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Abstract

This paper is dedicated to the 35" anniversary of the beginning of the biological studies
in Kraternaya Bight of Yankich Island in the submarine Ushishir volcano crater (the central
Kuril Islands). Here, in different areas of the shallow-water volcanism, microphytobenthos
diatoms were studied for the first time. The study is focused on the diatom composition and
abundance in the algobacterial mats in August — September 1985 and 1986. Samples from
different beds (sand, pebbles, boulders, stones) at depths ranging from 3 to 15 m and at water
temperatures 6-25 °C were taken by Dr. V. G. Tarasov using scuba diving equipment.

The study of diatoms in the algobacterial mats on different substrates and at different
temperatures of the gas-thermal waters is important due to the fact that Kraternaya Bight in the
Russian waters of the Kuril Islands has unique conditions for the development of high
abundance and biodiversity of the volcanic underwater inhabitants. Therefore the aim of this
work is to study the composition of benthic diatoms in algobacterial mats in different areas of
the cold shallow-water gas-hydrothermal vents of Kraternaya Bight.

A list of 100 taxa of the phylum Bacillariophyta (23 orders, 33 families and 45 genera)
is given. There are three classes of Coscinodiscophyceae (18 taxa), Fragilariophyceae (17) and
Bacillariophyceae (65). 14 taxa were common at all stations, and 72% are marine species, 31%
—cosmopolites and 17% — S— mesosaprobionts.

Depending on the color of the biolayer covering the bottom of the sea, three varieties of
the algobacterial mats were distinguished. At Station 1, in the area of the western cold
hydrothermal vent with red-brown and brown mats on sands (3—15 m depth, 3-8 °C), 69 taxa
were found with a total diatom community abundance 31110° cellseL! with the dominant
pennate benthic species Pleurosigma elongatum (104s108 cellseL!) and Cocconeis costata
(37.8+108 cellseL?). At Station 2, in the area of the eastern hot hydrothermal vent with white
mats (3-5 m depth, 20-25 °C) on pebbles and stones, 74 taxa were found with a total diatom
community abundance 798.9¢10° cellseLLt. Among them, Melosira moniliformis (155.6+10°
cellseL) and small cells of pennate species Achnanthes sp. (100+10° cellseLY) and pelagic
Thalassiosira anguste-lineata (66.7-10° cellssLt) were dominant. At Station 3, the area of the
northern cold gas hydrotherms (6—8 m depth, 6-8 °C) on boulders, 21 taxa was found with the
predominance of benthopelagic colonial of the centric diatom Paralia sulcata and pennate
colonial of Fragillaria striatula.

The biological diversity and ecological flexibility allow benthic diatoms to adapt to
extreme environmental conditions, including those in Kraternaya Bight.

Key words: microphytobenthos, diatoms, algobacterial mats, gas-hydrothermal vents,
submarine volcano, Kraternaya Bight, Kuril Islands.
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Introduction. This year, the 35" anniversary of the beginning of the
biological, hydrological and hydrochemical studies in the scientific expeditions
to Kraternaya Bight of the Yankich Island in the submarine Ushishir volcano
crater (the central Kuril Islands) is celebrated. The initiator of the studies of
different Kuril bays, including Kraternaya Bight, was a famous scientist,
Professor in biology Dr. M. V. Propp (1937-2018) (Fig. 1). Supported by the
Director of the Institute of Marine Biology, Academician Dr. A. V. Zhirmunsky
(1921-2000) (Fig. 2), and expedition leader, Doctor of Science in Biology
V. G. Tarasov (1947-2010) (Fig. 3), a number of underwater expeditions were
carried out for the comprehensive study of Kraternaya Bight.

Deep-water hydrothermal vents of volcanic origin, around which “oases
of life” concentrate, were discovered in the late 1970s [Karl et al., 1980; Lutz,
Hessier, 1980; Grassle 1985, 1986]. The Ushishir Island was discovered in
1776, and it is located in the centre of the Kuril Islands (fig. 4.A). In the 1980s,
the object of research was the shallow water of Kraternaya Bight, which is a
crater of the submarine Ushishir volcano [Tarasov et al., 1986, 1994; Tarasov
et al., 2008; Propp et al., 1989; Ryabushko, Tarasov, 1989; Ryabushko, 1998].

The hydrothermal vents of Ushishir release daily about 22000 m® of water
with the temperature 10-100 °C depending on location [Tarasov, Zhirmunsky,
1989]. Local sublittoral hydrothermal vents promote development of a unique
ecosystem of Kraternaya Bight in which photo- and chemosynthesis proceed
simultaneously. Algobacterial mats resembling chemosynthetic mats of deep-water
gas-hydrothermal vents were found in shallow-water (0-25 m deep) sites in
Kraternaya Bight [Propp et al., 1989; Tarasov, Zhirmunsky, 1989]. Preliminary
studies carried out in a shallow-water zone of volcanic activity showed that the
algobacterial mats included sulfate-reducing bacteria and a variety of diatoms.
[Ryabushko, Tarasov, 1989; Starynin et al., 1989].

It is known that volcanoes are a source of essential and vitally important
chemical elements. The sea water is rich in nutrients, especially in phosphorus
and silicon [Propp, Propp, 1981]. Nutrients and chemicals such as Si, NHs,
H>S, P, Fe, Mn and Zn abundantly supplied by the volcano are components of
diatoms and are important for their life [Rozhanskaya, 1974; Volcani, 1978;
Markhinin, 1980]. The vent water contains sulphur, manganese, iron, silicon
and large amounts of CO2, H2S, methane, hydrogen and helium. Most of the
gas-hydrothermal sources and thermal energy are concentrated in the
underwater crater of Ushishir volcano, for which reason the chemical
composition and temperature of the sea water in this area markedly differ from
those in the neighboring waters of the Pacific [Maltseva, 1985; Chertkova,
Guseva, 1986; Gavrilenko et al., 1989; Propp et al., 1989; Shulkin, 1989].
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The underwater volcanic activity of Ushishir is the key factor that determines main
physical and chemical processes in the Kraternaya Bight [Propp et al., 1989].

