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Abstract

:

In spring 2016, the thermohaline characteristics of water masses and the distribution of chlorophyll-a concentration in the pelagic zone of the eastern part of the Barents Sea were studied. For the first time, in the conditions of an abnormally warm year and the absence of ice cover, a complex of hydrobiological works was carried out on a section crossing the Barents Sea from south to north along the western coast of the Novaya Zemlya archipelago. High concentrations of chlorophyll-a > 1 ˂ 6 mg/m3 at all stations of the transect indicate a stage of spring bloom in the successional cycle of microalgae. Significant differences in the content of chlorophyll-a in waters of various origins were revealed. The highest concentrations of chlorophyll-a corresponded to Arctic surface water (5.56 mg/m3). Slightly lower values were observed in the transformed Atlantic waters of the Novozemelskoe and Kolguevo–Pechorskoe currents (3.53 ± 0.97–3.71 ± 1.04 mg/m3), and the lowest was in the Barents waters (1.24 ± 0.84–1.45 ± 1.13 mg/m3).
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1. Introduction


In recent decades, there has been an acute problem of the natural impact of climatic factors on the marine ecosystems of the Arctic. This also applies to changes in the climatic and hydrological parameters of the Barents Sea under the influence of global warming [1,2]. Driven by an increase in the volume and temperature of incoming Atlantic water [3] since the 1980s, the Barents Sea is experiencing a rapidly warming trend [4].



Global climate change is fundamentally changing the dynamics of phytoplankton in the Arctic Ocean [5,6]. Climate change has and, according to a number of forecasts, will further have significant implications for Arctic marine ecosystems including all trophic levels: pelagic, benthic, and sympagic (sea-ice related). These changes will alter the distribution and properties of Arctic marine habitats, with associated implications for species composition, production, and ecosystem structure and function [7]. First of all, this concerns the taxonomic composition of the community, its production characteristics, and its phenology. At the same time, the levels of production characteristics of pelagic algocenoses strongly depend on significant interannual fluctuations, the seasonality of the development of the microplankton community, the timing of the onset of ice melting, as well as annual and interseasonal fluctuations in the hydrological characteristics of water masses [6,7,8,9,10,11]. The taxonomic, ecological, and phytogeographic characteristics of the microalgal community in the Barents Sea change depending on the biological season: in spring and summer, it is a complex of Arctic diatoms of neritic origin, while in autumn and winter, it is a complex of oceanic boreal Peridinium. The range of quantitative values (biomass and abundance) of the pelagic algae community development is quite wide and varies depending on the stage of seasonal succession and hydrological conditions of the year [11,12,13].



In the Barents Sea, the spring development of phytoplankton begins in late April–early May. This event is preceded by the formation of a light regime favorable for microalgae throughout the entire thickness of the shallow Barents Sea shelf and the lowest water temperature values for the entire annual hydrological cycle (down to −1.5 °C), as well as the presence in the pelagic zone, with maximum annual concentrations of biogenic elements mineral forms. The vertical profiles of temperature and salinity indicate the complete homogeneity of the distribution of these characteristics in the water column [11,14]. The beginning of phytoplankton vegetation is primarily associated with the coastal zones of the eastern shallow water and ice-edge areas [12]. The timing of the onset of phytoplankton vegetation and the intensity of its spring development are greatly influenced by the influx of warm Atlantic waters [5]. Areas with different levels of quantitative development of phytocenosis are localized in the Barents Sea water area in certain water masses of different genesis (coastal, the Barents waters, and waters of Atlantic origin) [11], which is a distinctive feature of the spatial distribution of productivity levels of the phytoplankton community in the Barents Sea.



The least studied marine coastal ecosystems and their most important component—the pelagic microalgae communities of the Arctic hard-to-reach archipelagos (including the Novaya Zemlya archipelago)—are of great interest to researchers. The inaccessibility and ice conditions along the western coast of the Novaya Zemlya archipelago in winter and spring impede early spring phytoplankton studies. Phytoplankton surveys known to us in the coastal area of Novaya Zemlya or the Barents Sea eastern part refer to the summer-autumn period [15,16]. Studies of the spring period of the phytoplankton community development in the Barents Sea are mainly associated with its central and northern parts [2,17,18,19,20,21] and do not cover the coastal areas of the polar archipelagos.



