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SUMMARY

At present, ittle is known about thdiversity andfunctioning of microbial communities in mire ecosystems.
Among protists, entrohelidheliozoans remain the least studied componentsiref microbialcommunities
The aim ofthepresent work was tdeterminehe species diversity of centrohelid heliozoatfve mountain
mires (peatlandsh North Ossetia and Kabardir@alkaria (North Cacasus Russia for the first time.The
morphology of cell coverings (siliceous scalegs observed using scanning and transmission electron
microscopyfor species identificatiarThirteen species from four families and six genera were recdtued.
new species Pterocystis anglocollegaruisp. n.) was describedAcanthocystis nigeriensisasfound for the
first time since its original description. Four speciese new records for RussiAcanthocystis nigeriensis
Pseudoraphidiophrys veliformifterocysis anapodaand Pterocystis anglocollegarump. n. The most
common species wekeanthocystis nigeriensié. trifurca, A. turfaceaandPterocystis pinnataAbove-water
microtopographial levels fummockand carpgtwerecharactesed by significantly higer species richness
than mire water bodieqin-mire lakes hollow-pools andinte-hummock spac}. Amongthe microhabitat
typesstudied moss extractsvere charactrised bythe highest species richnes3.here wagyreat similarity
betweenthe communites of bottom sediments and water surfa€aur results also showed that water
temperaturend pHsignificantlyinfluenced the species richness thfe studied biotopes

KEY WORDS: KabardineBalkaria, North Ossetigyrotists,Pterocystis anglocollegarusp. n, Sphagnum

INTRODUCTION exception of one genu®xnerellg which lacks them.
The morphology of centrohelids began to be actively
Little is known about the functioning of microbial studied with the spread of electramicroscopy
cenocesn mire ecosystems at present. However, théNicholls 1983 Duirrschmidt 1985, 1987a,1987h
microbid component of mire waters accounts forCroome 1986, 198 Biemensm& Roijackers 1988
about 50% of the total metabolism of themire  Mikrjukov 1993a, 1998b, 1999 2001, etc.) and
ecaxystem (Gilbert et al. 1998). Centrohelid cortinues to this dayOnly about 100 morphospecies
heliozoans play ammportant role in the aquatic food of centrohelid heliozoans are knowmand t is
web since they feed on small protiatel bacteriand assumed thabnly 10% of centrohelid heliozoan
thereby are able to control their numbers diversityhas been studigtus far(CavalierSmith&
(Siemensma 1991, Arndt 1993, Stensdotter von derHeyden2007)
Blomberg 1998). Despitethis important role The diversity of theentrohelids has been studied
centrohelidgemain the least studied components ofinevenly, withmore intensive exploration isome
aguatic ecosystems, including mire waters. regionsthanin others The gecies composition of
Heliozoansform a polyphyletic group of protists centrdnelids in miredas beepoaly investigatedin
with a spherical cell body, radially diverging EuropeanRussia mires were studied only inthe
axopodia, and an external cell covering (siliceous dlorthern region (Arkhangelsk, Vologda and
organic scalesand, less often organic capsules). Yaroslavl Regions anthe Republic of Karelia, 27
Among these organisms, the largest monophyletiobserved species) l(eonov & Plotnikov 2009,
taxon is the centrohelid heliozoansLeonov 2010a201(, Leonov & Mylnikov 2012,
(Centroplasthelida Febw@hevalier & Febvre, Prokinaet al. 2017) and in the Central region
1984), related tothe Haptista (Adl et al 2019) (Voronezh Region, 18bservedspecies)Rrokinaet
Centrohelids are distinguished by theegence of al. 2018. To the best of our knowledge, centrolsli
siliceous or (rarely) organic scales with the from mountain mires, including the Caucasus, are
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compleely undescriled Most of the information on
diversity of centrohelid heliozoangn mires laclk

detailed descriptiof the miretype the vegetation
associated with the biotopehe type of bottom
sedimers, andthe hydrochemical parametefBhese

HEEROMOARMST HRNORTEGAUCASUS

secondary hollowools(0.5'2.0min depth 10i 100
m?in area.

