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Diatoms of the genus Pseudo-nitzschia H. Peragallo, 1900, known as producers of the neurotoxic do-
moic acid, regularly cause algal blooms in the Russian Far Eastern seas. Temperature is an important fac-
tor affecting diatom blooms; however, its effect on the growth of this group of microalgae from the Sea
of Japan has not been sufficiently studied. In this regard, growth characteristics of two diatom species
were investigated in laboratory culture within the temperature range of +5 to +20 °C. The test involved
direct counting in a Nageotte chamber. Cell density, growth rates, and generation time were evaluated.
As found, the maximum average density of P. fraudulenta reached 2.2 × 10⁵ cells·L⁻¹ on the 16ᵗʰ day
of the experiment at +18 °C. For this species, at +18 °C, the growth rate (0.11–0.16 div.·day⁻¹) re-
mained relatively high, and the generation time (4.4–6.7 days) was relatively low for most of the test.
The maximum mean density of P. hasleana, 5 × 10⁵ cells·L⁻¹, was recorded on the 16ᵗʰ day of the ex-
periment at +17 °C. For this species, high growth rate (0.2–0.92 div.·day⁻¹) and low generation time
(0.8–3.6 days) were recorded at +17 °C from the 2ⁿᵈ to the 10ᵗʰ day of the test. The average densities
of P. fraudulenta and P. hasleana were statistically significantly higher at +17 °C and +18 °C, respec-
tively, than at the other temperatures studied (Tukey’s test, p < 0.05). As recorded, when P. fraudulenta
clones were grown at +10, +16, and +18 °C, and when P. hasleana clones were cultured at +14, +17,
and +20 °C, their cells remained viable and continued to divide. When the cultivation temperature
for P. fraudulenta and P. hasleana was lowered to +5 and +7 °C, respectively, division slowed down
dramatically, and cell density was statistically significantly lower than at higher temperatures (Tukey’s
test, p < 0.05). Ranges of tolerant temperature during P. fraudulenta and P. hasleana cultivation were
found to be within +10…+18 °C and +14…+17 °C, respectively. The revealed lower temperature
tolerance limits for the two species during cultivation (+10 and +14 °C) corresponded to water tem-
peratures under which P. fraudulenta and P. hasleana blooms were observed in the natural environ-
ment (+6…+16 and +10…+16 °C, respectively). The study demonstrated the broad adaptive potential
of the investigated species to temperature changes.
Keywords: Pseudo-nitzschia fraudulenta, Pseudo-nitzschia hasleana, laboratory cultivation,
temperature, Sea of Japan

Diatoms of the genus Pseudo-nitzschia H. Peragallo, 1900 are a dominant taxon of toxic planktonic
microalgae in the northwestern Sea of Japan: those account for 75–98% of the total phytoplankton den-
sity during bloom seasons [Orlova et al., 2008]. They are known as potential producers of neurotoxic
domoic acid [Bates et al., 2018; Liu et al., 2021; Zhou et al., 2024] and belong to one of the most
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numerous groups of toxic phytoplankton regularly causing algal blooms in the Far Eastern seas of Rus-
sia [Stonik, 2021; Stonik, Orlova, 2018; Stonik et al., 2011, 2019]. Temperature plays a decisive role
in the metabolic processes of Bacillariophyta and other microalgae, affects photosynthesis and nutri-
ent absorption, and mediates enzymatic processes in cells [Claquin et al., 2008; Davison et al., 1991;
Klochkova, Lelekov, 2022; Kuzmin, 2025; Raven, Geider, 1988]. Thus, temperature is a significant
factor of the occurrence and development of diatom blooms [Fu et al., 2012; Ryabushko et al., 2008].
Two species, Pseudo-nitzschia fraudulenta (Cleve) Hasle, 1993 and Pseudo-nitzschia hasleana Lund-
holm, 2012, are regularly recorded in Peter the Great Bay (the Sea of Japan) as an important compo-
nent of phytoplankton involved in the formation of water blooms [Stonik, Orlova, 2018; Stonik, Zinov,
2023; Stonik et al., 2008]. However, environmental factors, primarily temperature, driving the abun-
dance and physiological state of Pseudo-nitzschia spp. from the Sea of Japan have not been sufficiently
studied.

