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Abstract—Studies have been performed on a transect along 130°30′ E from the Lena River delta (71°60′ N) to
the continental slope and adjacent deepwater area (78°22′ N) of the Laptev Sea in September 2015. The struc-
ture of phytoplankton communities has distinct latitudinal zoning. The southern part of the shelf (southward of
73°10′ N), the most desalinated by riverine discharge, houses a phytoplankton community with a biomass of
175–840 mg/m2, domination of freshwater Aulacoseira diatoms, and significant contribution of green algae
(both in abundance and biomass). The northern border for the distribution range of the southern complex of
phytoplankton species lies between the 8 and 18 psu isohalines (~73°10′ N). The continental slope and deepwa-
ter areas of the Laptev Sea (north of 77°30′ N), with a salinity of >27 psu in the upper mixed layer, are populated
by the community prevalently composed of Chaetoceros and Rhizosolenia diatoms, very abundant in the Arctic,
and dinoflagellates. The phytoplankton number in this area fall in the range of 430–1100 × 106 cell/m2, and the
biomass, in the range of 3600 mg/m2. A moderate desalinating impact of the Lena River discharge is observed
in the outer shelf area between 73°20′ and 77°30′ N; the salinity in the upper mixed layer is 18–24 psu. The phy-
tocenosis in this area has a mosaic spatial structure with between-station variation in the shares of different alga
groups in the community, cell number of 117–1200 × 106 cells/m2, and a biomass of 1600–3600 mg/m2. As is
shown, local inflow of “fresh” nutrients to the euphotic layer in the fall season leads to mass growth of diatoms.

DOI: 10.1134/S0001437017010209

INTRODUCTION
The Laptev Sea is an epicontinental Arctic water-

body of high interest to researchers. This is determined
by its central position in the system of Siberian seas and
a great effect of the riverine discharge, first and fore-
most, the discharge of the Lena River, the largest Sibe-
rian river, on the regime of this sea and the overall eco-
system. Research in the Laptev Sea intensified in the
1990s under various international projects. The Rus-
sian–German program The Laptev Sea System (which
commenced in the early 1990s and continued for over
15 years) [7] has considerably contributed to this area.
This program in its marine part was mainly focused on
the ice regime, hydrology, sedimentation processes,
geochemistry, geology, and riverine discharge, as well as
the climate and paleoclimate. The biological aspect of
oceanological research, to say nothing of ecosystem
studies, was rather modest in volume; thus, the key links
between environment and biota, which determine the
structure and production of the Laptev Sea ecosystem,
and the roles of leading components of the biota in the
matter flows still remain understudied.

The studies of the phytoplankton of this sea and the
factors determining the structural and functional

parameters of this key ecosystem component are very
sparse. See [1, 2, 4, 6, 8, 15, 16, 18, 20, 22, 23] for data
on the composition and quantitative distribution of
plankton algae.

A number of papers [2, 5] list the observed phyto-
plankton species and the dominant species do not
analyze of the structure of the phytocenosis. Data on
the phytoplankton composition and quantitative char-
acteristics on the Lena River delta and Bukhor-Khaya
Bay in summer (end of July–beginning of August) are
available [2, 18]. Seasonal changes in the phytoplank-
ton composition and quantitative characteristics in the
Lena River delta and adjacent Laptev Sea shelf have
been characterized by Tuschling [23]. The author
himself regards the sampling performed in different
years and different seasons, large distances between
sampling stations in summer and fall, and the absence
of accompanying comprehensive hydrophysical and
hydrochemical data as considerable shortcomings of
the work. She did not consider the early fall season of
succession (the first half of September) and the struc-
ture of the phytocenosis in the deepwater Laptev Sea
regions. Tuschling’s values of the phytoplankton abun-
dance and biomass [23] demonstrate considerable vari-
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ation of the quantitative characteristics in different peri-
ods of seasonal succession and no less pronounced
interannual variation in seasonal data (Table 1). Two
other papers [16, 22] report data on characteristics of
the phytocenosis in the same regions and time as in
our studies. A high abundance of the euryhaline sym-
biotic infusoria Mesodinium rubrum was recorded in
the Lena River delta and directly adjacent inner shelf,
which explained the comparatively high level of inte-
gral primary production [22]. Sorokin and Sorokin
[22] also determined the boundary for mass distribu-
tion of freshwater phytoplankton over the shelf, which
coincided with the 15 psu isohaline. The determined
northern boundary of the plume desalinated by river-
ine discharge lay between 75° and 76° N [16]. The
change in salinity in the peripheral frontal zone of the
plume was 10 psu along ~50 km, and the authors asso-
ciated the boundary for the region with the dominance
of freshwater phytoplankton with the 13 psu surface
isohaline. A mass accumulation of Chaetoceros socialis
(8.5 × 106 cells/L) formed by vegetative cells and rest-
ing spores was discovered at the northernmost station
of the transect in the continental shelf area. The rest-
ing spores accounted for ~30% of the total population.
However, these papers [16, 22] lack any analysis of the
latitudinal changes in species composition of phyto-
cenosis as well as data on phytoplankton in the deep-
water part of the Laptev Sea.

The goal of this work was to analyze the composi-
tion and distribution of phytoplankton in different lat-
itudinal zones in the eastern part of the Laptev Sea
from the Lena River delta to its deep abyssal; to quan-
titatively characterize the latitudinal zoning of phyto-
cenosis in terms of abundance, biomass, and chloro-
phyll a concentration; to assess the ranges of domi-
nance and the boundaries to which the freshwater
phytoplankton complex spread northward into the
shelf area and to which the marine species spread over

the shelf; and to compare the quantitative characteris-
tics of the phytocenosis obtained in different years for
the early fall period of seasonal succession.

