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Abstract: Pluteus and Volvopluteus are two closely related genera of Pluteaceae that comprise saprotrophic fungi. Although the genera
have been well-studied in Europe and North and South America, the diversity of Pluteus, mainly Pluteus sect. Pluteus, and Volvopluteus
in Turkey is poorly known due to insufficient morphological descriptions and a lack of DNA sequence data. In this study, the diversity
of Pluteus sect. Pluteus and Volvopluteus in Turkey is evaluated by employing both morphological features and phylogenetic approaches.
A general phylogeny of Pluteus sect. Pluteus based on sequences of nuc rDNA internal transcribed spacer (ITS1-5.8S-ITS2 = ITS) region
is presented and four species are given as new records for Turkey: P. brunneidiscus, P. hongoi, P. pellitus, and P. primus. According to the
results of the multigene molecular analyses (ITS, 28S = nrLSU, and 18S = nrSSU datasets) of the genus Volvopluteus, the occurrence of
Volvopluteus earlei is reported for the first time in Turkey. Besides, the ITS sequences data of the Turkish collections of P. atromarginatus,
P. cervinus, P. kovalenkoi, P. petasatus, P. pouzarianus, P. salicinus, P. shikae, and ITS, 28S and 18S data for V. gloiocephalus are given for
the first time. The detailed descriptions, color photographs, and microscopic drawings of the newly recorded species are provided, and
their comparisons with morphological and phylogenetically similar species are discussed.
Key words: Basidiomycota, phylogeny, internal transcribed spacer, large subunit, small subunit, fungal taxonomy

1. Introduction
Pluteus Fr. has long been acknowledged as the most
diverse genus in number of species of three main genera in
the family Pluteaceae Kotl. & Pouzar (Pluteus, Volvariella
Speg. and Volvopluteus Vizzini, Contu & Justo), which
has been also revealed by the recent phylogenetic studies
(Justo et al., 2011a, 2011b; He et al., 2019). The genus
shows a global diversity with an estimate of more than
500 species distributed in boreal, subtropical, and tropical
regions (Singer, 1986; Justo et al., 2014; Menolli et al., 2015;
He et al., 2019). Pluteus is a well-known saprotrophic
genus that is well characterized by free and pink lamellae,
inamyloid and cyanophilic basidiospores, and inverse
hymenophoral trama (Lange, 1936; Homola, 1972;
Vellinga and Schreurs, 1985; Orton, 1986; Singer, 1986;
Vellinga, 1990). Based on the characters of the pileipellis
and type of pleurocystidia, three sections are currently
recognized in Pluteus and supported by molecular data:
Pluteus sect. Pluteus, sect. Celluloderma Fayod and sect.

Hispidoderma Fayod (Justo et al., 2011a, 2011b). Pluteus
sect. Pluteus is recognized as a monophyletic group in
recent phylogenies and includes the majority of species
having metuloid pleurocystidia and a cutis-like pileipellis
(Singer, 1986; Heilmann-Clausen, 2008, 2012; Menolli et
al., 2010; Justo et al., 2011a, 2014; Menolli and Capelari,
2016).
Pluteus and Volvopluteus are two closely related
genera of Pluteaceae and they are placed as sister groups
in family-level phylogenetic analyses (Justo et al., 2011b).
Volvopluteus, typified by Volvopluteus gloiocephalus (DC.)
Vizzini, Contu & Justo, includes currently four species that
are distributed in Europe and North America (Justo et al.,
2011a, 2011b; He et al., 2019). It is a genus of saprotrophic
and terrestrial mushrooms that are characterized by a
medium- to large-sized basidiomata, the presence of free
and whitish to pink or pinkish-brown lamellae, thickwalled, inamyloid, cyanophilic and broadly ellipsoid or
subglobose basidiospores, and a pileipellis as an ixocutis,
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composed of relatively thin-walled hyphae, embedded in a
conspicuous gelatinous matrix (Justo et al., 2011b).
Taxonomic and molecular studies carried out on
Pluteus and Volvariella in Turkey (Kaya, 2000, 2010; Sesli
and Denchev, 2008; Solak et al., 2015; Kaygusuz et al.,
2016; Sesli et al., 2016; Kaygusuz et al., 2019, 2020) have
so far not included Pluteus sect. Pluteus and Volvopluteus
from Turkey; hence, the current study was performed.
2. Materials and methods
2.1. Morphological studies
The macromorphological features and ecological notes
were recorded from young to mature fresh basidiomata
of the collected specimens and photographed in the field.
The macromorphological descriptions and images of
the basidiomata were obtained from the fresh or dried
specimens. Micromorphological characters were studied
on dried material stained with 1% Congo red, and mounted
in 3% NaOH or 5% KOH. The abbreviations used in the
descriptions are as follows: Lm × Wm = arithmetical means
of length and width of all the measured basidiospores, Q =
quotient variation from length/width of all the measured
basidiospores, and Qm = average Q of all basidiospores. The
notation [x/y/z] shows that measurements were made on
‘x’ randomly selected basidiospores from ‘y’ basidiomata
taken from ‘z’ collections. At least 20 basidiospores
from each basidioma were measured in profile view, and
basidiospore shape was described following Bas (1969).
Morphological terminology follows Vellinga (1988).
Herbarium abbreviations follow Index Herbariorum1.
Taxon names and nomenclature were cited according
to Index Fungorum2, MycoBank3, and International
Plant Names Index4. All collections are deposited at the
fungarium of the Isparta University of Applied Sciences,
Turkey.
2.2. DNA isolation, PCR amplification and DNA
sequencing
Genomic DNA was extracted from fresh or dried materials
using the ZR Fungal/Bacterial DNA MiniPrep kit (Zymo
Research, Irvine, CA, USA). Protocols for DNA extraction,
PCR and sequencing were the same as those outlined
in Kaygusuz et al. (2019, 2020). PCR amplification was
1
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2
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4
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9
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carried out with ITS1F and ITS4 primers for the nuc rDNA
internal transcribed spacer region ITS1-5.8S-ITS2 (ITS)
(White et al., 1990; Gardes and Bruns, 1993), LR0R and
LR5 were used for the fragment of the nuc rDNA 28S (28S)
(Vilgalys and Hester, 1990), and PNS1 and NS41 were
used for the portion of the nuc rDNA 18S (18S) (Hibbett
1996). All primer pairs were used for amplification, using
the touchdown PCR protocol described in Kaygusuz
et al. (2019, 2020). The raw DNA sequencing files were
assembled and edited using both Chromas Lite 2.1.15 and
BioEdit 7.2.5 (Hall, 1999). The edited sequences were then
used for BLAST searches in GenBank6 and the UNITE7
database.
2.3. Sequence alignment and phylogenetic analyses
For this study, a total of 91 ITS, 19 28S, and 19 18S new
sequences were generated. Additional sequences (168
ITS, 13 28S, and 2 18S) of Pluteus and Volvopluteus were
downloaded from the NCBI GenBank (National Centre
for Biotechnology Information, Rockville Pike, Bethesda
MD, USA) and UNITE (unite community) database, using
BLAST to estimate the general phylogenetic relationships
of the collections from Turkey. All sequence data were
aligned using MAFFT version 7.110 web tool8 (Katoh and
Standley, 2013) with the Q-INS-I option. The alignments
were then manually corrected via BioEdit and MEGA
X v.10.0.5. The ITS and combined (ITS + 28S + 18S)
datasets for Pluteus and Volvopluteus, respectively were
analyzed separately. Phylogenetic trees for sect. Pluteus
and Volvopluteus were performed using the maximum
likelihood (ML) and Bayesian inference (BI) methods. Tree
topology of the ML analysis of both genera was similar to
the BI analysis; therefore, only ML analysis results are
shown in Figures 1–4.
The ML analyses were reconstructed through the
Cipres Science Gateway v.3.3 interface9 (Miller et al., 2010)
using RAxML v.8.2.10 (Stamatakis, 2014) with 1000 ML
bootstrap values, the GTRGAMMA + I model and default
parameters. The BI analyses were carried out employing
a Markov Chain Monte Carlo (MCMC) algorithm using
MrBayes version 3.2.2 (Ronquist et al., 2012), with 4
independent runs in which each run had 4 chains. The
analysis was run for 5 million generations (ITS) and 1
million generations (ITS, 28S, and 18S), from random
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Figure 1. Phylogenetic tree generated by maximum likelihood analysis of ITS sequence data of Pluteus sect. Pluteus species. The tree was
rooted with Entoloma sericeum Quél. (JX454851). Support values (maximum likelihood bootstrap – MLB ≥ 80% / Bayesian posterior
probability – BPP ≥ 0.85) are shown respectively near the nodes. Bold branches represent MLB ≥ 90% and BPP ≥ 0.95. GenBank or
UNITE accession numbers, voucher collection numbers, and geographic origin of the sequences are provided together with the species
names. The newly sequenced collections are marked in bold.
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Figure 2. Continuation of Figure 1. See Figure 1 for legend.

