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Abstract. Meringosphaera mediterranea is the type species of the genus. The species is widely 
distributed in the polar, temperate, and tropical marine waters. For many years the systematic 
position of this species was unclear (the most common opinion was that the species is xanthophyte 
or chrysophyte alga), and its affiliation to centrohelids was clarified quite recently. In this paper, 
we report on the finding of M. mediterranea in the East Siberian Sea and for the first time in the 
Laptev Sea and provide a description of this species accompanying by LM and SEM micropho-
tographs. Also, we summarize all available published information on the global distribution of 
M. mediterranea.
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Резюме. Meringosphaera mediterranea — типовой вид рода, широко распространенный в 
полярных, умеренных и тропических морях. В течение многих лет систематическое положе-
ние M. mediterranea оставалось неясным (наиболее распространенным мнением было счи-
тать этот вид желтозеленой или золотистой водорослью), а принадлежность вида к центро-
хелидам была показана совсем недавно. В настоящей работе приведены сведения о находке 
M. mediterranea в Восточно-Сибирском море и первой находке вида в море Лаптевых, мор-
фологическое описание и микрофотографии, выполненные с помощью СМ и СЭМ, а также 
обобщены ранее опубликованные данные о распространении этого нанопланктонного вида 
в Мировом океане.

Ключевые слова: Haptista, Meringosphaera, водоросли, микроскопия, морфология, проти-
сты, распространение, центрохелидные солнечники, Восточно-Сибирское море, море Лапте-
вых, Россия.
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The genus Meringosphaera Lohmann includes unicellular species that many resear
chers have identified as algae. For example, according to AlgaeBase, this genus is placed 
in Xanthophyceae (Mischococcales, Pleurochloridaceae) and includes 16 formal taxa, 
of which only 6 species are accepted (Guiry, Guiry, 2021; see also Parke, Dixon, 1964, 
1968; Ettl, 1978; Karlson et al., 2020). The genus was described by Lohmann (1903), 
but lectotypification of this genus with M. mediterranea was carried out by Loeblich 
and Tappan (1963: 193). Meringosphaera mediterranea is widely distributed in polar, 
temperate and tropical marine waters, and is sometimes considered cosmopolitan (e. g., 
Estep et al., 1984).

For many years the ideas on the taxonomic position of Meringosphaera were contro-
versial. Lohmann placed this genus to “Protophyten unsicherer Stellung”, i. e., to a group 
of organisms with an unclear systematic position. He also wrote that the cells contain 
small green chloroplasts (Lohmann, 1903: 68). Subsequently, different authors placed 
this genus into a number of algal taxa based on observation of living cells (e.g., chlo-
roplasts), cell covers, presence of carotenoids, storage products, etc. (for more details 
see Silva, 1979). According to Guiry and Guiry (2021), Meringosphaera belongs to the 
phylum Ochrophyta, class Xanthophyceae. On the other hand, many researchers placed 
this genus within the class Chrysophyceae (Leadbeater, 1974; Parke, Dixon, 1976; Kris-
tiansen, Sandgren, 1986; etc.). Other authors regarded Meringosphaera as a member of 
the Heliozoa (e.g., Ikävalko, Gradinger, 1997; Ikävalko, 2004) based on a similar type 
of scales. According to Adl et al. (2005, 2019), the genus Meringosphaera has uncertain 
relationships with other eukaryote protists and was listed as incertae sedis.

Our interest to Meringosphaera mediterranea has arisen due to different reasons. 
Firstly, despite the fact that this species morphology was studied previously using 
electron microscopy (both scanning and transmission), some details of its morpho
logy were not properly described. Secondly, despite its wide distribution (the species 
has been recorded in different regions of the World Ocean), M. mediterranea occurs 
sporadically in samples, which appreciably complicate its study. Thirdly, it is still un-
known, if it is possible to cultivate this species?

Thus, the taxonomic position of Meringosphaera mediterranea has been uncertain 
for many years. Keeping in mind the aforementioned, we consider M. mediterranea 
a “mysterious species”. Despite that molecular-genetic study of M. mediterranea was 
carried out quite recently (Zlatogursky et al., 2021) and have revealed, that this spe-
cies is related to centrohelid heliozoa1 (Haptista), some questions (e.g., about the pho-
tosynthetic bodies or plastids, that are in cells of this species) are not resolved and 
future investigation is necessary.

This paper aims to present a description of M. mediterranea from the Russian Arctic 
seas (the East Siberian Sea and the Laptev Sea) accompanying by LM and SEM mic

1	  A single original sequence of the 18S rDNA gene was used to resolve the phylogenetic position of the 
species.
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rophotographs and to compare our results with literature data and to summarise and 
analyze available data on the global distribution of this species.

Material and Methods
Plankton samples were collected within the framework of the integrated environ-

mental monitoring program in the East Siberian Sea and the Laptev Sea. All samples 
were collected with a bathometer from 3 layers (bottom, intermediate, and surface). 
Samples from the East Siberian Sea were collected in September 2016, samples from 
the Laptev Sea were collected in August 2017. We examined 15 samples with a volume 
of 0.5 l (the East Siberian Sea) and 60 samples with a volume of 3.0 l (the Laptev Sea).

All samples were fixed with formaldehyde (final concentration about 1%). Further, 
the samples were concentrated by gentle reverse filtration technique with Dacron fil-
ters (pore size 2 μm) and analyzed by standard methods (Vinogradov, 1983).

Light microscope (LM) observations were performed with 100 × oil immersion pla-
napochromatic objective with numerical aperture 1.40 at Leica DM2500 microscope 
equipped with differential interference contrast optics (DIC) and DFC 495 camera. 
Scanning electron microscope (SEM) observations were performed using a JEOL 
JSM-6380LA 20kV microscope. For SEM investigation drops of the sample were air-
dried on brass stubs and coated with Au-Pd in a Giko IB-3 ion coater.

Samples examined. East Siberian Sea: ESS5s (surface), ESS5i (15.5 m depth) — plankton, 
73.11°N, 165.56°E; 15 IX 2016; Laptev Sea: LS4s — surface, plankton, 76.33°N, 114.9°E; 24 VIII 
2017; LS5i — 20.0 m depth, plankton, 76.36°N, 116.1°E; 24 VIII 2017 (Fig. 1). All samples were 

Fig. 1. Global distribution of Meringosphaera mediterranea.
Yellow circles — localities according to GBIF (Meringosphaera…, 2019), red circles — localities 

according to references from Table 1, red stars — localities according to our data.
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collected by the first author (A. Georgiev) and deposited in the collection of Mycology and Algology 
Department, Faculty of Biology, Moscow State University.

Results

Morphology of  Meringosphaera mediterranea

Meringosphaera mediterranea Lohmann, 1903, Helgoland. Wiss. Meer., Neue Folge 
7: 68–69, Taf. 1, Fig. 17, 18.	 (Plate I)

= Meringosphaera baltica Lohmann, 1903, Helgoland. Wiss. Meer., Neue Folge 7: 
68–69, Taf. 1, Fig. 19.

Cells solitary, spherical, 6.0–9.5 µm in diam., with numerous plate scales (poorly 
distinguished with LM), and 16–22 µm long distinctive undulated radiating spine 
scales (Plate I: 1–4). Two types of scales could be recognized with SEM: plate and 
spine scales. All plate scales of the same size (2.2–2.6 × 1.2–1.5 µm), with both outer 
and inner surfaces smooth and plain; each scale elliptic, with a slightly median con-
striction (Plate I: 5–7); central narrow thickening on the inner surface (Plate I: 5–7). 
Spine scales 16–22 µm long, 0.33–0.40 µm wide; the shaft of the scale with 6–7 bends. 
In the external view, the spine scales bases more or less flattened, in the internal view 
concave; conical regular protuberances (13) present along the edge of each scale base 
(Plate I: 4–7); each scale base indented (Plate I: 5–7). The spine hollow (Plate I: 5), 
undulated, tapered with up to 17 irregularly spirally spaced short triangular barbs 
(“thorns”) (0.3–0.4 µm long) directed towards the tip. The first barbs (near the base) 
longer (0.7–0.9 µm long), regularly located and forming a ring (Plate I: 4–7). As only 
fixed samples were examined, no chloroplasts and axopodia were visible with LM 
(Plate I: 1–3).