STUDY AREA, MATERIALS, AND METHODS

The work was performed in the eastern part of the
Laptev Sea during September 8–14, 2015. The stations
were located along a meridional transect at 130°30′ E
between 72°00′ and 78°45′ N. Only the southernmost
station, 5216, in Buor-Khaya Bay was shifted by half a
degree westward into the region intensively influenced
by freshwater Lena River discharge coming in through
the Bykov Channel (Fig. 1).

Phytoplankton was sampled with an SBE 911 probe
equipped with a Rosette SBE 32 with 12 5-L Niskin
bottles. The depths for phytoplankton sampling were
selected based on the data of preliminary temperature,
salinity, and fluorescence probing. Samples were col-
lected from three to five depths: the upper mixed layer
(one to two samples), the layer of the density jump and
the f luorescence maximum (one to two samples), and
the layer under the pycnocline (one to two samples).
To analyze phytoplankton, 2 L of water were sampled
from each Niskin bottle. The samples for assaying the
chlorophyll a concentration and concentrations of
nutrients were also taken from the same bottles.

Phytoplankton was concentrated by gentle reverse
filtration technique of 2-L samples through Dacron
filters (pore size, 1 μm) [9]. The final volume of a con-
centrated sample was 40–90 mL. All samples were
processed in a living state either immediately after
sampling or over 1–2 days. Until assayed, the samples
were stored in a refrigerator at a temperature of 2–3°C.
The samples were examined in Nageotte chambers
(volume, 0.085 mL) at a magnification of ×400 and
Nauman’s (volume, 1 mL) chambers at a magnifica-
tion of ×200. Dead diatom cells were also counted to

Table 1. Seasonal changes in the phytoplankton abundance (N × 103 cells/L), carbon biomass (B, mgC/m3) and chloro-
phyll a concentration (mgC/m3) in estuarine zone, desalinated surface “lens”, and at station over continental slope
of Laptev Sea in transect along 130°30′ E (according to Tuschling [23])

* Regions are named according to [23].

Region* Season N B Chl a

Estuarine zone

Spring 
(May–June) 100–500 1–65 0.04–0.34

Summer 
(early August) 250–400 25–80 2.2–2.7

Fall (October) 15.0 5.0 No data

Desalinated surface “lens”
Summer 
(early August) 100–2500 10.0–225.0 0.24–0.64

Fall (October) 8.0 1.0 No data

Continental slope Summer 
(early August) 600 125 0.84
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assess the state of populations during the study period.
Chlorophyll and particulate matter were assayed as
described in [5, 17, 12]. The carbon content in cells
was calculated using the corresponding coefficients for
different taxa and size groups [19, 24].

RESULTS

Hydrophysical and Hydrochemical Characterization 
of the Study Area

The Laptev Sea is the shallowest of the Eurasian
Arctic seas. The 60-m isobathic line runs 450–550 km
from the coast [1]. In general, a characteristic of this
sea is the lowest salinity of the upper mixed layer as
compared with other Arctic seas [14].

The structure of the Lena River delta has no ana-
logs among the rivers of the Russian Arctic. The delta
consists of several large channel sand numerous tra-
verse small arms running on a peninsula extending
into the sea. The deltas of two large branches—the
Bykov Channel (length 106 km) and Trofimov Chan-
nel (length, 148 km)—are on the eastern part of the
peninsula; the discharge of these branches into the sea
are traceable as independent isolated plumes.

The average volume of the Lena River discharge is
542 km3/year. The spring high water takes place in
June. The June and July discharge into the sea
account for 36.4 and 20.2% of the annual Lena River
discharge, respectively; the September (our study
period) discharge amounts to 11.9% [6]. During the
summer low water period (our study period), 25% of
the total discharge (25.6 km3) passes through the

Bykov Channel, and up to 65% (66.8 km3), through
the Trofimov Channel.

Figure 2 shows the distribution of salinity and tem-
perature along the transect at 130°30′ E during our
study. The inner shelf region adjacent to the Lena
River delta (stations 5216–5219) had a considerably
desalinated 2–4-m upper mixed layer (salinity, 2.5–
8 psu), temperature of 7.1–8.3°C, a sharp pycnocline
with a thickness of 2–3 m, and a sharp vertical salinity
gradient of 3–5 psu/m. The Secchi depth in this
region did not exceed 3 m, and the photosynthetic
layer was no thicker than 10 m. The water column
there had a low transparency due to the high concen-
tration of suspended matter entering with the riverine
discharge (5–16 mg/L in the surface layer).

Considerably desalinated surface waters were
traced to 73° N (station 5219). Salinity in the upper
layer sharply increased by 10 psu to ~18 psu, while
temperature dropped by 2°C (to 5.1°C), and the layer
of the density jump descended to a depth of 10 m at
73°20′ N (station 5220) 35 km to the north. The con-
centration of suspended matter in the surface layer
decreased to 1.5 mg/L.

Station 5215-2 deserves special attention. The pyc-
nohalocline at this site locally rises to the surface,
thereby decreasing the depth of the upper quasi-
homogenous layer, increasing salinity in this layer to
~22 psu and decreasing temperature to 3.4°C (Fig. 2).
The layer of the density jump in this region extended
vertically (from 4 to 15 m), displayed lower vertical
salinity and temperature gradients compared with
more southern regions, and resided within the photo-
synthetic layer.

Fig. 1. Transect and stations location. 
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Fig. 2. Distributions of (a) salinity (thick line—upper boundary of pycnocline) and (b) temperature along transect at 130°30′ E.
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The desalinating effect of riverine discharge
occurred again seaward of station 5215-2: at stations
5221–5223 in the upper 10–12 m and at station 5224
in the upper 4 m of the water column, decreasing salin-
ity to 15.9–21.6 psu. The temperature at station 5221
rose to 4.3°C and gradually decreased to 3.7°C to the
north, at station 5224. The concentration of sus-
pended matter in the overall water column except for
the bottom layer did not exceed 1 mg/L.

