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Abstract
Three new species in the generaMarasmiellus, Pusillomyces, andGymnopus are described based on specimens found growing in
the leaf litter of a mountain cloud forest relict from eastern Mexico. Distinctive macro- and micromorphological characters in
combination with a phylogenetic analysis based on ITS sequences support their taxonomic identity and position in each of the
abovementioned genera of the Omphalotaceae. Species here described form rhizomorphs.Morphological descriptions, including
illustrations, photographs, and taxonomic discussions are provided.
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Introduction

After recent description of the rhizomorph-forming
Gymnopus nidus-avis [Pseudomarasmius nidus-avis (César,
Bandala & Montoya) Petersen and Hughes 2020], new col-
lections of marasmioid-gymnopoid fungi that produce flat
rhizomorphs were found growing on leaf litter, in the same
study site, a mountain cloud forest relict, a protected area by
the Instituto de Ecología A.C. located near to Xalapa,
Veracruz (East Coast of Mexico). The macro- and micromor-
phological characters exhibited by the studied fresh speci-
mens, along with the results after a molecular phylogeny
obtained, inform that the three new species here described
have a taxonomic position in the Omphalotaceae Bresinsky,
a family that includes other rhizomorph-forming species. The
Omphalotaceae is undergoing a constant rearrangement by
both the continuous application of molecular tools and by
the additional information that is generated which includes
data from formerly undocumented species or even new pro-
posed genera (Moncalvo et al. 2002; Wilson and Desjardin

2005; Mata et al. 2007; Petersen and Hughes 2016, 2020;
Oliveira et al. 2019). Accepting in Omphalotaceae an ar-
rangement with a more strict concept of Gymnopus (Pers.)
Roussel, as well as Marasmiellus Murrill, Mycetinis Earle,
and Lentinula Earle, among others (Wilson and Desjardin
2005), and in correspondence with a recent phylogenetic con-
clusion on Omphalotaceae (Oliveira et al. 2019), the three
species here described are recognized in Marasmiellus,
Pusillomyces J.S. Oliveira, and Gymnopus, supported also
with the morpho-anatomic characters that define such groups.

Several rhizomorph-forming species are known among
the agarics, and their functional role in ecosystems is recog-
nized by the harmful effect caused in other organisms
(Hartig 1873; Seaver 1944; Morrison 2004; Dassanayake
et al. 2009; Su et al. 2011) as well as their ecological impor-
tance such as traps for leaf litter, acting as storage of organic
matter in the upper levels of the canopy, promoting biodi-
versity of arthropods and other life forms (Hedger 1990;
Snaddon et al. 2012), or as sources of nest building material
for some birds (Aubrecht et al. 2013; Chaparro and Ruiz
2014; Menezes et al. 2014; Gómez et al. 2014; César et al.
2018; Koch et al. 2018) and mammals (Prange and Nelson
2006) or even as decomposers that bind leaf litter particles
and translocate nutrients from the discontinuous layers of
plant debris in forest floors (Boddy 1999).

Despite the ecological importance of rhizomorphs and
their interactions, the appropriate terminology to designate
the different linear aggregates of hyphae has been used
vaguely, even when the morpho-anatomic distinction
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between cords or mycelial strands and fungal rhizomorphs
is clear: the mycelial cords or strands are formed by rela-
tively loose hyphae in which the young hyphal branches
grow and adhere to the oldest (Moore 1994), while in
rhizomorphs, a highly organized apical growing point
with clear apical dominance is present (Moore 1998).
Additionally, rhizomorphs are uniquely characterized by
a waterproof surface and a melanized rind that encloses a
medullar cavity which transfers water and dissolved nutri-
ents (Yafetto 2018).

The geographic range in which species of agarics that de-
velop rhizomorphs are distributed is worldwide, except for
Antarctica, and they practically occur in all ecosystems like
coniferous, broad-leaved temperate, tropical and subtropical
forests including mountain cloud forests (Antonín and
Noordeloos 2010; Mešić et al. 2011; Petersen and Hughes
2019). The mountain cloud forest is characterized by being
strongly threatened by anthropic activities throughout the
world and at the same time for housing an important biodiver-
sity of all biological groups in correspondence with the 0.14%
of the Earth’s land surface in which these ecosystems are
distributed (Scatena et al. 2010).

Materials and methods

Sampling and morphological study

As part of a field monitoring program developed weekly in the
Santuario del Bosque de Niebla (SBN), samples of
marasmioid-gymnopoid rhizomorph-forming species were
collected in the rainy season of June 2016, 2018, and 2019.
The SBN is a cloud forest relict having an extension of 30 ha
of vegetation dominated by tree species ofQuercus, Platanus,
Carpinus, Liquidambar, and Clethra, among others and is a
protected peri-urban area in the municipality of Xalapa,
Veracruz, located at 1343 m.a.s.l. Fresh basidiomes were
photographed and characterized morphologically, and their
colors were annotated following Kornerup and Wanscher
(1967) and Munsell (1994). Stipe and rhizomorphs width
were measured using the × 20 lens and ocular micrometric
rule of a Nikon E400 microscope. After drying, microscopical
characters were observed with 3% potassium hydroxide
(KOH), 1% Congo Red aqueous solution, and Melzer’s re-
agent (Largent et al. 1977). Thirty-five spores per specimens
were measured, and an arithmetic mean of basidiospore length
and width range was obtained and indicated with Xm; length/
width ratio was calculated, and ranges are indicated with Qm.
Collections were deposited in XAL herbarium (Thiers 2020).
Line drawings were made using a Nikon E400 microscope
with a drawing tube. Abbreviations: M., Marasmius; Ma.,
Marasmiellus.

DNA extraction, PCR amplification, and sequencing

Extraction of genomic DNA of basidiomes was per-
formed after César et al. (2018), and the nuc rDNA
ITS (Internal Transcribed Spacer) was amplified using
primers ITS1F and ITS4 (White et al. 1990; Gardes
and Bruns 1993). The sequences of the amplified PCR
products were obtained using a capillary sequencer.
Once sequences were assembled and edited, they were
deposited at GenBank database (Benson et al. 2017)
with accession numbers indicated in Fig. 1.

