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ABSTRACT
Marasmius haematocephalus (Mont.) Fr. and M. siccus (Schwein.) Fr. (ser. Haematocephali) were 
respectively described from Southeastern Brazil and from Eastern United States, and subsequently 
reported as pantropical and pantemperate. Recent phylogenetic studies indicate that these two species 
are closely related in their broad concepts and at least M. haematocephalus is suggested to be a spe-
cies complex. We evaluated herein whether M. haematocephalus is or is not pantropical and whether 
M. siccus is or is not pantemperate. Combined nrITS + nrLSU and nrITS + rpb2 + ef1-α phylogenies 
were reconstructed using Maximum Likelihood and Bayesian analyses and integrated with detailed 
morphological data. Results indicated that M. haematocephalus ‘sensu stricto’ (s. str.) is at most Neo-
tropical, with closely related species in Tropical Africa and Indo-Malayan region. Similarly, M. siccus 
s. str. is at most Nearctical, with closely related species in the temperate Palearctic. For the time be-
ing, one can recognize about 23 species in the M. haematocephalus and M. siccus complexes, of which 
four are described as new herein.
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RÉSUMÉ
Démêler les espèces cryptiques dans les complexes d’espèces Marasmius haematocephalus (Mont.) Fr. et 
M. siccus (Schwein.) Fr. (Agaricales, Basidiomycota).
Marasmius haematocephalus (Mont.) Fr. et M. siccus (Schwein.) Fr. (ser. Haematocephali) ont été 
respectivement décrits du sud-est du Brésil et de l’est des États-Unis, signalés par la suite comme 
pantropicaux et pantempérés. Dans des études phylogénétiques récentes, ils semblent étroitement 
liés dans leurs concepts généraux et au moins M. haematocephalus est suggéré comme un complexe 
d’espèces. Nous avons cherché à déterminer ici si M. haematocephalus est ou non pantropical et si 
M. siccus est ou non pantempéré. Les phylogénies combinées nrITS + nrLSU et nrITS + rpb2 + ef1-α 
ont été reconstruites dans les analyses de vraisemblance maximale et bayésiennes et intégrées avec des 
données morphologiques détaillées. Les résultats ont indiqué que M. haematocephalus ‘sensu stricto’ 
(s. str.) n’est pas pantropical mais tout au plus néotropical, avec des espèces proches en Afrique tro-
picale et en Indo-Malaisie. De façon similaire, M. siccus s. str. est tout au plus néarctique, avec des 
espèces proches dans le paléarctique tempéré. Pour l’instant, on peut reconnaître environ 23 espèces 
dans les complexes M. haematocephalus et M. siccus, dont quatre sont décrites ici comme nouvelles.

MOTS CLÉS
Phylogénétique,

pantropical,
pantempéré,

espèces cryptiques,
Marasmiaceae,
épitypification,
statut nouveau,

espèces nouvelles.

INTRODUCTION

Marasmius Fr. (Marasmiaceae, Agaricales) groups mostly 
saprotrophic mushroom-forming species on plant debris 
(Singer 1976, 1986; Desjardin 1989; Antonín & Noordeloos 
2010). It is distributed worldwide, more diverse in tropi-
cal and subtropical forests (Singer 1976; Desjardin 1989; 
Antonín & Noordeloos 2010). Basidiomata vary from small 
to large, thin to robust, with a mostly dull, dry and gener-
ally membranous pileus, whitish lamellae, and a filiform 
to cylindrical, chitinous to cartilaginous stipe that may 
be insititious or with basal mycelium; the basidiospores 
are hyaline, smooth and inamyloid and the pileipellis is 
hymeniform composed of smooth or broom cells (Singer 
1976, 1986; Desjardin 1989; Wilson & Desjardin 2005; 
Antonín 2007; Antonín & Noordeloos 2010). The Index 
Fungorum database lists 1993 Marasmius names, of which 
558 are now classified in other marasmioid and gymnopoid 
genera mostly in Omphalotaceae Bresinsky and Physalacriaceae 
Corner (Moncalvo et al. 2002; Wilson & Desjardin 2005; 
Jenkinson et al. 2014).

Based on morphology, Marasmius sect. Sicci Singer (Singer 
1976, 1986) was divided into four series: Atrorubentes (Desjar-
din & Horak 1997), Haematocephali (Singer 1976), Leonini 
(Singer 1976) and Spinulosi (Antonín & Noordeloos 1993). 
Antonín & Noordeloos (2010) merged sect. Sicci in sect. 
Globulares based on Tan et al. (2009) and Wannathes et al. 
(2009). In Oliveira et al. (2020), multiple groups of closely 
related species were grouped into 16 series within at least 
three subsections in Globulares Kühner emend. Antonín & 
Noordeloos. Series Haematocephali, the group evatualed in 
this study, includes M. haematocephalus (Mont.) Fr., and 
M. siccus (Schwein.) Fr.

Marasmius haematocephalus was described as Agaricus haema-
tocephalus Mont., based on a collection of Auguste de Saint 
Hilaire in the Rio de Janeiro State, Southeastern Brazil (Mon-
tagne 1837). Later, this species was reported from tropical 
forests in America, Africa, Asia, and Oceania (Petch 1948; 

Dennis 1951, 1970; Singer 1964, 1965, 1976; Pegler 1983; 
Desjardin 1989; Desjardin & Horak 1997; Desjardin et al. 
2000; Antonín 2007; Tan et al. 2009; Wannathes et al. 2009; 
Shay et al. 2017; Appendix: Figs S1; S3). Marasmius siccus 
was described as Agaricus siccus Schwein., based on his own 
collection in Salem (North Carolina) or Bethlehem (Penn-
sylvania), in the United States of America, between 1812 and 
1821 (Schweinitz 1822; Desjardin 1989). Marasmius siccus 
has been reported as widespread in the subarctic, boreal and 
temperate zone of the northern hemisphere (Gilliam 1976; 
Noordeloos 1987; Desjardin 1989; Antonín & Noordeloos 
2010; Antonín et al. 2012; Kiyashko et al. 2014; Appendix: 
Figs S1; S2). Based on Singer (1976) and Desjardin (1989), 
these two species mainly differ from each other in the pileus 
pigmentation: purple red to reddish purple in M. haemato-
cephalus and pale brownish orange with a darker center for 
M. siccus.

So far, the morphological species recognition (MSR) has 
led to an understanding of pantropical or pantemperate dis-
tribution while at least M. haematocephalus seems a species 
complex. Collections throughout the Earth continue to be 
determined as M. haematocephalus and M. siccus following this 
view. Recent studies reported these species from various locali-
ties providing morphological description along with nrITS 
data. Wannathes et al. (2009) detected six forms (nom. prov.) 
of M. haematocephalus from Thailand. Tan et al. (2009) and 
Shay et al. (2017) have reported M. haematocephalus from 
Malaysia and Madagascar, respectively. Marasmius siccus was 
reported from South Korea (Antonín et al. 2012) and Russia 
(Kiyashko et al. 2014).

Is M. haematocephalus pantropical? Is M. siccus pantemper-
ate? Or are these names harboring cryptic species hidden in 
two MSR? If so, how many species may be hidden in these 
names? As a first effort to engage these questions, we used 
nrITS and nrLSU data available in the GenBank database 
(NCBI) along with sequences newly produced in this study 
to evaluate whether specimens of various geographic ori-
gins determined as M. haematocephalus and M. siccus form 
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monophyletic groups, respectively. Phylogenetic Species 
Recognition (PSR; species as lineage) was integrated with 
MSR (species as class) to tentatively circumscribe the taxa 
in the complexes. “Class” in this text is not the taxonomic 
rank Class, but the nature of the grouping concepts (line-
age or class) according to Taylor et al. (2000, 2006). Many 
specimens of the M. haematocephalus complex from South-
eastern Brazil (type locality) were included in this analysis 
along with detailed morphological evaluation. Multilocus 
(nrITS + rpb2 + ef1-α) analyses were conducted to resolve 
one of the species clusters in which data from nrITS + nrLSU 
was insufficient to resolve. Our approach combined and 
evaluated applied theoretical and/or operational species 
concepts including Morphological Species Recognition 
(MSR) derived from Morphological Species Concept (MSC) 
and Phylogenetic Species Recognition (PSR) derived from 
Phylogenetic Species Concept (PSC) (Mayden 1997; Taylor 
et al. 2000, 2006).

MATERIAL AND METHODS

SiteS of the collectionS newly examined

Specimens newly examined were collected from four areas 
of the Atlantic Rainforest in Southeastern Brazil between 
January 2010 and March 2013: 1) Reserva Biológica de 
Paranapiacaba, Santo André City, SP, Brazil, 23°46’31.10”S, 
46°18’48.90”W, consists of 336 ha of preserved Ombro-
philous Dense Forest in predominantly mountainous land-
scape (Domingos et al. 2000; Xavier et al. 2008); 2) Parque 
Estadual da Cantareira, Núcleo Engordador, situated north 
of São Paulo City, 23°24’11.89”S, 46°35’12.29”W, an area 
of Seasonal Semideciduous Forest of humid mesothermal 
climate (Ventura et al. 1966; Secretaria do Meio Ambiente 
2000; Xavier et al. 2008); 3) Parque Estadual das Fontes do 
Ipiranga, center-south of São Paulo City, 23°38’23.78”S, 
46°37’7.78”W, an urban park consisting of 543 ha of pre-
served Seasonal Semideciduous Forest (Fernandes et al. 2002; 
Pivello & Peccinini 2002; Santos & Funari 2002; Xavier et al. 
2008); and 4) Parque Estadual Turístico do Alto Ribeira, 
24°16’40” to 24°38’30”S and 48°27’20” to 48°44’00”W, 
consists of 35 884.28 ha spanning parts of the Iporanga, 
Apiaí and Guapiara districts in the State of São Paulo, pre-
dominantly composed of Ombrophilous Forest (Köppen 
1948; Lepsch et al. 1990; Secretaria do Meio Ambiente 
2000; Ivanauskas et al. 2012). This park represents one of 
the most conserved remnants of Atlantic Rainforest in the 
State of São Paulo and is part of the Paranapiacaba ecological 
continuum (Ivanauskas et al. 2012). Within this park, only 
the unit “Núcleo Santana” (24°32’00”S, 48°40’19”W) and 
the Betary Private Reserve (24°35’16.58”S, 48°37’41.95”O) 
were sampled.

morphological deScriptionS

Fresh basidiomata were photographed and macroscopically 
described with color codes (Küppers 2002) and dried at 
30-40°C for herbarium preservation. Lamellae spacing were 

determined by L, the number of lamellae; and l, the series 
of lamellulae. Basidiospores size included the range min.-
max. of the length × width (xrm = min.-max. of the means 
of length × width; xmm = the mean of the means of length 
[± standard deviation, SD] × width [± SD]; Qrm = min.-max. 
of the quotient of length/width; Qmm = the mean of means 
of Q values [± SD]; n/s = number of measured spores per 
specimen examined/number of specimens [different collec-
tions] analized for each species). When a single specimen 
was analyzed for a taxon, the basidiospores size included 
min.-max. of the length × width (xm = the mean of length 
[± SD] × width [± SD]; Qm = the mean of Q values [± SD]; 
n/s = number of unities per number of distinct collections 
analized). Measurements were standardized to 30 basidi-
ospores, 15 cystidia and 10 hyphae diameters, spanning all 
the variation observed. Collections were deposited in the 
Maria Eneyda P. K. Fidalgo Herbarium (SP), of Instituto de 
Botânica, São Paulo.
The original type specimen of M. haematocephalus was 
assumed to be lost (Singer 1976; Desjardin 1989; Antonín 
2007; Wannathes et al. 2009; Robert et al. 2013; Shay et al. 
2017). However, Dr V. Antonín (pers. comm.) is convinced 
he found the authentic type material in the PC herbarium, 
which is currently on a loan in his lab. A topotype (Singer C 
3172) collected in the Botanical Garden, Guanabara, Rio de 
Janeiro (Singer 1976) seems to be housed in BAFC herbar-
ium, but no reply was received for the specimen loan request. 
Another collection from French Guiana, M. Leprieur nº 990 
(PC), determined by Montagne as M. haematocephalus and 
regarded as authentic, was already fully revised by Desjardin 
(1989). Also, the original type of M. siccus, “Salem-Beth.”, 
Schweinitz, no date (PH[PH00062046]), was already fully 
revised by Desjardin (1989: 671-674) and no additional 
morphological revision is needed.

SourceS of dna SequenceS data

DNA extraction, PCR amplification, sequencing, and editing 
of newly produced sequences were as described in Oliveira 
et al. (2020) and Sánchez-Ramírez et al. (2014). Newly pro-
duced sequences were deposited in the GenBank database 
(NCBI). BLAST searches in GenBank were conducted to 
retrieve similar sequences (95-100 % identity and e-value 
of 0.0). Sequences that were deemed taxonomically relevant 
and of good quality were downloaded for analyses. A list of 
the specimens/sequences included in this study is provided 
in the Appendix (Table S1).

phylogenetic analySeS

Five sequence datasets were constructed. DATASET 1 com-
bined our newly produced nrITS and nrLSU data with relevant 
sequences downloaded from Genbank, including members of 
Marasmius sect. Marasmius subsect. Sicciformes as the outgroup 
(Appendix: Table S1). Based on the tree resulting from the 
phylogenetic analyses of DATASET 1 (Fig. 1), newly aligned 
sequences of strains in clade siccus_cp1 plus closer taxa formed 
nrITS + nrLSU DATASET 2 while newly aligned sequences 
of haemat_cp1 formed nrITS + nrLSU DATASET 3, both 

https://www.openstreetmap.org/?mlat=-23.7752777777778&mlon=-46.3133333333333#map=11/-23.7752777777778/-46.3133333333333
https://www.openstreetmap.org/?mlat=-23.7752777777778&mlon=-46.3133333333333#map=11/-23.7752777777778/-46.3133333333333
https://www.openstreetmap.org/?mlat=-23.4030555555556&mlon=-46.5866666666667#map=11/-23.4030555555556/-46.5866666666667
https://www.openstreetmap.org/?mlat=-23.6397222222222&mlon=-46.6186111111111#map=11/-23.6397222222222/-46.6186111111111
https://www.openstreetmap.org/?mlat=-23.6397222222222&mlon=-46.6186111111111#map=11/-23.6397222222222/-46.6186111111111
https://www.openstreetmap.org/?mlat=-24.5333333333333&mlon=-48.6719444444444#map=11/-24.5333333333333/-48.6719444444444
https://www.openstreetmap.org/?mlat=-24.5877777777778&mlon=-48.6280555555556#map=11/-24.5877777777778/-48.6280555555556
https://plants.jstor.org/stable/10.5555/al.ap.specimen.PH00062046
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using M. gardneri Singer as the outgroup. With only hae-
mat_cp2a (Fig. 3) into a newly aligned nrITS + nrLSU matrix, 
DATASET 4 included M. roseus J.S. Oliveira, sp. nov. and 
M. castanocephalus J.S. Oliveira, sp. nov. as the outgroup. 
DATASET 5 combined nrITS + rpb2 + ef1-α (Appendix: 
Table S2) to fully resolve DATASET 4 tree, with M. castano-
cephalus J.S. Oliveira, sp. nov. as the outgroup. DATASET 5 
included analyzes with and without ‘MC 4554 M. auranti-
capitatus J.S. Oliveira, sp. nov.’ (holotype) from which neither 
rpb2 nor ef1-α could be obtained. Sequences’ datasets were 
aligned in MUSCLE v3.8.31 (Edgar 2004) and edited in 
Geneious R7 (Kearse et al. 2012). Since species involved in 
the analyses are very close, sequences were not too divergent 
and badly aligned site were few in DATASET 1, and even 
fewer in DATASETs 2-5 where data loss were progressively 
minimized. In the careful inspection of the alignments, base 
duplication or missing data by sequencing artfacts were 
removed or filled with “N”, and ambiguously aligned sites 
were deleted from the alignments as well as flanking residual 
strands of adjacent regions were trimmed at the alignment 
extremities. Gaps deemed as indels were preserved. Models 
selected via MrModeltest 2.3. (Nylander 2004) are shown 
in the Appendix.

Maximum Likelihood (ML) analyses, all partitioned based 
on the specified genes, were conducted in RAxML 7.0.4 
(Stamatakis 2006), implementing the GTR + G + I model 
and fast-bootstrapping, with CAT approximations (only 
for DATASET 1), for 1000 pseudoreplicates and a full ML 
optimization for the final tree. For DATASETs 2-5, GTR-
GAMMAI was implemented with GAMMA + P-Invar Model 
parameters estimated up to an accuracy of 0.001 Log Likeli-
hood units. MC3 Bayesian analyses (BA) was carried out in 
MrBayes 3.2.1 (Ronquist et al. 2012), using default settings 
with Nst = 6 for the independent partitions of DATASETs 
1-4. The BA for DATASET 5 (with and without MC4554) 
were partitioned into three: Nst = 2 for the nrITS partition, 
Nst = 6 for the rpb2 partition, and Nst = 6 for the ef1-α 
partition. The BA of DATASETs 1, 3 and 4 consisted of 
two independent runs of 5 000 000 generations, sampling 
frequency every 500 generations, six chains (four chains in 
DATASET 4) and two swaps (for DATASETs 1 and 4) or 
of DATASETs 2 and 5 of 1 000 000 generations, sampling 
frequency every 100 generations, four chains (six chains in 
DATASET 2) and two swaps. The burn-in reached 10 %. 
Final trees were summarized using the 50 % majority-rule 
consensus method. Branch lengths were summarized across 
the 95 % highest posterior density trees.

The geographic origins of the strains included in the 
analyses were assigned to the seven biogeographic realms 
of the world of Dasmann (1974) and Udvardy (1975) as 
accepted in Olson et al. (2001) and Olson & Dinerstein 
(2002): Afrotropical, Antarctic, Australasia, Indo-Malayan, 
Neotropical, Nearctic, Oceania, and Palearctic. Globe map 
(Appendix: Fig. S1) of forested areas based on Olson & 
Dinerstein (2002) pinpointed with geographic distribution 
of reports of M. haematocephalus (red circles) and M. siccus 
(blue circles) provides the support for the putative range of 

distribution of the pantropical M. haematocephalus (red area) 
and the pantemperate M. siccus (blue area) in Figure 1. These 
are based on strains included in this analysis and/or reported 
in the literature as M. haematocephalus and M. siccus. Clades 
regarded as species complexes are named including “cp” 
(complex) + number of the layer (1 – outmost or 2 – inner-
most) (Fig. 1), that is followed by a latter per lineage in layer 
2 (Figs 2; 3). Strains depicted with blue rectangles means 
that the basidiomata look like M. siccus s.l. (Fig. 2) and those 
in red rectangles look like M. haematocephalus s.l. (Fig. 3).

RESULTS

In the BA tree of DATASET 1 (Fig. 1), the clade haemat_cp1 
(PP 1.0/BS 100, red stems and branches) includes M. haema-
tocephalus species complex collected across the Tropical 
zone. The clade siccus_cp1 (PP 1.0/BS 92, blue stems and 
branches) includes M. siccus species complex sampled across 
the Temperate zone. Between these two groups, a small 
clade named Ferrugineus (BS 84) groups M. gardneri and 
M. ferrugineus Berk. & M.A.Curtis, sensu Antonín et al. 
(2012) + other Asian strains, sister to haemat_cp1 without 
support. A lineage of strains named as M. siccus (India) and 
M. aff. pallescens Murrill, (Thailand) is sister to siccus_cp1 
(PP 0.98/BS 74). ‘TFB12243 M. haematocephalus – United 
States, Tennessee’ and ‘ANT202 QFB28665 M. siccus – 
Canada, Quebec’ branched independent from the complexes. 
The clade Pulcherripes (PP 1.0/ BS 100) including strains of 
M. pulcherripes Peck from United States and South Korea plus 
additional species branched separated from haemat_cp1 and 
siccus_cp1, but sister without support to a clade (PP 1.0/ BS 
95) bearing M. anomalus Lasch, sensu Oliveira et al. (2020), 
M. hypophaeus Berk. & M.A.Curtis, sensu Wannathes et al. 
(2009), M. hinnuleus Berk. & M.A.Curtis, sensu Shay et al. 
(2017) and M. grandisetulosus Singer (Grace et al. 2019).

The ML tree of DATASET 2 (Fig. 2) reveals at least 
five or six lineages named after M. siccus indicating dif-
ferent species. Marasmius siccus complex is based on the 
clade indicated by a black arrow and split into the basal 
M. siccus s. str. (BS 98/PP 1.0), and siccus_cp2a (BS 76/
PP 0.99) and siccus_cp2b (unsupported), sister each other 
without support. The taxon named as M. siccus from India 
(AKD 301/2015 and AKD 300/2015) rather branched again 
conspecificly with M. aff. pallescens from Thailand. The ML 
tree of DATASET 3 formed five subclades (Fig. 3), providing 
statistical support for the resolution in haemat_cp1 (Fig. 1). 
With strong support (BS 63/PP 1.0), ‘haemat_cp2a’ is sister 
to haemat_cp2b. This group is sister to haemat_cp2c with 
strong support (BS 84/PP 1.0) and then to haemat_cp2d 
with moderate support (BS 66/PP 0.98); haemat_cp2e is 
basal. Most of the terminal nodes were highly supported 
and the support of deep to intermediate nodes are clearly 
improved by analysing DATASET 3 singly, but not such 
improvement was observed by analysing DATASET 2 singly. 
Blue (Fig. 2) and red (Fig. 3) arrows indicate geographic 
origin of the strains.
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fig. 1. — 50 % majority-rule consensus tree (tree length – TL = 27.160273) of Bayesian analysis reconstructed from multilocus (nrITS and nrLSU) analysis of DATA-
SET 1 (M. haematocephalus (Mont.) Fr., M. siccus (Schwein.) Fr. and close species). Support values are PP (0.95 to 1.0) and BS (70 to 100 %). Black, thick stems 
indicate high support and gray, thick stems indicate weak to moderate support. Global map is based on Olson & Dinerstein (2002) with depicted forested areas in 
their biogeographic realms. The red area on the map is the putative distribution coverage of haemat_cp1 (in gray shade) on continental and insular terrestrial areas; 
the blue area represents the putative distribution coverage of siccus_cp1 (in gray shade) based on Fig. S1 in the Appendix, with branches colored accordingly.
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ML and BA multilocus analyses of DATASET 4 
(nrLSU + nrITS) and DATASET 5 (nrITS + rpb2 + ef1-
α) provided the trees displayed in the Figures 4 and 5, 
respectively. In the Figure 4, the tree on the left side (ML) 
and the one on the right side (BA) resolved M. haemato-
cephalus s. str. as sister to ‘M. auranticapitatus J.S. Oliveira, 
sp. nov. + M. rubicundus (Singer) J.S. Oliveira, stat. nov.’ 
within the haemat_cp2a. In the Figure 5, the ML trees on 
the left side are of DATASET 4 with MC4554 (top) and 
without MC4554 (bottom) while the BA trees on the right 

side are of DATASET 4 with MC4554 (top) and without 
MC4554 (bottom). These trees resolved M. auranticapita-
tus J.S. Oliveira, sp. nov. and M. rubicundus (Singer) J.S. 
Oliveira, stat. nov. as sister with strong support.

TAXONOMY AND SYSTEMATICS

Family maraSmiaceae Roze ex Kühner 
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fig. 2. — Best-scored Maximum Likelihood Tree (TL = 0.164547) built from multilocus (nrITS and nrLSU) analysis based on siccus_cp1 in Fig. 1 (DATASET 2a). 
Support values are BS (70 to 100 %) and PP (0.95 to 1.0). Black, thick stems indicate high support and gray, thick stems indicate weak to moderate sup-
port. The gray shades highlight siccus_cp2a, siccus_cp2b, and M. siccus s. str. Blue arrows indicate the geographic origin of the strains. Global map is 
based on Olson & Dinerstein (2002) with forested areas depicted in their biogeographic realms.
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fig. 3. — Best-scored Maximum Likelihood Tree (TL = 0.555713) built from multilocus (nrITS and nrLSU) analysis based on haemat_cp1 in Fig. 1 (DATASET 2b). 
Support values are BS (70 to 100 %) and PP (0.95 to 1.0). Black, thick stems indicate high support and gray, thick stems indicate weak to moderate support. 
The gray shades highlight the haemat_cp2a-e and the cryptic species in red rectangles if pileus color is a determinant constrain. Red arrows indicate the geo-
graphic origin of strains in the tree. Global map is based on Olson & Dinerstein (2002) with forested areas depicted in their biogeographic realms.
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Marasmius sect. Globulares Kühner emend. Antonín & Noordel.

Series Haematocephali Singer emend. 
J.S. Oliveira & Moncalvo

Persoonia 44: 274 (Oliveira et al. 2020).

Basidiomata marasmioid (umbrella-like), thin, small- to medium 
sized. Pileus membranous, sulcate. Lamellae distant to subdistant, 
free to adnate. Stipe mostly filiform with a scanty, tomentose 
basal mycelium. Basidiospores elongate, clavate to subfusoid 
(11-25 μm long, xm = 17.5-22 μm, Qm = 4.3-5.9). Pleurocystidia 
present, well-developed, elongate, refractive. Pileipellis composed 
of Siccus-type broom cells only. Habit preference for leafy and/
or woody substrate.

type SpecieS. — Marasmius haematocephalus (Mont.) Fr.

noteS

In Oliveira et al. (2020), this series included stirpes Ferrugineus, 
Haematocephalus and Siccus of Singer (1976). These informal 
supraspecific groups are presented below with morphologi-
cally described species (except stirps Siccus) included in the 
phylogenetic analyses in this study.