The northern boundary of the outer shelf region
desalinated by riverine discharge ran between station
5224 (77° N) and slope station 5228 (77°39′ N; depth,
90 m). The salinity beyond this region increased from
22 to 27 psu and the temperature decreased to 3°C
(Fig. 2). The Arctic water at stations 5225–5227
(above depths of >1000 m) showed a salinity of 27–
30 psu, temperature of 2–3°C, and weak density gra-
dients in the layer of the density jump, the upper
boundary of which was at a depth of 13–16 m. The
concentration of suspended matter in this region was
below 0.5 mg/L.

The concentration of nutrients, except for silica,
was universally low. The highest SiO2 concentrations,
reaching 58.5–66.6 μM, were recorded in the most

desalinated region of the inner shelf adjacent to the
Lena River delta (stations 5216–5219, Fig. 3). The sil-
ica concentration in the upper 10–15 m remained at a
level of 20 μM to 77° N and decreased in the upper
mixed layer to 10.5 μM farther along the transect to
78° N (station 5228). The SiO2 concentration in the
surface layer at stations 5227 and 5225 (depths of 1980
and 2700 m) was 7.6 and 4.1 μM, respectively (Fig. 3).

The amount of nitrates in the photosynthetic layer
along the transect varied in a wide range, from 0.15
(station 5227) to 5.2 μM (station 5215-2) (Fig. 3).
The highest concentrations, 2.6–4.2 μM, were
observed at southern stations of the transect in the
region most exposed to the Lena River discharge.
The nitrate concentration decreased north of this
region to 0.15–2.3 μM, except for station 5215-2,
where subsurface water layer was locally enriched for
nutrients (Fig. 3). The NO3 concentration in the sur-
face 10-m layer there reached the maximum value for
the overall transect, 5.2 μM.

The concentration of nitrites at all stations of the
transect did not exceed 0.9 μM, and the ammonia
content varied from 0.5 to 1.4 μM. The content of
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phosphates varied in the range of 0.09–0.16 μM, being
at a level limiting phytoplankton growth.

Species Composition of Phytoplankton

In total, 136 freshwater and marine algal species
were identified in the examined region, including
60 diatoms, 36 dinoflagellates, and 21 green algae.
Few species of the following taxonomic groups were
found Chrysophyceae (five species), Dictyoсhophy-
ceae (two species), Prymnesiophyceae (two species),
Cryptophyceae (five species), Prasinophyceae (two
species), and Cyanophyceae (three species). Some of
the cells were identified only to the genus level. Small
f lagellates and juvenile stages in the life cycle of dino-
flagellates presented considerable difficulties to iden-
tification. In these cases, cells were measured during
examination to calculate their volume and order them

according to size categories. We took into account
flagellates with a cell diameter >5–6 μm.

Table 2 lists the algal species not mentioned in the
available literature as components of the phytocenoses
in the examined region [1, 2, 4, 6, 15, 16, 18, 20, 22, 23].
Some of the species from this list are widespread in Arc-
tic seas and significantly contribute to the total abun-
dance and biomass of phytoplankton in the Laptev Sea.

The species composition of plankton algae makes it
possible to distinguish two distinctly different phyto-
plankton complexes, namely southern and northern.
The species belonging to the classes Bacillariophy-
ceae, Chlorophyceae, and Cyanophyceae were domi-
nant in the southern complex, established under the
influence of freshwater Lena River discharge (Fig. 4).
Bacillariophyceae were prevalent at three of the four
stations located in the region with the maximum influ-
ence of freshwater discharge (stations 5216–5219).
Several Aulacoseira species (A. granulatа, A. distans,

Fig. 3. Distributions of dissolved silica (SiO3) and nitrates (NO3) along transect at 130°30′ E. 

D
ep

th
, m

Distance, km

Station no. 522527 2826 24 23 22 21 15_2 20 19 18 17 16

72°74°78° 76° N

0

10

20

30

40

50

60
700 600 500 400 300 200 100 0

NO–, µM3

1

11 1

2 2

6

8

8

4

4

D
ep

th
, m

Distance, km

Station no. 5225 27 2826 24 23 22 21 15_2 20 19 18 17 16

72°74°78° 76° N

0

10

20

30

40

50

60
700 600 500 400 300 200 100 0

SiO–, µM3

10

20

5030 40



80

OCEANOLOGY  Vol. 57  No. 1  2017

SUKHANOVA et al.

Table 2. List of phytoplankton species of Laptev Sea not mentioned in available literature [2–4, 6, 12, 14, 16, 17, 20] (abun-
dance, cells/L)