In the winter season of 2015–2016, the ice cover in the eastern part of the Barents Sea was poorly developed; small areas of young ice were observed along the Novaya Zemlya coast from January to March. Since the beginning of April 2016, there has been no ice in the study area [22]. The ice regime, as well as the thermohaline characteristics of the waters in the study area, indicated a continuing warming trend in the Barents Sea basin [23,24,25], which allowed attributing 2016 to abnormally warm years.



The main feature of the Novaya Zemlya archipelago coastal areas is the presence of a seasonal ice cover (fast ice type), which is present here most of the year and actually completely determines the seasonal dynamics of coastal pelagic systems. Interannual fluctuations in the ice cover can be quite significant. For example, in abnormally cold years, the Novaya Zemlya western coast is completely cleared of ice only in July–August, and on the eastern coast, drifting ice can persist throughout the summer. In abnormally warm years, the western coast of Novaya Zemlya is cleared of ice already in April–May, and its Kara Sea coast in May–June [15]. As a result, the length of the phytoplankton growing season varies from year to year, depending on the ice conditions of the Barents and Kara Seas.



Our work aimed to study the distribution of chlorophyll-a concentration in the coastal area of the Novaya Zemlya archipelago, as an indicator of the productivity and the level of quantitative development of the phytoplankton community during the spring stage of the successional cycle. Ice conditions in the spring of 2016 allowed us to carry out full-scale and never-before-conducted surveys along the entire western coast of the Novaya Zemlya archipelago.




2. Materials and Methods


The studies of the hydrological parameters of water masses and the concentration of chlorophyll-a in the pelagic zone of the Barents Sea along the western coast of the Novaya Zemlya archipelago were carried out from 10 to 14 May 2016 during the cruise of the R/V “Dalnie Zelentsy” (Figure 1). Studies were carried out at 13 stations. The enumeration of stations is shown according to expedition reports.



Seawater sampling, for further chlorophyll-a determination, was carried out in the photic layer of the pelagic zone at the horizons of 0, 10, 25, 50 m. The phytoplankton bloom was visually determined during sampling. The Carousel Water Sampler and “Hydrobios” bathometers (Kiel, Germany) were used. In total, 52 samples were taken and processed. We used methodological recommendations [26,27], based on the classical method for the determination of chlorophyll-a by UNESCO [28]. No deviations from the method were allowed. Water samples with a volume of 5 L for each horizon were filtered immediately in the ship’s laboratory on a vacuum filtration unit. Membrane filters with a diameter of 47 mm and a pore size of 0.6 μm were used. After filtration, the filters, folded in half with the sediment inward, were stored in a silica gel desiccator in a freezer at −20 °C. Further processing of samples was carried out in a stationary hydrochemical laboratory. In addition, 90% acetone was used. After homogenizing the filters, the precipitate was centrifuged at 8000 rpm. The concentration of chlorophyll-a in the extract was determined spectrophotometrically on a UV–Visible spectrophotometer Nicolet Evolution 500 (Spectronic Unicam, Cambridge, UK).



The temperature and salinity of the water were determined using an SBE 19 plus CTD profiler (Sea-Bird Electronics, Bellevue, WA, USA). The accuracies of the temperature and conductivity measurements were ±0.005 °C and ± 0.0005 S/m, respectively. The sampling rate was 32 Hz, and after data quality and filtering processes, the vertical resolution was 1 m. Based on the obtained data, contours of temperature and salinity in both horizontal and vertical directions along the transect were constructed for the analysis. Furthermore, the classical TS analysis [29] was used to distinguish the individual water masses within the transect.



For hydrochemical studies, seawater samples were taken at the same stations from the surface to the bottom in 0, 10, 25, 50, 75, and 100 m of the bottom layer. Nitrates, phosphates, and silicates were measured using a PE-5300VI spectrophotometer. Inorganic dissolved phosphorus (Р-PO4) was determined by the Murphy–Riley method, dissolved silicon (Si-SiO3) by the Korolev method, nitrate–nitrogen (N-NO3) by the Bendschneider and Robinson methods [30,31,32,33].