Stirps Ferrugineus

Singer (1976: 217) grouped M. ferrugineus and its variety 
(elevated herein to species), and M. anomalus, M. bambusinus 
Fr., M. guzmanianus Singer, M. hypophaeus, M. montagneanus 
Singer, M. nogalesii Singer, M. phaeocystis Singer, and M. ten-
uisetulosus (Singer) Singer in this stirps. The clade Ferrugineus 
(Fig. 1) seems consistent with stirps Ferrugineus as it includes 
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fig. 4. — Best-scored Maximum Likelihood tree (left side, TL = 0.054576) and 50 % majority-rule consensus tree (right side, TL = 4.954404) of Bayesian analy-
ses built from multilocus (nrLSU and nrITS) analyses (DATASET 3) of the haemat_cp2a (Fig. 3). Black, thick stems indicate high support and gray, thick stems 
indicate weak to moderate support. Dark red shade indicates M. haematocephalus (Mont.) Fr., the orange shade indicates M. auranticapitatus J.S. Oliveira, 
sp. nov. and the pink shade indicates M. rubicundus (Singer) J.S. Oliveira, stat. nov.
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M. ferrugineus sensu Antonín et al. (2012) from South Korea 
with additional strains from China and M. gardneri from Bra-
zil. Data including M. ferrugineus topotypic collections along 
with other species are needed to further elucidate this group. 

Based on morphology, M. bambusinus described below seems 
to belong to this group but sequencing failed in this study. 
On the other hand, M. anomalus grouped with M. hinnuleus 
sensu Grace et al. (2019), M. grandisetulosus (very similar to 
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fig. 5. — Best-scored Maximum Likelihood trees (left side, TL = 0.111755; 0.135069) and 50 % majority-rule consensus trees (right side, TL = 0.106492; 0.120539) 
of Bayesian analyses built from multilocus (nrITS + rpb2 + ef1-α) analyses (DATASET 4) of the haemat_cp2a (Fig. 3). Black, thick stems indicate high support 
and gray, thick stems indicate weak to moderate support. Orange shade indicates M. auranticapitatus J.S. Oliveira, sp. nov. and the pink shade indicates 
M. rubicundus (Singer) J.S. Oliveira, stat. nov. Trees on the top includes MC4554 (holotype of M. auranticapitatus J.S. Oliveira, sp. nov.).
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M. tenuisetulosus) and M. hypophaeus sensu Wannathes et al. 
(2009) forming a monophyletic group distant from clade 
Ferrugineus. The authentic M. hypophaeus should branch in 
clade Ferrigineus though.

Marasmius bambusinus (Fr.) Fr. 
(Figs 6A; 7)

Epicrisis Systematis Mycologici, seu Synopsis Hymenomycetum: 385 
(Fries 1838). — Type: Brazil. Not located in Singer (1976), wherea-
bouts unknown, Beyrich.

Agaricus bambusinus Fr., Linnaea 5: 507 (Fries 1830).

Chamaeceras bambusinus (Fr.) Kuntze, Revisio generum plantarum 
(Leipzig) 3 (3): 455 (Kuntze 1898).

examined material. — Brazil. São Paulo State, São Paulo City, 
Parque Estadual das Fontes do Ipiranga, 3.III.2011, J.J.S. Oliveira & 
F. Karstedt JO343 (SP[SP 445503]!).

habit and SubStrate. — Marasmioid (Fig. 6A), gregarious, on a 
mix of dead sticks, small twigs, tendril and leaves of eudicotyledon-
ous plant or petioles and culm-like sticks in the forest litter.

diStribution. — Marasmius bambusinus was originally described 
from Brazil as Agaricus bambusinus Fr. (Fries 1830), later combined 
in Marasmius (Fries 1838). It was reported again from Brazil (Per-
nambuco State) and also from Bolivia, Colombia and Venezuela 
(Singer 1976). This is the first record from the São Paulo State.

deScription

Pileus (Figs 6A; 7A)
2-13 mm diam., mostly hemispheric to convex, or campanulate, 
shallowly or deeply sulcate, center flat or slightly depressed, 
margin decurved, edge entire or slightly crenate, with rare 
lacerations; brightly orange to fulvous (N20Y80-99M50-60), 
also pallescent orange (N00Y40-60M20-30), center deep orange 
to brownish, ferrugineus orange (N50Y99M60); membranous, 
context thin (< 1 mm); glabrous, semi humid to dry, dull, 
subvelutinous, non-hygrophanous.

Lamellae (Figs 6A; 7A)
Free to mainly adnexed, distant, L = 8-9, equal, simple, l = 0, 
opaque, smooth, pale cream (N00Y10M10), edge even, non-
marginate, interlamellar hymenium concolorous with the 
lamellae faces or partly with the pileus.

Stipe (Figs 6A; 7A)
7-22 × 0.2-0.4 mm, central, often curved, filiform, thin, 
equal, with circular caliber, chitinous, flexible, hollow; apex 
concolorous with the lamellae faces, then becoming pale 
ochraceous (N40Y99M50 to N50Y99M50) to dark brown down-
wards, glabrous, smooth, with a silky bright; with a scanty, 
off-white, tomentose basal mycelium.

Odor
Not distinctive.

Basidiospores(Fig. 7B)
16-21 × 3.5-4 μm (xm = 17.8 [± 1.3] × 3.8 [± 0.1] μm, 
Qm = 4.7 [± 0.3], n/s = 30/1), oblong, clavate to rarely sub-
fusoid, smooth, hyaline, thin-walled, inamyloid.

Basidia (Fig. 7C)
23-34.4 × 7.3-8.4 μm, clavate, smooth, hyaline, 4-sterigmate, 
thin-walled, inamyloid.

Basidioles (Fig. 7D)
20-25 × 5.3-8 μm, similar to the basidia.

Pleurocystidia (Fig. 7E)
43.8-56.3(-70) × 10-16 μm, conspicuous, sometimes with 
base deepened in the subhymenium, clavate, some slightly 
capitate or solely with shallow constriction near the apex, 
smooth, semi translucent or fuscous, refractive, inamyloid, 
thin-walled at the apex, many times moderately thick-walled 
elsewhere.

Cheilocystidia (Fig. 7F)
Similar to the Siccus-type broom cells of the pileipellis; main 
body 11.3-21.3 × 5-8.8 μm, clavate to slightly turbinate, thin-
walled, hyaline; setulae or diverticula apical, erect, short to 
somewhat long, 1.3-4.4 × 0.8-1 μm, digitiform, cylindrical 
or verruciform, hyaline, simple, abundant, solid, pale yellow, 
apex obtuse to slightly acute.

Lamellar trama
Dextrinoid, irregular, interwoven, hyphae cylindrical, 2-8.8 μm 
diam., regular in outline, branched, hyaline, smooth, thin-
walled.

Pileus trama
Dextrinoid, irregular, very narrow, similar to the lamellar 
trama, hyphae 1.3-5 μm diam.

Pileipellis
Hymeniform, composed of Siccus-type broom cells (Fig. 7G), 
pale yellow when grouped, easily bleaching in KOH solu-
tion, becoming hyaline when isolated, abundant; main body 
10-20 × 6-11.3 μm, clavate to slightly turbinate, hyaline, thin-
walled; setulae apical, erect, frequently short to moderately 
long, 2-5.6 × 0.5-1 μm, digitiform or cylindrical, simple, solid 
and regular in outline, initially pale yellow, then hyaline, apex 
acute to almost obtuse.

Stipe trama
Dextrinoid, cortical hyphae parallel, cylindrical, 3.4-7.5 μm 
diam., regular in outline, smooth, thick-walled, brown to 
yellowish brown in KOH solution; internal hyphae 1.6-
8.8 μm diam., thin-walled, some disorganized, other parallel, 
smooth, branched.

Clamp connections
Present in almost all tissues, except in the cortical trama of 
the stipe.
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remarkS

Desjardin et al. (2000) considered M. bambusinus a synonym 
of either M. hypophaeus or M. ferrugineus. These three species 

have many overlapping morphological characteristics and 
there is variation of species concepts in Desjardin et al. (2000) 
and Singer (1976). Basidiospores in these species are quite 

A

B

fig. 6. — Pictures of fresh basidiomata: A, Marasmius bambusinus (Fr.) Fr. (JO343); B, M. gardneri Singer (JO491). Scale bars: 10 mm.
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compatible, but the pigmented lamellar edge (marginate) and 
the chestnut yellow to fulvous pileus was considered typical 
and distinctive for M. hypophaeus (Singer 1976). Marasmius 
bambusinus differs from M. ferrugineus (lignicolous) by a 
supposed substrate preference on monocotyledonous plant 
(originally on bamboo leaves), by thin- to thick-walled pleu-
rocystidia, and by a bright orange(-rufescent) pileus (Singer 
1976). The holotype of M. bambusinus has been reported 
as lost (Singer 1976; Desjardin 1989). The examined mate-
rial brings emphasis for the bright orange (rufescent) pileus 
(Fig. 6A) and the more distant, few (paucis) lamellae (8-9), 
both consistent with the protologue of M. bambusinus.

Agaricus (Marasmius) ferrugineus Berk. (synonym of Maras-
mius ferrugineus) was described having a yellow, ferruginous 
(croceo-ferrugineo) pileus and few lamellae (Berkeley 1843). 
In Singer (1976), M. ferrugineus has 9-13 lamellae. If M. bam-
businus (not well-known) is synonym of M. ferrugineus (more 
well known), then the former has nomenclatural priority. 
Based on Singer (1976), the examined material can be either 
M. bambusinus or M. ferrugineus, unless we consider strong 
enough the fine pileus color deviation and the paucity of the 
lamellae. Antonín et al. (2012) revised the type of M. fer-
rugineus and found only slightly larger (overlapping) basidi-
ospores (18-22 × 4.5-6.0 μm) but compatible pleurocystidia 
([28-]35-50[-66] × 11-17 μm). Desjardin (1989) studied one 
of Singer’s M. bambusinus collections (Singer B 6345) from 
Colombia. It is similar to JO343 but differs in having red-
dish lamellar edges (typical for M. hypophaeus), by growing 
on gramineous leaves, by having smaller basidiospores (15.2-
18.4 × 3.6-4.6 μm), and by having thin-walled, slightly smaller 
pleurocystidia (30-45 × 6.5-9 μm). These spores and pleuro-
cystidia are compatible to M. gardneri though (next taxon).

Antonín et al. (2012) studied the holotype of M. ferrug-
ineus to support the identification of the foliicolous specimen 
(BRNM 724480) from South Korea as M. ferrugineus. If so, 
there is no preference for woody substrate in M. ferrugineus. The 
lamellae edge concolorous with the brownish orange to reddish 
brown pileus is rather more consistent with M. hypophaeus 
(Singer 1976). Without sequences from JO343, M. bambusinus 
could not be analyzed along with M. ferrugineus from South 
Korea (Antonín et al. 2012). Pegler (1988) mentioned M. fer-
rugineus as a common Neotropical and pantropical species. 
More should be done to elucidate between M. bambusinus 
and M. ferrugineus, especially in sequencing collections from 
the Neotropics (particularly Brazil) matching the morphology 
and substrate. The species are then regarded as distinct herein.

Marasmius pseudobambusinus Desjardin is similar to M. bam-
businus, but differs in having indistinctly sulcate pileus, 
smaller basidiospores (13.6-19.2 × 3.6-5.2 μm) and apically 
constricted pleurocystidia (Desjardin 1991).

Marasmius gardneri Singer 
(Figs 6B; 8)

Sydowia 12 (1-6): 114 (Singer 1958). — Type: Brazil. Minas 
Gerais State, Gardner (Hooker Herbarium set at K), holotype.

Marasmius ferrugineus var. gardneri Singer, Flora Neotropica 17: 
223 (Singer 1976).

epitype. — Brazil. São Paulo State, São Paulo City, Parque Estadual 
da Cantareira, Núcleo Engordador, 16.II.2012, J.J.S. Oliveira & 
M. Capelari JO491 (epi-, designated here, SP[SP 445564]!).

additional examined material. — Brazil. São Paulo State, São 
Paulo City, Parque Estadual da Cantareira, Núcleo Engordador, 
31.X.2011, J.J.S. Oliveira & M. Capelari JO387 (SP[SP 445521]!); 
19.XII.2011, J.J.S. Oliveira & M. Capelari JO438 (SP[SP 445532]!); 
J.J.S. Oliveira & M. Capelari JO454 (SP[SP 445542]!).

habit and SubStrate. — Marasmioid (Figs 6B; 8A1), gregari-
ous, on eudicotyledonous dried leaves and twigs in the forest litter.

diStribution. — This species was established with a nomen no-
vum in Singer (1958) based on the type material of M. ferrugineus 
originally from Minas Gerais State (Brazil) collected by Gardner. 
This type consisted of a mix of two close species, later split into 
two sets where the “Hooker Herbarium set” of basidiomata is the 
type of this species. Additional collections listed by Singer (1958, 
1976) are from the Amazonas and Rio de Janeiro States (Brazil).

deScription

Pileus (Figs 6B; 8A1)
Up to 2 mm diam. when immature, then 3-18 mm diam., 
conical to campanulate (because of a broad umbo), or hemi-
spheric, becoming convex, sometimes applanate, smooth when 
young, often becoming slightly sulcate, or strongly sulcate 
when fully developed, center umbonate, later tending to flat 
and sometimes wrinkled, margin decurved to straight, edge 
mostly entire, or slightly crenate; center dark reddish brown 
(N70-90Y90-99M80-90) to dark orangish brown (N60Y99M70), 
then becoming more pale chestnut red or fulvous “tawny” 
(N60Y60M60) or dark brown (N60Y70-80M90-99) especially 
when young, or rarely pale orange (N10Y99M30) or pale 
pinkish brown (N60Y80M70), many times with darker sulci, 
some strongly ferruginous (N80Y99M70), orangish brown to 
fulvous-ferruginous (N40-50Y99M60 to N40-50Y99M70) toward 
the margin, and orange to ferruginous brown when dried 
(N80Y99M50-70); membranous, context white, thin (< 1 mm); 
glabrous, dry, dull, subvelutinous, non-hygrophanous.

Lamellae (Figs 6B; 8A2)
Free to subfree, subdistant, L = 12-16, equal, mostly sim-
ple, or very slightly intervenose in very mature basidiomata, 
l = 0(-1), straight to slightly ventricose, opaque, smooth, 
white, or pale cream to whitish pink (N00Y10M00-10), edges 
even, non-marginate, concolorous with the lamellae faces as 
well as the interlamellar hymenium.

Stipe (Figs 6B; 8A1)
15-44 × 0.3-1 mm, central, filiform, or thicker, almost cylin-
drical thin, equal, with circular to slightly compressed caliber, 
simple, chitinous, hollow, apex whitish (N20Y10M30) or 
pale brown (N30Y40M30), becoming brown (N90Y90M50-60), 
reaching dark brown (N99Y99M80) at the base, glabrous, 
smooth, with a silky bright; with a more abundant, whitish, 
tomentose or cotton-like basal mycelium, also developing a 
mat on the substrate.
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fig. 7. — Marasmius bambusinus (Fr.) Fr. (JO343): A, basidiomata; B, basidiospores; C, basidia; D, basidioles; E, pleurocystidia; F, cheilocystidia; G, Siccus-type 
broom cells of the pileipellis. Scale bar: A, 10.3 mm; B-G, 10 µm.
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Odor
Not distinctive.

Basidiospores (Fig. 8B)
(14.6-)15-19 × 3-5 μm (xrm = 16.6-17.6 × 3.9-4.1 μm; 
xmm = 16.7 [± 0.6] × 3.9 [± 0.1] μm; Qmr = 4.1-4.6, Qmm = 4.3 
[± 0.3]; n/s = 30/3), oblong, clavate to fusoid, smooth, hyaline, 
thin-walled, inamyloid.

Basidia
Not observed.

Basidioles (Fig. 8C)
21.3-33 × 5-6.3 μm, clavate, smooth, hyaline, thin-walled, 
inamyloid.

Pleurocystidia (Fig. 8D)
32.5-62.5 × 4-7.5 μm, conspicuous, well-projecting above the 
basidioles, clavate to cylindrical, apex obtuse or sometimes fusoid 
to acuminate, or capitate, with a small apical vesicle, or mucro-
nate, smooth, refractive, inamyloid, few fuscous, thin-walled.

Cheilocystidia (Fig. 8E)
Similar to the Siccus-type broom cells of the pileipellis, but 
non-pigmented; main body 12.5-23.8 × 5.6-8.8(-10) μm, 
clavate to somewhat turbinate, or ventricose, regular in out-
line, thin-walled; setulae apical, erect, generally elongate, 2.5-
10.4 × 0.6-1.3 μm, cylindrical, filiform, rarely digitiform, regular 
in outline, simple, pale yellow, solid, apex obtuse to acute.

Lamellar trama
Dextrinoid, irregular, interwoven, hyphae cylindrical, 2-8.8 μm 
diam., regular in outline, branched, smooth, hyaline, thin-
walled.

Pileus trama
Similar to the lamellar trama, hyphae 1.5-8.8 μm diam.

Pileipellis
Hymeniform, dextrinoid, composed of Siccus-type broom 
cells (Fig. 8F), abundant, pale orangish brown when grouped, 
hyaline when isolated; main body (8.8-)12.5-18.8 × 5-9.4 μm, 
clavate to turbinate, sometimes cylindrical, or branched, or 
somewhat irregular in outline, thin- to thick-walled, weakly 
dextrinoid; setulae apical, erect, 3-8.8 × 0.5-1.3 μm, cylindri-
cal, filiform, thin, needle-like, simple, rarely branched, pale 
brown, apex acute or slightly obtuse.

Stipe trama
Dextrinoid, cortical hyphae parallel, cylindrical, 3.8-9.4 μm 
diam., regular in outline, pale brown, hyaline at the stipe 
apex, dark brown near the base, smooth, thick-walled; internal 
hyphae more hyaline, thin-walled, 2-16.3 μm diam.

Clamp connections
Present in almost all tissues, except in the cortical hyphae 
of the stipe.

remarkS

The historical account for this species is not straightfor-
ward and it begins with Agaricus (Marasmius) ferrugineus 
(Berkeley 1843). Due to competing prior homonym, it was 
later combined by Berkeley & Curtis (1869) in Marasmius 
ferrugineus. Singer (1958), by arguing that this name was 
illegitimate in the basionym, proposed the nomen novum 
Marasmius gardneri in replacement, based on the type 
material of M. ferrugineus along with two additional col-
lections: 1) ‘part’ of Spruce 139 (from Amazonas State, 
Brazil) segregated (mixed collection) from the type of 
M. poecilus Berk.; and 2) Singer B 437 (from Angra dos Reis, 
Rio de Janeiro State). However, M. ferrugineus is deemed 
legitimate in Berkeley & Curtis (1869) and, therefore, 
M. gardneri became a nom. illegit. by the art. 52.1 of the 
International Code of Nomenclature for Algae, Fungi and 
Plants. According to Singer (1976), the type collection of 
M. ferrugineus was potentially a mix of two different spe-
cies as the Gardner collection existed split into two sets 
(Singer 1958), both collected at Minas Gerais and kept 
at K. The first set, kept in the Berkeley Herbarium, was 
indicated as the holotype of M. ferrugineus, and has rela-
tively larger and nar rower spores (15-21 × 2.8-4.3 m). The 
second set, kept in the Hooker Herbarium, has shorter and 
broader spores (13.5-18.3 × 3.2-5 m), and Singer (1976) 
named this collection M. ferrug ineus var. gardneri Singer. 
This variety also differs from the type variety in the pileus 
often becoming somewhat darker (“cocoa”) on drying and 
in growing on small woody sticks, leaf petioles and veins 
(Singer 1976).

The examined specimens fit best as M. ferrugineus var. 
gardneri. The dimensions of the pileus (3-18 mm diam.) 
and of the stipe (15-44 × 0.3-1 mm) are larger than those 
typically found in M. ferrugineus var. ferrugineus (3-11 mm 
diam. of the pileus and 11-30 × 0.3 mm of the stipe). Singer 
(1976) did not mention the dimensions of the pileus and 
stipe as distinctive for the specimens of var. gardneri, which 
implies that both varieties match relatively the macroscopic 
proportions. The protologue of Agaricus (Marasmius) ferru-
gineus (synonym of M. ferrugineus) emphasizes the tiny pro-
portion of the basidiomata with “pileus 1½-3 lines broad” 
(3.18-6.35 mm diam.) and stipe “ ½-¾ of an inch high, ⅛ 
of a line thick” (12.7-19.05 mm long and 0.265 mm thick). 
The basidiomata of the examined material are evidently larger 
and more robust (as in M. hypophaeus) than a typical M. fer-
rugineus and, in combination with the shorter and broader 
basidiospores and by growing more on dried leaves or small 
twigs, should represent a different species. According to Singer 
(1958, 1976), Dennis also knew very well M. ferrugineus, 
especially the Berkeley Herbarium set which, agreeing with 
Singer, defended it should be the type of M. ferrugineus. With 
collections from Venezuala, Dennis (1961) found two spore’s 
dimension for “M. ferrugineus”: Dennis 1021 (19-21 × 3-4 
μm) and Dennis 1021A (14-18 × 3-3.5 μm, this should be 
M. gardneri). Revising the type specimen of M. ferrugineus 
(Brazil, Minas Gerais, K [M] 92652), Antonín et al. (2012) 
found even longer and broader basidiospores 18-22 × 4.5-
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fig. 8. — Marasmius gardneri Singer (JO491): A1, A2, basidiomata; B, basidiospores; C, basidioles; D, pleurocystidia; E, cheilocystidia; F, Siccus-type broom 
cells of the pileipellis. Scale bar: A1, 10.8 mm; A2, 5.9 mm; B-F, 10 µm.
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6.0 μm and broader pleurocystidia (11-17 μm) which are 
not consistent with the specimens herein determined as 
M. gardneri. This is sister to M. ferrugineus from South Korea 
and China (Fig. 1).

Based on the combined divergences found between the 
two sets of Gardner collection together with the examined 
collections agreeing with the Hooker Herbarium set, we 
conclude that M. ferrugineus var. gardneri should be elevated 
to species level, legitimating the name M. gardneri typified 
on the ‘Hooker Herbarium set’. Moreover, if M. ferrugineus 
becomes a synonym of M. bambusinus (previous taxon), then 
we are quite sure we have two different species. Both Singer 
(1958) and Dennis (1951) considered M. paucifolius Murrill, 
a synonym of M. ferrugineus. Singer (1976) rather placed it 
in M. ferrugineus var. gardneri and, therefore, should claim 
its legitimacy for being prior than M. gardneri. However, we 
have scarce evidence to support M. paucifolius as synonym 
of M. ferrugineus var. gardneri and should be considered 
an independent species until more collections and analyses 
become available. If conspecific, the species would also occur 
in Puerto Rico.

Marasmius hypophaeus is very similar to M. gardneri but 
differs mainly in having distinctly marginate lamellae (rust 
brown) and larger basidiospores ([12-]14.5-21.5 × 3-5.5 
μm), broader pleurocystidia (6-13 μm) and larger setulae 
(1-14[-20] × 0.7-2.2 μm) on the broom cells of the pileipel-
lis (Singer 1976). Singer (1976) argued that Dennis (1951) 
described and illustrated a specimen named after M. fer-
rugineus orangish brown in both pileus and lamellar edge, 
then he suspected that M. ferrugineus sensu Dennis (1951) 
would be rather M. hypophaeus. Singer concluded that the 
pileus pigmentation of M. hypophaeus when fresh would be 
orangish brown (old bronze) rather than red (rufous blood 
red) as described in the protologue (Berkeley & Curtis 1869) 
that possibly led Murrill (1915) to suppose it would be a 
synonym of M. haematocephalus. Next, Singer defended 
that M. hypophaeus is closer to M. ferrugineus than M. hae-
matocephalus but differing from the former by the distinctly 
ferruginous brown lamellae edge instead of concolorous with 
the lamellae face.

Marasmius tenuisetulosus (Singer) Singer is similar to 
M. gardneri in many features, especially the basidiospores 
size (14.5-19 × 3-4 μm). However, the former differs by 
having larger (up to 28 mm diam.), orangish brown pileus 
which is radially striped, by having series of lamellulae, and 
by having thick-walled pleurocystidia (Singer 1964, 1976). 
These pleurocystidia are long-acuminate and ventricose, 
tapered from the middle to the apex (Singer 1964). Maras-
mius radiatus Desjardin is similar to M. gardneri especially in 
the orange or brownish orange pileus, in the basidiospores 
size (15.7-19.2 × 3.8-5.1 μm) and in the general aspects 
of the pleurocystidia. However, M. radiatus differs only in 
having a ferruginous pileus with pale radial stripes over the 
lamellae line when dried, and in having dimorphic, hyaline 
cheilocystidia: 1) Siccus-type broom cells; and 2) non- 
setulose cystidia similar to the pleurocystidia (Desjardin 
et al. 1992).

Stirps Haematocephalus

Singer (1976: 208) included M. haematocephalus and all its varieties, 
plus M. pallescens and M. panerythrus Singer in this group. In this 
paper, stirps Haematocephalus is monophylectic in haemat_cp1, now 
represented by the M. haematocephalus complex with pantropical 
distribution (Fig. 1). Even though similar to M. haematocephalus in 
the pileus color, both M. pallescens and M. panerythrus seem rather 
morphologically closer to M. pulcherripes (ser. Pulcherripes) by the 
shorter basidiospores.

