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The article summarizes original and literary data on different aspects of studying Cylindrotheca closterium
(Ehrenberg) Reimann et Lewin 1964 in two biotopes — phytoplankton and microphytobenthos —
of the Black Sea, the Sea of Azov, and the Sea of Japan for the period from 1976 to 2016. The aim
of the work is to present the results of the study mainly of own data on the morphology, system-
atics and ecology of C. closterium in different seas and under cultivation in the laboratory. Informa-
tion on the history of the species origin and its nomenclature changes is given. C. closterium belongs
to the phylum Bacillariophyta, class Bacillariophyceae, order Bacillariales Hendey 1937, family Bacil-
lariaceae Ehrenb. 1831, genus Cylindrotheca Rabenhorst 1859 emend. Reim. et Lewin 1964. This ben-
thoplanktonic species occurs in the plankton, in littoral and sublittoral zones of the seas. The species
is marine and brackish-water; it is a cosmopolite common in different geographical zones of the World
Ocean. The results of studying alga by various methods under natural and experimental conditions in light
and transmission electron microscopes of C.Zeiss LIBRA-120 are presented. The quantitative data
of C. closterium were determined by direct counting of the cells in the Goryaev’ camera (V = 0.9 mm?)
in light microscopes BIOLAM L-212, C.Zeiss Axioskop 40 with the program AxioVision Rel. 4.6
at 10x40, 10x100, and Olympus BX41 (Tokyo, Japan) with lenses UPLanF140x and 100x1/30 oil im-
mersion. Cultivation of C. closterium was carried out in the cumulative mode on the nutrient medium F,
volume of 1L under light intensity of 13.7klx and temperature of +20...+21°C. Morphology data
of this species from different seas were obtained. The average cell sizes of C. closterium are: 25-260 um
length, 1.5-8 pm width; 12-25 fibulae in 10 um. The results of cultivation in the laboratory conditions
showed that the average cell sizes reached 148.17 um (length) and 8 um (width) at the temperature
of +19...420°C and light intensity of 13 klx; length of cells reached 162.12 um in the exponential
phase of growth and 172.07 um — in the stationary phase. C. closterium has an important practical sig-
nificance as a source of fucoxanthin, since this alga is intensively cultivated for production of biologi-
cally active substances. Our experimental data showed that during laboratory cultivation the fucoxanthin
concentration in a diatom biomass can reach 11 mg-g'! of dry mass. The new data obtained are rele-
vant and important; they can be used in different fields of science and medicine. The seasonal dynam-
ics of population abundance of C. closterium in different ecotopes (epizoon of invertebrates and their
food spectra, epiphyton of bottom vegetation, periphyton of the experimental and anthropogenic sub-
strates of the different seas) is presented for the first time. The maximum abundance of the species pop-
ulation (65.6-10° cells-cm™) was registered in the epizoon of the mussel Mytilus galloprovincialis Lam.
in March at the water temperature of +7.7 °C at a depth of 2.5 m in the Black Sea. The maximum abun-
dance was registered in the epiphyton of green algae (896-10%cells-cm™) and in the periphyton of as-
bestos plates (728-10%cells-cm™) in August at the water temperature of +24.5°C in the Sea of Japan.
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The abundance dynamics of C. closterium natural populations in the local habitats changed depending
on the season, the depth, and the type of substrate. The similarities and differences in the distribution
of C. closterium in the sea microphytobenthos are discussed.

Keywords: diatom, Cylindrotheca closterium, taxonomy, morphology, phytogeography, ecology, ecotopes,
abundance, laboratory cultivation, fucoxanthin

Cylindrotheca closterium is a species of great ecological and biotechnological importance. This alga
is a rich source of proteins, polyunsaturated fatty acids, micro- and macroelements. It contains carotenoids,
a pigment of fucoxanthin, which is found mainly in diatoms and brown algae [20]. As a part of the photo-
synthetic apparatus, fucoxanthin content reaches 78 % of the total content of carotenoids which makes up
to 1.7 % of the dry mass. This species is also characterized by a high content of fat and ash [20]. Positive
results of biomedical, pharmacological and clinical studies demonstrate the high efficiency of fucoxanthin
in the treatment and prevention of obesity, diabetes, oncology, as well as diseases associated with dis-
orders of the immune and cardiovascular system [8, 20]. It testifies the prospects of C. closterium study.
The species is widely used in aquaculture for feeding aquatic organisms (larval shellfishes, mussels, oysters,
etc.) and in medicine — as a source of fucoxanthin.

