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Mud volcanoes are one of unique natural phenomena widely spread around the world. They can be found
in Crimea, including the Bulganak sopochnoe field – the largest cluster of active mud volcanoes
on the peninsula (45°25′29.04″N, 36°27′51.64″E). Study of mud volcano microalgae in Crimea, as well
as in other regions of Russia, has not been conducted so far. Therefore, scientific interest is caused by need
and urgency of the study of these volcanoes. First data on microalgae species composition of active mud
volcanoes are presented in this article. Samples collected by O. Yu. Eremin (03.08.2012 and 13.04.2013)
in the upper 2–3-cm layer of suspension and in surface water were investigated. The ranges of salinity
and water temperature were 27–32 g per L and +28…+31 °C, respectively. Microalgae species compo-
sition was determined in water preparations using Axioskop 40 (Carl Zeiss) light microscope at mag-
nification of 10×40 with software AxioVision Rel. 4.6. Totally 16 taxa were found: Cyanobacteria (1),
Dinophyta (2), Bacillariophyta (6), and Euglenophyta (7). Of these, cyanobacteria Chamaecalyx swirenkoi
(Schirshov) Komárek et Anagnostidis, 1986 was found by us in the mud volcano in August 2012. Pennate
species of diatoms were also identified – single living (of genera Cylindrotheca (Ehrenberg) Reimann
& J. C. Lewin, Lyrella Karajeva, and Nitzschia Hassall) and colonial species (of genera Berkeleya Greville
and Pseudo-nitzschia H. Peragallo). The brackish-water, benthic, boreal-tropical species Nitzschia ther-
maloidesHustedt was recorded for the algal flora of Crimea, the Black Sea, and the Sea of Azov for the first
time. Euglenophytes were also found in the samples – 5 species of the genus Trachelomonas Ehrenberg
and 2 species of the genus Strombomonas Deflandre. Of all the species found in the mud volcano ecotope,
7 species are common for the Black Sea, and 9 species, including 3 euglenophytes, are common for the Sea
of Azov. It is shown that by characteristics of halobility, species found in the mud volcano belong to fresh-
water complex (53 %), with a significant share of marine (27 %) and brackish-water (20 %) species.
Of the phytogeographic flora elements, boreal species make up 33 %, boreal-tropical – 47 %, and cos-
mopolites – 20 %. Three species of potentially toxic algae are recorded: diatom Pseudo-nitzschia prolonga-
toides (Hasle) Hasle, 1993, as well as dinophytes Prorocentrum lima (Ehrenberg) Dodge, 1975 and Alexan-
drium tamiyavanichii Balech, 1994. The last species is marine, boreal-tropical, and new to the algology
of Crimea, the Black Sea, and the Sea of Azov. In the article, own and literary data on morphology,
ecology, and phytogeography of species, as well as on their general distribution in different waterbod-
ies of the world, are also presented. Some microalgae species are indicators of saprobity; they are able
to participate in purification of water from organic substances. Photos of mud volcanoes and micrographs
of some species are presented.
Keywords: microalgae, euglenophytes, diatoms, dinophytes, mud volcano, Crimean Peninsula
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Mud volcanoes are one of unique natural phenomena widely spread around the world. They can be found
on the Crimean Peninsula being part of the Bulganak sopochnoe field, which is the largest cluster of ac-
tive mud volcanoes in Crimea [25]. The term “mud volcano” (in German, Mudevulkan) was proposed
by G. Helmersen, who was involved in the studies of mud volcanoes, in particular, of Altai and oil
fields of the Taman and Kerch peninsulas for 60 years. According to academician I. M. Gubkin, one
of the founders and creators of oil geology in Russia, gas and oil manifestations and mud volcanism are func-
tions of the same reasons, special forms of tectonics – of diapir structures (folds and domes arising due
to extrusion from the lower horizons of highly plastic rocks, salt and clay). He was the first to establish their
single genetic whole; it was used later in a program for the study ofmud volcanoes of the Crimean-Caucasian
geological province of Dzherelo [25].

Crimea is one of the areas of mud volcanism; there are 33 volcanoes on the territory of the peninsula [8].
Dirt pours out through craters and spreads along slopes in the form of streams. Volcano fields of Bulganak
type belong to mud volcano formations with violent eruptions being not characteristic. They are natural
monuments of regional significance, as well as tourist attractions.

So far, study of microalgae of mud volcanoes in Crimea has not been carried out. Moreover, there
is no information available about similar research in other regions of Russia. Preliminary studies have shown
presence of microalgae in the surface layer of mud volcano ejections. Relevance of the work is due to com-
plete lack of data on the study of microalgae communities of Crimeanmud volcanoes, which is of significant
scientific interest.

Aim of the work is to describe the species composition of microalgae biotopes of the mud volcano
located in the eastern part of the Crimean Peninsula.

MATERIAL AND METHODS
Material for the study was high-quality samples (sulfur-clay-silty substrate and water), taken by an em-

ployee of A. O. Kovalevsky Institute of Biology of the Southern Seas O. Yu. Eremin on the Crimean
Peninsula from the area of active volcanoes of the Bulganak sopochnoe field. Volcanoes are scattered over
a vast territory there, and their cones are almost flush with the ground or have relatively large sizes (Fig. 1).

Sampling was carried out on August 3, 2012 and April 13, 2013 in the upper 2–3-cm layer of silt
suspension with surface water flowing from themud volcano. Salinity (27–32 g per L) andwater temperature
(+28…+31 °C) were measured using a refractometer and digital thermometer, respectively [22].

The species composition of microalgae was determined in water preparations using Axioskop 40
(Carl Zeiss) light microscope at magnification of 10×40 with software AxioVision Rel. 4.6. For species
identification, modern guides and atlases were used [4, 12, 14, 15, 16, 20, 24, 36, 39, 40, 41].