Konskoe Mire (Figure le)and ZayachyeMire
(Figure 1f)are locatedhear the villagef Verkhnyaya
Balkaria in the interridge space othe Northern

factorsare extremely important for understanding th€Jurassic) Degssion(1776and1810m a.s.l). The

distribution patterns ahicrobial eukaryotes
The aim of this work was to identify éhspecies

composition and morphology of the centrohelidt h e m

names othesemires arenot official since the area
does not exceed @25 knt and localpeoplecall
simply 0l Th&mresoare ofr

heliozoans fromi¥e mires of the North Caucasus limnogenous origin (Busch 1932n the middle of

andto analyse their biotopic distribution.

METHODS

Study area

each of them, there is a residual flowingmire lake
surrounded by Carex Carex3hagnum and
Shagnum communities The mnires can be
charactesed as oligotrophic, partially mese
oligotrophicSphagnunmires.On the mires there are
traces of burning, which are indicated Molinia

The study area is located ithhe central part of the coerulea(L.) Moench.Both mires are recommended
northern slope of the Main Caucasus Range. Fivier protection(Prokinet al 2019).

mountain mires (peatlands)eve studied(Figure 1):
Kubus and Chifandza(lrafsky District of North
Ossetid, Ushtulu, Konskoe and
(Cherekskiy District of KabardinBalkarig).

Kubus Mire (Figure 1l1a)is located on Kubus
Mountain. It isa small oligotrophicSphagnummire
with an even or slightly hummocky structure.
Sphagnum and CarexShagnum communities
predominate in the vegetation cover. Thexee
several CarexSphagnum hollows and a small
(~2m?  hollow-pool. The mire is intensively
frequentedy tourists.

ChifandzarMire (Figure 1b)is located in the
upper reaches of théharesidorRiver in Digorskoe
Gorge (2290m a.s.l). This large mire is locatesh a
flat raisedterrace on the left bank of the rivahe
mire has hummocky micratopographyand can be
categorised as belonging among the eutro@iaiex
and CarexSphagnummires The vegetationis
dominated by Carex species while Sphagnum
species are few and scarceThe hydrographic
network is represented bynte-hummock space
small Sphagnumhollows, laggs turning into mire
streams, as well apassingstreams whichpartly
disappeainto peat deposits. Slopes surroimglthe
mire and parif the mire itselfare used for cattle
grazing. Chifandzar and Kubu#/ires are located
withinthenat i onal par k

UshtuluMire (Figure 1c1d) is locatedwithin the
KabardineBalkaria State HigtMountain Reserve,
in the uper reaches of the Balkarsk@herekRiver
(1995m a.s.l). It is a eutrophicCarexand partially
CarexSphagnunslopemire with springs of mineral
(A Nar z ggroun)lwater. The vegetation is
dominatedby Carex rostrataStokes. Mirewater
bodiesare presented hyrassgrassHypnalesgrass
Shagnuminte-hummock spacesnd a series of
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Zayachye (1932, Knyasev et al

Additional informationon mires ofthe studied
area arepresentedn the following articles: Busch
(1992, Doroshina &
Nikolajev (2018, Doroshina & Yakimov(2019,
Prokinet al. (2019, including dataon protistqtestate
amoebae and heterotrophic flagellatgs
(Tarnogradsky 1959, Prokina & Philippov 2017).

Field methods and data collection

Field surveywascaried out in June and September
2018according to a standard technid@hilippov et

al. 2017).For each samplelot, geobotanicatelevés,
photo and video recordisgwere made and
hydrological measurement (groundwater level,
water temperature (t, °C), pH and total dissolved
solids (TDS, ppn) were rmade using portable HI
98201 and Combo HI 98129 edces (Hanna
Instruments)Sixteenmosssamplesvere takerfrom
different microhabitat (Table 1).Thesewere wrung

out

extracts©o

hand and t he resu
hplgecd intd15 mlrplasticw e r e

by

tubes and transported to tlaoratory at £C along
with other samples from the bottom sediments and

