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Abstract
Herein we describe the new species, Psora taurensis, from two localities in the Taurus Mountains in Turkey 
at ca. 1000 m altitude. Investigations of anatomy, secondary chemistry and DNA sequences (ITS and 
mtSSU) of P. taurensis and presumed close relatives suggest that P. taurensis is a distinct evolutionary line-
age with P. tenuifolia as its sister, although it is morphologically more similar to P. russellii and P. vallesiaca.
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Introduction

After publication of our recent paper on Psora altotibetica Timdal et al. (Timdal et 
al. 2016; see this paper also for a general background on the genus), we sequenced an 
unidentified specimen of Psora collected by one of us (ET) in the Taurus Mountains 
in Turkey in 1994. Based on morphology and secondary chemistry, it had been sus-
pected to be related to the North American P. russellii (Tuck.) A.Schneider, but DNA 
sequence data from the internal transcribed spacer region (ITS) suggested a closer 
relation to the P. altotibetica–tenuifolia–vallesiaca clade, recovered by Timdal et  al. 
(2016: fig. 1). Independently, AMK had sequenced the ITS region from a second spec-
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imen, which had been collected some 150 km east-southeast in the same mountains 
by MGH in 2012. A preliminary comparison of the two DNA sequences suggested we 
had collected the same species. The aim of the present study was to further investigate 
the relatedness and shared distinctness of these two specimens in a broader phylo-
genetic context that includes presumed closely related species and an additional and 
more conserved genetic region, the mitochondrial ribosomal small subunit (mtSSU).

Material and methods

The specimens

This study is based on: (1) the two specimens of Psora taurensis referred to above, (2) 
the specimens with DNA sequence data in Timdal et al. (2016), (3) five additional 
Psora specimens deposited in O and sequenced for this work, and (4) two additional 
specimen of Psora testacea Hoffm., from which ITS sequences were available from Gen-
Bank. DNA sequence data for P. elenkinii Rass. and P. pseudorussellii Timdal is herein 
provided for the first time. Voucher data, major lichen substances, and GenBank ac-
cession numbers for these 42 specimens are given in Table 1. With the exception of 
three specimens, P. himalayana (C.Bab.) Timdal 1, P. testacea 2, and P. testacea 3, we 
have examined all collections listed in Table 1 by morphology and secondary chemistry 
during this project or previously.

Anatomy

Microscope sections were cut on a freezing microtome at 16 μm and mounted in water, 
10% KOH (K), lactophenol cotton blue, a modified Lugol’s solution in which water 
was replaced by 50% lactic acid, as well as 25% sulphuric acid, and chlor-zinc-iodine. 
Amyloid reactions were observed in the modified Lugol’s solution after pretreatment 
in K. Chlor-zinc-iodine was used to locate remnants of algae in the cortex, and polarized 
light was used to locate crystals of secondary metabolites and calcium oxalate. Calcium 
oxalate was identified by adding 25% sulphuric acid to the section; the oxalate crystals 
dissolve and needle shaped crystals of calcium sulphate precipitate. Ascospore measure-
ments are given as X ± 1.5×SD rounded to 0.5 μm, where X is the arithmetic mean and 
SD the standard deviation.

Secondary chemistry

Thin-layer chromatography (TLC) was performed in accordance with the methods of 
Culberson (1972), modified by Menlove (1974) and Culberson and Johnson (1982). 
All specimens were examined by TLC.
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Table 1. Psora specimens used in this study with voucher information, major lichen substances, and 
GenBank accession numbers. New sequences are indicated by accession numbers in bold.

Taxon, 
specimen Voucher information Major lichen 

substances

GenBank accession 
number

ITS mtSSU

P. altotibetica 1 China, Xizang, Obermayer 5282 (GZU), 
holotype gyrophoric acid KU863638 KU863651

P. altotibetica 2 China, Xizang, Miehe & Miehe 9573/23/02 
(GZU), paratype gyrophoric acid KU863639 KU863652

P. altotibetica 3 China, Xizang, Obermayer 5223 (GZU), 
paratype gyrophoric acid KU863640 KU863653

P. altotibetica 4 China, Xizang, Obermayer 4365 (GZU), 
paratype gyrophoric acid KU863642 KU863655

P. altotibetica 5 China, Xizang, Obermayer 3967 (GZU), 
paratype gyrophoric acid KU863641 KU863654

P. altotibetica 6 China, Xizang, Obermayer 4485 (GZU), 
paratype gyrophoric acid KU863643 KU863656

P. californica USA, California, Timdal SON139/04  
(O-L-60112)

bourgeanic acid, 
gyrophoric acid EF524322 EF524292

P. elenkinii Russia, Yakutia, Haugan & Timdal YAK01/98 
(O-L-18520) no substances KY426119 KY426126

P. globifera 1 Greenland, Timdal 10149 (O-L-139171) no substances EF524323 EF524294
P. globifera 2 Norway, Klepsland JK11-L619 (O-L-183774) no substances KU873928 –
P. globifera 3 Norway, Bendiksby et al. 12914 (O-L-184327) no substances KU873930 –
P. globifera 4 Norway, Klepsland JK11-L213 (O-L-177145) no substances KU873929 –
P. globifera 5 Norway, Hjelmstad s.n. (O-L-184143) no substances KU873932 –
P. himalayana 1 Russia, Yakutia, Zhurbenko 98161 (M-0066792) – AY425635 –

P. himalayana 2 Canada, Yukon, Rosentreter & McCune 17154 
(O-L-184672) no substances KY426120 KY426127

P. hyporubescens USA, California, Bratt & Timdal 7052  
(O-L-22483), holotype

anthraquinones, 
gyrophoric acid EF524311 EF524295

P. indigirkae 1 Russia, Yakutia, Haugan & Timdal YAK19/03 
(O-L-19148), holotype

bourgeanic acid, 
gyrophoric acid – EF524302

P. indigirkae 2 Russia, Yakutia, Haugan & Timdal YAK17/24 
(O-L-19086), paratype

bourgeanic acid, 
gyrophoric acid KU863631 KU863644

P. indigirkae 3 Russia, Yakutia, Zhurbenko 92185  
(O-L-118686), paratype

bourgeanic acid, 
gyrophoric acid KU863632 KU863645

P. nitida Mexico, Baja California, Timdal SON33/06  
(O-L-15546) gyrophoric acid EF524313 EF524296

P. pacifica USA, California, Rosentreter 14580  
(O-L-126265)

gyrophoric 
acid, unknown 

accessory
EF524314 EF524297

P. peninsularis Mexico, Baja California, Timdal SON32/07  
(O-L-15539), holotype norstictic acid EF524320 EF524298

P. pseudorussellii Greece, Rui & Timdal 10998 (O-L-156015) no substances KY426121 KY426128

P. russellii 1 Mexico, Baja California, Timdal SON31/03  
(O-L-15531) norstictic acid EF524321 EF524300

P. russellii 2 Mexico, Puebla, Rui & Timdal 7389  
(O-L-22501) norstictic acid KY426122 KY426129
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Taxon, 
specimen Voucher information Major lichen 

substances

GenBank accession 
number

ITS mtSSU

P. russellii 3 USA, California, Timdal SON131/02  
(O-L-60087) norstictic acid KY426123 KY426130

P. taurensis 1 Turkey, Halici (ERCH-AMEKA 0.018), holotype norstictic acid KY426124 KY426131
P. taurensis 2 Turkey, Timdal 7908 (O-L-203076), paratype norstictic acid KY426125 KY426132

P. tenuifolia 1 Russia, Yakutia, Haugan & Timdal YAK17/26 
(O-L-19088)

norstictic acid, 
zeorin EF524309 EF524303

P. tenuifolia 2 China, Xizang, Obermayer 4487 (GZU) norstictic acid, 
zeorin KU863636 KU863649

P. tenuifolia 3 China, Xizang, Obermayer 5236 (GZU) zeorin KU863637 KU863650
P. testacea 1 Greece, Rui & Timdal TH06/04 (O-L-59263) atranorin EF524315 EF524301
P. testacea 2 Germany, Kainz 195 (M-0066793) – AY425636 –
P. testacea 3 Germany, Kainz 192 (M-0066794) – AY425638 –

P. tuckermanii USA, Arizona, Rui & Timdal US240/05  
(O-L-59926) no substances EF524317 EF524304

P. vallesiaca 1 Greece, Rui & Timdal 7993 (O-L-15186) norstictic acid EF524324 EF524291
P. vallesiaca 2 China, Xizang, Obermayer 3227 (GZU) norstictic acid KU863633 KU863646
P. vallesiaca 3 China, Xizang, Obermayer 5279 (GZU) no substances KU863635 KU863648
P. vallesiaca 4 Pakistan, Poelt K91-705 (GZU) norstictic acid KU863634 KU863647
P. vallesiaca 5 Norway, Bendiksby et al. 12979 (O-L-184392) norstictic acid KU873926 –
P. vallesiaca 6 Norway, Klepsland JK11-L624 (O-L-183778) norstictic acid KU873927 –
P. vallesiaca 7 Norway, Klepsland JK11-L601 (O-L-183760) norstictic acid KU873931 –

DNA extraction, PCR and sequencing

We performed DNA extraction, PCR amplification, PCR purification, and cy-
cle sequencing as described by Bendiksby and Timdal (2013). DNA was extracted 
from apothecia of 7 specimens (Table 1; GenBank Accession Numbers KY426119– 
KY426132). All DNA isolates produced for the present study are deposited in the 
DNA collection at Natural History Museum, University of Oslo or Molecular Biology 
Lab of Erciyes University, Faculty of Science (only P. taurensis 1). We amplified and 
sequenced the ITS and the mtSSU using the primer pairs ITS5/ITS4 (White et al. 
1990) and mtSSU1/mtSSU3R (Zoller et al. 1999), respectively.

Data analyses

Sequences were assembled and edited using SEQUENCHER v.4.1.4 (Gene Codes 
Corporation, Ann Arbor, Michigan, U.S.A.). Alignments were established in BIOED-
IT 7.2.3 (Hall 1999) using the “ClustalW/Multiple alignment” option with subse-
quent manual adjustments. We analysed and summarized the data with parsimony and 
Bayesian phylogenetic methods, including model testing, as described in Bendiksby et 
al. (2015). As configuration settings in PartitionFinder v.1.1.1 (Lanfear et al. 2012), 
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we used linked branch lengths, data blocks according to named genetic region (i.e. 
ITS1, 5.8S, ITS2, mtSSU), the greedy search scheme, the Bayesian information cri-
terion as selection metric and only models that are implemented in MrBayes 3.1.2 
(Huelsenbeck and Ronquist 2001, Ronquist and Huelsenbeck 2003). The nuclear and 
mitochondrial datasets were analysed separately and in combination (concatenated) 
with indels treated as missing data.

Results

Anatomy

The following key characters for including P. taurensis in Psora were observed in the 
new species: the upper cortex contained remnants of algae throughout both the lower 
stainable layer and the upper epinecral layer (‘Scheinrindentyp’ of Poelt 1958); the 
hypothecium contained calcium oxalate crystals; the epihymenium contained orange 
crystals which dissolved in K with a purple diffusion (assumed to be anthraquinones); 
and the ascus contained a well-developed, amyloid tholus with a central, deeper amy-
loid tube structure (Porpidia-type).

The following species level characters were observed in P. taurensis: Upper cortex 
composed of thick-walled hyphae with angular to rounded lumina; crystals of norstic-
tic acid and calcium oxalate present in medulla; no crystals in upper cortex; poorly 
developed lower cortex; ascospores 11–16 × 5.5–7 μm.

Secondary chemistry

The results of the TLC examinations are given in Table 1. The two specimens of P. 
taurensis contained norstictic acid.

Alignments and phylogenetic analyses

Altogether 14 DNA sequences were generated from 7 specimens for the present study 
(7 ITS and 7 mtSSU; Table 1). The ITS end-trimmed alignment of 41 accessions was 
573 basepairs long and contained 236 parsimony-informative characters. The corre-
sponding numbers for the mtSSU matrix of 32 accessions was 794 and 22, respectively. 
For ITS1, ITS2 and mtSSU, the HKY+I+G model gave the best fit, whereas K80+I+G 
had the estimated best fit for 5.8S. Tree-topologies from both parsimony and Bayesian 
analyses of ITS vs mtSSU alignments were congruent but resolved to various extents 
(not shown). Final analyses were therefore performed on a concatenated dataset of 
1367 bp. In the Bayesian analysis, the average standard deviation of split frequencies 
(ASDSF) had fallen to 0.004765 at termination (five million generations) and the first 
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1500 saved trees (i.e. 30%) were discarded as burn-in, ensuring that only generations 
with ASDSF below 0.01 were kept for summarizing. The Bayesian 50% majority rule 
consensus tree is presented as an unrooted tree with both Bayesian posterior prob-
ability (PP > 0.9) and parsimony jackknifing (JK > 90) branch support superimposed 
(Fig. 1). Multiple accessions of all species group to the respective species with high sup-
port. The single exception is a clade consisting of two accessions of P. himalayana that 
is nested within the P. vallesiaca–himalayana clade, grouping with high support with 
P. vallesiaca (Schaer.) Timdal 4−7 to the exclusion of P. vallesiaca 1−3. Psora tenuifolia 
Timdal is strongly supported as sister to the new species, P. taurensis. The P. tenuifo-
lia–taurensis clade is sister to P. altotibetica, which in turn is sister to the P. vallesiaca–
himalayana clade. A clade consisting of P. hyporubescens Timdal and P. pacifica Timdal 
is also strongly supported. The sister relationship between P. californica Timdal and P. 
indigirkae Timdal & Zhurb. received low support (JK=57; PP=0.51). Psora globifera 
(Ach.) A.Massal. is supported as sister to the P. altotibetica–tenuifolia–taurensis–val-
lesiaca–himalayana clade, but this relationship was not supported by parsimony jack-
knifing. The same accounts for the grouping of the P. hyporubescens–pacifica clade with 
the aforementioned multispecies clade. Apart from this, the molecular data support no 
further inter-species relationships.

Discussion

Our molecular data strongly support Psora taurensis as a distinct evolutionary unit 
and, given the current taxon sampling, P. tenuifolia is its sister (Fig. 1). Psora tenuifolia 
differs in having thinner, generally more ascending squamules containing zeorin (and 
often norstictic acid, as P. taurensis) and in having a well-developed lower cortex com-
posed of mainly anticlinally oriented hyphae which are densely covered by calcium 
oxalate crystals (cf. Timdal 1986). Psora tenuifolia is known from winter-cold, arid sites 
in Alaska and arctic Canada (Timdal 1986), Yakutia (Zhurbenko 2003), and the Great 
Himalayas (Timdal et al. 2016).

Psora altotibetica, which falls out as sister to the P. tenuifolia–taurensis clade (Fig. 1), 
differs in having strictly adnate squamules which are more evenly covered by pruina and 
in containing gyrophoric acid (cf. Timdal et al. 2016). Psora altotibetica is known only 
from the Great Himalayas between 4230 and 5000 m altitude (Timdal et al. 2016).

Outside that clade is the complex of P. vallesiaca, which consists of several strongly 
supported subclades with varying branch lengths and with P. himalayana embedded 
(Fig. 1). Psora himalayana and P. vallesiaca are distinguished mainly on the thallus 
chemistry, i.e. no lichen substances in the former and norstictic acid in the latter. 
Timdal et al. (2016) indicated that they may be conspecific, based on only the ITS 
sequence of a single specimen of P. himalayana (from Yakutia), which rendered it as 
nested within a clade of seven accessions of P. vallesiaca. In the present study, both 
ITS and mtSSU sequences of a second specimen of P. himalayana (from Yukon) is 
provided. The two specimens of P. himalayana group with moderate support (JK=81; 



Psora taurensis (Psoraceae, Lecanorales), a new lichen species from Turkey 7

Figure 1. Bayesian 50 % majority rule consensus tree based on a concatenated alignment of ITS and 
mtSSU sequences of 42 accessions of 17 Psora species (see Table 1). Parsimony jackknife support values 
above 90% are shown below branches and Bayesian posterior probabilities above 0.9 above. The curly 
branch leading to P. testacea has been shortened to reduce the size of a broad figure.

PP=1), and the species remains nested in the P. vallesiaca complex (Fig. 1). A broader 
sampling is needed, however, especially from the Himalayas, before P. himalayana 
may be synonymised with P. vallesiaca. The complex differs morphologically from P. 
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taurensis mainly in forming more distinctly white-edged squamules with a more up-
turned margin.

Psora elenkinii was synonymized with P. himalayana by Timdal (1986). However, 
the ITS and mtSSU sequences provided here, from a morphologically typical specimen 
from Yakutia, shows that the species falls outside the P. vallesiaca–himalayana clade 
(Fig. 1). The species is hence accepted here.

The North American desert lichen P. russellii differs morphologically from P. tau-
rensis mainly in forming closely adnate squamules with a more down-turned margin 
and often with a regular, central depression, and in having medium brown apothecia. 
The species contains norstictic acid both in the upper cortex and in the medulla and 
there is also sometimes a trace of gyrophoric acid (Timdal 1986). The three sequenced 
specimens of P. russellii group with high support and are not closely related to P. tau-
rensis (Fig. 1).

Psora pseudorussellii differs from P. russellii mainly in lacking lichen substances and 
in forming smaller, more elongated squamules without a central depression (Timdal 
1986). It differs from P. taurensis mainly in lacking lichen substances and in the medi-
um brown colour of the apothecia. This essentially eastern North American species was 
reported new to Europe from Greece (Crete) by Grube et al. (2001). We have exam-
ined additional European specimens from Greece (Crete and Samos), Italy (Calabria), 
and Spain (Granada, Madrid, and Soria) (Timdal unpubl.), and here provide DNA 
sequences from the species for the first time. Phylogenetically it is not closely related 
to P. taurensis (Fig. 1).

Psora peninsularis Timdal, occurring in coastal scrubs and Sonoran desert in south-
ern California and Baja California, differs morphologically mainly in forming cas-
taneous brown, shiny, epruinose squamules. It contains norstictic acid in the medulla 
(Timdal 2002). Phylogenetically it is not closely related to P. taurensis (Fig. 1).

Two additional species are relevant for the discussion of the taxonomy of P. 
taurensis: P. gresinonis B.de Lesd. and P. subrubiformis (Vain.) Dzhur. Lack of se-
quence data makes this discussion purely morphological. We know the former spe-
cies from c. 15 localities in Mediterranean Europe and Central Asia and the latter 
only from the type collection from Turkmenistan (Timdal 1984, Timdal unpubl.). 
Psora gresinonis, which often contains norstictic acid like P. taurensis, differs in form-
ing smaller, thinner, more rounded and concave squamules with a non-pruinose, 
brown or sometimes greyish margin. The holotype of Psora subrubiformis lacks li-
chen substances and differs from P. taurensis in having persistently plane to only 
weakly convex, densely white pruinose apothecia (cf. Timdal 1984) and a thallus 
morphology resembling that of the P. vallesiaca complex. Except for the more plane 
apothecia, there are few arguments for regarding it as a distinct species within the 
the P. vallesiaca complex.

Hence, since P. taurensis is now known from two localities and its distinctness is 
supported by various data, we hereby describe it as a new species.



Psora taurensis (Psoraceae, Lecanorales), a new lichen species from Turkey 9

Taxonomy

Psora taurensis Timdal, Bendiksby, Kahraman & Halıcı, sp. nov.
Mycobank: MB 820063
Fig. 2

Diagnosis. Morphologically most similar to Psora russellii, but squamules more as-
cending and lacking a central depression, and apothecia brownish black. Phylogenetic 
sister species of P. tenuifolia, but having a thicker, more adnate thallus with a poorly 
developed lower cortex and lacking zeorin.

TYPE. TURKEY. Mersin: Gülnar-Silifke Highway, exit of Kayrak , 36°21'24.5"N, 
33°33'08.8"E, 1000-1020 m alt., on soil on calcareous bedrock, 12 Apr 2012, M.G. 
Halıcı (holotype: ERCH-AMEKA 0.018!)

Description. Thallus squamulose; squamules up to 8 mm wide, rounded, adnate 
with ascending margin to imbricate, becoming deeply lobed, concave; upper surface 
medium brown, dull, pruinose in the outer part of the lobes, with regular fissures 
in the cortex; margin first concolorous with upper side, soon becoming white by 
pruina, straight or somewhat up-turned; upper cortex up to 130 μm thick, includ-
ing an up to 20 μm thick epinecral layer, composed of thick-walled hyphae with 
angular to rounded lumina, not containing crystals, containing remnants of algae 
throughout (chlor-zinc-iodine!); algal layer continuous, 30–45 μm thick; medulla 
not amyloid, containing lichen substances (K+ yellow, red crystals precipitating) and 
calcium oxalate; lower cortex poorly developed; lower surface white to pale brown. 
Apothecia up to 1.5 mm diam., laminal or submarginal on the squamules, weakly 
convex and indistinctly marginate when young, soon becoming strongly convex 
and immarginate, brownish black, epruinose. Proper exciple yellowish brown in the 
rim, colourless in inner part, lacking crystals, composed of radiating, thick-walled 
hyphae; hypothecium colourless in lower part, pale brown in upper part, contain-
ing crystals of calcium oxalate; epihymenium yellowish brown, containing orange 
crystals dissolving in K, K+ purple; hymenium 70–90 μm high, colourless, amyloid. 
Paraphyses straight, thin-walled, moderately conglutinated, sparingly branched and 
anastomizing, with a slightly swollen apical cell. Ascus clavate, with a well-devel-
oped, amyloid tholus containing a deeper amyloid tube, lacking an ocular chamber 
(Porpidia-type); ascospores ellipsoid, non-septate, hyaline, 11–16 × 5.5–7 μm (n = 
20). Conidiomata unknown.

Chemistry. Norstictic acid (by TLC); medulla K+ yellow turning red, C–, KC–, 
P+ orange.

Habitat and distribution. The species is known from two localities in Turkey, 
both at c. 1000 m altitude. Both sites are in areas with Mediterranean climate. The 
holotype was collected in a rocky area with scrub vegetation derived by forest degra-
dation; the paratype grew in an open pasture. Both specimens were terricolous, the 
holotype grew on soil over limestone.
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Figure 2. Psora taurensis, habitus. A, part of holotype; B, part of paratype. Scale bar = 2 mm.

