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Abstract: To provide a baseline description of copepod assemblages in the Pechora Sea, an estuarine
area with great economical and ecological importance, we conducted a survey during the summer sea-
son. A total of 24 copepod taxa were identified in the study, with Acartia longiremis, Calanus finmarchi-
cus, Centropages hamatus, Copepoda nauplii, Eurytemora affinis, Oithona similis, Pseudocalanus spp.,
and Temora longicornis being the most numerous. The high diversity (Shannon index = 2.51 ± 0.06),
density (18,720 ± 3376 individuals m−3) and biomass (89 ± 18 mg dry mass m−3) of copepods
were revealed. Populations of common small copepod taxa were dominated by the young stages,
indicating spawning, while older copepodites prevailed among medium- and large-sized species,
showing that their reproduction occurred before our survey. Cluster analysis indicated three groups
of stations that mainly differed in the abundance of particular species. There were clear associations
between copepod assemblages and environmental variables. Statistical analyses showed significant
correlations between copepod abundance and water temperature or sampling depth, while other
factors had a lesser influence. Our results suggest a strong effect of local circulation and currents on
the spatial pattern of the copepod assemblages in the study area. This study may be useful for future
biomonitoring in the south-eastern Barents Sea.

Keywords: mesozooplankton; Arctic estuarine zone; environmental impact; clustering; redundancy
analysis; Barents Sea

1. Introduction

The Barents Sea is a high-latitude, shallow continental shelf region and may be con-
sidered a transition zone between the North Atlantic Ocean and the Arctic Ocean [1,2].
The southern, western, and south-western parts of the sea are influenced by the warm
and saline Atlantic water (AW) flowing as Norwegian Coastal Water from the Norwegian
Sea [3]. The northern, north-eastern, and north-western parts of the sea are affected by
the less saline, cold waters originating from the Arctic Ocean (ArW). There is a mixing
of these two main types of water masses in the central Barents Sea, forming the Polar
Front Zone [4]. The climatic conditions and the ice coverage demonstrate clear inter-annual
fluctuations and are strongly associated with the intensity of the Atlantic water influx into
the Barents Sea [2,4].

Together with AW and ArW, coastal water represents the third main type of water
mass present in the Barents Sea [5]. Varying temperature and salinity fluctuations are
the primary characteristics of this water mass. Some sub-regions may be divided among
the coastal waters [2–4]. One of these is the Pechora coastal water recorded in the south-
eastern Barents Sea. The oceanography and ecology of the region are defined by the strong
discharge of freshwater from the Pechora River so that significant temperature and salinity
gradients exist in the coastal area with the lowest salinity and highest temperature in the
inshore waters [6,7]. The estuarine zone is large and covers most of the south-eastern
Barents Sea.
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The Barents Sea is considered one of the most productive regions of the world’s ocean [8].
The maximum primary production is associated with the phytoplankton bloom occurring
in spring, with enhanced values in Atlantic water [9,10]. Zooplankton assemblages utilize
phytoplankton production and transfer energy to higher trophic levels [11,12]. Many nursery
areas for the offspring of commercial fish and shellfish stocks and their spawning are located
in the western, southern-western, and southern parts of the sea [2,13,14]. The most important
species are herring, cod, haddock, saithe, red king crab, and snow crab [13–15]. High
fish biomass and production support higher trophic levels, including the minke whale,
humpback whale, white-sided dolphin, and white-beaked dolphin [1]. Cod and haddock
feed in the Barents Sea from summer to winter and move out of the area and farther south
along the Norwegian coast in spring to spawn [15]. Capelin and polar cod represent the
main species that spend their whole life-cycle in the Barents Sea [16]. These species are the
main plankton-feeding fish in the Barents Sea. In some years, young herring may also play
an important role as plankton consumers in Atlantic water (western and southern part of
the sea). The south-eastern Barents Sea has a relatively lower fish production than southern
areas [7]. Although commercial fishing in the Pechora Sea is very limited and mainly local,
some important species inhabit the region, including navaga, polar cod, Pacific herring,
and haddock [17].

Moreover, there are other economic human activities in the south-eastern area con-
nected with oil and gas development, shipping, aquaculture, and tourism. For instance,
large oil and gas fields are located in the Pechora Sea, and the platform Prirazlomnaya
has been in use by the Gazprom Neft Shelf Company since 2013[18]. The exploitation of
hydrocarbon resources in the region is associated with offshore drilling, building platforms,
and subsea modules, as well as transport of oil and gas condensate. Human activities
connected with oil–gas development and shipping along the Northern route may create
potential risks for the marine environment, including pollution, contamination, and dam-
age to ecosystems. To assess the environmental health status of marine ecosystems, biotic
indicators are often used [19–21].

Copepods are considered the most abundant and productive group of mesozooplank-
ton inhabiting marine and estuarine waters worldwide [11,22,23]. Ecologically, they play
an important role in pelagic food webs as major prey sources for the larval stages of some
key fishery species, many adult planktivorous fish, other plankton animals (hyperiids,
medusae, ctenophores), seabirds and marine mammals [11,24]. Additionally, copepods
directly affect the downward flux of carbon with fecal pellets, carcasses, and organic matter,
linking pelagic and benthic communities [12]. Copepod populations are good indicators of
environmental fluctuations [25,26] because copepod responses to various factors quickly,
and their response can easily be interpreted [27]. The impacts of stressors on zooplankton
are reflected through changes in species distribution and abundance, changes in life-cycle
timing, and modified structures of copepod assemblages [27,28].

Studies on the Barents Sea zooplankton have mainly focused on the southern, western,
central, and northern regions [12,29–42]. The eastern sector of the sea has been less well
studied [29,30,38]. Despite the long history of zooplankton investigations in the Pechora
Sea, there few studies dealing with copepod communities are available to an international
audience [29,43].

In the present paper, we tested the hypothesis that there would be a clear delineation
between copepod assemblages, associated with environmental conditions from inshore to
offshore waters. We also aimed to study the diversity, abundance, biomass, and population
structure of common copepods to provide baseline data that may be useful for the future
monitoring of pelagic ecosystems in the south-eastern Barents Sea.
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2. Material and Methods
2.1. Sampling

Zooplankton were sampled using a Juday net (0.1 m2, 168 µm mesh size, total length
2 m) under a vertical tow from the bottom to the surface at 22 stations during a cruise of
RV Dalnie Zelentsy in the south-eastern Barents Sea (Figure 1, Table 1).
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Figure 1. Location of sampling stations in the south-eastern Barents Sea in summer 2012. Groups
of stations based on copepod abundance: red—Cluster 1, cyan—Cluster 2, green—Cluster 3,
gray—outliers.

Table 1. Summary of sampling stations in the south-eastern Barents Sea in summer 2012.