Taxa Ecological characterization Biogeographic 
characterization

Maximum species (genus) 
abundance in our samples

Bacillariophyceae
Chaetoceros borealis M B–A (C?) 110
Chaetoceros gracilis M and Е C 7500
Chaetoceros simplex N B? 16800
Chaetoceros subtilis Br B 15450
Chaetoceros teres M B–A 400
Diatoma vulgare S B–A 200
Hemiaulus hauckii M B 200
Eucampia zodiacus M C 1100
Fragilaria capucina S and E C 72850
Fragilaria crotonensis S and E B 17100
Fragilaria striatula N B–A 80
Fragilaria (Ulnaria) ulna S C 200
Fragilariopsis oceanica M A 500
Nitzschia longissima N, E C 4520
Rhizosolenia hebetata f. hebetata M B–A 560
Roperia tesselata M C 430
Skeletonema subsalsum Br B? 8700
Dinophyceae
Actiniscus pentasterias M C 40
Alexandrium sp. 40
Amphidinium sphaenoides P B–A 40
Cochlodinium sp. N B 50
Dinophysis acuminata N and E T–B–A 2690
Gymnodinium simplex N T–A–B 1600
Gymnodinium vitiligo N B 750
Gymnodinium veneficum N B 450
Gymnodinium wulffii P B 200
Gyrodinium aureolum M B 40
Gyrodinium fusiforme P T–B–A 120
Gyrodinium lachryma P B–A 50
Gyrodinium pinque N B 130
Gyrodinium spirale N K 20
Heterocapsa triquetra P and E B (C) 6500
Katodinium glaucum N В–Т (C) 260
Katodinium rotundatum N B–T 1620
Prorocentrum sp. 2270
Protoceratium reticulatum N B 20
Chlorophyceae
Ankistrodesmus falcatus S A–B 7350
Ankistrodesmus fusiformis S A–B 23900
Chlorella sp. S 33100
Coelastrum sp. S 200
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Numbers exceeding 10 × 103 cells/L are boldfaced; M, marine species; E, euryhaline; Br, brackish water; S, freshwater; N, neritic;
P, panthalassic; A, Arctic; B, boreal; T, tropic; and C, cosmopolitan species; (?) species with indistinct biogeographic characterization.

Coenochloris fottii S A–B 800
Dictyosphaerium ehrenbergianum S A–B 1500
Dictyosphaerium pulchellum S A–B 5450
Monoraphidium arcuatum S A–B 620
Monoraphidium contortum S A–B 20300
Monoraphidium griffithii S A–B 5120
Pediastrum duplex S A–B 60
Pediastrum biradiatum S A–B 460
Scenedesmus acuminatus S A–B 1700
Scenedesmus arcuatus S A–B 7700
Scenedesmus parvus S A–B 2840
Scenedesmus quadricauda S 10200
Oocystis sp. S 70
Chrysophyceae
Calycomonas wulffii P A–B? 12750
Meringosphaera tenerrima N A–B 2750
Olisthodiscus luteus N and E B 1000
Cryptophyceae
Hillea fusiformis N B 5000
Leucocryptos marina P B–A 860
Plagioselmis prolonga N B 7730
Rhodomonas sp. 30
Prasinophyceae
Pyramimonas grossii P C 41600
Tetraselmis sp. N B 950
Euglenophyceae
Eutreptiella braarudii N B–A 550
Eutreptiella sp. 2550
Dictyochophyceae
Parapedinella reticulata N B 80
Cyanophyta
Oscillatoria sp. P T–B 230
Raphidophyceae
Olisthodiscus luteus Br B? 1000

Taxa Ecological characterization Biogeographic 
characterization

Maximum species (genus) 
abundance in our samples

Table 2.   (Contd.)

and A. italica) were the most abundant. The maximum
abundance of Aulacoseira species was observed in the
surface layer at station 5216 (655 × 103 cells/L) and
was associated with the minimum salinity (2.7 psu).
The maximum abundances of Fragilaria capucina (73 ×
103 cells/L), Asterionella formosa (50 × 103 cells/L), and
Diatoma elongatum (63 × 103 cells/L) were recorded at
the same site. As for the northern periphery of the max-

imally desalinated region (station 5219), green Chloro-
coccales were the most abundant there (Table 3, Fig. 4).
The most abundant of them were Ankistrodesmus
fusiformis, A. falcatus, Monoraphidium contortum,
Chlorella sp., and several Scenedesmus species. There
were extremely few blue-green algae.

The northern boundary of the biotope inhabited by
the southern algal complex coincided with the frontal
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boundary in the periphery of the maximally desali-
nated shelf coastal zone, where salinity increased from
8 to 18 psu in the upper mixed layer, and was located
between stations 5219 and 5220 (73°30′–74°00′ N)
(Figs. 1, 2a). Only a few freshwater species were
observed beyond this region, and their numbers did
not exceed 1000–2000 cells/L. The group that dis-
played the highest salinity tolerance was green algae of
the genera Scenedesmus and Monoraphydium (in par-
ticular, M. arcuatum and M. griffithii). Note that the
spatial changes in the ratio of freshwater and marine
species in the most desalinated southern shelf region
(stations 5216–5219) were determined by the local
impact of freshwater discharge from the Bykov and
Trofimov Channels (Table 4, Fig. 5).

Dead cell counts in the populations of individual
species belonging to the genus Aulacoseira, the most
abundant among the freshwater diatoms, showed an
increase in the relative abundance of dead cells with
distance from the zone inf luenced by freshwater dis-
charge and with sinking to layers under the pycno-
cline (Table 5). The abundance of Aulacoseira in the
sample from a depth of 10 m (bottom layer) taken at
station 5217 was six times higher compared with the
surface layer and over one order of magnitude higher
compared with the subsurface layer; at that dead cells
accounted for ~60% of the total abundance observed
for this genus.

The northern phytoplankton complex, observed
north of 77°30′ N at slope and deepwater stations 5225–
5228, consisted of marine species widespread in Arctic
seas. The abundance and biomass of the algae making
up this complex during our study were mainly deter-

mined by centric diatoms and, to a lesser degree, by
dinoflagellates. Chaetoceros algae were the most abun-
dant among diatoms, in particular, the widespread Arc-
tic–boreal species C. debilis and C. decipiens, neritic
species C. compressus, and Arctic species C. furcellatus.
The listed species were represented not only by vegeta-
tive cells, but also by spores (Table 6). C. furcellatus was
observed almost completely as spores; presumably, it
had completed its vegetation several weeks before our
observations. Along with Chaetoceros, another Arctic–
boreal species, Rhizosolenia hebetatа, mainly R. hebe-
tatа f. semispina, was a significant contributor to the
biomass of the northern phytoplankton complex. The
dinoflagellate species Heterocapsa triquetra, Ceratium
arcticum, Protoperidinium pellucidum, P. brevipes, and
Gymnodinium sp. were a considerable component of the
northern complex as well as the juvenile stages of dino-
flagellates. The northern complex also contained
Dictyocha speculum, a member of the class Dictyocho-
phyceae.

