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The eastern Sakhalin Island shelf is the area of high biological production. Its key peculiarity is the pres-
ence of a feeding area for the Okhotsk–Korean population of gray whales. We aimed at determin-
ing the features of the formation of primary production in this area; thereby, on 7–9 July, 2016,
hydrochemical studies on the northeastern Sakhalin Island shelf were carried out. At each station,
water was sampled from surface and near-bottom layers; then, concentrations of chlorophyll a, ni-
trates, and phosphates were measured. Moreover, at each station, depth profiling was conducted
by a Sea-Bird SBE 19plus and a Rinko-Profiler. Those profilers were equipped with sensors
for pressure, temperature, electrical conductivity, chlorophyll fluorescence, dissolved oxygen, turbid-
ity, and photosynthetically active radiation. Assimilation number for phytoplankton was measured
in situ by ARO1-USB Rinko dissolved oxygen sensors (JFE Advantech Co., Ltd.). Phytoplankton
primary production in the photic layer was determined by the light model based on the represen-
tation of the photosynthetic light-response curve in the modified model of the non-rectangular hy-
perbola. Most intensively, the primary production occurred in the area affected by the Amur River.
In the photic layer, the values of integral primary production varied within 1.57–11.17 gC·m⁻²·day⁻¹.
The distribution area of the modified highly productive water of the Amur River reached the traverse
of the southern boundary of the Piltun Bay; there, it was limited by cold salty water which had risen
due to the eddy structure from deeper horizons. The ratio of the production spent on the food sup-
ply formation for the Okhotsk–Korean population of gray whales was 1.9 % of the total production
of the studied water area.
Keywords: phytoplankton primary production, Amur River, Sakhalin Island, gray whale

The Sea of Okhotsk is a basin of high biological productivity. Here, the total annual production of or-
ganic matter varies within 17.85–23.9 billion tons wet weight, and out of it, 63–78 % is primary produc-
tion (Shuntov et al., 2019). The Sakhalin Island shelf is one of the main productivity areas of the Sea
of Okhotsk. In April–November, the southeastern slope is characterized by monthly mean values of phy-
toplankton primary production (hereinafter PP) of 0.4–0.6 gC·m⁻²·day⁻¹ (Kasai & Hirakawa, 2015).
During the phytoplankton bloom, PP can reach 4–6 gC·m⁻²·day⁻¹ in the Piltun Bay area (Sorokin Yu.
& Sorokin P., 1999) and 1.9 gC·m⁻²·day⁻¹ abeam the southern boundary of the Chayvo Bay (Isada et al.,
2009). Changes in water productivity on the eastern Sakhalin Island shelf are mostly related to the flow
volume of the Amur River (Tskhay et al., 2015).
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Moreover, the eastern Sakhalin Island shelf is of great interest since it is a feeding area
for the Okhotsk–Korean population of gray whales. In the middle XX century, those were considered ex-
terminated but later gray whales were found off the Sakhalin Island. To date, this population is included
in the Red List of the International Union for Conservation of Nature.

Due to the importance of analyzing such a highly productive area of the World Ocean,
on 7–9 July, 2016, hydrochemical studies of the northeastern Sakhalin Island shelf were carried out.
The investigation was aimed at determining the features of the formation of PP there (Tishchenko et al.,
2018).

MATERIAL AND METHODS

The work was carried out during the cruise of the RV “Professor Gagarinsky”
in July 2016 (Tishchenko et al., 2018). There were 33 stations on the eastern slope of Sakhalin; their
location is shown in Fig. 1. At each station, vertical profiling of the water column was carried out with
Sea-Bird SBE 19plus V and Rinko-Profiler; those were equipped with sensors for pressure, temperature,
electrical conductivity, chlorophyll fluorescence, dissolved oxygen, turbidity, and photosynthetically
active radiation (hereinafter PAR). Moreover, at each station, water was sampled from surface
and near-bottom layers with 5-L Niskin bottles, and concentrations of chlorophyll a (hereinafter Chl),
nitrates, and phosphates were measured. A total of 66 water samples were taken to determine each
parameter.