Working with the scientific papers related to different aspects of the taxa study it is important to identify
them accurately, because sometimes definitions in the literary sources are incorrect. Therefore, for special-
ists not engaged in the taxonomy, the exact definition of the species in such papers is mandatory. Addi-
tional information for the species are ecological characteristics (relation to temperature, salinity, saprobity
indicators, quantitative data on populations of the species in the different seasons of the year), as well
as phytogeographic features (distribution of the species in local and main geographical areas of its habitat).
Unfortunately, there are still very few papers on the synthesis of data on the study of individual species of dia-
toms, but they are necessary for having a complete picture. Long-term studies of C. closterium are of great
interest not only for taxonomists and ecologists but also for those involved in laboratory cultivation. In gen-
eral, the study of this species has not only theoretical but also practical significance in various fields
of human activity.

The aim of this work is to generalize and analyze own and literary data on different aspects
of C. closterium study in natural and laboratory conditions.

MATERIAL AND METHODS

The material for the analysis and generalization of the results of the study of C. closterium morphol-
ogy, ecology and cultivation is used on the basis of original data from different natural geographical re-
gions of the Black Sea, the Sea of Azov, and the Sea of Japan. Samples were collected in the micro-
phytobenthos of the Black Sea in different years from 1987 to 2015, of the Sea of Japan — from 1976
to 2016. The quantitative data on populations of the species were determined by direct cell counting
in the Goryaev’s camera (V = 0.9 mm?) in light microscopes BIOLAM L-212 at 10x40x2.5, 10x90x2.5
magnification, and C. Zeiss Axioskop 40 with the program AxioVision Rel. 4.6 at 10x40, 10x100. In addi-
tion, the morphology was examined using an Olympus BX41 (Tokyo, Japan) light microscope with lenses
UPLanF140x and 100x1/30 oil immersion, and C.Zeiss (Germany) LIBRA-120 transmission electron
microscope.

Cultivation of the Black Sea clone of C. closterium from the collection of the Kovalevsky Institute
of Marine Biological Research of RAS (Sevastopol) was carried out in the cumulative mode in the nu-
trient medium, the volume of one liter (hereinafter L), under light intensity of 13.7 klx and temperature
of +20...421 °C. In the process of the clone growing, the culture medium was continuously bubbled with
air through the compressor, using a sprayer to provide sufficient oxygen and carbon dioxide. The clone
of C. closterium isolated from the Sea of Japan population is preserved in the collections of the Zhirmunsky
National Scientific Center of Marine Biology, Far Eastern Branch of RAS (Vladivostok).
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RESULTS AND DISCUSSION

The history of this species. C. closterium has a continuous history, with many details presented by the au-
thors who described the species [25] and with a large number of names that were included in its
extensive synonyms [9, 29, 33, 34]. Originally, the species was described by H.Ehrenberg in 1839
as Ceratoneis closterium Ehrenb. W. Smith first recorded species in May 1851 off the coast of Britain [39]
and in 1853. W. Smith transferred the species to another genus and listed it as Nitzschia closterium
(Ehrenb.) W. Smith 1853. However, Rabenhorst (1859) described a new genus Cylindrotheca with
a single species C. gerstenberger Rabenh. 1859, which was later renamed to C. gracilis (Breb. ex Kiitz.)
Grunow in Van Heurck 1882. In 1864, Rabenhorst described the form Nitzschiella closterium. A cen-
tury later (1964), Reimann and Lewin, examining the range of Nitzschia forms in the laboratory
with a light microscope and then with a scanning electron microscope, came to the conclusion
that Nitzschia closterium by its morphological features belonged to the genus Cylindrotheca. Thus, the au-
thors described the following taxa: Cylindrotheca closterium (Ehrenb.) Reimann et Lewin, C. closterium
var. californica (Mereshck.) Reimann et Lewin, C. fusiformis Reimann et Lewin, and C. signata Reimann
et Lewin. However, the authors emphasized that the species C. closterium and C. fusiformis possessed only
two chloroplasts. Currently, the genus is named Cylindrotheca Rabenhorst emend. Reimann et Lewin 1964
and includes 10 taxa [9].

The taxonomic classification of the species C. closterium and its synonymy is as follows: the nomenclat-
ural type of this species belongs to the phylum Bacillariophyta, class Bacillariophyceae, order Bacillariales
Hendey 1937, family Bacillariaceae Ehrenb. 1831, genus Cylindrotheca Rabenhorst 1859 emend. Reim.
et Lewin 1964 [9, 26].