St. Date (dd.mo.ye) Local Time Coordinates Depth, m Sampling Layer, m

1 29 July 2012 4:15 69◦23.2′ N 55◦59.9′ E 22 20–0
2 29-July-2012 0:20 69◦12.1′ N 56◦00.2′ E 20 18–0
3 29-July-2012 16:50 69◦32.6′ N 56◦00.9′ E 36 34–0
4 29-July-2012 4:10 69◦15.1′ N 55◦27.8′ E 23 21–0
5 31-July-2012 20:20 69◦45.1′ N 54◦52.4′ E 54 50–0
6 31-July-2012 15:35 69◦33.2′ N 54◦00.4′ E 54 50–0
7 01-August-2012 0:50 69◦45.3′ N 54◦00.4′ E 74 70–0
8 01-August-2012 6:50 69◦33.3′ N 54◦55.6′ E 38 35–0
9 02-August-2012 17:05 69◦23.3′ N 54◦54.6′ E 29 27–0
10 02-August-2012 23:10 69◦23.1′ N 53◦59.7′ E 42 40–0
11 03-August-2012 15:33 69◦12.1′ N 54◦55.8′ E 24 20–0
12 03-August-2012 7:57 69◦17.0′ N 53◦59.0′ E 34 32–0
13 03-August-2012 21:32 69◦05.7′ N 56◦40.5′ E 13 11–0
14 04-August-2012 21:37 69◦23.4′ N 56◦59.6′ E 19 17–0
15 05-August-2012 4:15 69◦10.6′ N 57◦29.7′ E 18 16–0
16 05-August-2012 0:25 69◦11.5′ N 57◦00.5′ E 15 13–0
17 05-August-2012 7:00 69◦00.8′ N 57◦30.7′ E 17 14–0
18 05-August-2012 13:20 68◦56.6′ N 57◦34.2′ E 18 16–0
19 06-August-2012 15:55 69◦03.8′ N 54◦57.5′ E 15 13–0
20 06-August-2012 8:50 69◦02.3′ N 55◦59.9′ E 18 15–0
21 06-August-2012 20:50 69◦02.3′ N 54◦38.9′ E 10 8–0
22 07-August-2012 13:10 69◦00.7′ N 54◦19.0′ E 10 7.5–0

The filtered volume was calculated by multiplying the distance traveled by the net
and the net mouth area. We assumed the filtration efficiency of the net to be 100% because
the speed of tows was 1–1.2 m s−1 and the mouth angles of the net were nearly 0◦ from
vertical at all sampled stations. Zooplankton samples were caught regardless of the time
of day and immediately preserved in a buffered formalin seawater solution with a final
concentration of 4%. A CTD profiler (Seabird SBE 19 plus SEACAT) was used to record
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water temperature and salinity at each station prior to zooplankton sampling. Discrete
water samples for chlorophyll a were collected using Niskin bottles attached to a rosette
sampler from sampling depths spread throughout the water column.

2.2. Processing

Mean temperature and salinity were calculated for each station. Water samples (0.5 L)
for the determination of chlorophyll a were filtered onto 0.6 µm polycarbonate membranes.
Filtration was performed using a low-vacuum compressor. Pigment concentrations were
measured using the spectrophotometric method [44] and the standard procedure [45] after
24 h extraction in 90% acetone at −5 ◦C in the dark. Chlorophyll a concentrations were
expressed as mg m−3.

In the laboratory, the preserved zooplankton samples were washed to remove
formaldehyde and diluted with a pipette splitter in fractions of 1/10 or 1/20 containing
200–500 specimens. Copepods were sorted, identified to the lowest possible taxon, mea-
sured, and counted in a Bogorov tray under an MBS-10 stereomicroscope at 32×–56×

magnification. The relevant copepod taxonomic literature [22,46,47] was used for identifi-
cation. Copepod abundance/density was calculated on the basis of the volume of water
filtered by the net and the fraction of the sample that was counted. Calanus finmarchicus
and C. glacialis were separated on the basis of their prosome lengths using available data
from the literature [48,49]. Some recent publications have shown that prosome length mea-
surements should be updated by DNA identification to correctly identify Calanus spp. [50].
However, identification based on body length and other morphological criteria is a prefer-
able routine technique in cases where a large number of copepods are analyzed. Specimens
of Pseudocalanus species were distinguished according to Frost [51], while Pseudocalanus
copepodites I–IV were combined into one group due to their morphological similarity.
Copepod abundance was expressed as number per 1 m3 or 1 m2 (ind. m−3/ind. m−2).
Copepod biomass was calculated as the product of the abundance and the individual
mass or developmental stage of each species. The individual masses were obtained from
published length-weight regressions (Table 2).

Table 2. Length–weight regressions used to calculate biomass of copepod taxa in the south-eastern Bar-
ents Sea in summer 2012. PL—prosome length, TL—total length, DW—dry weight, C—carbon weight.

Taxon Equation Reference

Acartia spp. Ln DW (µg) = 2.92 Ln PL (µm)–18.316 [52]
Calanus finmarchicus Ln C (mg) = 3.5687 Ln PL (mm)–1.004 [48]

Calanus glacialis Ln DW (mg) = 3.414 Ln PL (mm)–4.605 [53]
Calanus hyperboreus Ln DW (mg) = 3.718 Ln PL (mm)–5.809 [53]
Centropages hamatus Lg DW (µg) = 2.4492 Lg PL (µm)–6.0984 [54]
Copepoda nauplii Ln DW (µg) = 3.31 Ln PL (µm)–19.566 [52]
Cyclopina gracilis a Ln C (µg) = 2.16 Ln PL (µm)–13.870 [55]

Drepanopus bungei b Lg DW (µg) = 2.7302 Lg PL (µm)–6.9121 [54]
Ectinosoma spp. c Ln C (µg) = 1.15 Ln TL (µm)–7.79 [56]
Eurytemora affinis Lg DW (µg) = 2.96 Lg PL (µm)–7.6 [57]
Jaschnovia tolli d Lg DW (mg) = 3.412 Lg PL (mm)–2 [58]

Limnocalanus macrurus Ln C (µg) = 1.47 Ln PL (mm) + 0.239 [59]
Metridia longa e Lg DW (µg) = 3.29 Lg PL (µm)–8.75 [60]

Microcalanus pusillus a Ln C (µg) = 2.16 Ln PL (µm)–13.870 [55]
Microsetella norvegica Ln C (µg) = 1.15 Ln TL (µm)–7.79 [56]

Oithona atlantica a Ln C (µg) = 2.16 Ln PL (µm)–13.870 [55]
Oithona similis Ln C (µg) = 2.16 Ln PL (µm)–13.870 [55]

Pseudocalanus spp. Lg DW (µg) = 2.7302 Lg PL (µm)–6.9121 [54]
Temora longicornis Lg DW (µg) = 3.064 Lg PL (µm)–7.6958 [54]
Triconia borealis f Ln DW (µg) = 2.10 Ln PL (µm)–11.62 [61]

Note. a—applied equation for Oithona similis, b—applied equation for Pseudocalanus, c—applied equation for
Microsetella, d—applied equation for Chiridius/Gaetanus, e—applied equation for Metridia pacifica, f—applied
equation for Oncaea.
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Carbon mass was converted to dry mass (DM) by applying a conversion factor:
1 mg C = 2 mg DM [62]. The plankton net used in our study may undersample small
taxa (e.g., Copepoda nauplii, Oithona similis, and Triconia spp.). However, we calculated
the abundance/biomass of these taxa to show their density and estimate their relative
abundance/biomass.