In this regard, the aim of the work is to investigate under experimental conditions the effect
of temperature on the dynamics of density, division rate, and generation time in laboratory cultures
of Pseudo-nitzschia fraudulenta and P. hasleana: diatoms isolated from waters of the Russian sector
of the Sea of Japan.

MATERIAL AND METHODS
The object of the study is unialgal cultures of diatoms of the genus Pseudo-nitzschia isolated

from Peter the Great Bay, Sea of Japan. P. fraudulenta culture (clone MBRU-PF-16) was isolated
from the Amur Bay (N43.2°, E131.91°) in November 2016 at water temperature of +5.2 °C. P. hasleana
culture (clone MBRU-PH-18) was isolated from the Patrokl Bay of the Ussuri Bay (N43.07°, E131.96°)
in November 2018 at water temperature of +6.8 °C. The cultures aremaintained in the “Marine Biobank”
core facility at NSCMB FEB RAS [2024].

The cultures were grown on f/2 nutrient medium [Guillard, Ryther, 1962]. Before the experiment,
both clones were pre-adapted to studied temperatures for four days. Cultures at the exponential growth
stage were used as an inoculum. For the test, the cultures were transferred to Erlenmeyer flasks (250 mL)
with a culture suspension volume of 200 mL; the light flux intensity was of 3,500 lux, and photope-
riod was 12 h : 12 h (light : darkness). P. fraudulenta culture was grown at +5, +10, +16, and +18 °C;
P. hasleana culture, at +7, +14, +17, and +20 °C (in three flasks at each value). Binder KBW 400
climate chambers (Germany) were used to create the required temperature conditions. Illumination
in the chambers was provided by daylight fluorescent lamps. The intensity of the luminous flux was
measured with a UNI-T mini UT383 00-00007443 light meter (UNI-T, China). The experiments were
performed in triplicate.

The cell density was estimated by direct counting in a 0.05-mL Nageotte counting chamber under
an Olympus BX41 light microscope (Japan) at 20× magnification. Cells were counted every two days.
Samples for quantitative analysis were taken in triplicate 2–3 h after the end of the dark period,
and the suspension was thoroughly mixed and fixed with Utermöhl’s solution [Fedorov, 1979].

The specific growth rate of the culture was calculated based on cell concentration data by the formula
[Zaika, 1972]:

𝜇 = ln𝑋1 − ln𝑋0
𝑇1 − 𝑇0

,

where X₁ and X₀ are concentration values corresponding to the time of growth T₁ and T₀.
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The cell density doubling time (generation time) was estimated by the formula [Jones et al., 1963]:

𝑔 = ln 2
𝜇 = 0.693

𝜇 ,

where g is the generation time;
µ is the specific growth rate.

A test for a reliable relationship between temperature, age of the culture, and cell density was per-
formed using a two-factor analysis of variance. Data on cell density, growth rate, and generation time
depending on temperature were subjected to a one-factor analysis of variance. For multiple comparisons
of means, Tukey test was applied. All calculations were performed in Statistica 7.0 [StatSoft, 2025].

RESULTS
As revealed using a two-factor analysis of variance, both factors considered in the experiment, tem-

perature and age of culture, and their interaction were statistically significant (p < 0.001) and affected
Pseudo-nitzschia spp. cell density (Table 1).

Table 1. Results of a two-factor analysis of variance on the effect of Pseudo-nitzschia fraudulenta
and P. hasleana cultivation conditions on cell density

Factor
F

p
Pseudo-nitzschia fraudulenta Pseudo-nitzschia hasleana

942.3 12,764.37 0.00
Temperature 373.7 477.33 0.00
Age of the culture 42.8 1,238.92 0.00
Note: all values of the correlation coefficients, the Fisher’s criterion (F) and probability (p), were significant.

The dynamics of P. fraudulenta and P. hasleana density under cultivation conditions at different
temperatures is shown in Fig. 1.