Cylindrotheca closterium (Ehrenberg) Reimann et Lewin 1964 has many synonyms. Basionym:
Ceratoneis closterium Ehrenb. 1839. Synonyms: Nitzschia closterium (Ehrenb.) W. Smith 1853; N. reversa
W. Smith 1853; N. closterium var. reversa (W. Smith) Hauck; Nitzschiella closterium Rabenhorst 1864;
Nitzschia rostratum Grunow 1880; N. longissima var. closterium (Ehrenb.) Van Heurck 1885; N. curvirostris
var. closterium (Ehrenb.) De Toni 1892; Nitzschiella longissima var. closterium (Ehrenb.) Peragallo et Per-
agallo 1897; Homoeocladia closterium (Ehrenb.) Kuntze 1898; Nitzschiella tenuirostris Mereschk. 1901;
Nitzschia longissima Gran 1930; N. closterium var. recta Gran 1931.

Comment. In the work of Crosby and Wood ([6], p. 38, pl. 1, Figs no. 16 and no. 17), Figure 16 shows
the species Nitzschia longissima larger, and Figure 17 shows the N. closterium smaller with two chloro-
plasts. It should be noted that N. longissima is characterized by numerous granular chloroplasts, as noted
by Proshkina-Lavrenko [22]. As detected by us in live samples from the Black Sea and the Sea of Japan,
it is obvious that these authors specified the same species Nitzschia closterium (= Cylindrotheca closterium),
which has typically only two chloroplasts. These data are confirmed by the authors [25].

The ecology. Ecological characteristics about C. closterium are given for a majority of the examined
water areas of the Black Sea, the Sea of Azov, and the Sea of Japan on the basis of own and literary
sources. This species is eurythermic, euryhaline, lives in marine and brackish waters. It is neritic, ben-
thoplanktonic species that occurs in the plankton and in littoral and sublittoral zones of the seas. There
are some limited data available on the phytoplankton of the Sea of Azov and estuaries, as well as on micro-
phytobenthos [15, 21, 23, 34]. Thus, in the phytoplankton of summer of 1999 and 2003, C. closterium was
observed at the temperature of +24...4+25 °C with 59-10° cells-m™ and the wet biomass of 41 mg-m= [14].
This species was identified in single individual cases in the microphytobenthos of the Crimean coastal waters
of the Sea of Azov [2].

The study in natural conditions. Long-term observations and study of diatom from natural populations
of microphytobenthos and phytoplankton from different regions and biotopes of the Black Sea and the Sea
of Japan were carried out in different seasons and at different depths. In vivo cells of C. closterium
from the Sea of Japan are shown on the Fig. 1.
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Fig. 1. Light microscopy. In vivo cells of Cylindrotheca closterium from the Sea of Japan with two chloro-
plasts (photo by A. Begun)

Puc. 1. CgeroBas mukpockonus. Ilpuxusnennsie knetku Cylindrotheca closterium n3 $InoHckoro Mops
¢ nByms xjoporuiactamu (¢poto A. beryna)

To study the morphology of C. closterium we conducted analyses of samples from the Black Sea
and the Sea of Japan (Fig. 2) clones made with the transmission electron microscope. The analysis of original
and literary data on the morphological parameters of the valves of C. closterium from different seas showed
a wide size range. The valve sizes are: 25—180 um length, 1.5-8.0 um width, 12-25 fibulae in 10 um [25];
30-260 pum length, 2.0—-6.0 um width for the Black Sea population of the species; 45—-65 pm length, 3—4 pm
width for the Black Sea [10]; 50-160 um length, 3-5 um width, 14-16fibulae in 10 um for the Sea
of Japan population [19]; 47.5-118.4 um length, 2.9-5.0 um width, 12-16 fibulae in 10 um [22, 23, 24];
12-14 fibulae in 10 um [27, 33]. In the morphological parameters study of the valves in the Black Sea
populations of C. closterium, the annual dynamics of development on the experimental glass-plates periphy-
ton was characterized by a wide size range. In 2011-2012, the cells length varied from 24.9 to 97.2 um,
the width varied from 1.5 to 5.0 um [1].
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Fig. 2. Transmission electron microscopy. The structure of Cylindrotheca closterium valves from the Black
Sea (a, b) and the Sea of Japan (c, d). Scale bar: 10 um (a, b); 1.0 um (c, d) (photo by I. Stonik)

Puc. 2.  TpancmuccuoHHasi 37eKTpoHHass Mukpockonus. CTpyktypa ¢dparmMeHToB CcTBOpoK Cylin-
drotheca closterium w3 Y€pnoro (a, b) m Anonckoro (c, d) mops. Illkama w3mepenus: 10Mkm (a, b);
1,0 kM (c, d) (¢poto U. CToHUK)

The occurrence and abundance of this species are registered in different ecotopes of the Black Sea [28,
30]. In the studies on “Ectocarpus” model substrates imitating macroalgae, the abundance of C. closterium
ranged from 5.7-10° to 21.0-10° cells-cm™ during the exposure period near the Karantinnaya Bay (station
of observations) from 1988.05.26 to 1988.06.07 [35]. The abundant growth of C. closterium was recorded
in different seasons, on substrates and at depths in the water area at Sevastopol (Table 1).

