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Summary

The species composition and morphology of centrohelid heliozoa collected from mire 

water bodies of different types in the North of the European part of Russia were studied. 

Eighteen species from five genera and four families, two species with an uncertain 

systematic position and some unidentified Heterophrys-like organisms were found 

(Arkhangelsk Region – 9 species, Republic of Karelia – 7, Vologda Region – 9). 

Three species (Pterocystis paliformis, P. striata, P. tropica) are new for Russia. Nine 

species are new for Arkhangelsk Region (Acanthocystis penardi, A. trifurca, A. turfacea, 
Choanocystis symna, P. pinnata, P. tropica, Raineriophrys echinata, R. kilianii). Eight 

species are new to the centrohelid diversity of the Vologda Region (Acanthocystis lyra, 
A. aff. takahashii, A. trifurca, Polyplacocystis symmetrica, Pterocystis pinnata, P. tropica, 
Raphidiophrys intermedia). Four species are new for the Republic of Karelia (Pterocystis 
paliformis, P. striata, P. tropica, Raphidiophrys minuta). The species composition of the 

mires of the Arkhangelsk Region and the Vologda Region has much more in common 

in comparison with the centrohelid diversity of the Republic of Karelia. The most 

favourable conditions for the presence of high centrohelid species diversity occurred 

in the minerotrophic mires (15 species, incl. 5 – in mire streams, 7 – in space between 

hummocks, 9 – in flarks of the aapa mires), in comparison with the water bodies of 

ombrotrophic mires (4 species, incl. 2 – in laggs and 2 – in hollows of the raised bogs).
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Introduction

Centroplasthelida Febvre-Chevalier et Febvre, 

1984, a monophyletic group of the predatory 

amoeboid organisms (Dürrschmidt and Patterson, 

1987; Cavalier-Smith and von der Heyden, 2007), 

was one of the last substantially diverse groups of 

eukaryotes with an uncertain systematic position 

until recent years. Centrohelids are sister clade 

of haptophytes and together they form Haptista, 

related to SAR (Stramenopiles, Alveolates, Rhiza-

ria) (Burki et al., 2016). The cells of centrohelids are 

covered with siliceous scales having variable shapes 

and dimensions or more or less uniform organic 

spicules. The structure of siliceous components of 

external envelope is very important for the species 

identification, which usually requires electron 

microscopy (Nicholls, 1983; Siemensma, 1981; 



· 4       Kristina I. Prokina, Dmitriy G. Zagumennyi and Dmitriy A. Philippov

Wujek, 2003a). Centrohelid heliozoans are cosmo-

politan free-living aquatic organisms, more frequ-

ently recorded in freshwater (possibly because of 

more intensive study in comparison to marine 

habitats). The information on diversity and ecology 

of this group of protists is very fragmentary and 

require a further study.

The high taxonomic diversity of centrohelids 

was observed in sphagnum bogs (Rainer, 1968; 

Siemensma, 1981). Information on their species 

diversity in paludified and Sphagnum habitats 

in Russia is very scarce and present in the few 

papers without mentioning the specific mires 

microbiotopes (Leonov, 2009, 2010, 2012; Leonov 

and Plotnikov, 2009; Leonov and Mylnikov, 2012). 

The centrohelid diversity in mires and paludified 

habitats in the Northern European part of Russia is 

almost unexplored.

The aim of the present study was to investigate 

the diversity of centrohelid heliozoans in the 

particular mire water bodies in the North of the 

European part of Russia, using scanning and 

transmission electron microscopy.

Material and methods

Field studies were carried out in June, August 

and September 2015 by D.A. Philippov on one 

lake and seven mires in the Arkhangelsk Region, 

Vologda Region and Republic of Karelia (Russia). 

Several types of mire water bodies (lake, stream, 

lagg, space between hummocks, flark, and hollow) 

were studied in each mire. Temperature (t), pH and 

conductivity (EC) of the water samples (Table 1) 

were measured using a Mettler-Toledo SevenGo 

Duo pH/conductivity SG23 meter.

Water samples were transferred to the laboratory 

in 15 ml plastic tubes in the darkness at the 

temperature 4° C. The organisms in water samples 

were cultured in Petri dishes for two weeks, and 

the heterotrophic flagellates Parabodo caudatus 

(Dujardin, 1841) Moreira, Lopes-Garcia et Vicker-

man, 2004 were used as a feeding source. Prepara-

tions for studying of scales were carried out accor-

ding to the described methodology (Moestrup and 

Thomsen, 1980; Mikrjukov, 2002), and observed 

in transmission (JEM-1011) and scanning (Joel 

JSM-6510 LV) electron microscopes. Centrohelids 

were identified according to following publications: 

Nicholls, 1983; Dürrschmidt, 1985, 1987a, 1987b; 

Croome, 1896, 1987; Siemensma and Roijackers, 

1988a; Mikrjukov and Croome, 1998; Mikrjukov, 

2002; Leonov, 2009, 2012; Leonov and Plotnikov, 

2009; Leonov and Mylnikov, 2012; Zlatogursky, 

2014b; Kosolapova and Mylnikov, 2015; Plotnikov 

and Ermolenko, 2015; Gerasimova and Plotnikov, 

2016.

Results

Eighteen species from six genera and four 

families were observed. The distribution of species 

in the water samples is presented in Table 2. The 

centrohelid taxonomy presented by V.V. Zlato-

gursky (Zlatogursky, 2014a) is used.

Class Centroplasthelida Febvre-Chevalier et Febvre, 

1984

Order Acanthocystida Cavalier-Smith, 2012

Family Acanthocystidae Claus, 1874 emend. 

Cavalier-Smith et von der Heyden, 2007

Genus Acanthocystis Carter, 1863

Acanthocystis lyra Gerasimova et Plotnikov, 

2016 (Fig. 1, a–c).

