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Abstract

The fungal genus Sabuloglossum (earth tongues) was originally=described as a
monotypic genus based on the species Geoglossum (Micreglossum) arenarium.
It typically occupies sandy coastal habitats “and  forms mycorrhizas with
Empetrum nigrum (Ericaceae). While studying material from central Europe
(Czech Republic, Slovakia, Austria;, and Germany), ascomata morphologically
very similar to S. arenarium were observed. They were ecologically limited to
mid-altitudinal mountainous habitats and associated with Calluna vulgaris or
Vaccinium sp. pl{ (Ericaceae). The relationship to S. arenarium and related
genera was_evaluated using a combination of genetic (nrITS1-5.85-1TS2 and
the 28S.nrlbSU regions) and comparative morphological analysis. Macro- and
micromorphological investigations revealed that mountain populations differ
from typical S. arenarium in longer apical cells of paraphyses, more frequently
septated ascospores, and the presence of inflated cells in the stipe squamules.
In phylogenetic analyses, mountain populations appeared in sister position to S.

arenarium in a strongly supported clade. According to these morphological and
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genetic analyses, in addition to ecological and host-type specificities, the
mountain populations from central Europe are proposed here as a distinct
species, S. monticola sp. nov. Our study indicates that the speciation of S.
monticola may have been driven predominantly by a shift in ecology and

mycorrhizal association.
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Introduction

The classical order Leotiales includes two morphologically similar familiess Geoglossaceae
(eight genera) and Leotiaceae (three genera) that have been shown to be_genetically distant
(Frey 2016). The common feature of this order is the formation of cylindrieal or club-shaped
ascocarps. According to this taxonomical concept they are called "earth tongues" or
“geoglossoid fungi". The application of molecular approaches revealed that the genera
formerly considered as characteristic earth tongues (Geoglossum Pers., Trichoglossum Boud.
and Microglossum Gillet) do not represent a single: monophyletic group. Early molecular
analyses indicated that Microglossum was most closely allied to Leotiomycetes, while
Geoglossum and Trichoglossum, formed a separate monophyletic clade within the
Geoglossaceae (Platt 2000; Pfister,and Kimbrough 2001; Spatafora et al. 2006; Wang et al.
2006a, b; Hibbett et al.'2007). Earth tongues, in general, are rare, often endangered, but
widely distributeds»grewing in various biotopes from peat bogs to grasslands and sand
habitats, distributed from lowlands to mountain sites. Eleven genera (Geoglossaceae:
Geoglossum, © Glutinoglossum Hustad, A.N. Mill.,, Dentinger & P.F. Cannon,
Hemileucoglossum Arauzo, Leucoglossum S. Imai, Nothomitra Maas Geest., Sabuloglossum
Hustad, A.N. Mill., Dentinger & P.F. Cannon, Sarcoleotia S. Ito & S. Imai, Trichoglossum;
Leotiaceae: Leotia Pers., Microglossum, Thuemenidium Kuntze) are currently included in

both families and, according to our previous studies (Kucera et al. 2012; 2014a,b; Fedosova et



al. 2017), about 20 species are expected to occur in central Europe. Index Fungorum (2021)
lists over 250 species names in these genera. ldentification of geoglossoid fungi is difficult
and the only comprehensive identification key was published 21 years ago (Ohenoja 2000).
Meanwhile, 31 new species have been described and several taxa were transferred, based on
molecular data, to other genera (Hustad et al. 2013; Arauzo and Iglesias 2014; Kucera et al.
2014 a, b; 2017; Loizides et al. 2015; Crouz et al. 2017, 2020 a, b; Ekanayaka et al. 2017,
2019; Fedosova et al. 2017; Ohenoja 2010).

The genus Sabuloglossum was established by Hustad et al. in 2013, with a single species, S.
arenarium (Rostr.) Hustad, A.N. Mill., Dentinger & P.F. Cannon. Apart from. genetic and
morphological traits this species can be easily distinguished according/to its‘characteristic
habitat type and ecology: it grows on sand or fine gravel in ceastal areas and forms
mycorrhizas with Empetrum nigrum (Nitare 1982). The history. of the nomenclature and
taxonomy of S. arenatium is convoluted. Rostrup™(1892) described this fungus as
Microglossum arenarium Rostr. from sand dunes in Denmark but did not designate a
holotype. Massee (1897) placed this taxontinto the'genus Mitrula Fr. where he accommodated
many of geoglossum-like fungi. Later,.Durand (1908) studied material from Denmark (coll.
Rostrup), Greenland (coll. Klartz ex herb. Rostrup), Labrador and Newfoundland (collected
and described by Peck as_Leptoglossum latum Peck in 1895) stated that all specimens are
conspecific. He selected an‘epitype from material collected in Greenland and moved the taxon
to the genus Corynetes Hazsl. Lloyd (1916) placed this taxon into the genus Geoglossum and
in 1992 Korf and Petersen transferred the species to the genus Thuemenidium. Polyphyly of
the genus Thuemenidium was for the first time shown by Ohenoja et al. (2010) and

subsequently confirmed by Hustad et al. (2013).



