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Abstract
Ichthyological studies are an important part of the research effort on the water ecosystems of the Arctic. However, data on 
the changes in the ichthyofauna of the Arctic seas are scarce and contradictory. We studied species composition of trawl 
catches made in 1980–2015 in the coastal and the open part of the Pechora Sea (south-eastern Barents Sea). We determined 
the relative abundance (individuals per hour of trawling) of the dominant fish species in the coastal and the open zone and 
described the taxonomic status of fish and their ecological grouping by distribution area and predominant type of feeding. 
Cluster analysis revealed four groups of study years similar in respect of the proportion of dominant fish species in trawl 
catches. The species diversity of the ichthyofauna increased over the study period and so did the number of predominantly 
Arctic species in the catches. On the contrary, the proportion of Arctic species such as polar cod decreased. In our opinion, 
this was caused by the changes in the mean water temperature, which showed a tendency to increase over the study period. 
A comparative analysis of the ichthyofauna of the Pechora Sea and the Baydaratskaya Bay of the Kara Sea revealed differ-
ences in the dominance of Arctic and boreal fishes, which might have been associated with the differences in the mean annual 
temperature in these water bodies. Our results can be used as background data for further monitoring of climate change.

Keywords  South-eastern Barents Sea · Pechora Sea · Trawl catches · Ichthyofauna · Species diversity · Dominant species · 
Temperature factor

Introduction

Water ecosystems of the Arctic are unique and extremely 
vulnerable systems with a low restorative capacity. They 
require close scientific attention, especially taking into 
account the potential impact of climatic changes. Fish inven-
tories are often needed both for the analysis of processes 
occurring in these ecosystems and for biodiversity conserva-
tion programs. Therefore, the evaluation of the current status 
of the ichthyofauna and its changes influenced by climatic 
factors are important research directions.

The ichthyofauna of the Barents Sea has been extensively 
studied (Gratsianov 1907; Knipovich 1897, 1926; Esipov 
1937; Andriashev 1954; Andriashev and Chernova 1994). 
These studies, having a special historical significance, are 
the main sources of information on species composition and 
taxonomy of fish in the Barents Sea. Current estimates of 
the number of fish species in the Barents Sea differ: Dol-
gov (2004) reports 207 species, while Karamushko (2007, 
2008) who considers the Barents Sea in restricted geographi-
cal boundaries, reports 182 species and subspecies of fish, 
mainly from the boreal complex.

Western areas of the Barents Sea are the most productive. 
They are also the best studied because research and fishing 
vessels can operate there all the year round. Studies of the 
south-eastern part of the Barents Sea have been sporadic 
due to its low productivity, remoteness, and complex ice 
conditions. Some publications describe the ichthyofauna 
of distinct areas such as the Choshskaya Bay, the Pechora 
Bay or smaller bays (Kornilova 1970; Karamushko et al. 
1996; Chernova 2000; Karamushko and Aleksandrov 2003; 
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Pogrebov et al. 2003; Karamushko 2005). Chernova (2000) 
clarified the data on the ichthyofauna of the Pechora Sea 
published by Karamushko et al. (1996) and described 71 
taxa of fish and fish-like species and their habitat, includ-
ing marine (46 species), anadromous, and semi-anadromous 
fish, as well as freshwater species, which regularly or occa-
sionally occur in the brackish waters of the estuarine zones.

The Pechora Sea is a conventional name of a water area in 
the south-eastern part of the Barents Sea between the islands 
of Kolguev and Vaygach. It is influenced by the Pechora 
River, which provides about 80% of the total river inflow. 
The largest bays along the shoreline of the mainland are the 
Pechora Bay and the Khaypudyrskaya Bay. Two straits in the 
south-eastern part of the Pechora Sea, the Kara Strait and 
the Yugorsky Strait, connect the Barents Sea and the Kara 
Sea. The area is heavily influenced by the Nordkapp branch 
of the warm current from the north and north-west, cold 
currents from the north along the coast of Novaya Zemlya 
such as Litke current, and the freshwater flow of the Pechora 
river from the south (Girdyk et al. 1990; Romankevich et al. 
2003). The Pechora Sea has unique abiotic conditions, a high 
level of biological productivity, and a great diversity of bio-
topes, which are important for maintaining the abundance 
of fish.