Habitat.  We found this taxon in the East Siberian Sea and the Laptev Sea plank-
ton. The cells of Meringosphaera mediterranea occurred sporadically in the studied 
samples. In the East Siberian Sea M. mediterranea was found only in one site with 
concentration 0.03 × 103 cells l-1 (surface) and 0.12 ×103 cells l-1 (15.5 m depth). In the 
Laptev Sea, the species was found in two sites with concentrations of 0.08 × 103 cells 
l-1 (surface) and 0.02 × 103 cells l-1 (20.0 m depth).

Global  distribution of  Meringosphaera mediterranea
Since the first description, Meringosphaera mediterranea was often recorded in 

plankton from a range of regions. Here we summarize the available information on the 
distribution of this species in the World Ocean (in the Arctic, Atlantic, Pacific, Indian 
and Southern Ocean) (Table 1, Fig. 1).

Plankton of the Russian Arctic seas is poorly studied, and data on the plankton of 
the East Siberian and the Laptev seas are especially scarce. Noteworthy that Meringo­
sphaera mediterranea is reported from the Laptev Sea for the first time.
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Plate I. 1–7 — Meringosphaera mediterranea (1, 2, 4, 6, 7 — sample ESS5i, 3 — sample LS5i).
1–3 — LM; 4, 6, 7 — SEM; 5 — scheme of spine and plate scales.

a — spine scale; b — plate scale; c — inner surface of plate scale with a central narrow thickening; 
d — base of spine scale; e — hollow in spine scale; f — regular ring of barbs. 

Scale bars: 1–4 —10 μm; 5a — 10 μm; 5b, 5c, 7 — 2 μm; 6 — 1 μm.
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Table 1

Distribution of Meringosphaera mediterranea in the World Ocean

O
ce

an

Site2 References3

A
rc

tic
 O

ce
an

Barents Sea Wulff, 1914
West Greenland* Thomsen, 1981
Hudson Bay and Hudson 
Strait*

Simard et al., 1996; Harvey et al., 1997

Polar Sea Booth, Horner, 1997
Northern Barents and Green-
land Seas and Fram Strait

Okolodkov, 1997

Kongsfjorden (the Kings Bay, 
western coast of Spitsbergen)

Hasle, Heimdal, 1998

Greenland Sea Ikävalko, Gradinger, 1997; Okolodkov, 2011
Central Northern Baffin 
Bay*, West Greenland 
Current*

Lovejoy et al., 2002

Canada Basin Melnikov et al., 2002
Canadian Beaufort Sea Różańska et al., 2008
Kara Sea (Yamal Peninsula 
coast)

Sukhanova et al., 2011

Chukchi Sea, Canadian Basin Joo et al., 2012
Northern part of the Chukchi 
Sea

Lee et al., 2015

Beaufort Sea, northern Baffin 
Bay*

Blais et al., 2017

East Siberian Sea Georgiev, Georgieva, 2017; this study
Laptev Sea This study

²	  Some papers do not provide detailed data where the species was recorded.
³	  Records are given in chronological order.
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O
ce

an

Site2 References3

A
tla

nt
ic

 O
ce

an

Baltic Sea Hensen, 1887; Lohmann, 1908
Mediterranean Sea Lohmann, 1903, 1908; Sarno et al., 1993; Bouza, Aboal, 

2008; Oviedo et al., 2014
Adriatic Sea Schiller, 1916 (cit.: Pascher, 1939); Pascher, 1917, 1939; 

Leadbeater, 1974; Totti et al., 2000; Revelante, 1985 
(cit.: Vilicic et al., 2002); Šupraha et al., 2011; Bosak et al., 
2012b; Cerino et al., 2012, 2019

Black Sea Morozova-Vodyanitskaya, 1954; Ivanov, 1965; Senichkina, 
1973; Caraus, 2002; Senicheva, Kostenko, 2004

Great Britain Parke, Dixon, 1964, 1976
Western Mediterranean 
(the Bay of Algiers)

Leadbeater, 1974

Denmark Manton, Leadbeater, 1974
West Greenland* Thomsen, 1981
Weddell Sea** Buck, Garrison, 1983
Atlantic Ocean Estep et al., 1984
Sea Point, Cape Town Norris, 1984
Celtic Sea Joint, Pomroy, 1986
Coastal waters of Newfound-
land

Urban et al., 1993

Skagerrak, North Sea Kuylenstierna, Karlson, 1994
Hudson Bay and Hudson 
Strait*

Simard et al., 1996; Harvey et al., 1997

Central Northern Baffin 
Bay*, West Greenland Cur-
rent*

Lovejoy et al., 2002

Ionian Sea Malinverno et al., 2003
Lake Alimini Grande, salt-
marsh ecosystem on the 
Adriatic coast, Southern Italy

Vadrucci et al., 2004

Danish coast to the North 
Sea

Škaloud et al., 2006

Patos Lagoon, Brazil Bergesch et al., 2008
Grado-Marano lagoon, Italy 
(Mediterranean Basin)

Vadrucci et al., 2008

Tyrrhenian Sea Zingone et al., 2010
Northern Baffin Bay* Blais et al., 2017
Labrador Sea Simo-Matchim et al., 2017
Bay of Biscay Pinto, 2018
West Coast of Sweden Zlatogursky et al., 2021

Table 1 (continued)
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O
ce

an

Site2 References3

P
ac

ifi
c 

O
ce

an

New Zealand Moestrup, 1979
Gulf of Alaska Booth et al., 1982, Martin et al., 1989
Victorian coastal waters*** 
(southeastern Australia)

Beech, 1983 (cit.: LeRoi, Hallegraeff, 2006)

East Australian Current Hallegraeff, 1983
Gulf of Carpentaria*** Hallegraeff, Jeffrey, 1984
Tasman Bay MacKenzie, Gillespie, 1986
North Pacific Central Gyre Hoepffner, Haas, 1990
Bering Sea Ventsel, Vasjutina, 1992; Joo et al., 2012
Canadian fjord, Saanich Inlet Smith, Hobson, 1994
Equatorial Pacific Ocean Vørs et al., 1995; Gorsky et al., 1999
Sea of Japan Konovalova, 2003
Dabob Bay, Washington Horner et al., 2005
Western Subarctic Gyre Komuro et al., 2005
Western coasts of Baja 
California, Mexico

Hernández-Becerril et al., 2007

Tasmanian coastal waters, 
Australia***

LeRoi, Hallegraeff, 2006

Yellow Sea Liu, Chen, 2015
North Pacific Ocean Višić, 2018

In
di

an
 O

ce
an

West Indian Ocean Thorrington-Smith, 1970
Oceanic part of the Indian 
Ocean

Norris, 1971 (cit.: Norris, 1984)

Red Sea, Gulf of Elat 
(Gulf of Aqaba)

Thomsen, 1978

Victorian coastal waters*** 
(southeastern Australia)

Beech, 1983 (cit.: LeRoi, Hallegraeff, 2006)

Gulf of Carpentaria*** Hallegraeff, Jeffrey, 1984
Tasmanian coastal waters, 
Australia*** 

LeRoi, Hallegraeff, 2006

So
ut

he
rn

 
O

ce
an

Weddell Sea** Buck, Garrison, 1983

South of Australia Marchant, Scott, 2005

Note: * — marked as belonging to the Arctic and the Atlantic Ocean both; ** — marked as be-
longing to the Atlantic and the Southern Ocean both; *** — marked as belonging to the Pacific 
Ocean and the Indian Ocean both.

Table 1 (continued)
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Discussion

Analysis  of  morphological  features  of  Meringosphaera mediterranea
Cells of Meringosphaera mediterranea have silica scales (Yoshida et al., 2006). Pre-

viously this species was investigated with a transmission electron microscope (TEM) 
by Leadbeater (1974), Moestrup (1979), McGrory, Leadbeater (1981), Hallegraeff 
(1983), Hoepffner, Haas (1990), Preisig (1994), Marchant, Scott (2005), and LeRoi, 
Hallegraeff (2006). The SEM investigations were performed by Booth et al. (1982), 
Hallegraeff (1983), Norris (1984), Marchant, Scott (2005), Bosak et al. (2012a), Liu, 
Chen (2015), and Zlatogursky et al. (2021). Also, few SEM microphotographs of 
M. mediterranea are published in the WorldWeb (Young et al., 2017; Karlson et al., 
2020). Even though many authors studied M. mediterranea using electron microscopy, 
only a few of them provided detailed morphological descriptions of this species.