Etymology. The name refers to its occurrence in the Taurus Mountains.
Other specimen examined. Turkey. Antalya: along the road a few km SE of 

Gündoğmuş, 36°48.1'N, 32°00.3'E, 1000 m alt., on soil in open pasture, 24 Apr 
1994, E.Timdal 7908 (O L-203076, paratype).
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Abstract
As part of ongoing studies of the lichen family Graphidaceae in China, the status of all taxa traditionally 
assigned to the genus Phaeographina reported from China is resolved in the present paper. Five new 
combinations are proposed: Phaeographis pleiospora (Zahlbr.) Z.F. Jia & Lücking, comb. nov., Platygramme 
elaeoplaca (Zahlbr.) Z.F. Jia & Lücking, comb. nov., Platythecium maximum (Groenh.) Z.F. Jia & Lücking, 
comb. nov., P. pyrrhochroa (Mont. & Bosch) Z.F. Jia & Lücking, comb. nov., and Sarcographina heterospora 
(Nyl.) Z.F. Jia & Lücking, comb. nov. Six new synonyms are established: Phaeographina callospora Zahlbr. 
[= Diorygma hieroglyphicum (Pers.) Staiger & Kalb], P. fukiensis Zahlbr. [= Pallidogramme chrysenteron (Mont.) 
Staiger, Kalb & Lücking], P. fukiensis var. substriata Zahlbr. [= Pallidogramme chrysenteron (Mont.) Staiger, 
Kalb & Lücking], P. granulans Zahlbr. [= Platygramme platyloma (Müll. Arg.) M. Nakan. & Kashiw.], P. 
pluvisilvarum Zahlbr. [= Graphis alpestris (Zahlbr.) Staiger], and P. valida Zahlbr. [= Thecographa prosiliens 
(Mont. & Bosch) A. Massal.]. Two additional synonyms are reported: Phaeographina subrigida (Nyl.) 
Zahlbr. is synonymized under Platygramme platyloma (Müll. Arg.) M. Nakan. & Kashiw., and Platythecium 
dimorphodes (Nyl.) Staiger under Platythecium pyrrhochroum (Mont. & Bosch) Z.F. Jia & Lücking.
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Lichen, taxonomy, Graphidaceae, Ostropales
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Introduction

The lichen genus Phaeographina Müll. Arg. is an artificial, ascospore-based genus in 
Graphidaceae Dumort. (Müller 1882), in use until after the turn of the millenium. 
A revised generic concept in the family, based on Staiger (2002) and further elabo-
rated using molecular phylogenetic approaches (Staiger et al. 2006; Rivas Plata et al. 
2012, 2013; Lücking et al. 2013; Lumbsch et al. 2014), resulted in subsuming the 
name Phaeographina into synonymy with Thecographa A. Massal., with the single spe-
cies, Thecographa prosiliens (Mont. & Bosch) A. Massal. (Lücking et al. 2007; Lücking 
and Rivas Plata 2008). Following this revised generic concept, most of the species at 
some point included in Phaeographina, representing a total of 265 names, have been 
redispositioned into other genera based on ascoma morphology and anatomy, such as 
Pallidogramme Staiger, Kalb & Lücking, Phaeographis Müll. Arg., Platygramme Fée, 
Thecaria Fée, and the aforementioned Thecographa (Staiger 2002; Archer 2006, 2009).

As part of a revision of Chinese Graphidaceae, we attempted to resolve the status 
of all species reported under the name Phaeographina from China (Wei 1991; Aptroot 
and Seaward 1999; Aptroot and Sipman 2001, Aptroot and Sparrius 2003). Twenty-
one species were reported under the name Phaeographina, which are here presented in 
the form of an annotated checklist and listed under or transferred to the corresponding 
genera, namely Chapsa A. Massal., Diorygma Eschw., Glyphis Ach., Graphis Adans., 
Pallidogramme, Phaeographis, Platygramme, Platythecium Staiger, Sarcographina Müll. 
Arg., Sarcographa Fée, Thecographa, and Thecaria.

Materials and methods

Type specimens and other material investigated for this study are deposited in BRSL, 
H, HMAS-L, KUN, LCU-L, PC, TNS, UPS, and W. For several of the names in-
cluded here that have already been treated by Kalb et al. (2004), Staiger (2002), and 
Lücking et al. (2009), we do not provide full synonymies and type specimen citations 
but give the corresponding reference. A dissecting microscope (Olympus SZX12) and 
a light microscope (Olympus BX51 and Nikon Eclipse-55i) were used for the morpho-
logical and anatomical studies. Measurements were taken from manual cross sections 
of fruit bodies in water. Amyloidity of the ascospores was tested using Lugol’s solution. 
In cases where the chemistry of the type material had not been studied previously, 
lichen substances were identified by thin-layer chromatography (Culberson and Kris-
tinsson 1970; Culberson and Kristinsson 1972; White and James 1985).

Taxonomy

Annotated checklist of Chinese species previously reported under the name Phaeo-
graphina Müll. Arg.
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1. Phaeographina callospora Zahlbr.
Figure 1A–B

Feddes Repert. 31: 220, 1933. Type: Taiwan, Faurie 118 (W, holotype!).
= Diorygma hieroglyphicum (Pers.) Staiger & Kalb, in Kalb et al., Symb. Bot. Upsal. 

34(1): 151, 2004.

Based on the Diorygma-like thallus and ascomata, this taxon belongs in Diorygma. 
It has a clear hymenium, single-spored asci, hyaline, muriform ascospores 90–100 × 
29–32 μm (Zahlbruckner 1933), and stictic acid. These characters, as well as the im-
mersed lirellae with a split between excipulum and thalline margin, agree with D. hi-
eroglyphicum (Pers.) Staiger & Kalb and hence, we propose this name as a synonym of 
the latter. The ascospores in this material are partially old and become brownish, which 
is the reason why it was described in Phaeographina. Phaeographina callospora Zahlbr. 
should not be confused with Graphis collospora Vain. [≡ Graphina collospora (Vain.) 
Zahlbr.], which is also a synonym of D. hieroglyphicum (Kalb et al. 2004). Diorygma 
hieroglyphicum is a corticolous species reported from Taiwan (type locality of P. cal-
lospora, Zahlbruckner 1933, 1940; Lamb 1963; Wang-Yang and Lai 1973 and 1976), 
Fujian, Hainan and Yunnan (Meng and Wei 2008; Wei et al. 2013; Jia and Wei 2016).

2. Phaeographina chlorocarpoides (Nyl.) Zahlbr.

Cat. Lich. Univers. 2: 435, 1923; Hemithecium chlorocarpoides (Nyl.) Staiger, Biblthca. 
Lichenol. 85: 283, 2002.

≡ Pallidogramme chlorocarpoides (Nyl.) Staiger, Kalb & Lücking in Lücking et al., 
Fieldiana, Bot. 38: 9, 2008.

Following Lücking et al. (2008), this taxon was transferred to the genus Pallidogramme. 
It is a corticolous species reported from Guangdong, Guangxi, Hunan, Hainan and 
Hong Kong (Krempelhuber 1873; Zahlbruckner 1930; Thrower 1988; Miao et al. 
2007; Wei et al. 2013; Jia and Wei 2016).

3 .Phaeographina chrysenteron (Mont.) Müll. Arg.

Hedwigia 30: 52, 1891 [as ‘chrysentera’].
≡ Pallidogramme chrysenteron (Mont.) Staiger, Kalb & Lücking in Lücking et al., 

Fieldiana, Bot. 38: 9, 2008; Hemithecium chrysenteron (Mont.) Trevis., Spighe 
Paglie: 13, 1853.

Following Lücking et al. (2008), this taxon belongs in Pallidogramme. It is a corticol-
ous species reported from Fujian, Guangdong, Guangxi, Yunnan, Hunan, Hainan and 
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Figure 1. A–B Phaeographina callospora Zahlbr. (Faurie 118) C–D Phaeographina elaeoplaca Zahlbr. 
(Chung 596d). Scale bars: 1mm.

Taiwan (Zahlbruckner 1930, 1932; Miao et al. 2007; Wei et al. 2013; Jia and Wei 
2016; Aptroot and Sparrius 2003).

Pallidogramme is listed as invalid name in Index Fungorum (accessed 18 January 
2017), presumably based on ICN Art. 41.5 (incomplete citation of the replaced syno-
nym). However, the replaced synonym is not Hemithecium subgen. Leucogramma Staiger 
(Staiger 2002: 277), but Leucogramma A. Massal. (1860: 273, 320), an illegitimate later 
homonym of Leucogramma Meyer (1825: 331). Both Leucogramma A. Massal. and its 
type species, L. chrysenteron (Mont.) A. Massal. were established on the same page (1860: 
320), and since in the protologue of Pallidogramme the full reference is given for the 
type species (designated as holotype), L. chrysenteron (Mont.) A. Massal., this fulfills the 
requirements of ICN Art. 41 for valid publication of the genus name.

4. Phaeographina elaeoplaca Zahlbr.
Figure 1C–D

Ann. Mycol. 30: 431, 1932. Type: Fujian: Chung 596 d (W, lectotype!, annotation 
label by Nakanishi in 1973).

≡ Platygramme elaeoplaca (Zahlbr.) Z.F. Jia & Lücking, comb. nov. (see below).
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This material is characterized by lirellae with thick, apically carbonized, exposed labia 
and a closed disc, an inspersed hymenium, single-spored asci producing brown as-
cospores about 80–110 × 20–30 μm, and the absence of secondary substances. Ascoma 
morphology and the brown ascospores place this material in the genus Platygramme. 
Several species have been described which belong in Platygramme and agree with Phae-
ographina elaeoplaca in ascoma morphology (thick labia with closed disc, single-spored 
asci, absence of secondary substances: Graphis commutabilis Kremp. (Krempelhuber 
1875) [≡ Platygramme commutabilis (Kremp.) A. W. Archer] has ascomata with whit-
ish thalline cover and ascospores 80–110 μm long; Phaeographina platyloma Müll. Arg. 
(Müller 1882) [≡ Platygramme platyloma (Müll. Arg.) M. Nakan. & Kashiw.; syn.: 
Platygramme impudica (A. W. Archer) A. W. Archer] has ascomata with distinct, lateral 
thalline cover and ascospores 120–180 μm long; and Graphis subrigida Nyl. (Nylander 
& Crombie, 1883) [≡ Phaeographina subrigida (Nyl.) Zahlbr.] has ascomata with ex-
posed labia and ascospores 110–150 μm long. On the annotation label of the lectotype 
of Phaeographina elaeoplaca, Nakanishi noted that this name should be a synonym of 
Ph. subrigida; however, the ascospores of the latter are much longer. Archer (2009) 
described Platygramme commutabilis, which agrees with Phaeographina elaeocarpa in 
ascospore size, as having exposed labia, which would make Ph. elaeocarpa a synonym 
of Pl. commutabilis. However, this observation is in conflict with the type of Pl. com-
mutabilis, which clearly shows the labia covered by a whitish thallus layer. Thus, we 
conclude that Ph. elaeocarpa is neither conspecific with Ph. subrigida nor with Pl. com-
mutabilis but represents a distinct taxon, recombined below as Platygramme elaeoplaca 
(Zahlbr.) Z.F. Jia & Lücking. We suspect that the Australian material identified by 
Archer (2009) as Pl. commutabilis in reality represents Pl. elaeocarpa. Based on as-
cospore size, Ph. subrigida is to be placed as an additional synonym under Pl. platyloma.

Platygramme elaeocarpa is a corticolous species reported from Fujian (type locality; 
Zahlbruckner 1932, 1934, 1940).

5. Phaeographina fukiensis Zahlbr.
Figure 2A–B

in Handel-Mazzetti, Symb. Sin. 3: 62, 1930. Type: Fujian, Chung 399a (W, holotype!).
= Pallidogramme chrysenteron (Mont.) Staiger, Kalb & Lücking, in Lücking et al., 

Fieldiana, Bot. 38: 9, 2008.

Due to the characteristics of thallus and ascomata, this taxon belongs in Pallidogramme. 
According to the annotation label by Nakanishi, it is similar to Pallidogramme chlo-
rocarpoides (Nyl.) Staiger, Kalb & Lücking, but differs by having smaller ascospores 
(36–48 × 12–16 μm, Zahlbruckner 1930) than the latter (P. chlorocarpoides: 55–110 × 
20–39 μm, Staiger 2002). It therefore agrees perfectly with P. chrysenteron (ascospores 
33–60 × 10–15 μm, Staiger 2002) and represents another synonym of the latter. The 
distribution of this species in China is treated above.
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Figure 2. A–B Phaeographina fukiensis Zahlbr. (Chung 399a) C–D Graphis glyphiza Nyl. (Nylander 
6989). Scale bars = 1mm.

Phaeographina fukiensis var. substriata Zahlbr.

Ann. Mycol. 30: 432, 1932. Type: Fujian: Chung 597 (W, holotype!).
= Pallidogramme chrysenteron (Mont.) Staiger, Kalb & Lücking, in Lücking et al., 

Fieldiana, Bot. 38: 9, 2008.

According to Zahlbruckner, this taxon differs from the nominal variety by its striate 
labia and smaller ascospores, which is odd considering that the type of the nominal 
variety has distinctly striate labia. The ascospores fall within the lower range of varia-
tion of Pallidogramme chrysenteron and hence this is considered another synonym of 
that species.

6. Phaeographina glyphiza (Nyl.) Zahlbr
Figure 2, C–D

in Handel-Mazzetti, Symb. Sinic. 3: 62, 1930.



Resolving the genus Phaeographina Müll. Arg. in China 19

≡ Sarcographa glyphiza (Nyl.) Kr.R. Singh & G.P. Sinha, Indian Lichens, An Anno-
tated Checklist (Kolkata): 404, 2010; Graphis glyphiza Nyl., Ann. Sci. Nat., Bot., 
sér. 4, 19: 374, 1863; Phaeographis glyphiza (Nyl.) Zahlbr., Cat. Lich. Univers. 2: 
373, 1923. Type: China, Hong Kong, Nylander 6989 (H, lectotype!).

Following Singh and Sinha (2010), this taxon belongs in Sarcographa as S. glyphiza 
(Nyl.) Kr.R. Singh & G.P. Sinha. It is a corticolous species reported from Hong Kong 
(type location; Nylander 1863, Leighton 1869, Hue 1891 as Graphis glyphiza; Zahl-
bruckner 1923 as Phaeographis glyphiza; Zahlbruckner 1930, 1932, Aptroot 1999 as 
Phaeographina glyphiza). Seaward and Aptroot (2005) reported this taxon with the 
current name Sarcographa glyphiza from Hong Kong.

7. Phaeographina granulans Zahlbr.
Figure 3, A–B

Ann. Mycol. 30: 432, 1932. Type: Fujian, Chung 404 (W, holotype!)
= Platygramme platyloma (Müll. Arg.) M. Nakan. & Kashiw., in Nakanishi, Kashi-

wadani & Moon, Bull. Natn. Sci. Mus., Tokyo, B 29(2): 89, 2003.

Based on the characteristics of the ascomata, excipulum and ascospores, which are 
about 140–160 μm long, this taxon is a further synonym of Platygramme platyloma 
(Müll. Arg.) M. Nakan. & Kashiw. (see discussion under Pl. elaeocarpa above), as al-
ready annotated by Nakanishi on the holotype. Platygramme platyloma is a corticolous 
species reported from Fujian (Type locality of Phaeographina granulans, Zahlbruckner 
1932, 1934, 1940; Lamb 1963; Jia and Kalb 2013).

8. Phaeographina heterospora (Nyl.) Zahlbr.

Cat. Lich. Univers. 2: 439, 1923; Gymnographa heterospora (Nyl.) Staiger. Biblthca 
Lichenol. 85: 271, 2002. Type: Reunion, Lepervanche-Mézières 43 (H-NYL 7815, 
holotype!).

≡ Sarcographina heterospora (Nyl.) Z.F. Jia & Lücking, comb. nov. (see below)

Staiger (2002), placed this taxon in Gymnographa as G. heterospora (Nyl.) Staiger. Res-
tudy of the type material confirmed that this taxon is very closely related to Sarcograph-
ina cyclospora Müll. Arg., which was recently shown to belong in tribe Ocellularieae 
within Graphidaceae (Kraichak et al. 2014). Hence, Phaeographina heterospora is here 
also recombined in that genus, as Sarcographina heterospora (Nyl.) Z.F. Jia & Lücking. 
Sarcographina heterospora is a corticolous species reported from Taiwan (Aptroot and 
Sparrius 2003).
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Figure 3. A–B Phaeographina granulans Zahlbr. (Chung 404) C–D Phaeographina lecanographa var. 
pleiospora Zahlbr. (Chung 596b). Scale bars = 1mm.

9. Phaeographina lecanographa var. pleiospora Zahlbr.
Figure 3C–D

in Handel-Mazzetti, Symb. Sin. 3: 61, 1930. Type: China. Fujian, Chung 596b (W, 
holotype!).

≡ Phaeographis pleiospora (Zahlbr.) Z.F. Jia & Lücking, comb. nov. (see below).

This material belongs in a difficult group of taxa characterized by rounded to shortly 
elongate, erumpent to prominent ascomata with a usually fissured, thalline margin 
partially exposing the (dark) brown disc, and with muriform ascospores. Staiger (2002) 
distinguished two species in this group, viz. Phaeographis kalbii Staiger, with norstic-
tic acid, 1–4-spored asci, and ascospores 95–125 × 20–30 μm, and Ph. lecanographa 
(Nyl.) Staiger, with virensic acid, 1–4-spored asci, and ascospores 85–150 × 25–50 μm. 
Lücking (2015) later found an earlier name for the latter species with virensic acid, viz. 
Thelotrema spondaicum Nyl., now Phaeographis spondaica (Nyl.) Lücking. Phaeographis 
kalbii was synonymized with Ph. atromaculata (A.W. Archer) A.W. Archer (Archer 
2006), but Lendemer and Harris (2014) proposed to keep the two species separate and 
added a further species to this group, Ph. oricola Lendemer & R.C. Harris, which dif-
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fers mainly in its single-spored asci. The type material of Ph. lecanographa var. pleiospora 
contains norstictic acid (as already noticed by Zahlbruckner) and would belong in that 
latter complex, but the ascospores are consistently smaller (60–80 × 20–30 μm). We 
therefore accept this as a distinct species, Ph. pleiospora (Zahlbr.) Z.F. Jia & Lücking. It 
is a corticolous species reported from Fujian (Type locality. Zahlbruckner 1930, 1933, 
1934 and 1940).

10. Phaeographina macrospora (Zahlbr.) Nakanishi

J. Sci. Hiroshima Univ., Ser. B, div. 2, 11: 101, 1966; Phaeographina montagnei f. 
macrospora Zahlbr., in Fedde, Repertorium 31: 219, 1933. Type: China. Taiwan, 
Asahina 372 (TNS, holotype).

= Thecaria montagnei (Bosch) Staiger, Biblthca Lichenol. 85: 446, 2002.

Following Aptroot (2004), this taxon is a synonym of Thecaria montagnei (Bosch) 
Staiger. Thecaria montagnei is a corticolous species reported from Taiwan (Type local-
ity of Phaeographina macrospora, Zahlbruckner 1933; Wang-Yang and Lai 1973) and 
Hainan (Wei et al. 2013).

11. Phaeographina maxima Groenh.

in Blumea, Suppl. 5 (H. J. Lam Jubilee Vol.). 107, 1958. Type: Indonesia, Sumatra, 
Groenhart 9453 (BO, holotype, not seen, but original image in protologue seen).

≡ Platythecium maximum (Groenh.) Z.F. Jia & Lücking, comb. nov. (see below).

According to the original description and excellent illustrations, this is a species of 
Platythecium, agreeing with P. serpentinellum (Nyl.) Staiger in the brown ascospores 
and with P. allosporellum (Nyl.) Staiger in the carbonized hypothecium. Groenhart 
(1958) beautifully illustrates the enormous extension of the thallus of the specimen in 
the field, with over 100 cm covering a large boulder. This is consistent with our obser-
vations that Platythecium species often form large thalli on rocks near streams. Since 
the type material is different from any known in the genus, it is here recombined as 
separate species, Platythecium maximum (Groenh.) Z.F. Jia & Lücking. It is a saxicol-
ous species, within China reported from Hong Kong (Thrower 1988).

12. Phaeographina micromma Zahlbr.
Figure 4A–B

Feddes Repert. 31: 219, 1933. Type: China. Taiwan, Asahina 376 (W, holotype!).
≡ Fissurina micromma (Zahlbr.) Aptroot, Symb. Bot. Upsal. 34 (1): 34, 2004.
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Figure 4. A–B Phaeographina micromma Zahlbr. (Asahina 376) C–D Phaeographina mirabilis Zahlbr. 
(Chung 387). Scale bars = 1mm.

Following Aptroot (2004), this taxon is to be treated in the genus Fissurina, as F. mi-
cromma (Zahlbr.) Aptroot. It is a corticolous species reported from Taiwan (Type local-
ity, Zahlbruckner 1933, 1940; Lamb 1963; Wang-Yang and Lai 1973).

13. Phaeographina mirabilis Zahlbr.
Figure 4C–D

in Handel-Mazzetti, Symb. Sinic. 3: 62, 1930. Type: China. Fujian, Chung 387 (W, 
holotype!).

≡ Chapsa mirabilis (Zahlbr.) Lücking, in Rivas Plata, Lücking, Sipman, Mangold, 
Kalb & Lumbsch, Lichenologist 42(2): 183, 2010.

Following Rivas Plata et al. (2010), this taxon is currently accepted in Chapsa, as C. mi-
rabilis (Zahlbr.) Lücking. It is a corticolous species reported from Fujian (Type locality, 
Zahlbruckner 1930, 1932).
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14. Phaeographina montagnei (Bosch) Müll. Arg.

Flora 65: 399, 1882.
≡ Thecaria montagnei (Bosch) Staiger, Biblthca Lichenol. 85: 446, 2002.

Following Staiger (2002), this taxon is to be treated in Thecaria as T. montagnei (Bosch) 
Staiger. The distribution of this species is treated above.

15. Phaeographina obfirmata (Nyl.) Zahlbr.
Figure 5A–B

Cat. Lich. Univers. 2: 441, 1923; Lecanactis obfirmata Nyl., J. Linn. Soc., Bot. 20: 65, 
1883. Type: China, Shanghai, Maingay 1861 (H-NYL 7997, holotype!).

= Glyphis scyphulifera (Ach.) Staiger, Biblthca Lichenol. 85: 175, 2002.

Following Staiger (2002), this taxon is a synonym of Glyphis scyphulifera (Ach.) Staiger. 
The latter is a corticolous species reported from Shanghai (Type locality, Nylander and 
Crombie 1883; Nylander 1891; Hue 1891; Zahlbruckner 1924, 1930) and Hong 
Kong (Thrower 1988).