Climate change in the Arctic, resulting in the increase of 
average annual water and air temperatures and the shrink-
ing of the ice cover (Almarov 1990; Karsakov et al. 2000; 
Matishov et  al. 2011), affects the functioning of water 

ecosystems. In particular, it affects the distribution of com-
mercial marine fish species (Berg 1939, 1962; Gasconskiy 
1963; Borkin and Grigoriev 1986; Smirnov et al. 2000; 
Chernova 2000; Semushin and Novoselov 2009). In the light 
of this, ichthyological studies of these areas are potentially 
important for fishery. However, the available data on the 
changes in the ichthyofauna of the Arctic seas are scarce 
and contradictory.

The aim of this study was to describe the ichthyofauna of 
the Pechora Sea in respect of species diversity, taxonomic 
and faunal composition, ecological characteristics and the 
dynamics of changes over the study period and to compare 
it with the ichthyofauna of the neighboring Baydaratskaya 
Bay of the Kara Sea.

Materials and methods

Our study was based on the results of the annual trawl sur-
veys of the Northern Branch of Polar Research Institute of 
Marine Fisheries and Oceanography (PINRO). We analyzed 
fish species composition of trawl catches in the Pechora Sea 
made in 1980–2015. The data were collected in the course 
of regular research voyages (July–September) during the 
ice–free period. The grid and the number of trawling stations 
differed from year to year, depending on the voyage aims and 
ice and weather conditions, but they were always confined to 
the same areas to ensure comparability of the data (Fig. 1).

Fig. 1   Standard grid of PINRO sampling stations in the Pechora Sea
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Ichthyological material was collected by a bottom trawl 
with a horizontal opening of 14 m, a vertical opening of 5 m 
and a mesh size of 16 mm. Trawling was performed at an 
average speed of 3.2 knots with a time period of 15–60 min. 
Studies were not conducted in 1997–1999 and 2009–2012. 
Data were analyzed as a single body and in two groups: 
coastal trawls (down to the isobath of 15–20 m, including 
the coastal strip and the entire water area of the Pechora and 
the Khaypudyrskaya Bay) and trawls in the open part of the 
Pechora Sea. In total, the composition of 1226 trawls during 
the period of 29 years was analyzed.

Data on the average monthly temperature of the surface 
water layer were obtained from the reports of "Cape Kon-
stantinovsky" meteostation and the readings of satellite 
imagery (Monthly Sea Surface Temperature from NOAA 
NCEP EMC CMB GLOBAL; Karsakov et al. 2000). The 
maximum sea depth in our study area was 60m, while in 
80% of area the depths were lower than 30m. Water mixing 
in the Pechora Sea is fairly intense, especially in autumn. 
As a result, there is almost no thermocline and no vertical 
stratification there, particularly in the coastal shallow zone 
(Girdyk et al. 1990). Therefore, in our opinion, the surface 
water temperature is an adequate index of climate change in 
the study area and can be applied to the analysis of distribu-
tion of both pelagic and bottom fish.

Previously published data on the ichthyofauna of the Bay-
daratskaya Bay of the Kara Sea (Semushin and Novoselov 
2009) were used for the comparative analysis of the Pechora 
Sea and the Baydaratskaya Bay in this paper. Overall compo-
sition of ichthyofauna of the Baydaratskaya Bay was derived 
from literature sources and PINRO data from trawl surveys. 
Anadromous and semi-anadromous species in the catches 
were considered as an element of the marine community. 
The trophic status of the studied species was categorized 
after Karamushko (2008). Their geographical range and eco-
logical status were defined after Andriashev and Chernova 
(1994). Distribution areas were defined based on zoogeo-
graphical approach (Dolgov 2011; Mecklenburg et al. 2018). 
Classification and species names were used according to the 
Catalog of Fishes (https​://www.calac​ademy​.org/scien​tists​/
proje​cts/catal​og-of-fishe​s).

Linear correlations between the abundance of fish species 
in catches by year and the average water temperature for 
individual months (May to October), as well as the entire 
vegetation season (May–October) were calculated. The 
ecological parameters and the composition of the ichthyo-
cenosis in different years were assessed with the use of the 
Shannon and the Berger-Parker indices of diversity (Bigon 
et al. 1989; Shilov 1997).

The Shannon index (H) was calculated using the formula

H
N
= −

∑ n
i

N
log2

n
i

N
;

where n
i
 the abundance of a given species; N the abundance 

of all species in the biocenosis;
The Berger–Parker index was calculated using the 

formula

where Nmax the number of individuals of the most abundant 
species, N the number of individuals of all species.