The occurrence of Sabuloglossum arenarium was reported from numerous localities in
Eurasia, North America, and Japan (Nitare 1982, Ohenoja et al. 2010, Hustad et al. 2013,
Tejklové et al. 2015, Luderitz et al. 2016, Fedosova 2019).

In 2004 an ascomata initially determined to be S. arenarium were collected in eastern
Germany. It was found on the GroRen Arber Mountain (elev. 1400 m) in sandy/gravelly
acidic soil and closely associated with plants of the family Ericaceae. This population of S.
arenarium was originally considered as relict from the Pleistocene era (Beenken and Horn
2008 as Geoglossum arenarium). Later, in 2014 a morphologically similar fungus was\found
in similar mountainous habitats in Hercynian massif, specifically in the Krkonose Mts. (elev.
1025 m) and Hruby Jesenik Mts. (elev. 1300 m) (Tejklova et al. 2015 and Zibarova 2016).
The localities lacked Empetrum shrubs which are primarily associated.with the ascomata of S.
arenarium. In contrast, the mountain populations seemed.to be associated with Calluna
vulgaris or Vaccinium sp. pl. (Ericaceae). These populations,with different accompanying
host species represent a separate taxon. . With extended,sampling of the “mountain type” of S.
arenarium based on the characteristicy, mountain distribution, micromorphology, and
phylogenetic analyses we describe _here, a’/new, morphologically very similar species,
Sabuloglossum monticola.

Materials and methods

Sampling and study design

We analysed four sequences of Sabuloglossum from montane habitats of Central Europe
(Czechia, Austria and Slovakia, for details, see Table 1) and related members of earth tongues
to uncover their taxonomic identity and phylogenetic relationships. These related species
included (number of sequences/number of species): Sabuloglossum arenarium inhabiting sand
habitats (three sequences), Geoglossum (22/16), Glutinoglossum (2/2), Hemileucoglossum

(2/2), Leucoglossum (2/1), Maasoglossum K.S. Thind & R. Sharma (2/2), Nothomitra (1/1),



Sarcoleotia (2/1) and Trichoglossum (4/3). Graddonia coracina (Bres.) Dennis was used as

an outgroup. Where available, we included type sequences of analysed taxa (Table 1).

Morphological studies

The macro-morphological characters (shape, dimensions and colour of ascoma, stipe
surface) of new collections were observed in fresh material. The micro-morphological
structures (asci, ascospores, paraphyses, structures on the stipe) were observed both in dried
and fresh material using a light microscope with an oil immersion lens. Fragmeénts of
ascomata were examined in tap water, 5% KOH, Melzer’s reagent (MLZ), Lugol’s'solution
(IKT) and a solution of Congo red in ammonia. Values of micro-morphological characters
were estimated as an average of 30 measurements for each character(minimum/maximum
values of the measurements are in parentheses) in each of thesstudied collection. Collecting
sites are georeferenced and the coordinates are reported.n‘the WGS 84 system. The voucher
specimens are deposited in the fungarium of the Institute of Botany, Slovak Academy of
Sciences in Bratislava (SAV), Museum ofiEastern‘Bohemia in Hradec Krélové (HR) and in

Botanische Staatssammlung Munchen (M)

DNA extraction, amplification,and sequencing

DNA extraction and gamplification of the internal transcribed spacer region of the nuclear
ribosomal DNA{(nrlTS1-5.85-1TS2, ITS) and the 28S nuclear ribosomal large subunit
region (nrLSY, LSU) were performed by Alvalab (Spain). Total genomic DNA was
extracted using a modified protocol based on Murray and Thompson (1980). Amplification
of nrDNA was performed following Mullis and Faloona (1987) using a Tag polymerase
(VWR, USA), and the primers ITS1F and ITS4 (White et al. 1990, Gardes and Bruns 1993)

and LROR and LR5 (Vilgalys and Hester 1990, Cubeta et al. 1991). The PCR mix (40 pl)



included 1 x polymerase buffer, 2 mM MgCl,, 0.2 mM total DNTPs, 0.5 uM of each primer
and 1 pl of polymerase. The amplifications were carried out using the following cycle: 35
cycles of 94 °C for 30 s, 54 °C for 30 s, 72 °C for 1 min, final extension at 72 °C for 10 min
and cooling to a constant of 4 °C. PCR product purification and Sanger sequencing was
carried out at the commercial company STAB VIDA (Portugal). GenBank accession

numbers of the sequenced DNA regions are provided in Table 1.