trees, with the trees sampled every 1000th generation. The
phylogeny from both ML and BI analyses were displayed
with Tracer v.1.610. Clade names follow Justo et al. (2011b,
2014).
3. Results and discussion
3.1. Molecular phylogeny
The final ITS dataset with 205 sequences of Pluteus
sect. Pluteus (including 72 newly generated, 128
from GenBank, and 5 from UNITE) consists of 851
nucleotide sites (including gaps), of which 532 characters
10

are constant, 73 parsimony-uninformative, and 246
parsimony-informative. In the phylogenetic analyses of
Pluteus sect. Pluteus based on ITS (Figures 1–3), six major
clades were recovered (atromarginatus, brunneidiscus,
cervinus, petasatus, pouzarianus, and salicinus), all of
which were previously recognized by Justo et al. (2014).
Three additional branches include i) P. subcervinus (Berk.
& Broome) Sacc. and P. purpureofuscus Jiang Xu, T.H. Li
& Z.W. Ge, both sister to the salicinus clade; ii) P. losulus
Justo, external to all clades, except atromarginatus; and iii)
P. spinulosus Murrill, external to all clades within Pluteus
sect. Pluteus.

Rambaut A (2016). FigTree v1.4.3: Tree figure drawing tool. Website http://tree.bio.ed.ac.uk/software/figtree/ [accessed 01 June 2020].
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Figure 3. Continuation of Figure 2. See Figure 1 for legend.

The atromarginatus clade (MLB = 100%, BPP = 0.99,
Figure 3) is formed by P. atrofibrillosus Vellinga & Justo, P.
atromarginatus (Konrad) Kühner, and P. griseodiscus Jiang Xu
& T.H. Li. Sequences of P. atromarginatus (also named under
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synonyms as P. tricuspidatus Velenovský and P. pseudoroberti
M.M. Moser & Stangl) formed a well-supported clade (MLB
= 90%, BPP = 0.85) including three collections from Turkey
and ten others from China, Estonia, Finland, Germany, Italy,

