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Abstract 

The fungi are a hyperdiverse group of important organisms, many of which remain undescribed and 

unknown, particularly from tropical habitats. This project documenting the lepiotaceous fungi 

(Agaricaceae: Lepiotae, Leucocoprinae) of Hawaiʻi Island resulted in 148 collections from September 

2016–January 2019. Based on these collections and prior records, 38 species of lepiotaceous fungi from 

Hawaiʻi Island are reported: two in Chlorophyllum, one in Cystolepiota, seven in Lepiota, 15 in 

Leucoagaricus, and 13 Leucocoprinus. Two new records of previously undocumented species from 

Hawaiʻi, Leucocoprinus straminellus and Leucoagaricus cf. americanus, are reported, along with 21 

additional species that could not be assigned to a known taxon. Two potentially undescribed Lepiota spp. 

likely contain poisonous amatoxins. General descriptions and a dichotomous key are provided for all taxa 

with sufficient information, and a phylogenetic analysis of the genus Lepiota, including the two potentially-

deadly species based on nrITS sequences, is presented. 
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Introduction 

Kingdom Fungi’s Importance and Diversity 

Fungi, a diverse kingdom of eukaryotic organisms, are kingdom Animalia’s closest relatives (Baldauf & 

Palmer 1993) and are essential to present ecosystem functioning and past ecosystem processes. Fungi 

played key roles in the emergence and development of other eukaryotic life, aiding the colonization of 

terrestrial environments by plants (Hoysted et al. 2018) and lichens (Moore 2013), altering earth’s 

atmosphere through the expanded range of these photosynthetic organisms (Heckman et al. 2001). They 

form mutually beneficial mycorrhizal relationships with over 90% of terrestrial plants (Wang & Qiu 2006), 

live as endosymbionts in ruminants helping them process food (Agarwal et al. 2015), or as endophytes in 

the leaves of plants where their roles are still being understood (Hardoim et al. 2015). Fungi are the only 

organisms that can fully break down lignin (Kent & Cullen 1998), are exploited by humans and other 

animals for food (Moore et al. 2011), and allow the production of staple human products such as soy 

sauce, bread, beer, and wine. They synthesize medicinal compounds like statins and insulin that are used 

daily by millions for treatment of high blood pressure and diabetes (Tobert 2003), and can also cause 

disease and dramatic declines in animal populations such as bats (USFWS 2012), amphibians (Olson et 

al. 2013), and plant populations such as the tree Metrosideros polymorpha on Hawaiʻi Island (Barnes et 

al. 2018) 

Despite the importance of fungi, they are arguably the least studied eukaryotic organisms. Estimates 

vary, but only 3–8% of fungi overall (Hawksworth & Lücking 2017), and 16–41% of visible, fleshy fungi 

are described (Mueller et al. 2007). Tropical areas remain undersampled (Watling 1995) where fungal 

diversity is likely to be higher (Piepenbring 2015). This lack of knowledge and sample bias results in an 

incomplete understanding of fungal biodiversity because most of the morphologic, ecologic, and 

molecular data for groups of fungi with global distributions has, until recently, come from temperate 

examples (Piepenbring et al. 2012).  
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Fungal Taxonomy and Systematics 

Macrofungi are fungi that form visible reproductive structures (mushrooms or fruiting bodies), and 

mushrooms with a stem, cap, and gills, are known as agarics and are generally members of the phylum 

Basidiomycota and class Agaricomycetes. Agarics were traditionally described by macroscopic features 

such as the overall stature of the mushroom, the color of spores (in aggregate), and how the gills attach 

to the stem. Sizes and features of microscopic structures such as spores, basidia, cystidia, and hyphae, 

and color reactions of these structures in staining reagents were later added as diagnostic features 

(Ainsworth 1976). More recently, molecular studies comparing nucleotide sequences in targeted regions 

of the fungal genome have added another tool to help determine fungal relationships and delimit species 

(Lutzoni et al. 2004, Hibbett et al. 2018). 

With recognition of new taxonomically informative features, mycologists determined that some 

hypothesized evolutionary relationships were incorrect. Microscopic features showed that some 

macroscopic features (such as a hymenophore of gills versus pores) underwent convergent evolution 

(Hibbett et al. 1997), and molecular data showed some microscopic characters (such as spore 

morphology) experienced the same (e.g., Vellinga & Huijser 1998). The biological species concept, 

usually tested through mating studies, has been used in fungi, but is uncommon because 20% of fungi 

are asexual, and many are not easily grown in laboratory settings (Moore et al. 2011).  

The rules for naming fungi come from the International Code of Nomenclature for Algae, Fungi, and 

Plants. To describe a new fungus, the species name must be legitimate (a unique Latin binomial), valid 

(include a type, or physical representation of the specimen), and effectively published in a journal for the 

scientific community (Seifert & Rossman 2010). Modern descriptions of new macrofungi collected by 

traditional methods (collecting a mushroom; not molecular environmental sampling) generally require a 

dried physical specimen (holotype), and morphologic, ecologic, and molecular descriptions to be 

considered complete by journal editors and review boards, and therefore acceptable for publication 

(Mycologia 2017). A proposal to the International Mycologic Conference 11 would allow naming fungal 
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species based on DNA sequences only (Rambold et al. 2018), and arguments continue both for (Lücking 

et al. 2018) and against (Thines et al. 2018) this proposed change. 

Taxonomy and Systematics of the genus Lepiota and Relatives 

Lepiotaceous (sometimes spelled “lepiotaceus”) is a term used to describe fungi similar in appearance to 

those in the genus Lepiota (Pers.) Gray, which has subsequently been split into many segregate genera. 

Molecular analyses have led to exceptions in spore color and basidiocarp morphology, but in general, 

lepiotaceous fungi are recognized by white spores, free gills, an annulus or annular zone, scaly features 

on the cap or stem, and lacking a volva. Microscopic features such as orientation of the lamellar trama, 

presence of clamp connections, spore morphology and color reaction in diagnostic reagents, and 

structure of the pileus covering have been used to split lepiotaceous fungi into different genera and 

infrageneric sections. Table 1 presents a summary of lepiotaceous genera found in Hawaiʻi and their 

morphological features. 

Lepiotaceous fungi have a saprotrophic lifestyle, forming mushrooms on soil or, more often in the tropics, 

on woody debris, and are common in disturbed landscapes (Vellinga 2004b). Worldwide, there are 

approximately 600 species (Kirk et al. 2008), the majority in the genus Lepiota. Some are widely 

recognized, commonly collected edible mushrooms like Macrolepiota procera (Scop.) Singer, while others 

are gastrointestinal irritants, or contain amatoxins that are potentially deadly if ingested (Benjamin 1995).  

Research specific to Lepiota s.l. in tropical or subtropical areas has been undertaken in many regions, 

such as Brazil (Ferreira & Cortez 2012), India (Kumar & Manimohan 2009b), and Thailand 

(Sysouphanthong 2012), but documentation of this group in any tropical region is certainly not complete 

as well-studied areas such as Europe and North America still see new species regularly published 

(Vellinga 2003a). 

Nearly all lepiotaceous fungi are in the class Agaricomycetes Doweld, order Agaricales Underw., and 

family Agaricaceae Chevall. (some genera outside the Agaricaceae, such as Limacella Earle, have 

macroscopic features of lepiotaceous fungi, but are easily separated by microscopic features). The 

taxonomic placement of lepiotaceous fungi in the Agaricaceae has been supported by most mycologists 
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in the 20th Century (e.g. Singer 1986, but see Bon 1993), and has been confirmed through phylogenetic 

analyses (Johnson & Vilgalys 1998, Moncalvo et al. 2002, Matheny et al. 2006) in the last 20 years. 

Specifically looking at the family Agaricaceae, Vellinga (2004a) found four clades of lepiotaceous fungi 

using nuclear ribosomal internal transcribed spacer (nrITS) and nuclear ribosomal large subunit (nrLSU) 

sequences: Lepiota, Leucocoprinus/Leucoagaricus, Chlorophyllum, and Macrolepiota. These results were 

later confirmed with higher statistical support using RNA Polymerase II 2nd largest subunit (RPB2) 

sequences (Vellinga et al. 2011). Vellinga et al.’s 2011 study was inclusive of many tropical species, and 

the analysis led to two newly described white-spored genera in the Agaricaceae from Northern Thailand. 

DNA analyses show these new genera are more closely related to the dark-spored genus Agaricus, so 

while the term lepiotaceous is useful in describing general macroscopic morphology, it does not confer 

systematic relationships, and these four clades of lepiotaceous fungi in the Agaricaceae do not form a 

monophyletic group.  

Within the four clades of lepiotaceous fungi, both the Leucocoprinus/Leucoagaricus and Lepiota groups 

contain multiple genera. Vellinga (2003a) studied the Lepiota clade using nrITS and nrLSU sequences 

and found (with generally low support, and with outlying taxa) four main groups that did not correspond to 

previous infrageneric sections based on morphology. Table 2 summarizes sections within the genus 

Lepiota based on morphology, and Table 3 shows the new classifications supported by Vellinga’s 

molecular data, their corresponding morphologic characters, and former sections. 

The fourth group in Lepiota from Vellinga (2003) contains the genera Pulverolepiota Bon, Cystolepiota 

Singer, Melanophyllum Velen., and Echinoderma (Locq. ex Bon) Bon, and Vellinga suggests combination 

into one genus for this group may be a good idea, but declined to make any formal taxonomic changes at 

the time citing undersampling of tropical taxa. Vellinga’s findings support and expand upon Knudsen’s 

(1978, 1980) transfer of Lepiota section Echinatae to Cystolepiota, and Johnson’s (1999) finding that 

Cystolepiota and Lepiota section Echinatae form a monophyletic lineage. I refer to the genus Lepiota and 

other genera in the Lepiota clade—Pulverolepiota, Cystolepiota, Melanophyllum, and Echinoderma—as 
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Lepiota sensu lato (s.l.) following Vellinga (2011), while using Lepiota sensu stricto (s.s.) to refer only to 

the genus Lepiota.  

Hawaiian Fungi, Including Lepiota and Relatives in Hawaiʻi 

Hawaiʻi’s unique location and history provide interesting opportunities for the study of macrofungi. First, 

the Hawaiian archipelago is the most isolated island chain in the world and has high endemism rates 

among putatively native fungi at 80% (Mueller et al. 2007), and vascular plants at 91% (Imada 2012). 

Second, Hawaiʻi is home to ten of the world’s twelve soil types (Deenik and McClellan 2007), eight of 

thirteen climate types (using the Köppen system), has been a worldwide destination for trade or tourism 

for over 200 years, and has seen the introduction of over 8,000 plant species (Yee & Gagne 1992) with 

around 1,400 of these naturalizing (Imada 2012). Initial isolation, followed by increased dispersal to the 

islands with the help of humans, the wide range of environments, substrates, and plant partners for them 

to establish, and the general undersampling of tropical fungi mean that there are likely many fungal 

species in Hawaiʻi that are unique, and many introduced that have not been studied in their native 

environments. 

Hawaiian macrofungi have been documented in academic literature for over 160 years (Berkeley and 

Curtis 1851), with research and species descriptions increasing in the last twenty-five (Hemmes 2001, 

Hemmes & Desjardin 2011). Despite this, many groups known to occur in the islands remain to be 

categorically documented, and an estimated 450 species of macrofungi remain unreported (Mueller et al. 

2007). The lepiotaceous fungi are one group without thorough documentation. 

The first reports of lepiotaceous fungi from the archipelago occurred in the early 20th century (Cobb 1909, 

Peck 1907, Stevens 1912), and reports have continued to the present with two Lepiota species previously 

not known from the islands reported by Gubitz in 2008. Three of the four clades of lepiotaceous fungi 

presented in Vellinga (2004a) have been previously reported from Hawaiʻi: Chlorophyllum, 

Leucoagaricus/Leucocoprinus, and Lepiota. The two species of Chlorophyllum present are assumed to 

represent the full extent of that genus occurring in the islands, as they are large and grow in urban 

habitats. The Lepiota and Leucoagaricus/Leucocoprinus clades contain many more species, grow in a 
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greater variety of habitats, are less conspicuous, and many remain unreported (Hemmes pers. comm., 

pers. obs.). 

No documentation exists showing that lepiotaceous fungi in Hawaiʻi are eaten or used by humans for 

other purposes, although ingestion of Chlorophyllum molybdites (G. Mey.) Massee, a gastrointestinal 

irritant for many individuals, is the most common form of mushroom poisoning in Hawaiʻi (Hemmes and 

Desjardin 2002b) and another species, Leucoagaricus leucothites (Vittad.) Wasser, is reported as edible 

in some field guides (e.g., Arora 1986). Lepiota castanea Quél, a species that is potentially deadly if 

ingested, has been reported from the islands (Hemmes & Desjardin 2002a), although no records of 

poisonings exist. 