16. Phaeographina pluvisilvarum Zahlbr.
Figure 5C–D

in Handel-Mazzetti, Symb. Sinic. 3: 60, 1930. Type: Chian. Yunnan, Handel-Mazzetti 
9261 (W, holotype!).

= Graphis alpestris (Zahlbr.) Staiger, Biblthca Lichenol. 85: 205, 2002.

This taxon was suggested to represent a synonym of Graphis alpestris by Nakanishi on 
an annotation label. Zahlbruckner (1930) gives the ascospores as 135–165 × 30–33 
μm, somewhat larger than reported for G. alpestris (70–115 × 19–30 μm). Unfortu-
nately, the remaining material has only empty lirellae, so this information cannot be 
checked. We therefore follow Nakanishi in treating this name as a synonym of Graphis 
alpestris (Zahlbr.) Staiger. It is a corticolous species reported from Yunnan (Type local-
ity of Phaeographina pluvisilvarum, Zahlbruckner 1930, 1932).

17. Phaeographina prosiliens (Mont. & Bosch) Müll. Arg.

Flora 65: 398, 1882.
≡ Thecographa prosiliens (Mont. & Bosch) A. Massal., Atti Inst. Veneto Sci. Lett., 

ed Arti, Sér. 3, 5: 316, 1860.
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Figure 5. A–B Phaeographina obfirmata (Nyl.) Zahlbr. (Maingay 1861) C–D Phaeographina pluvisilvarum 
Zahlbr. (Handel-Mazzetti 9261). Scale bars = 1mm.

Following Lücking et al. (2007), this taxon was retransferred to Thecographa as T. prosiliens 
(Mont. & Bosch) A. Massal. The species is a corticolous species reported from Taiwan (Apt-
root and Sparrius 2003 as Phaeographina prosiliens; Zahlbruckner 1933, 1940; Lamb 1963; 
Wang-Yang and Lai 1973 as Phaeographina valida Zahlbr. another synonym seen below).

18. Phaeographina pyrrhochroa (Mont. et Bosch) Zahlbr.
Figure 6A–B

Cat. Lich. Univers. 8: 218, 1928; Ustalia pyrrhochroa Mont. et Bosch, in Montagne, 
Syll. Gen. sp. Crypt. (Paris): 352, 1856. Type: Indonesia, Java, Junghuhn s.n. (PC, 
holotype!).

≡ Platythecium pyrrhochroum (Mont. & Bosch) Z.F. Jia & Lücking, comb. nov. (= 
Platythecium dimorphodes (Nyl.) Staiger).

According to the lectotype in PC which we studied, this name is synonymous with 
Platythecium dimorphodes (Nyl.) Staiger and unfortunately provides an earlier epithet 
for it. Since the latter name has only been introduced recently and has been used few 
times afterwards, a conservation proposal seems not in order and we propose the new 
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combination Platythecium pyrrhochroum (Mont. & Bosch) Z.F. Jia & Lücking, with P. 
dimorphodes (Nyl.) Staiger as synonym. Redinger (1935) and Nakanishi (1966) had a 
different concept of Phaeographina pyrrhochroa, referring to a species with prominent 
lirellae with closed labia and large ascospores, which would correspond to what is now 
known as Pallidogramme chrysenteron. Nakanishi discovered this error when he studied 
the type in 1973, but this has apparently never been published. Platythecium dimor-
phodes is a corticolous species reported from Hong Kong (Aptroot and Seaward 1999) 
and Taiwan (Zahlbruckner 1933; Wang-Yang and Lai 1973).

19. Phaeographina quassiicola (Fée) Müll. Arg.
Mém. Soc. Phys. Hist. Nat. Genève 29(8): 47, 1887[as ‘quassiaecola’].
≡ Thecaria quassiicola Fée, Essai Crypt. Exot. (Paris): xcii, tab. 1, fig. 16 (1825) 

[1824][as ‘quassiaecola’].

Staiger (2002) retransferred this taxon to Thecaria as T. quassiicola Fée. It is a corticol-
ous species reported from Zhejiang (Xu 1989), Fujian (Zahlbruckner 1930), Hainan 

Figure 6. A–B Ustalia pyrrhochroa Mont. et Bosch (Junghuhn s.n.) C–D Phaeographina valida Zahlbr. 
(Asahina 355). Scale bars = 1mm.
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(Wei et al. 2013), Taiwan (Zahlbruckner 1933; Wang-Yang and Lai 1973) and Hong 
Kong (Thrower 1988; Aptroot and Seaward 1999, Aptroot and Sipman 2001).

20. Phaeographina scalpturata (Ach.) Müll. Arg.
Flora 65 (25): 399, 1882.

≡ Phaeographis scalpturata (Ach.) Staiger, Biblthca Lichenol. 85: 345, 2002.

Following Staiger (2002), this taxon was transferred to Phaeographis as P. scalpturata 
(Ach.) Staiger. It is a corticolous species reported from Hong Kong (Aptroot and Sea-
ward 1999; Aptroot and Sipman 2001) and Taiwan (Aptroot and Sparrius 2003).

21. Phaeographina valida Zahlbr.
Figure 6C–D

Feddes Repert. 31: 217, 1933. Type: China. Taiwan, Asahina 355 (W, lectotype!).
= Thecographa prosliens (Mont. & Bosch) A. Massal., Atti Inst. Veneto Sci. lett., ed 

Arti, Sér. 3, 5: 316, 1860.

Based on the characteristics of the lirellae, excipulum and ascospores, this taxon be-
longs in Thecographa. It has muriform ascospores, 140–160 × 20–28 μm in size, hence 
we treat it as a synonym of Thecographa prosiliens (Mont. & Bosch) A. Massal. The 
distribution of this species is referred above.

Nomenclatural novelties

Phaeographis pleiospora (Zahlbr.) Z.F. Jia & Lücking, comb. nov.
MycoBank No. 820372

Bas.: Phaeographina lecanographa var. pleiospora Zahlbr., in Handel-Mazzetti, Symb. 
Sin. 3: 61, 1930. Type: China. Fujian, Chung 596b (W, holotype!).

Description. Thallus corticolous, crustose, surface pale grey to yellowish-grey, smooth 
to slightly rough; apothecia rounded to shortly elongate, erumpent to prominent, usu-
ally fissured, single, rarely branched, 1–3 mm long and 0.5–2 mm wide; thalline mar-
gin partially exposing the (dark) brown disc; labia inconspicuous; discs opened, brown; 
proper exciple laterally carbonized; hymenium inspersed; 2-4 ascospores per ascus, 
brown, ellipsoid to subovate, muriform, 60–80 × 20–30 μm, I–.

Chemistry. Norstictic acid.
Notes. This species is distinguished from Phaeographis lecanographa by the smaller 

ascospores (60–80 × 20–30 μm vs. 85–150 × 25–50 μm).
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Platygramme elaeoplaca (Zahlbr.) Z.F. Jia & Lücking, comb. nov.
MycoBank No. 820376

Bas.: Phaeographina elaeoplaca Zahlbr., Ann. Mycol. 30: 431, 1932. Type: Fujian: 
Chung 596 d (W, lectotype!, fide Nakanish on annotation label 1973).

Description. Thallus corticolous, crustose, surface yellowish-grey, somewhat greenish, 
waxy, flat to slightly rough; apothecia lirelliform, sessile, black, elongate, single, not 
branched, 1–5 mm long and 0.2–0.4 mm wide; labia entire, exposed; discs closed, 
or slightly opened; proper exciple apically carbonized, thick; hymenium inspersed; 1 
ascospore per ascus, brown, elongate-ellipsoid, densely muriform, 80–110 × 20–30 
μm, I+ red-brown.

Chemistry. No lichen compounds detected.
Notes. This species is similar to Platygramme commutabilis, but the latter differs in 

having ascomata covered with a whitish thallus layer. Platygramme platyloma has a dis-
tinct, lateral thalline margin covering the ascomata, as well as larger ascospores (see above).

Platythecium maximum (Groenh.) Z.F. Jia & Lücking, comb. nov.
MycoBank No. 820377

Bas.: Phaeographina maxima Groenh., in Blumea, Suppl. 5 (H. J. Lam Jubilee Vol.). 
107, 1958. Type: Indonesia, Sumatra, Groenhart 9453 (BO, holotype, not seen, 
but original image in protologue seen).

Description. Thallus saxicolous, crustose, surface grey, smooth; apothecia lirelline, 
elongate, subimmersed, single and branched, 1–20 mm long and 0.2–0.3 mm wide, 
with lateral thalline margin; labia conspicuous; discs open, dark; proper exciple com-
pletely carbonized; hymenium clear; 8 ascospores per ascus, brown, ellipsoid, muri-
form, 4/1–2-locular, 14–16 × 8–9 μm, I–.

Chemistry. Not tested.
Notes. This species is similar to Platythecium serpentinellum (Nyl.) Staiger in the 

brown ascospores and to P. allosporellum (Nyl.) Staiger in the carbonized hypothe-
cium. The type material is different from any known species in the genus, it is here 
recombined as a separate species.

Platythecium pyrrhochroum (Mont. & Bosch) Z.F. Jia & Lücking, comb. nov.
MycoBank No. 820382

Bas.: Phaeographina pyrrhochroa (Mont. et Bosch) Zahlbr., Cat. Lich. Univers. 8: 218, 
1928; Ustalia pyrrhochroa Mont. et Bosch, in Montagne, Syll. Gen. sp. Crypt. 
(Paris): 352, 1856. Type: Indonesia, Java, Junghuhn s.n. (PC, holotype!).
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= Platythecium dimorphodes (Nyl.) Staiger, Biblthca Lichenol.  85: 383, 2002; Gra-
phis dimorphodes Nyl., Trans. Linn. Soc. London 27: 176, 1869. Type: Sri Lanka, 
Thwaites C. 23 (H-NYL 7812, holotype!).

Description. Thallus corticolous, crustose, surface whitish to yellowish, smooth to 
minutely roughened; apothecia lirelliform, sessile, elongate, single to branched, 1–5 
mm long and 0.3–0.4 mm wide; labia inconspicuously striate, thalline margin whit-
ish, concolorous with the thallus; discs closed, or slit-like; proper exciple uncarbonized, 
pale-brownish; hymenium clear; 2–4 ascospores per ascus, brownish, oblong, densely 
muriform, 28–60 × 10–17 μm.

Chemistry. Norstictic acid.
Notes. As stated above, this name is synonymous with Platythecium dimorphodes 

(Nyl.) Staiger and unfortunately provides an earlier epithet for it.

Sarcographina heterospora (Nyl.) Z.F. Jia & Lücking, comb. nov.
MycoBank No. 820385

Bas.: Graphis heterospora Nyl., Ann. Sci. Nat. Bot. sér. 4, 11: 261, 1859; Phaeographina 
heterospora (Nyl.) Zahlbr., Cat. Lich. Univers. 2: 439, 1923; Gymnographa heteros-
pora (Nyl.) Staiger. Biblthca Lichenol. 85: 271, 2002. Type: Reunion, Lepervanche-
Mézières 43 (H-NYL 7815, holotype!).

Description. Thallus corticolous, crustose, surface yellowish to pale grey, flat to slight-
ly rough; apothecia lirelline, immersed in stromata; stromata white, irregularly circular, 
0.1–1 mm wide; lirellae thin, black, immersed, in irregular, stellate cluster, 0.05–1 mm 
wide; discs black, closed; proper exciple uncarbonized, pale yellow brown; hymenium 
clear; 8 ascospores per ascus, brown, rounded ellipsoid, irregularly 4/1, 2/2 or 3/1 –2 
locular, 10–13 × 6–8 μm, I+ red-brown.

Chemistry. Psoromic acid and conpsoromic acid.
Notes. This species is very similar to Sarcographina cyclospora Müll. Arg., but the 

latter differs in having a brownish to apically carbonized excipulum.
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Abstract
A three-gene data set was generated to explore species diversity and delimitations within the stalked 
puffballs (Tulostoma, Agaricales) in Europe. Data on species from other parts of the world were included 
for comparison of species concepts and distribution ranges. Sequence data from 26 type specimens are 
included. The phylogenetic analyses support Tulostoma as monophyletic. Eleven major clades, 37 minor 
clades, and 20 single branches were recovered and found to correspond to 30 described species and 27 
species without scientific names.

Five species are here described as new to science: Tulostoma calcareum, T. calongei, T. eckbladii, 
T. grandisporum, and T. pannonicum. In total we report 26 described, and 19 undescribed, species from 
Europe. An epitype for T. fimbriatum with ITS sequence data is selected to fix the name.

The recovered tree topology was not in congruence with the current infrageneric classification of 
Tulostoma, suggesting that many of the morphological characters used for segregation of taxa are plesio-
morphic or homoplasious. Spore ornamentation and hyphal structure of the peridium are found to be 
reliable characters for delimitation of species.
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The majority of the species occur in the dry, arid areas of southern and east central Europe but a few 
are shown to be restricted to humid temperate regions in the North. The study confirms that species with 
smooth or sub-smooth spores are restricted to dry and arid habitats whereas species with more strongly 
ornamented spores occur in humid habitats.

Areas with steppe vegetation in Hungary and Spain are here identified as hot spots for Tulostoma 
species diversity.

Key words
Gasteroid fungi, molecular systematics, species diversity hot spot, steppe vegetation, taxonomy

Introduction

The genus Tulostoma Pers. : Pers. was erected by Persoon (1794, 1801) to accommo-
date puffball species with a “peridium pedicellatum”, opening with an “ore cylindraceo 
cartilagineo”. Persoon included two species in the genus, T. brumale and T. squamosum. 
The former had previously been illustrated by Tournefort (1700) as Lycoperdon pari-
siense and later described by Linnaeus (1753) as Lycoperdon pedunculatum. Fries (1829) 
mentioned four species, viz. T. mammosum (including T. squamosum), T. fimbriatum, 
T. tortuosum and T. laceratum (=Schizostoma lacerata). However, in a later work, Fries 
(1849) replaced Tulostoma with Tulasnodea, honouring the Tulasne brothers, contem-
porary mycologists based in Paris. However, according to the rules of nomenclature, 
Tulostoma must be considered the correct name for this characteristic genus, being 
sanctioned by Persoon (1801). An orthographic variant, Tylostoma, is sometimes seen 
in older literature. Early contributions to the knowledge of Tulostoma are the works 
of Bottomley (1948), Coker and Couch (1928), Cunningham (1925, 1932), Hollós 
(1904, 1913), Lloyd (1906), Long (1944, 1946), Long and Ahmad (1947), Morgan 
(1891), Petri (1904, 1909), Pouzar (1958), Shvartsman and Filimonova (1970), Smith 
(1951), and White (1901).

Schroeter (1876) studied young and old basidiomata of Tulostoma and described 
the development of the basidiomata, in particular basidia and capillitium. Later Wright 
(1955) surveyed important morphological characters in the genus. This was followed 
by the world monograph of Tulostoma (Wright 1987), where he accepted 139 species. 
Wright’s species concept was largely based on type studies and studies of numerous ad-
ditional herbarium specimens. With the introduction of scanning electron microscopy 
(SEM), detailed spore morphology could be used as a base for taxonomic rearrange-
ments and introduction of new species (Altés and Moreno 1995, Altés and Moreno 
1999, Altés et al. 1999, Moreno et al. 1992a, Moreno et al. 1997).

From the late 20th century the arid regions of Mexico have been intensely explored 
with regard to Tulostoma (Esqueda et al. 2004, Hernández-Navarro et al. 2015, Moreno 
et al. 1995b, Piña et al. 2010, Wright et al. 1972). In addition, South America, particu-
larly Brazil, has recently been subject to detailed studies on Tulostoma (e.g. Baseia and 
Milanez 2002, Cortez et al. 2009, Silva et al. 2007). Silva’s (2006) thesis on Tulostoma 
substantially increased the knowledge of the genus in Brazil. For South Africa, Coetzee 
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(2007) published a key to the known taxa and Moreno et al. (1995a), Moreno et al. 
2002, and Kreisel and Scholler (2008) added species for the continent. For Asia, Liu 
(1979), Asai (2004), Asai and Asai (2008), Dörfelt and Bumžaa (1986), Hussain et al. 
(2016), Sesli et al. (2000), and others have published survey reports on the occurrence 
of the genus. In Europe, numerous papers dealing with the genus have been published: 
Altés et al. (1996), Antonín and Kreisel (2008), Calonge (1992, 1998), Calonge et al. 
(2007), Calonge and Martín (1992), Jeppson (2006a,b, 2008), Kreisel (2004), Kříž 
(2011), Martín (1990), Martín and Calonge (1994), Moreno et al. (1990), Mrazek 
et al. (1995), Sarasini (2003, 2005), Schubert and Specht (2013a,b), Specht and Schu-
bert (2012), Specht et al. (2016), and Tomaszewska et al. (2011).

The introduction of molecular data has led to major changes in fungal systemat-
ics and taxonomy. Hibbett et al. (1997) were the first to show that the puffball genus 
Tulostoma belongs in Agaricales. Although the genus has been intensively studied from 
a morphological point of view, so far comparatively few molecular phylogenetic studies 
with a focus on Tulostoma have been published, and these are mainly geographically 
restricted and deal with a low number of species (cfr. Hernández-Caffot et al. 2011, 
Hussain et al. 2016).

In the present study we use a three-gene phylogeny with the aim to explore spe-
cies diversity and phylogenetic relationships within Tulostoma. The data set includes 
the ITS, LSU, and Tef-α regions of the majority of the European species. In addition, 
species described from other parts of the world are included for comparison of species 
concepts and distribution ranges. Retrieval of ITS sequence data from type and other 
herbarium specimens was attempted when permission for sequencing was given and as 
the condition of the material allowed.

Material and methods

Morphological methods

The genus Tulostoma is easy to identify to genus level in the field. Precise determination 
to species level is, however, often difficult, because the characters used are few in num-
ber and subtle in nature. According to Index Fungorum (http://www.indexfungorum.
org; accessed July 1, 2016) there are well over a hundred Tulostoma names to consider, 
many of them known from old and scanty type materials at best. Our sampling and 
selection of species was compiled through field studies and collecting in various parts 
of Europe during the last 25 years (collections stored in GB and AH).

Additional collections and type specimens were studied as loans from herbaria 
around the world (BPI, BRA, C, FH, L, LD, LISU, MA, NY, O, PC, PRM, S, TRH, 
and UPS). Herbarium acronyms are in accordance with Index Herbariorum (http://
sweetgum.nybg.org/science/ih/). Species very recently recorded from Europe (T. 
bruchi, T. leslei, T. palatinum, and T. vulgare) are not included in this study (Antonín 
and Kreisel 2008, Calonge 1992, 1998, Specht et al. 2016).
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Collections were mostly photographed in situ, dried, and later studied in the labo-
ratory under a stereo-microscope. Morphological features are named in accordance 
with Wright (1987). For microscopic studies, samples of mature gleba were mounted 
in Cotton blue + lactophenol and heated to boiling. Features of the peridium were 
studied in Melzer’s reagent. A light microscope equipped with a Dino-Eye Eyepiece 
Camera was used for studies of micro-morphological characters. Spores were measured 
at a magnification of 1000x, using the Dino-Lite 2.0 software (www.dino-lite.eu). A 
minimum of 20 spores were measured for each sample. All spore measurements are 
given excluding ornamentation. Studies under SEM were conducted according to the 
procedure of Moreno et al. (1995b).

Molecular methods

Taxon sampling

For this study, 183 ingroup specimens were sequenced, including the type specimen of 
24 species. ITS sequence data of the type specimens of T. domingueziae (HQ667597) 
and T. ahmadii (KP738712) were taken from GenBank (Hernández-Caffot et al. 
2011, Clark et al. 2016). Specimens were selected with the aim to cover all the species 
known to occur in Europe and from a broad geographic distribution within the area. 
In addition, specimens from North America and Central Asia were included for com-
parison of species concepts and distribution ranges. The sequenced specimens shown 
in Figure 1a–c are indicated with an asterisk in the lists of specimens examined and are 
listed with GenBank accession numbers as Suppl. material 1.

Three additional ITS and LSU sequences from Hernández-Caffot et al. (2011) 
were retrieved from GenBank and included in the data set (HQ667594, HQ667598-
HQ667599). Based on results from earlier molecular phylogenetic studies of Agari-
cales (Hibbett et al. 1997, Matheny et al. 2006), Lycoperdaceae, Cyathus, Crucibulum, 
and Inocybe were selected as outgroup taxa.

DNA extraction, PCR, and sequencing

Sequence data from three genetic markers were generated for the study: the complete 
ITS region and about 1400 bases of the 5´end of the nuclear ribosomal LSU DNA, 
and about 1000 bases of translation elongation factor subunit 1 alpha (Tef-1a). DNA 
extractions were performed using DNeasy Plant Mini kit (Qiagen, Hilden, Germany), 
PCR reactions, and sequencing were performed as described in Larsson and Örstadius 
(2008). Primers used to amplify the complete ITS region and the 5´end of the LSU 
region were ITS1F (Gardes and Bruns 1993) and LR21, LR0R, and LR7 (Hopple 
and Vilgalys 1999). For Tef-1a we used EF983F and EF2218R (Rehner and Buckley 
2005). Primers used for sequencing were ITS1, ITS4 (White et al. 1990), LR0R, LR5, 
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Figure 1. a–c One of the most parsimonious trees obtained from the parsimony analysis based on ITS, 
LSU, and Tef-1α sequence data of Tulostoma, with focus on species diversity in Europe. Bootstrap values 
and Bayesian Posterior Probabilities are indicated on branches. The major clades (1-11) are marked with a 
scale bar. The clades represent species or species groups that are discussed in more detail in the text.

and LR3R (Hopple and Vilgalys 1999, Tedersoo et al. 2015), EF983F, and EF2218R. 
Type specimens were extracted using a modified CTAB method, and PCR and se-
quencing followed protocols described in Larsson and Jacobsson (2004).

Phylogenetic analyses

Sequences were edited and assembled using Sequencher 5.1 (Gene Codes, Ann Arbor). 
Alignment of individual genes was performed using the L-INS-i strategy as imple-
mented in MAFFT v. 7.299 (Katoh and Standley 2013). The alignments were adjusted 
manually using AliView (Larsson 2014). Sequences generated for this study have been 
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Figure 1. Continue.

deposited in GenBank (ITS/LSU: KC333055–KC333076, KU518952–KU519107, 
KX513825–KX513827, KX576541–KX576549, KX583648, KX640979-KX640988; 
Tef-1(: KU843875–KU844001).