KAYGUSUZ et al. / Turk J Bot

Figure 4. Phylogram generated from RAxML analysis based on combined 18S, ITS and 28S sequence data of Volvopluteus species. The
tree was rooted with Melanoleuca verrucipes (Fr.) Singer (PBM 2289 WTU). Support values (Maximum likelihood bootstrap – MLB
≥ 85% / Bayesian posterior probability – BPP ≥ 0.85) are shown respectively near the nodes. Bold branches represent MLB ≥ 90% and
BPP ≥ 0.95. GenBank or UNITE voucher collection numbers, accession numbers, and geographic origin of the sequences are provided
together with the species names. The newly sequenced collections are marked in bold.
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Russia, and Spain. The clade consisting of P. atromarginatus
is sister to P. atrofibrillosus and P. griseodiscus, but none of
them has been recorded in Turkey.
The brunneidiscus clade (MLB = 100%, BPP = 1.0,
Figure 2) is composed of P. kovalenkoi E.F. Malysheva,
P. shikae Justo & E.F. Malysheva, and P. brunneidiscus
Murrill, all supported as monophyletic lineages. Twelve
sequences of P. kovalenkoi from Turkish collections
clustered in a well-supported clade (MLB = 98%, BPP
= 0.99, Figure 2) with two sequences from Russian
collections of P. kovalenkoi. Pluteus kovalenkoi is sister to P.
shikae, which is here represented by a new sequence from
a Turkish collection and four other collections from Japan,
all forming a well-supported clade (MLB = 99%, BPP =
1.0, Figure 2). Two new sequences of P. brunneidiscus from
Turkey grouped with sequences from Canada, Russia, and
the USA, all forming a well-supported clade (MLB = 96%,
BPP = 0.98, Figure 2), which is sister to the clade formed
by P. kovalenkoi and P. shikae.
The cervinus clade consists of P. alniphilus Deparis, P.
cervinus (Schaeff.) P. Kumm., P. elaphinus Justo, P. exilis
Singer, P. hongoi Singer, P. rangifer Justo, E.F. Malysheva
& Bulyonk., and P. spegazzinianus Singer (Figure 1), with
all lineages supported as monophyletic. Sixteen sequences
from Turkish collections of P. cervinus grouped with seven
collections from Germany, Spain, and the USA in a wellsupported clade (MLB = 97%, BPP = 0.99, Figure 1).
Pluteus cervinus is sister to the clade formed by P. exilis and
P. rangifer, both latter species not recorded from Turkey.
Ten sequences of P. hongoi from Turkish collections
clustered in a well-supported clade (MLB = 98%, BPP
= 1.0, Figure 1) with sequences of nine collections from
other areas in Europe (Spain), East Asia (South Korea) and
North America (Canada and the USA). Pluteus alniphilus,
P. elaphinus, and P. spegazzinianus compose the rest of
species within the cervinus clade, but none of them have
been recorded in Turkey.
The petasatus clade (MLB = 99%, BPP = 1.0, Figure
2) is composed of P. leucoborealis Justo, E.F. Malysheva,
Bulyonk. & Minnis, P. pellitus (Pers.) P. Kumm., P.
petasatus (Fr.) Gillet, and P. xylophilus (Speg.) Singer.
Three sequences of P. petasatus from Turkish collections
clustered with six sequences from collections from other
areas in Europe (Estonia and Spain) and North America
(the USA), all forming a well-supported clade (MLB = 98%,
BPP = 0.99). Pluteus pellitus from Turkey is represented by
five sequences that formed a paraphyletic group with other
sequences of P. pellitus from collections from other areas in
Europe (Belgium, Italy, Russia, and Spain), including some
named under the synonym P. sandalioticus Contu & Arras
and other misidentified as P. pseudorobertii M.M. Moser &
Stangl. The monophyly of P. pellitus based solely on ITS has
not been recovered previously (Justo et al., 2014), but it was
recognized as a natural group based on combined analyses
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of ITS and tef1-α as demonstrated by Justo et al. (2014).
Pluteus leucoborealis and P. xylophilus compose the rest
of species within the petasatus clade, with P. leucoborealis
likely restricted to boreal or transitional boreal/temperate
forests in Eurasia and North America (Justo et al., 2014),
but not recorded from Turkey, and P. xylophilus occurring
in the Neotropics (Menolli et al., 2010, 2015).
The pouzarianus clade is formed by P. eos Justo & E.F.
Malysheva, P. hibbettii Justo, E.F. Malysheva & Bulyonk.,
P. methvenii Minnis & Justo, P. orestes Vellinga & Justo,
P. parilis nom. prov., P. pouzarianus Singer, and P. primus
Bonnard, with only P. pouzarianus and P. primus reported
from Turkey. The five sequences from the Turkish
collections of P. pouzarianus and a total of six sequences
from Czech Republic, Germany, Italy, and Spain clustered
in a well-supported clade (MLB = 100%, BPP = 1.0, Figure
1). Pluteus primus from Turkey formed a well-supported
clade (MLB = 83%, BPP = 0.99) with other P. primus
collections from Canada, Germany, Russia, the USA, and
including the holotype from Switzerland.
The salicinus clade (MLB = 100%, BPP = 1.0, Figure
3) is represented in Turkey only by P. salicinus (Pers.) P.
Kumm., but it comprises between 13 and 17 species: P.
albostipitatus (Dennis) Singer, P. americanus (P. Banerjee &
Sundb.) Justo, E.F. Malysheva & Minnis, P. densifibrillosus
Menolli & Capelari, P. glaucotinctus E. Horak, P. harrisii
Murrill, P. izurun Arrillaga & Justo, P. melanopotamicus
Singer, P. meridionalis Menolli & Capelari, P. oreibatus
Justo, P. padanilus Justo & C.K. Pradeep, P. puttemansii
Menolli & Capelari, P. salicinus, P. saupei Justo & Minnis,
P. sepiicolor E.F. Malysheva, P. septocystidiatus Ševčíková,
Antonín & Borov. and P. thoenii Menolli & Minnis.
Among these names, P. harrisii and P. puttemansii are
shown to be synonyms (Justo et al., 2011a), as well as P.
albostipitatus, P. densifibrillosus, P. melanopotamicus, and
P. phaeoleucus (Justo et al., 2011a; Ševčíková et al., 2014).
Ten sequences of P. salicinus from Turkish collections
formed a paraphyletic group with other sequences of P.
salicinus from collections from other areas in Europe,
including Estonia, Italy, Russia, and Spain. The monophyly
of P. salicinus based solely on ITS has not been recovered
previously (Justo et al., 2014), but it was recognized as
a natural group based on combined analyses of ITS and
tef1-α by Justo et al. (2014).
The combined ITS/28S/18S data matrix with 107
Volvopluteus sequences (including 19 newly generated,
46 from GenBank, and 2 from UNITE for ITS; 19 newly
generated and 13 from GenBank for 28S; and 19 newly
generated and 2 from GenBank for 18S) contains 3481
nucleotide sites (including gaps), of which 3045 characters
are constant, 212 parsimony-uninformative, and 224
parsimony-informative. The phylogenetic tree (Figure 4)
inferred from ITS+28S+18S sequences of Volvopluteus
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includes five lineages: V. asiaticus Justo & Minnis, V.
earlei (Murrill) Vizzini, Contu & Justo, V. gloiocephalus,
michiganensis (A.H. Sm.) Justo & Minnis and Volvopluteus
sp., Volvopluteus earlei and V. gloiocephalus are sampled
in Turkey. Sequences of the nine Turkish collections of
V. earlei clustered in a well-supported clade (MLB = 99%,
BPP = 0.99, Figure 4) with sequences of other fifteen V.
earlei collections from the Democratic Republic of Congo,
India, Italy, Japan, Pakistan, Spain, and the USA. The clade
consisting of V. earlei is sister to that including V. asiaticus
and V. michiganensis. Volvopluteus gloiocephalus from
Turkey is represented in our analyses by ten collections
that grouped in a clade with strong support (MLB = 98%,
BPP = 1.0, Figure 4) and that include other V. gloiocephalus
collections from China, Estonia, Italy, New Zealand,
Norway, Portugal, Spain, and the USA. Volvopluteus
gloiocephalus is placed as sister to all other members of
Volvopluteus.
3.2. Taxonomy
Pluteus Fr.
Pluteus sect. Pluteus Fr.
3.2.1. Pluteus brunneidiscus Murrill, North American
Flora (New York) (1917: 131) (Syn.: Pluteus washingtonensis
Murrill) (Figure 5).
Pileus 40‒70 mm in diam., campanulate or
hemispherical when young, becoming convex to applanate
with or without a low and broad umbo at the center;
surface smooth, with well-defined squamules at center,
brown to grey-brown, dry, margin slightly translucentstriate. Lamellae relatively crowded, thin, free, ventricose,
up to 6 mm broad; when young whitish, maturing to
pink, with flocculose margin. Stipe 40‒80 × 4‒7 mm,
cylindrical, sometimes wider towards the base, smooth or
longitudinally greyish-brown fibrillose, mostly near the
base. The context in stipe and pileus varying from white to
cream. Smell and taste not specific.
Basidiospores
[85/2/2]
(6.5‒)6.7‒8.5(‒9.5)
×
(4.5‒)5.0‒6.0(‒6.5) μm, Lm × Wm = 7.7 × 5.4 μm, Q =
1.3‒1.5, Qm = 1.4, ellipsoid, slightly thick-walled and
hyaline. Basidia 15‒25 × 5.0‒11 μm, with four sterigmata,
broadly clavate, without basal clamps. Pleurocystidia
metuloid, (60‒)65‒92(‒96) × (16.0‒)20‒25 μm, numerous,
narrowly fusiform to narrowly utriform, provided with
2–3(–4) hooks at the apex (generally entire, sometimes
obtuse and poorly developed), hyaline, with up to 2.5
μm thick wall. Lamellar edges sterile. Cheilocystidia
abundant, 28–60 × 15.0–23 μm, mostly narrowly clavate
to clavate, some spheropedunculate, hyaline, thin-walled.
Pileipellis a cutis, with terminal elements 55–160 × 10–30
μm, individual elements cylindrical to fusiform, usually
tapering towards an obtuse apex, hyaline or with brown
intracellular pigment, thin-walled. Stipitipellis a cutis,
composed of cylindrical hyphae, 5–25 μm wide, hyaline or
with pale brown intracellular pigment, thin-walled. Clamp