Fig. 1. Map of depth and location of stations during the study on the northeastern Sakhalin Island
shelf (71st cruise of the RV “Professor Gagarinsky”, 7–9 July, 2016). The red point denotes the station
where the assimilation number for phytoplankton was measured
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The nutrients were measured on the day of sampling in the laboratory onboard. Phosphates were
determined by the Murphy–Riley method modified by Korolev (ascorbic acid was used as a reduc-
ing agent) (Metody gidrokhimicheskikh issledovanii, 1988). Nitrates were preliminarily reduced to ni-
trites in a cadmium reducer and then determined by the Griess method modified by Bendschneider–
Robinson (Metody gidrokhimicheskikh issledovanii, 1988). Chl concentration in water samples, con-
sidering pheophytin content, was determined by the spectrophotometry. Water samples of about 1.5 L
were preliminarily filtered through “Vladipor MFAS-OS-3” membrane filters, 35 mm in diameter, with
a pore diameter of 0.8 µm. Then, the filters were dried, dissolved in 5 mL of 90 % acetone, and placed
in a refrigerator. A day later, on a UV-3600 (Shimadzu) spectrophotometer, the absorbance of the ex-
tract was determined. Prior to pheophytin measuring, the extract was acidified with 2–3 drops of the pre-
pared solution of hydrochloric acid in acetone. The concentrations were calculated using the formulas
by Jeffrey and Humphrey (1975) and by Lorenzen (1967).

The thickness of the photic layer (hereinafter PhL) at each station was determined based on the data
of a LI-COR QSP-2300L underwater PAR sensor. When probing the water column, vertical PAR pro-
files were obtained. The lower PhL boundary was taken as the depth of occurrence of 1 % PAR relative
to the sensor readings in the surface water layer (1.5–2 m) (Ryther, 1956). For the dark time, the PhL
thickness was determined from its dependence of the chlorophyll fluorescence maximum depth (Fig. 2).
When having several extrema on the vertical profiles of chlorophyll, the depth of occurrence was used,
which corresponded to the maximum of turbidity values. To calculate the PP, chlorophyll fluorescence
data obtained during probing were corrected separately for each station (based on laboratory measure-
ments of Chl by the spectrophotometry). The general trend of fluorescence vs. chlorophyll concentra-
tion is given in Fig. 3. The graph shows chlorophyll fluorescence measured by a Seapoint Chlorophyll
Fluorometer at the depth of water sampling at the time of bathometer closure.

Fig. 2. Dependence of the photic layer depth,
Zph, on chlorophyll maximum depth, ZChlmax,
during the study on the northeastern Sakhalin
Island shelf

Fig. 3. Dependence of chlorophyll a concentra-
tion measured by a Seapoint Chlorophyll Fluo-
rometer, [Chl]flu, on the data of its laboratory
measurements, [Chl]

Морской биологический журнал Marine Biological Journal 2022 vol. 7 no. 4



84 P. P. Tishchenko

To measure the assimilation number for phytoplankton (hereinafter An), water was sampled into
1.7-L bottles; to their necks, ARO1-USB Rinko optical oxygen sensors (JFE Advantech Co., Ltd.) were
attached (their technical characteristics are given in Table 1). Using sensors hung overboard to a sam-
pling depth (2 m), in situ for 2 h 40 min, oxygen was continuously recorded in the light and dark bottles
with an interval of 1 min during a complete stoppage of the RV. This allowed to register temporal
variability of oxygen content during incubation and eliminate the random error associated with the mea-
surement of oxygen content in the bottles. At the same time, to determine An, linear approximation was
applied to the entire data series; initial and final values of DO from the approximation equation were
used for the initial and final moments of sample exposure. An was measured once (the spot is shown
in Fig. 1).