RESULTS AND DISCUSSION
A preliminary study of two samples of silty suspension of the mud volcanoes showed the presence of mi-

croscopic algae in these habitats belonging to different high rank taxonomic groups. Totally 16 species of dif-
ferent genera were identified: cyanobacteria (Chamaecalyx swirenkoi (Shirshov) Komárek et Anagnostidis),
2 dinophyte species (AlexandriumHalim and Prorocentrum Ehrenberg), 6 pennate diatom species (1 species
of Lyrella Karajeva, Nitzschia Hassall, Cylindrotheca (Ehrenberg) Reimann et J. C. Lewin, and Pseudo-
nitzschia H. Peragallo; 2 colonial species of Berkeleya Greville). Euglenophytes lodges were often found
in samples; we identified 5 species of Trachelomonas Ehrenberg and 2 species of Strombomonas Deflandre.

Classification of the species identified, their size, ecology, phytogeography, and general distribution
are given below.
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Fig. 1. General view of the mud volcano of the Crimean Peninsula and its crater vents (photos
from O. Yu. Eremin personal archive)

Phylum Cyanobacteria (Cyanoprokaryota), class Cyanophyceae, order Pleurocapsales, family Hyel-
laceae, genus Chamaecalyx J. Komárek et K. Anagnostidis, 1986. Chamaecalyx swirenkoi (Schirshov* )
Komárek et Anagnostidis, 1986 (basionym: Dermocarpa swirenkoi Shirshov, 1929; synonyms: Dermo-
carpa clavata Geitler, 1932; D. clavata var. aquaedulcis Geitler, 1932; Dermocarpella clavata (Geitler)
J. Feldmann et Feldmann, 1953;Cyanocystis swirenkoi (Sirsov* ) G. Hällfors et R.Munsterhjelm, 1982) [32].
Found in the mud volcano on August 03, 2012 (Fig. 2). Met often, singly. Sizes: 41.8 μm long, 13.4 μm
wide. Cell sizes [according to: 5, 48]: 20–30 μm (less often up to 40 μm) long, 6.0–10.5 μm wide.
This species was first described by P. P. Shirshov from the Kodyma River, a tributary of the Bug River
(Ukraine) [47]. Ecology, phytogeography, and general distribution. Freshwater and brackish-water species,
found in stagnant freshwater bodies, as well as in seas; boreal-tropical species. It is recorded in supralit-
toral [23] and microphytobenthos of the Kazantip Nature Reserve of the Sea of Azov [21], in cystoseira

* The author’s spelling of the surname Schirshov (Shirshov) [5, 47] is specified in contrast to Širšov used in Komárek
et Anagnostidis, 1986 [32, 38].
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epiphyton, and on other substrates of the Black and Aegean seas [17], as well as on algae and higher aquatic
plants in Dniester River mouth and the Dniester Estuary in Odessa region [7], in epiphyton of green algae
and higher aquatic plants near water edge in water bodies of Leningrad Region, in the Chikhachev Bay
of the Sea of Japan [1], in a lagoon of the Gulf of Finland of the Baltic Sea [34], in Austria, Japan, Mexico,
and Western Slovakia, on the Java Island [38].

Fig. 2. Cyanobacteria Chamaecalyx swirenkoi in the mud volcano in the eastern part of the Crimean Peninsula

Phylum Bacillariophyta, order Naviculales Bessey, family Berkeleyaceae D. G. Mann, 1990, genus
Berkeleya Greville, 1827. Berkeleya micans (Lyngbye) Grunow, 1868 (basionym: Bangia micans Lyng-
bye, 1819; synonym: Amphipleura micans (Lyngbye) P. Cleve, 1894). The benthic species of diatom was
found in the mud volcano on August 03, 2012. Sizes: 35 μm long, 3.5 μm wide. Sizes of valves: 39–81 μm
long, 4–5 μm wide [17]. Ecology, phytogeography, and general distribution. Marine and brackish-water,
boreal and natal species inhabiting mainly the southern European seas, including shallow waters near south-
ern Crimea and the Caucasian coast of the Black Sea, on stones, rocks, and invertebrates’ shells [17, 21].
The species was first described from phytoplankton and microphytobenthos of the Sea of Azov [3, 13].

Berkeleya rutilans (Trentepohl) Grunow, 1880 (basionym: Conferva rutilans Trentepohl ex Roth,
1806; synonym: Amphipleura rutilans (Trentepohl) Cleve, 1894). The benthic species of diatom al-
gae was first found in the mud volcano on August 03, 2012. Sizes of valves: 35.1 μm long, 3.5 μm
wide. Sizes [according to: 9, 21]: 6–38 long, 2.5–5.0 wide; 26–30 striae and 16–20 rims in 10 μm.
Ecology, phytogeography, and general distribution. Marine and brackish-water, littoral and sublittoral, eu-
rythermal species, cosmopolitan. Known in the North, White, Baltic, Barents, Kara, Mediterranean, Black,
Caspian, Japanese, and East China seas, as well as in the Sea of Azov, off the coast of Romania, Eng-
land, North America, Greenland, Iceland, Sweden, China, Kuwait, Japan, New Zealand, and Antarctic
Australia [20].

Phylum Bacillariophyta, order Bacillariales Hendey, family Bacillariaceae Ehrenb., genus Cylindrotheca
L. Rabenhorst, 1859. Cylindrotheca closterium (Ehrenberg) Reimann et J. Lewin, 1964 [45] (basionym:
Ceratoneis closterium Ehrenb. 1839; synonyms: Nitzschia closterium (Ehrenb.) W. Smith, 1853; N. re-
versa W. Smith, 1853; N. closterium var. reversa (W. Smith) Hauck, 1872; Nitzschiella closterium Raben-
horst, 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 Peragallo, 1897; Homoeocladia closterium (Ehrenb.) Kuntze, 1898; Nitzschiella tenuirostris
Mereschk., 1901; Nitzschia longissima Gran, 1930; N. closterium var. recta Gran, 1931). Found in the mud
volcano on August 03, 2012 (Fig. 3). Sizes: 25–260 μm long, 1.5–8.0 μm wide, 12–16 striae
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in 10 μm [46]. Ecology, phytogeography, and general distribution. The species is eurythermic, euryha-
line, marine and brackish-water, benthic-planktonic. It can be found in plankton of neritic waters, littoral,
and sublittoral of seas; cosmopolite; identified in all geographical zones of the World Ocean [20, 35].