3. Results


3.1. Water Masses at the Transect


The Barents Sea is located on the path of ocean currents that transfer heat from the Atlantic to the Arctic Ocean. Atlantic waters enter the Barents Sea with the North Cape Current from the west, as well as through deep trenches from the north after passing through the Arctic basin [34,35,36]. In the Arctic basin, in the process of interaction with the atmosphere and ice cover, the part of the Atlantic water in contact with the surface is rapidly cooled and freshened. The upper part of the Atlantic waters transforms into an Arctic surface-water mass with negative temperatures and reduced salinity [37]. The stream of Atlantic waters that pass through the Barents Sea transforms more slowly and can be identified even at the eastern border of the sea [38]. The transformed Atlantic waters approach the Novaya Zemlya archipelago from the southwest with Novozemelskoe and Kolguevo–Pechorskoe surface currents, and the northeast along the St. Anna Trough and the Western Trench on depths of about 100 m.



3.1.1. Water of the Novozemelskoe and Kolguevo–Pechorskoe Currents


Stations 72, 73, 77, and 80 were located in the area of influence of warm Atlantic currents. At these stations, a well-defined thermocline lay at depths of 60–90 m, separating the surface warm waters of the Atlantic currents (1.3 … 2.2 °C) from the Barents waters, with temperatures close to 0 °C (Figure 2).




3.1.2. Barents Water


The Novaya Zemlya archipelago is a large land area. In spring, freshened coastal waters are formed near the Novaya Zemlya coast. The influence of runoff from Novaya Zemlya can be traced at a distance of up to 50 km during the warm season [39]. In winter, the rivers of the archipelago freeze to the bottom, so the coastal water mass is not expressed. In winter and early spring, the Barents waters, well mixed during autumn convection, prevail on the western coast of Novaya Zemlya.



According to the “Malye Karmakuly” meteorological station [40,41], at the beginning of May 2016, a negative air temperature remained over the archipelago. At the time of research, the spring flood in the archipelago had not yet begun. At stations 74–76 and 82–87, the water column was homogeneous from the surface to the bottom. Temperatures varied from −0.3 °C to 0.7 °C, while salinity ranged from 34.64 PSU to 34.90 PSU, which corresponded to Barents water mass.




3.1.3. Arctic Surface Water


At station 89, to a depth of 30 m, there was a layer of Arctic surface waters with negative temperatures (−1.3 °C) and low salinity (34.56 PSU). At depths of 30–70 m, there was a thin layer of Atlantic waters that passed through the Arctic basin, while deeper layers were the Barents waters.





3.2. Biogeochemistry of the Transect


The transect had a complex hydrochemical structure due to the mixing of waters of various origins. In the transformed Atlantic waters of the Kolguevo–Pechorskoe and Novozemelskoe currents, the range of phosphate concentrations (P-PO4) varied in the range of 0.11–0.23 µM, nitrates (N-NO3) in the range of 0.54–2.18 µM, and silicates (Si-SiO3) in the range of 2.04–6.49 µM; in the Barents Sea waters, their concentrations were 0.09–0.31 µM, 1.25–11.34 µM, and 0.37–10.61 µM; in Arctic waters, their concentrations were 0.27–0.30 µM, 1.34–3.81 µM, and 3.24–5.28 µM, respectively (Figure 3).



At stations 72, 73, 77, and 80, located in the waters of Novozemelskoe and Kolguevo–Pechorskoe currents, the concentration of chlorophyll-a varied in the 0–50 m layer in the range from 3.53 ± 0.97 mg/m3 to 3.71 ± 1.04 mg/m3 (Figure 4; Appendix A, Table A1). Concentrations did not fall below 2.37 mg/m3 (st. 80). At a depth of 50 m (located on station 77), a local maximum chlorophyll-a concentration of 5.08 mg/m3 was recorded.



The lower chlorophyll-a concentrations corresponded to the Barents waters (Figure 4; Appendix A, Table A1), varying in the 0–50 m layer in a range of 1.24 ± 0.84–1.45 ± 1.13 mg/m3. The minimum chlorophyll-a concentrations of 0.02 mg/m3 (10 m) were observed at station 87, while the maximum was recorded as 3.91 mg/m3 at station 85 (50 m).