We compared data on the composition of ichthyofauna 
for each study year to identify trends and similarities 
between individual research years. Statistical processing 
involved values of the relative numbers of fish in trawls 
(individuals per hour of trawling) for 10 most common 
species: Gymnocanthus tricuspis (Reinhardt, 1830), Arctic 
staghorn sculpin, Liopsetta glacialis (Pallas, 1776), Arc-
tic flounder, Osmerus dentex Steindachner & Kner, 1870, 
Pacific rainbow smelt, Lumpenus fabricii Reinhardt, 1836, 
slender eelblenny, Eleginus nawaga (Walbaum, 1792), 
navaga, Melanogrammus aeglefinus Linnaeus, 1758, had-
dock, Coregonus sardinella Valenciennes, 1848, sardine 
cisco, Boreogadus saida (Lepechin, 1774), polar cod, 
Clupea pallasii Valenciennes, 1847, Pacific herring and 
Gadus morhua Linnaeus, 1758, Atlantic cod. Normal 
distribution of the abundance of species in the catches 
was analyzed using the Kolmogorov–Smirnov test. The 
Kruskal–Wallis H criterion showed no significant differ-
ences (p > 0.05) between the data from 2004 and 2005 and 
between the data from 2013, 2014 and 2015, which made 
it possible to form two unified groups of study periods, 
respectively (“2005” and “2015”). Thus, the results for 
2004 and 2005, as well as for 2013, 2014 and 2015 were 
processed separately from the rest of the data.

At the first stage, the samples were compared pairwise 
(325 pairs of comparisons) with the use of the non-par-
ametric Mann–Whitney U test for independent samples. 
Significant differences were found for each pair of com-
parisons within each of the 10 analyzed species. For each 
pair of studied years, a total number of significant differ-
ences was calculated. The results were arranged in the 
matrix of paired comparisons.

At the second stage, all study years were classified into 
groups using Ward’s method for hierarchical cluster analy-
sis (Ward 1963), based on the resulting matrix of paired 
comparisons. The optimal number of clusters was deter-
mined on the basis of a stepwise growth of the coefficient 
characterizing the change in distance between clusters (the 
square of the Euclidean distance). The differences were 
considered reliable at the significance level of p < 0.05. 
Mathematical and statistical processing was performed 
with the use of Microsoft Excel 2013 and SPSS 22.0 for 
Windows.

d =

Nmax

N
,
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Results

The total list of fish and fish-like species from the trawl 
catches in the Pechora Sea during the study period con-
tained 50 species belonging to 19 families of marine, 
anadromous, semi-anadromous and non-migratory 
fish (Table 1). Forty-seven species were found in trawl 
catches. Three representatives of the Salmonidae family 
were not recorded in the catches, but the archival results 
of net catches indicated that they were present in the 
ichthyocenosis.

The analysis of the generalized sample on the eco-
logical status showed that marine near bottom group and 
marine cryo-pelagic group contained only one species each 
(Greenland halibut and polar cod, respectively; 2.0% of all 
caught fish in both cases) (Fig. 2a). Three species (6.0%) 
belonged to the group of freshwater fishes. The group of 
marine nerito-pelagic fish contained 4 species (8.0%), the 
groups of semi-anadromous and marine bottom-pelagic 
fish were represented by five species each (10.0%). Ana-
dromous fishes were represented by 6 species (12%) All 
other fish noted in the trawl catches (25 species, 50.0%) 
were marine bottom species.

The fish inhabiting the Pechora Sea can be attributed to 
ten groups by their geographical distribution (Andriashev 
and Chernova 1994). Fifteen species (30.0%) were Arctic 
species (Fig. 2b). There were 12 mostly boreal-Atlantic 
species (24.0%) and 8 mostly boreal-European species 
(16.0%). Five species (10.0%) belonged to mostly boreal 
group. The latter three groups are typical of boreal waters 
but are also common in the marginal regions of the Arc-
tic (for example, in the eastern part of the Barents Sea). 
Mostly Arctic fishes were represented much more poorly 
(2 species, 4.0%). The Arctic-boreal faunal complex con-
tained three species (6.0%). The boreal group comprised 
2 species (4.0%). The boreal-European, boreal-Atlantic 
and boreal-Pacific groups were represented by one spe-
cies each (2.0%) (Fig. 2b).

Four groups were identified according to the predomi-
nant feeding type (Karamushko 2008). Only one species, 
anadromous Arctic lamprey (2.0%), was characterized 
by a predatory-parasitic type of feeding (Fig. 2c). Eleven 
species (22.0%) were typical predators. Ten species 
(20.0%) fed on plankton. The remaining fish (28 species, 
56.0%) were marine bottom species, which fed on benthos 
(Table 1, Fig. 2c).