Figure 1 — Professor M. V. Propp at the International Symposium, Columbia University, 1979
Pucynok 1 — IMpodeccop M. B. IIponn Ha Me:xxayHapoanom cummnosuyme, Kosymouiickuii yausepcuret, 1979

Figure 2 — Academician and Prof. Figure 3 — Dr. V. G. Tarasov, expedition

A. V. Zhirmunsky, Director of the Institute leader of Institute of Marine Biology of
of Marine Biology of Russian Academy of Russian Academy of Sciences
Sciences
PucyHok 2 — AkagemMuk B. A. JKupmyHckuii, Pucynox 3 — JlokTOp 610/10THYECKHX HAYK
aupextop MucTuryTa 6Moaorun mopsi PAH B. T. Tapacos, pyKkoBoauTeh SKCIEIHIHH
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Primary production and hydrochemical parameters characterize
Kraternaya Bight as eutrophic, with high rates of organic matter production and
destruction.

In 1987, the unique endemic ecosystem developed under the influence of
the submarine volcano of Kraternaya Bight was declared a marine Nature
Reserve (Zakaznik) “Bight Kraternaya” [Zhirmunsky, Tarasov, 1989]. In 1990,
the film “Riddles of the Bight” was released, which turned out to be of
fundamental importance. The script was written by Drs V. Tarasov and
I. Voitenko with the support of the UNESCO “Man and the Biosphere”
Program and with the support of the Institute of Marine Biology of the Far
Eastern Branch of Russian Academy of Sciences. The film shows the amazing
and unique underwater communities of marine benthic animals and diatoms of
the volcano crater, living at great depths without light. There is a wide bio-
diversity of life forms here: acorn barnacles; bivalves and gastropods; sponges;
polychaetes; anemones and ciliates; various corals, including still poorly
studied six-ray corals (Ceriantharia); and deep-sea echinoderms (sea cucumbers
and species new to science, as well as colonial settlements of sea urchins.

Diatoms are known as biological indicators of the environment. Species
of Bacillariophyceae are primary producers and thus essential organisms in
ecosystems. They are sensitive to humerous environmental parameters and to
organic and nutrient pollution. This allows the species to be classified into
functional categories by salinity, saprobity and trophic status, as well as to be
characterized according to phytogeography elements [Ryabushko, 2013].

The benthic diatoms of the World Ocean islands have been poorly
studied, and those of the underwater craters of submarine volcanos have been
practically unstudied.

The aim of this work is to study the benthic diatom composition in
algobacterial mats in different areas of cold shallow-water gas-hydrothermal
vents of Kraternaya Bight.

Material and Methods. Kraternaya Bight is located on the southern coast
of Yankich Island (the central Kuril Islands) in the crater of the submarine
Ushishir volcano (Figs 4.A, 4.B, 4.C). Its area is about 0.7 km? and the
maximum depth is 63 m. A narrow strait, only 20 cm deep during the low tide,
connects the Bight with the Pacific Ocean [Propp et al., 1989]. The mouth of
the Bight is shallow. Its width is about 300 m and its depth is 56 m.

The surface water of Kraternaya Bight is 6-9°C warmer than the
adjoining oceanic waters. The height of the tide in the Bight is 1.8 m. Samples
of microphytobenthos were collected by Dr. V. Tarasov in August 1985 and
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August and September 1986 at the Stations (1, 2, 3) with different volcanic
activity (Table 1). In total, 10 samples were processed.

Pacific Ocean

500 km
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e | o R e i R e

Note: A — Location of Yankich Island among the Kuril Islands; B — Yankich Island (satellite view); 1, 2, and 3 — sampling
stations; C — A magnificent view of the Kraternaya Bight.

TIpumeuyanne: A — pacnonoxenue octposa SIHku4a B Kypuibckoii rpsine; B — octpos SIHkuua, Bua co ciyrtHuka; 1, 2, 3 —
cTaHIIH 0TO0pa pod. C — KUBOIMICHBIH BHjl OyxThl KpaTteprast.

Figure 4 — Kraternaya Bight of the Yankich Island

Pucynokx 4 — Byxra Kparepnas ocrposa SInknua

Table 1. Characteristics of the diatom sampling stations in the Kraternaya Bight
Tabauua 1. XapakTepucTUKHU cTaHUuii 0T6opa npod B 6yxre KparepHas

Date Sample number Depth, Substrate | Temperature, Salinity,
m °C %0
Bight mouth (Station 1)
22.08. NeNe 500, 501, 3-5 sand 7-8 33.01
1985
02.09. NeNe 503, 504 8.0 sand 6-7 33.66
1986
02.09. Ne 505 12-15 sand 3-6 33.92
1986
Southeastern and eastern hot vents of the Bight (Station 2)
22.08. Ne 502 35 stones 20.0 33.01
1985
02.09. NeNe 506, 507 3.0 pebbles 25.0 33.66
1986
Northern cold vents of the Bight (Station 3)

02.09. NeNe 508, 509 6-8 boulder 6-8 33.69
1986
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The species composition of diatoms was determined using an optical
microscope BIOLAM L-212 at a magnification of 40x10 and 90x10.
A hemocytometer (Goryaev’s chamber) with a volume of 0.9 mm?® was used
for counting diatom cells. Methods of qualitative and quantitative processing of
diatom preparations are described in [Ryabushko, 2013]. The classification of
the diatom taxa is given in [Round et al., 1990], and taking into account the
International Algabase [Guiry, Guiry, 2019], the environmental and
geographical characteristics of the diatoms are presented, including the
category of indicator taxon tolerance to organic pollution, according to the
works [Sladecek, 1986; Makrushin, 1974; Barinova et al., 2006, 2019a, b;
Ryabushko, 2013, 2014; Ryabushko, Begun, 2015; Ryabushko et al., 2019].
In the comparative analysis of the taxonomic composition of diatoms found at
the stations, the Sorensen index ks was used [Sorensen, 1948].