Separate phylogenetic analysis was done for all three genetic markers to test for over-
all congruity of the phylogenetic signal. The trees were found to be compatible with 
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Figure 1. Continue.
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respect to the overall clades (results not shown), and the three genetic markers were con-
catenetad for the final analyses. Heuristic searches for the most parsimonious trees were 
performed using PAUP*. All transformations were considered unordered and equally 
weighted. Variable regions with ambiguous alignment, mainly from the ITS region, were 
excluded, and gaps were treated as missing data. Heuristic searches were performed with 
1,000 random-addition sequence replicates, TBR branch swapping, and the MulTrees 
option in effect. Relative robustness of clades was assessed by the bootstrap method using 
1,000 heuristic search replicates with 100 random taxon addition sequence replicates and 
TBR branch swapping, the latter saving at most 25 trees in each replicate.

Bayesian phylogenetic analyses were carried out in MrBayes 3.2.6 (Ronquist et 
al. 2012), with a best-fit model of nucleotide evolution for the separate gene parti-
tions supplied by MrModeltest 2.2 (Nylander 2004). Eight default-setting Metropolis-
Coupled Markov Chain Monte Carlo (MCMCMC) chains were run for 10 million 
generations with trees sampled every 5,000 generations and an initial burn-in of 50%. 
After discarding the trees prior to the burn-in threshold, a 50% majority-rule consen-
sus phylogram was computed from the remaining 1,000 trees.

Results

Molecular analysis

The aligned complete dataset, including sequences downloaded from GenBank, con-
sisted of 198 taxa and 3,340 characters. After exclusion of ambiguous regions, mainly 
from the ITS1 and ITS2, 3,005 characters remained for the analysis. Of these, 1,992 
were constant, 226 were variable but parsimony uninformative, and 787 (26%) were 
parsimony informative.

The maximum parsimony analysis yielded 3625 equally parsimonious trees 
(length=3,726 steps, CI= 0.3814, and RI= 0.8228). One of the trees is presented as a 
phylogram in Figure 1a–c.

The bootstrap analysis recovered Tulostoma as monophyletic with 95 % bootstrap 
support (BS). Thirty-seven minor clades and 20 single branches were recovered, cor-
responding to 30 described species and 27 without a scientific name. Five of these 
clades are here described as new species to science. Eleven major clades, ranging from 
virtually unsupported to having strong support, within the ingroup are recognized and 
named as Clades 1-11 in the phylogenetic tree (Figure 1a–c). These clades are further 
described and discussed below.

As suggested by MrModeltest, the nucleotide evolution model HKY+G was used 
for the ITS1 spacer; SYM was used for the 5.8S gene; HKY+G was used for the ITS2 
spacer, and GTR+I+G were used for the nLSU and TEF genes in the Bayesian analysis. 
The MCMC analysis converged well in advance of the burn-in threshold and chain 
mixing was found to be satisfactory, as assessed by using Tracer v1.5 (Drummond et al. 
2012). Also in the Bayesian analysis, Tulostoma was recovered as monophyletic with 
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strong support (a Bayesian posterior probability (BPP) of 1.00). The Bayesian tree 
topology is similar to the MP bootstrap tree. The same clades and single branches re-
covered in the maximum parsimony analysis were also recovered in the Bayesian analy-
sis, with the minor differences that several clades with low or no bootstrap support 
received a moderate to high BPP value. BPP values are indicated on the corresponding 
branches in Figure 1a–c.

None of the newly generated ITS sequences were significantly similar to the “most 
wanted fungi” ITS dataset of Nilsson et al. (2016) as explored through BLAST.

Comments on the major clades

Clade 1 (100, 1.0) includes only one species, T. punctatum. The exoperidium is hyphal 
and the mouth is fibrillose-fimbriate. It is similar to T. fimbriatum in macro-morpholo-
gy but has smaller and more coarsely ornamented spores without anastomosing ridges. 
The species was treated as a variety of T. fimbriatum by Wright (1987).

Clade 2 (unsupported) includes four species that all have a hyphal exoperidium. 
Two of the species (sp.1, sp. 2) are unidentified. The specimens of these originate from 
halophytic vegetation in Spain and sand steppe vegetation in Hungary, respectively. 
Both have a fibrillose-fimbriate mouth, thus inviting comparison to the widespread T. 
fimbriatum in morphology. Tulostoma cyclophorum has a typically fibrillose-fimbriate 
mammose mouth but differs from other European species of Tulostoma by having 
abundant mycosclereids, i.e. rounded to elongated cells on the endoperidial surface, 
and subreticulate spores. Tulostoma obesum has a smooth endoperidial surface that 
lacks mycosclereids and the spores are completely smooth.

Clade 3 (90, 1.0) includes four species with similar morphology. They all have a 
hyphal exoperidium, fibrillose-fimbriate mouth and rather stout basidiomata, features 
that are characteristic of T. fimbriatum. An ITS sequence from the lectotype of T. 
campestre (=T. fimbriatum var. campestre) was generated and forms a monophyletic 
clade with the sequences of T. fimbriatum sensu stricto. As the morphology also is in 
congruence, we regard it as a synonym. An epitype is selected for T. fimbriatum (see 
taxonomy section) from the same district in Sweden as the holotype to fix the name 
also by ITS sequence data (Nilsson et al. 2012, Ariyawansa et al. 2014). Tulostoma win-
terhoffii, a recently described species from Germany, is identical with the ITS sequence 
from the holotype of T. fimbriatum var. heterosporum, and thus replaces that name. We 
describe a new species from Spain, T. calongei. It is similar to T. fimbriatum in habit but 
differs in spore morphology and molecular data. The unidentified T. sp. 3, also with 
the habit of T. fimbriatum, collected in Hungary, indicates the occurrence of cryptic 
speciation within this morphologically similar group. Although having been consid-
ered synonymous with T. fimbriatum or mere varieties of it (Altés and Moreno 1995, 
Wright 1987), ITS data (not shown in the tree) of type materials of the extra-European 
taxa T. egranulosum, T. readeri, and T. tuberculatum indicate them to be distinct spe-
cies. The T. fimbriatum complex is in need of further studies.
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Clade 4 (unsupported) includes two unidentified species (Tulostoma spp. 4 and 5) 
collected in sandy habitats in Central Europe. Tulostoma sp. 4 is fairly similar to T. fim-
briatum in habit. Tulostoma sp. 5 has a circular, tubularly protruding mouth, a hyphal 
exoperidium, and irregularly ornamented, verrucose-echinate spores. The two species 
are very different morphologically and their placements in the tree are ambiguous and 
without significant support.

Clade 5 (-, .73) is an unsupported clade including 11 species. The holotype of T. 
lusitanicum (Figure 12), a species recently (2000) described from Portugal, is placed 
on a single branch basal in the clade, but without significant support. However, the 
residual subclades form a moderately supported clade (78/.99, Figure 1b). ITS se-
quence data of the holotypes of T. kotlabae, T. lysocephalum (from North America), 
and T. lusitanicum were included, but still we have eight unidentified clades (Tulostoma 
spp. 6-13). This indicates a high and previously unrecognized species diversity within 
the group, including cryptic speciation. The clade is in need of further study, and the 
addition of more sequence data appear to be needed to resolve the phylogenetic rela-
tionships. Tulostoma kotlabae and spp. 6-13 share morphological characters such as the 
circular, more or less tubularly protruding mouth, a hyphal exoperidium, pale colours 
of the basidiomata, and weakly to moderately ornamented spores. Tulostoma sp. 12 
is known only from the Mediterranean area, and an Italian finding (AH 16793) was 
published as T. kotlabae by Altés et al. (1994). Tulostoma lysocephalum differs by having 
a fibrillose-fimbriate mouth (Figure 22).

Clade 6 (95, 1.0) includes five species. Tulostoma aff. cretaceum forms a strongly sup-
ported clade that comprises specimens from Russia, Hungary, and Spain. In morphology 
they are characterized by stout basidiomata with pale colours and a hyphal or slightly 
membraneous exoperidium, a very dark, chocolate brown colour of the mature gleba, 
an indistinct, irregular mouth that with age becomes lacerate, combined with totally 
smooth spores. However, as there is substantial sequence variation that correlates with 
geographic distribution within the clade (Russia, Hungary and Spain, respectively), it 
must be regarded as a complex of species. More data such as the sequence of the type of 
T. cretaceum are needed to resolve species delimitation within the Tulostoma aff. cretaceum 
clade. Sequence data from the holotype of T. macrocephalum from North America show 
this species to be closely related to Tulostoma sp. 14, which includes two specimens from 
Spain, collected in a halophytic habitat. Both species have a hyphal exoperidium but 
differ in basidiomata size and spore wall ornamentation. Tulostoma pseudopulchellum, a 
species characterized by a membranous exoperidium, a fibrillose-fimbriate mouth, and 
finely and irregularly ornamented spores comes out as a sister clade with strong support 
to what we describe as a new species (T. pannonicum, see taxonomy section). The new 
species is recognized by having small smooth spores and has previously been reported 
from Hungary as T. leiosporum (cfr. Jeppson et al. 2011, Rimóczi et al. 2011).

Clade 7 (86, .98) includes two species. Tulostoma submembranaceum was described 
from Mexico by Moreno et al. (1995b). The exoperidium is thinly membranous-ver-
rucose, the mouth is fibrillose-fimbriate, and the spores have low verrucae that have 
a tendency to form crests. Tulostoma sp. 15 from Hungary and Spain, more or less 
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matches the macro-morphology of T. submembranaceum but differs in spore ornamen-
tation (irregularly rugulose) and molecular data.

Clade 8 (54, .85) includes four species. Uniting morphological characters are the 
presence of a fimbriate-fibrillose mouth and totally smooth spores. Two well-known 
species are T. fulvellum and T. lloydii. One of the recovered clades represents a species 
with large spores, characteristic of sandy habitats of East Central Europe. It is pro-
posed as a new species (T. grandisporum, see taxonomy section). Tulostoma sp. 16 is a 
specimen from Siberia that in macro-morphology is similar to the newly described T. 
grandisporum but has significantly smaller spores. Both have irregular, undulating, or 
ragged inner walls of the capillitium. This striking character is also present in the lecto-
type of T. leiosporum, from which we were not able to obtain sequence data.

Clade 9 (100, 1.0) includes T. pulchellum and T. striatum and corresponds to sec-
tion Poculata Pouzar & Moravec. The exoperidium is distinctly membranous, detaching 
in flakes. The endoperidium is white, velvety in young specimens, and has a mammose, 
fibrillose-fimbriate mouth that sometimes is surrounded by a more or less delimited peri-
stome. They share macro-morphological features but can be readily separated by their 
spores that are finely asperulate in T. pulchellum and distinctly striate in T. striatum.

Clade 10 (69, -) includes 14 species. All species in this clade have a mouth that is circular 
and more or less tubular, or conically protruding. The spores are moderately ornamented. 
Tulostoma simulans, a species described from N. America, is according to our results widely 
distributed also in Europe. In some parts of Europe, T. simulans has been mistaken for T. 
beccarianum and the species T. moravecii. The latter now appears to be a later synonym. The 
well-known and widely distributed T. brumale is closely related, but clearly distinct from T. 
simulans, both in molecular and morphological data. Tulostoma beccarianum is a rare spe-
cies described from Italy by Bresadola, but with recent records from Spain and East Central 
Europe. Tulostoma spp. 17-21, all represented by few specimens, are similar in morphology 
to T. beccarianum and T. simulans, and represent un-named cryptic species that need fur-
ther attention. The ITS of the types of T. albicans, T. excentricum, and T. xerophilum, three 
species from North America, were generated and included, but did not match with any of 
our unknown species, and the latter occurs on a single basal branch in Clade 10. Tulostoma 
giovanellae is mainly associated with sandy, and often halophytic, habitats in southern and 
central Europe. The sister clade to T. giovanellae represents a species from northernmost 
Scandinavia that we describe as a new species (T. eckbladii, see taxonomy section). Within 
the clade there are also T. sp. 21, an unidentified Spanish specimen, closely related to T. 
eckbladii, and the characteristic bryophilous T. niveum.

Clade 11 (95, 1.0) includes eight species that morphologically are characterized by 
having rather dark colours of the stipe, endoperidia with initially brownish colours, and 
moderately to strongly ornamented, verrucose-echinate spores. The widely distributed 
T. squamosum has a membranous-verrucose exoperidium of sphaerocysts, which upon 
maturity forms a dark reticulum on the brownish endoperidium. The closely related 
T. subsquamosum has a paler, hyphal exoperidium with only scattered sphaerocysts, 
and never forms a reticulum. It was described from India and reported from Spain 
by Altés et al. (1996) and is here confirmed also from East Central Europe (Hungary 
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and Slovakia). Sequence data indicate a close relationship with the recently described 
T. ahmadii (Hussain et al. 2016). Tulostoma melanocyclum is a widely distributed spe-
cies in Europe. The recently described T. domingueziae, reported from South America 
(Hernández-Caffot et al. 2011), as well as T. rufum (lectotype; North America) come 
out as sister species. One of the recovered clades is described as a new species (T. calcar-
eum, see taxonomy section) that has a wide European distribution. The sequence data 
of T. sp. 22 represent an undescribed species from South America.

Taxonomy

Recognized European species in Tulostoma and the descriptions of five new species

Tulostoma beccarianum Bres., in Petri, Ann. Mycol. 2(5): 413. 1904.
Figure 2a

Holotype. ITALY, Pisa: Beccari (S!)*.
The holotype material of T. beccarianum, described in 1904, was sequenced in this 

study. Identical sequences were obtained from recently collected material from Hungary, 
Slovakia, and Spain. The species was given a detailed description by Altés and Moreno 
(1993) based on the holotype. The newly collected samples have rather large and stout 
basidiomata, spore-sacs measuring up to 22 mm in diameter, and a stem reaching 120 
mm. The exoperidium is indistinct or hyphal, and the endoperidium is smooth, dirty 
white-greyish, with a circular, shortly raised mouth. The stem base is widened and forms 
a volva-like structure. The capillitial septa are slightly widened. The capillitium seems to 
break up easily at the septa, leaving segments with somewhat widened, rounded ends. 
The type material shows irregular, undulating inner walls of the capillitium, a character 
that is also noted in the recently collected material. The spores are irregularly verru-
cose, 4–5 μm, av. 4.5 μm, ornamentation excluded (Figure 2a) and agree with those 
of the holotype (4.7–6 μm, ornamentation included; Altés and Moreno 1993). The 
synonymisation of T. beccarianum with T. simulans, as proposed by Altés and Moreno 
(1993), was contradicted by the molecular analyses. The name T. beccarianum has ap-
parently sometimes been misapplied for T. simulans (syn. T. moravecii). Tulostoma sp. 
19 includes a single collection from Cyprus, with more or less identical morphology. 
It is currently treated as an undescribed species until more material becomes available.

Habitat and distribution. In semi-shaded to exposed localities in dry grasslands 
(Hungary and Slovakia) and halophytic vegetation on sand (Spain). Apparently a very 
rare species.

Other specimens examined. HUNGARY, Bács-Kiskun: Kiskunhalas, 19 Jan. 2014, 
P. Finy 2 (GB)*.  SLOVAKIA, Košice: Borša, 15 Jan. 2014, M. Lazon, P. Brůžek 140115-
1 (GB)*; Ibidem, P. Brůžek 140115-2 (GB)*. SPAIN, Castellón: Oropesa del Mar, bajo 
Artemisia gallica, 30 Sept. 1976, G. Moreno (AH 1376)*; Cabanes, arenas marítimas (al-
bufera) con Artemisia sp. y musgos, 10 Nov. 1990, G. Moreno, A. Burguete (AH 12953).
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Figure 2. Spore ornamentation under SEM of European species: a T. beccarianum (Finy 2, GB) b T. 
brumale (M. Jeppson 8372, GB) c T. aff. cretaceum (M. Jeppson 3821, GB) d T. cyclophorum (AH 16885) 
e T. fulvellum (AH 13415) f T. giovanellae (AH 11641) g T. kotlabae (M. Jeppson 5597, GB) h T. lloydii 
(AH 11606) i T. melanocyclum (S. Hanson 2008-247, GB) j T. niveum (M. Jeppson 7699, GB) k T. obe-
sum (AH 20901) l T. pulchellum (M. Jeppson 7833, GB). Scale bars: 1 μm.
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Tulostoma brumale Pers., Neues Mag. Bot. 1: 86. 1794.
Figure 2b

Type. FRANCE, “circa Parisios” (L); several collections by Persoon available at L, but 
no type seems to have been formally designated (cfr. Wright 1987).

Tulostoma brumale is well characterized by its membranous exoperidium, the cir-
cular-tubular mouth –which is usually surrounded by a brown peristome – and its 
abrupt widenings of the capillitial septa. SEM-photos of the spores show an irregular 
ornamentation of blunt, broad-based verrucae (Figure 2b). It can be separated from 
T. simulans by the exoperidial features, its slightly smaller spores, and the presence of 
irregular crystals adhering to the capillitial walls.

Habitat and distribution. According to Wright (1987), T. brumale is recorded 
from N and S America and Asia (Georgia). Shvartsman and Filimonova (1970) re-
ported it from Central Asia and Rebriev and Gorbunova (2007) added findings from 
Siberia. In Europe it is one of the more common species of Tulostoma, recorded north 
to 60° in Fennoscandia. It occurs in all types of sandy and calcareous grasslands, sand 
dunes, and sand steppe vegetation, as well as on moss covered rocks and stone walls. It 
is often associated with mosses, particularly Syntrichia spp.

Specimens examined. CZECH REPUBLIC, S. Moravia, Břeclav, Pavlov, Dĕvín-
Kotel-Soutéska NPR, 29 Dec. 2013, P. Brůžek 131229 (GB)*; Praha: Lochkovské údolí-
Cikánka, limestone, pebble, gravel, 12 Jan. 2014, Brůžek 140112 (GB)*. FRANCE, La 
Vendée: Saint Juan, Plage de la Tonelle, among Syntrichia on sand dune, 25 Jan. 2007, 
J. Jeppson, M. Jeppson 8372 (GB)*. HUNGARY, Pest: Tatárszentgyörgy, 11 Jan. 2011, 
P. Finy 9 (GB)*. NORWAY, Vest-Agder: Lista, Bausjø, øst for Tjørve, på mose på sand-
dyne, 10 Nov. 1950, F.-E. Eckblad 501110 (O 58849)*. SLOVAKIA, Stražovské vrchy: 
Ďurďové, calcareous grassland, 6 Oct. 2005, T. Knutsson, J. Jeppson, M. Jeppson 7532 
(GB)*. SWEDEN, Gotland: Gotska Sandön, gräshed med Corynephoretum nära stranden, 
24 May 2013, T. Knutsson 2013-134 (GB); Öland: Sandby, Sandby kyrkvägskäl, sand 
steppe vegetation on road verge, 15 Nov. 2003, M. Jeppson 6427 (GB)*; Skåne: Åhus, 
Horna bränneri, among Syntrichia in sand steppe vegetation, 24 Oct. 1998, M. Jeppson 
4597 (GB)*; Köpinge, Fritorpet, 26 Oct. 2001, M. Jeppson 5785 (GB)*.

Tulostoma calcareum Jeppson, Altés, G. Moreno & E. Larss., sp. nov.
MycoBank number: MB819399
GenBank: KU519086 (ITS-LSU), KU843881 (Tef-1a)
Figure 3

Holotype. Sweden, Södermanland, Mörkö, Egelsvik, Kalkberget, on calcareous soil under 
Artemisia campestris in rocky slope, 5 Nov. 2004, M. Jeppson 6965 (GB!, isotype AH).

Etymology. The name refers to its habitat requirement, on calcareous sandy soil or 
among calcareous rocks and cliffs.

Description. Spore-sac subglobose, often somewhat depressed, 5–12 mm. Exoper-
idium hyphal-verrucose, deciduous, sometimes persisting as whitish verrucae scattered 



Unexpected high species diversity among European stalked puffballs - a contribution... 47

Figure 3. T. calcareum, holotype (M. Jeppson 6965, GB): a, e basidiocarps b capillitium c, g–i spores 
f  detail of spore-sac showing the tubular mouth d basidiocarps (M. Jeppson 6513, GB). Scale bars: 
a, d–e = 10 mm; b–c =10 μm; f = 5 mm; g–i = 1 μm.

on the endoperidial surface. Endoperidium brownish-ochraceous, initially rather dark 
coloured, with age fading to greyish white. Mouth circular, shortly tubular (Figure 3f ), 
surrounded by a greyish or brownish peristome. Socket separated from the stem, in-
conspicuous. Stem slender, 20–50 x 2–3 mm, initially orange brown, with age warm 
reddish brown, longitudinally furrowed, smooth to fissured and appressed scaly, with 
a basal mycelial bulb (Figure 3a,e). Gleba ochraceous to ferrugineous brown. Capil-
litium 4–10 μm with medium-thick walls, sometimes abundantly ramified. Septa not 
or very slightly widened (Figure 3b). Spores subglobose, 4.0–6.0 μm (av. 4.7–5.0 μm), 
verrucose-echinate. SEM-photos show spines in groups with connected tips, some-
times coalescing to form ridges and crests (Figure 3g–i).
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Habitat and distribution. Occurs in dry, exposed to semi-shaded situations in 
calcareous, sandy habitats and on calcareous rocks and cliffs. It is currently on record 
from Hungary, Norway, Spain, and Sweden.

Notes. Tulostoma calcareum was commonly misinterpreted as T. squamosum (cfr. 
Nitare 1997), under which name it is red-listed as Critically endangered (CR) in 
Sweden (Artdatabanken 2015). It differs from T. squamosum by having a hyphal to 
slightly verrucose exoperidium, by lacking sphaerocysts, and by never forming the 
reticulate pattern typical of T. squamosum. The stipe is also less squamulose. Spores 
and capillitial characters are almost identical. It differs from T. melanocyclum, with 
which it can easily be confused, by having a more robust stature, more orange-
reddish brown colours of the stipe, and slightly smaller spores (av. 4.7–5.0 μm vs 
5.2–5.4 μm in T. melanocyclum). SEM-photos of T. melanocyclum (Figure 2i) show 
similar spore ornamentation but with spines with less tendency to coalesce and 
form ridges. In macro-morphology T. calcareum is fairly similar to T. ferrugineum 
D.M. Oliver & Hosford, a species described from northwestern USA, whose type 
material no one has been able to locate (Wright 1987). However, according to its 
original description, it differs from T. calcareum by having distinctly widened capil-
litial septa.