The highest pigment concentration was recorded in waters of Arctic origin at the northernmost station 89 (Figure 4; Appendix A, Table A1). Here, in the surface layer, the concentration of chlorophyll-a was 5.56 mg/m3, and in the 10 m layer, 5.14 mg/m3. With depth, the chlorophyll-a concentration significantly decreased, down to 0.46 mg/m3 at a horizon of 50 m, which corresponded to an interlayer of Atlantic waters.



The highest concentrations of chlorophyll-a corresponded to both the area with the lowest temperature, −1.3 °C (station 89, Arctic water) and the area of the studied water area where the water temperature was the highest, i.e., 1.3–2.2 °C (Novozemelskoe and Kolguevo–Pechorskoe currents of transformed Atlantic waters). The waters of the Kolguevo–Pechorskoe and Novozemelskoe currents were separated from the Barents waters (−0.4–0.8 °C) by a well-pronounced temperature front but practically did not differ from them in salinity. At the same time, the concentration of chlorophyll-a was lower in the Barents waters than in the currents. There was no linear relationship between changes in chlorophyll-a concentration and water temperature or salinity. However, the concentration of chlorophyll-a changed rapidly when crossing the lines of hydrological fronts. Thus, the dynamics of chlorophyll-a are probably associated not with the thermohaline characteristics of water masses but with their origin and migration routes.




3.3. Satellite Data


Modern satellite methods, in comparison with more labor-intensive methods of direct sampling from a vessel and their subsequent processing in the laboratory, provide more extensive opportunities for assessing the concentration of chlorophyll-a in a wide range of spatial and temporal scales with regular intervals [42,43,44].



Comparison of our data (Appendix A, Table A1) with the results of remote sensing (Figure 5) showed that most of the results of field observations are not covered with data of remote sensing of the earth (ERS), which is generally natural for high latitudes. For example, in [45], it was shown that studies of chlorophyll-a concentrations at high latitudes above 75° N are very limited.



Simultaneously, the results of remote sensing and our field measurements are available only for stations 80 (May 12) and 83 (May 13). The values of chlorophyll-a concentration, according to the remote sensing, for station 80 turned out to be higher, and for station 82, they were lower than we registered through field observations (Appendix A, Table A1). This can be explained by the fact that the estimates made using remote sensing data are not always comparable in terms of accuracy with the results of direct measurements. Therefore, particularly for the Barents Sea, the currently existing standard processing algorithm based on the MODIS-Aqua scanner data significantly distorts the chlorophyll-a concentrations in comparison with the direct measurement data, and it requires the use of regional algorithms [43,44].





4. Discussion


Despite the quite long absence of ice along the entire western coast of the Novaya Zemlya archipelago and the absence of spring floods in the archipelago, high concentrations of chlorophyll-a (>1 ˂6 mg/m3) during observations indicate a stage of spring bloom in the successional cycle of the phytoplankton community.



In the Barents Sea, the spring development of phytoplankton, according to the literature data, begins in late April-early May, primarily in the coastal zones of eastern shallow water and near ice-edge regions (chlorophyll concentrations, in this case, reach 6 mg/m3) [12,46,47,48]. These areas are characterized by the intense blooming of arctoboreal neritic diatoms in the early spring period. The spring peak of phytoplankton development can be represented as a series of successive outbreaks of the proliferation of microalgae individual populations during the spring phase of the successional cycle of pelagic algocenoses [11]. The initial phase of the phytoplankton spring bloom is traditionally associated with ice melting, the onset of floods, and a good supply of nutrients. The initiation of the development of phytoplankton by the process of ice melting is associated with the ingress of planktonic algae from the ice into the water column, an increase in insolation, the formation of a freshened layer near melting ice, and the supply of nutrients with meltwater. It is known that in the period preceding bloom, the chlorophyll-a concentration reaches about 0.5 mg/m3 and then undergoes a sharp rise in its values [15]. According to satellite data, the active bloom phase at each specific point lasts no more than 5–6 days [18]. According to the literature, in May 1999, in the surface layer at a distance of only a few kilometers, the chlorophyll concentration differed by an order of magnitude, and the phytoplankton community was at different stages of the successional cycle [19]. However, long-term observations (1998–2014) in the regions of the Barents Sea covered with seasonal ice allowed the authors of [2] to conclude that an earlier ice retreat does not necessarily mean an earlier phytoplankton bloom. Specifically, they found that whenever sea ice recedes between late March and mid-May, phytoplankton will typically peak around mid-May, similar to open water conditions. This finding suggests that factors other than sea ice are inhibiting blooming before this time. Our studies in the ice-edge zone in the north of the Barents Sea in April 2016 and 2019 did not record the spring bloom of the phytoplankton community. Only in May 2018 did we observe the phytoplankton spring bloom in the ice-edge zone [49].



