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Abstract—Unique data were obtained on the abnormally high level of phytoplankton biomass (30 g m–3) in
the marginal ice zone of the deep-water High Arctic (the Nansen Basin, 83° N) during observations onboard
a ship in the summer of 2020. The changes in species composition and the increase in abundance of plankton
phytocenoses were determined by the complex hydrographic structure formed due to the interaction between
the warm Atlantic and cold Arctic water masses and confirmed the important role of the North Atlantic Cur-
rent in the European sector of the Arctic Basin. For the first time, a reliable relationship was established
between the phytoplankton productivity and the halocline depth (an indicator of rising Atlantic water
enriched with nutrients, primarily nitrogen). It was shown for the first time that the large cryopelagic centric
diatom Porosira glacialis (= Podosira hormoides var. glacialis) can be a species forming phytoplankton bloom
in the marginal ice zone of the High Arctic.
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Warming in the Atlantic sector of the Arctic and a
sudden shrinkage of the ice field area is related to
intensification of the North Atlantic Current [1, 2];
one of its branches passes through the Nansen Basin
and the second one, bifurcating largely in the southern
Barents Sea, transfers the Atlantic waters to its eastern
boundaries northward and southward of the Novaya
Zemlya Archipelago. In the Barents Sea, in addition to
ice melting, such intensification caused annual sum-
mer bloom of the Atlantic species coccolithophorids
Emiliania huxleyi, with an abundance from 1.5 × 106 to
12.0 × 106 cell L–1, which has been recorded over the
past 20 years [3] The bloom occurs exclusively in the
waters of Atlantic genesis southward from the polar
front in the warmest waters of the Norwegian (Nord-
kapp) Current. In the published works of the past
20 years, the intensification of the Atlantic water (AW)
inflow into the Arctic Ocean is commonly known as
“atlantification,” which includes mass development
(“bloom”) of boreal species brought to the Arctic
region by the currents from the North Atlantic [4, 5].
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There is very little information on the AW influ-
ence on the pelagic ecosystems of the Nansen Basin
and, in particular, on the primary producing compo-
nent of the ecosystem. It is known that, in the mid-
stream of the Atlantic Boundary Current (ABC) pass-
ing eastward along the continental slope, the cocco-
lithophorid E. huxleyi can develop abundantly (to
5.0 × 105 cell L–1) [6]. This sharply contrasts with the
phytocenoses of the shelf waters around Svalbard
archipelago, which are not subject to the influence of
this current. Here, the structure of the leading phyto-
plankton complexes is determined by the cold-water
Arctic species [6–8]. The same refers to the northern
Barents Sea where the Arctic species are dominant in
the summer phytocenoses [9]. Exceptions are the
ocean trenches: in particular, subsurface maxima of
phytoplankton abundance and biomass were formed
by the boreal-Arctic diatom Eucampia groenlandica in
the summer of 2017 in the Franz-Victoria trench [10].

The studies performed in the marginal ice zone in
the Nansen Basin (83° N, depth of 3000 m) in August
2012 at the section from the east coast of Svalbard to
the open sea [8] showed that the plankton phytoceno-
sis at low abundance and biomass of the community
was dominated by representatives of “ice f lora,” which
is cold-water Arctic pennate diatoms from the genera
Fragilariopsis, Nitzschia, and Navicula.
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Fig. 1. (1) Schematic map of phytoplankton sampling stations
in August 2020. (2) The boundary of the marine ice sheet is
provided from [http://www.aari.ru/odata/_d0015.php]. 
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The studies of the hydrophysical structure per-
formed in the Nansen Basin later from 2013 to 2017
suggested that the zone of AW influence on the hydro-
logical and glacial regimes advanced along the trajec-
tory of this water occurrence; in this case, the bound-
ary of perennial ices was recorded to shift anomalously
northeastward in 2017 [2, 11]. An anomalously high
(9.0 × 106 cell L–1) bloom level of coccolithophorids
was observed in the same period but in the southern
branch of the North Atlantic (Norwegian) Current,
being a part of the southwestern Barents Sea [3, 12].
The mass development of another Atlantic (Hapto-
phyta) species, the Phaeocystis pouchetii, was recorded
for the first time at the eastern boundary of the sea, in
the Kara Strait, at approximately the same time [13].
In the summer of 2016, a high abundance of boreal
phytoplankton, including coccolithophorids [14],
which were likely to come here with the activated Kol-
guev Current, was found in the St. Anna Trench at the
northern extremity of Novaya Zemlya archipelago.
Judging by the results of other researchers, the devel-
opment of the boreal f lora (to 1.6 × 105 cell L–1, Cha-
etoceros compressus) in the southern part of the
St. Anna Trench was also recorded to occur earlier, in
2007 and 2011 [15, 16].
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At the same time, for the Nansen Basin, there are
no data on the response of phytoplankton to the inten-
sification of the AW inflow. The purpose of this work
is to reveal the patterns of forming an unusually high
bloom intensity in the marginal ice zone based on the
comparative analysis of the structure of plankton phy-
tocenoses in the Nansen Basin and the adjacent shelf
of the Barents Sea, which is under the direct influence
of the ABC.