Phylogenetic analyses

To uncover the identity of mountain-dwelling Sabuloglossum accessions“and reveal their
phylogenetic position within closely allied taxa, we used concatenated IT.S-nrLSU datasets
(45 concatenated sequences x 1326 bp). Altogether we analysedy45°1TS and 38 nrLSU
sequences. Missing LSU sequences or their parts were replaced by N, while indels were
coded as a missing data. All analysed sequences were edited and aligned in Geneious Prime
2021.2.2 (www.geneious.com). Maximum likelihoed analysis (ML) and Bayesian inference
(BI) were performed on the concatenated, dataset. Before phylogenetic analyses were
performed, the best-fit partitioning schemes and models were estimated for the concatenated
dataset, using the greedy search mede-as implemented in the PartitionFinder v. 2.1.1 (Lanfear
et al. 2016). The dataset was divided into four partitions accompanied by relevant nucleotide
substitution models; ntkLSU (GTR + I" + 1), ITS1 (GTR +T'), 5.8S (GTR + T" + 1) and ITS2
(GTR + TI'). Bhanalysis was conducted in MrBayes v. 3.2.7a, using four independent chains,
10 million generations, and a sampling frequency of 1000 (Ronquist et al. 2012). Before the
computation of the Bayesian majority consensus tree, the first 25% of sampled trees were
discarded. Nodes with posterior probability (PP) values higher than 0.95 were considered as
significant. ML was computed in RAXML v. 8.2.12 (Stamatakis 2014). Bootstrap support was

computed from 1000 re-samplings. Only branches having the bootstrap support > 75% were



considered supported. Both analyses were performed using the CIPRES Science Gateway V.
3.3 (Miller et al. 2010). Visualization and editing of the trees were done in FigTree v.1.4.3

(http://tree.bio.ed.ac.uk/software/figtree).

RESULTS

Molecular phylogenetic analysis

Both Bl and ML analyses uncovered that the montane Sabuloglossum accessions formed a
well supported (1.0 PP/100 BS) clade in a sister position to the ,Sabuloglossum
arenarium clade (Fig 1). Both clades werestrongly supported (1.0 PP/97 BS) suggesting their
congeneric position within the genus Sabuloglossum. The final matrix,was deposited in

TreeBASE with accession no. S28128.

Taxonomy

Sabuloglossum monticola V. Kucera, Slovak;Janosik, sp. nov. MB 839263 (Figs 2, 3)

Etymology: Name reflects the.mountain origin of collected material.

Diagnosis: Differs from S.iarenarium by the following combination of characters: less
robust ascomata, 0—7 septate ascespores, smaller asci (up to 140 x 14 pm), predominantly
longer apical cells.of paraphyses, and scales on the stipe that contain some inflated cells (18—
38 x 10-19 pmy). Characteristic is occurrence in mountain areas at an elevation above 1000 m
above sea level.

Holotype: SLOVAKIA, NP Mala Fatra, between peaks Zitné and Kraviarske,
49°12'54.1" N, 19°0'54.7" E, 1226 m asl., by the road, on soil, 29 Oct 2016 leg. Z. Egertova

(SAV F-11291, ITS sequence GenBank MW471105, LSU sequence GenBank MW471102).