connections present at all parts examined, except basidia.
Habitat, phenology, and distribution in Turkey:
Pluteus brunneidiscus grows solitary or gregarious on welldecayed branches or logs of Laurus nobilis L., especially in
north-facing, damp, and rather dark habitats in foothills
(up to 50 m above sea level) or on coastlines. Mostly found
on the wood of plant hosts growing in soils that are rich
in humus, clayey-loamy, and medium lime. Found in
southwestern Turkey (Aydın).
Specimens examined: TURKEY. Aydın Province,
Kuşadası district, near Güzelçamlı, on well-decayed
branches or logs of Laurus nobilis, 33 m a.s.l., 20.04.2014,
coll. and det. O. Kaygusuz (OKA-TR124; nrITS
MW019521); Kuşadası district, near Güzelçamlı, on welldecayed wood of L. nobilis, 45 m a.s.l., 20.04.2014, coll. and
det. O. Kaygusuz (OKA-TR1105; nrITS MW019522).
Remarks: Pluteus brunneidiscus, originally described
from the USA (Murrill, 1917) and later reported from
Canada, Spain, and Russia (Justo and Castro, 2007a; Justo
et al., 2014), is characterized by the small to mediumsized basidiomata, with brown to dark brown pileus,
which is usually darker at center and not hygrophanous,
metuloid pleurocystidia, clavate, narrowly clavate or
spheropedunculate cheilocystidia, and clamp connections.
Morphologically, P. brunneidiscus is closely related to P.
fibulatus Singer, and P. mesosporus Singer. Pluteus fibulatus,
described from Argentina (Singer and Digilio, 1951), can
be distinguished from P. brunneidiscus mainly by the
strongly fibrillose, dark colored pileus, globose to broadly
ellipsoid basidiospores, and metuloid pleurocystidia with
2–4 apical hooks (Singer, 1958, 1961; Menolli et al., 2014,
2015; Campi et al., 2019). Pluteus mesosporus, described
from Venezuela (Singer, 1961), is distinguished by the pale
buff color of the stipe and the broader basidiospores (up to
9.0 μm) (Singer, 1961).
Pluteus brunneidiscus grows on broadleaved tress
such as Betula pendula Roth, Fagus sylvatica L., Populus
sp., Quercus ilex L. subsp. ballota [Desf.] Samp., Q. suber
L., Umbellularia californica (Hook. & Arn.) Nutt., and
sometimes gymnosperms such as Pinus sylvestris L. and
Pseudotsuga menziesii (Mirb.) Franco (Justo and Castro,
2007a; Justo et al., 2014). Laurus nobilis is here reported
for the first time as a host of P. brunneidiscus, a new record
from Turkey.
3.2.2. Pluteus hongoi Singer, Fieldiana, Botany (1989:
95) (Syn.: Pluteus major Singer; P. albineus Bonnard; P.
nothopellitus Justo & Castro) (Figure 6).
Pileus 40‒80 mm in diam., campanulate or
hemispherical when young, becoming convex to planoconvex with or without an umbo, surface smooth, with
well-defined squamules, brown to grey-brown, dry or
slightly viscid when moist, margin slightly translucentstriate. Lamellae relatively crowded, thin, free, ventricose,
up to 9 mm broad; when young whitish, maturing to pink
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Figure 5. Pluteus brunneidiscus: a–b. basidioma, c. basidiospores, d. basidia, e. cheilocystidia, f. pleurocystidia, g. pileipellis elements.
Scale bars: a–b = 10 mm; c–g = 10 μm.