According to Lohmann (1903), cells of M. mediterranea are 6.5 µm in diameter, but 
other researchers recorded both smaller and larger sizes (Table 2). The smallest cell 
diameter (3.0 µm) was reported by Thorrington-Smith (1970); the largest one (up to 
9.0 µm) — by Pascher (1939), Marchant, Scott (2005), and Zlatogursky et al. (2021). 
In our material cell diameter varied from 6.0 to 9.5 µm.

The spine scale’s length in M. mediterranea varies considerably (Table 2). The 
minimal length of spine scales (5 µm) was reported by Thorrington-Smith, but the 
author noted that “shorter spines (5 µm) present only with long spines (30 µm)” 
(Thorrington-Smith, 1970: 55). The longest spine scales were reported by Hallegraeff 
(1983): from 30 to 40 µm. According to Pascher (1939), the spines were up to six times 
longer than the cell diameter. In our material spine scales 16–22 µm long.

Table 2

Comparison of some morphological features of Meringosphaera mediterranea

Cell diameter, 
µm

Spine scales length, µm Plate scales size, µm References

6.0–9.5 16–22 2.2–2.6 × 1.2–1.5 This study
6.5 na na Lohmann, 1903

5.0–9.0 up to 6 times longer than 
cell diameter

na Pascher, 1939

3.0–6.0 5–30 (usually 10–20) na Thorrington-Smith, 1970
na 30–40 0.4 × 0.8 Hallegraeff, 1983

5.0–9.0 13–15 0.4 × 0.8 Marchant, Scott, 2005
5.0 15–20 na Hoepffner, Haas, 1990
na 14–19 2.5–3.1 × 1.7–1.9 LeRoi, Hallegraeff, 2006
na 10–12 na Bosak et al., 2012a

4.0–9.0 16–25 (a single 31) 1.8–3.2 × 1.4–2.1 Zlatogursky et al., 2021

Note: na — not available.
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Information on the plate scale size of Meringosphaera mediterranea is also scarce 
(Table 2). In our material, the plate scales had a size more or less similar to that recor
ded by LeRoi, Hallegraeff (2006), and Zlatogursky et al. (2021). On the other hand, 
Hallegraeff (1983) and Marchant, Scott (2005) reported smaller size plate scales 
(0.4 × 0.8 µm), which is several times smaller than was shown for our material and by 
other authors.

Further we address few questions concerning the morphology of this taxon.
Spine scales.  The first is the exact location of the spine scales. Leadbeater (1974) 

indicated that spine scales are lying on the top of the plate scales, but Booth et al. (1982) 
showed that “flattened base of the spine lay under and was obscured by the scales with the 
shaft projecting out between the scales” (Booth et al., 1982: 187). On the photo provided 
by Young et al. (2017: File name: JRYSEM-305-020.JPG) the spine scales are clearly 
lying on the top of the plate scales. We can not make an unambiguous conclusion on the 
location of the spine scales. Only in one case, we can see that the spine scale appears under 
the plate scales, but in most cases, the spine scales are visible on the top of the plate scales 
(Plate 1: 4, 6, 7). In both cases, the arrangement of the spine scales may not correspond to 
the vital one, such pattern may be a result of an improper fixation. Nevertheless, we can 
make several assumptions about the formation of both types of scales.

1. Both scales are produced within a silica deposition vesicle (SDV), transported to 
the cell membrane, and extruded. This way of formation of cell silica structures has been 
described for many organisms, e.g., chrysophytes and diatoms (Archibald et al., 2017).

2. Apparently, the plate scales form first, and then mature plate scales occupy the 
correct position on the cell surface; after that, the spine scales are developed and ex-
truded.

3. Probably the spine scale morphogenesis is similar to that in Mallomonas when 
they are being “as flat sheets and then rolled into hollow tubes, which are then hinged 
to the scales” (Archibald et al., 2017: 345).

We detected some morphological features of Meringosphaera mediterranea spine 
scales, which were not discussed previously. The base of each spine scale has a cut-
out (indent), which is clearly seen under SEM (Plate 1: 4–7). It was also visible in 
the illustrations of Moestrup (1979: Fig. 2), but the author did not describe them in 
the text. The same morphology of the base spine scales features for specimens that 
were studied by Zlatogursky et al. (2021: Fig. 3c), marked as “notch on the spine scale 
base”. Along the edge of each spine scale base, short conical regular protuberances 
are presented (“serrated margin” according to Leadbeater (1974)) (Plate 1: 4–7). In 
our material the same short teeth (protuberances) are present. In Zlatogursky et al. 
(2021: Fig. 3c) multiple short teeth along the margin of the spine scale base are visible 
(marked as “spikes on the spine scale base”), but they are clearly longer compared to 
the same structures in our specimens. Notable, each spine scale of our specimens has a 
“rosette”, generated by 4 short barbs which are located near the base (these barbs are 
arranged in a circle) (Plate 1: 4–7). The same “rosettes” are visible in the illustration 
of Preisig (1994: Fig. 2).
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We point out that some specimens identified as Meringosphaera mediterranea by 
Liu, Chen (2015) and Young et al. (2017) have some differences in the morphology of 
spine scales: the scales shown in SEM photos (Liu, Chen, 2015: Fig. 1d; Young et al., 
2017: File name: JRYSEM-317-030.JPG) are obviously more sinuous and have lon-
ger protuberances on their bases, than in our material. Such morphological variabili-
ty probably depends on environmental factors, in particular, with silicon availability. 
Also, we can assume that is other but similar to M. mediterranea species.

Plate scales.  We analyzed the morphological features of Meringosphaera medi­
terranea plate scales, which were shown in some TEM studies, and quite recently in 
SEM. According to Leadbeater’s (1974: Pl. 4F) and Moestrup’s (1979: Fig. 2) TEM 
observations, the plate scales had the narrow central ridge (central narrow thicke
ning). Interestingly, that LeRoi and Hallegraeff wrote that “plate scales ... [...] had 
a narrow raised central thickening (Fig. 3b)” (2006: 219), but this central thickening 
was not recognizable on the microphotograph. In our SEM study, the ridge was not 
detected on the outer surface of the plate scales, but it was found on their interior 
surface (Plate 1: 5–7). Zlatogursky et al. (2021: Fig. 3c) also detected short central 
thickening on the plate scale.

Chloroplasts/photosynthetic bodies.  Unfortunately, we were able to study 
only fixed material and therefore could not distinguish cell’s protoplast, including 
chloroplasts [or “photosynthetic bodies” according to Zlatogursky et al. (2021)]. How-
ever, some authors noted their presence in this organism cells. For example, Lohmann 
(1903) wrote about green chloroplasts in cells of Meringosphaera mediterranea; Nor-
ris (1984: 142) reported “each cell containing several golden-coloured chloroplasts”; 
this species cells contained 3–6 parietal chloroplasts according to Tomas (1997). Ac-
cording to Zlatogursky et al. (2021), all the specimens, which were observed in LM, 
contain several globular photosynthesizing bodies about 2 μm in diameter and the 
chlorophyll autofluorescence was clearly visible.

The micromorphological characters are important for evaluation of the status of 
Meringosphaera mediterranea populations from different regions, because some speci-
mens on photos and descriptions, put under this species epithet, have differences. Also, 
the study of living cells and/or electron microscopic and molecular investigation will 
help to understand the nature of photosynthetic bodies.

Distribution of  Meringosphaera  mediterranea
We analyzed 80 papers referred to Meringosphaera mediterranea, from the first 

findings in the Baltic Sea and the Mediterranean Sea to modern ones. The species was 
recorded in more than 80 locations in different parts of the World Ocean (Table 1). The 
analysis of this information is complicated because the authors generally did not provide 
geographical coordinates and/or quantitative species characteristics (e.g., species abun-
dance) and provided only some general lists of taxa found during their often large-scale 
surveys (e.g., Buck, Garrison, 1983; Okolodkov, 1997; Lovejoy et al., 2002; Komuro et 
al., 2005; Bouza, Aboal, 2008; Blais et al., 2017). In some papers, the species lists were 
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presented for certain regions (e.g., Parke, Dixon, 1964, 1976; Ivanov, 1965; Caraus, 2002; 
Marchant, Scott, 2005), but without geographical coordinates and quantitative indica-
tors too. It should be noted that data on M. mediterranea abundance were represented 
only in 17 (out of 80 analyzed) publications. However, even scant information is impor-
tant for understanding the global distribution of this species.