In Hawaiʻi, there are an estimated 50 species of lepiotaceous fungi (Hemmes, D. pers. comm.), although 

a review of taxa has not been completed to determine possible synonymous, deprecated, or misidentified 

specimens.  
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Questions and Importance 

My questions are: 1) What species of Lepiota s.s. occur on Hawaiʻi Island? 2) What is known of other 

lepiotaceous fungi (Lepiota s.l., Leucocoprinus, Leucoagaricus, Chlorophyllum) on Hawaiʻi Island and 

throughout the archipelago? 3) Do Hawaiian specimens that morphologically fall in the fourth Lepiota 

clade from Vellinga (2003a) form a monophyletic group using nrITS sequences? 

This project contributes to the knowledge of Hawaiʻi’s mycoflora to answer basic questions about 

macrofungi, such as: 1) What fungi occur in an area? 2) What are species ranges? 3) When does a 

species generally produce mushrooms? (Matheny &Vellinga 2009, Bruns 2011). Documentation and 

taxonomy is needed to answer these questions and understand local and worldwide macrofungal 

biodiversity. 

The project also assists in understanding the infrageneric sections of Lepiota s.l.. Although estimates of 

the fourth clade of Lepiota s.l. occurring in Hawaiʻi are small (< 5 species), tropical specimens that have 

been lacking to contribute evidence on the monophyly of clade 4 from Vellinga (2003a) will be examined. 

The importance of fungal taxonomy in Hawaiʻi has recently been emphasized with the discovery of two 

introduced pathogens, Ceratocystis spp., that were previously not known (Barnes et al. 2018). The 

pathogens infect and kill Metrosideros polymorpha, the most common native tree in Hawaiʻi, ecologically 

important in nearly all ecosystems throughout the islands (Keith et al. 2015). A lack of basic taxonomic 

information on the origin, hosts in native habitat, phylogenetic affinity, and biology of the pathogen means 

researchers must make conservation decisions while lacking critical information. 
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Methods 

Collection and Field Site Information 

Mushroom collecting occurred from September 2016 to January 2019 on Hawaiʻi Island. Older collections 

made by Dr. Don Hemmes (DEH) were reviewed for contemporaneous notes on colors, sizes, odors, and 

tastes, and are listed under the “specimens examined” section, but were not recalled from the Harry 

Theirs Herbarium at San Francisco State University for microscopic or molecular analysis. 

Field sites were determined based on Dr. Don Hemmes’ knowledge of Hawaiian fungi and personal 

observations. Permits were obtained at all sites where required. A non-comprehensive list of field sites 

and their habitat type is provided below, including a map (Fig. 1) created in ArcGIS version 10.4.1 (ESRI, 

2015) indicating the primary locations targeted for study. 

• University of Hawaiʻi Hilo Botanic Gardens 

o Landscaped garden, Podocarpus debris, cinder, soil 

• ʻImiloa Astronomy Center, Hilo 

o Woodchips, cinder, soil 

• Hilo Zoo 

o Alien grass and landscaped garden with cinder, soil 

• Hilo Bayfront 

o Woodchips 

• MacKenzie State Recreation Area 

o Coastal Casuarina equisetifolia 

• Puʻu Makaʻala Natural Area Reserve 

o Native wet montane forest dominated by Metrosideros polymorpha 

• Manukā Natural Area Reserve 

o Mixed native and alien mesic lowland forest 

• Waipiʻo Valley 

o Alien wet lowland forest and coastal Casuarina equisetifolia 
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• The Nature Conservancy Kaʻū Reserve (Kaiholena) 

o Native wet montane forest dominated by Metrosideros polymorpha 

 

Fig. 1 Map of commonly visited field sites on Hawaiʻi Island 

Specimen Descriptions 

Standard procedures for documenting and collecting terrestrial and wood-inhabiting macrofungi were 

used (Lodge et al. 2004). High-quality photographs of specimens were taken in-situ if possible; otherwise 

photographs were taken on a neutral gray background with a Canon Rebel T4i camera, or if not available 

an iPhone SE by the author, unless stated otherwise. Photographs presented are unedited, or rarely, 

brightness was increased. Locations of collections were recorded with a handheld Garmin GPS, or 

extracted from metadata embedded in iPhone photographs. Descriptions of Hawaiian habitats and 

vegetation zones are from Gagné & Cuddihy (1999). Macroscopic descriptions of fungi are based on 

terminology from Noordeloos et al. (2001). Most descriptions providing the number of lamellae and 

lamellulae, “L =” and “l = “, are approximate as many species have crowded lamellae that are difficult to 

count. In many cases specimens were not sampled for taste due to the high frequency in which slugs visit 

these fungi and the possible presence of the nematode, Angiostrongylus cantonensis, in their slime trails 

which is implicated in causing rat lungworm disease. Color descriptions are from Kornerup & Wanscher 
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(1978). After collection, specimens were dried in a food dehydrator and deposited in plastic bags with 

desiccant, then later, paper specimen packets. Specimens are deposited at the J.F. Rock Herbarium at 

UH Mānoa (HAW). Unfortunately, ten collections were contaminated by mold during storage over the 

three years of this project. Contaminated collections with corresponding non-contaminated collections of 

the same species were not accessioned to the herbarium and have been labeled as contaminated in the 

“specimens examined” section. 

Microscopy was performed on dried specimens unless otherwise stated. Terminology from Noordeloos et 

al. (2001), with techniques from Largent et al. (1977) and Bas et al. (1988). Measurement of microscopic 

structures was performed on material rehydrated in 95% ETOH, then in 10% ammonia, or 10% ammonia 

with 1% Congo Red (Sysouphanthong et al. 2012). Microscopic structures were also visualized in 1% 

Cresyl Blue, Melzer’s reagent, and distilled water to observe natural colors and color-changing reactions. 

See “Reagents and Chemicals” below for descriptions of solutions.  

Unless stated otherwise, mature spores were measured in side view excluding the hilar appendage and 

the cap of a germ pore (measurement stopped at the end of the spore wall), if present, in the program 

Piximètre version 5.9 (http://ach.log.free.fr/Piximetre/). Cheilocystidia measurements include the apical 

extension, if present. Measurements represent values falling within a 95% confidence interval and values 

in parentheses represent extreme examples; the annotation [30, 4, 3] indicates thirty spores from four 

specimens in three collections were measured. Micrographs for import to Piximètre were captured using 

an Olympus XM10 microscope camera attachment on an Olympus BX53 microscope with the software 

cellSens Dimension. Micrographs were edited by brightening, sharpening, and sometimes adjusting the 

contrast of the image to increase visibility. 

The Meixner Test (Simmons 1980) was used to test for the presence of the deadly compound alpha-

amanitin in certain mushrooms. The test was performed by squeezing juice from a fresh fruit-body on to 

lignified paper (newsprint), waiting for this to dry, then adding 2 drops of concentrated hydrochloric acid. 

Water, or species in the genera Agaricus and Agrocybe, not known to contain amatoxins or psilocin 
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(which leads to false positives, see Buehler et al. 2004), were used as controls, and resulting color 

changes were compared with photographs and descriptions from Fiedziukiewicz (2013). 

Synonyms reported in species descriptions do not constitute comprehensive lists, but are representative 

of names from popular field guides and mycological treatises with focus on synonyms that have been in 

use recently. Common names are reported from the literature, or for taxa unattributed to a known 

species, a working name is given based on the taxon’s morphology or habitat. Works referenced in the 

“selected descriptions” section have been consulted for terminology, comparisons with Hawaiian 

collections, and to augment information that may be lacking in Hawaiian collections. Terminology from 

these references is often used, although all microscopic measurements are based solely on Hawaiian 

material unless otherwise noted, as are the majority of macroscopic measurements. 

DNA Extraction, Amplification, and Sequencing 

DNA extractions were performed on dried fungal tissue, usually taken from a gill of the specimen. Tissue 

was submerged into 40 µl of extraction solution (see “Reagents and Chemicals” below for solution 

formulas) in PCR tubes. This solution was incubated at room temperature for 10 minutes, then at 95 

degrees °C for 10 minutes in a Bio-Rad T11 Thermocycler. 120 µl of dilution solution was added, and the 

resulting solution was diluted by a ratio of 10: 1 in TE Buffer in a separate PCR tube. 

For the polymerase chain reaction (PCR), approximately 10 µl of Gotaq Green, 6 µl Water, 2 µl of the 

diluted DNA extraction, and 2 µl of DNA primers at 50ng/µl concentration were pipetted into a PCR tube. 

Primers ITS1F (CTTGGTCATTTAGAGGAAGTAA) and ITS4 (TCCTCCGCTTATTGATATGC) were used 

to target the universal fungal barcode, the nrITS (Schoch et al. 2012). PCR tubes were put in a 

thermocycler on the following cycle: 

1) 5 min at 95 deg. C 

2) 30 seconds at 94 deg. C 

3) 30 seconds at 52 deg. C 

4) 60 seconds at 72 deg. C 

5) Steps 2–5 replicated 35 times 
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6) 8 min at 72 deg. C 

7) Infinite hold at 4 deg. C 

After PCR, approximately 1 microliter of Sybr Gold was added to 5 µl of each PCR product and the 

solution was run on a 1–1.5% agarose gel adjacent to a 1 kb ladder to verify amplification success and 

estimate amplicon size. Amplicons were prepared for sequencing by combining 5 µl PCR product with 2 

µl ExoSAP-IT™ (USB Corporation), incubating at 37°C for 15 minutes to degrade remaining primers and 

nucleotides, then 80°C for 15 minutes to inactivate the ExoSAP-IT™ enzyme. Approximately 5 µl of 

cleaned PCR product, 1.5 µl primer at 50ng/µl concentration, and 1.5 µl molecular grade water were used 

in sequencing reactions. All samples were sequenced in both forward and reverse directions at the UH 

Hilo Core Genetics Facility or the Advanced Studies in Genomics, Proteomics and Bioinformatics 

(AGSPB) at the University of Hawaiʻi Mānoa. 

Sequence Editing and Phylogenetic Analysis 

Sequences were trimmed, edited, and forward and reverse reads aligned into consensus sequences in 

Geneious (Kearse et al. 2012). All sequences generated were investigated by using the BLAST tool in 

GenBank (NCBI 2015). Twelve sequences from Lepiota s.l. species collected for this project (Cystolepiota 

sp., L. aspera, L. rubrobrunnea, L. sp. 1, L. cf. elaiophylla, and L. sp. 3) were further investigated by 

downloading the top 100 sequences by similarity using the BLAST tool in GenBank (cf. Qasim et al. 

2015), and including the sequences with the highest matches, as well as representative sequences from 

each of the clades identified in Vellinga (2003a). See Table 5 for a list of the 35 taxa included from 

GenBank in the phylogenetic analysis and their accession numbers. 

Sequences were aligned in Geneious with the default settings of the MAFFT (Katoh & Standley 2013) 

plugin, and trimmed. Aligned and trimmed sequences were imported to Molecular Evolutionary Genetics 

Analysis (MEGA) version X (Kumar et al. 2018). Based on the “Find Best DNA Model” tool in MEGA, ML 

phylogenetic trees were created using the following settings: General Time Reversible (GTR) model (Nei 

& Kumar 2000) including gamma distributed (G) and invariant sites (I), no branch swap filter, and 

Nearest-Neighbor-Interchange (NNI) for the ML heuristic method. The initial tree was built using the 
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default neighbor-joining/bioneighbor-joining method, and the phylogeny was tested with 1,000 bootstrap 

replicates (BIC 10224.7166). All sites with gaps and/or missing data were eliminated, resulting in 465 

positions in the final alignment. The tree image was edited in FigTree version 1.4.4 

(http://tree.bio.ed.ac.uk/software/figtree/) and Inkscape version 3 (https://inkscape.org/). 

Additional Considerations 

When and why macrofungi produce mushrooms in the wild is still not fully understood. The unpredictable 

nature of mushroom production means that not all target species were found, or those found were 

sometimes of low quality or in low numbers. As with any project cataloging life, there will likely be more 

diversity found later, and work must be continued to perform as comprehensive an analysis as possible. 

Species only found on one occasion and/or species that may not represent pristine or characteristic 

specimens are still included for completeness and because many features, particularly microscopic 

structures and nrDNA are still useful to current and future understanding of these taxa. In addition to a 

review of the literature, the website mycoportal.org was used to search herbarium collections for 

lepiotaceous fungi to build a list (Table 4) of all species previously reported in the Hawaiian archipelago 

from this group. 

Reagents and Chemicals 

Ammonia vapor: 50% NH4OH in H2O 

Ammonia: 10% NH4OH in H2O 

Cresyl Blue: Cresyl Blue dissolved at a concentration of 1% in H2O 

Congo Red: Congo Red dissolved at a concentration of 1% in 10% ammonia and 90% H2O 

KOH: 10% KOH in H2O 

Melzer’s Reagent (Langeron’s modification):  

100 ml water to 100 grams chloral hydrate, 5 grams potassium iodide, and 2.5 grams iodine. 