It can be concluded that there is no complete clarity in understanding the process of the spring development of phytoplankton in the Barents Sea (time, initiating factors), and further studies of this phenomenon under conditions of climate warming in the Arctic should be continued.



In our studies, the mosaic distribution of chlorophyll-a concentrations along the western coast of Novaya Zemlya is undoubtedly due to the influence of various water masses. The highest concentrations of chlorophyll-a during the period of our research corresponded to the surface Arctic water (5.56 mg/m3). Slightly lower values were determined in the transformed Atlantic waters of the Novozemelskoe and Kolguevo–Pechorskoe currents (3.53 ± 0.97–3.71 ± 1.04 mg/m3), with the lowest in the Barents waters (1.24 ± 0.84–1.45 ± 1.13 mg/m3). Our long-term (2016, 2018, 2019) studies of the chlorophyll concentrations in various types of waters in the open part of the Barents Sea confirm this pattern [49,50].



Therefore, in May 2018 [50], in the western part of the Barents Sea, in the area of influence of the Polar Front, the average concentration of chlorophyll-a in the Arctic water mass in the 0–50 m layer was 2.67 ± 0.29 mg/m3, while in the Atlantic water mass, it was 0.52 ± 0.04 mg/m3.



It is known that the phytoplankton community is influenced by the availability of basic nutrients, on the one hand, and the press of zooplankton, on the other. Accordingly, a change in one factor or another will be followed by a change in the production characteristics of phytoplankton—in the aspect of our study, chlorophyll-a. During the study period, at stations located in the transformed Atlantic waters of the Novozemelskoe and Kolguevo–Pechorskoe currents, the total zooplankton abundance was 513 ind./m3, and the total zooplankton biomass was 4.5 mg of wet mass/m³. At stations located in the Barents waters, these indicators were 2.7 times (1376 ind./m3) and 4.7 times (21.2 mg of wet mass/m³) higher, respectively [51]. The massive development of zooplankton in the Barents waters, which are colder (−0.3–0.7 °C) than the transformed Atlantic waters of the Novozemelskoe and Kolguevo–Pechorskoe currents (1.3–2.2 °C), indicates a powerful hydrological influence on zooplankton and, indirectly, on the content of chlorophyll-a. Differences in the chlorophyll-a concentrations in these two types of water masses most likely were the result of the grazing of phytoplankton organisms by zooplankton. According to the literature data [52], due to the warming trend in the Barents Sea basin, the total biomass and production of zooplankton communities increase with decreasing water temperature and salinity.



Hydrological factors, as well as the development of zooplankton and phytoplankton, indirectly affect the hydrochemical composition of seawater and nutrient content in the pelagic zone of the Barents Sea. Key nutrients control phytoplankton abundance. For the western coast of the Novaya Zemlya archipelago, the nutrient concentration is well studied only in summer [15]. In summer, the concentration of phosphates (P-PO4) in surface waters varies from analytical zero to 0.2–0.5 µM, while in the deep and bottom layers, it increases to 0.9–1.0 µM. Nitrites (N-NO2) are found in trace amounts, and outside the euphotic zone, their concentrations rise to 8–10 µM.