This work was carried out during the 80th cruise of
R/V Akademik Mstislav Keldysh on August 16–19,
2020 [17]. The study of the structure of phytoplankton
as a regulator of the global carbonate cycle was an inte-
gral part of the works on the study of suspended matter
flows in the European Arctic seas, which are affected
by climate change. The water samples from the surface
to a depth of 3000 m were collected using an SBE
oceanographic complex at seven stations in the Nan-
sen Basin (82°–83° N) and on the adjacent Barents
Sea shelf (80°–81° N) (Fig. 1, Table 1). A total of
80 phytoplankton samples were analyzed. The stan-
dard methods accepted at the Institute of Oceanology,
Russian Academy of Sciences, were used during the
cameral treatment of the samples. Formalin served as
a fixative up to a final concentration of 0.5–1% in the
sample. The species were identified, and the number
of cells was counted on a light Carl Zeiss Ergaval
microscope in a water-based preparation at 16 × 20
and 16 × 40 magnification. The representatives of all
taxonomic and size groups except for algal picoplank-
ton with linear sizes <2 μm were considered.

RESULTS AND DISCUSSION

In the anomalously warm summer period of 2020
for the Arctic, the boundary of the ice fields in the
Nansen Basin was recorded at 83° N (Fig. 1, Table 2).
The detailed (from the surface to 3000 m) examination
of the species and quantity structure of plankton phy-
tocenoses in the marginal zone (stations 6860 and
6861, Table 1) allowed us to establish intensive bloom
in the upper freshened water layer at st. 6860, which
was formed by large cryopelagic centric diatom Poro-
sira glacialis (= Podosira hormoides var. glacialis
Grunow, 1884) (3.5 × 105 cell L–1, 29.9 g m–3, 99% of
the total wet biomass of phytoplankton, 13 mg m–3 of
chlorophyll “а”, 64.1 mg С m–3 day–1 is primary pro-
duction). This species belongs to representatives of the
so-called “ice f lora,” the life cycle of which is partly
associated with the low surface of the one year sea ice.

The cells of this species concentrated in a narrow
layer at a 5- to 10-m depth in the upper part of the
sharply gradient halocline at a temperature of –1.36°C
and salinity of 33.4 psu. The phytocenosis occurred at
an early stage of settling because the nutrients in the
surface five-meter layer of melt water were consumed
almost completely (Table 2). The bloom was accom-
panied by an insignificant development of other cold-
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Table 1. Location of sampling stations, date, and time

Station Latitude, N Longitude, E Date Time, GMT Depth, m Study area

6854 81°33.22′ 37°51.95′ 16.08.20 12:32 426 Barents Sea

6856 81°41.51′ 40°52.77′ 16.08.20 14:55 409

6860 83°16.00′ 38°14.89′ 17.08.20 07:10 3703 Nansen Basin

6861 83°04.19′ 34°34.61′ 18.08.20 06:05 3670

6862 82°15.62′ 36°32.66′ 18.08.20 14:30 2162

6864 80°59.02′ 40°46.02′ 19.08.20 08:21 593 Barents Sea

6866 80°16.09′ 42°58.39′ 19.08.20 17:01 403

Table 2. Maximum values of the total phytoplankton biomass (Bmax) at the observation stations and corresponding values
of temperature, salinity, and concentration of the main biogenic elements

* Stations in the marginal ice zone, Nansen Basin.

Station
Bmax, 

mg m–3

Bmax, 

mg С m–3

Occurrence 

depth 

of Bmax, m

Temperature, 

°C

Salinity, 

psu
Si, μM

, 

μM

, 

μM

Dominant species, 

domination %

6854 71.59 3.22 38 –1.37 34.23 1.15 0.49 3.83 Eucampia groenlandica 

+ Thalassiosira spp., 61%

6856 109.73 3.19 50 –1.27 34.24 0.94 0.42 5.14 Porosira glacialis, 99%

6860* 29855 799 10 –1.35 33.18 0.16 0.36 0.18 Porosira glacialis, 99%

6861* 30.60 1.00 3 –1.41 31.30 – – – Porosira glacialis, 93%

6862 166.6 7.05 30 –1.64 34.02 0.42 0.29 1.05 E. groenlandica 

+ Thalassiosira spp., 

85% Chrysophyta, 80%
556.6 25.74 38 –1.68 34.05 – – –

6864 37.4 3.29 0 3.30 33.00 0.36 0.07 analyte. 