Marasmius auranticapitatus J.S. Oliveira, sp. nov. 
(Figs 9A; 10)

Differs from M. haematocephalus by having pale orange pileus and 
slightly larger basidiospores (xmm = 21.1 [± 0.7] × 3.8 [± 0.3] μm, 
Qmm = 5.7 [± 0.5] vs xmm = 20.5 [± 0.3] × 3.9 [± 0.2] μm, Qmm = 5.2 
[± 0.1]); and more distinctly larger than those of the rose or pale red 
piliated M. rubicundus (xmm = 21.1 [± 0.7] × 3.8 [± 0.3] μm, Qmm = 5.7 
[± 0.5] vs xmm = 18.9 [± 0.5] × 3.8 [± 0.1] μm, Qmm = 5 [± 0.2]).

holotype. — Brazil. São Paulo State, Santo André City, Reserva 
Biológica de Paranapiacaba, 2.XII.2009, M. Capelari & L.A.S. Ramos 
4554 (holo-, SP[SP 445584]!).

additional examined material. — Brazil. São Paulo State, Santo 
André City, Reserva Biológica de Paranapiacaba, 16.III.2010, J.J.S. Ol-
iveira JO42 (SP[SP 445408]!); 15.X.2010, J.J.S. Oliveira & C.L.A. Pires 
JO224 (SP[SP 445445]!); 16.X.2010, J.J.S. Oliveira & C.L.A. Pires 
JO226 (SP[SP 445446]!); 7.XI.2010, J.J.S. Oliveira & A.V. Costa JO276 
(SP[SP 445460]!): J.J.S. Oliveira & A.V. Costa JO277 (SP[SP 445461]!); 
J.J.S. Oliveira & A.V. Costa JO279 (SP[SP 445463]!); 7.XII.2010, 
J.J.S. Oliveira, A.V. Costa & P.O. Ventura JO282 (SP[SP 445465]!); 
J.J.S. Oliveira & P.O. Ventura JO300 (SP[SP 445479]!).

etymology. — Based on the orange pileus.

mycobank. — MB 842535.

habit and SubStrate. — Marasmioid (Figs 9A; 10A), dispersed 
to gregarious on dead eudicotyledonous leaves in the forest litter.

deScription

Pileus
2.4-19 mm diam. (Figs 9A; 10A), initially conical, then cam-
panulate or hemispherical, sulcate, sometimes deeply sulcate, 
center flat or slightly umbonate, wrinkled when dried, mar-
gin decurved, edge entire; when young deep reddish orange 
(N10Y80M30 to N10Y99M60, N40Y70M70), with center dark 
orange (N10Y99M70), becoming yellowish orange or pale orange 
(N00Y80M30, N10Y99M50 to N20Y60M50) when mature, some-
times with beige hue (N00Y40-60M20-40 to N10Y50M50-60) or 
ferruginous orange (N20Y99M60) to reddish brown (N20Y50M50) 
when dried, keeping the same pigmentation at the center or 
becoming chestnut orange (N30Y99M50-70, N40Y99M80 or 
N50Y99M70); membranous, context thin (< 1 mm); glabrous, 
dry, dull, subvelutinous, non-hygrophanous.

Lamellae (Fig. 9A)
Free, subfree to narrowly adnate, subdistant to distant, L = 9-14, 
equal, simple, rarely biforked or intervenose, l = 0, smooth, 
pale cream (N00Y10M00), edge even, non-marginate, interla-
mellar hymenium concolorous with the lamellae faces.
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A

B C

fig. 9. — Pictures of fresh basidiomata: A, Marasmius auranticapitatus J.S. Oliveira, sp. nov. (M. Capelari & L.A.S. Ramos 4554); B, M. castanocephalus J.S. Ol-
iveira, sp. nov. (JO523); C, M. coasiaticus J.S. Oliveira, sp. nov. (JO323). Scale bars: 10 mm.
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Stipe (Figs 9A; 10A)
9-56 × 0.3-0.8 mm, central, filiform, thin, equal, regular, with 
circular caliber, chitinous, flexible, hollow, apex whitish pink 
(N00Y10-40M20-60) to pale orange, becoming orange or amber 
brown (N40Y60M50) to brown or dark brown (N70Y99M60) 
toward the base, glabrous, smooth, with a silky bright; with 
a scarce, cream, tomentose basal mycelium.

Odor
Not distinctive.

Basidiospores (Fig. 10B)
17.1-24.8 × 2.8-5 μm (xrm = 19.4-22.3 × 3.5-4.2 μm; 
xmm = 21.1 [± 0.7] × 3.8 [± 0.3] μm; Qrm = 5.1-6.3; Qmm = 5.7 
[± 0.5], n/s = 30/8), exceptional spore size of JO226 with 
17-21.9 × 3-4.2(-5) μm (xm = 19.4 [± 1.0] × 3.6 [± 0.4] μm; 
Qm = 5.4 [± 0.7]; n/s = 30, s = 1), oblong, subclavate to fusoid, 
smooth, hyaline, thin-walled, inamyloid.

Basidia
Observed in JO279, 20.1-30.4 × 6-7.6 μm, clavate, hyaline, 
thin-walled, inamyloid, 4-sterigmate, sterigmata coarse or 
broad, with obtuse apex.

Basidioles (Fig. 10C)
21.3-28.8 × 6-8.8 μm, clavate, hyaline, thin-walled, inamyloid.

Pleurocystidia (Fig. 10D)
(15.1-)22.3-74.3 × 5.2-12.1 μm, clavate, with tapered apex, 
subacuminate, vesiculose, capitate or papillate, sublageniform, 
hyaline, thin-walled, refractive.

Cheilocystidia (Fig. 10E)
Similar to the Siccus-type broom cells of the pileipellis; main 
body (10-)15-18.8 × 5.6-11.3 μm, clavate to turbinate, hya-
line, thin-walled; setulae apical, erect, 2.5-7.5 × 0.8-1.8 μm, 
cylindrical, regular in outline, solid, apex acute.

Lamellar trama
Dextrinoid, irregular, interwoven, hyphae cylindrical, 1.6-
10 μm diam., regular in outline, branched, smooth, hyaline, 
thin-walled.

Pileus trama
Similar to the lamellar trama, hyphae 2-6.3 μm diam.

Pileipellis
Hymeniform, composed of Siccus-type broom cells (Fig. 10F), 
abundant, pale yellow when grouped; main body 9.4-
18.8 × 7-10.6 μm, clavate to frequently turbinate, sometimes 
inflated, or irregular in outline, hyaline, thin-walled, weakly dex-
trinoid; setulae apical, erect, 3.8-7.5 × 0.6-1.3 μm, filiform, thin, 
regular in outline, sometimes branched, solid, hyaline, apex acute.

Stipe trama
Dextrinoid, cortical hyphae parallel, 3-13.8 μm diam., cylin-
drical, regular in outline, rarely branched, smooth, pale brown, 

thick-walled; internal hyphae 2.5-7.5 μm diam., hyaline, 
thin-walled.

Clamp connections
Present in all tissues.

remarkS

Marasmius auranticapitatus J.S. Oliveira, sp. nov. is very similar 
to M. haematocephalus (blood red pileus) but has more pale yel-
lowish orange pileus (reddish when young) and slightly longer 
basidiospores (xmm = 21.1 [± 0.7] × 3.8 [± 0.3] μm, Qmm = 5.7 
[± 0.5] vs xmm = 20.4 [± 0.3] × 3.9 [± 0.1] μm, Qmm = 5.3 
[± 0.1]). Yet, the ranges of the basidiospores sizes are largely 
overlapping. Marasmius auranticapitatus J.S. Oliveira, sp. nov. 
is 0.2-1 % dissimilar to M. haematocephalus based on the nrITS 
and 0.6-1 % dissimilar on the nrLSU. However, M. auranticapi-
tatus J.S. Oliveira, sp. nov. is closer and sister to M. rubicundus 
(Singer) J.S. Oliveira, stat. nov. (Figs 4; 5). Based on the nrITS 
data, M. auranticapitatus J.S. Oliveira, sp. nov. is 0.7-1.7 % 
dissimilar to M. rubicundus (Singer) J.S. Oliveira, stat. nov., 
0.2-0.6 % dissimilar in the nrLSU, 4.7-5.2 % dissimilar in the 
rpb2 and 1.4-1.9 dissimilar in the ef1-α. Marasmius auranticapi-
tatus J.S. Oliveira, sp. nov. differs from M. rubicundus (Singer) 
J.S. Oliveira, stat. nov. in the pale yellowish orange pileus (vs 
rose, pink or pale red) and longer basidiospores (xmm = 21.1 
[± 0.7] × 3.8 [± 0.3] μm, Qmm = 5.7 [± 0.5] vs xmm = 18.9 
[± 0.5] × 3.8 [± 0.1] μm, Qmm = 5 [± 0.2]). With a transitional/
intermediate pattern and possibly a hydrid, the exceptional 
spore sizes of JO226 (more compatible with M. rubicundus 
(Singer) J.S. Oliveira, stat. nov.) strengthens the plausibility of 
the most recent common ancestry between M. auranticapitatus 
J.S. Oliveira, sp. nov. and M. rubicundus (Singer) J.S. Oliveira, 
stat. nov., a bridge of intercompatibility and gene flow or an 
ancestry trace. Quoting Taylor et al. (2000): “Even when BSR 
(Biological Species Recognition) can be applied to fungi, there 
is evidence that the criterion of reproduction lumps together 
groups of fungi that are genetically isolated in nature, but that 
retain the ancestral character of interbreeding”.

Marasmius auranticapitatus J.S. Oliveira, sp. nov. is simi-
lar to M. siccus in the pileus pigmentation. However, based 
on the holotype, M. siccus has smaller basidiospores 15.2-
20 × 3.2-4.6 μm (Desjardin 1989). Also, M. siccus s.l. has 
more robust basidiomata (Gilliam 1976; Noordeloos 1987; 
Antonín & Noordeloos 2010; Antonín et al. 2012; ) and 
temperate distribution. In the phylogenetic trees (Fig. 1), 
M. auranticapitatus J.S. Oliveira, sp. nov. is close to M. hae-
matocephalus (embedded in haemat_cp1) and distant from 
M. siccus. Marasmius auranticapitatus J.S. Oliveira, sp. nov. 
is part of the haemat_cp2a (Fig. 3), only fully resolved in 
Figure 5. Marasmius haematocephalus var. anomaloides Des-
jardin originally described from the Tennessee, United States, 
also has orange pileus but differs from M. auranticapitatus 
J.S. Oliveira, sp. nov. in having much shorter basidiospores 
(14.4-19.2 × 3.4-4.6 μm) (Desjardin 1991). The new species 
is neighter similar to any of the varieties of M. haematocepha-
lus in Singer (1976) nor to any of the heterotypic sysnonyms 
once listed under M. haematocephalus (Appendix).
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Marasmius castanocephalus J.S. Oliveira, sp. nov. 
(Figs 9B; 11)

Differs from Marasmius davidii Antonín in having non-marginate 
lamellae, slightly smaller basidiospores (20-26 × 3-4 μm vs 
20-27 × 4-6 μm), in having yellowish pleurocystidia, and in growing 
on dried leaves.

holotype. — Brazil. São Paulo State, Iporanga City, Parque 
Estadual Turístico do Alto Ribeira, 29.II.2012, J.J.S. Oliveira & 
D.E. Desjardin JO523 (holo-, SP[SP 445573]!).

etymology. — From Greek καστανός (kastanos) and κεφάλι 
(kephali), based on the brownish pileus.

mycobank. — MB 842536.

habit and SubStrate. — Marasmioid (Figs 9B; 11A1), close, on 
dried eudicotyledonous leaves in the forest litter.

deScription

Pileus (Figs 9B; 11A1)
7.5-15.7 mm diam., hemispheric to conical-campanulate, 
sulcate, center flat or slightly umbonate, margin decurved, 
edge entire to crenate; center to mid disc light chestnut to buff 
brown (N50Y60-80M30-40), margin pale sepia brown (N40Y40M30) 
to pale buff brown or brownish beige (N20Y30M20 to N10Y30-

A
B C

D

F

E

fig. 10. — Marasmius auranticapitatus J.S. Oliveira, sp. nov. (M. Capelari & L.A.S. Ramos 4554): A, basidiomata; B, basidiospores; C, basidioles; D, pleurocystidia; 
E, cheilocystidia; F, Siccus-type broom cells of the pileipellis. Scale bar: A, 10 mm; B-F, 10 µm.
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40M10); membranous, context white, thin (< 1 mm); glabrous, 
dry, dull, papyraceous to subvelutinous, non-hygrophanous.

Lamellae (Fig. 11A2)
Free to adnexed, subclose to subdistant, L = 11-12, equal, 
narrow to slighty broad, simple, l = 0, opaque, smooth, pale 
cream (N00Y10M00), edge even, non-marginate, interlamellar 
hymenium concolorous with the lamellae faces.

Stipe (Figs 9B; 11A1)
61-80 × 0.5-0.8 mm, central, filiform, thin, equal, with 
circular caliber, chitinous, tough, hollow, apex concolor-
ous with the lamellae, amber (N60Y50M30) to dark brown 
(N90Y70-99M50), or almost black downwards, glabrous, 
smooth, with a silky bright; with a scarce, cream, tomentose 
basal mycelium.

Odor
Not distinctive.

Basidiospores (Fig. 11B)
20-26 × 3-4 μm (xm = 22.6 [± 1.2] × 3.7 [± 0.3] μm, Qm = 6.1 
[± 0.5], n/s = 32/1), oblong, clavate to subfusoid, smooth, 
hyaline, thin-walled, inamyloid.

Basidia
Not observed.

Basidioles (Fig. 11C)
(16.3-)20-25 × 5-8 μm, clavate, rarely tending to acuminate, 
smooth, hyaline, thin-walled, inamyloid.

Pleurocystidia (Fig. 11D)
33-50 × 9.8-13.8 μm, abundant, broadly clavate, sometimes 
tapered towards the apex, some capitate, or with a small apical 
vesicle, or mucronate, smooth, refractive, with faint content, 
somewhat fuscous, yellowish, thin-walled, inamyloid.

Cheilocystidia (Fig. 11E)
Similar to the Siccus-type broom cells in the pileipellis, 
pale brown when grouped, main body 8-22.5 × 5-15 μm, 
clavate to slightly turbinate, or pyriform to almost globose, 
sometimes ventricose, thin-walled; setulae apical, erect, 
short to generally elongate, 2.5-8.8 × 0.6-1 μm, cylindrical, 
filiform, thin, rarely digitiform, regular in outline, simple, 
pale yellow to hyaline, solid, apex somewhat obtuse or more 
frequently acute.

Lamellar trama
Dextrinoid, irregular, interwoven, hyphae cylindrical, 2.5-
17.5 μm diam., regular or irregular in outline, branched, 
hyaline, smooth, thin-walled.

Pileus trama
Dextrinoid, irregular, hyphae interwoven, cylindrical, 1.3-8 μm 
diam., similar to the lamellar trama, but with some inflated 
hyphal segments.

Pileipellis
Hymeniform, composed of Siccus-type broom cells (Fig. 11F), 
abundant, yellowish to pale chestnut when grouped; main 
body 8.8-18.8 × 5.6-14 μm, clavate to turbinate, rarely 
globose or branched, hyaline, thin-walled; setulae apical, 
erect, 2-7.5 × 0.5-1.3 μm, cylindrical, thin, filiform, simple, 
regular in outline or contorted, yellowish, solid, apex acute 
or slightly obtuse.

Stipe trama
Dextrinoid, cortical hyphae parallel, cylindrical, 1.8-
8.8 μm diam., regular in outline, branched, brownish, 
smooth, thick-walled; internal hyphae hyaline, thin-walled, 
2.5-8 μm diam.

Clamp connections
Present in all tissues, except in the cortical hyphae of the stipe.

remarkS

Marasmius castanocephalus J.S. Oliveira, sp. nov. is mainly 
characterized by the buff brown to brownish beige pileus, the 
large basidiospores (20-26 × 3-4 μm) and somewhat fuscous 
to yellowish pleurocystidia (33-50 × 9.8-13.8 μm). It seems 
a member of stirps Helvolus (Singer 1976) in ser. Haemato-
cephali (sensu Singer 1976) because of the brown pileus as 
in M. helvolus Berk.

Marasmius castanocephalus J.S. Oliveira, sp. nov. is closer 
to M. davidii from Sri Lanka (Indo-Malayan realm), initially 
described as M. helvolus var. brunneolus Berk. & Broome 
(Berkeley & Broome 1873). Pegler (1986) elevated this vari-
ety to M. brunneolus (Berk. & Broome) Pegler. Marasmius 
helvolus has much smaller basidiospores (11-15 × 2.8-4 μm) 
and not projecting, inconstant, smaller (19-25 × 5-10.2 μm), 
opaque and thick-walled pleurocystidia (Singer 1976). Due 
to the homonym with M. brunneolus (Beeli) Singer, in sect. 
Globulares (traditional sense) (Singer 1964), Antonín (2003) 
replaced M. brunneolus (Berk. & Broome) Pegler with M. davi-
dii. This species differs from M. castanocephalus J.S. Oliveira, 
sp. nov. mainly in having very distant, marginate lamellae 
(brown edge), slightly larger basidiospores (20-27 × 4-6 μm), 
only hyaline pleurocystidia and brownish cheilocystidia 
(setulae), and basidiomata found on dead sticks (Pegler 
1986). Marasmius brunneolus var. fuliginosus Desjardin & 
E.Horak was described having dark brown to fuliginous 
pileus (Desjardin & Horak 1997). Marasmius castanocepha-
lus J.S. Oliveira, sp. nov. is close to M. haematocephalus var. 
leucophyllus Singer, and to M. musicola Murrill, M. allocystis 
Singer, and M. oleiger Singer (stirps Oleiger) because of the 
brownish pigmentation of the pileus within ser. Haemato-
cephali sensu Singer (Singer 1976). All these taxa, however, 
have much shorter basidiospores (up to 20.5 μm) and the last 
three have distinct pleurocystidia with oil-like content. No 
other formally published variety under M. haematocephalus 
seems close. Marasmius semipellucidus Berk. & Broome is 
discarted as conspecific with M. castanocephalus J.S. Oliveira, 
sp. nov. (Appendix) by the translucent stipe and geography 
of the original collection.
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In the phylogenetic trees (Figs 1; 3), M. castanocephalus J.S. Oliveira, 
sp. nov. appears close to M. roseus J.S. Oliveira, sp. nov., but with 
unsupported resolution. Both species branched in haemat_cp1. 

Marasmius castanocephalus J.S. Oliveira, sp. nov. is close to M. haema-
tocephalus but is 4.4 % dissimilar in nrITS and 2.6 % in nrLSU and 
differs by the pale brown pileus and larger basidiospores.

A1

A2

B

C

D

E

F

fig. 11. — Marasmius castanocephalus J.S. Oliveira, sp. nov. (JO523): A1, A2, basidiomata; B, basidiospores; C, basidioles; D, pleurocystidia; E, cheilocystidia; 
F, Siccus-type broom cells of the pileipellis. Scale bar: A1, 18 mm; A2, 10 mm; B-F, 10 µm.
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Marasmius coasiaticus J.S. Oliveira, sp. nov. 
(Figs 9C; 12)

Differs from Marasmius asiaticus Mesic & Tkalcec (synonym: 
M. distantifolius Y.S. Tan & Desjardin) in not having violet or ruby 
nor bright pink pileus which is rather larger (3.5-17 mm diam. vs 
2-8 mm diam.), in having more numerous (10-12) non-marginate 
lamellae, in having smaller basidiospores (13.8-20 × 3.3-4.4 μm 
vs 18.5-23[-25] × 3.5-5[-6] μm), in having shorter and especially 
broader pleurocystidia (35-51.3 × 12-18.8 μm vs 37-42 × 9-12 μm), 
and in having non-mottled pileipellis.

holotype. — Brazil. São Paulo State, Santo André City, Reserva 
Biológica de Paranapiacaba, 9.XII.2010, J.J.S. Oliveira, P.O. Ventura & 
A.V. Costa JO323 (holo-, SP[SP 445491]!).

additional material examined. — Brazil. São Paulo State, São 
Paulo City, Parque Estadual das Fontes do Ipiranga, 1.III.2011, 
J.J.S. Oliveira & F. Karstedt JO339 (SP[SP 445502]!).

etymology. — Due to its close relationship as sister to M. asiaticus, 
in the Tropical Asia.

mycobank. — MB 842537.

habit and SubStrate. — Marasmioid (Figs 9C; 12A), gregari-
ous, on dried eudicotyledonous leaves and twigs in the forest litter.

deScription

Pileus (Figs 9C; 12A)
3.5-17 mm diam., hemispheric to convex, becoming plane, 
slightly sulcate, center flat or with a shallow depression, margin 
decurved to straight, edge entire to slightly crenate; mostly 
brownish red (N60Y70M90), sometimes brownish pink (N40Y60 
M60-70) or orangish red (N50Y80M70), with dark reddish brown 
center (N80Y99M80); membranous, context thin (< 1 mm); 
glabrous, dry, dull, subvelutinous, non-hygrophanous.

Lamellae (Figs 9C; 12A)
Adnate, subdistant to distant, L = 10-12, equal, simple or slightly 
intervenose, l = 0, opaque, cream (N00Y10M00), edge even, non-
marginate, interlamellar hymenium concolorous with the pileus.

Stipe (Figs 9C; 12A)
9-20 × 0.3-0.5 mm, central, generally short, curved, filiform, 
thin, equal, with circular caliber, chitinous, hollow, apex 
concolorous with the lamellae, becoming black elsewhere, 
glabrous, smooth, glossy; with a scarce, white to cream, 
tomentose basal mycelium.

Odor
Not distinctive.

Basidiospores (Fig. 12B)
13.8-20(-20.6) × 3.3-4.4 μm (xmr = 17-18.2 × 3.8-3.9 μm; 
xmm = 17.6 [± 0.8] × 3.9 [± 0.1] μm; Qrm = 4.4-4.8; Qmm = 4.6 
[± 0.3]; n/s = 30/2), oblong, clavate to subfusoid, smooth, 
hyaline, thin-walled, inamyloid.

Basidia (Fig. 12C)
19.4-25 × 6.6-9 μm, broadly clavate, smooth, hyaline, 2-4-ster-
igmate, inamyloid, thin-walled.

Basidioles (Fig. 12D)
17.3-22.5 × 7-9.8 μm, broadly clavate, smooth, hyaline, 
thin-walled, inamyloid.

Pleurocystidia (Fig. 12E)
(16.3-)35-51.3 × 12-18.8 μm, abundant, broadly clavate to 
inflated, bacilliform, almost oval, smooth, slightly fuscous, yel-
lowish, sometimes hyaline, thin-walled, refractive, inamyloid.

Cheilocystidia (Fig. 12F)
In form of Siccus-type broom cells, hyaline, walls thinner than 
those of the pileipellis; main body 10-16.3 × 5.6-11.3 μm, 
cylindrical to clavate, sometimes pyriform to turbinate, thin-
walled, hyaline; setulae apical, sometimes slightly divergent, 
erect, generally short, 1.3-3.8(-5) × 0.6-1 μm, filiform, cylin-
drical, digitiform, or conical to verruciform, simple or rarely 
branched, solid, hyaline, regular to slightly irregular in outline, 
apex obtuse to somewhat acute.

Lamellar trama
Dextrinoid, irregular, interwoven, hyphae cylindrical, 2-6.3 μm 
diam., regular or irregular in outline, smooth, hyaline, branched 
and strongly connected, thin-walled.

Pileus trama
Similar to the lamellar trama, hyphae 2-7.5 μm diam.

Pileipellis
Hymeniform, composed of Siccus-type broom cells (Fig. 12G), 
abundant, brownish when in group; main body 11.3-18.8 × 6.3-
16.3 μm, clavate to turbinate, sometimes flattened, or branched, 
or irregular in outline, hyaline, thin- to somewhat thick-walled; 
setulae or diverticula apical, sometimes slightly divergent, erect, 
0.6-3.8(-5) × 0.5-1.1 μm, cylindrical, digitiform, or verruci-
form to vesiculose, simple to branched, regular to irregular in 
outline, almost monilioid, solid, hyaline, or melleus to pale 
brown, apex obtuse to slightly acute.

Stipe trama
Slightly dextrinoid, cortical hyphae parallel, cylindrical, regular 
in outline, 2.5-8.8 μm diam., branched, smooth, dark brown, 
yellowish brown when separated, thick-walled; internal hyphae 
hyaline, 1.3-11.3 μm diam., thin-walled.

Clamp connections
Present, except in the cortical hyphae of the stipe.

remarkS

Marasmius coasiaticus J.S. Oliveira, sp. nov. is morphologi-
cally very close to M. haematocephalus, but produces smaller, 
thinner and more delicate basidiomata, having often short 
and curved stipe. The basidiospores are shorter in average 
(17-18.2 μm vs 20.1-21 μm) and the pleurocystidia are pale 
yellow, distinctly broadly clavate or bacilliform inflated (12-
18.8 μm vs 7-9.9 μm in width). Finally, the apical setulae 
of the Siccus-type broom cells are many times shorter and 
verruciform. Marasmius coasiaticus J.S. Oliveira, sp. nov. 
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fig. 12. — Marasmius coasiaticus J.S. Oliveira, sp. nov. (JO323): A, basidiomata; B, basidiospores; C, basidia; D, basidioles; E, pleurocystidia; F, cheilocystidia; 
G, Siccus-type broom cells of the pileipellis. Scale bar: A, 12.8 mm; B-G, 10 µm.
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is 1.8 % dissimilar to M. haematocephalus in nrITS. The 
evident broader pleurocystidia combined with the shorter 
basidiospores in M. coasiaticus J.S. Oliveira, sp. nov. eas-
ily separate it from all varieties under M. haematocephalus 
(Singer 1976). Marasmius sanguineus Cooke & Massee may 
be similar, but differs in the adnexed, ventricose, marginate 
lamellae and longer stipe (up to 40 mm vs up to 20 mm) 
with lower pileus/stipe length proportion (Cooke 1889; 
Appendix).