water surface

Laboratory methods
In the laboratory sampleswere enriched with a

i Al a reuspeasion ofPseudomonas fluorescendigula,

1895 bacteria and@odo saltansEhrenberg, 1838
flagellate cell cultureand placed in Petri dishes.
Samples were kept at 22 in the dark and observed
for tendays toestablishthe cryptic species diversity
(Vars 1992). An AxioScope Al light microscope
(Carl Zeiss, Germanyyvith DIC and phase contrast
and water immersion objectives (total magnification
x1120) was usedfor observations of living cells.
Specimens for lectron microscofy were prepaed
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Figure 1. Mires of the North Caucasus: (a) Kubus; (b) Chifandzar; (c) and (d) Ushtulu; (e) Kc
(f) Zayachye. Photos: D.A. Phlbov.
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Table 1. Characteristics of the studmites

Name_ of Biotope Coordinates Water level pH OT DS No. Microhabitat Date
the mire (cm) (°C) | (ppm) | samples
P Bottom sediments
Kubus Hollow - pool 42053.35..N +25t0+40|6.1| 18 7 ! (resuspension) 15 Sep 2018
43°34'42" E
2 Water surface
2t0+2 |57| 13| 6 3 Ezféts‘f:: Z?]‘l'irgﬁ)”ts 03 Jun 2018
Carex rostrata Hypnales intethummock 42°55'12" N bt
space 43°30'55" E 4 Campylliumstellatum
-2to+2 | 6.7] 12 8 (mossextract) 18 Sep 2018
Chifandzar Water surface
Nardus strictum Carexspp.- Sphagnum 42°55'08" N| i Sphagnum magellanicur]
magellanicumhummock 43°30'48" E 1510-20 | 4.9) 15 20 6 (moss extract) 03 Jun 2018
Carexspp.- Nardus strictum Sphagnum 42°55'08" N| i Sphagnum teres
tereshummock 43°30'51" E 15to-17 16.7) 14 45 / (moss extract) 03 Jun 2018
Carex rostrata Sphagnum squarrosum 42°58'D" N | ) Sphagnum squarrosum
hummock 43°19'57"E 7t0-12 145} 20 35 8 (moss extract) 215ep2018
42°58'D"N | .. Sphagnum teres
Carex rostrata Sphagnum terdsummock 43°19'57"E 6to-7 |5.6| 20 40 9 (moss extract) 09 Jun 2018
Carex rostratanter-hummock space jgoggggg +5t0+10 | 5.6] 19 50 10 Water surface 09 Jun 2018
Ushtulu _Carexrostrata- Utricularia intermedia 42058I26"N 21045 |67! 16 35 11 Bottom sedl_ments 21.Sep2018
interhummock space 43°20'03"E (resuspension)
: 42°58'2" N Hamatocaulisvernicosus
Hypnales carpet around a mire pool 43°20'03"E -1to+2 |6.4| 17 70 12 (moss extract) 21Sep2018
Carex irrigua- Calllfargon richardsonii 42058.26 "N 1t0-2 |55/ 18 65 13 Calliergon richardsonii 09 Jun 2018
carpet around a mire pool 43°20'03"E (moss extract)
Carex irrigua- Ham_atocaulls vernicosus 42058IZB "N 1t0-2 56| 19 60 14 Hamatocaulis vernicosus 09 Jun 2018
carpet around a mire pool 43°20'03"E (moss extract)
Carex spp.- Sphagnum flexuosum 43°06'03" N| Sphagnum flexuosum
Konskoe S. obtusuncarpet around animire lake 43°29'02" E 2to+1 16.0) 20 25 15 (moss extract) 06 Jun 2018
Zayachye | In-mire lake f’éoggig E +30to +80| 5.2 18 40 16 Water surface 22 Sep2018
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according & previously described methods morphological characteristics of investigated
(Moestrup& Thomsen 1980, Mikrjukov 2002) and siliceous scakehavirg an important diagnostic value
observedn a JEM1011 (EOL, Japan) transmission are listed below.

electron microscop€TEM) and a JSMB510 LV

(JEOL, Japan) scanning electron microsc@pEM).