The species composition of trawl catches in the coastal 
zone and the open part of the Pechora Sea is shown in 
Table 2. There were no representatives of the Anarhichadi-
dae family in the coastal zone but more species of the 
Salmonidae family were found there (6 species, 14.0%). 
Catches in the open part of the sea did not contain 

representatives of the Lotidae (burbot) and the Perci-
dae (ruffe) families, which were sporadically observed 
in the coastal, more freshened zone. Two species of the 
Anarhichadidae family (spotted and Atlantic wolffishes) 
were found in the open zone of the sea. In the trawl catches 
at depths less than 15–20 m 43 species of fish belonging 
to 18 families were identified. In the open area (trawl sur-
veys at depths more than 20 m), 37 species of 17 families 
were found.

E. nawaga dominated in the catches of commercial fish 
both in the coastal zone (56.5%) and the open zone (46.9%) 
(Fig. 3). B. saida and C. pallasii were common subdomi-
nant species in the open zone (19.2 and 16.6%, respectively), 
occurring in the coastal zone in smaller numbers (4.3% and 
11.9%, respectively). M. aeglefinus did not occur in the 
coastal zone at all but was quite common in the open zone 
(8.4%). O. dentex (16.0%) and L. glacialis (7.2%) were quite 
common in the coastal zone, while in the open zone their 
relative abundance was rather low (4.4% and 1.4%, respec-
tively). C. sardinella was found in small numbers (1.4%) in 
trawl catches in the coastal zone and in even smaller num-
bers (a few individuals) in the open zone. G. morhua indi-
viduals were found sporadically both in the coastal zone 
(0.2%) and in the open zone (0.7%). Gymnocanthus tricuspis 
and L. fabricii occurred in very small numbers in the coastal 
zone (0.5 and 0.7%, respectively) and in somewhat greater 
numbers in the open zone (2.5 and 2.6%, respectively).

The study years were combined into four clusters as a 
result of the statistical analysis. Each of these four clusters 
comprised years characterized by the smallest number of 
reliable differences in 10 most common fish species. Fig-
ure 4 displays the results of cluster analysis including two 
combined groups (“2005”, “2015”).

The mean water temperature increased during the study 
period from 5.1 to 6.3°C in the coastal waters (data of "Cape 
Konstantinovsky" meteostation) and from 3.4 to 4.8°C in the 
open waters (the satellite data) (Table 3). Five dominant fish 
species whose numbers showed the greatest variation during 
different time periods are shown in Table 3.

The indices of fish species diversity increased, except 
in the last period (IV) covering 2007, 2008 and “2015” 
(Table 3). The trend towards an increase of average monthly 
water temperatures in the Pechora Sea during the vegetation 
season was observed (Fig. 5).

Discussion

Our analysis revealed four time periods characterized by 
a similar species diversity and the proportion of dominant 
fish species in trawl catches. Our results showed that the 
relative abundance of mostly Arctic species (MA) in trawl 
catches increased over the past 36 years. For instance, the 
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Table 1   The list of fish and fish-like species of the Pechora Sea and the Baydaratskaya Bay of the Kara Sea (based on the results of trawl surveys 
in 1980–2015 and literature data (Kobelev and Novoselov 2000; Semushin and Novoselov 2009; Semushin et al. 2011; Novoselov 2010)

Families and species of fish Pechora 
Sea
(the Bar-
ents Sea 
basin)

Baydar-
atskaya 
Bay
(the Kara 
Sea basin)

Ecological status
(Andriashev and 
Chernova 1994)

Geographical distribution 
(Andriashev and Chernova 
1994)

Zoogeographical status
(Mecklenburg et al. 2018)

Trophic 
status
(Kara-
mushko 
2008)