There were 3 types of spine scales. The first type 

is 4.97–7.11 µm in length, bifurcated on the lyre-

shaped tip. There are 6 teeth on the inner side of 

each sharp branch. The length of the bifurcated tip 

covers 10.2–17.1% of the total scale length. The base 

of these spine scales is 0.71–0.89 µm in diameter. 

The second type of scales is 3.03–3.46 µm in length, 

with similar structure except for widely bifurcated 

tip (25.5–32.3% of the total length of the scale) 

and base 0.56–0.63 µm in diameter. The third type 

of spine scales is 2.33–3.00 µm in length, possesses 

remarkable primary and secondary bifurcations. The 

base of this type of spine scales is 0.65–0.82 µm in 

diameter. The shafts of all type of spine scales are 

0.15–0.18 µm in diameter.

The scales of one cell were observed from sample 

8 (Table 2).

The morphology and size of scales are in 

agreement with those described by E.A. Gerasimova 

and A.O. Plotnikov from South-East of the Euro-

pean part of Russia (Gerasimova and Plotnikov, 

2016).

Acanthocystis pectinata Penard, 1889 emend. 

Nicholls, 1983 emend. Siemensma et Roijackers, 

1988 (Fig. 1, g)

Spine scales of two types were present. The 

first type of spine scales is 6.8–9.5 µm in length. 

The hollow cylindrical shaft is 0.29–0.33 µm in 
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Table 1. Characteristics of the studied mire water bodies and sample collection sites.

Place, wetland

Mire water bodies Sample collection site

Type of water 
bodies* Coordinates pH t°C EC 

(mkSm/sm)
Sample 

# Microbiotopes Date

Arkhangelsk Region, 
Pinega District, mire 
Nizinnoe

Sp N 64°33’21.5”
E 43°19’14.9” 5.8 14 52.2

1 herbaceous habitat
07.08.2015

2 Bryales habitat

ibid., mire Tretje
St N 64°33’17.6”

E 43°20’19.5” 6.1 15 48.5
3 water column

07.08.2015
4 bottom detrital matter

ibid., mire Udebnoe
Ho N 64°32’51.7”

E 43°22’01.3 4.2 16 48.6 5
Carex rostrata-
Sphagnum habitat, 
bottom detrital matter

09.08.2015

ibid., mire Velboloto Ho N 64°36’34.3”
E 43°14’38.5” 4.2 18 31.8 6 Scheuchzeria-Hepaticae 

degraded habitat 11.08.2015

Vologda Region, 
Syamzha District, 
mire Shichengskoe

Lg N 59°56’42.5”
E 41°17’07.5” 5.5 24 – 7

Menyanthes-
Scheuchzeria-Utricularia 
habitat 27.07.2015

St N 59°56’25.0”
E 41°16’06.0” 6.6 15 – 8 bottom detrital matter

Vologda Region, 
Vytegra District, 
mire Piyavochnoe Fl N 60°46’57.5”

E 36°50’34.7” 5.7 10 – 9

Carex lasiocarpa-
Rhynchospora-
Scorpidium habitat, 
bottom detrital matter

12.09.2015

Republic of Karelia, 
Loukhi District, near 
“Kartesh”, mire 
Boloto#1

Fl N 66°21’17.5”
E 33°34’07.4” 6.6 10 –

10 Carex livida-Menyanthes 
habitat, water column

20.06.201511

12 ibid., bottom detrital 
matter

ibid., mire Boloto#2
Fl N 66°20’26.3”

E 33°32’40.2” 5.1 13 – 13
Menyanthes-Sphagnum 
habitat, bottom detrital 
matter

21.06.2015

ibid., lake Krugloe Lk N 66°20’29.3”
E 33°36’07.2” 5.9 16 – 14 bottom detrital matter 23.06.2015

* Mire water bodies: Lk – lake, Sp – space between hummocks, St – stream, Lg – lagg, Fl – fl arks (in minerotrophic mires), 

Ho – hollows (in ombrotrophic mires).

diameter, apex with 5–7 small marginal teeth. 

The funnel-shaped base is 0.8–1.1 µm in diameter 

with the marginal rim on the inner side. Second 

type – short numerous spine scales, 2.3–3.6 µm in 

length. Bowl-shaped apex with 6–8 large and widely 

divergent teeth connected by a membrane. Size and 

shape of base and shaft of spine scales are the same 

as for the first type. Spine scales with intermediate 

size and shape were rarely found. Plate scales oval or 

pear-shaped, 2.2–3.3×1.6–2.0 µm. Indistinct radial 

ribs and small marginal rim on the one side of plate 

scales are present.

The dimensions and morphology of scales are in 

agreement with those given by other authors, except 

for the smaller plate scales described by K.H. Nicholls 

(1983) – 2.3×1.4 µm, and F.J. Siemensma and M.M. 

Roijackers (1988a) – 1.6–2.5 µm. Some authors 

described the different length of spine scales: A.O. 

Plotnikov and E.A. Ermolenko described smaller 

spine scales of the short type – 1.6–2.7 µm (Plotnikov 

and Ermolenko, 2015); M.M. Leonov and A.O. 

Plotnikov (Leonov and Plotnikov, 2009; Leonov, 

2012) observed larger spine scales of the long type 

(up to 15 µm).

Scales of only a few cells from sample 14 (Table 

2) were observed.

Previous reports of this species were from 

freshwaters of the European part of Russia (Mik-

rjukov, 1993a; Leonov and Plotnikov, 2009; 

Leonov, 2010, 2012; Leonov and Mylnikov, 2012; 

Ermolenko and Plotnikov, 2013; Plotnikov and 

Ermolenko, 2015), Ukraine (Gaponova, 2009), 

Estonia (Mikrjukov, 1993b), Sweden, Netherlands 

(Siemensma, 1981; Siemensma and Roijackers, 

1988a), Ethiopia (Prokina et al., 2017a), India 

(Wujek and Saha, 2006); USA (Wujek, 2003a, 

2006), Canada (Nicholls, 1983), Australia (Croome, 

1986), Chile, New Zealand, Malaysia, Sri Lanka 

(Dürrschmidt, 1987a; Prokina and Mylnikov, 2017).

