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Abstract: Sampling of fungi in a grassland on a hill in Rojkov, Central Slovakia, revealed a new species of
Luticola (Diadesmidaceae). Its terrestrial populations were found close to the basis of the fertile part of the geo-
glossoid fungi (Geoglossaceae) that were overgrown with filamentous cyanobacteria of the orders Oscillatoriales
and Synechococcales. Luticola rojkoviensis sp. nov. is characterized by the valve outline and the structure of the
external valve face: valves are weakly dorsiventrally asymmetrical, rhombic—lanceolate in larger cells to rhom-
bic—elliptic and tri—undulate in smaller cells, with shortly protracted and broadly rounded valve apices. Valve
face is minimally concave, as the axial area is lowered and the area around distal raphe elevated. The surface
of the valve is mostly uneven due to many depressions, so the external shape of the areolae and the impression
of irregular longitudinal rows depend on the extent of these valve ornamentations. Proximal raphe endings are
unilaterally slightly deflected, expanded into small central pores. The shape of both the proximal and the distal
raphe fissures is slightly asymmetrical. The morphological characteristics of Luticola rojkoviensis sp. nov. are
remarkably similar to those of L. hustedtii Levkov, Metzeltin et A.Pavlov, L. ectorii Levkov, Metzeltin et A.Paviov
and L. acidoclinata Lange—Bertalot. The association of Luticola rojkoviensis sp. nov. with geoglossoid fungi

and epiphytic cyanobacteria is discussed.
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INTRODUCTION

Since the establishment of new genus Luticola D.G.
Mann in 1990 with the type species L. mutica (Kiitz.)
D.G.Mann, the number of taxa has grown enormously,
from 30 in 1990 (RounD et al. 1990) to 239 taxa in
2020 according to Algaebase (GUIRY & GUIRY 2020).
The increase of new Luticola species reflects intensive
studies, mostly based on materials from extreme regions
including Antarctica (VAN DE VIVER et al. 2006; KoPALOVA
et al. 2009, 2011; ZiDAROVA et al. 2014; KOHLER et al.
2015; KocloLEx et al. 2017), South America (WETZEL
et al. 2010; STRAUBE et al. 2017), islands in the southern
Indian Ocean (CHATTOVA et al. 2017), Madagascar (BAK
et al. 2019) and Asia (GLUSHCHENKO & KULIKOVSKYI
2015; GLUSHCHENKO et al. 2017) and also on historical
diatomological collections. The number of endemic
species from these extreme regions is high, and many
of them have been found in soil and subaerial habitats
(KocioLex et al. 2017).

Representatives of the genus Luticola occurring
in Europe have been summarized in the monograph on

Luticola and Luticolopsis in the edition ,,Diatoms of
Europe®, 24 of which have been identified as new taxa
(Levkov et al. 2013). The authors presented a synopsis
and revision of approximately 200 taxa. For practical
reasons, they assigned these taxa to 17 artificial groups
(group A — group Q) exclusively on the basis of eight
morphological characteristics, without a consideration
of their systematic and phylogenetic relationships,
geographical distribution and ecological requirements.
Later records from Europe come from studies of
microecosystems and are important for knowledge of the
local algal microflora, e.g. findings of L. frequentissima
Levkov, Metzeltin et A.Pavlov from alkaline and near
neutral waters, soils, acrophytic places in the Bieszczady
National Park and the Magura National Park in Southern
Poland (NogGa et al. 2017). LEvkov et al. (2017) pro-
vided knowledge about the halomorphic soil microflora
in Gladno Pole, an extreme environment in Macedonia.
Four taxa were described as new halophytic diatoms.
Many modern molecular studies have been carried
out on diatoms (e.g. SOUFFREAU et al. 2013; PINSEEL et
al. 2016; AsHwORTH et al. 2017; OGURA et al. 2018),
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nevertheless the description of new taxa remains so
far based on detailed morphological characteristics of
frustules. Some molecular studies necessitate reevalu-
tion of the concept of the family Diadesmidaceae sensu
RounD et al. (1990) and Guiry & GUIRY (2020). In
the phylogenetic trees of ANDREEVA et al. (2016) and
Naxkov et al. (2018) the genera Luticola, Diadesmis and
Humidophila (with species mostly reclassified from the
genus Diadesmis) are not closely related and most prob-
ably have a different evolutionary history.