The dynamics of phosphorus, nitrogen, and silicon concentrations in the surface layer of the Barents Sea are clearly seasonal in nature. Intensive consumption of phosphates begins in March–April, as they are included in production processes. According to the literature data [47], in January–February, the concentration of phosphates in the surface layer of the Barents Sea is 0.6–0.9 µM, and it is decreased from west to east and from north to south. At the bottom, mean annual phosphate concentrations range from 0.7 µM to 1.05 µM. During the peak of spring bloom, it can drop to almost zero. In winter, Atlantic waters entering the Barents Sea contain 6–7 µM of nitrate–nitrogen in the surface layer, and in the bottom layer, 8–9 µM. Spring development of phytoplankton leads to a noticeable decrease in nitrate concentrations, down to 4 µM, in the surface layer. The waters of the Barents Sea are far from being saturated with silicon. Its content ranges from 3.7 µM to 7.5 µM in the surface layer and from 4 µM to 9 µM in the bottom layer, to almost complete assimilation in summer. According to the data [50] of the western part of the Barents Sea, in the zone of influence of the Polar Front in May, the average content of phosphates in the 0–50 m layer of the Arctic waters was 0.31 ± 0.01 µM, while nitrates were found at a concentration of 3.05 ± 0.06 µM, and silicates, 5.93 ± 0.23 µM. In Atlantic waters, these values were 0.25 ± 0.01 µM, 2.32 ± 0.13 µM, and 4.54 ± 0.65 µM, respectively.



During the period of our research, phosphates concentrations (P-PO4) in the 0–50 m layer varied in a small range of 0.09–0.31 µM; no significant differences were observed between stations located in different water masses. The reason for the low concentrations of phosphates and nitrates is usually their consumption by phytoplankton [53]. Phosphates concentrations in the studied water area did not drop to analytical zero, although the studied area had low levels in the 0–50 m layer. A much greater contrast between different types of water was observed for nitrates (N-NO3)—their concentrations in the 0–50 m layer varied in the transformed Atlantic waters of the Novozemelskoe and Kolguevo–Pechorskoe currents within 0.54–2.18 µM (which is low), indicating the active consumption of nutrients by phytoplankton. At stations located in the Barents waters, nitrate concentrations in the 0–50 m layer were somewhat higher and amounted to 3.20–7.42 (station 83–87) and 1.25–3.20 µM (station 74–76). At station 89 (Arctic water), this value increased up to 3.84 µM; it is worth noting that indicators of about 4 µM should be considered as characteristic of the spring phytoplankton bloom [47]. Silicon (Si-SiO3) concentrations ranged from 0.37 µM to 10.61 µM, reaching a maximum in the northern part of the transect.



An attempt to confirm our in situ data with the results of satellite observations showed that high cloudiness in the region prevents obtaining reliable results, which confirms the importance of field observations in the study of the Barents Sea. This proves that the Global Ocean Observing System only provides partial coverage in extreme areas such as the Arctic region [54]. However, it is difficult to disagree that there is a need for continuous monitoring of the Arctic ecosystem, which is fundamental to gain a greater understanding of the impact of changes on the natural environment, and access to user-friendly, low-cost instrumentation remains a limiting factor in coastal ocean observations [55]. In addition, in situ data such as those presented in this article are among the essential factors for the further development of new, more efficient observation methods and instruments.




5. Conclusions


Since the beginning of April 2016, there has been no ice in the area of the Novaya Zemlya archipelago western coast, which, together with the thermohaline characteristics of the waters, characterized 2016 as anomalously warm. Favorable conditions made it possible to conduct a large-scale study of the distribution of chlorophyll-a concentration as an indicator of productivity and as a quantitative measure of the level of phytoplankton community development in the Novaya Zemlya archipelago coastal area. High, overall chlorophyll-а concentrations (>1˂6 mg/m3) level testified to a stage of active vegetation (spring bloom) in the successional cycle of the Novaya Zemlya coast microalgae.



In May 2016, three types of waters were identified along the western coast of Novaya Zemlya—Arctic, transformed Atlantic, and the Barents waters. The distribution of chlorophyll-a concentrations corresponded to these types of waters. The highest concentrations of chlorophyll-a corresponded to surface Arctic water. Slightly lower values were determined in the transformed Atlantic waters of Novozemelskoe and Kolguevo–Pechorskoe currents, while the lowest were found in the Barents waters.