Phylogenetic methods

Phylogenetic trees were generated according to Montoya
et al. (2019). A dataset, using PhyDE v.0.9971 (Müller
et al. 2010), was constructed with the sequences obtain-
ed in this study together with sequences of related taxa
considered by Oliveira et al. (2019). The dataset was
aligned with MAFFT online service (Katoh et al.
2019) and inconsistencies corrected manually. The evo-
lutionary model was calculated using the IQ-Tree 2.0-
rc1 (Nguyen et al. 2015; Kalyaanamoorthy et al. 2017)
and the best-fit model selected using the Bayesian
Information Criterion (BIC), the Akaike Information
Criterion (AIC), and corrected AIC. This later was used
to generate a phylogenetic tree with the maximum like-
l ihood (ML) method, with a Nearest Neighbor
Interchange (NNI) heuristic, and with the TIM2+F+I+
G4 evolutionary model. A consensus tree was also gen-
erated calculating the Robinson-Foulds distance between
the ML tree and the consensus tree, the branches being
tested by means of Ultrafast Approach Bootstrap
(UFBoot), SH-like Approximate Likelihood Ratio Test
(SH-aLRT), Approximate Bayes test (aBayes), and
Bootstrap Standard (BS). Another phylogenetic tree
was also generated by Bayesian Inference (BI), using
MrBayes v. 3.2.7 (Ronquist et al. 2012). The phyloge-
nies from ML and BI analyses were displayed using
FigTree v1.4.4 (Rambaut 2018). Only bootstrap values
(BS) of ≥ 70% and Bayesian posterior probabilities
(BPP) of ≥ 0.90 were considered and indicated on the
tree branches (BS/BPP) of Fig. 1.

Results

Eight fresh collections of marasmioid-gymnopoid species
were recovered from leaf litter at the study site. From each
collection, ITS sequences (codes indicated in bold in Fig. 1)
were obtained and included in a molecular phylogeny together
with 252 sequences of species representing 11 different clades
of the Omphalotaceae and with sequences of species of
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Marasmiellus confluens MICH:PK6943 KP710285

Marasmiellus confluens TENN-F-067819 KP710280

Gymnopus utriformis nom. prov. TENN-F-068185 KY026707

Marasmiellus peronatus LE-BIN1898 KY026756

Marasmiellus diaphanus Cesar44 MT232391

Marasmiellus aff. melanopus TENN-F-068085 KY026699

Marasmiellus confluens WTU:005 KP710273

Marasmiellus confluens TENN-F-053522 KP710283

Marasmiellus eneficola MICH:PK6976 KP710271

Marasmiellus peronatus LE-BIN1364 KY026755

Marasmiellus biformis TENN-F-065586 KJ416248

Marasmiellus trogioides SFSU:AWW51 TYPE NR_152884

Marasmiellus confluens TENN-F-065131 KP710288

Marasmiellus confluens WTU:514 KP710272

Marasmiellus menehune AWW87 AY263444

Gymnopus aff. moseri AWW10 AY263431

Marasmiellus confluens TENN-F-065121 h1 KP710297

Marasmiellus eneficola TENN-F-069122 KJ128265

Marasmiellus mesoamericanus TENN-F-058613 DQ450035

Marasmiellus confluens TENN-F-067865 KP710292

Marasmiellus confluens ZJ0002XPS01 KU836528

Marasmiellus micromphaleoides TENN-F-068165 TYPE KJ416243

Marasmiellus confluens LE-BIN1178 KP710282

Marasmiellus biformis TENN-F-068109 KJ416245

Marasmiellus eneficola MICH:PK6975 KP710270

Marasmiellus dichrous TENN-F-056727 KY026655

Marasmiellus quercophilus SFSU:25220 KY026761

Marasmiellus juniperinus TENN-F-058988 KY026661

Marasmiellus luxurians 10350 AY256709

Marasmiellus dichrous TENN-F-060029 KY026665

Marasmiellus confluens WTU:394 KP710274

Marasmiellus quercophilus TENN-F-069267 KY026728

Gymnopus subnudus TENN-F-061138 KY026667

Marasmiellus confluens TENN-F-067882 h1 KP710293

Marasmiellus pseudoluxurians TENN-F-068144 KJ416242

Marasmiellus luxurians TENN-F-057910 AF505765

Marasmiellus melanopus AWW54 AY263425

Marasmiellus eneficola TENN-F-069121 KJ128263

Marasmiellus disjunctus TENN-F-068136 KJ416253

Marasmiellus diaphanus Cesar202 TYPE MT232390

Marasmiellus aff. dichrous TENN-F-067859 KY026696

Marasmiellus aff. dichrous TENN-F-056721 KY026654

Marasmiellus confluens TENN-F-069043 KP710279

Marasmiellus eneficola TENN-F-069128 KJ128268

Marasmiellus eneficola TENN-F-069127 KJ128267

Marasmiellus polygrammus CUH AM082 KJ778752

Marasmiellus confluens MICH:PK6820 KP710286

Marasmiellus melanopus CUH AM093 KM896875

Marasmiellus confluens TENN-F-067822 KP710281

Marasmiellus nonnullus TENN-F-068133 KY026701

Marasmiellus confluens LE-BIN1212 KP710290

Marasmiellus confluens LE-BIN2357 KP710287

Marasmiellus confluens TENN-F-065835 KP710284

Marasmiellus confluens TENN-F-067864 h2 KP710296

Marasmiellus confluens TENN-F-069073 KP710278

Gymnopus sp. TENN-F-058602 KY026660

Gymnopus subnudus WRW 08-462 KY026765

Marasmiellus quercophilus TENN-F-069320 KY026736

Marasmiellus menehune AWW15 AY263443

Marasmiellus confluens CUH AM083 KJ817065

Marasmiellus biformis TENN-F-065189 KJ416249

Gymnopus sp. WRW 05-1170 KY026764

Marasmiellus luxurians TENN-F-055748 KY026649

Marasmiellus vaillantii TENN-F-065115 KY026676

Gymnopus nonnullus var. attenuatus AWW05 AY263445

Marasmiellus peronatus TENN-F-065120 KY026677

Marasmiellus ramealis TENN-F-065132 KJ416235

Marasmiellus sp. TENN-F-069322 KY026738

Marasmiellus brunneigracilis AWW01 AY263434

Marasmiellus confluens BUR1 KP710275

Marasmiellus gibbosus AWW112 AY263435

Marasmiellus juniperinus TENN-F-059540 AY256708

Marasmiellus menehune CUH AM074 KJ778753

Marasmiellus menehune CUH AM089 KM896876

Marasmiellus biformis TENN-F-068108 KJ416246

Marasmiellus confluens LE-BIN2294 KP710291

Marasmiellus quercophilus TENN-F-069321 KY026737
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Gymnopus brunneiniger Cesar50 MT232388