Fig. 1. Dynamics of cell densities of Pseudo-nitzschia fraudulenta cells (A) and P. hasleana cells (B)
at different temperature (the means and standard deviations are given)
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Pseudo-nitzschia fraudulenta. The initial cell density in the experiment was 3.7 × 10³ cells·L⁻¹.
Throughout the test, there was an increase in total cell density in a range of temperatures +10
to +18 °C (Fig. 1A). The maximum mean density (2.2 × 10⁵ cells·L⁻¹) was recorded on the 16ᵗʰ day
of the experiment at +18 °C, and the minimum one (8.6 × 10³ cells·L⁻¹) was registered
on the 2ⁿᵈ day at +5 °C. When the cultivation temperature was reduced to +5 °C, the mean density
was 2.8 × 10⁴ cells·L⁻¹ on the day 16; it is approximately an order of magnitude lower than at the end
of the test at +18 °C. The mean cell density at +18 °C was statistically significantly higher (Tukey test,
p < 0.05) than at other temperature values throughout the experiment. From the 4ᵗʰ day of cultivation
and until the end of the test, there were no statistically significant differences between the mean density
values at +10 and +16 °C (Fig. 1A, Table 2).

Table 2. Statistically significant differences between Pseudo-nitzschia fraudulenta cell abundance curves
at different temperature based on the Tukey matrix at p < 0.05

Day Temperature, °C
+5 +10 +16 +18

2 +10, +16, +18 +5, +16, +18 +5, +10, +18 +5, +10, +16
4 +10, +16, +18 +5, +18 +5, +18 +5, +10, +16
6 +10, +16, +18 +5, +18 +5, +18 +5, +10, +16
8 +10, +16, +18 +5, +18 +5, +18 +5, +10, +16
10 +10, +16, +18 +5, +18 +5, +18 +5, +10, +16
12 +10, +16, +18 +5, +18 +5, +18 +5, +10, +16
14 +10, +16, +18 +5, +18 +5, +18 +5, +10, +16
16 +10, +16, +18 +5, +18 +5, +18 +5, +10, +16

The mean growth rates during cultivation at +5 °C (0.1–0.18 div.·day⁻¹) and +10 °C
(0.14–0.23 div.·day⁻¹) were higher than at other temperatures from day 2 to days 6–8. From the 8ᵗʰ
to the 14ᵗʰ day, the growth rates dropped reaching a minimum (0.01 div.·day⁻¹) against the backdrop
of the maximum generation time (40.5 days) on days 10–12 at +5 °C (Table 3).

Table 3. Growth rate (div.·day−1) and generation time (days) during Pseudo-nitzschia fraudulenta
cultivation at different temperature

Days +5 °C +10 °C +16 °C +18 °C
µ g µ g µ g µ g

2–4 0.14 ±
0.063

5.5 ±
1.902

0.23 ±
0.067

3.3 ±
0.631

0.13 ±
0.011

5.3 ±
0.234

0.16 ±
0.016

4.4 ±
0.267

4–6 0.18 ±
0.051

4.1 ±
1.070

0.17 ±
0.056

4.2 ±
1.187

0.1 ±
0.024

6.9 ±
1.464

0.11 ±
0.015

6.7 ±
1.039

6–8 0.1 ±
0.051

9.2 ±
5.016

0.14 ±
0.056

6.4 ±
4.450

0.12 ±
0.024

6.1 ±
2.258

0.16 ±
0.015

4.7 ±
1.520

8–10 0.03 ±
0.051

35.1 ±
17.094

0.09 ±
0.056

11.4 ±
5.253

0.11 ±
0.024

6.4 ±
1.340

0.16 ±
0.015

4.5 ±
1.548

10–12 0.01 ±
0.004b,c

40.5 ±
2.428a–c

0.08 ±
0.031

10.5 ±
5.477a

0.11 ±
0.020b

6.4 ±
1.240b

0.12 ±
0.037c

5.9 ±
2.141c

12–14 0.03 ±
0.004b,c

31.5 ±
12.416

0.04 ±
0.031

16.6 ±
2.056

0.1 ±
0.020b

7.8 ±
2.554

0.05 ±
0.037c

15.8 ±
5.026

14–16 0.1 ±
0.004b,c

11 ±
5.004

0.08 ±
0.031

8.7 ±
2.199

0.1 ±
0.020b

7.4 ±
2.112

0.1 ±
0.037c

7.7 ±
2.535

Note: the values of growth rates and generation time are provided in the columns µ and g, respectively, with confidence
intervals. Footnotes to themeansmark results that are statistically significantly different (Tukey’s test, p < 0.05) under
the following cultivation conditions: +5 and +10 °C (a); +5 and +16 °C (b); +5 and +18 °C (c).
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Cultivation at +16 and +18 °C revealed relatively high growth rates (0.11–0.16 div.·day⁻¹)
and low values of generation time (4.4–6.9 days) during most of the experiment, from the 2ⁿᵈ
to the 12ᵗʰ day (Table 3). On days 12–14 at +16…+18 °C, a decrease in the growth rate and a rise
in the generation time were recorded compared to the values in the previous periods of cultivation (from
day 2 to day 12) (Table 3).