Heliozoans were picked from the samples cell by ceDIAPHORETICKES Adlet al., 2012

by micropipettgfor SEM preparations. Concentrated*HaptistaCavalierSmith, 2003

samples were used for TEM preparations. ** Centroplasthelida Febwehevalier & Febvre, 1984
dendrogram showing the similarity of the water***Panacanthocystida Shishkin & Zlatogursky, 2018
bodies by species composition was drawn on th&**Acanthocystidae Claus, 1874

basis of the Bay-Curtis similarity index using the

single linkage algorithm in the PAST softwareAcanthocystis nigeriensi8Vujeket al,, 2007
package (Hammeret al 2001). The -current (Figure 2&2c)

centrohelidtaxonomicsystem (Adlet al. 2019) is Description: Spine scales consist of hollow

used. cylindrical shaft and a circular flattened base. Shatft is
3.20'8.68 um in length, 0.1%.23 um in diameter,
RESULTS base is 0.580.86 pum in diameter. Tip of shaft is

0.160.25 um in diameter, divided ori 2 pointed
. . " furcae (0.110.22 pum in length). Triangular plate
o in Al are 22333175262 m, wih dense

) . T | 'margins and a short axial ridge (G:B7/52 pm in
Raphidocystidae and Choanocystidae) and six gen%angth)
(Acanthocystis Choanocystis Pterocystis '
Raineriophrysand Raphidocystis were observed. Remarks: This species has been previously noted
Data on the distribution of centrohelid specieonly once, from freshwater habitats in Nigeria
amongst water bodies and habitat types are present@dujek et al. 2007). The morphology of observed
in Table 2; morphometric characteristics of thescales corresponds with the original descriptions,
observed species and number of observed cells pgxcept the length of spine scales in type material is
sample site are provided in the Appendix. Theshorter (1.53.0 pm).

Table 2. Species diversity of centrohelid heliozoans istildied mire biotopes. Samples numbers correspond
with Table 1.

Sample number
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Acanthocystis nigeriensis L SN N I I E N N | T [

A. penardi T T S S S S
A. trifurca [
A. turfacea O A K N R K NN NN [ IR N |
Raphidocystis symmetrica [N I I IR E E N N R e S N R |
Choanocystis aculeata [N N A I N N R N A N NN N NN N B |
Pseudoraphidiophrys veliformis |7 1 T+ 1 i + 1 1 ¥ 1 7
Pterocystis anapoda [N [ (N (N (N E (N I N B |
P. anglocollegarunsp. n. [ Y A I N N N N N B |
P. pinnata [ R R S N S I B
P. tropica T T S TR
Raineriophrys erinaceoides (NN Y A I Y N O N N N NN N N N B |
R. kilianii [ N (R KN NN R N R R R
Total number of species 13 2 111 2 1 2 1 2 4 2 2 1 1

Centrohelid species

T T T T+ o+

i i + + i i i i + + g i

+ =+ ==
+ = = = =

+
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Figure 2. Morphology of observed scales of centrohelid ganasthocystis(a) (g) and(i) SEM, (h) TEM.
(a)i (c) A. nigeriensis (a) scales of a single cell; (§¢) spine and plate scales.i(ff) A. penardi (d) scales
of single cell; (e) spine scales; (f) plate scales.((gA. trifurca: (g) scales of single cell; (h) spine and pl
scales; (i tips of spine scales. Abbreviations: aaxial ridge; bs-base of spine scale; #ifurcae;
gr=granules; pl.se plate scales; shshaft of spine scale; spsepine scales.
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Acanthocystis penardi Wailes, 1925 [syn.. membrane, whichis often poorly developedor
Acanthocystis  heterospina Nicholls, 1983; almost completely reduced. Shaft is .2%16 um n
A.dresscherSiemensm& Roijackers, 1988] diameter. Long spine scales are 118550 um in
(Figure 2di 2f) length, furcaeare 0.90'3.0 um inlength distance
between furca tips is 1.48.79 um. Base is 0.80
2.28 um in diameter. Short spine scales arei Z.818
gm in length, furcae are 0.7R.37 pm in length,
distance between furca tips is 1i@463 um. Base is
0.80'1.44 ym in diameter. Oval or almost circular
plate scales are 2.22.09x1.78 3.17 pum, with axial
ridge and dense margins on some scales.