Gymnopus ocior TENN-F-065135 KY026678

Gymnopus brunneiniger Cesar49 TYPE MT232389

Paragymnopus foliiphilus TENN-F-068145 KY026703

Mycetinis opacus TENN-F-069200 h1 KY696768

Paragymnopus pinophilus TENN-F-051574 KY026634

Gymnopanella nothofagi SGO:163625 TYPE NR_158479

Paragymnopus foliiphilus TENN-F-051221 KY026630

Gymnopus neobrevipes TENN-F-069197 TYPE MH673477

Paragymnopus perforans subsp. transatlanticus TENN-F-069000 KY026711

Paragymnopus foliiphilus TENN-F-051244 KY026633

Mycetinis scorodonius TENN-F-053474 KY696748

Gymnopus dryophilus AFTOL-ID 559 DQ241781

Paramycetinis caulocystidiatus TENN-F-054050 TYPE KY026645

Gymnopus androsaceus TENN-F-069268 h2 KY696772

Paramycetinis austrobrevipes TENN-F-053181 KY026638

Paragymnopus foliiphilus TENN-F-065990 KY026690

Gymnopus impudicus JVG 1130531-2 LT594120

Gymnopus spongiosus TENN-F-065912 KY026686

Mycetinis alliaceus TENN-F-055630 KY696784

Paragymnopus foliiphilus TENN-F-069086 KY026721

Gymnopus inusitatus var. cystidiatus BRNM: 737257 JN247550

Paragymnopus sublaccatus UBC25212 KY026762

Paragymnopus pinophilus TENN-F-069212 KY026726

Paragymnopus perforans subsp. transatlanticus TENN-F-069059 KY026719

Paramycetinis caulocystidiatus TENN-F-053721 KY026643

Paragymnopus perforans subsp. transatlanticus TENN-F-069059 KY026720

Paragymnopus perforans TENN-F-050319 KY026624

Gymnopus catalonicus BCN:SCM B-4057 JN247552

Paragymnopus sequoiae TENN-F-069325 KY026740

Paragymnopus foliiphilus TENN-F-055764 KY026650

Gymnopus inflatotrama nom. prov. TENN-F-048143 KY026619

Gymnopus brunneiniger Cesar107 MT232387

Mycetinis alliaceus TENN-F-069243 KY696770

Paragymnopus perforans subsp. transatlanticus TENN-F-061587 C1 KY026671

Paragymnopus pinophilus TENN-F-067846 KY026695

Gymnopus sepiiconicus AWW126 AY263449

Mycetinis copelandii TENN-F-055408 h1 KY696750

Gymnopus androsaceus TENN-F-059594 KY026663

Paragymnopus perforans subsp. transatlanticus TENN-F-069198 KY026710

Gymnopus foetidus TENN-F-069323 KY026739

Gymnopus adventitius nom. prov. SFSU:DED8813 KY026760

Paragymnopus ponderosae TENN-F-053488 KY026639

Paragymnopus foliiphilus TENN-F-065571 KY026681

Paramycetinis caulocystidiatus TENN-F-053725 KY026644

Paragymnopus foliiphilus TENN-F-056223 KY026652

Gymnopus androsaceus TFB 5021 KY026747

Marasmius sp. 1 TENN-F-050116 KY026621

Paragymnopus foliiphilus TENN-F-055764 KY026651

Gymnopus bisporus BCN:SCM B-4065 JN247551

Paragymnopus pinophilus TENN-F-069207 KY026724

Paragymnopus perforans subsp. transatlanticus TENN-F-061587 C2 KY026672

Mycetinis scorodonius TENN-F-059615 KY696757

Paragymnopus pinophilus TENN-F-065808 KY026683

Gymnopus inflatotrama nom. prov. TENN-F-053490 KY026640

Marasmius alliaceus AFTOL-ID 556 AY854076

Gymnopus cremeostipitatus BRNM: 747547 TYPE NR_152898

Gymnopus inflatotrama nom. prov. TENN-F-051233 KY026632

Paramycetinis caulocystidiatus TENN-F-053683 KY026642

Marasmius prasiosmus UPS-F012968 KY696785

Gymnopus inusitatus BCN:SCM B-4058 JN247553

Paragymnopus perforans TENN-F-050318 KY026623

Gymnopus dysodes VA12.117 KP336693

Gymnopus spongiosus TENN-F-068184 KY026706

Gymnopus impudicus BRNM: 714849 LT594119

Gymnopus neobrevipes TFB 14599 KY026752

Gymnopus foetidus TENN-F-065806 KY026682

Paragymnopus perforans subsp. transatlanticus TENN-F-069049 KY026718

Gymnopus bicolor AWW116 AY263423

Paragymnopus perforans subsp. transatlanticus TENN-F-069340 KY026742

Gymnopus fusipes TENN-F-059217 AY256710

Gymnopus aff. dryophilus TENN-F-065157 KY026679

Paragymnopus foliiphilus TENN-F-050013 KY026620

Paragymnopus foliiphilus TENN-F-051221 KY026631

Gymnopus indoctoides AWW125 AY263424

Gymnopus aurantiipes AWW118 AY263432

Gymnopus montagnei JMCR 143 DQ449988

Gymnopus portoricensis TENN-F-051029 TYPE KY026629

Paragymnopus pinophilus TENN-F-067804 KY026692

Paragymnopus perforans subsp. transatlanticus TENN-F-069318 KY026734

Paragymnopus perforans subsp. transatlanticus TENN-F-061211 C3 KY026669

Paramycetinis austrobrevipes TENN-F-053149 KY026637

Mycetinis salalis DAOM:175251 KX752265

Gymnopus novomundi nom. prov. SFSU:DED5097 KY026759

Gymnopus frigidomarginatus nom. prov. TENN-F-055679 KY026648

Gymnopus inflatotrama nom. prov. TFB 4529 KY026744

Gymnopus novaeangliae nom. prov. TFB 4975 KY026745

Paragymnopus foliiphilus TENN-F-067809 KY026694

Gymnopus portoricensis TENN-F-050999 KY026627

Paragymnopus perforans subsp. transatlanticus AV100918 KY026743

Gymnopus foetidus TENN-F-069280 KY026730

Paragymnopus perforans subsp. perforans TENN-F-058295 KY026659

Gymnopus barbipes TENN-F-067855 KJ416269

Paragymnopus perforans subsp. transatlanticus TENN-F-069042 KY026715

Gymnopus neobrevipes TENN-F-069182 KY026722

Gymnopus iocephalus TENN-F-052970 DQ449984

Gymnopus vitellinipes AWW127 AY263429

Paramycetinis austrobrevipes TENN-F-050135 TYPE KY026622

Gymnopus portoricensis TENN-F-051029 TYPE KY026628

Gymnopus neobrevipes TFB 14594 KY026751

Paragymnopus perforans subsp. transatlanticus TENN-F-061211 C4 KY026670

Paragymnopus foliiphilus TENN-F-055210 KY026647

Gymnopus fusipes TENN-F-069254 KY026727

Paragymnopus foliiphilus TENN-F-068183 KY026705

Paragymnopus foliiphilus TENN-F-057923 KY026658

Paragymnopus foliiphilus TENN-F-050761 KY026626

Paragymnopus perforans subsp. transatlanticus TENN-F-061211 C2 KY026668

Gymnopus foetidus TENN-F-068190 KY026709

Gymnopus androsaceus TFB 5609 KY026750

Paragymnopus perforans subsp. perforans TENN-F-053579 KY026641

Gymnopus aff. dryophilus TENN-F-065157 KY026680
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Connopus acervatus TENN-F-053596 GU318378

