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Abstract—The paper describes the results of a complex study of phytoplankton carried out at the end of
August to the first half of September 2020 in the southeastern part of the Barents Sea and the southwestern
part of the Kara Sea simultaneously with the determination of hydrological and hydrochemical characteris-
tics. The taxonomic list of microalgae found in the studied area included 35 representatives identified to spe-
cies. Of these, 14 (40%) were found in both basins. In the Pechora Sea, the average number of phytoplankton
in the water column varied from 10650 to 41840 cells/L, and the biomass varied from 71.04 to 300.55 ug/L;
in the southwestern part of the Kara Sea, the values of these indicators were 3510—28420 cells/L and 16.31—
66.96 ng/L, respectively. Both communities were at the autumn stage of seasonal succession; in terms of bio-
mass, forms of arcto-boreal origin, predominantly oceanic, prevailed, and in the list of dominants, large-
celled centric diatoms and dinoflagellates accounted for equal proportions. Species not exhibiting high abun-
dance values were distinguished by a great degree of patchiness in spatial distribution: they were present at a
small number of stations and not in all seawater layers. Thus, the results of the comparative analysis allow us
to assert that the pelagic algocenoses of the compared regions, despite the difference in the hydrological
parameters, were characterized by a significant degree of similarity. In general, the situation described con-
firms the hypothesis of the floristic unity of the southeastern part of the Barents Sea and the southwestern

part of the Kara Sea.

DOI: 10.1134/82079086423050122

INTRODUCTION

Biogeographic studies of marine phytoplankton
have a history of more than a century, but so far there
is no single methodological concept in this area of
hydrobiology. And although the assertion that the
water masses of the World Ocean is a unity of the envi-
ronment and the biota living in it is recognized as obvi-
ous, often each area within the boundaries of marine
water bodies is considered as a separate structure with
a pelagic algoflora inherent only to it. This approach,
called “biotopic” (Moiseev, 1986), assumes the iden-
tification of some abiotic characteristics of relatively
homogeneous areas of the water area by similarity,
which are considered phytogeographic regions on this
basis.

There is also a directly opposite view on the con-
duct of floristic research: similar areas are identified
by juxtaposition of all available taxonomic lists of
microalgae in the literature (Okolodkov, 2000; Ilyash
and Zhitina, 2009). It looks more adequate to the task,
but in fact it has the same main drawback as the bio-
tope described above—the artificial separation of the
environment and biota. As a result, the overall high

species diversity and vast ranges of most organisms
lead to not entirely correct results. This is clearly man-
ifested in attempts to identify biogeographic regions in
the Arctic basin. Practically all communities phyto-
plankton inhabiting the gyres of the Greenland, Nor-
wegian, and Barents seas and the southwestern part of
the Kara Sea largely originate from the same source,
namely, from the large-scale Subarctic circulation
located in the North Atlantic south of Greenland
(Vinogradova and Gruzov, 1990). The bringing of rich
cosmopolitan flora from the North Atlantic to the
Arctic creates a high level of taxonomic similarity. And
then, on the basis of only the species composition, we
can make a paradoxical conclusion that in all the listed
water areas we are dealing with the same algocenosis.
A similar point of view is found in the literature (Guil-
lard and Kilham, 1977; Heimdal, 1989); moreover,
there is even a concept that considers the entire World
Ocean as a biotope, and the entire phytoplankton as a
community (Williams et al., 1981)—however, the lat-
ter term is rejected by the authors themselves, but the
essence of this does not change.

In the current situation, the most promising is the
comparison of the algoflora of nearby areas geograph-
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Fig. 1. Schematic map of the study area and location of sampling stations.

ically belonging to different water bodies. A good
example of these are the southeastern part of the Bar-
ents Sea (SEBS) and the southwestern part of the Kara
Sea (SWKS). The question of the unity of their bio-
geographic status was already considered earlier (Dru-
zhkov and Makarevich, 1999). Both approaches
described above gave grounds for this assumption:
these areas are characterized by a high similarity of
hydrological and ice regimes, as well as microalgae
species lists (Gronlund et al., 1994, 1995, 1997;
Matishov et al., 1996; Druzhkov et al., 1997). The low
degree of interannual variability of both abiotic envi-
ronmental parameters and biological indicators is also
important (Loeng, 1989; Izmenchivost’'..., 2004; Lari-
onov, 2016; Sukhanova et al., 2017).

However, in order to avoid the above disadvan-
tages, at least two conditions must be met when mak-
ing such a comparison. Firstly is the use of method-
ological procedures of terrestrial phytocenology. In
studies of continental natural communities, they are
identified on the basis of a comparison not of the
entire species composition of organisms, but of groups
of dominants, primarily edificatory species, which are
almost always flowering plants. In pelagic ecosystems,
these are namely representatives of the dominant
groups of phytoplankton. Being the main primary pro-
ducers of organic matter, they determine the overall
productivity of the water area, cause “blooming” of
seawater, and also, because of different metabolism,
affect most hydrochemical parameters. Ultimately,
they turn out to be an environment-forming factor for
the remaining components of the biocenosis, forming
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a system of consortive relationships and, to a large
extent, the entire structure of the ecosystem (Khailov
et al., 2005).

