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Abstract
Fungi with prominent hairlike rhizomorphs, aerial habit, sparse small sporophores, and usually saprotrophic biology are com-
monly known as ‘horsehair or spider fungi’. The earliest descriptions of them, from the mid-late 1800s, were published from 
Australian material under the names Marasmius crinis-equi and M. equicrinis. For the original ‘horsehair fungus’, we review 
this early historical material, briefly explore the changes in the species concept over time, and investigate the nomenclatural 
tangle of potentially competing names. Our analysis of morphological and molecular data for over 60 collections across east-
ern Australia shows that material labelled as M. crinis-equi forms part of a complex of at least three closely related species 
and that this name has been misapplied both within Australia and internationally. An epitype is nominated for an updated 
concept of M. crinis-equi, and the closely related taxa, M. tropicus sp. nov. and M. kabakada sp. nov., are described. Two 
more distantly related Australian taxa to which the name M. crinis-equi has been misapplied, M. perumbilicatus sp. nov. and 
M. argillaceus sp. nov., are also described to further stabilise the concept of the authentic horsehair fungus M. crinis-equi.

Keywords  Nomenclatural history · Taxonomy · Horsehair blight · M. crinis-equi · M. equicrinis · M. tropicus · M. 
kabakada · M. perumbilicatus · M. argillaceus · Typification · 4 new taxa · 1 new typification

Introduction

Marasmius is a genus of around 1000 described species 
of which Australia has a rich diversity, including some 
species described from Australian-type material and then 
considered to be cosmopolitan or at least pantropical. Mar-
asmius crinis-equi F.Muell. ex Kalchbr., the horsehair fun-
gus is one such species. It has been known for 144 years, 
and until the advent of molecular studies, it was assumed 
to be a single pantropical species (Desjardin and Horak 
1997; Pegler 1965, 1986; Tan et al. 2009; Wannathes et al. 
2009). However, Petch (1915, 1923) undertook detailed and 

methodical research into horsehair blight in Sri Lankan tea 
plantations. He described three different species of fungi 
producing aerial rhizomorph tangles in Sri Lanka including 
Marasmius equicrinis (sic), M. obscuratus (now Gymnopus 
rigidichordus (Petch) Tkalcec & Mesic)), and M. corona-
tus (now Crinipellis actinophora (Berk & Broome) Singer). 
He also distinguished between horsehair blight with black 
or brown rhizomorphs and thread blight disease with white 
rhizomorphs. His conclusions were that in Ceylon; horsehair 
blight was merely epiphytic, not parasitic. However, other 
researchers disagreed, and M. equicrinis F. Muell. ex Berk. 
became known as the cause of horsehair blight (a func-
tional pathogen) in tea, coffee, nutmeg, and cocoa planta-
tions across Asia (Dassanayake et al. 2009). Su et al. (2011) 
noted a serious decline of tea bushes in Taiwan affected by 
what was thought to be Marasmius crinis-equi. They found 
experimental evidence of leaf necrosis and drop caused by 
rhizomorphs producing volatile compounds. These chemi-
cals were identified but not analysed further, and no mor-
phological or molecular confirmation of the causal species 
of horsehair blight was made. That research has not been 
repeated. It should be noted that horsehair blight has never 
been found in commercial crops of tea, coffee, or cocoa in 
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Australia (pers. comm. R. Davis, Department of Agriculture, 
Fisheries & Forestry (DAFF)).

The name M. crinis-equi was taken up widely after Pegler 
(1965) redescribed the lectotype, being broadly applied to 
include any marasmioid fungus with aerial litter trapping 
rhizomorphs. Tan et al. (2009) and Wannathes et al. (2009) 
were the first researchers to include sequences (ITS) of M. 
crinis-equi as part of a broader study of the genus Mar-
asmius sensu stricto from Malaysia and Thailand. They 
demonstrated that morphologically similar species, (some 
labelled M. aff crinis-equi) could be quite distinct molec-
ularly, supporting the earlier distinctions made by Petch 
(1915, 1923). Both provided detailed updated descriptions of 
what they thought was M. crinis-equi based upon sequenced 
specimens from Malaysia and Thailand, respectively; none 
of these collections were from plantations or commercial 
crops affected by horsehair blight. However, these sequences 
are unlikely to be the same taxon; thus, a robust species con-
cept for the horsehair fungus remained uncertain.

For the next decade, researchers around the globe continued 
to apply the name M. crinis-equi broadly to collections that 
had rhizomorphs, horsehair stipes, and small sporocarps. It is 
now known that several genera can produce aerial rhizomorphs, 
including Crinipellis, Gymnopus, and Marasmiellus (Koch 
et al. 2020; Oliveira et al. 2020). Recognition that the aerial lit-
ter trapping habit is more widespread than just within a single 
taxon caused Oliveira et al. (2024a) to name this functional 
group the ‘spider fungi guild’, and the name horsehair fungi 
continued to be specifically applied to Marasmius crinis-equi. 
As more research was conducted on the diversity of Marasmius 
species and our understanding of ecological diversity increased, 
the Tan et al. (2009) and Wannathes et al. (2009) sequences and 
descriptions were used as indicative of an updated concept of 
M. crinis-equi (Shay et al. 2017; Grace et al. 2019; Amoako-
Attah et al. 2020; Koch et al. 2020; Oliveira et al. 2020). In 
the recent Oliveira et al. (2024b) revision of the subgenera and 
sections within Marasmius based on multigene data, a new 
section/crinis-eques is suggested, encompassing the Malaysian 
sequences of Tan et al. (2009), Thai sequences of Wannathes 
et al. (2009), species from Guyana, Cameroon, and Brazil (M. 
guyanenis, M. madagascariensis, M. neocrinis-equi, and M. 
arachnotropus), and several un-named species. However, this 
study still lacked any reference to Australian data. Until origi-
nal Australian-type material and new collections from type 
localities were examined morphologically and molecularly, 
the species concept of the authentic M. crinis-equi remains 
problematic. In this study, we set out to answer whether this is 
a single, morphologically variable species or a species complex 
including different taxa across its purported range in Australia. 
The results have implications for studies of pathogenicity and 
species delimitation in other regions.

Historical background

The history of naming the horsehair fungus is full of 
confusion and ambiguity from the start. Among surviv-
ing correspondence between Ferdinand von Mueller, 
then Government Botanist and Director of the Phytologic 
Museum of Melbourne (now the National Herbarium of 
Victoria), and English mycologist, Rev. Miles Berke-
ley, the horsehair fungus was first mentioned in a letter 
to Berkeley on April 15, 1875 (Mueller 1875). Mueller 
noted with excitement that finally ‘fruiting specimens’ had 
been found of the ‘Horse-hair fungus’, in a collection from 
Richmond River, New South Wales (NSW), made by Mrs. 
Mary Hodgkinson, commenting that ‘there are only a few 
pilei’ and that the ‘pilei were small’. Figure 1 shows that 
collection (K-M 1435267), viewed in 2023. For full cor-
respondence text, see Supplementary Material. Mueller 
wrote again to Berkeley on 18 Sep. 1879, asking ‘whether 
you have published anywhere the Marasmius equicrinis’ 
and noting that ‘The only fruit-sample is in your posses-
sion’ (Mueller 1879).

Around this time, Mueller either sent a collection directly 
to the Austro-Hungarian mycologist Rev. Karoly Kalchbren-
ner, or Kalchbrenner examined material that Mueller had 
sent to Berkeley. In February 1880, in his publication Frag-
menta Phytographiae Australiae, Mueller included a list of 
names of fungi provided by Kalchbrenner, among which was 
‘Marasmius equi-crinis F.v.M.’ (Mueller 1880) the correct 
orthography of which is equicrinis. While the morphologi-
cal information associated with the name was minimal, we 
consider it diagnostic (but see below in relation to request-
ing a binding decision). In addition to mentioning that the 
species always grows on tree trunks, Mueller described the 
mycelium (rhizomorphs) of this ‘remarkable species’ as 
resembling curled horsehairs. He noted that the distribution 
included East Gippsland with collections made by N. Taylor 
and Richmond River with a collection by Maria Hodgkin-
son. Taylor is presumably Norman Taylor who is known 
to have collected for Mueller in East Gippsland (George 
2009) and Hodgkinson is Mary Hodgkinson (Maroske and 
Vaughan 2014). Then, in June 1880, Kalchbrenner published 
the name Marasmius crinis-equi F. Muell. ex Kalchbr. in 
Grevillea, attributing the name to Mueller and citing the 
material as ‘Surrounding twigs. (Mueller.)’. The protologue 
included details of the minute pilei arising from black rhi-
zomorphs similar to horsehair with the comment that ‘The 
only perfect specimens [i.e. with sporophores] are in the 
Berkeley Herbarium, Royal Gardens, Kew’(Kalchbrenner 
1880) (Fig. 2).

Finally, in April 1881, Berkeley included an entry for M. 
equicrinis F. Muell. ex Berk. in an article on Australian fungi 
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in the Journal of the Linnean Society of Botany (Berkeley 
1881). Berkeley described the sporophores as small, milky-
white to umber, sparsely sulcate, arising from black fibres 
resembling the stipe. He cited collections from Dalrymple 
Creek by Lieutenant Armitage and from Richmond River 
by Mrs. Armitage. He also cited Grevillea, vol. viii, p.153 
(i.e. Kalchbrenner 1880), where the fungus was called M. 
crinis-equi. Berkeley stated that he followed Mueller’s origi-
nal name. Cross-checking the names ‘Lieutenant Armitage’ 
and ‘Mrs Armitage’ against Mueller’s known collectors, and 
taking into account extant material in Kew Fungarium (K), 
indicates that the names are errors for William Armit and 
Mary Hodgkinson (George 2009; Maroske and Vaughan 
2014).

According to Mueller’s 1875 letter, all specimens of the 
horsehair fungus that possessed sporophores had been trans-
ferred to Berkeley. Berkeley’s collections were donated in 
1879 to become the founding specimens of K. Nine extant 
early collections have been found in K (pers. comm. L. 
Davies & I. Miles-Bunch, 2023), seven of which are rel-
evant to this study. As well, there is one early specimen in 
the National Herbarium of Victoria, Melbourne (MEL).

For over eight decades, the name M. equicrinis was in 
use following Berkeley (1881). Petch (1915) referred to the 
fungus as M. equicrinis, and Dennis (1951) treated M. equic-
rinis as a variety of Marasmius graminum (Lib.) Berk. and 

mentioned that ‘the types from Richmond River, New South 
Wales’ are ‘tolerably’ in agreement with Petch’s description 
of material from Sri Lanka. One decade later, Pegler (1965) 
in his revision of the types of Australasian Agaricales deter-
mined that the name introduced by Kalchbrenner (1880) had 
priority, and Pegler selected the Rockingham Bay collection 
(K-M99658) as ‘type’ of M. crinis-equi. It was one of the 
few historical collections with sporophores (although they 
are no longer present). Just how this collection came to K 
(direct, or via Kalchbrenner) is not clear, but it is relevant 
that at least seven of the other 19 new species described by 
Kalchbrenner (1880) were located at K by Pegler (1965). 
The collection is a lectotype as no holotype had been desig-
nated by Kalchbrenner (1880). Misplaced typification terms 
can be corrected under Art. 9.10 of the Code (Turland et al. 
2018).

The protologue of M. crinis-equi gave the collection 
details merely as ‘Surrounding twigs. (Mueller.)’. It was 
common for Mueller to be misinterpreted as the collector 
due to his name being included on the printed Melbourne 
Phytologic Museum labels that accompanied specimens, 
when in fact he communicated the specimens. Therefore, 
the original material for the name M. crinis-equi can be con-
sidered as sporophores communicated by Mueller prior to 
the publication of the name. The choice of K-M99658 by 
Pegler (1965) as type was appropriate as the label is written 

Fig. 1   K-M 1435267 Marasmius equi-crinis Richmond River, Mrs. 
[Mary] Hodgkinson. One of the original collections sent to Berkeley 
by Ferdinand von Mueller. a The collection no longer contains sporo-

phores; b closeup of rhizomorphs. Specimen label in Mueller’s hand-
writing. Images by Isabella Miles-Bunch, 2023 K
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by Mueller and includes the name Agaricus crinisequi, and 
Pegler (1965) provided details of spores that indicated there 
were sporophores present on the collection at the time he 
examined it.