Results. Among most significant biological characteristics of Kraternaya
Bight is rapid development of algobacterial mats on the underwater slopes of
the submarine Ushishir volcano. A total of 100 taxa of phylum Bacillariophyta,
from 23 orders, 33 families and 45 genera were found at the three stations
(Table 2). Among them, there were three classes of Coscinodiscophyceae
(18 taxa), Fragilariophyceae (17) and Bacillariophyceae (65).

Table 2. Taxonomic list of the diatoms of the Kraternaya Bight
Taoauua 2. TakcOHOMHYECKHIi CIHCOK AHaTOMOBBIX 6yxThl KpaTepHnasn

Taxa Number of diatoms on the
TaKCOHBI Stations
|1 | ECD PhG
S | RS

Phylum BACILLARIOPHYTA

Class COSCINODISCOPHYCEAE

Order Thalassiosirales Glezer et Makarova, 1986

Family Thalassiosiraceae Lebour 1930 emend. Hasle, 1973
Genus Thalassiosira P. T. Cleve, 1873

Thalassiosira anguste-lineata (A. Schmidt) G. Fryxell et + |+ | =] =] M AB
Hasle, 1977 **

Thalassiosira eccentrica (Ehrenberg) P. T. Cleve, 1904 * |+ | == M K

Thalassiosira kryophila (Grunow) E. Jergensen, 1905 * + |- -] = M AB
Thalassiosira subsalina Proschkina-Lavrenko, 1955 * —|+| == M B
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Taxa Number of diatoms on the
TakcoHbI Stations
|1 |1 ECD PhG
S | RS

Order Melosirales R. M. Crawford, 1990

Family Melosiraceae Kiitzing, 1844

Genus Melosira C. A. Agardh, 1824

Melosira lineata (Dillwyn) C. A. Agardh, 1824 * — | +| —|0-o MBABT not

Melosira moniliformis (O. F. Miiller) C. A. Agardh, 1824
var. moniliformis **

Melosira moniliformis var. subglobosa (Grunow) Hustedt,
1827 **

Family Endictyaceae R. M. Crawford, 1990
Genus Endictya Ehrenberg, 1845

Endictya oceanica Ehrenberg, 1845 *

Order Paraliales R. M. Crawford, 1990
Family Paraliaceae R. M. Crawford, 1988
Genus Paralia Heiberg, 1863

Paralia sulcata (C. G. Ehrenberg) P. T. Cleve, 1873 **

—_ + o M ABT

Order Coscinodiscales F. E. Round et R. M. Crawford, 1990

Family Coscinodiscaceae C. G. Ehrenberg, 1838
Genus Coscinodiscus C. G. Ehrenberg, 1838

Coscinodiscus oculus-iridis (C. G. Ehrenberg)
C. G. Ehrenberg, 1840 **

Coscinodiscus radiatus C. G. Ehrenberg, 1840 **

Order Asterolamprales F. E. Round et R. M. Crawford, 1990

Family Asterolampraceae N. L. Smith, 1872
Genus Asteromphalus C. G. Ehrenberg, 1844

Asteromphalus heptactis (Brébisson) Ralfs, 1861 *

+| |- | M ABTnot

Order Arachnoidiscales F. E. Round, 1990
Family Arachnoidiscaceae F. E. Round, 1990
Genus Arachnoidiscus H. Deane ex G. Schadbolt, 1852

Arachnoidiscus ehrenbergii J. W. Bailey ex
C. G. Ehrenberg, 1849 *

Arachnoidiscus ornatus (Ehrenberg) C. G. Ehrenberg, 1849 *

Order Triceratiales Round & Crawford, 1990
Family Triceratiaceae (Schiitt) Lemmermann, 1899



https://www.marinespecies.org/aphia.php?p=taxdetails&id=149040
https://www.marinespecies.org/aphia.php?p=taxdetails&id=157442
https://www.marinespecies.org/aphia.php?p=taxdetails&id=149052
https://www.marinespecies.org/aphia.php?p=taxdetails&id=162250
https://www.marinespecies.org/aphia.php?p=taxdetails&id=162251
https://www.marinespecies.org/aphia.php?p=taxdetails&id=430067
https://www.marinespecies.org/aphia.php?p=taxdetails&id=430068
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Taxa Number of diatoms on the
TakcoHbl Stations
(NI ECD PhG
S| RS

Genus Odontella C. A. Agardh, 1832

Odontella aurita (Lyngbye) C.A. Agardh, 1832 ** |+ - | p| M K

Order Biddulphiales Krieger, 1954

FamilyBiddulphiaceae Kiitzing, 1844

Genus Trigonium P. T. Cleve, 1867

Trigonium formosum (Brightwell) P. T. Cleve, 1867 * + |- -] = M BT

Trigonium reticulum (Ehrenberg) Simonsen, 1974 + |- -] = M BT

Order Chaetocerotales F. E. Round et R. M. Crawford, 1990

Family Chaetocerotaceae Ralf in Pritchard, 1861

Genus Chaetoceros C. G. Ehrenberg, 1844

Chaetoceros didymus C.G. Ehrenberg, 1845 * +|+|-| | M | BT

Class FRAGILARIOPHYCEAE

Order Fragilariales Silva, 1962

Family Fragilariaceae Greville, 1833

Genus Fragilaria Lyngbye, 1819

Fragilaria striatula Lyngbye, 1819 ** + |+ |+ |- | M K

Genus Diatoma Bory de St. Vincent, 1824

Diatoma hiemalis (Roth) Heiberg, 1863 * + |- |— X AB

Diatoma tenuis C. A. Agardh, 1812 ** + |- |— | X- K

0

Genus Catacombas D. M. Williams et F. E. Round, 1990

Catacombas gaillonii (Bory) D.M. WilliamsetF.E.Round, | — | + | — | — | M B

1990

Genus Tabularia (Kiitzing) D. M. Williams et F. E. Round, 1986

Tabularia fasciculata (C. A. Agardh) D. M. Williams et + | + |- a | MB K

F. E. Round, 1986

Tabularia tabulata (C. A. Agardh) Snoeijs, 1992 + | + |= a | MB K

Order Rhaphoneidales F. E. Round, 1990

Family Rhaphoneidaceae Forti, 1912

Genus Delphineis G.W. Andrews, 1977

Delphineis minutissima (Hustedt) Simonsen, 1987 + |+ | = | = M BT

10
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Taxa
TakcoHbI

Number of diatoms on the
Stations

I

ECD

S

RS

PhG

Order Licmophorales F. E. Round, 1990
Family Licmophoraceae Kiitzing, 1844
Genus Licmophora C. A. Agardh, 1827

