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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 x 10° cells-L™! on the 16" day
of the experiment at +18 °C. For this species, at +18 °C, the growth rate (0.11-0.16 div.-day™) 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 x 10° cells-L™!, was recorded on the 16" day of the ex-
periment at +17 °C. For this species, high growth rate (0.2-0.92 div.-day™) and low generation time
(0.8-3.6 days) were recorded at +17 °C from the 2" to the 10" 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...4+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 are maintained 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 12h:12h (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 20x 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 Uterm&h!’s solution [Fedorov, 1979].

The specific growth rate of the culture was calculated based on cell concentration data by the formula

[Zaika, 1972]:

Tl - TO

where X; and X, are concentration values corresponding to the time of growth T; and T,.
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The cell density doubling time (generation time) was estimated by the formula [Jones et al., 1963]:
In2  0.693
g = =,
H M
where g is the generation time;

u 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

F
Factor Pseudo-nitzschia fraudulenta | Pseudo-nitzschia hasleana P
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.
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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 x 10° cells-L™.
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 x 10° cells-L™") was recorded on the 16" day
of the experiment at +18 °C, and the minimum one (8.6 x 10° cellsL™') was registered
on the 2" day at +5 °C. When the cultivation temperature was reduced to +5 °C, the mean density
was 2.8 x 10* cells-L™! 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 4™ 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

Temperature, °C
Day
+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™") and +10 °C
(0.14-0.23 div.-day™") were higher than at other temperatures from day 2 to days 6-8. From the 8"
to the 14" day, the growth rates dropped reaching a minimum (0.01 div.-day™') 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™!) and generation time (days) during Pseudo-nitzschia fraudulenta
cultivation at different temperature

Days +5 °C +10 °C +16 °C +18 °C
u g u g [ g u g

24 0.14 + 55% 023+ 33% 0.13 53+ 0.16 + 4.4+
0.063 1.902 0.067 0.631 0.011 0.234 0.016 0.267
46 0.18 £ 4.1+ 0.17 £ 42+ 0.1+ 6.9+ 0.11 £ 6.7+
B 0.051 1.070 0.056 1.187 0.024 1.464 0.015 1.039
6-8 0.1+ 92+ 0.14 + 6.4 % 0.12 + 6.1 % 0.16 + 4.7 %
0.051 5.016 0.056 4.450 0.024 2.258 0.015 1.520
3-10 0.03 £ 351+ 0.09 £ 114+ 0.11 % 6.4+ 0.16 + 45+
- 0.051 17.094 0.056 5.253 0.024 1.340 0.015 1.548
10-12 0.01+ 40.5 + 0.08 + 10.5 + 0.11 6.4+ 0.12 + 59+
0.004%< 2.428*° 0.031 5.477% 0.020° 1.240° 0.037¢ 2.141°
1914 0.03 £ 315+ 0.04 £ 16.6 + 0.1+ 7.8+ 0.05 + 158+
0.0045¢ 12.416 0.031 2.056 0.020° 2.554 0.037¢ 5.026
14-16 0.1 11+ 0.08 £ 8.7+ 0.1+ 74+ 0.1 7.7+
0.0045¢ 5.004 0.031 2.199 0.020° 2.112 0.037¢ 2.535

Note: the values of growth rates and generation time are provided in the columns p 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: +5 and +10 °C (a); +5 and +16 °C (b); +5 and +18 °C (¢).
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Cultivation at +16 and +18 °C revealed relatively high growth rates (0.11-0.16 div.-day™)
and low values of generation time (4.4—6.9 days) during most of the experiment, from the 2™
to the 12" day (Table 3). On days 1214 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—16" 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 x 10° cells-L™!. 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 x 10° cells-L™!) was recorded on day 16 at +17 °C, and the min-
imum mean density (1.3 x 10° cells-L™") was noted on day 4 at +7 °C. At cultivation temperature
of +7 °C, on the 6™ day of the experiment, the cell density increased to 2.8 x 10 cells-L™}, and then
it dropped; only on the 12" day, it rose to 2 x 10* cells-L™' 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—12" 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™) were registered
from the 2™ to the 6™ day. From days 6-8 to 8—10, the values decreased from 0.54 to 0.32 div.-day™".
From the 10™ to the 12" 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™") on the 10-12" day (Table 5). High growth
rates (0.2-0.92 div.-day™") 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™"). From the 10" 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™) and long generation time (5.1 days)
on days 14—16™ at +20 °C.