Secondly, the correct choice of the season for con-
ducting research is necessary. The described taxo-
nomic similarity of Arctic algocenoses is a character-
istic feature of the winter stage of development with a
predominance of cryoflora representatives and the
spring stage, when the maximum biomass is actually
created by one set of diatom species of the ice-neritic
complex (Makarevich and Druzhkova, 2007). There-
fore, for a reliable comparison of the composition of
microalgae, observations should be made in the final
phase of the annual succession cycle, in the late sum-
mer and autumn seasons (Wang et al., 2018).

The aim of our work was to test the possible unity
of the phytogeographic status of two geographically
different water areas (the southeastern part of the Bar-
ents Sea and the southwestern part of the Kara Sea) on
the basis of a comparative analysis of phytoplankton
communities in these areas at the end of the growing
season.

MATERIALS AND METHODS

Observations were made in the southeastern part of
the Barents Sea and the southwestern part of the Kara
Sea (Fig. 1) at the end of August to the first half of
September 2020 during the voyage of the R/V Dalnie
Zelentsy (Reisovyi otchet..., 2021).

The temperature and salinity of water masses were
determined using an SBE 19plus STD probe. Water
Vol. 13
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Fig. 2. Temperature distribution (°C) in the planes of conditional sections in the studied areas of the Pechora Sea (a) and the

southwestern part of the Kara Sea (b).

samples for phytoplankton and chlorophyll a content
and biogenic elements were sampled from the same
10-L Niskin bottles of the ROSETTE HydroBios
MWS-12 complex immediately after hydrological
sounding. Sampling was performed at six stations in
the Pechora Sea and eight stations in the Kara Sea
from the surface, intermediate, and near-bottom hori-
Zons.

The obtained material was processed according to
standard hydrobiological methods: phytoplankton
samples with a volume of 1—2 L concentrated by back
filtration to a final volume of 4—5 mL and fixed in 40%
formaldehyde solution (final concentration was 2—
4%) for subsequent microscopy (Sukhanov, 1983).
Taxonomic identification of organisms and cell counts
were performed under an Amplival light microscope
(with magnification x400) in a Nageotte counting
chamber with a volume of 0.05 mL according to the
standard methodical scheme (Fedorov, 1979). The
names of species and systematic groups are given
according to the nomenclature adopted in electronic
sources: AlgaeBase (https://www.algaebase.org/),
WoRMS (http://www.marinespecies.org). The bio-
mass was calculated using tables of average cell vol-
umes of microalgae (Makarevich et al., 1993).

Seawater samples were filtered for the content of
pigments (volume 3—5 L) in the ship’s laboratory
using a vacuum filtering unit (pump manufactured by
GAST, United States). We used membrane filters with
a working surface diameter of 47 mm and a pore size of
0.6 um. The concentration of chlorophyll a was deter-
mined by the spectrophotometric method (GOST,
2001). The extract was studied on a Nicolett Evolution
500 UV-Visible spectrophotometer (Spectronic Uni-
cam, United Kingdom).

In parallel, hydrochemical studies were carried out:
the content of dissolved oxygen in water and mineral
forms of the main biogenic elements were assessed.
The oxygen concentration was determined by the
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Winkler method; nitrites, nitrates, phosphates, and
silicates were measured on a PE-5300VI photoco-

lorimeter. Inorganic dissolved phosphorus (P—POff)
was determined by the Morphy-Riley method, dis-

solved silicon (Si—SiO:f*) was determined by the
Korolev method, and nitrite (N-NO,) and nitrate

nitrogen (N-NOy5) was determined by the method of
Bendschneider and Robinson (Rukovodstvo..., 1993).

RESULTS
Hydrological and Hydrochemical Parameters

The distribution of the main hydrological indica-
tors in the plane of the sections of the studied areas is
shown in Figs. 2 and 3. The southwestern part of the
Kara Sea was characterized by a distinct pycnocline
located at a depth of 10—15 m in the mouth area of
Baydaratskaya Bay (stations 4 and 6) and at a depth of
25—30 m in the rest of the water area. The total range
of temperature fluctuations was from —1.51 to
+11.39°C, and the salinity varied from 29.08 to
34.38 psu; in the upper mixed layer, the minimum val-
ues reached +8.85°C, and the salinity was 32.87 psu.
At all stations, except for the fourth and sixth, a layer
of water with below-zero temperature and a slightly
lower salinity was found in the depth range from 35 to
60 m. It is formed by the Kara Sea proper water mass,
which forms in winter as a result of convective mixing
(Fomin and Petrov, 1985; Zatsepin et al., 2010). Below
are warmer and more saline waters, most likely of Bar-
ents Sea origin (Zatsepin et al., 2010).