Licmophora dalmatica (Kiitzing) Grunow, 1867

Licmophora flabellata (Greville) C. A. Agardh, 1830

BT not

Order Thalassionematales F. E. Round, 1990
Family Thalassionemataceae F. E. Round, 1990

Genus Thalassionema Grunow ex Mereschkowsky, 1902

Thalassionema nitzschioides (Grunow) Mereschkowsky,

1902 **

Order Rhabdonematales F. E. Round et R. M. Crawford, 1990
Family Rhabdonemataceae F. E. Round et R. M. Crawford, 1990

Genus Rhabdonema Kiitzing, 1844

Rhabdonema arcuatum (Lyngbye) Kiitzing, 1844

Rhabdonema arcuatum var. ventricosum P. T. Cleve, 1853

AB

Order Striatellales F. E. Round, 1990
Family Striatellaceae Kiitzing, 1844
Genus Grammatophora C. G. Ehrenberg, 1840

Grammatophora angulosa C. G. Ehrenberg, 1841

Grammatophora serpentina C. G. Ehrenberg, 1844

BT not

Class BACILLARIOPHYCEAE
Order Lyrellales D. G. Mann, 1990
Family Lyrellaceae D. G. Mann, 1990
Genus Lyrella Karajeva, 1978

Lyrella lyra (Ehrenberg) Karajeva, 1978

BT not

Lyrella sp.

Genus Petroneis Sticle et Mann, 1990

Petroneis japonica (Heiden) D. G. Mann, 1990

Order Mastogloides D. G. Mann,1990
Family Mastogloiaceae D. G. Mann,1990
Genus Mastogloia Thwaites, 1856

Mastogloia pumila (Cleve et Maller) P. T. Cleve, 1895

BT not

Mastogloia pusilla Grunow, 1878

BT

11
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Taxa Number of diatoms on the
TakcoHbI Stations
| ECD PhG
S| RS

Mastogloia smithii Thwaites ex W. Smith, 1856 +|—-| -] 0| MB B

Order Cymbellales D. G. Mann, 1990

Family Rhoicospheniaceae A. Mann, 1925

Genus Roicosphenia Grunow, 1860

Rhoicosphenia marina (W. Smith) M. Schmidt, 1889 t|+|- | p| M AB

Rhoicosphenia pullus M. Schmidt,1889 + |- =] =] M AB

Family Gomphonemataceae Kiitzing, 1844

Genus Gomphonemopsis Medlin in L. Medlin & F. E. Round, 1986

Gomphonemopsis pseudexigua (Simonsen) Medlin, 1986 + |+ |+ | -] M ABTnot

Order Achnanthales Silva, 1962

Family Achnanthaceae Kiitzing, 1844

Genus Achnanthes Bory, 1822

Achnanthes brevipes C. A. Agardh, 1824 +|+ |- | p|MB K

Achnanthes groenlandica (Cleve) Grunow, 1880 + |- == M AB

Achnanthes sp. — |+ | = = - -

Family Achnanthidiaceae D. G. Mann, 1990

Genus Achnanthidium Kiitzing, 1844

Achnanthidium delicatulum Kiitzing, 1844 — = |+ | = M B

Family Cocconeidaceae Kiitzing, 1844

Genus Cocconeis C. G. Ehrenberg, 1837

Cocconeis costata Gregory, 1855 |+ |+ || M K

Cocconeis distans Gregory, 1857 + |- |+ | -] M | ABT

Cocconeis divisa A. Schmidt, 1895 + |- |- = M B

Cocconeis kamtchatkiensis A. Mann, 1925 + ||| =| M B

Cocconeis pediculus f. abruptus O. S. Korotkevich, 1960 —|+|-|p| M AB

Cocconeis pinnata W. Gregory ex Greville, 1859 — |+ | == M K

Cocconeis scutellum C. G. Ehrenberg, 1838 +|+ |- | p | MB K

Cocconeis speciosa Gregory, 1855 — |+ |-~ M |BTnot

Cocconeis vitrea Brun, 1891 — |+ | = | = -

12
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Taxa Number of diatoms on the
Takcoubl Stations
I | ECD PhG
S| RS
Order Naviculales Bessey 1907 emend. D. G. Mann, 1990
Family Berkeleyaceae D. G. Mann, 1990
Genus Parlibellus E. J. Cox, 1988
Parlibellus delognei (Van Heurck) E. J. Cox, 1988 +|+|—-| M | ABT
Parlibellus delognei var. pararhombicus (Proschkina- + | - | - B B
Lavrenko) L. I. Ryabushko, 2006
Genus Berkeleya Greville, 1827
Berkeleya rutilans (Trentepohl ex Roth) Grunow, 1880 +|+| B | MB K
Order Sellaphorineae D. G. Mann, 1990
Family Sellaphoraceae Mereschkowsky, 1902
Genus Fallacia A. J. Stickle et D. G. Mann, 1990
Fallacia subforcipata (Hustedt) D. G. Mann, 1990 + |- | —-| M K
Family Amphipleuraceae Grunow, 1862
Genus Halamphora (Cleve) Z. Levkov, 2009
Halamphora coffeiformis (C. A. Agardh) Z. Levkov, 2009 +|— | ¢ | MB | ABT
Halamphora exigua (Gregory) Z. Levkov, 2009 + |- | — | MB | ABT
Halamphora granulata (Gregory) Z. Levkov, 2009 + |- | = | M | Bnot
Halamphora hyalina (Kiitzing) Rimet et R. John, 2018 —|= | B | MB ABT nof
Halamphora terroris (Ehrenberg) P. Wang, 2014 — | -] = M ABT
not
Halamphora turgida (Gregory) Z. Levkov, 2009 + |- | = | M BT
Order Diploneidinea D. G. Mann, 1990
Family Diploneidaceae D. G. Mann, 1990
Genus Diploneis Ehrenberg ex P. T. Cleve, 1894
Diploneis fusca (Gregory) P.T. Cleve, 1894 + | = | = M | ABT
Order Naviculales Hendey, 1937
Family Naviculaceae Kiitzing, 1844
Genus Navicula Bory 1822 emend. E. J. Cox, 1988
Navicula aberrans Cleve-Euler, 1953 — | -] = M B
Navicula ammophila Grunow, 1862 + |- || M AB
Navicula cancellata Donkin, 1873 + | | = | M K
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Taxa Number of diatoms on the
TakcoHbI Stations
| ECD PhG
S| RS