Table 5. Growth rate (div.-day~') and generation time (days) during Pseudo-nitzschia hasleana cultivation

at different temperature

+7 °C +14 °C +17 °C +20 °C
Days
[ g [ g [ g M g
24 0.08 + 8.7+ 0.98 + 0.7 0.54 + 14+ 047 + 1.6 =
. 0.003* 0.347%< 0.075%d< 0.054% 0.1645de 0.506° 0.130¢¢ 0.447¢
46 0.05 + 155+ 0.73 + 1.0 £ 0.92 + 0.8+ 0.20 + 4.0+
a 0.023% 5.613*° 0.240° 0.283% 0.159° 0.138° 0.097¢ 1.876¢
6-8 0.07 + 9.8 % 0.54 + 6.4 % 0.28 + 25+ 022+ 33+
a 0.001%¢ 0.200>¢ 0.03134= 2.3684¢ 0.0334 0.3234 0.050%¢ 0.888¢
3-10 0.16 = 48 £ 032+ 2.1+ 0.20 = 3.6+ 0.08 = 114+
a 0.0015¢ 2.086 0.0314¢ 0.089°¢ 0.03304 1.167 0.010¢ 5.949¢
10-12 0.15% 49+ 0.01 £ 7.2+ 0.02 = 183 + 0.06 + 12.1+
a 0.049* 1.796* 0.008* 1.190° 0.016° 3.928 0.017¢ 3.136
1214 0.25 29+ 0.14 £ 53+ 0.07 £ 12.1+ 0.06 + 11.0+
a 0.049% 0.4645¢ 0.008? 1.942 0.016° 5.488° 0.017¢ 1.865°¢
14-16 031+ 23+ 0.04 + 9.7 0.01 + 8.1% 0.19 + 5.1%
- 0.049%° 0.4645¢ 0.017° 1.942 0.020° 5.488° 0.123 1.865°¢

Note: the values of growth rates and generation time are provided in the columns p 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 2" to the 8™ day, the growth rates remained rela-
tively low (0.05-0.08 div.-day™), and the generation time was high (8.7-15.5 days). Only on days 810,
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 10-12" to 14-16" days)
were lower, and the generation time was higher than during the previous part of the test, despite small
peaks on the 14—-16™ day at +18 °C for P. fraudulenta and at +20 °C for P. hasleana (Tables 3, 5).

Marine Biological Journal 2025 Vol. 10 No. 3
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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...426.5 °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...416 °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...416 °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...4+18 °C and +14...420 °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...416 °C) and P. hasleana (+10...+16 °C) were observed.
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HuatomoBbie Bogopociu poja Pseudo-nitzschia H. Peragallo, 1900, npoayiupyioliue HeHpOTOKCUY-
HYIO IOMOEBYIO KHCIIOTY, HEPE/IKO MHTEHCUBHO Pa3MHOXAOTCSA B JalbHEBOCTOUHBIX MOpsix Poccum,
YTO BBHI3BIBAET IIBETCHUsI BOJBL. Temreparypa U3BecTHA KaK BaXHbBIM (DAKTOp, BIUSIONIMIA Ha Pa3BU-
THE JUaTOMEl, OJJHAKO €ro BO3/IeHCTBUE HA POCT STOMW TPYIIIBI MUK POBOAOpOCer 13 AnoHCKoro Mo-
PA UCCIIEIOBAHO HEIOCTATOYHO. V3yueHbl 0COOEHHOCTH POCTa B JIAOOPATOPHOM KYJIbTYpe JBYX BU-
noB quatomend — Pseudo-nitzschia fraudulenta (Cleve) Hasle, 1993 u Pseudo-nitzschia hasleana
Lundholm, 2012 — B auana3one Temnepatypsl oT +5 10 +20 °C. MeTooM npsamMoro nojcyéTra B Kame-
pe HaxoTTta onieHeHs! INIOTHOCTH KJIETOK, TEMIIBI pOCTa U BpeMsi TeHepalyi. YCTaHOBJIEHO, YTO MaKCH-