Part of the species constituting the northern phyto-
plankton complex spread far southward to the area of
the outer shelf and were observed at a salinity of 22 to
18 psu in the upper mixed layer. The dinoflagellates
Dinophysis acuminata, Protoperidinium bipes, P. pellu-
cidum, Katodinium glaucum, K. rotundatum, Gymnod-
inium vitiligo, Gyrodinium fusiforme, G. pinque, and
Heterocapsa triguetra and the diatoms Chaetoceros
wighamii, C. subtilis, C. gracilis, and Thalassionema
nitzschioides were among these species. Among the
other algal species and groups, weakly desalinated area
of the outer shelf was home to Dinobryon balticum,

Fig. 4. Changes in total phytoplankton biomass (Bw, mg/m2) and contributions (%) of different algal groups to total biomass along
transect at 130°30′ E: (1) diatoms, (2) dinoflagellates, (3) green algae, (4) f lagellates, and (5) others. 
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Calycomonas wulfii, Pyramimonas sp., and Crypto-
phyceae.

A mosaic spatial structure of the phytocenosis was
observed in the region of the outer shelf (stations 5220–
5224) separating the coastal (most desalinated) and the
deepwater sea regions and inhabited by the southern
and northern phytoplankton complexes, respectively

(Table 3, Fig. 4). In particular, Prasinophyceae
(24.6%), flagellates (21.3%), Bacillariopyceae (19.8%),
and Dinophyceae (19.2%) were observed at station
5220 with almost equal abundances and flagellates
(32.9%), Dinophyceae (20.4%), Cryptophyceae
(22.0%), and Bacillariopyceae (17.1%), at station 5221.
Stations 5222 and 5223 characteristically showed a very

Table 3. Phytoplankton total abundance (N × 106 cells/m2) and biomass (B, mg/m2), abundance and biomass of individual
algal groups, and their contribution (%) to total abundance and biomass

Contribution of group to total abundance and biomass (%) is italicized.

Station 
no. Layer, m Total Diatoms Dinoflagellates Green Flagellates

% N B N B N B N B N B

5216 0–6 2025.0 840.0 1940.0 722.5 16.2 71.8 53.1 7.5 5.3 10.1

% 94.1 86.0 0.8 8.5 2.6 0.9 0.3 1.2

5217 0–10 655.8 353.7 463.1 169.3 11.6 80.3 70.3 36.4 86.0 61.2

% 70.6 47.9 1.8 22.7 10.7 10.3 13.1 17.3

5218 0–10 426.0 216.0 228.4 133.0 39.0 31.2 64.3 6.2 82.0 39.6

% 53.6 61.6 9.2 14.4 15.1 2.9 19.2 18.3

5219 0–10 398.0 174.0 100.0 65.1 14.8 15.3 164.6 25.0 91.8 45.2

% 25.1 37.5 3.7 8.8 41.4 14.4 23.1 26.0

5220 0–14 1216.7 593.5 240.2 138.1 233.4 330.7 146.0 19.5 259.5 71.2

% 19.8 23.3 19.2 55.7 12.0 3.3 21.3 12.0

5215 0–16 2025.3 1450.4 1331.0 1271.0 80.3 99.8 6.6 2.4 411.6 59.6

% 66.2 87.6 4.0 6.9 0.3 0.2 20.5 4.1

5221 0–15 578.0 646.0 98.8 262.5 117.8 303.0 – – 190.4 40.7

% 17.1 40.6 20.4 46.9 32.9 6.3

5222 0–15 406.8 353.0 1.2 1.5 152.8 306.0 + + 237.6 42.2

% 0.3 0.4 37.6 86.7 58.4 12.0

5223 0–15 366.3 576.0 10.4 192.8 89.6 287.6 + + 257.6 89.4

% 2.8 33.5 24.5 49.9 70.3 15.5

5224 0–20 117.0 530.1 10.1 247.2 90.9 206.4 – – 8.4 2.8

% 8.6 46.6 77.7 50.3 7.1 0.5

5228 0–22 548.9 3592.2 424.7 3332.1 40.4 157.1 – – 16.1 6.0

% 77.4 92.8 7.4 4.4 2.9 0.2

5226 0–27 434.7 1010.4 61.6 235.3 165.1 386.8 – – 66.5 67.0

% 14.2 23.3 38.0 38.3 15.3 6.6

5227 0–27 707.1 1585.5 333.7 1116.4 165.3 335.6 – – 146.9 35.1

% 47.2 70.4 23.4 21.2 20.8 2.2

5225 0–25 1114.0 3155.0 668.3 2297.0 187.5 508.5 – – 155.1 44.3

% 60.0 72.8 16.8 16.1 13.9 1.4

5230 0–20 325.3 1929.0 125.7 1539.0 135.0 317.6 – – 9.8 18.8

% 38.6 79.8 41.5 16.5 3.0 1.0
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low abundance of diatoms (0.3 and 2.8% of the total cell
numbers, respectively), maximum abundance of flagel-
lates (58.4 and 70.3%, respectively), and dominance of
Dinophyceae in the biomass. As for station 5224, juve-

nile stages of Dinophyceae were dominant in abun-
dance, accounting for 48% of the total cell counts.

Phytoplankton Abundance and Biomass

The phytoplankton abundance and wet biomass
in the photosynthetic layer of the studied region var-
ied in a very wide range, from 117 × 106 cell/m2 (6 ×
103 cells/L) to 2025 × 106 cell/m2 (340 × 103 cells/L)
and from 174 (17.4 mg/m3) to 3592 mg/m2

(163.3 mg/m3), respectively (Figs. 5, 6).