Acanthocystis penardi Wailes, 1925 [synonyms: 

A. spinifera Greeff, 1869; A. heterospina Nicholls, 

1983] (Fig. 1, h–j).

Spine and plate scales from a single cell occupied 

an area 22.8–44.3 µm in diameter. Spine scales are 

2.4–16.5 µm in length, with rounded base, 0.8–1.4 
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µm in diameter. The hollow cylindrical shaft is 

0.22–0.40 µm in diameter, apex with 5–12 marginal 

teeth. Elliptical plate scales are 2.5–3.8×1.7–2.6 

µm, with slightly fringed margin, without axial 

thickening. Papillae were present on the external 

surface.

This species was described by G.H. Wailes in 

1925 (Wailes, 1925) using a light microscopy, and 

redescribed by F.J. Siemensma in 1981 using the 

electron microscopy (Siemensma, 1981). Size and 

morphology of scales are similar to those given by 

many other authors, but M.M. Leonov described 

larger sizes for spine scales (up to 30 µm) (Leonov, 

2009, 2012).

The scales of four cells from sample 14, three 

cells from 12, ten cells from 2, and a few scales from 

11 (Table 2) were observed.

Previous reports were from freshwaters of the 

European part of Russia (Mikrjukov, 1993a; Leonov 

and Plotnikov, 2009; Leonov, 2009, 2010, 2012; 

Leonov and Mylnikov, 2012; Zlatogursky, 2014a), 

Ukraine (Gaponova, 2009), Estonia (Mikrjukov, 

1993b), Mongolia (Kosolapova and Mylnikov, 

2015), Netherlands (Siemensma, 1981), Ethiopia 

(Prokina et al., 2017a), USA (Wujek, 2015), Canada 

([as A. heterospina] Nicholls, 1983), India ([as A. 
spinifera] Wujek and Saha, 2006), Chile, Malaysia 

(Dürrschmidt, 1987a; Prokina and Mylnikov, 2017), 

Nigeria (Wujek et al., 2007), and from marine 

waters of Sweden ([as A. spinifera] Siemensma and 

Roijackers, 1988a).

Acanthocystis aff. takahashii Dürrschmidt, 1987 

(Fig. 2, a–c).

Spine and plate scales from a single cell occupied 

an area 21.9–31.7 µm in diameter. Straight spine 

scales are 2.7–8.9 µm in length. The roundish cup-

shaped base is 2.7–8.9 µm in length, with the narrow 

marginal rim. The hollow cylindrical shaft is 0.18–

0.27 µm in diameter, at the apex divided into three 

pointed branches connected by a membrane. There 

are 2 small teeth at the lateral side of each branch. 

The most distant part of the apex of spine scales is 

0.48–0.83 µm in diameter. Elliptical plate scales are 

2.2–3.3×1.2–2.1 µm, with about 50 longitudinally 

oriented radial ribs and central ridge 0.45–0.56 

µm in length. There is the narrow marginal rim of 

0.04–0.06 µm width at the end of plate scales.

The dimensions and shape of observed scales 

agreed well with the original description by M. 

      Kristina I. Prokina, Dmitriy G. Zagumennyi and Dmitriy A. Philippov

Table 2. Distribution of the observed species of Centrohelida (the sample numbers 
correspond to those in Table 1).

Species
Microbiotopes (samples) Mire water bodies Region

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Lk St Sp Lg Fl Ho A V K

Acanthocystis lyra – – – – – – – + – – – – – – – + – – – – – + –

A. pectinata – – – – – – – – – – – – – + + – – – – – – – +

A. penardi – + – – – – – – – – + + – + + – + – + – + – +

A. aff. takahashii – – – – – – – – + – – – – – – – – – + – – + –

A. trifurca – + + – – – – – + – – – – – – + + – + – + + –

A. turfacea “gigas” – – + + – – – + – – – – – – – + – – – – + + –

A. turfacea “viridis” – + – – – – + – – – – – – – – – + + – – + + –

Polyplacocystis ambigua – – – – – – – – – – – – – + + – – – – – – – +

P. symmetrica – – – – – – – – + – – – – – – – – – + – – + –

Choanocystis symna + – – – – – – – – – – – – – – – + – – – + – –

Pterocystis paliformis – – – – – – – – – – – – + – – – – – + – – – +

P. pinnata – + – – – – – + – – – – – – – + + – – – + + –

P. striata – – – – – – – – – – – + – – – – – – + – – – +

P. tropica + – – – – – – + – + + – + – – + + – + – + + +

Raineriophrys echinata – – – – + – – – – – – – – – – – – – – + + – –

R. kilianii – + – – – – – – – – – – – – – – + – – – + – –

Raphidiophrys intermedia – – – – – – + – – – – – – – – – – + – – – + –

R. minuta – – – – – – – – – – – – + – – – – – + – – – +

Heterophrys-like organisms – – – – – + – – + – – – – – – – – – + + + + –

Total 2 5 2 1 1 1 2 4 4 1 2 2 3 3 3 5 7 2 9 2 9 9 7

* Regions: A – Arkhangelsk Region, V – Vologda Region, K – Republic of Karelia.
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Fig. 1. Electron microscopy of centrohelid species (SEM): a, b, c – Acanthocystis lyra (b – first and third type of spine 

scales; c – first type of spine scales); d, e, f – A. trifurca; g – A. pectinata; h, i, j – A. penardi (i – plate scale; j – apex 

of the long type of spine scales). Scale bars: d, h – 10 µm; a, c, e – 5 µm; b, f, g, I, j – 2 µm.
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Dürrschmidt in 1987 from Sri Lanka (Dürrschmidt, 

1987a). Differs from A. takahashii by the presence 

of radial ribs on plate scales.