MaJslbHasl CpeIHsIs IUIOTHOCTD KJIETOK P. fraudulenta nocturana 2,2 x 10° k.1~ Ha 16- CYTKH OIbITA
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npu +18 °C. Jlna s1oro Buma nipu +18 °C temmsl pocta (0,11-0,16 men.-cyr™!) ocraBammck oTHOCH-
TEeJIbHO BBHICOKMMH, a BpeMs TeHepauuu (4,4—6,7 cyT) — OTHOCUTEIbHO HU3KUM B TeueHue OOoJIbIIen
YacTH SKCriepuMeHTa. MakcuMalibHas CpeiHsisl IVIOTHOCTD KJIeToK P. hasleana, 5 105 xi.-17!, orme-
yeHa Ha 16-e cyTtku omnbiTa Tipu +17 °C. st sToro Buga Beicokue temnsl pocta (0,2-0,92 )len..cyT‘l)
u Hu3Koe Bpems rerepanu (0,8-3,6 cyT) 3apeructpupoBansl ipu +17 °C ¢ 2-x o 10-e cyTku sKcniepu-
MeHTa. CpeHsIs IIOTHOCTD KIIeTOK P. fraudulenta ipy +18 °C okazanach CTaTHCTHYECKU JOCTOBEPHO
BbIIIIE, YeM MIPU JPYTUX U3YUEHHBIX 3HAUEHUSX TemrepaTyphl (Tect Thioku, p < 0,05) Ha mpoTskeHuu
Bcero onbita. CpeHss IIIOTHOCTH KIeToK P. hasleana nipu +17 °C Obl1a CTATUCTUYECKU 3HAYMMO BhI-
e (tect Trioky, p < 0,05) TakoBO# NpuU PYrUxX TemmepaTypax Ha 8—12-e CyTKU SKCIIepUMEeHTa. YCTa-
HOBJIEHO, YTO IPH BbIpAIMUBaHUU KJIOHOB P. fraudulenta npn +10, +16 n +18 °C u knoHos P. hasleana
npu +14, +17 u +20 °C KJIeTKU OCTaBAIUCh B )KM3HECTIOCOOHOM COCTOSIHUY U IMPOOJIKAIHN JICTUTHCS.
[Ipu noHwkeHNM TeMiiepaTypsl KyiabTuBupoBanus P. fraudulenta n P. hasleana no +5 v +7 °C coor-
BETCTBEHHO JIeJIeH!Ee PEe3KO 3aMeJIISUIOCh, a TUIOTHOCTh KJIETOK OblIa CTATUCTHYECKU 3HAYMMO HUKE,
yeM npH OoJiee BHICOKOH Temmeparype (tect Trioku, p < 0,05). YcTaHOBNIEHB qUATIa30HBI TOJIEPAHT-
HOI1 TeMIiepaTypbl py BelpaluBaHuu guaromein — ot +10 no +18 °C gna P. fraudulenta v ot +14
1o +17 °C nna P. hasleana. BrisiBIeHHbIE HUKHUE TPAHULIBI TEMIIEPATYyPHBIX YCJIOBUH AJIS KYJIbTUBHU-
poBanus aByX BUIOB (+10 u +14 °C) cornacyioTcs ¢ napaMeTpaMy TeMIepaTypbl BOJAbI B TPUPOAHON
cpelie, pu KOTOPHIX OTMeueHH 1iBeteHus P. fraudulenta (+6...+16 °C) u P. hasleana (+10...+16 °C).
[Noka3zaHsl MUPOKHE aJalTUBHBIE BO3MOKHOCTHA U3yYEHHBIX BHJOB IO OTHOIIEHHUIO K TeEMIIepaType.

KatoueBbie cuoBa: Pseudo-nitzschia fraudulenta, Pseudo-nitzschia hasleana, nabopaTopHoe
KyJbTUBHPOBaHHE, TEMIIepaTypa, AnoHckoe Mmope
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