Description:—Ascomata usually scattered in small groups on bare soil, clavate,
stipitate, 4-35 mm tall, 3-5 mm thick, black. Ascigerous part clavate to broadly clavate,
usually takes up more than 1/2 of the total ascomata length, black, mace shaped, oval to lobed
in cross section, distinctly delimited from the stipe, smooth. Stipe cylindrical, oval in cross
section, 2-18 x 0.6-5 mm, usually robust, squamulose with scales arranged in horizontal
lines. Subterranean part at the stem base a small pseudosclerotium (up to 3 x 5 mm)
consisting of brown hyphae, Ericaceae roots and soil particles, 1(3) ascomata per
pseudosclerotium. Asci thin-walled, club-shaped, (105)120-145(155) x 12-14(17) pum, Q =
7.3-11.6, [living (170)190-215(240) x (17)19-22 um], inoperculate, 8=spored, with
euamyloid apical ring and inamyloid wall in MLZ and IKI, arising from €roziers. Ascospores
elongate, fusiform, sometimes slightly curved, with rounded ends, (24)29-36(46) x (4)5-6
um, Q = (4.6)5.8-7.2(8), [living (30)42-45(47) x (4.6)5-5.6(6:5) wm] hyaline, predominantly
1-7 septate, some of the ascospores aseptate (collections withonly aseptate ascospores rarely
seen). Ascoconidia not observed. Paraphyses about“the same length, brownish in whole
length, darker in apical part gradually lighter to the,base, filiform, sparsely septate, curved or
straight, sometimes branched; apical cells'25-40 x 3-4 um when cylindrical to 23-50 x 4-8
(10) um when inflated, not agglutinated: Stipe surface squamulose, scales made of tufts of
short hyphae with cells 20-50.% 3-5 um accompanied by hyphae with inflated apical cells
(18-38 x 10-19 um)rand setose hairs resembling cells. For supplementary description and

photo-documentation see S. arenarium in Tejklova et al. (2015) and Zibarova (2016).

Habitat: on bare soil or between bryophytes Ditrichum heteromallum, Oligotrichum
hercynicum, Nardia scalaris, Polytrichum sp. pl., Dicranella sp. pl., in vicinity of plants of

Ericaceae family and grasses.



Distribution: Austria, Czech Republic (Tejklova et al. 2015 as Sabuloglossum
arenarium), Germany (Beenken and Horn 2008 as Geoglossum arenarium (Rostr.) Lloyd),

Slovakia (Fig 4).

Specimens examined: AUSTRIA, Styria, Schladminger Tauern, Sankt Nikolai im Solktal,
Etrachboden, 47°16'27.98" N, 14°3'37.44" E, 2055 m asl., trampled edge of tourist trail with
co-occurring bryophyte taxa (Ditrichum heteromallum, Oligotrichum hercynicum), 10 Sept
2015 leg. L. Janosik (SAV F-11256, ITS sequence GenBank MWA471104); Styria, Wolzer
Tauern, Irdning-Donnersbachtal, llgenberg, Mo6lbegg, 47°27'7.22" N, 14°10'54.69™ E,.1955 m
asl., trampled edge of tourist trail, with co-occurring bryophyte taxa (Ditrichum
heteromallum, Oligotrichum hercynicum, Nardia scalaris) and Ericaeeae shrubs (Vaccinium
vitis-idaea and Rhododendron ferrugineum), 9 Sept. 2015 leg. L. Janosik (SAV F-11252);
Salzburg, Hohe Tauern, Sportgastein, 1 km E of Riffelscharte;47°3'36.22" N, 13°1'27.72" E,
1950 m asl., trampled edge of tourist trail, with ‘co=occurring bryophyte taxa (Ditrichum
heteromallum, Nardia scalaris) and Ericaceae shrubs (Vaccinium myrtillus, Vaccinium vitis-

idaea and Rhododendron ferrugineum),.25:Sept. 2016 leg. L. Janosik (PRC 4685).

CzecH RepuBLIC, Bohemia, Ktkonose Mts., Spindleruv Mlyn, Labsky dal valley, 700 m SE
of Pancava waterfall /50°45:34" N, 15°33'13" E, 1025 m asl., trampled edge of tourist trail,
with co-occurring bryophyte taxa (Dicranella heteromalla, Oligotrichum hercynicum and
Polytrichum'cf. formosum), close to Festuca sp. and Vaccinium sp. pl., granite bedrock, 19
Sept 2014, leg. T. Tejklova, V. Samkova, J. Dolezal (HR 94300, ITS sequence GenBank,
MW471103, LSU sequence GenBank MW471101); Moravia, Hruby Jesenik Mts., small
meadow between Polom peak and HaSova cottage, 50°08'59.5" N, 17°05'14.8" E, 1112 m asl.,

trampled surface of old tourist trail, with co-occurring bryophyte taxa (Ditrichum



heteromallum, Polytrichum sp., Oligotrichum hercynicum), Clavaria cf. argillacea, 11 Oct

2014 leg. V. Halasa (V.H. 37, SAV F-11600).