In the Pechora Sea, owing to shallow depths, the
distribution of temperature and salinity was almost
uniform, and the range of variability of their values was
8.81—10.94°C and 27.52—31.56 psu, respectively. At
the same time, the minimum temperature values and
the maximum salinity values were recorded only in the
near-bottom horizon at station 21, located on the east-
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Fig. 3. Salinity distribution (psu) in the planes of conditional sections in the studied areas of the Pechora Sea (a) and the south-

western part of the Kara Sea (b).

ern edge of the section, where the influence of trans-
formed Atlantic waters is very weak (Byshev et al.,
2003).

A characteristic feature of the distribution of
hydrochemical parameters in the waters of the south-
western part of the Kara Sea was the presence of a sig-
nificant vertical gradient of values with an intermedi-
ate minimum in the pycnocline layer and a maximum
near the bottom (Table 1). The concentration of sili-
con in the surface layer varied from 0.70 to 1.91 ug-
at/L; its highest content was noted at station 8, the
deepest one in this area. The remaining biogenic ele-
ments studied were characterized by low values in the
zero horizon and their drop in the density jump layer
to analytical zero, which may be a consequence of only
the photosynthetic activity of autotrophic biota.
Nitrate nitrogen was a limiting factor for phytoplank-
ton: at a zero level of nitrates, there was some excess of
phosphates and silicates, and the N/Si ratio did not
exceed 1.0 on average. The minimum value of the last
characteristic (0.04) was recorded in the surface layer
at station 10 (at a low level of silicates: 0.89 ug-at/L).

Also, in the distribution of biogens in this part of
the water area, some mosaicism was revealed: in the
zero horizon at stations 7 and 8, an area of low concen-
trations of both phosphates and nitrates was distin-
guished, and at station 6, on the contrary, their con-
tent was the highest. At the same time, the Si/P ratio
at the first two stations averaged 51.8, and at the last
one, 9.5: this situation clearly indicates the localiza-
tion of various water masses in these areas (Khmelnits-
kaya, 2011).

In the Pechora Sea, the hydrochemical parameters
were characterized by low values and homogeneity of
spatial distribution (Table 1).

The maximum concentrations were found in the
east of the region (stations 22, 23), in the zone of fresh
runoff. The most significant correlations were found
in the salinity—phosphate pairs (r = —0.79, R* = 0.62)
and “salinity—silicates” (r = —0.71, R> = 0.52). The
N/P ratio is low on average (0.6), which indicates a
deficiency in nutrients (Ilyin et al., 1985). At stations
25 and 26, zero values of nitrites and nitrates were

Table 1. Concentrations of biogenic elements (ug-at/L) in the studied water area

Horizon P-PO, N-NO, N-NO;, Si-SiO,
Southwestern part of the Kara Sea
Surface 0.09 +0.03 0.014 +0.008 0.17 £0.09 1.62 +0.34
0.02—-0.30 0—0.062 0-0.72 0.70—1.91
Bottom 0.70 £0.14 0.055+0.022 6.23 + 1.66 7.64 £2.25
0.20—1.29 0-0.157 0.85 —15.45 1.75—19.04
Pechora Sea
Surface 0.15+0.04 0.015£0.007 0.11£0.07 3.84+1.03
0.02—-0.25 0—0.040 0-0.42 0.65—6.85
Bottom 0.14 £ 0.02 0.005 £ 0.003 0.11£0.04 3.76 £ 0.85
0.07—0.18 0-0.013 0-0.18 1.73—6.41
BIOLOGY BULLETIN REVIEWS Vol. 13 No. 5 2023
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Table 2. Values of concentrations of chlorophyll @ (mg/m?) in the studied water area

Station number Surface horizon Jump layer Bottom horizon
Southwestern part of the Kara Sea
4 0.45 0.20 0.07
6 0.09 0.40 —*
7 0.08 —* —*
8 0.28 0.21 —*
10 0.11 0.15 —*
11 0.11 —* —*
14 —* 0.20 0.09
17 0.41 0.41 0.12
Pechora Sea
21 1.48 0.99 1.04
22 0.66 0.64 0.58
23 0.79 1.10 1.01
24 1.33 0.95 1.03
25 0.60 2.02 1.05
26 0.81 1.22 0.68

* Values below the sensitivity of the method.

found at the surface and near the bottom, with the
lowest silicon content for the horizon (1.73 ug-at/L at
the bottom, 0.65 ug-at/L at 0 m).