The scales of eight cells from sample 9 (Table 

2) were observed.

Previous reports were from freshwaters of the 

European part of Russia (Leonov and Plotnikov, 

2009; Leonov, 2009, 2010, 2012; Zlatogursky, 

2014a) and the Far East of Russia (Zlatogursky, 

2014a), Nigeria (Wujek et al., 2007), USA (Wujek, 

2006), Sri Lanka, Japan, Canada (Dürrschmidt, 

1987a).

Acanthocystis trifurca Nicholls, 1983 (Fig. 1, d–f).

Spine and plate scales from a single cell occupied 

an area 20 µm in diameter, represented by one type 

of spine scales and plate scales. Spine scales straight 

or slightly curved, 3.4–10.2 µm in length. The 

cylindrical hollow shaft of spine scales is 0.12–0.21 

µm in diameter, slightly tapers to the tip, and with 3 

tapering teeth at the end. The rounded and flat base 

of spine scales is 0.45–1.0 µm in diameter. Plate 

scales are roundish or pear-shaped, 2.3–3.0×1.4–

2.2 µm, with a narrow marginal rim and central 

thickening of 0.43–0.73 µm in length.

This species was originally described by K.H. 

Nicholls in 1980 from Canada using an electron 

microscope (Nicholls, 1983). Morphology of scales 

we observed was very similar to the type material; 

however, we did not observe a marginal rim.

This species was often identified as A. myriospina 

Penard, 1890. This confusion arose because M. 

Dürrschmidt in 1985 described this species using 

electron microscope, and her diagnosis was similar 

to A. trifurca, which she reduced to a synonym. 

K.H. Nicholls redescribed A. myriospina two years 

earlier, in 1983, and he pointed to the abruptly cut 

apex of spine scales. He also used light microscope, 

and correlated the dimensions of living cells with 

the description made by E. Penard. That is why we 

accepted the description of K.H. Nichols.

Scales of one cell from sample 2 and several cells 

from samples 3 and 9 (Table 2) were observed.

Previous reports of this species were from 

fresh waters of the European part of Russia ([as 

A. myriospina] Leonov and Plotnikov, 2009; Leo-

nov, 2010, 2012; Leonov and Mylnikov, 2012; 

Ermolenko and Plotnikov, 2013; Plotnikov and 

Ermolenko, 2015), Crimea ([as A. myriospina] 

Mikrjukov, 1999), Ukraine ([as A. myriospina] 

Gaponova, 2009), Mongolia ([as A. myriospina] 

Kosolapova and Mylnikov, 2015), Switzerland 

([as A. trifurca] Zlatogursky, 2014a), USA ([as A. 
myriospina] Wujek, 2006), Canada ([as A. trifurca] 

Nicholls, 1983), Nigeria ([as A. myriospina] Wujek 

et al., 2011), India ([as A. myriospina] Wujek and 

Saha, 2006), Chile ([as A. myriospina] Dürrschmidt, 

1985), Australia ([as A. myriospina] Croome, 1986); 

from brackish inland waters of the European part of 

Russia ([as A. myriospina] Leonov and Plotnikov, 

2009); from marine waters of the Black Sea ([as A. 
myriospina] Leonov, 2010, 2012).

Acanthocystis turfacea Carter, 1863 (Fig. 2, d–h).

Spine and plate scales from a single cell occupied 

an area 15.2–102.6 µm in diameter. There are 2 types 

of spine scales. First type – short scales, 4.03–11.6 

µm in length. Distal part has 2 long (1.45–4.6 µm), 

widely divergent furcae with 3 marginal teeth on the 

tip. Second type – long spine scales, 12.81–35.6 µm 

in length, with 2 short furcae (0.4–1.6 µm in length) 

at the distal part of the scales with 4 marginal teeth. 

The base of each type of spine scales is roundish, 

0.95–2.58 µm in diameter. Shafts of spine scales are 

0.34–0.77 µm in diameter.

We observed 2 so-called subspecies, “gigas” and 

“viridis”, mentioned by Leonov, (2012), but never 

officially described. Morphology and dimensions of 

subspecies agreed well with those given by Leonov 

(2012). These “subspecies” differ from each other by 

their size. We observed scale groups with diameters 

69.5 to 102.6 µm (for gigas) and 15.2 to 28.4 µm 

(for viridis); spine scales 9.4–35.6 µm in length (for 

gigas) and 4.03–14.06 µm in length (for viridis); 

plate scales 2.5–7.9×2.0–4.85 µm (for gigas) and 

2.5–3.9×2.0–2.5 µm (for viridis).

Scales of three cells from sample 4 and a few 

scales from samples 3 and 8 of “subspecies” gigas, 

and eleven cells from sample 2 and a few cells from 

sample 7 of “subspecies” viridis (Table 2) were 

observed.