Table 1. Technical characteristics of ARO1-USB Rinko dissolved oxygen sensors

Parameter Dissolved oxygen Temperature
Principle Phosphorescence Thermistor
Range Air saturation 0 to 200 % −3…+45 °C

Resolution 0.01–0.04 % 0.001 °C

Accuracy Non-linearity ±2 % of full scale
(at 1 atm, +25 °C)

±0.02 °C
(0 to +35 °C)

Since the investigation was carried out within the framework of a complex research cruise, it was
impossible to measure An at each station. The obtained An value was used to calculate the PP for the en-
tire study area. Previously, a similar assumption was made by Yu. Sorokin and P. Sorokin (1999) when
studying the PP of the Sea of Okhotsk.When carrying out themeasurements, the slope of the time depen-
dence of ΔO₂ did not change; thereby, the An value during themeasurements was assumed to be constant
in the daytime. The assimilation number was calculated according to the formula:

𝐴n = 𝑑𝑂2
[𝐶ℎ𝑙] ⋅ 𝑃𝑄 ⋅ 𝑡 , (1)

where dO₂ = (O⛻⛶ − O⛵⛶) − (O⛻₀ − O⛵₀) is the difference between the final and initial differences
in the readings of the sensors in the light and dark bottles, mg·L⁻¹;

O⛻₀ and O⛻⛶ are initial and final concentrations of oxygen in the light bottle, mg·L⁻¹;
O⛵₀ and O⛵⛶ are initial and final concentrations of oxygen in the dark bottle, mg·L⁻¹;
[Chl] is chlorophyll a concentration, μg·L⁻¹;
PQ is photosynthetic coefficient;
t is exposure time, h.

PQ was taken equal to 1.42. This value corresponds to mesotrophic waters with the prevalence of di-
atoms (Laws, 1991 ; Smith et al., 2012), and it is characteristic of the study area (Orlova et al., 2004 ;
Shevchenko & Ponomareva, 2013).

During the complex work on the northeastern Sakhalin Island shelf on the 71ˢᵗ cruise of the RV “Pro-
fessor Gagarinsky”, water was also sampled for determining the species composition of phytoplank-
ton (Tishchenko et al., 2018). At the time of the study, diatoms accounted for more than 90% of the total
phytoplankton abundance (personal communication of Yu. Fedorets).
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Based on the PhL thickness data and concentrations of Chl and An, phytoplankton pri-
mary production in the photic layer was determined. For the calculations, the representation
of the photosynthetic light-response curve in the modified model of the non-rectangular hyperbola
was used (Tishchenko et al., 2017, 2019 ; Zvalinsky, 2008 ; Zvalinskii et al., 2006) which is largely
similar to the Vertically Generalized Production Model (VGPM) (Behrenfeld & Falkowski, 1997).
Below, there is the derivation of the equation for calculating the integral PP in the PhL taken
from (Tishchenko et al., 2019).

The formula for calculating primary production for the depth Z within the photic layer is as follows:

𝑃 = 𝑃 𝑚 1 + 𝐼𝑧/𝐼𝑘
2𝛾 {1 − √1 − 4𝛾𝐼𝑧/𝐼𝑘

(1 + 𝐼𝑧/𝐼𝑘)2 } , (2)

where Pᵐ is the rate of photosynthesis under light saturation, mgC·m⁻²·day⁻²;
I✄ is solar radiation at depth Z, µmol·m⁻²·day⁻¹;
I⛺ is the light constant corresponding to the light intensity at which the light-response curve goes

to saturation (Talling, 1957), and it is equal to 10 % of PAR incident on water surface I₀, µmol·m⁻²·day⁻¹;
γ is the non-rectangular hyperbola parameter equal to 0.95 for real light-response curves

for seaweed (Zvalinsky, 2008).
Within the photic layer (Z⛾⛸), light intensity decreases exponentially with depth (Behrenfeld

& Falkowski, 1997 ; Gordon & McCluney, 1975):

𝐼𝑧 = 𝐼0 ⋅ 𝑒𝑥𝑝(−𝑘𝑑 ⋅ 𝑍) , (3)

where k⛵ is the coefficient of diffuse attenuation of light;
Z is depth, m.