The Arctic Ocean. Records of Meringosphaera mediterranea in the Arctic seas 
were present in 17 publications. The highest abundance of M. mediterranea in the Arc-
tic seas was reported for the Chukchi Sea and the Canadian Basin in July–Septem-
ber 2008 (5.47 × 103 and 8.40 × 103 cells l-1, respectively) (Joo et al., 2012). In Hud-
son Bay and Hudson Strait M. mediterranea was recorded as abundant species with 
a maximum of 2.40 × 103 cells l-1 (Harvey et al., 1997). Simard et al. (1996) reported 
4.00 × 103 cells l-1 for the same localities. For the Arctic seas (Barents, White, Kara, 
Laptev, East Siberian, and Chukchi), including sea costs of Russia, M. mediterranea 
remains unnoticed only in the White Sea. In the Kara Sea, the abundance of M. medi­
terranea was 0.80 × 103 cells l-1 (Sukhanova et al., 2011). In this study, we present data 
on M. mediterranea in the East Siberian Sea and the Laptev Sea. In the East Siberian 
Sea, the abundance was 0.03 × 103 cells l-1 (surface) and 0.12 × 103 cells l-1 (15.5 m 
depth). In the Laptev Sea, this species was recorded for the first time and was found in 
2 sites with an abundance of 0.08 × 103 cells l-1 (surface) and 0.02 × 103 cells l-1 (20.0 m 
depth). These values are significantly lower than analogous ones for the seas of Cana-
da. In the Arctic region, M. mediterranea was noted not only in the water column but 
also in sub-ice assemblages, melt pools, multi-year and first-year ice (Booth, Horner, 
1997; Okolodkov, 1997; Melnikov et al., 2002; Lee et al., 2015).

The Atlantic Ocean. Records of Meringosphaera mediterranea in the Atlantic 
Ocean were present in 44 publications, with 19 papers concerned the Mediterranean 
Sea. Moreover, basically, these investigations are either devoted to the morphological 
data on the species, or this species is represented in the check-list among other species of 
the region. Information about M. mediterranea abundance is given only by Šupraha et al. 
(2011) for the Adriatic Sea (1.40 × 103 cells l-1). We decided to analyze the seasonality of 
M. mediterranea in the Mediterranean Sea, however, it is rather difficult to conclude the 
occurrence of this species. In general, M. mediterranea was recorded in different seasons, 
for example, in the autumn-winter period (Lohmann, 1903; Malinverno et al., 2003), 
in August–September (Leadbeater, 1974), and April (Oviedo et al., 2014). However, 
it is impossible to conclude in which season this species dominates, since the publica-
tions provided some summarized data on certain periods (a year or several years), with-
out qualifying reference in which season the species was recorded (Sarno et al., 1993; 
Totti et al., 2000; Vadrucci et al., 2004; Bouza, Aboal, 2008; Bosak et al., 2012b; Cerino 
et al., 2012). In general, for the Atlantic Ocean maximal abundances of M. mediterra­
nea were recorded in the Black Sea (60.00 × 103 cells l-1) (Morozova-Vodyanitskaya, 
1954), the Celtic Sea (58.70 × 103 cells l-1) (Joint, Pomroy, 1986), and the Baltic Sea 
(20.00 × 103 cells l-1) (Lohmann, 1908). In the North Sea, M. mediterranea was occasio
nally recorded in summer and autumn 1991 (Kuylenstierna, Karlson, 1994). Estep et al. 
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(1984) found M. mediterranea at different depths (1, 10, 35, and 65 m) at 8 (out of 10) 
stations along the latitude of 24°30’N from south of Canary Islands to South Florida 
in August–September 1981. In general, we can conclude, that in the Atlantic Ocean 
M. mediterranea occurs quite often in the plankton in different seasons.

The Pacific Ocean. Records of Meringosphaera mediterranea in the Pacific Ocean 
are represented in 20 publications. Most records are from the coastal regions of North 
America, Australia, and New Zealand. Thus, in the surface samples from the Gulf of Alas-
ka (Booth et al., 1982) in May and June 1978 the maximum abundance of M. mediterra­
nea was 80.00 × 103 cells l-1. For the Bering Sea, the maximum abundance of this species 
was 5.27 × 103 cells l-1 (Joo et al., 2012). For North-West Shelf (Australia) M. mediterra­
nea was listed among dominants and subdominants, however, abundance was not given 
(Hallegraeff, Jeffrey, 1984). For Tasman Bay, the abundance of M. mediterranea in the 
spring was 3.60 × 103 cells l-1 (MacKenzie, Gillespie, 1986). In addition, M. mediterranea 
was recorded in the Tasmanian and Australian coastal waters (LeRoi, Hallegraeff, 2006). 
For the Western coasts of Baja California (Mexico) this species was listed as “very com-
mon”, but without data on abundance (Hernández-Becerril et al., 2007).

The Indian Ocean. For the Indian Ocean, there were 6 publications in which 
Meringosphaera mediterranea was recorded. In the West Indian Ocean M. mediterra­
nea “was one of the most common and abundant species, occurring at every station and 
in abundance greater than 50 cells l-1 at every station except five” (Thorrington-Smith, 
1970: 55); the maximum abundance was 1.90 × 103 cells l-1. 

The Southern Ocean. For the Southern Ocean, a single collapsed specimen of 
Meringosphaera mediterranea was found in the Weddell Sea ice-edge region during 
the Austral summer of 1980 (Buck, Garrison, 1983). Meringosphaera mediterranea is 
recorded in the list of Antarctic protists (Marchant, Scott, 2005), but without data on 
the region, geographic coordinates, and species abundance.

A convenient tool for analyzing the species distribution is the databases (DBs) where 
each find is supplied with geographical coordinates. The main sources for DBs are un-
published results of various expeditions and voyages, research works, and results of the 
analysis of the collections. Thus, the DB GBIF4 (Meringosphaera…, 2019) contains 332 
georeferenced records of Meringosphaera mediterranea from 34 occurrence datasets. 
Summarizing the data, it can be noted that the largest number of M. mediterranea re-
cords (178) is confined to the Mediterranean Sea, predominantly (173) produced by 
long-term plankton studies at the fixed coastal station in the Gulf of Naples (Italy). For 
the Black Sea 54 records of M. mediterranea in various parts of the basin are present; for 
the coastal waters of Australia and Tasmania — 55 records; for the coastal waters of Nor-
way and Sweden — 32. There are 11 records of M. mediterranea from the Indian Ocean 
made on the basis of 6 different surveys (Meringosphaera…, 2019).

Comparing the published sources on the distribution of Meringosphaera mediter­
ranea (Table 1) and the GBIF data (Meringosphaera…, 2019) it can be noted that 

⁴	  Global Biodiversity Information Facility.
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they complement each other. For example, data from Table 1 indicate the occur-
rence of this species in the Mediterranean and the Black seas, in the coastal wa-
ters of Australia and Norway, however, data on plankton species presented in the 
GBIF (Meringosphaera…, 2019) allow expanding and clarifying the distribution of 
M. mediterranea in these water areas. In addition, for some areas (the coastal waters 
of Antarctic and Indian oceans, the coastal waters of Norway) represented in the 
GBIF (Meringosphaera…, 2019) we did not find data in the analyzed literature. On 
the other hand, an analysis of published sources made it possible to point out nu-
merous records of this species in the Arctic, Atlantic, and Pacific oceans that were 
not reflected in the GBIF. In our opinion, such data sources combining is necessary 
for revealing of the species distribution range. Therefore, the distribution map for 
M. mediterranea in the World Ocean (Fig. 1) was based both on published (Table 1) 
and the GBIF (Meringosphaera…, 2019)5 data. The map of M. mediterranea occur-
rence in the World Ocean is presented by Zlatogursky et al. (2021), but our map 
(Fig. 1) shows findings of this species, which are absent in Zlatogursky et al. (2021). 
In particular, we marked M. mediterranea in the seas of Japan and Okhotsk, in diffe
rent Arctic seas (the Norwegian, Barents, Kara, Chukchi, and Beaufort seas), which 
are not given by Zlatogursky et al. (2021). Also, M. mediterranea was repeatedly 
indicated by different authors for the Black Sea (Table 1) and data on its numerous 
findings in the Black Sea are also given in the GBIF (Meringosphaera ..., 2019). In 
addition, Zlatogursky et al. (2021) indicate that M. mediterranea inhabits at the sa-
linity of 32 to 41 ppt and never occurs at salinity below 28 ppt. However, the average 
salinity of the Black Sea is significantly lower than the average oceanic salinity and 
amounts to 17.5 to 19 ppt (surface water) and 22 ppt (deep water) (Sorokin, 2002). 
Therefore, probably, M. mediterranea is able to inhabit a wider salinity range, which 
is important for understanding the ecology of the species.