A slight increase in the growth rate at the end of the test, on the 14–16ᵗʰ days, at +5, +10, and +18 °C
was noticeably lower than the values in the first half of the experiment (Table 3). On days 10–14
of cultivation, statistically significant differences in the mean growth rates (Tukey test, p < 0.05) at +5
and +16 °C, as well as at +5 and +18 °C, were registered. The growth rates at +5 °C were noticeably
lower during most of the test than at a higher temperature (Table 3), and this determined the low cell
density in the experiment at +5 °C (Fig. 1A).

Pseudo-nitzschia hasleana. The initial cell density in the test was 2 × 10³ cells·L⁻¹. Throughout
the experiment on P. hasleana culturing, we revealed a rise in the total cell density in the temperature
range +14 to +20 °C (Fig. 1B).

The maximum mean density (5 × 10⁵ cells·L⁻¹) was recorded on day 16 at +17 °C, and the min-
imum mean density (1.3 × 10³ cells·L⁻¹) was noted on day 4 at +7 °C. At cultivation temperature
of +7 °C, on the 6ᵗʰ day of the experiment, the cell density increased to 2.8 × 10³ cells·L⁻¹, and then
it dropped; only on the 12ᵗʰ day, it rose to 2 × 10³ cells·L⁻¹ and remained at this level until the end
of the test (Fig. 1B). The differences in the mean density values at all studied temperature values
(+7, +14, +17, and +20 °C) were statistically significant (Tukey test, p < 0.05) only on days 10–12
of the experiment (Table 4).

Table 4. Statistically significant differences between Pseudo-nitzschia hasleana cell abundance curves
at different temperature based on the Tukey matrix at p < 0.05

Day Temperature, °C
+7 +14 +17 +20

2 +17, +20 +20 +7, +20 +7, +14, +17
4 +14, +17, +20 +7 +7 +7
6 +14, +17, +20 +7 +7, +20 +7, +17
8 +14, +17, +20 +7, +17 +7, +14, +20 +7, +17
10 +14, +17, +20 +7, +17, +20 +7, +14, +20 +7, +14, +17
12 +14, +17, +20 +7, +17, +20 +7, +14, +20 +7, +14, +17
14 +14, +17, +20 +7, +20 +7, +20 +7, +14, +17
16 +14, +17, +20 +7 +7, +20 +7, +17

The mean cell density at +17 °C was noticeably higher (Tukey test, p < 0.05) than that for all
other temperature values on the 8–12ᵗʰ days of the test (Table 4). On days 14–16, no statisti-
cally significant differences were found between the mean density at +14 and +17 °C (Fig. 1B,
Table 4).

When P. hasleana was cultured at +14, +17, and +20 °C, high growth rates were recorded during
the first half of the experiment, and at 7 °C, during the second half (Table 5).

Thus, at a temperature of +14 °C, the highest growth rates (0.73–0.98 div.·day⁻¹) were registered
from the 2ⁿᵈ to the 6ᵗʰ day. From days 6–8 to 8–10, the values decreased from 0.54 to 0.32 div.·day⁻¹.
From the 10ᵗʰ to the 12ᵗʰ day and until the end of the experiment, the growth rate at this temperature
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was relatively low, with a minimum (0.01 div.·day⁻¹) on the 10–12ᵗʰ day (Table 5). High growth
rates (0.2–0.92 div.·day⁻¹) were noted at +17 °C from day 2 to day 10, and at +20 °C, from day 2
to day 8 (0.2–0.47 div.·day⁻¹). From the 10ᵗʰ day until the end of the test, the growth rates at +14, +17,
and +20 °C dropped dramatically compared to the values in the first part of the experiment (Table 5).
The exceptions were relatively high growth rate (0.19 div.·day⁻¹) and long generation time (5.1 days)
on days 14–16ᵗʰ at +20 °C.