DNA extraction solutions: 
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Extraction solution (X) 

1) Add 10 ml of 1 M Tris stock (pH 8.0) into clean 100ml vessel 

2) Add 1.86 g KCl 

3) Add 0.37 g EDTA 

4) Add 80 ml DI H2O and shake until solutes dissolve 

5) Titrate with 1 M NaOH to pH = 9.5–10 

6) Top up to 100 ml with DI H2O 

7) Filter sterilize into sterilized 2 ml Eppendorf tubes 

Dilution solution (BSA 3%) 

1) Add 3 g of BSA (98–99% purity; heat shock fractionated) into clean vessel 

2) Top up to 100 ml with DI H2O 

3) Shake BSA into solution 

4) Filter sterilize into sterilized 2 ml Eppendorf tubes 
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Results and Discussion 

Molecular and Phylogenetic Analysis 

50 nrITS sequences were generated (see Table 6 for taxa, collection numbers, and GenBank accession 

numbers). A brief discussion of BLAST search results is included under each species description.  

The GTR+G+I ML tree with complete deletion of all sites with missing data or gaps with the highest log 

likelihood (-4608.66) is shown in Fig. 2.  
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Fig. 2 Phylogenetic analysis of Lepiota sensu lato based on nrITS sequences. The phylogeny was 

inferred using the Maximum Likelihood method with a General Time Reversible model that included a 

discrete Gamma distribution, and a rate variation model allowed for some sites to be evolutionarily 

invariable. All positions containing gaps and missing data were eliminated, resulting in 465 total positions 

in the final dataset. The tree with the highest log likelihood (-4608.66) is shown, and the percentage of 

trees in which the associated taxa clustered together is shown next to the branches. The tree is drawn to 

scale, with branch lengths measured in the number of substitutions per site. Hawaiian taxa are in bold. 

The phylogeny is similar to prior molecular studies on Lepiota from the last 16 years, and does not differ 

greatly from Vellinga’s (2003a) work using nrITS and nrLSU sequences, Qasim et al.’s (2015; 2016) 

works using nrITS sequences, Sysouphanthong et al.’s (2012; 2016) works using nrITS sequences, and 

Liang et al.’s (2018) work using nrITS, nrLSU, IGS, and mtSSU sequences (but see Liang et al. [2011] 

using nrITS, nrLSU, IGS, and mtSSU sequences). 

Bootstrap support values for clades 2, 3, and 4 which contain Hawaiian taxa are too low to draw general 

conclusions about deeper relationships, but species clusters do reveal interesting information about close 

relatives of Hawaiian Lepiota s.l. species. The Hawaiian Cystolepiota species clusters in a well-supported 

clade with two unknown taxa from Australia, and these are sister to Cystolepiota pulverulenta (C. 

petasiformis), a purportedly widespread species found in Europe (Vellinga 2001), Western North America 

(Vellinga 2006), and India (Kumar & Manimohan 2009a). The closest Australian taxon (FJ528742) is still 

only 95% similar to the Hawaiian Cystolepiota species, and its lack of a close match in GenBank provides 

support for the suggestion that it is a Hawaiian endemic (Hemmes & Desjardin 2002b). Lepiota sp. 3, 

which morphologically should fall close to species in clade 4 on account of its epithelial pileus covering, is 

on its own, long branch in clade 1 (with only 72.9% support), and its closest relatives are unclear.  

Regarding species with a trichoderm of predominantly long elements, L. rubrobrunnea is on a long branch 

in a poorly supported group and its closest relatives are unclear. The Lepiota sp. collected on the UH 

Mānoa Campus on Oʻahu clusters in a well-supported clade with L. vellingana, currently known from 

Pakistan (Nawaz et al. 2013), and L. farinolens, from France (Bon 1992). A species collected on the 

Island of Kauaʻi clusters in a well-supported clade with three taxa from Thailand and L. subincarnata, a 

species known from Europe, North America, and South Asia (Razaq et al. 2014). It appears to be 
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conspecific with JN224826, a species collected in Chiang Mai Province in 2008 that according to notes in 

GenBank is “close to L. subincarnata.” Lepiota sp. 1 is always on a long branch by itself with no close 

nrITS matches in GenBank, sister to the cluster of species from Hawaiʻi, Canada, Australia and Europe, 

all of which are morphologically identified as L. elaiophylla (except the Australian collection). The 

Hawaiian L. cf. elaiophylla is identical to a collection identified as L. elaiophylla from a greenhouse in 

Canada, close to a collection from a native Eucalyptus and Acacia swamp in Australia (Barret, M. pers. 

comm.), and these three geographically separated species form a clade that is sister to a collection of L. 

elaiophylla from the Netherlands, where the species was originally described. 

Meixner Test 

Lepiota rubrobrunnea, Lepiota sp. 1, and Lepiota cf. elaiophylla (sp. 2) morphologically and 

phylogenetically fall into section Ovisporae subsection Helveolinae which includes deadly poisonous 

species known to contain amatoxins. The presence of these toxins was tested using the Meixner test on 

Lepiota rubrobrunnea and Lepiota cf. elaiophylla (sufficient fruit bodies of Lepiota sp. 1 were not 

available). Results were not conclusive, but appear to show a lack, or low amount of amatoxins in Lepiota 

rubrobrunnea, and the presence of amatoxins in Lepiota cf. elaiophylla (Fig. 3). 
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Fig. 3 a–f Meixner test performed May 24, 2018; g–h Meixner test performed October 18, 2018. a. L. cf. 

elaiophylla sp. 2; b. L. rubrobrunnea; c. L. cf. elaiophylla. 2; d. Agaricus sp.; e. Agrocybe sp.; f. L. cf. 

elaiophylla sp. 2.; g. Lepiota cf. elaiophylla; h. newsprint only. A blueing reaction indicates positive results 

(the presence of amatoxins). 
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Research Questions, Species Totals, and Seasonality 

My three main research questions asked how many species of Lepiota occur on Hawaiʻi Island, how 

many lepiotaceous fungi occur on Hawaiʻi Island, and whether Hawaiian taxa that morphologically fall into 

Lepiota s.l. clade 4 form a monophyletic group. I found that at least seven species of Lepiota and 38 

lepiotaceous species occur on Hawaiʻi Island. I found three species (L. aspera, L. sp. 3 and a 

Cystolepiota sp.) that morphologically belong to clade 4 of Vellinga (2003a), but did not find significant 

support for them clustering in a monophyletic clade using nrITS sequences. 

Overall, 148 collections of lepiotaceous fungi were made from September 2016–January 2019. Based on 

these collections and prior records, 38 species of lepiotaceous fungi from Hawaiʻi Island are reported: two 

in Chlorophyllum, one in Cystolepiota, seven in Lepiota, 15 in Leucoagaricus, and 13 in Leucocoprinus. 

Two new records of previously undocumented species from Hawaiʻi, Leucocoprinus straminellus and 

Leucoagaricus cf. americanus, are reported, along with 21 additional species that could not be assigned 

to a known taxon. The groups Leucoagaricus and Leucocoprinus contain 18 species that could not be 

assigned to a known taxon, underscoring the species richness in this group and the need for further study 

to assign these to known species, or describe them as new. The majority of species (31) were found in 

wet, lowland, alien settings, such as woodchips, soil, mulch, and under Casuarina equisetifolia. 

Specifically, 19 species were found associated with C. equisetifolia, indicating the species richness tied to 

the habitat created by this alien tree. Only six species have been found in areas with predominantly native 

vegetation, and three of these are putatively native (those that are not widespread and co-occurring in 

disturbed habitats).  

The seasonality of species was investigated by totaling the unique number of species found each month 

and creating a histogram (Fig. 4) in R v.3.4.3 (R Core Development Team, 2017). July begins the best 

time of year to collect lepiotaceous fungi with the season peaking in October, then dropping down to end 

in December and January, with the fewest species fruiting between February–May. This data roughly 

corresponds to a Hemmes & Desjardin (2002b) seasonality study of three native Hawaiian fungi showing 

peak fruiting body production from July–December, depending on the species. 
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Fig 4. Seasonality of lepiotaceous taxa collected on Hawaiʻi Island from September 2016–January 2019. 

Monthly tallies are the total number of distinct taxa collected during that month over the two to three year 

period. 

It is still too soon to comment on the number of species of lepiotaceous fungi in Hawaiʻi, although Dr. 

Hemmes’ estimate of 50 species appears conservative at this time. In addition to the 38 species formally 

reported here, I have received photographic evidence of five species of lepiotaceous fungi from solely the 

Puna district of Hawaiʻi Island that were unknown to me (Rathbun, J. pers. comm.), and not collected 

during this project (see Fig. 44 for examples). Additionally, Dr. Hemmes’ photographs of mushrooms from 

years of collecting show at least three species from Hawaiʻi Island not found during the course of this 

project (see Fig. 43 for examples), and his personal collection sheets from the past 25 years indicate 

several unique species occur on other islands, particularly Kauaʻi, that were not documented in this 

project and may not occur on Hawaiʻi Island. Finally, two lepiotaceous species sent to me from Oʻahu, 
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collections SS 1 and SS 3 (Swift, S. pers. comm.), were both not found on Hawaiʻi Island. These 

examples indicate the species richness on Hawaiʻi Island alone is potentially above 50 taxa, and even 

greater throughout the archipelago. 

A review of literature and mycoportal.org yielded 23 previously reported species of lepiotaceous fungi 

from the Hawaiian archipelago (Table 4). Comparing these previous reports to this current project, 14 

species are confirmed, six are uncertain (not collected for this project, although potentially could be 

present), and three previously reported species likely do not occur in the islands (see “Lepiotaceous taxa 

not occurring in Hawaiʻi, on Hawaiʻi Island, or lacking information”). 

As recently as 2008, studies were carried out by lepiotaceous fungi expert Else Vellinga on 

Leucocoprinus and Leucoagaricus in four tropical regions, one of which was Hawaiʻi (Vellinga et al. 

2008). Her conclusion that, “…finding names for the species is a challenge,” is certainly true, and more 

work needs to be done on these groups in Hawaiʻi and worldwide to place accurate names on taxa that 

may already be described in scientific literature, and describe as new those that have not been formally 

documented. 
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Key to the Lepiotaceous Fungi of Hawaiʻi Island 

Key 1: Chlorophyllum, Cystolepiota, and lepiotaceous fungi outside the Agaricaceae 

1. Mushroom with mature spores that are dark (green, olive, grey, brown) in aggregate ............................ 2 

1. Mushroom with mature spores lighter than above (white, cream to light yellow) in aggregate ................ 3 

2. Mushroom large, mature spores greenish, persistent annulus present ............. Chlorophyllum molybdites 

2. Mushroom small, lamellae red, partial veil not forming an annulus ............................................................ 

 ...................................................................... Melanophyllum haemetospermum (see Peterson et al., 2002) 

3. Mushroom large with strong odor, lamellar trama divergent, cheilocystidia absent, spores non-

dextrinoid (amyloid or inamyloid) .................................................................................................................. 4 

3. Mushroom without above features ............................................................................................................ 5 

4. Mushroom with unpleasant metallic odor, brown, medium to large, spores inamyloid, subglobose with 

conspicuous hilar appendage growing in coastal coconut or coastal Casuarina . Limacella sp. (see Fig. 45) 

4. Mushroom with unpleasant sweet odor, tan/peach/orange coloration, large, covered with shaggy 

scales, spores amyloid ............................................................................. Amanita cf. manicata (see Fig. 45) 

5. Mushroom small, fragile like wet paper, annulus absent, spores amyloid .... Mycena papyracea (see Fig. 

45) 

5. Mushroom without above features ............................................................................................................ 6 

6. Mushroom pileus yellow when young (fading to off-white in age), robust, medium to large, growing in 

grass or agricultural settings, stipe bruising red where damaged, basidia usually 2-spored, spores lacking 

a germ pore ............................................................................................................... Chlorophyllum hortense 

6. Mushroom without above characters ........................................................................................................ 7 

7. Mushroom growing in native montane forests, small, completely covered in white (darker at disc) 

furfuraceous granules, cheilocystidia absent, spores metachromatic in Cresyl Blue ........... Cystolepiota sp. 