“0”

Gymnodinium spp. 

+ Gyrodinium spp., 76%

6866 4.63 0.32 20 3.67 33.69 0.47 0.13 analyte. 

“0”

Gymnodinium spp. 

+ Protoperidinium breve + 

Prorocentrum minimum, 

53%

−− 3
4P PO

−− 3N NO
water diatoms of the genera Thalassiosira, Lauderia,
Chaetoceros, Nitzschia, and Pseudonitzschia and dino-
flagellates of the genera Gymnodinium, Gyrodinium,
Protoperidinium, and genera Gymnodinium. Almost all
phytoplankton were concentrated in the upper 40-m
water layer within the photic zone. In the aphotic
zone, starting from a depth of 50 m and to a depth of
3000 m, the community contained primarily spores of
Thalassiosira gravida and Porosira glacialis, as well as
empty frustule of Thalassiosira spp. The similar distri-
bution in the aphotic layer was typical of all deep-
water stations. We note especially the presence of the

diatom P. glacialis (3.0 × 102 cell L–1) in the AW core
at st. 6862.

Plankton phytocenoses of stations 6860 and 6862
(the second was located on the continental slope in the
zone of the main f low of the ABC) demonstrated a
high degree of similarity (>50% of common species).
These phytocenoses included the AW species indicator
coccolithophorid E. huxleyi. The representatives of
DO
the Atlantic oceanic complex [18] from the genera

Rhizosolenia (R. hebetata f. semispina, R. hebetata f. hebe-
tata, R. styliformis, R. setigera) and Chaetoceros
(C. borealis, C. atlanticus, C. danicus) were encountered

everywhere. A shallow-lying nutricline (3.82 μM of

nitrate nitrogen, a horizon of 20 m, Table 2) and a

sharply-gradient halocline (a horizon of 5–10 m),

separating the thin surface layer of melt water from the

lower Arctic waters, as well as the core of the warm AW

(temperature from 1.22 to 2.53°С, salinity above

34.8 psu) at the horizons of 100–200 m, were recorded

at st. 6860. All the above facts are convincing evidence

of the ABC water presence in the Nansen Basin and

their rise to the surface. For example, the centric dia-

tom R. hebetata f. semispina, a summer mass form of

the boreal Atlantic, was encountered at st. 6860 even in

the layer of 5–10 m. This is explained by the fact that

the occurrence depth of the halocline in the marginal

ice zone varied during the day and could rise to a hori-

zon of 5 m (Fig. 2).
KLADY EARTH SCIENCES  Vol. 499  Part 1  2021
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Fig. 2. Occurrence depth of the halocline in the Nansen
Basin according to the data of STD soundings on August
17–18, 2020: (2, 4) st. 6860 and (1, 3) st. 6861. 
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By contrast, at st. 6861, which was also located in

the marginal ice zone, the temperature and salinity

being lower than at st. 6860 (Table 2) but the same type

(P. glacialis) being dominant, bloom did not occur.

The abundance and biomass of the community were low,

the biomass did not exceed 30.6 mg m–3 (1 mg m–3 chlo-

rophyll “а”) and was maximum at a horizon of 3 m, T =

–1.43°С, and salinity = 31.3 ups (Table 2). Such con-

siderable differences could be caused by the weaker

influence of the ABC. Here, the sharply gradient halo-

cline lay lower (14–20 m), and the nutricline occurred

at 34 m (Table 2).The weak impact produced by the

ABC on the phytocenosis structure at st. 6861 can also

be indicated by the low (<20%) degree of similarity

between the species structure at st. 6861 and st. 6862:

the occurrence of the Atlantic Ocean complex species

(Rhizosolenia spp., Chaetoceros spp.) at a great depth

(34–90 m) and the presence of the indicator species

(coccolithophorid Coccolithus pelagicus) only in the

ABC core (the horizon of 185 m) at st. 6861. Never-

theless, the high physiological activity of cells in the

surface water layer at st. 6861 (primary production of

30.3 mg С m–3 day–1, horizon of 1 m) could have held

the potential for the bloom increase upon the intensi-

fication of the ABC impact. In August 2012, there was
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no “bloom ” in the marginal ice zone of this area [8].
The phytocenosis was dominated by cold-water Arctic
species, primarily from the genus Fragilariopsis. The
АW core was located much deeper than in 2020, at a
depth of 600 m, which could have caused the notice-
able difference in the structure of plankton phyto-
cenoses of different years.