Navicula directa (W. Smith) Ralfs ex Pritchard, 1861 + |+ | -] - | MB K

Navicula distans (W. Smith) Ralfs ex Pritchard, 1861 + |+ |- | —| MB | ABT

Navicula marina Ralfs, 1861 + |- -] =| M B

Navicula punctulata W. Smith, 1853 + |- == BT

Navicula ramosissima (C. A. Agardh) P. T. Cleve, 1895 + |+ |+ |- | MB | ABT

not

Navicula pseudocomoides N. I. Hendey, 1964 + |+ |+ - | M B

Navicula sp. + |- =] =] - -

Genus Trachyneis P. T. Cleve, 1894

Trachyneis aspera (C. G. Ehrenberg) P. T. Cleve, 1894 i+ |- |p | M K

Genus Plagiotropis E. Pfitzer, 1871

Plagiotropis lepidoptera (Gregory) Kuntze, 1898 + |+ —-1]0 M | ABT

Genus Caloneis P. T. Cleve, 1894

Caloneis brevis (Gregory) P.T. Cleve, 1894 + |+ -] = M B

Genus Fogedia A.Witkowski, H. Lange-Bertalot, D. Metzelen et G. Bafana, 1997

Fogedia finmarchica (P. T. Cleve et Grunow) + |-+ -] M B

A.Witkowski, D. Metzelen et H. Lange-Bertalot, 1997

Family Pleurosigmataceae Mereschkowsky, 1903

Genus Pleurosigma W. Smith, 1852

Pleurosigma elongatum W. Smith, 1852 +|+|+|p | MB K

Order Thalassiophysales D. G. Mann, 1990

Family Catenulaceae Mereschkowsky, 1902

Genus Amphora Ehrenberg ex Kiitzing, 1844

Amhpora angusta W. Gregory, 1857 |+~ | = | MB K

Amhpora caroliniana Giffen, 1980 — |+ | =-|a| M | ABT

Amhpora laevisissima Gregory, 1857 —|+|—-|—-1| MB K

Amhpora ovalis (Kiitzing) Kiitzing, 1844 + | - |+ |o- M K

Amhpora parvula Proschkina-Lavrenko, 1963 + |+ | + |a- K

Amhpora proteus Gregory, 1857 + |+ |+ |o- M K
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Taxa Number of diatoms on the
TakcoHbI Stations
|| ECD PhG
S| RS

Amhpora wisei (Salah) Simonsen, 1962 — |+ == B BT

Family Thalassiophyceae D. G. Mann, 1990

Genus Thalassiophysa Conger, 1954

Thalassiophysa hyalina (Greville) Paddock et Sims, 1981 — |+ |+ | =] M BT

Order Bacillariales N. I. Hendey, 1937 emend. F. E. Round, 1990

Family Bacillariaceae C. G. Ehrenberg, 1831

Genus Psammodictyon D. G. Mann, 1990

Psammodictyon constrictum (Gregory) D. G. Mann, 1990 — |+ |—-|=-| M | ABT

Genus Nitzschia Hassall, 1845

Nitzschia angularis var affinis W. Smith, 1844 — |+ |+ | = M K

Nitzschia bilobata W. Smith, 1853 +|—-|—-|~-| M |BTnot

Nitzschia distans Gregory, 1857 + |+ |+ | - | MB |BTnot

Nitzschia hybrida Grunow, 1880 + |+ |+ | —| MB B

Nitzschia lanceolata W. Smith, 1853 —|+|=1p B BT not

Nitzschia thermalis var. minor Hilse, 1862 + |+ |- | = | M AB

Genus Tryblionella W. Smith, 1853

Tryblionella coarctata (Grunow) D. G. Mann, 1990 — |+ —-|—-| MB BT

Genus Cylindrotheca Rabenhorst, 1859

Cylindrotheca closterium (Ehrenberg) Reimer et Lewin, +|+ |- | p|MB K

1964

Order Surirellales D. G. Mann, 1990

Family Entomoneidaceae Reimer, 1975

Genus Entomoneis C. G. Ehrenberg, 1845

Entomoneis paludosa (W. Smith) Reimer, 1875 ** — |+ |+ |p-|MB K

a

Family Auriculaceae N. I. Hendey, 1964

Genus Auricula A.F. Castracane, 1873

Auricula insecta (Grunow) A. Schmidt, 1894 ** — |+ |+ |=| M B

Auricula sp. — |+ | - |- - -
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Taxa Number of diatoms on the
TakcOHbI Stations
|| ECD PhG
S | RS

Family Surirellaceae Kiitzing, 1844
Genus Campylodiscus Ehrenberg ex Kiitzing, 1844

Campylodiscus fastuosus C. G. Ehrenberg ex Kiitzing, 1844| — | + | — | — | M ABT not

Total : 100 69 |74 |21

Note: (+) — the presence of the taxon, (— ) — the taxon not found, (*) — pelagic species, (**) —
benthopelagic species; hydrological data by Stations of study : 1, 2, 3; ecological characteristic
of diatoms (ECD) : S — species-specific index of saprobity according category of indicator
taxon's resistance to organic pollution waters: «-alphamesosaprobes, o-f — alpha-
betamesosaprobes, a-0 - alpha-oligosaprobes, S — betamesosaprobes, p-a— beta-
alphamesosaprobes, o — oligosaprobes, o-a — oligo-alphamesosaprobes, o-f — oligo-
betamesosaprobes, x — xenosaprobes, x-0 — xeno-oligosaprobes; RS — the ratio of species to the
water salinity: M — marine species, B — brackish, MB — marine-brackish; PhG -
phytogeographycal elements : B — Boreal species, AB — Arcto-Boreal, BT — Boreal-Tropical,
ABT — Arcto-Boreal-Tropical, K — cosmopolite, not — notal species, found in the southern
hemisphere.