The details on the label of K-M99658 strongly suggest 
that it was derived from plant collections made by John 
Dallachy, a prolific collector for Mueller (Dowe & Maroske 
2020). Extant collections of the two host plants (E. dallachi-
ana F.Muell. ex Benth. [now Gossia dallachiana (F.Muell. 
ex Benth.) N.Snow & Guymer] and E. smithii Poir. [now 
Syzygium smithii (Poir.) Nied.]) in MEL made in the nine-
teenth century from Rockingham Bay were all made by Dal-
lachy. Among these is MEL 67165, an 1865 collection that 
is original material of E. dallachiana, which has a note on 
the label in Mueller’s hand ‘cum Agarico equicrini’. Indeed, 
no other collections of E. dallachiana were made until after 
1900. We note the use by Mueller of the spellings equic-
rinis and crinis-equi at different times and also that Muel-
ler in correspondence seemed to indicate that he had only 
encountered the sporophores in 1875. However, the use of 
Agaricus (i.e. the generic name of an agaric) on the label of 
the 1865 collection indicates that sporophores were observed 
at the time Mueller wrote the label. It is likely that Mueller 

removed fungal material from one or more collections of 
Eugenia, and this is the material that makes up K-M99658. 
There is a very small amount of rhizomorph visible on MEL 
67165, but no sporophores. However, because the K mate-
rial mentions on the label two hosts, the MEL collection is 
not an isotype. However and whenever the K material was 
aggregated by Mueller, it was an appropriate selection as 
lectotype for M. crinis-equi.

Mycologists have continued to follow Pegler (1965) in 
using the name M. crinis-equi (Singer 1976; Pegler 1986; 
Grgurinovic 1997; Antonin 2007; Wannathes et al. 2009; 
Shay et al. 2017). However, May and Wood (1997), in their 
catalogue of Australian fungi, raised the possibility that M. 
equicrinis Muell. may have been validly published by Muel-
ler in February 1880, preceding Kalchbrenner’s publication 
by 4 months; therefore, this name could have priority.

In order to stabilise the modern concept of the species 
in Australia and internationally, we investigated fungarium 
material labelled as M. crinis-equi or M. equicrinis, and 
fresh material collected from 2019 to 2023 in type localities 
in Eastern Australia. We examined protologues and images 
of type material (K and MEL) and historical documentation 
(Mueller correspondence and fungarium labels) to determine 

Fig. 2   K-M 99658 Agaricus crinisequi Rockingham’s Bay. a This specimen was designated as ‘type’ of M. crinis-equi by Pegler (1965); b clo-
seup of rhizomorphs. Specimen label in Mueller’s handwriting. Images by Isabella Miles-Bunch, 2023 K
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the appropriate name, typification, and circumscription for 
the horsehair fungus originally described from Australia 
under the names M. crinis-equi and M. equicrinis. A revised 
description of M. crinis-equi is provided, an epitype selected 
and several taxa from Australia to which the name M. crinis-
equi has been incorrectly applied are described. Sequences 
of several species of Marasmius that produce aerial leaf litter 
traps or abundant rhizomorphs from across the globe have 
been incorporated in the molecular analyses of this study to 
enable broader geographic comparisons.

Materials and methods

Field collections

Fresh specimens of horsehair fungi were collected from a 
broad region covering northern New South Wales (NSW) 
to far north Queensland (FNQ), encompassing geographic 
regions and habitats that the type material was determined 
to be sourced from. Collecting was undertaken in National 
Parks and Reserves in southeast Queensland (SEQ) and 
FNQ including Natural Bridge, Numinbah, Lamington, 
Linda Garrett and Bunya Mountains National Parks; Mary 
Cairncross Reserve, Dilkusha Nature Refuge and Lander-
shute—private property (SEQ); Paluma, Edmund Kennedy 
and Murray Falls Sections of Girramay, Josephine Falls Sec-
tion of Wooroonooran and Mt Lewis National Parks (NP); 
Abergowrie State Forest, Dalrymple Creek, Reserves around 
Cardwell, Speewah Conservation Park in Barron Gorge NP 
and Cow Bay Reserve, Julatten and Malanda Conservation 
Parks; Daintree – private property (FNQ). All collecting was 
done under Permits Nos. WITK18734918-1 to 2021 and 
P-PTUKI-100021825 to 2023 (FNQ) and WITK18760918 
and WIF418760818 to 2021 and P-PTUKI-100091861–1 
to 2024 (SEQ) and with permission from private landown-
ers. Enquiries were made with Department of Agriculture, 
Fisheries and Forestry (DAFF) extension officers and several 
tea plantation managers in FNQ; brief surveys were con-
ducted of neglected tea plants adjacent to native rainforest, 
and specimens of horsehair fungi were collected.

Further collections were made from northern New South 
Wales in the Border Ranges and Dorrigo National Parks and 
remnants of The Big Scrub. These surveys and collections 
were made with permission of the relevant local National 
Parks Rangers. Additional material consisting only of rhi-
zomorphs was collected in some places for DNA analysis. 
Habitats surveyed included tropical and subtropical rainfor-
est, wet sclerophyll and coastal mangrove forests, tea planta-
tions, and neglected tea bushes. Collections were made in 
the wet season, January to April, with the major field trips 
being February 2021 in FNQ, February 2022 in northern 

NSW, and a further trip to FNQ in February 2023. All col-
lections were photographed in situ, described fresh then 
dried on an Ezidri Snackmaker FD500 (Hydraflow Indus-
tries Ltd, Upper Hutt, NZ) food dehydrator at lowest setting.

Fungarium collections data

All fungarium material from BRI, MEL, and AD, labelled 
M. crinis-equi, was examined, and where the collections 
appeared of good quality and relatively recent (< 20 years 
old), selected samples were removed for DNA analysis. 
Images, measurements, and labels of historic Australian col-
lections in K were recorded by K staff and shared with the 
authors (see Images Supplementary Material), though actual 
specimens were not physically examined by the authors.

Morphology

Sporophore characters described were pileus diameter range 
in millimetres, colour using the Flora of British Fungi Col-
our Identification Chart (Royal Botanic Gardens Edinburgh 
1969), shape from juvenile to mature, including whether 
umbonate or umbilicate, with or without papilla; lamellae 
(L) number range for up to 10 sporophores, lamellulae (l) 
number of tiers where present, colour and whether margin-
ate, attachment to stipe and collar; stipe length and diam-
eter range in millimetres, colour from base to apex, surface 
texture and insertion into substrate; rhizomorphs diameter 
in millimetres, colour, quantity and an estimate of litter trap 
size. Spore prints were obtained where possible. Fresh sam-
ples of sporophores were taken for DNA analysis and des-
iccated in silica gel before extraction. Where sporophores 
were sparse or absent, lengths of clean rhizomorph (~ 6 cm) 
were cut into 10 mm sections and stored as per sporophores.

Dried specimens were examined microscopically using 
a Leica dissecting microscope for measuring rhizomorph 
diameters, and a Prism Optical (Model EX-30 T) compound 
microscope with a Tucsen GT12 camera (Tucsen Photonics 
Co., China) with a 100 × objective, for examination of hand-
cut sections, rehydrated in 5% potassium hydroxide. Micro-
scopic details were recorded with Mosaic V2.0 software 
(http://​www.​tucsen.​com). Congo Red, KOH, or Melzer’s 
stains were used for recording and measuring details of the 
pileipellis, cheilocystidia, stipe, lamellar and pileal trama, 
and spore length and width. Spore measurements were made 
for a minimum of 10 spores per specimen, and up to 50 
spores from 3–4 sporophores for new taxa, obtaining a range 
of length × width in microns, mean length × width, with Q 
(quotient of length/width) measurements for mean (Qm), 
minimum and maximum; n = number of spores measured.

http://www.tucsen.com
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Molecular sampling and processing

Samples were first ground with 2 lead balls at high speed for 
20 s, twice in a bead mill (Fast Prep-24™ 5G, MP Biomedi-
cals, CA, USA). DNA extraction was performed using the 
Omega Bio-tek Inc. Norcross, GA, USA, EZNA Forensic 
Kit following the prescribed protocols for hair, nails, and 
feathers, apart from substituting 0.8 μL b-mercaptoethanol 
for 20 μL 1 M DTT and using 50 μL elution buffer twice 
instead of 100 μL, for a more concentrated extract. The inter-
nal transcribed spacer region (ITS1-5.8 s-ITS2), rDNA, was 
amplified using primers ITS1-F (Gardes and Bruns 1993) 
and ITS4 (White et al. 1990) and large subunit (LSU) ampli-
fied with primers LR7 & LROR (Vilgalys and Hester 1990) 
in a reaction mixture of 1 μL of each Primer, 12.5 μL My 
Taq Red Mix (Bioline, NSW, Australia), 0.8 μL 10% bovine 
serum albumin (BSA), and 7.7 μL sterile water. The thermal 
cycling conditions included 35 cycles of 95 °C for 1 min, 
51 °C for 1 min, and 72 °C for 1 min, with a final extension 
step of 72 °C for 10 min for the ITS, and 95 °C for 1 min, 
48 °C for 1 min, 72 °C for 1 min, with a final extension step 
of 72 °C for 10 min for LSU. Samples were sent to Macro-
gen, Seoul, for purification and Sanger sequencing.

GenBank data

BLAST searches were conducted in the GenBank NCBI 
database < http://​www.​ncbi.​nlm.​nih.​gov/ > to determine 
similar species. All sequences named Marasmius crinis-equi 
in GenBank were compared to sequences generated in this 
study in an initial alignment and taxa obviously non-Mar-
asmius excluded. Sequences of representative named spe-
cies showing the characters of subgenus Marasmius, sects. 
Marasmius, Sanguirotales, Sicciformes, Crinis-eques, and 
Variabilispori in accordance with Oliveira et al. (2024b) 
were included. Those producing aerial litter traps (i.e. ‘spi-
der fungi’, Oliveira et al. 2024a), and as yet undescribed, 
rhizomorph-forming Marasmius species used in bird nests 
(RAK spp. 1–13, Koch et al. 2020) were also included. As 
M. crinis-equi has been implicated in thread blight disease, 
sequences from studies of this disease in Cacao theobroma 
crops (Ghana and Peru) were also included (Amoako-Attah 
et al. 2020; Huamán-Pilco et al. 2023). Taxon selection was 
then further refined for species closely related to our new 
taxa in a final analysis. Table 1 lists all collections used in 
the molecular analyses in this study.

Phylogenetic analyses

Sequence editing was performed manually in Geneious 
Prime 3 version 2023.2.1. (https://​www.​genei​ous.​com) and 
initial alignments of ITS and LSU constructed using MAFFT 
(Katoh and Standley 2013). The ITS alignment was edited to 

remove some ambiguous bases, and two large indels of > 100 
base pairs were removed from M. vigintifolius sequences. 
Partition Finder was used to choose parameters for RAxML 
and Bayesian phylogenies. ITS and LSU sequences were 
analysed separately; due to the lack of comparable LSU data 
in GenBank for non-Australian material, only the ITS align-
ment is presented here (The LSU Bayesian phylogenetic tree 
is in Supplementary material). Maximum likelihood (ML) 
analyses were conducted using RAxML 8.2.11 (Stamata-
kis 2014) with the GTR + GAMMA + I model using default 
parameters for 1500 rapid bootstrap (BS) replicates. Bayes-
ian analysis was performed with MrBayes 3.2.6 (Huelsen-
beck and Ronquist 2001) using the substitution model 
GTR and Metropolis Coupled (MCMCMC) settings, for 
1,000,000 iterations. Newly generated sequences were reg-
istered with GenBank and new taxa with MycoBank, includ-
ing the newly epitypified Marasmius crinis-equi.