In the last decade, floristic observations in the
Rojkov area (Velkd Fatra mountains, C Slovakia) were
carried out in connection with initiatives to protect
the travertine flora, incl. the microflora of the Nature
Reserve (NR) Rojkovské raselinisko and of the mineral
springs of the NR Mociar, a fen located near the village
Stankovany (TOPERCER & BERNATOVA 2013; HINDAKOVA
& HINDAK 2015).

In the present study we describe a new terrestrial
Luticola species from grassland on the hill in the village
of Rojkov. In winter, this hill is used for skiing, therefore
grassland is maintained by mowing or grazing by sheep
throughout the year. The populations of L. rojkoviensis sp.
nov. were present close to the basis of the fertile part of
geoglossoid fungi (Geoglossaceae) which were overgrown
by filamentous cyanobacteria. The ultrastructure of the
new Luticola species reveals a morphological similarity
to species that have been placed in group ,,N — species
with rhombic to rhombic—lanceolate outline and/or nar-
rowly capitate/rostrate apices” (e.g. L. hustedtii) or in
the group ,,D — small species with rhombic—lanceolate
valve shape* (e.g. to L. ectorii) according to LEVKOV
et al. (2013). The groups are not strictly defined in this
monograph, in the case of overlapping morphological
features it is possible to consider several of them.

Luticola rojkoviensis, a new terrestrial pennate
diatom, is the result of our interest in associations of
geoglossoid fungi (earth tongues) and epiphytic fila-
mentous cyanobacteria of the orders Oscillatoriales and
Synechococcales.

MATERIAL AND METHODS

Field sampling. The samples studied were originally col-
lected as mycological material from a grassland of the hill
in the village of Rojkov, Velka Fatra Mts (GPS coordinates:
49°08'52.8"N 19°09'15.1"E). The rock environment is formed
by the Mraznica Formation (grey marly limestones and marly
shales) which is covered by diluvial Quaternary sediments
(loamy—stony talus sediments) (POLAK et al. 1997). The sam-
pling point is supplied by groundwater from the slope, from
the south (MALIK et al. 2006).

Our observations have revealed that Trichoglossum
octopartitum, a representative of geoglossoid fungi known as
earth tongues, serve as a substrate for filamentous cyanobacteria
and various soil algae. In the field, 34 cm large fertile above
ground parts of fungi were collected in November 2018, May
and October 2019. These fungi are rare in Slovakia, therefore
only some pieces were detached from the soil and stored in

plastic containers. In the laboratory, the black fertile parts of
fungi were placed in Petri dishes containing a thin layer of
Bold’s Basal medium (BBM) agar and maintained as a sub-
cultures (Zimmerkulturen). In some Petri dishes with material
from 2019, brown colonies of diatoms were visible in a few
days on the lowest part of the fungi. Cells of Luticola species
were inoculated in new Petri dishes with BBM—agar to prevent
overgrowth by other cyanobacteria and algae. They were kept
as natural populations in the culture room at a temperature
21 °C, illumination 20 mmol.m2.s™! for a maximum of several
weeks. For documentation purposes, part of the material was
fixed in alcohol. To prepare permanent slides, the material was
first cleaned with distilled water, then boiled in 30% H,0O, for
2 hours and washed three times with distilled water. Small
amount of sample was placed on the cover glass, left to dry
and mounted onto glass slides with Naphrax diatom moun-
tant. Light microscope observations were carried out with a
Leitz Diaplan microscope, and micrographs were taken with
a digital microscope camera Zeiss AxioCam ICc3. For SEM
observations, the cleaned material (boiled with 30% H,0,
and thoroughly washed five times with distilled water) was
placed on a Whatman Nucleopore 5 pm mesh polycarbone
membrane on aluminium stubs and coated with 20 nm gold.
Ultrastructure of diatoms was examined under a Hitachi SU
8010 scanning electron microscope at the University of Rzeszow,
Poland. The studied material (permanent slides and cleaned
fixed materials) is deposited at the CBRB Institute of Botany,
Bratislava, Slovakia, and the SEM material at the University
of Rzeszow, Poland.