Marasmius coasiaticus J.S. Oliveira, sp. nov. from Brazil 
is rather sister to M. asiaticus from Malaysia and additional 
collections from India and Thailand (Figs 1; 3) and, there-
fore, distant from M. auranticapitatus J.S. Oliveira, sp. nov., 
M. castanocephalus J.S. Oliveira, sp. nov., M. haematocephalus, 
M. roseus J.S. Oliveira, sp. nov. and M. rubicundus (Singer) 
J.S. Oliveira, stat. nov. from Brazil. Marasmius asiaticus was 
originally named M. distantifolius but, due to competing 
homonymy with Marasmius distantifolius (Murrill) Murrill, 
was renamed in Mesic & Tkalcec (2010). Marasmius asiati-
cus (synonym: M. distantifolius) differs from M. coasiaticus 
J.S. Oliveira, sp. nov. by having ruby to pinkish hues in the 
brownish red to brownish violet pileus, marginate, 7-8 lamellae, 
larger basidiospores (18.5-23[-25] × 3.5-5[-6] μm), smaller 
pleurocystidia (37-42 × 9-12 μm), and mottled pileipellis 
(Tan et al. 2009).

Marasmius haematocephalus (Mont.) Fr. 
(Figs 13; 14)

Epicrisis Systematis Mycologici, seu Synopsis Hymenomycetum: 382 
(Fries 1838). — Type: Brazil. Rio de Janeiro State, Rio de Janeiro 
City, Auguste de Saint Hilaire, holotype not found (Singer 1976), or 
none located (Desjardin 1989), or not extant (Robert et al. 2013), or 
supposedly found in the PC herbarium (V. Antonín, pers. comm.).

Agaricus haematocephalus Mont., Annales des Sciences naturelles, 
Botanique, séries 2, 8: 369 (Montagne 1837).

Androsaceus haematocephalus (Mont.) Pat., Journal de Botanique 
(Morot) 3 (20): 336 (Patouillard 1889).

Chamaeceras haematocephalus (Mont.) Kuntze, Revisio generum 
plantarum (Leipzig) 3 (3): 456 (Kuntze 1898).

epitype. — Brazil. São Paulo State, Iporanga City, Parque Estadual 
Turístico do Alto Ribeira, Núcleo Santana, 02.III.2012, J.J.S. Olivei-
ra & D.E. Desjardin JO533 (epi-, designated here, SP[SP 445580]!), 
nrITS (ON502673) and nrLSU (ON502729).

additional examined material. — Brazil. São Paulo State, 
São Paulo City, Parque Estadual da Cantareira, Núcleo Engor-
dador, 16.II.2012, J.J.S. Oliveira & M. Capelari JO507 (SP[SP 
446044]!); Iporanga City, Parque Estadual Turístico do Alto 
Ribeira, Núcleo Santana, 04.XII.2011, J.J.S. Oliveira JO435 (SP[SP 
446079]!); 29.II.2012, J.J.S. Oliveira & D.E. Desjardin JO527 
(SP[SP 446068]!); Amazonas State, Novo Airão City, Urubu-
quara, Rio Unini, 24.X.2019, J.J.S. Oliveira & Francisco JO1363 
(INPA[INPA289980]!).

habit and SubStrate. — Marasmioid (Figs 13; 14A1), close, on 
dried eudicotyledonous petioles in the forest litter.

diStribution. — The species was originally described from Rio 
de Janeiro, Brazil. Based on the present study, it is only confirmed 

in the Neotropics. In Brazil, it was reported from Amazonas State 
(Berkeley 1856; Berkeley & Cooke 1876; Hennings 1904; this 
present study), Paraná State (de Meijer 2001), Pernambuco State 
(Kimbrough et al. 1995), Rio de Janeiro State (Singer 1976), 
Rondônia State (Capelari & Maziero 1988) and São Paulo State 
(Spegazzini 1889; Grandi et al. 1984; Pegler 1997; Puccinelli & 
Capelari 2009). However, these collections need to be revised, 
especially from the other states far from Southeastern Brazil. 
Based on the traditional view, the species is pantropical, occur-
ring in tropical forests of South America, Africa, Tropical Asia 
and Oceania.

deScription

Pileus (Figs 13; 14A1)
2.5-16 mm diam., conical, hemispherical to convex, or 
campanulate, deeply sulcate, center flat, or wrinkled, mar-
gin decurved, edge entire to slightly crenate; dark purplish 
red (N90Y00-40M99) when young, then deep to dark blood 
red (N70Y50-90M99) or deep purplish red (N80Y10-50M99), 
dark pinkish red almost purple (N60Y50M80); membranous, 
context thin (< 1 mm); glabrous, dry, dull, subvelutinous, 
non-hygrophanous.

Lamellae (Figs 13; 14A2)
Free to narrowly adnate, distant, L = 7-10, equal, narrow, 
subcultriform, simple, l = 0, opaque, smooth, white to cream 
(N00Y10M00), or whitish pink (N00Y10M10 or N00Y40M10-20), 
edges even, non-marginate, interlamellar hymenium con-
colorous with the lamellae faces or partly concolorous with 
the pileus (especially near the pileus edge).

Stipe (Figs 13; 14A1)
22.4-62 × 0.2-0.5 mm, central, filiform, thin, equal, some-
times with slightly broader base, with circular caliber, chitin-
ous, hollow; apex concolorous with the lamellae, becoming 
bronze brown (N40Y60M50 to N80Y70M40) to dark brown 
(N90Y99M80), or almost black at the base, glabrous, smooth, 
with a silky bright; with a scarce (subinsititious), white, 
tomentose basal mycelium.

Odor
Not distinctive.

Basidiospores (Fig. 14B)
(18-)18.3-22.6(-23) × 3-4.9 μm (xrm = 20.1-21 × 3.8-4.2 μm; 
xmm = 20.5 [± 0.3] × 3.9 [± 0.2] μm; Qrm = 5-5.4; Qmm = 5.2 
[± 0.1]; n/s = 30/5), oblong, clavate, subfusoid to fusoid, 
smooth, hyaline, thin-walled, inamyloid.

Basidia (Fig. 14C)
19-26.8 × (5.6-)6.2-7.9 μm, clavate, smooth, hyaline to 
slightly fuscous, thin-walled, with four short and conical 
obtuse sterigmata, inamyloid.

Basidioles (Fig. 14D)
(15-)18.5-25.9 × (3.3-)4.8-7.1 μm, cylindrical clavate, clavate, 
sometimes wavy or with tapered apex, smooth, hyaline to 
slightly fuscous, inamyloid.

https://www.ncbi.nlm.nih.gov/nuccore/ON502673
https://www.ncbi.nlm.nih.gov/nuccore/ON502729
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Pleurocystidia (Fig. 14E)
30.1-76.2 × 7-13.9(-15.5) μm, clavate or cylindrical clavate, 
lageniform, some capitate, papillate or rarely mucronate, 
occasionally wavy with apical and shallow constrictions, 
smooth, fuscous, thin-walled, refractive, inamyloid, abundant 
although sparse.

Cheilocystidia (Fig. 14F)
Similar to the Siccus-type broom cells of the pileipellis, but 
hyaline and with thinner walls; main body 10.3-19.3 × 5.5-
10.6 μm, clavate to slightly turbinate, sometimes flat, seldom 
branched; setulae apical, erect, 2.1-5.2 × 0.5-1 μm, cylindrical 
or filiform, needle-like, rarely digitiform, regular in outline, 
simple or rarely branched, solid, hyaline to fuscous, apex acute.

Lamellar trama
Strongly dextrinoid, irregular, interwoven, hyphae cylindri-
cal, 1.8-5.4 μm diam., regular in outline, branched, hyaline, 
thin-walled, smooth to slightly rough.

Pileus trama
Strongly dextrinoid, similar to the lamellar trama, hyphae 
1.8-6.2 μm diam.

Pileipellis
Hymeniform, composed of Siccus-type broom cells (Fig. 14G), 
pale brown or chestnut brown, bleaching in KOH solution; 
main body 7.2-20.4 × 5.5-12.1 μm, clavate, turbinate, some-
times branched, ventricose, or flat, hyaline, thin-walled to 

slightly thick-walled (particularly at the apex), inamyloid; 
setulae apical, erect, 2.8-6.2 × 0.6-1.3 μm, cylindrical or fili-
form, needle-like, rarely digitiform, simple, regular in outline, 
solid, mostly pale brown, apex tapered, obtuse to slightly acute.

Stipe trama
Dextrinoid, especially the internal hyphae and those of the 
stipe apex, cortical hyphae parallel, packed, cylindrical, regular 
in outline, 2.7-7.7 μm diam., or slightly inflated, sometimes 
branched, smooth, dark chestnut brown, yellowish brown 
when separate, thick-walled; internal hyphae regular in outline, 
1.8-8.1 μm diam., hyaline, parallel or interwoven, sometimes 
with short segments.

Clamp connections
Present in all tissues, except in the cortical hyphae of the stipe.

remarkS

Marasmius haematocephalus is the type species of Marasmius 
sect. Sicci subsect. Siccini ser. Haematocephali sensu Singer 
(1976) which is characterized by the presence of pleurocys-
tidia, otherwise compatible with ser. Leonini (Singer 1976). 
The species epithet means blood red head, (from Greek 
αίματος [haimatos] and κεφάλι [kephali]), “rubro-sanguineo” 
pileus in the protologue. According to a broad concept, this 
species seems to produce basidiomata with a high variability 
of characteristics, especially in the pileus pigmentation, length 
and shape of both spores and pleurocystidia, and substrate 
preference. Based on Singer (1958), M. haematocephalus is 

A B

fig. 13. — Pictures of fresh basidiomata of Marasmius haematocephalus (Mont.) Fr.: A, JO533 from Atlantic Rainforest (epitype); B, JO1363 from Amazon For-
est. Scale bars: 10 mm.
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typically, as the description in the protologue indicates, uni-
formly blood red, purple, deep purple (not violet) pileated. 
In Singer (1965, 1976), the sulcate pilei have a large color 
range of variation from pink, red to purple, even brownish, 
and with shapes from campanulate, hemispherical, convex 
to plane. Even obeying a reasonable morphological species 
spectrum, the criptic nature of taxa in species complex and/
or a non-fine species characterization has made M. haemato-
cephalus a receptacle of many misdetermined specimens with 
an allegedly pantropical distribution.

After matching Montagne (1837) and Fries (1838) concepts, 
the topotypical examined material also agrees with Singer (1958, 
1965, 1976) in nearly all aspects. We intended to examine 
“R. Singer C 3172” and confirm compatible spores’ dimen-
sion. We contacted BAFC herbarium to search for Singer’s 
topotype collection, but without reply during this pandemic 
time. Antonín (2007) and Shay et al. (2017) mentioned 
the collection as neotype but did not examine it. Vladimír 
Antonín (pers. comm.) informed he has a specimen on loan 
from PC herbarium named as M. haematocephalus collected 
by Auguste de Saint Hilaire from Brazil that is possibly the 
authentic type. He shared pictures of the dried specimen that 
seems macromorphologically quite simitar to our specimens. 
The examined material herin also agrees with “French Guyana, 
Ann. 1850, M. Leprieur nº 990 (PC)”, determined by Mon-
tagne as M. haematocephalus, and fully revised by Desjardin 
(1989), but the basidiospores in the Leprieur’s collection 
seems smaller (16-21.6 × 4.4-5.6 μm, xm = 19.1 [± 1.3] × 4.7 
[± 0.4] μm, Q = 3.5-4.6, Qm = 4.1 [± 0.3], n = 18).

There was a probable confusion in Dennis (1951); where 
M. tageticolor Berk., should be M. haematocephalus from 
Trinidad (fresh collection), Dominique (type of M. san-
guineus Cooke & Massee) and Bahamas (type of M. atro-
purpureus Murrill), compatible with our collections except 
for the distinctly marginate lamellae of these two later. In 
fact, Singer (1976) considered M. sanguineus and M. atro-
purpureus synonyms under M. haematocephalus. However, 
would the ventricose (broad), distinctly marginate lamellae 
(edge concolorous with the pileus) be compatible with the 
protologue of M. haematocephalus? In Singer (1976), the 
lamellar edges are not concolorous with the pileus in mature 
basidiomata except “sometimes” near the pileus margin. It is 
possible that Singer’s concept was broadened to include the 
synonyms. Marasmius haematocephalus in Desjardin (1989), 
of collections from North America forests in the United States 
(Florida, North Carolina and Tennessee) along with collections 
from British Honduras, Cuba and Guyana, differs from the 
examined material only in having more numerous (10-15), 
broad (up to 2.5 mm), and marginate (pinkish red, deep red-
dish or violet red) lamellae (sometimes non-marginate) and 
a wider spore range (16-22 × [3.6-]4-5.6 μm). If the broad, 
marginate lamellae is a strong diagnostic characteristic in 
separating species, then there are M. haematocephalus with 
non-marginate lamellae vs M. sanguineus (synonym: M. atro-
purpureus) with marginate lamellae. Thus, the collections with 
marginate lamellae from North America examined in Desjardin 
(1989) may be M. sanguineus (or M. atropurpureus) instead of 

M. haematocephalus. Pegler (1983) should have had a broad 
(mix) concept on examined collections from Martinique, 
Trinidad, Dominique (including the type of M. sanguineus) 
and Sri Lanka (type of M. semipellucidus). The spore range 
was shorter (16-20 × 3-4.5 μm) than those of collections from 
São Paulo (18-22 × 3.7-4.5 μm) in Pegler (1997), this later 
more compatible (the purplish red pileus) with our collection 
as well as in Dennis (1970) from Venezuela (bright purple 
pileus with 19-21 × 3-4 μm basidiospores). With the fine-
tuned concept of M. haematocephalus (s. str.) in this study, 
its various heterotypic synonyms listed in Singer (1976) and 
other need to be carefully reevaluated in future studies. By 
revising their protologues (Appendix), none of them seems 
morphologically compatible with M. haematocephalus s. str. 
except for the illegitimate M. vinosus Beeli from Africa.

In Brazil, according to the speciesLink – Virtual Herbarium 
of the Centro de Referência em Informação Ambiental, CRIA 
(splink.org.br, accessed in November 17th, 2019), 241 col-
lections determined as M. haematocephalus are currently 
deposited in 23 Brazilian herbaria, collected from the states 
of Amazonas, Bahia, Espírito Santo, Maranhão, Minas Gerais, 
Pará, Paraíba, Pernambuco, Piauí, Rio de Janeiro, Rio Grande 
do Norte, Rio Grande do Sul, Rondônia, Roraima, Santa 
Catarina and São Paulo (Brazil). A review of these material 
is due in another paper considering the M. haematocephalus 
(s. str.) or M. rubicundus system. Singer (1976) recognized nine 
varieties in M. haematocephalus based on subtle distinctions 
and overlapping morphological characteristics: 1) atroviolaceus 
Singer; 2) haematocephalus; 3) leucophyllus Singer; 4) macro-
cephalus Singer; 5) oenechinus Singer; 6) pseudotageticolor Singer 
(partly marginate lamellae, red); 7) purpureomarginatus Singer 
(marginate lamellae, garnet red); 8) rubicundus Singer; and 9) 
transiens Singer. All these varieties are from the Neotropical 
realm, mostly from forests of South America. Except for the 
8th, these taxa need to be reevaluated with fresh collections. 
The sixth and seventh may be morphologically compatible 
with those in Desjardin (1989) with marginate lamellae. In 
Pegler (1987), the supposed (seems not formalized) additional 
M. haematocephalus var. obscurior Berk. & Curtis from Cuba 
has pileus browner than the typical form and with marginate 
lamellae, more compatible with M. hypophaeus. Desjardin 
(1991) proposed M. haematocephalus var. anomaloides Des-
jardin, of collections from Tennessee, United States.

According to the current broad morphological concept, 
M. haematocephalus has been reported from various localities in 
South and Central America including some Caribbean islands 
(Neotropics), and less frequently from southern continental 
and insular North America (Nearctic) (Singer 1965, 1976; 
Dennis 1970; Pegler 1983, 1997; Desjardin 1989), Tropi-
cal Africa including Madagascar (Singer 1964; Pegler 1977; 
Antonín 2007; Shay et al. 2017), Tropical Asia (Petch 1948; 
Pegler 1986; Desjardin et al. 2000; Tan et al. 2009; Wannathes 
et al. 2009) and Oceania (Desjardin & Horak 1997). These 
collections need to be reevaluated given these new data and 
analyses, and a better understanding of the species complex.

Marasmius haematocephalus may be confused with M. asi-
aticus, M. pallescens, M. panerythrus Singer, M. pulcherripes, 

http://splink.org.br
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fig. 14. — Marasmius haematocephalus (Mont.) Fr. (JO533): A1, A2, basidiomata; B, basidiospores; C, basidioles; D, basidia; E, pleurocystidia; F, cheilocystidia; 
G, Siccus-type broom cells of the pileipellis. Scale bar: A1, 8.9 mm; A2, 5.9 mm; B-G, 10 µm.
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and M. rhodopurpureus Antonín, R.Ryoo & H.D.Shin. 
Marasmius asiaticus differs by having “less violet” pileus, less 
numerous lamellae (7-8), slightly larger basidiospores (18.5-
23[-25] × 3.5-5[-6] μm) and a mottled pileipellis (Tan et al. 
2009; as M. distantifolius). Maramius pallescens differs by 
having a pale red pileus, shorter basidiospores (11-17 μm in 
length) and mottled pileus (Singer 1976). Marasmius panerythus 
and M. pulcherripes diverges by having shorter basidiospores 
(13-14 μm in length [Singer 1976] and [11-]12-15[-16] μm 
[Desjardin 1989; Antonín et al. 2012], respectively); and 
M. rhodopurpureus also has shorter basidiospores (12-15[-
16] μm) and shorter (35-42 μm), non-refractive, clavate 
pleurocystidia (Antonín et al. 2012).

In the phylogenetics trees (Figs 1; 3), various strains named 
after M. haematocephalus in previous studies forming a pantropi-
cal distribution branched in multiple lineages (para- or poly-
phyletic), indicating them to be not a single but close, cryptic 
species in haemat_cp1. Based on combined nrLSU + nrITS 
data, M. haematocephalus s. str. (JO533) branched in a dis-
tinct phylogenetic position as sister to M. auranticapitatus 
J.S. Oliveira, sp. nov. + M. rubicundus (Singer) J.S. Oliveira, 
stat. nov. (Fig. 4).

Marasmius roseus J.S. Oliveira, sp. nov. 
(Figs 15A; 16; 17)

Differs from M. pallescens in having longer basidiospores (12-20 μm 
vs 11-17 μm) and pleurocystidia (37.5-75.5 μm vs 32-43 μm); 
from M. pulcherripes also in the longer basidiospores (12-20 μm 
vs 11-15 μm), shorter setulae on the pileipellis broom cells (up to 
4 μm vs up to 10 μm) and is devoid of the peculiar red stipe apex 
and inner extremities of the lamellae; from M. rubicundus (Singer) 
J.S. Oliveira, stat. nov. mainly in having smaller basidiospores, 
12-20 × 3-4 μm (xm = 16.3 [± 2.4] × 3.6 [± 0.3] μm) vs (15.4-)16.2-
21.7(-22) × 2.7-4.7(-5) μm (xmm = 19 [± 0.5] × 3.8 [± 0.2] μm); 
differs from all in the peculiar dimorphic Siccus-type broom cells 
in the pileipellis: 1) thick-walled, with pale chestnut lilac lumen, 
setulae apical, short, often coarse; 2) in transition to Rotalis-type 
broom cells, thin-walled.

holotype. — Brazil. São Paulo State, São Paulo City, Parque Es-
tadual das Fontes do Ipiranga, 3.III.2011, J.J.S. Oliveira & F. Karstedt 
JO352 (holo-, SP[SP 445510]!).

etymology. — Based on the rose pileus.

mycobank. — MB 842538.

habit and SubStrate. — Marasmioid (Figs 15B; 16A), gregarious, 
on dead eudicotyledonous sticks in the forest litter.

deScription

Pileus (Figs 15B; 16A)
2-21 mm diam., convex, orbicular, sulcate to deeply sulcate, 
center flat, somewhat wrinkled when mature, margin decurved 
to plane, edge entire to slightly crenate; grayish pink to lilac 
(N40Y10M60), becoming pale pink or rose (N40Y20M50), center 
purple or dark pink (N90Y00M80); membranous, context thin 
(< 1 mm); glabrous, dry, dull to semi translucent, subveluti-
nous, non-hygrophanous.

Lamellae (Figs 15B; 16A)
Free to adnate, distant, L = 12, equal, simple, l = 0(-1), opaque, 
smooth, whitish pink (N00Y20M20), edge even, non-marginate, 
interlamellar hymenium concolorous with the pileus.

Stipe (Figs 15B; 16A)
8-40 × 0.3-0.7 mm, central, filiform, thin, equal, with cir-
cular caliber, chitinous, hollow; apex concolorous with the 
lamellae, becoming dark brown to almost black elsewhere, 
glabrous, smooth, with a silky bright; with a scarce, cream, 
tomentose basal mycelium.

Odor
Not distinctive.

Basidiospores (Fig. 16B)
12-20 × 3-4 μm (xm = 16.3 [± 2.4] × 3.6 [± 0.3] μm, Qm = 4.5 
[± 0.6], n/s = 32/1), oblong, widely variable in length, clavate 
to subfusoid, smooth, hyaline, thin-walled, inamyloid.

Basidia
Not observed.

Basidioles (Fig. 16C)
17.5-26.3 × 5.4-8.8 μm, cylindrical to clavate, sometimes taper-
ing toward the apex, smooth, hyaline, thin-walled, inamyloid.

Pleurocystidia (Fig. 16D)
37.5-75.5 × 6.3-10.6 μm, abundant, conspicuously project-
ing, cylindrical, clavate, sometimes ventricose, generally 
with tapered apex, or capitate, some worm-like to irregular 
in outline, apex easily breakable, smooth, slightly fuscous, 
yellowish, thin-walled, refractive, inamyloid.

Cheilocystidia (Fig. 16E)
In form of Siccus-type broom cells, some apparently in transi-
tion to Rotalis-type similar to the broom cells of the kind 2 in 
the pileipellis; main body 11.3-17.5 × 6.3-10 μm, clavate to 
pyriform, rarely cylindrical to ventricose, thin-walled, hyaline; 
setulae apical to little divergent to the laterals, erect, generally 
short, 0.6-3.8 × 0.5-1 μm, digitiform or verruciform, simple 
or branched, solid, pale brown, regular to somewhat irregular 
in outline, apex obtuse to slightly acute.

Lamellar trama
Dextrinoid, irregular, interwoven, hyphae cylindrical, 1.3-
7.5 μm diam., regular or irregular in outline, branched, 
smooth, hyaline, thin-walled.

Pileus trama
Similar to the lamellar trama, hyphae 2-7 μm diam.

Pileipellis
Hymeniform, mottled, composed of Siccus-type broom cells, 
of two kinds: 1) abundant at the pileus center and abruptly less 
frequent from the mid disc to the marginal zone (Fig. 17A); 
main body 5-17.5 × 7.5-11.3 μm, pyriform, turbinate to sub-
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clavate, sometimes apically flattened, thick-walled especially at 
the apex, with pale chestnut lilac lumen; setulae apical, erect, 
short, 1.3-4 × 0.8-1.3 μm, digitiform to verruciform, or vesicu-
lose, sometimes branched, often coarse, regular to irregular in 
outline, solid, hyaline to pale brown, apex obtuse; and 2) more 
numerous at the mid disc and predominant at the marginal 
zone (Fig. 17B), some apparently in transition to Rotalis-type 
broom cells, rarely almost devoid of apical diverticula; main 
body 8.8-20 × 5.6-12.5 μm, clavate, turbinate, ventricose to 
subpyriform, walls very thin, completely hyaline, difficult to be 

individualized; setulae apical and frequently divergent to the 
laterals, erect, generally short, 0.3-2.5(-4) × (0.2-)0.5-1 μm, 
vesiculose, verruciform to digitiform, solid, pale brown, apex 
obtuse and rounded, or irregular.

Stipe trama
Dextrinoid, especially in the internal hyphae, cortical hyphae 
parallel, cylindrical, regular in outline, 2.5-8.8 μm diam., 
wrinkled, dark brown, walls not clearly thick, or thin-walled; 
internal hyphae hyaline, 2.5-10 μm diam., thin-walled.

A

B C

fig. 15. — Pictures of fresh basidiomata: A, Marasmius roseus J.S. Oliveira, sp. nov. (JO352); B, M. rubicundus (Singer) J.S. Oliveira, stat. nov. (JO464); 
C, M. cf. pallescens Murrill (JO426). Scale bars: 10 mm.
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Clamp connections
Present in all tissues, except in the cortical hyphae of the stipe.

remarkS

Marasmius roseus J.S. Oliveira, sp. nov. differs from M. haemato-
cephalus mainly by having pale purplish pink to pale lilac pileus 
center, then pink or rose from the mid disc to the margin, by 
having widely variable length of basidiospores (12-20 μm), and 
by having a mottled pileipellis with two kinds of Siccus-type 
broom cells (one apparently in transition to Rotalis-type). It 
is 2.2 % and 0.5 % dissimilar to M. haematocephalus s. str. 
(JO533) in the nrITS and nrLSU, respectively.