GERMANY, Bavaria, Bayerisch Eisenstein, northern upper slope of the Grosser Arber Mt.,
close to the summit area, 49°07' N, 13°08' E, 1400 m asl., 26 Sept 2004 leg. L. Beenken & K.
Horn (Herb. L. Beenken No. 4950 in M, habitat and accompanying vegetation described in

Beenken and Horn 2008).

SLOVAKIA, Martin district, Mala Fatra Mts., Martinské hole recreation area, Velka ‘ldka
meadow, 49°5'23.03" N, 18°48'57.72" E, 1437 m asl., trampled edge of tourist trail, “covered
with small bryophytes (Ditrichum heteromallum, Oligotrichum hercynicum, Nardia scalaris),
and Ericaceae shrubs (Vaccinium myrtillus), near temporal water bodies,<10 Sept 2016 leg. L.
Janosik (SAV F-11522); Martin district, Mald Fatra Mts./ Martinské hole recreation area,
Velka luka meadow, 49°5'30.48" N, 18°48'56.16% E, 1447-m asl., trampled edgeof tourist
trail, with co-occurring bryophyte taxa (Polytrichum.sp:, Oligotrichum hercynicum etc.), 19
Sept 2017 leg. A. Polhorsky (SAV F-11594); ibidem 9 Nov 2018 leg. M. Krivus (SAV F-
11596); Martin district, Mala Fatra.'Mts., Sutovo village, General, 49°10'20.21" N,
19°3'15.34" E, 1138 m asl., edge,ofithe road, 12 Nov 2020 leg. M. Krivus (SAV F-11661);
Martin district, Mala Fatra Mts., southern part, Sutovo village, Chleb Mt., trail Ciertaz -
Generdl - Snilovské saddleback, 49°10'13.15" N, 19°3'17.50" E, 1095-1450 m asl., edge of
the touristiestrail,"9, Nov 2020 leg. M. Krivu$ (from several micro-localities SAV F-11662,

SAV F-11663; SAV F-11664).

Discussion
The genus Sabuloglossum as a member of class Geoglossomycetes was described by Hustad
et al. (2013). In the light of our study, it is apparent that at least two species, S. arenarium and

S. monticola, are present in the genus. These two species clearly differ genetically, however,



morphological differences are less obvious. Both species form pseudosclerotia composed of
hyphae, Ericaceae roots and soil particles. The subterranean pseudosclerotia of S. arenarium
are larger than the above-ground ascomata and up to 10 or more ascomata often arise from a
single pseudosclerotium. (Luderitz et al. 2016, Nitare 1982). The pseudosclerotia of S.
monticola are, in contrast, much smaller and only one or rarely a few ascomata develop on
them, though this characteristic may also be influenced by different soil textures.

Taxonomic determination of S. monticola is based on a combination of several crucial
diagnostic characters including inflated cells of hyphae forming scales on the stipe surface (up
to 18-38 x 10-19 um), length of apical cells of paraphyses (23-50 um), weakicoleration of
whole paraphyses which increase to the apex, and frequently septate ascasporesy(1-7, usually
at least some of the ascospores are septate, although ascomata with"aseptate ascospores may
occur). Furthermore, compared to S. arenarium, ascomata of S:ymonticola seem to be less
robust with the fertile part usually club-shaped. Additienally,»S. monticola inhabiting inland
mountain ranges at the altitude over 1000 m a.s.l. Probably the first collection of S. monticola
was presented by Beenken and Horn (2008) under the name Geoglossum arenarium (Herb. L.
Beenken No. 4950!). Even though it was not possible to amplify DNA from this sample, the
morphology and habitat clearly indicate<that it belongs to S. monticola. The paraphyses are
brown in colour throughout.with long apical cells and the cells in scales on the stipe surface
are distinctly inflatedsMoreever, occurrence in elevation about 1400 m, lack of Empetrum sp.
pl. and distinctly presence of other plants of family Ericaceae support this identification. All
collections of<S. arenarium mentioned by Tejklova et al. (2015) and Zibarova (2016)
according to our observations also represent S. monticola.

The typical S. arenarium occupying coastal dunes has in general more robust
ascomata with paraphyses distinctly coloured only in the most apical 2-3 cells, which are

usually up to 20 um long, lack inflated cells in stipe scales and with ascospores often aseptate



(or with 1-3 septa). Durand (1908) in his study described ascospores as "for a long time
continuous, finally becoming at least 4-septate (probably 10 or more)" and Ohenoja et al.
(2010) reported rarely septate ascospores, as well. The presence of spore septation alone is
thus probably not sufficient to unambiguously separate these two taxa. In general, it seems
that spore septation is more frequent in S. monticola, especially in mature ascomata, but this
character alone is not sufficient to exclude S. arenarium.