Fig. 3. Cylindrotheca closterium cells with chloroplasts in the mud volcano

Phylum Bacillariophyta, order Lyrellales D. G. Mann, 1990, family Lyrellaceae D. G. Mann, 1990,
genus Lyrella N. I. Karajeva, 1978. Lyrella atlantica (Gregory) D. G. Mann, 1990 (basionym: Navic-
ula atlanticaA.W. F. Schmidt, 1874; synonyms:Navicula lyra var. atlanticaA. Schmidt, 1874; Lyrella lyra
var. atlantica (Schmidt) Karajeva, 1988). Found in the mud volcano on August 03, 2012 (Fig. 4). Sizes: frus-
tules of 60–100 μm long, 26–32 μm wide, 9–11 striae in 10 μm [4]; 59–65 μm long, 29–35 μm wide,
10 striae in 10 μm [16]. Ecology, phytogeography, and general distribution. Marine, sublittoral species,
boreal and natal. Found in the coastal waters of Britain [36] and Australia, as well as in the Black
and North seas [16].

Fig. 4. Benthic diatom Lyrella atlantica from the mud volcano

Phylum Bacillariophyta, order Bacillariales Hendey, family Bacillariaceae Ehrenb., genus Nitzschia
Hassall, 1845. Nitzschia thermaloides Hustedt, 1955 (= Nitzschia translucida Hustedt, 1959)
(Fig. 44: 1–7 [39]). Found in the mud volcano on August 03, 2012 (Fig. 5). Sizes: 34.7–49.7 μm long,
3–7 μm wide, 1 fibula, 14–16 striae in 10 μm. Sizes: 20–73 μm long, 4–6 μm wide,
16–20 fibulae in 10 μm [39]; 43.2–59.5 μm long, 3.8–5.9 μm wide (light microscope);
52 μm long, 6 µm wide, 1 fibula, 21 striae in 10 μm (scanning electronic microscope) [41].
Ecology, phytogeography, and general distribution. Brackish-water, benthic, and boreal-tropical species.
Identified for Crimea, the Black Sea, and the Sea of Azov for the first time. Species marked as halophilic one
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in Kuril Islands thermal waters, recorded at water temperature of +50…+60 °C [11]. It is common in river
estuaries and in the northern fjords of the Sweden coast in winter, spring, and autumn in the supralittoral
up to 1.5 m in different ecotopes (silty sand, silt, and sand), as well as on the surface of Phormidium
and Mytilus [40].

Fig. 5. Benthic diatom Nitzschia thermaloides with chloroplasts from the mud volcano

Phylum Bacillariophyta, order Bacillariales Hendey, family Bacillariaceae Ehrenb., genus Pseudo-
nitzschia H. Peragallo, 1900. Pseudo-nitzschia prolongatoides (Hasle) Hasle, 1993 (basionym: Nitzschia
prolongatoides Hasle, 1965; synonym: Nitzschia prolongata Manguin, 1957). Found in the mud volcano
on August 03, 2012. Sizes: 18.5 µm long, 3.3 µm wide. Sizes [according to: 35]: 60 µm long, 16 fibulae
and 28 striae at 10 μm. It was recorded relatively recently in the Sea of Azov and in the Black Sea [2, 17].
In Kazantip nature reserve coast (depth up to 1 m) of the Sea of Azov, the species was found on: April 9,
2006 (in the epiphyton of Enteromorpha sp., a colony of 2 cells, 123.2 μm long, 2.8 μm wide); October 28,
2011 (in sand ground, a colony of 2 cells was identified being of 117.7 μm long and of 2.2 μm wide,
as well as individual cells of 55 μm long, 2.5 μm wide); August 07, 2014 (in the epiphyton of the red
alga Ceramium rubrum). Ecology, phytogeography, and general distribution. Marine, planktonic, belongs
to potentially toxic algae. Due to poor knowledge, the species can still be attributed to boreal and natal.
The species is recorded in Antarctic waters [19].

Phylum Dinophyta, class Dinophyceae, order Prorocentrales Lemmermann, family Prorocentraceae
F. Stein, genus Prorocentrum Ehrenberg, 1834. Prorocentrum lima (Ehrenberg) Dodge, 1975 (basionym:
Cryptomonas lima Ehrenberg, 1860; synonyms: Exuviaella marina Cienkowski, 1881; Dinopyxis laevis
Stein, 1883; E. lima (Ehrenberg) Bütschli, 1885; E. laevis (Stein) Schröder, 1900; E. chathamensis Lem-
mermann, 1907; E. cincta Schiller, 1918; E. caspica I. Kisselev, 1927; E. marina var. lima (Ehren-
berg) Schiller, 1931; E. ostenfeldii Schiller, 1933; Prorocentrum marinum Dodge et Bibby, 1973; P. mar-
inum (Cienkowski) Abé in Bodeanu, 1987–1988; P. marinum var. lima (Schiller) Krachmalny, 1994).

Marine Biological Journal 2020 vol. 5 no. 1



70 L. I. Ryabushko and A. V. Bondarenko

Found in the mud volcano on April 13, 2013 (Fig. 6). Sizes: 25 μm long, 14.7 μm wide. Sizes [ac-
cording to: 18]: 30–50 μm long, 18–45 wide; Black Sea specimens: 36–44 μm long, 21–30 μm
wide. Ecology, phytogeography, and general distribution. Marine, benthic species, cosmopolitan. Recorded
in the Mediterranean, Adriatic, Black, Caspian seas, as well as in the Sea of Azov and in the Indian Ocean.
The species is toxic and produces okadaic acid [18, 40, 47].