Description Spine scales consistof hollow
cylindrical shaft and a circular flattethdase. Shaft is
3.7914.88 pm in length, 0.2D.37 um indiameter,
base is 0.891.39 um in diameter. Shaft tips are 0.33
0.48 pm in diameter, possesi 7 furcae (0.120.16
pm in length)Oval plate scales are 3i4528x% 2.32
2.54 pm, with dense margins and concenliyca
oriented granules. Remarks: We observed two variations of cells,
figiga® awridiso esnoticedby Leonov 2012) but
never officially describedThe frst variation {igiga® )
2012 Leonov & Plotnikov 2009, Leonov & (Figure3ei 3h) differsfromthes e ¢ owridiso {Figure

. . 3ai 3d) by having significantly larger sales (long
gﬂoyir%lfo;()lzg)lﬁer;eit;c;g(lE;sskxl Zd%’g Szrﬂ?gr;?)gtn :\I/é spine scales are 211829.50 pm, shprt spine scales
2008) Estonia (Mikrjukov 1993h) Netherlands, are 3'277'43.“”]’ plate scales are 2"520.9 um),the_
Sweden(Siemensma: Roijackers 1988)Mongolia presence of i24 small teeth on furca tips of spine
(Kosolapova& Mylnikov 2015) Ethiopia (Prokina scgles_, anthesmooth surfac_e of plate scales without
et al. 201h); Canada (Nicholls 1983) Chile axial ridge and dense margins.

(Durrschmidt 198& Prokina& Mylnikov 2019)  Distribution: Freshwaters athe European part of
Malaysia (Durrschmidt 19&y. Russia Mikrjukov 19933 Leonov& Plotnikov2009
Leonov 2016, Plotnikov & Ermolenko 2015

Acanthocystis trifurca Nicholls, 1983 [syn.: Prokinaet al. 2017%, 2018) Sweden Zlatogursky
Acanthocystis myriospinaPenard, 1890 sensu 2014) Japan (Takamuraet al. 2000} Canada
Durrschmidt, 1985]Kigure2gi 2i) (Nicholls 1983) Australia (Croome 1986)Chile
(Dlrrschmidt 1985); Baltic Seaj6a ( VRBr s 1992

hite Sea, 24 ( L e 20d0a);wnarine waters of

ntarctica, ~38 ( Cr oeb ahel987) saline
inland waters of European part Rfissia, 3042 a
(Plotnikov & Gerasimova 2017Black Sea, ~18&
(Prokinaet al.2019)

Distribution: Freshwaters athe European pa of
Russia (Mikrjukov 19933 Leonov 2009, 2014

Description Spine scales consisiof hollow
cylindrical shaft and a circular flattened base. Shaft i
2.47110.90 pm in length, 0.19.23 pm in diameter,
base is 0.551.0 um in diameter. Tip of shaft is 0i20
0.32 um in diameter, divided on intedfurcae
(0.120.33 um in length). Oval pte scales are 2.19
3.21x1.492.11 pm, with axial ridg€0.56 0.69 pum

in length) and dense margins. Some plate scalé$**Raphidocystidae Zlatogursky in Zlatogursky et
possess rare thin granules. al., 2018

Distribution: Freshwaters of European part of Russi . . ,
(Mikrjukov 1999 Leonov & Plotnikov 2009 [as ?Qaphldocyst|$ymmetnca(Penard;L904)Zlatogursky

S . in Zlatogursky et al., 2018 [basRaphidiophrys
A.myriospind Leonov 201@, Plotnikov & : ] :
Ermolenko 2015 Prokina et al. 201%, 2018; symmetrica Penard, 1904; syn.Polyplacocystis