The concentration of chlorophyll ¢ in the surface
layer of the Kara Sea water area did not exceed
0.45 mg/m? (average 0.22 * 0.15 mg/m?); in the pyc-
nocline zone, the range of values of this indicator was
from 0.15 to 0.41 mg/m?, while at some stations they
turned out to be lower than the sensitivity of the
applied method; in the near-bottom horizon, a similar
situation was observed at most stations (Table 2). In
the Pechora Sea, owing to shallow depths, almost
complete uniformity was observed in the distribution
of pigment throughout the water column. In the sur-
face layer, the content of chlorophyll a averaged 0.92 +
0.29 mg/m?; in the density jump layer, it averaged
1.15 £ 0.46 mg/m?; in the near-bottom layer, it aver-
aged 0.99 + 0.22 mg/m?>. Low average pigment con-
tent in the photic layer (in SWKS, 0.24 + 0.13 mg/m?3;
in SEBS, 1.02 + 0.33 mg/m?®) and the proportion of
pheophytin >50% in both water bodies characterize
the late summer and autumn stages of the seasonal
succession of pelagic algocenoses.

Qualitative and Quantitative Indicators
of Phytoplankton Development

A complete taxonomic list of microalgae found in
the studied water area is given in Table 3. It includes 35
organisms identified to the species level, as well as
unidentified representatives of several genera and large
taxa of various ranks. According to the systematic
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position, 15 species belong to the class Bacillariophy-
ceae, 16 belong to the class Dinophyceae; the other
4 go to the class Ebriophyceae (Ebria tripartita), Dic-
tyochophyceae (Octactis speculum), Prasinophyceae
(Polyasterias problematica), and Pyramimonadophy-
ceae (Halosphaera viridis). In terms of phytogeo-
graphic affiliation, 10 species are of arcto-boreal ori-
gin, 9 are of boreal origin, and 16 are cosmopolitans.
In ecological terms, 21 species were characterized as
neritic, 7 as oceanic, and 7 as panthalassic.

A logical question may be the absence of cocco-
lithophorids (small flagellates from the class Prymne-
siophyceae) in this list. This group has especially
attracted the attention of researchers over the past
twenty years, since it regularly forms powerful blooms
in the Barents Sea basin in summer, which is usually
explained by increased inflow of Atlantic waters
(Sergeeva et al., 2020; Pautova, 2021). We did not find
these organisms, most likely for methodological rea-
sons. When fixed with formalin, coccolithophores
very quickly lose their calcareous plates, and their reli-
able identification becomes impossible. However, the
cells themselves are not destroyed, and therefore they
are counted with other flagellates as “unidentified
flagellates.” And here it should be noted that this
group in none of the water bodies at any station com-
posed a significant share in the total number of
microalgae, and therefore, coccolithophorids, at least
in the autumn season, do not play a significant role in
the algocenoses of the studied areas. This fact can be
fully explained by the fact that both in the SWKS and
in the SEBS, the influence of Atlantic waters is
extremely weak (Nikiforov et al., 2003; Zatsepin et al.,
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Table 3. General taxonomic list of representatives of phytoplankton communities in the studied water area: on a light gray
background, species found only in the SWKS; on dark gray, only in the SEBS

Taxon

Class Bacillariophyceae
Asteroplanus karianus (Grun.) C. Gardner et R.M. Craw-
ford, 1997
Cerataulina pelagica (Cl.) Hendey, 1937
Chaetoceros borealis Bailey, 1854
C. curvisetus Cl., 1889
C. decipiens Cl., 1873
C. laciniosus F. Schiitt, 1895
Chaetoceros sp.
Ceratoneis closterium Ehr., 1839
Leptocylindrus danicus Cl., 1889
L. minimus Gran, 1915
Melosira sp.
Odontella granulata (Roper) R. Ross, 1986
Paralia sulcata (Ehr.) Cl., 1873
Rhizosolenia hebetata Bailey, 1856
Skeletonema costatum (Grev.) Cl., 1873
Thalassionema nitzschioides (Grun.) Mereschk., 1902

Thalassiosira decipiens (Grun.) Jorg, 1905
Unidentified diatoms
Class Pyramimonadophyceae

Halosphaera viridis F. Schmitz, 1878

Class Ebriophyceae
Ebria tripartita (J. Schumann) Lemm., 1899

Class Euglenoidea
Unidentified forms

Class Dinophyceae
Dinophysis arctica Mereschk., 1879
D. norvegica Clap. et Lachm., 1859
Gonyaulax sp.
Gyrodinium fusiforme Kof. et Sw., 1921
G. lachryma (Meunier) Kof. et Sw., 1921
Heterocapsa triquetra (Ehr.) Stein, 1883
Phalacroma rotundatum (Clap. et Lachm.) Kof. et
Michener, 1911
Protoperidinium brevipes (Pauls.) Balech, 1974
P. cerasus (Pauls.) Balech, 1973
P. pallidum (Ostf.) Balech, 1973
P. pellucidum Bergh, 1881
Scrippsiella trochoidea (Stein) Loeblich 111, 1976
Tripos arcticus (Vanh.) F. Gomez, 2013
T fusus (Ehr.) F. Gémez, 2013
T. horridus (Cl.) F. Gémez, 2013
T. lineatus (Ehr.) F. Gébmez, 2013
T. longipes (J.W. Bailey) F. Gomez, 2013
Unidentified flagellates
Class Dictyochophyceae