Marasmius roseus is morphologically somewhat similar to 
M. pallescens sensu Singer (1976), especially in the light lilac 
pileus form (Dennis 1961). Singer (1976) also observed a 
mottled pileipellis in M. pallescens due to some broom cells 
with darker melleous apical setulae among paler broom 
cells. However, M. pallescens has shorter basidiospores (11-
17 μm) and smaller pleurocystidia (32-43 × 10-15.2 μm). 
Marasmius roseus J.S. Oliveira, sp. nov. is also very close to 
M. rubicundus (Singer) J.S. Oliveira, stat. nov. (next taxon) 
in the pileus pigmentation, but this later varies more widely 
from pale red to rose, ruby pink, even purplish pileus while 
has basidiospores less variable in length and larger in aver-
age (xmm = 18.8 [± 1.3] × 3.8 [± 0.2] μm), and non-mottled 
pileipellis composed of regular Siccus-type broom cells.

Marasmius pulcherripes is similar especially by having simi-
lar pileus pigmentation and mottled pileipellis due to thick-
walled, purplish broom cells among more regular ones in the 
pileipellis (Gilliam 1976; Antonín et al. 2012). However, it 
differs from M. roseus J.S. Oliveira, sp. nov. mainly by having 
shorter basidiospores (11-15 μm) and longer apical setulae 
(up to 10 μm) on the broom cells of the pileipellis beside the 
typical stipe pigmentation. None of the heterotypic synonyms 
under M. haematocephalus listed in Singer (1976) nor their 
varieties seem conspecific with M. roseus J.S. Oliveira, sp. nov. 
Marasmius haematocephalus var. transiens Singer also has basidio- 
spores largely variable in size ([12.5-]13-22 × 3.5-4.5 μm), 
but the pileus (3-12 mm diam.) color is completely different 
with no similar cells in the pileipellis (Singer 1965, 1976).

Marasmius rubicundus (Singer) J.S. Oliveira, stat. nov. 
(Figs 15B; 18)

Marasmius haematocephalus var. rubicundus Singer, Sydowia 18: 
337 (Singer 1965). — Type: Bolivia. La Paz, Nor-Yungas, Charoba-
mba, 1300 m a.s.l., 30.I.1956, Singer B 743 (LIL), holotype; Singer 
B 737 (LIL); Coroico, 1700 m a.s.l., 7.II.1956, Singer B 945 (LIL); 
Beni, Vaca Diez, Guayaranerin, 4.III.1956, Singer B 1963 (LIL); 
Singer B 1755 (LIL).

epitype. — Brazil. São Paulo State, São Paulo City, Parque Estadual 
da Cantareira, Núcleo Engordador, 30.I.2012, J.J.S. Oliveira & 
V. Motato-Vásquez JO464 (epi-, designated here, SP[SP 445549]!), 
nrITS (ON502658) and nrLSU (ON502728).

additional examined material. — Brazil. São Paulo State, Santo 
André City, Reserva Biológica de Paranapiacaba, 16.XII.2009, 

M. Capelari & L.A.S. Ramos 4567 (SP[SP 445931]!); M. Capelari & 
L.A.S. Ramos 4570 (SP[SP 446073]!); 14.I.2010, J.J.S. Oliveira & 
M. Capelari JO1 (SP[SP 446075]!); 16.III.2010, J.J.S. Oliveira 
JO43 (SP[SP 446069]!); 15.X.2010, J.J.S. Oliveira & C.L.A. Pires 
JO223 (SP[SP 446074]!); 16.X.2010, J.J.S. Oliveira & C.L.A. Pires 
JO228 (SP[SP 445448]!); J.J.S. Oliveira & C.L.A. Pires JO230 
(SP[SP 446076]!); 17.X.2010, J.J.S. Oliveira & C.L.A. Pires 
JO245 (SP[SP 446046]!); J.J.S. Oliveira & C.L.A. Pires JO246 
(SP[SP 445454]!); 5.XI.2010, J.J.S. Oliveira JO261 (SP[SP 446051]!); 
7.XI.2010, J.J.S. Oliveira & A.V. Costa JO275 (SP[SP 446059]!); 
7.XII.2010, J.J.S. Oliveira, P.O. Ventura & A.V. Costa JO281 
(SP[SP 445464]!); J.J.S. Oliveira, P.O. Ventura & A.V. Costa JO283 
(SP[SP 446061]!); J.J.S. Oliveira, P.O. Ventura & A.V. Costa JO295 
(SP[SP 446063]!); J.J.S. Oliveira, P.O. Ventura & A.V. Costa JO296 
(SP[SP 445476]!); 9.XII.2010, J.J.S. Oliveira, P.O Ventura & A.V. Costa 
JO316 (SP[SP 445488]!); J.J.S. Oliveira, P.O. Ventura & A.V. Costa 
JO318 (SP[SP 446048]!); J.J.S. Oliveira, P.O. Ventura & A.V. Cos-
ta JO319 (SP[SP 446047]!); São Paulo City, Parque Estadual 
das Fontes do Ipiranga, 1.III.2011, J.J.S. Oliveira & F. Karstedt 
JO330 (SP[SP 446065]!); J.J.S. Oliveira & F. Karstedt JO335 
(SP[SP446067]!); J.J.S. Oliveira & F. Karstedt JO338 (SP[SP 446066]!); 
18.X.2011, J.J.S. Oliveira & P.O. Ventura JO380 (SP[SP 446064]!); 
São Paulo City, Parque Estadual da Cantareira, Núcleo Engordador, 
19.XII.2011, J.J.S. Oliveira & M. Capelari JO445 (SP[SP 445537]!); 
J.J.S. Oliveira & M. Capelari JO446 (SP[SP 446054]!); J.J.S. Ol-
iveira & M. Capelari JO447 (SP[SP 446053]!); 9.II.2012, 
J.J.S. Oliveira & M. Capelari JO481 (SP[SP 446043]!); J.J.S. Ol-
iveira & M. Capelari JO482 (SP[SP 446055]!); J.J.S. Oliveira & 
M. Capelari JO483 (SP[SP 445560]!); 16.II.2012, J.J.S. Oliveira & 
M. Capelari JO492 (SP[SP 446045]!); J.J.S. Oliveira & M. Capelari 
JO514 (SP[SP 446071]!); J.J.S. Oliveira & M. Capelari JO516 
(SP[SP 446057]!); Iporanga City, Parque Estadual Turístico do 
Alto Ribeira, Núcleo Santana, 29.II.2012, J.J.S. Oliveira & D.E. 
Desjardin JO529 (SP[SP 445577]!); D.E. Desjardin DED8675 
(SP[SP 445665]!); Lageado, 29.II.2012, J.J.S. Oliveira & D.E. Desjar-
din JO534 (SP[SP 446077]!).

mycobank. — MB 842539.

habit and SubStrate. — Marasmioid (Figs 15A; 18A), solitary 
to gregarious, on dried eudicotyledonous leaves and sticks in the 
forest litter.

diStribution. — Originally from La Paz and Beni, Bolivia, as 
M. haematocephalus var. rubicundus (Singer 1965, 1976), it is now 
known from Southeastern Brazil.

deScription

Pileus (Figs 15A; 18A)
2.5-20.5 mm diam., conical, hemispherical to convex, sul-
cate, center flat to umbonate, smooth or somewhat wrinkled, 
margin decurved to almost straight, edge entire to crenate; 
sometimes pale pinkish beige or salmon color (N10Y20M40 to 
N10Y30M50), often “Canna” pink or rose (N20Y00-20M40-60), 
tending to very pale pinkish lilac (N20Y20M60), then vibrant or 
ruby pink (N40Y50M80), pinkish red (N20Y50M70, N20Y60M70 
to N20Y70M70), or pinkish brown “Egyptian red” (N40Y50-

60M60), sometimes pink with a slight hue of yellow (N30Y50M50), 
or many times pale red or “Carnelian” (N60Y40-60M90-99), 
light reddish brown (N50-60Y90-99M90), with center darker 
red (N70Y60M99) or pinkish brown (N50Y70M70), or dark 
lilac (N70Y00M99) or dark pink (N70Y40M90); membranous, 
context thin (< 1 mm); glabrous, dry, dull, papyraceus to 
subvelutinous, non-hygrophanous.

https://www.ncbi.nlm.nih.gov/nuccore/ON502658
https://www.ncbi.nlm.nih.gov/nuccore/ON502728
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Lamellae (Figs 15A; 18A)
Free, adnexed, or sinuate to narrowly adnate, distant to sub-
distant, L = 7-12, equal, narrow to broad, straight, cultriform 
to ventricose, simple, l = 0 (-1), dull, smooth, white to cream 
(N00Y10M00), or whitish pink (N00Y10M10 or N00Y40M10-20), 
edges even, non-marginate, interlamellar hymenium con-

colorous with the lamellae faces or partly concolorous with 
the pileus.

Stipe (Figs 15A; 18A)
8-63 × 0.3-0.8 mm, central, filiform, thin, equal, sometimes 
with broader base, with circular caliber, compressed when dried, 

A B C

D

E

fig. 16. — Marasmius roseus J.S. Oliveira, sp. nov. (JO352): A, basidiomata; B, basidiospores; C, basidioles; D, pleurocystidia; E, cheilocystidia. Scale bar: 
A, 10.5 mm; B-E, 10 µm.



122 CRYPTOGAMIE, MYCOLOGIE • 2022 • 43 (5) 

Oliveira J. J. S. et al.

chitinous, hollow; apex pale pink (N00Y10M10 or N30Y50M80) 
becoming bronze brown (N40Y60M50 to N80Y70M40) to dark 
brown (N80Y99M30), or almost black at the base, glabrous, 
smooth, with a silky bright; with a scarce, white, tomentose 
basal mycelium.

Odor
Not distinctive.

Basidiospores (Fig. 18B)
(15.4-)16.2-21.7(-22)×2.7-4.7(-5) μm (xrm = 18-19.7 × 
3.5-4 μm; xmm = 19 [± 0.5] × 3.8 [± 0.2] μm; Qrm = 4.6-
5.5; Qmm = 5 [± 0.3]; n/s = 30/28), exceptional spore size of 
JO316 with 18.3-23.9 × 3.1-4.8 μm (xm = 21.3 [± 1.3] × 3.9 
[± 0.4] μm; Qm = 5.4 [± 0.6]; n/s = 30/1), oblong, clavate to 
subfusoid, smooth, hyaline, thin-walled, inamyloid.

Basidia (Fig. 18C)
21.3-36.3 × 6-7.5 μm, clavate, smooth, hyaline to slightly 
fuscous, thin-walled, 4-sterigmate, inamyloid.

Basidioles (Fig. 18D)
22-28.8 × 5.6-8.8 μm, clavate, sometimes as cystidioles, 
smooth, hyaline to slightly fuscous, inamyloid.

Pleurocystidia (Fig. 18E)
(19.5-)25.6-71.7 × 5-12.3 μm, broadly clavate, capitate, almost 
mucronate or acuminate, with a conical apex, or ampulla-
ceous, or occasionally with apical, serial, slight constrictions, 
ending with a capitule, smooth, slightly fuscous, thin-walled, 
refractive, inamyloid, abundant.

Cheilocystidia (Fig. 18F)
Similar to the Siccus-type broom cells of the pileipellis; main 
body 11.3-20 × 5.6-10.6 μm, clavate to slightly turbinate, wall 

somewhat thick, hyaline; setulae more strictly apical, rarely 
somewhat divergent, erect, 2-7.5 × 0.5-1 μm, cylindrical, 
digitiform or needle-like, simple, solid, hyaline to pale brown, 
regular in outline, apex obtuse to slightly acute.

Lamellar trama
Dextrinoid, irregular, interwoven, hyphae cylindrical, 1.5-10 μm 
diam., regular in outline, branched, hyaline, thin-walled, smooth.

Pileus trama
Dextrinoid, similar to the lamellar trama, hyphae 2-10 μm diam.

Pileipellis
Hymeniform, composed of Siccus-type broom cells (Fig. 18G), 
abundant, brown when grouped, bleaching in KOH solution; 
main body 7.5-20 × 6.3-11.3 μm, clavate, turbinate, some-
times branched, ventricose to irregular in outline, hyaline, 
thin-walled to slightly thick-walled, weakly dextrinoid; setu-
lae apical, erect, 2-7.5 × 0.6-1 μm, cylindrical, digitiform or 
needle-like, simple, regular in outline, or slightly contorted, 
solid, hyaline to pale brown, apex obtuse to slightly acute.

Stipe trama
Dextrinoid especially the internal hyphae and those of the 
stipe apex, cortical hyphae parallel, cylindrical, regular in 
outline, 3.8-8 μm diam., smooth, dark chestnut brown, yel-
lowish brown when separated, thick-walled; internal hyphae 
regular in outline, 2.5-6.5 μm diam., parallel.

Clamp connections
Present in all tissues, except in the cortical hyphae of the stipe.

remarkS

The type collections were not examined in the present study 
as we had no reply from LIL herbarium in this pandemic 

A

B

fig. 17. — Marasmius roseus J.S. Oliveira, sp. nov. (JO352): A, Siccus-type broom cells of the pileipellis (type 1); B, Siccus- to Rotalis-type broom cells (type 2). 
Scale bar: 10 µm.



123 

Disentangling cryptic species in the Marasmius haematocephalus and M. siccus species complexes

CRYPTOGAMIE, MYCOLOGIE • 2022 • 43 (5)

time. However, Singer (1965, 1976) provided enough mor-
phological data to unambiguously determine the examined 
specimens from São Paulo as authentic representatives of 
M. haematocephalus var. rubicundus. The pigmentation 
and size of the pileus, the number of lamellae, and the size 
of the basidiospores (15-21 × 4-4.8 μm in Singer [1976]) 

match the examined material. Marasmius rubicundus is 
0.7-0.9 % (nrITS) and 0.5-0.7 % (nrLSU) dissimilar to 
M. haematocephalus, but cladogenesis reveals vicariance in 
sympatry. In the phylogenetic trees (Figs 1; 3) of nrITS, 
M. rubicundus (Singer) J.S. Oliveira, stat. nov., M. auran-
ticapitatus J.S. Oliveira, sp. nov., and M. haematocephalus 

A B C D

E

F

G

fig. 18. — Marasmius rubicundus (Singer) J.S. Oliveira, stat. nov. (JO464): A, basidiomata; B, basidiospores; C, basidia; D, basidioles; E, pleurocystidia; F, cheilo-
cystidia; G, Siccus-type broom cells of the pileipellis. Scale bar: A, 19.2 mm; B-G, 10 µm.
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are embedded within haemat_cp2a. In multilocus analyses, 
nrITS + nrLSU (Fig. 4) and nrITS + rpb2 + ef1-α (Fig. 5), 
three species were resolved within this complex: M. rubicundus 
(Singer) J.S. Oliveira, stat. nov. sister to M. auranticapitatus 
J.S. Oliveira, sp. nov. with high support, and paraphyletic 
to M. haematocephalus.

Morphologically, M. rubicundus (Singer) J.S. Oliveira, 
stat. nov. is very similar to M. haematocephalus, only more 
conspicuously distinct by having a lighter pileus pigmentation 
and slightly smaller basidiospores (xmm = 18.9 [± 0.5] × 3.8 
[± 0.1] μm, Qmm = 5 [± 0.2] vs xmm = 20.5 [± 0.3] × 3.9 
[± 0.2] μm, Qmm = 5.2 [± 0.1]). Marasmius haematoceph-
alus s. str. regards the “rubro-sanguineo” of its protologue 
as deep or dark blood red or vinaceous (Singer 1958). In 
fact, the separation of M. rubicundus (Singer) J.S. Oliveira, 
stat. nov. and M. haematocephalus is very narrow in a broad 
sense, as they are nearly identical in other morphological 
characteristics. The species divergence is only evident in mul-
tilocus phylogenetic analyses where M. rubicundus (Singer) 
J.S. Oliveira, stat. nov. is rather closer to M. auranticapitatus 
J.S. Oliveira, sp. nov. (Figs 4; 5). The exceptional spore sizes 
of JO316, possibly a hybrid, strenghtens the plausibility of 
the most recent common ancestor between them. Although 
speciation is demonstrated, this ancestry trace or possible 
partial intercompatibility and gene flow are elements of a 
recent divergence. The strain JO316 seems in a transitional/
intermediate position (Fig. 4) along with other strains of 
M. rubicundus (Singer) J.S. Oliveira, stat. nov., but the 
basidiospores are more compatible with M. auranticapita-
tus J.S. Oliveira, sp. nov.. JO316 and JO226 highlights the 
powerful phylogenetic signal of spore sizes, an evident cor-
relation between this characteristic and the genotype behind 
the species concepts.

The pale red pileus in M. rubicundus (Singer) J.S. Oliveira, 
stat. nov. is consistent with M. pallescens, but this later has 
shorter (11-17 μm) basidiospores (Singer 1976). For more 
color pictures showing variation of pileus pigmentation of 
M. rubicundus (Singer) J.S. Oliveira, stat. nov., see Appendix 
(Figs S7-S11). It is not similar to any of the heterotypic 
synonyms of M. haematocephalus listed in Singer (1976) 
but M. rhodocephalus Fr. (Fries 1851; Appendix) with type 
presumed lost but connection is not sharp.

Stirps Siccus

Based on Singer (1976), stirps Siccus includes M. wilsonii 
Murrill and M. dennisii Singer. In this paper, it seems con-
sistent with siccus_cp1 (Figs 1; 2) that includes M. siccus 
s. str. (Fig. 2), species that names the stirps. Marasmius siccus 
sensu Antonín et al. (2012) from South Korea, and the other 
lineages assigned to this species are included in siccus_cp1, 
then members of the stirps. This group seems to be strictly 
pantemperate and should also become a series in future studies 
with new data, more described specimens and the addition 
of more species that can be proposed based on siccus_cp2a 
and siccus_cp2b (Fig. 2).

Marasmius siccus (Schwein.) Fr.

Epicrisis Systematis Mycologici, seu Synopsis Hymenomycetum: 382 
(Fries 1838). — Type: United States. North Carolina (Salem) or 
Pennsylvania (Bethlehem): “Salem-Beth.”, Schweinitz, no date 
(holo-,PH[PH00062046]) (based on Desjardin [1989]).

Agaricus siccus Schwein., Schriften der Naturforschenden Gesellschaft 
zu Leipzig 1: 84 (Schweinitz 1822).

Chamaeceras siccus (Schwein.) Kuntze, Revisio generum plantarum 
(Leipzig) 3 (3): 457 (Kuntze 1898).

reference StrainS. — United States. Tennessee, 19.VII.1991, 
D.E. Desjardin DED5255 (SFSU[SFSU-F-029078]; GenBank: 
FJ431272); J.N. Hill JNH010 (TENN[TENN-F-070783]; Gen-
Bank: MF686511) as Marasmius fulvoferrugineus; V. Antonín 
(BRNM[BRNM 552709]; GenBank: HQ607384), published in 
Antonín et al. (2012).

remarkS

Marasmius siccus s. str. regards DED5255, a topotype speci-
men collected and determined by Dr Dennis E. Desjardin, 
as the most authentic for the species in the phylogenetic trees 
(Figs 1; 2). The species is known by the umbrella-like basidi-
omata (the orange pinwheel) that are somewhat larger and 
more robust than M. haematocephalus, with a membranous, 
radially sulcate, yellow-orange-brown pileus (2.5-27 mm 
diam.) with darker center, a filiform to cylindrical, glabrous, 
brown stipe ([17-]23-62[-85] × 0.2-1.25 mm) with a floccose 
basal mycelium, and distant, whitish (15-22) lamellae (lamel-
lulae often absent or 1-2) (Gilliam 1976; Desjardin 1989). 
Desjardin (1989: 671-674) revised the holotype that singly 
had oblong, 15.2-20.4 × 3.4-4 μm (n = 13) basidiospores, 
refractive, well-developed, 32-56 × 5.5-8 μm pleurocystidia, 
and a pileipellis composed of orangish to brownish Siccus-
type broom cells. His review of the type specimen (Desjar-
din 1989: 671-674) as well as the description based on fresh 
collections (Desjardin 1989: 246-249) agreed with Gilliam 
(1976), especially in the dimensions of basidiospores (15.2-
20.8 × 3.2-4.6 μm vs [13.3-]16-21[-23] × 2.8-4.2[-5] μm, 
respectively) and of pleurocystidia (32-60 × 5-9 μm vs 23-67[-
81] × 3-14 μm, respectively). Besides the holotype, examined 
collections from the United States included in Desjardin (1989) 
were from Connecticut, Delaware, Idaho, Illinois, Indiana, 
Kansas, Maryland, Michigan, Minnesota, Nebraska, New 
Hampshire, New York, North Carolina, Ohio, Pennsylvania, 
Rhode Island, Tennessee, Vermont, Virginia, West Virginia, 
Wisconsin, along with one collection from Japan. Gilliam 
(1976) also included to the list of states in United States col-
lections from the District of Columbia, Massachusetts and 
Missouri, besides collections from Ontario (Canada) and 
Japan. So, the North American collections are the preferred 
starting point to delimit M. siccus. The pantemperate species 
concept recognizes the taxon as widespread across the sub-
arctic, boreal and temperate zone of the northern hemisphere 
with circumpolar distribution (Noordeloos 1987; Antonín & 
Noordeloos 2010) based on collections from Canada, Finland, 
Norway, Republic of Korea, Russia, Sweden, and United 
States. This pantemperate M. siccus would cover specimens 

https://plants.jstor.org/stable/10.5555/al.ap.specimen.PH00062046
https://www.ncbi.nlm.nih.gov/nuccore/FJ431272
https://www.ncbi.nlm.nih.gov/nuccore/MF686511
https://www.ncbi.nlm.nih.gov/nuccore/HQ607384
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with larger spores (15-23 × 4-5 μm in Noordeloos [1987] and 
15-23.5 × [2.5-]3-4.5[-5] μm in Antonín & Noordeloos [2010]) 
and larger pleurocystidia (25-70 × 5-10 μm Noordeloos [1987] 
and 25-80 × 5-21.5 μm in Antonín & Noordeloos [2010]) 
than those predominantly from North America (Gilliam 
1976; Desjardin 1989). Noordeloos (1987) and Antonín & 
Noordeloos (2010) also included collections from North 
America that should be M. siccus s. str. This species has been 
referred as a very variable species, or with a broad concept, or 
one of the most misapplied binomials of Marasmius (Gilliam 
1976; Desjardin 1989; Antonín & Noordeloos 2010), usu-
ally confused with M. bellipes Morgan, M. borealis Gilliam, 
M. glabellus Peck, M. ferrugineus, M. fulvoferrugineus Gilliam, 
M. pulcherripes and M. robinianus Gilliam.

Based on nrITS, the Nearctic M. siccus s. str. (DED5255) is 
1.6-3.5 dissimilar to the Palearctic M. siccus lineages. Strains 
of M. siccus s. str. without preserved basidiomata collection, 
solely based on the GenBank accessions are: GU328526 
(United States, Michigan, 44°48’N, 85°48’W, date unshown, 
environmental sample “man22_litter_H12” in Edwards & 
Zak [2010]). Dedicated to the M. siccus complex, a review 
study of the involved collections in the phylogenetic analyses 
herein and/or fresh collections should be carried out consider-
ing M. siccus s. str. and the other close/cryptic species across 
the temperate zone based on siccus_cp1 (Figs 1; 2).

Series Pulcherripes J.S. Oliveira & Moncalvo

Persoonia 44: 274 (Oliveira et al. 2020).

Basidiomata marasmioid (umbrella-like), small- to medium-sized. 
Pileus membranous, campanulate to convex, smooth to shal- lowly 
sulcate, papillate (1.4-33 mm diam). Lamellae distant to subdistant. 
Stipe thin-cylindrical, dark-coloured, with a scarce basal mycelium. 
Basidiospores medium-sized, oblong (11-17 μm long, xm = 12.5-
15.3 μm, Qm = 3.1-4.2). Pleurocystidia present (not clear in some 
cases), small- to medium-sized (up to 65 μm long). Pileipellis 
composed of Siccus-type broom cells. Habit solitary to gregarious, 
on dead, eudicotyledonous leaves and twigs.

type SpecieS. — Marasmius pulcherripes.

remarkS

Marasmius pulcherripes was originally described from United 
States. Some strains determined after this species from North-
west Arkansas (MT032485) and Boston Harbor Islands 
(MF161270; Haelewaters et al. 2018), United States, branched 
in clade Pulcherripes (Fig. 1). This placement indicates the 
plausibility of the series.

Marasmius cf. pallescens Murrill 
(Figs 15C; 19)

North American Flora 9 (4): 261 (Murrill 1915). — Type: Puerto 
Rico. Rio Piedras, 18.VIII.1912, J. R. Johnston 556 (NY[NY774585]).

examined material. — Brazil. São Paulo State, Iporanga City, Parque 
Estadual Turístico do Alto Ribeira, Reserva Betary, 05.XII.2011, 

J.J.S. Oliveira JO426 (SP[SP 446078]!); 28.II.2012, D.E. Desjar-
din & C. Stevani DED8673 (SP[SP 445666]!).

habit and SubStrate. — Marasmioid (Figs 15C; 19A1), gregari-
ous, close, scattered to solitary on dried eudicotyledonous leaves 
and sticks in the forest litter.

diStribution. — Originally described from Puerto Rico (Murrill 
1915), it is also reported from Venezuela (Dennis 1961; Singer 1965, 
1976; Pegler 1983) and Martinique (Pegler 1983). If the identity 
of this “ruby pink form” is confirmed as conspecific, this would be 
the first record from Brazil.

deScription

Pileus (Figs 15C; 19A1, A2)
5-15(-20) mm diam., obtusely conical to broadly convex, 
or plano-convex, sulcate, center flat or slightly umbonate, 
shallowly depressed when fully matured, margin decurved to 
applanate, edge entire to slightly crenate; at first ruby overall 
(12E7-8), then remaining ruby pink (N30Y30-50M99) to pink-
ish red (N30Y70-90M90), or fainting to greyish ruby (12D6-7), 
with a dark purplish red (N70Y40-60M99) or ruby (12E7-8) 
center; membranous, context thin (< 1 mm); glabrous, dry, 
dull, subvelutinous, non-hygrophanous.