7. Mushroom without above characters ....................................................................................................... .8 

8. Mushroom with clamp connections, lamellar trama more or less regular, spores lacking a germ pore 

and non-metachromatic in Cresyl Blue .................................................................................. .Key 2 (Lepiota) 
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8. Mushroom without clamp connections, lamellar trama regular to trabecular, spores usually with germ 

pore and metachromatic in Cresyl Blue (but not always) ........... Key 3 (Leucocoprinus and Leucoagaricus) 

Key 2: Lepiota 

1. Mushroom pileus brownish with acute pyramidal scales composed of globose or inflated 

elements ....................................................................................................................................... 2 

1. Mushroom without pyramidal scales, pileus covering with at least some long cylindrical 

elements ....................................................................................................................................... 3 

2. Mushroom medium to large with large membranous annulus, spores oblong to cylindrical, 6.4 × 2.7 µm 

on average ....................................................................................................................................... L. aspera 

2. Mushroom medium, annulus and other features poorly known, spores ellipsoid to oblong, 4.4 × 2.7 µm 

on average .......................................................................................................................................... L. sp. 3 

3. Mushroom with small (5 × 3 µm) ellipsoid spores ..................................................................................... 4 

3. Mushroom with larger (7 × 3–4 µm) oblong spores .................................................................................. 5 

4. Mushroom small with reddish brown scales on pileus, annulus only as zone, basal stipe ornamentation 

lighter than pileus scales, lacking a farinaceous odor, with clavate elements in the pileus covering, 

growing in wet, lowland, alien environments on woody debris ............................................ L. pseudorubella 

4. Mushroom small with reddish brown scales on pileus, annulus only as zone, basal stipe ornamentation 

prominent and concolorous with pileus scales, farinaceous odor when crushed, pileus covering of long 

flexuose hyphae lacking shorter clavate elements, growing in wet, lowland, alien environments, currently 

only known from Hilo town .................................................................................................... L. rubrobrunnea 

5. Mushroom medium with brown scales over a dull yellow background, lamellae and stipe also yellow, 

arachnoid partial veil only leaving zone on stipe, basal stipe ornamentation resembling pileus scales, 

pileus covering a trichodermium of long (up to 240 µm) elements lacking shorter cells, growing in wet, 

lowland, alien environments such as woodchips or under Casuarina .................................. L. cf. elaiophylla 

5. Mushroom small with warm brown scales over an off-white background, annulus only as zone, basal 

stipe ornamentation similar color to pileus scales, pileus covering a trichodermium of long (up to 160 µm) 



   
   

24 
 

cylindrical and inflated cylindrical elements with shorter hyphae interspersed but not in a distinct layer, 

growing under Casuarina in wet, lowland, alien environments ........................................................... L. sp. 1 

Key 3: Leucocoprinus and Leucoagaricus 

1. Mushroom with prominent yellow coloration on pileus and stipe, darker (brown) colored pileus 

or stipe ornamentation (scales/fibrils) may be present ................................................................. 2 

1. Mushroom without obvious yellow coloration ............................................................................ 8 

2. Mushroom extremely delicate, often with very thin, translucent pileus and stipe tissues ......................... 3 

2. Mushroom not extremely delicate, tissues opaque ................................................................................... 6 

3. Mushroom small, tissues delicate but non-translucent, spores lacking a germ pore ........ Lc. straminellus 

3. Mushroom with generally translucent tissues, spores with conspicuous germ pore ................................ 5 

4. Mushroom tall, stipe potentially up to 18 cm long, otherwise resembling a larger version of Lc. 

fragilissimus; only collected from Waipiʻo Valley, other details poorly known .................................. Lc. sp. 6 

4. Mushroom not particularly tall (< 10 cm) ................................................................................................... 5 

5. Mushroom extremely delicate (subdeliquescent), with thin, generally translucent pileus and clasping 

superior annulus, a yellow to dark yellow disc, and an applanate pileus in maturity ............ Lc. fragilissimus 

5. Mushroom delicate but with subtranslucent pileus, disc brownish, annulus predominantly adhering to 

pileus margin, pileus possibly planoconvex in maturity, currently only known from Manukā Natural Area 

Reserve, other details poorly known ................................................................................................. Lc. sp. 5 

6. Mushroom small with spores lacking a germ pore ............................................................. Lc. straminellus 

6. Mushroom medium to large, spores with a germ pore ............................................................................. 7 

7. Mushroom tissues (particularly lamellae) bruising a blue-green color when handled, annulus absent (or 

possibly evanescent), pileus margin non-striate to weakly striate, spores on average 6.0 × 3.9 µm without 

conspicuous hyaline cap over germ pore ......................................................................................... La. sp. 5 

7. Mushroom tissues unchanging, annulus present on stipe (or adhering to margin), pileus margin striate, 

spores on average 9.2 × 6.1 µm with conspicuous hyaline cap over germ pore ...................... Lc. birnbaumii 
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8. Mushroom medium to large with brown pileus scales over a white, off-white, or brownish background, 

tissues (particularly stipe) bruising yellows or reds (later browns) on handling, lamellae discoloring 

greenish in NH4OH, common on woodchips or mulch often in cespitose clusters ....................................... 9 

8. Mushroom without above characters ...................................................................................................... 11 

9. Mushroom with small brown scales covering the majority of the pileus, lamellae bruising orangish-red 

on handling, pleurocystidia present, mushrooms large on woodchips, medium to small on intact woody 

debris in wet, lowland, alien environments including coastal Casuarina ............................... Lepiota besseyi 

9. Mushroom with medium to large brown scales revealing more of underlying white to off-white pileus 

background, growing mostly in woodchips (sometimes in mulch) .............................................................. 10 

10. Mushroom large, spores with a germ pore, tissues usually staining yellow, then red, then brown when 

damaged ................................................................................................................................ La. americanus 

10. Mushroom medium, spores without a conspicuous germ pore, tissues usually staining red or brown 

without first turning yellow ........................................................................................................ .La. meleagris 

11. Mushroom growing in wet, montane, native forest setting on ground, moss, or Cibotium spp.; stipe 

and pileus background predominantly white (darker scales may be present) ............................................ 12 

11. Mushroom without above characters .................................................................................................... 16 

12. Mushroom small, completely covered in furfuraceous white granules, cheilocystidia absent, spores 

metachromatic in Cresyl Blue ............................................................................................... Cystolepiota sp. 

12. Mushroom without above characters .................................................................................................... 13 

13. Mushroom small, completely white to off-white, lacking large pileus scales, spore germ pore absent 14 

13. Mushroom medium, usually with brown or greyish coloration, particularly at the pileus disc, 

conspicuous pigmented scales on the pileus present, spores with germ pore ........................................... 15 

14. Mushroom growing on the ground, annulus absent, pileus up to 2.5 cm broad ......................... La. sp. 7 

14. Mushroom growing on senescent Cibotium trunk or fronds, annulus present (sometimes adhering to 

pileus margin), pileus less than 1 cm broad. ..................................................................................... La. sp. 8 

15. Mushroom with generally dark grey disc and pileus scales, not growing in cespitose groups larger 

than two, lacking narrowly lageniform elements in the pileus covering ............................................ Lc. sp. 7 
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15. Mushroom with generally lighter coloration (than dark grey) at disc and pileus scales, potentially 

growing in large cespitose groups of greater than two individuals, narrowly lageniform elements present in 

the pileus covering .................................................................................................................... Lc. cepistipes 

16. Mushroom medium to large, white to cream to light grey, pileus covering variable but lacking raised, 

dark scales (possibly with minute dark appressed scales), annulus present, growing on ground (not wood) 

in montane grass, pasture, or disturbed habitats, or on sand or duff under coastal Casuarina ................. 17 

16. Mushroom without above characters .................................................................................................... 19 

17. Mushroom with conspicuous radially fibrillose pileus (microscopically a cutis) usually exceeding 

margin, growing in both coastal Casuarina and montane grass habitats ....................................... La. barssii 

17. Mushroom without above characters, pileus appearing glabrous or with minute scales ...................... 18 

18. Mushroom occurring in montane grass habitats, spores with a germ pore, pileus glabrous or with 

inconspicuous small scales, context unchanging .................................................................... La. leucothites 

18. Mushroom occurring in coastal Casuarina, spores lacking a germ pore, pileus with minute dark scales, 

context bruising red on stipe and pileus ............................................................................................ La. sp. 3 

19. Mushroom small and delicate with orange, red, or purplish coloration on the pileus, margin striate, 

growing non-cespitose in coastal Casuarina habitats ................................................................................. 20 

19. Mushroom without above characters .................................................................................................... 21 

20. Mushroom with orange or red fibrils covering the entire pileus, spores lacking a germ pore, pileus 

covering of repent hyphae, known only from Waipiʻo Valley ............................................................ La. sp. 9 

20. Mushroom pileus white with purple coloration at disc and scattered, uncommon scales, pileus margin 

sulcate-striate, spores with a germ pore (if lacking a germ pore see Lc. ianthinus) ......................... Lc. sp. 3 

21. Mushroom small, white to off-white with light brown disc, discoloring blue on handling, or tissues 

discoloring gray, green or blue on desiccation (usually evident in slightly aged lamellae in field) ............. 22 

21. Mushroom without above characters .................................................................................................... 23 

22. Mushroom discoloring to light blues on handling, known only from Manukā Natural Area Reserve 

 ..................................................................................................................... Leucoagaricus sp. (see Fig. 43) 
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22. Mushroom desiccating to dark greens, blues, or grays, known only from Kalōpā State Park (wet, 

montane, Eucalyptus/mixed non-native forest) ............................................................... Leucoagaricus sp. 4 

23. Mushroom completely white to cream (including scales) besides slightly darkened (tan, light brown) 

disc, growing in wet, lowland alien environments, size and ornamentation on pileus variable .................. 24 

23. Mushroom not completely white, with obvious lilac, darker browns, greys, or black at disc, scales, 

stipe or elsewhere ....................................................................................................................................... 25 

24. Mushroom medium to large, completely covered in furfuraceous white granules, stipe discoloring 

yellow under granules ................................................................................................................ Lc. cretaceus 

24. Mushroom small to medium, covered in inconspicuous silky hairs, stipe, cap and basal tomentum 

bruising red on handling, annulus absent ......................................................................................... La. sp. 2 

25. Mushroom with a warm brown, radially fibrillose pileus covering made up of septate inflated cylindrical 

elements less than <100 µm in length lacking clavate cells (cutis to collapsed trichoderm) over a white 

background, spores lacking a germ pore and with drawn out apex or apical papilla ................................. 26 

25. Mushroom without above characters .................................................................................................... 27 

26. Mushroom with fibers remaining appressed to pileus, spores often with an apical papilla, known only 

from under coastal Casuarina at MacKenzie State Recreation Area. .............................................. La. sp. 6 

26. Mushroom with fibers uplifting into recurved scales, spores with a drawn out apex, known only from 

Waipiʻo Valley under mixed non-native vegetation ......................................................................... La. sp. 10 

27. Mushroom covered in numerous exudate droplets varying from yellow to red, particularly when young 

but persisting into age, white to cream/tan with darker disc area and inconspicuous minute scales, spores 

small (x = 4.9–3.4 µm) and lacking a germ pore, often with odor of citrus ....................................... La. sp. 1 

27. Mushroom lacking above features; if exudate droplets present usually hyaline and not numerous .... 28 

28. Mushroom small to medium, disc dark brown and rest of pileus predominantly warm brown lacking a 

visible white background (besides perhaps a small area near the margin) with small brown scales, white 

partial veil remnants adhering to margin, spores lacking a germ pore, known only from coastal Casuarina 

at MacKenzie State Recreation Area ................................................................................................ La. sp. 8 
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28. Mushroom without above characters; disc and scales purplish, brown, grey, or black over a white to 

off-white background ................................................................................................................................... 29 

29. Mushroom growing on living Casuarina, base of stipe sometimes bruising orangish-red ..... Lc. sp. (see 

Hemmes & Desjardin 2002b page 123 and discussion under Leucocoprinus sp. 7) 

29. Mushroom not growing directly on living Casuarina (may occur in duff under these trees) ................. 30 

30. Mushroom small, spores lacking a germ pore. ..................................................................................... 31 

30. Mushroom small to medium, spores with conspicuous germ pore ....................................................... 32 

31. Mushroom fragile, disc black when young, gray in age with similar colored, sparse scales, growing 

scattered and non-cespitose in disturbed settings such as cinder, grass, or gardens ..................... Lc. sp. 4 

31. Mushroom robust, disc greyish-purple with similar colored scales, growing gregariously and often in 

cespitose clusters of several individuals in woodchips ..................................................................... Lc. sp. 1 

32. Mushroom medium sized, often growing in cespitose clusters, predominantly white coloration with 

light brown to light gray scales and disc, pileus covering with narrowly lageniform elements present, 

common in a variety of wet, disturbed habitats from lowland to montane ............. Leucocoprinus cepistipes 

32. Mushroom not as above, scales with lilac, dark gray to black coloration, pileus covering lacking 

narrowly lageniform elements ..................................................................................................................... 33 

33. Mushroom delicate and white with lilac-tinged fibrils on pileus and base of stipe, pileus covering with 

ellipsoid to globose elements, growing in potting soil, nurseries, or woodchips ......................... Lc. ianthinus 

33. Mushroom without above characters .................................................................................................... 34 

34. Mushroom pileus developing through a conical phase, with dark brown, dark grey, or black disc and 

scales with striate margin running up to halfway between margin and disc, annulus poorly developed, 

tissue-like and often adhering to margin, evanescent, cheilocystidia commonly with a simple rostrate or 

mucronate apex, stipe delicate and not bruising yellow ................................................................... Lc. sp. 2 

34. Mushroom pileus lacking development through a conical phase (bullet-shaped/parabaloid to 

hemispherical to planoconvex) with grey to dark gray disc and scales, usually a well-developed annulus 

as a ring on stipe, cheilocystidia commonly with complex, finger-like, apical extensions, stipe robust and 

often bruising yellow .......................................................................................................................... Lc. sp. 7 
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Species Descriptions 

Chlorophyllum Massee, 1898 

Chlorophyllum hortense (Murrill) Vellinga, Mycotaxon 83: 416 (2002) 

FIGURE 5a–f. 