RESuULTS

Luticola rojkoviensis Hindakova et Noga sp. nov. (Figs
1-30: LM, Figs 31-46: SEM)

Description: Cells solitary, naviculoid, weakly asym-
metrical with respect to the apical axis, containing a
single lobed chloroplast, H-shaped in girdle view. One
central pyrenoid, oval in valve view, lying near the girdle
on the secondary side of cell. Frustules rectangular in
girdle view (Fig. 21, 38). Valve mantle with single row
of round areolae, each girdle band with two rows of
round poroids (Fig. 38).

Valves thombic—lanceolate to rhombic—elliptic with
weakly tri—undulate margins in smaller cells (Figs 9, 11).
Valve apices slightly protracted to broadly rounded, bent
to the secondary side of valves. Valve length 11.7-32 um,
valve width 6-9 pm (the valve ratio by smaller valves
2.2:1, by larger valves 3.6:1). Valve face flat or uneven
due to numerous shallow depressions, not penetrating the
valve. Depressions ranging from indistinct (or missing,
Fig. 31) to markedly formed throughout the valve face
(Figs 34-36, 39—-44). Axial area narrow, linear, slightly
expanded near central area and very slightly lowered
(Fig. 36). Central area wide, weakly asymmetrical,
wedge—shaped, on both sides bordered by 3-5 isolated
round areolae. Stigma single, round, distinct, in asym-
metrical position in the central area — near the valve
margin of the secondary side, isolated — never associated
with a stria. The internal opening of the stigma covered
with a tongue-like structure (Fig. 37).
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Striae uniseriate, distinctly punctate in LM, radiate
throughout, on the secondary valve side mostly inter-
rupted in the first fifth of the cell length (Voigt discon-
tinuity, in small valves causes change in direction of
striae to divergent, arrows in Fig. 37). Striae in smaller
specimens (21)-22-24—25) in 10 um, in larger speci-
mens (18)-19-21 in 10 pm, composed of 2—7 areolae
arranged at an irregular distance giving the impression
of irregular longitudinal rows in LM (e.g. Fig. 22).
The external opening of areolae round to transversely
elongated, even variable in one stria, recessed or not
recessed in the valve depressions. Internally areolae
occluded by hymenes which tend to merge into strips —
these connections remain narrower and the entire strip
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is strangled (Figs 37, 45, 46).

Raphe branches straight. Proximal raphe endings
unilaterally slightly deflected to opposite side to stigma
(primary side of the valve), slightly asymmetrical and
expanded into small central pores. Distal raphe endings
unilaterally hooked to the stigma side (secondary side of
the valve), first deflected towards the primary side of the
valve, then bent to the secondary side of the valve, but
remaining positioned on the primary side of the valve
according to the apical axis (e.g. Fig. 42), in the shape
of a question mark up to a bayonet—shape in larger cells.
The proximal raphe fissures differ negligibly in shape
from each other (Figs 40, 44), as do the distal raphe
fissures (Fig. 41).

IR

U142 WO

Figs 1-30. Luticola rojkoviensis sp. nov. LM: (1-20) small weakly asymmetric valves in valve view, (9, 11) focus on triundulate valves, (17) the
arrows point to Voigt discontinuity; (21) small frustule rectangular in girdle view; (22-30) large valves, (29) designated holotype, (28) arrows

point to Voigt discontinuity. Scale bar 10 pm.
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The part of valve apex with distal raphe endings very
slightly elevated (Figs 36, 43, 44). Distal fissures termi-
nating on the valve mantle near the edge. Internal raphe
slits simple and straight, proximal raphe fissures slightly
deflected towards stigma (Fig. 46), the distal raphe fis-
sures also bent to the stigma side and ending in rather
inconspicuous helictoglossae (Figs 37, 45). Marginal
channel located on the valve face—mantle, indistinct,
occluded with hymen (Figs 37, 45, 46).

Holotype (designated here): Slide AH2019-755 in Coll.
Herbarium of A. Hindakova, at the CBRB, Slovakia.
Holotype specimen is represented by Fig. 29.

Type locality: grassland on a hill in the village of Rojkov,
GPS coordinates: 49°08'52.8"N, 19°09'15.1"E, Velka
Fatra mountains, Central Slovakia. Leg. V. Kucera.
Etymology: The specific epithet refers to the type local-
ity Rojkov.