Results

Over 40 collections of rhizomorph-forming marasmioid 
fungi were made in FNQ and SEQ in 2021 and a further 
24 in 2023. Ten collections were made in northern NSW in 
2022. The habitats were tropical and subtropical rainforests. 
Other habitats including wet sclerophyll and coastal man-
grove forests were surveyed, but no horsehair fungi were 
found. No samples were obtained from tea plantations, but 
rhizomorph tangles were observed on unpruned tea bushes 
and surrounding regrowth rainforest; eight collections were 
made. Both sporophores and rhizomorphs were found in all 
rainforest locations, almost always in aerial litter traps. The 
traps consisted of tangles of rhizomorphs attached to under-
storey tree trunks, saplings, or vines, with varying amounts 
of trapped debris (dead leaves and twigs) depending on the 
extent of the rhizomorphs. Most specimens were growing 
between half to two metres above ground, arising directly 
from rhizomorphs growing on living understorey plants. 
Rhizomorphs were also found in abandoned bird nests. Two 
collections made in Dorrigo NP, NSW (F2021089 in 2021 
and F20220033 in 2022) were found on a large metre-high 
pile of dead wood and litter on the ground. Collections were 
deliberately made in the wet season, January to April; this 
coincided with the La Nina events of 2021 and 2022. Per-
sistent heavy rainfall made for ideal rhizomorph-growth and 
sporophore-producing conditions in Queensland and New 
South Wales. The distributions of the three species with 
aerial rhizomorphs, M. crinis-equi, M. kabakada, and M. 
tropicus, overlap in the core type locality Rockingham Bay 
region, but only M. crinis-equi also occurs in New South 
Wales in the Richmond River region.

http://www.ncbi.nlm.nih.gov/
https://www.geneious.com
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Table 1   Specimens used in phylogenetic analyses. Type species are noted in red, and all sequences generated in this study are in bold type. 
Names of sequences are as they appear in GenBank with newly determined affinities in brackets, e.g. (= M. tropicus)

SPECIES COLLECTION 
#

GENBANK
# ITS

GENBANK 
# LSU             

LOCATION FUNGARIUM #

M. aff crinis-equi NW182 EU935564 nil Thailand CMU, SFSU

M. aff crinis-equi NW205 EU935565 nil Thailand CMU, SFSU

M. aff crinis-equi GH77 MN794175 nil Ghana

M. aff guyanensis DED8285 KX953747 nil Principe SFSU

M. aff tangerinus LMRFNQ11 PP175859 PP175784 QLD Australia BRI AQ1045325

M. aff tangerinus LMRFNQ15 PP175860 PP175804 QLD Australia BRI AQ1045698

M. aff tangerinus LMRFNQ17 PP175861 PP175785 QLD Australia BRI AQ1045699

M. arachnotropus JO1155 PP118108 nil Brazil

M. arachnotropus JO1150 PP118109 nil Brazil

M. argillaceus sp. nov. NHS3652 OP562720 OP562717 TAS Australia MEL2305227

M. argillaceus sp. nov. Ratk515 OP562721 OP562718 TAS Australia MEL2257866

M. argillaceus sp. nov. PSC1598 PP175866 nil SA Australia AD-C51207

M. argillaceus sp. nov. PSC2637 PP175868 PP175808 SA Australia AD-C54694

M. argillaceus sp. nov. EM Tas007 PP175864 PP175805 TAS Australia ENVT

M. argillaceus sp. nov.  EM Tas002 nil PP175806 TAS Australia ENVT

M. argillaceus sp. nov.  
(holotype) EL006 PP175865 PP175807 VIC Australia MEL2485436
M. brevicollus NW128 EU935558 nil Thailand CMU, SFSU

M. brevicollus TYS517 FJ431228 nil Malaysia KLU, SFSU

M. brunneoaurantiacus JES125 KX149010 nil Madagascar

M. brunneoaurantiacus JES137 KX149012 nil Madagascar

M. cafeyen NW130 EU935547 nil Thailand CMU, SFSU

M. cafeyen NW200 EU935548 nil Thailand CMU, SFSU

M. chrysocephalus RAK565 MN930583 nil Guyana Purdue Uni.

M. chrysocephalus RAK578 MN930586 nil Guyana Purdue Uni.

M. colorimarginatus DED8309 KX953745 nil Principe SFSU

“M. crinis-equi" (= M. 
tropicus) NW348 EU935555 nil Thailand CMU, SFSU

“M. crinis-equi” GH36 MN794146 nil Ghana

“M. crinis-equi” (= M. 
tenuissimus) GH46 MN794152 MN794069 Ghana

“M. crinis-equi” TYS367 FJ431234 nil Malaysia KLU, SFSU

“M. crinis-equi” TYS338 FJ431233 nil Malaysia KLU, SFSU

“M. crinis-equi” TYS466 FJ431231 nil Malaysia KLU, SFSU

“M. crinis-equi" TYS341 FJ431232 nil Malaysia KLU, SFSU

“M. crinis-equi” GH76 MN794174 MN794072 Ghana

“M. crinis-equi” ( = M. 
tropicus) RAK458 MZ219791 nil QLD Australia Purdue Uni.

M. crinis-equi F2022053 PP175829 PP175778 QLD Australia BRI AQ1043695

M. crinis-equi F2023048 PP175816 PP175769 QLD Australia BRI AQ1045949

M. crinis-equi F2022038 PP175824 PP175780 NSW Australia BRI AQ1041071

M. crinis-equi F2021101 PP175813 PP175798 QLD Australia ENVT

M. crinis-equi F2021052 PP175812 PP175774 QLD Australia BRI AQ1045322

M. crinis-equi F2021009 PP175825 PP175799 QLD Australia BRI AQ1045316

M. crinis-equi F2021020 PP175818 PP175768 QLD Australia ENVT

M. crinis-equi F2021038 nil PP175796 QLD Australia BRI AQ1045324

M. crinis-equi F2021083 PP175817 PP175802 QLD Australia BRI AQ1045321

M. crinis-equi F2021064 PP175814 PP175777 QLD Australia BRI AQ1045320

M. crinis-equi MCR40 PP175810 PP175803 QLD Australia ENVT

M. crinis-equi F2021094 PP175822 PP175770 QLD Australia BRI AQ1045317



	 Mycological Progress           (2024) 23:60    60   Page 8 of 27

Table 1   (continued)

M. crinis-equi F2021077 PP175820 PP175779 QLD Australia ENVT

M. crinis-equi F2022033 PP175827 PP175775 NSW Australia BRI AQ1041072

M. crinis-equi F2021089 PP175828 PP175797 NSW Australia BRI AQ1045323

M. crinis-equi F2012041 OP562725 OP562714 QLD Australia BRI AQ798623

M. crinis-equi (epitype) F2022019 PP175819 PP175773 NSW Australia BRI:AQ1041073
M. cupressiformis RAK371 MN930608 nil Cameroon Purdue Uni.

M. cupressiformis RAK282 MT133524 nil Cameroon Purdue Uni.

M. cupressiformis RAK390 MN930609 nil Cameroon Purdue Uni.

M. curreyi DED5142 FJ431237 nil Malaysia

M. curreyi BRNM714676 Not used FJ917614 Korea

M. foliauceps JO1147 PP118110 nil Brazil

M. foliauceps JO1146 PP118111 nil Brazil

M. guyanensis NW280 EU935553 nil Thailand CMU, SFSU

M. guyanensis MCA7551 MN930523 nil Cameroon Purdue Uni.

M. haematocephalus JO533 ON502673 nil Brazil

M. haematocephalus RLC_285 OQ871706 nil Ecuador

M. infestans TAIM04 OR359411 OR364495 Peru

M. infestans AFHP101 Not used OR364494 Peru

M. kabakada sp. nov. F2021062 PP175849 PP175759 QLD Australia BRI AQ1045329

M. kabakada sp. nov. F2021045 PP175851 PP175756 QLD Australia BRI AQ1045330

M. kabakada sp. nov. F2021061 PP175852 PP175755 QLD Australia ENVT

M. kabakada sp. nov. Bransgrove PP175853 PP175757 QLD Australia BRIP72540

M. kabakada sp. nov. F2021049 PP175854 nil QLD Australia ENVT

M. kabakada sp. nov. 
(holotype) F2021060 PP175850 PP175786 QLD Australia BRI AQ1045328
M. kabakada sp. nov. OAM67 PP175848 PP175781 QLD Australia ENVT

M. kabakada sp. nov. F2023037 PP175855 PP175758 QLD Australia BRI AQ1045953

M. kabakada sp. nov. F2023016 PP175857 PP175754 QLD Australia BRI AQ1045312

M. kabakada sp. nov. IRRS97 PP335097 nil QLD Australia CNS150057

M. leucorotalis JO441 MN714041 nil Brazil

M. leucorotalis JO448 MN714040 nil Brazil

M. longibasidiatus JO444 MN714050 nil Brazil

M. madagascariensis JES225 KX149006 nil Madagascar SFSU

M. madagascariensis JES139 NR_158834 nil Madagascar SFSU

M. neocrinis-equi RAK596 MN930530 nil Guyana Purdue Uni.

M. neocrinis-equi RAK540 MW046901 nil Guyana Purdue Uni.

M. neocrinis-equi RAK567 MN930594 nil Guyana Purdue Uni.

M. neosessiliformis Buyck97.615 KX149007 nil Madagascar

M. nidus-avis RAK345 MN930563 nil Cameroon Purdue Uni.

M. nidus-avis MCA7453 MN930533 nil Cameroon Purdue Uni.

M. nidus-avis RAK337 MN930562 nil Cameroon Purdue Uni.

M. nigrobrunneus MBF2022094 PP175863 PP175801 QLD Australia BRI AQ1040803

M. nigrobrunneus NW162 EU935570 nil Thailand CMU, SFSU

M. nigrobrunneus NW1380 MW426441 nil Thailand CMU

M. nigrobrunneus AF478 MW281795 nil India

M. nigrobrunneus JES218 KX149014 nil Madagascar

M. pallidocinctus var. 
latisporus JO164 MN714053 nil Brazil ROM Canada

M. perumbilicatus sp. 
nov. F2019001 OP562722 OP562715 QLD Australia MEL2458227

M. perumbilicatus sp.
nov. F2019026 OP562723 OP562716 QLD Australia

BRI AQ1077371  

MEL2469585

M. perumbilicatus sp.
nov.  F2020020 nil PP175788 QLD Australia BRI AQ1017488

M. perumbilicatus sp.
nov.  F2020045 PP175842 PP175787 QLD Australia ENVT

M. perumbilicatus sp.
nov.  F2021056 PP175847 PP175789 QLD Australia ENVT
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Table 1   (continued)

M. perumbilicatus sp.
nov.  F2022009 PP175844 PP175792 NSW Australia BRI AQ1041074

M. perumbilicatus sp.
nov.  F2022030 PP175845 PP175793 NSW Australia BRI AQ1041077

M. perumbilicatus sp.
nov.  WGB756 PP175843 PP175790 QLD Australia ENVT

M. perumbilicatus sp.
nov.  LMR FNQ8 PP175846 PP175791 QLD Australia BRI AQ1021683

M. perumbilicatus sp. 
nov. (holotype) F2018010 OP562719 OP562713 QLD Australia BRI AQ799985
M. purpureobrunneolus NW215 EU935556 nil Thailand CMU, SFSU

M. purpureobrunneolus NW370 EU935557 nil Thailand CMU, SFSU

M. rotula T-755 KC176355 nil USA

M. rubrobrunneus JES191 KX148989 nil Madagascar

M. ruforotula F2021044 PP175863 PP175800 QLD Australia BRI AQ1045546

M. ruforotula NW1400 MW426446 nil Thailand CMU

M. ruforotula BRNM714679 FJ936149 nil S. Korea

M. ruforotula BRNM714674 nil FJ917612 S. Korea

M. sanguirotalis JO358 MN714060 nil Brazil

M. straminiceps NW256 EU935549 nil Thailand CMU, SFSU

M. subruforotula DED8307 KX953738 nil Principe SFSU

M. subruforotula JES190 KX149019 nil Madagascar SFSU

M. tangerinus BKF10249 MZ452087 nil Thailand

M. tenuissimus GH40 MN794149 nil Ghana

M. tenuissimus GH74 MN794173 nil Ghana

M. aff tenuissimus WGB755 OQ186702 OQ186714 QLD Australia BRI AQ

M. aff tenuissimus SMF2839 OQ186703 OQ186712 QLD Australia MEL2397255

M. tenuissimus SMF3009 OQ186705 OQ186713 QLD Australia BRI AQ1032228

M. tenuissimus OAM31 OQ186704 OQ186715 QLD Australia ENVT

M. tenuissimus NW199 EU935569 nil Thailand CMU, SFSU

M. tenuissimus AKD304/2015 MF189066 nil India

M. trichorhizus JO530 MN714051 nil Brazil

M. tropicus sp. nov. RID7970 PP175832 PP175794 Solomon Is. BRIP69145

M. tropicus sp. nov. F2021050 PP175835 PP175760 QLD Australia BRI AQ1043690

M. tropicus sp. nov. F2021074 PP175837 PP175761 QLD Australia BRI AQ1043692

M. tropicus sp. nov. F2023015 PP175839 PP175765 QLD Australia BRI AQ1045311

M. tropicus sp. nov. F2023040 PP175838 PP175763 QLD Australia BRI AQ1045946

M. tropicus sp.nov.
(holotype) F2023014 PP175838 PP175763 QLD Australia BRI AQ1045310
M. vigintifolius JO112 MN714036 nil Brazil

M. vigintifolius JO44 MN714037 nil Brazil

M. ypyrangensis JO472 MN714064 nil Brazil

Marasmius sp. DED8256 KX953761 nil Sao Tome SFSU

Marasmius sp. 1 RAK380 MN930589 nil Cameroon Purdue Uni.