Taking into account that at the lower PhL boundary (i. e., at a compensation depth Z⛴) the light
intensity I⛴ ≈ 1 % PAR (Ryther, 1956) and the fact that I⛺ = 0.1I₀, it was obtain:

𝑘𝑑 = ln (𝐼0/𝐼𝑐)
𝑍𝑐

= ln (𝐼0/0.01𝐼0)
𝑍𝑐

= 4.6/𝑍𝑐 ,

𝐼𝑧/𝐼𝑘 = 𝐼0 exp (−𝑘𝑑𝑍)
0.1𝐼0

= 10 exp (−4.6𝑍/𝑍𝑐) .
(4)

When numerically integrating equation (2) from the surface horizon, corresponding to light satu-
ration, to Z⛴ and considering equation (4), a coefficient of 0.66 is obtained which does not depend
on the PhL thickness when the site depth is greater than the PhL depth. In this case, the equation
for calculating the integral PP takes the following form:

𝑃 = 0.66 ⋅ 𝐴n ⋅ 𝐶ch ⋅ 𝑇𝑑 , (5)

where An is the assimilation number for phytoplankton in the subsurface layer, mgC·(mgChl·h)⁻¹;
C⛴⛸ is chlorophyll a content in the photosynthesis layer (Z⛾⛸), mg·m⁻²;
T⛵ is the length of the day, h.
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Chl content in the photosynthesis layer can be obtained by numerical integration of vertical
chlorophyll profiles measured by probing equipment:

𝐶ch = ∑
𝑖

[𝐶ℎ𝑙]𝑍𝑖
, (6)

where
[𝐶ℎ𝑙]𝑍𝑖

= (𝑍𝑖+1 − 𝑍𝑖)
(𝐶ℎ𝑙𝑍𝑖

+ 𝐶ℎ𝑙𝑍𝑖+1
)

2 . (7)

An integration step of 10 cm was used to obtain C⛴⛸. The coefficient in equation (5) is close in value
to that applied in VGPM (Behrenfeld & Falkowski, 1997) which is equal to 0.66125.

The main difference between the model used in the article and the VGPM is that photoinhibition
is not directly taken into account here. However, it is taken into account indirectly when measuring An
since the exposure time for the light and dark bottles is quite long. The second distinction is the de-
scription of the light-response curve by the non-rectangular hyperbola. The light-response curve comes
to a state of saturation at a value equal to 10 % of PAR incident on surface. With this value, integration
of equation (2) leads to the fact that the value of the coefficient in equation (5) is 0.66. The proposed
model of photosynthesis showed good agreement with the modified model of the rectangular hyper-
bola which is capable of describing the photoinhibition of the process by the non-rectangular hyperbola,
as well as with field data on CO₂ gas exchange in the leaves of land plants (Korsakova et al., 2018).

RESULTS AND DISCUSSION
Hydrological conditions, nutrients, and chlorophyll a. Hydrological conditions on the northeast-

ern slope of Sakhalin in July are formedmainly by the Amur River runoff, which at that time goes around
the northern tip of the island, passes along its northeastern coast southward, and forms an area of warm
desalinated waters (Rutenko & Sosnin, 2014) (Figs 4, 5). Moreover, it causes a blast phytoplankton
bloom (Prants et al., 2017 ; Tskhay et al., 2015). In some years in autumn, with themaximumAmur River
runoff, desalinated waters can pass along the eastern coast southward and reach the Aniva Bay (Tskhay
et al., 2015). In this case, the distribution area of these waters is limited by the traverse of the southern
boundary of the Piltun Bay. There is a hypothesis that two relatively stable eddy formations may exist
in this area of the shelf, and those limit further penetration of desalinated waters southward (Rutenko
& Sosnin, 2014).