Connopus acervatus TENN-F-062824 GU318393

Pseudomarasmius pallidocephalus TENN-F-066344 KY026691

Rhodocollybia butyracea f. asema LE-BIN2526 KY026757

Pseudomarasmius patagonianus TENN-F-054424 TYPE KY352649

Connopus acervatus TENN-F-061292 GU318383

Connopus acervatus TENN-F-062825 GU318395

Pusillomyces manuripioides INPA 280704 TYPE MK434210

Omphalotus olearius AFTOL-ID 1718 DQ494681

Marasmius rotula PBM 2563 DQ182506

Crinipellis sp. MCA1527 AY916701

Pseudomarasmius pallidocephalus TENN-F-065829 h1 KY026684

Rhodocollybia butyracea TENN-F-060927 GU318386

Pseudomarasmius glabrocystidiatus BRNM: 718676 TYPE NR_152899

Pusillomyces asetosus BRNM: 714994 KF251063

Pusillomyces spinulosus Cesar43 MT232384

Lentinula edodes OE9 AY636053

Pusillomyces funalis BRNM: 747542 KF251059

Marasmius oreades PBM 2701 DQ490641

Pusillomyces funalis KFRI1322 KF251054

Rhodocollybia butyracea TENN-F-069047 KY026716

Pusillomyces spinulosus Cesar209 MT232385

Omphalotus olivascens var. olivascens VT455 AF525063

Rhodocollybia maculata AFTOL-ID 540 DQ404383

Pusillomyces asetosus BRNM: 718820 KF251067

Setulipes afibulatus SFSU:DED 8208 MF100972

Campanella sp. MCA1689 AY916670

Pusillomyces spinulosus Cesar206 TYPE MT232386

Pusillomyces funalis KFRI1863 KF251061

Pusillomyces asetosus BRNM: 714999 KF251065

Gymnopus contrarius PBM 2711 CUW Colorado DQ486708

Rhodocollybia butyracea TENN-F-069033 KY026713

Pusillomyces asetosus BRNM: 715010 TYPE NR 152897

Pusillomyces funalis BRNM: 718813 KF251055

Pusillomyces asetosus BRNM: 718733 KF251068

Pseudomarasmius nidus-avis TENN-F-069310 KY026732

Pusillomyces funalis KFRI1848 KF251057

Pseudomarasmius efibulatus TENN-F-056187 TYPE MK268234

Anthracophyllum archeri AFTOL-ID 973 DQ404387

Pseudomarasmius nidus-avis TENN-F-054912 KY026646

Rhodocollybia maculata TENN-F-068088 KY026700

Pseudomarasmius pallidocephalus TENN-F-052401 KY026635

Pusillomyces manuripioides INPA 282050 MK434212

Pusillomyces asetosus KFRI1918 KF251070

Moniliophthora sp. MCA2500 AY916754

Lentinula boryana TENN-F-057787 KY026657

Pseudomarasmius nidus-avis TFB 14606 KY026753

Crinipellis zonata VPI3355 AY916692

Pusillomyces asetosus KFRI1886 KF251069

Campanella subdendrophora ATCC 42449 AY445121

Rhodocollybia maculata TENN-F-068169 KY026704

Pseudomarasmius quercophiloides TENN-F-049177 TYPE MK268235

Pusillomyces funalis KFRI1321 KF251053
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Pusillomyces asetosus BRNM: 714965 KF251064
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Pseudomarasmius nidus-avis TFB 14498 KY026723

Rhodocollybia butyracea f. asema LE-BIN1232 KY026754

Pseudomarasmius nidus-avis TENN-F-069311 KY026733

Pseudomarasmius nidus-avis Cesar36 TYPE MH560576

Lentinula lateritia DSH 92-143 U33070

Moniliophthora perniciosa CMR UB 2041 AY317136

Pseudomarasmius pallidocephalus TFB 5015 KY026746

Pseudomarasmius pallidocephalus TENN-F-052427 KY026636
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Marasmius Fr., Crinipellis Pat., Moniliophthora H.C. Evans,
Stalpers, Samson & Benny, and Campanella Henn. as
outgroup (Fig. 1); the alignment was deposited in the reposi-
tory TreeBASE: Study ID 25993. Two sequences (specimens
César 44 and 202) were clustered in a well-supported clade
(88/100), representing an isolate species close to Ma.
quercophilus (Pouzar) J.S. Oliveira and Ma. ramealis (Bull.)
Singer. Three sequences (specimens César 49, 50, and 107)
were nested and isolated in a supported clade (100/100) being

a species sister toGymnopus androsaceus (L.) Della Magg. &
Trassin., G. portoricensis R.H. Petersen, G. neobrevipes R.H.
Petersen and G. cremeostipitatus Antonín, and Ryoo & Ka
along with other not formally described taxa of sect.
Androsacei (Petersen and Hughes 2016). Three sequences
(specimens César 43, 206, and 209) allow to recognize an
isolated species related with Pusillomyces manuripioides,
P. asetosus, and P. funalis with strong support (100/100),
sharing characters with these species like a marasmioid habit
and a pileipellis with incrusted hyphae and diverticulated ele-
ments. Because sequences of Mexican specimens were clus-
tered in three different strongly supported isolated clades (Fig.
1) and considering that the specimens possess a distinctive set
of morphological features, we recognize that they represent
three new species which are proposed and described below.

Taxonomy

Marasmiellus diaphanus César, Bandala & Montoya, sp. nov.
Figs. 2, 3, and 4
Mycobank: MB 835526
Holotype: MEXICO. Veracruz: Municipality of Xalapa,

Santuario del Bosque de Niebla, Instituto de Ecología A.C.,
1343 m.a.s.l., gregarious on fallen leaves of Quercus, 6
June 2019, César 202 (XAL).