Marasmius sp. 1 RAK351 MN930605 nil Cameroon Purdue Uni.

Marasmius sp. 1 RAK388 MN930590 nil Cameroon Purdue Uni.

Marasmius sp. 2 (=M. 
foliauceps) RAK538 MW046903 nil Guyana Purdue Uni.

Marasmius sp. 2 (=M. 
foliauceps) RAK598 MN930599 nil Guyana Purdue Uni.

Marasmius sp. 3 RAK374 MN930603 nil Cameroon Purdue Uni.

Marasmius sp. 3 RAK372 MN930602 nil Cameroon Purdue Uni.

Marasmius sp. 4 RAK401 MN930543 nil Cameroon Purdue Uni.

Marasmius sp. 4 RAK358 MN930606 nil Cameroon Purdue Uni.

Marasmius sp. 4 RAK361 MN930607 nil Cameroon Purdue Uni.

Marasmius sp. 6 RAK382 MN930617 nil Cameroon Purdue Uni.

Marasmius sp. 6 RAK402 MN930618 nil Cameroon Purdue Uni.

Marasmius sp. 7 RAK395 MN930620 nil Cameroon Purdue Uni.

Marasmius sp. 7 RAK367 MN930542 nil Cameroon Purdue Uni.

Marasmius sp. 8 RAK576 MN930625 nil Guyana Purdue Uni.

Marasmius sp. 9 RAK265 MN930546 nil Cameroon Purdue Uni.

Marasmius sp. 9 RAK359.2 MN930628 nil Cameroon Purdue Uni.

Marasmius sp. 10 RAK408 MN930629 nil Cameroon Purdue Uni.

Marasmius sp. 11 RAK417 MN930547 nil Cameroon Purdue Uni.

Marasmius sp. 13 RAK381 MN930630 nil Cameroon Purdue Uni.
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Phylogenetic analysis

Seventy-six sequences of ITS and 65 of LSU were obtained 
from either sporophores or rhizomorphs of Australian horse-
hair fungi. Of these, nine sequences were from genera other 
than Marasmius—Crinipellis (× 4), Gymnopus (× 4), and 
Pseudomarasmius (× 1). A number of sequences labelled 
as M. crinis-equi in GenBank and in herbarium collections 
were found to belong to other subgenera or sections that 
were distantly related to authentic M. crinis-equi specimens 
from Australia and were thus excluded from final analyses.

The outgroups are members of sects. Globulares and 
Sicci, including Marasmius haematocephalus (Mont.) Fr. 
(epitype), Marasmius nidus-avis R.A. Koch, N. Siegel & 
Aime and an undescribed species (sp 9 RAK) from Cam-
eroon (Fig. 3). The whole ingroup (subgenus Marasmius 
sensu Oliveira et al. (2024b) is strongly supported (BS 95, 
PP 1); it includes groups with varying support. Section Mar-
asmius, subsect. Sicciformes is paraphyletic (Tan et al. 2009; 
Wannathes et al. 2009), and species of this subsect. appear 
in several groups. Two of the lower support groups contain 
members of sect. Neosessiles and sect. Marasmius, subsect. 
Marasmius in the sense of traditional classifications (Singer 
1986; Antonin 1991; Tan et al. 2009; Wannathes et al. 2009).

However, in this study, we have used the most recent 
major re-classification of the genus Marasmius (Oliveira 
et al. 2024b) which resolves most, but not all, of the issues 
around paraphyletic sections and subsections in the tradi-
tional classifications. Our single gene analysis (ITS) shows 
broadly similar results to those of Oliveira et al. (2024b) 
based upon multigene data, with some minor variations. 
We recovered six groups in subgenus Marasmius Oliveira 
that correspond to sections /crinis-eques (gp1A and gp1B), 
/sicciformes (gp2), /marasmius (gp3), /sanguirotales (gp4), 
and /variabilispori (gp5), and an unresolved group of taxa 
(gp6) (Fig. 3).

Gp 1A is a well-supported group (BS 92, PP 1) in sect. 
Crinis-eques including a further strongly supported subclade 
(BS 98, PP 1) of M. tropicus sp. nov. and sister species, M. 
arachnotropus Brazil, with low support (BS 52, PP 0.64). 
Several African species including M. crinis-equi sensu 
Ghana and undescribed species from Cameroon are more 
distant in that clade. M. tropicus includes sequences from 
Thailand and the Solomon Islands. Marasmius crinis-equi 
s. s. is another strongly supported species (BS 99, PP 1) 
with sisters M. madagascariensis and M. neocrinis-equi with 
strong support (BS 90, PP 0.99). The next closest species 
in Group 1A is M. guyanensis from Thailand, Cameroon, 
and Principe.

Gp 1B is a subclade with low support (BS 38, PP 0.73) 
which includes the well-supported species M. perumbilica-
tus sp. nov. and M. kabakada sp. nov. with its sister, Mar-
asmius sp. 4 RAK with low support (BS 32, PP 0.78). In 

Oliveira et al. (2024b), this is part of sect. Crinis-eques, 
but only Marasmius sp. 4 RAK has been included in their 
analysis. In our maximum likelihood analysis, M. crinis-equi 
sensu Tan et al. (2009) is included in this group, but in the 
Bayesian analysis, that species falls in Group 6. This may be 
due to issues with alignment or that the single gene (ITS) is 
not informative enough to resolve these relationships.

Gp 2 has low support (BS 44/ PP 0.85) and includes the 
M. tenuissimus complex, M. infestans and M. neosessili-
formis in the revised sect. Sicciformes, ser. Neosessiles 
(Oliveira et al. 2024b). Sister to that clade with moderate 
support are species in ser. Sicciformes (BS 76, PP 0.88). 
Sequences of Australian collections are in orange and are 
close to or con-specific with described species M. ruforotula 
from S. Korea and Thailand, M. nigrobrunneus from Thai-
land, and two of the M. tenuissimus complex in this group.

Gp 3 with high support (BS 100, PP 1) on a long branch 
are members of what used to be subsects. Marasmius and 
Sicciformes. They are now placed together in sect. Maras-
mius, subsects. Marasmius and Guyanensis. M. aff crinis-
equi (sensu Wannathes, Thai) is in this subsection.

Gp 4 contains M. argillaceus sp. nov., a well-supported 
species and M. purpureobrunneolus from Thailand its sister 
species with moderate support (BS 73, PP 0.85). These are 
in a broader clade including M. chrysocephalus (Guyana) 
and M. brevicollus (Thailand), now considered to be part of 
sect. Sanguirotales sensu Oliveira et al. (2024b) based on 
multigene analyses.

Gp 5 is sect. Variabilispori with moderately strong sup-
port. To date, no Australian species have been found in that 
section. In our analysis, it includes M. cupressiformis from 
Cameroon. However, in the Oliveira et al. (2024b) analysis, 
that species is in the outgroup.

Gp 6 is a polytomy of several small well-supported 
branches without resolution. Marasmius aff tangerinus is 
another Australian species close to M. tangerinus Wan-
nathes, Suwanner, Kumla & Lumyong in this group. (See 
comment on Gp1B. M. crinis-equi sensu Tan is in this group 
on Bayesian analysis, but not RAxML).

Valid publication and epitypification

Despite mention of horsehair fungi in East Gippsland, no 
historical or recent specimens from Victoria have been 
found at K or MEL. The specimen noted in correspond-
ence and annotated by Mueller, from near Sydney col-
lected by Ramsay, is in K (K-M 1435260), but probably 
never had sporophores. However, the Richmond River 
(NSW) specimens collected by Hodgkinson are specifically 
referred to by Mueller and still exist in K (K-M1435267 and 
K-M1435265).
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Fig. 3   Phylogenetic analysis of Marasmius crinis-equi and allied taxa 
in subgenus Marasmius, sects. Marasmius, Variabilispori, Crinis-
eques, Sanguirotales and Sicciformes, including ser. Neosessiles and 
Sicciformes, inferred from Bayesian and Maximum Likelihood (ML) 
analyses of ITS region with M. haematocephalus (G/SH) as outgroup. 
ML bootstrap proportions and Bayesian posterior probabilities are 

shown as BS/PP, respectively. Nodes receiving support values greater 
than 95/0.95 are represented by bold branches. Coloured sequences 
are from this study except MZ219791 from FNQ and EU935555 from 
Thailand, which fall into the M. tropicus clade. The tree is divided 
into six groups, representing sections sensu Oliveira et al. (2024b) in 
coloured boxes
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The historic evidence, including correspondence from 
Mueller to Berkeley, the lack of documentation of other spe-
cies of Marasmius with aerial rhizomorphs from that cen-
tury, the protologues by Mueller, Kalchbrenner, and Berke-
ley, and images of the earliest extant specimens (seven in 
K and one in MEL) have been reviewed. It is possible that 
Ferdinand von Mueller validly published the name Maras-
mius equi-crinis in Feb. 1880 in reference to the Richmond 
River collections by Mary Hodgkinson, as noted by May 
and Wood (1997). While Mueller’s protologue was mini-
mal, referring only to the curled horsehair-like rhizomorphs 
that clung to tree trunks and the wide distribution of the 
species from Victoria to Queensland, it is in keeping with 
the amount of information provided in that era for novel 
taxa. The additional information in his correspondence with 
Berkeley had also noted that sporophores were small and 
sparse.

When publishing Marasmius equicrinis F.Muell. ex 
Berk., Berkeley (1881) states “see ‘Grevillea,’ vol. viii. 
p. 153, where it is called M. crinis equi. I, however, fol-
low the original name of Mueller”. Therefore, the name M. 
equicrinis F.Muell. ex Berk is illegitimate under Art. 52.1 
because Berkeley definitely includes the type of the name 
M. crinis-equi F.Muell. ex Kalchbr., by citing the name 
itself (as explained by Art. 52.2). If M. equicrinis F.Muell. 
is validly published, M. equicrinis F.Muell. ex Berk. is 
also illegitimate under Art. 53.1 as it would be a homo-
nym of the former name. Marasmius equicrinis F.Muell. 
and M. equicrinis F.Muell. ex Berk. cannot be regarded as 
isonyms as the type citations differ. Berkeley (1881) cited 
under M. equicrinis F.Muell. ex Berk. 1881 collections from 
Dalrymple Ck and Richmond River, corresponding with 
specimens K-M1435273, K-M1423256, K-M1435267, and 
K-M1435265. Because the name M. equicrinis F.Muell. ex 
Berk. is illegitimate, there is no need to typify it with any 
particular collection.

The authors of this paper will submit a request for a bind-
ing decision as to the adequacy of the descriptive informa-
tion provided by Mueller (1880) when publishing the name 
Marasmius equicrinis F. Muell. If the name is ruled validly 
published, it will need to be typified and epitypified before 
being taken up—and we would do this in such a way to make 
M. equicrinis F. Muell. a synonym of M. crinis-equi. Given 
that there have already been a number of changes over time 
for the name applied to the species, and that the request 
for a binding decision will take some time to be processed, 
until the binding decision is made, we continue to use M. 
crinis-equi Muell. ex Kalchbr., as published by Kalchbren-
ner (1880), which has been lectotypified with the collection 
from Rockingham Bay K-M 99658 by Pegler (1965).