Distribution: Species so far found only in the type locality.

Luticola rojkoviensis sp. nov. resembles some species
which are included in groups N and D sensu LEVKOV et
al. (2013). Its main morphological features and those of
similar species, together with their habitat preferences
are summarized in Table S1. In similar taxa, we used
only the original descriptions to avoid some inaccuracies
in their characteristics included in the monograph (e.g.
cell dimensions, expression of the shape description),
which are related with the fact that the source material
was obtained from different sites, not from a type lo-
cality. Information given in Table S1 together with the
information in the Luticola and Luticolopsis monograph
published by LEvkov et al. (2013) is the subject of our
discussion.

DiscussioN

Luticola rojkoviensis sp. nov. is morphologically re-
markably similar to L. hustedtii Levkov, Metzeltin et
A.Pavlov, a representative of the group N sensu LEVKoOv
et al. (2013). What separates these species is the valve
outline — valves are more rhombic, distinctly expanded
in middle, minimally asymmetric and the valve ends
are slightly protracted to subcapitate in the latter.
Furthermore, in the shape of proximal raphe slits, they
are slightly deflected in a new species and perpendicularly
deflected in the latter. Distal raphe fissures in Luticola
rojkoviensis sp. nov. are bayonet—shaped in large frus-
tules (this shape is rather typical for representatives of
the genus Pinnularia), not question mark—shaped as in
L. hustedtii. The ornamentation of the valve face of both
taxa is almost identical.

L. ectorii Levkov, Metzeltin et A. Pavlov, a rep-
resentative of the group D sensu LEvkov et al. (2013),
also fits into this pattern. It resembles the new Luticola
with respect to slightly asymmetric valves with undulate
margins and the ornamentation of valve face. Both taxa

can be differentiated from each other mainly by the
valve outline (valves of L. ectorii are more rhombic and
expanded in the middle, somewhat resembling the valve
outline of L. rhombica), the shape of the central area and
the shape of both raphe fissures (the same differences as
for L. hustedtii vs L. rojkoviensis sp. nov., see above).
L. rojkoviensis sp. nov. resembles L. acidocli-
nata Lange—Bertalot in some respects. In this case, it
is necessary to proceed to the evaluation of similarities
through the original description of the type material
based only on LM photographs (LANGE-BERTALOT &
METZELTIN 1996). The valve—outline is similar, although
the undulation of margins is in the opposite cell size:
in the smaller frustules of L. rojkoviensis sp. nov. vs in
all frustules except small ones in L. acidoclinata. Apart
from this, L. rojkoviensis sp. nov. might be confused
with smaller valves of L. acidoclinata, but the shape
of large valves of new Luticola is more lanceolate and
rather resembles large valves of L. fuhrmanii. Based on
the German original diagnosis of L. acidoclinata, both
taxa also differ in the shape of stigma (which appears
as a dash internally in L. acidoclinata) and in the shape
of proximal raphe fissures (which are strongly hooked —
“stark abgekrimmt” in L. acidoclinata, but only slightly
deflected in L. rojkoviensis sp. nov.). The ultrastructure
of many populations determined as L. acidoclinata from
different parts of Europe and USA (LEvKOV et al. 2013,
2017) show a clear difference in the shape of proximal
raphe slits, which are doubly curved or clearly deflected
(perpendicularly). Additionaly, differences can be found
in the shape of distal raphe endings — in the form of
question mark in L. acidoclinata, whereas the distal
raphe endings in L. rojkoviensis sp. nov. reach the shape
of bayonet. However, it is noted that we are not dealing
with a comparison of the ultrastructure of type material.
A comparison of L. rojkoviensis sp. nov. with other
species listed in our table (Table S1) is presented below,
with emphasis on some morphological characteristics.

Cell symmetry
The genus Luticola belongs to the pennate diatoms and to
the category of symmetric biraphid diatoms (SPAULDING
& EpLUND 2008). A new suborder Neidiineae of the
order Naviculales was established by D.G. Mann, which
contained the new family Diadesmidaceae D.G.Mann
with two representatives Diadesmis F.T.Kiitzing and
Luticola D.G. Mann gen. nov. (RoUND et al. 1990). Both
genera appeared to be closely related, but could be eas-
ily separated by different structure of raphe, pores and
stigma. The original description of Luticola gen. nov.
lacks any remark on the asymmetry of valves. The weakly
asymmetry of cells (dorsiventral) was mentioned in the
extended description of this genus and is supported by
LM and SEM analyses of some Luticola taxa included
in the monograph (LEvkov et al. 2013).