2.3. Data Analysis

Copepod assemblages were classified using multivariate methods. Species abundances
(ind. m−3) were square-root-transformed and the percentage similarities between stations
were calculated using the Bray–Curtis similarity index [63]. Hierarchical clustering with
a group-average linkage method, based on sample similarities, was performed. SIMPER
analysis was used to identify the copepod taxa contributing to the total dissimilarity
within cluster groups. The differences in abundance data between clusters were tested
with ANOSIM, a standard procedure in the Primer 5 software package. The diversity
of copepod assemblages was assessed using the Shannon index [64], calculated from the
species abundance: H1

′ =−Σpilog2pi where i is the sample number and pi is the proportion
of the total count (abundance or biomass) represented by the ith species. Pielou’s evenness
was calculated as J = H/log2S [65], where S is the total number of taxa in a sample. To test for
differences in environmental variables, copepod biomass, diversity, and evenness, we used
Kruskal–Wallis tests or one-way ANOVA when the data demonstrated normal distribution.

Detrended correspondence analysis was performed to analyze the modality of the
taxa distribution. The total observed inertia was <2.5, so a predominance of linear species
response curves could be expected. Therefore, we chose redundancy analysis (RDA)
to model the species abundance (ind. m−3), richness, and diversity as functions of the
measured environmental variables [66]. Environmental factors in RDA included latitude,
longitude, mean and surface water temperature, mean and surface salinity, mean and
surface chlorophyll a concentration, depth of sampling, mean abundance of carnivorous
macrozooplankton (ind. m−3) at the sampling layer. The chlorophyll a concentration was
used as a proxy for potential food sources for copepods. The macrozooplankton density
was applied to reveal the possible impact of predator pressure on the copepod assemblages.
Data on the macrozooplankton for the same area and the same period were obtained from
a previously published report [40]. The densities of the copepods and macrozooplankton
taxa were square-root transformed prior to the analysis to obtain a normal distribution
of data. Forward selection of the environmental variables included in the model was
used to reveal the factors most closely associated with the spatial pattern of the copepod
communities, and to measure their relative importance. The statistical significance was
tested with Monte Carlo permutation tests (999 unrestricted permutations) (p < 0.05) in
the CANOCO package for Windows v4.5 [67]. Additionally, Pearson’s correlation analysis
was used to find possible relationships between the total abundances of common taxa and
environmental variables during the sampling period after testing the data for normality
and heterogeneity. Contours of water temperature, salinity, and chlorophyll a concentration,
as well as integrated copepod abundance (ind. m−2), biomass (gDM m−2), diversity, and
evenness, were produced from gridded data using the kriging method with MapViewer
v7.0 software. All mean values are presented with standard errors (±SE).

3. Results
3.1. Environmental Conditions

A distinct sub-surface layer of low-temperature water between 20 and 70 m was
recorded at relatively deepwater stations located in the northern part of the study area. A
thermocline was absent at the southernmost stations, where there were no variations in
the vertical distribution of water temperature. In general, the surface water temperature
did not significantly differ between the stations (Figure 2a) while the mean temperature
decreased from the north to the south (Figure 2b).
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Figure 2. Distribution of surface (a) and mean (b) temperature (◦C), surface (c) and mean (d) salinity,
surface (e) and mean (f) chlorophyll a concentration (mg m−3) in the south-eastern Barents Sea in
summer 2012.

Surface salinity ranged from 28.52 (St. 18) to 33.78 (St. 7) (Figure 2c). The low
surface salinities observed in the southern part of the study area reflected the strong
influence of freshwater discharge from the river run-off. Mean salinity demonstrated
the same pattern, i.e., it decreased northward (Figure 2d). The horizontal patterns of
chlorophyll a concentrations during the investigation period are shown in Figure 2e,f. High
concentrations of chlorophyll a in the water column were recorded at stations in the western
and eastern parts of the study area. These locations were characterized by total chlorophyll
a concentrations higher than 1 mg m−3. Minimal surface chlorophyll a was found in the
central part of the study area (Figure 2e). The lowest mean chlorophyll a concentrations
were registered at stations in the central and northern regions (Figure 2f). The abundance of
carnivorous macrozooplankton (medusae, crustaceans, chaetognaths, ctenophores) varied
from 0 to 439 ind. m−3, with minimum values in the south-eastern and north-western
locations [40].

3.2. Copepod Composition, Abundance, Biomass, Diversity, and Population Structure of
Common Taxa

We identified 24 taxa of copepods including 16 species of calanoids, 3 species of
cyclopoids, 2 species of harpacticoids, and 1 species of poecilostomatoids (Table 3).

The most common taxa were Acartia longiremis, Calanus finmarchicus, Centropages
hamatus, Copepoda nauplii, Eurytemora affinis, Oithona similis, Pseudocalanus spp. I-IV,
Pseudocalanus minutus V-VI, Pseudocalanus acuspes V-VI, and Temora longicornis. These
species occurred at 90% of our stations (Table 3). Species richness was similar at all stations
(11–16 taxa or 9–14 species).
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Table 3. Copepod composition, occurrence (%), abundance (103 ind. m−2/ind. m−3) and biomass
(mg dry mass m−2/mg dry mass m−3) in the south-eastern Barents Sea in summer 2012.

Taxon
Abundance Biomass

Occurrence Range Mean ± SE Range Mean ± SE

Acartia longiremis 95 0–120/0–6020 16 ± 5/1007 ± 322 0–843/0–42.2 108 ± 38/6.5 ± 2.1
Acartia clausi 36 0–9/0–626 1 ± 0/43 ± 28 0–106/0–7.1 7 ± 5/0.5 ± 0.3

Calanus finmarchicus 95 0–16/0–916 2 ± 1/93 ± 41 0–1766/0–103.9 250 ± 85/10.2 ± 4.7
Calanus glacialis 18 0–3/0–46 <1/4 ± 2 0–1426/0–20.4 88 ± 65/1.6 ± 1

Calanus hyperboreus 5 <1/0–6 <1/<1 0–197/0–2.8 9 ± 9/0.1 ± 0.1
Centropages hamatus 100 0–77/3–5688 24 ± 5/1591 ± 371 3–937/0–51.3 220 ± 54/14.8 ± 3.7
Copepoda nauplii 100 8–502/142–23,916 72 ± 22/4152 ± 1192 3–139/0.1–6.6 25 ± 6/1.3 ± 0.3
Cyclopina gracilis 5 <1/0–2 < 1/< 1 <1/<1 <1/<1

Drepanopus bungei 82 0–32/0–2938 4 ± 2/313 ± 1 47 0–59/0–4.5 8 ± 3/0.6 ± 0.3
Ectinosoma spp. 14 <1/0–2 < 1/< 1 0–1/<1.1 <1/<1

Eurytemora affinis 91 0–39/0–3568 3 ± 2/22 ± 160 0–189/0–17.2 15 ± 8/1.2 ± 0.8
Jaschnovia tolli 9 0–1/0–43 <1/3 ± 2 0–10/<1.6 1 ± 0/<1

Limnocalanus macrurus 18 0–1/0–98 <1/7 ± 5 0–19/0–1.3 2 ± 1/0.1 ± 0.1
Metridia longa 5 0–1/0–10 <1/<1 0–4/<1.1 <1/<1