SYNONYMS Lepiota hortensis Murrill, N. Amer. Fl. 10 (1): 59, 1914; Leucoagaricus hortensis (Murrill) 

Pegler, Kew Bull. Add. Ser. 9: 414, 1983.  

COMMON NAME None. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS: Scattered to gregarious in grass, woodchips, 

mulch piles, agricultural settings, or under coastal Casuarina equisetifolia; known from Hawaiʻi and Maui, 

although probably with a larger distribution; likely occurs year-round, although only documented in 

January, March, May, June, July, and December. 

WORLD DISTRIBUTION Widespread; also known from North and South America, Australia, Africa, East Asia, 

and the Caribbean; see Vellinga (2004b) for a review. 

SELECTED DESCRIPTIONS Hemmes & Desjardin (as Leucoagaricus hortensis, 2002, 36); Nascimento & 

Alvez (2014, 322–324); Ge & Yang (2006, 183–184). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hilo Botanical Garden, N19° 42' 08.3", 

W155°04'56.1", 47 m elev. 06 October 2016, coll. by J. K. Stallman (JKS 73); USA. Hawaiʻi: Hawaiʻi, 

Kamuela, east of Carter Professional Center, N20°01'12.3" W155°40'16.7", 813 m elev. 16 March 2018, 

coll. by J.K. Stallman (JKS 187); USA. Hawaiʻi: Hawaiʻi, Panaʻewa University of Hawaiʻi Hilo Agriculture 

Farm. 16 May 1995, coll. by D. E. Hemmes (DEH 784); USA. Hawaiʻi: Hawaiʻi, University of Hawaiʻi Hilo 

organic garden. 26 January 1996, coll. by D. E. Hemmes (DEH 1023); USA. Hawaiʻi: Hawaiʻi, Downtown 

Hilo near state building. 27 June 1996, coll. by D. E. Hemmes (DEH 1132); USA. Hawaiʻi: Hawaiʻi, 

Downtown Hilo near state building. 1 July 1996, coll. by D. E. Hemmes (DEH 1137). 
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PILEUS 40–70 (110) mm broad, ovoid when young, expanding to hemispherical, then plano-convex to 

applanate when mature with an umbo, completely yellow (4A2–4A7) at first, covering then breaking up 

into small, appressed, white to pale yellow (4A7) scales that are easily removed over a white to cream 

background, disc remaining darker yellow to brown (5B6), margin striate, non-hygrophanous, dry; 

LAMELLAE L= 80, l= 2–3, free, close to crowded, broad, white; STIPE 40–70 × 4–8 mm, cylindrical with an 

equal to sub-bulbous base, glabrous, fibrous, white to off-white; CONTEXT quickly staining red where 

bruised; ANNULUS superior, membranous, persistent, white; SPORE DEPOSIT white; EDIBILITY unknown; 

ODOR none to mild, musty; TASTE none to mildly bitter, acrid. 

BASIDIOSPORES [58, 2, 2] (7.7) 8.7–10.3 (11.1) × (5.3) 6–7.1 (8) µm [x = 9.5–6.5 µm], Q = (1.3) 1.3–1.6 

(1.7) [Qm = 1.5], ellipsoid to ovoid, hyaline, dextrinoid, without a germ pore, thick-walled, metachromatic 

in Cresyl Blue, usually with a single gluttule; BASIDIA [21, 2, 2] (25.4) 26–33.4 (35.7)×(6.9) 7.8–9.2 (10) 

μm, [x = 29.6 × 8.4 μm], thin-walled, hyaline, clavate, with 2 (rarely 4) sterigmata; LAMELLA-EDGE sterile; 

CHEILOCYSTIDIA [32, 2, 2] (21.9) 27.9–52.2 (67.7) × (4.4) 5–8.3 (10) μm [x = 37.4 × 6.5 μm], thin-walled, 

hyaline, cylindrical; PILEIPELLIS composed of adnate and erect, long-cylindrical and inflated cylindrical 

hyaline to yellowish elements, terminal cells 45–80 × 5–10 μm, thin-walled, inflated cylindrical to narrowly 

clavate, appearing similar to the cheilocystidia; CLAMP CONNECTIONS not observed.  

COMMENTS—Chlorophyllum hortense frequently grows in agricultural settings in Hawaiʻi such as mulch 

piles, gardens, and lawns, and has also been seen on golf courses and under Casuarina equisetifolia. 

Like its congener C. molybdites, C. hortense is widespread throughout the tropics and some temperate 

areas and Hawaiian collections do not differ from standard descriptions of the species. C. hortense is 

recognizable by its medium to large size, yellow pileus when young, yellow/brown disc in maturity, the 

stipe’s strong reddening reaction when injured, and 2-spored (rarely 4-spored) basidia. C. hortense was 

placed in, and is the type species of, section Ellipsoidospororum from a recent infrageneric classification 

of Chlorophyllum (Ge et al. 2018). 

The only sequencing run of C. hortense failed in the reverse direction with the ITS4 primer, but a single-

stranded high-quality sequence representing the forward direction of the nrITS with 100% of Phred scores 
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over 20 for collection JKS 73 was run using the BLAST tool in GenBank. The top 18 sequences by 

identity were identified as C. hortense or were non-conflictive (Chlorophyllum sp.). The highest match 

(100%) was from Tennessee, while matches in the 99% range varied from China to Bolivia. The lowest 

identity match with C. hortense was 94% while the first conflicting species, C. agaricoides (AY243616.1), 

occurred at an identity of 90%. 
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Fig. 5 Chlorophyllum hortense. a, b. Basidioma. c. Basidiospores. d. Basidia. e. Cheilocystidia. f. Pileus 

covering . Scale bars: c = 10 μm; d, e = 20 μm; f = 50 μm. c, e, f from JKS 187; a, d from JKS 73. 
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Chlorophyllum molybdites (Meyer: Fr.) Massee. Bull. Misc. Inf. Kew 136. 1898.  

FIGURE 6a–e. 

SYNONYMS Agaricus molybdites G. Mey., Pr. Fl. Essequ.: 300, 1818: Fr., Syst. Mycol. 1: 308, 1821; 

Mastocephalus molybdites (G. Mey.: Fr.) Kuntze, Rev. Gen. Pl. 2: 860, 1891; Lepiota molybdites (G. 

Mey.: Fr.) Sacc., Syll. Fung. 5: 30, 1887; Leucocoprinus molybdites (G. Mey.: Fr.) Pat., Bull. Soc. Mycol. 

Fr. 29: 215, 1913; Macrolepiota molybdites (G. Mey.: Fr.) G. Moreno, Bañares & Heykoop, Mycotaxon 55: 

467, 1995.  

COMMON NAMES False parasol; green-spored parasol.  

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to gregarious under Casuarina 

equisetifolia, in grass, woodchips, along roadsides, and other disturbed settings; known from Hawaiʻi, 

Kauaʻi, Maui, and Oʻahu, but likely occurring on other islands; occurs year-round, although not 

documented from April and August. 

WORLD DISTRIBUTION Pantropical, including many temperate areas; see Reid & Eicker (1991) for review of 

global distribution. 

SELECTED DESCRIPTIONS Hemmes & Desjardin (2002, 26); Reid & Eicker 1991 (1991, 318–320); Vellinga 

(2001, 74-75). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, Bayfront at intersection of Kamehameha Avenue and 

Pauahi Street, N19° 43' 20.3", W155°04'41.3", 0 m elev. 21 May 2017, coll. by J. K. Stallman (JKS 96); 

USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, 0 m elev. 24 November 1998, coll. by D. E. 

Hemmes (DEH 1748). 

PILEUS 70–120 (170) mm broad, at first ovoid, becoming hemispherical then broadly convex and 

applanate in age, completely covered with a smooth, brown to pinkish-tan (7F6) covering when young 

that breaks up as the cap expands to form concentric scales, more numerous towards the (often 

unbroken) disc over a white background; LAMELLAE L = 64, l = 2–3, free, crowded, broad, at first off-white 

but soon becoming grayish green (1D3); STIPE 80–140 (200) × 8–15 mm, cylindrical with a subbulbous to 
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bulbous base, fibrous, white to pale grayish brown; ANNULUS superior, membranous, large, becoming free 

and movable in age; CONTEXT staining red where bruised; SPORE DEPOSIT olive to green; EDIBILITY 

poisonous, often causes gastrointestinal upset; ODOR mildly fungal; TASTE not recorded. 

BASIDIOSPORES [52, 2, 1] (8) 9.6–10.9 (11.6) × (5.8) 6.7–7.8 (8.6) μm [x = 10.2–7.2 μm], Q = (1.2) 1.3–1.5 

(1.7) [Qm = 1.5], ellipsoid to subamygdaliform in side view, broadly ellipsoid to ellipsoid in face view, with 

conspicuous hilar appendage, broad truncate germ pore, and thick cell wall, hyaline (dull green in 

aggregate) in H2O and NH4OH, mature spores generally non-congophilous, cyanophilic or reacting in 

Melzer’s reagent, immature spores sometimes absorbing reagents into cell wall; BASIDIA [15, 2, 1] (25.1) 

26.7–36.9 (37.6) × (9.1) 9.7–13.4 (13.8) µm [x = 30.8 × 11.5 μm], thin-walled, hyaline, clavate, with four 

sterigmata; GILL-EDGE sterile; CHEILOCYSTIDIA [22, 2, 1] (22.8) 26.7–34.6 (35.5) × (11.3) 15.7–22.4 (23.1) 

µm [x = 30.7 × 18.6 μm] hyaline, thin-walled, ovoid, obpyriform, or sphaeropedunculate; PILEUS COVERING 

scales of erect, densely-packed brown cylindrical to inflated cylindrical hyphae with flexuose walls arising 

from hyaline, inflated cylindrical septate elements in chains; terminal elements inflated cylindrical 

flexuose, sometimes tapering to a narrower, rounded apex 40–110 × 5–11 μm; CLAMP CONNECTIONS not 

observed. 

COMMENTS—C. molybdites is common throughout the Hawaiian Islands in a variety of alien and disturbed 

habitats including lawns, grasslands, woodchips, and under Casuarina equisetifolia in both wet and dry 

regions, predominantly in the lowlands. Widespread throughout the tropics and some temperate areas, it 

was first reported from the Hawaiian Islands in 1973 (Ueki). Shape and wall thickness of cheilocystidia 

are reported in literature to vary from narrowly clavate and thick (Noordeloos et al. 2001) to ovoid and thin 

(Reid & Eicker 1991). The Hawaiian collection examined has thin-walled cheilocystidia that are ovoid, 

obpyriform or sphaeropedunculate. This species is readily recognizable in the field by its large size, 

greenish spores and mature lamellae, brown patches on pileus, red bruising, and is responsible for most 

mushroom poisonings in the state. C. molybdites is the type species of the genus Chlorophyllum and was 

placed into section Chlorophyllum as the type in the recent infrageneric classification of the genus (Ge et 

al., 2018). 
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After alignment and trimming, a contig of 699 basepairs with 100% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for collection JKS 96. A BLAST search revealed the top 25 

matches by identity in GenBank to all be identified as Chlorophyllum molybdites, or not in conflict with an 

identity of C. molybdites (Lepiotaceae sp. or Chlorophyllum sp). The first match conflicting with C. 

molybdites began at 96% identity (C. globosum, KP229776.1), while those identified as C. molybdites 

were all at the 99% identity level or above. Matches to C. molybdites sequences were widespread, with 

those matching 100% from Brazil and India, while sequences with only 1–2 nucleotide differences (99%) 

were from Thailand, California, and Tennessee. 
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Fig. 6 Chlorophyllum molybdites. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering . Scale bars: b = 10 μm; c, d = 20 μm; e = 50 μm. b–e from JKS 96. 
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Cystolepiota Singer, 1952 

Cystolepiota sp.  

FIGURE 7a–f. 

COMMON NAME None. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered on soil, moss, or, hāpuʻu (Cibotium 

spp.) in wet, montane, native forests; currently known only from Kauaʻi and Hawaiʻi; collected in January, 

June, July, August, and September. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Puʻu Makaʻala, N19°29'17.0", W155°16'11.1", 1317 m elev. 