The comparative analysis of the phytoplankton
structure in the study area indicates that on the north-
ern Barents Sea shelf (stations 6854, 6856, 6864, and
6866) and near the continental slope (st. 6862), there
were later stages of phytoplankton succession deter-
mined by the water column stratification due to sum-
mer heating of the surface layer. The depletion of
nutrients in the upper producing layer results in the
termination of diatom bloom followed by its descent to
the underlying layers. For example, the subsurface
maximum abundance and biomass of diatoms from
the genera Eucampia and Thalassiosira and Phaeocys-
tis pouchetii located at the bottom of the photic zone
and associated with the nutricline were recorded at
shelf stations 6854 and 6856, as well as at st. 6862
(Table 2). Such maxima are a typical characteristic of
summer phytocenoses on the northern Svalbard shelf
under the ABC impact [8].

In the vicinity of the Franz Josef Land archipelago
(stations 6864 and 6866), the phytoplankton develop-
ment was limited by the low nutrients concentrations,
primarily zero concentrations of nitrate nitrogen con-
sumed during the spring bloom of diatoms (Table 2).
The mixotrophic and heterotrophic dinoflagellates
from the genera Gymnodinium and Gyrodimium domi-
nated in the community. At st. 6864, where the ABC
core was markedly pronounced, the AW indicators

were coccolithophorid E. huxleyi (3.2 × 103 cell L–1,
the layer of 0–20 m) and the warmwater large dinofla-
gellate Ceratium horridum, which was encountered at a
depth of 20 m at the boundary between the polar sur-
face and the Arctic intermediate water masses [8].
Extremely low abundances of phytoplankton were

recorded at st. 6866 (as much as 4.6 mg m–3, the hori-
zon of 20 m) compared to the remaining stations,
where the presence of the AW core with a salinity of
34.8 psu was the least pronounced: the highest tem-
perature for the layer of 100–200 m was recorded at
the horizon of 111 m (–0.02°C, Table 2).

Thus, the results of the studies performed in the
summer of 2020 are indicative of cardinal restructur-
ing of plankton phytocenoses in the marginal ice zone,
which occurred in the dominants upon a sharp
increase in abundance of the new dominant species,
the boreal Arctic P. glacialis, to the bloom level. This
species replaced the cold-water Arctic species of the
“ice f lora” from the genera Fragilariopsis, Nitzchia,
and Navicula, which dominated in the plankton phy-
tocenoses of the marginal ice zone of this segment in
the Nansen Basin in August 2012 [8]. Interestingly, the
unprecedented high level of community biomass
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(30 g m–3) was reached due to the mass development
of one species (P. glacialis), which was widespread in
the North Atlantic and in those areas of the boreal
zone that are characterized by the occurrence of a sea-
sonal ice sheet. Taking into account the discovery of
this species in the ABC core at st. 6862, we suggest that
it was transported by the waters of this current to the
High Arctic.

The discovered phenomenon of mass development
of Porosira glacialis in the Nansen Basin is by its nature
a spring bloom that is developed in the marginal ice
zone during ice melting and is usually observed in the
High Arctic in July–August. At such high latitudes

(83○ N), the phenomenon of spring bloom was regis-
tered in situ for the first time. Increased productivity
in the marginal ice zone was recorded earlier only by
the satellite data [19]. The bloom was initiated by the
active influence of the ABC waters. The influence of
these waters was traced up to the water surface, which
led to the formation of the shallow sharply-gradient
halocline that separated the melt waters from the
underlying layers. The absence of bloom at st. 6861,
which was also located in the marginal ice zone, can be
explained by the weak ABC influence.

The ABC impact in August 2020 was traced on the
phytocenoses of both the shelf stations and over the
continental slopes. In the absence of an ice sheet, the
subsurface maxima abundance and biomass were
formed in the 30- to 50-m layer, primarily due to the
diatom Eucampia groenlandica, the species forming
spring bloom in the subpolar North Atlantic and the
Arctic in the open waters. The areas where the ABC
impact was minimal (st. 6866) were where the lowest
level of quantitative development of phytoplankton

was recorded (4.6 mg m–3).

CONCLUSIONS

The first in-situ data were obtained on the intense

bloom of diatoms with a biomass of 30 g m–3 in the
marginal ice zone (83° N) of the Nansen Basin result-
ing from the active influence of the Atlantic water.

It was shown for the first time that cryopelagic
large centric diatom Porosira glacialis can be a species
forming blooms in the marginal ice zone in the High

Arctic. At high abundances (3.6 × 105 cell L–1),
the contribution of this alga to the total biomass
reached 99%.

It was established that the formation of the shallow
sharply-gradient halocline separating the melt waters
from the underlying waters and causing the Atlantic
water to rise to the surface was the main trigger of the
phytoplankton bloom.
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