Fig. 6. Different views of dinoflagellate Prorocentrum lima (Ehrenberg) Dodge shells from the mud volcano

Phylum Dinophyta, class Dinophyceae, order Gonyaulacales F. J. R. Taylor, family Ostreopsi-
daceae Lindemann, genus Alexandrium Halim, 1960. Alexandrium tamiyavanichii Balech, 1994. Found
in the mud volcano on April 13, 2013 (Fig. 7). Sizes: 32.3 μm long, 29.5 μm wide. Sizes [accord-
ing to: 29]: 40.8–41.7 μm long, 37.5–43.8 μm wide. Ecology, phytogeography, and general distribution.
Marine, planktonic, boreal-tropical, and potentially toxic species [47]. Found in water bodies in Thailand
and the Philippines [29]. This is a new species for algal flora of Crimea and the Black Sea.

Fig. 7. Dinoflagellate Alexandrium tamiyavanichii Balech from the mud volcano

Euglenophytes species, first identified in the mud volcano in the eastern part of the Crimean Peninsula,
their ecology, phytogeography, and general distribution [22] are given below.

Phylum Euglenophyta, class Euglenophyceae, order Euglenales, family Euglenaceae, genus Trache-
lomonas Ehrenberg, 1838. T. armata (Ehrenberg) Stein, 1878 (basionym: Pantotrichum armatum Ehren-
berg; synonym: Chaetotyphla armata Ehrenberg, 1833). Found in the mud volcano on April 13, 2013.
Sizes: 32.4 μm long, 22.3 μm wide. Sizes [according to: 14]: 30–39 µm long, 25–28.5 µm wide.
Ecology, phytogeography, and general distribution. Freshwater, boreal-tropical, natal species. Recorded
in Russia [14, 15], Romania [31], China [37], Singapore [43], North and South America [49], Australia
and New Zealand [33], Turkey [27], the Netherlands, Slovakia, Sweden, Brazil, Caribbean Islands, Britain,
Germany, Spain, Bangladesh, in Africa [32], as well as in the Baltic Sea [34].
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T. hexangulata Svirenko, 1914 [48]. Found on April 13, 2013 in the surface water of the mud vol-
cano. Sizes: 32.2–34 μm long, 12.6–14 μm wide; neck: 4.2 μm high, 2.8 μm wide. Sizes [according to: 14]:
27–34 µm long, 12–16 µm wide. Ecology, phytogeography, and general distribution. Freshwater, boreal
species. Found among cyanobacteria communities in lakes plankton, in the swampy sedge hummock,
in forest ditches, puddles along channels of dried forest streams, at the edges of sedge marshes, in sphag-
num swamps of the forest-tundra [14]. It is recorded in the marsh waters of European Russia, Western
Siberia [14, 15], Far East [10], and Chelyabinsk region [26], in waters of Great Lakes of theUSA [42], in wa-
ter bodies of Romania [30], Turkey [27], the Netherlands, Poland, Romania, Slovakia, Sweden, Britain,
Spain, India, Brazil, Argentina, North America, Cuba, Tajikistan, Thailand, Taiwan, Bangladesh, Mexico,
and Iraq [32], as well as in the Sea of Azov [6] and the Baltic Sea [34].

T. planctonica Svirenko, 1914. Found in the mud volcano on April 13, 2013. Lodge sizes:
23–27 μm long, 18–21 μm wide. Sizes [according to: 14]: 21–31 μm long, 17–22 μm wide.
Ecology, phytogeography, and general distribution. Freshwater, boreal-tropical. Can be found in small
water bodies with fresh stagnant water, occasionally in rivers, mainly in plankton of rivers in Tomsk
and Chelyabinsk regions, Western Siberia [14, 26], Russian Far East [10], in water bodies of the Nether-
lands, Poland, Romania, Slovakia, Sweden, Britain, Spain, India, Brazil, Argentina, North America, Cuba,
Tajikistan, Thailand, Taiwan, and Bangladesh [32], as well as in the Baltic Sea [34] and the Sea of Azov [6].

T. scabra Playfair, 1915 (= Trachelomonas scabra var. latior Skwortzow, 1925). Found in the mud vol-
cano on August 03, 2012. Sizes: 23–27 μm long, 18–21 μm wide. Sizes [according to: 14]: 18–33 µm long,
15–20 µm wide. Ecology, phytogeography, and general distribution. Freshwater species, boreal-tropical
and natal. Found in the coastal lakes of Georgia and Chelyabinsk region [26], Britain, North America [50],
Romania [31], Spain [27], Turkey [28], and China [37], as well as in Australia and New Zealand [32].
Recorded in the Sea of Azov [6].

T. volvocina (Ehrenberg) Ehrenberg, 1834 (= Microglena volvocina Ehrenb.). Found in the mud
volcano on April 13, 2013 with cell diameter of 8–9 μm (Fig. 8). Lodges are spherical, with diameter
of (4)–8–23–(32) μm [14]. Ecology, phytogeography, and general distribution. It is a freshwater species,
mainly inhabiting stagnant water, less commonly found in weakly brackish water at pH of (4.4)–5.5–8.4.
It is characterized as β-mesosaprob-oligosaprob, has mixotrophic nutrition. Boreal species. It is recorded
in Odessa Region and Crimea [14].

Fig. 8. Trachelomonas volvocina from the mud volcano, view from different angles

Phylum Euglenophyta, class Euglenophyceae, order Euglenales, family Euglenaceae, genus Strom-
bomonas Deflandre, 1930 (= Trachelomonas Ehrenberg). Lodge sizes of species of this genus are larger
and more variable in shape compared to those of the genus Trachelomonas [14]. Strombomonas were found
in the intravital state in the mud volcano. Representatives of this genus were often recorded in samples,
but it was difficult to identify them to species. Micrographs of some of them are given below.
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Strombomonas acuminata (Schmarda) Deflandre, 1930 (basionym: Lagenella acumi-
nata Schmarda; synonym: Strombomonas acuminata var. verricosa Teodoresco). Found
in the mud volcano on April 13, 2013 (Fig. 9). Lodge sizes: 21.5–27.6 μm long,
20.7–32 μm wide; neck: 14×9.8 μm. Sizes [according to: 14]: 38.0–55.5 μm long, 28–33 μm wide.
Ecology, phytogeography, and general distribution. The species is freshwater, boreal. It is recorded
in the water bodies of Romania [31], Crimea, the Caucasus, Central Asia, and Western Siberia [14].