During our studies, desalinated warm waters of the Amur River (+13 °C, practical salinity (PS) 19)
shifted southward along the Sakhalin Island shelf. Opposite the Piltun Bay, those collided with a core
of cold salty waters (+1 °C, PS 32) and formed a hydrological front (Figs 4a, 5a). Near-bottom waters
were characterized by a uniform decrease in temperature and an increase in salinity with depth (from
+8 °C and PS 26 to −1.5 °C and PS 33). In the northern area under study, cold salty waters (+1 °C,
PS 32.5) upwelled to the shelf which limited the distribution area of warm desalinated waters to depths
of down to 20 m (Fig. 6b, d). In the surface layer, the area of warm desalinated waters was characterized
by low content of nitrates and phosphates (Figs 7a, 8a) – no more than 1 and 0.2 µmol·L⁻¹, respectively.
In the core of cold salty waters, concentration of nutrients rose significantly: nitrates, up to 11 µmol·L⁻¹;
phosphates, up to 1.4 µmol·L⁻¹. With increasing depth, the content of nutrients in water rose: nitrates,
up to 18 µmol·L⁻¹; phosphates, up to 1.6 µmol·L⁻¹ (Figs 7b, 8b). Desalinated waters were character-
ized by an increased content of Chl – up to 12.9 µg·L⁻¹ (Fig. 9a). In the near-bottom water layer,
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Chl content varied within 0.1–10.5 µg·L⁻¹ (Fig. 9b). The highest concentrations in the near-bottom layer
were observed at the nearest station, opposite the Piltun Bay. In the core of cold salty waters, concentra-
tions were about 2 µg·L⁻¹; in the near-bottom layer, content decreased to 1 µg·L⁻¹ in the northern area
under study and remained at the level of 2 µg·L⁻¹ in its southern area (Fig. 9b).

Fig. 4. Spatial distribution of water temperature, °C, on the northeastern Sakhalin Island shelf: a, surface
horizon; b, near-bottom horizon (71st cruise of the RV “Professor Gagarinsky”, 7–9 July, 2016)

Fig. 5. Spatial distribution of practical salinity on the northeastern Sakhalin Island shelf: a, surface horizon;
b, near-bottom horizon (71st cruise of the RV “Professor Gagarinsky”, 7–9 July, 2016)
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88 P. P. Tishchenko

Fig. 6. Depth distribution of temperature, °C (a, b), practical salinity (c, d), and chlorophyll fluores-
cence, μg·L−1 (e, f), on meridional sections along the northeastern Sakhalin Island shelf through the coastal
stations (a, c, e) and the deep-sea stations (b, d, f) (71st cruise of the RV “Professor Gagarinsky”,
7–9 July, 2016). North is on the left
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Fig. 7. Spatial distribution of nitrates, µmol·L−1, on the northeastern Sakhalin Island shelf: a, surface
horizon; b, near-bottom horizon (71st cruise of the RV “Professor Gagarinsky”, 7–9 July, 2016)

Fig. 8. Spatial distribution of phosphates, µmol·L−1, on the northeastern Sakhalin Island shelf: a, surface
horizon; b, near-bottom horizon (71st cruise of the RV “Professor Gagarinsky”, 7–9 July, 2016)
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Fig. 9. Spatial distribution of chlorophyll a, μg·L−1, on the northeastern Sakhalin Island shelf: a, surface
horizon; b, near-bottom horizon (71st cruise of the RV “Professor Gagarinsky”, 7–9 July, 2016)

The nature of spatial distributions of temperature and salinity in the surface layer indicates the pen-
etration of cold salty waters there due to anticyclonic circulation which forms a hydrological front near
the Piltun Bay (Figs 4a, 5a). The fact that the penetration of these waters was not a direct consequence
of upwelling can be concluded from spatial distributions of temperature and salinity in the near-bottom
water layer (Figs 4b, 5b). Moreover, it can be seen on hydrological sections (Fig. 6a–d): in spatial distribu-
tion of temperature and salinity in the southern area under study, no northward penetration of cold salty
bottom waters was registered. Spatial changes in temperature and salinity were the most pronounced
in the surface layer. Apparently, the mass of cold salty waters preventing the penetration of desalinated
waters from the north initially rose to the surface from the lower horizons in the southeastern Sakhalin
Island shelf and then shifted northward under the effect of an anticyclonic eddy.