Microcalanus pusillus 36 0–6/0–106 1 ± 0/15 ± 6 0–18/<1.3 2 ± 1/<1
Microsetella norvegica 23 <1/0–20 <1/2 ± 1 <1/<1 <1/<1

Oithona atlantica 9 0–2/0–26 <1/1 ± 1 0–2/<1 <1/<1
Oithona similis 100 9–214/416–12,589 54 ± 10/2864 ± 599 9–225/0.4–13.2 52 ± 10/2.8 ± 0.6
Triconia borealis 27 <1/0–22 <1/2 ± 1 0–1/<1.1 <1/<1

Pseudocalanus spp. I-IV 100 1–201/121–11,844 35 ± 9/1903 ± 550 2–251/0.2–14.7 55 ± 11/2.9 ± 0.7
Pseudocalanus minutus V-VI 100 0–25/27–825 6 ± 1/204 ± 44 2–228/0.2–6.7 47 ± 12/1.7 ± 0.4
Pseudocalanus acuspes V-VI 100 0–31/55–1816 7 ± 2/305 ± 88 3–244/0.4–14.4 51 ± 13/2.3 ± 0.7

Pseudocalanus major 36 0–3/0–183 1 ± 0/33 ± 13 0–11/0–0.7 2 ± 1/0.1 ± 0
Temora longicornis 95 0–420/0–28,032 89 ± 22/5949 ± 1544 0–2901/0–193.4 624 ± 158/42.6 ± 11.8

Total 69–935/1581–47,381 314 ± 52/18,720 ± 3376 312–4239/11–283 1565 ± 250/89 ± 18
Abundance Biomass

Taxon Occurence Range Mean ± SE Range Mean ± SE
Acartia longiremis 95 0–120/0–6020 16 ± 5/1007 ± 322 0–843/0–42.2 108 ± 38/6.5 ± 2.1

Acartia clausi 36 0–9/0–626 1 ± 0/43 ± 28 0–106/0–7.1 7 ± 5/0.5 ± 0.3
Calanus finmarchicus 95 0–16/0–916 2 ± 1/93 ± 41 0–1766/0–103.9 250 ± 85/10.2 ± 4.7

Calanus glacialis 18 0–3/0–46 <1/4 ± 2 0–1426/0–20.4 88 ± 65/1.6 ± 1
Calanus hyperboreus 5 <1/0–6 <1/<1 0–197/0–2.8 9 ± 9/0.1 ± 0.1
Centropages hamatus 100 0–77/3–5688 24 ± 5/1591 ± 371 3–937/0–51.3 220 ± 54/14.8 ± 3.7
Copepoda nauplii 100 8–502/142–23,916 72 ± 22/4152 ± 1192 3–139/0.1–6.6 25 ± 6/1.3 ± 0.3
Cyclopina gracilis 5 <1/0–2 <1/<1 <1/<1 <1/<1

Drepanopus bungei 82 0–32/0–2938 4 ± 2/313 ± 1 47 0–59/0–4.5 8 ± 3/0.6 ± 0.3
Ectinosoma spp. 14 <1/0–2 < 1/< 1 0–1/<1.1 <1/<1

Eurytemora affinis 91 0–39/0–3568 3 ± 2/22 ± 160 0–189/0–17.2 15 ± 8/1.2 ± 0.8
Jaschnovia tolli 9 0–1/0–43 <1/3 ± 2 0–10/<1.6 1 ± 0/<1

Limnocalanus macrurus 18 0–1/0–98 <1/7 ± 5 0–19/0–1.3 2 ± 1/0.1 ± 0.1
Metridia longa 5 0–1/0–10 <1/<1 0–4/<1.1 <1/<1

Microcalanus pusillus 36 0–6/0–106 1 ± 0/15 ± 6 0–18/<1.3 2 ± 1/<1
Microsetella norvegica 23 <1/0–20 <1/2 ± 1 <1/<1 <1/<1

Oithona atlantica 9 0–2/0–26 <1/1 ± 1 0–2/<1 <1/<1
Oithona similis 100 9–214/416–12,589 54 ± 10/2864 ± 599 9–225/0.4–13.2 52 ± 10/2.8 ± 0.6
Triconia borealis 27 <1/0–22 <1/2 ± 1 0–1/<1.1 <1/<1

Pseudocalanus spp. I-IV 100 1–201/121–11,844 35 ± 9/1903 ± 550 2–251/0.2–14.7 55 ± 11/2.9 ± 0.7
Pseudocalanus minutus V-VI 100 0–25/27–825 6 ± 1/204 ± 44 2–228/0.2–6.7 47 ± 12/1.7 ± 0.4
Pseudocalanus acuspes V-VI 100 0–31/55–1816 7 ± 2/305 ± 88 3–244/0.4–14.4 51 ± 13/2.3 ± 0.7

Pseudocalanus major 36 0–3/0–183 1 ± 0/33 ± 13 0–11/0–0.7 2 ± 1/0.1 ± 0
Temora longicornis 95 0–420/0–28,032 89 ± 22/5949 ± 1544 0–2901/0–193.4 624 ± 158/42.6 ± 11.8

Total 69–935/1581–47,381 314 ± 52/18,720 ± 3376 312–4239/11–283 1565 ± 250/89 ± 18

The total abundance and biomass of copepod taxa varied over a wide range (Table 3).
Spatial patterns of the integrated copepod abundance and biomass are shown in Figure 3a,b.

The maximum abundances were recorded in the central part of the study area, while
the highest biomass was found at the southernmost stations. The diversity of the copepod
taxa (H’, Shannon index) ranged from 1.86 to 3.01 and tended to be higher in the eastern
and northwestern locations (Figure 3c). Evenness (J) demonstrated the same distribution as
H’ and varied from 0.52 to 0.84 (Figure 3d).
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Figure 3. Distribution of total integrated copepod abundance (103 individuals m−2) (a), biomass
(g dry mass m−2) (b), Shannon diversity (c), and evenness (d) in the south-eastern Barents Sea in
summer 2012.

During the study period, all copepodite stages had similar proportions in the popula-
tion of Acartia longiremis comprising 16–20% (Figure 4).
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The population of Calanus finmarchicus was dominated by CIII–CV copepodite stages,
which, together, attained 75% of the total abundance (Figure 4). Copepodites I–III formed
the bulk of Centropages hamatus population, accounting for 60% of the total abundance
(Figure 4). Older copepodite stages (CIV and CV) and adults comprised more than 50%
of the Drepanopus bungei population, whereas CI–CIII specimens also showed high occur-
rence (Figure 4). The population structure of Eurytemora affinis was characterized by the
dominance of copepodites CIII–CIV (20–25%), while adults were relatively rare (Figure 4).
The Oithona similis population was mainly represented by CIV–CV copepodites (47%) and
adults (29%), whereas young copepodites had low abundance (Figure 4). Younger cope-
podite stages CI–CIII clearly prevailed in the population of Pseudocalanus minutus/acuspes,
comprising 57% of the total abundance, while the proportion of adults was low (Figure 4).
A similar population structure was recorded for Temora longicornis, with CI–CIII being the
most abundant (65%) (Figure 4).