Table 5. Growth rate (div.·day−1) and generation time (days) during Pseudo-nitzschia hasleana cultivation
at different temperature

Days +7 °C +14 °C +17 °C +20 °C
µ g µ g µ g µ g

2–4 0.08 ±
0.003a–c

8.7 ±
0.347a–c

0.98 ±
0.075a,d,e

0.7 ±
0.054a

0.54 ±
0.164b,d,e

1.4 ±
0.506b

0.47 ±
0.130c,e

1.6 ±
0.447c

4–6 0.05 ±
0.023a–c

15.5 ±
5.613a–c

0.73 ±
0.240a

1.0 ±
0.283a

0.92 ±
0.159b

0.8 ±
0.138b

0.20 ±
0.097c

4.0 ±
1.876c

6–8 0.07 ±
0.001b,c

9.8 ±
0.200b–e

0.54 ±
0.031a,d–e

6.4 ±
2.368d.e

0.28 ±
0.033b,d

2.5 ±
0.323b,d

0.22 ±
0.050c,e

3.3 ±
0.888c,e

8–10 0.16 ±
0.001b,c

4.8 ±
2.086

0.32 ±
0.031d,e

2.1 ±
0.089e

0.20 ±
0.033b,d

3.6 ±
1.167

0.08 ±
0.010c,e

11.4 ±
5.949e

10–12 0.15 ±
0.049a–c

4.9 ±
1.796a

0.01 ±
0.008a

7.2 ±
1.190a

0.02 ±
0.016b

18.3 ±
3.928

0.06 ±
0.017c

12.1 ±
3.136

12–14 0.25 ±
0.049a–c

2.9 ±
0.464b.c

0.14 ±
0.008a

5.3 ±
1.942

0.07 ±
0.016b

12.1 ±
5.488b

0.06 ±
0.017c

11.0 ±
1.865c

14–16 0.31 ±
0.049a,b

2.3 ±
0.464b,c

0.04 ±
0.017a

9.7 ±
1.942

0.01 ±
0.020b

8.1 ±
5.488b

0.19 ±
0.123

5.1 ±
1.865c

Note: the values of growth rates and generation time are provided in the columns µ and g, respectively, with confidence
intervals. Footnotes to the means mark results that are statistically significantly different (Tukey’s test, p < 0.05) under
the following cultivation conditions: +7 and +14 °C (a); +7 and +17 °C (b); +7 and +20 °C (c); +14 and +17 °C (d);
+14 and +20 °C (e).

Cultivation at +7 °C showed as follow: from the 2ⁿᵈ to the 8ᵗʰ day, the growth rates remained rela-
tively low (0.05–0.08 div.·day⁻¹), and the generation time was high (8.7–15.5 days). Only on days 8–10,
the growth rates began to rise (Table 5). Throughout most of the test at +7 °C, the growth rates were
statistically significantly lower (Tukey test, p < 0.05) than at a higher temperature, and this mediated
the low density at the minimum temperature investigated (Fig. 1B).

DISCUSSION
Our data show that P. fraudulenta and P. hasleana are capable of remaining in a viable state through-

out the experiment and actively divide within the temperature ranges of +10…+18 °C and +14…+20 °C,
respectively. The mean cell density of P. fraudulenta at +18 °C was statistically significantly higher than
at other values (Tukey test, p < 0.05) throughout the test (Fig. 1A, Table 2). The mean cell density
of P. hasleana at +17 °C was noticeably higher (Tukey test, p < 0.05) than that at other temperatures
on days 8–12 (Fig. 1B, Table 4). At a temperature tolerant for P. fraudulenta and P. hasleana cultiva-
tion, in most cases, the growth rates at the end of the experiment (from the 10–12ᵗʰ to 14–16ᵗʰ days)
were lower, and the generation time was higher than during the previous part of the test, despite small
peaks on the 14–16ᵗʰ day at +18 °C for P. fraudulenta and at +20 °C for P. hasleana (Tables 3, 5).
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This indicated a slowdown in cell growth towards the end of the experiment. It can be assumed as fol-
lows: on days 14–16, due to the release of nutrients resulting from the decomposition of dying cells
and the effect of bacterial exometabolites, which can promote the growth of microalgae, small secondary
peaks in density and growth rate were recorded. Due to the low growth rates and longer generation time,
the mean cell density of P. fraudulenta and P. hasleana when cultured at +5 and +7 °C, respectively,
was significantly lower than that at a higher temperature (Tukey test, p < 0.05) (Fig. 1A and B).