The rise of waters from deeper horizons to the surface due to coastal upwelling (Prants et al., 2017)
or the effect of an anticyclonic eddy (Rutenko & Sosnin, 2014) and their subsequent shift northward sup-
plied large amounts of nitrogen and phosphorus into the surface layer. Specifically, their concentrations
were comparable to the values corresponding to near-bottom water layers (Figs 7, 8). The desalinated
water area was characterized by relatively low content of inorganic substances of nitrogen and phospho-
rus (Figs 7a, 8a). Presumably, this resulted from an increased photosynthetic activity of phytoplank-
ton in the desalinated water area. Chl spatial distribution in the surface layer indirectly confirms this
assumption (Fig. 9): high Chl concentrations were recorded in waters with low content of nutrients.
In the northern area of the bay which is under maximum effect of the Amur River, Chl content in wa-
ter reached 12.9 μg·L⁻¹. In the area of the hydrological front, it decreased to 2 μg·L⁻¹. Interestingly,
in the area of cold salty waters, where the content of nutrients is maximum, Chl concentrations were
about 2 μg·L⁻¹ (Fig. 8a). Based on this, it can be assumed that the photosynthetic activity of phytoplank-
ton is low in the core of cold salty waters. Apparently, intensive development of phytoplankton in these
waters could result from their heating.
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High values of chlorophyll fluorescence in the near-bottom water layer recorded at one of the coastal
stations, opposite the Piltun Bay, have to be noted as well. Probably, sedimentation of organic matter
to the bottom occurs here; this can also be assumed from the position of the isolines in the vertical
fluorescence section (Fig. 6e).

Measurements of the assimilation number. During the entire exposure time, an increase in oxy-
gen content in the light bottle was observed (Fig. 10a). The increase was non-linear. Specifically,
during the first hour of exposure, the rate of O₂ increase was 0.22 mg·L⁻¹·h⁻¹; then, it slowed down
to 0.05 mg·L⁻¹·h⁻¹. In the dark bottle, during the first hour of exposure, O₂ content increased
as well (the rate was of 0.15 mg·L⁻¹·h⁻¹). Then, oxygen concentration began to decrease (the rate was
of −0.11 mg·L⁻¹·h⁻¹).

Interestingly, the difference in readings between the light and dark bottles steadily increased
with time. So, changes in the rate of decrease/increase in the level of oxygen in the samples
obeyed the same laws and were not an experimental error. During the exposure, water temper-
ature in the samples rose by 1.5 °C (Fig. 10b), and the increase was non-linear. The change
in the difference in oxygen readings between the light and dark bottles occurred according to a lin-
ear law (Fig. 10c). Also, the linear increase in ΔO₂ values was not affected by a low temperature
difference in the samples (Fig. 10b, c) which was noted earlier (Tishchenko et al., 2017). The max-
imum temperature difference between the light and dark bottles was of 0.508 °C, and this corre-
sponded to the largest single deviations of ΔO₂ from the linear approximation reaching 0.038 mg·L⁻¹
at ΔO₂ = 0.369 mg·L⁻¹. The total exposure time was 2 h 40 min. Only the initial and final val-
ues of the time dependence of ΔO₂ were used to calculate An, but the entire series of measure-
ments is given in the article to prove the quality of the data obtained. Chlorophyll content in wa-
ter before exposure was 3.85 μg·L⁻¹. According to the results of the experiment, the obtained value
of the assimilation number was 9.66 mgC·(mgChl·h)⁻¹. Such a high rate of carbon assimilation may be
due to increased content of iron introduced by the Amur River waters (Nishioka et al., 2014 ; Shulkin
& Zhang, 2014). The shadow growth of oxygen recorded during the experiment is a periodically ob-
served phenomenon (Cherbadgy & Propp, 2008 ; Ettwig et al., 2012 ; Pamatmat, 1997 ; Pospíšil,
2007). There is no single and generally accepted explanation. Apparently, the shadow growth of O₂
results from the decomposition of hydrogen peroxide (Cherbadgy & Propp, 2008) and production
of bacteria (Ettwig et al., 2012).