Previous records of A. turfacea were from fresh 

waters of the European part of Russia (Mikrjukov, 

1993a, 1999; Leonov and Plotnikov, 2009; Leonov, 

2010, 2012; Leonov and Mylnikov, 2012; Ermolen-

ko and Plotnikov, 2013; Plotnikov and Ermolenko, 

2015), Ukraine (Gaponova, 2009), Switzerland 

(Zlatogursky, 2014a), Netherlands (Siemensma, 

1981), Nigeria (Wujek et al., 2007), India (Wujek 

and Saha, 2006), USA (Wujek, 2005, 2006, 2015), 

Canada (Nicholls, 1983), Chile (Dürrschmidt, 

1985), Australia (Croome, 1986); from marine waters 

of the White Sea (Leonov, 2010, 2012), the Baltic Sea 

(Vørs, 1992), and Antarctica (Croome et al., 1987).
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Fig. 2. Electron microscopy of centrohelid species (SEM): a, b, c – Acanthocystis aff. takahashii; d, e, f – A. turfacea 

“gigas” (f – long type of spine scales); g, h – A. turfacea “viridis” (h – short type of spine scales); i, j – Polyplacocystis 
ambigua. Scale bars: a, d, g, i – 10 µm; e, f, j – 5 µm; b, c, h – 2 µm.
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Family Raphidiophryidae Febvre-Chevalier et 

Febvre, 1984

Genus Polyplacocystis Mikrjukov, 1996

Polyplacocystis ambigua (Penard, 1904) Mikrju-

kov, 1996 [basionym: Raphidiophrys ambigua Pe-

nard, 1904] (Fig. 2, i, j).

Spine and plate scales from a single cell occupied 

an area 47.3 µm in diameter. Scales of 3 types were 

present: first type – fusiform scales 9.8–11.1×0.8–

1.6 µm; second type – elliptical scales with narrow 

margins 7.6–8.4×2.4–3.6 µm; third type – broad 

elliptic scales, with rounded margins 4.7–5.8×2.5–

3.2 µm. The external surface of scales had reticular 

structure. All types of scales had well marked 

marginal rims 0.25–0.43 µm in diameter. 

Scales of only one cell from sample 14 (Table 

2) were observed.

Previous records were from fresh waters of the 

European part of Russia (Leonov and Plotnikov, 

2009; Leonov, 2010, 2012; Leonov and Mylnikov, 

2012; Ermolenko and Plotnikov, 2013; Plotnikov 

and Ermolenko, 2015), Ukraine (Gaponova, 2009), 

Mongolia (Kosolapova and Mylnikov, 2015), The 

Netherlands (Siemensma, 1981; Siemensma and 

Roijackers, 1988b), USA (Wujek, 2006), Canada, 

Chile, New Zealand, Sri Lanka (Nicholls and 

Dürrshmidt, 1985).

Polyplacocystis symmetrica (Penard, 1904) 

Mikryukov, 1996 (Fig. 3, a, b).

Elongate elliptical scales (5.1–9.6×2.0–3.1 

µm) from a single cell occupied an area about 42 

µm in diameter. The external surface of scales had 

reticular structure and marginal rim was 0.18–0.39 

µm in width.

Scales of only one cell from sample 9 (Table 2) 

were observed.

Previous records were from freshwaters of the 

European part of Russia (Leonov, 2010, 2012), 

The Netherlands (Siemensma, 1981; Siemensma 

and Roijackers, 1988b), Greenland (Ikävalko et 

al., 1996), and Canada (Nicholls and Dürrschmidt, 

1985).

Order Pterocystida Cavalier-Smith, 2012

Family Choanocystidae Cavalier-Smith et von der 

Heyden, 2007

Genus Choanocystis Penard, 1904

Choanocystis symna Zlatogursky, 2014 (Fig. 3, 

c–e).

Spine and plate scales from a single cell occupied 

an area 19.9–24.8 µm in diameter. Spine scales are 

3.4–11.3 µm in length, slightly curved to the base 

of the scale. The shaft of spine scale is 0.3–0.4 µm 

in diameter, smoothly tapers to distal part with 

4–5 teeth. The heart-shaped base is 1.4–1.9 µm 

in diameter, with the marginal rim at the inner 

side. Smooth dumbbell-shaped plate scales are 

3.8–4.7×1.9–2.4 µm.

Scales of three cells from sample 1 (Table 2) 

were observed.

The morphology and dimensions of scales 

are similar to those originally described from the 

European part of Russia by V.V. Zlatogursky 

(Zlatogursky, 2014b). Only spine scales in the 

observed material were slightly larger than in the 

type material (3.9–6.7 µm).

Family Pterocystidae Cavalier-Smith et von der 

Heyden, 2007

Genus Pterocystis Siemensma et Roijackers, 1988

Pterocystis paliformis (Dürrschmidt, 1987) 

Siemensma, 1991 (fig. 3, i).

Spine scales are 3.0–3.6×1.4–1.8 µm in length. 

Shaft of spine scales is 0.04–0.10 µm in diameter 

with a roundish tip. Lateral wings connected with 

basal wings and formed shovel-shaped structure. 

There is a narrow rim at the margin of the wings and 

a small protrusion at the proximal part of the shaft. 

Ovoid or elliptical plate scales are of 1.4–2.3×0.9–

1.5 µm, with central ridge, 0.82–1.41 µm in length 

and 0.03–1.41 µm in width.

The morphology and dimensions of the observed 

scales are very similar to those originally described by 

M. Dürrschmidt from Chile (Dürrschmidt, 1987b), 

except for the longer spine scales (up to 4.5 µm).

Several scales from sample 13 (Table 2) were 

observed.

This is the first record for this species from 

Russia. Previous records were from fresh waters of 

Chile, New Zealand (Dürrschmidt, 1987b; Prokina 

and Mylnikov, 2017), USA (Wujek, 2003a, 2005, 

2006); from the Baltic Sea (Vørs, 1992).

Pterocystis pinnata (Nicholls, 1983) Siemensma 

et Roijackers, 1988 (Fig. 4, a–c).

Cell coverings were represented by spine scales 

and plate scales. One type of spine scales is 4.1–6.4 

µm long, curved at the proximal part. There are 

lateral wings at the both sides of the shaft, narrowed 

to the distal end. The distance between the widest 
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Fig. 3. Electron microscopy of centrohelid species (a–h – SEM; i – TEM): a, b – Polyplacocystis symmetrica; c, d, 

e – Choanocystis symna; f, g, h – Heterophrys-like organisms; i – Pterocystis paliformis (spine scales). Scale bars: a, c, 

f – 10 µm; b, g – 5 µm; d, e, h, i – 2 µm.
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parts of lateral wings is 1.6–2.4 µm. Scoop-shaped 

base with a broad marginal rim curved at the right 

angle to shaft and lateral wings.