Specimens examined. HUNGARY, Budapest: Pilisszántó, on dolomite grass-
land, 31 Dec. 2013, P. Finy 4, (GB)*. NORWAY, Oppland: Vågå, 15 Jul. 2010, A. 
Breili S0133 (GB)*. SPAIN, Girona: Lloret de Mar, Platja de Fenals, sandy grassland 
with scattered pines, near hotel buildings, Oct. 2010, J-O. Aarnaes 2010-1 (GB)*. 
SWEDEN, Södermanland: Mörkö, Egelsvik, Kalkberget, on calcareous soil under 
Artemisia campestris in rocky slope, 5 Nov. 2004, M. Jeppson 6966 (GB). Öland: 
Böda, Ramsnäs, Hagudden, torrmark mellan fritidshus och strandvallen, 5 Apr. 2007, 
E. Hultqvist, T. Knutsson, U. Andersson, T. Gunnarsson, M. Jeppson 9077 (GB); 
Gårdby, sandgräshed, 6 Mar. 1999, K. Bringer (GB); Gårdby, V. om hembygdsgården, 
sand steppe vegetation, 25 Sept. 2004, J. Jeppson, M. Jeppson 7141 (GB)*; Högsrum, 
Karums alvar, dry calcareous grassland around Juniperus bush, 11 Nov. 2006, Ölands 
Botaniska Förening, M. Jeppson 8065 (GB)*; Hulterstad, Alby, på Ancylusvallen vid 
infarten till skolan, väg-/trädgårdskant i gräsmatta med mossor på sandig jord, 18 Apr. 
1997, H. Lundqvist, T. Knutsson 97-034 (GB); Hulterstad, Alby skola, i gräsmatta 
och rabatt, 15 Oct. 2002, S. Jeppson, J. Jeppson, M. Jeppson 6513 (GB); Hulterstad, 
Triberga, sand steppe vegetation, 15 Nov. 2003, J. Jeppson, M. Jeppson 6375 (GB)*; 
Ibidem, 15 Nov. 2003, M. Jeppson 6438 (GB)*; Norra Möckleby, Dörby, torräng 
i kanten av den forna järnvägsbanken, 4 Apr. 2009, E. Hultqvist, T. Knutsson, U. 
Andersson, T. Gunnarsson, M. Jeppson 9084 (GB); Norra Möckleby, Bettorps vägs-
käl, sandstäppsvegetation, 21 Jul. 2006, T. Knutsson, U. Andersson, T. Gunnarsson, 
M. Jeppson 8777 (GB); Resmo, ”Resmokorridoren”, 5 May 2005, U. Andersson, T. 
Gunnarsson (GB); Räpplinge, Borgholms slottsalvar, kalkhällmark i ängshavretorräng, 
11 Nov. 2001, J. Jeppson, M. Jeppson 5743 (GB); Ibidem, M. Jeppson 5744 (GB); 
Sandby, Sandby kyrkvägskäl, sandy roadside, 24 Sept. 2004, J. Jeppson, M. Jeppson 
7121 (GB).
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Tulostoma calongei Jeppson, Altés, G. Moreno & E. Larss., sp. nov.
MycoBank number: MB819400
GenBank: KU518973 (ITS-LSU), KU844000 (Tef-1a)
Figure 4

Holotype. Spain, Madrid, Casa de Campo, in exposed situation on dry sandy soil, S. 
Jeppson, J. Jeppson, M. Jeppson, 21 Nov. 1989, M. Jeppson 8773 (GB!, isotype AH).

Etymology. Named in honour of the Spanish mycologist Francisco D. Calonge.
Description. Spore-sac 8–10 mm, subglobose. Exoperidium granulose hyphal, 

encrusting soil, sometimes detaching in small flakes, whitish-greyish, rather persis-
tent (Figure 4f ). Endoperidium smooth, whitish. Mouth fimbriate. Stipe rather short, 
15–20 x 1.5–2.5 mm, warm reddish brown, with darker appressed scales and a basal 
mycelial bulb (Figure 4f ). Gleba ochraceous to ferrugineous brown. Capillitium 3–6 
μm, thick-walled, with uneven inner walls (Figure 4c-d). Some ribbon-like hyphae 
present (Figure 4b). Septa rare, slightly widened. Spores globose-subglobose, 3.5–4.5 
μm (av 4.1 μm) ornamentation excluded, verrucose-echinate, with spines frequently 
fused at their tips forming little developed pyramidal groups (Figure 4g-i).

Habitat and distribution. Tulostoma calongei has been collected only from central 
Spain, usually on sandy acidic soils.

Notes. Although usually having a less robust stature, this new species is very sim-
ilar in macro-morphology to T. fimbriatum, with which it has been confused. The 

Figure 4. T. calongei, holotype (M. Jeppson 8773, GB): a, f basidiocarps b–d capillitium e, g–i spores. 
Scale bars: a, f = 10 mm; b–e = 10 μm; g–i = 1 μm.
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main differences are that the spores are slightly smaller and have a conical-pyramidal 
ornamentation, without the characteristic crests of T. fimbriatum (Figure 7c–e). The 
molecular data also clearly support them as distinct but closely related species, with T. 
calongei occuring as a sister clade to T. fimbriatum (Clade 3, Figure 1a). The distribu-
tion area for the species is likely to increase after reexamination of additional samples 
identified as T. fimbriatum from Meridional Europe.

Other specimens examined. SPAIN, Madrid, El Pardo, suelo arenoso, 12 Nov. 
1978, E. Álvarez (AH 13718)*; Manzanares el Real, La Pedriza, jaral en suelo arenoso, 
21 Dec. 1977, C. Ladó (AH 1555)*; Carabanchel Alto, camino arenoso junto a pradera, 
Nov. 1989, A. Martínez (AH 12586, GenBank KC333064); Ibidem, Nov. 1990, A. 
Martínez (AH 12686, GenBank KC333065).

Tulostoma aff. cretaceum Long, Mycologia 36(4): 321. 1944.
Figures 2c, 5a–b

Remarks. Clade 6 in our study encompasses some closely related taxa previously at-
tributed to T. volvulatum I.G. Borshch. and T. obesum Cooke & Ellis (cfr. Hollós 1904, 
Altés et al. 1999, Rimóczi et al. 2011). The main characteristics are the rather large 
basidiomata with hyphal exoperidium and almost pure white endoperidium with an 
indistinct to fibrillose-fimbriate mouth (or irregular scar) that with age becomes lacer-
ate. The stipe base is provided with a volva and a prominent pseudorhiza. The spores 
are smooth and the capillitium is fragile, breaking up in segments with rounded ends. 
In our material this complex is represented by collections from Hungary, Russia (Altay 
Republic), and Spain. They are recovered as closely related and can be considered as 
cryptic species with a strong geographical signal. In morphology they fit the original 
description of the American species T. cretaceum fairly well. The Spanish collections 
deviate from the Hungarian specimens in having a stouter habit.

Habitats and distribution. Tulostoma cretaceum was originally described from New 
Mexico (USA) and later reported from Argentina (Wright 1987) and Baja California, 
Mexico (Moreno et al 1995b). There are recent records from Mexico (Sonora) and 
Brazil (Esqueda et al. 2004, Silva et al. 2007). In Europe T. aff. cretaceum is found in 
sand steppe vegetation in Central Hungary and in calcareous steppe habitats in Spain.

Specimens examined. HUNGARY, Bács-Kiskun: Fülöpháza, Fülöpházai 
Homokbuckák, in open sand in sand steppe vegetation, 13 Jun. 1999, J. Jeppson, 
M. Jeppson 4901 (GB): Ibidem, 11 Apr. 2006, T. Knutsson, T. Gunnarsson, J. Jepp-
son, M. Jeppson 7759 (GB)*; Keleshalom, Keleshalmi Borokás, in open sand in sand 
steppe vegetation, 18 Jun. 1997, S. Jeppson, J. Jeppson, M. Jeppson 3821 (GB)*; 
Pest: Örkény, former military training field, sand steppe vegetation, in open sand, 5 
Nov. 2001, J. Jeppson, M. Jeppson 6103 (GB)*. RUSSIAN FEDERATION, Altay: 
Chuya River/Kuektanar River, 31 km W of Kosh-Agach on M52, 21 Aug. 2001, 
H. Knudsen 01.70n (a), (mixed collection; C)*. SPAIN, Ciudad Real: Parque Nac. 
Tablas de Daimiel, sobre terreno básico, 30 Apr. 1983, J.M. Barrasa (AH 3955, 
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Figure 5. Habit of a selection of studied collections: a T. aff. cretaceum (M. Jeppson 7759, GB) b T. 
aff. cretaceum (M. Jeppson 6194, GB) c T. obesum (M. Jeppson 8695, GB) d T. punctatum (M. Jeppson 
10058, GB) e T. simulans (M. Jeppson 7865, GB) f T. simulans (M. Jeppson 9302, GB) g T. subsquamo-
sum (M. Jepsson 9336, GB) h T. winterhoffii (M. Jeppson 2379, GB). Scale bars: 10 mm.

GB)*; Huelva, La Palma del Condado, calcareous pasture with Thymus sp., 1 Jan. 
2003, S. Jeppson, J. Jeppson, M. Jeppson 6194 (GB)*; Madrid, Alcalá de Henares, 
cerros de Alcalá, gypsophilous steppe vegetation, 3 Mar. 2011, G. Moreno, A. Altés, 
A. Stridvall, E. Larsson, M. Jeppson 9304 (GB)*; Alcalá de Henares, Cerro Malve-
cino, terreno margoso con algo de yeso, 7 Nov. 1990, equipo micología UAH (AH 
13672, GB)*.

Tulostoma cyclophorum Lloyd, Mycol. Writings 7: 25. 1906.
Figure 2d

Holotype. SOUTH AFRICA, Stoneman, herb. Lloyd 4495 (BPI).
Tulostoma cyclophorum is a morphologically characteristic species, originally described 

from South Africa, with a tomentose, white to ochraceous endoperidium covered with 
mycosclereids and a distinctly membranous exoperidium. The mouth is silky fibrillose-
fimbriate. Its spores are unique among European Tulostoma lineages, being more or less 
reticulate (visible under SEM, Figure 2d; asperulate under light microscope).
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Habitat and distribution. Mostly found in semi-shaded localities among grasses 
and herbs on lawns in city parks on somewhat sandy soil. From Europe currently re-
ported from France, Italy, Hungary, and Spain (Demoulin 1984, Jeppson et al. 2011, 
Moreno et al. 1990, Sarasini 2005). It appears to have a cosmopolitan world distribution.

Specimens examined. ARGENTINA, Catamarca: Dpto. Capayán, Concepción, 
picada a Pomán, en vegetación arbustiva del “Chaco serrano” a orillas de un camino, 23 
May 1998, M.J. Silverio-Reyes (AH 19564, GB)*. FRANCE, Auvergne: Saint-Priest-en-
Murat, 14 Oct. 1986, Priou 86150 (AH 13418). HUNGARY, Szatmár-Bereg: Nyíregy-
háza, College of Nyíregyháza, Stadion út, urban lawn, under Platanus, 21 Sept. 2009, M. 
Jeppson 8862 (GB)*. SPAIN, Huelva: Aracena, 5 Nov. 2001, L. Romero de la Osa (AH 
28451); Madrid: Alameda de Osuna, suelo arenoso bajo Pinus pinea, 22 Oct. 1994, V. 
González (AH 16885, GB)*; Parque del Oeste, in grass, 20 Oct. 1984, R. Lowen 99 (GB)*.

Tulostoma eckbladii Jeppson, Altés, G. Moreno & E. Larss., sp. nov.
MycoBank number: MB819401
GenBank: KU519068 (ITS-LSU), KU843951 (Tef-1a).
Figure 6

Holotype. Norway, Nordland, Saltdal, Junkerdalsura, på sten blandt mos, 4 Sept. 
1957, I. Jørstad (O F-58850!).

Etymology. Named in honour of the Norwegian mycologist Finn-Egil Eckblad 
(1923-2000).

Description. Spore-sac subglobose to onion-shaped, 6–8 mm in diameter. Exo-
peridium not observed. Endoperidium smooth, initially brownish, later ochraceous 
white. Mouth circular, shortly tubular, with a more or less brown peristome. Socket 
inconspicuous. Stem stout, 25–30 x 3–4 mm, flattened, light brown, somewhat lon-
gitudinally furrowed, almost smooth to finely appressed scaly, attenuated towards the 
base, with whitish basal rhizomorphs attached to moss rhizomes (Figure 6d). Mature 
gleba ochraceous-ferrugineous. Capillitium 4–6 μm with rather thick walls, with scat-
tered septa that are slightly widened (Figure 6b). Spores subglobose, 4.5–5.5 μm (av. 
4.9 μm) ornamentation excluded, coarsely but not very densely verrucose. SEM pho-
tos show isolated, irregular verrucae with broad bases (Figure 6e–g).

Habitat and distribution. Tulostoma eckbladii is so far only known from two find-
ings in northern Norway, in both cases growing among mosses on calcareous boulders.

Notes. The species reminds of T. niveum in its choice of habitat on moss-cov-
ered rocks. It can, however, be distinguished by its stouter basidiomata and the pres-
ence of a brown peristome. Whether or not the flattened stipe is a constant species 
character cannot be decided from the available material. The spores are similar, as 
observed from SEM photos (Figure 2j, 6e-g). It is distinguished from T. brumale by 
the presence of a stout stipe, the less widened capillitial septa, and the larger spores. 
Also T. simulans is morphologically similar but is recognized by its more slender 
basidiomata and different habitat and distribution. The two findings of T. eckbladii 
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Figure 6. T. eckbladii, holotype (O F-58850): a, d basidiocarps b capillitium c, e–g spores. Scale bars: 
a, d = 10 mm; b–c = 10 μm; e–g = 1 μm.

constitute northern extremities in the distribution of the genus Tulostoma. It has 
previously been reported and discussed by Brochmann et al. (1981) as Tulostoma sp.

Other specimens examined. NORWAY, Finnmark: Porsanger, Hestnes, 17 Jul. 
1993, B. Jonsell (as T. kotlabae, TRH 9565)*.

Tulostoma fimbriatum Fr., Syst. Mycol. 3(1): 43. 1829.
Figures 7, 8

≡ Tulostoma fimbriatum var. campestre (Morgan) G. Moreno, An. Jard. bot. Madr. 36: 
18 (1980) [1979].

≡ Tulostoma campestre Morgan, J. Cincinnati Soc. Nat. Hist. 12: 163. 1889. Lecto-
type: USA, Nebraska, Webber (NY!)*.

≡ Tulostoma fibrillosum V.S. White, Bull. Torrey Bot. Club 28: 433. 1901. Holotype. 
Canada, East shore of Lake Huron, Sept. 1891, J. Dearness (NY!).
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Holotype. Sweden, Skåne, Lomma, ca 1820, E. Fries (UPS F-175998!). Epitype (desig-
nated here, MycoBank typification number: MBT374178): Sweden, Skåne, Ravlunda, 
Klammersbäck, sandy grassland under Pinus, 10 Oct. 1999, I. Månsson 991010 (GB!)*.

GenBank: KU518963 (ITS-LSU), KU843904 (Tef-1α).
Tulostoma fimbriatum is one of the more frequently recorded species of the genus. 

It was described by Fries (1829) from southernmost Sweden. In the Elias Fries Her-
barium at UPS there is a collection from the type locality (Lomma, S. Sweden; Fries 
1829, 1849). On the label there is the handwriting of T. M. Fries (Elias Fries’ son) but 
the material is likely to be an authentic collection of Elias Fries. The material is scanty 
(one basidiome glued to a piece of cardboard) with the endoperidial mouth zone de-
stroyed and with indistinct micro-morphological characters. Nevertheless it should be 
considered a holotype, but since its characteristics are ambiguous, an epitype is here 
chosen from recently collected and sequenced material originating from southernmost 
Sweden. Tulostoma fimbriatum can be distinguished from other species with similar 
macro-morphology by its spores, which have a low ornamentation of verrucae coalesc-
ing in ridges and Y-shaped crests (Figure 7c–e). The lectotype of T. campestre (=T. fim-
briatum var. campestre) forms a monophyletic clade with T. fimbriatum sensu stricto. 
As the morphology (Figure 8) also is congruent we regard them as synonymous. See 
also T. winterhoffii, with which this species has previously been confused.

Habitat and distribution. In dry and exposed habitats; both on calcareous and 
acidic soils, widespread in Europe reaching 60 'N in Scandinavia. Cosmopolitan distri-
bution but in Europe often confused with the widely distributed T. winterhoffii.

Other specimens examined. GERMANY, Hamburg: Klein Nordende, Wasser-
strasse 49, vägkant i allé, 3 Feb. 2016, H. Lundqvist (GB). HUNGARY, Bács-Kiskun: 
Lakitelek, Szikra, at Railway station, in ruderal sand steppe vegetation, 17 Feb. 2004, 
J. Jeppson, M. Jeppson 6636 (GB)*; Tolna, Németkér, 2 Nov. 2012, P. Finy 8, (GB)*. 
RUSSIAN FEDERATION, Altay: Chuya River, 21 Aug. 2001, H. Knudsen 01.71k 
(C)*; Irkutskaya obl.: Lake Baykal, Cape Rytyo, 8 Sept. 2000, H. Knudsen 00.190e 
(C)*. SLOVAKIA, Podunajská nížina: Marcelová, Marcelovské piesky, among grasses 
on sand dune, 16 Oct. 2004, M. Jeppson 7332 (GB)*; Záhorská nížina: Lakšárska 
Nová ves, Dolina, on sandy road verge in Pinus forest, 17 Nov. 2014, M. Jeppson 7351 
(GB)*; Plavecký Mikuláš, in dry sandy soil (Corynephoretum) close to sand pit, 22 Jun. 
2006, M. Jeppson 7926 (GB)*; Sväty Ján, Sekule, sandy grassland, 19 Oct. 2004, M. 
Jeppson 7372 (GB)*. SPAIN, Cádiz: Pinar de Barbate, on sandy roadside in Pinus pin-
ea woodland, 28 Dec. 2004, S. Jeppson, J. Jeppson, M. Jeppson 7025 (GB)*; Cáceres: 
La Bazagona, inmediaciones del P. N. Monfragüe, en pradera ácida arenosa con Geas-
trum campestre, 18 Jan. 1990, G. Moreno, A. Altés (AH 11759)*; Castellón: Oropesa 
del Mar, playa Morro-gos, bajo Artemisia gallica, 1 Oct. 1975, J. Gómez (AH 1350, 
GenBank KC333055; AH 1465, GenBank KC333056); Girona: Port de la Selva, 8 
Dec. 1997, O. Llimona, (ex BCC-16, AH 25191, GenBank KC333068); Madrid: 
Alcalá de Henares, cerros de Alcalá, bajo Pinus halepensis, Dec. 1988, J. Álvarez, J.A. 
Esteban, C. Illana (AH 11493, GenBank KC333059); Ibidem, 1 Mar. 1991, Curso 
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Figure 7. T. fimbriatum, epitype (GB): a basidiocarps b detail of spore sac showing the fibrillose-fimbriate 
mouth c–e spores. Scale bars: a = 10 mm; b = 2 mm; c–e = 1 μm

Figure 8. T. campestre, lectotype (NY): a–b basidiocarps c spore ornamentation under SEM. Scale bars: 
a, b = 10 mm; c = 1 μm.

doctorado gasteromicetos 1991 (AH 13114, GenBank KC333066); Carabanchel, ter-
reno básico, 25 Nov. 1989, V. González, C. Ortiz, A. Martínez (AH 11757, GenBank 
KC333062); Salamanca: Béjar, en suelo removido de huerta, con Urtica, 6 Jan. 2000, 
J. Giménez (AH 25238, GenBank KC333069); Valladolid: Peñafiel, bajo Pinus, 7 Jan. 
1982, P. Asenjo (AH 2973, GenBank KC333058). SWEDEN, Blekinge: Sölvesborg, 
Tredenborg, 30 Mar. 2006, B. Nilsson, M. Jeppson 060330 (GB)*; Skåne: Ravlunda, 
Haväng, Lindgrens ängar, sandstäpp, 27 Oct. 2001, S. Hanson, M. Jeppson 5795 
(GB)*.
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Tulostoma fulvellum Bres., in Petri, Ann. Mycol. 2(5): 425. 1904.
Figure 2e

≡ Tulostoma armillatum Bres., in Petri, Ann. Mycol. 2(5): 422. 1904. Holotype. ITA-
LY, Rovereto, 1897, P. Pl. Giovanella (S!).

Holotype. ITALY, Trento: “juxta vias”, Bresadola (K).
Our sequence data confirm T. fulvellum as a well-defined species in Clade 8, as a 

sister species to T. lloydii. In agreement with Wright (1987), we consider T. fulvellum 
to be the valid name for this species.

Habitat and distribution. Tulostoma fulvellum is a species of humus-rich habitats 
in shaded to semi-shaded habitats. Reported from Europe (France, Germany, Italy, 
Slovakia, Spain, and Switzerland; Bataille 1910, Candoussau 1973, Jeppson 2008, Ka-
bát 1987, Monthoux and Röllin 1974, Wright 1987) and Japan (Asai and Asai 2008).

Specimens examined. SLOVAKIA, Bratislava: 28 Apr. 1997, V. Kabát 970428 
(BRA)*. SPAIN, Vitoria, en serrín, 28 Oct. 1972 (ex herb. Candoussau 3551, AH 
13414). – SWITZERLAND, Genève: 18 Feb. 1974, O. Röllin 74-5 (pers. herb. P. 
Specht)*; Moulin-de-Vert, suelo calizo con hojarasca, 27 Jun. 1974, O. Monthoux 
4264 (AH 13415).

Tulostoma giovanellae Bres., Fungi Trident. 1(1): 63. 1881.
Figure 2f

≡ Tulostoma volvulatum I.G. Borshch., Zap. Imp. Akad. Nauk 7: 189. 1865. Holo-
type. TURKMENISTAN: in arenosis deserti Kara-Kum, Oct. 1857, I.G. Borsh-
schov (LE 1938).

Holotype. ITALY, Trento: in Horto Cappucinarum, 1880, Bresadola (S!)
Our sequence data confirm T. giovanellae as a well-defined species. Morphological-

ly it is characterized by its finely verrucose spores with verrucae arranged in radial lines, 
as seen under SEM (Figure 2f ). Some photos of the holotype collection at S (habit 
and spore ornamentation under SEM) were included in Altés et al. (1999). Since T. 
volvulatum is an older synonym, it takes priority over T. giovanellae. Art. 57 of the 
Melbourne Code allows an exception to the priority rule, preventing the use of a name 
that incurs in serious conflict with the taxonomic concept traditionally associated with 
it. Also, Art. 56 allows rejection of a name in that circumstance. A formal proposition 
will be put forward to the General Committee (to be published in Taxon) that the 
name T. volvulatum become a nomen rejiciendum, whereas T. giovanellae would be a 
conserved name to be used in its traditional sense.