Sabuloglossum arenarium occurs on sand dunes and in coastal areas stabilised by
vegetation. Nitare (1982) suggested a boreal-maritime distribution, although two collections
are known also from the mountains in Nordic countries — in Swedish Lapland:This.unusual
occurrence could be possibly explained by the maritime influence which reaches the sites
from the west. The global distribution of this species is sumarised in Hustad et al. (2013).

Sabuloglossum arenarium (Fig 5) appears to be a-highly variable taxon and the
reported ranges of several micromorphological characters‘are very broad. Ascus length varies
from 100 um (Rostrup 1892 as Microglossum ‘arenarium, Durand 1908 as Corynetes
arenarius) to 180 um (Ohenoja et al. 2010, as Thuemenidium arenarium) and width from 12
um (Rostrup 1892, Durand 1908) to 35.um. (Hustad et al. 2013). Ascospore dimensions differ
in reports, ranging from 25-30 x“4-6 pm' (Rostrup 1892) to 27-37 x 3.5-5 um (Hustad et al.
2013). Material from Estonia (SAV F-10729), Sweden (SAV F-11665) and Finland (SAV F-
10402) which we have studied (data not shown) fits this wide range very well.

Sabuloglassumymonticola is well-supported as a new and well defined species of earth
tongue, although it might be, at first sight misidentified with members of some related genera.
Indeed, some mountainous species of the genus Geoglossum, particularly G. dunense
Loizides, M. Carbone & P. Alvarado, G. heuflerianum Bail, G. montanum Nannf. and G.
alpinum Eckblad, have similar black or blackish color, small ascocarps (up to 2 cm) and

structures (warts or scales) on the stipe.



The phylogenetically unrelated Geoglossum dunense, which macroscopically strongly
resembles S. arenarium and S. monticola also shares a similar habitat (sandy or gravelly soil).
However G. dunense can be distinguished by its larger (31-44 x 8-10 um) coloured and 2-3
septate ascospores and thick-walled multiseptate, moniliform and sometimes forked
paraphyses up to 7 um wide at the apex (Loizides et al. 2015).

Geoglossum heuflerianum, was first reported by Bail in 1860 from Tyrol (Austrian
Alps) without description. Saccardo validated the species in 1889 and provided this name
with a short and scanty description. Nannfeldt (1942) wrote that this description is toowague
to make it identifiable and he was unable to locate the voucher specimen in any.ofirequested
museums. When Fluri et al. (2017) reported the rediscovery of this taxon in the Swiss Alps,
they presented collections which are possibly the first in morewthan 150 years. They
designated a lectotype and emended description. This taxon. differs from S. monticola in
longer (38.7-52.7 x 8.3—11.3 um) brown ascospores with,2—4 septa and longer (175-237 x
22-31 um) asci but inhabits similar habitats on_gravelly,soil next to hiking trails.

Geoglossum montanum was described fram trails in subalpine areas in Sweden
(Nannfeldt 1942). Its asci are thicker.(120-150 x 14-20 um) usually with only 4-6 longer
(50-65 x 5-6 um) fuliginous-brown ascospores with 7 septa, but its macromorphology and
habitat is similar to S. monticola. It'was rarely collected from northern Europe, predominantly
from Scandinavia (Nannfeldt“1942; Eckblad 1963; Olsen 1986; Nitare 1988; Ohenoja 1995,
2000; Elurikkus(202%). Unfortunately there is no sequence of this taxon in the GenBank
database to reveal their evolutionary relationships.

Geoglossum alpinum was described by Eckblad in 1963 on the basis of specimens
collected in Norway. It has wider (130-150 x 18-22 um) asci, fuligenous brown 7-septate and
longer (55-70 x 5.5-7.5 um) ascospores and paraphyses strongly agglutinated by a dark

brown amorphous matter. Also for this taxon there is no single sequence in the GenBank



database, so far it was rarely collected and noted in Iceland (Hallgrimsson 1987; Ohenoja
2000) and Norway (Eckblad 1963, Olsen 1986, Ohenoja 2000).

According to other sources summarised in Fluri et al. (2017) also G. cookeanum
Nannf. ex Minter & P.F. Cannon, G. fallax E.J. Durand, G. nigritum (Pers.) Cooke, G.
staerbeckii Nannf. and G. umbratile Sacc. occur in mountain areas. All of them can be easily
distinguished from S. monticola by their ascospore length (more than 60 wm) and ascospore
septation (seven or more).