04 September 2017, coll. by J.K. Stallman (JKS 140); USA. Hawaiʻi: Hawaiʻi, Volcano Art Center Natural 

Trail, N19°25'35.0", W155°14'21.7", 1157 m elev. 10 September 2017, coll. by J.K. Stallman (JKS 143); 

USA. Hawaiʻi: Hawaiʻi, Volcano Art Center Natural Trail, N19°25'35.0", W155°14'21.7", 1157 m elev. 10 

September 2017, coll. by J.K. Stallman (JKS 144); USA. Hawaiʻi: Hawaiʻi, Kīpuka 10.5. 08 June 1994, 

coll. by D.E. Hemmes (DEH 471); USA. Hawaiʻi: Kauaʻi, Kokeʻe, Puʻu ka Ōhelo-Berry Flats Trail. 07 

January 1995, coll. by D.E. Hemmes (DEH 706); USA. Hawaiʻi: Hawaiʻi, Puʻu Makaʻala. 10 July 1996, coll. 

by D.E. Hemmes and D. Scott (DEH 1162); USA. Hawaiʻi: Hawaiʻi, Kīpuka 10.5. 06 August 2005, coll. by 

D.E. Hemmes (DEH 2559); USA. Hawaiʻi: Hawaiʻi, Pāhala Mauka. 23 August 2005, coll. by D.E. Hemmes 

(DEH 2566); USA. Hawaiʻi: Hawaiʻi, Pāhala Mauka. 05 September 2005, coll. by D.E. Hemmes and H. 

Hemmes (DEH 2570); USA. Hawaiʻi: Hawaiʻi, Pāhala Mauka. 19 September 2006, coll. by D.E. Hemmes, 

H. Hemmes and M. Keirle (DEH 2624); USA. Hawaiʻi: Kauaʻi, Kokeʻe, Puʻu o Ōhelo Trail. 07 January 

2009, coll. by D.E. Hemmes (DEH 2782); USA. Hawaiʻi: Hawaiʻi, Honuaʻula Forest Reserve, 

N19°25'35.0", W155°14'21.7", 961 m elev. 10, August 2018, coll. by J.K. Stallman (JKS 195); USA. 

Hawaiʻi: Hawaiʻi, Volcano Art Center Natural Trail, N19°25'35.0", W155°14'21.7", 1157 m elev. 19 August 

2018, coll. by J.K. Stallman (JKS 196); USA. Hawaiʻi: Hawaiʻi, Volcano Art Center Natural Trail, 

N19°25'35.0", W155°14'21.7", 1157 m elev. 26 August 2018, coll. by J.K. Stallman (JKS 198). 
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PILEUS (7) 10–20 (30) mm broad, at first ovoid to turbinate, then hemispherical, sometimes becoming 

plano-convex in age, with or without an umbo, completely covered in superficial furfuraceous white 

granules, sometimes with a darker tan to brown disc (6A2, 6A3, 6B2, 7E6, 8E4), that remain into maturity 

if undisturbed, margin inrolled when young, becoming straight in age, shape entire to appearing eroded 

due to overlapping irregular granules, non-hygrophanous, dry; CONTEXT thin, white, unchanging; 

LAMELLAE, L = 40, l = 0–6, free, close to subdistant, ventricose, edge entire, up to 3 mm broad, white; 

STIPE 11–32 × 1–4 mm, cylindrical and equal (sometimes with slightly subbulbous base), completely 

covered in white granules as the pileus except for the a short region at apex, under covering white to off-

white, turning light to reddish/dark browns (6B3, 6D5, 8D4, 8E4) where handled; CONTEXT thin, solid to 

stuffed when young, hollow in maturity; color as on surface (off-white or exhibiting darkening); 

PSEUDORHIZOMORPHS absent; BASAL TOMENTUM absent; SPORE DEPOSIT white; EDIBILITY unknown; ODOR 

none; TASTE unknown. 

BASIDIOSPORES [53, 2, 2] (4.5) 5.1–5.3 (5.9) × (2.6) 2.9–3.0 (3.4) µm [x = 5.2–3.0 µm], Q = (1.5) 1.7–1.8 

(2.0) [Qm = 1.8], ellipsoid to subcylindrical in side view, generally with a convex abaxial side and 

straighter adaxial side (suprahilar depression absent), ellipsoid to subcylindrical in face view, hyaline in 

H2O and NH4OH, non-dextrinoid, congophilous, cyanophilic and metachromatic in Cresyl Blue, germ pore 

absent, mono- or less commonly bi-gluttate; BASIDIA [18, 2, 2] (13.8) 16.2–17.7 (20.1) × (4.8) 5.8–6.4 (7.3) 

µm [x= 17 × 6 µm], narrowly clavate to clavate, hyaline, thin-walled, 4-spored; CHEILOCYSTIDIA absent; 

PLEUROCYSTIDIA absent; PILEUS COVERING an epithelium of globose to more commonly ellipsoid, inflated 

cylindrical, and irregularly shaped (forking, branching, rounded apical or mid-cell projections) hyaline 

(rarely golden) cells, 15–65 µm long × 5–16 µm wide; STIPITIPELLIS a cutis of narrowly cylindrical, hyaline 

hyphae 3–7 µm wide covered by granules similar to pileus covering; CLAMP CONNECTIONS not observed.  

COMMENTS—Cystolepiota sp. is found in wet montane native rainforests, appearing as a small white 

object contrasting against dark soil, brown bark, or green moss. Three other white lepiotaceous fungi 

grow in these environments: Leucoagaricus sp. 8, Leucoagaricus sp. 11, and Leucocoprinus sp. 7. 

Cystolepiota sp. is easily differentiable from all of these species by its complete covering in furfuraceous 
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granules when young and/or undisturbed, seen microscopically as an epithelium of inflated cells, its non-

dextrinoid spores, and a lack of cheilocystidia. 

After alignment and trimming, a contig of 632 basepairs with 97% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for collection JKS 140, and a contig of 615 bases with 99% of 

nucleotides with a Phred score of at least 20 for collection JKS 143. A BLAST search reveals the top 

match by identity in GenBank to be an uncultured fungus with an identity 95% similar (FJ528742.1), while 

all other matches are 90% or below in similarity. 
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Fig. 7 Cystolepiota sp. a, b. Basidioma. c. Basidiospores. d. Basidia. e–g. Pileus covering. Scale bars: c = 

10 μm; d–g = 20 μm. a from JKS 143, b from JKS 140; c, f, g from JKS 195; d, e from JKS 196. 
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Lepiota (Pers.) Gray, 1821 

Lepiota aspera (Pers.) Quél., Enchiridion Fungorum in Europa media et praesertim in Gallia 

Vigentium: 5 (1886) 

FIGURES 8a–e. 

SYNONYMS Echinoderma asperum (Pers.) Bon, Documents Mycologiques 21 (82): 62 (1991); Lepiota 

acutesquamosa (Weinm.) P. Kumm., Führ. Pilzk. (Zerbst): 136 (1871). 

COMMON NAME Freckled Dapperling. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to gregarious, most commonly in 

woodchips, but also on lawns, soil, or under Casuarina equisetifolia in lowland, wet, alien environments; 

known from Hawaiʻi Island; collected in May, July, August, September, October, and November. 

WORLD DISTRIBUTION Widespread in temperate and tropical regions (e.g., Vellinga 2001; Sysouphanthong 

et al. 2012). 

SELECTED DESCRIPTIONS Vellinga (2001, 144-145). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, Bayfront at intersection of Kamehameha Avenue and 

Pauahi Street, N19° 43' 21.6", W155°04'40.6", 0 m elev. 09 September 2017, coll. by J. K. Stallman (JKS 

142); USA. Hawaiʻi: Hawaiʻi, Hilo, Bayfront at intersection of Kamehameha Avenue and Pauahi Street, 

N19° 43' 21.6", W155°04'40.6", 0 m elev. 17 May 2017, coll. by D.E. Hemmes and J. K. Stallman (JKS 

94); USA. Hawaiʻi: Hawaiʻi, Hilo, Bayfront at intersection of Kamehameha Avenue and Pauahi Street, 

N19° 43' 21.6", W155°04'40.6", 0 m elev. 07 August 2017, coll. by D.E. Hemmes and J. K. Stallman (JKS 

126); USA. Hawaiʻi: Hawaiʻi, Hilo, Liliuokalani Park, 0 m elev. 06 July 1996, coll. by D. E. Hemmes (DEH 

1149); USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hawaiʻi Hilo Life Science Quadrangle, 13 July 1996, coll. 

by D. E. Hemmes (DEH 1176).  

PILEUS 40–115 (–150) mm, hemispherical with inflexed margin when young, expanding from convex or 

broadly bluntly conical to applanate or slightly plano-concave, often with broad low umbo, when young 

completely covered with large pyramidal dark brown (6F8, 7F8) scales on an unbroken background, later 

http://www.mycobank.org/BioloMICS.aspx?TableKey=14682616000000067&Rec=36680&Fields=All
http://www.mycobank.org/BioloMICS.aspx?TableKey=14682616000000067&Rec=36680&Fields=All
http://www.mycobank.org/BioloMICS.aspx?TableKey=14682616000000067&Rec=36680&Fields=All
http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=148230
http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=148230
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scales becoming more repent with recurved tips and pileus covering breaking to show the underlying 

orange-brown, sometimes pinkish (5B4, 6C4) background in between scales, when young with white 

cobwebby velar remnants at margin; CONTEXT thick, white, unchanging; LAMELLAE L =160, l = 1–4, very 

crowded, free, often dividing either near stipe or closer to margin, segmentiform or slightly ventricose, up 

to 8.5 mm wide, usually rather narrow, creamy white; STIPE 50–120 × 7–22 mm, cylindrical often with 

bulbous base, hollow, annulate, above annulus off-white, lengthwise fibrillose, below annulus brownish 

fibrillose over off-white background, with lower 1/3 to 1/4 horizontally-oriented dark-tipped scales as on 

pileus; PSEUDORHIZOMORPHS present, white; CONTEXT white to off-white, unchanging; ANNULUS large, 

pendant, membranous, upper surface off-white, underside pale brownish with dark brown acute scales as 

on pileus and lower stipe; EDIBILITY uncertain SPORE PRINT white; ODOR indistinct; TASTE unknown. 

BASIDIOSPORES [24, 1, 1] (5.5) 6.2–6.5 (7.2) × (2.4) 2.7–2.8 (3.1) μm [x = 6.4 × 2.7 μm], Q = (2.0) 2.3–2.4 

(2.7) [Qm = 2.3], in side-view cylindrical, slightly triangular with widest part near hilar appendage, some 

with convex adaxial side, some with slight hilar depression in side-view, in frontal view cylindrical to 

slightly ovoid, hyaline in H2O and NH4OH, dextrinoid, congophilous to weakly congophilous, 

cyanophilous, not metachromatic in Cresyl Blue; BASIDIA [4, 1, 1] (12.4) 14.5–18.9 (21) × (4) 4.9–6.8 μm 

(7.7) [x = 16.7–5.9 μm] narrowly clavate to clavate, 4-spored, very rarely 2-spored; LAMELLA-EDGE sterile; 

CHEILOCYSTIDIA [13, 1, 1] (13.8) 20.4–25.4 (32) × (6.9) 9.1–10.8 (13) μm [x = 22.9 × 9.9 μm], clavate to 

broadly clavate, less commonly cylindrical or sphaeropedunculate, abundant, slightly thick-walled, 

hyaline; PLEUROCYSTIDIA absent; PILEUS COVERING terminal elements of scales 17–35 × 8–21 μm, globose, 

ellipsoid, or clavate, with or without brown walls, basal elements cylindrical to slightly inflated, 2.0–12 μm 

wide, up to 110 μm long, brown-walled, with clamp connections; STIPITIPELLIS a cutis of cylindrical, 3.0–5.0 

μm wide, hyaline hyphae, below annulus with elements of scales as those on pileus; PARTIAL VEIL 

composed of long, cylindrical, hyaline hyphae 2.0–4.0 μm wide; CLAMP CONNECTIONS abundant in all 

tissues. 

COMMENTS—L. aspera is common in woodchips and other disturbed environments in the South Hilo 

District of Hawaiʻi Island. It is easily identified by its large size, erect pyramidal warts on the pileus, and 
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large, swooping partial veil. Hawaiian specimens have not been noted to have the strong smell or taste 

often described in other populations of L. aspera, otherwise descriptions are similar. It is differentiated 

from the poorly known Lepiota sp. 3 by its larger, more cylindrical spores. 

After alignment and trimming, a contig of 628 basepairs with 97.1% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for collection JKS 142. A BLAST search reveals the top match by 

identity in GenBank to be Echinoderma asperum (KP843884.1), which is a synonym of L. aspera. The top 

12 BLAST hits are not in conflict with an identity of L. aspera (Lepiota sp., or synonyms of L. aspera), with 

an 88% identity match containing the first conflict (L. hystrix).  
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Fig. 8 L. aspera a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus covering. Scale 

bars: b = 10 μm; c–e = 20 μm. a–e from JKS 142. 
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Lepiota besseyi H.V. Sm. & N.S. Weber, Contributions from the University of Michigan Herbarium 

16: 212 (1987) 

FIGURES 9a–e. 