Unfortunately, the type material of M. crinis-equi (K-M 
99658, Fig. 2) and all other early collections (K-M 1435265, 
K-M1435267, K-M 1435273, K-M 1435256, K-M 1435260, 

K-M 1435269, K-M 1435254, and K-M 1435270 from the 
Kew Fungarium; and MEL67165, MEL1055152A, and 
MEL1055153 from the National Herbarium of Victoria) 
consist only of rhizomorphs and substrate (twigs or leaves). 
Given that there are several Australian species of Maras-
mius that produce aerial rhizomorphs (as described below), 
these historic collections are not identifiable to species. Spo-
rophores had been present originally in some collections, 
though sparsely, and were gradually destroyed in morpho-
logical examinations over the years. Vladimir Antonin (pers. 
comm.) examined the K collections in 2002 and found there 
to be no remaining sporophores.

The lectotype material of M. crinis-equi in K is thus 
ambiguous, and the Fungarium is unwilling for further 
destructive sampling to be undertaken on the early collec-
tions. An epitype therefore needs to be designated for this 
species (Ariyawansa et al. 2014). Fresh collections were 
made in the Rockingham Bay area of north Queensland and 
also in the Richmond River region of New South Wales dur-
ing this study. Several were morphologically and molecu-
larly appropriate, but sporophores were sparse. The collec-
tion nominated below as the epitype had relatively abundant 
sporophores.

Taxonomy

Marasmius crinis-equi F. Muell. ex Kalchbr., Grevillea 8: 
153, 1880, Figs. 4 and 5.

≡Androsaceus crinis-equi (F. Muell. ex Kalchbr.) Over-
eem, in Heyne, Nutt. Pl. Ned. Ind. 1: 69 (1927).

 = Marasmius equicrinis F.Muell. ex Berk., J. Linn. Soc., 
Bot. 18: 383 (1881), nom. illeg.

≡ Chamaeceras equicrinis (F.Muell. ex Berk.) Kuntze, 
Revisio Generum Plantarum 3(2): 456 (1898).

≡Marasmius graminum (Lib.) Berk. var. equicrinis 
(F.Muell. ex Berk.) Dennis, Trans. Brit. Mycol. Soc. 34: 
416 (1951).

Holotype: not indicated.
Lectotype: designated by Pegler (1965): K-M99658, 

‘Agaricus crinisequi F. Muell. ex Kalchbr. on Eugenia 
smithii & also on E. dallachyana at Rockingham’s Bay, on 
twigs’.

Epitype: (designated here, MycoBank: MBT 10019210): 
Australia, New South Wales, Rocky Creek Dam Road, Big 
Scrub Loop walking track, S 28° 38′ 12.6″, E 153° 19′ 54.3″, 
175 m asl., on fallen branch and Calamus muelleri, 20 Feb 
2022, F.E. Guard F2022019, T. Lebel, J. Dearnaley & A.G. 
Boxshall (BRI AQ1041073.). GenBank No. ITS PP175819, 
LSU PP175773.

Etymology: Latin for hair (crinis) of the horse (equus).
Original description (translated from Latin): White to 

fulvous, minute. Pilei rare, membranous, convex, blunt 
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(1–2 mm diameter). Stipe 1 cm or more long, hairlike, stiff, 
black, glossy, arising from black rhizomorphs, similar to 
horsehair. Lamellae sparse, distant, paler than pileus. Sur-
rounding twigs. (Mueller). A very curious species. The rhi-
zomorphoid mycelium resembles horsehair and is profusely 
developed, whilst the pilei are very seldom produced. The 
stems rise at right angles from the decumbent mycelium. 
The only perfect specimens are in the Berkeley Herbarium, 
Royal Gardens, Kew.

Description: Basidiomata tiny, marasmioid. Pileus 
2–5(8) mm diam., broadly convex to applanate, umbonate 
when juvenile, becoming umbilicate with maturity with 
small dark brown central spot, [other collections have a tiny 
papilla], surface dry, sulcate, off-white (4D) to buff (52), 
darkening on drying. Lamellae distant, 7–10(12), adnate to 
a narrow collar, white, non-marginate, lamellulae absent. 
Stipe central, filiform, 8–12 × 0.1 mm, black with pale apex, 
smooth, insititious into rhizomorphs and rarely twigs. Rhi-
zomorphs black, tough, 0.1 mm diam., multiple, branching, 
arising from dead twigs, forming an aerial tangle in the 
understorey.

Basidiospores 11–12.5 × 4.5–5 μm, Q = 2.25–2.83, mean 
11.5 × 5 μm, Qm = 2.45 (n = 20 from spore print of collection 
F2021064 /PP175814), ellipsoid to clavate, smooth, thin-
walled, hyaline, inamyloid. (See Notes for further comments 
on spores.) Basidia 4-spored, 20–23 × 7.5–8 μm. Basidioles 
narrow cylindrical to fusiform 20–22 × 4.5–5 μm. Pleuro-
cystidia absent. Cheilocystidia abundant, Siccus-type broom 
cells, main body 12–20 × 6.5–11.5 μm, narrow to broadly 
clavate, sub-globose, occasionally bifurcate, with multiple 
apical setules 2–4 × 0.5 μm, at times in discrete bunches, 
thin or thick-walled. Pileipellis a hymeniderm of Siccus-
type broom cells, main body 9–24 × 6–23 μm, cylindrical, 
clavate, sub-globose, broadly oblong, occasionally bifurcate, 
thin-walled with multiple divergent apical setules, at times in 
discrete bunches, 2–3 × 0.5–1 μm, sometimes thick-walled, 
apices blunt. Pileal trama inamyloid to weakly dextrinoid, 
3–5 μm diam. Lamellar trama inamyloid, 3.5–6.5 μm diam. 
Stipe hyphae parallel, cortical hyphae thick-walled, dextri-
noid, 4.5–6.5(9) μm diam., medullary hyphae mildly dex-
trinoid, 4–6.5 μm diam. Caulocystidia absent. Clamp con-
nections present.

Fig. 4   Marasmius crinis-equi (F2022019). a basidium; b basidioles; c cheilocystidia; d basidiospores; e Siccus-type broom cells of pileipellis. 
Scale bar = 10 µm. Illustrated by F.E. Guard
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Habit, habitat, and distribution: Marasmius crinis-equi is 
a widely distributed species across eastern Australia, occur-
ring in FNQ, SEQ, and northern NSW. It is almost exclu-
sively a species of the rainforest, both tropical and subtropi-
cal. Rhizomorphs are more extensive in wetter, more humid 
habitats, and sporophores are formed only after several days 
of rain in the wet season, December to April. They may then 
be quite profuse but are ephemeral. The rhizomorphs attach 
to both monocotyledonous plants, including Linospadix 
monostachya (Walking stick palm) and Calamus muelleri 
(Lawyer vine), and dicotyledonous plants, including vines 
Pothos longipes (Candlestick vine) and many understorey 
saplings. They form aerial litter traps capturing dead leaves 
and debris, which may consist of only two or three leaves or 
may be sprawling and extensive, spreading over one metre. 
Most have no obvious connection to the forest floor. The 
rhizomorphs are long-lived (unpubl. data).

Notes: Marasmius crinis-equi is distinguished from most 
other Marasmius species in Australia by the small (less 
than 6 mm diam.) pale basidiomata, umbilicate with cen-
tral dark spot or papilla, arising directly from black rhizo-
morphs in aerial leaf litter traps, distant lamellae attached 
to a collar, and with a pileipellis consisting of a hymeni-
derm of Siccus-type broom cells. However, M. crinis-equi 
belongs to a group of three species that are difficult to dif-
ferentiate in the field, with very similar pileal dimensions 

and overlapping spore sizes. It should be noted that spore 
measurements recorded by Pegler from lectotype material 
had a wide range of sizes (9–13 × 3.5–5 μm), and we have 
found that measurements made from spore prints are larger 
(0.5–2.5 μm longer) than those made from dried tissue in 
some collections. Although M. tropicus is more likely to 
have yellowish-brown pilei in the fresh state, off-white and 
buff pilei are also found (Fig. 9f), making them difficult to 
separate where the two species’ distribution overlaps in far 
north Queensland.

While Mueller did not comment on the colour of the pilei, 
Kalchbrenner (1880) noted them to be ‘white to fulvous’ and 
Berkeley (1881) described them as ‘umber to milky white’ 
(1881). Pegler (1965) examined the K collection KM99658, 
when he designated it as type, but he did not comment on 
pileal colour of that material. Petch who carried out exten-
sive studies on M. equicrinis (sic), culturing and produc-
ing sporophores in Sri Lanka, described them as ‘yellow 
brown to red brown’ (Petch 1915, 1948), though he noted 
that in humid conditions the ‘fruitbodies’ were ochraceous 
to almost white (Petch 1915). Other collections from outside 
Australia identified as M. crinis-equi are recorded as orange, 
deep orange, or reddish-brown (Singer 1976; Pegler 1986; 
Desjardin et al. 2000; Wannathes et al. 2009; Shay et al. 
2017). Tan et al. (2009) also commented that the Malaysian 
species called M. crinis-equi were brownish-orange and 

Fig. 5   a Habit and b distribution of Marasmius crinis-equi in Queensland and New South Wales, showing sites of collections in this study (blue 
dots) and historic collections in red. Insets c and d showing pilei, lamellae and stipe attachment to rhizomorphs. Images by F.E. Guard
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lacking a dark central spot or papilla. See Table 2 in the 
Supplementary material for full details comparing morpho-
logical character variation. Collections made in this study 
were white, off-white to buff, darkening to fulvous (12) on 
ageing or drying.

Small, subtle differences in macro- and microscopic char-
acters were noted between Marasmius crinis-equi and M. 
kabakada sp. nov. (See Notes under M. kabakada). Molecu-
lar analyses (ITS and LSU) show that the cryptic taxa form 
three distinct, strongly supported clades. The sister species 
of M. crinis-equi are M. madagascariensis and M. neocrinis-
equi with strong support (BS 90, PP 0.99) (Gp1A, Fig. 3). 
These taxa differ morphologically in pileus and lamellar 
colour, stipe length, substrate, and rhizomorphs.

We have chosen this widespread Australian taxon to rep-
resent the species concept for the authentic horsehair fungus, 
Marasmius crinis-equi, because (i) this is the only taxon 
whose distribution includes the core type locality Rock-
ingham Bay region (QLD) and the Richmond River region 
(NSW) mentioned by Mueller (1880) and Kalchbrenner 
(1880); (ii) elements of the macro- and micro-morphology 
do not disagree with protologues of Mueller (1880) and 
Kalchbrenner (1880) nor Pegler (1965) lectotype details; 
(iii) the pileal colour more closely aligns to Kalchbrenner’s 
description of this species than M. tropicus; (iv) we felt that 
pathogenicity is a later character (post-Petch) applied to a 
very broad concept of horsehair blight fungi and should not 
be considered in defining the species.

Synonyms: According to May and Wood (1997), various 
other species names have been placed in synonymy with M. 
crinis-equi, including M. repens Henn. from Cameroon and 
Alectoria australiensis C. Knight. In addition, van Overeem 
(1927) placed ‘Cassutha cornea’ Rumph. and Androsaceus 
ramentaceus Pat. under M. crinis-equi. Without being able 
to examine the types, and recognizing the number of differ-
ent taxa revealed from molecular analyses, it is beyond the 
scope of this study to resolve the identity of those names, 
but they should not be included as synonyms of M. crinis-
equi without further study. M. trichorhizus Speg. from Para-
guay (Killermann 1928, under M. equicrinis) was another 
synonym which was recently re-described by Oliveira et al. 
(2020) and demonstrated to be distinct from M. crinis-equi.

Additional specimens examined: Australia, NSW, Dorrigo 
National Park, The Glades in subtropical rainforest under-
storey, 26 Feb 2022, L. Elder, [F.E. Guard F2022038](BRI 
AQ1041071, GenBank ITS PP175824, LSU PP175824); 
QLD, Balmoral Ridge, Dilkusha Nature Refuge, in riparian 
rainforest in Calamus muelleri, 24 Mar 2021, F.E. Guard 
F2021094 & R.S. Philpot (BRI AQ1045317, GenBank ITS 
PP17582, LSU PP175770 and F2021095 (BRI AQ1045318, 
GenBank ITS PP175823, LSU PP175772), Barron Gorge 
National Park, Speewah Walking Track, wet tropical rain-
forest understorey, 12 Feb 2021, F.E. Guard F2021052, T. 