Diagnosis: Pileus 2–9 mm diam., white-translucent.
Lamellae adnexed, distant, concolorous with pileus. Stipe
2.5–10 × 0.25–0.7 mm, filiform. Basidiospores 5.5–8 × 2.5–
4.5 μm, subcylindrical to oblong. Pleurocystidia and
caulocystidia absent. Cheilocystidia 16.5–29.5 × 10–13 μm,
broadly clavate to subglobose. Rhizomorphs 3–15 × 0.25–
0.5 mm, light brown to golden brown, flat, repent, and with
ramifications, basidiomata not arising from them.

Gene sequence ex-holotype: MT232390.
Etymology. Diaphanus (Lat.): in reference to the white-

transparent or diaphanous pileus.
Basidiomata marcescent. Pileus 2–9 mm diam., convex to

plano-convex, slightly depressed at the disc; margin smooth to
striate or weakly sulcate, radially forming bulges following
the lamellae pattern, with a somewhat satiny or silky texture
but not shiny, slightly rimose, pearly white (2.5Y/R 8/1) and
almost translucent in mature specimens with faint creamy
tinges at the disc (2.5Y/R 7/4). Context very thin (< 1 mm),
soft, homogeneous, and concolorous with pileus. Lamellae
adnexed, distant (15–18), concolorous with pileus (2.5Y/R
8/1), somewhat broad (1 mm approx.), margin smooth, trans-
versal veins present in mature specimens, with attenuated
lamellulae (14–17). Stipe 2.5–10 × 0.25–0.7 mm, central, cy-
lindrical, but slightly tapering towards the base, smooth, solid,
somewhat curved, whitish at the apex (2.5Y/R 8/1), golden
brown (2.5Y 6/6, 5C4) downwards, becoming dark brown
(2.5Y 3/3, 5F8) at the base, insititious and always arising from
leaf litter. Rhizomorphs 3–15 × 0.2–0.5 mm, light brown

Fig. 2 Basidiomes of Marasmiellus diaphanus: César 202 (holotype).
Scale bar: 5 mm

Fig. 3 Marasmiellus diaphanus César 202 (holotype): a basidiospores, b
cheilocystidia, c basidia and basidioles. Scale bars: 5 μm
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(2.5Y 7/4) to golden brown (2.5Y 6/8) with some darker
brown zones (2.5Y 3/2), silky bright, flat and repent, twisted
at times, with ramifications, attached to leaf litter in which
fruiting bodies emerge, binding 2–3 leaves around
basidiomata. Odor and taste not distinctive; without reaction
with KOH.

Basidiospores 5.5–8 × 2.5–4.5 μm, Xm = 6.5–7.5 × 3–3.6;
Qm = 1.97–2.04, subcylindrical, somewhat oblong, hyaline,
inamyloid, thin-walled. Basidia 16–29 × 5–8 μm, 4-spored,
clavate, inamyloid, hyaline, thin-walled, clamped. Basidioles
15–25 × 5–9 μm, subcylindric to claviform. Pleurocystidia
absent. Cheilocystidia 16–29 × 10–13 μm, broadly clavate to
subglobose; in some, the apex is faintly irregular, moderately
thick-walled (< 1 μm), hyaline, scarce. Pileipellis formed by
compactly interwoven, inamyloid hyphae, which are
periclinally arranged, cylindrical, non-gelatinized, thin-
walled, clamped, hyaline, 3.5–5 μm diam.; with repent or
semi-erect terminal elements which are irregular in form and
bearing numerous appendages and short lateral outgrowths (<
1 μm long), reminding a Rameales-structure, thin walled,
hyaline, inamyloid, not refringent, not incrusted. Pileus trama
is composed of interwoven hyphae, 4–5 μm diam., cylindri-
cal, slightly tortuous, thin-walled, hyaline, inamyloid.
Hymenophoral trama subregular, composed of cylindrical hy-
phae, 4–6 μm diam., hyaline and thin-walled. Stipitipellis is a
cutis composed of straight, cylindrical, thick-walled,
inamyloid, light brown hyphae, 6–7.5 μm diam., septate,

without caulocystidia although some terminal hyphae with
obtuse apex could be present, not or faintly erect. Stipe trama
regular with cylindrical, straight, thick-walled hyphae (<
1 μm), 4–5 μm diam., hyphae of the cortical layers 5–7 μm
diam., inamyloid, hyaline or lightly pigmented, thick-walled,
medullar layers with hyphae presenting the same diameter as
in the cortical layers but tortuous and light brown. Clamp
connections present and common.

Habitat. In mountain cloud forest, growing on humid leaf
litter, under a relatively open canopy, on sloping ground dom-
inated by Quercus. Arising directly from leaves, particularly
on midribs and veins.

Additional specimens examined. MEXICO. Veracruz:
Municipality of Xalapa, Santuario del Bosque de Niebla,
Instituto de Ecología A.C., 1343 m.a.s.l., 7 June 2016,
César 44 (XAL).

Remarks—In the molecular phylogeny here obtained (Fig.
1), Mexican specimens of Marasmiellus diaphanus appear
closely related with strong support with Ma. quercophilus
(Pouzar) J.S. Oliveira and Ma. ramealis (Bull.) Singer.
Marasmiellus diaphanus in fact shares morphologic characters
of taxonomic relevance (pileus and stipe colors, habit, and mi-
croscopic elements), although it is one of those species that are
the exception in the genus for lacking well-developed
caulocystidia which in Marasmiellus are present and well-
developed (Oliveira et al. 2019). Marasmiellus quercophilus is
distinguished from theMexican taxon by its longer stipe [15–35
(− 50) mm length] with a white pileus having pinkish-brown or
reddish-brown center, less distant lamellae (6–2) which are
broadly adnate or emarginate, bigger basidiospores [(6.5–) 7–9
(− 10) × 3.5–6.5 μm] and has distinctive caulocystidia (Antonín
and Noordeloos 2010). Marasmiellus ramealis has a broader
pileus (2–20 mm width) with different disc colors (darker red-
dish brown or yellow brown) and a squamulose stipe up to
20 mm long (Antonín and Noordeloos 2010).