3.3. Copepod Assemblages

The hierarchical cluster analysis of stations resulted in three distinct clusters at a 51%
similarity level (Figure 5).
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Figure 5. Dendrogram resulting from clustering performed on the Bray–Curtis similarity matrix
(group-average method) created from the square-root-transformed copepod data collected in the
south-eastern Barents Sea in summer 2012.

Cluster 1 comprised seven stations located in the northern part of the study area (Figure 1),
where both copepod abundance (3892 ± 366 ind. m−3) and biomass (24± 4 mgDM m−3)
were relatively low. Oithona similis, Copepoda nauplii, and Pseudocalanus inutus/acuspes
dominated the copepod assemblage of this cluster in terms of the total abundance (>75%),
while Calanus finmarchicus mostly contributed to the total biomass (>40%). SIMPER showed
a high degree of similarity between stations in this cluster, with Oithona similis, Copepoda
nauplii, and Pseudocalanus spp. being the most important contributing taxa (Table 4).

The mean temperature at stations of Cluster 1 was 6.0 ± 0.5 ◦C, at least 4 ◦C cooler
than in the rest two groups. The mean salinity (33.22± 0.01) was higher at Cluster 1 stations
compared to other clusters.
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Table 4. SIMPER analysis: contributions (%) of copepods to similarities of each group delineated with
cluster analysis based on the species abundance in the south-eastern Barents Sea in summer 2012.

Average Similarity, % 78.68 75.59 78.45

Taxon Cluster 1 Cluster 2 Cluster 3
Oithona similis 21.00 14.63 16.61

Copepoda nauplii 18.71 16.60 15.43
Pseudocalanus minutus/acuspes V-VI 15.26 5.16 7.90
Pseudocalanus minutus/acuspes I-IV 12.94 10.23 10.37

Temora longicornis 8.37 26.46 20.47
Acartia longiremis 8.32 7.65 6.90

Calanus finmarchicus 3.69 0.87 1.23
Centropages hamatus 2.35 12.72 11.72

Eurytemora affinis 1.38 2.30 3.00
Microcalanus pusillus 0.74 – 0.10

Drepanopus bungei 0.71 2.31 4.55
Acartia clausi – 0.84 0.13

Cluster 2 comprised eight central and southern stations where both abundance
(34,725 ± 3342 ind. m−3) and biomass (161 ± 30 mgDM m−3) were high. This group
was dominated by Temora longicornis (37% of the total abundance and 56% of the total
biomass). High relative densities were registered for Copepoda nauplii (22%) and Oithona
similis (12%). These three taxa were the most important contributors to the total similarity
between stations in Cluster 2 (Table 4). The minimum copepod evenness (0.63±0.02) and
Shannon diversity (2.28 ± 0.08) were found at stations of Cluster 2.

Cluster 3 included five stations: three of them were located in the south-eastern
part of the investigated area, and the two others in the south-western and central parts.
The copepod assemblage had lower abundance (11,600 ± 1429 ind. m−3) and biomass
(46 ± 7 mgDM m−3) compared to Cluster 2, but a higher abundance than in Cluster 1.
This group was similar to Cluster 2 and was characterized by high abundances of Temora
longicornis (28%), Copepoda nauplii (20%), and Oithona similis (18%). Two species, Temora
longicornis and Centropages hamatus, amounted to more than 65% of the total copepod
biomass. SIMPER revealed that the similarity between stations in this group was high
(Table 4). Moreover, at stations in Cluster 3, we recorded the highest mean chlorophyll a
concentration (0.88±0.11 mg m−3) and Shannon diversity (2.67 ± 0.09). Three estuarine
species (Jaschnovia tolli, Limnocalanus macrurus, Pseudocalanus major) occurred only at stations
of Clusters 2 and 3 while the remaining two brackish-water species (Drepanopus bungei,
Eurytemora affinis) were detected throughout the study area but reached maximum densities
in the southern part.

Two stations did not group with other clusters and were treated as outliers. Station 7
had low copepod abundance and biomass (1581 ind. m−3 and 35 mgDM m−3, respectively),
with Oithona similis and Pseudocalanus spp. being the most numerous (70%). Calanus glacialis
accounted for 75% of the total copepod biomass at this station. Station 14 was characterized
by the highest copepod abundance (40,146 ind. m−3) and biomass (197 mgDM m−3) within
the study area. Copepoda nauplii, Oithona similis, and Pseudocalanus spp. prevailed by
abundance (>78%) while Calanus finmarchicus dominated by biomass (53%).

There were significant differences between the station groupings (ANOSIM: global
R = 0.9, p = 0.001). A comparison between clusters revealed that abundances of Acartia
longiremis, Calanus finmarchicus, Calanus glacialis, Centropages hamatus, Jaschnovia tolli, Mi-
crosetella norvegica, Oithona atlantica, Oithona similis, Pseudocalanus minutus/acuspes, Temora
longicornis as well as total copepod abundance, Shannon index, mean temperature and
salinity were significantly different (ANOVA or Kruskal–Wallis tests, p < 0.05).
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3.4. Environmental Control of Copepod Assemblages

The first two RDA axes explained 93.1% of the total copepod–environmental variability
in the south-eastern Barents Sea during the study period (Figure 6).

Diversity 2023, 15 12 of 21 
 

 

 
Figure 6. Ordination of samples by redundancy analysis based on copepod abundance and its re-
lation to environmental variables (red arrows) in the south-eastern Barents Sea in summer 2012. 
The most frequent taxa are indicated in the plot. Biological variables (square-root-transformed 
abundance): AL—Acartia longiremis, AC—Acartia clausi, CF—Calanus finmarchicus, 
CH—Centropages hamatus, CN—Copepoda nauplii, DB—Drepanopus bungei, EA—Eurytemora affin-
is, MI—Microcalanus pusillus, OS—Oithona similis, PS—Pseudocalanus minutus/acuspes, 
PM—Pseudocalanus major, TL—Temora longicornis, TOT—total copepod abundance; N—species 
richness, H—Shannon diversity. Environmental variables: Lat—latitude, Long—longitude, 
Tm—mean temperature at sampling layer (°С), T0—surface temperature (°С), Sm—mean salinity 
at the sampling layer, S0—surface salinity, Chlm—mean chlorophyll a concentration (mg m–3) at 
sampling layer, Chlo—surface chlorophyll a concentration (mg m–3), Ma—mean macrozooplank-
ton abundance (ind. m–3) at sampling layer, Depth—depth of sampling. 

The first and second RDA axes had eigenvalues of 0.588 and 0.034, respectively, 
using all environmental variables. For common copepod taxa, the RDA biplot diagram 
indicated that the first canonical axis, which was the only significant axis (p < 0.001), was 
positively correlated (p < 0.05) with latitude, surface chlorophyll a concentration, and 
depth, and negatively correlated with the mean water temperature (Figure 6). The RDA 
biplot delineated copepod taxa and diversity indices in the study area. The scores of 
Centropages hamatus, Temora longicornis, Copepoda nauplii, Oithona similis, Acartia spp., 
Drepanopus bungei, Eurytemora affinis, Pseudocalanus major, Pseudocalanus minutus/acuspes, 
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Table 5. Pearson correlations between environmental parameters and biotic variables in the 
south-eastern Barents Sea in summer 2012. Bold font indicates significant correlation coefficient (p 
< 0.05). For abbreviations, see Figure 6. 