or dirty pink, margin flocculose. Stipe 35‒80 × 4‒12 mm,
cylindrical, sometimes wider towards the base, surface
white, generally smooth or whitely flocculose, sometimes
with longitudinally greyish or brownish fibrillose. The
context in stipe and pileus varying from white to whitish.
Smell and taste raphanoid or not specific.
Basidiospores [105/4/4] (6.4‒)6.5‒7.8(‒9.6) ×
(4.9‒)5.2‒6.3(‒6.7) μm, Lm × Wm = 7.2 × 5.7 μm, Q =
(1.1‒)1.2‒1.3(‒1.5), Qm = 1.3, mostly broadly ellipsoid,
rarely subglobose or ellipsoid, slightly thick-walled and
hyaline. Basidia 27‒45.5 × 7‒10 μm, with four sterigmata,
clavate, without basal clamps. Pleurocystidia metuloid,
(45‒)60‒90(‒110) × (12.5‒)13‒23(‒27.5) μm, numerous,
narrowly fusiform, fusiform or narrowly utriform, with
2–5 hooks at the apex, sometimes with some lateral poorly
developed hooks especially near the apex, hyaline, with up
to 3.5 μm thick wall. Lamellar edges sterile. Cheilocystidia
abundant, 20–60(‒70) × 8.0–16.0(‒20) μm, mostly clavate,
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narrowly clavate, some spheropedunculate, hyaline, thinwalled. Pileipellis a cutis, with terminal elements 50–157
× 4.0–9.0(–18.0) μm; individual elements cylindrical to
narrowly fusiform, usually tapering towards apex, hyaline
or with brown intracellular pigment, smooth, thin-walled.
Stipitipellis a cutis, composed of cylindrical hyphae, 5.0–
17.0 μm wide, hyaline or with pale brown intracellular
pigment, thin-walled. Clamp connections absent.
Habitat, phenology, and distribution in Turkey:
Pluteus hongoi grows solitary or gregarious on well-rotten
branches or logs of Fagus orientalis Lipsky, especially in
October and at altitudes of 160‒1490 m. Mostly found
on wood on soils that are rich in humus, sandy or sandyloamy, and with poor lime. Found in northwestern
and northeastern Turkey (Artvin, Bolu, Karabük, and
Kütahya).
Specimens examined: TURKEY. Artvin Province,
Borçka district, Camili Biosphere Reserve Area, on well-
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Figure 6. Pluteus hongoi: a–d. basidiomata, e. basidiospores, f. basidia, g. cheilocystidia, h. pleurocystidia, i. pileipellis elements. Scale
bars: a–d = 10 mm; e–i = 10 μm.

decayed wood of F. orientalis, 1490 m a.s.l., 12.10.2014, coll.
and det. O. Kaygusuz (OKA-TR284; nrITS MW019539);
Borçka district, Camili Biosphere Reserve Area, on welldecayed wood of F. orientalis, 1475 m a.s.l., 13.10.2014,
coll. and det. O. Kaygusuz (OKA-TR1004; nrITS
MW019540); Borçka district, Camili Biosphere Reserve
Area, on wood and a fallen branch of F. orientalis, 1480 m

a.s.l., 13.10.2014, coll. and det. O. Kaygusuz (OKA-TR1005;
nrITS MW019541). Karabük Province, Yenice district,
near Yenice Forests, on well-decayed wood of F. orientalis,
350 m a.s.l., 18.10.2015, coll. and det. O. Kaygusuz (OKATR361; nrITS MW019542); Yenice district, near Yenice
Forests, on well-decayed wood of F. orientalis, 360 m a.s.l.,
18.10.2015, coll. and det. O. Kaygusuz (OKA-TR1006;
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nrITS MW019543). Bolu Province, Seven Lakes National
Park, near Deringöl, on wood and a fallen branch of
F. orientalis, 166 m a.s.l., 19.10.2015, coll. and det. O.
Kaygusuz (OKA-TR397; nrITS MW019544); Seven Lakes
National Park, near Deringöl, on the wood of F. orientalis,
175 m a.s.l., 26.10.2015, coll. and det. O. Kaygusuz (OKATR1007; nrITS MW019545); Seven Lakes National Park,
near Büyükgöl, on the wood of F. orientalis, 800 m a.s.l.,
23.10.2016, coll. and det. O. Kaygusuz (OKA-TR420;
nrITS MW019546); Seven Lakes National Park, near
Büyükgöl, on well-decayed wood of F. orientalis, 790 m
a.s.l., 10.10.2017, coll. and det. O. Kaygusuz (OKA-TR646;
nrITS MW019547). Kütahya Province, Domaniç district,
near Kocayayla, on a fallen branch of F. orientalis, 1050 m
a.s.l., 25.10.2017, coll. and det. O. Kaygusuz (OKA-TR647;
nrITS MW019548).
Remarks: Pluteus hongoi, originally described
from Japan (Singer, 1989), is characterized by the
gelatinous pileus, stipe without distinct longitudinal
fibrils or squamules, usually elongate cheilocystidia, and
pleurocystidia mostly with bifid hooks (Singer, 1989;
Justo et al., 2014). According to the current literature and
molecular analyses based on nrITS data, this is the first
record of P. hongoi from Turkey.
Morphologically, P. hongoi is close to P. cervinus, P.
exilis, P. griseodiscus, and P. rangifer. Pluteus cervinus can
be distinguished from P. hongoi because the first has a stipe
usually with conspicuous fibrils and/or squamules (Justo
et al., 2014). Pluteus exilis is distinguished by a darker
pileus and a more markedly squamose stipe (Justo et al.,
2014). Pluteus griseodiscus differs by its slightly larger
basidiospore (Qm = 1.42), presence of clamp-connections
and mostly thick-walled cheilocystidia (Xu et al., 2015).
Pluteus rangifer differs by being confined to the taiga,
the dark brown or grey-brown pileus which is innately
radially fibrillose, the stipe with contrasting dark greybrown fibrils and squamules, and the pleurocystidia that
are predominantly with entire hooks (Justo et al., 2014).
Pluteus hongoi occurs on the humus layer or well-decaying
wood of broadleaved trees like Acer, Betula, Crataegus,
Fagus, Prunus, Quercus in temperate to boreal zones (Justo
et al., 2014; Ševčíková, 2016). The collections of P. hongoi
from Turkey are the first findings from Fagus orientalis.
Pluteus hongoi is currently known from Europe (Czech
Republic, Germany, Slovakia, Spain, and Switzerland),
Asia (China, Japan, Mongolia and Russia), North America
(USA) (Singer, 1989; Bonnard, 2001; Justo and Castro,
2007b; Justo et al., 2014; Ševčíková, 2016) and Turkey (this
study).
3.2.3. Pluteus pellitus (Pers.: Fr.) P. Kumm., Der
Führer in die Pilzkunde (Zerbst): (1871: 98) (Bas.: Agaricus
pellitus Pers.) (Syn.: Pluteus sandalioticus Contu & Arras)
(Figure 7).
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Pileus 40‒85 mm in diam., campanulate or
hemispherical when young, becoming convex to planoconvex with a low and broad umbo; surface smooth
or innately radially fibrillose, mostly with well-defined
squamules; dry or slightly viscid when moist, white to pale
creamy white overall, only dull brown at center, margin
smooth or slightly translucent-striate. Lamellae relatively
crowded, thin, free, ventricose, up to 6 mm broad, whitish
when young, maturing to pale pink, margin flocculose.
Stipe 45‒80 × 4‒10 mm, cylindrical, wider towards the
base, white, surface generally smooth or innately fibrillose.
The context in stipe and pileus varying from dull white to
pinkish white. Smell and taste subraphanoid or indistinct.
Basidiospores [120/4/3] (4.9‒)5.2‒6.5(‒7.0) ×
(3.8‒)4.0‒4.8(‒5.0) μm, Lm × Wm = 5.9 × 4.3 μm, Q
= 1.3‒1.4(‒1.5), Qm = 1.4, ellipsoid, thin-walled and
hyaline. Basidia 17.5‒27 × 5.5‒7 μm, with four sterigmata,
clavate, some with median constriction, without basal
clamps. Pleurocystidia metuloid, (70‒)75‒87(‒90)
× (13.5‒)14.5‒22(‒27) μm, very abundant, narrowly
fusiform to fusiform and narrowly cylindrical, generally
shortly pedunculate, provided with 2–4 hooks at the
apex, with some lateral poorly developed hooks especially
near the apex, hyaline, with up to 4.0 μm thick wall.
Lamellar edges sterile. Cheilocystidia abundant, 33–
90(‒118) × 13.0–20(‒25) μm, clavate, narrowly clavate to
cylindrical, with usually short to long pedunculate, some
spheropedunculate, hyaline, thin-walled. Pileipellis a
cutis, with terminal elements 63–160(–200) × 7.0–14.0(–
17.0) μm; individual elements cylindrical, usually tapering
towards apex, hyaline or with brown intracellular pigment,
smooth, thin-walled. Stipitipellis a cutis, composed
of cylindrical hyphae, 4–20 μm wide, hyaline or with
pale brown intracellular pigment, thin-walled. Clamp
connections present at all parts examined, except basidia.
Habitat, phenology, and distribution in Turkey:
Pluteus pellitus grows solitary on well-decayed wood of
Fagus orientalis in October, ranging in elevation from 600
to 1100 meters. Mostly found on the wood on humusrich, sandy-loamy or loamy soils poor in lime. Found in
northwestern Turkey (Bolu and Karabük).
Specimens examined: TURKEY. Bolu Province,
Seven Lakes National Park, near Büyükgöl, on wood
of F. orientalis, 815 m a.s.l., 25.10.2015, coll. and det. O.
Kaygusuz (OKA-TR415; nrITS MW019561); Seven Lakes
National Park, near Büyükgöl, on well-decayed wood
of F. orientalis, 800 m a.s.l., 26.10.2015, coll. and det. O.
Kaygusuz (OKA-TR638; nrITS MW019562); Seven Lakes
National Park, near Deringöl, on well-decayed wood
of F. orientalis, 870 m a.s.l., 26.10.2015, coll. and det. O.
Kaygusuz (OKA-TR639; nrITS MW019563). Karabük
Province, Yenice district, near Yenice forest, on decayed
wood of F. orientalis, 775 m a.s.l., 28.10.2016, coll. and
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Figure 7. Pluteus pellitus: a–b. basidioma, c. basidiospores, d. basidia, e. cheilocystidia, f. pleurocystidia, g. pileipellis elements. Scale
bars: a–b = 10 mm; c–g = 10 μm.