Marine Biological Journal 2019 vol. 4 no. 2



56 L.I. RYABUSHKO, D. S. BALYCHEVA, A. V. BONDARENKO, S.N. ZHELEZNOVA, A. A. BEGUN, L. V. STONIK

Table 1. The occurrence of the diatom Cylindrotheca closterium on different substrates of the Black Sea
(near Sevastopol)

Taoéuumna 1. Bcrpeuaemocts quiatomoBoit Boopociu Cylindrotheca closterium Ha pa3Hbix cyocTparax YEpHOro
Mops (Bozie . CeBacToros)

Sampling date Sampling area Depth, m Substrate Species
1987.04.28 Karantinnaya Bay 0.1 stone with detrite in a mucous capsule
1987.08.27 Fiolent Cape 0.5 stone normal cells
1995.09.27 Kazach’ya Bay 0.5 Mpytilus galoprovincialis normal cells
1995.10.25 Kazach’ya Bay 0.5 Mpytilus galoprovincialis high abundance

The species abundance of the phytoplankton in different regions of the Black Sea was noted in a num-
ber of works [16, 22, 24]. The maximum abundance (16-10°cells-L"") was observed in phytoplankton
of the eutrophic north-western part of the Black Sea [18].

The seasonal dynamics of abundance of C. closterium populations was investigated from May 1995
to May 1996 in the Kazach’ya Bay, simultaneously in phytoplankton and in microphytobenthos, at the depth
of 0.5-4.5m [30]. The phytoplankton maximum abundance 38-10° cells-L"! was recorded in March; it de-
creased to the minimum of 5.3-10°cells-L"' in summer. In the microphytobenthos of this bay the species
occurred year-round, but the greatest abundance was recorded in spring in the range of water temperature
of +6.8...+7.7 °C (Fig. 3).

409 N t'c - 35
35 - - 30
50 t 30,7 997
L 25
25 -
20,2 20
20 - 18,2
16,5 15

15 -

0 - 10
55

5{34 3 42 45 3¢ I I 4215

S
& . : > .
=] © © M~ © [} (=] — o e [ae)] ™ by ']
— o o o o O — - — o o o o
L W O M~ o M~ . oW © 2 v oW W o~
=] o ~N oY) N N ™~ N N o) o ™~ IS Y|
o ~
—

Fig. 3. The seasonal dynamics of abundance (N, 10°cells-cm™) of Cylindrotheca closterium in the epizoon

of mussel Mytfilus galloprovincialis Lam. and water temperature (¢) in the Kazach’ya Bay of the Black Sea
(1995-1996) [28]

Puc. 3. Cesonnas guHamuka uncnensHoctr (N, 10°kir-cm?) Cylindrotheca closterium B 31TM300HE MUAAU
Mtilus galloprovincialis Lam. u temneparypa Bogsl (1) B 0yxte Kazaubss Yeépraoro mops (1995-1996) [28]

The abundance of C. closterium on the surface of shells of live mussels Mytilus galloprovincialis Lam.
was investigated for the first time depending on the age in the range from 0.5 to 10 years. The abundance
of species ranged from 3.0-10° to 65.6-10° cells-cm™ (June and March, respectively).

In October 1995 in the same bay the average abundance of C. closterium population was from 20-10°
to 28-10% cells-cm™ at a depth of 0.5 m at the water temperature of +15°C. In July 1998 the population
abundance was 70.88-10° cells-cm2, or 48 % of diatom community of periphyton polyethylene film (meso-
cosm) [30]. In the experiments on the exposure of the glass-plates in the sea during 2007-2008, the species
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was found year-round, and the greatest abundance (152.9-10° cells-cm2) was observed at the water tempera-
ture of +10.5 °C [30] in December. During the study of experimental glass-plates in the sea at monthly expo-
sure, maximum abundance (868-10° cells-cm™, or 71 % of the diatom community of the phytoperiphyton)
was registered in January at the water temperature of +8 °C (Fig. 4) [1].

|Cylindrotheca closterium | 1000~ o, vcl %4
|
— 20
—16
—12
— 8
= 4
abundance 01 0203 04 05 06 07 03 09 10 11 12 01
temperature 2011 Months 2012

Fig. 4. The abundance of Cylindrotheca closterium on the glass-plates periphyton in the Karantinnaya Bay
of the Black Sea (2011-2012) [1]