Ipumeuanue: (+) — MOPUCYTCTBHE TAaKCOHA, (—) — TAKCOH He oOHapyxeH, (*) —
renarudecKui BH/, (**) — OeH”TONEIarnYeCKUi BUA; TUAPOJIOTUYCCKUC NAHHBIC MO CTAHIUAM
uccienoBanus: 1, 2, 3; akomoruyeckue xapakrepuctuku auatromeir (ECD): S — BumoBoii
WHJIEKC CampoOHOCTH OPTaHWYECKOTO 3arps3HEeHUs BOI: a — anbgame3ocanpoOsl, a-ff —
anba-Oerame3ocanpoOsl, a-0 — anb(a-omurocanpoosl, f — derame3ocanpoOsl, f-o — OeTa-
anb(dame3ocarpoObl, 0 — OJIUrocanpodsl, 0-a — OJUroaibhame3ocanpoosl, o-f — OJUro-
6erame30canpoObl, X — KCEHOCANPOObI, X-0 — KCEHOOJIUrocanpoosl; RS — oTHoIeHe BUI0B
K coi€éHoctd Boabl: M — wmopckoit Bua, B — conoHoBatoBoanbiii, MB — Mopckoil u
cosoHoBatoBoaHbIH; PhG — ¢urtoreorpaduueckue snementsl: B — GopeanbHbiii Bug, AB —
apkro-OopeansHbIil BuI, BT — OGopeamsHO-Tponmueckuii, ABT — apkro-6opeansHo-
Tponmdeckuii, K — kocmomonut, NOt — HOTanbHBIA BHUJ, OOHAPYKEHHBIH B IOKHOM
MOJyIIapUH.

The pennate diatoms are prevailing, which are typical for
microphytobenthos of the seas of temperate latitudes. The genera Navicula,
Cocconeis, Amphora, Halamphora, Nitzschia (10, 9, 7, 6 and 6 species,
respectively) were most diverse. A comparison of the species lists compiled for
each station shows that volcanic activity has a significant impact on the species
diversity of the diatom communities.

Despite the general similarity among the three stations, their flora differs
markedly. For Stations 1 and 2, 44 species were common,; at Stations 1 and 3,
there were 17 common species; and for Stations 2 and 3, the number of
common species was 18. There were common species at all the three stations.
At all the stations, 14 species, namely: Amphora parvula, A. proteus,
Cocconeis costata, Delphineis minutissima, Fragilaria striatula, Gomphone-
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mopsis pseudexigua, Grammatophora angulosa, Melosira moniliformis,
Navicula ramosissima, N. pseudocomoides, Nitzschia angularis, N. distans, N.
hybrida, Pleurosigma elongatum (Table 2), were registered as a background
component of microphytobenthos communities in Kraternaya Bight.

Over 40% of the total number of species are the colonial forms; their
colonies found at the seabed are very diverse in shape: linear chains (e.g.
Fragilaria, Melosira, Paralia, Rhabdonema), ramified arborescent forms
(Licmophora, Gomphonemopsis, Rhoicosphenia, Tabularia). Visually observed
mats of diatoms consist of numerous colonies of Tabularia fasciculata,
Parlibellus delognei, Fragilaria striatula, large solitary cells of Trachyneis
aspera, Pleurosigma elongatum, and small cells of the genera Amphora,
Licmophora, Gomphonemopsis, Cocconeis and some others. Colonies of
benthopelagic centric diatoms Odontella aurita, Paralia sulcata and M.
moniliformis were found at all stations (Table 2). According to the color of the
biofilm covering the seabed, three types of algobacterial mats were identified.

Wide range of biological indicators are used to assess the water quality in
the marine environment. Besides the hydrological and hydrochemical data,
these are: ecological characteristics of the diatom flora, species-specific
saprobity index according to the category of indicator taxon tolerance to
organic pollution, and the species’ reception of water salinity and
phytogeographic elements [Ryabusko, 2013].

Our analysis of these characteristics of diatoms from Kraternaya Bight
showed that 72% of them are marine species, 31% are cosmopolites and 17%
are beta-mesosaprobionts — indicators of the moderate organic pollution. Those
are consistent with the data obtained for the microphytobenthos the Sea of
Japan, Black and Azov seas [Barinova et al., 2019b; Ryabushko, 2014,
Ryabushko et al.; 2019].

In addition to the taxonomic analysis of diatoms, quantitative data on
their community are important. The quantitative data for diatoms were obtained
for Kraternaya Bight for the first time. In the Bight mouth (Station 1) through a
narrow strait, the waters are connected to the Pacific waters (Fig. 4 B). Here, on
the water surface, ciliate Mezodinium rubrum sometimes form “red tides”.
Different benthic diatoms prevailed at each of the studied station.

At Station 1, the area of the western cold hydrothermal vent with red-
brown and brown mats (3-15 m depth, at 3-8 °C) on sands (Table 1), 69 taxa
were found (Table 2). The greatest total diatom community abundance was
31110° cellssL! with the dominant pennate benthic species Pleurosigma
elongatum (104¢10° cellssLY) and the subdominant Cocconeis costata
(37.8210° cellssL). At greater depths (12—-15 m), at temperatures 4-8 °C,
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colonies of the benthopelagic cold-water centric diatom O. aurita and the
solitary pennate Trachyneis aspera prevailed.

At Station 2, the area of the eastern hot hydrothermal vents with white
mats (3-5 m depth, 20-25 °C) on pebbles and stones, 74 taxa were found
(Table 2). The greatest total diatom community abundance was 798.9¢10°
cellssLt. Among them, Melosira moniliformis (155.6¢10° cellseL") and small
cells of the pennate species Achnanthes sp. (100+10° cellseL) and the pelagic
Thalassiosira anguste-lineata (66.7+10° cellseL™*) were dominant.