A sequence from a collection labelled T. caespitosum var. acaule, originating from 
Patouillard’s herbarium (BPI), proved to be identical with T. giovanellae. See discussion 
(below) for issues around interpretation of T. caespitosum and T. caespitosum var. acaule.
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Habitat and distribution. Africa, Asia, and Europe. It is a typical Mediterranean 
species found on sandy or halophytic soils in more or less exposed sites, but it is also 
recorded from anthropogenic habitats in Austria, Hungary, and Germany (Bohus and 
Babos 1977, Kreisel 1984, Rimóczi et al. 2011).

Other specimens examined. AFRICA, N. Patouillard 4639 (as T. caespitosum var. 
acaule, herb. Lloyd 15426, BPI 704323)*. HUNGARY, Bács-Kiskun: Kecskemét, 1 
Dec. 1898, L. Hollós (S). SPAIN, Alicante: Punta del Sabinar, en dunas costeras, sobre 
restos enterrados de Posidonia oceanica, 28 May 1989, C. Bartolomé, J. Álvarez (AH 
11641, GB)*; Almería: Tabernas, Puente de los Callejones, in halophilous vegetation 
on sandy rambla, 22 Apr. 2008, M. Jeppson 8706 (GB)*; Zaragoza: Candasnos SW, 
in halophilous steppe vegetation on road verge, 7 Apr. 2009, E. Larsson, U. Andersson, 
T. Gunnarsson, T. Knutsson, M. Jeppson 9059 (GB)*.

Tulostoma grandisporum Jeppson, Altés, G. Moreno & E. Larss., sp. nov.
MycoBank number: MB819402
GenBank: KU519003 (ITS-LSU), KU843924 (Tef-1a).
Figure 9

Holotype. Hungary, Pest, Csévharaszt, Csévharaszti borokás, in sand steppe vegeta-
tion: Festucetum vaginatae, T. Knutsson, U. Andersson, T. Gunnarsson, M. Jeppson, 
11 Apr. 2011, M. Jeppson 8907 (GB! paratype AH).

Etymology. The name refers to the large spores.
Description. Spore-sac subglobose, 3–8 mm. Endoperidium hyphal, encrusting 

sand. Endoperidium greyish white to pale greyish ochraceous with some adhering sand 
grains, smooth. Mouth fibrillose-fimbriate, slightly mammose (Figure 9f ). Socket in-
conspicuous. Stem slender, 15–23 x 1–2 mm, whitish to pale yellowish brown towards 
the base, which is slightly widened, covered by sand and provided with a distinct pseu-
dorhiza (Figure 9a,e). Capillitium 3–7 μm in diameter, with irregular, undulating inner 
walls (Figure 9b). Septa scarce, not or only very slightly widened. Spores subglobose, 
5.5–7.0 μm (av. 6.5 μm), smooth under light microscopy and SEM (Figure 9c, g–i).

Habitat and distribution. Recorded in exposed sand steppe habitats in Hungary 
and Slovakia. Usually not very numerous in its localities.

Notes. The species reminds of the new species T. pannonicum in its habit, but a 
check under the microscope is enough to distinguish T. grandisporum. Tulostoma leio-
sporum R.E. Fr., described from S. America, is similar to T. grandisporum in macro-
morphology but differs in spore size (lectotype: 4.5–5.5 μm according to Moreno et 
al. 1997). The lectotype of T. leiosporum has the same type of ragged, undulating inner 
walls of the capillitium.

Other specimens examined. HUNGARY, Bács-Kiskun: Kerekegyháza, Kákás-
Király tó, sandy pasture along wheel track, 16 Apr. 2009, U. Andersson, T. Gunnars-
son, M. Jeppson 8924 (GB)*; Kiskunhalas, sandy grassland, 19 Jan. 2014, P. Finy 10 
(GB)*; Lakitelek, Szikra, 300 m SE of railway station, along railway, on sandy path, 
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Figure 9. T. grandisporum, holotype (M. Jeppson 8907, GB): a, e basidiocarps b capillitium c, g–i spores 
d basidiocarps (M. Jeppson 7735, GB) f detail of spore sac showing the fibrillose-fimbriate mouth; Scale 
bars: a, d–e = 10 mm; b–c = 10 μm; f = 4 mm; g–i = 1 μm.

17 Feb. 2004, J. Jeppson, M. Jeppson 6633 (GB)*; Ibidem, 10 Apr. 2006, J. Jeppson, 
M. Jeppson 7734, 7735 (GB); Pest: Örkény, military training field halfway between 
Tatárszentgyörgy and Örkény, sand steppe vegetation, 14 Oct. 2008, T. Knutsson, E. 
Larsson, J. Nilsson, M. Jeppson 8793 (GB)*. SLOVAKIA, Podunajská nížina: Mar-
celová, Marcelovské piesky, on sand, 8 Dec. 2013, P. Brůžek 131208 (GB)*.

Tulostoma kotlabae Pouzar, in Pilát, Fl. ČSR, B-1, Gasteromycetes: 598, 815. 1958.
Figures 2g, 10

Holotype. SLOVAKIA: Záhorská nížina: apud viam ferream haud procul loco 
“Krůžku”, inter Kuty et Sekule, 25 Sept. 1954, F. Kotlaba (PRM 704203!)*
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Figure 10. T. kotlabae, holotype (PRM 704203): a basidiocarps b spore ornamentation under SEM. 
Scale bars: a = 10 mm; b = 1 μm.

The studied material fits the original description as well as that of Wright (1987), 
and it is furthermore supported by ITS sequence data from the holotype. The eight 
closely related, but still unidentified, species (T. spp. 6-13) recovered in our phylo-
genetic analysis (Figure 1b) are in need of further investigation before they can be 
described as distinct and separate species.

Habitat and European distribution. Tulostoma kotlabae occurs in dry and ex-
posed habitats such as steppe vegetation and sand dunes, preferably on calcareous, 
sandy soils. It is, to date, only known from Europe, from where it is on record from 
Denmark, France, Germany, Hungary, Lithuania, Poland, Russia (S part), Slovakia, 
Spain, and Sweden (Calonge 1998, Nitare 1988, Jeppson 2006a, 2008, Rimóczi et al. 
2011, Rudnicka-Jezierska 1991, Winterhoff 2000, Wright 1987).

Other specimens examined. CZECH REPUBLIC, Ústí nad Labem: Velké 
Žernoseky, Kalvárie, 18 Sept. 2014, P. Brůžek 140918 (GB)*. DENMARK, Jyl-
land: Hirtshals, Tversted, Vesterklit, among Syntrichia and Sedum acre on coastal sand 
dunes, 24 Apr. 2005, S. Jeppson, J. Jeppson, M. Jeppson 7441 (GB)*; Møn: Ulfshale, 
2013, T. Læssøe 13035 (C). FRANCE, Nord-France-Pas de Calais: Étaples, Baie de 
la Canche, 30 Oct. 2012, E. Hultqvist, E. Larsson, M. Jeppson 9585 (GB)*. LITHU-
ANIA, Neringa: Nida, 1 Oct. 1997, M. Westberg (LD).  SLOVAKIA, Kúty: prope 
locum “U krůžku”, terra arenosa, Corynephorus canescens, Bromus tectorum, 8 Jul. 1954, 
F. Kotlaba (PRM 704202, GenBank KX576543); Plavecký Mikuláš, along road to 
Mikulášov, sandy road verge in pine forest, 22 Jun. 2006, M. Jeppson 7923 (GB)*. 
SWEDEN, Bohuslän: Tjärnö, Sydkoster, Kilesand, sandgräshed vid havet, 14 Apr. 
2005, A.E. Torkelsen, G. Gulden, A. Karlsson, J. Nilsson, J-Å. Lönnqvist, A. Ryberg, 
J. Jeppson, M. Jeppson 7187 (GB)*; Gotland: Gammelgarn, S om Skags, sandgräshed, 
26 Sept. 2001, J. Jeppson, M. Jeppson 5597 (GB)*; Gotska Sandön, gräshed med 
Corynephoretum nära stranden, 24 May 2013, T. Knutsson 2013-135 (GB); Öland: 
Högby, Dödevi, Kesnäsudden N, sandy grassland, 24 May 2007, S. Jeppson, J. Jepps-
on, M. Jeppson 8451 (GB); Källa, Nyby orde, 25 May 2006, M. Jeppson 7909 (GB); 
Skåne: Falsterbo, Nabben, klit med Artemisia campestris nær Fyrträdgården, 16 Sept. 
1979, D. Boertmann 79074 (LD)*; Skåne: Åhus, Horna bränneri, 14 Nov. 2007, J. 
Jeppson, M. Jeppson 8964 (GB); Skåne, Lyngsjö, 15 Oct. 2000, S-Å. Hanson, J. Jepp-
son, M. Jeppson 5426 (GB)*.
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Tulostoma lloydii Bres., in Petri, Ann. Mycol. 2(5): 423. 1904.
Figures 2h, 11

Holotype. USA (S!).
A characteristic species originally described from N. America. We have not sequen-

ced the holotype, but its macro- and micromorphology (Figure 11a) are very similar to 
that of the collections here studied (Figure 2h).

Habitat and distribution. Tulostoma lloydii is recorded from N. America and 
Europe (Wright 1987). In Europe it has a Mediterranean distribution, having been 
reported from Italy and Spain. According to Wright (1987) it is a species of “forest 
soil, among humus and plant debris”. The studied material from Italy was collected in 
a garden, but there are also findings from more xeric environments on calcareous soil 
and on littoral sand dunes in Spain.

Other specimens examined. ITALY, Friuli-Venezia Giulia: Pordenone, Vivaro, 
in litter under Thuja orientalis in church yard, Oct. 2012, E. Campo, M. Lahti 201210 
(GB)*. SPAIN, Córdoba: Priego de Córdoba, terreno calizo con encinas, Apr. 1988, J. 
Gómez (AH 11606)*; Madrid: Guadalix de la Sierra, entre briófitos, en suelo básico, 
23 May 2003, A. González, ARBA (AH 31156, GB)*.

Tulostoma lusitanicum Calonge & M.G. Almeida, in Calonge, Bol. Soc. Micol. 
Madrid 25: 302. 2000.
Figure 12

Holotype. PORTUGAL, Estremadura: Pinhal do Rei, 8 Jan. 1991, G. Almeida, F. 
Estrella, F.D. Calonge (LISU-MGA 8!)*.

Figure 11. T. lloydii, holotype (S): a spore ornamentation under SEM. Scale bar: 1 μm.

Figure 12. T. lusitanicum, holotype (LISU-MGA 8): a basidiocarp b spore ornamentation under SEM. 
Scale bars: a = 10 mm; b = 1 μm.
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The species was invalidly published by Calonge and Almeida (1992) and later vali-
dated by Calonge (2000). ITS sequence data confirm it as a distinct species (Figure 1b).

Habitat and distribution. Recorded only from sand dunes in Portugal.

Tulostoma melanocyclum Bres., in Petri, Ann. Mycol. 2(5): 415. 1904.
Figure 2i

Holotype. ITALY: in glabrosis prope Tridentinum, 1902, G. Bresadola (K).
This species is closely related to T. squamosum, T. subsquamosum, and the new 

species T. calcareum. It is distinguished by its dark brown to almost black stipe and a 
prominent dark peristome contrasting to the pale colours of the surrounding endo-
peridium in old and weathered specimens. In young basidiomata the endoperidium 
is more or less orange brown and the stem ± orange brown. The spores are verrucose-
echinate and normally lack anastomoses and crests as seen under SEM (Figure 2i). 
It can be readily distinguished from T. brumale, which often grows in the same loca-
tions, by its darker stem and the more coarsely ornamented spores. Photos of the 
holotype collection at K (habit and spore ornamentation under SEM) were included 
in Altés et al. (1996).

Habitat and distribution. Grows in dry sandy grasslands, on sand dunes, sand 
steppes and rupicolous steppe slopes. According to Wright (1987) it is a typically Eu-
ropean species. It is, however, also recorded from Central Asia (Dörfelt and Täglich 
1990). It is widespread in Europe, reaching as far north as southernmost Fennoscandia.

Specimens examined. BELGIUM, W. Vlanderen: Westhoek, 1 Nov. 2012, E. 
Hultqvist, E. Larsson, M. Jeppson 9618 (GB). CZECH REPUBLIC, Pavlovské 
vrchy: Děvin, 27 Jun. 2008, M. Jeppson 8839 (GB). DENMARK, Jylland: Kjul 
Å, 3 Aug. 1906, J. Lind (C). Jylland: Uggerby Å, 29 Dec. 1980, T. Læssøe (C). 
FRANCE, Nord-France-Pas de Calais: Etaples, Baie de la Canche, littoral sand 
dunes, 31 Oct. 2012, E. Hultqvist, E. Larsson, M. Jeppson 9596 (GB)*. HUN-
GARY, Bács-Kiskun: Kunbaracs, Csaradas, sand steppe vegetation, 2 Nov. 2002, J. 
Jeppson, M. Jeppson 6014 (GB); Kunbaracs, sand steppe vegetation, 1 Aug. 2008, 
L. Nagy, M. Jeppson 8815 (GB)*; Orgovány, Orgoványi rétek, Stipeto-festucetum 
on calcareous sand, 18 Apr. 2009, M. Jeppson 8974 (GB)*; Pest: Örkény, mili-
tary training field, sand steppe vegetation, 2 Nov. 2002, J. Jeppson, M. Jeppson 
6036 (GB)*. RUSSIAN FEDERATION, Irkutskaya obl.: Baykal Lake, Olkhon 
Island, Cape Unschuy, 15 Sept. 2000, H. Knudsen 00.314 (C)*. SLOVAKIA, Nítra: 
Štitáre, 29 Jun. 2009, S. Adamčik, M. Jeppson 9116 (GB); Malé Karpaty, Devinská 
Kobyla, Sandberg, V. Kautman, 22 Nov. 2009 (BRA); Podunajská nížina: Marce-
lova, Marcelovské Piesky, 25 Jun. 2011, I. Kautmanová, V. Kautman, M. Jeppson 
9331 (GB). SWEDEN, Öland: Lopperstad, sandstäpp med Carex ligerica, 29 May 
2005, A. Bohlin, K. Bohlin 050529 (GB)*; Skåne: Brösarp, Brösarps norra backar, 
15 Dec. 2001, I. Månsson 011215 (GB)*; Degeberga, Söndre klack, 13 Mar. 2016, 
Ö. Fritz (GB); Maglehem, Kumlans NR, stäppartad torräng, 15 Dec. 2008, S. Han-
son 2008-247 (GB)*.
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Tulostoma niveum Kers, Bot. Not. 131: 411. 1978.
Figure 2j

Holotype. SWEDEN, Uppland: Djurö, Munkö, 23 Sept. 1973, L.E. Kers 4264 (S!).
Tulostoma niveum is a well-defined species with small and slender, whitish ba-

sidiomata with conically protruding mouth and distinctly membranous exoperidium. 
Molecular data suggest a close relationship with the new species T. eckbladii and T. 
giovanellae (Figure 1c).

Habitat and distribution. Occurs among mosses on ± calcareous boulders, flat 
rocks, or stone walls in semi-shaded localities. Recorded from Finland, Norway, Swe-
den, Switzerland, and the UK (Scotland). Not known from outside Europe.

Specimens examined. NORWAY, Oslo: Malmøykalven, among mosses on cal-
careous cliffs, 13 Oct. 2006, A-E. Torkelsen, A. Wollan, A. Karlsson, J. Nilsson, J. 
Markussen, M. Jeppson 8268 (GB). SWEDEN, Södermanland: Vårdinge, Usta SW, 
among Tortella tortuosa on calcareous rocks near lake shore, 13 Oct. 2005, M. Jeppson 
7692 (GB)*; Utö, Notholmen, på mosstuvor på urkalkhäll nära havet, 14 Oct. 2005, 
I. Holst, L. Almqvist, M. Gothnier, M. Jeppson 7699 (GB)*; Uppland: Djurö socken, 
Runmarö, 300 m V om nordspetsen av ön i norra delen av Vitträsk, hällmark i norra 
kanten av betesmark, 1973, L.E. Kers 4775 (S); Västmanland: Viker, Näsmarkernas 
NR, Näset, on calcareous rocks among Tortella tortuosa, 29 Aug. 1999, J. Jeppson, M. 
Jeppson 5229 (GB)*. SWITZERLAND, Genève: Chancy, 11 Nov. 2008, J-J. Roth 
(GB); Ibidem, Dec. 2015 (GB).

Tulostoma obesum Cooke & Ellis, Grevillea 6: 82. 1878.
Figures 2k, 5c

Holotype. U.S.A., Colorado, Coke 2715 (K 39158); Isotype: (NY!)*
Sequenced Spanish collections were shown to be identical with the ITS sequence 

of the isotype from Colorada, USA (Cooke 2715, NY). With respect to morphology, 
T. obesum reminds of a species reported under T. obesum or T. volvulatum (T. volvula-
tum var. obesum) by Babos (1999), Calonge (1998), Hollós (1904), and Rimóczi et al. 
(2011) from the Iberian Peninsula and East Central Europe. However, according to mo-
lecular data, those records can be attributed to other species despite sharing a number 
of morphological features with T. obesum. SEM-photos for T. obesum show completely 
smooth spores (Figure 2k). Photos of the holotype and isotype collections at K and NY 
(habit and spore ornamentation under SEM) were included in Altés et al. (1999).

Habitat and distribution. A psammophilous species originally described from 
Colorado. In Europe it is recorded from littoral sand dunes and halophytic steppe 
habitats in SE Spain.

Other specimens examined. SPAIN, Almería: Cabo de Gata, La Salina, NW 
part, among halophilous vegetation on sand, 21 Apr. 2008, M. Jeppson 8695 (GB)*; 
Almería: Tabernas, Puente de los Callejones, among halophilous vegetation on sandy 
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rambla, 16 Feb. 2003, J. Jeppson, M. Jeppson 6305 (GB); Ibidem, 22 Apr. 2008, M. 
Jeppson 8707 (GB)*; Ibidem, 22 Apr. 2008, M. Jeppson 8708 (GB); Castellón: Oro-
pesa del Mar, dunas litorales con gramíneas, 8 Dec. 1995, J. Ayllón (AH 20901, GB)*.

Tulostoma pannonicum Jeppson, Altés, G. Moreno & E. Larss., sp. nov.
MycoBank number: MB819403
GenBank: KU519010 (ITS-LSU)
Figure 13

Holotype. Hungary, Bács-Kiskun, Fülöpháza, Fülöpházi Homokbuckák, N of road 
52, sand steppe vegetation, Leg: J. Jeppson, M. Jeppson, 11 Apr. 2006, M. Jeppson 
7764 (GB!, isotype AH).

Etymology. The name refers to Pannonia, an ancient Roman province in Central 
Europe, where this species was first collected.

Description. Spore-sac subglobose, 4–7 mm in diameter. Exoperidium indistinct to 
thinly membranous, incrusting sand, remaining as a cup-like structure at the base of the 
spore-sac (Figure 13d). Endoperidium greyish white, smooth, or pitted from detached 
sand grains. Mouth indistinct to fibrillose-fimbriate (Figure 13f ). Socket inconspicuous, 
slightly separated. Stem slender, 10–20 x 1–2 mm, ochraceous to pale greyish, smooth, 
somewhat longitudinally furrowed, with a slightly widened base and a distinct pseudor-
hiza (Figure 13a,d). Mature gleba ferrugineous. Capilltium 3–5 μm in diameter with 
even inner walls and abundant, strongly widened septa (Figure 13b). The capillitium 
easily breaks up at the septa. Spores subglobose to broadly ellipsoid, 3.5–4.5 μm (av. 4.0 
μm), smooth. Under SEM the spore wall is smooth to slightly rugulose (Figure 13g-i).

Habitat and distribution. The species is recorded from exposed sand steppe habi-
tats on calcareous soil in Hungary.

Notes. Rimóczi et al. (2011) recorded this species from Hungary as T. leiosporum and 
noted that the spores were slightly smaller than those of the lectotype of T. leiosporum, de-
posited in Herbarium S. Some photos of the lectotype collection of T. leiosporum (habit 
and spore ornamentation under SEM) were included in Moreno et al. (1997).

Other specimens examined. HUNGARY, Bács-Kiskun: Fülöpháza, Fülöpházi 
Homokbuckák, S of road 52, sand steppe vegetation at forest edge (Pinus), 12 Oct. 
2008, E. Larsson, J. Nilsson, T. Knutsson, M. Jeppson 8715 (GB)*; Orgovány, Or-
goványi rétek, sand steppe vegetation, 17 Jun. 1999, M. Jeppson 990617a (GB)*; 
Ibidem, among Syntrichia on sand, 12 Apr. 2006, J. Jeppson, M. Jeppson 7803 (GB)*.

Tulostoma pseudopulchellum G. Moreno, Altés & J.E. Wright, Mycotaxon 43: 
481. 1992.

Holotype. SPAIN, Madrid: Alcalá de Henares, junto al cerro Ecce Homo, vegetación 
esteparia con yesos, Mar. 1989, C. Illana, G. Moreno, A. Altés (AH 11605!)*.
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Figure 13. T. pannonicum, holotype (M. Jeppson 7764, GB): a, d–e basidiocarps b capillitium 
c, g–i  spores f detail of spore sac showing the fibrillose-fimbriate mouth (M. Jeppson 7803, GB). Scale 
bars: a, d–e = 10 mm; b–c = 10 μm; f = 5 mm; g–i = 1 μm.

Tulostoma pseudopulchellum is a small and slender species with a macro-morpho-
logical resemblance to T. pulchellum. It differs from that species by having signifi-
cantly smaller basidiomata and irregularly rugulose spores (SEM). It has a distinctly 
membranous exoperidium and a fibrillose-fimbriate mouth. Moreno et al. (1992b) 
suggested a close relationship with T. pulchellum but this could not be confirmed in 
the molecular analyses.

Habitat and distribution. So far only known from its type locality in dry gypsum 
slopes at Alcalá de Henares in Central Spain.

Other specimens examined. SPAIN, Madrid: Alcalá de Henares, junto al cerro 
Ecce Homo, vegetación esteparia con yesos, Mar. 1989, C. Illana, G. Moreno, A. 
Altés(paratype, AH 11603)*; Ibidem, junto al cerro Malvecino, en margas yesíferas, 3 
Nov. 1989, G. Moreno, J.L. Manjón, A. Altés (AH 11699)*.
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Tulostoma pulchellum Sacc., Bull. Soc. Mycol. France 5(4): 118. 1890 [1889].
Figures 2l, 14, 15

≡ Tulostoma poculatum V.S. White, Bull. Torrey Bot. Club 28: 431. 1901. Holotype. 
USA, Nebraska: Long Pine, Bates (NY).