det. O. Kaygusuz (OKA-TR640; nrITS MW019564);
Yenice district, near Yenice forest, on well-decayed wood
of F. orientalis, 680 m a.s.l., 28.10.2016, coll. and det. O.
Kaygusuz (OKA-TR641; nrITS MW019565).
Remarks: Pluteus pellitus is mainly characterized by
mostly solitary habit on wood of broadleaved trees or soil,
the whitish or white coloration of both pileus and stipe,
the relatively small basidiospores and the pileipellis with
clamp-connections (Bresadola, 1927; Singer, 1956; Orton,
1960, 1986; Vellinga, 1988, 1990; Bonnard, 1995; Banerjee
and Sundberg, 1995; Justo et al., 2006; Heilmann-Clausen,
2012).
The close relatives of P. pellitus in the molecular
phylogenetic analysis are P. petasatus, P. leucoborealis, and
P. xylophilus. Pluteus petasatus is distinguished by its pileus
surface, which varies from smooth and slightly viscid to

distinctly scaly, and the relatively larger basidiospores
(5.0–9.5 × 3.5–5.5 μm) (Vellinga, 1990; Justo et al.,
2014). Pluteus leucoborealis differs by its relatively larger
basidiospores (5.5–8.5 × 4.5–6.0 μm), the lack of clampconnections and the habitat formed from Betula and Alnus
(Justo et al., 2014). P. xylophilus differs with larger pileus
(30–115 mm broad), the longer basidiospores (5.0–8.7 ×
3.7–6.2 μm), the trimorphic pleurocystidia, the dimorphic
cheilocystidia, and the absence of clamp-connections
(Singer, 1959; Menolli et al., 2010, 2015). In addition, other
closely related species to Pluteus pellitus is P. griseodiscus
due to the pileus colour which is whitish to pale brown.
However, P. griseodiscus can be distinguished by the longer
basidiospores (6.0–10.0 × 4.0–7.0 μm), the thick-walled
fusiform or bifurcate cheilocystidia, and the presence of
caulocystidia (Xu et al., 2015).
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Pluteus pellitus grows mostly on well-decayed wood
of broadleaved trees, in northern Europe especially on
Betula and Alnus, in northern and central Europe on Fagus,
Quercus and Carpinus, supplemented in southern Europe
by Eucalyptus, in boreal, temperate to Mediterranean forests
(Orton, 1960; Vellinga, 1990; Ludwig, 2007; HeilmannClausen, 2012; Justo et al., 2014). This is the first record of
P. pellitus from Turkey and the first findings of this species
on Fagus orientalis. P. pellitus is known known fromseveral
countries in Europe with records from Denmark, Finland,
Norway, Sweden (Heilmann-Clausen, 2012), Great Britain
(Orton, 1960), the Netherlands (Vellinga, 1990), Germany
(Ludwig, 2007), France (Konrad and Maublanc, 1924),
Italy, Spain, southwestern Russia (Justo et al., 2014), Japan
(Takehashi et al., 2010) and Turkey (this study).
3.2.4. Pluteus primus Bonnard, Mycol. Helv. (1991: 169)
(Figure 8).
Pileus 55‒90(‒110) mm in diam., hemispherical when
young, becoming convex to plano-convex with a low and
broad umbo at the center, surface smooth or innately
radially fibrillose, with or without squamules at center,
brown to grey-brown, darker to chestnut brown toward
the center, dry or slightly viscid when moist, margin acute,
smooth or slightly translucent-striate. Lamellae relatively
crowded, thin, free, ventricose, up to 10 mm broad; when
young whitish, maturing to pink, margin flocculose. Stipe
35‒100(‒150) × 4‒18 mm, cylindrical, sometimes wider
towards the base, surface white, longitudinally brown or
grey-brownish fibrillose. The context in stipe and pileus
varying from white to whitish. Smell and taste raphanoid or
rarely indistinct.
Basidiospores
[90/3/3]
(6.3‒)7.5‒9.0(‒9.8)
×
(4.9‒)5.3‒6.4(‒6.7) μm, Lm × Wm = 8.2 × 5.9 μm, Q =
1.3‒1.5(‒1.8), Qm = 1.4, broadly ellipsoid to ellipsoid, rarely
elongate, slightly thick-walled and hyaline. Basidia 25‒35
× 8.5‒13.5 μm, with four sterigmata, clavate, some with
median constriction, without basal clamps. Pleurocystidia
metuloid, (60‒)70‒92(‒111) × (12.5‒)14.0‒20(‒31) μm,
numerous, narrowly to broadly fusiform, or narrowly
utriform, provided with 2–5 hooks at the apex, usually
bifid, but also entire, sometimes obtuse or well to poorly
developed, occasionally with small lateral poorly developed
hooks, hyaline, with up to 3.5‒4.0 μm thick wall. Lamellar
edges sterile. Cheilocystidia crowded, 36–100(‒170) ×
10.0–18.0(‒25) μm, mostly narrowly clavate to cylindrical,
sometimes narrowly fusiform, hyaline, thin-walled.
Pileipellis a cutis, with terminal elements 55–115 × 5.0–
16.0(–20) μm; individual elements cylindrical, generally
tapering towards apex, hyaline or with brown intracellular
pigment, smooth, thin-walled. Stipitipellis a cutis,
composed of cylindrical hyphae, 5–22 μm wide, hyaline or
with pale brown intracellular pigment, thin-walled. Clamp
connections present at all parts examined, except for basidia.
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Habitat, phenology, and distribution in Turkey:
Pluteus primus grows solitary or gregarious on welldecayed wood, branches or logs of Fagus orientalis,
during October and November and at altitudes from
approximately 600 to 1100 m. Mostly found on the wood
of plant hosts growing on very humus-rich, sandy-loamy,
and with lime-poor soils. Found in northwestern Turkey
(Bolu and Karabük).
Specimens examined: TURKEY. Bolu Province, Seven
Lakes National Park, near Nazli Lake, on wood and a
fallen branch of F. orientalis, 1120 m a.s.l., 01.11.2015, coll.
and det. O. Kaygusuz (OKA-TR436; nrITS MW019574);
Seven Lakes National Park, near Büyük Lake, on the wood
of F. orientalis, 780 m a.s.l., 01.11.2015, coll. and det. O.