This work contains unique data on the chlorophyll-a concentration in the pelagic zone of the coastal area of the Novaya Zemlya archipelago in an abnormally warm year. Together with data on the hydrological and hydrochemical state of waters, it is of interest for further research in the Arctic. The results of this study can serve as a base for comparison the production parameters of the pelagic zone in abnormally warm years and years with other ice conditions. It is important that, in the framework of monitoring activities in the Arctic, biological communities and ecosystem processes are characterized together with physicochemical observations.
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Table A1. Concentrations of chlorophyll-a (Chl-a) in situ and satellite data.






Table A1. Concentrations of chlorophyll-a (Chl-a) in situ and satellite data.





	
Water Masses

	
St

	
Date

	
Coordinates

	
Total Depth (m)

	
Chl-a (mg/m3) at Depth (m)

	
Satellite Data




	
0

	
10

	
25

	
50

	
Chl-a (mg/m3)






	
Water of the

Novozemelskoe and Kolguevo–

Pechorskoe

currents

	
72

	
11 May

	
72°40′ N, 51°33′ E

	
85

	
4.59

	
4.97

	
4.43

	
4.27

	
no data




	
73

	
10 May

	
70°45′ N, 52°00′ E

	
156

	
3.18

	
3.60

	
3.15

	
2.56

	
no data




	
77

	
11 May

	
73°44′ N, 52°50′ E

	
89

	
3.98

	
3.83

	
4.23

	
5.08

	
no data




	
80

	
12 May

	
74°55′ N, 54°54′ E

	
154

	
2.37

	
2.44

	
2.57

	
2.53

	
0.63




	
Mean ± std

	

	
3.53 ± 0.97

	
3.71 ± 1.04

	
3.60 ± 0.88

	
3.61 ± 1.27

	




	
Barents water

	
74

	
10 May

	
71°20′ N,

51°01′ E

	
130

	
2.58

	
1.37

	
1.68

	
1.80

	
no data




	
75

	
10 May

	
71°41′ N,

50°39′ E

	
114

	
1.12

	
1.26

	
1.51

	
1.41

	
no data




	
76

	
10 May

	
71°60′ N,

50°39′ E

	
122

	
1.89

	
2.08

	
2.53

	
1.60

	
no data




	
82

	
12 May

	
75°30′ N,

56°07′ E

	
168

	
0.52

	
1.83

	
0.88

	
1.00

	
no data




	
83

	
13 May

	
76°00′ N,

57°55′ E

	
93

	
0.21

	
0.44

	
0.31

	
1.19

	
0.53




	
85

	
13 May

	
76°32′ N,

61°01′ E

	
85

	
0.62

	
1.57

	
0.52

	
3.91

	
no data




	
86

	
13 May

	
76°53′ N,

65°16′ E

	
224

	
0.95

	
1.63

	
1.54

	
0.26

	
no data




	
87

	
13 May

	
77°17′ N,

67°30′ E

	
229

	
2.05

	
0.02

	
1.64

	
0.39

	
no data




	
Mean ± std

	

	
1.24 ± 0.84

	
1.28 ± 0.70

	
1.33 ± 0.72

	
1.45 ± 1.13

	




	
Surface Arctic water

	
89

	
14 May

	
77°50′ N,

67°03′ E

	
365

	
5.56

	
5.14

	
2.59

	
0.46

	
no data
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Figure 1. Location of stations and water masses along the western coast of the Novaya Zemlya archipelago, May 2016. 
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Figure 2. Thermohaline characteristics, as well as water masses and fronts in the study area. (a)—Salinity (PSU); (b)—Temperature (°C). 
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Figure 3. Concentrations of nitrates (N-NO3), phosphates (P-PO4), and silicates (Si-SiO3) (µM). 
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Figure 4. Concentrations of chlorophyll-а (mg/m3), and T (°C) and S (PSU) of water masses in the study area: I—water of the Novozemelskoe and Kolguevo–Pechorskoe currents; II—Barents waters; III—Arctic surface water. 
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Figure 5. Concentrations of chlorophyll-а in the surface layer according to remote sensing data (NASA, MODIS-Aqua https://oceancolor.gsfc.nasa.gov (accessed on 11 November 2021)) during 10–14 May 2016. 
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