Parameter Lat Long Tm Sm T0 S0 Chl0 Chlm Depth MAb 
N 0.00 0.35 −0.09 −0.37 −0.11 −0.42 0.19 −0.02 0.17 0.51 

AL −0.43 −0.01 0.55 −0.03 0.32 0.04 −0.40 0.01 −0.53 −0.20 
AC −0.40 0.07 0.42 −0.06 0.35 0.00 −0.21 −0.22 −0.39 −0.22 
CF 0.43 0.07 −0.23 0.33 −0.46 0.31 0.21 0.14 0.20 0.09 

Figure 6. Ordination of samples by redundancy analysis based on copepod abundance and
its relation to environmental variables (red arrows) in the south-eastern Barents Sea in sum-
mer 2012. The most frequent taxa are indicated in the plot. Biological variables (square-root-
transformed abundance): AL—Acartia longiremis, AC—Acartia clausi, CF—Calanus finmarchicus,
CH—Centropages hamatus, CN—Copepoda nauplii, DB—Drepanopus bungei, EA—Eurytemora affinis,
MI—Microcalanus pusillus, OS—Oithona similis, PS—Pseudocalanus minutus/acuspes, PM—Pseudocalanus
major, TL—Temora longicornis, TOT—total copepod abundance; N—species richness, H—Shannon
diversity. Environmental variables: Lat—latitude, Long—longitude, Tm—mean temperature at sam-
pling layer (◦C), T0—surface temperature (◦C), Sm—mean salinity at the sampling layer, S0—surface
salinity, Chlm—mean chlorophyll a concentration (mg m−3) at sampling layer, Chlo—surface chloro-
phyll a concentration (mg m−3), Ma—mean macrozooplankton abundance (ind. m−3) at sampling
layer, Depth—depth of sampling.

The first and second RDA axes had eigenvalues of 0.588 and 0.034, respectively,
using all environmental variables. For common copepod taxa, the RDA biplot diagram
indicated that the first canonical axis, which was the only significant axis (p < 0.001), was
positively correlated (p < 0.05) with latitude, surface chlorophyll a concentration, and depth,
and negatively correlated with the mean water temperature (Figure 6). The RDA biplot
delineated copepod taxa and diversity indices in the study area. The scores of Centropages
hamatus, Temora longicornis, Copepoda nauplii, Oithona similis, Acartia spp., Drepanopus
bungei, Eurytemora affinis, Pseudocalanus major, Pseudocalanus minutus/acuspes, and the total
copepod abundance were grouped together on the biplot diagram, indicating that they
were all preferentially located at stations with a higher mean water temperature. Pearson
correlation analysis also revealed a positive association between the abundance of these
taxa and temperature (Table 5).
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Table 5. Pearson correlations between environmental parameters and biotic variables in the south-
eastern Barents Sea in summer 2012. Bold font indicates significant correlation coefficient (p < 0.05).
For abbreviations, see Figure 6.

Parameter Lat Long Tm Sm T0 S0 Chl0 Chlm Depth MAb

N 0.00 0.35 −0.09 −0.37 −0.11 −0.42 0.19 −0.02 0.17 0.51
AL −0.43 −0.01 0.55 −0.03 0.32 0.04 −0.40 0.01 −0.53 −0.20
AC −0.40 0.07 0.42 −0.06 0.35 0.00 −0.21 −0.22 −0.39 −0.22
CF 0.43 0.07 −0.23 0.33 −0.46 0.31 0.21 0.14 0.20 0.09
CH −0.70 0.34 0.77 −0.35 0.55 −0.26 −0.39 −0.11 −0.73 0.08
CN −0.35 0.17 0.53 −0.03 0.24 0.04 −0.39 −0.33 −0.53 −0.06
DB −0.49 0.43 0.54 −0.41 0.46 −0.34 −0.19 −0.28 −0.50 0.03
EA −0.39 0.26 0.40 −0.24 0.31 −0.18 −0.29 −0.26 −0.43 0.13
MI 0.49 −0.24 −0.55 0.26 −0.41 0.18 0.09 −0.21 0.65 0.12
OS −0.31 0.41 0.57 −0.14 0.20 −0.08 −0.15 0.05 −0.52 0.13
PS −0.20 0.58 0.37 −0.16 0.00 −0.13 0.10 0.12 −0.36 0.17
PM −0.49 0.64 0.49 −0.67 0.46 −0.65 0.13 0.07 −0.37 0.27
TL −0.63 0.38 0.74 −0.27 0.52 −0.18 −0.33 −0.17 −0.69 −0.11

TOT −0.56 0.41 0.75 −0.21 0.41 −0.12 −0.35 −0.19 −0.71 −0.02
H 0.37 −0.01 −0.42 0.01 −0.32 −0.06 0.29 0.25 0.45 0.16

The scores of Calanus finmarchicus, Shannon diversity, and species richness were
related to the high chlorophyll a concentration (Figure 6), although Pearson correlation
analysis revealed a non-significant association between these variables and chlorophyll a
(Table 5). The abundance of Microcalanus pusillus tended to increase with sampling depth
and latitude (Figure 6), supported by Pearson correlation analysis (Table 5). The Monte-
Carlo permutation test showed that the set of environmental variables explained 67% of the
total copepod variability; mean water temperature (F = 17.85, p = 0.001, 27%) and surface
water temperature (F = 2.76, p = 0.046, 14%) had the largest explanatory power.

4. Discussion
4.1. Environmental Conditions

Coastal waters of the Barents Sea represent an environment with various oceano-
graphic conditions [7,40]. The Pechora Sea Coastal Water is a type of coastal water located
in the south-eastern Barents Sea, which is strongly affected by freshened inflow from
Pechora Bay [5]. This influence is responsible for the temperature–salinity gradient ob-
served from the inshore to offshore waters. Previous investigations have documented at
least three distinct sub-regions that differ from each other in terms of local environmental
conditions [7]. The northern waters of the Pechora Sea are similar to the open sea wa-
ters, characterized by high salinity and low temperature. They represent a mixing of the
White Sea Water and the Kara Sea Water (Litke Current) [6]. The water column is clearly
stratified in the deep northern parts of the Pechora Sea. The central part of the Pechora
Sea is influenced by the Kolguyev–Pechora Current, with an Atlantic origin [68]. The
southern part of the Pechora Sea is strongly affected by freshwater run-off from the Pechora
River, which leads to reduced salinity and a higher water temperature [7]. A frontal zone
separates the coastal freshening zone and the inshore regions [40]. Additionally, there is a
very complicated system of local currents and eddies that significantly affect the spatial
patterns of temperature and salinity in the Pechora Sea [6]. Our study area included regions
that are less impacted by freshwater discharge than areas in the Pechora River Delta and
adjacent waters. However, a spatial temperature/salinity gradient was found from the
south-eastern to the north-western sampling stations.