Kaygusuz (OKA-TR437; nrITS MW019575); Seven Lakes
National Park, near Büyük Lake, on well-decayed wood
of F. orientalis, 795 m a.s.l., 21.11.2015, coll. and det. O.
Kaygusuz (OKA-TR481; nrITS MW019576). Karabük
Province, Yenice district, near Yenice forest, on decayed
wood of F. orientalis, 782 m a.s.l., 25.10.2016, coll. and
det. O. Kaygusuz (OKA-TR634; nrITS MW019577);
Yenice district, near Yenice forest, on well-decayed wood
of F. orientalis, 630 m a.s.l., 25.10.2016, coll. and det. O.
Kaygusuz (OKA-TR635; nrITS MW019578).
Remarks: Pluteus primus, originally described from
Switzerland (Bonnard, 1991), is mainly characterized
by the long cheilocystidia (up to 200 μm long) and the
pileipellis hyphae with clamp-connections (Bonnard,
1991; Justo et al., 2014). The closest relative of P. primus in
the molecular phylogenetic analysis is P. methvenii (Figure
1), originally described from the USA (Justo et al., 2014).
However, P. methvenii differs from P. primus in the shorter
(up to 85 μm long) and predominantly clavate to narrowly
clavate cheilocystidia (Justo et al., 2014). Morphologically,
P. primus is very similar to P. cervinus and P. pouzarianus.
However, P. cervinus can be distinguished by the lack of
clamp-connections on the pileipellis hyphae, the shorter
cheilocystidia (up to 70 μm long) and by growing mostly
on broadleaved trees (Justo et al., 2014). P. pouzarianus
differs by the slightly narrower basidiospores (6.0–9.5 ×
4.0–6.2 μm) and the shorter cheilocystidia (up to 30 μm
long) (Justo et al., 2014).
Pluteus primus grows on conifer sawdust, woodchip
piles, the litter layer under conifers, on well-decayed wood
of conifers (Abies, Picea, Pinus, and Pseudotsuga), or also
on a Fagus (Justo et al., 2014). Fagus orientalis is stated here
for the first time as a host of P. primus. Pluteus primus is
currently known from Europe (Switzerland, Germany, and
Russia), North America (Canada and the USA) (Bonnard,
2001; Justo et al., 2014) and from Turkey.
Volvopluteus Vizzini, Contu & Justo
3.2.5. Volvopluteus earlei (Murrill) Vizzini, Contu &
Justo, in Justo, Vizzini, Minnis, Menolli, Capelari, Rodríguez,
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Figure 8. Pluteus primus: a–b. basidioma, c. basidiospores, d. basidia, e. cheilocystidia, f. pleurocystidia, g. pileipellis elements. Scale
bars: a–b = 10 mm; c–g = 10 μm.
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Figure 9. Volvopluteus earlei: a–b. basidioma, c. basidiospores, d. basidia, e. pleurocystidia, f. cheilocystidia, g. pileipellis elements. Scale
bars: a–b = 10 mm; c–g = 10 μm.
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Malysheva, Contu, Ghignone & Hibbett, Fungal Biology
(2011: 15) (Bas.: Volvariopsis earlei Murrill) (Syn.: Volvaria
earlei (Murrill) Murrill, Volvariella earlei (Murrill) Shaffer,
Volvariella cookei Contu) (Figure 9).
Pileus 25‒45 mm in diam., hemispherical or conical
when young, becoming plano-convex with a low and broad
umbo at the center; surface glabrous or innately radially
fibrillose, white or ochraceous buff, light ochraceous at
center, dry or slightly viscid when moist, not or slightly
short-striate. Lamellae crowded, thin, free, ventricose, up
to 5 mm broad, white when young, maturing to flesh-pink,
and margin flocculose. Stipe 35‒65 × 3‒7 mm, cylindrical,
slightly wider towards the base, solid, glabrous, surface
white with light ochre tinge. Volva saccate, 2‒4 lobed,
glabrous, membranous, white to creamy-white, up to 8 mm
high. The context in stipe and pileus varying from white to
whitish. Smell and taste indistinct.
Basidiospores [125/4/4] 11.0‒15.5(‒16.0) × 7‒9(‒9.5)
μm, Lm × Wm = 13.5 × 8.0 μm, Q = (1.4‒)1.5‒1.7(‒1.8), Qm
= 1.6, ellipsoid to elongate, from mono- to pluri-guttulate,
slightly thick-walled and hyaline. Basidia 30‒47 × 10‒18
μm, clavate, usually four spored, rarely two spored, hyaline,
thin-walled, without basal clamps. Pleurocystidia scarce,
47‒98 × 14‒20 μm, clavate to broadly clavate or obovoid,
hyaline, thin-walled. Lamellar edges sterile. Cheilocystidia
crowded, 25–50 × 10–35 μm, mainly lageniform to broadly
lageniform, fusoid-ventricose, or narrowly utriform, often
with a narrow flexuous apex up to 45 μm length, narrow
at the base, hyaline, thin-walled. Pileipellis an ixocutis
composed of cylindrical or subcylindrical elements, 4–12
μm wide, sometimes slightly swollen in the terminal
elements, embedded in a gelatinous layer, mostly filled with
light brown intracellular pigment, with internal granules,
smooth, thin-walled. Stipitipellis a cutis composed of
elongated cylindrical elements, 10–25 μm wide, hyaline,
thin-walled. Clamp connections absent at all parts
examined.
Habitat, phenology, and distribution in Turkey:
Volvopluteus earlei grows solitary or gregarious on wellmanured soil, grassland, road verges, and garden refuse.
Fruiting through June to September at altitudes of 50‒1200
m. It occurs on soils that are rich in humus, clayey-loamy,
and with medium lime. Found in northwestern, southern,
and southwestern Turkey (Bursa, Denizli, İstanbul, İzmir,
Kütahya, Mersin, and Muğla).
Specimens examined: TURKEY. Denizli Province,
near Çamlık excursion area, on grassland soils, 430 m a.s.l.,
03.06.2013, coll. and det. O. Kaygusuz (OKA-TR648; nrITS
MW033388, nrLSU MW029819, nrSSU MW029838);
Merkezefendi district, near Ornaz Valley, on soil in
grass, 700 m a.s.l., 02.08.2016, coll. and det. O. Kaygusuz
(OKA-TR649; nrITS MW033389, nrLSU MW029820,
nrSSU MW029839). Muğla Province, Fethiye district,