Octactis speculum (Ehr.) E.H. Chang, J.M. Grieve &
J.E. Sutherland, 2017

Class Prasinophyceae
Polyasterias problematica (Cl.) Meunier, 1910

Class Cyanophyceae
Unidentified forms

2010), and even over the past decades no tangible
changes have been observed either in the ice regime, or
in the hydrological environment, or in the taxonomic
composition of phytoplankton (Pautova, 2003, 2021;
Izmenchivost’..., 2004; Sukhanova et al., 2011; Lari-
onov, 2016).

At the same time, a comparison of two sections of
the study area revealed the following features. Among
the microalgae found throughout the water area
(almost every one of them had very similar quantita-
tive indicators in both areas under consideration); five
species of diatoms, eight dinophytes, and one repre-
sentative Ebri classophyceae (Ebria tripartita) were
detected. Five forms had Arkto-boreal origin, one had
boreal origin, and eight had cosmopolitan origin.
According to the ecological characteristics, nine ner-
itic species, three oceanic, and two panthalassic spe-
cies were noted.

BIOLOGY BULLETIN REVIEWS

Among the organisms recorded only in the south-
western part of the Kara Sea, diatoms and dinoflagel-
lates composed equal shares (six species each), and
representatives of other systematic groups were also
present: Octactis speculum, Polyasterias problematica,
Halosphaera viridis. The phytogeographic structure of
this algocenosis included four arcto-boreal species,
three boreal species, and eight cosmopolitans; the
ecological structure included seven neritic forms and
four each of oceanic and panthalassic forms. In the
Pechora Sea, among the species found only in this res-
ervoir, there were four representatives of diatoms and
two representatives of dinophytes; five forms were of
boreal origin and one was of arcto-boreal origin; five
species belonged to the neritic form and one belonged
to the panthalassic form.

The described indicators indicate that, in general,
the communities of pelagic microalgae in the studied
Vol. 13
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part of the Arctic basin were characterized by the com-
plete predominance of representatives of two classes—
Bacillariophyceae and Dinophyceae—approximately
at the same ratio. At the same time, organisms of all
three phytogeographic and three main ecological
groups characteristic of this region were recorded,
with the exception of freshwater and reliably identified
forms of microphytobenthos. The largest share in
algocenoses was cosmopolitans, which, however, were
absent among the species found only in the Pechora
Sea. Representatives of the neritic algal flora predom-
inated throughout the studied area, while panthalassic
and oceanic forms played a much smaller role (organ-
isms of the latter group were not recorded at all in the
Pechora Sea area). All of the above features can gener-
ally be considered typical of the Arctic pelagic ecosys-
tems of the northern seas. Neither in the taxonomic,
nor in the phytogeographic, nor in the ecological
structures were significant differences found between
the algocoenoses of the Barents and Kara Sea pelagic
zone. The list of species found only in the Pechora Sea
is poorer, but this may be due to the fact that observa-
tions were made only in one rather narrow coastal area
of the reservoir (Larionov, 2016).

We see a somewhat different picture when consid-
ering the spatial distribution of the dominant forms of
microalgae. Among them, small, unidentified repre-
sentatives of diatoms, dinophytes, and euglena algae
stand out in terms of abundance, reaching high con-
centrations throughout the entire studied area. In
addition to them, diatoms Thalassiosira decipiens,
Thalassionema nitzschioides, and Paralia sulcata make
up a significant proportion in the Barents Sea area. In
the Kara Sea waters, the level of their abundance is
much lower, and the first species is absent altogether.
In terms of biomass, the leading position is occupied
by the following organisms: in the entire studied area,
Chaetoceros borealis and Tripos longipes; occurring in
both areas, but prevailing in this indicator only in the
Kara Sea, Dinophysis norvegica and Scrippsiella tro-
choidea; only in the Pechora Sea, Paralia sulcata,
Thalassionema nitzschioides, and Tripos fusus. Also
among the dominants registered only in the Kara Sea
waters are Lepfocylindrus danicus, Tripos arcticus,
Gonyaulax sp., Gyrodinium lachryma, Protoperidinium
brevipes, and Halosphaera viridis; only in the Barents
Sea waters are Thalassiosira decipiens and Tripos horri-
dus. Thus, quite pronounced differences between the
considered algocenoses can be traced: the main part of
the biomass of microalgae is formed by their various
representatives, including those developing in any one
of the water bodies. In addition, if in the community of
the Kara Sea there are no forms that are noticeably
predominant in abundance, and among the species
found only in this area, there are a large number of
leaders in biomass, then in the Pechora Sea the situa-
tion is reversed.