Puc. 4. Yucnennocts Cylindrotheca closterium nepruuToHa CTEKJISIHHBIX IulacThH B KapanTuHHOW OyxTe
Yeépnoro mops (2011-2012) [1]

The degree of its dominance by the Berger — Parker index decreased to 57 %. After the peak of de-
velopment, the abundance decreased to 0.3-103 cells-cm™ by June. In the following months the alga cells
of the species were only sparse. The abundance values of C. closterium cells changed depending on the cumu-
lative exposure on the glass-plates (Table 2). In July 2015, at the water temperature of +21.4 °C the species
dominated on the shells mussel in the Karantinnaya Bay, reaching 21-103 cells-cm at depth of 6 m.

Table 2. Seasonal dynamics of the abundance (N) of Cylindrotheca closterium cells on the glass-plates
of the periphyton of cumulative exposure in the Black Sea (2007-2008)

Ta6mmma 2. CesonHas auHamuka yuclieHHoctdH (N) kietok Cylindrotheca closterium B TniepuduTOHE
CTEKJISIHHBIX IJIACTUH MPU HAKONMUTENbHOU 3Kcno3utuu B YepHom Mope (2007-2008)

Date of substrate exposure Temperature, °C N, cells-cm™
2007.01.17-2007.02.21 +8.5 single
2007.01.17-2007.03.20 +9.0 15.7-10°
2007.01.17 -2007.04.08 +10.0 33.3-10°
2007.01.17-2007.05.21 +18.0 279.1-10°
2007.01.17-2007.06.21 +22.0 36.1-10°
2007.01.17-2007.07.19 +25.0 46.9-10°
2007.01.17-2007.08.21 +28.0 17.5-10°
2007.01.17-2007.09.19 +21.0 single
2007.01.17-2007.10.22 +18.0 single
2007.01.17-2007.11.20 +11.0 single
2007.01.17-2007.12.20 +10.5 206.8-10°
2007.01.17-2008.01.22 +9.0 single
2007.01.17-2008.02.21 +6.0 single
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Laboratory cultivation. Along with the data obtained in the study of the species under natural condi-
tions, we present some complementary results of cultivation in the laboratory. Traditionally, C. closterium
is cultivated in the laboratory on the nutrient medium F, specially formulated for the diatoms (Fig. 5).

Fig. 5. Light microscopy. The cells of Cylindrotheca closterium (from the Black Sea) in the medium F
(photo by S. Zheleznova)

Puc. 5. CseroBas wmmkpockommsi. Knetku Cylindrotheca closterium (n3 Yéproro mopsi) B cpeme F
(¢oto C. XKenesHosoit)

In this medium, the ratio of nitrogen to phosphorus is close to optimal and is 12. The results
of determining the cell size in the culture of C.closterium at various growth stages in the experi-
mental conditions on the nutrient medium F for 24 hours with light intensity of 13.7klx, temperature
of (19 £ 1)°C and pH of 8-9 are presented. The length of C. closterium cells varied from 120 to 220 um,
and the width of the cells — from 6 to 9 pm for 3 days. Our experimental data showed that under these condi-
tions the concentration of fucoxanthin in the diatom biomass can reach 11 mg-g! of dry mass. The optimum
temperature for the growth of this species is +16 °C. At the temperature of +26...427 °C the culture stops
growing. The growth of diatom in the culture is described by an S-shaped curve. In the stationary phase
of growth, the culture reaches its maximum density of 0.1 g-L"' of dry biomass on the 8" day. At this stage,
larger cells dominate; numerous cells appear mainly due to an increase in lipid content. This shows that
cells are able to accumulate valuable biologically active substances.

In the composition of the photosynthetic apparatus of C. closterium, the content of fucoxanthin un-
der certain conditions of cultivation can reach 1.5-1.7 % of the dry weight of the algae [36]. An increase
of the nitrogen concentration in the nutrient medium F leads to a noticeable increase in the productivity
of the cells and the accumulation of fucoxanthin in the culture. At a sodium nitrate concentration
of 225-300mg-L"!, the amount of fucoxanthin in the dry biomass of C.closterium reaches 15mg-g.
Despite the fact that fucoxanthin has a high antitumor activity and is able to inhibit the growth of human
leukemia cells, prostate cancer and breast cancer [37], its use in the medical and food industries has not been
wide enough yet.