I. Petromyzontidae:
 1. Lethenteron camtschati-

cum (Tilesius,1811)—
Arctic lamprey

+ − A MB PP

II. Somniosidae:
 2. Somniosus microcepha-

lus (Bloch & Schneider, 
1801)—Greenland shark

+ + MnBP MBA Arctic–Boreal P

III. Clupeidae:
 3. Clupea pallasii Valen-

ciennes, 1847—Pacific 
herring

+ + MNP MB Arctic–Boreal Pf

IV. Osmeridae:
 4. Mallotus villosus (Mȕller, 

1776)—Atlantic capelin
+ + MNP MBA Arctic–Boreal Pf

 5. Osmerus dentex Stein-
dachner & Kner, 1870—
Pacific rainbow smelt

+ + A MB P

V. Salmonidae:
 6. Coregonus autumnalis 

(Pallas, 1776)—Arctic 
cisco

+ + A A Pf

 7. C. sardinella Valenci-
ennes, 1848—sardine 
cisco

+ + SA A Pf

 8. C. pidschian (Gme-
lin, 1789)—humpback 
whitefish

+ + SA A Bf

 9. C. peled (Gmelin, 
1789)—peled

+ − SA A Pf

 10. C. nasus (Pallas, 
1776)—broad whitefish

+ − SA A Bf

 11. C. muksun (Pallas, 
1814)—muksun

− + SA A PBf

 12. Stenodus nelma (Pallas, 
1773)—nelma

+ + SA A P

 13. Oncorhynchus gorbus-
cha (Walbaum, 1792)—
pink salmon

+a + A BP P

 14. Salmo salar Linnaeus, 
1758—Atlantic salmon

+a + A MBA P

 15. Salvelinus alpinus (Lin-
naeus, 1758)—Arctic char

+a + A A P

VI. Gadidae:
 16. Eleginus nawaga (Wal-

baum, 1792)—navaga
+ + MnBP A Arctic Bf

 17. Gadus morhua Lin-
naeus, 1758—Atlantic cod

+ + MnBP MBA Mainly Boreal P

 18. Melanogrammus 
aeglefinus Linnaeus, 1758 
—haddock

+ + MnBP MBA Mainly Boreal Bf
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Table 1   (continued)

Families and species of fish Pechora 
Sea
(the Bar-
ents Sea 
basin)

Baydar-
atskaya 
Bay
(the Kara 
Sea basin)

Ecological status
(Andriashev and 
Chernova 1994)

Geographical distribution 
(Andriashev and Chernova 
1994)

Zoogeographical status
(Mecklenburg et al. 2018)

Trophic 
status
(Kara-
mushko 
2008)

 19. Boreogadus saida (Lep-
echin, 1774)—polar cod

+ + MCP A Arctic Pf

 20. Pollachius virens (Lin-
naeus, 1758)—saithe

+ − MNP MBA Boreal P

VII. Lotidae:
 21. Lota lota (Linnaeus, 

1758)—burbot
+ − F B P

VIII. Gasterosteidae:
 22. Pungitius pungitius 

(Linnaeus, 1758)—nines-
pine stickleback

+ + F MB Pf

 23. Gasterosteus aculeatus 
Linnaeus, 1758—three-
spined stickleback

+ − MNP MBA Pf

IX. Cottidae:
 24. Myoxocephalus quadri-

cornis (Linnaeus, 1758)—
fourhorn sculpin

+ + MB A Mainly Arctic Bf

 25. Gymnocanthus tricuspis 
(Reinhardt, 1830)—Arctic 
staghorn sculpin

+ + MB MA Arctic Bf

 26. Icelus spatula Gilbert 
& Burke, 1912—spatulate 
sculpin

+ − MB AB Arctic–Boreal Bf

 27. Myoxocephalus scorpius 
(Linnaeus, 1758)—short-
horn sculpin

+ + MB MBE Arctic–Boreal P

 28. Artediellus atlanticus 
Jordan & Evermann, 
1898—Atlantic hookear 
sculpin

+ − MB MBE Arctic–Boreal Bf

 29. A. scaber Knipowitsch, 
1907—hamecon

− + MB A Arctic Bf

 30. Triglops murrayi 
Günther, 1888—mustache 
sculpin

+ − MB BA Arctic–Boreal Bf

 31. T. pingelii Reinhardt, 
1831—ribbed sculpin

+ + MB AB Arctic–Boreal Bf

X. Agonidae:
 32. Agonus cataphractus 

(Linnaeus, 1758)—
hooknose

+ + MB BE Boreal Bf

 33. Aspidophoroides olrikii 
Lütken, 1877—Arctic 
alligatorfish

+ − MB A Mainly Arctic Bf

 34. Leptagonus decagonus 
(Bloch & Schneider, 
1801)—Atlantic poacher

+ − MB AB Arctic–Boreal Bf

XI. Cyclopteridae:
 35. Cyclopterus lumpus Lin-

naeus, 1758—lumpfish
+ + MnBP MBA Mainly Boreal Pf
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Table 1   (continued)