Comparisons with multi-year summer temperatures recorded in the south-eastern
Barents Sea (1952–2001) [69] revealed a higher water temperature in the summer of 2012,
suggesting warm conditions during our study. This observation is in line with recent
findings showing climatic changes in the Arctic in recent decades [70–72]. The warming of
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the Barents Sea is a well-documented phenomenon that can directly affect marine biota,
including plankton assemblages [36,42,73].

We found low chlorophyll a concentration within the whole study area, which sug-
gests a post-bloom period in the Pechora Sea in July–August. Previous investigations
have shown that the bloom period in the southern and south-eastern Barents occurs in
April, with Thalassiosira, Chaetoceros, Navicula, and Pleurosigma being the most abundant
phytoplankton [1,8–10,74]. There may also be a late-spring peak in microalgae in this region
in June [9]. Therefore, we may assume reduced food availability for copepods relative to
the main phytoplankton growth period.

4.2. Copepod Composition, Abundance, Biomass, Diversity, and Population Structure of
Common Taxa

In the present material, the copepod composition was in accordance with earlier meso-
zooplankton investigations in the Pechora Sea [29,43]. The most frequent taxa in our study
were also noted among the most abundant copepods in previous studies in different coastal
regions of the Barents Sea and adjacent waters [12,30,32–35,37]. The presence of some brack-
ish and estuarine taxa was registered in our study. Jaschnovia tolli, Limnocalanus macrurus,
and Pseudocalanus major were found in the southern part of the study area, which had less
saline water. Drepanopus bungei and Eurytemora affinis were also recorded in the southern
regions but their abundance tended to be higher in freshened waters, showing their pref-
erence for estuarine conditions. These five taxa represent typical brackish neritic species
inhabiting Arctic coastal regions affected by freshwater run-off [22,46]. They were recorded
in the Kara, Laptev, and Beaufort Seas [75–79]. Therefore, the copepod fauna in our study
represented a mix of typical marine taxa and estuarine species. This explains the higher
species richness and Shannon diversity of copepod communities in comparison to other
coastal regions of the Barents Sea without a strong freshwater influence [30,32–35,37,38].
Maximal values of diversity and evenness were found in the south-eastern and the north-
western stations, where the environmental conditions were most diverse. Frontal zones are
considered to be the regions with the richest marine biota [1], and our study confirms this
general pattern.

Zooplankton sampling methods and net mesh size were found to be significant factors
affecting abundance estimates and species composition of the catch. In our study, the total
copepod abundance ranged from 69 to 935·103 ind. m−2 (from 1581 to 47,381 ind. m−3),
and was higher than in previous studies [29,43]. The mean density of Copepoda was
95–101 103 ind. m−2 in early–mid-July 2001 (168 µm mesh net) [29] and 6617 ind m−3

in mid-July 2014 (100 µm mesh net) [43]. Moreover, our estimations were lower than
those obtained in early September 2016 (19,166 ind. m−3; 168 µm mesh net) [43] in the
eastern Pechora Sea. Despite the coarser net used in the present study, our values were
significantly greater than those previously recorded. Usov et al. [43] used a 100 µm net
to collect mesozooplankton, whereas we caught copepods with a 168 µm net that, in fact,
may undersample a small-copepods fraction, leading to underestimations of the total
copepod density. Additionally, the differences in copepod abundance might also be related
to seasonal and spatial variations during the mentioned investigations. Copepod biomass
in our study was also higher than the previously recorded values [29], suggesting higher
copepod productivity in the summer of 2012. Climatic differences might also have an
influence on the total copepod abundance and biomass during different study periods in
the Pechora Sea.

We revealed clear differences in the population structure of common taxa during
the study period. In general, populations of small copepod species (Temora, Acartia, and
Centropages) tended to be dominated by young stages (copepodites I–III), suggesting their
reproduction. The only exception was Oithona similis, but the lower abundance of their
earliest copepodites might be related to net undersampling. Populations of Drepanopus
bungei and Eurytemora affinis were characterized by a rather homogenous population
structure, also suggesting their spawning in the Pechora Sea. Small and opportunistic taxa
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have been found to be omnivorous and can utilize detritus, suspended organic matter, and
bacterioplankton for growth and spawning [80,81]. Herbivorous taxa strongly depend on
phytoplankton bloom, and their spawning coincides with peaks in microalgae or occur
somewhat later [11,82]. We recorded the dominance of older copepodite stages in the
populations of Calanus finmarchicus and Pseudocalanus minutus/acuspes, and this could be
explained by phytoplankton’s succession in the Pechora Sea, i.e., the blooming in April or
June. Earlier studies have reported that the life-cycle of Calanus finmarchicus is controlled by
phytoplankton dynamics in many Arctic regions [12,82]. The reproduction of Pseudocalanus
in Arctic and Atlantic waters is prolonged, but spawning events in this species are also
linked to phytoplankton dynamics [83,84].

4.3. Copepod Assemblages

Our study revealed three distinct copepod assemblages in the Pechora Sea, corrobo-
rating our main hypothesis. There was a spatial trend of copepod assemblages from the
south-eastern to the north-western regions. Overall, high similarity was observed in the
copepod community composition. The main differences between the assemblages delin-
eated with the cluster analysis were related to the total abundance, biomass, proportions of
common copepod taxa, and the presence of estuarine and brackish species. Many of the
copepod taxa occurred at most sampling stations.

The first cluster may be defined as a true marine community with a high abundance
of Oithona similis, Copepoda nauplii, and Pseudocalanus inutus/acuspes, the presence of
Calanus finmarchicus, and low proportions of neritic species. This assemblage is typical
for other coastal waters of the southern Barents Sea and is mainly associated with waters
of Atlantic origin [32–35,37,38]. The presence of Calanus glacialis, a true Arctic species,
possibly reflected the influence of cold waters from the Kara Sea. The cooler temperatures
and higher salinities that persisted at stations of Cluster 1 confirm the greater influence of
oceanic water during the study period.

The second cluster represented an intermediate assemblage, including marine, neritic,
and brackish water species, and their total abundance and biomass were highest at stations
of this cluster. The high copepod concentrations might be associated with local eddies or a
frontal zone separating oceanic and inshore waters in the Pechora Sea [6,7,40]. Patchiness
in zooplankton distribution is a well-documented phenomenon in marine environments
worldwide [11,23,85]. Several studies have shown the enhanced productivity of plankton
in regions where there is a mixing of different water masses [85,86]. For example, the
Marginal Ice Zone and Polar Front waters are considered to be one of the most productive
and diverse areas in the Barents Sea [1,87]. Similar patterns were noted in Arctic estuarine
regions [77,78,87,88]. The high diversity in plankton distributions and large copepod stocks
in the investigated area reflected substantial fluctuations in physical conditions. A wide
range of habitual niches was available to the copepods at Cluster 2 stations, which was
favorable for their successful growth and development.

The third cluster was characterized by the highest abundance of estuarine taxa
(Jaschnovia tolli, Limnocalanus macrurus, and Pseudocalanus major), suggesting a strong impact
of freshwater discharge on the copepod assemblage. The lowest salinity and highest water
temperature recorded here support this conclusion. The local community was the most
diverse among the three assemblages. This result is expected because marine, neritic, and
estuarine taxa occurred at stations of Cluster 3. Marine taxa seem likely to originate from
more northern locations, while estuarine and brackish species might have been advected
from the southern Pechora Sea.