Fig. 9. View of lodges of Strombomonas acuminata from the mud volcano

St. tambowica (Swirenko) Deflandre, 1930 (synonyms: Trachelomonas zmiewica Swirenko;
Tr. tambowica var. granulata Skvortzov; Strombomonas verrucosa var. zmiewica (Swirenko)
Deflandre, 1930). Found in the mud volcano on April 13, 2013 (Fig. 10). Lodge sizes:
38–55.5 μm long, 28–34 μm wide. Sizes [according to: 14]: 47.5–56 µm long, 26.6–32 µm wide.
Ecology, phytogeography, and general distribution. The species is freshwater, boreal. Recorded
in the plankton of freshwater bodies of Ukraine, as well as Tambov, Rostov and Tomsk regions
of Russia [14].

Fig. 10. Lodges of Strombomonas tambowica from the mud volcano, view from different angles

Euglenophytes, uniting unicellular, less often colonial microscopic algae, inhabit freshwater bodies
throughout the world. A small number of them are confined to brackish and sea waters. These are represen-
tatives of the genera Eutreptia Perty, Eutreptiella da Cunha, Klebsina P. C. Silva, Trachelomonas Ehrenberg,
and Strombomonas Deflandre. They can be found in plankton, in thickets of coastal algae and interstitial
of sandy beaches, in rivers and lakes, and at sea coasts with low salinity. Trachelomonas caudata (Ehren-
berg) F Stein, T. volvocina (Ehrenberg) Ehrenberg, and T. volvocina var. papillata Lemmermann species
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were identified in the Black Sea [17]. Totally 24 species were found in the Sea of Azov, 7 of them (Tra-
chelomonas borodiniana Swirenko, T. globularis (Averintsev) Lemmermann, T. hispida (Perty) F. Stein,
T. planctonica Svirenko, T. scabra Playfair, T. verrucosa A. C. Stokes, and T. volvocina (Ehrenberg)
Ehrenberg) were mainly recorded in summer and autumn [6, 21]. Most species of microalgae from the mud
volcano having a mixotrophic or totally saprophytic type of nutrition are actively involved in self-cleaning
of habitats.

Conclusion. A preliminary study of microalgae of the mud volcano in the region of the Bulganak sopo-
chnoe field on the Crimean Peninsula showed the diversity of their species composition in watered habitats.

We found cyanobacteria Chamaecalyx swirenkoi and 15 species of eukaryotic microalgae: 2 dinoflagel-
late species (of genera Prorocentrum and Alexandrium), 6 diatom species (1 of genera Lyrella, Pseudo-
nitzschia, Nitzschia, and Cylindrotheca; 2 of genus Berkeleya), as well as 7 species of euglenophytes
(5 of genus Trachelomonas; 2 of genus Strombomonas). Some of them are widespread in the microphy-
tobenthos of the Sea of Azov and the Black Sea. Of all the types of algae found in the mud volcano,
7 species are common for the Black Sea, while 9 species, including 3 species of euglenophytes, are common
for the Sea of Azov.

Three species considered to be potentially toxic were identified: diatom P. prolongatoides, as well as dino-
phytes Pr. lima and A. tamiyavanichii. The last species is marine, boreal-tropical, and new to Crimean flora.
By characteristics of halobility, species found in the mud volcano belong to freshwater complex (53 %),
with a significant share of marine (27 %) and brackish-water (20 %) species. Taking into account phyto-
geographic features, it can be concluded that boreal species make up 33 %, boreal-tropical species – 47 %,
and cosmopolite – 20 %.

The work was carried out within the framework of government research assignment of IBSS RAS “Investiga-
tion of the mechanisms of controlling production processes in biotechnological complexes with the aim of developing
the scientific foundations for the production of biologically active substances and technical products of marine genesis”
(no. АААА-А18-118021350003-6).

Acknowledgment. The article is dedicated to IBSS employee Oleg Yuryevich Eremin who was an enthusiastic
participant of many scientific expeditions aimed at studying of hypersaline lakes of Crimea and always helped his
colleagues with hydrobiological samplings. He died tragically in 2014 when returning from one of the expeditions.
The idea of studying microalgae on the surface of silty substrates in a mud volcano near hypersaline water bodies
of Crimea belongs to him. It was he who took samples from the mud volcano and insisted on their analysis.

REFERENCES

1. Beljakova R. N. Synopsis of the benthic
cyanophyta flora of the Russian Far-Eastern
Seas. 1. Chroococcales (Microcystaceae,
Chroococcaceae). Botanicheskii zhurnal, 2000,
vol. 85, no. 2, pp. 106–118. (in Russ.)

2. BondarenkoA. V., Ryabushko L. I. Diatomovye
vodorosli bentosa Krymskogo poberezh’ya
Azovskogo morya. In: Sovremennye problemy
al’gologii : materialy Mezhdunar. nauch. konf.
i VII Shkoly po morskoi biologii, Rostov-
on-Don, 9–13 June, 2008. Rostov-on-Don :

YuNTs RAN, 2008, pp. 61–63. (in Russ.)
3. Bondarenko A. V. Vidovoe i ekologo-
geograficheskoe raznoobrazie bentosnykh dia-
tomovykh vodoroslei krymskogo poberezh’ya
Azovskogo morya. In: Bioraznoobrazie i us-
toichivoe razvitie : materialy nauch.-praktich.
konf., Simferopol, 20–22 May, 2010. Simfero-
pol : KNTs, 2010, pp. 19–21. (in Russ.)

4. Diatomovyi analiz. Kniga 3. Opredelitel’ iskopae-
mykh i sovremennykh diatomovykh vodoroslei
/ A. N. Krishtofovich, A. I. Proshkina-Lavrenko

Marine Biological Journal 2020 vol. 5 no. 1



74 L. I. Ryabushko and A. V. Bondarenko

(Eds). Leningrad : Gosizdat, 1950, 398 p.
(in Russ.)