Families and species of fish Pechora 
Sea
(the Bar-
ents Sea 
basin)

Baydar-
atskaya 
Bay
(the Kara 
Sea basin)

Ecological status
(Andriashev and 
Chernova 1994)

Geographical distribution 
(Andriashev and Chernova 
1994)

Zoogeographical status
(Mecklenburg et al. 2018)

Trophic 
status
(Kara-
mushko 
2008)

XII. Liparidae:
 36. Liparis sp.—combined 

group
+ + MB A Bf

XIII. Percidae:
 37. Gymnocephalus cernua 

(Linnaeus, 1758)—ruffe
+ − F B Bf

XIV. Zoarcidae:
 38. Zoarces viviparus (Lin-

naeus, 1758)—viviparous 
eelpout

+ + MB MBE Boreal Bf

 39. Gymnelus retrodorsalis 
Le Danois, 1913—aurora 
pout

+ + MB A Arctic Bf

 40. Lycodes polaris (Sabine, 
1824)—polar eelpout

+ + MB A Arctic Bf

 41. L. jugoricus Knipow-
itsch, 1906)—shulupaoluk

− + MB A Arctic Bf

XV. Stichaeidae:
 42. Lumpenus fabricii 

Reinhardt, 1836—slender 
eelblenny

+ + MB MA Arctic–Boreal Bf

 43. L. lampretaeformis 
(Walbaum, 1792)—snake-
blenny

+ − MB MB Mainly Boreal Bf

XVI. Pholidae:
 44. Pholis gunellus (Lin-

naeus, 1758)—rock 
gunnel

+ − MB MBA Mainly Boreal Bf

XVII. Anarhichadidae:
 45. Anarhichas minor 

Olafsen, 1772—spotted 
wolfish

+ − MB MBA Mainly Boreal Bf

 46. A. lupus Linnaeus, 
1758—Atlantic wolfish

+ − MB MBA Mainly Boreal Bf

XVIII. Ammodytidae:
 47. Ammodytes marinus 

Raitt, 1934—lesser sand-
eel

+ + MB MBE Boreal Pf

XIX. Pleuronectidae:
 48. Reinhardtius hippoglos-

soides (Walbaum, 1792)—
Greenland halibut

+ − MnB MBA Arctic–Boreal P

 49. Liopsetta glacialis 
(Pallas, 1776)—Arctic 
flounder

+ + MB A Arctic–Boreal Bf

 50. Platichthys flesus (Lin-
naeus, 1758)—European 
flounder

+ − MB MBE Boreal Bf

51. Hippoglossoides plates-
soides (Fabricius, 1780)—
American plaice

+ − MB MBE Arctic–Boreal Bf
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Table 1   (continued)

Families and species of fish Pechora 
Sea
(the Bar-
ents Sea 
basin)

Baydar-
atskaya 
Bay
(the Kara 
Sea basin)

Ecological status
(Andriashev and 
Chernova 1994)

Geographical distribution 
(Andriashev and Chernova 
1994)

Zoogeographical status
(Mecklenburg et al. 2018)

Trophic 
status
(Kara-
mushko 
2008)

52. Limanda limanda (Lin-
naeus, 1758)—dab

+ − MB MBE Mainly Boreal Bf

53. Pleuronectes platessa 
Linnaeus, 1758—plaice

+ − MB MBE Boreal Bf

By ecological status: A anadromous, SA semi-anadromous, F freshwater, MB marine bottom, MnB, marine near-bottom, MnBP marine near-
bottom pelagic, MNP marine nerito-pelagic, MCP marine cryo-pelagic;
By geographical distribution: A Arctic, MA mostly Arctic, B boreal, MB mostly boreal, MBA mostly boreal-Atlantic, MBE mostly boreal-Euro-
pean, AB Arctic-boreal, BA boreal-Atlantic, BE boreal-European, BP boreal-Pacific
By trophic status: P predatory, PP predatory-parasitic, Pf plankton feeder, Bf benthos feeder, PBf plankton-benthos feeder
a These representatives of the Salmonidae family were not recorded in trawl catches in the Pechora Sea, but the archival results of net catches 
indicated that they were present in the ichthyocenosis

Fig. 2   Proportion of species (%) by ecological status (a), geographical distribution (b), and trophic status (c)
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relative abundance of Liopsetta glacialis increased from 1.0 
to 11.0%, and that of Lumpenus fabricii, from 0.9 to 2.8% 
(Fig. 6). At the same time, the relative abundance of an Arc-
tic species (A) B. saida decreased from 20.7 to 3.6%, while 
that of another Arctic species, E. nawaga, remained approxi-
mately at the same level, varying from 44.1% in period III 
to 64.9% in period IV.