The highest phytoplankton abundance was recorded
at stations 5216 and 5215-2 (Table 4, Fig. 5) as well as a
high algal biomass, amounting to 178.0 mg/m3 at sta-
tion 5216 and 97 mg/m3 at station 5215-2. Diatoms
were dominant at both stations, accounting for 96.0
and 68% of the total phytoplankton abundance and
97.0 and 89.0% of the total biomass, respectively
(Fig. 4). These stations fundamentally differ in the
environmental conditions and composition of the
phytocenosis. Station 5216 was located in the most
desalinated coastal region (Fig. 2a), where the fresh-
water diatom complex was dominating and Aulacoseira
species accounted for 78.0% of the total diatom cell
numbers. As for station 5215-2, localized at the south-
ern boundary of the desalinated outer shelf region,
where the pycnohalocline rises to the surface and the
euphotic zone is enriched in nutrients, the marine dia-
tom complex was dominant and several Chaetoceros
species accounted for 92.2% of the total diatom cell
numbers. The vertical distribution of algae also con-
siderably differed. The maximum cell numbers at sta-
tion 5216 were associated with the surface layer resid-
ing above the density jump, similar to the overall coastal
shelf region most desalinated by the Lena River dis-
charge (Fig. 7). The majority of phytoplankton at sta-
tion 5215-2 were concentrated in the lower part of the
photosynthetic layer at a depth of 10 m (Fig. 7).

The highest values of wet phytoplankton biomass,
carbon biomass, and chlorophyll a concentration for
the entire study area amounted to 174.8, 25.0, and
1.2 mg/m3, respectively, and were observed in the
southernmost maximally desalinated part of the tran-
sect (station 5216) in the photosynthetic layer (Table 4).
Note that 75% of the total phytoplankton biomass
were concentrated in the upper 2-m layer, where the
maximum chlorophyll a concentrations were also
observed (Fig. 7). At the same station, the populations
of dominant Aulacoseira species displayed the lowest
rate of dead cells (Table 5). Station 5216 was directly
influenced by the freshwater discharge from the Bykov
Channel. The rates of dead cells in Aulacoseira popu-
lations at the stations in the rest of coastal maximally
desalinated shelf region were considerably higher,
mainly (Table 5), suggesting degradation of the fresh-
water phytocenosis with the distance from the mouth
of the channel.

Table 4. Abundance (N × 106 cells/m2), wet biomass of
phytoplankton (Bwet, mg/m2), biomass in carbon units
(Bc, mg/m2), contribution of marine species (%ms), chloro-
phyll a concentration (Chl a, mg/m2), and mean algae cell
weight (W, pg) in photosynthetic layer along transect

Station, 
layer N Bwet Bc Chl a W

5216, 0–6 m 2025.0 840.0 122.0 7.1 415

% ms 3.2 26.6 15.1

5217, 0–10 m 655.8 353.7 49.1 7.7 540

%ms 4.8 30.9 26.5

5218, 0–10 426.0 216.0 29.3 4.0 507

%ms 28.2 38.2 35.5

5219, 0–10 397.9 174.1 23.5 3.4 435

%ms 14.4 37.6 32.6

5220, 0–14 1216.7 593.5 67.9 8.7 490

%ms 67.6 85.7 86.1

5215, 0–16 2010.6 1450.4 164.9 8.3 720

%ms 98.5 97.9 97.2

5221, 0–15 578.0 646.0 64.2 6.3 1120

%ms 100 100 100

5222, 0–15 406.8 353.0 37.7 6.2 870

%ms 99.95 99.9 99.9

5223, 0–15 366.3 576.0 52.6 4.3 1500

%ms 99.5 99.7 99.5

5224, 0–2 117.0 530.1 37.1 1.1 4500

%ms 100 100 100

5228, 0–22 548.9 3592.2 166.2 7.6 6540

%ms 100 100 100

5226, 0–2 434.7 1010.4 110.3 8.4 2325

%ms 100 100 100

5227, 0–27 707.1 1585.5 106.1 7.5 2240

%ms 100 100 100

5225, 0–25 1114.0 3155.0 278.5 9.6 2830

%ms 100 100 100

5230, 0–20 325.3 1929.0 99.7 7.5 5900

%ms 100 100 100
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Fig. 5. Distribution of salinity (S, psu) and contributions of freshwater and marine algal species to total phytoplankton abundance
(N × 103 cells/m3) along transect at 130°30′ E: (1) freshwater and (2) marine species. 
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Characteristic of stations 5220 and 5225 was a com-
paratively high algal abundance. Station 5220 was near
the frontal boundary in the northern periphery of the
coastal region desalinated by the riverine discharge and
displayed a considerable increase in salinity in the upper
mixed layer (from 8 to 18 psu), decrease in the concen-
tration of suspended matter to 1.5 mg/L, and manifold
increase in transparency; however, the concentration of
nitrates in the photosynthetic layer remained at the level
of 3.0–3.5 μM, which is characteristic of the coastal
shelf zone. The freshwater phytoplankton abundance,
characteristic to the most desalinated shelf region, dras-
tically decreased at station 2220, whereas the abun-
dance of marine species increased. The maximum algal
abundance and biomass of 107 × 103 cells/L and
62 mg/m3, respectively, were recorded in the subsurface
layer at a depth of 5 m (Fig. 7).

Several Chaetoceros species of the northern complex
accounted for over 50% of the high phytoplankton
abundance at station 2552; at that half the cells were
represented by spores (Table 6). The vertical distribu-
tion of phytoplankton abundance in the upper 20 m was
uniform, which was determined by high transparency
and deep position of the gradient layer (Fig. 7).