Other species morphologically resembling Marasmiellus
diaphanus not included in the obtained phylogeny due to the
lack of sequences are Ma. berkeleyi Singer, Ma. bisporiger
Singer, Ma. defibulatus Singer, Marasmius pilgerodendri
Singer, andM. polychaetopus Singer.Marasmiellus berkeleyi
presents filamentous dermatocystidia, spores with a strongly
developed oblique hilar appendage and long stipe hairs (50–

Fig. 4 Marasmiellus diaphanus
César 202 (holotype): pileipellis.
Scale bar: 5 μm

Fig. 5 Basidiomes of Pusillomyces spinulosus: César 206 (holotype).
Scale bar: 5 mm
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100 μm) (Singer 1973).Marasmiellus bisporiger has different
cheilocystidia (cylindrical to club-shaped), subcollariate la-
mellae, and clampless hyphae, the same as Ma. defibulatus
that also has different cheilocystidia (dendroid-ramose to
laterally diverticulated) and presents swollen elements up to
20 μm width in the Pileus trama (Singer 1973). The pileus of
M. pilgerodendri is white but becomes brownish with age and
has bigger spores (7–9.5 × 3–4 μm), cheilocystidia with nu-
merous coarse diverticula, and dark and cylindrical
rhizomorphs; this species grows on Pilgerodendron sp. and
Fitzroya sp. leaves (both genera are not present in Mexico)

(Singer 1965).Marasmius polychaetopus could be easily con-
fused in size and colors with Ma. diaphanus but the presence
of setiform caulocystidia, an insititious stipe arising directly
from the rhizomorphs, not from the substrate, as well as its
larger basidiospores (8–8.2 × 3.9–4.1 μm) (Singer 1965) dis-
tinguish it.

Pusillomyces spinulosus César, Bandala & Montoya, sp. nov
Figs. 5, 6, and 7
Mycobank: MB 835527
Holotype: MEXICO. Veracruz: Municipality of Xalapa,

Santuario del Bosque de Niebla, Instituto de Ecología A.C.,
1343m a.s.l., gregarious on fallen leaves, 14 June 2019, César
206 (XAL).

Diagnosis: Pileus 1–6 mm diam., light cinnamon brown.
Lamellae adnate, distant, light brown with fimbriate edge;
Stipe 9–20 × 0.3–0.45-mm cylindrical, tomentose, lightly
sticky. Basidiospores 5.5–9 × 2.5–4 μm, subcylindrical.
Basidia 3–4 spored. Pleurocystidia absent. Cheilocystidia
13.5–23.5 × 7.5–11 μm, clavate to subclavate with diverticula
1–2 (− 3) × 0.5–1 μm. Caulocystidia 25–103 × 5–8 μm,
setiform. Rhizomorphs 5–50 × 0.05–0.1 mm, golden brown
to dark brown, flat and simple, basidiomata not arising from
them. Growing on Quercus leaf litter.

Gene sequence ex-holotype: MT232386.
Etymology. Spinulosus (Lat.): in reference to the tiny spi-

nous stipe surface.
Basidiomata marcescent. Pileus 1–6 mm diam., convex to

plano-convex in mature specimens with a central depression,
dry and slightly velvety; margin decurved, translucent striate
and wavy or lobed following the arrangement of the lamellae,
radially wrinkled when dry, light cinnamon brown (10 YR5/6,
6C6) to cream (2.5Y 7/3) with a slightly darker brown cinna-
mon disc (10YR 5/8, 6D6), a pale reddish-brown coloration
(7.5YR 4/6) can be present in young specimens. Context thin
(around 1 mm) and soft, concolorous with the pileus surface.
Lamellae adnate, distant (9–10), light brown (2.5Y 8/2), some-
what broad and with fimbriate edge; truncate lamellulae (7–13)
of three different sizes; without collar. Stipe 9–20 × 0.3–
0.4 mm, central, cylindrical, filiform, insititious, straight or
somewhat tortuous, solid, spinulose due to the presence of

Fig. 6 Pusillomyces spinulosus César 206 (holotype): a basidiospores, b
cheilocystidia, c basidia and basidioles, d caulocystidia. Scale bars: 5 μm
(a-c); 10 μm (d)

Fig. 7 Pusillomyces spinulosus
César 206 (holotype): pileipellis.
Scale bar: 5 μm
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setiform caulocystidia, apex light cream (2.5Y7/3, 5B2) in
young, turning olive brown (2.5Y5/6) in mature specimens,
reddish brown (5YR 4/6, 7E7) in the basal zone and dirty mus-
tard (2.5Y 6/8) in the middle, in some cases, entirely reddish
brown (5YR 4/6); always arising from leaves, both from the
veins and from other parts of the blade, without basal tomen-
tum. Etiolated sterile stipes arising among whole developed
basidiocarps with the same characters and colors but shorter
than the normal stipes. Rhizomorphs 5–50 × 0.05–0.1 mm,
fragile, flat, twisted, silky, and simple; adhered to the leaves
or erect, stramineous, golden brown (2.5Y 5/6) to dark brown
(7.5 YR 4/4, 6E7), binding no more than 3–4 leaves. Odor and
taste not distinctive; without reaction with KOH.

Basidiospores 5.5–9 × 2.5–4 μm, Xm = 6.2–7.9 × 3.1–3.5;
Qm = 1.95–2.26, subcylindrical, hyaline, inamyloid, thin-
walled. Basidia 17–30 × 5–8 μm, 3–4 spored, clavate,
inamyloid, hyaline, thin-walled. Basidioles 17.5–31.5 × 3.5–
6.5 μm, cylindrical to clavate with narrow apex, thin-walled,
hyaline. Pleurocystidia absent. Cheilocystidia 13.5–23.5 ×
7.5–11 μm, clavate to subclavate, with a nodulose to more
or less knobbed apex, with irregular, apically rounded ap-
pendages, 1–2 (− 3) × 0.5–1 μm, hyaline, thick-walled (<
1 μm thick). Pileipellis formed by interwoven hyphae, 4–
6 μm diam., in a moderately compact, periclinally arrange-
ment (but some anticlinally disposed), cylindrical, somewhat
sinuous, non-gelatinized, thin-walled, inamyloid, some with
refringent incrustations in a spiral pattern; terminal elements
17.5–24 × 9.5–20 μm, broad-claviform, appendiculate, with
Rameales-structure, thin-walled, inamyloid, hyaline. Pileus
trama of interwoven hyaline hyphae 4–5 μm diam.,
inamyloid, cylindrical, tortuous, thin-walled, without con-
tents, some with refringent incrustations in spiral pattern.
Hymenophoral trama regular, with cylindrical hyphae, 3–
5 μm diam., without contents or incrustations. Stipitipellis
is a cutis of hyaline, inamyloid, cylindrical, thin-walled hy-
phae with numerous caulocystidia. Caulocystidia 25–103 ×
5–8 μm, setiform, brownish and hyaline, cylindrical or ta-
pering towards the apex which is rounded, thick-walled (<
1 μm), some slightly tortuous. Stipe trama with cortical

hyphae 4–5 μm diam., inamyloid, somewhat thick-walled
(< 1 μm thick), light brown, straight smooth; medullar hy-
phae hyaline, similar to cortical hyphae. Clamp connections
absent in all tissues.