The proportion of a mostly boreal species (MB) O. dentex 
increased from 6.1% during period I to 14.2 and 13.6% dur-
ing period II and period III, respectively, and decreased to 
the initial level (5.9%) during period IV (Fig. 6).

The correlation between the average annual abundance of 
dominant fish species and the surface water temperature in 
both coastal and open parts of the Pechora Sea did not reach 
significant levels in a linear correlation analysis. The corre-
lation coefficients for all the compared variables were below 
0.6. This might be explained by the fact that the abundance 
of fish and the biodiversity of the ichthyocenosis is deter-
mined not only by abiotic factors (temperature, gas regime, 
salinity, hydrodynamic processes) but also by a number of 
biotic ones (spawning and feeding migrations, intra- and 
interspecies trophic relations).

A deeper understanding of the relationship between the 
composition of fish assemblages and the temperature regime 
of marine areas can be gained by comparing the ichthyo-
fauna of the Pechora Sea with that of the Baydaratskaya Bay. 
This bay is located in the southwest of the Kara Sea and is 
characterized by a lower annual water temperature. Ichthyo-
fauna of the Pechora Sea is richer (50 species) than that of 
the Baydaratskaya Bay (32 species). Out of the total number 
of species recorded in these two areas (53 species), about a 
half (29 species) were found in trawl and net catches in both 
areas. Twenty-one species found in catches in the Pechora 
Sea were absent in the Baydaratskaya Bay, while only three 
species present in the Baydaratskaya Bay were absent in the 
Pechora Sea (Table 1).

The analysis of composition of the fish groups by geo-
graphical distribution revealed the predominance of Arctic 
species (A) and mostly Arctic species (MA) in the Bay-
daratskaya Bay compared to the Pechora Sea (A: 46.8% 
and 30.0%, respectively; MA: 6.3 and 4.0%, respectively) 
(Fig. 7). An opposite situation was observed for the spe-
cies of the boreal complex. Proper boreal species (B) 

Table 2   Species and taxonomic composition of trawl catches in the 
coastal and the open zone of the Pechora Sea

Family Coastal zone Open zone

Number of 
species

% Number of 
species

%

1. Petromyzontidae 1 2.3 1 2.7
2. Somniosidae 1 2.3 1 2.7
3. Clupeidae 1 2.3 1 2.7
4. Osmeridae 2 4.7 2 5.4
5. Salmonidae 6 14.0 1 2.7
6. Gadidae 5 11.6 5 13.5
7. Lotidae 1 2.3 – –
8. Gasterosteidae 2 4.7 1 2.7
9. Cottidae 7 16.3 5 13.5
10. Agonidae 2 4.7 3 8.1
11. Cyclopteridae 1 2.3 1 2.7
12. Liparidae 1 2.3 1 2.7
13. Percidae 1 2.3 – –
14. Zoarcidae 3 7.0 3 8.1
15. Stichaedae 2 4.7 2 5.4
16. Pholidae 1 2.3 1 2.7
17. Anarhichadidae – – 2 5.4
18. Ammodytidae 1 2.3 1 2.7
19. Pleuronectidae 5 11.6 6 16.3
Total number of families 18 – 17 –
Total number of species 43 100% 37 100%

Fig. 3   Proportion of fish in 
trawl catches (percentage of 
individuals per hour of trawling) 
in the coastal and the open part 
of the Pechora Sea



1748	 Polar Biology (2019) 42:1739–1751

1 3

accounted for 4.0% of the total identified ichthyofauna in 
the Pechora Sea but were absent in the Baydaratskaya Bay.

Mostly boreal (MB), mostly boreal-Atlantic (MBA), 
mostly boreal-European (MBE), and Arctic-boreal (AB) 
species predominated in the Pechora Sea compared to the 
Baydaratskaya Bay, accounting, respectively, for 24.0%, 
16.0%, 10.0%, and 6.0% in the Pechora Sea and 9.4%, 
18.8%, 9.4%, and 3.1% in the Baydaratskaya Bay. Boreal-
Arctic species (BA) were found only in the Pechora Sea 
(2.0%). One boreal-European (BE) species (Agonus cata-
phractus) and one boreal-Pacific (BP) species (acclima-
tized Oncorhynchus gorbuscha) were identified in both 
geographical areas, accounting, respectively, for 2.0% 
in the Pechora Sea and 3.1% in the Baydaratskaya Bay 
(Fig. 7).