5. Elenkin A. A. Sinezelenye vodorosli SSSR.
Moscow ; Leningrad : AN SSSR, 1938, iss. 1,
984 p. (in Russ.)

6. Kovaleva G. V. Sistematicheskii spisok
mikrovodoroslei bentosa i planktona pribrezh-
noi chasti Azovskogo morya i prilegayushchikh
vodoemov. In: Sovremennye problemy al’gologii :
materialy Mezhdunar. nauch. konf. i VII Shkoly
pomorskoi biologii, Rostov-on-Don, 9–13 June,
2008. Rostov-on-Don : YuNTs RAN, 2008,
pp. 174–192. (in Russ.)

7. Kondrat’yeva N. V., Kovalenko O. V.,
Prykhod’kova L. P. Vyznachnyk prisnovodnykh
vodorostei Ukrainskoi RSR. Iss. I. Synoze-
leni vodorosti – Cyanophyta. Pt. 1. Zahalna
kharakterystyka synozelenykh vodorostei. Klas
khrookokovi vodorosti – Chroococcophyceae.
Klas khamesyfonovi vodorosti – Chamae-
siphonophyceae / N. V. Kondratyeva (Ed.).
Kyev : Naukova dumka, 1984, 388 p. (in Ukr.)

8. Korzhenevsky V. V., Korzhenevskaya Yu. V.
Sinecology of communities of the Hill
of Odelnburg. Bulganaksky mud-volcanic field.
In: Actual Problems of Biodiversity and Nature
Management : materials of the II National
scientific-practical conference, dedicated
to the 20ᵗʰ anniversary of the Marine Ecology
Department of FGBOU VO “KGMTU”,
Kerch, 15–17 May, 2019. Simferopol, 2019,
pp. 584–587. (in Russ.)

9. Korotkevich O. S. Diatomovaya flora litorali
Barentseva morya. Trudy Murmanskogo
morskogo biologicheskogo instituta, 1960, iss. 1,
pp. 68–338. (in Russ.)

10. Medvedeva L. A., Nikulina T. V. Catalogue
of Freshwater Algae of the Southern Part
of the Russian Far East.Vladivostok : Dal’nauka,
2014, 271 p. (in Russ.)

11. Nikulina T. V. Biodiversity of algae of hot
springs from Kuril Islands (Russia). Al’gologia,
2010, vol. 20, no. 3, pp. 334–356. (in Russ.).

https://doi.org/10.1615/InterJAlgae.v12.i4.10
12. Opredelitel’ presnovodnykh vodoroslei. Iss. 4.

Diatomovye vodorosli / A. I. Proshkina-
Lavrenko (Ed.). Moscow : Sovetskaya nauka,
1951, 619 p. (in Russ.)

13. Pitsyk L. K. O kachestvennom sostave fito-
planktona Azovskogo morya. Trudy Sevasto-
pol’skoi biologicheskoi stantsii, 1963, vol. 14,
pp. 71–89. (in Russ.)

14. Popova T. G. Opredelitel’ presnovodnykh
vodoroslei SSSR. Iss. 7. Evglenovye vodorosli.
Moscow : Sovetskaya nauka, 1955, 282 p.
(in Russ.)

15. Popova T. G. Flora planktonnykh kriptogam-
nykh vodoroslei SSSR. Euglenophyta. Vol. 8,
no. 1. Moscow ; Leningrad : Nauka, 1966, 412
p. (in Russ.)

16. Proshkina-Lavrenko A. I. Diatomovye vodor-
osli bentosa Chernogo morya. Moscow ;
Leningrad : Nauka, 1963, 243 p. (in Russ.)

17. Ryabushko L. I.Microphytobenthos of the Black
Sea. Sevastopol : EKOSI-Gidrofizika, 2013,
416 p. (in Russ.)

18. Ryabushko L. I. Potentially harmful micro-
algae of the Azov and Black Sea basin
/ V. I. Ryabushko (Ed.). Sevastopol : EKOSI-
Gidrofizika, 2003, 288 p. (in Russ.)

19. Ryabushko L. I. The state of knowledge mi-
crophytobenthos Argentine Islands of Antarc-
tica. Trudy Belorusskogo gosudarstvennogo uni-
versiteta, 2016, vol. 11, pt. 1, pp. 337–350.
(in Russ.)

20. Ryabushko L. I., Begun A. A. Diatoms of Mi-
crophytobenthos of the Sea of Japan (Synopsis
and Atlas) : in 2 vols. Vol. 2. Sevastopol : PK
“KIA”, 2016, 324 p. (in Russ.)

21. Ryabushko L. I., Bondarenko A. V. Microal-
gae of the Plankton and Benthos of the Sea
of Azov (Check-list, Synonymics, and Comment).
Sevastopol : EKOSI-Gidrofizika, 2011, 211 p.
(in Russ.)

22. Ryabushko L. I., Shadrin N. V. The first disco-
very of microalgae of the genus Trachelomonas

Marine Biological Journal 2020 vol. 5 no. 1

https://doi.org/10.1615/InterJAlgae.v12.i4.10


Microalgae of mud volcano of the Bulganak sopochnoe field on the Crimean Peninsula 75

Ehrenberg, 1834 (Euglenophyta) in the crater
of an active mud volcano (Kerch Peninsula,
Crimea). In: Problemy botaniki Yuzhnoi Sibiri
i Mongolii : sb. nauch. statei po materialam
XVII mezhdunar. konf. (Barnaul, 24–27 May,
2018). Barnaul : Izd-vo Altaiskogo gos. univer-
siteta, 2018, pp. 124–127. (in Russ.)

23. Sadogurskaya S. A. Flora Cyanophyta supral-
itorali Kazantipskogo prirodnogo zapovednika
(Azovskoe more). Trudy Nikitskogo botanich-
eskogo sada, 2001, vol. 120, pp. 124–131.
(in Russ.)