Switzerland (Zlatogursky 2014thiopia (Prokinet  SYMMetricdPenard, 1904) Mikrjukov, 1996]

al. 201'M), Australia (Jas A. myriospingd Croome (Figure 4a4g)

1986) Chile (JasA. myriosping Durrschmidt 1985) Description:Oval plate scales avk64i 8.48x 2.08
Canada (Nicholls 1983) Brackish waters of 3.09 um. Length to width ratio .84 4.05. Hollow
European parpf Russia, & ([as A. myriospind  dense marginal rim is 0.20.34 um in diameter.

Plotnikov& Gerasimova 2017BlackSea, 1618a Inner surface with reticular structure, divided into
([as A. myriosping Leonov 201@, Prokinaet al. two halves by longitudinal rib (0.08.12 um in
2019. length).

Distribution: Freshwaters othe European part of
Russia (Leonov201(, Prokina et al. 2017%);
Description: Spine scales of two types, comsijgdf  Sweden, Netherlands (Siensema & Roijackers
hollow cylindrical shaft and a circular flattened base1988; Canada (Nicholls& Durrschmidt 1985)
Tip of shaft dividedinto two furcae, connected by Greenland (lk&valket al. 1996).

Acanthocystis turface&arter, 1863Kigure3)
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***Ptarocystida CavalietSmith & von der Heyden, 0.31um in diameter). Distal part of shaft is Oi2231

2007 pm in diameter, with &7 terminal teeth. Heart
***Raphidista Shishkin& Zlatogursky, 2018 shaped base of shaft is 1i@%47 pm in diameter.
*xk*Choanocystidae CavalielSmith & von der Dumbbellshaped plate scales are 4.3%8 um in
Heyden, 2007 length, broadest parts are 2.39L1 pum in width,

narrow catral part is 0.861.70 um in length.
Choanocystis aculeatdHertwig & Lesser, 1874)
Siemensma & Roijackers, 1988 [syAcanthocystis

iﬁ;ﬁtsa l'ggé‘i‘”(?:i & Lj.;se“ 1874,A. sermata 5416y ‘Estonia  (Mikrjukov  1993h) Sweden,

' gure 4cH) Netherlands (Siemensma & Roijackers 1988jlia
Description: Spine scales consist of hollow(Wujek & Saha 2006)China (Biyu 2000) Japan
cylindrical shaft and a circular flattened base. Shaft ifTakamuraet al. 2000} Australia (Croome 1986)
4507.70 pm in length. Proximal part of shaft isUSA (Wujek 2005) Canada (Nicholls 1983Chile

0.45 0.61 um in diameter; consists of round finger (DUrrschmidt 1985). Brackish inland waters of the
shaped outgrowths (0.106.24 um in length, 0.05 European part of Russiai8 a ( Mi k9989).u k o v

Distribution: Freshwaters athe European part of
Russia (Mikrjukov 1993a, 1995, 1999, Prokataal.

Figure 3. Morphology of observed scales of centrohelid spégasthocystigurfaceg SEM. (a) (d)
A. turfaceafviridiso : (a) scales of single cell; (b) st
(d) short spine scalege)i (h) A. turfacea figigasd : (e) scales of single
spine scale; (h) tips of long spine scales. Abbreviations: I.sposg spine scales; sh.spssshort spine
scales; thrteeth.
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Figure 4. Morphology of observed scales of centrohelid gerRRamhidocystis Choanocystis
Pseudoraphidiophryqa) TEM, (b) (i) SEM. (a) (c) R. symmetrica(a) scales of single cell; (kc) plate
scales. (d)(f) C. aculeata (d) scales of single cell; Yespine scales; (f) spine and plate scaled.({g
P. veliformis (g) scales of single cell; (h) plate scales; (c) spine scales. Abbreviatierlengitudinal rim;
m.d=medial depression; n=marginal rim; ote=outgrowths; r.=radial ribs; s.p= subapical protrusion.
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