The valves characterised by subtle asymmetrical
differences in the valve outline have recently been the subject
of geometric morphometric studies using decomposition
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Figs 31-38. Luticola rojkoviensis sp. nov. SEM external valve view of small valves: (31-36) different intensity of depressions formed on the
whole valve face, (31-32) minimal, (33) moderate, (34—36) markedly. SEM internal view of small valve: (37) note distal raphe ends with rather
inconspicuous helictoglossae, (31, 37) arrows point to Voigt discontinuity, (31, 34, 36) short full arrows to stigma. SEM external girdle view
of small frustule: (38) note single row of pores on the valve mantle (dotted arrow) and two rows of round poroids on the girdle band (dashed
arrow). Scale bar 5 um.

of total asymmetry in valve outline into components of
directional asymmetry (DA) and fluctuating asymmetry
(FA). Natural populations (KULICHOVA et al. 2019) and
genetically uniform clonal populations (WOODARD &
NEusTuPA 2016) examined in this way have shown that
FA within a species was mostly not correlated with the
valve size, and that a less complex shape in small cells
does not mean less variability. Consideration was also
given to the possibility that the entire valve outline of

Luticola species could be systematically asymmetric in
relation to the pattern of its central area, if the DA of the
central area is distinct (WOODARD & NEUSTUPA 2016).
The frustules of L. rojkoviensis sp. nov. are weakly
asymmetric to the apical axis and the asymmetry is rec-
ognizable in every cell size. The asymmetry of Luticola
cells is relatively common, it has been observed in sev-
eral taxa, e.g. L. beyensii Van de Vijver, Ledeganck et
Lebouvier, L. ectorii, L. acidoclinata, L. aequatorialis
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Figs 39-46. Luticola rojkoviensis sp. nov., SEM external view of large valves: (39, 41, 43) whole valves, (40, 44) detailed view of the external
mid-valve with proximal raphe endings unilaterally deflected to opposite side to the stigma, note that the central area around the central nodule
remains smooth (dashed arrows), short arrows points to stigma; (42) detailed view of valve with Voigt discontinuity (arrow) and bayonet-—sha-
ped distal raphe endings, weakly elevated. SEM internal view of large valve: (45) the whole valve, the arrows point to Voigt discontinuity, (46)
detailed view of the internal mid-valve, the internal opening of the stigma covered with a tongue-like structure, the central nodule is strongly

thickened. Scale bar 10 pm.

(Heiden) Lange—Bertalot et Ohtsuka, L. intermedia (Hust.)
Levkov, Metzeltin et A.Pavlov (taxa from group D) or in
L. hustedtii, L. kochiae Metzeltin, L. grupcei A.Pavlov
(with slightly asymmetric dorsiventral valves, PavLov

et al. 2009), L. africana Levkov, Metzeltin et A.Pavlov
(taxa from other groups, e.g. N, J, G). Larger valves of
L. rojkoviensis sp. nov. resemble those of L. fuhrmanii
Metzeltin et Levkov whose original description states that
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the valves are asymmetric — dorsiventral (cf. LEVKOV et
al. 2013). Naviculoid and slightly dorsiventral valves are
one of the characters of genera of the order Cymbellales,
e.g. Encyonopsis Krammer and Encyonema Kiitzing
(some representatives of both genera were previously
placed in the genus Cymbella C.Agardh) which are clas-
sified as ,,asymmetric biraphid diatoms®. The question
arises to what extent dorsiventral frustules (a type of
asymmetry) can be considered a feature of the genus
Luticola which is currently classified in the group of
»symmetric biraphid diatoms®.