24. Safonova T. A. Evglenovye vodorosli Zapad-
noi Sibiri. Novosibirsk : Nauka, 1987, 192 p.
(in Russ.)

25. Shnyukov E. F., Sobolevskii Yu. V.,
Gnatenko G. I., Naumenko P. I., Kutnii V. A.
Gryazevye vulkany Kerchensko-Tamanskoi
oblasti. Atlas. Kiev : Naukova dumka, 1986,
152 p. (in Russ.)

26. Yarushina M. I., Tanaeva G. B., Eremk-
ina T. V. Flora vodoroslei vodoemov Chelyabin-
skoi oblasti. Ekaterinburg : UrO RAN, 2004,
308 p. (in Russ.)

27. Alvárez C. M. Catálogo de las algas conti-
nentales españolas. II. Craspedophyceae, Cryp-
tophyceae, Chrysophyceae, Dinophyceae, Eu-
glenophyceae, Haptophyceae, Phaeophyceae,
Rhodophyceae, Xanthophyceae. Acta Botanica
Malacitana, 1984, vol. 9, pp. 27–40.

28. Aycel V. Check-list of the freshwater algae
of Turkey. Journal of the Black Sea / Mediter-
ranean Environment, 2005, vol. 11, pp. 1–124.

29. Balech E. Three new species of the genus
Alexandrium (Dinoflagellata). Transactions
of the American Microscopical Society,
1994, vol. 113, no. 2, pp. 216–220.
https://doi.org/10.2307/3226651

30. Brosnan S., Brown J. P., Farmer M. A.,
Triemer R. E. Morphological separation
of the euglenoid genera Trachelomonas
and Strombomonas (Euglenophyta) based
on lorica development and posterior strip reduc-

tion. Journal of Phycology, 2005, vol. 41, iss. 3,
pp. 590–605. https://doi.org/10.1111/j.1529-
8817.2005.00068.x

31. Caraus I. The algae of Romania. A Dis-
tributional Checklist of Actual Algae. Ver-
sion 2.3. Bacău: Universitatea Bacău,
2012, 809 p. http://www.vliz.be/imisdocs/
publications/270678.pdf

32. Guiry M. D., Guiry G. M. AlgaeBase.
World-wide electronic publication. Gal-
way : National University of Ireland, 2018.
URL: https://www.algaebase.org (accessed
30.08.2019).

33. Day S. A., Wickham R. P., Entwisle T. J.,
Tyler P. A. Bibliographic Check-list of Non-
marine Algae in Australia. Canberra : Australian
Biological Resources Study, 1995, 276 p. (Flora
of Australia Supplementary Series ; 4).

34. Hällfors G. Checklist of Baltic Sea Phytoplank-
ton Species (Including Some Heterotrophic Pro-
tistan Groups). Helsinki : Baltic Marine Envi-
ronment Protection Commission, 2004, 210 p.
(Baltic Sea Environment Proceedings ; no. 95).

35. Hasle G. R. Nitzschia pungiformis (Bacillario-
phyceae), a new species of the Nitzschia seria-
ta group. Norwegian Journal of Botany, 1971,
vol. 18, pp. 139–144.

36. Hendey N. I. An Introductory Account
of the Smaller Algae of British Coastal Waters.
Part 5. Bacillariophyceae (Diatoms). Koenig-
stein : Otto Koeltz Science Publishers, 1976,
317 p. (Fishery Investigations ; Series 4).

37. Hu H., Wei Y. The Freshwater Algae of China.
Systematics, Taxonomy, and Ecology. Beijing :
Science Press, 2006, 1023 p. (in Chinese).

38. Komárek J., Anagnostidis K. Cyanoprokaryota.
Tail 1 / Part 1. Chroococcales. Süsswasserflora
von Mitteleuropa. [Berlin] : SpringerSpektrum,
2008, 548 p. (Süßwasserflora vonMitteleuropa ;
Bd. 19/1).

39. Krammer K., Lange-Bertalot H. Bacillar-
iophyceae. Tail 2 / Part 2. Bacillariaceae,
Epithemiaceae, Surirellaceae. [Stuttgart] :

Marine Biological Journal 2020 vol. 5 no. 1

https://doi.org/10.2307/3226651
https://doi.org/10.1111/j.1529-8817.2005.00068.x
https://doi.org/10.1111/j.1529-8817.2005.00068.x
http://www.vliz.be/imisdocs/publications/270678.pdf
http://www.vliz.be/imisdocs/publications/270678.pdf
https://www.algaebase.org


76 L. I. Ryabushko and A. V. Bondarenko

SpringerSpektrum, 1988, 610 p. (Süsswasser-
flora von Mitteleuropa ; vol. 2/2).

40. Kuylenstierna M. Benthic Algal Vegetation
in the Nordre Älv Estuary (Swedish West Coast).
[Dissertation]. Göteborg, Sweden : Department
of Mar. Bot. University of Göteborg, 1989,
vol. 1, 244 p.

41. Kuylenstierna M. Benthic Algal Vegetation
in the Nordre Älv Estuary (Swedish West Coast).
[Dissertation]. Göteborg, Sweden : Department
of Mar. Bot. University of Göteborg, 1990,
vol. 2 [plates], 76 p.

42. Murakami Y., Oshima Y., Yasumoto T. Identi-
fication of okadaic acid as a toxic component
of a marine dinoflagellate Prorocentrum lima.
Bulletin of the Japanese Society for the Science
of Fish, 1982, vol. 48, iss. 1, pp. 69–72.
https://doi.org/10.2331/suisan.48.69

43. Pham M. N., Tan H. T. W., Mitrovic S.,
Yeo H. H. T. A checklist of the algae of Singa-
pore. 2ⁿᵈ edition. Singapore : Raffles Museum
of Biodiversity Research, National University
of Singapore, 2011, 100 p.

44. Prescott G.W.Algae of theWesternGreat Lakes
Area. With an illustrated key to the genera
of desmids and freshwater diatoms. Revised
[second] ed. Dubuque, Iowa : Wm. C. Brown
Company Publishers, 1962, 977 p.