Phytoplankton primary production. Phytoplankton PP values varied from 1.57
to 11.17 gC·m⁻²·day⁻¹. The nature of spatial variability of the PP coincided with that of Chl
spatial distribution in the surface water layer: the highest PP values were confined to the northern
area under study which is under maximum effect of the Amur River (Figs 9, 11). As shifting
southward, the PP decreased and reached its minimum values in the southeastern area under study
and in the area of cold salty waters. Obviously, this nature of the PP distribution corresponds
to the period of maximum effect of the Amur River runoff since in August–September the value
of phytoplankton production on the northeastern Sakhalin Island shelf is about 0.7–0.8 gC·m⁻²·day⁻¹.
Abeam the southern boundary of the Chayvo Bay, where the effect of the Amur River runoff is low,
the obtained PP values correspond to the values typical for August–September (Isada et al., 2009). Thus,
the phytoplankton bloom on the northeastern Sakhalin Island shelf is strongly dependent on the runoff
volume of the Amur River, under the effect of which Chl content in the bloom area can vary
fourfold (Tskhay et al., 2015).
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Fig. 10. Time variability of oxygen concentration (a), water temperature (b), and difference in readings
for dark and light bottles (c) for ARO1-USB Rinko dissolved oxygen sensors on the northeastern Sakhalin
Island shelf on 8 July, 2016: ● denotes a light bottle; ● denotes a dark bottle. The abscissa shows the local
time

Apparently, the high production on the northeastern slope of the Sakhalin is due to the Amur River
runoff since it is a source of iron (Nishioka et al., 2014 ; Shulkin & Zhang, 2014) actively involved
in phytoplankton fertilization on the eastern island shelf (Kanna et al., 2018 ; Yoshimura et al., 2010).
For the PP, iron is the key nutrient: its absence leads to formation of water areas with high nitro-
gen and phosphorus concentrations and low production in the photic layer in the open ocean (Martin
& Fitzwater, 1988). The Amur River plays a significant role in the PP formation not only on the north-
eastern slope of Sakhalin Island studied in this work but in a large area of the Sea of Okhotsk and even
in the Kuril Islands area (Nishioka et al., 2014). Our results emphasize the importance of the Amur River
runoff in the PP formation.

Assessment of the feeding area for gray whales. The coastal zone from the Urkt Bay to the mid-
dle Chayvo Bay with depths down to 20 m, which is a feeding area for gray whales, covers about
600 km² (Bröker et al., 2020). With a mean PP value of 6.5 gC·m⁻²·day⁻¹, the total phytoplankton pro-
duction there will reach 3,900 t C·day⁻¹. Considering that carbon content is 10 % of the phytoplankton
biomass, it corresponds to 39,000 t·day⁻¹ wet weight of phytoplankton (Menden-Deuer & Lessard, 2000).
Assuming that the biomass of the secondary link in the food chain averages 0.1 of the biomass of the pri-
mary link (Odum, 1971), the value of zooplankton/zoobenthos production in the feeding area of gray
whales will be 3,900 t·day⁻¹ wet weight. The biomass required for daily feeding of gray whale averages
409 kg·day⁻¹ (Bröker et al., 2020). Based on general considerations, the coastal zone from the Urkt Bay
to the Chayvo Bay can serve as a feeding area for 9,500 whales. This value is consistent with historical
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data: previously, the Okhotsk–Korean population of gray whales was estimated at 1,500–10,000 individ-
uals (Berzin, 1974 ; Yablokov & Bogoslovskaya, 1984). In 2014–2015, the Okhotsk–Korean population
was of 172–186 individuals (Bröker et al., 2020 ; Cooke et al., 2015). With a population of ~ 180 indi-
viduals, 736 t·day⁻¹ wet weight of phytoplankton is required to form a food supply; it is 1.9 % of the total
productivity of the studied water area.