The northern phytoplankton complex at deepwater
stations 5225–5227 and slope station 5228 had the

highest biomass in the study area (Table 4, Fig. 6). The
maximum biomass at stations 5225 and 5228 resulted
from a high abundance of large-celled Chaetoceros
species (mean cell volume, 3 × 103 μm3), Rhizosolenia
hebetata f. semispina (mean cell volume, 13 × 103 to
27 × 103 μm3), and auxospores of the latter (cell vol-
ume, 30 × 103 to 70 × 103 μm3). At stations 5225 and
5228, R. hebetata accounted for 64.1 and 43.0% of the
total phytoplankton biomass, respectively. Spores
considerably contributed to the abundance and bio-
mass of Chaetoceros populations at stations 5225–
5228; their relative content increased with depth and
reached 80–100% below 20 m (Table 6).

DISCUSSION
Our studies and the data of earlier works reveal dis-

tinct latitudinal zoning in the structure of phytoplank-
ton communities of the Laptev Sea (Fig. 8).

The southern shelf region, maximally desalinated
by the Lena River discharge, housed a phytoplankton
community with the prevalence of freshwater algal
species (accounting for 71.8–96.8% of the total phyto-
plankton abundance; Table 4, Fig. 8). The southern
complex of phytoplankton species displayed a high
total biomass (175–840 mg/m2; Fig. 6), dominance of
freshwater diatoms, significant contribution of green
algae to both abundance and biomass (Table 3, Fig. 4),
and moderate average algae cell volume (~500 μm3).
In our study, considerably desalinated surface water
and latitudinal distribution of the southern complex of
phytoplankton species were traceable to 73° N. How-
ever, it is evident that the northern boundary for the
distribution of the southern complex with its domi-
nance of freshwater forms is not distinctly associated
with particular coordinates and shifts depending on
the Lena River discharge intensity and the distribution
of surface salinity over the Laptev Sea shelf. It is pos-
sible to rather distinctly associate this boundary with a
certain salinity level in the upper mixed layer, which is
confirmed by the data for the region with significant
influence of the Lena River discharge as well as for the
Ob and Yenisei River estuaries [10, 13, 16, 22]. In our
study, the boundary was distinct and confined to
between the 8 and 18 psu isohalines.

The previous studies in the Lena River delta and
Laptev Sea shelf also distinguished a community asso-
ciated with the plume desalinated by the riverine dis-
charge and differing in both its composition and quan-
titative characteristics (Table 7) and allowed for draw-
ing of the northern boundary of the inner shelf
desalinated zone with its prevalent freshwater phyto-
plankton complex [16, 22]. Sorokin and Sorokin [22]
draw this boundary along the 15 psu isohaline, while
other researchers associate this boundary with the
13 psu isohaline. It was difficult to determine this
boundary with rather large distance between stations
and under high latitudinal gradient conditions over the

Table 5. Structure of Aulacoseira populations in the most
desalinated inner shelf area: total abundance of Aulacoseira
(Ntotal), counts of live (Nlive) and dead (Ndead) cells (N × 103

cells/L), and percentage of dead cells (%dead) in total Aula-
coseira numbers

* Samples from bottom layer contain ~90% of live cells with
altered chloroplast.

Station no. Horizon, m Ntotal Nlive Ndead %dead

5216
0 705.8 655.6 50.2 7.1
3 220.1 199.7 20.4 9.3
6 13.4 11.9 1.5 11.2

5217
0 25.9 19.2 6.7 25.9
4 4.0 2.7 1.3 32.5

10* 160.1 68.6 91.5 57.2

5218

0 38.3 29.8 8.5 22.2
4 17.7 4.7 13.0 73.4
9 1.3 0.6 0.7 53.8

17 1.7 – 1.7 100.0

5219

0 17.4 11.0 6.4 36.8
4 9.9 6.4 3.5 35.4
8 22.6 2.9 19.7 87.2

15 3.9 – 3.9 100.0

5220
0 1.3 0.5 0.8 61.5
5 0.7 0.2 0.5 71.4

10 19.1 3.2 15.9 83.2
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Table 6. Structure of Chaetoceros populations: abundance (N × 103 cells/L) and share of spores (%) in total Chaetoceros
numbers

Station no. Horizon, m N, total N, vegetative cells N, spores Spores, %

5228

0 12.6 12.6 0 0
10 23.1 22.0 1.1 4.8
20 3.7 1.8 1.9 51.4
35 0.2 0 0.2 100.0

5226

0 0.2 0.2 0 0
12 3.0 0.8 2.2 73.3
20 0.4 0.2 0.2 50.0
35 8.2 0 8.2 100.0

5227

0 4.1 2.2 1.9 46.3
12 19.4 4.4 15.0 77.3
18 2.6 1.9 0.7 27.0
32 22.8 2.5 20.3 89.0

5225

0 19.2 13.0 6.2 32.3
10 31.0 23.4 7.6 24.5
15 24.7 4.9 19.8 80.2
24 10.2 1.9 8.3 81.4

shelf; correspondingly, these differences should not be
regarded as basic. However, the authors distinctly dis-
tinguished the southern phytoplankton complex with
its prevalence of freshwater diatoms, the distribution
of which was associated with the inner shelf of the
Laptev Sea desalinated by the Lena River discharge
[16, 22, 23].