Habitat. In mountain cloud forest, growing on Quercus
leaf debris. Arising directly from leaves, from any part of the
leaf blade.

Additional specimens examined. MEXICO. Veracruz:
Municipality of Xalapa, Santuario del Bosque de Niebla,
Instituto de Ecología A.C., 1343 m.a.s.l., 7 June 2016, César
43; 14 June 2019, César 209 (both at XAL).

Remarks—Pusillomyces spinulosus molecularly grouped in
a well-supported clade (Fig. 1) close to P. manuripioides J.S.
Oliveira, P. funalis (Har. Takah.) J.S. Oliveira, and P. asetosus
(Antonín, Ryoo & Ka) J.S. Oliveira. Morphologically, the for-
mer is quite different, especially by its smooth hymenophore
(Oliveira et al. 2019). Pusillomyces funalis has a dark reddish-
brown pileus, slightly bigger basidiospores (6.5–8 × 4–5 μm)
and shorter elements of the pileipellis (12–22 × 8–13 μm). In
addition, the presence of rhizomorphs was not documented for
P. funalis being recorded on twigs of Cryptomeria japonica
(P. spinulosus was not found on twigs) and leaf litter of
Carpinus tschonoskii and Quercus myrsinifolia, Asiatic tree
species not present in Mexico (Takahashi 2002). Pusillomyces

Fig. 9 Gymnopus brunneiniger César 49 (holotype): a basidiospores, b
cheilocystidia, c basidia and basidioles. Scale bar: 5 μm

Fig. 8 Basidiomes of Gymnopus brunneiniger: César 49 (holotype).
Scale bar: 1 cm
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asetosus differs from Mexican species particularly by the lack
of stipitipellis setae but also by its grayish-orange to brownish-
orange pileus, the dark brown, shorter stipe (3–7 mm long) and
the presence of Siccus-type broom cells in the pileipellis
(Antonín et al. 2014).

Without available sequences, it is necessary to mention
other Mexican species of Marasmius that superficially could
re semble Pus i l l omyces sp inu losus . Marasmius
atroincrustatus Singer var. atroincrustatus exhibits a distinct
garlic odor and different color variations of the lamellae (pale
isabelline to dull creme), stipe (chestnut to nearly black),
rhizomorphs (dark color), and the cheilocystidia have very
long diverticula (2–12.5 μm) (Singer 1976). Marasmius
chiapasensis Singer differs by its white lamellae, shorter
caulocystidia (9–39 μm), the presence of fusoid-mucronate
to ampullaceous cheilocystidia, and slightly smaller basidio-
spores (6–7.2 × 2.5–4 μm) (Singer 1976) , whi le
M. liquidambaris Singer differs in having obtuse and clavate
to subcylindrical caulocystidia and clamped hyphae and
grows on Liquidambar styraciflua leaves (Singer 1976) or
Castanopsis acuminatissima (a native species from
Southeast Asia and NewGuinea) (Desjardin and Horak 1997).

Gymnopus brunneiniger César, Bandala & Montoya, sp. nov.
Figs. 8, 9, and 10
Mycobank: MB 8355282
Holotype: MEXICO. Veracruz: Municipality of Xalapa,

Santuario del Bosque de Niebla, Instituto de Ecología A.C.,
1343 m a.s.l., gregarious on fallen leaves of a deciduous tree
species, 9 June 2016, César 49 (XAL).

Diagnosis: Pileus 2–14 mm diam., pale brown to pale brown
orange. Lamellae free to adnate, subdistant, concolorous with
pileus. Stipe 10–30 × 0.3–0.6 mm, central, filiform, insititious,
smooth. Basidiospores 6.5–10 × 3–4.5 μm, subcylindrical, hya-
line. Pleurocystidia and caulocystidia absent. Cheilocystidia 13–
25.5 × 5–11.5 μm, clavate to subclavate, nodulose. Pileipellis is
a cutis composed of smooth, simple hyphaewith some segments
having appendages and short lateral outgrowths. Clamp connec-
tions present. Rhizomorphs 10–250 × 0.2–0.5 mm, black, wiry,
simple, repent 10–250 × 0.2–0.5 mm, black.

Gene sequences ex-holotype: MT232389.

Etymology. Brunneus (Lat.): brown and niger (Lat.):
black, in reference to the pileus and stipe colors.

Basidiomatamarcescent. Pileus 2–14mmdiam., convex to
plano-convex, moderately broadly umbilicate when young,
becoming slightly centrally depressed when mature, deflexed
margin, smooth, not translucent but with radially arranged
tortuous grooves in accordance with the lamellae and
lamellulae, dry and somewhat rugulose, pale brown (10YR
7/4, 5B3) to pale brown orange (7.5 YR 5/6, 6C7) in the disc
and grooves. Context thin (< 1 mm), soft, concolorous with
pileus. Lamellae free to adnate, subdistant (12–18),
concolorous with the pileus (10YR 7/4, 5B3), straight, some-
what broad (< 1 mm), with smooth edge, lamellulae (12–20)
up to three different lengths, attenuate, other abrupt, transver-
sal veins present. Stipe10–30 × 0.3–0.6 mm, cylindrical, fili-
form, central, insititious, smooth, shiny, firm, solid, becoming
twisted and flat when dried, entirely black or dark reddish
black (10R 2.5/1, 7F3). Sterile stipes or telepods present, aris-
ing near basidiomata with the same characters and colors as
normal stipes. Rhizomorphs 10–250 × 0.2–0.5 mm, black,
shiny, wiry, simple, repent, and attached to leaves, binding
several leaves.