Lamellae (Figs 15C; 19A1, A2)
Free to adnexed, few toothed seceding, distant, L = 6-16, equal, 
broad (up to 1.5 mm), slightly ventricose, simple, l = 0(-1), 
opaque, smooth, white, edges even, non-marginate, interla-
mellar hymenium paller than the pileus or ruby.

Stipe (Figs 15C; 19A1)
19-55 × 0.3-0.8 mm, central, thick filiform, equal, or broaden-
ing toward apex, with circular caliber, chitinous, hollow; apex 
whitish pink (N10Y20-40M20), abruptly becoming reddish brown 
(N80Y99M60-80) to dark brown (N90Y99M80-99), or almost black 
at the base, glabrous, smooth, with a silky bright; subinsititious 
or with a scarce, white, tomentose to strigose basal mycelium.

Odor
Not distinctive.

Basidiospores (Fig. 19B)
(11.1-)12.3-17.3 × (3.2)3.7-5 μm (xrm = 14.7-15 × 4.2 μm; 
xmm = 14.9 [± 0.2] × 4.2 μm; Qrm = 3.6; Qmm = 3.6; n/s = 30/2), 
oblong, clavate, subfusoid to fusoid, smooth, hyaline, thin-
walled, inamyloid.

Basidia (Fig. 19D)
20-26.7 × 4.8-7.4 μm, clavate, smooth, hyaline, thin-walled, 
with four short, verruciform sterigmata, inamyloid.

Basidioles (Fig. 19C)
(15.2-)18.7-28 × (3.8-)4.5-6.9(-7.5) μm, clavate, smooth, 
hyaline, inamyloid.

Pleurocystidia (Fig. 19E)
31.4-47 × 7.2-10.6 μm, mostly clavate, or broadly clavate, 
some slightly lageniform or ventricose, sometimes apically 

https://www.ncbi.nlm.nih.gov/nuccore/GU328526
https://www.openstreetmap.org/?mlat=44.8&mlon=-85.8#map=11/44.8/-85.8
https://www.ncbi.nlm.nih.gov/nuccore/MT032485
https://www.ncbi.nlm.nih.gov/nuccore/MF161270
http://sweetgum.nybg.org/science/vh/specimen-details/?irn=199654


126 CRYPTOGAMIE, MYCOLOGIE • 2022 • 43 (5) 

Oliveira J. J. S. et al.

capitate, papillate or mucronate, or with digitifom projection, 
occasionally wavy with shallow constrictions, smooth, hya-
line to somewhat fuscous, thin-walled, refractive, inamyloid.

Cheilocystidia (Fig. 19F)
Similar to the Siccus-type broom cells of the pileipellis, but 
hyaline and with thinner walls; main body 7.6-19.8 × 5.2-
9.9 μm, clavate to slightly turbinate, seldom branched or 
lobulate, thin-walled, inamyloid; setulae apical, erect, 3.5-
7.1 × 0.5-1.1 μm, cylindrical or filiform, needle-like, regular 
in outline, simple, solid, hyaline, apex acute.

Lamellar trama
Strongly dextrinoid, irregular, interwoven, hyphae cylindri-
cal, 1.2-6.1 μm diam., regular in outline, hyaline, smooth, 
thin-walled.

Pileus trama
Dextrinoid, similar to the lamellar trama, hyphae 2.8-6.9(-
8.7) μm diam., branched.

Pileipellis
Hymeniform, composed of Siccus-type broom cells (Fig. 19G), 
pale brown, but with rare more deeply pigmented cells, bleach-
ing in KOH solution; main body 9-18.6 × 4.1-9.5(-15) μm, 
cylindrical thin, clavate, turbinate, sometimes almost pedicellate, 
pale brown, later hyaline, thin-walled to slightly thick-walled 
(firm-walled), inamyloid or weakly dextrinoid; setulae apical, 
erect, 2.5-7.7 × 0.7-1.5 μm, cylindrical or filiform, needle-
like, rarely digitiform, simple, regular in outline, solid, pale 
brown, apex tapered, obtuse to mostly acute.

Stipe trama
Dextrinoid, some strands apparently inamyloid, stipitipellis 
and cortical hyphae parallel, packed, cylindrical, regular in 
outline, 2.6-9 μm diam., sometimes branched, smooth, those 
of the superficial layer highly melanized, dark chestnut brown, 
brown at the cortex, thick-walled; internal hyphae regular in 
outline, 2.6-6.8 μm diam., hyaline, thin-walled.

Clamp connections
Present in all tissues.

remarkS

Murrill (1915) would have named Marasmius pallescens based 
on the pale-red pileus (5-8 mm broad), fading to isabelline on 
drying. Dennis (1961) reported the species from Venezuela 
with lilac pileus (7 mm diam.). Singer (1965, 1976) studied 
both the type from Puerto Rico (18 August 1912, J. R. John-
ston 556) and the collection from Venezuela (20 June 1958, 
Dennis 117) and reported a pale red or light lilac (5-8 mm 
broad.) pileus when fresh (Murrill 1915; Dennis 1961), but 
reddish brown when dried. Pegler (1983) examined the same 
collections, adding a third from Dominique, and reported 
a “Pale Flesh Colour” pileus (5-15 mm diam.), sometimes 
paling to buff but retaining a slightly darker disc. All of them 
agreed for the campanulate sulcate pileus and distant, white, 

about 10 lamellae (10-14 in Pegler 1983) in the protologue. 
These collections from Brazil agree in nearly all characteristics 
but differs in the ruby pink to pinkish red (Fig. 15C), larger 
pileus (11-15 mm diam.). The size of the basidiospores per-
fectly agree with Singer (1976) and Pegler (1983), but those 
in Dennis (1961) are shorter (11-14 × 3.5 μm); the shape and 
size of pleurocystidia are nicely compatible. The size of basidia 
and basidioles is slightly larger in our collections. Despite the 
distinctions mentioned above, the examined collections match 
the morphological concept of the species.

Singer (1976) commented that “at first sight one might be 
inclined to consider this species one of the numerous color 
variants of Marasmius haematocephalus”. Indeed, M. pallescens 
seems very similar to M. haematocephalus, especially consid-
ering these possible collections from Brazil. However, both 
basidiospores and pleurocystidia are clearly shorter and the 
lamellae are broader and ventricose in M. pallescens. This species 
is also similar to M. panerythrus Singer, but this later differs by 
having more deeply pigmented pileus (purple red with paler 
“copper leaf” margin), by having marginate, pinkish lamel-
lae, by having smaller basidiospores (13-14.7 × 3.5-4.2 μm), 
and by having larger pleurocystidia (20-62 × 6.8-9.8 μm) 
(Singer 1976).

Marasmius cf. pallescens is similar to M. pulcherripes “the 
pinkish-red form” (Desjardin 1989), and originally described 
from Nearctic (New York, United States). Marasmius pulcher-
ripes, however, has more numerous lamellae (15-16), more 
colorful stipe, slightly smaller basidiospores ([10.4-]12-16 × 3.2-
4.6 μm), and regular lamellar trama. Antonín et al. (2012) 
reported M. pulcherripes from South Korea with marginate 
lamellae and larger pleurocystidia (37-65 × 7.0-12 μm), and 
this branched as a distinct lineage closer to M. siccus species 
complex (siccus_cp1) than to M. haematocephalus species 
complex (haemat_cp1) in Fig. 1. Unfortunately, no DNA 
sequences were obtained from the examined collections here 
as M. cf. pallescens. Because of the morphological similarity, 
one may predict it would branch closely related to M. pul-
cherripes sensu Antonín et al. (2012). Based on morphology, 
M. cf. pallescens is classified in ser. Pulcherripes (Oliveira 
et al. 2020) along with M. pallescens, M. panerythrus and 
M. rhodopurpureus.

DISCUSSION

pantropical and pantemperate SpecieS?
Morphology (MSR, Taylor et al. 2006) has led taxonomists 
to accept a pantropical M. haematocephalus and a pantemper-
ate M. siccus. Would molecular phylogeny (PSR, Taylor et al. 
2006) support this understanding?

According to the resulting trees (Figs 1-3), the pantropical 
and pantemperate species concepts are inadequate for the spe-
cies level and do not represent properly the species diversity 
tempo of the involved lineages in their evolutionary history. 
The “pantropical M. haematocephalus” and “pantemperate 
M. siccus” are groups harboring very morphologically close 
or cryptic species. Quoting Taylor et al. (2006), “if the rate of 
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change of morphological characters is slow when compared 
with genetic or reproductive isolation, fewer species will be 
recognized by morphology and their ranges will appear to be 

larger”, even more for microbial eukaryotes such as Fungi. 
The trees indicate at least 23 species hidden in the M. haema-
tocephalus and M. siccus complexes. With few exceptions 

A1

A2

B C

D

E

F

G

fig. 19. — Marasmius cf. pallescens Murrill (JO426): A1, A2, basidiomata; B, basidiospores; C, basidioles; D, basidia; E, pleurocystidia; F, cheilocystidia;  
G, Siccus-type broom cells of the pileipellis. Scale bar: A1, 12.5 mm; A2, 10.5 mm; B-G, 10 µm.
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key to the MarasMius Spp. involved in thiS Study

1. Basidiospores up to 18 μm long, cheilocystidia never dimorphic  .................................................................  2
— Basidiospores longer than 18 μm and/or cheilocystidia dimorphic  ..............................................................  5

2. Pileus red pink to red-purple  .......................................................................................................................  3
— Pileus more light or greyish orange or brown  ...............................................................................................  4

3. Lamellae marginate, basidiospores (11-)12-15(-16) × 3-4.5(-5) μm  ............................... M. pulcherripes Peck a
— Lamellae non-marginate, basidiospores 12.3-17.3 × 3.7-5 μm  ...................................  M. cf. pallescens Murrill

4. Pileus 4-15 mm diam., lamellae non-marginate, basidiospores (16-)17-18(-19) × 4-5 μm, pleurocystidia 
46-53 × 10-15 μm  ..............................................................................................................  M. aff. pallescens b

— Pileus 13-25 mm diam., lamellae marginate, basidiospores 14.5-17.5(-18) × 3.5-4.02(-4.5) μm, pleurocystidia 
(50-)55-68(-72) × (7-)8-9(-9.5) μm  ......................................................................... M. siccus (Schwein.) Fr. c

5. Pileus deep bright orange, fulvous-ferruginous, brownish orange to reddish brown or fulvous “tawny”  .......  6
— Pileus with different pigmentation  ..............................................................................................................  9

6. Pileus bright orange to fulvous, pleurocystidia somewhat thick-walled  ......................  M. bambusinus (Fr.) Fr.
— Pileus brownish orange to reddish brown, pleurocystidia thin-walled  ..........................................................  7

7. Pileus up to 18 mm diam., stipe more robust (0.3-1 mm diam.), lamellae free to almost adnexed, basidiospores 
15-19 × 3-5 μm  ................................................................................................................. M. gardneri Singer

— Pileus about 10 mm diam., stipe thinner (about 0.3 mm diam.), lamellae free to adnate, basidiospores larger 
 ....................................................................................................................................................................  8

8. Lamellae free to emarginate with a small tooth, marginate, basidiospores 14-20 × 4.0-5.5 μm, on dead leaves, 
from temperate Asia  ..............................................................................  M. ferrugineus Berk. & M.A.Curtis d

— Lamellae free to adnate, non-marginate, basidiospores 15-21 × 2.8-4.3 μm (18-22×4.5-6.0 μm), on woody 
substrate, Tropical South America  ..........................................................................................  M. ferrugineus e

9. Pileus strictly pale yellowish to brownish orange and from temperate forests (pantemperate)  .....................  10
— Pileus with various pigmentations and strictly from tropical forests (pantropical)  ......................................  11

10. From the Nearctic, basidiospores 16-20.4 × 3.4-4 μm, pleurocystidia 32-56 × 5.5-8 μm  ................. M. siccus f
— From the Palearctic, basidiospores (15-)18-25 × 3.5-5 μm, pleurocystidia 38-72(-80) × 5.0-12(-15) μm 

 .......................................................................................................................................................  M. siccus g

11. Cheilocystidia monomorphic  ....................................................................................................................  12
— Cheilocystidia dimorphic  ..........................................................................................................................  20

12. Pileus pale brown, basidiospores up to 26 μm in length  ................... M. castanocephalus J.S. Oliveira, sp. nov.
— Pileus differently pigmentated, basidiospores up to 24 μm in length  .........................................................  13

13. Pileus dark purple to dark violet (blackish)  .................................................. M. haematocephalus (Mont.) Fr. h
— Pileus with paler pigmentation  ..................................................................................................................  14

14. Pileus pale to yellowish orange, basidiospores 20.5-24 μm in length  ...............................................................  
 .......................................................................................................  M. auranticapitatus J.S. Oliveira, sp. nov.

— Pileus never orange but red-pink-lilac-purple, basidiospores shorter, up to 22 μm in length  ......................  15

15. Pleurocystidia very elongate, up to 75 μm in length, pileipellis with two kinds of broom cells  ........................  
 .......................................................................................................................  M. roseus J.S. Oliveira, sp. nov.

— Pleurocystidia shorter, up to 60 μm, pileipellis with uniform broom cells  ..................................................  16

16. Pleurocystidia short (37-42 μm), basidiospores 18.5-23(-25) × 3.5-5(-6) μm  ..  M. asiaticus Mesic & Tkalcec i
— Pleurocystidia longer than 42 μm, basidiospores shorter (up to 22 μm)  .....................................................  17

17. Stipe short, 9-20 mm in length, curved, pleurocystidia inflated up to 18.8 μm broad, basidiospores up to 20 μm 
in length ..................................................................................................  M. coasiaticus J.S. Oliveira, sp. nov.

— Stipe elongate, up to 60 mm in length, erect, pleurocystidia up to 11 μm broad, basidiospores reaching 21-22 μm 
long  ...........................................................................................................................................................  18

18. Lamellar trama regular, pileipellis mottled  ......................................................................  M. haematocephalus j
— Lamellar trama irregular, pileipellis uniform  ..............................................................................................  19
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discussed below, all taxa included in the M. haematocephalus 
MSR formed a monophyletic group based on tropical strains 
(haemat_cp1) and taxa included in the M. siccus MRS based 
on all temperate strains grouped in monophyly (siccus_cp1). 
Marasmius haematocephalus complex (haemat_cp1) seems 
strictly pantropical while M. siccus complex (siccus_cp1) seems 
strictly pantemperate (Fig. 1), respectively represented by the 
red and blue areas, their putative range of distribution across 
forested terrestrial areas based on their reports (Appendix: 
Fig. S1). This hypothesis also predicts two possible main 
connecting interfaces between haemat_cp1 and siccus_cp1: 
1) Florida-Caribbean; and 2) China.

Marasmius siccus complex (siccus_cp1) consists of at least five 
or six close or cryptic species (Figs 1; 2). The strain DED5255 
(Tan et al. 2009), a topotypical specimen (D.E. Desjardin, pers. 
comm.), is considered the authentic M. siccus (s. str.) along 
with other four strains from United States (Nearctic) forming 
the highly supported branch (Fig. 2). The other four or five 
taxa are from temperate Asia (Palearctic) into siccus_cp2a and 
siccus_cp2b. The strains of siccus_cp2a were sampled from 
China, Russian Far East (excepting LE253535 from Southern 
Ural that may represent a distinct species and NN050245 with 

uninformed specific site) and South Korea and strains from 
this last country are morphologically described in Antonín 
et al. (2012). No morphological data was found for the other 
strains. The strains of the unsupported siccus_cp2b are from 
China and Russia (Siberia). At this point, based on the spe-
cies concept accepted in this study, M. siccus is confirmed 
only in the Nearctic.
There are at least 18 different but close or cryptic species within 
the M. haematocephalus complex (haemat_cp1) (Figs 1; 3). 
Four, M. auranticapitatus J.S. Oliveira, sp. nov., M. castano-
cephalus J.S. Oliveira, sp. nov., M. coasiaticus J.S. Oliveira, 
sp. nov. and M. roseus J.S. Oliveira, sp. nov. are from Brazil 
(Neotropical realm). Marasmius rubicundus (Singer) J.S. 
Oliveira, stat. nov. is elevated from M. haematocephalus var. 
rubicundus. A sixth species is M. asiaticus (synonym: M. dis-
tantifolius) from Malaysia. Twelve other species are named 
after M. haematocephalus (Fig. 3): one from Brazil, one from 
Malaysia (Tan et al. 2009), two from Madagascar (Shay et al. 
2017), six others consist of informal “forms” of M. haemato-
cephalus from Thailand (Wannathes et al. 2009), and two from 
India (Dutta 2017). The most authentic M. haematocephalus 
(s. str.) is represented by the strain JO533 (Fig. 13A) depicted 

19. Pileus deep blood red, basidiospores xmm = 20.4 (± 0.3) × 3.9 (± 0.1) μm, Qmm = 5.3 (± 0.1)  .........................  
 ......................................................................................................................................... M. haematocephalus

— Pileus more pale red, Canna pink or rose, or vibrant ruby pink, basidiospores xmm = 18.9 (± 0.5) × 3.8 (± 0.1) μm, 
Qmm = 5 (± 0.2)  .....................................................................  M. rubicundus (Singer) J.S. Oliveira, stat. nov.

20. Pileus yellowish orange or with a pale brownish yellow disc and nearly white margin  .....................................  
 ............................................................................................................ M. haematocephalus “f. luteocephalus” k

— Pileus with red, violet, olive, greyish blue or brown pigments  ....................................................................  21

21. Pileus 1-5 mm diam., dark brown all over  ...........................................  M. haematocephalus “f. atrobrunneus” l
— Pileus larger than 5 mm diam., with red, violet, purple, olive, or greyish blue hues  ...................................  22

22. Pileus olive to greyish blue all over when young, disc often with red, orange or reddish purple tints in age 
 ................................................................................................................  M. haematocephalus “f. variabilis” m

— Pileus lacking olive and greyish blue tints  ..................................................................................................  23

23. Pileus typically 10-20(-30) mm diam., margin and mid disc lilac and center deep lilac  ..................................  
 ...................................................................................................................  M. haematocephalus “f. robustus” n

— Pileus typically smaller than 10 mm diam., deep reddish brown to maroon or deep violet-purple  .............  24

24. Pileus deep reddish brown to maroon color; basidiomata often on eudicot leaves  ...........................................  
 ....................................................................................................... M. haematocephalus “f. haematocephalus” o

— Pileus magenta, deep violet-purple or dark purple; basidiomata often on bamboo leaves  ...........................  25

25. Basidiospores 13-14.5(-15) × (2.5-)3.5-4(-5) μm  ....................................................  M. haematocephalus f. 1 p
— Basidiospores (18-)18.5-22 × 3.5-4.2(-4.7) μm  ...................................  M. haematocephalus “f. atroviolaceus” q

a, Marasmius pucherripes Peck based on collections from South Korea (Antonín et al. 2012); b, Marasmius aff. pallescens Murrill based on N. Wannathes 424 from 
Thailand (Wannathes et al. 2009); c, Marasmius siccus (Schwein.) Fr. based on AKD 300/2015 and AKD 301/2015 from India (Dutta 2017); d, Marasmius ferrugineus 
Berk. & M.A.Curtis based on collections from South Korea (Antonín et al. 2012); e, Marasmius ferrugineus based on the type material from Brazil (Gardner, Berke-
ley Herbarium set, K) in Singer (1976); f, Marasmius siccus based on Desjardin (1989); g, Marasmius siccus based on V. Antonín 07.97 & R. Ryoo and collections 
from South Korea (Antonín et al. 2012); h, Marasmius haematocephalus (Mont.) Fr. based on Yee-Shin Tan TYS 523 from Malaysia (Tan et al. 2009); i, Marasmius 
asiaticus Mesic & Tkalcec based on the type collection (TYS 478) from Malaysia (Tan et al. 2009); j, Marasmius haematocephalus based on J.E. Shay 202 and 
additional collections from Madagascar (Shay et al. 2017); k, Marasmius haematocephalus “f. luteocephalus” based on N. Wannathes 310 from Thailand (Wan-
nathes et al. 2009); l, Marasmius haematocephalus “f. atrobrunneus” based on N. Wannathes 117 and additional collections from Thailand (Wannathes et al. 
2009); m, Marasmius haematocephalus “f. variabilis” based on N. Wannathes 430 and additional collections from Thailand (Wannathes et al. 2009); n, Marasmius 
haematocephalus “f. robustus” based on N. Wannathes 433 and additional collections from Thailand (Wannathes et al. 2009); o, Marasmius haematocephalus 
“f. haematocephalus” based on CAL 1518 and additional collections from India (Dutta 2017), and based on N. Wannathes 428 and additional collections from 
Thailand (Wannathes et al. 2009); p, Marasmius haematocephalus f. 1 based on AKD 201/2014 from India (Dutta 2017); q, Marasmius haematocephalus “f. atro-
violaceus” based on AKD 06/2011 from India (Dutta 2017), and based on N. Wannathes 413 from Thailand (Wannathes et al. 2009).
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by a black arrow in the DATASET 2b tree (Fig. 3), collected 
from the same region of the holotype and the Singer’s topo-
type. Yet, M. haematocephalus s. str. is part of a deeper species 
complex along with M. auranticapitatus J.S. Oliveira, sp. nov. 
and M. rubicundus (Singer) J.S. Oliveira, stat. nov. within 
haemat_cp2a (Fig. 3). Marasmius haematocephalus s. str., 
M. rubicundus (Singer) J.S. Oliveira, stat. nov. and M. auran-
ticapitatus J.S. Oliveira, sp. nov. are only fully resolved within 
haemat_cp2a integrating the multilocus ‘nrLSU + nrITS’ and 
‘nrITS + rpb2 + ef1-α (introns included)’ analyses of DATA-
SETs 3 and 4 (Figs 4; 5), respectively. Marasmius rubicundus 
(Singer) J.S. Oliveira, stat. nov. and M. auranticapitatus J.S. 
Oliveira, sp. nov. are sister, then sister to M. haematocephalus. 
At this point, M. haematocephalus s. str. is confirmed only in 
the Neotropical realm as well as haemat_cp2a (Fig. 3).

Sister to subclade haemat_cp2a, haemat_cp2b is part Afro-
tropical and part Indo-Malayan. Within haemat_cp2b, there 
are possibly three species named as M. haematocephalus from 
India, Madagascar, and Malaysia. The Indian (Dutta 2017) 
and Malaysian (Tan et al. 2009) lineages are very similar in 
pileus pigmentation (greyish magenta to deep magenta or 
dark purple overall vs dark purple to dark violet) and other 
features, but the former (as “M. haematocephalus f. 1”) has 
shorter basidiospores (13-14-14.5[-15] × 2.5-3.5-4.0-5.0 μm 
vs [15-]17-20[-23] × 3.5-4.5 μm) and dimorphic cheilocys-
tidia. The Madagascaran lineage (Shay et al. 2017), however, 
has a paller pileus (buff with pale orangish pink hue, or 
pinkish purple to dull reddish purple), larger basidiospores 
([13.6-]16-22 × 3.2-4.8 μm), larger pleurocystidia (20.8-
68 × 7.2-15.2 μm) and monomorphic cheilocystidia, and 
is morphologically more compatible to M. haematocephalus 
sensu Antonín (2007).

Marasmius coasiaticus J.S. Oliveira, sp. nov. from Brazil is 
interestingly sister to M. asiaticus from Malaysia (TYS 478, 
holotype) in haemat_cp2c, almost entirely Indo-Malayan. This 
subclade is sister, with strong support, to the clade bearing 
haemat_cp2a and haemat_cp2b. Also, haemat_cp2c is a species 
cluster with possibly five species, only three fully resolved in 
this analysis. Marasmius asiaticus is entangled with M. hae-
matocephalus “f. haematocephalus” from Thailand (Wannathes 
et al. 2009) and from India (Dutta 2017). Marasmius asiaticus 
differs from M. haematocephalus “f. haematocephalus” from 
Thailand mostly by having more distant and less numerous 
(7-8 vs 9-14), marginate lamellae, shorter stipe (11-22 mm vs 
10-40 mm), slightly larger basidiospores (18.5-23[-25] × 3.5-
5[-6] μm vs [15-]17-20[-25] × [3-]4-5 μm), cheilocystidia 
only as Siccus-type broom cells (vs. dimorphic cheilocys-
tidia, one type similar to the pleurocystidia), and smaller 
pleurocystidia (37-42 × 9-12 μm vs 32-54 × 6-12[-15] μm). 
Marasmius haematocephalus “f. haematocephalus” from India 
(Dutta 2017) and Marasmius sp. (HATFD14-61) also from 
India are a slightly more divergent lineage in haemat_cp2c, 
but unsupported. Marasmius haematocephalus “f. haemato-
cephalus” from India has compatible pileus color (light red 
to brownish red when young, on maturity disc dark brown, 
margin red or reddish brown to violet brown) and dimorphic 
cheilocystidia like those in f. haematocephalus from Thailand, 

but has more pigmented lamellae (greyish red to reddish 
brown, mostly concolorous, often with slightly paler edge), 
smaller basidiospores (15-17.03[-19] × 3.5-4[-5] μm) and 
larger pleurocystidia (32-54 × 6-12[-15] μm). Marasmius 
haematocephalus “f. atrobrunneus” has a dark brown pileus, 
intermediate basidiospores dimension (17-19 × 4-5 μm), and 
shorter pleurocystidia (34-48 × 7-9 μm) with many apical 
constrictions.