According to our data, the continental slope and
deepwater regions north of 77°30′ N were populated by
the northern phytoplankton complex distinctly different
in its species composition and biomass (Table 4). This
complex comprised marine species widespread in the
Arctic seas. In addition to large-sized diatom species

Chaetoceros and Rhizosolenia, dinoflagellates played a
significant role in the northern phytoplankton com-
plex. The average algae cell size was 8 fold larger as
compared with the southern complex and amounted to
~4000 μm3; the phytoplankton cell numbers were 430–
1100 × 106 cells/m2 and biomass, 1010–3600 mg/m2.
The contributions of diatoms to the abundance and
biomass were 14–80 and 23–93%, respectively, and of
dinoflagellates, 7–42 and 4–38%. The major factor
that limited a latitudinal expansion of the northern
algal species complex (as well as of the southern com-
plex) was salinity. The southern boundary of the area
occupied by the northern phytoplankton complex was

Table 7. Quantitative phytoplankton characteristics: abundance (N × 103 cells/L), wet biomass (Bwet, mg/m3), carbon bio-
mass (Bc, mg/m3), and chlorophyll a concentration (Chl a, mg/m3) in surface layer in studied region according to data of
different researchers

Region Parameter Our data
(September 8–9)

Sorokin and Sorokin [22], 
average for examined 

region (September 4–9)

Heiskanen and Keck [16], 
average for examined region

(September 3–8)

Inner shelf region most 
desalinated by Lena River 
discharge (>8 psu)

N 60–850 520
Bwet 50–345 140.0
Bc 7–52
Chl a 0.6–1.2 0.6

Surface “lens” in shelf 
desalinated by riverine 
discharge (18–22 psu)

N 40–106
Bwet 33–62 70.0 75.0
Bc 3.1–7.3
Chl a 0.4–0.9 0.4
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associated with the boundary of the desalinating
impact caused by the Lena River discharge on the
properties of the upper mixed layer, where salinity
increased northward from 22 to 27 psu (Figs. 2, 8).

All earlier studies of the Laptev Sea phytoplankton
considered neither the deepwater part of the basin nor
the continental slope. Only Fahl et al. [15] mentioned
the northern phytoplankton complex with a consider-
able contribution of dinoflagellates and its southern

boundary associated with a salinity of 24–25 psu based
on the analysis of algal remains in surface sediments.

Thus, diatoms were dominant in the eastern part of
the Laptev Sea in the southern shelf region, maximally
desalinated by riverine discharge, and in the northern
deepwater region with the maximum salinity of the
upper mixed layer in the first half of September and
the early fall period of succession (Figs. 4, 8). Salinity
was the major factor limiting the distribution of dia-

Fig. 7. Vertical distributions of salinity (S, psu), phytoplankton abundance (N × 103 cells/m3), and biomass (B, mg/m3) at stations
of transect along 130°30′ E. 
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toms belonging to both southern and northern algal
species complex.

The region of the outer shelf between 73°20′ and
77°30′ N during our studies was moderately desalinated
by the Lena River discharge. The salinity in the upper
mixed layer smoothly increased from 18 to 22 psu from
south to north. Characteristically, this region had a
mosaic spatial structure of the phytocenosis with a dras-
tic change in the shares of different algal groups of the
community from station to station. The share of fresh-
water species in the total phytoplankton abundance and
biomass in this region was below several percent. Typi-
cal algal cell numbers were 117–1200 × 106 cells/m2,
and the biomass was 350–590 mg/m2.

The latitudinal zoning in the structure of phyto-
plankton communities of the Laptev Sea is also evi-
dent according to diatom remains in current surface
sediments [15]. Fahl et al. [15] distinguished several
communities within the sea area confined by the 40-m
isobathic line. The community with the prevalence of
freshwater species occupied the coastal desalinated
zone to 74° N, followed northward (to 76° N) by the
community of ice algae with local areas of high abun-
dance of Thalassiosira nordenskioldii and Chaetoceros
spores. Chaetoceros represented by spores were domi-
nant in the region north of the New Siberian Islands
(~76° N) and east of 134° E.

The specific local features in hydrophysical struc-
ture and phytoplankton quantitative characteristics at
station 5215-2 deserve special consideration. The phy-
toplankton abundance there reached the level close to
the maximum for the overall examined area (2010 ×
106 cells/m2), and biomass was the highest for the entire
shelf region, 1450 mg/m2 (Table 4, Figs. 4, 6). Marine
diatoms distinctly dominated in the phytocenosis.
Several Chaetoceros species contributed significantly

to the community, accounting for 62% of the total
phytoplankton abundance and 74% of the total bio-
mass. The share of freshwater component in abun-
dance and biomass did not exceed 3%.

Station 5215-2 was at the edge of the surface water
“lens” desalinated by riverine discharge; the “lens”
resided in the outer shelf between stations 5215-2 and
5224 (Fig. 2). The depth of the upper mixed layer at
the periphery of the “lens” drastically decreased to
4 m. In addition, relatively high concentrations of
nitrates (5.2 μM), the most important nutrient for
phytoplankton growth over the Arctic shelf, associated
with the pycnocline and underlying horizons (depth,
5–15 m), were recorded in the photosynthetic layer
(thickness, 12 m). The phytoplankton abundance at
these depths reached 165–190 × 103 cells/L, and the
biomass was 80–132 mg/m3, which determined high
values of these parameters for this station as a whole.

The local processes and relative phytoplankton
abundance at station 5215-2 explain the extremely low
algal abundance and the biomass, which is character-
istic not only of the Laptev Sea shelf, but also of the
other epicontinental Siberian Arctic seas in the sum-
mer and fall seasons. The reason is the low concentra-
tions of nutrients, primarily nitrates in the photosyn-
thetic layer, which limits phytoplankton growth. This
is related to the rigid density (salinity) vertical stratifi-
cation of the water column in the shelf, which blocks
vertical mixing and is associated with a large-scale
desalinating effect of riverine discharge. The phenom-
enon of rising of the seasonal pycnohalocline to the
surface at the periphery of regions desalinated by riv-
erine discharge [3] and the related increase in available
nutrients in the photosynthetic layer, entailing a con-
siderable increase in phytoplankton abundance and
biomass, was also described for the Kara Sea [11, 12].

Fig. 8. Latitudinal zoning in structure of phytoplankton communities of Laptev Sea. 
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