Previous investigations have revealed a pronounced separation of mesozooplankton
assemblages in the Pechora Sea along the environmental gradients [29,43]. For instance,
three groups of stations, based on zooplankton abundance, were detected in the south-
eastern Barents Sea. These assemblages (Marine, Intermediate, and Brackish) differed
significantly in composition, abundance, and biomass. Three copepod taxa, Calanus fin-
marchicus, Pseudocalanus species, and Limnocalanus macrurus, made the highest contribution
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to the total mesozooplankton biomass within each single cluster [29]. A similar result was
reported in the Kara Sea, where five zooplankton groups were present from the inshore
freshened waters to the open sea area [76]. Zooplankton assemblages in the Laptev Sea
were found to differ in terms of composition and abundance depending on the environ-
mental conditions [75,77]. In the Beaufort Sea, seven faunal groupings of mesozooplankton
were revealed, in association with temperature and salinity gradients [79]. Thus, the clear
spatial differences in mesozooplankton/copepod assemblages within the environmental
gradients should be considered a common feature in Arctic marine coastal regions affected
by freshwater discharge. Compared with our previous zooplankton investigation in the
Pechora Sea [29], we revealed a lower proportion of brackish water species and the absence
of freshwater copepods in summer 2012. This discrepancy can be explained by differences
in the location of sampling sites; namely, in 2001, we studied inshore waters of the Pechora
Sea with a higher freshwater impact [29], while in 2012, our study focused on the offshore
regions that were more affected by oceanic waters.

4.4. Environmental Control of Copepod Assemblages

Fine-scale variations in the environmental parameters may have a significant impact
on mesozooplankton assemblages in Arctic waters [36,37,58]. Water mass properties,
especially temperature and salinity, are primary factors affecting spatial patterns in the
plankton distribution in the Barents Sea [37,39]. We revealed that environmental variables
explained more than 67% of the copepod variability in the Pechora Sea. Three factors (mean
and surface water temperature, and depth) were the most important drivers of copepod
abundance during our study. Water temperature has been documented to be among the
most important properties influencing plankton animals in many Arctic regions, controlling
their growth and development [11,23]. This factor reflects the distribution of different water
masses at spatial and temporal scales [3]. Two main types of zooplankton assemblages in
the Barents Sea (Atlantic and Arctic) were mainly delineated based on the temperature of
water masses [5]. Cold-water taxa dominate zooplankton assemblages in Arctic Water while
boreal species are most abundant in Atlantic Water [12,42]. Coastal Water has a specific
feature, varying water temperature, leading to separated mesozooplankton assemblages
in accordance with temperature changes [32,34,35,38]. Our study revealed a clear spatial
trend in water temperature, and the copepod assemblages differed in association with
these temperature variations. The abundances of common small neritic taxa negatively
correlated with the sampling depth. This result is expected and may be explained by their
preference for shallow water locations with higher water temperatures, as reported for
many small neritic copepods inhabiting coastal waters of the Barents Sea [22,32,33,35,38].

The RDA and Pearson correlation analysis found a non-significant impact of salinity
on the copepod assemblages, and this is in contradiction with previous findings on the
mesozooplankton of the Pechora Sea [29,43]. Salinity has also been reported to be one
of the most important factors affecting mesozooplankton communities in Arctic marine
estuaries [76,77,79]. In the northern White Sea, a region bordering the south-eastern Barents
Sea, mean mesozooplankton abundance and biomass were positively correlated with water
salinity. The high variability and low salinity values restricted the occurrence of marine
zooplankton in the northern White Sea [89]. In our study, the mean salinity was 30–34 psu.
We may suppose that this salinity gradient was too low to have a strong influence on the
copepod distribution. Previously, we documented a clear association between salinity
and mesozooplankton in the Pechora Sea [29] when the salinity gradient was >20 psu
(13.50–34.98). Only one species (Pseudocalanus major) in the present study demonstrated a
significant negative correlation with salinity, indicating their clear preference for brackish
waters, consistent with their biology and ecology [22].

Both oceanography and biota have been reported to be strongly affected by tidal
currents in many coastal regions worldwide [11,86]. The coastal waters in the Pechora Sea
have been documented to be strongly influenced by high tides and tidal currents, with the
strongest impact occurring in the inshore regions (Pechora Bay and adjacent waters) [6],
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while tidal effects become weaker in more offshore areas, as in our case. We found that
some neritic brackish taxa (Drepanopus bungei and Eurytemora affinis) occurred throughout
the entire study area. Additionally, we revealed patchiness in the copepod distribution.
These findings could be explained by the local circulation in the offshore regions of the
Pechora Sea, advection of freshwater masses, and tidal currents from the inshore regions.
Strong hydrological stratification may also have an impact on the copepod assemblages. A
similar result was recorded for macrozooplankton in the Pechora Sea [40]. Therefore, our
data indicate that the complicated circulation pattern and local hydrographic conditions
seem to be responsible for the heterogeneity in the copepod distribution in the Pechora Sea.

The availability of food resources is considered an important driver of mesozooplank-
ton in the Arctic ecosystems [12,24]. Although the surface chlorophyll a concentration
explained 8% of the total copepod variability, we did not detect significant correlations
between copepod density and this parameter. Some investigations reported similar re-
sults [40,90,91], while other studies have shown a direct correlation between zooplankton
density and phytoplankton concentration [35,88,92–95]. We may also propose that other
food sources could affect copepod assemblages in the Pechora Sea. Considering the domi-
nance of omnivorous taxa, microzooplankton, bacterioplankton, detritus, and particulate
organic carbon would be important food sources for the copepods. Our hypothesis is
supported by several studies that suggest that small and opportunistic taxa are able to
ingest ciliates, organic macroaggregates, and marine bacteria [80,96].

Predatory pressure may also be an important factor controlling the density of zooplank-
ton communities [42,97]. Our analysis did not indicate significant correlations between
copepod abundance and the total number of macrozooplankton, suggesting a low influence
of large carnivorous plankters on the copepod assemblages. This may be explained by the
low abundance of macrozooplankton during the study period. Additionally, we did not
consider ichthyioplankton and larval fish, which might be important copepod consumers
in the Pechora Sea.

5. Conclusions

The Arctic is a complex ecosystem and the role of plankton in this ecosystem is largely
unexplored, particularly in the estuarine regions. This study provides a baseline descrip-
tion of copepod assemblages in the south-eastern Barents Sea, an area strongly affected
by freshwater discharge from the Pechora River. We revealed changes in the copepod
composition, abundance, biomass, and diversity in relation to variations in some important
abiotic and biotic factors. Our report may be applied to assessments of ecosystem health
and the possible responses of local biota to environmental influence. Recent global climatic
changes have become obvious as warming in the Arctic leads to shifts in marine ecosystems.
To evaluate the climatic impacts on the pelagic ecosystems, baseline investigations are
needed. Our data may also be useful to reveal the possible ecosystem fluctuations related to
intense human activity in the Pechora Sea, namely, gas–oil development and exploitation,
shipping, and local fishing.
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