At the same time, attention is drawn to a clearly
manifested feature of the spatial distribution, which is
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characteristic of all identified phytoplankton organ-
isms without exception: none of them was recorded at
all stations of the studied basin. Even forms that
unquestionably dominated in terms of abundance or
biomass reached significant average values of these
parameters owing to very high concentrations only in
small areas of water bodies, often at two or three sta-
tions, while in the rest of the water area their abun-
dance levels were minimal or zero. However, the
assemblages of species found only in one of the two
compared areas differ in this respect. In the south-
western part of the Kara Sea, there are also no repre-
sentatives of the algocoenosis that would be present at
each station, while in the Pechora Sea this feature is
not absolute: all dominants were recorded throughout
the entire studied area of the reservoir.

As for the general quantitative indicators of phyto-
plankton development, they also reveal differences
between the communities of the studied areas of the
Pechora and Kara seas (Table 4, Figs. 4, 5). In general,
the range of fluctuations in the values of both charac-
teristics over the water area was small, with the excep-
tion of algocenoses at stations 4 and 6, located in the
mouth area of Baidaratskaya Bay. Moreover, if dia-
toms Skeletonema costatum completely predominate in
abundance there and to a lesser extent Leptocylindrus
danicus and L. minimus (only at station 4, at station 6
both species are absent), then the biomass is domi-
nated by dinoflagellates 7ripos longipes, and dino-
phytes Gonyaulax sp. and Dinophysis norvegica and
diatoms Chaetoceros borealis, L. danicus (at station 4),
and Rhizosolenia hebetata (encountered only at these
two stations and only in the zero horizon) play a sec-
ondary role. Thus, there is another manifestation of
the mosaic nature of the spatial distribution of
microalgae.

Comparison of the total values of quantitative indi-
cators of phytoplankton development in the two con-
sidered sites revealed (without taking into account the
community at station 4) a higher level of both in the
Pechora Sea, on average, by about a factor of 2. For
the same region, a greater scatter between observation
points was also noted.

In the vertical structure of pelagic algocenoses,
there are no noticeable differences between stations
and water bodies (again, with the exception of station 4).
In the Barents Sea region, it can be considered homo-
geneous in the entire water column. The Kara Sea area
was characterized by very similar values of the abun-
dance of organisms in the surface layer and at the
depth of the density jump, and significantly lower val-
ues in the near-bottom horizon. The latter fact can be
fully explained by differences in relief: the studied area
of the southwestern part of the Kara Sea was charac-
terized by depths of the order of 100 m or more, while
in the shallow Pechora Sea, their values were in the
range of 12—22 m.
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Table 4. Values of the total abundance (thousand cells/L, numbers above the line) and biomass (ug/L, numbers below the

line) of phytoplankton in the studied water area

. Horizon Average in water
Station
surface pycnocline benthic column
Southwestern part of the Kara Sea
4 117.80 18.90 4.17 28.42
285.44 48.23 4.06 66.96
6 34.80 33.17 5.47 16.39
184.12 92.95 11.71 51.95
; 9.98 692 0.84 8.24
77.90 54.88 1.20 60.49
g 837 3.96 245 544
64.16 44.24 3.32 41.27
10 9.04 1120 0.94 4.18
81.34 89.71 1.36 32.19
I 925 9.24 1.56 3.51
76.13 34.35 2.58 16.31
14 0.00 5.36 2.32 485
0.00 80.91 8.88 60.24
17 10.75 851 2.18 479
60.60 95.58 4.24 41.96
Pechora Sea
26 28.73 40.15 28.05 34.27
235.77 353.27 259.91 300.55
)5 1241 7.96 14.27 10.65
93.94 43.20 103.80 71.04
24 14.03 12,67 7.92 12.09
122.97 90.75 51.11 92.07
2 46.40 40.05 40.84 41.84
54.91 79.85 128.65 85.81
2 27.22 25.86 18.89 24.87
168.65 186.39 118.56 167.50
1 27.37 33.77 11.69 27.43
133.24 242.54 93.03 179.85
DISCUSSION 1995); the third is the cyclonic gyre, which occupies

It is known that the inflow of Atlantic waters has a
significant impact on the hydrometeorological
regimes of the southeastern part of the Barents Sea.
(Gronlund et al., 1995, 1997; Matishov et al., 1996)
and the southwestern section of the Kara Sea (Ste-
panov, 1979). The region under consideration is char-
acterized by a complex dynamics of currents formed by
three main circulations. The first is the cyclonic
(counterclockwise) circulation of the Pechora Sea,
which is especially pronounced in the spring—summer
period. (Gronlund et al., 1995, 1997; Arkhipov and
Popov, 1996; Matishov et al., 1996); the second is a
clockwise circulation, enveloping the coast of the
Novaya Zemlya archipelago (Batskikh and Denisov,
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the entire southwestern part of the Kara Sea (Ste-
panov, 1985). The result is a stable and diverse net-
work of water exchange between the Pechora and Kara
seas, which is carried out through the straits of the
Kara Gate and Yugorsky Shar. There is also intense ice
exchange between these two basins, but it is seasonal
(Loeng, 1991). There is every reason to assume that
there is also a drift of organisms, as a result of which
(given that the transfer of water from west to east is
predominant) it is the phytoplankton of the Pechora
Sea that plays a decisive role in the formation of the
pelagic algoflora of the entire Novaya Zemlya phyto-
geographic province (Druzhkov and Makarevich,
1999).
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Fig. 4. The number of phytoplankton (thousand cells/L) at the studied horizons of stations located in the southwestern part of