≡ Tulostoma minutum V.S. White, Bull. Torrey Bot. Club 28: 433. 1901. Holotype. 
USA, Colorado: Bethel 22a (NY).

≡ Tulostoma hollosii Z. Moravec, Preslia 28: 36. 1956. Holotype. CZECH REPUB-
LIC, Praha: Prokopské údolí, kopec u koupalisté, 3 Oct. 1952, Moravec (PRM).

Holotype. AUSTRALIA, Tepper (PAD).
This is a characteristic species with a distinct membranous exoperidium, a snow-

white endoperidium and a ± delimited, fibrillose-fimbriate mouth. The ornamentation 
of the spores is composed of a dense cover of low verrucae, sometimes coalescing into 
ridges. Collections with a ridged type of ornamentation have been distinguished as T. 
hollosii and T. pulchellum var. subfuscum (cfr. Moreno et al. 1992b, Specht and Schu-
bert 2012). Our sequence data based on specimens with isolated verrucae as well as 
on those with distinct ridges (Figure 2l), a paratype of T. hollosii included (Figure 15), 
indicate conspecificity. Our molecular data suggest T. pulchellum to be closely related 
to T. striatum (Figure 1b).

Habitat and distribution. Tulostoma pulchellum has a cosmopolitan distribution, 
occurring in exposed, dry, and warm habitats. In Europe it is on record from the Czech 
Republic, Germany, Hungary, Italy, Romania, Slovakia, and Spain (Kreisel 2001, Kříž 
2011, Specht and Schubert 2012, Sarasini 2005). It is here confirmed also from Cen-
tral Asia (Mongolia).

Specimens examined. CZECH REPUBLIC, Litomeřice: Radobýl, 18 Jan. 2014, 
P. Brůžek (GB); Praha: in valle Prokopské údoli dicta, ap. vicum Klukovice prope 
Pragam, in sinuis saxorum calcarearum, 2 Dec. 1951, Z. Moravec 132/51 (paratype T. 
hollosii, UPS)*. GERMANY, Sachsen-Anhalt: Halberstadt, Hammelberg, Nov. 2011, 
H. Schubert, P. Specht (GB).  HUNGARY, Bács-Kiskun: Bugac, Bugacpuszta, near 
Pásztormuzeum, Cynodon-grassland, 12 Apr. 2006, I. Rimóczi, T. Knutsson, T. Gun-
narsson, J. Jeppson, M. Jeppson 7788 (GB); Kecskemét, Kisfái, sandstäpp i kanten av 
tallplantering, 4 Feb 2004, J. Jeppson, M. Jeppson 6589 (GB); Kunbaracs, sand step-
pe vegetation, 10 Oct. 2004, K. Hjelmér, M. Jeppson 6812 (GB); Lakitelek, Szikra, 
by the railway station, ruderal sand steppe vegetation, 17 Feb. 2004, J. Jeppson, M. 
Jeppson 6647 (GB)*; Lakitelek, Árpádszállás, sandy roadside in Pinus plantation, 17 
Feb. 2004, J. Jeppson, M. Jeppson 6614 (GB); Csongrád: Opusztaszer, Hantháza, 
ruderal, sheep-grazed sand steppe vegetation, 14 Apr. 2006, J. Jeppson, M. Jeppson 
7833 (GB)*; Pest: Csévharaszt, Csévharaszti borókás, Festucetum vaginatae, 11 Apr. 
2009, T. Knutsson, U. Andersson, T. Gunnarsson, M. Jeppson 8905 (GB). MEXICO, 
Baja California: La Rumorosa, terreno árido, escarpado y pedregoso, 9 Dec. 1987, 
C. Ochoa, A. Altés (AH 12967, GB)*. MONGOLIA, Terelj National Park, 2010, Ö. 
Fritz 2010-1 (GB)*. SPAIN, Granada: Cenes de la Vega, cerca del Llano de la Perdiz, 
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Figure 14. T. pulchellum, holotype (PAD): a. spore ornamentation under SEM. Scale bar: 1 μm.

Figure 15. T. hollosii, paratype (Moravec 132/51, UPS): a–b basidiocarp (single, both sides) c spore 
ornamentation under SEM. Scale bars: a–b = 10 mm; c = 1 μm.

zona árida con Pinus halepensis, P. sylvestris y Cistus ladanifer, 21 Jul. 1991, R. Galán 
(as T. pulchellum var. subfuscum, AH 13627, GenBank KX640982); Segovia: Cuellar, 
en suelo arenoso en claro de pinar de Pinus pinaster, 20 Nov. 1994, F. García (MA-F 
33568)*; Valladolid, Tudela de Duero, Pradillos, suelo arenoso bajo Pinus pinea, 27 
Feb. 1993, P. Juste (MA-F 32338, GenBank KX640983).

Tulostoma punctatum Peck, Bull. Torrey Bot. Club 23(10): 419. 1896.
Figures 5d, 16a, 17, 18

≡ Tulostoma fimbriatum var. punctatum (Peck) J.E. Wright, Biblioth. Mycol. 113: 115. 
1987.

≡ Tulostoma subfuscum V.S. White, Bull. Torrey Bot. Club 28: 433. 1901. Holotype. 
USA, Colorado: Denver, 16 Feb. 1896, Bethel 21 (NY!)*;

Lectotype. USA, Kansas: Rooks Co., 23 Jul. 1896, E. Bartholomew (BPI 729033!)*.
The first European records of this traditionally North American species are here 

confirmed. The species can easily be confused with T. fimbriatum, but is distinguished 
by the somewhat smaller spores that are more ornamented with a verrucose-spiny or-
namentation without ridges (Figure 16a). Study of the macro-micromorphology and 
sequence data of the type collections of T. punctatum (Figure 17) and T. subfuscum 
(Figure 18), indicate conspecificity. It is surprising to see that the spore ornamentation 
of the type of T. subfuscum is very different from the expected one (cfr. description 
and illustrations by Wright 1987). The presence of distinctive punctate pits on the 
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Figure 16. Spore ornamentation under SEM of European species (cont.): a T. punctatum (M. Jeppson 
7472, GB) b T. simulans (M. Jeppson 9302, GB) c T. squamosum (AH 15483) d T. striatum (AH 15543) 
e T. subsquamosum (M. Jeppson 3475, GB) f T. winterhoffii (M. Jeppson 2379, GB). Scale bars: 1 μm.

Figure 17. T. punctatum, lectotype (BPI 729033): a basidiocarps b spore ornamentation under SEM. 
Scale bars: a = 10 mm; b = 1 μm.

endoperidium of T. punctatum, as described by Peck (1896), could not be observed 
in the European specimens. A somewhat pitted appearance of the endoperidium is a 
common, but inconsistent, feature among species of Tulostoma, and of little taxonomic 
value. The pits are scars or depressions caused by sand grains adhering to the peridium 
in early stages of development.

Habitat and distribution. Originally described from the USA (Kansas). In Eu-
rope on sandy soil on exposed, anthropogeneous sites (e.g. church lawns/car parks, 
abandoned orchards) in SW Slovakia.

Other specimens examined. SLOVAKIA, Záhorská nížina: Vel’ke Leváre, by the 
church, grassy road side on sandy soil, 2 Oct. 2005, J. Jeppson, M. Jeppson 7472 



Mikael Jeppson et al.  /  MycoKeys 21: 33–88 (2017)68

Figure 18. T. subfuscum, holotype (Bethel 21, NY): a. basidiocarps b spore ornamentation under SEM. 
Scale bars: a = 10 mm; b = 1 μm.

(GB)*; Stupava, in dry sandy grassland in an abandoned orchard, 16 Oct. 2014, T. 
Knutsson, E. Larsson, R. Bednar, V. Kautman, I. Kautmanová, A.  Košuthová, M. 
Jeppson 10058 (GB)*.

Tulostoma simulans Lloyd, The Tylostomeae: 18. 1906.
Figures 5e–f, 16b, 19

≡ Tulostoma moravecii Pouzar, in Pilát, Fl. ČSR, B-1, Gasteromycetes: 597, 814. 1958. 
Holotype. CZECH REPUBLIC, Praha: inter Homolka et Lochkov, 21 Sept. 
1952, Z. Moravec (PRM).

Holotype. USA, Texas: Denton, Long (herb. Lloyd 13636, BPI 704611).
As was indicated already by its author (Lloyd 1906), this species “simulates” other 

species of Tulostoma, particularly T. brumale, from which it differs by having a hyphal 
exoperidium and larger spores. According to our molecular results it is known from 
Austria, Hungary, Spain, Sweden, and the UK (a British sequence was kindly provided 
by Martyn Ainsworth, Kew, but is not shown in the tree). Sequence data of the Eu-
ropean specimens, labelled as T. beccarianum, T. brumale, and T. moravecii (isotype, 
Figure 19), cluster with a paratype in PC of T. simulans. Unfortunately the holotype 
material of T. simulans was not available for DNA extraction.

SEM-photos of the collections used in our study show irregular, rather dense, 
broadly based conical verrucae (Figure 16b), thus closely coinciding with the holo-
type material of T. simulans (cfr. Moreno and Altés 1992). Altés and Moreno (1993) 
synonymized T. simulans with T. beccarianum based on morphological similarities, but 
sequence data show that they should be regarded as separate species.

Habitat and distribution. N. America, S. America, Australia, New Zealand, Eu-
rope, and Asia (Kazachstan). It is here confirmed also from eastern Russia (Altay Re-
public). It has been found in a wide range of habitats (“forest soil, among litter, some-
times dunicolous, tree nurseries” according to Wright 1987).

European occurrences are from sand steppe habitats, sand dunes, gypsum hills, 
rupicolous steppe meadows, and urban plantations.
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Specimens examined. AUSTRIA, Burgenland: Brietenbrunn, Thenau NSG, 24 Oct. 
1989, E. Mrazek 1313 (Herb. Mrazek, GB)*; Ibidem, dry calcareous grassland, 9 Oct. 
2005, J. Jeppson, M. Jeppson 7865 (GB)*. CZECH REPUBLIC, Pardubice: Svitavy, 
under Picea pungens, 14 Feb. 2014, P. Brůžek 140214 (GB)*; Praha-Dejvice: Zahrada 
Hanspaulka, sandy soil, 1 Dec. 2013, M. Brtník, P. Brůžek 131201 (GB)*; Praha: inter 
Homolka et Lochkov, 21 Sept. 1952, Z. Moravec (isotype T. moravecii, PRM 667204)*. 
HUNGARY, Bács-Kiskun: Fülöpháza, Fülöpházi Homokbuckák, sand steppe vegetation, 
13 Jun. 1999, J. Jeppson, M. Jeppson 4902 (GB)*; Ibidem, 17 Jun. 1997, S. Jeppson, J. 
Jeppson, M. Jeppson 3844 (GB)*; Ibidem, 26 Jun. 2001, M. Vetter, M. Jeppson 5497 
(GB)*; Pest: Tatárszentgyörgy, Sarlósárpuszta, in sand steppe vegetation, 21 Feb. 2004, 
J. Jeppson, M. Jeppson 040221 (GB)*. RUSSIAN FEDERATION, Altay Rep.: Chuya 
River/Kuektanar River, 31 km W of Kosh-Agach on M52, 21 Aug. 2001, H. Knudsen 
01.70m (C)*. SPAIN, Madrid: Alcalá de Henares, cerros de Alcalá, gypsophilous steppe 
vegetation, on road verge, 2 Mar. 2011, G. Moreno, A. Altés, A. Stridvall, E. Larsson, M. 
Jeppson 9302 (GB)*; Alcalá de Henares, Campus Universidad Alcalá, en terreno básico (ar-
cilloso), junto a camino, vegetación ruderal, 10 Mar. 1993, V. González (AH 15633, GB)*; 
Zaragoza: Bujaraloz, Laguna de la Muerte, in halophilous steppe vegetation at lake shore, 
5 Apr. 2010, E. Larsson, U. Andersson, T. Gunnarsson, T. Knutsson, M. Jeppson 9064 
(GB)*. SWEDEN, Skåne: Brösarp, Torparebron, 12 Oct. 1996, M. Jeppson 3871 (GB)*. 
USA, Ohio: Granville, W.W. Stockberger (paratype T. mammosum var. simulans, PC)*.

Tulostoma squamosum (J.F. Gmel.) Pers., Syn. Meth. Fung. (Göttingen) 1: 139. 1801.
Figure 16c

≡ Lycoperdon squamosum J.F. Gmel., Systema Naturae, Edn 13  2(2): 1463 (1792). 
Holotype. ITALY, cl. Targioni (herb. Persoon, L).

≡ Tulostoma verrucosum Morgan, J. Cincinnati Soc. Nat. Hist. 12(4): 164. 1890. Lec-
totype. USA, Ohio: Cincinatti, 1883, A.P. Morgan (BPI).

≡ Tulostoma mussooriense Henn., Hedwigia 40: 337. 1901. Holotype. INDIA, Mus-
soorie: Arnigadh, 5500 ft alt., 9 Aug. 1900, W. Gollan (S!).

Remarks. Tulostoma squamosum is morphologically well characterized by its brown, 
rather tall and squarrose stem combined with a brownish warty exoperidium that upon 

Figure 19. T. moravecii, isotype (PRM 667204): a basidiocarps b spore ornamentation under SEM. 
Scale bars: a = 10 mm; b = 1 μm.
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dehiscense leaves a distinct reticulate pattern. The exoperidium is composed of brown-
ish sphaerocysts. The spore ornamentation under SEM (Figure 16c) shows spines fused 
at their tops into small pyramidal groups, sometimes coalescing to form short crests. In 
Scandinavia the name T. squamosum has previously been associated with the proposed 
new species T. calcareum, described above (cfr. ArtDatabanken 2015, Nitare 1997),

Habitat and distribution. Usually found among herbs in semi-shaded places, 
including open deciduous forests and gardens. Taking into account its recently es-
tablished synonyms T. mussooriense and T. verrucosum (Moreno et al. 1992a), it has a 
cosmopolitan distribution. It seems to be one of the more widespread Tulostoma spe-
cies in Europe, reaching north to Germany (Kreisel 1984).

Specimens examined. AUSTRIA, Niederösterreich: Schönfelder (bewaldete) Düne, 
12 Sept. 1989, E. Mrazek 1300 (Herb. Mrazek, GB)*. FRANCE, Nord-France-Pas de 
Calais: Etaples, Garennes, Reserve nationale de la Canche, 11 Nov. 2006, E. Larsson 
260-06 (GB)*. SLOVAKIA, Malé Karpaty: Bratislava, Devinska Kobyla, 13 Nov. 1997, 
Ortová 971113 (BRA, GB)*. SPAIN, Castellón: cerca de Morella, on calcareous soil un-
der Pinus nigra and Quercus rotundifolia, 21 Oct. 1992, M. Honrubia (AH 15483, GB)*.

Tulostoma striatum G. Cunn., Proc. Linn. Soc. New South Wales 50(3): 255. 1925.
Figure 16d

Holotype. AUSTRALIA, N.S.W: Forbes, 13 Aug. 1915, J.B. Cleland (ADW 5867).
As was noted by Cunningham (1925), this species (originally described from Aus-

tralia) strongly reminds of T. pulchellum (as T. poculatum), but can be readily distinguished 
by its striate spores (Figure 16d). The molecular results confirm it is a distinct species 
(Figure 1b).

Habitat and distribution. It is widespread in the Americas, South Africa and 
Australia (Wright 1987). Altés and Moreno (1991) recorded it from Europe (Spain), 
where it to date is only known from the city of Madrid. Asai (2004) reported it from 
Japan and it is now also confirmed to occur in Mongolia. According to Wright (1987) 
and Calonge (1998) it is a psammophilous species.

Specimens examined. MONGOLIA, Terelj National Park, 2010, Ö. Fritz 2010-2 
(GB)*. SPAIN, Madrid: Carabanchel Alto, en arena de camino, junto a una pradera, 
19 Jan. 1993, V. González (AH 15543, GB)*; Ibidem, 8 Nov. 1989, A. Martínez (AH 
11991, GenBank KY000097).

Tulostoma subsquamosum Long & S. Ahmad, Farlowia 3: 241. 1947.
Figures 5g, 16e

Holotype. INDIA, Gurdaspur: Jaggatpur, Aug. 1938, S. Ahmad 258 (BPI).
Tulostoma subsquamosum is characterized by a hyphal exoperidium with scattered 

sphaerocyst-like cells. The spores are verrucose-echinate with a tendency to form a 
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subreticulum (Figure 16e). It seems to be one of the more common species in the sand 
steppe vegetation of Central Hungary, from where it was traditionally recorded as T. 
squamosum (cfr. Hollós 1904, Rimóczi et al. 2011). In the molecular analyses it comes 
out as a sister species to T. squamosum (Figure 1c).

Habitat and distribution. Occurs in dry grasslands on sandy-clayish soil. It has 
a wide distribution in Asia (India, Pakistan), N and S America and Europe (Hungary, 
Slovakia, Spain).

Specimens examined. HUNGARY, Bács-Kiskun: Fülöpháza, Fülöpházi Homok-
buckák, 1 Nov. 2002, J. Jeppson, M. Jeppson 6002 (GB)*; Jakabszállász, Alsójáras, 15 
Feb. 2004, J. Jeppson, M. Jeppson 6563 (GB)*; Orgovány, Hattarcsarda, sand steppe 
vegetation, 24 Sept. 1995, A. Bohlin, K. Bohlin, M. Jeppson 3475 (GB); Orgovány, 
Orgoványi rétek, sand steppe vegetation, 16 Jun. 1999, S. Jeppson, J. Jeppson, M. 
Jeppson 4956 (GB)*; Ibidem, 15 Jun. 1999, S. Jeppson, J. Jeppson, M. Jeppson 4945 
(GB)*. SLOVAKIA, Podunjaská nížina: Imel’, Liscie Diery NR, sand steppe vegeta-
tion, 26 Jun. 2011, I. Kautmanová, V. Kautman, M. Jeppson 9336 (GB)*. SPAIN, 
Madrid: Ciempozuelos, yesiferous steppe vegetation, 22 Nov. 1989, J. Jeppson, M. 
Jeppson (GB); Toledo: Ocaña, in Pinus halepensis plantation on sandy soil, 4 Mar. 
2011, G. Moreno, E. Larsson, A. Stridvall, M. Jeppson 9305 (GB)*; Zaragoza: Buja-
raloz, terreno básico con yeso, bajo Juniperus thurifera, 31 Oct. 1995, G. Moreno, A. 
Altés (AH 19024, GB)*.

Tulostoma winterhoffii H. Schub. & P. Specht, in Specht and Schubert, Z. Mykol. 
79(2): 421. 2015.
Figures 5h, 16f, 20

≡ Tulostoma fimbriatum var. heterosporum J.E. Wright, Biblioth. Mycol. 113: 113. 
1987. Holotype. THE NETHERLANDS, Wassenaar:”Voorlinden”, 7 Oct. 1950, 
R.A. Maas Geesteranus 7513 (L!)*.

Holotype. GERMANY, Rheinland-Pfalz: Hohfels near Grünstadt, 24 May 1987, W. 
Winterhoff (HAL).

Tulostoma winterhoffii was recently described from Germany. The holotype was 
not available for sequencing in this study but a paratype, provided by its authors, was 
sequenced and found to match sequence data of the type material of T. fimbriatum 
var. heterosporum. In macro-morphology (Figure 5h) T. winterhoffii strongly reminds 
of T. fimbriatum but important features to distinguish it are the verrucose-echinate 
spores (no anastomoses seen under SEM; Figure 16f ) and the variation in spore size 
(Wright 1987: up to 9.7 μm in diameter; Specht and Schubert (2013): (4.5–) 5.5–8.5 
(–10.3) μm including ornamentation). Our own material shows a similar variation, 
averaging 5.7 – 6.1 μm, some spores reaching 9 μm. The same can be observed in the 
type collection of T. fimbriatum var. heterosporum (Figure 20). Based on morphology 
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Figure 20. T. fimbriatum var. heterosporum, holotype (L 64172): a basidiocarps b spore ornamentation 
under SEM; spore size variation. Scale bars: a = 10 mm; b = 1 μm.

and sequence data, T. fimbriatum var. heterosporum must thus be considered a distinct 
species, for which the name T. winterhoffi has priority.

Habitat and distribution. Mostly in dry and sandy habitats in exposed places, on 
more or less calcareous soils. Currently known from the Czech Republic, Denmark, 
France, Germany, Hungary, the Netherlands, Norway, Spain, and Sweden. In Scandi-
navia it reaches 60 ' N. The world distribution comprises Europe, Asia (Caucasus), and 
N. America (California) according to Wright (1987; as T. fimbriatum var. heterosporum).

Specimens examined. DENMARK, Sjælland: Greve, Hundige Strand, 1 Jan. 
2015, S.O. Jensen, Atlasprojekt SOJ2105-699039 (C)*. BULGARIA, Nesebar: 
Slyanchev Brjag, 18 Sept. 1979, S. Jeppson. M. Jeppson 1359 (GB). GERMANY, 
Rheinland-Pfalz: Grünstadt, Asselheim, am Höllenberg, 12 Apr. 2013, ZFM79(2) 
(paratype, H. Schubert and P. Specht private herbarium)*. HUNGARY, Bács-Kiskun: 
Fülöpháza, Fülöpházai Homokbuckák, among Syntrichia in sand steppe vegetation, 11 
Apr. 2006, L. Nagy, T. Gunnarsson, T. Knutsson, J. Jeppson, M. Jeppson 7761 (GB)*. 
NORWAY, Buskerud: Hurum, Nærnes, Grundviksveien, 3 May 2010, A-E. Torkel-
sen, G. Gulden, A. Karlsson, J. Nilsson, M. Jeppson 9537 (GB); Oslo: Græsshol-
men, 12 May 2006, A-E. Torkelsen, A. Karlsson, J. Nilsson, A.K. Wollan, A. Ryberg, 
M. Jeppson 7895 (GB, O); Munkedammen, N.M. Blytt 229 (O F-86871). SPAIN, 
Madrid: en césped, Dec. 1984, A.M. Moscardó (AH 11647, GenBank KC333060); 
Madrid, en un solar urbano, 1988, F.J. Martínez (AH 11656, GenBank KC333061). 
SWEDEN, Bohuslän: Tjärnö, Syd-Koster, Kilesand, sandgräshed med skalrik sand 
nära havet, 18 Oct. 1987, S. Jeppson, J. Jeppson, M. Jeppson 2379 (GB)*; Gotland: 
Ardre, Kungens sal, 22 Sept. 2000, J-O. Tedebrand (UPS).