The Sea of Japan. For comparison with the Black Sea and the Sea of Azov, we present similar
data for the Sea of Japan. C. closterium is widely found in the phytoplankton of the Peter the Great
Bight [12, 13], as well as in macrophytes epiphyton of the Amursky Gulf [37], among epilithon and epi-
phyton of the Posyet Bay [19]. The species is regularly observed on different substrates (sand, rock,
in the stomachs of invertebrates) at depths of 0.5-10.0 m in different seasons of the year in the Vostok
Bay [27, 31, 33]. In addition, C. closterium was found in periphyton of anthropogenic substrates of dif-
ferent types and in epiphyton of macrophytes, including for the first time sea flax Phyllospadix iwatensis
Makino in the Lazurnaya Bay, as well as in the gulfs of Amursky, Uglovoy, Ussuriisky, Vostok, Nakhodka
and Slavyanka, in the Tavrichansky estuary, and in the Golden Horn Bay in the artificial lagoon near Vladi-
vostok [33]. The size of the population cells of C. closterium from the Sea of Japan varied: there were valves
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of 50-160 pum length, 3—-5 um width, and 14—16 fibulae in 10 um [19]; of 47.5-118.4 um length, 2.9-5.0 um
width, and 12-14 fibulae in 10 pm [28]. Seasonal changes of C. closterium cell sizes on different substrates
in the Sea of Japan are shown (Table 3).

Table 3. Seasonal changes of Cylindrotheca closterium cell sizes on different substrates of the Sea of Japan

Tadamma 3. Ce3onHble u3MeHeHUs1 pasmepa KieTok Cylindrotheca closterium Ha pasHBIX cyOcTpaTax
AnoHckoro Mmops

Date Sampling area Depth, m Substrate Cell size
1976.06.01 Vostok Bay 0.5 stone 68—78 um length, 3.4 um width
1979.07.09 Vostok Bay 0.5-10.0 stone 23.8-85 um length, 3.4 um width
1979.07.11 Vostok Bay 5.0 sand 76 um length, 3.5 ym width
1979.09.30 Vostok Bay 0.5 coral 110 pm length, 1.5-5 fibulae in 10 pm
1984.05.08 Vityaz Bay 05-1.0 Tosterd maring ig a mucous capsule with Parlibellus delognei
of the Posyet Gulf diatom

The abundance of C. closterium in phytoplankton of the Sea of Japan changed in different years
from 4.87-10° cells-L"! at the temperature of +22 °C (August 1999, the Amursky Bay) to 122.5-10% cells-L!
at the temperature of +24.5 °C and salinity of 27 %o (August 2002, an artificial lagoon near the city of Vladi-
vostok). The values of species abundance on different substrates of microphytobenthos and in the periphy-
ton of experimental plates of plexiglas were 40-10° cells-cm™; on wood substrate — 120-10%; on high-alloy
steel — 160-10°; on asbestos — 728-10% cells-cm2; in the epizoon of barnacles Amphibalanus improvisus
(Darwin), on valves of the mussels Mytilus trossulus Gould, on the ascidians Aplidium tenuicaudum (Beni-
aminson) and Styela clava (Herdman) — 100-10° cells-cm™; in epiphyton of green algae — 896-10°; on brown
algae — 463-10%; on red algae — 292-10°; on sea grasses — 15-10° cells-g”!' of their wet biomass [33].

Indicator role. C. closterium is the causative algal bloom in the sea. Sometimes it is found in the area
of “red tides” [28]. Being alkaliphilic and S-mesosaprobic, the species is an organic indicator of moderately
polluted waters [10].

Phytogeography. C. closterium is cosmopolitan, it is found in all geographical zones of the World Ocean.
The species is known in the Amursky Liman [11], in the ice of the Laptev Sea, in Arctic, Barents, White,
Bering, Caribbean, Mediterranean, Adriatic, Aral, Caspian, Norwegian, Kara, Chukchi, Baltic, Black seas,
in the Sea of Azov. There are numerous literary data on the occurrence of this species in the East China
Sea, off the coast of Greenland, Northern California, Spitsbergen, Brazil, Mexico, Finland, Sweden, Spain,
Croatia, Romania, Germany, Denmark, Turkey, Kuwait, West India, Japan, Australia, New Zealand, Sin-
gapore, Sakhalin and Primorye, the Hawaiian and Canary Islands [6, 9, 12, 13, 27, 30, 31, 33, 38], as well
as in the microphytobenthos of the Antarctic [32]. The abundant growth of the species in the phytoplankton
of the Urias Estuary (Mexico) was recorded in the winter of 1980; it gave 0.5- 10° cells-L!, decreased in Jan-
uary and increased again in February [5]. The species was found in the columns of sea ice and on the ice
surface in the Weddell Sea of Antarctic [4], as well as in sand of the Florida Bay [7]. C. closterium was
found in the northern Adriatic Sea in August at the water temperature of +24.0...425.5°C [17], as well
as on the northwest coast of Brazil in the periphyton of experimental glass-plates year-round at the water
temperature of +16...+426 °C [3].