At Station 3, the area of the northern cold gas-hydrotherms (6-8 m depth,

6-8 °C), on boulders, 21 taxa were found (Table 2) with the predominant
colonial pennate Fragillaria striatula and benthopelagic colonial centric
diatom Paralia sulcata, which is widespread both on the seabed and throughout
the water column. Here, the number of diatom species were three times less
abundant than at the other two stations.
Discussion. The qualitative composition of the diatoms of Kraternaya Bight is
similar to the flora of the Sea of Okhotsk, the Sea of Japan, and the Pacific near
the Kuril Islands [Kashina, 1975; Ryabushko, Tarasov, 1989; Ryabushko,
1998]. Usually, in marine ecosystems of the temperate zone, benthic diatoms
prevail in various ecotopes [Ryabushko, 2013; Ryabushko, Begun, 2015,
2016]. More than 50 diatom species found in the benthos of the Sea of Japan,
are found in Kraternaya Bight, too [Ryabushko, 2014; Ryabushko, Begun,
2016]. Comparison of the marine diatoms of Kraternaya Bight with freshwater
species from hot springs the Kuril and Sakhalin Islands showed a slight
similarity: 13 species were common, 8 of them were common with Yankich
Island: Amphora ovalis, Cocconeis pinnata, Grammatophora angulosa,
Mastogloia smithii, Melosira moniliformis, Odontella aurita, Paralia sulcata,
Tabularia fasciculata (Nikulina, Kociolek, 2011). However, the ecological
characteristics of the diatom flora in terrestrial hot springs (caldera of Uzon
volcano, Kamchatka). [Golovenkina, 1981] and those of the submarine
Ushishir volcano are different: in the former, oligohaline species prevail,
whereas polyhaline and mesohaline ones dominate the latter. Among diatoms,
most species can grow autotrophically through photosynthesis.

The positive correlation between the organic matter concentration in their
natural habitat and the propensity of algae, for example, diatoms, to
heterotrophy is important for explaining the mechanisms of utilization of
excess organic matter in their environment. Being autotrophs, diatoms can
assimilate dissolved organic matter, which allows them to live in environments
with low light and transparency [Lewin, 1953; Admiraal, Peletier, 1979].
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However, laboratory experiments have shown that among them there are
heterotrophic species that can live in the depths of seas and oceans, where light
does not penetrate [Lewin, 1953; Lewin, Helluebust, 1976; Saks, 1983]. Some
of the heterotrophic diatom species are found in Kraternaya Bight. Among
them are such species as Cylindrotheca closterium, Halamphora coffeiformis,
M. moniliformis, N. ramosissima, Nitzschia angularis, and others.

Diatoms are important and reliable bioindicators of their habitat. Their
morphological, floristic and ecological characteristics, such as the tolerance of
species to salinity and organic pollution of water, allow us to assess water
quality using these saprobity indicators [Proshkina-Lavrenko, 1953; Barinova
et al., 2006, 20193, b; Ryabushko, 2013; Ryabushko, Begun, 2015; Ryabushko
et al., 2019]. They have been mainly used for fresh waters [Makrushin, 1974;
Sladecek, 1986; Barinova et al., 2019a]. However, recently, marine diatom
indicator species-saprobionts were applied to sea waters [Barinova et al.,
2019a; Ryabushko, Begun, 2015; Ryabushko et al., 2019].

There are many colonial forms of diatoms, including both mobile and
immobile species. Epibenthic diatoms can be either colonial or solitary. Some
solitary cells (Cocconeis, Amphora) can be attached to the substrate. Cells of
other species (Nitzschia, Navicula), can move over the substrate surface. In
addition, the high concentration of nutrients stimulates the rapid growth of
diatoms: as a living biofilter, they were found to dwell on large boulders from
great depths. Because of their biological diversity and ecological flexibility,
benthic diatoms take advantage of their extensive spatial settlements, which
allow them to adapt well to extreme conditions [Hudon, Legendre, 1987].

Organisms inhabiting algobacterial mats have complex interrelations. For
example, bacteria can assimilate the waste products of algae, as well as
products obtained as a result of aerobic and anaerobic destruction of organisms
[Bauld, Brock, 1974; Gorlenko et al., 1987; Starynin, 1989]. In Kraternaya
Bight, rich biodiversity is exhibited in the vicinity of local gas emissions and
hydrothermal vents, where the algal biomass is up to 100 kgem? and the
biomass of animals reaches 10 kgem™ [Tarasov et al., 1986]. The production of
the algobacterial mats in the shallow water was extremely high (34 gCem?sday”
1) owing to the simultaneous photo- and chemosynthesis, and the chlorophyll
content was estimated to be 2.56 gem™ [Starynin et al., 1989].

The chlorophyll concentration measured in Kraternaya Bight is 50-100
times as high as that in oceanic water around the island. These data show that
benthic diatoms make a significant contribution to primary production. Carbon
dioxide, the main component of gases from the submarine vents, has a
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considerable impact on the chemical composition of seawater in the bight; it
shifts the carbonate balance and reduces pH [Gavrilenko et al., 1989].

Conclusion. For the first time, the qualitative and quantitative
composition of benthic diatoms in shallow-water areas of various ecotopes of
algobacterial mats in Kraternaya Bight of the central the Kuril Islands was
studied. High species diversity with the predominance of the class
Bacillariophyceae was noted. Prevailing are marine species (72%),
cosmopolitans (31%) and beta-mesosaprobionts — indicators of moderate
organic pollution of water (17%).

The greatest species diversity of diatoms (74 taxa) was observed in the
area of Station 2 at a higher water temperature (20-25 °C) at a depth of 3-5 m.
In previous publications, the bacterial component was overestimated. Along
with this conclusion, our study demonstrates the importance of identifying the
abundance of benthic pennate diatoms, which form their own colonies and are
part of algobacterial mats. The diversity of the morphological structures of
colonial and solitary diatoms and their ecological flexibility allow them to
adapt to different environmental conditions.

The primary production, hydrochemical parameters and taxonomic
composition of diatoms characterize Kraternaya Bight as eutrophic, with high rates
of organic matter production and destruction. The benthic diatoms actively interact
with the environment and assimilate products of volcanic activity.