near Kayaköy village, on rich soil in grass, 100 m a.s.l.,
11.09.2014, coll. and det. O. Kaygusuz (OKA-TR650; nrITS
MW033390, nrLSU MW029821, nrSSU MW029840).
İstanbul Province, Sarıyer district, near Belgrad Forest, in
grasslands, 140 m a.s.l., 25.06.2014, coll. and det. O. Kaygusuz
(OKA-TR651; nrITS MW033391, nrLSU MW029822,
nrSSU MW029841). Kütahya Province, near Çamlıca
National Park, in grasslands, 1230 m a.s.l., 25.08.2015, coll.
and det. O. Kaygusuz (OKA-TR652; nrITS MW033392,
nrLSU MW029823, nrSSU MW029842). Mersin Province,
Çamlıyayla district, near Kadıncık Dam, in grasslands,
385 m a.s.l., 05.06.2016, coll. and det. O. Kaygusuz (OKATR653; nrITS MW033393, nrLSU MW029824, nrSSU
MW029843), Tarsus district, Çamlıyayla, near Pastor’s
Garden, on grassland soils, 1200 m a.s.l., 05.06.2016, coll.
and det. O. Kaygusuz (OKA-TR654; nrITS MW033394,
nrLSU MW029825, nrSSU MW029844). İzmir Province,
Bergama district, near Kaleardı village, on grassland soils,
55 m a.s.l., 17.06.2015, coll. and det. O. Kaygusuz (OKATR655; nrITS MW033395, nrLSU MW029826, nrSSU
MW029845). Bursa Province, Osmangazi district, near
Merinos Park, on grassland soils, 710 m a.s.l., 14.08.2014,
coll. and det. O. Kaygusuz (OKA-TR656; nrITS MW033396,
nrLSU MW029827, nrSSU MW029846).
Remarks: Volvopluteus earlei was originally described
from Cuba (Murrill, 1911) and later reported from USA
(Coker, 1947), Mexico (Vázquez et al., 1989), Africa
(Heinemann, 1975), Argentina (Niveiro and Albertó, 2012),
Italy (Contu, 2006; Giannoni et al., 2018), Spain (Justo and
Castro, 2010) and now Turkey (this study). Volvopluteus
earlei is characterized by the small-sized basidiomata with
pure white or slightly grey-ochre pileus, the relatively wide
basidiospores, the absent or scarce pleurocystidia, the
rostrate cheilocystidia, and the gelatinous or nongelatinous
pileus (Murrill, 1911; Shaffer, 1957; Contu, 2006; Justo and
Castro, 2010; Justo et al., 2011a). According to the current
literature and our molecular analyses (Figure 4), V. earlei is
a new record for Turkey.
In the phylogenetic tree for the combined dataset
(Figure 4), V. earlei is placed as sister to V. asiaticus and V.
michiganensis. Volvopluteus asiaticus, originally described
from Japan (Takehashi et al., 2010), can be distinguished
from V. earlei by the larger basidiomata (72–89 mm broad),
the greyish brown to brown pileus, the pleurocystidia
provided with apical excrescences and the cheilocystidia
that are predominantly lageniform (Justo et al., 2011a).
Volvopluteus michiganensis, originally described from the
USA (Smith, 1934), can be separated from V. earlei by their
large-sized basidiomata (70–90 mm broad) with an ash grey,
rimose pileus, smaller (10.5–13.5 × 6.5–8.0 μm), ellipsoid
to oblong basidiospores, longer pleurocystidia (up to 110
μm) provided with apical excrescences, and the cylindrical
or flexuous caulocystidia (Justo et al., 2011a). The white
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forms of V. gloiocephala is morphologically close related to
V. earlei, but it differs by the larger basidiomata (up to 150
mm), the pleurocystidia without apical excrescences, and
the fusiform to clavate cheilocystidia that are sometimes
apically papillate (Justo et al., 2011a).
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