The lineage haemat_cp2d is a single species from Thailand 
(Wannathes et al. 2009) to India (Dutta 2017), but the basid-
iospores in the collection from India is much smaller than those 
in the collections from Thailand ([18-]18.5-19.5[-21] × 3.5-
3.9-4.04[-4.7] μm vs [19-]20-24[-25] × 3.5-5 μm) beside 
the smaller pleurocystidia (42-47[-54] × [5.5-]7-8[-9] μm 
vs 38-73 × 7-13 μm). Basal in haemat_cp1, there is more 
morphological diversity in haemat_cp2e than it looks in the 
tree (Fig. 3), especially in the pileus color. Most of the strains 
are from Indo-Malayan realm, excepting the strain ‘JES142 
M. haematocephalus’ from Madagascar, but haemat_cp2e is 
unsupported.

Marasmius ferrugineus (temperate strains) and M. gardneri 
(tropical strains) are sister, forming the clade Ferrugineus 
with support (Fig. 1), both with brownish orange or reddish-
brown pileus. It is intermediate between M. siccus complex 
and M. haematocephalus complex. Marasmius ferrugineus was 
described from Brazil (Neotropical realm) while the repre-
sentatives in the tree (BRNM 724480) is from South Korea 
(Palearctic), foliicolous, with marginate lamellae (Antonín et al. 
2012). Additional strains from China (Palearctic/Indo-Malayan 
realms interface) are named as M. ferrugineus too.

Marasmius siccus sensu Dutta (2017) from India 
(AKD 300/2015 and AKD 301/2015) is a different species, 
possibly conspecific with ‘NW424 Marasmius aff. pallescens’ 
from Thailand (Figs 1; 2), sister with strong support to the 
temperate siccus_cp1 but as divergent as Ferrugineus is to 
haemat_cp1. AKD 300/2015 and AKD 301/2015 have grey-
ish orange to light orange pileus with brown center recall-
ing M. siccus but differs in having marginate lamellae (light 
orange) and smaller basidiospores (14.5-17.5[-18] × 3.5-
4.02[-4.5] μm) (Dutta 2017). This basidiospores dimension 
is closer to those in M. aff. pallescens (NW424, [16-]17-18[-
19] × 4-5 μm) that has light brown to pale greyish brown 
pileus when young, grey to greyish orange in age, but the 
lamellae are non-marginate (Wannathes et al. 2009). Maras-
mius aff. pallescens is different from M. pallescens as described 
in Murrill (1915), Dennis (1961), Singer (1965, 1976), or 
Pegler (1983) who examined collections with pale pinkish 
lilac pilei from Martinique, Venezuela and Puerto Rico (the 
type). Singer (1976) considered M. pallescens quite similar 
to M. haematocephalus (see M. cf. pallescens above), possibly 
being confused with one of its numerous color variants, but 
the spores are clearly shorter (11-17 × 3.2-4.5 μm). Based on 
morphology, M. pallescens seems closer to M. pulcherripes the 
“pinkish-red form” (Desjardin 1989) and considered herein 
a member of ser. Pulcherripes (clade Pulcherripes in Fig. 1).

Marasmius pulcherripes was originally described from the 
United States (Nearctic) in Peck (1872) having a soft maroon or 
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vinous red pileus. The species is common throughout Eastern 
North America (Desjardin 1989), also reported from California 
(Desjardin 1987), and Japan (Imazeki & Hongo 1987; Desjar-
din 1989) in “pinkish red form” and “brownish orange form” 
(Desjardin 1989). The strains from South Korea (Antonín et al. 
2012) in the tree (Fig. 1) agree with the “pinkish red form” 
(Desjardin 1989), differing only in having larger (37-65 × 7.0-
12 μm) and refractive, more conspicuous pleurocystidia. In 
the tree (Fig. 1), strains named M. pulcherripes from United 
States were also placed in clade Pulcherripes. By considering 
the strains from United States more authentic for the species, 
those from South Korea is a distinct species in the series.

Oliveira et al. (2020) systematised Marasmius sect. Globu-
lares sensu Antonín & Noordeloos (2010) in subsections and 
series, and ser. Haematocephali is currently incertae sedis. Based 
on this study, this series herein splits into at least four groups: 
1) M. haematocephalus complex (haemat_cp1) that is stirps 
Haematocephalus; 2) clade Ferrugineus that bears the stirps’ 
name; 3) M. siccus complex (siccus_cp1) that is stirps Siccus; 
and 4) the lineage sister to siccus_cp1.

cryptic SpecieS

According to Bickford et al. (2007), cryptic species are two 
or more distinct species erroneously classified (and hidden) 
under one species name because they are at least superficially 
morphologically indistinguishable. However, as explained by 
the authors, this concept is not straightforward and is, there-
fore, subject of debate (Appendix).

Although taxonomists would accept a pantropical M. haema-
tocephalus, most of them agree it harbors a species complex: 
either subspecies, varieties or forms (Singer 1976; Desjardin 
1989; Wannathes et al. 2009), or also possibly quite similar 
or even cryptic species embedded within the MSR. In the first 
case, the species may present a range of very subtle differences 
that can be the result of variation among populations set by 
differential gene flow or phenotypic plasticity within a species. 
Or, close or cryptic independent species resulted from recent 
divergence, parallelism, convergence, or morphostasis hidden 
in one name, leading taxonomists to misdetermine specimens 
from various tropical areas across the World.

The most authentic M. haematocephalus (Montagne 1837; 
Fries 1838; Singer 1958, 1976, this paper) is confirmed only in 
the Neotropical realm (Brazilian Atlantic Rainforest) and the 
pantropical concept represents a supraspecific taxa (phylogeny 
in this paper). Intercontinental divergence among strains was 
already reported for presumed cosmopolitan, pantemperate 
or pantropical macrofungal species: Schizophyllum commune 
Fr. (James et al. 1999, 2001), Lentinula spp. (Hibbett 2001), 
Suillus spraguei (Berk. & M.A.Curtis) Kuntze (Mueller et al. 
2001), Amanita muscaria (L.) Lam. (Geml et al. 2008), Tricho-
loma scalpturatum (Fr.) Quél. (Jargeat et al. 2010), Geastrum 
triplex Jungh. (Kasuya et al. 2012), Auricularia auricula-judae 
(Bull.) Quél. (Wu et al. 2015), Sparassis crispa (Wulfen) Fr. 
and S. spathulata (Schwein.) Fr. – S. brevipes Krombh. com-
plexes (Hughes et al. 2014; Petersen et al. 2015), Gymnopus 
confluens (Pers.) Antonín, Halling & Noordel. (Hughes & 
Petersen 2015) now in Collybiopsis (J. Schröt.) Earle (Petersen & 

Hughes 2021), Myriostoma coliforme (Dicks.) Corda (Sousa 
et al. 2017), and Phallus indusiatus Vent. (Cabral et al. 2019).

Based on haemat_cp1, stirps Haematocephalus is monophyletic 
and seems to have a pantropical distribution (Fig. 1). Species 
radiation encompasses allopatric speciation driving divergence 
of a remote, widely distributed common ancestor into multiple 
lineages following continental drift, or long-distance disper-
sal. Diverged species are maintained by early extrinsic (Taylor 
et al. 2006) and possibly intrinsic barriers. If the pileus pig-
mentation is set aside due to its subjectiveness, all this species 
group (Fig. 3) would be cryptic in the view of Bickford et al. 
(2007), hidden in M. haematocephalus. If pileus pigmentation 
is considered determinant, only the strains in the red rectangles 
(Fig. 3) are considered truly cryptic, morphologically indis-
tinguishable from M. haematocephalus s. str. These six cryptic 
species are polyphyletic, originating from: 1) Brazil (Neotropi-
cal realm); 2) Madagascar, Insular Africa (Afrotropical realm); 
and 3) India, Malaysia, and Thailand (Indo-Malayan realm). 
As observed in the morphological analyses, the pileus color is 
fundamental in combination with the other characteristics. 
In terms of evolutionary process, these first outermost layers 
of crypticity may be the result of parallelism, convergence, or 
even morphostasis (Struck et al. 2018). Layers of crypticity was 
previously reported in other groups of organisms (Korshunova 
et al. 2019). Interestingly, stirps Haematocephalus is suggested 
to form a biogeographic structure from the Neotropical (most 
recent), Afrotropical (intermediate) to Indo-Malayan (more 
remote) realms that seems more plausibly explained by the 
vicariance hypothesis. Marasmius coasiaticus J.S. Oliveira, sp. nov. 
and ‘JES142 M. haematocephalus’ break this pattern (Fig. 3), 
seemingly more compatible with a long dispersal hypothesis.

The pantemperate M. siccus is also a species complex, stirps 
Siccus, with a pantemperate distribution (Fig. 1) in recent radi-
ation, with the most authentic M. siccus strains in the Nearctic 
(Fig. 2). Marasmius siccus sensu Antonín et al. (2012) from South 
Korea is very similar to M. siccus s. str. as described in Desjardin 
(1989) mostly from North America (United States) with over-
lapping basidiospores dimension ([15-]18-25 × 3.5-5.0 μm vs 
15.2-20.8 × 3.2-4.6 μm [only the holotype], respectively) and 
pleurocystidia (38-72[-80] × 5.0-12[-15] μm vs 32-60 × 5-9 
μm [only the holotype], respectively). Collections named as 
M. siccus in Antonín & Noordeloos (2010) from Europe and 
Asia should also include cryptic species. With smaller and less 
evenly distributed sampling, siccus_cp1 does not show biogeo-
graphic pattern similar to haemat_cp1. On the other hand, 
the five putative species in siccus_cp1 present consistency of 
local/regional distribution, reason why M. siccus s. str. is given 
to be strictly Nearctical while M. siccus ‘sensu Antonín et al. 
(2012)’ appears to be concentrated in the Far East Coast of Asia.

The cryptic species within the two species complexes also 
include a deeper, innermost layer of crypticity: siccus_cp2a and 
siccus_cp2b (Fig. 2), haemat_cp2a, haemat_cp2b, haemat_cp2c, 
haemat_cp2d and haemat_cp2e (Fig. 3). These species groups 
have very recently radiated in sym-, peri- or parapatric speciation 
(Natvig & May 1996) with insufficient time to accumulate more 
significant genetic divergence. Speciation has been prompted by 
intrinsic barriers (Taylor et al. 2006). Partial intercompatibil-



132 CRYPTOGAMIE, MYCOLOGIE • 2022 • 43 (5) 

Oliveira J. J. S. et al.

ity at several degrees or viable hybrids may occur within these 
clusters (see JO226 in M. auranticapitatus J.S. Oliveira, sp. nov. 
and JO316 in M. rubicundus (Singer) J.S. Oliveira, stat. nov.), 
merging back the lineages with divergence in progress (Natvig & 
May 1996; Taylor et al. 2000). Meanwhile true interspecies 
hybridization can move genes between species and blur species 
boundaries, ancestral polymorphism may play a part (Natvig & 
May 1996). The trends of the process, however, seem to push 
the disruption forward until reticulation is fully ceased. This is 
supported by the vast majority of the other examined strains 
to be fully dichotomized. This layer of very recent divergence 
forms species complexes of cryptic taxa in morphology and even 
for the nrITS. This usually polymorphic DNA region is not 
powerful enough to resolve the phylogenetic relationships with 
support, and some studies have already reported its limitation 
in taxa discrimination within species complexes (Nilsson et al. 
2008; Schoch et al. 2012; Vu et al. 2019). Multilocus analyses 
combining markers with greater PI (Balasundaram et al. 2015) 
were necessary to dissect these groups. For haemat_cp2a, the 
multilocus analyses combining nrITS + nrLSU including only 
haemat_cp2a (Fig. 4) and nrITS + rpb2 + ef1-α (Fig. 5) were able 
to resolve M. auranticapitatus J.S. Oliveira, sp. nov., M. haemato-
cephalus s. str. and M. rubicundus (Singer) J.S. Oliveira, stat. nov. 
The multilocus analyses evoke gene coalescence integrated with 
morphology in Genealogical Concordance Concept to avoid 
subjectivity in PSR (Mayden 1997; Taylor et al. 2000). Besides 
pileus pigmentation, the basidiospores size, although overlap-
ping in min.-max. ranges, has a fine trace of phylogenetic signal 
(Table 1), but pleurocystidia dimension are nearly indistinguishable 
(Table 2). These three are sibling species (Bickford et al. 2007).

CONCLUSION

Based on the available data and the present analyses, a pantropi-
cal M. haematocephalus and a pantemperate M. siccus concepts 

are unsupported. But these two concepts seem represented by 
two monophyletic, supraspecific groups determined as stirps 
Haematocephalus and stirps Siccus, respectively. Seven spe-
cies complexes were detected in a deeper, innermost layer of 
crypticity. Overall, four new species were proposed, all within 
stirps Haematocephalus. At least 15 lineages would need names 
different from M. haematocephalus and M. siccus. By clearing 
more about these species’ complexes, next studies may add 
more data and further elucidate about these species groups.

Acknowledgements
This is part of J. J. S. Oliveira doctoral dissertation in the Programa 
de Pós-graduação em Biodiversidade Vegetal e Meio Ambiente 
at the Instituto de Botânica, which was financially supported 
by Fundação de Amparo à Pesquisa do Estado de São Paulo 
(FAPESP 2011/02269-1 and 2012/21793-6). M. Capelari thanks 
FAPESP (2009/53272-2). J. J. S. Oliveira thanks the Conselho 
Nacional de Desenvolvimento Científico e Tecnológico CNPq 
(233991/2014-0) and the Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior (CAPES) for post-doctoral scholarships; 
and PELD MAUA II: Áreas Úmidas Amazônicas – Ecologia 
e monitoramento da vegetação de áreas úmidas oligotróficas 
na Amazônia Central: impactos antropogênicos e implicações 
para conservação em áreas protegidas nas bacias dos rios Negro 
e Uatumã. J.-M. Moncalvo was supported financially by the 
Natural Science and Engineering Council of Canada (NSERC) 
and the Royal Ontario Museum Governors. The authors also 
thank SP and INPA Herbaria; Antônio Víctor da Costa for the 
field work assistance; Tarciso Filgueiras for the Latin spelling 
assistance; Reserva Betary – Centro de Estudos da Biodiversi-
dade; and Klei Sousa for the illustrations. Thanks are also due 
to the peer-reviewers Dr D. E. Desjardin and Dr V. Antonín. 
This research is registered in SISGen (Sistema Nacional de 
Gestão do Patrimônio Genético e do Conhecimento Tradicional 
Associado) under the number A20501E.

REFERENCES

antonín v. 2003. — New species of marasmioid genera (Basidi-
omycetes, Tricholomatacae) from Tropical Africa – II. Gloiocephala, 
Marasmius, Setulipes and two new combinations. Mycotaxon 88: 
53-78.

antonín v. 2007. — Monograph of Marasmius, Gloiocephala, 
Palaeocephala and Setulipes in Tropical Africa. Fungus flora of 
Tropical Africa, Meise 1: 1-164.

table 1. — Overlaping basidiospores dimensions of Marasmius rubicundus (Singer) J.S. Oliveira, stat. nov. < M. haematocephalus (Mont.) Fr. < M. auranticapi-
tatus J.S. Oliveira, sp. nov. Abbreviations: s, number of specimens evaluated; x, min.-max range of length × width; xrm, min.-max. range of means of length × 
width; xmm, mean of means of length (± stan. dev.) × width (± stan. dev.); Qrm, min.-max. range of Qm (mean of the quotient length/width); Qmm, mean of means 
of Qm (± stan. dev.).

Species s x xrm xmm Qrm Qmm
M. rubicundus stat. nov. 28 (15.4-)16.2-21.7(-22) × 2.7-

4.7(-5) µm
18-19.7 × 3.5-4 µm 19 (± 0.5) × 3.8 (± 0.2) µm 4.6-5.5 5 (± 0.3)

M. haematocephalus 5 (18-)18.3-22.6(-23) × 3-4.9 µm 20.1-21 × 3.8-4.2 µm 20.5 (± 0.3) × 3.9 (± 0.2) µm 5-5.4 5.2 (± 0.1)
M. auranticapitatus sp. nov. 8 17.1-24.8 × 2.8-5 µm 19.4-22.3 × 3.5-4.2 µm 21.1 (± 0.7) × 3.8 (± 0.3) µm 5.1-6.3 5.7 (± 0.5)

table 2. — Overlaping pleurocystidia dimensions of Marasmius rubicundus 
(Singer) J.S. Oliveira, stat. nov.: M. haematocephalus (Mont.) Fr.: M. auranti-
capitatus J.S. Oliveira, sp. nov.

Species Pleurocystidia
M. rubicundus stat. nov. (19.5-)25.6-71.7 × 5-12.3 µm
M. haematocephalus 30.1-76.2 × 7-13.9(-15.5) µm
M. auranticapitatus sp. nov. (15.1-)22.3-74.3 × 5.2-12.1 µm



133 

Disentangling cryptic species in the Marasmius haematocephalus and M. siccus species complexes

CRYPTOGAMIE, MYCOLOGIE • 2022 • 43 (5)

antonín v. & noordelooS m. e. 1993. — A Monograph of 
Marasmius, Collybia and Related Genera in Europe. Part 1: 
Marasmius, Setulipes, and Marasmiellus. IHW-Verlag, Eching, 
229 p. (Libri botanici, vol. 8).

antonín v. & noordelooS m. e. 2010. — A Monograph of 
Marasmioid and Collybioid Fungi in Europe. IHW-Verlag, Ech-
ing, 480 p.

antonín v., ryoo r. & Shin h. d. 2012. — Marasmioid and 
gymnopoid fungi of the Republic of Korea. 4. Marasmius sect. 
Sicci. Mycological Progress 11: 615-638. https://doi.org/10.1007/
s11557-011-0773-y

balaSundaram S. v., engh i. b., Skrede i. & kauSerud h. 
2015. — How many DNA markers are needed to reveal cryptic 
fungal species? Fungal Biology 119 (10): 940-945. https://doi.
org/10.1016/j.funbio.2015.07.006

berkeley m. J. 1843. — Notices of some Brazilian fungi. London 
Journal of Botany 2: 629-643.

berkeley m. J. 1856. — Decades of Fungi LI-LIV: Rio Negro 
Fungi. Hooker’s Journal of Botany & Kew Garden Miscellaneous 
8: 129-144.

berkeley m. J. & broome c. e. 1873. — Enumeration of the 
fungi of Ceylon. Part II. Botanical Journal of the Linnean Society 
14 (73): 29-141. https://doi.org/10.1111/j.1095-8339.1873.
tb00301.x

berkeley m. J. & cooke m. c. 1876. — The fungi of Brazil, 
including those collected by J.W.H. Trail, Esq., M.A. in 1874. 
Botanical Journal of the Linnean Society 15 (86): 363-398. https://
doi.org/10.1111/j.1095-8339.1876.tb00248.x

berkeley m. J. & curtiS m. a. 1869 [1868]. — Fungi cubensis. 
Botanical Journal of the Linnean Society 10 (45): 280-392. https://
doi.org/10.1111/j.1095-8339.1868.tb00529.x

bickford d., lohman d. J., Sodhi n. S., ng p. k. l., meier r., 
winker k., ingram k. k. & daS i. 2007. — Cryptic species 
as a window on diversity and conservation. Trends in Ecol-
ogy and Evolution 22 (3): 148-155. https://doi.org/10.1016/j.
tree.2006.11.004

cabral t. S., Silva b. d., martín m. p., clement c. r., 
hoSaka k. & baSeia i. g. 2019. — Behind the veil – explor-
ing the diversity in Phallus indusiatus s.l. (Phallomycetidae, 
Basidiomycota). MycoKeys 58: 103-127. https://doi.org/10.3897/
mycokeys.58.35324

capelari m. & maziero r. 1988. — Fungos macroscópicos do 
estado de Rondônia região dos rios Jaru e Ji-Paraná. Hoehnea 
15: 28-36.

cooke m. c. 1889. — Some exotic fungi. Grevillea 17: 59-60.
de meiJer a. a. r. 2001. — Mycological work in the Brazilian 

state of Paraná. Nova Hedwigia 72 (1-2): 105-159. https://doi.
org/10.1127/nova.hedwigia/72/2001/105

daSmann r. f. 1974. — Biotic Provinces of the World: Further Devel-
opment of a System for Defining and Classifying Natural Regions 
for Purposes of Conservation. IUCN Occasional Paper no. 9. 
International Union for Conservation of Nature and Natural 
Resources, Morges, 57 p.

denniS r. w. g. 1951. — Some Agaricaceae of Trinidad and 
Venezuela. Leucosporae: Part I. Transactions of the British Myco-
logical Society 34 (4): 411-482. https://doi.org/10.1016/S0007-
1536(51)80030-5

denniS r. w. g. 1961. — Fungi venezuelani: IV. Agaricales. Kew 
Bulletin 15 (1): 67-156. https://doi.org/10.2307/4115784

denniS r. w. g. 1970. — The Fungus flora of Venezuela and 
adjacent Countries. Kew Bulletin, Additional Series 3: 1-531.

deSJardin d. e. 1987. — Tricholomataceae. I. Marasmioid fungi: 
the genera Baeospora, Crinipellis, Marasmiellus, Marasmius, 
Micromphale and Strobilurus, in thierS H. D. (ed.), The Agari-
cales of California. Mad River Press, Eureka, 55 p.

deSJardin d. e. 1989. — The Genus Marasmius from the Southern 
Appalachian Mountains. PhD Thesis, University of Tennessee, 
United States, 837 p.

deSJardin d. e. 1991. — Studies on Marasmius from eastern North 
America. IV. Additions to sect. Sicci. Mycologia 83 (1): 30-39. 
https://doi.org/10.1080/00275514.1991.12025976

deSJardin d. e. & horak e. 1997. — Marasmius and Gloiocephala 
in the South Pacific Region: Papua New Guinae, New Caledonia, 
and New Zealand taxa. Part 1: Papua New Guinae and New Cal-
edonia taxa. Part 2: New Zealand, in petrini o., petrini l. e. & 
horak e. (eds), Taxonomic monographs of Agaricales II. Bibliotheca 
Mycologica. Band 168. J. Cramer, Stuttgart, 152 p.

deSJardin d. e., retnowati a. & horak e. 2000. — Agaricales 
of Indonesia. 2. A preliminary monograph of Marasmius from 
Java and Bali. Sydowia 52: 92-194.

deSJardin d. e., wong g. J. & hemmeS d. e. 1992. — Agaricales 
of the Hawaiian Islands. I. Marasmioid fungi: new species, new 
distributional records, and poorly known taxa. Canadian Journal 
of Botany 70 (3): 530-542. https://doi.org/10.1139/b92-068

domingoS m., lopeS m. i. m. l. & de vuono y. S. 2000. — 
Nutrient cycling disturbance in Atlantic Forest sites affected by 
air pollution coming from the industrial complex of Cubatão, 
Southeast Brazil. Revista Brasileira de Botânica 23: 77-85.

dutta a. k. 2017. — Taxonomic Study on Marasmioid and Gym-
nopoid Fungi of West Bengal based on Morphological and Molecu-
lar Features. PhD thesis, Department of Botany, University of 
Calcutta, 269 p.

edgar r. c. 2004. — MUSCLE: a multiple sequence alignment 
method with reduced time and space complexity. BMC Bioin-
formatics 5: 113. https://doi.org/10.1186/1471-2105-5-113

edwardS i. p. & zak d. r. 2010. — Phylogenetic similarity and 
structure of Agaricomycotina communities across a forested 
landscape. Molecular Ecology 19: 1469-1482.

fernandeS a. J., reiS l. a. m. & carvalho a. 2002. — Car-
acterização do meio físico, in bicudo d. c., forti m. c. & 
bicudo c. e. m. (eds), Parque Estadual das Fontes do Ipiranga 
(PEFI): unidade de conservação que resiste a urbanização de São 
Paulo. Secretaria do Meio Ambiente do Estado de São Paulo, 
São Paulo: 51-62.

frieS e. m. 1830. — Eclogae fungorum, praecipue ex herbarus 
germanorum de scriptorum. Linnaea 5: 497-553.

frieS e. m. 1838. — Epicrisis Systematis Mycologici, seu Synopsis 
Hymenomycetum. Upsaliae, 610 p.

frieS e. m. 1851. — Novae symbolae mycologicae, in peregrinis 
terris a botanicis danicis collectae. Nova Acta Regiae Societatis 
Scientiarum Upsaliensis 3: 17-136.

grace c. l., deSJardin d. e., perry b. a. & Shay J. e. 2019. — 
The genus Marasmius (Basidiomycota, Agaricales, Marasmiaceae) 
from Republic of São Tomé and Príncipe, West Africa. Phytotaxa 
414: 55-104. https://doi.org/10.11646/phytotaxa.414.2.1

geml J., tulloSS r. e., laurSen g. a., Sazanova n. a. & 
taylor d. l. 2008. — Evidence for strong inter- and intrac-
ontinental phylogeographic structure in Amanita muscaria, a 
wind-dispersed ectomycorrhizal basidiomycete. Molecular Phylo-
genetics and Evolution 48 (2): 694-701. https://doi.org/10.1016/j.
ympev.2008.04.029

gilliam m. S. 1976. — The genus Marasmius in the Northeastern 
United States and adjacent Canada. Mycotaxon 4: 1-144.