In valves of L. rojkoviensis sp. nov. we have re-
corded another asymmetric structure — two interruptions
of striae on the secondary side of valve, approximately
in the first fifth of the valve size from each end. In the
monograph of Luticola, LM— and SEM— micrographs
of L. beyensii (cf. Pl. 23: 29-35), L. fuhrmanni (cf. P1.
23:13, 16, 18 ) or L. rhombica (Zimmerm.) Levkov,
Metzeltin et A.Pavlov (cf. PL. 23: 40, 41) show a similar
structure on some valves. Such interruptions known as
Voigt discontinuity are explained as faults in stria pat-
tern, where the arms fuse (RounD et al. 1990) or in other
words, it marks the point of fusion of the sternum during
ontogeny (https://diatoms.org/glossary/voigt discontinu-
ity). In our studied material, both small and large valves
showed this structure (arrows in LM: Figs 17, 28; SEM:
Figs 31, 37, 41, 42, 45). The asymmetry of proximal
raphe fissures visible in the SEM micrographes of L.
rojkoviensis sp. nov. is most probably due to asymmetry
of the central area.

Valve undulation

Small frustules of L. rojkoviensis sp. nov. have weakly
tri—undulate margins well visible in LM (Figs 9, 11).
Scrutiny of the original LM micrographs of L. ectorii
revealed similarities, mainly with populations of L. ectorii
from SW China (LEvKoV et al. 2013). Unfortunately, its
original description does not mention the valve undulation.

The valve undulation is clearly recognizable in
L. rhombica. The original drawing of rhombic—lanceo-
late valve expanded in the middle with five—undulate
margins (ZIMMERMAN 1919) does not correspond with
the undulation of L. rojkoviensis sp. nov. Valves of L.
rhombica resemble much more those of L. ectorii with
respect to the valve outline and the more pronounced
valve undulation, when comparing LM micrographs
of both taxa in the monograph (LEvkov et al. 2013).
Obviously, the use of attributes expressing intensity, in
this case “weakly”, may differ from author to author and
therefore needs to be re—evaluated.

Another taxon with weakly tri-undulate valve
margins is L. cholnokyi Levkov, Metzeltin et A. Pavlov,
but can be differentiated from L. rojkoviensis sp. nov.
or L. ectorii by the valve outline and the shape of the
valve apices.

Valve surface
L. rojkoviensis sp. nov. is characterised by an uneven valve
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surface due to many depressions of varying intensity:
from minimal (or perhaps absent, Figs 31-32) to well
developed (Figs 33-36, 39-44) but well visible only in
SEM (see diagnosis above). If present, they cover the
whole external valve face, but not systematically. In
small frustules, the central area and the area around the
distal raphe endings are slightly pronounced (wrinkled)
compared to the much more uneven area of striae (Fig.
36). In large frustules with uneven valve face, the central
area around the central nodule remains smooth (Figs 39,
41, 43, in Figs 40, 44 dashed arrows).

In the monograph of Luticola (LEvKoOV et al.
2013) several taxa were documented with similar
ultrastructure. Descriptions of uneven surface, if any,
differ and no attention was paid to the area in which this
ultrastructure is formed. Although the entire surface of
the valve is uneven, according to the SEM micrographs
presented in the book, all comments were focused mostly
to the central area of the valve. We can summarize these
descriptions as follows: ,,small irregular depressions
present throughout the central area® (L. hustedtii); ,,the
depressions are irregular in the central area®, eventu-
ally: ,,areolae foramina located in irregular depressions
producing uneven appearance of valve face and giving
impression of irregular longitudinal rows* (L. ectorii);
»recessed external foramina of areloae can cause slightly
uneven appearance of valve face* (L. pseudoimbricata
Levkov, Metzeltin et A. Pavlov, or L. cholnokyi) or
,»this is an ornamentation with depressions that do not
penetrate the valve* (L. acidoclinata). Finally, such an
ultrastructure, well documented with SEM, remained
without any comments in the original text of L. cholnokyi
or in the text of L. intermedia.

In our studied material, the external foramina
of areolae are surrounded by higher elevations, and the
grouping of them gives a honeycomb-like impression
in SEM (Figs 33-36, 43, 44). The elevations around the
areolae appear to be the highest on one side, near the valve
edge, and form structure resembling peaks (Figs 36, 44).
Peaks can also be joined, mostly transapically and it is
possible that these structures also give the impression of
irregular longitudinal rows in LM. Internally, transapical
grooves (Figs 37, 45, 46) could also contribute to the
appearance of striae in the LM as by L. mutica (Kiitz.)
D.G.Mann (PHrpps et al. 1983).