The algae biodiveresity indicates that diatoms are widespread in the hot
and cold volcanic springs of the Bight and they are an important factor in the
transformation of volcanic products. The general dependence on the volcanic
activity and special temperature conditions are key limiting factors for the
stability of the local diatom communities.
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AHHOTaALUS

Hacrosimast cratest mocBsmeHa 35-7eTHIO Hadyajga OHOJIOIMYECKHX, THUAPOJIOTHYECKHX H
THIPOXUMHYECKHX HccienoBaHui OyxTel KpatepHas octpoBa SlHkuua (cpexnue Kypuibsckue octposa).
31eck B pa3IMYHBIX paiiOHAX MEIKOBOJHOTO BYJIKaHHM3Ma BIEPBBIE HCCIEIOBAIH MHKPO(GHUTOOEHTOC
JMaTOMOBBIX Bogopociei. OCHOBHOE BHUMaHHE yIETAI0Ch N3yIEHHIO COCTaBa M OOMINS THAaTOMOBBIX B
aIbrobaKkTepHaIbHBIX MaTax B aBrycre — ceHTs0pe 1985 u 1986 romos. IIpoGsl coOpaHbl Ha pasHBIX
rpyHTax (IecoK, rajbka, BallyHbl, KAMHH) Ha riyouHax ot 3 mo 15 m npu temneparype Boasl (6—25 °C)
B. T'. TapacoBbIM ¢ UCIIOJIb30BAHUEM aKBaJIaHTa.

Crnabast M3y4eHHOCTH IHMAaTOMOBBIX aJbroOaKTepHAIbHBIX MAaTOB Ha Pa3HBIX TPYHTaxX M IPH
Pa3HBIX TEMIIEPATYPHBIX YCIOBUIX Ta30TEPMAIILHBIX BOJ SIBIISIETCS aKTYaJIbHOU B CBSI3M C TEM, 4TO OyxTa
Kparephas poccuiickux Box KypHibckux 0CTpOBOB HMEET YHHKAIBHYIO0 OCOOCHHOCTB 1O PA3BUTHIO BEICOKOTO
obmmst 1 GMopazHO0Opasysl OABOAHOIO BYJIKAHIMIECKOro Mupa ero oburareneid. [Tostomy menbio raHHOI
paboTHI SIBISETCS U3y9IeHHEe COCTaBa OEHTOCHBIX JHATOMOBBIX BOAOPOCIEH Ha anbroOakTepHAIbHBIX MaTax B
Pa3IIYHBIX paHOHAX XOJIOAHBIX MEIIKOBOAHBIX ra30ruapotepM OyxThl Kparepras.

IlpuBenén cmucok AMaToMOBBIX, cocTaBistromii 100 TakcoHoB otnena Bacillariophyta (23
nopsiaka, 33 cemeiictBa u 45 poznoB). [Ipeacrasneno Tpu kimacca: Coscinodiscophyceae (18 takcoHoB),
Fragilariophyceae (17) u Bacillariophyceae (65). 14 BunoB ObuIM OOmIMMHM Ha BceX CTaHIMAX. 72%
JIUaTOMOBBIX BOJOPOCIIC COCTaBIAIOT MOpCKue BHABL, 31% — kocMmomomutel u 17% B —
Me303aIpOOUOHTHI.

B 3aBucumoctH OT 1BeTa OHMOIUIEHKH, IMOKPHIBAIOIIEH MOPCKOE HO, OBUIM BBIIENCHBI TPU
Pa3sHOBUIHOCTH abrobakTepuanbHbIX MaToB. Ha 1-if cranmnm — 3amagHelil pailoH XOJIOAHBIX THAPOTEPM
KpacHO-OypbIx M OypbIx MatoB (riayomHa 3—15 M, mpu 3-8 °C) Ha meckax oOHapyxeHo 69 TakCOHOB ¢
JOMHHMPOBAaHHEM IIEHHATHBIX O€HTOCHBIX auartomeill Pleurosigma elongatum (104¢10% km.en!) u
Cocconeis costata (37,8108 xr.ent). Ha 2-ii cTaHMU — BOCTOYHBIE FOPAYME TUAPOTEPMBI OEIBIX MATOB
(rmybuna 3-5 M, 20-25 °C) Ha rambke M KaMHSIX OOHapyXeHo 74 TakcoHa IpH OOLIeH YHCICHHOCTH
coo0IecTBa AMATOMOBBIX Bojopociei 798,9+108 kn.ent. U3 uux Melosira moniliformis (155,6+108 k.o
1), menkue kneTku nennatHoro suaa Achnanthes sp. (100108 ki.en) u nenaruueckuii Bun Thalassiosira
anguste-lineata (66,7¢10% xn.en!) 6bun gomMuHHpyromuMu. Ha 3-#f cTaHmuu — paifoH ceBepHBIX
XOJIOJHBIX Ta30TUAPOTEPM Ha BanmyHe (TiryonHa 6—8 M, 6—8 °C) oOHapykeH 21 TakCOH ¢ mpeodIagaHneM
OeHTOIeNnarn4eckol KOJIOHHAJBbHOH IeHTpuueckoil amaromen Paralia sulcata u xomoHnanbHOM
nmenHatHo# Bomopociu Fragillaria striatula. Buonornyeckoe pasnooOpasue u 3KOJIOruYecKkasi THOKOCTD
TO3BOJISIIOT OEHTOCHBIM JMaTOMOBBIM BOJOPOCISIM  aJIAITHPOBATECS K AKCTPEMAIBHBIM  yCIOBUSIM
OKpYy’Karomiei cpesibl, B TOM 4nciie B Oyxte Kparepnasi.

Knrouesvie cnosa: 6yxra Kparepnas, octpos Slnkuua, Kypunbsckue octpoBa, MukpodurodbeHroc,
JUaTOMOBBIC, anbr06a1<Tep1/1aanble MaTthbl, ra30TUAPOTEPMAJILHBIC U3JIUSAHUA, MOpCKOﬁ BYJIKaH.
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