grandi r. a. p., guzmán g. & bononi v. l. r. 1984. — Adições 
às Agaricales (Basidiomycetes) do Parque Estadual das Fontes do 
Ipiranga, São Paulo, SP, Brasil. Rickia 11: 27-33.

henningS p. 1904. — Fungi amazonici I. a cl. Ernesto Ule collecti. 
Hedwigia 43: 154-186.

haelewaterS d., dirkS a. c., kappler l. a., mitchell J. k., 
quiJada l., vandegrift r., buyck b. & pfiSter d. h. 
2018. — A Preliminary Checklist of Fungi at the Boston Har-
bor Islands. Northeastern Naturalist 25: 45-76. https://doi.
org/10.1656/045.025.s904

hibbett d. S. 2001. — Shiitake mushrooms and molecular clocks: 
historical biogeography of Lentinula. Journal of Biogeography 28 
(2): 231-241. https://doi.org/10.1046/j.1365-2699.2001.00528.x

https://doi.org/10.1007/s11557-011-0773-y
https://doi.org/10.1007/s11557-011-0773-y
https://doi.org/10.1016/j.funbio.2015.07.006
https://doi.org/10.1016/j.funbio.2015.07.006
https://doi.org/10.1111/j.1095-8339.1873.tb00301.x
https://doi.org/10.1111/j.1095-8339.1873.tb00301.x
https://doi.org/10.1111/j.1095-8339.1876.tb00248.x
https://doi.org/10.1111/j.1095-8339.1876.tb00248.x
https://doi.org/10.1111/j.1095-8339.1868.tb00529.x
https://doi.org/10.1111/j.1095-8339.1868.tb00529.x
https://doi.org/10.1016/j.tree.2006.11.004
https://doi.org/10.1016/j.tree.2006.11.004
https://doi.org/10.3897/mycokeys.58.35324
https://doi.org/10.3897/mycokeys.58.35324
https://doi.org/10.1127/nova.hedwigia/72/2001/105
https://doi.org/10.1127/nova.hedwigia/72/2001/105
https://doi.org/10.1016/S0007-1536(51)80030-5
https://doi.org/10.1016/S0007-1536(51)80030-5
https://doi.org/10.2307/4115784
https://doi.org/10.1080/00275514.1991.12025976
https://doi.org/10.1139/b92-068
https://doi.org/10.1186/1471-2105-5-113
https://doi.org/10.11646/phytotaxa.414.2.1
https://doi.org/10.1016/j.ympev.2008.04.029
https://doi.org/10.1016/j.ympev.2008.04.029
https://doi.org/10.1656/045.025.s904
https://doi.org/10.1656/045.025.s904
https://doi.org/10.1046/j.1365-2699.2001.00528.x


134 CRYPTOGAMIE, MYCOLOGIE • 2022 • 43 (5) 

Oliveira J. J. S. et al.

hugheS k. w., Segovia a. r. & peterSen r. h. 2014. — Trans-
atlantic disjunction in fleshy fungi. I. The Sparassis crispa com-
plex. Mycological Progress 13: 407-427. https://doi.org/10.1007/
s11557-013-0927-1

hugheS k. w. & peterSen r. h. 2015. — Transatlantic disjunc-
tion in fleshy fungi III: Gymnopus confluens. MycoKeys 9: 37-63. 
https://doi.org/10.3897/mycokeys.9.4700

imazeki r. & hongo t. 1987. — Colored illustrations of mushrooms 
of Japan. Hoikusha Publ. Co., Osaka, 315 p.

ivanauSkaS n. m., miaShike r. l., godoy J. r. l., Souza f. m., 
kanaShiro m. m., mattoS i. f. a., toniato m. t. z. & 
franco g. a. d. c. 2012. — The vegetation of the Alto 
Ribeira Touristic State Park (PETAR), São Paulo, Brazil. Biota 
Neotropica 12 (1): 147-177. https://doi.org/10.1590/S1676-
06032012000100013

JameS t. y., porter d., hamrick J. l. & vilgalyS r. 1999. 
— Evidence for Limited Intercontinental Gene Flow in the 
Cosmopolitan Mushroom, Schizophyllum commune. Evolution 
53 (6): 1665-1677. https://doi.org/10.1111/j.1558-5646.1999.
tb04552.x

JameS t. y., moncalvo J.-m., li S. & vilgalyS r. 2001. — 
Polymorphism at the ribosomal DNA spacers and its relation to 
breeding structure of the widespread mushroom Schizophyllum 
commune. Genetics 157 (1): 149-161. https://doi.org/10.1093/
genetics/157.1.149

Jargeat p., martoS f., carriconde f., gryta h., moreau p.-a. & 
gardeS m. 2010. — Phylogenetic species delimitation in ecto-
mycorrhizal fungi and implications for barcoding: the case of 
the Tricholoma scalpturatum complex (Basidiomycota). Molecular 
Ecology 19: 5216-5230.

JenkinSon t. S., perry b. a., Schaefer r. e. & deSJardin d. e. 
2014. — Cryptomarasmius gen. nov. established in the Physalac-
riaceae to accommodate members of Marasmius sect. Hygrome-
trici. Mycologia 106 (1): 86-94. https://doi.org/10.3852/11-309

kaSuya t., hoSaka k., uno k. & kakiShima m. 2012. — Phy-
logenetic placement of Geastrum melanocephalum and polyphyly 
of Geastrum triplex. Mycoscience 53 (6): 411-426. https://doi.
org/10.1007/S10267-012-0186-Z

kearSe m., moir r., wilSon a., StoneS-havaS S., cheung m., 
Sturrock S., buxton S., cooper a., markowitz S., duran c., 
thierer t., aShton b., meintJeS p. & drummond a. 2012. — 
Geneious Basic: An integrated and extendable desktop software 
platform for the organization and analysis of sequence data. 
Bioinformatics 28 (12): 1647-1649. https://doi.org/10.1093/
bioinformatics/bts199

kimbrough J. w., alveS m. h. & maia l. c. 1995 [1994]. — 
Basidiomycetes saprófitos presentes em troncos vivos e em fol-
hedo de “sombreiro” (Clitoria fairchildiana [Benth.] Howard). 
Biologica Brasilica 6: 51-56.

kiyaShko a. a., malySheva e. f., antonín v., SvetaSheva t. y. & 
bulakh e. m. 2014. — Fungi of the Russian Far East 2. New 
species and new records of Marasmius and Cryptomarasmius (Basidi-
omycota). Phytotaxa 186 (1): 1-28. https://doi.org/10.11646/
phytotaxa.186.1.1

köppen w. 1948. — Climatologia. Editora Fondo Cultura Eco-
nomica, Mexico City, 474 p.

korShunova t., picton b., furfaro g., mariottini p., pon-
teS m., prkiĆ J., fletcher k., malmberg k., lundin k. & 
martynov a. 2019. — Multilevel fine-scale diversity challenges 
the ‘cryptic species’ concept. Scientific Reports 9: 1-23.

kuntze o. 1898. — Revisio generum plantarum 3 (3): 1-576.
küpperS h. 2002. — Atlas de los colores. Editorial Blume, Barce-

lona, 168 p.
lepSch i. f., Saraiva i. r., donzeli p. l., marinho m. a., 

Sakai e., guillaumon J. r., pfeifer r. m., mattoS i. f. a., 
andrade w. J. & Silva c. e. f. 1990. — Macrozoneamento 
das terras da região do rio Ribeira de Iguape, SP. Boletim Cientí-
fico IAC 19: 1-181.

meSic a. & tkalcec z. 2010. — New names in the genus Maras-
mius. Mycotaxon 113: 283-285. https://doi.org/10.5248/113.283

mayden r. l. 1997. — A hierarchy of species concepts: The denoue-
ment in the saga of the species problem, in claridge m. f., 
dawah h. a. & wilSon m. r. (eds), Species: The Units of 
Biodiversity. Chapman & Hall, London: 381-424.

moncalvo J.-m., vilgalyS r., redhead S. a., JohnSon J. e., JameS 
t. y., aime m. c., hofStetter v., verduin S. J. w., larSSon 
e., baroni t. J., thorn r. g., JacobSSon S., clémençon 
h. & miller Jr o. k. 2002. — One hundred and seventeen 
clades of euagarics. Molecular Phylogenetics and Evolution 23 (3): 
357-400. https://doi.org/10.1016/S1055-7903(02)00027-1

montagne J. p. f. c. 1837. — Centurie de plantes cellulaires 
exotiques nouvelles. Annales des Sciences naturelles, Botanique, 
Séries 2, 8: 345-370.

mueller g. m., wu q.-x., huang y.-q., guo S.-y., aldana-
gomez r. & vilgalyS r. 2001. — Assessing biogeographic 
relationships between North American and Chinese macrofungi. 
Journal of Biogeography 28 (2): 271-281. https://doi.org/10.1046/
j.1365-2699.2001.00540.x

murrill w. a. 1915. — Agaricales. North America Flora 9: 201-296.
natvig d. o. & may g. 1996. — Fungal evolution and speciation. Jour-

nal of Genetics 75: 441-452. https://doi.org/10.1007/BF02966321
nilSSon r. h., kriStianSSon e., ryberg m., hallenberg n. & 

larSSon k. h. 2008. — Intraspecific ITS variability in the 
Kingdom Fungi as expressed in the international sequence data-
bases and its implications for molecular species identification. 
Evolutionary Bioinformatics 2008: 193-201.

noordelooS m. e. 1987. — Notulae ad floram agaricinam 
neerlandicam XV. Marasmius, Marasmiellus, Micromphale, and 
Hohenbuehelia. Persoonia 13: 237-262.

nylander J. a. a. 2004. — Mr. Modeltest v2. Program distributed 
by the author. Evolutionary Biology Centre, Uppsala University, 
Uppsala.

oliveira J. J. S., vargaS-iSla r., cabral t. S., rodrigueS d. p. & 
iShikawa n. k. 2019. — Progress on the phylogeny of the 
Omphalotaceae: Gymnopus s. str., Marasmiellus s. str., Paragym-
nopus gen. nov. and Pusillomyces gen. nov. Mycological Progress 
18: 713-739. https://doi.org/10.1007/s11557-019-01483-5

oliveira J. J. S., moncalvo J.-m., margariteScu S. & capelari m. 
2020. — A morphological and phylogenetic evaluation of Mar-
asmius sect. Globulares (Globulares-Sicci complex) with nine new 
taxa from the Neotropical Atlantic Forest. Persoonia 44: 240-277. 
https://doi.org/10.3767/persoonia.2020.44.09

olSon d. m. & dinerStein e. 2002. — The Global 200: Prior-
ity Ecoregions for Global Conservation. Annals of the Missouri 
Botanical Garden 89 (2): 199-224.

olSon d. m., dinerStein e., wikramanayake e. d., bur-
geSS n. d., powell g. v. n., underwood e. c., d’amico J. a., 
itoua i., Strand h. e., morriSon J. c., louckS c. J., 
allnutt t. f., rickettS t. h., kura y., lamoreux J. f., 
wettengel w. w., hedao p. & kaSSem k. r. 2001. — Ter-
restrial Ecoregions of the World: A New Map of Life on Earth. 
BioScience 51 (11): 933-938. https://doi.org/10.1641/0006-
3568(2001)051[0933:TEOTWA]2.0.CO;2

patouillard n. 1889. — Fragments mycologiques. Journal de 
Botanique (Morot) 3 (20): 335-343.

peck c. h. 1872. — Report of the Botanist (1870). Annual Report 
on the New York State Museum of Natural History 24: 41-108.

pegler d. n. 1977. — A preliminary agaric flora of East Africa. 
Kew Bulletin, Additional Series 6: 1-615.

pegler d. n. 1983. — Agaric flora of the Lesser Antilles. Kew 
Bulletin, Additional Series 9:1-668.

pegler d. n. 1986. — Agaric Flora of Sri Lanka. Kew Bulletin, 
Additional Series 12: 1-519.

pegler d. n. 1987. — A revision of the Agaricales of Cuba 1. 
Species described by Berkeley & Curtis. Kew Bulletin 42 (3): 
501-585. https://doi.org/10.2307/4110064

https://doi.org/10.1007/s11557-013-0927-1
https://doi.org/10.1007/s11557-013-0927-1
https://doi.org/10.3897/mycokeys.9.4700
https://doi.org/10.1590/S1676-06032012000100013
https://doi.org/10.1590/S1676-06032012000100013
https://doi.org/10.1111/j.1558-5646.1999.tb04552.x
https://doi.org/10.1111/j.1558-5646.1999.tb04552.x
https://doi.org/10.1093/genetics/157.1.149
https://doi.org/10.1093/genetics/157.1.149
https://doi.org/10.3852/11-309
https://doi.org/10.1007/S10267-012-0186-Z
https://doi.org/10.1007/S10267-012-0186-Z
https://doi.org/10.1093/bioinformatics/bts199
https://doi.org/10.1093/bioinformatics/bts199
https://doi.org/10.11646/phytotaxa.186.1.1
https://doi.org/10.11646/phytotaxa.186.1.1
https://doi.org/10.5248/113.283 
https://doi.org/10.1016/S1055-7903(02)00027-1
https://doi.org/10.1046/j.1365-2699.2001.00540.x
https://doi.org/10.1046/j.1365-2699.2001.00540.x
https://doi.org/10.1007/BF02966321
https://doi.org/10.1007/s11557-019-01483-5
https://doi.org/10.3767/persoonia.2020.44.09
https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://doi.org/10.2307/4110064


135 

Disentangling cryptic species in the Marasmius haematocephalus and M. siccus species complexes

CRYPTOGAMIE, MYCOLOGIE • 2022 • 43 (5)

pegler d. n. 1988. — Agaricales of Brazil described by M. 
J. Berkeley. Kew Bulletin 43 (3): 453-473. https://doi.
org/10.2307/4118978

pegler d. n. 1997. — The Agarics of São Paulo, Brazil: an account 
of the agaricoid fungi (Holobasidiomycetes) of São Paulo State, 
Brazil. Royal Botanic Gardens, Kew, 68 p.

petch t. 1948 [1947]. — A revision of Ceylon Marasmii. Trans-
actions of the British Mycological Society 31 (1-2): 19-47. https://
doi.org/10.1016/S0007-1536(47)80004-X

peterSen r. h. & hugheS k. w. 2021 — Collybiopsis and its 
type species, Co. ramealis. Mycotaxon 136 (2): 263-349. https://
doi.org/10.5248/136.263

peterSen r. h., boroviČka J., Segovia a. r. & hugheS k. w. 
2015. — Transatlantic disjunction in fleshy fungi. II. The Sparas-
sis spathulata – S. brevipes complex. Mycological Progress 14 (30). 
https://doi.org/10.1007/s11557-015-1049-8

pivello v. r. & peccinini a. a. 2002. — A vegetação do PEFI, in 
bicudo d. c., forti m. c. & bicudo c. e. m. (eds), Parque 
Estadual das Fontes do Ipiranga (PEFI): unidade de conservação que 
resiste à urbanização de São Paulo. Secretaria do Meio Ambiente 
de São Paulo, São Paulo: 75-92.

puccinelli c. & capelari m. 2009. — Marasmius do Parque 
Estadual das Fontes do Ipiranga, São Paulo, SP, Brasil: Seções 
Sicci. Hoehnea 36 (4): 637-655. https://doi.org/10.1590/S2236-
89062009000400005

robert v., vu d., amor a. b. h., van de wiele n., brou-
wer c., JabaS b., Szoke S., dridi a., triki m., ben daoud S., 
chouchen o., vaaS l., de cock a., StalperS J. a., Stalp-
erS d., verkley g. J. m., groenewald m., doS SantoS f. b., 
StegehuiS g., li w., wu l., zhang r., ma J., zhou m., 
gorJón S. p., eurwilaichitr l., ingSriSwang S., hanSen k., 
Schoch c., robbertSe b., irinyi l., meyer w., cardinali g., 
hawkSworth d. l., taylor J. w. & crouS p. w. 2013. — 
MycoBank gearing up for new horizons. IMA Fungus 4: 371-379. 
https://doi.org/10.5598/imafungus.2013.04.02.16

ronquiSt f., teSlenko m., van der mark p., ayreS d., dar-
ling a., höhna S., larget b., liu l., Suchard m. a. & 
huelSenbeck J. p. 2012. — MrBayes 3.2: efficient Bayesian 
phylogenetic inference and model choice across a large model 
space. Systematic Biology 61 (3): 539-542. https://doi.org/10.1093/
sysbio/sys029

Sánchez-ramírez S., tulloSS r. e., amalfi m. & moncalvo J.-m. 
2014. — Palaeotropical origins, boreotropical distribution and 
increased rates of diversification in a clade of edible ectomycor-
rhizal mushrooms (Amanita section Caesareae). Journal of Bio-
geography 42 (2): 351-363. https://doi.org/10.1111/jbi.12402

SantoS p. m. & funari f. l. 2002. — Clima, in bicudo d. c., 
forti m. c. & bicudo c. e. m. (eds), Parque Estadual das 
Fontes do Ipiranga (PEFI): unidade de conservação que resiste à 
urbanização de São Paulo. Secretaria do Meio Ambiente de São 
Paulo, São Paulo: 141-158.

Schoch c. l., Seifert k. a., huhndorf S., robertd v., Spou-
gea J. l., leveSque c. a. & chen w. 2012. — Fungal Barcod-
ing Consortium: Nuclear ribosomal internal transcribed space 
(ITS) region as a universal DNA barcode marker for Fungi. 
Proceedings of the National Academy of Sciences United States of 
America 109: 6241-6246.

Schweinitz l. d. 1822. — Synopsis fungorum Carolinae superioris. 
Schriften der Naturforschenden Gesellschaft zu Leipzig 1: 2-131.

Secretaria do meio ambiente 2000. — Atlas das unidades de 
conservação ambiental do estado de São Paulo. Secretaria do Meio 
Ambiente, São Paulo, 30 p.

Shay J. e., deSJardin d. e., perry b. a., grace c. l. & new-
man d. S. 2017. — Biodiversity and phylogeny of Marasmius 
(Agaricales, Basidiomycota) from Madagascar. Phytotaxa 292 (2): 
101-149. https://doi.org/10.11646/phytotaxa.292.2.1

Singer r. 1958 [1959]. — Studies toward a monograph of South 
America species of Marasmius. Sydowia 12: 54-145.

Singer r. 1964. — Marasmius congolais recueillis par Mme Goos-
sens-Fontana et d’autres collecteurs belges. Bulletin du Jardin 
botanique de l’État à Bruxelles 34 (3): 317-388. https://doi.
org/10.2307/3667322

Singer r. 1965. — Monographic studies of South American 
Basidiomycetes, especially those of east slope of Andes and 
Brazil. 2. The genus Marasmius in South America. Sydowia 
18: 106-358.

Singer r. 1976. — Marasmieae (Basidiomycetes – Tricholomata-
ceae). Flora Neotropica Monograph 17: 1-347.

Singer r. 1986. — The Agaricales in Modern Taxonomy. 4th ed. 
Koeltz Scientific Books, Koenigstein, 981 p.

SouSa J. o., Suz l. m., garcía m. a., alfredo d. S., con-
rado l. m., marinho p., ainSworth a. m., baSeia i. g. & 
martín m. p. 2017. — More than one fungus in the pepper pot: 
Integrative taxonomy unmasks hidden species within Myriostoma 
coliforme (Geastraceae, Basidiomycota). PLOS One 12: e0177873. 
https://doi.org/10.1371/journal.pone.0177873

Spegazzini c. 1889. — Fungi Puiggariani. Boletin de la Academia 
Nacional de Ciencias de Cordoba 11: 381-622.

StamatakiS S. 2006. — RAxML-VI-HPC: Maximum likeli-
hood-based phylogenetic analyses with thousands of taxa and 
mixed models. Bioinformatics 22 (21): 2688-2690. https://doi.
org/10.1093/bioinformatics/btl446

Struck t. h., feder J. l., bendikSby m., birkeland S., cerca J., 
guSarov v. i., kiStenich S., larSSon k.-h., liow l. h., 
nowak m. d., StedJe b., bachmann l. & dimitrov d. 
2018. — Finding Evolutionary Processes Hidden in Cryptic 
Species. Trends in Ecology & Evolution 33: 153-163. https://doi.
org/10.1016/j.tree.2017.11.007

tan y.-S., deSJardin d. e., perry b. a., vikineSwary S. & 
noorlidah a. 2009. — Marasmius sensu stricto in Peninsular 
Malaysia. Fungal Diversity 37: 9-100.

taylor J. w., JacobSon d. J., kroken S., kaSuga t., 
geiSer d. m., hibbett d. S. & fiSher m. c. 2000. — 
Phylogenetic species recognition and species concepts in 
fungi. Fungal Genetics and Biology 31 (1): 21-32. https://doi.
org/10.1006/fgbi.2000.1228

taylor J. w., turner e., townSend J. p., dettman J. r. & 
JacobSon d. 2006. — Eukaryotic microbes, species recognition 
and the geographic limits of species: Examples from the kingdom 
Fungi. Philosophical Transactions of the Royal Society B: Biologi-
cal Sciences 361 (1475): 1947-1963. https://doi.org/10.1098/
rstb.2006.1923

udvardy m. d. f. 1975. — A classification of the biogeographical 
provinces of the world. IUCN Occasional Paper no. 18. Interna-
tional Union of Conservation of Nature and Natural Resources, 
Gland, 48 p.

ventura a., berengut g. & victor m. a. m. 1966 [1965]. 
— Características edafo-climáticas das dependências do Serviço 
Florestal do Estado de São Paulo. Vol. 4-5. Silvicultura, São 
Paulo: 57-140.

vu d., groenewald m., de vrieS m., gehrmann t., Stielow b., 
eberhardt u., al-hatmi a., groenewald J. z., cardinali g., 
houbraken J., boekhout t., crouS p. w., robert v. & 
verkley g. J. m. 2019. — Large-scale generation and analysis of 
filamentous fungal DNA barcodes boosts coverage for kingdom 
Fungi and reveals thresholds for fungal species and higher taxon 
delimitation. Studies in Mycology 92 (1): 135-154. https://doi.
org/10.1016/j.simyco.2018.05.001

wannatheS n., deSJardin d. e., hyde k. d., perry b. a. & 
lumyong S. 2009. — A monograph of Marasmius (Basidi-
omycota) from Northern Thailand based on morphological and 
molecular (ITS sequences) data. Fungal Diversity 37: 209-306.

wilSon a. w. & deSJardin d. e. 2005. — Phylogenetic relation-
ships in the gymnopoid and marasmioid fungi (Basidiomycetes, 
euagarics clade). Mycologia 97 (3): 667-679. https://doi.org/10
.1080/15572536.2006.11832797

https://doi.org/10.2307/4118978
https://doi.org/10.2307/4118978
https://doi.org/10.1016/S0007-1536(47)80004-X
https://doi.org/10.1016/S0007-1536(47)80004-X
https://doi.org/10.5248/136.263
https://doi.org/10.5248/136.263
https://doi.org/10.1007/s11557-015-1049-8
https://doi.org/10.1590/S2236-89062009000400005
https://doi.org/10.1590/S2236-89062009000400005
https://doi.org/10.5598/imafungus.2013.04.02.16
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1111/jbi.12402
https://doi.org/10.11646/phytotaxa.292.2.1
https://doi.org/10.2307/3667322
https://doi.org/10.2307/3667322
https://doi.org/10.1371/journal.pone.0177873
https://doi.org/10.1093/bioinformatics/btl446
https://doi.org/10.1093/bioinformatics/btl446
https://doi.org/10.1016/j.tree.2017.11.007
https://doi.org/10.1016/j.tree.2017.11.007
https://doi.org/10.1006/fgbi.2000.1228
https://doi.org/10.1006/fgbi.2000.1228
https://doi.org/10.1098/rstb.2006.1923
https://doi.org/10.1098/rstb.2006.1923
https://doi.org/10.1016/j.simyco.2018.05.001
https://doi.org/10.1016/j.simyco.2018.05.001
https://doi.org/10.1080/15572536.2006.11832797
https://doi.org/10.1080/15572536.2006.11832797


136 CRYPTOGAMIE, MYCOLOGIE • 2022 • 43 (5) 

Oliveira J. J. S. et al.

wu f., yuan y., he S. h., bandara a. r., hyde k. d., maly-
Sheva v. f., li d.-w. & dai y. c. 2015. — Global diversity 
and taxonomy of the Auricularia auricula-judae complex (Auricu-
lariales, Basidiomycota). Mycological Progress 14: 95. https://doi.
org/10.1007/s11557-015-1113-4

xavier a. f., bolzani b. m. & Jordão S. 2008. — Unidades de 
Conservação da Natureza no Estado de São Paulo, in rodri-
gueS r. r. & bononi v. l. r. (eds), Diretrizes para a Conservação 
e restauração da Biodiversidade no Estado de São Paulo. Secretaria 
do Meio Ambiente do Estado de São Paulo, São Paulo: 22-43.

Submitted on 26 May 2021; 
accepted on 9 May 2022; 

published on 5 September 2022.

https://doi.org/10.1007/s11557-015-1113-4
https://doi.org/10.1007/s11557-015-1113-4


137 

Disentangling cryptic species in the Marasmius haematocephalus and M. siccus species complexes

CRYPTOGAMIE, MYCOLOGIE • 2022 • 43 (5)

APPENDIX

appenDix. — Supplementary material. https://doi.org/10.5852/cryptogamie-mycologie2022v43a5_s1

https://doi.org/10.5852/cryptogamie-mycologie2022v43a5_s1