As cells without any discernible depressions on the
valve face were observed in our studied populations, we
assume that the presence or absence of this feature may
depend on the stage of development during the cell cycle.

In addition, SEM micrographes show that the
valve face is not in one plane. The axial area is lowered
and the area around distal raphe endings elevated (e.g.
Figs 36, 41-44), just slightly, therefore the valve face
is concave (minimally, mostly visible in cells with well
developed depressions, Figs 36, 38). A somewhat similar
appearance of valves has been documented in type material
of L. grupcei and L. goeppertiana (Bleisch) D.G.Mann
(cf. Figs 50, 51, 59 in PavrLov et al. 2009). The slope of
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the sample in the SEM should be taken into account, the
more tilted the samples, the more pronounced the valve
structures may appear.

Valve size

Our analyses of material collected in Rojkov showed a
hiatus in the cell size of L. rojkoviensis sp. nov.: small
cells 11.7-15.2 um length, 6-6.7 um width and large cells
25-32 pm and 7-9 um width. We probably did not catch
individuals in the whole life cycle, but it is also possible
that only specimens of these two size ranges were present
in the locality. Small cells of L. rojkoviensis sp. nov. have
a comparable valve outline and size as L. nana Levkov,
Metzeltin et A. Pavlov. However, we cannot compare the
large individuals of our studied Luticola because large
cells of L. nana are absent — there is a certain possibil-
ity that documented small cells represent the smallest
cells which could be within sexual size range or at the
end of their life cycle, and hence the largest cells have
not been recorded.

Another confusion associated with size reduction
may occur when the smallest cells of different taxa have
similar appearance (in LM or in SEM), e.g. the rhombic—
lanceolate valves of L. subrostrata Metzeltin, R.L.Lowe
et Levkov and L. nana, or small frustule of L. rhombica
(cf. LEvkov et al. 2013). Unfortunately, some of these
species lack important data on their ultrastructure (SEM
analyses are not available), which makes it impossible
to compare related taxa.

Position of stigma and the shape of central area
The position of the stigma in the central area of L. ro-
Jkoviensis sp. nov. is asymmetric, close to the margin
of the secondary valve side, as in many other taxa, ¢.g.
L. hustedtii Levkov, Metzeltin et A. Pavlov, L. ectorii,
L. rhombica, L. acidoclinata, or L. pseudoimbricata.
The central area of the studied Luticola is wide,
weakly asymmetrical, wedge—shaped, on both sides
bordered by 3-5 isolated round areolae. Due to the
different evaluation of the shape by the authors, the in-
terpretation of the shape of the central area is debatable.
In some cases, the shape of the central area is different
even for the same taxon: e.g. central area in L. grupcei
is a panduriform stauros not reaching the valve margins
(PavrLov et al. 2009), and later, central area is bow—tie
shaped (LEvkov et al. 2013). The variability of the cen-
tral area appears to be large in some taxa as it is evident
from the descriptions in L. beyensii, L. acidoclinata, or
L. rhombica: wide, rectangular to slightly asymmetri-
cal or wedge shaped to bow—tie shaped (LEVKOV et al.
2013). The original description of Navicula mutica var.
stigma R.M.Patrick, currently regarded as a synonym
of L. stigma (R.M.Patrick) J.R.Johansen, states that the
central area is transverse (BisHoP 2015). The taxon is
included in the monograph of Luticola and the central
area is described more precisely than a wide, weakly
asymmetric, wedge—shaped to bow—tie shaped (LEVKOV
et al. 2013). This is an example of different individual

approaches in assessing morphological structures of
frustules including the shape of central area. This applies
to the original descriptions as well as their additions
from other authors.