Thereby we can conclude that Meringosphaera mediterranea is widespread and oc-
curs in all oceans, both in coastal and in open waters, at different depths and in differ-
ent seasons. In general, most researchers point to sporadic findings and low abundance 
of the species in samples [the maximum abundance of M. mediterranea was detected 
in the Gulf of Alaska (see Booth et al., 1982)]. Probably due to M. mediterranea small 
size, it is often overlooked in the plankton samples. Analysis of the Meringosphaera 
sequence metabarcoding dataset shown its global distribution with maximum relative 
abundances in surface waters (Zlatogursky et al., 2021).

Thus, we believe that the data on the global distribution of Meringosphaera medi­
terranea summarized in this work, as well as the analysis of its morphology are import-
ant for further studies. With a high probability, there exist other species closely related 
to M. mediterranea. For this reason, subsequent morphological and molecular studies 
of different Meringosphaera-like morphotypes are necessary.

⁵	  Fig. 1 shows only those GBIF records (Meringosphaera…, 2019) that are not mentioned in published 
sources (Table 1).

Georgiev et al. Morphology and distribution of Meringosphaera mediterranea

300



Acknowledgments
The research was carried out as part of the Scientific Project of the State Order 

of the Government of Russian Federation to Lomonosov Moscow State University 
No. 121032300081-7. The work is performed at the User Facilities Center of Moscow 
State University under financial support of the Ministry of Education and Science of 
Russian Federation. We thank the Lomonosov Moscow State University Marine Re-
search Center for the obtain plankton samples. Authors would like to thank Sunčica 
Bosak (University of Zagreb, Croatia) and Dmitry Kapustin (K. A. Timiryazev Insti-
tute of Plant Physiology, Russia) for sharing information, Elena Voronina (Lomonosov 
Moscow State University, Russia) and Alexey Kotov (A. N. Severtsov Institute of Eco
logy and Evolution, Russia) for linguistic corrections in the earlier draft, and the review-
ers for constructive comments and helpful suggestions on the manuscript.

References
Adl S. M., Bass D., Lane C. E., Lukeš J., Schoch C. L., Smirnov A., Agatha S., Berney C., Brown M. W., 

Burki F. et al. 2019. Revisions to the classification, nomenclature, and diversity of eukaryotes. 
Journal of Eukaryotic Microbiology 66(1): 4–119. https://doi.org/10.1111/jeu.12691

Adl S. M., Simpson A. G. B., Farmer M. A., Andersen R. A., Anderson O. R., Barta J. R., Bowser S. S., 
Brugerolle G., Fensome R. A., Fredericq S. et al. 2005. The new higher level classification of 
eukaryotes with emphasis on the taxonomy of protists. Journal of Eukaryotic Microbiology 52(5): 
399–451. https://doi.org/10.1111/j.1550-7408.2005.00053.x

Archibald J. M., Simpson A. G. B., Slamovits C. H. (Eds.). 2017. Handbook of the protists. 2nd Ed. 
Cham: 1657 p. https://doi.org/10.1007/978-3-319-28149-0

Beech P. L. 1983. A preliminary survey of selected groups of scaled nanoplankton from Victorian 
coastal waters, with ultrastructural observations on Hymenomonas carterae (Prymnesiophyceae). 
B. Sc. Thesis. Melbourne: 132 p.

Bergesch M., Odebrecht C., Moestrup Ø. 2008. Nanoflagellates from coastal waters of southern Bra-
zil (32°S). Botanica Marina 51(1): 35–50. https://doi.org/10.1515/BOT.2008.003

Blais M., Ardyna M., Gosselin M., Dumont D., Bélanger S., Tremblay J. É., Gratton Y., Marchese 
C., Poulin M. 2017. Contrasting interannual changes in phytoplankton productivity and com-
munity structure in the coastal Canadian Arctic Ocean. Limnology and Oceanography 62(6): 
2480–2497. https://doi.org/10.1002/lno.10581

Booth B. C., Horner R. A. 1997. Microalgae on the Arctic Ocean Section, 1994: species abundance 
and biomass. Deep Sea Research II 44(8): 1607–1622. 

	 https://doi.org/10.1016/S0967-0645(97)00057-X
Booth B. C., Lewin J., Norris R. E. 1982. Nanoplankton species predominant in the subarctic Pacific 

in May and June 1978. Deep Sea Research 29(2A): 185–200. 
	 https://doi.org/10.1016/0198-0149(82)90108-X
Bosak S., Ljubešić Z., Viličić D. 2012a. SEM examination of fine structure of Meringosphaera medi­

terranea, a microalga of enigmatic taxonomic position. Croatian Microscopy Symposium Book of 
Abstracts. Zagreb: 42–43.

Bosak S., Šilović T., Ljubešić Z., Kušpilić G., Pestorić B., Krivokapić S., Viličić D. 2012b. Phyto-
plankton size structure and species composition as an indicator of trophic status in transitional 
ecosystems: the case study of a Mediterranean fjord-like karstic bay. Oceanologia 54(2): 255–286. 
https://doi.org/10.5697/oc.54-2.255

Bouza N., Aboal M. 2008. Checklist of phytoplankton on the south coast of Murcia (SE Spain, SW 
Mediterranean Sea). Algal Toxins: Nature, Occurrence, Effect and Detection. Dordrecht: 179–196. 
https://doi.org/10.1007/978-1-4020-8480-5_6

Новости систематики низших растений — Novosti sistematiki nizshikh rastenii 55(2): 287–306. 2021

301

https://doi.org/10.1111/jeu.12691
https://doi.org/10.1111/j.1550-7408.2005.00053.x
https://doi.org/10.1007/978-3-319-28149-0
https://doi.org/10.1515/BOT.2008.003
https://doi.org/10.1002/lno.10581
https://doi.org/10.1016/S0967-0645(97)00057-X
https://doi.org/10.1016/0198-0149(82)90108-X
https://doi.org/10.5697/oc.54-2.255
https://doi.org/10.1007/978-1-4020-8480-5_6


Buck K. R., Garrison D. L. 1983. Protists from the ice-edge region of the Weddell Sea. Deep Sea Re­
search 30(12A): 1261–1277. https://doi.org/10.1016/0198-0149(83)90084-5

Caraus I. 2002. The algae of Romania. A distributional checklist of actual algae. Studii şi Cercetări 
Biologie 7: 1–694.

Cerino F., Aubry F. B., Coppola J., La Ferla R., Maimone G., Socal G., Totti C. 2012. Spatial and tem-
poral variability of pico-, nano-and microphytoplankton in the offshore waters of the southern 
Adriatic Sea (Mediterranean Sea). Continental Shelf Research 44: 94–105. 

	 https://doi.org/10.1016/j.csr.2011.06.006
Cerino F., Fornasaro D., Kralj M., Giani M., Cabrini M. 2019. Phytoplankton temporal dynamics 

in the coastal waters of the north-eastern Adriatic Sea (Mediterranean Sea) from 2010 to 2017. 
Nature Conservation 34: 343–372. https://doi.org/10.3897/natureconservation.34.30720

Estep K. W., Davis P. G., Hargraves P. E., Sieburth J. McN. 1984. Chloroplast containing micro-
flagellates in natural populations of North Atlantic nanoplankton, their identification and dis-
tribution; including a description of five new species of Chrysochromulina (Prymnesiophyceae). 
Protistologica 20: 613–634.

Ettl H. 1978. Xanthophyceae. Süsswasserflora von Mitteleurope. Bd 3, Teil 1. Jena: 530 p.
Georgiev A. A., Georgieva M. L. 2017. New data on phytoplankton of the East Siberian Sea. Mors­

kie issledovaniya i obrazovanie (MARESEDU-2017): Trudy VI Mezhdunarodnoi nauchno-prakti­
cheskoi konferentsii [Marine Research and Education (MARESEDU-2017): Proceedings of the 
VI International Scientific and Practical Conference]. Moscow: 443–446. (In Russ.).