So, the ranges of tolerant temperatures for P. fraudulenta and P. hasleana cultivation were +10
to +18 °C and +14 to +20 °C, respectively. The optimal temperatures for the development of these
species in culture were +18 and +17 °C, respectively. Since the clones we studied were isolated
from the natural environment at relatively low water temperatures (about +5…+7 °C), P. fraudulenta
and P. hasleana appear to be adapted to surviving in a wide range of temperatures. This is consistent
with the available literature data on the widespread distribution of these species in plankton at high, low,
and temperate latitudes [Bates et al., 2018].

Literature data support our findings on the development of the investigated species in a wide range
of temperature for cultivation. According to previous studies, for P. fraudulenta isolates from different
areas of the World Ocean, the optimal ranges of water temperatures for growth were +10…+15 °C [Ay-
ache et al., 2021; Fehling et al., 2006; Gai et al., 2018; Thessen et al., 2009] and +18.5…+26.5 °C [Dele-
grange et al., 2018]. Other authors reported a temperature of (20.8 ± 0.8) °C for a P. fraudulenta clone
from coastal waters of France [Claquin et al., 2008]. In the North Atlantic, P. fraudulenta vegetation
began at a water temperature of +9…+14.4 °C [Hasle, 1965]. Importantly, this did not differ much
from our data on the species blooms in Peter the Great Bay (Sea of Japan) within the temperature range
of +6…+16 °C [Stonik et al., 2008]. As for P. hasleana, according to literature data, water tempera-
ture favorable for its development off the coast of Australia exceeded +16 °C [Ajani et al., 2013]. Wa-
ter blooms caused by Pseudo-nitzschia calliantha Lundholm, Moestrup & Hasle, 2003 and P. hasleana
in Peter the Great Bay were previously registered by us at water temperature of +10…+16 °C [Stonik,
Zinov, 2023]. Thus, lower limits of temperature conditions for culturing two species we revealed (+10
and +14 °C) are consistent with the parameters of water temperature in the natural environment (Pe-
ter the Great Bay, Sea of Japan) at which blooms of P. fraudulenta (+6…+16 °C) and P. hasleana
(+10…+16 °C) were observed.

The occurrence of high adaptive capabilities of Pseudo-nitzschia species in relation to temperature,
along with high genetic variability in natural populations of this genus [Evans et al., 2005], suggest
that P. fraudulenta and P. hasleana may gain advantages for growth in a relatively wide range of water
temperatures, +10…+18 °C and +14…+20 °C, respectively, in Russian waters of the Sea of Japan.
The obtained data can be used to predict blooms of the analyzed species in the study area.

Conclusions. When Pseudo-nitzschia fraudulenta clones were grown at temperatures of +10, +16,
and +18 °C, and Pseudo-nitzschia hasleana clones were grown at +14, +17, and +20 °C, cells re-
mained in a viable state and continued to divide. When the cultivation temperature of P. fraudulenta
and P. hasleana was lowered to +5 and +7 °C, respectively, division slowed down dramatically.

The ranges of tolerable temperatures during P. fraudulenta and P. hasleana cultivation were +10
to +18 °C and +14 to +20 °C, respectively. The revealed lower limits of the range of temperatures for cul-
tivation of these two species (+10 and +14 °C) are consistent with the parameters of water temperature
in the natural environment, Peter the Great Bay (Sea of Japan), under which blooms of P. fraudulenta
(+6…+16 °C) and P. hasleana (+10…+16 °C) were observed.
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ВОЗДЕЙСТВИЕ ТЕМПЕРАТУРЫ НА РОСТ
ДВУХ ВИДОВ PSEUDO-NITZSCHIA H. PERAGALLO (BACILLARIOPHYTA)