the Kara Sea (a) and in the Pechora Sea (b).

(a)
300 -
] O0m
250 H O Jump
B Bottom
200 H
150 H
100 H
o L[]
Rill
4 6 7 8 10 11 14 17

(b)
400

350
300 |
250
200

150 +
100 +
ST
0
26 25 24 23 22 21

Fig. 5. Phytoplankton biomass (ug/L) at the studied horizons of stations located in the southwestern part of the Kara Sea (a) and

in the Pechora Sea (b).

An analysis of the results of past studies conducted
in these areas generally confirms this hypothesis. It
shows that the communities of planktonic microalgae
in the southeastern part of the Barents Sea and the
southwestern part of the Kara Sea are formed mainly
by arcto-boreal neritic species with a high proportion
of cosmopolitans. At the same time, the predomi-
nance of arcto-boreal forms in the pelagic zone is a
characteristic feature not only of the Barents and Kara
seas but also of other marginal basins of the Arctic.
Moreover, in all these water areas there is a great sim-
ilarity in the composition of the dominant complex of
organisms (Guillard and Kilham, 1977; Heimdal,
1989; Druzhkov and Makarevich, 1996). The remain-
ing ecological and phytogeographic groups do not
occupy a leading position in the ecosystems of these
areas. The presence of boreal (warm-water) elements
in them can be explained by the influence of trans-
formed Atlantic waters. The contribution of the cryo-
philic flora (mainly pennate diatoms) to the commu-
nities of the SEBS and SWKS is insignificant, and in
the open water summer period, it is minimal, since the
ice cover here is seasonal (Stepanov, 1985). The main
differences in the taxonomic composition of pelagic
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algocenoses in these areas are found among micro-
phytobenthic and freshwater forms, but these are
allochthonous and uncharacteristic components, and
therefore their consideration can be neglected.

Our observations covering the winter and spring
periods since the 1980s (Makarevich, 1998; Makarev-
ich and Druzhkova, 2010) also indicate the similarity
of communities in these water bodies. The timing of
the start of vegetation and the set of dominant forms in
the Pechora Sea and the southwestern part of the Kara
Sea are very close; the differences are only in the pres-
ence of single specific taxa for individual areas and in
small deviations in the calendar dates of the onset of
the maximum phytoplankton bloom.

However, all the considered materials have one sig-
nificant drawback: they hardly affect the summer and
autumn phases of the annual succession cycle of algo-
cenosis development. In fact, the conclusion about
the uniformity of their composition in these areas is
based mainly on a comparison of species complexes
that form the peak of spring flowering. Such an
approach can be justified by the fact that it is these rep-
resentatives that absolutely dominate in the pelagic
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zone in terms of abundance and/or biomass. And it
ultimately leads to a logical conclusion about the uni-
formity of the unicellular algoflora of all northern
seas, called panarctic (Guillard and Kilham, 1977) or
ice-neritic (Vinogradova and Gruzov, 1990). More-
over, even in those studies that include a complete list
of organisms, the same technique is used: the forms
characteristic of the summer—autumn period are
ignored, since they do not form abundance levels
comparable to spring ones, and are characterized by a
mosaic spatial distribution, occurring not on the entire
area of the water body and only in some areas reaching
high concentrations. However, one should not forget
that such a pattern is generally typical of marine phy-
toplankton communities that are in the phase of mixed
synthesis of the annual production cycle (Makarevich
et al., 2012). Species leading in terms of quantitative
indicators at this stage, even if for a short time and in a
limited water area, should nevertheless be recognized
as dominants and, as such, be included in a compara-
tive floristic analysis.

In this regard, the results of the work presented in
this article are of particular value, since they make it
possible to fill this gap and make the necessary adjust-
ments to determine the biogeographic status of the
study areas. The previous section clearly shows signif-
icant differences between the waters of the SEBS and
SWKS in terms of hydrological and hydrochemical
parameters. The reasons for this are obvious: the dif-
ference in depths and dynamics of currents. The con-
sequence, in turn, is the differences in the absolute
values of the abundance and biomass of microalgae.
Against this background, the revealed similarities of
the compared communities will undoubtedly indicate
their closeness.

