lakes in the Murmansk region by area with a
very large maximum depth (more than 50 m) were also
studied — Imandra (S____ . ... = 876 km?with a max-
imum depth of 67.0 m) and Umbozero (S . ... =
319.4 km? with a maximum depth of 115.0 m) (Table
1, Fig. 1). These are reservoirs of tectonic-glacial ori-
gin (Moiseenko et al., 2002; Kitaev, 2007). Since 1934,
Lake Imandra has been a large lake reservoir and is
subject to various anthropogenic impacts (Moiseenko
et al., 2002; Dauvalter et al., 2023). The main indus-
tries in the lake’s catchment area include the follow-
ing: mining industry (JSC “Apatit”); metallurgical
industry (non-ferrous metallurgy — OJSC “Severonickel
Plant”, ferrous metallurgy — OJSC “Olkon” and OJSC
“Kovdorsky MPP”); energy complex (cascade of Nivskiye
hydroelectric power plants, “Kola NPP”, Apatity TPP);
municipal wastewater from the cities of Olenegorsk,
Monchegorsk, Kirovsk and Apatity (Dauvalter et al.,
2023). Lake Umbozero is also subject to anthropogenic
influence, namely the north-eastern (mine waters and
wastewater from the industrial site of the “Lovozersky
MPP”) and south-western (mine waters from JSC
“Apatit” and JSC “NWPC”, domestic wastewater from
the village of Koashva) parts (Dauvalter and Kashulin,
2010). Small and medium rivers (S_, . . range is
254-4260 km?) (Kitaev, 2007) in the Niva River basin
(Kuna, Kurenga, Pirenga - flow into Lake Imandra)
and in the Umba River basin (Lovchorrjok — tributary
of the Ajkuajvenjok River, Umbolka — flows into Lake
Umbozero), the Ponoj River (Sakharnaya), and the
Varzuga River (Pana) (Table 1) were also studied.

catchment area

catchment area

2.2. Ichthyological research

The summary of data on the distribution of fish
species in inland waters of the NEF is based on data
from the Laboratory of Aquatic Ecosystems of Institute
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of Industrial Ecology of the North (hereinafter INEP)
of Kola Scientific Center (RAS), collected from 1972 to
2024, as well as literary data and data obtained from
interviews with amateur fishermen of the Murmansk
region, the reliability of which was not in doubt. The
largest volume of information is contained in the INEP
dataset, collected using a relatively uniform method-
ology. Fish were mainly caught using standard sets of
fixed gill nets with a mesh size of 5 to 60 mm (which
ensured the catch of fish = 5 cm in length) in various
ecological zones of water bodies — littoral, profundal
and pelagic. The names of taxa from family to species
and common names of fish are given according to the
work of Fricke et al. (2024). For the description and
analysis of the structure of the fish population, taxa up
to the species rank were taken, except for the European
whitefish. In the European whitefish, the intraspecific
structure was additionally studied. The identification
of ecological morphs of the European whitefish was
carried out by the first author based on the number
of gill rakers on the first branchial arch (hereinafter
sp.br.): 16 to 30 in sparsely rakered whitefish, 31 to
42 in medium rakered whitefish, 43 to 65 in densely
rakered whitefish (Pravdin, 1954; Reshetnikov, 1980).
Also, based on the number of perforated scales in the
lateral line (II), small scaled whitefish — 76-83, medium
scaled — 83-86 and multi scaled whitefish — 86-98 were
identified (Bochkarev, 2022). Studying of sp.br. was
performed under a microscope at X 10 magnification.
To identify the structural features of the first branchial
arch of European whitefish, the length (£ 0.1 mm) of
the central gill raker (hereinafter Isp.br.) was also mea-
sured (Pravdin, 1966). The number of perforated scales
in the lateral line was calculated using photographs of
the studied whitefish. Digital photographs of the white-
fish were taken with a Nikon d610 camera with a 60
mm f/2.8G ED AF-S Micro-Nikkor lens (Bochkarev et
al., 2013; Melehin et al., 2021).