Gorsky G., Chrétiennot‐Dinet M. J., Blanchot, J., Palazzoli I. 1999. Picoplankton and nanoplankton 
aggregation by appendicularians: Fecal pellet contents of Megalocercus huxleyi in the equatorial Pa-
cific. Journal of Geophysical Research 104(C2): 3381–3390. https://doi.org/10.1029/98JC01850

Guiry M. D., Guiry G. M. 2021. AlgaeBase. World-wide electronic publication, National University 
of Ireland, Galway. http://www.algaebase.org (Date of access: 10 IV 2021).

Hallegraeff G. M. 1983. Scale-bearing and loricate nanoplankton from the East Australian Current. 
Botanica Marina 26(11): 493–516. https://doi.org/10.1515/botm.1983.26.11.493

Hallegraeff G. M., Jeffrey S. W. 1984. Tropical phytoplankton species and pigments of continen-
tal shelf waters of north and north-west Australia. Marine Ecology Progress Series 20(1): 59–74. 
https://doi.org/10.3354/meps020059

Harvey M., Therriault J. C., Simard N. 1997. Late-summer distribution of phytoplankton in relation 
to water mass characteristics in Hudson Bay and Hudson Strait (Canada). Canadian Journal of 
Fisheries and Aquatic Sciences 54(8): 1937–1952. https://doi.org/10.1139/f97-099

Hasle G. R., Heimdal B. R. 1998. The net phytoplankton in Kongsfjorden, Svalbard, July 1988, with 
general remarks on species composition of arctic phytoplankton. Polar Research 17(1): 31–52. 
https://doi.org/10.1111/j.1751-8369.1998.tb00257.x

Hensen V. 1887. Ueber die Bestimmung des Plankton’s oder des im Meere treibenden Materials an 
Pfianzen und Thieren. Funfter Bericht der Kommission zur Wissenschaftliche Untersuchung der 
deutschen Meere in Kiel, fur die Jahre 1882-1886. Berlin: 1–108.

Hernández-Becerril D. U., Bravo-Sierra E., Aké-Castillo J. A. 2007. Phytoplankton on the wes
tern coasts of Baja California in two different seasons in 1998. Scientia Marina 71(4): 735–743. 
https://doi.org/10.3989/scimar.2007.71n4735

Hoepffner N., Haas L. W. 1990. Electron microscopy of nanoplankton from the North Pacific Central 
Gyre. Journal of Phycology 26(3): 421–439. https://doi.org/10.1111/j.0022-3646.1990.00421.x

Horner R. A., Postel J. R., Halsband-Lenk C., Pierson J. J., Pohnert G., Wichard T. 2005. Win-
ter-spring phytoplankton blooms in Dabob Bay, Washington. Progress in Oceanography 67(3–4): 
286–313. https://doi.org/10.1016/j.pocean.2005.09.005

Ikävalko J. 2004. Checklist of unicellular and invertebrate organisms within and closely associated 
with sea ice in the Arctic regions. MERI — Report Series of the Finnish Institute of Marine Re­
search 52: 1–41.

Georgiev et al. Morphology and distribution of Meringosphaera mediterranea

302

https://doi.org/10.1016/0198-0149(83)90084-5
https://doi.org/10.1016/j.csr.2011.06.006
https://doi.org/10.3897/natureconservation.34.30720
https://doi.org/10.1029/98JC01850
http://www.algaebase.org
https://doi.org/10.1515/botm.1983.26.11.493
https://doi.org/10.3354/meps020059
https://doi.org/10.1139/f97-099
https://doi.org/10.1111/j.1751-8369.1998.tb00257.x
https://doi.org/10.3989/scimar.2007.71n4735
https://doi.org/10.1111/j.0022-3646.1990.00421.x
https://doi.org/10.1016/j.pocean.2005.09.005


Ikävalko J., Gradinger R. 1997. Flagellates and heliozoans in the Greenland Sea ice studied alive 
using light microscopy. Polar Biology 17(6): 473–481. https://doi.org/10.1007/s003000050145

Ivanov A. I. 1965. Plankton studies of the Black Sea and the Azov Sea. Iss. 2. Kiev: 17–35. (In Russ.).
Joint I. R., Pomroy A. J. 1986. Photosynthetic characteristics of nanoplankton and picoplankton from 

the surface mixed layer. Marine Biology 92(4): 465–474. https://doi.org/10.1007/BF00392506
Joo H. M., Lee S. H., Jung S. W., Dahms H. U., Lee J. H. 2012. Latitudinal variation of phytoplankton 

communities in the western Arctic Ocean. Deep Sea Research II 81–84: 3–17. 
	 https://doi.org/10.1016/j.dsr2.2011.06.004
Karlson B., Andreasson A., Johansen M., Karlberg M., Loo A., Skjevik A-T. 2020. Nordic microalgae 

and aquatic protozoa. World-wide electronic publication, Swedish Meteorological and Hydro-
logical Institute, Norrköping. http://nordicmicroalgae.org (Date of access: 9 ХI 2020).

Komuro C., Narita H., Imai K., Nojiri Y., Jordan R. W. 2005. Microplankton assemblages at Station 
KNOT in the subarctic western Pacific, 1999–2000. Deep Sea Research II 52(16–18): 2206–
2217. https://doi.org/10.1016/j.dsr2.2005.08.006

Konovalova G. V. 2003. State of research on flagellate algae in the Russian waters of the Far Eastern 
seas. International Journal on Algae 5(3): 33–46. https://doi.org/10.1615/InterJAlgae.v5.i3.30

Kristiansen J., Sandgren C. D. 1986. The ultrastructural bases of chrysophyte systematics and phyloge-
ny. Critical Reviews in Plant Sciences 4(2): 149–211. https://doi.org/10.1080/07352688609382222

Kuylenstierna M., Karlson B. 1994. Seasonality and composition of pico- and nanoplanktonic cyano-
bacteria and protists in the Skagerrak. Botanica Marina 37(1): 17–34. 

	 https://doi.org/10.1515/botm.1994.37.1.17
Leadbeater B. S. C. 1974. Ultrastructural observations on nanoplankton collected from the coast 

of Jugoslavia and the Bay of Algiers. Journal of the Marine Biological Association of the United 
Kingdom 54(1): 179–196. https://doi.org/10.1017/S0025315400022153

Lee S. H., Kim B. K., Joo H. T., Park J. W., Lee J. H., Joo H. M., Lee D. B., Kang C. K., Kang S. H. 
2015. Carbon contribution of sea ice floes in the Arctic Ocean. Deep Sea Research II 120: 35–42. 
https://doi.org/10.1016/j.dsr2.2013.12.021

LeRoi J. M., Hallegraeff G. M. 2006. Scale-bearing nanoflagellates from southern Tasmanian coastal 
waters, Australia. II. Species of Chrysophyceae (Chrysophyta), Prymnesiophyceae (Haptophy-
ta, excluding Chrysochromulina) and Prasinophyceae (Chlorophyta). Botanica Marina 49(3): 
216–235. https://doi.org/10.1515/BOT.2006.027

Liu H. M., Chen R. S. 2015. New recorded phytoplankton species of Meringosphaera mediterranea 
Lohmann (Chrysophyceae) in the Yellow Sea. Journal of Yantai University 4: 300–302. (In Chi-
nese with Engl. abstract).

Loeblich A. R., Tappan H. 1963. Type fixation and validation of certain calcareous nannoplankton 
genera. Proceedings of the Biological Society of Washington 76: 191–196.

Lohmann H. 1903. Neue Untersuchungen über den Reichthum des Meeres an Plankton und über die 
Brauchbarkeit der verschiedenen Fangmethoden. Zugleich auch ein Beitrag zur Kenntniss des 
Mittelmeerauftriebs. Wissenschaftliche Meeresuntersuchungen herausgegeben von der Kommision 
zur wissenschaftlichen Untersuchung der Deutschen Meere in Kiel und der Biologische Anstalt auf 
Helgoland. Neue Folge 7. Kiel, Leipzig: 1–87.

Lohmann H. 1908. Untersuchungen zur Feststellung des vollständigen Gehaltes des Meeres an 
Plankton. Wissenschaftliche Meeresuntersuchungen herausgegeben von der Kommision zur wissen­
schaftlichen Untersuchung der Deutschen Meere in Kiel und der Biologische Anstalt auf Helgoland. 
Neue Folge 10. Kiel, Leipzig: 1–242.