Lebel & O. Albert-Mitchell (BRI AQ1045322, GenBank 
ITS PP175812, LSU PP175774), Bunya Mts National Park, 
Paradise Falls Track, in rainforest, F.E. Guard F2012041 & 
P.L. Leonard (BRI AQ798623; GenBank ITS OP562725, 
LSU OP562714), Maleny, Mary Cairncross Scenic Reserve, 
in coppicing shoots of Pouteria australis, 5 Mar 2021, F.E. 
Guard F2021083 & R.S. Philpot (BRI AQ1045321, Gen-
Bank ITS PP175817, LSU PP175802), Mt Lewis National 
Park, walking track to bowerbird bower in wet tropical rain-
forest, 16 Feb 2021, F.E. Guard F2021064, T. Lebel & J. 
Dearnaley (BRI AQ1045320, GenBank ITS PP175814, LSU 
PP175777); Paluma National Park, H Track, in tropical rain-
forest on aerial leaves and twigs, 3 Feb 2021, F.E. Guard 
F2021010 (BRI AQ1045319, GenBank ITS PP175821); and 
F.E. Guard F2021009, T. Lebel, D. Garvie, P. Sheridan & 
R.S. Philpot (BRI AQ1045316, GenBank ITS PP175825, 
LSU PP175799).

Other historic specimens examined from K and MEL: See 
Supplementary material 3.

Marasmius kabakada F.E. Guard, Albert-Mitchell, Lebel, 
Dearnaley sp. nov. Figs. 6 and 7.
MycoBank: MB 853126.

Holotype: Australia, QLD, Daintree region, Diwan, Cow 
Bay, S 16° 12′ 15.7″, E 145° 24′ 23.5″, 44 m asl., in tropical 
rainforest understorey, 14 Feb 2021, F.E. Guard F2021060, 
T. Lebel & M.D. Barrett (BRI AQ1045328; GenBank Nos. 
ITS PP175850, LSU PP175850).

Etymology. This Marasmius is named kabakada, the 
Jabalbina Yalanji name for a rainy place, to honour the First 
Nations people on whose land in the Daintree wet tropics it 
was collected. The epithet is a noun in apposition.

Description: Basidiomata tiny, marasmioid. Pileus 
1.5–3 mm diam., convex to broadly convex to almost appla-
nate, surface dry, deeply sulcate, umbilicate usually without 
central spot, off-white to buff (52), becoming orange-brown 
with age or on drying. Flesh papery thin, almost translu-
cent. Lamellae distant, 6–8, adnate to narrow collar, white, 
non-marginate, lamellulae absent. Stipe central, filiform, 
4–8(15) × 0.1  mm, usually black, occasionally reddish-
brown with pale apex, smooth, insititious into black rhizo-
morphs and rarely dead leaves. Rhizomorphs black, tough 
0.1–0.15 mm diam., branching to form aerial tangles.

Basidiospores 10–12 × 3.5–4 μm, mean 10.5 × 4 μm, 
Q = 2.54–3.02, Qm = 2.76, n = 10 from tissue, narrowly 
clavate, smooth-walled, inamyloid. Basidia not seen. Basid-
ioles fusiform to clavate, 18–22 × 6–8 μm. Pleurocystidia 
absent. Cheilocystidia abundant forming a sterile edge, Sic-
cus-type broom cells, clavate, cylindric, sub-globose, occa-
sionally lobed, main body 6–13 × 5–7 μm, with blunt ter-
minal setules, usually crowded, but occasionally sparse and 
rarely branched, 2–5 × 1–2 μm. Pileipellis a hymeniderm of 
Siccus-type broom cells, cylindric, clavate, broadly oblong, 
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occasionally lobed, main body 6.5–11(14) × 5–10(14) μm 
with blunt terminal setules 1.5–3.5 × 0.5–1 μm, sometimes 
thick-walled and in bunches. Pileal trama inamyloid to 
faintly dextrinoid, hyphae 3.5–5.5 μm diam., occasionally 
to 11.5 μm diam., thin-walled. Lamellar trama inamyloid, 
hyphae 3–5 (7) μm diam., thin-walled. Stipe hyphae parallel, 
cortical hyphae dextrinoid, thick-walled, 4–5.5 μm diam., 
medullary hyphae inamyloid, thin-walled, 5–8 μm diam. 
Caulocystidia absent. Clamp connections present.

Habit, habitat, and distribution: Marasmius kabakada 
may form extensive aerial tangles in lawyer canes (Cala-
mus australis) and other vines with dead leaves, but often is 
small and fruits very sparsely. It usually occurs in lowland, 
wet tropical rainforest understorey, but has been found once 
in a bird nest at 400 m above sea level (the rhizomorphs were 
used in the wall structure of the nest). It has been found from 
Murray Falls National Park, near Cardwell to Iron Range on 
Cape York (Fig. 7).

Notes: Marasmius kabakada is very similar in appear-
ance to M. crinis-equi. However, subtle differences can help 
to separate them. These include overlapping but slightly 
smaller pileus size (1.5–3 mm cf. 2–5(8) mm.); overlapping 
but slightly fewer lamellae (6–8 cf. 7–10(12)); stipe length 
and colour (4–8 mm, sometimes reddish-brown with pale 
apex cf. 8–12 mm, always black with pale apex); basidi-
ole width and shape (fusoid 6–8 μm cf. narrow, cylindric 

4.5–5 μm); cheilocystidia broom cell bodies slightly smaller 
(6–13 × 5–7 μm cf. 12–20 × 6.5–11.5 μm), with obtuse api-
ces cf. subacute apices in setules; pileipellis broom cell bod-
ies similarly overlapping but slightly smaller. Molecularly 
M. kabakada and M. crinis-equi are distantly related. Mar-
asmius kabakada stands as a monophyletic clade with high 
support within the group (BS 89/PP 0.94). Sister clade with 
low to moderate support (BS 66/ PP 0.78) is Marasmius sp.4 
RAK (Gp 1B, Fig. 3).

The distribution of M. kabakada overlaps with both 
cryptic morphologic sister species, M. crinis-equi and M. 
tropicus, though to date it has only been found in far north 
Queensland.

Additional specimens examined: QLD, Barron Gorge 
National Park, Speewah Con. Park, in tropical rainforest 
understorey on saplings, 5 Feb 2023, F.E. Guard F2023020 
& O. Albert-Mitchell, (BRI AQ 1045315, GenBank ITS 
PP175856); Bloomfield, in rainforest clearing among law-
yer canes, 1 Feb 2020, O. Albert-Mitchell, OAM67, (BRI 
AQ, GenBank ITS PP175848, LSU PP175848); Cape York 
Peninsula, Iron Range Research Station, 1 km east of Lock-
hart River Airfield, in evergreen, notophyll vine forest, 
on Alectryon tomentosus sapling, 8 April 2017, D.G. Fell 
IRRS97 (CNS150057, GenBank ITS and LSU PP335097); 
and F2021062, (BRI AQ1045329, GenBank ITS PP175849, 
LSU PP175759); Daintree Ice-cream Co., Daintree, on 

Fig. 6   Marasmius kabakada (OAM67). a basidioles; b cheilocystidia; c basidiospores; d Siccus-type broom cells of pileipellis. Scale 
bar = 10 µm. Illustrated by F.E. Guard
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unpruned tea (Camellia sinensis) bushes, 7 Feb 2023, F.E. 
Guard F2023037 & R.S. Philpot, (BRI AQ1045953, Gen-
Bank ITS PP175855, LSU PP175758); Girramay National 
Park, Murray Falls Section, on riparian rainforest understo-
rey shrubs, 1 Mar 2021, K. Bransgrove (BRIP72540, Gen-
Bank nrITS PP175853, LSU PP175853); Wooroonooran 
National Park, Josephine Fall section, Mt. Bartle Frere track, 
in tropical rainforest understorey, 10 Feb 2021, F.E. Guard 
F2021045 & T. Lebel, (BRI AQ 1045330, GenBank ITS 
PP175851, LSU PP175756); and 4 Feb 2023, F.E. Guard, 
F2023016 (BRI AQ1045312, GenBank ITS PP175857, LSU 
PP175754).

Marasmius tropicus F.E. Guard, T. Lebel & Dearnaley sp. 
nov. Figs. 8 and 9.

MycoBank: MB 853127
Holotype: Australia, QLD, Girramay National Park, Mur-

ray Falls Sect., S 18° 09′ 08.6″, E 145° 48′ 54.1″, 84 m asl., 
in riparian rainforest on saplings, 3 Feb 2023, F.E. Guard, 

F2023014 (BRI AQ1045310; GenBank Nos. ITS PP175838, 
LSU PP175763).

Etymology. The Latin word tropicus means tropical 
and refers to the widespread tropical distribution of this 
Marasmius.

Description: Basidiomata tiny, marasmioid. Pileus 
1.5–6 mm diam., convex to broadly convex, umbilicate with 
central dark brown spot, usually no central papilla, but it 
is sometimes seen in juvenile pilei, surface dry and deeply 
sulcate, off-white, cream (4D) to buff (52), yellowish-brown 
to ochre (9H), sienna (11), darkening on drying. Lamellae 
distant, 6–9, adnate to a narrow collar, white, non-marginate, 
lamellulae absent. Stipe 4–10 × 0.1 mm, central, filiform, 
black with pale apex, smooth, insititious into aerial, branch-
ing, black rhizomorphs of same diameter. Spore print white.

Basidiospores  (9.5)10.5–12.5 × 4–5  μm, mean 
11.5 × 4 μm, Qm = 2.59, Q = 2.22–2.92 (n = 20 from spore 
print, F2021050/ PP175835) ellipsoid, smooth, inamyloid. 
Basidia 21–24 × 7–9  μm, clavate, 4–spored. Basidioles 

Fig. 7   a Habit and b distribution of Marasmius kabakada in far 
north Queensland. Sites of collections in this study are shown with 
blue dots and historic collection area in red. Insets c–f showing pilei, 

lamellae and stipe attachment to rhizomorphs. Images by O. Albert-
Mitchell and F.E. Guard
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19.5–22 × 6–8 μm, fusoid to narrowly clavate. Pleurocystidia 
absent. Cheilocystidia abundant, Siccus-type broom cells, 
main body 7.5–17 × 6.5–10 μm, clavate to broadly clavate, 
sub-globose, with terminal setules 2–5 × 1–1.5 μm, blunt to 
sub-acute, occasionally branched and thick-walled. Pileipel-
lis a hymeniderm of Siccus-type broom cells, main body 
8–17 × 6–10 μm, clavate to broadly clavate, sub-globose to 
irregular, at times branched, apical setules 2–5 × 1–1.5 μm, 
blunt, occasionally bifid and thick-walled, occurring densely 
or sparsely and at times in distinct groups. Pileal trama ina-
myloid to faintly dextrinoid, hyphae 3–4 μm diam. Lamel-
lar trama occasionally contains inflated hyphae (to 24 μm 
diam.) with normal hyphae 4–7 μm diam. Stipe hyphae 
parallel, cylindrical, smooth, cortical hyphae dextrinoid, 
5–5.5 μm diam., medullary hyphae inamyloid, 5–6 μm 
diam. Caulocystidia absent. Clamp connections present in 
all tissues.

Habit, habitat, and distribution: Marasmius tropicus 
consists of tough, fine, black, branching rhizomorphs, 
0.1  mm diam., attached to understorey sapling trunks, 
vines and fallen leafy branches in wet tropical rainforest, 
especially in riparian zones. The rhizomorphs form aerial 
tangles capturing fallen leaf litter, attaching to the litter by 
byssi (small discs of adhering mycelium), and in the wet 

season producing a few to many sporophores directly from 
the rhizomorphs or occasionally from twigs. Tangles are 
often sprawling between healthy plants, without apparent 
soil attachment. Specimens collected in this study in north 
Queensland are from Murray Falls in Girramay National 
Park, near Cardwell to Malanda and Speewah Conservation 
Parks in the Cairns Hinterland. In addition, a specimen col-
lected by Richard Davis of Northern Australian Quarantine 
Strategy (NAQSG/DAFF) from Malaita, Solomon Islands, 
while surveying for horsehair blight in neglected cocoa plan-
tations, was sequenced and is shown to belong to this taxon.