45. Reimann B. E. F., Lewin J. C. The dia-
tom genus Cylindrotheca Rabenhorst
(with a reconsideration of Nitzschia
closterium). Journal of the Royal Micro-

scopical Society, 1964, vol. 83, iss. 3,
pp. 283–296. https://doi.org/10.1111/j.1365-
2818.1964.tb00542.x

46. Ryabushko L. I., Balycheva D. S., Bon-
darenko A. V., Zheleznova S. N., Begun A. A.,
Stonik I. V. Different aspects of studying
a diatom Cylindrotheca closterium (Ehren-
berg) Reimann et Lewin 1964 in natural
and laboratory conditions. Morskoj biologiche-
skij zhurnal, 2019, vol. 4, no. 2, pp. 52–63.
http://doi.org/10.21072/mbj.2019.04.2.06

47. Schirshov P. P. Über zwei interessante Algen
aus dem fluss Kodyma (Nebenfluss des Süd-
Bug). Die Nachrichten der Hydrobiologischen
Station zu Dnjepropetrowsk, 1930, I, pp. 195,
fig. 2.

48. Svirenko D. Zur Kenntnis der russischen Al-
genflora, I. Die Euglenaceen Gattung Trache-
lomonas. Archiv für Hydrobiologie und Plank-
tonkunde, 1914, vol. 9, pp. 630–647.

49. Taylor F. J. R., Fukuyo Y., Larsen J. Taxonomy
of Harmful Dinoflagellates In: G. M. Hal-
legraeff, D. M. Anderson, A. D. Cembella
(Eds). Manual on Harmful Microalgae. 2ⁿᵈ
revised ed. Paris : UNESCO Publ., 2003,
pp. 389–433. (Monographs on Oceanographic
Methodology ; 11).

50. Wolowski K., Walne P. L. Strombomonas
and Trachelomonas species (Euglenophyta)
from south-eastern USA. European Journal
of Phycology, 2007, vol. 42, iss. 4, pp. 409–431.
https://doi.org/10.1080/09670260701702508

МИКРОВОДОРОСЛИ ГРЯЗЕВОГО ВУЛКАНА
БУЛГАНАКСКОГО СОПОЧНОГО ПОЛЯ КРЫМСКОГО ПОЛУОСТРОВА

Л. И. Рябушко, А. В. Бондаренко

Федеральный исследовательский центр «Институт биологии южных морей имени А. О. Ковалевского РАН»,
Севастополь, Российская Федерация
E-mail: larisa.ryabushko@yandex.ua

Грязевые вулканы—одно из уникальных явлений природы. Онишироко распространены по всему
миру. Грязевые вулканы встречаются и на территории Крыма, в том числе на Булганакском сопоч-
ном поле — крупнейшем скоплении действующих вулканов на полуострове (45°25′29.04″ с. ш.,
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36°27′51.64″ в. д.). Изучение одноклеточных водорослей грязевых вулканов в Крыму, как и в дру-
гих регионах России, до настоящего времени не проводили. Необходимость и актуальность иссле-
дований продиктована отсутствием сведений о видовом составе микроводорослей грязевых вул-
канов. Пробы собраны О. Ю. Ерёминым 03.08.2012 и 13.04.2013 в верхнем 2–3-сантиметровом
слое суспензии вместе с приповерхностной водой, вытекающей из него. Диапазон солёности и тем-
пературы воды составлял 27–32 г·л−1 и +28…+31 °C. Видовой состав микроводорослей опреде-
ляли в водных препаратах в прижизненном состоянии водорослей с помощью светового мик-
роскопа Axioskop 40 (Carl Zeiss) при увеличении 10×40, используя программное обеспечение
AxioVision Rel. 4.6. Обнаружено 16 видов, принадлежащих к высшим таксономическим груп-
пам: Cyanobacteria (1 вид), Dinophyta (2), Bacillariophyta (6) и Euglenophyta (7). Из них цианобак-
терия Chamaecalyx swirenkoi (Schirshov) Komárek et Anagnostidis, 1986 найдена нами в августе
2012 г. В пробах отмечены пеннатные диатомовые водоросли — как одиночно живущие (родов
Cylindrotheca (Ehrenberg) Reimann & J. C. Lewin, Lyrella Karajeva и Nitzschia Hassall), так и ко-
лониальные (родов Berkeleya Greville и Pseudo-nitzschia H. Peragallo). Солоноватоводный, бентос-
ный, бореально-тропический вид Nitzschia thermaloides Hustedt впервые отмечен для альгофлоры
Крыма, Чёрного и Азовского морей. Также обнаружены эвгленовые водоросли — 5 видов рода
Trachelomonas Ehrenberg и 2 вида Strombomonas Deflandre. Из всех видов, найденных в экотопе
грязевого вулкана, 7 являются общими с Чёрным морем, а 9, включая 3 вида эвгленовых водорос-
лей,— сАзовским. Показано, что по характеру галобности в грязевых вулканах преобладают виды,
типичные для пресноводного комплекса (53 %), при существенной доле морских (27 %) и солоно-
ватоводных видов (20 %). Из фитогеографических элементов флоры бореальные виды составляют
33 %, бореально-тропические — 47 %, космополиты — 20 %. Отмечено три вида потенциально
токсичных водорослей — диатомея Pseudo-nitzschia prolongatoides (Hasle) Hasle, 1993 и динофито-
вые Prorocentrum lima (Ehrenberg) Dodge, 1975 и Alexandrium tamiyavanichii Balech, 1994. Послед-
ний вид является морским, бореально-тропическим и новым для альгофлоры Крыма и Чёрного мо-
ря. В статье также представлены собственные и литературные данные по морфологии, экологии,
фитогеографии видов и их общему распространению в разных водоёмах мира. Некоторые виды
микроводорослей относятся к индикаторам сапробности; они способны участвовать в очищении
вод от избытка растворённых органических веществ. Приведены фотоснимки грязевых вулканов
и микрофотоснимки некоторых видов.
Ключевые слова: микроводоросли, эвгленовые, диатомовые, динофитовые, грязевой вулкан,
Крымский полуостров
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