COMMON NAME(S) None.  

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to gregarious to cespitose in large 

clusters under Casuarina equisetifolia, in woodchips, or on non-native angiosperm debris in wet, lowland, 

alien habitats; known from Hawaiʻi, Kauaʻi, and Oʻahu; likely occurring year-round: collected in March, 

June, July, August, October, and November.  

WORLD DISTRIBUTION Known from the Southern United States (Smith & Weber 1987) and Nigeria 

(Adedokun et al. 2017). 

SELECTED DESCRIPTIONS Hemmes & Desjardin (2002, 83); Smith & Weber (1987, 212–214). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hawaiʻi Hilo Botanic Garden, N19° 42' 

08.3", W155°04'56.1", 47 m elev. 24 July 2017, coll. by J. K. Stallman (JKS 109); USA. Hawaiʻi: Hawaiʻi, 

Hilo, ʻImiloa Astronomy Center, N19°42'06.9" W155°05'15.9", 69 m elev. 24 July 2017, coll. by J.K. 

Stallman (JKS 112); USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hawaiʻi Hilo Botanic Garden, N19° 42' 

08.3", W155°04'56.1", 47 m elev. 31 August 2017, coll. by J. K. Stallman (JKS 138); USA. Hawaiʻi: 

Hawaiʻi, Hilo, ʻImiloa Astronomy Center, N19°42'06.9" W155°05'15.9", 69 m elev. 24 October 2017, coll. 

by J.K. Stallman (JKS 157); USA. Hawaiʻi: Hawaiʻi, Hilo, Prince Kuhio Mall. 07 November 1994, coll. by 

D.E. Hemmes (DEH 635); USA. Hawaiʻi: Oʻahu, Hoʻomaluhia Botanic Garden. 08 March 1996, coll. by 

D.E. Hemmes (DEH 1062); USA. Hawaiʻi: Hilo, Prince Kuhio Mall. 28 March 1996, coll. by D.E. Hemmes 

(DEH 1076); USA. Hawaiʻi: Hilo, Prince Kuhio Mall. 25 June 1996, coll. by D.E. Hemmes and D. Scott 

(DEH 1112); USA. Hawaiʻi: Hilo, Prince Kuhio Mall. 11 July 1996, coll. by D.E. Hemmes (DEH 1171). 

PILEUS (25) 50–90 (130) mm, subcylindrical, truncately conical, or campanulate when young, often with a 

central depression at the disc, expanding to broadly convex or applanate at maturity, often with a broad 

umbo; dry, velvety cuticle remaining intact over the disc longer than elsewhere, soon breaking up into 
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minute to small appressed scales, more widely separated near the margin than near the disc, scales and 

disc reddish brown to cinnamon-brown (7E4, 7F4, 7F5, 7F6, 8E5, 8F8, 9F8) or darker, particularly where 

handled, background between scales white to off-white, margin nonstriate (rarely at the very edge in 

maturity), slightly incurved when young, straight in maturity; CONTEXT up to 4 mm thick, white to off-white, 

staining yellowish (4A3, 5A4) at first, then red to orange-red (8C6, 8D6), finally reddish brown (7B3, 7D4); 

LAMELLAE L = 64, l = 2–4 free, close to crowded, segmentiform to subventricose, up to 11 mm broad, edge 

entire, white to off-white, quickly changing to red or orange-red (6A5) when bruised, then dull reddish 

brown after several minutes; STIPE (30) 50–120 (170) × (4.5) 6–15 mm cylindrical, slightly enlarged to 

subbulbous toward the base, tapered toward the apex, white and glabrous to thinly appressed fibrillose 

above the annulus, below annulus with irregular patches and bands of tissue resembling the pileus cuticle 

in color and texture over white to off-white background; CONTEXT staining orange to red and then brown 

where bruised or cut as the pileus; BASAL TOMENTUM often present, running up to 20 mm up stipe and 

bruising similar colors, PSEUDORHIZOMORPHS white, numerous; ANNULUS typically forming a ring, 

sometimes leaving fragments on the margin of the pileus, flaring at first, collapsing against the stipe or 

evanescent in age, lower surface colored like the disc of the pileus, upper surface white; KOH darkens 

brownish on surfaces; NH4OH vapors turn lamellae quickly greenish-grey (2F3) then fade to dull greys; 

SPORE DEPOSIT dark creamy buff; EDIBILITY unknown; ODOR indistinct to mildly fungal TASTE indistinct to 

acidic to unpleasant.  

BASIDIOPORES [58, 2, 2] (7.9) 9–9.4 (10.5) × (5.9) 6.7–6.9 (7.7) µm [x = 9.2 × 6.8 µm], Q = (1.2) 1.3–1.4 

(1.5) [Qe = 1.4], broadly ellipsoid to ellipsoid with thick walls and inconspicuous apical germ pore without 

cap extending beyond spore wall, hyaline in NH4OH and H2O, dextrinoid, metachromatic in Cresyl Blue 

with weakly pink inner wall except at strongly pink germ pore; BASIDIA [9, 2, 2] (21.9) 25.1–28.4 (31.7) × 

(8.2) 9.1 -10.1 (11.1) µm, 4-spored, thin-walled, hyaline; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [18, 1, 1] 

35–72 × 11–25 µm [x = 52.1 × 16.2] abundant, usually narrowly clavate to clavate, but also subfusiform or 

ellipsoid slightly tapering to a rostrate apical projection, projection sometimes with median constriction, 

brownish in NH4OH; PLEUROCYSTIDIA common throughout lamella, similar in size and appearance to 

cheilocystidia with apical projection less common; PILEUS COVERING scales made up of mostly erect, 
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inflated cylindrical hyphae (40) 70–230 µm long by 9–20 µm in diameter, variable and irregular in shape 

often flexuose or with seemingly random constrictions or bulges throughout, often tapering to a narrower, 

rounded apex, light to strongly brown in primarily parietal pigmentation, varying within the same hyphal 

cell (basal elements usually stronger colored); STIPITIPELLIS a cutis of narrowly cylindrical hyaline to 

golden hyphae 3–7 µm wide covered by elements similar to the pileus scales except being generally 

shorter and with more clavate elements present, both above and below annulus; ANNULUS consisting of 

tightly interwoven hyaline to golden narrowly cylindrical hyphae with elements similar to the pileus 

covering present; CLAMP CONNECTIONS not observed. 

COMMENTS—Lepiota besseyi is common in woodchips and other woody debris in wet, lowland, alien 

habitats. Fruitings on woodchips are often large and cespitose, while fruitings on other, more intact woody 

debris can be much smaller and singular. The species is recognized by the minute brown squams on the 

cap surface, and cap, stipe, and gills bruising orangish-red. Similar species Leucoagaricus meleagris and 

La. americanus have pileus coverings that break into larger scales that reveal much more of the white 

cap. L. besseyi currently belongs in the Leucoagaricus/Leucocoprinus group according to morphologic 

and molecular characters, but because the genera Leucocoprinus and Leucoagaricus are not 

monophyletic, (Vellinga et al. 2011), authors have declined to formally transfer the species to 

Leucoagaricus until more work is done towards a more permanent placement. 

After alignment and trimming, a contig of 607 basepairs with 99.7% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced. A BLAST search revealed the top 2 matches by identity in 

GenBank to be identified as Leucoagaricus besseyi, with matching identities at 99%. One sequence 

(HM488763.1) was another collection from Hawaiʻi, while the other was from Nigeria (KT120038.1). The 

next closest matches by identity were at, or below 95% similarity. 
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Fig. 9 L. besseyi a, b. Basidioma. c. Basidiospores. d. Basidia. e. Cheilocystidia. f. Pileus covering. Scale 

bars: c = 10 μm; d, e = 20 μm; f = 50 μm. a from JKS 112; b from JKS 138; c–e from JKS 109 
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Lepiota pseudorubella Gubitz Zeitschrift für Mykologie 74 (1): 141 (2008) 

FIGURES 10a–e. 

COMMON NAME None. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to gregarious, sometimes cespitose 

in soil or well-decayed wood in disturbed areas in wet, lowland, alien habitats; known from Hawaiʻi Island; 

collected in May, July, and October. 

WORLD DISTRIBUTION Hawaiʻi and Germany (in greenhouses). 

SELECTED DESCRIPTIONS Gubitz (2008, 141–145). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, 8 m elev. 31 July 2017, coll. by J. K. Stallman 

(JKS 120); USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, N20°07'03.8" W155°35'18.4" 0 m elev. 27 October 

2017, coll. by D.E. Hemmes, N. Nguyen, and J. K. Stallman (JKS 168); Hawaiʻi: Hawaiʻi, Hilo, Bayfront at 

intersection of Kamehameha Avenue and Pauahi Street, N19° 43' 20.3", W155°04'41.3", 0 m elev. 24 

May 2017, coll. by D.E. Hemmes and J. K. Stallman (JKS 97); Hawaiʻi: Hawaiʻi, Hilo, Bayfront at 

intersection of Kamehameha Avenue and Pauahi Street, N19° 43' 20.3", W155°04'41.3", 0 m elev. 07 

September 2017, coll. by J. K. Stallman (JKS 141). 

PILEUS 5–21 mm broad, at first parabaloid to hemispherical, expanding to plano-convex then applanate 

with an uplifted margin with or without a low broad umbo, densely covered in felt-like, dull reddish-brown 

(8E4, 8E5) fibrils when young, breaking up as the cap expands into generally appressed, radially-oriented 

fibrils sometimes aggregating into small to medium scales over a white to off-white background, fibrils 

generally unbroken at disc and gradually lessening towards margin, making it appear lighter (8B2, 8C2), 

margin entire with evanescent remnants of pileus covering, non-hygrophanous, dry; CONTEXT thin (<1 

mm), white to off-white, unchanging; LAMELLAE L = 60, l = 1–2 , close to crowded, free, ventricose to 

subventricose, white to off-white (with yellowish or brownish tones in age) with entire margin; STIPE 10–30 

mm × 5–30 mm cylindrical, equal, concolorous reddish-brown as the pileus, or more often a lighter red, or 

cream with reddish tones, above annular zone beginning ½ from base subglabrous, often with 
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inconspicuous vertically-oriented, appressed white hyphae, below small to medium, sometimes 

inconspicuous, fibrils varying from white to concolorous with pileus scales; CONTEXT reddish-brownish as 

with surface but duller, stuffed when young and hollow in age; ATTACHMENT TO SUBSTRATE equal to less 

commonly subbulbous; BASAL TOMENTUM generally present; PSEUDORHIZOMORPHS present, white; SPORE 

DEPOSIT white; EDIBILITY unknown; ODOR indistinct (in Hawaiian collections) to sweet, fruity, or stinky foot 

in age (in German collections); TASTE unknown. 

BASIDIOSPORES [41, 2, 2] (4.1) 4.5–4.7 (5.2) × (2.5) 2.8–3.0 (3.3) μm [x = 4.6–2.9 μm], Q = 1.4–1.8 [Qm = 

1.6], ellipsoid to oblong in side view and face view, germ pore absent hyaline in H2O and NH4OH, 

dextrinoid, congophilous, cyanophilous and non-metachromatic in Cresyl Blue; BASIDIA [19, 3, 3] (16.3) 

18.7–20.2 (22.6) × (4.3) 5.1–5.6 (6.5) µm [x = 19.5 × 5.4], thin-walled, hyaline, clavate, with four 

sterigmata; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [16, 3, 3] (15.6) 22.1–26.1 (32.6) × (4.9) 5.8–6.4 (7.3) 

µm hyaline, thin-walled, mostly narrowly clavate, sometimes with a mucronate apex, less commonly 

subcapitate, often with basal clamp, less commonly inflated cylindrical; PLEUROCYSTIDIA absent; PILEUS 

COVERING an irregular trichoderm of cylindrical to inflated cylindrical brown hyphae with intracellular and 

parietal pigments, terminal elements 25–140 × 6–23 μm, inflated cylindrical to more commonly clavate, 

clamped or unclamped, thick-walled and longer cells with flexuose walls; STIPITIPELLIS a cutis of narrowly 

cylindrical hyphae 2–7 μm wide with elements below the annular zone similar to those on the pileus 

covering, above with some partial veil remnants of hyaline, long, cylindrical hyphae 2–5 μm wide and up 

to 160 μm long; CLAMP CONNECTIONS present, not observed at the base of basidia.  