Lovejoy C., Legendre L., Martineau M. J., Bâcle J., Von Quillfeldt C. H. 2002. Distribution of phy-
toplankton and other protists in the North Water. Deep Sea Research II 49(22–23): 5027–5047. 
https://doi.org/10.1016/S0967-0645(02)00176-5

Новости систематики низших растений — Novosti sistematiki nizshikh rastenii 55(2): 287–306. 2021

303

https://doi.org/10.1007/s003000050145
https://doi.org/10.1007/BF00392506
https://doi.org/10.1016/j.dsr2.2011.06.004
http://nordicmicroalgae.org
https://doi.org/10.1016/j.dsr2.2005.08.006
https://doi.org/10.1615/InterJAlgae.v5.i3.30
https://doi.org/10.1080/07352688609382222
https://doi.org/10.1515/botm.1994.37.1.17
https://doi.org/10.1017/S0025315400022153
https://doi.org/10.1016/j.dsr2.2013.12.021
https://doi.org/10.1515/BOT.2006.027
https://doi.org/10.1016/S0967-0645(02)00176-5


MacKenzie A. L., Gillespie P. A. 1986. Plankton ecology and productivity, nutrient chemistry, and 
hydrography of Tasman Bay, New Zealand, 1982–1984. New Zealand Journal of Marine and 
Freshwater Research 20(3): 365–395. https://doi.org/10.1080/00288330.1986.9516158

Malinverno E., Ziveri P., Corselli C. 2003. Coccolithophorid distribution in the Ionian Sea and its 
relationship to eastern Mediterranean circulation during late fall to early winter 1997. Journal of 
Geophysical Research 108(C9): 8115. https://doi.org/10.1029/2002JC001346

Manton I., Leadbeater B. S. C. 1974. Fine-structural observations on six species of Chrysochromulina 
from wild Danish marine nanoplankton, including a description of C. campanulifera sp. nov. and 
preliminary summary of the nanoplankton as a whole. Kongelige Danske Videnskabernes Selskab, 
Biologiske Skrifter 20(5): 1–26.

Marchant H. J., Scott F. J. 2005. Chrysophytes. Antarctic Marine Protists. Canberra, Hobart: 
295–307.

Martin J. H., Gordon R. M., Fitzwater S., Broenkow W. W. 1989. VERTEX: phytoplankton/iron 
studies in the Gulf of Alaska. Deep Sea Research 36(5): 649–680. 

	 https://doi.org/10.1016/0198-0149(89)90144-1
McGrory C. B., Leadbeater B. S. C. 1981. Ultrastructure and deposition of silica in the Chrysophy-

ceae. Silicon and Siliceous Structures in Biological Systems. New York: 201–230. 
	 https://doi.org/10.1007/978-1-4612-5944-2_8
Melnikov I. A., Kolosova E. G., Welch H. E., Zhitina L. S. 2002. Sea ice biological communities and 

nutrient dynamics in the Canada Basin of the Arctic Ocean. Deep Sea Research I 49(9): 1623–
1649. https://doi.org/10.1016/S0967-0637(02)00042-0

Meringosphaera mediterranea Lohmann in GBIF Secretariat. 2019. GBIF Backbone Taxonomy. 
Checklist dataset https://doi.org/10.15468/39omei accessed via GBIF.org on 2021-04-10. 
(Date of access: 10 IV 2021).

Moestrup Ø. 1979. Identification by electron microscopy of marine nanoplankton from New Zea-
land, including the description of four new species. New Zealand Journal of Botany 17(1): 61–95. 
https://doi.org/10.1080/0028825X.1979.10425161

Morozova-Vodyanitskaya N. V. 1954. Phytoplankton of the Black Sea. Part II. Trudy Sevastopolʻskoi 
Biologicheskoi Stantsii imeni A. O. Kovalevskogo 8: 11–99. (In Russ.).

Norris R. E. 1971. Extant siliceous microalgae from the Indian Ocean. Proceedings of the II Plankto­
nic Conference. Roma: 911–919.

Norris R. E. 1984. Phytoplankton, including nanoplankton, in the Benguela upwelling system as re-
vealed by electron microscopy. Transactions of the Royal Society of South Africa 45(2): 139–167. 
https://doi.org/10.1080/00359198409519479

Okolodkov Y. B. 1997. Phytoplankton: Studies on the biodiversity, taxonomy, community compari-
son and biogeography. Scientific cruise report of the Arctic expedition ARK-XI1112 of RV “Polars­
tern” in 1997. Bremerhaven: 53–59.

Okolodkov Y. B. 2011. Phytoplankton diversity studies. The expedition of the research vessel “Po­
larstern” to the Arctic in 2007 (ARK-XXII/1a-c). Bremerhaven: 125–158.

Oviedo A. M., Ziveri P., Álvarez M., Tanhua T. 2014. Is coccolithophore distribution in the Mediter-
ranean Sea related to seawater carbonate chemistry? Ocean Science Discussions 11(1): 613–653. 
https://doi.org/10.5194/osd-11-613-2014

Parke M., Dixon P. S. 1964. A revised check-list of British marine algae. Journal of the Marine Biolo­
gical Association of the United Kingdom 44(2): 499–542. 

	 https://doi.org/10.1017/S0025315400024954
Parke M., Dixon P. S. 1968. Check-list of British marine algae — second revision. Journal of the Ma­

rine Biological Association of the United Kingdom 48(3):783–832. 
	 https://doi.org/10.1017/S0025315400019275

Georgiev et al. Morphology and distribution of Meringosphaera mediterranea

304

https://doi.org/10.1080/00288330.1986.9516158
https://doi.org/10.1029/2002JC001346
https://doi.org/10.1016/0198-0149(89)90144-1
https://doi.org/10.1007/978-1-4612-5944-2_8
https://doi.org/10.15468/39omei
https://doi.org/10.1080/0028825X.1979.10425161
https://doi.org/10.1080/00359198409519479
https://doi.org/10.5194/osd-11-613-2014
https://doi.org/10.1017/S0025315400024954
https://doi.org/10.1017/S0025315400019275


Parke M., Dixon P. S. 1976. Check-list of British marine algae — third revision. Journal of the Marine 
Biological Association of the United Kingdom 56(3): 527–594. 

	 https://doi.org/10.1017/S002531540002066X
Pascher A. 1917. Von der grünen Planktonalge des Meeres Meringosphaera. Berichte der Deutschen 

Botanischen Gesellschaft 35: 170–175. https://doi.org/10.1111/j.1438-8677.1917.tb07164.x
Pascher A. 1939. Heterokonten. Dr. L. Rabenhorst’s Kryptogamen-Flora von Deutschland, Österreich 

und der Schweiz. Bd 11. Leipzig: 1092 p.
Pinto O. M. 2018. Study of phytoplankton as food resource and toxicity risk for human health in off­

shore bivalve aquaculture in the Basque Country. PhD Thesis. Bilbao: 237 p.
Preisig H. R. 1994. Siliceous structures and silicification in flagellated protists. Protoplasma 181: 

29–42. https://doi.org/10.1007/978-3-7091-9378-5_2
Revelante N. 1985. A catalogue of phytoplankton reported for the Rovinj area of the northern Adria

tic. Thalassia Jugoslavica 21: 139–169.
Różańska M., Poulin M., Gosselin M. 2008. Protist entrapment in newly formed sea ice in the Coas

tal Arctic Ocean. Journal of Marine Systems 74(3–4): 887–901. 
	 https://doi.org/10.1016/j.jmarsys.2007.11.009
Sarno D., Zingone A., Saggiomo V., Carrada G. C. 1993. Phytoplankton biomass and species compo-

sition in a Mediterranean coastal lagoon. Hydrobiologia 271(1): 27–40. 
	 https://doi.org/10.1007/BF00005692
Schiller J. 1916. Über neue Arten und Membranverkieselung bei Meringosphaera. Archiv für Protis­

tenkunde 36: 198–208.
Senicheva M. I., Kostenko N. S. 2004. Yellow-green and green algae. Karadag. Hydrobiological stu

dies. Book 2. Simferopol‘: 273–274. (In Russ.).
Senichkina L. G. 1973. Phytoplankton of clean and polluted wastewaters in the Yalta Region. Bio­

logiya morya 28: 135–150. (In Russ.).
Silva P. C. 1979. Review of the taxonomic history and nomenclature of the yellow-green algae. Archiv 

für Protistenkunde 121 (1–2): 20–63. https://doi.org/10.1016/S0003-9365(79)80008-1
Simard N., Therrriault J.-C., Larouche P., Vézina A., Plourde J., Percy J., Steel D. A. 1996. Données 

d’océanographie physique et biologique recueillies dans l’est et le nord de la baie d’Hudson et 
dans le détroit d’Hudson en août et septembre 1993. Rapport statistique canadien des sciences 
halieutiques et aquatiques 978: vii + 199 p.