Notes: Marasmius tropicus is difficult to distinguish from 
the other cryptic species, M. crinis-equi and M. kabakada 
morphologically. However, of the three, it is more likely to 
develop yellowish-brown to sienna coloration in the pileus. 
This character is noted in the con-specific Thai collection 
(identified as M. crinis-equi) where the pileus is said to be 
‘reddish brown to orangish brown’ (Wannathes et al. 2009). 
It forms a monophyletic clade, including the Thai (NW348) 
and Solomon Island sequences, with strong support, that 
is distinct from M. crinis-equi and M. kabakada. Its sis-
ter clade, with low support, is M. arachnotropus Oliveira 
(BS 52, PP 0.64) and more distantly a group of undescribed 
species from Cameroon, Marasmius sp.7 RAK and M. sp.1 

Fig. 8   Marasmius tropicus (F2023014). a basidiospores; b basidium; c basidioles; d Siccus-type broom cells of pileipellis; e cheilocystidia. 
Scale bar = 10 µm. Illustrated by F.E. Guard
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RAK, which appears to be the same as sequences labelled M. 
crinis-equi from Ghana – GH76 & GH36 (Gp 1A, Fig. 3).

Additional specimens examined: QLD, Barron Gorge NP, 
Speewah Con. Park sect., in wet tropical rainforest under-
storey and lawyer vine, 12 Feb 2021, F.E. Guard F2021057, 
O. Albert-Mitchell & T. Lebel (BRI AQ1043691 GenBank 
ITS PP175837, LSU PP175761) and F2021050 (BRI 
AQ1043690 GenBank ITS PP175835, LSU PP175760); 
Cairns Hinterland, Malanda Con. Park, on dead leaves in wet 
tropical rainforest, 17 Feb 2021, F.E. Guard F2021074 & R. 
Philpot (BRI AQ1043692 GenBank ITS PP175837, LSU 
PP175761); Girramay N.P., Murray Falls Section, in riparian 
rainforest on saplings, 9 Feb 2021, F.E. Guard F2021035 & 
T. Lebel (BRI AQ1043686 GenBank ITS PP175834, LSU 
PP175764), F2021036 (BRI AQ1043687 GenBank ITS 
PP175840, LSU PP175766), F2021037 (BRI AQ1043688 
GenBank ITS PP175841, LSU PP175762) and 3 Feb 2023, 
F.E. Guard F2023015 & R. Philpot (BRI AQ1045311 Gen-
Bank ITS PP175839, LSU PP175765); Topaz, Galaji Nature 
Refuge, in abandoned bird nest wall, 8 Feb 2023, F.E. Guard 

F2023040, M. Clarkson & J. Clarkson (BRI AQ 1045946 
GenBank ITS PP175836, LSU PP175795); Solomon Islands, 
Malaita on Theobroma cacao trees in cocoa plantation, 26 
Oct 2018, R.I. Davis, RID7970 (BRIP69145 GenBank ITS 
PP175832, LSU PP175794).

Marasmius perumbilicatus F.E. Guard, T. Lebel, Dearnaley 
sp. nov. Figs. 10 and 11.

MycoBank: MB 853128.
Etymology. ‘umbilicus’ is Latin for umbilicus (navel), to 

refer to the central pileal depression, which is prominent in 
this tiny Marasmius.

Holotype: Australia, QLD, Balmoral Ridge, Dilkusha 
Nature Refuge, road verge, S 26° 44′ 19.9″, E 152° 53′ 
39.9″, 350 m asl., in leaf litter of regenerating subtropical 
rainforest under Neolitsea dealbata, 3 Feb 2018, F.E. Guard 
F2018010 (BRI AQ799985; GenBank ITS OP562719, LSU 
OP562713).

Description: Basidiomata small, marasmioid. Pileus 
1.5–5  mm diam., parabolic to slightly campanulate, 

Fig. 9   a Habit and b distribution of Marasmius tropicus, which 
occurs in far north Queensland, Thailand, and the Solomon Islands. 
Sites of collections in this study are shown with blue dots and historic 

collection area in red. Insets c–f showing pilei, lamellae and stipe 
attachment to rhizomorphs. Note colour variation of pilei in M. tropi-
cus. Images by F.E. Guard
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umbilicate, with or without a tiny orange-brown papilla, 
off-white (2B), pinkish buff (52) to pale apricot, dry, deeply 
sulcate; flesh very thin, white. Lamellae distant, 8–10, 
with rare lamellulae, adnate to narrow collar, white, mar-
gins usually non-coloured, occasionally concolorous with 
pileus. Stipe central, filiform, 30–55 × 0.1–0.2 mm, glossy, 
black base, dark brown throughout the length and buff 
upper end, insititious, hollow; some sterile stipes present, 
and juvenile stipes paler with off-white upper half. Rhizo-
morphs black, 0.1–0.2 mm diam., binding leaf litter. Spore 
print white. Basidiospores (15)16–19.5 × 4–5 μm, mean 
17.5 × 4.5 μm, Q = 3.3–4.7, Qm = 4, narrowly clavate, hya-
line, inamyloid (n = 20). Basidia 4-spored, 23–34 × 8–11 μm, 
sterigmata 3.5–5 μm. Basidioles clavate or fusoid. Pleu-
rocystidia absent. Cheilocystidia common Siccus-type 
broom cells, narrowly to broadly clavate, globose, short 
cylindric to long with tapered base, occasionally bifid 
(9)15.5–25.5 × 7.5–11 μm, with sparse to crowded obtuse 
short setulae, 0.5–3.5 × 0.5–2 μm, sometimes thick-walled 
and refractive; rare smooth cells with irregular outline. 

Pileipellis is a hymeniderm composed of Siccus-type broom 
cells, cylindric, clavate to broadly clavate, mostly thin-
walled, rarely branched or deeply bifid, 9.5–16 × 6–8.5 μm, 
with crowded short setulae, some thick-walled, refractile, 
2–4 × 0.5–1.5 μm. In KOH, thick-walled digits are golden 
yellow. Pileal trama inamyloid to mildly dextrinoid, 
3.5–6(8) μm diam. Lamellar trama inamyloid to mildly 
dextrinoid, 3–5(7) μm diam. Stipe hyphae parallel, cortical 
hyphae dextrinoid, thick-walled, medullary hyphae inamy-
loid, 2.5–5 μm diam. Caulocystidia absent. Clamp connec-
tions present.

Habit, habitat, and distribution: Gregarious, fruiting in 
troops on the rainforest floor, on fallen leaves and petioles 
of numerous rainforest species including Sloanea wooll-
sii, Neolitsea dealbata and Ficus spp., often in disturbed 
areas and road verges. Sporophores are found in summer 
and early autumn after significant rain. To date, this species 
has been collected on privately conserved land in Dilkusha 
Nature Refuge, Maleny and Palmwoods, Sunshine Coast, 
SEQ, as well as in Speewah Conservation Park in FNQ and 

Fig. 10   Marasmius perumbilicatus (F2018010). a basidium; b basidioles; c cheilocystidia; d basidiospores; e Siccus-type broom cells of 
pileipellis. Scale bar = 10 µm. Illustrated by F.E. Guard



Mycological Progress           (2024) 23:60 	 Page 21 of 27     60 

northern NSW as far south as Iluka. It has been observed and 
photographed in other parts of SEQ and also Lake Barrine 
in FNQ. It is expected that the distribution is much more 
widespread. (Fig. 11). Notes: Marasmius perumbilicatus is 
characterised by its tiny, umbilicate, buff sporophores on 
tall filiform stipes, lacking aerial rhizomorphs, gregarious 
habit, and substrate of rainforest leaves and petioles. It has 
long, narrowly clavate spores. The characteristics of lamel-
lae adnate to a collar, insititious stipe, Siccus type broom 
cells and the absence of pleurocystidia place this species in 
subgen. Marasmius, sect. Crinis-eques, although the longish 
spores (to 20 μm) are outside the usual range for this sec-
tion. Other members of the section include the widespread 
Australian species of the M. crinis-equi complex. Maras-
mius perumbilicatus has been mislabelled M. crinis-equi in 
Australian field guides (McCann 2003; Young 2005). How-
ever, species of the M. crinis-equi complex differ by having 
an aerial habit with sparse fruitbodies, pale through brown 
to brownish-orange caps, often fewer lamellae, very short 
stipes (< 12 mm) usually arising directly from plentiful black 
rhizomorphs, and much smaller spores (9–13 × 3.5–5 μm 
vs. 16–19.5 × 4–5 μm). Marasmius madagascariensis dif-
fers in having a slightly larger (2–6 mm) orange-brown cap, 
slightly more lamellae (9–11), shorter stipe (10–23 mm) 

and much shorter spores (8.8–12.8 × 4–5.6 μm) (Shay et al. 
2017). Marasmius guyanensis Mont. first described from 
French Guyana, and also found in Africa, Thailand, Indone-
sia, Malaysia, and Brazil has a yellow to yellowish-orange 
cap, more lamellae (8–12) in Malaysian collections (Tan 
et al. 2009), though only 7–10 in Javan collections (Desjar-
din et al. 2000), shorter stipe (12–23 mm), a wide range of 
spore sizes (9–16 × 3–5 μm.) (Tan et al. 2009). Molecularly, 
Marasmius perumbilicatus is a well-supported species in a 
poorly supported group (Gp 1B, Fig. 3) with M. kabakada 
and Marasmius sp.4 RAK.

Additional specimens examined: Australia, NSW, Iluka 
Nature Reserve, littoral rainforest, leaf litter, 25 Feb 2022, 
F.E. Guard F2022030, T. Lebel & A.G. Boxshall (BRI 
AQ1041077, GenBank ITS PP175845, LSU PP175793); 
Rocky Creek Dam Road, Big Scrub Loop walking track, 
on roadside cutting, in leaf litter, 20 Feb 2022, F.E. Guard 
F2022009 (BRI AQ1041076, GenBank ITS PP175844, 
LSU PP175792); QLD, Balmoral Ridge, Dilkusha Nature 
Refuge, regenerating subtropical rainforest on road verge, 
leaf litter, 9 Feb 2019, F. Guard F2019001 (MEL2458227, 
GenBank ITS OP562722, LSU OP562715), 29 Jan 2020, 
F. Guard F2020020 (BRI AQ1017488 GenBank LSU 
PP175788 and in leaf litter under Ficus sp. and exotic fruit 

Fig. 11   a Habit and b distribution of Marasmius perumbilicatus collections and observational records from Atlas of Living Australia (ALA). 
Insets c–e showing pilei, lamellae, long stipes, and lack of rhizomorphs. Images by F.E. Guard
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trees, 24 Apr 2019, F.E. Guard F2019026 (BRI AQ1077371, 
MEL2469585; GenBank ITS OP562723, LSU OP562716); 
Barron Gorge National Park, Speewah Campground, in 
leaf litter, 31 Dec 2020, L. M. Reinhold LMR FNQ8 (BRI 
AQ1021683, GenBank ITS PP175846, LSU PP175791); 
Palmwoods, 531 Landershute Rd, in leaf litter, 9 Feb 2020, 
W.G. Boatwright WGB756 (envt., GenBank ITS PP175843, 
LSU PP175790).

Marasmius argillaceus F.E. Guard, Laidlaw, T. Lebel, Dear-
naley sp. nov. Figs. 12 and 13.

MycoBank: MB 853129.
Holotype: Australia, VIC, Tanjil South, 690 Moe-Willow-

grove Rd, S 38° 05′ 38.2″, E 146 ◦ 13′ 20.8″, under Acacia 
melanoxylon, Leptospermum and Eucalyptus species, 16 
July 2020, E. Laidlaw EL006 (MEL 2485436; GenBank 
ITS PP175865, LSU PP175807).

Etymology: ‘argillaceus’ is the Latin term for clay-col-
oured and is used in reference to its clay pink pilei.

Description: Basidiomata small, marasmioid. Pileus 
2–11 mm diam., broadly parabolic to broadly convex with 

or without slightly flared margin, mature caps clay pink 
(30) with dark brown central depression, immature caps 
purplish date (22), centrally umbonate becoming umbili-
cate with maturity, the umbo eventually forming a central 
conical papilla which may disappear with maturity, deeply 
sulcate, smooth dry surface; flesh very thin, white. Lamellae 
distant, 9–13, adnate to a narrow collar, broadening at cap 
margin to produce scalloped effect, off-white with gill mar-
gin sometimes concolorous with cap, lamellulae occasional 
with or without some shallow cross-venations. Stipe cen-
tral, filiform, 20–30 × 0.2 mm, blackish at base, dark brown 
throughout length and pale, off-white at apex, smooth, 
hollow, insititious though slightly enlarged at base. Sterile 
stipes common, but rhizomorphs absent. Spore print white.