In addition to the diversity of species and their
quantity, the indices of taxonomic diversity and the
occurrence of species in river basins were used as indi-
cators reflecting the structure of fish communities of
water body (Babiy, 2007). Ecological groups of fish in
relation to the ambient temperature are distinguished
in accordance with the ideas of Smirnov (2023), by
the nature of nutrition — with a typical diet compo-
sition (planktivorous, benthivorous, piscivorous and
omnivorous polyphages), by preferred spawning sub-
strates — according to Kryzhanovsky and Disler (1949),
groups by spawning seasons are divided into spring-
and autumn-spawning. The identification of the “core”
of the fish community within the studied water bodies
was carried out on the basis of the description of their
dominant (constituting >20% of the catch)/ subdom-
inant (8-20% of the catch) fish species (Reshetnikov et
al., 2011).

One of the elements of comparative studies is
the availability of primary information and the forma-
tion of a single database (Laske et al., 2019; Zubova et
al., 2021). Primary data are freely available in GBIF
(Zubova et al.,, 2021) https://www.gbif.org/data-
set/281d50e6-3990-4a02-83b1-a6ca3330ee97 and L.
https://isling.org/fishes.
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3. Results and discussion

3.1. Distribution of fish species in
freshwater bodies of the northeastern
Fennoscandia

The ichthyofauna of 128 freshwater bodies of
22 river basins of the NEF (Barents and White Sea
basins) includes up to 20 native and introduced fish
species belonging to 17 genera and 8 families (Table
2). The salmon family (Salmonidae) includes up to
40% of recorded species: Atlantic salmon Salmo salar,
brown trout S. trutta, pink salmon Oncorhynchus gor-
buscha, rainbow trout O. mykiss, Arctic char Salvelinus
alpinus, grayling Thymallus thymallus, European white-
fish Coregonus lavaretus and vendace C. albula. The
sturgeon family (Acipenseridae) includes the Siberian
sturgeon Acipenser baerii; the smelt family (Osmeridae)
— European smelt Osmerus eperlanus; the pike family
(Esocidae) includes the northern pike Esox lucius; the
perch family (Percidae) includes the European perch
Perca fluviatilis and the ruff Gymnocephalus cernua; the
burbot family (Lotidae) includes the burbot Lota lota;
to the carp family (Cyprinidae) — the Eurasian minnow
Phoxinus phoxinus, the common carp Cyprinus carpio,
the ide Leuciscus idus and the roach Rutilus rutilus; to
the stickleback family (Gasterosteidae) — the nine-
spined stickleback Pungitius pungitius and the three-
spined stickleback Gasterosteus aculeatus. Also caught
in the estuary areas of the rivers are such brackish-wa-
ter fish species as the European flounder Platichthys
flesus and the Arctic flounder Liopsetta glacialis
(Pleuronectidae), the fourhornsculpin Myxocephalus
quadricornis (Cottidae), as well as the Arctic lamprey
Lethenteron camchaticum (Petromizantidae) and the rock
gunnel Pholis gunnellus (Pholidae) (Kreps and Krogius,
1924; Krogius, 1926a; b; Shaposhnikova, 1940;
Berg and Pravdin, 1948; Vladimirskaya, 1951; 1956;
1957; Pravdin, 1956; Galkin et al., 1966; Ksenozov,
1966; Surkov, 1966; Smirnov, 1977; Kolyushev et al.,
1985; Shuster, 1985; Moiseenko and Yakovlev, 1990;
Krasovsky, 2006; Babiy, 2007; Kashulin et al., 2008;
Kashulin et al., 2009b; 2013; Ylikorkko et al., 2015;
Zubova et al., 2020b; Bondarev, 2022; Slukovskiy et
al., 2023; Zubova et al., 2024). We did not encounter
the nelma Stenodus leucichthys (Salmonidae), peled C.
peled (Coregonidae), freshwater bream Abramis brama,
common dace Leuciscus leuciscus (Cyprinidae), sea
lamprey Petromyzon marinus (Petromizantidae), stur-
geon Acipenser sturio (Acipenseridae) and European eel
Anguilla anguilla (Anguillidae), although the ranges of
these species include the NEF or have been described in
freshwater bodies of the study area (Berg and Pravdin,
1948; Holcik, 1989; Pethon, 1989; Atlas..., 2003).

The basis (69%) of the native ichthyofauna of
the studied freshwater b