Other similar species are Glutinoglossum peregrinans Fedosova & V. Kucera and G.
proliferatum V. Kucera (Fedosova et al. 2017). Both were reported from mountain.areas, but
they clearly differ by their viscid ascocarps. According to our observations (SAV F-11393,
SAV F-11666) also some taxa from the genera Trichoglossum and-Hemileucoglossum may
grow in mountain areas in Europe, but these are only mentioned here because in their young
states they can macromorphologically resemble S. monticola.

Based on microscopy there are four other very similar taxa that should be mentioned.

Corynetes geoglossoides Eckblad ‘was deseribed in 1963 as a distinct taxon from S.
arenarium (listed as Corynetes arenarius) even though it occurs in similar habitats and
resembles S. arenarium in its appearance. The only difference is that C. geoglossoides
contains some asci with pale brown ascospores which may be 1-septate. Hustad et al. (2013)
treated this taxon tosbe conspecific with S. arenarium due to observation that ascospore
pigmentation may occur here very late in the ontogenesis. They do not consider this character
as sufficient for distinguishing a separate species. We noted that according to the original
description this taxon should have a smooth stipe. Other microstructures seem to be almost
identical with S. arenarium and overlap also with S. monticola. There is no sequence of this

taxon in the GenBank database.



Maasoglossum asaeptatum (Hakelier ex Nitare) Hustad & A.N. Mill., a member of the
basal genus of the family Geoglossaceae, was for the first time collected and observed by Nils
Hakelier in 1977. After seven years Nitare (1984) described this unusual taxon as Geoglossum
asaeptatum. Based on molecular data Hustad and Miller (2015) placed this taxon into genus
Maasoglossum K.S. Thind et R. Sharma emend. Hustad et A.N. Mill. Until now of the four
known localities of M. asaeptatum only the type locality in Sweden and the locality in Finland
have been preserved (Hustad et Miller 2015). The information presented in ArtDatabanken
(2019) suggest that the fungus may form ericoid mycorrhizas with shrubs and trees. The light
brown, aseptate ascospores are only slightly smaller (23-31 x 4.8-6.8 um) tham in S.
monticola, asci are of comparable dimensions (80-140 x 10-16 um) but its_paraphyses are
agglutinated with an amorphous brown material and it has a smooth stipe and bigger ascomata
(up to 7 cm).

Geoglossum hakelieri Nitare was described as G. fumesum by Hakelier (1967) from
central Sweden. However, the name was found to be alater homonym of G. fumosum (Peck)
Lloyd and therefore illegitimate (Art. 5371 ICN, Turland et al. 2018) and the new name G.
hakelieri was proposed by Nitare (1983). The main difference from S. monticola seems to be
the length of the ascomata (up t0,4.5=em), colour of the ascomata which is described as
brown, as if impregnated by smoke, shorter (100-125 x 12—-17 um) asci and occurrence in
pasture-land. It is distributed-both in Sweden and Norway (Olsen 1986). There is no sequence
of this taxon in the GenBank database.

Geoglossum lineare Hakelier, another taxon described from pasture-land of Sweden
(Hakelier 1967), has very similar characteristics of paraphyses and asci as S. monticola, but
with significantly longer (45-65 x 4.5-5.5 um) ascospores and a smooth viscid sipe. It is
reported from Norway (Olsen 1986), Sweden (Hakelier 1967; Ohenoja 2000), Germany, and

Estonia (GBIF 2021). Also for this taxon there is no sequence in the GenBank database.



Both Sabuloglossum species are probably in close relationship with the plants of the
family Ericaceae, S. arenarium is usually found with Empetrum sp. pl. and Calluna sp., and S.
monticola in the vicinity of Vaccinium and Calluna species. Sabuloglossum monticola has a
likely affinity with disturbed or synanthropised habitats such as tourist or forest animals trails,
since the ascomata generally grow on the banks of such trails on fine gravel or fine stony soil.
We hypothesize that disturbance caused by trampling may likewise create suitable habitats for

survival and formation of ascomata in mountain areas.
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Table 1. Specimens and NCBI GenBank accession numbers of DNA sequences used in this