Basidiospores 15.5–19 × 4–5 μm, mean 17.5 × 4.5 μm, 
Q = 3.24–4.60, Qm = 3.91, narrowly clavate, smooth, inamy-
loid, (n = 20). Basidia 4-spored, 19–23.5 × 7–7.5 μm, with 
sterigmata 3.5–5 μm in length (measured from EMTas002). 
Basidioles fusiform, narrowly clavate, 20–21 × 5.5  μm. 
Pleurocystidia absent. Cheilocystidia Siccus-type broom 
cells, body cylindric to clavate, 8–18 × 4–7 μm, setules 

Fig. 12   Marasmius argillaceus (EL006). a basidium; b basidioles; c cheilocystidia; d Siccus-type broom cells of pileipellis; e basidiospores. 
Scale bar = 10 µm. Illustrated by F.E. Guard
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apical, 2–5 × 1–2 μm. Pileipellis a hymeniderm composed 
of Siccus-type broom cells, body clavate, cylindric, ovoid, 
irregular, at times bifid 9.5–17 × 6–12 μm, setules apical, 
divergent, often bifid, obtuse, 1–5 × 1–1.5 μm, thick-walled 
and golden in KOH. Pileal trama slightly dextrinoid. Stipe 
hyphae parallel, cortical hyphae 3.5–7.5 μm diam., thick-
walled. Caulocystidia absent. Clamp connections present 
and common. Rhizomorphs absent.

Habit, habitat, and distribution: Gregarious, fruiting in 
troops on fallen phyllodes and twigs of Acacia melanoxylon, 
also on mossy well-rotted logs in temperate wet sclerophyll 
forest. Sporophores found in autumn and winter. This spe-
cies has been found in Tasmania, Victoria, and South Aus-
tralia. To date, it has not been recorded in similar habitat in 
New South Wales or Queensland.

Notes: Marasmius argillaceus is characterised by its dis-
tinctive small clay pink, deeply sulcate caps on relatively 
short filiform stipes, marginate lamellae, gregarious habit 
and substrate of fallen Acacia phyllodes and twigs. It has 
long narrowly clavate spores, and its characters of collariate 
lamellae, insititious stipe, and Siccus-type broom cells tra-
ditionally place it in sect. Marasmius, subsect Sicciformes. 

Several morphological features separate it from M. crinis-
equi. These include the substrate (leaf litter, not aerial rhi-
zomorphs), the abundance and size of fruitbodies, which 
are larger than M. crinis-equi, number of lamellae and the 
clavate spores which are significantly longer than those of 
M. crinis-equi, (15.5–19 × 4–5 vs 11–12.5 × 4.5–5 μm). Mar-
asmius argillaceus has been mislabelled as M. crinis-equi 
in one Australian field guide (Gates and Ratkowsky 2016), 
but it is morphologically distinct and molecularly distant. It 
appears to be a temperate zone taxon. It is morphologically 
and molecularly (Fig. 3) similar to the tropical species, M. 
brevicollus Corner, as described by Wannathes et al. (2009) 
and Tan et al. (2009), but with larger pilei, more lamellae, 
and shorter basidiospores. It is also similar to M. purpu-
reobrunneolus Henn., described from Java in 1900, but has 
slightly larger pilei (2–11 vs 2–5 mm diam.) and larger basid-
iospores (15.5–19 × 4–5 μm vs (12)13–16 × 3–4 μm). Molec-
ularly they are sister species with moderate support (BS 73, 
PP 0.85). Marasmius chrysocephalus Singer has a golden 
pileus, shorter basidiospores (11.7–15.2 × 3.2–4.2 μm) and 
produces black rhizomorphs (Singer 1976), which according 
to Koch et al. (2020) are used in bird nest construction in 

Fig. 13   a Habitat and b distribution of Marasmius argillaceus. Insets c and d showing pilei, lamellae with coloured margins, and stipe insertion. 
Images by Eileen Laidlaw
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Guyana. Marasmius sanguirotalis Singer, as described by 
Oliveira et al. (2020), has a darker purplish-brown, slightly 
smaller (2–5 mm vs 2–11 mm diam.) pileus, a shorter, 
broader stipe (11–30 × 0.3–0.6 mm vs 20–30 × 0.2 mm) and 
overlapping, but on average shorter, narrower basidiospores 
(12–19 × 2.5–4 μm (mean 15 × 3 μm) vs 15.5–19 × 4–5 μm 
(mean 17.5 × 4.5 μm). Marasmius rubrobrunneus Shay and 
Desjardin from Madagascar is sister to M. sanguirotalis, and 
morphologically very similar (Oliveira et al. 2020). In the 
new classification of Marasmius by Oliveira et al. (2024b), 
M. argillaceus would be part of subgenus Marasmius, sect. 
Sanguirotalis, which includes M. sanguirotalis, M. rubrob-
runneus, M. chrysocephalus, M. purpureobrunneolus, and 
M. brevicollus sensu Wannathes. However, they are not a 
well-supported clade in our analysis.

Additional materials examined: Australia, SA, South-
ern Lofty Region, Mt Crawford Forest, on twigs and fallen 
logs in Pinus radiata plantation, 19 July 2003, P.S. & 
D.E. Catcheside, (ADC51207 GenBank ITS PP175866) 
and 24 July 2006, P.S. Catcheside, (ADC54694 Gen-
Bank ITS PP175868, LSU PP175808); TAS, Nicholls 
Rivulet, Dogwood Forest, near Fannys Creek, on twigs 
of dogwood (Pomaderris apetala), 1 June 2020, Elaine 
McDonald EMTas007, (GenBank ITS PP175864, LSU 
PP175805) and 1 May 2021, EMTas002 (GenBank LSU 
PP175806) and EMTas003 (GenBank ITS PP175867, LSU 
PP175809); Blackwood, south of Simmons Reef Rd, 20 m. 
west of Jack Cann Reserve, by footpath, 13 July 2006, N.H. 
Sinnott (MEL2305227 GenBank ITS OP562720, LSU 
OP562717); Junee Caves, 24 May 2003, David Ratkowsky 
(MEL2257866, GenBank ITS OP562721, LSU OP562718).

Discussion

Re-collecting and analysing specimens from the holotype/
lectotype areas in Australia and re-examination of the his-
torical collections in K have been important in clarifying 
the concept and boundaries of M. crinis-equi. Finding three 
distinct species within eastern Australia, on molecular 
analysis of two gene regions (ITS and LSU), despite their 
morphologically similar nature, raises the issue of cryptic 
species. Species concepts including cryptic species have 
been examined widely (Lücking et al. 2020). A review by 
Cao et al. (2021) suggested that there are three categories 
of crypticity—(1) pseudocryptic, where morphological dif-
ferences do exist, but the species are so similar that they 
are hard to distinguish; (2) semi-cryptic, where phenotype-
related characters such as ecology and distribution are the 
only distinguishing features; (3) strictly cryptic, which are 
indistinguishable on morphological characters. On those cri-
teria, Marasmius kabakada is pseudocryptic, with its usu-
ally lowland, tropical distribution within Queensland and 

small morphological differences helping to delimit it as a 
distinct taxon. Marasmius crinis-equi and M. tropicus have 
overlapping distributions in FNQ, though only the former 
has been found in SEQ and NSW to date, and the latter has 
a Pacific and south-east Asian as well as its Australian distri-
bution. Morphologically, M. tropicus more commonly has a 
yellowish-brown to orange pileus when fresh, though occa-
sionally off-white to buff. On the other hand, M. crinis-equi 
usually has off-white to buff pileus, only becoming fulvous 
on drying or ageing. This suggests that they should also be 
considered pseudocryptic. However, the possibility that M. 
tropicus can be pathogenic has not been excluded and would 
separate the two into semi-cryptic species. The overlapping 
distributions of all three make for more difficult separation 
of the species in the Cardwell (Rockingham Bay) region of 
north Queensland.

Recent studies from Africa and the Neotropics con-
firm there are many taxa of rhizomorph-producing, litter 
trap-forming Marasmius across the globe. The authentic 
horsehair fungus, Marasmius crinis-equi and sister taxa 
M. kabakada and M. tropicus from Australia are just three 
of these. This is in sharp contrast to the idea of a single 
cosmopolitan species accepted 100 years ago. Oliveira 
et al. (2024a) recently coined another term, ‘spider fungi’, 
to describe the global guild of fungi with an aerial rhizo-
morph, leaf litter trapping habit. These aerial networks, like 
spiderwebs, are considered to be important components of 
the fungal decomposer communities in wet tropical and sub-
tropical forests (Lodge and Cantrell 1995; Snaddon et al. 
2012). Australia’s horsehair fungi can be considered a part of 
this guild, given the similar ecological niche they are found 
in. They are also a valuable source of material for many 
bird species in nest building (Koch et al. 2020). All three 
rhizomorph-forming taxa in this study have been found to 
be used in bird nests, either in the walls or as a lining pad.

Not surprisingly as sequences are added from new geo-
graphic areas, new relationships become apparent. Perhaps 
a little surprising is that for many of the Australian taxa 
described here, the sister taxa are African (Cameroon, 
Ghana, Madagascar) and central American (Guyana) spe-
cies rather than SE Asian (Thailand, Malaysia) or South 
American. This may simply reflect a lack of molecular data 
from other parts of SE Asia, tropical Australia (e.g. Northern 
Territory, northern Western Australia), or the Pacific islands 
(i.e. Papua New Guinea, New Caledonia, Cook Islands, 
Vanuatu).

In Australia, while aerial rhizomorph tangles have been 
found in unpruned tea bushes in FNQ, they are rare. Well-
managed tea plantations in Australia have not had any prob-
lem with horsehair blight. In natural habitats, observations 
of aerial leaf traps suggest they are persistent, long-term 
structures (more than 2 years) that trap falling litter and 
do not affect the health of their hosts. Thus far, there is no 
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evidence to suggest that the authentic Marasmius crinis-equi 
causes leaf necrosis or other damage to the host plants. The 
study of Su et al. (2011) needs to be repeated with molecu-
lar data of the fungus involved. It is likely that it is other 
fungi, either non-Marasmius or undescribed Marasmius 
species are the cause of horsehair blight and thread blight 
disease in SE Asian and African coffee, cocoa, and tea 
plantations, as suggested by Petch (1915) and demonstrated 
in Ghana (Amoako-Attah et al. 2020). In South America, 
M. infestans Huamán, Ramos C & Diaz Val has recently 
been described as a cause of thread blight disease in cocoa 
plantations in Peru (Huamán-Pilco et al. 2023). This spe-
cies is closely related to M. neosessiliformis (Madagascar) 
and the M. tenuissimus complex causing thread blight in 
Ghana (Fig. 3). The newly described Marasmius tropicus 
was implicated in horsehair blight in a neglected cocoa plan-
tation in the Solomons, with minor impact; however, this 
is based upon a single collection. Further investigation of 
aerial rhizomorph tangles in Australian and Pacific Islands 
plantations and native vegetation is necessary to determine 
causal agent identity and pathogenicity potential. Clarifying 
the concept and circumscription of M. crinis-equi will have 
consequences internationally as the variable pathogenicity 
of the horsehair fungus can now be proposed as likely due 
to non-Australian species in other countries.

Conclusion

Re-collection, morphological examination, molecular analy-
sis, and epitypification of the species have been important for 
stabilising the taxon boundaries. We choose to continue the 
use of the name Marasmius crinis-equi, pending a binding 
decision on the validity of Marasmius equicrinis F. Muell., 
and have chosen one of the three Australian taxa to represent 
the species concept. As such, the name should no longer be 
applied to collections from other regions with aerial leaf trap-
ping rhizomorphs and similar morphology. Molecular data 
across two or more gene regions will assist in clarifying the 
position of other as yet undescribed species of ‘horsehair/
spider’ fungi across the globe and their relationship to M. 
crinis-equi. The discovery that horsehair fungi in Australia 
form a complex of three species, including M. crinis-equi, is 
unsurprising, but produces challenges in identification, which 
may not be resolved in the field. However, we have concluded 
that species lacking aerial rhizomorph networks are not part 
of this complex.

Clarification of mislabelled species in Australia is of 
value to field mycology. While the complete geographic 
distribution of M. perumbilicatus and M. argillaceus is not 
yet resolved, it is clear that M. perumbilicatus is a wide-
spread tropical, subtropical, and temperate species in eastern 

Australia and M. argillaceus appears to be a temperate 
species.
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