Elliptical plate scales 2.1–2.9×1.4–1.6 µm with 

large central ridge of 1.15–1.19×0.13–0.17 µm.

Morphology and dimensions are very similar to 

those described by the other authors (Dürrschmidt, 

1987b; Leonov, 2009), except for the lateral wing of 

spine scales, which goes to 1/2 of the length of the 

shift according to the description by F.J. Siemensma 

and M.M. Roijackers (Siemensma and Roijackers, 

1988a).

The scales of three cells from sample 2 and one 

cell from sample 8 (table 2) were observed.

Previous reports were from freshwaters of the 

European part of Russia (Leonov, 2009; Leonov 

and Plotnikov, 2009), Sweden (Siemensma and 

Roijackers, 1988a), Nigeria (Wujek and Ogundipe, 

2002), Canada (Nicholls, 1983), USA (Wujek et 

al., 2003b), Chile, and New Zealand (Dürrschmidt, 

1987b).

Pterocystis striata (Nicholls, 1983) Siemensma 

et Roijackers, 1988 [basionym: Acanthocystis striata 
(Nicholls, 1983)] (Fig. 4, d, e).

Spine scales with shafts are 2.0–2.8 µm long and 

0.14–0.20 µm in diameter, expand from the base and 

end with a rounded apex. The proximal part of shaft 

stretched out into oval membrane 1.7–2.5×1.6–1.9 

µm, with 30–34 radial ribs. The base of shaft with 

the small protrusion.

This species was described as Acanthocystis 
striata by K.H. Nicholls in 1983 from Canada. 

In 1988 F.J. Siemensma and R.M.M. Roijackers 

transferred this species to the genus Pterocysris 

(Siemensma and Roijackers, 1988a).

Only a few scales from sample 12 (table 2) were 

observed.

This is first record for Russia. Previous records 

were from fresh waters of Germany, Chile, New 

Zealand (Dürrschmidt, 1987b), USA (Wujek, 

2003a, 2005), Canada (Nicholls, 1983), Nigeria 

(Wujek et al., 2007), and Tasmania (Croome, 

1986).

Pterocystis tropica (Dürrschmidt, 1987) Sie-

mensma et Roijackers, 1988 (Fig. 4, f–h).

Spine and plate scales from a single cell occu-

pied an area 7.7–23.1 µm in diameter. Spine 

scales are 1.9–6.9 µm in length, with hollow shaft, 

0.07–0.20 µm in diameter, tapers to the apex. There 

are proximally rectangular lateral wings with the 

marginal rim located on the both sides of the shaft. 

The shaft curved at the base and with lateral wings 

forming bucket-like structure. The inner surface of 

spine scales with 7–9 parallel unequal ribs. Elliptical 

or oviform plate scales are of 1.9–2.8×1.2–1.8 µm, 

with median protrusions 0.41–1.28 µm in length.

Morphology and dimensions of the observed 

scales are close to subspecies A. tropica ssp. paucist-
riata described by M. Dürrschmidt from Chile 

(Dürrschmidt, 1987b), which lateral and basal 

wings have less number of radial ribs and plate scales 

without radial ribs. Later K.A. Mikrjukov placed this 

subspecies to Pterocystis tropica (Mikrjukov, 2002).

Scales of four cells from sample 10, nine cells 

from sample 11, and a few scales from samples 1, 8, 

and 13 (Table 2) were observed.

This is the first record from Russia. Previous 

records were from fresh waters of Germany, Sri 

Lanka, Chile (Dürrschmidt, 1987b), Nigeria (Wujek 

et al., 2007, 2011), India (Wujek, Saha, 2006), USA 

(Wujek, 2015).

Genus Raineriophrys (Mikrjukov, 2001) Mikrjukov, 

2002

Raineriophrys echinata (Rainer, 1968) Mikrju-

kov, 2000 (Fig. 4, i).

Spine scales with hollow shafts, 10.5–23.6 µm 

in length, and 0.40–0.56 µm in diameter, curved at 

the proximal part and pointed at distal part. Thare 

are lateral wings with a few teeth along the length of 

shaft. Lateral wings connected by a membrane with 

a heart-shaped base 1.5–2.2 µm in diameter.

A few scales from sample 5 (Table 2) were 

observed.

Previous records were from fresh waters of 

Russia (Leonov and Plotnikov, 2009; Leonov, 

2009, 2010, 2012; Leonov and Mylnikov, 2012), 

Ukraine (Gaponova, 2009), and The Netherlands 

(Siemensma, 1981; Siemensma and Roijackers, 

1988a).

Raineriophrys kilianii (Dürrschmidt, 1987) Mik-

rjukov 2001 (fig. 4, j, k).

Spine and plate scales from a single cell occupied 

an area 17.5 µm in diameter. Spine scales are 7.4–

10.6 µm in length, strongly curved and tapering to 

truncated apex. Hollow shaft with 2 narrow wavy 

lateral wings extending to 2/3 of the shaft length. 

Bases of the wings are bucket-shaped, 1.2–3.9 

µm in width. Ovoid plate scales are patternless, 

3.6–4.4×2.4–2.7 µm.
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Fig. 4. Electron microscopy of centrohelid species (SEM): a, b, c – Pterocystis pinnata (b – spine scale; c – plate 

scale); d, e – P. striata (spine scales); f, g, h – P. tropica (g – plate scale; h – base of spine scale); i – Raineriophrys 
echinata; j, k – R. kilianii. Scale bars: a, f, j – 10 5 µm; b – 5 µm; c, g, h, i, k – 2 µm; d, e – 1 µm.
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This species was originally described by M. 