New species identified in this study that lack scientific names

Tulostoma sp. 1: HUNGARY, Bács-Kiskun: Fülöpháza, Fülöpházai Homokbuckák, 
sand steppe vegetation, 11 Apr. 2006, J. Jeppson, M. Jeppson 7762 (GB)*.

Tulostoma sp. 2: SPAIN, Almería: Tabernas, Puente de los Callejones, halophilous 
vegetation in rambla, 22 Apr. 2008, M. Jeppson 8701, (GB)*. Ibidem, 25 Apr. 
2008, J. Vesterholt, M. Jeppson 8710 (GB)*.
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Tulostoma sp. 3: HUNGARY, Bács-Kiskun: Bugac, Ösborokás, 15 Jun. 1999, S. 
Jeppson, J. Jeppson, M. Jeppson 4935 (GB)*.

Tulostoma sp. 4: HUNGARY, Budapest: Bikás, sandy grassland, 2 Nov. 2011, P. Finy 
12 (GB)*.

Tulostoma sp. 5: SLOVAKIA, Záhorská nížina: Malacky, Kozánka, sandy soil, 7 Dec. 
2013, I. Tomaševská, P. Brůžek 131207 (GB)*. Ibidem, 16 Oct. 2014, E. Larsson, 
R. Bednar, V. Kautman, M. Jeppson 10060 (GB)*.

Tulostoma sp. 6: HUNGARY, Bács-Kiskun: Fülöpháza, Fülöpházi Homokbuckák, 
sand steppe vegetation, 31 Oct. 2002, J. Jeppson, M. Jeppson 5996 (GB)*.

Tulostoma sp. 7: HUNGARY, Bács-Kiskun: Nyárlörincs, W. of Szikra, 17 Feb. 2004, 
J. Jeppson, M. Jeppson 6623 (GB)*. Pest, Tatárszentgyörgy, sand steppe, 11 Nov. 
2014, P. Finy 1 (GB)*.

Tulostoma sp. 8: HUNGARY, Bács-Kiskun: Bugac, Ösborokás, sandstäpp, i barr-
matta under Juniperus, 19 Jun. 1997, S. Jeppson, J. Jeppson, M. Jeppson 3830 
(GB)*. Ibidem, 12 Apr. 2006, I. Rimóczi, L. Benedek, T. Knutsson, T. Gunnasson, 
J. Jeppson, M. Jeppson 7795, (GB)*; Kerekegyháza, Borovicka dülö, ruderal sand 
steppe, roadside, 4 Nov 2002, J. Jeppson, M. Jeppson 6081 (GB)*.

Tulostoma sp. 9: HUNGARY, Bács-Kiskun: Fülöpháza, Fülöpházi Homokbuckák, 
along road 52 at km 22, sand steppe vegetation, 17 Jun. 1999, J. Jeppson, M. Jepp-
son 4976 (GB)*. Ibidem, 17 Jun. 1997, S. Jeppson, J. Jeppson, M. Jeppson 3787 
(GB)*; Orgovány, Orgoványi rétek, Hollóshegy-Palinkás, sand steppe vegetation, 
16 Jun. 1999, J. Jeppson, M. Jeppson 4966 (GB)*.

Tulostoma sp. 10: HUNGARY, Bács-Kiskun: Kéleshalom, Kéleshalmi Borokás, sand 
steppe vegetation, 18 Jun. 1997, S. Jeppson, J. Jeppson, M. Jeppson 3813 (GB)*. 
SPAIN, Huelva: La Palma del Condado, Stipa grassland with Thymus, 1 Jan. 
2003, S. Jeppson, J. Jeppson, M. Jeppson 6198 (GB)*.

Tulostoma sp. 11: SPAIN, Madrid: Casa de Campo, 14 Nov. 1988, M. Jeppson 
881114 (GB)*.

Tulostoma sp. 12: ITALY, Ravenna: Pineta di Classe, sulla sabbia, su terreno erboso 
nella regione litorale, 13 Nov. 1992, I. Hausknecht (WU, AH 16793)*. SPAIN, 
Girona: Pals, en dunas, 21 Dec. 1986, J.M. Vidal 861221-17 (AH 15040, GB)*.

Tulostoma sp. 13: USA, New Mexico: 4 mi. N. of Albuquerque, 30 May 1947, W.H. 
Long (as T. excentricum, herb. Long 11461, BPI 729350)*.

Tulostoma sp. 14: SPAIN, Zaragoza: Caspe, Laguna Salada, in halophilous vegeta-
tion, 27 Apr. 1999, S. Jeppson, J. Jeppson, M. Jeppson 5004 (GB)*. Ibidem, M. 
Jeppson 5011 (GB)*.

Tulostoma sp. 15: HUNGARY, Bács-Kiskun: Orgovány, Orgoványi rétek, sand 
steppe vegetation, 17 Jun. 1999, J. Jeppson, M. Jeppson 990617b (GB)*. SPAIN, 
Madrid: Alcalá de Henares, cerros de Alcalá, gypsophilous steppe vegetation, at 
road verge, 2 Mar. 2011, G. Moreno, A. Altés, A. Stridvall, E. Larsson, M. Jeppson 
9295 (GB, AH)*. Ibidem, 2 Mar. 2011, M. Jeppson 9296 (GB)*. Ibidem, Jan. 
1993, G. Moreno, V. González, A. Altés (as T. pseudopulchellum, AH 15558)*.
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Tulostoma sp. 16: RUSSIAN FEDERATION, Sakha: Khangalasskiy Ulus, Oktyomtsy, 
steppe SW of village, 15 Aug. 1999, H. Knudsen 99.337 (C)*.

Tulostoma sp. 17: SPAIN, Madrid: Alcalá de Henares, junto al cerro Malvecino, terreno 
margoso con algo de yeso, 7 Nov. 1990, equipo micología UAH (AH 13674, GB)*.

Tulostoma sp. 18: SPAIN, Ciudad Real: Parque Nac. Tablas de Daimiel, 18 Mar. 
1994, P. Juste (MA-F 35900)*; Zaragoza, Bujaraloz, carretera 230, km 15, sheep-
grazed steppe meadow, 6 Apr. 2010, E. Larsson. U. Andersson, T. Gunnarsson, T. 
Knutsson, M. Jeppson 9046 (GB)*.

Tulostoma sp. 19: CYPRUS, 14 Feb. 2014, T. Læssøe, A. Molia 140115-2 (GB)*.
Tulostoma sp. 20: SPAIN, Zaragoza: Los Monegros, Sástago, along road Escatrón-

Sástago, 500 m N of Ebro-bridge, dry, sandy calcareous soil, 27 Apr. 1999, S. 
Jeppson, J. Jeppson, M. Jeppson 5015 (GB)*.

Tulostoma sp. 21: SPAIN, Madrid: Alcalá de Henares, cerros de Alcalá, 3 Nov. 1989, 
(as T. moravecii, AH 11698)*.

Type specimens of species examined, from outside of Europe

Tulostoma albicans V.S. White: USA, Texas, 1893, E.D. Cope (holotype, NY)*. 
Figure 21.

Tulostoma egranulosum Lloyd: AUSTRALIA, Victoria, Melbourne: D. McAlpine 
(holotype, herb. Lloyd 15424, BPI 704420, GenBank KC333072).

Tulostoma excentricum Long: USA, New Mexico: E of Sandia Vista Court, Albu-
querque, 20 Jun. 1941, W.H. Long (holotype, herb. Long 9360, BPI 729284)*.

Tulostoma leiosporum R.E. Fr.: ARGENTINA, Jujuy: Pampa Blanca, 23 May 1901, 
R. Fries 64 (lectotype, S).

Tulostoma lysocephalum Long: USA, New Mexico: on highway 70, 10 mi. W. of 
Deming, 12 Sept. 1941, W.H. Long, D.J. Stouffer (holotype, herb. Long 9639, 
BPI 749235)*. Figure 22.

Tulostoma macrocephalum Long: USA, New Mexico: White Sands Nat’l Monu-
ment, W of Administration Bldg, 22 Apr. 1942, W.H. Long (holotype, herb. Long 
10113, BPI 729448)*.

Tulostoma readeri Lloyd: AUSTRALIA, Reader (holotype, herb. Lloyd 15421, BPI, 
GenBank KC333076).

Tulostoma rufum Lloyd: USA, Alabama: Spring Hill, A.S. Bertolet (lectotype, herb. 
Lloyd 25542, BPI 704578)*. Figure 23.

Tulostoma submembranaceum G. Moreno, C. Ochoa & J.E. Wright: MEXICO, 
Baja California: ad viam San Quintín-Cataviña km 35, 6 Dec. 1991, N. Ayala, C. 
Ochoa, F. Esteve-R., A. Altés, G. Moreno (holotype, AH 15132)*.

Tulostoma tuberculatum V.S. White: CANADA, British Columbia: Macoun (holo-
type, NY; isotype, herb. Long, BPI 729034, GenBank KC333070).

Tulostoma xerophilum Long: USA, Arizona: 7 mi from Nogales, on Hway 89, 13 
Nov. 1936, Long & Stouffer (holotype, herb. Long 9688, BPI 802484)*. Figure 24.
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Figure 24. T. xerophilum, holotype (herb. Long 9688, BPI): a–b basidiocarps c spore ornamentation 
under SEM. Scale bars: a–b = 10 mm; c = 1 μm

Figure 21. T. albicans, holotype (NY): a. basidiocarps b spore ornamentation under SEM. Scale bars: 
a = 10 mm; b = 1 μm.

Figure 22. T. lysocephalum, holotype (herb. Long 9639, BPI 749235): a basidiocarps b spore ornamen-
tation under SEM. Scale bars: a = 10 mm; b = 1 μm.

Figure 23. T. rufum, lectotype (herb. Lloyd 25542, BPI): a basidiocarps b spore ornamentation under 
SEM. Scale bars: a = 10 mm; b = 1 μm.

Discussion

In this study, we found that the species diversity of Tulostoma was unexpectedly high, 
particularly from the arid areas of the world. The majority of the recovered 21 uni-
dentified clades from the phylogenetic analysis (Figure 1a–c) comprise sequence data 
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from specimens collected in dry arid areas of Europe, notably Hungary and Spain. In 
Europe, the sand steppe vegetation of Hungary has been shown to be exceptionally 
species rich in gasteroid fungi (Hollós 1904, Rimóczi et al. 2011). The sand steppes of 
Hungary constitute a western outpost of the Euroasian steppe zone and in this study 
14 of the included identified species of Tulostoma occur there, along with nine of the 
hithero unnamed species. Thus, we confirm the steppe vegetation as a species diversity 
hot spot for gasteroid fungi. Another identified area with high species diversity is the 
arid vegetation in the central part of the Iberian Peninsula, where 11 of the identified 
species and six of the hitherto unnamed species occur.

But species of Tulostoma are not restricted to arid regions only. Studies in the 
Tropics and temperate woodlands have indicated the presence of new species, growing 
in shaded, humus-rich, or even humid conditions (Hernández-Caffot et al. 2011). In 
Europe, there are also a few species that are adapted to grow in shaded and more humid 
conditions as T. fulvellum, T. lloydii, T. niveum, and T. squamosum.

In contrast to several recent phylogenetic studies of the Basidiomycota, where the 
traditional generic concepts of morphologically similar groups have shown to be poly-
phyletic and resulted in a number of new genera and higher taxa (e.g. Lodge et al. 
2014, Örstadius et al. 2015, Miettinen et al. 2016, Petersen and Hughes 2016), Tulo-
stoma is here confirmed as monophyletic. However, the recovered tree topology is not 
in congruence with the current infrageneric classification of Tulostoma (Pouzar 1958, 
Wright 1987), suggesting that many of the morphological characters used for delimi-
tations are plesiomorphic or homoplasious. The endoperidial mouth region and the 
exoperidium, the major delimiting characters for the infrageneric classification when 
based on morphology, are here shown to be incongruent with the phylogeny, as the 
different types are distributed among the major clades. On the other hand, endo- and 
exoperidial features, as well as the spore morphology, are here confirmed and shown to 
be important characters for the delimitation of species.

Wright (1954) and Wright et al. (1972) listed morphological features in Tulos-
toma and classified their taxonomic importance as “primary” and “secondary”. Wright 
(1987) divided the genus in two subgenera (Tulostoma and Lacerata), based on features 
of the mouth. The former subgenus was divided in two series (Brumalia and Fimbria-
ta), each of them containing five sections. In our analyses Clade 3 corresponds more or 
less with the section Fimbriata, and a supported branch in Clade 9 corresponds partly 
to section Poculata. However, species belonging to Wright’s sections Brumalia and Hy-
phales are distributed amongst the major clades and occur in Clades 3, 4, 5, 9, and 10 
(Figure 1a–c). A new infrageneric classification of Tulostoma is necessary, but should be 
done in the light of further taxon sampling, sequence data, and analyses.

Several of the clades include groups with morphologically cryptic speciation, that 
are distinguished by the molecular data, but for which discriminatory morphological 
features are ambiguous or lacking. This is particularly evident in Clades 2, 3, 5, and 10, 
where a number of unidentified taxa from xerothermic habitats were recovered.

The phylogenetic analyses recovered and confirmed the classical, well-known spe-
cies from Europe, namely T. brumale, T. cyclophorum, T. fimbriatum, T. fulvellum, T. 
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giovanellae, T. kotlabae, T. lloydii, T. melanocyclum, T. pulchellum, and T. squamosum. In 
addition, one species not previously known from the continent – T. punctatum – was 
identified. Further Tulostoma calcareum, T. calongei and T. eckbladii are described as 
new to science. The former has a wide distribution in Europe whereas the two latter 
are hitherto only known from Central Spain and northernmost Norway respectively.

We also discovered species with misapplied names and two species new to science 
were identified from the continental sand steppe vegetation in East Central Europe: 
T. grandisporum and T. pannonicum. These had previously been misinterpreted as T. 
leiosporum (Jeppson et al. 2011, Rimóczi et al. 2011). The name T. obesum has in cur-
rent use been applied for a species found in dry sandy habitats in East Central Europe 
as well as in dry steppic sites on the Iberian Peninsula (Altés et al. 1999, Rimóczi et al. 
2011). It is characterized by having smooth spores and a large, whitish spore-sac that 
opens lacerately at maturity. In this study an ITS sequence from of the isotype of T. 
obesum (from Colorado, USA) was generated and included in the analyses. It did not 
form a clade with the European concept of T. obesum but with a hitherto unnamed 
species in Clade 2, known from sand dune habitats of SE Spain. Thus we here confirm 
T. obesum from Europe, but with a different species interpretation from that of previ-
ous European mycologists (Altés et al. 1999, Rimóczi et al. 2011).

The Hungarian and Spanish collections, previously attributed to T. obesum, are 
placed in Clade 6 and are here treated as T. aff. cretaceum. This clade consists of a complex 
of closely related cryptic species with a strong geographical signal. In East Central Europe 
and Central Asia the name T. volvulatum I.G. Borshch. has been misapplied to cover this 
species complex (e.g. Hollós 1904, Shvartsman and Filimonova 1970). As demonstrated 
by Altés et al. (1999), the holotype of T. volvulatum was based on a specimen of T. gio-
vanellae, with typical ornamented spores. Under the name T. volvulatum, Hollós (1904) 
recorded T. giovanellae (e.g. S, F265540) but also specimens with smooth spores (Ba-
bos 1999) that closely match Sorokin´s (1890) interpretation of T. volvulatum from the 
Karakoum Desert (Sorokin 1890, plate XXV, Figure 353a). A number of poorly known 
species described from desert habitats in northern Africa (e.g. T. barbeyanum Henn., T. 
boissieri Kalchbr., T. giolianum Bacc., and T. ruhmerianum Henn.) as well as the Ameri-
can T. cretaceum Long and T. meristostoma Long, share characters typical of this clade and 
need to be included in an extended study, which should also deal with several recently 
described species from China (T. brevistipitatum B. Liu, Z.Y. Li & Du, T. sabulosum B. 
Liu, Z.Y. Li & Du, and T. helanshanense B. Liu, Z.Y. Li & Du). Calonge (1998) identi-
fied Spanish material attributed to T. volvulatum as Schizostoma laceratum (Ehrenb.: Fr.) 
Lév. Based on sequence data, Gube (2009) recovered S. laceratum as closely related to the 
type of T. cretaceum. As pointed out by Kuhar et al. (2012), the whole complex is in need 
of a detailed study comprising morphological as well as molecular data. Similarly, the 
status of the genus Schizostoma is unclear and calls for further study.

Tulostoma simulans is here identified from Europe. According to our data it seems 
to have a wide distribution but appears to be rare. The species is known from East 
Central Europe under the name T. moravecii, and it may have been overlooked due to 
its resemblance with T. brumale.
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The application of the name Tulostoma caespitosum Trab. is an unsolved problem. 
The species was described from northern Africa and later reported from the Americas, 
Asia, and Europe (Calonge 1998, Calonge and Wright 1988, Wright 1987). Among 
its main characteristics, according to Wright (1987), are the distorted basidiomata and 
the sometimes caespitose growth. Wright (1987) did not find any collection that he 
considered to be suitable as a holotype and suggested a neotype, collected by Trabut 
in Algeria, coinciding with the protologue of T. caespitosum (T. caespitosum var. acaule, 
herb. Patouillard 1422, FH; unpublished herbarium name). However, Wright did not 
formally designate a neotype. An authentic collection of T. caespitosum var. acaule, 
from Algeria (leg. Trabut), is kept in BPI (ex herb. Patouillard, herb. Lloyd 15427, BPI 
704324) but was unfortunately found to be in poor condition and too scanty for DNA 
sequencing. A second collection from Africa (indet. region) in BPI (Patouillard 4639, 
herb. Lloyd 15426, BPI 704323) was sequenced for the present study and found to be 
identical with T. giovanellae, in Clade 10, Figure 1c. The spore ornamentation of this 
specimen is identical to T. giovanellae. However, in collection BPI 704324 the spores 
were shown to be strongly verrucose, thus differing from T. giovanellae. The typifica-
tion of T. caespitosum thus remains unsettled and the unclear interpretation of this 
name calls for further study.

Kreisel and Al-Fatimi (2008) observed that gasteroid basidiomycetes from desert 
habitats tend to produce smooth spores. This stands in contrast to taxa growing in 
vegetation types that are regularly exposed to rainfall – these usually have more or 
less distinctly ornamented, verrucose–echinate spores. Kuhar et al. (2012) found that 
the relative abundance of species with smooth spores within the study in Argentina 
reached a maximum under desert conditions. The relative abundance of species with 
ornamented spores was shown to go up with increasing humidity. Their hypothetical 
explanation was that the spore wall ornamentation increases the water repellency, fa-
vouring a wind-blown dispersal (Kreisel and Al-Fatimi 2008).

In this study, species of Tulostoma with smooth or sub-smooth spores are found 
to occur mainly in arid, and exposed habitats in East Central Europe and Spain (T. 
aff. cretaceum, T. grandisporum, T. obesum, T. pannonicum). Species with moderately 
to strongly ornamented spores (T. beccarianum, T. brumale, T. calongei, T. giovanel-
lae, T. melanocyclum, T. punctatum, T. simulans, and T. subsquamosum) are found in 
more steppic, dry grassland communities in southern and east central Europe. In semi-
shaded or shaded to somewhat humid habitats, the genus is represented by species 
with ornamented spores (T. cyclophorum, T. niveum, and T. squamosum) but also a 
few with completely smooth spores (T. fulvellum and T. lloydii). Among the species 
regularly encountered in northern and north-western Europe, i.e. in sub-oceanic or 
oceanic climates, all have moderately to distinctly ornamented spores (T. eckbladii, T. 
brumale, T. calcareum, T. fimbriatum, T. kotlabae, T. melanocyclum, T. niveum, T. simu-
lans, T. squamosum, and T. winterhoffii). In accord with the observations by Kreisel and 
Al-Fatimi (2008), Tulostoma species with smooth or sub-smooth spores tend to occur 
mainly in dry and arid habitats whereas those with distinct and strongly ornamented 
spores grow in more humid habitats.
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Due to difficulties to determine Tulostoma specimens to species level, many pub-
lished records and herbarium collections are based on misinterpretations. It is therefore 
problematic to evaluate species distribution data. Some seem to have wide, more or 
less cosmopolitan distribution ranges (e.g. T. fimbriatum, T. pulchellum, T. striatum, 
T. squamosum, and T. subsquamosum). Others appear to be restricted to certain geo-
graphical areas or habitat types (e.g. T. grandisporum, T. pannonicum, T. niveum, and 
T. eckbladii). In Europe most species have southern and southeastern distributions. 
The number of species decreases towards the north. Tulostoma brumale, T. calcareum, 
T. fimbriatum, T. kotlabae, T. melanocyclum, T. simulans, and T. winterhoffii reach the 
south of Fennoscandia, whereas T. niveum is regularly found between 55° and 62° 
N, from southern Finland westwards to northern Scotland. The report herein of T. 
niveum from near Geneva in Switzerland is a significant range extension. The newly 
described species, T. eckbladii, is, as far as currently known, limited to areas above the 
Arctic Circle.

A number of species of Tulostoma occur in habitat types that are under the threat of 
changing agricultural methods, anthropogenic exploitation, and construction works. 
Hernández-Caffot et al. (2011) described T. domingueziae from threatened woodland 
ecosystems in Argentina. In Europe, several Tulostoma species are on the red-list of 
threatened species in the countries where they occur: T. brumale, T. fimbriatum, T. 
kotlabae, T. melanocyclum, T. simulans (as T. moravecii), T. pulchellum, and T. niveum 
(ArtDatabanken 2015, ArtsDatabanken 2015, Holec and Beran 2006, Rassi et al. 
2010). For T. niveum, national action plans for its conservation have been elaborated 
and become effective in Great Britain and Sweden (BAP 2005, Jeppson 2005, 2006b). 
Tulostoma niveum has also been nominated for the IUCN global red-list (http://iucn.
ekoo.se/iucn/species_view/325133) and T. aff. cretaceum (as T. volvulatum) is legally 
protected in Hungary (Siller et al. 2005). Many species of Tulostoma can be considered 
as indicators of valuable and threatened habitats.

In this study we show, based on molecular data, that the species diversity of Tulos-
toma is much higher than previously known. Much of this detected diversity is associ-
ated with dry, arid areas, such as the steppe vegetation in Hungary. This suggests that 
the number of species is likely to increase even more as other dry areas of the world 
are explored.
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