Conclusion. The paper presents a retrospective analysis and synthesis of the results of original stud-
ies of C. closterium on the systematics, morphology, ecology and phytogeography. Comparative data
on the study of morphology and ecology of C. closterium from different seas showed that this marine
and brackish-water, cosmopolitan species occurs throughout the World Ocean, so the optimum of its
development in different seas and in laboratory cultivation have a wide range of environmental factors
(temperature, salinity, and illumination of water). This species is found in marine phytoplankton and mi-
crophytobenthos, including different ecotopes: epizoon of invertebrates and their food spectra, epiphyton
of bottom vegetation, periphyton of the experimental and anthropogenic substrates.
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The average cell sizes of C. closterium range for different seas: 25-260 um length, 1.5-8 um width,
12-25 fibulae in 10 um; in the culture at the temperature of +19...420°C and light intensity of 13 klx
the cell sizes reached 148.17 ym length and 8.0 um width in the culture inoculum, 162.12 um length —
in the exponential growth phase, 172.07 um length — in the stationary phase.

The abundance dynamics of C. closterium natural populations in the local habitats changed depending
on the season, the depth of habitat and the type of substrate. The maximum abundance (65.6-10° cells-cm?)
was registered in the epizoon of the mussel in March at the water temperature of +7.7 °C at a depth
of 2.5 m in the Black Sea. The maximum abundance was in the epiphyton of green algae (896-10° cells-cm?)
and in the periphyton of asbestos plates (728-10° cells-cm™) in August at the water temperature of +24.5 °C
in the Sea of Japan.

C. closterium has an important practical significance, since this alga is intensively cultivated for pro-
duction of biologically active substances, for example of fucoxanthin. C. closterium contains a unique set
of components necessary for humans and is a promising fucoxanthin manufacturer and a biotechnology
object. In this regard, further thorough study of this species production and of biochemical character-
istics of the obtained substances is necessary for the widespread introduction of scientific developments
into practice.