The predominance of boreal species in the Pechora Sea 
and the Arctic species in the Baydaratskaya Bay can be 
explained by the significant difference in mean annual 
temperatures of these neighboring water bodies. In the 
Pechora Sea, according to the satellite survey, the mean 
surface water temperature for the period from May to 
October was in the range 1.9–5.7 (mean 4°C), while in 
the Baydaratskaya Bay it fluctuated in different years from 
0.2 to 4°C (mean 2.3°C) (Fig. 8).

Conclusion

The analysis of the composition of trawl catches in the 
Pechora Sea over a 36-year period revealed 50 fish species 
belonging to 19 families. The highest species diversity in 
the coastal zone was observed in the families Salmonidae 
and the Cottidae. The most diverse families in the open 
part of the sea were the Gadidae, the Cottidae, and the 
Pleuronectidae. The analysis of the generalized sample 
showed that more than half of the identified fish species 
were marine bottom species. Arctic species represented 
30% of the ichthyofauna, while mostly boreal-European 
and mostly boreal-Atlantic species occurred in lower 
numbers. About 56% of the ichthyofauna were benthopha-
gous species, and about 25% were plankton-feeders and 
predators.

Four time periods characterized by the similarity of the 
variables—species diversity and proportion of dominant 
fish species in trawl catches—were revealed by clustering 
analysis of the generalized data. During the study period 
the mean water temperatures had a pronounced tendency 
to increase both in the coastal waters of "Cape Konstan-
tinovsky" meteostation and the surface waters according 

Fig. 4   Dendrogram of studied 
time periods by the degree of 
similarity in the composition of 
trawl catches. Asterisk, com-
bined year groups
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to the satellite data. The coefficients of species diversity 
of the ichthyofauna increased. A long-term increase of 
the water temperature apparently resulted in a significant 
decrease in the proportion of some Arctic species such as 
polar cod in catches but had almost no effect on the abun-
dance of other Arctic species such as navaga. At the same 
time, the relative numbers of the mostly Arctic species 
(slender eelblenny) and the Arctic species (Arctic floun-
der) increased, the reasons being unclear.

The Pechora Sea, being a relatively isolated south-eastern 
part of the Barents Sea, combines two large zoogeographic 
complexes of the ichthyofauna: the Arctic and the boreal. Sig-
nificant differences revealed in the ichthyofauna composition of 
the Pechora Sea and Baydaratskaya Bay of the Kara Sea were 
mainly determined by the temperature factor. Changes in the ich-
thyofauna structure of the Arctic seas should be expected taking 
into account the long-term gradual warming trend of the water 
area under study. Based on the obtained results, we can assume 

Table 3   Index of species diversity and the proportion of dominant species in trawl catches in the Pechora Sea during the study periods

a Combined year groups

Periods Average index of species 
diversity ± SEM

Proportion of dominant species in catches, % Average monthly water tem-
perature, °C, during vegetation 
season ± SEM

Cluster 
number

Years Shannon 
Index

Berger-
Parker Index

Slender 
eelblenny

Arctic 
flounder

Pacific 
smelt

Navaga Polar 
cod

Cape Kon-
stantinovsky 
meteostation

Satellite data

I 1980–1982, 1992 1.5 ± 0.09 1.5 ± 0.08 0.9 1.0 6.1 56.6 20.7 5.1 ± 0.39 3.4 ± 1.26
II 1983–1991, 

2000–2002
1.5 ± 0.18 1.8 ± 0.21 0.8 2.8 14.2 59.0 10.7 5.7 ± 0.29 3.8 ± 0.32

III 1993–1996 2003, 
2005a,2006

2.0 ± 0.16 2.0 ± 0.21 1.9 4.3 13.6 44.1 6.8 6.1 ± 0.41 4.3 ± 0.19

IV 2007, 2008 2015a 1.9 ± 0.05 1.5 ± 0.08 2.8 11.0 5.9 64.9 3.6 6.3 ± 0.30 4.8 ± 0.28

Fig. 5   Changes of the water 
temperature in the Pechora Sea 
during the study period

Fig. 6   Fluctuation in a relative 
(catch per effort) abundance of 
dominant species in the Pechora 
Sea by clusters
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the possibility of structural changes in the ichthyocenoses, with 
a tendency towards decreasing abundance of Arctic fish and 
increasing abundance of boreal fish.
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