Simo-Matchim A.-G., Gosselin M., Poulin M., Ardyna M., Lessard S. 2017. Summer and fall distri-
bution of phytoplankton in relation to environmental variables in Labrador fjords, with special 
emphasis on Phaeocystis pouchetii. Marine Ecology Progress Series 572: 19–42. 

	 https://doi.org/10.3354/meps12125
Škaloud P., Řezáčová M., Ellegaard M. 2006. Spatial distribution of phytoplankton in spring 2004 

along a transect in the eastern part of the North Sea. Journal of Oceanography 62(5): 717–729. 
https://doi.org/10.1007/s10872-006-0089-8

Smith P. J., Hobson L. A. 1994. Temporal variation in the taxonomic composition of flagellated nano-
plankton in a temperate fjord. Journal of Phycology 30(3): 369–375. 

	 https://doi.org/10.1111/j.0022-3646.1994.00369.x
Sorokin Y. I. 2002. The Black Sea: Ecology and Oceanography. Leiden: 875 p.
Sukhanova I. N., Flint M. V., Sergeeva V. M., Kremenetskiy V. V. 2011. Phytoplankton of the south-wes

tern part of the Kara Sea. Oceanology 51(6): 978–992. https://doi.org/10.1134/S000143701106018X
Šupraha L., Bosak S., Ljubešić Z., Olujić G., Horvat L., Viličić D. 2011. The phytoplankton 

composition and spatial distribution in the north-eastern Adriatic Channel in autumn 2008. Acta 
Adriatica 52(1): 29–44.

Thomsen H. A. 1978. Nanoplankton from the Gulf of Elat (= Gulf of ̒ Aqaba), with particular empha-
sis on choanoflagellates. Israel Journal of Zoology 27(1): 34–44.

Новости систематики низших растений — Novosti sistematiki nizshikh rastenii 55(2): 287–306. 2021

305

https://doi.org/10.1017/S002531540002066X
https://doi.org/10.1111/j.1438-8677.1917.tb07164.x
https://doi.org/10.1007/978-3-7091-9378-5_2
https://doi.org/10.1016/j.jmarsys.2007.11.009
https://doi.org/10.1007/BF00005692
https://doi.org/10.1016/S0003-9365(79)80008-1
https://doi.org/10.3354/meps12125
https://doi.org/10.1007/s10872-006-0089-8
https://doi.org/10.1111/j.0022-3646.1994.00369.x
https://doi.org/10.1134/S000143701106018X


Thomsen H. A. 1981. Identification by electron microscopy of nanoplanktonic coccolithophorids 
(Prymnesiophyceae) from West Greenland, including the description of Papposphaera sarion sp. 
nov. British Phycological Journal 16(1): 77–94. https://doi.org/10.1080/00071618100650071

Thorrington-Smith M. 1970. Some new and little known phytoplankton forms from the West Indian 
Ocean. British Phycological Journal 5(1): 51–56. https://doi.org/10.1080/00071617000650071

Tomas C. R. (Ed.). 1997. Identifying marine phytoplankton. San Diego: 858 p.
Totti C., Civitarese G., Acri F., Barletta D., Candelari G., Paschini E., Solazzi A. 2000. Seasonal varia

bility of phytoplankton populations in the middle Adriatic sub-basin. Journal of Plankton Re­
search 22(9): 1735–1756. https://doi.org/10.1093/plankt/22.9.1735

Urban J. L., McKenzie C. H., Deibel D. 1993. Nanoplankton found in fecal pellets of macrozooplank-
ton in coastal Newfoundland waters. Botanica Marina 36(4): 267–282. 

	 https://doi.org/10.1515/botm.1993.36.4.267
Vadrucci M. R., Sabetta L., Fiocca A., Mazziotti C., Silvestri C., Cabrini M., Guardiani B., Konjka 

E., Evangelopoulos A., Koutsoubas D., Basset A. 2008. Statistical evaluation of differences in 
phytoplankton richness and abundance as constrained by environmental drivers in transitional 
waters of the Mediterranean basin. Aquatic Conservation: Marine and Freshwater Ecosystems 18: 
S88–S104. https://doi.org/10.1002/aqc.951

Vadrucci M. R., Semeraro A., Zaccarelli N., Basset A. 2004. Nutrient loading and spatial-temporal 
dynamics of phytoplankton guilds in a Southern Italian coastal lagoon (Lake Alimini Grande, 
Otranto, Italy). Chemistry and Ecology 20(Suppl. 1): 285–301. 

	 https://doi.org/10.1080/02757540410001665944
Ventsel M. V., Vasjutina N. P. 1992. Certain characteristics of phytoplankton. Results of the Third 

Joint US-USSR Bering & Chukchi Seas Expedition (BERPAC), Summer 1988. Washington, DC: 
121–123.

Vilicic D., Marasovic I., Miokovic D. 2002. Checklist of phytoplankton in the eastern Adriatic Sea. 
Acta Botanica Croatica 61(1): 57–91.

Vinogradov M. E. 1983. Modern methods of quantitative assessment of the distribution of marine 
plankton. Moscow: 279 p. (In Russ.).

Višić H. 2018. Chemotaxonomical and morphological approach to phytoplankton analyses in contras­
ting trophic systems of North Pacific. Mast. Thesis. Zagreb: 72 p.

Vørs N., Buck K. R., Chavez F. P., Eikrem W., Hansen L. E., Østergaard J. B., Thomsen H. A. 1995. 
Nanoplankton of the equatorial Pacific with emphasis on the heterotrophic protists. Deep Sea 
Research 42(2–3): 585–602. https://doi.org/10.1016/0967-0645(95)00018-L

Wulff A. 1914. Ueber das Kleinplankton der Barentssee. Inaugural-Dissertation. Kiel: 32 S.
Young J. R., Bown P. R., Lees J. A. 2017. ‘Meringosphaera’ Nannotax3 website. http://www.mikro-

tax.org/Nannotax3/index.php?taxon=Meringosphaera%20mediterranea&module=non_cocco 
(Date of access: 10 XI 2020).

Yoshida M., Noël M. H., Nakayama T., Naganuma T., Inouye I. 2006. A haptophyte bearing siliceous 
scales: ultrastructure and phylogenetic position of Hyalolithus neolepis gen. et sp. nov. (Prymne
siophyceae, Haptophyta). Protist 157(2): 213–234. https://doi.org/10.1016/j.protis.2006.02.004

Zingone A., Dubroca L., Iudicone D., Margiotta F., Corato F., Ribera D’alcala M., Saggiomo V., Samo 
D. 2010. Coastal phytoplankton do not rest in winter. Estuaries and Coasts 33(2): 342–361. 
https://doi.org/10.1007/s12237-009-9157-9

Zlatogursky V., Shɨshkin Y., Drachko D., Burki F. 2021. The long-time orphan protist Meringo­
sphaera mediterranea Lohmann, 1902 [1903] is a centrohelid heliozoan. bioRxiv. 

	 https://doi.org/10.1101/2021.03.17.435794

Georgiev et al. Morphology and distribution of Meringosphaera mediterranea

306

https://doi.org/10.1080/00071618100650071
https://doi.org/10.1080/00071617000650071
https://doi.org/10.1093/plankt/22.9.1735
https://doi.org/10.1515/botm.1993.36.4.267
https://doi.org/10.1002/aqc.951
https://doi.org/10.1080/02757540410001665944
https://doi.org/10.1016/0967-0645(95)00018-L
http://www.mikrotax.org/Nannotax3/index.php?taxon=Meringosphaera%20mediterranea&module=non_cocco
http://www.mikrotax.org/Nannotax3/index.php?taxon=Meringosphaera%20mediterranea&module=non_cocco
https://doi.org/10.1016/j.protis.2006.02.004
https://doi.org/10.1007/s12237-009-9157-9
https://doi.org/10.1101/2021.03.17.435794