Basidiospores 6.5–10 × 3–4.5 μm; Xm = 8.5–9 × 3.5–3.6;
Qm = 2.3–2.4, subcylindrical, hyaline, inamyloid, thin-
walled. Basidia 16–24 × 4–8 μm, 4-spored, rarely 3-spored,
clavate, thin-walled, hyaline, clamped. Basidioles 18.5–25 ×
4.5–6.5 μm, cylindrical to clavate with subacute apex, hya-
line, inamyloid, thin-walled, clamped. Pleurocystidia and
caulocystidia absent. Cheilocystidia. 13–25.5 × 5–11.5 μm,
clavate to subclavate, with a nodulose to more or less knobbed
apex, with irregular, apically rounded appendages, 1–2 × 0.5–
1 μm. Pileipellis is a cutis, composed of smooth, intertwined,
simple, cylindrical, thin-walled, hyaline, hyphae 4–6 μm
diam., dextrinoid, with segments having appendages and short
lateral outgrowths (1–3 μm). Pileus trama is composed of
interwoven, tortuous, cylindrical, thin-walled hyphae, 4–
6 μm diam.; some dextrinoid otherwise inamyloid, smooth,
and clamped. Hymenophoral trama subregular to irregular,
composed of cylindrical, faintly tortuous hyphae, 5–6 μm
diam., thin-walled, sometimes clamped, Stipitipellis is a cutis
of parallel, thick-walled (< 1 μm), light brown, inamyloid

Fig. 10 Gymnopus brunneiniger
César 49 (holotype): pileipellis.
Scale bar: 5 μm
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hyphae, 3–5 μm diam. Stipe trama with parallel, tightly
packed, hyaline, inamyloid, thick-walled, clamped hyphae
4–7 μm diam.; medullary hyphae hyaline undifferentiated ex-
cept by coloration. Clamp connections present in all tissues.

Habitat. In mountain cloud forest, growing on fallen leaves
of several deciduous tree species. Arising from any part of the
leaf blade.

Additional specimens examined. MEXICO. Veracruz:
Municipality of Xalapa, Santuario del Bosque de Niebla,
Instituto de Ecología A.C., 1365 m a.s.l., 9 June 2016, César
50; 25 June 2018, César 107 (both at XAL).

Remarks—In the molecular phylogeny here obtained (Fig.
1),G. brunneiniger appears isolated in a well-supported clade,
close toG. androsaceus and related species. Macroscopically,
G. androsaceus has resemblance with the Mexican species by
the basidiome color and habit, but it differs by its longer stipe
(24–60 mm), a pileipellis with lobed or branched broom cells,
the absence of sterile stipes and growing mostly on litter of
conifers (Antonín and Noordeloos 2010). Gymnopus
cremeostipitatus differs by its pale cream pileus color and
the presence of caulocystidia, and it grows on leaves of
Camellia japonica (Antonín et al. 2014). Gymnopus
neobrevipes is distinguished by its habit, with a shorter stipe
(0.5–6 mm long) and a pileipellis with different elements.
Gymnopus portoricensis particularly differs by its pinkish-
cinnamon pileus, a shorter stipe (1–2.5 mm), pleated or fold-
like lamellae, pileal hairs, and cheilocystidia with irregular
lobes (Petersen and Hughes 2019).

Marasmius cyrillaedis Dennis and Setulipes afibulatus
Antonín are other morphologically similar species to
Gymnopus brunneiniger. However,M. cyrillaedis is different
by its smaller pileus (up to 4 mm), shorter basidiospores (5–
8 × 2.5–3.2 μm), pileipellis “…of interwoven versiform ele-
ments, not in hymeniform arrangement, these often swollen to
7 μm diameter and some like the cheilocystidia…,” and hav-
ing chestnut colored rhizomorphs, tapering upwards, 14–45 ×
0.15–0.5 mm (Singer 1976). Setulipes afibulatus varies in the
lack of clamp connections, pileipellis with incrusted hyphae
bearing broom cells, and the presence of caulocystidia
(Antonín 2003).

Discussion

Most recent circumscription of the Omphalotaceae by
Oliveira et al. (2019) place molecularly related species,
possessing a white or yellow pileus and a stipe with white or
clear apex and dark base and microscopically distinguished by
having cheilocystidia, a pileipellis with coralloid or
diverticulated terminal elements and lacking both
pleurocystidia (or very rare) and caulocystidia to
Marasmiellus, a set of features found for the new Mexican
Ma. diaphanous. Pusillomyces is characterized by

marasmioid basidiomata, with a smooth hymenophore or
well-developed lamellae, a filiform stipe, the presence of
rhizomorphs, diverticulated elements in the pileipellis,
caulocystidia present or absent, and the lack of clamp connec-
tions (Oliveira et al. 2019). With the addition of the new pro-
posed P. spinulosus, currently are four species known in the
genus. It is possible that after an appropriate revision of the
morphologic features combined with sequencing, several oth-
er species in Marasmius will be combined in this genus.
Gymnopus sect. Androsacei where G. brunneiniger grouped
with strong support (Fig. 1), embracing marasmioid taxa hav-
ing filiform stipe, cheilocystidia like broom cells of the Siccus
type, diverticulate hyphae in the pileipellis and saprophytic
growing habit on leaves. Recently two new genera,
Paramycetinis and Pseudomarasmius, were added to the
Omplalotaceae by Petersen and Hughes (2020). The former
groups are the species of one of the Mycetinis subclade of
Petersen and Hughes (2016) and part of the Gymnopanella
clade of Oliveira et al. (2019), with two species
Paramycetinis austrobrevipes and P. caulocystidiatus.
Pseudomarasmius, mentioned to differ from Marasmius by
the diverticulate hyphae present in the pileipellis and by the
c lampless hyphae , embraces the spec ies of the
Pallidocephalus clade (Oliveira et al. 2019) with eight species
considered by Petersen and Hughes (2020); four of them,
P. efibulatus from New Zealand, P. obscurus from Costa
Rica, P. patagonianus from Chile, and P. quercophiloides
f r o m C h i n a , w e r e n e w l y d e s c r i b e d , w h i l e
P. glabrocystidiatus from Korea (Antonín et al. 2014),
P. nidus-avis f rom Mexico (César e t a l . 2018) ,
P. pallidocephalus from USA (Gilliam 1975), and
P. straminipes from USA (Peck 1873) were newly combined
to this genus.

The three new species proposed here form rhizomorphs,
which presumably help them to exploit organic resources of
the forest ground, clustering leaf litter and debris. Of the 16
reported genera in Omphalotaceae (He et al. 2019; Petersen
and Hughes 2020), 7 include species that form rhizomorphs
(Gymnopus, Marasmiellus, Mycetinis, Paragymnopus J.S.
Oliveira, Paramycetinis R.H. Petersen, Pseudomarasmius
R.H. Petersen &K.W. Hughes, and Pusillomyces). Other gen-
era reported to develop such feature are Crinipellis Pat.,
Marasmius Fr., and Moniliophtora H.C. Evans, Stalpers,
Samson & Benny, inserted in family Marasmiaceae Roze ex
Kühner, and Armillaria (Fr.) Staude, Cryptomarasmius T.S.
Jenkinson & Desjardin, GloiocephalaMassee andManuripia
Singer, members of Physalacriaceae Corner, both families
phylogenetically close to Omphalotaceae.
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