study
Species Voucher No. GenBank accession No. | Notes
ITS LSU
Geoglossum brunneipes AH 44217 KP144090 |- holotype
G. chamaecyparinum AH 44219 KP144098 | - holotype
G. cookeanum ILLS 67347 KC222122 | KC222135
G. cookeanum ILLS 61035 JQ256417 JQ256434
G. difforme ILLS 67348 KC222123 | KC222136
G. difforme ILLS 67349 KC222124 | KC222137
G. dunense TUR-A 199830 KP744516 |«KP744517 | holotype
G. fallax ILLS 61037 JQ256419, Q256435
G. fallax Lueck 11 KR965776" | KP965793
G. geesterani AH44218 KP144083 | - holotype
G. glabrum ILLS 72358 KP657559 | KP657564
G. glabrum ILLS 61038 JQ256420 | JQ256436
G. heuflerianum Ueli Graf KP742955 |-
25:08.2013/1
G. nigritum OSC 100009 DQ491490 | AY544650
G. raitviirii LE 303983 KT936308 | KU986891 | holotype
G. scabripes AH 44220 KP144094 | - holotype
G. simile ILLS61039 JQ256421 JQ256437
G. simile ILLS 71160 KF944381 | KF944383 | isoepityp

e




G. uliginosum SAV 10162 KJ152695 KJ152696
G. umbratile ILLS 61040 JQ256422 JQ256438
G. umbratile K(M) 169625 KC222127 | KC222140
G. variabilisporum AH 44216 KP144101 |- holotype
Glutinoglossum LE 303988 KX694170 | KX694207 | holotype
peregrinans
GI. pseudoglutinosum SAV F-10903 KX694178 | KX694215 | holotype
Graddonia coracina ILLS 60491 JQ256423 | JN012009 | outgroup
Hemileucoglossum MICH s.n. KP657560 | KP657565
alveolatum
H. pusillum SAV F-11293 MF353090 [«MF353093 | holotype
Leucoglossum leucosporum | LE 291874 KP272144,, ["KP272115
L. leucosporum LE 291891 KR272112 KP272113
Maasoglossum asaeptatum | UPS F-118883 KP657562 | KP657567
M. verrucisporum CUP-IN-000606 KP657563 | KP657568 | isotype
S. arenarium as ILLS 61043 JQ256426 JQ256440
Thuemenidium arenarium
S. arenarium as OULU-F077201 GU324765 | GU324764
Thuemenidium arenarium
S. arenarium Andrus Voitik GU324767 | GU324766

9335
Sabuloglossum monticola SAV F-11291 MW471105 | MW471102 | holotype

* *

S. monticola SAV F-11594 MW471106 | —

*




S. monticola SAV F-11256 MW471104 | —
*
S. monticola HR 94300 MW471103 | MW471101
* *
Sarcoleotia cinnamomea as | ILLS 61042 JQ256424 | JQ256439
Nothomitra cinnamomea
Sarcoleotia globosa 0SC63633 AYT789410 | AY789409
S. globosa MBH52476 AY789429 | AY 789428
Trichoglossum hirsutum ILLS 67355 KC222132 | KC222145
T. hirsutum ILLS 61045 JQ256428 JQ256442
T. octopartitum ILLS 67356 KC222134 |{KC222147
T. variabile ERRO 2011012206 | KP144106v, |'=

* — sequences obtained in this study.
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Fig. 2 Sabuloglossum monticola — ascomata and habitat. Pictures: a, d-e, g SAV F-11522, L.
Janosik; b, h SAV F-11252, L. Janosik; ¢ SAV F-11291 holotype, Z. Sochorova; f PRC 4685,

L. Janos$ik



Qxicroscopic characters. a free ascospores (water, SAV F-

Fig. 3 Sabuloglossum mo

11594); b asci (water, SAV F-11522); ¢ hymenium, septa in ascospores are highlighted by
arrowheads o(s’v F-11596); d hymenium (water, SAV F-11522), e euamyloid reaction
of apical rir% SAV F-11594); f—g stipe scales (KOH, SAV F-11596); h—i paraphyses
(water, SAV F-11594). Scale bars: a, h—i = 10 um, b—g =20 um. Pictures: a, €, h—i A.

Polhorsky; b, d L. Janosik; ¢, f-g V. Kucera
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Fig. 4 Distribution of Sabuloglossum monticola. Moun%r%ith altitude above 900 m
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Fig. 5 Sabuloglossum arenarium. a a AV F-11665); b—c habitat (SAV F-11665); d

asci (SAV F-10729 & SAV F ee ascospores (SAV F-10729 & SAV F-11665); f
hymenium (SAV F-1072 e scales (SAV F-10729); i paraphyses (SAV F-10729 all

in KOH). Scale bars: () um. Pictures: a—i V. Kucera