Dürrschmidt from Chile (Dürrschmidt, 1987b). 

Our observations are very similar to this description, 

except for larger size of scale groups on the whole-

mounts (25–40 µm). F.J. Siemensma and M.M. 

Roijackers, on the contrary, described very small 

areas – 14 µm (Siemensma and Roijackers, 1988a). 

M.M. Leonov described a pointed apex of the spine 

scales (Leonov, 2012). In addition, some authors 

(Croome, 1987; Dürrschmidt, 1987b; Mikrjukov, 

2002; Leonov, 2012) described central ridge on the 

plate scales.

Scales of only one cell from sample 2 (Table 2) 

were observed.

Previous records were from fresh waters of the 

European part of Russia (Leonov, 2012; Leonov and 

Mylnikov, 2012), Germany, Chile (Dürrschmidt, 

1987b), The Netherlands, Sweden (Siemensma 

and Roijackers, 1988a), Tasmania (Croome, 1987), 

USA (Wujek, 2003a); from marine waters of the 

White Sea (Leonov, 2012).

Centroplasthelida incertae sedis
Genus Raphidiophrys Archer, 1867

Raphidiophrys intermedia Penard, 1904 (Fig. 

5, a–c).

Cell coverings were represented by one type 

of scales with complex structure. Scales are 4.6– 

9.2×2.5–4.9 µm, elongated to elliptical, rarely 

triangular or three-lobed. The margins of scales 

wrapped from the inside to the outer side, forming 

a rather wide rim (0.28–0.56 µm in width) with 

38–64 radial ribs.

Scales of five cells from sample 7 (Table 2) were 

observed.

Previous records were from fresh waters of the 

European part of Russia (Leonov and Plotnikov, 

2009; Leonov, 2009, 2010, 2012), Sweden, Holland 

(Siemensma, 1981; Siemensma and Roijackers, 

1988b), India (Wujek and Saha, 2006), Nigeria 

(Wujek and Ogundipe, 2002; Wujek et al., 2007, 

2011), Tasmania (Croome, 1987), USA (Wujek, 

2003a, 2003b, 2005, 2006), Canada, Chile, New 

Zealand, Malaysia (Nicholls and Dürrschmidt, 

1985).

Raphidiophrys minuta Nicholls, 1985 (Fig. 5d).

Roundish to oval plate scales 2.40-6.54×1.80-

4.95 µm, with radial ribs, without a marginal 

rim. Several scales from sample 13 (Table 2) 

were observed. This is the first record for Russia. 

Previous reports were from Canada (Nicholls and 

Dürrschmidt, 1985), Nigeria (Wujek et al., 2011), 

Australia (Croome, 1986).

Heterophrys-like organisms (Fig. 3, f–h).

Numerous radially oriented spicules from a 

single cell 5.0–8.3 µm in length occupied an area 

11.3–34.1 µm in diameter. The width of spicules 

ranges from 0.05 to 0.10 µm, being nearly the same 

along the entire length, tapering to pointed tips. 

Spicules are slightly flattened and smoothly spirally 

twisted.

Morphology and dimensions of the observed 

cells are similar to Marophrys marina (Hertwig et 

Lesser, 1874) Cavalier-Smith et von der Heyden, 

2007 (Mikijukov and Croome, 1998; Plotnikov and 

Ermolenko, 2015), but differs by slightly flattened 

and smoothly spirally twisted spicules. In addition, 

K.A. Mikrjukov described Marophrys marina with 

non-tapering spicules, with the length equal to the 

cell diameter (Mikrjukov, 2001).

Spicules of eight cells from sample 6 and three 

cells from sample 9 (Table 2) were observed.

Discussion

We observed 18 species of centrohelid helioz-

oans, 15 of which belong to five genera from four 

families; two species from one genus have an 

uncertain systematic position; and some belong 

to unidentified Heterophrys-like organisms (Table 

2). The greatest number of species belongs to the 

families Acanthocystidae and Pterocystidae (6 

species in each family). Two species belong to the 

family Raphydiophryidae, one to Choanocystidae.

Morphology of the observed scales is similar 

to those given by the other authors. However, we 

detected some slight differences in the size and the 

shape. The lengths of spine scales of Acanthocystis 
pectinata, A. penardi and Pterocystis paliformis were 

smaller than those reported earlier (Dürrschmidt, 

1985, 1987b; Siemensma and Roijackers, 1988a; 

Leonov and Plotnikov, 2009; Leonov, 2009, 2012). 

The observed spine scales of Choanocystis symna 

were slightly longer in comparison to the original 

description (Zlatogursky, 2014b). We did not 

observe marginal rim at the base of spine scales of 

Acanthocystis trifurca, mentioned in the description 

of K.H. Nicholls (Nicholls, 1983). We observed 

curved apexes of spine scales in Pterocystis kilianii, 
while Leonov (2012) described pointed apexes. The 
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Fig. 5. Electron microscopy of centrohelid species (a–c – SEM; d – TEM): a, b, c – Raphidiophrys intermedia; d – 

R. minuta. Scale bars: a – 20 µm; b – 5 µm; c, d – 2 µm.

size of the observed plate scales of Acanthocystis 
pectinata was slightly larger than that described by 

the other authors (Nicholls, 1983; Siemensma and 

Roijackers, 1988a). We observed plate scales of 

Pterocystis kilianii without axial thickening, while 

many authors reported it (Croome et al., 1987; 

Dürrschmidt, 1987b; Mikrjukov, 2001; Leonov, 

2012). All observed insignificant variability in 

size and shape of the scales could be due to the 

intraspecific variability. Thus, we supplemented 

and refined descriptions of many observed species.