One of these, of course, should be considered a
characteristic of the seasonal state of phytoplankton.
Pelagic algocenoses of both water bodies, according to
all signs, were at the end of the summer to the begin-
ning of the autumn stage of succession. The thermo-
haline structure of the water column fully corre-
sponded to this phase of the annual hydrological cycle,
which was quite well studied both in the Pechora Sea
(Nikiforov et al., 2003) and in the area of the Kara Sea
area under consideration (Zatsepin et al., 2010). The
average and limit values of nutrient concentrations
were typical of the specified season and did not show
noticeable differences from the studies described in
this period of time in different years for the Barents
Sea basin (Pozdnyakova and Vinogradov, 1966; Mak-
kaveev et al., 2003; Sergeeva et al., 2018) and for the
Kara Sea (Shirokolobov, 1982; Makkaveev and Stun-
zhas, 1994; Makkaveev et al., 2010; Morozova et al.,
2013). The levels of chlorophyll @ and the structure of
its spatial distribution also almost coincide with those
published in the literature based on the materials of
observations of different years carried out in Septem-
ber in the SEBS (Vedernikov et al., 2001, 2003) and
the SWKS (Vedernikov et al., 1994; Mosharov, 2010).
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A similar result is obtained by comparing the qual-
itative and quantitative characteristics of phytoplank-
ton with those given earlier for the same season in the
Pechora Sea (Makarevich, 1996; Pautova, 2003; Lari-
onov, 2016) and the southwestern part of the Kara Sea
(Druzhkov and Makarevich, 1996; Sukhanova et al.,
2017). Both the general taxonomic lists and the sets of
dominant species and the average absolute values of
abundance and biomass are consistent. From this, by
the way, we can conclude that the interannual variabil-
ity of these indicators is weak. The reason for this is a
long-established fact: the range of long-term fluctua-
tions in climatic factors, primarily the timing of the
formation and melting of ice cover, is extremely small
in these areas of the basin (Loeng, 1989; Zubakin,
1987; Izmenchivost’ prirodnykh uslovii..., 2004).

On the basis of the foregoing, according to the
results of a comparison of the two communities under
consideration, it seems necessary to highlight the fol-
lowing important features.

(1) In both studied algocenoses, microalgae
belonging to the spring species complex are com-
pletely absent, even in single quantities.

(2) Of the total number of identified organisms,
40% were recorded in the pelagic zone of both areas
under consideration.

(3) Among the phytoplankters recorded both in the
Southwestern Kara Sea and the Southeastern Barents
Sea, only forms of arcto-boreal origin, predominantly
oceanic, were in the lead in terms of biomass. Among
those found only in the Pechora Sea are boreal neritic;
only in the Kara Sea are cosmopolitans and arcto-
boreal species from various ecological groups.

(4) In the list of dominants, both common to both
water bodies and found only in one of them, large-
celled centric diatoms and dinoflagellates accounted
for almost equal shares.

(5) Microalgae, which did not reach high abundance
values, were distinguished by a greater “mosaic”
degree of spatial distribution: they are present at a
smaller number of stations and not at all horizons.

Thus, the analysis allows us to state that the pelagic
algocenoses of the compared regions, despite the dif-
ference in hydrological parameters, were at the same
stage of seasonal succession and were characterized by
a significant similarity in their qualitative composi-
tion, including ecological and phytogeographic affili-
ation. An important feature of the summer and even
more so autumn phases of their annual succession
cycle is the absence of species that far outnumber the
others in quantitative indicators over a vast area of the
water area. It is this picture that we observe in the pre-
sented material: against the background of the general
taxonomic diversity, a relatively large number of forms
dominate in small areas of the water area. At the same
time, the differences in the composition of microalgae
within the same water body are not less but even more
than those between them.
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CONCLUSIONS

The described situation as a whole confirms the
hypothesis about the floristic unity of the Pechora Sea
and the southwestern part of the Kara Sea pelagic
zone. At the same time, it should be especially empha-
sized that such confirmation was obtained on the basis
of material that practically excludes alternative expla-
nations. The hydrological and hydrochemical param-
eters of the considered water bodies in the autumn of
2020 were characterized by significant differences,
which caused different levels of abundance of organ-
isms, but at the same time did not affect the qualitative
composition of the algoflora. The selected season of
observations determined the presence of communities
at the stage of succession with the maximum species
diversity and high mosaic distribution of most species;
despite this, they clearly showed similarities in the set
of dominants and the ratio of forms of different origin.

As a result, we can conclude that the main mecha-
nism of floristic integration of the southeastern part of
the Barents Sea and the southwestern part of the Kara
Sea is a stable intense water exchange between these
areas. Nevertheless, further research and comparison
with the description of the summer—autumn state of
pelagic algocenoses in other water bodies of the Arctic
Basin is necessary for the final verification of the
hypothesis under discussion: at the moment, these
data are few or completely absent.
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