Fig. 11. Spatial distribution of phytoplankton primary production, g C·m−2·day−1, on the northeastern
Sakhalin Island shelf (7–9 July, 2016)

Conclusion.As found during the study, the formation of phytoplankton primary production occurred
most intensively in waters most affected by the Amur River runoff and coastal runoff. The effect of these
waters extended up to the traverse of the southern boundary of the Piltun Bay; there, it was limited
by cold salty water which had risen to the south of the study area due to the eddy structure from deeper
horizons. The obtained high value of the assimilation number of phytoplankton characterizes the high
rate of photosynthesis there. Primary production in the photic layer in the area of maximum effect
of the Amur River reached 11.17 gC·m⁻²·day⁻¹. The total phytoplankton primary production in the depth
range down to 20 m, which is necessary for a food supply formation for gray whales, with a population
of ~ 180 individuals, is 736 t·day⁻¹ of phytoplankton wet weight, or 1.9 % of the total productivity
of the studied water area.
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ПЕРВИЧНАЯ ПРОДУКЦИЯ ФИТОПЛАНКТОНА
НА СЕВЕРО-ВОСТОЧНОМШЕЛЬФЕ ОСТРОВА САХАЛИН В ЛЕТНИЙ ПЕРИОД

П. П. Тищенко

Тихоокеанский океанологический институт имени В. И. Ильичёва ДВО РАН,
Владивосток, Российская Федерация

E-mail: eq15@poi.dvo.ru

Восточный шельф острова Сахалин относится к акваториям с высокой биологической продук-
цией. Его важная отличительная черта — наличие районов нагула для охотско-корейской по-
пуляции серых китов. Цель настоящей работы — определить особенности формирования пер-
вичной продукции в данном регионе. Для этого в период с 7 по 9 июля 2016 г. были прове-
дены гидрохимические исследования северо-восточного шельфа острова Сахалин. На каждой
станции с поверхностного и придонного горизонтов проводили отбор проб воды с последующи-
ми измерениями концентраций хлорофилла a, нитратов и фосфатов. Также на каждой станции
проводили вертикальное зондирование водной толщи с помощью зондов Sea-Bird SBE 19plus V
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и Rinko-Profiler, оснащённых датчиками давления, температуры, электропроводности, флуо-
ресценции хлорофилла, растворённого кислорода, мутности и фотосинтетически активной ра-
диации. Датчиками кислорода ARO1-USB Rinko фирмы JFE Advantech Co., Ltd. в услови-
ях in situ провели измерения, позволившие рассчитать ассимиляционное число фитопланкто-
на. По результатам исследований определили первичную продукцию фитопланктона в фоти-
ческом слое. Для расчёта использовали представление световой кривой в модифицированной
модели непрямоугольной гиперболы. Синтез первичной продукции происходил наиболее ин-
тенсивно в зоне влияния реки Амур, а значения интегральной первичной продукции в фоти-
ческом слое вод изменялись от 1,57 до 11,17 г C·м−2·сут−1. Область распространения моди-
фицированных высокопродуктивных вод реки Амур достигала траверза южной границы за-
лива Пильтун, где была ограничена холодными солёными водами, привнесёнными вихревой
структурой из глубинных горизонтов. Доля продукции, затрачиваемой на формирование кор-
мовой базы охотско-корейской популяции серых китов, составила 1,9 % от общей продукции
рассматриваемой акватории.
Ключевые слова: первичная продукция фитопланктона, река Амур, остров Сахалин,
серый кит
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