Distribution

Until now, L. rojkoviensis sp. nov. is known only from
the type locality. We recorded small populations close
to the base of geoglossoid fungi (Geoglossaceae) grow-
ing on soil in grassland. The fruiting body of the fungus
(above ground part) together with its lowest part (a mesh
of hyphae resembling a bird’s nest), hidden under higher
halms of grass, mosses and flowers, represent an optimal
microclimate suitable for the development of diatoms
and other soil algae, and the association with fungi could
be seen as an example of commensalism. The hirsute
ascocarp with probably longer lasting water availability
is favourable to Luticola cells as well as to filamentous
cyanobacteria of orders Oscillatoriales and Synechococcales
that are able to cover the whole surface of geoglossoid
fungi. Both Luticola cells and cyanobacteria filaments
can actively move to more favourable environments to
minimize habitat stress such as temperature fluctuations
and limited moisture availability (for different moisture
tolerances of diatoms see SOUFFREAU et al. 2013). In
our samples only coccal green algae were present, less
diatoms such as Hantzschia amphioxys, Luticola sp.,
Mayamaea fossalis, Humidophila contenta or Nitzschia
palea. Other terrestrial diatoms were rarely found in
samples with larger valves of new Luticola: Mayamaea
atomus, Pinnularia appendiculata, P. lundii, Encyonopsis
falaisensis. This diatom community can be considered
as characteristic of a given type of rock environment
(formed by grey marly limestones and marly shales which
are covered by loamy—stony talus sediments), none of
them indicates an acidophilic environment.

An exceptional case of coexistence of diatoms and
lichenized fungi was first reported from a tropical rain
forest where diatoms have directly benefited from the
environment created mainly by the mycobiont (LAKATOS
etal. 2004). All thalli were inhabited by various diatoms,
incl. Luticola species (two of them were dominant: L.
muticoides and Luticola sp,, the other only rare: L. cf.
dismutica, L. acidoclinata and Luticola sp,). Comparison
of our populations with those of L. acidoclinata would
be interesting also because of the possible relationship
between the occurrence of some fungi and diatoms.
Unfortunately, cells of tropical L. acidoclinata have been
recorded as rare, and only SEM micrographs containing
two other dominant diatoms are present in the study.

Many Luticola species are known from subaerial
habitats, mosses, soils, rocks in Europe (POULICKOVA &
HASLER 2007; PavLov et al. 2009; LEvkov et al. 2013,
2017; Noaa et al. 2017), it is therefore very likely that L.
rojkoviensis sp. nov. will be accompanied also by other
Luticola species in different parts of grassland at Rojkov.

Taxa that are morphologically similar to L. rojkovi-
ensis sp. nov. (see Table S1) were originally described not
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only from similar environments, but also from extreme
habitats including cold regions of Antarctica: L. beyensii,
or from sub/tropical regions in Africa: L. hustedtii and L.
fuhrmannii (Tanzania, Usambara Mountains, not speci-
fied), or from South America: L. ectorii (Brazil, mud of
lake), L. rhombica (Brazil, not specified).

One of the representatives of the genus Luticola,
originally described from an usual environment, is the
European species L. acidoclinata. Its populations were
originally described from mud of lake Weinfelder Maar
in Germany, from oligotrophic, electrolyte—poor, circum-
neutral to slightly acidic water. According to LANGE—
BERTALOT, the autecology has been confirmed by other
findings in oligo—dystrophic lakes in Scandinavia, and
this habitat was considered to be an important criterium
for the delimitation of similar taxa, e.g. populations of
L. saxophila, which has been found in many subaerial
habitats (LANGE-BERTALOT & METZELTIN 1996). Since
then, populations identified as L. acidoclinata sensu
Levkov et al. (2013) have frequently been recorded in
many other biotopes. One of the recent studies of the
diatom flora of halomorphic soils identified populations
of L. acidoclinata that were well adapted even to this
extreme habitat (LEVKoV et al. 2017). Afterwards, the
dominant occurrence of L. acidoclinata on poplar bark
representing the aerophytic environment was recorded
by RyBaAK et al. (2018). Based on several other observa-
tions, the authors consider that L. acidoclinata is a rare
species in the waters, and its optimal occurrence is in
aerophytic environments, especially among mosses.
Until now, all these determinations were based on the
ultrastructure of populations sensu LEvKov et al. (2013),
but not of the type material. LANGE-BERTALOT’s opinion
on the strict ecological requirements of this taxon, whose
species name also indicates the type of habitat, therefore
remains valid (LANGE-BERTALOT & METZELTIN 1996).
The knowledge of phenotypic expressions of variable
environmental conditions is still limited, so we assume
that the number of taxa included in the ,,L. acidoclinata
— complex“ or in other complexes will be the subject of
further taxonomic work.
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