The most frequently occurred species in 

the studied samples were Pterocystis tropica 

and Acanthocystis turfacea (found in 5 samples) 

and Acanthocystis penardi (4 samples). Twelve 

species (Acanthocystis lyra, A. pectinata, A. aff. 
takahashii, Polyplacocystis ambigua, P. symmetrica, 
Choanocystis symna, Pterocystis paliformis, P. 
pterocantha, Raineriophrys echinata, R. kilianii, 
Raphidiophrys intermedia and R. minuta) were rare, 

found only in one sample.

Most species are cosmopolitans. Two species, 

which distribution is not sufficiently studied, were 

recently described from the European part of 

Russia – Acanthocystis lyra and Choanocystis symna 

(Zlatogursky, 2014b; Gerasimova and Plotnikov, 

2016). Many species were previously found in 

marine and saline continental waters: Acanthocystis 
myriospina, A. penardi, A. turfacea, Pterocystis 
paliformis, P. pinnata and Raineriophrys kilianii 

(Croome et al., 1987; Siemensma and Roijackers, 

1988a; Vørs, 1992; Mikrjukov, 1999; Leonov, 2010, 

2012), and thus might be considered as euryhaline.

Three species (Pterocystis paliformis, P. striata, 
P. tropica) were reported in Russia for the first 

time. We found eight species in the Arkhangelsk 

Region (Acanthocystis trifurca, A. penardi, A. 
turfacea, Choanocystis symna, P. pinnata, P. tropica, 
Raineriophrys echinata, R. kilianii), all of which 

being the first records for the region. We found 

eight species from the Vologda Region (Acantho-
cystis lyra, A. trifurca, A. aff. takahashii, A. turfacea, 
Polyplacocystis symmetrica, Pterocystis pinnata, P. 
tropica, Raphidiophrys intermedia), six of them being 

new for this region, and two were previously reported 

– Acanthocystis trifurca and A. turfacea (Leonov, 

2012). We found seven species from the Republic 

of Karelia (Acanthocystis pectinata, A. penardi, 
Polyplacocystis ambigua, Pterocystis paliformis, P. 
striata, P. tropica, Raphidiophrys minuta), four of 

them being new for this region, and three species 

were previously reported – Acanthocystis pectinata, 
A. penardi, Polyplacocystis ambigua (Leonov, 2012; 

Leonov and Mylnikov, 2012; Zlatogursky, 2014a, 

2014b). Only Pterocystis tropica was found in all three 

investigated regions.

The species diversity of centrohelid heliozoans 

in the mires of the Arkhangelsk Region and the 

Vologda Region were the closest (the Sørensen 

similarity index 0.58), each having 9 species. The 
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species composition in the Republic of Karelia has 

small resemblance with the other two (only two 

species were common, Acanthocystis penardi and 
Pterocystis tropica).

From 1 to 7 species were found in the individual 

mire massifs (2.1 on average). The greatest number 

of species was found in the Nizinnoe mire (7 species) 

and Schichengskoe mire (6 species). It is worth 

noting that the same mire massifs were characterised 

by the large species richness of another group of 

protists, heterotrophic flagellates (Prokina et al., 

2016, 2017b).

The studied mire water bodies differed both in 

typology, genesis, and physical-chemical parame-

ters of water (Table 1). From 2 to 9 species were 

found in the mire water bodies (4.1 on average).

The least richness was observed in the laggs 

and the hollows in the ombrotrophic mires, having 

2 species each. At that, only these mire water 

bodies had Raphidiophrys intermedia (in lagg) and 

Raineriophrys echinata (in hollow). The low species 

richness in these ombrotrophic mire water bodies 

could be due to the oligotrophic character of the 

phytocoenoses in general, as well as hydrochemical 

water characteristics, being strongly affected by 

the Sphagnum mosses (projective cover reaching 

90–95%), and the low pH values of 4.2–5.5, lack 

of flowage, small depths, and fast warming, and 

also significant plankton development (Philippov, 

2014; Zaytseva et al., 2016; Stroynov and Phillippov, 

2017). Only three centrohelid species were found in 

the mire lake Krugloe (Acanthocystis pectinata and 

Polyplacocystis ambigua were found only here).

The greatest number of centrohelids (15 species) 

was registered in the water bodies of minerotrophic 

mires. Five species were found in the mire streams 

(Acanthocystis lyra and A. turfacea “gigas” only here); 

seven species were found in the space bet-ween the 

hummocks (Choanocystis symna and Raineriophrys 
kilianii only here); nine species were found in 

the flarks of the aapa mires (Acanthocystis aff. 

takahashii, Polyplacocystis symmetrica, Pterocystis 
paliformis, P. striata and Raphidiophrys minuta only 

here). These habitats are characterized by lower 

pH values (5.1–6.6), poor flowage, open water 

zones, and eutrophic phytocoenoses. As a rule, in 

the minerotrophic mire water bodies, centrohelid 

heliozoans tend to be present in the bottom detrital 

matter rather than in the water column. In general, 

the minerotrophic mire water bodies appear to have 

the most favourable environmental conditions, 

compared to ombrotrophic ones.

      Kristina I. Prokina, Dmitriy G. Zagumennyi and Dmitriy A. Philippov

The present study promotes the current know-

ledge of the centrohelid heliozoans species richness 

in the water bodies of northern mires. To date, 24 

centrohelid heliozoans species were reported for the 

mires of the northern part of the European Russia 

(Leonov, 2012; Leonov and Mylnikov, 2012; current 

paper). The data obtained in the present study 

challenge the assertion by M.M. Leonov (Leonov, 

2012) that northern mires have the lesser centrohelid 

heliozoa diversity compared with the mires of the 

forest steppe zone of the Central Russian Upland. 

Further investigations and analysis of the other types 

of mires and mire water bodies will help to reveal 

new species for the mire ecosystems, but also 

will gain some insight into the role of centrohelid 

heliozoans in the mire water bodies ecosystem 

structure and functioning.
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