В ЛАБОРАТОРНЫХ КУЛЬТУРАХ, ИЗОЛИРОВАННЫХ ИЗ ЯПОНСКОГОМОРЯ

А. А. Зинов, И. В. Стоник

Национальный научный центр морской биологии имени А. В. Жирмунского ДВО РАН,
Владивосток, Российская Федерация

E-mail: innast2004@mail.ru

Диатомовые водоросли рода Pseudo-nitzschia H. Peragallo, 1900, продуцирующие нейротоксич-
ную домоевую кислоту, нередко интенсивно размножаются в дальневосточных морях России,
что вызывает цветения воды. Температура известна как важный фактор, влияющий на разви-
тие диатомей, однако его воздействие на рост этой группы микроводорослей из Японского мо-
ря исследовано недостаточно. Изучены особенности роста в лабораторной культуре двух ви-
дов диатомей — Pseudo-nitzschia fraudulenta (Cleve) Hasle, 1993 и Pseudo-nitzschia hasleana
Lundholm, 2012— в диапазоне температуры от +5 до +20 °C.Методом прямого подсчёта в каме-
ре Нажотта оценены плотность клеток, темпы роста и время генерации. Установлено, что макси-
мальная средняя плотность клеток P. fraudulenta достигала 2,2 × 105 кл.·л−1 на 16-е сутки опыта

Marine Biological Journal 2025 Vol. 10 No. 3

https://doi.org/10.3390/jmse9060568
https://doi.org/10.1127/nova_hedwigia/2018/0502
https://doi.org/10.1127/nova_hedwigia/2018/0502
https://doi.org/10.1007/BF03022428
https://doi.org/10.1080/0269249x.2011.573706
https://doi.org/10.1080/0269249x.2011.573706
https://doi.org/10.3390/jmse11051024
https://doi.org/10.1016/j.hal.2009.01.003
https://doi.org/10.1016/j.marpolbul.2024.116444
https://doi.org/10.1016/j.marpolbul.2024.116444
http://www.imb.dvo.ru/
http://www.imb.dvo.ru/
mailto:innast2004@mail.ru


30 A. Zinov and I. Stonik

при +18 °C. Для этого вида при +18 °C темпы роста (0,11–0,16 дел.·сут−1) оставались относи-
тельно высокими, а время генерации (4,4–6,7 сут) — относительно низким в течение большей
части эксперимента. Максимальная средняя плотность клеток P. hasleana, 5 × 105 кл.·л−1, отме-
чена на 16-е сутки опыта при +17 °C. Для этого вида высокие темпы роста (0,2–0,92 дел.·сут−1)
и низкое время генерации (0,8–3,6 сут) зарегистрированы при +17 °C с 2-х по 10-е сутки экспери-
мента. Средняя плотность клеток P. fraudulenta при +18 °C оказалась статистически достоверно
выше, чем при других изученных значениях температуры (тест Тьюки, p < 0,05) на протяжении
всего опыта. Средняя плотность клеток P. hasleana при +17 °C была статистически значимо вы-
ше (тест Тьюки, p < 0,05) таковой при других температурах на 8–12-е сутки эксперимента. Уста-
новлено, что при выращивании клонов P. fraudulenta при +10, +16 и +18 °C и клонов P. hasleana
при +14, +17 и +20 °C клетки оставались в жизнеспособном состоянии и продолжали делиться.
При понижении температуры культивирования P. fraudulenta и P. hasleana до +5 и +7 °C соот-
ветственно деление резко замедлялось, а плотность клеток была статистически значимо ниже,
чем при более высокой температуре (тест Тьюки, p < 0,05). Установлены диапазоны толерант-
ной температуры при выращивании диатомей — от +10 до +18 °C для P. fraudulenta и от +14
до +17 °C для P. hasleana. Выявленные нижние границы температурных условий для культиви-
рования двух видов (+10 и +14 °С) согласуются с параметрами температуры воды в природной
среде, при которых отмечены цветения P. fraudulenta (+6…+16 °C) и P. hasleana (+10…+16 °C).
Показаны широкие адаптивные возможности изученных видов по отношению к температуре.
Ключевые слова: Pseudo-nitzschia fraudulenta, Pseudo-nitzschia hasleana, лабораторное
культивирование, температура, Японское море
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