This work was carried out within the framework of research issue of Kovalevsky Institute of Marine Biological
Research RAS no. AAAA-A18-118021350003-6.
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B ITPUPOJHBIX N JIABOPATOPHBIX YCJIOBUAX
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O06001meHB COOCTBEHHBIE U JINTEPATypPHBIE JaHHBIE M0 PA3HBIM ACIEKTaM M3y4YeHHsI IUaTOMOBOH BOJO-
pocmu Cylindrotheca closterium (Ehrenberg) Reimann et Lewin 1964 B 1Byx 6uotonax — (pUTOIUIaHK-
TOHe U MUKpoduToOeHToce — YEpHoro, AzoBckoro u SnoHckoro Mopeit 3a nepuog ¢ 1976 no 2016r.
Lenp paboThl — MpeACTaBlIeHUE Pe3yJIbTATOB M3YyYEHUS] B OCHOBHOM COOCTBEHHBIX aHHBIX IO MOp-
(onoruu, cucremaruke u sxojorun C. closterium B pa3HbIX MOPSIX U MPU KyJIbTUBUPOBAHUU B Jlabopa-
TOpHBIX ycnoBusx. [IpuBeneHa nHgopmanus 06 UCTOPUM MPOUCXOXKJICHUS BUIA U O HOMEHKJIATYPHBIX
m3meHenusix. C. closterium npuHaanexut K otaeny Bacillariophyta, kmaccy Bacillariophyceae, nopsia-
Ky Bacillariales Hendey 1937, cemeiictBy Bacillariaceae Ehrenb. 1831, poay Cylindrotheca Rabenhorst
1859 emend. Reim. et Lewin 1964. 3TOT OEHTOIUIAaHKTOHHBII BU/ BCTPEYaeTCs B IVIAHKTOHE, B JIMTOPAJIb-
HOH 1 cyOJMTOPAIbHON 30HaX Mopei. Buj siBjisieTcs MOPCKKM U COJIOHOBATOBOAHBIM. DTO KOCMOIIOJIHIT,
pacnpocTpaHEHHBII B pa3IMyHBIX reorpauveckux 30Hax MupoBoro okeaHa. [IprBeJeHs! pe3yabTaThl
U3y4YeHUsI BOJOPOCIH Pa3HbIMUA METOJAaMU B €CTECTBEHHBIX M SKCIIEPUMEHTAIBHBIX YCIOBUSIX B CBETO-
BBIX ¥ TPAHCMHCCHOHHOM 3JIeKTpoHHOM MuKpockomnax C. Zeiss LIBRA-120. Yucnennocts C. closterium
OMpeIe AN MyTEM MPAMOTO NOACYETA KIETOK B kamepe I'opsieBa (065EM — 0,9 MM®) B CBETOBBIX MUK PO-
ckonax BIOLAM L-212, C. Zeiss Axioskop 40 ¢ nporpammoii AxioVision Rel. 4.6 mpu 10x40, 10x100,
Olympus BX41 (Tokuo, fnonus) ¢ ummepcuonHbiM oobekTBamu UPLanF140x u 100x1/30. Kyunb-
tuBupoBanue C. closterium OCYIIECTBISUIM B KyMYJIITUBHOM pekMMe B MuTatebHOM cpeae F o0bémMom
111 npu ocBemieHHOCTH cpeabl 13,7 kik u Temneparype +20...421 °C. IoaydeHsl gaHHBIE 0 MOPQO-
JIOTUH 3TOrO BHJA U3 pa3HbIX Mopeill. CpenHue pasmeps! kieTok C. closterium coctaBiasamn: 25—-260 MKM
anvHa, 1,5-8 MKM mmpuHa; koiandectBo ¢uoyn B 10 Mmkm — 12-25. IMo pesynbratam KyJbTHBHPOBA-
HHS B JJaOOPATOPHBIX YCIOBUSIX, CpeIHHUE pa3Mepsl KieTok — 148,17 MkM (a/mHa) U 8 MKM (IIMpUHA)
npu Temneparype +19...4+20 °C u ocBeméHHOCTH 13 KJIK; AJIMHA KJIETOK B 9KCIIOHEHIMANBHOH hase po-
cta nocturana 162,12 Mxwm, B ctaimonapaoit — 172,07 mxm. Kak victrounnk pykokcantuna, C. closterium
MMeeT BaKHOE MPAKTHYECKOoe 3HaYEHNE; BOJOPOC/Ib MHTEHCHBHO KYJIbTUBHPYIOT [UIS TTOJTydeHHsT OHOJIO-
I'MYECKH aKTUBHBIX BellecTB. Pe3ynpTaThl nostyueHust buomacchl (pyKOKCaHTMHA U3 KJIETOK AXaTOMOBON
BOJIOPOC/IH TTPH TAGOPATOPHOM Ky IbTuBMpoBaHud — 11 Mr-r™! cyxoit Macchl. HoBble JaHHbIE aKTyasTbHbI
Y BaXHBI, OHM MOTYT OBbITh MCIIOJIb30BaHbl B PA3JIMYHBIX O0JIACTSX HAYKU U MEJULIMHBL. BriepBble mpesa-
CTaBJieHa CE30HHasl IUHAMMKA YHMCIeHHOCTH nomyssiuuil C. closterium B pa3HBIX SKOTONAX: SMU300HE
0ECMO3BOHOYHBIX M MX TMUILEBBIX CIIEKTpax, SMU(PHUTOHE JOHHOHW PaCTUTENbHOCTH, IepU(UTOHE IKCIIe-
PYMEHTAJIBHBIX U aHTPOIOTEHHBIX CyOCTPATOB Pa3iIMYHBIX MOpel. MaKkcMMalbHasl YMCIIEHHOCTD TOITy-
nammn Buaa (65,6-10%kin.-cm?) 3apeructpupoBana B srm3oone Mummn Mytilus galloprovincialis Lam.
B Mapte mpu Temrepatype Boasl +7,7 °C Ha ryoune 2,5M B UépHOM Mope. MakcumanbHasi YMCIIeH-
HOCTb OTMeUeHa B S1MMUTOHE 3eIEHBIX BOIOpOcieii-Makpodutos (896-103 ki.-cMm™2) u nepudurone ac-
GectoBbix wiacTud (728-10°kir.-cm?) B asrycre npu +24,5 °C B SImoackom mope. [IHaMUKa YUCIICH-
HOCTH NPUPOHBIX nomyJtsituid C. closterium B TOKaJIbHBIX MECTOOOUTAHUSIX U3MEHSIACh B 3aBUCUMOCTH
OT Ce30Ha, [ITyOuHBI, THIIA cyOcTpata. PaccMoTpeHsl cxocTBa U pasnnuus B pacnpeneneuuu C. closterium
B MUKPO(pHUTOOEHTOCE HECKOIBKUX MOPEH.

KaroueBbie cjoBa: auatoMoBas Bomopocib, Cylindrotheca closterium, TakCOHOMUS, MOPQOIOTHA,
(putoreorpaduisi, IKOIOTHS, SKOTOIIBI, YUCIEHHOCTh, TAOOPATOPHOE KyJIHTUBHPOBaHNE, (DYKOKCAHTHH
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