COMMENTS—Lepiota pseudorubella is found in woodchips and on woody debris in wet, lowland, alien 

environments such as Waipiʻo Valley and Hilo town. Macroscopically it resembles L. rubrobrunnea, which 

has a darker coloration, more prominent stipe ornamentation, a farinaceous odor, and has, so far, only 

been observed growing in soil in Hawaiʻi. It is easier to differentiate microscopically as L. pseudorubella 

contains abundant short, clavate terminal elements in the pileus covering which are lacking in L. 

rubrobrunnea. Gubitz (2008) also cites cylindrical, flexuose cheilocystidia as a difference between the two 

taxa, but although L. rubrobrunnea has a broader range of cheilocystidia shapes, the majority are 
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narrowly clavate as in L. pseudorubella, and cylindrical flexuose cheilocystidia were rarely observed in 

Hawaiian collections. See Gubitz (2008) for an in-depth comparison of these two taxa. There are no large 

discrepancies between Hawaiian collections of L. pseudorubella and the type material described from 

Germany. 

Several attempts to sequence the nrITS region of L. pseudorubella failed across a variety of collections, a 

variety of primers, and despite gel electrophoresis results which appeared to confirm the amplification of 

this region. Multiple copies of this region are likely present, and plasmid cloning after PCR to obtain a 

clean read should be attempted if this region is to be targeted for examination in the future. 
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Fig. 10 Lepiota pseudorubella. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; e = 50 μm. a from JKS 120; b, e from JKS168; c, d from 

JKS 141. 
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Lepiota rubrobrunnea Gubitz Zeitschrift für Mykologie 74 (1): 141 (2008) 

FIGURES 11a–e. 

COMMON NAME None. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to gregarious, sometimes cespitose 

in soil or on well-decayed wood in disturbed areas in wet, lowland, alien habitats; known from Hawaiʻi 

Island; collected in April, May, and July. 

WORLD DISTRIBUTION Hawaiʻi and Germany (in greenhouses). 

SELECTED DESCRIPTIONS Gubitz (2008, 141–145). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa Astronomy Center, N19°42'07.3" W155°05'16.1", 

69 m elev. 22 July 2017, coll. by J. K. Stallman (JKS 103); USA. Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa Astronomy 

Center, N19°42'07.3" W155°05'16.1", 69 m elev. 24 July 2017, coll. by J. K. Stallman (JKS 110); USA. 

Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa Astronomy Center, N19°42'07.3" W155°05'16.1", 69 m elev. 30 July 2017, 

coll. by J. K. Stallman (JKS 118).  

PILEUS 25–50 mm broad, at first parabaloid to hemispherical, becoming convex or applanate in age, 

sometimes with a low, broad umbo, completely covered in dense felt-like mat of dark red-brown (8F7, 

7F8; slightly lightening to 7E5 in age) fibrils when young, breaking in a radial pattern as the pileus 

expands and aggregating into small to medium, generally appressed scales over an off-white 

background, fibrils usually remaining intact at the disc and gradually lessening towards margin to reveal 

more of surface, margin straight, entire, but often fringed with remnants of pileus covering, non-

hygrophanous, dry; CONTEXT thin, usually 1 mm thick (–3 at umbo), white to off-white, unchanging 

LAMELLAE L = 52, l = 2, close to crowded, narrowly free, ventricose, up to 4 mm broad, white to cream 

(darkening in age) with an entire margin, edge sometimes darkening in age; STIPE 20–40 mm × (1–) 2–3 

(–5) mm cylindrical, equal to slightly tapering downward or upward, off-white with or without reddish 

tones, subglabrous above annular zone with some cortina-like white appressed hyphae remaining, often 

inconspicuous, below which covered in reddish brown (7C4, 8C3) fibrils darkening and aggregating 
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downward into medium-sized horizontally oriented squams concolorous with those on the pileus; CONTEXT 

white to off-white, rarely with reddish tones; ANNULUS absent to slightly raised “ring” appressed to stipe 

composed of cortina and elements resembling the pileus covering; ATTACHMENT TO SUBSTRATE equal to 

less-commonly subbulbous; BASAL TOMENTUM absent, PSEUDORHIZOMORPHS present, white; SPORE 

DEPOSIT white; EDIBILITY unknown; potentially contains amatoxins. ODOR mild to farinaceous (more 

obvious when crushed); TASTE not recorded (reportedly farinaceous from German collections). 

BASIDIOSPORES [35, 3, 2] (4.5) 5.0–5.2 (5.8) × (2.6) 2.8–2.9 (3.2) μm [x = 5.1–2.9 μm], Q = (1.4) 1.6–1.7 

(1.8) [Qm = 1.6], ellipsoid to oblong in face and side views, germ pore absent, hyaline in NH4OH and H2O, 

dextrinoid, congophilous, cyanophilous and non-metachromatic in Cresyl Blue; BASIDIA [15, 2, 2] (16.5) 

20.0–22.5 (26.1) × (4.7) 5.8–6.5 (7.5) µm, [x = 21.3 × 6.1] thin-walled, hyaline, clavate, with four 

sterigmata; CHEILOCYSTIDIA [38, 2, 2] (13.4) 20.5–23.3 (30.3) × (4.4) 6–7.2 (10.5) µm, hyaline, thin-walled, 

most narrowly clavate, with inflated cylindrical, broadly clavate, and utriform examples present, often 

septate with short basal cells where clamp connections are often present; PILEUS COVERING an intricate 

trichoderm of inflated cylindrical hyphae with clamped or unclamped terminal elements 27–120 long by 3–

9 μm wide, cell walls often thickened, flexuose, often submucronate or tapering towards a narrower apex, 

with brown intracellular and parietal pigment; STIPITIPELLIS a cutis of narrowly cylindrical, hyaline hyphae 

2–6 μm wide, above annular zone long, hyaline, narrowly cylindrical clamped hyphae 2–7 μm wide 

present, below annular zone stipe covering similar to pileus covering; CLAMP CONNECTIONS present in all 

tissues. 

COMMENTS—Lepiota rubrobrunnea is currently only known from Hilo town where it regularly fruits in soil or 

woodchips in agricultural or disturbed garden environments. Its look-a-like, L. pseudorubella, grows in 

similar environments, but has not been found in soil. See the description under, L. pseudorubella for 

distinguishing features between these two taxa. The Hawaiian collections of L. rubrobrunnea do not differ 

substantially from the type material described from Germany, with the exception of having smaller 

cheilocystidia that generally lack examples of cylindrical, flexuose individuals which were noted in 

German collections. Meixner test results were ambiguous, lacking a clear blueing reaction indicating the 
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presence of amatoxins, but due to its morphological characters it may contain amatoxins and should not 

be consumed. 

After alignment and trimming, a contig of 637 basepairs with 99.5% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for collection JKS 118. A BLAST search reveals the top match by 

identity in GenBank to be Lepiota tomentella (EF080868.1) at 85%.  
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Fig. 11 Lepiota rubrobrunnea. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; e = 50 μm. a, c from JKS 118; b, d, e from JKS 103. 
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Lepiota sp. 1  

FIGURES 12a–e. 

COMMON NAME Lepiota “Puna Casuarina”. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Single to scattered, growing on needles and in 

duff of Casuarina equisetifolia in wet, lowland, alien environments; currently known only from the Puna 

District of Hawaiʻi Island; collected in January, February, September, and December. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'11.07" 

W154°51'56.88", 6 m elev. 17 September 2016, coll. by J. K. Stallman (JKS 64); USA. Hawaiʻi: Hawaiʻi, 

MacKenzie State Recreation Area, N19°26'11.07" W154°51'56.88", 6 m elev. 09 December 2016, coll. by 

J. K. Stallman (JKS 86); USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'11.07" 

W154°51'56.88", 6 m elev. 05 January 2017, coll. by J. K. Stallman (JKS 87); USA. Hawaiʻi: Hawaiʻi, 

MacKenzie State Recreation Area, N19°26'11.07" W154°51'56.88", 6 m elev. 01 February 2018, coll. by 

J. K. Stallman (JKS 186); USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'11.07" 

W154°51'56.88", 6 m elev. 02 January 2019, coll. by J. K. Stallman (JKS 204). 

PILEUS 8–24 mm broad, at first hemispherical, becoming obtusely conical to obtusely broadly conical, 

then convex to plano-convex in age; pileus covered in a dense mat of warm brown (6E6, 7E4, 7E5; 

sometimes darker, 7F6) fibrils when young, quickly breaking into minute to small scales, composed of 

generally appressed aggregated fibrils, over a white to off-white (6B2) background as pileus expands, 

fibrils more frequent towards the broken, or remaining unbroken disc, lessening towards margin, margin 

aspect straight, shape entire to eroded in age, often with remnants of the pileus covering adhering when 

young, dry, non-hygrophanous; CONTEXT thin (up to 3 mm), white, unchanging; LAMELLAE, L = 36, l = 1 -3, 

free, close, subventricose to ventricose, up to 3 mm broad, white to off-white, edge even to eroded in age; 

STIPE 14–35 × 1–3 (4 at base) mm, cylindrical, equal to tapering upwards, off-white to light brown (6B2, 

8C2), covered with aggregated fibrils of similar appearance to pileus covering on lower ½ to 1/3 of stipe 
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that are easily removed and become less conspicuous in age, appearing glabrous above this zone, but 

usually with thin covering of white hyphal strands oriented parallel to the stipe (lens), also easy to remove; 

stipe darkening over time to browns (6F5) where handled; CONTEXT thin, concolorous with exterior of 

stipe, stuffed with white hyphae when young, hollow in age, base equal to slightly enlarged; BASAL 

TOMENTUM absent to inconspicuous; PSEUDORHIZOMORPHS absent to present, white; ANNULUS only as 

annular zone; SPORE DEPOSIT white; EDIBILITY toxic, likely contains amatoxins ODOR none to fungal; TASTE 

none to mildly fungal. 

BASIDIOSPORES [94, 6, 4] (5.4) 6.3–6.6 (7.5) × (3.2) 3.7–3.8 (4.4) µm [x = 6.4 × 3.8 µm], Q = (1.4) 1.6–1.8 

(2.0) [Qm = 1.7], ellipsoid to subcylindrical (generally oblong) in side view, usually with a straight adaxial 

(suprahilar depression absent) and convex abaxial side; oblong to rarely obovoid in frontal view, hyaline 

in H2O and NH4OH, dextrinoid, congophilous, weakly cyanophilous, non-metachromatic in Cresyl Blue, 

germ pore absent, mono to less commonly bi-gluttate; BASIDIA [63, 6, 4] (21.2) 25.6–33.3 (34.7) × (5.9) 

6.5–8 (8.3) µm [x= 28.9 × 7.2 µm], hyaline, thin-walled, narrowly clavate to subclavate sometimes with 

flexuous wall, with 4 sterigmata; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [44, 6, 4] (15.6) 22.3–24.6 (31.3) × 

(5.1) 8.9–10.2 (14.0) µm [x = 23.5 × 9.5 µm], narrowly clavate to more commonly clavate or broadly 

clavate, hyaline, thin-walled; PILEUS COVERING an intricate trichoderm of long and shorter inflated 

cylindrical, sometimes flexuous, golden-colored hyphae with parietal pigment, thin to slightly thick-walled, 

shorter elements are present and common, but not in a distinctive layer, terminal elements narrowly 

clavate, cylindrical, inflated cylindrical, or less commonly irregular/flexuose narrowly clavate, or with a 

mucronate tip, up to 160 µm long and 12 µm wide, clamp connections common; STIPITIPELLIS a cutis of 

tightly packed hyaline, narrowly cylindrical hyphae up to 5 µm wide, scales below annular zone similar to 

those on pileus but generally composed of shorter elements with clavate elements more common, above 

annular zone irregularly present and mostly composed of long, narrowly cylindrical, hyaline, clamped 

hyphae; ANNULUS as zone only; CLAMP CONNECTIONS present in all tissues. 

COMMENTS—Lepiota sp. 1 is only known from Casuarina equisetifolia duff in the Puna District of Hawaiʻi 

Island. The species is recognized by its small size, lack of an annulus, and small, appressed brown-red 
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fibrils over an off-white cap context. Its oblong spores and pileus covering of long elements without a 

layer of shorter clavate elements (although shorter elements are present) put this species in sect. 

Ovisporae subsect. Helveolinae with other species that contain amatoxins. Not enough fruiting bodies 

were found to perform a Meixner test on this species. 

After alignment and trimming, a contig of 634 basepairs with 99.2% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for collection JKS 64, a contig of 662 bases with 100% with a 

Phred score of at least 20 for collection JKS 86, and a contig of 665 bases with 98.6% with a Phred score 

of at least 20 for collection JKS 87. A BLAST search reveals the top match by identity in GenBank to have 

87% similarity (KP012854.1 from Australia). The phylogeny of Lepiota (Fig. 2) places L. sp. 1 on its own 

long branch, sister to the group of taxa around L. elaiophylla (see Lepiota cf. elaiophylla comments and 

phylogeny).  

Although L. sp. 1 is a small, relatively nondescript species, few described species provide similar 

morphological matches, and its nrITS sequence is unique. 

Recent studies from around the world such as Thailand (Sysouphanthong et al. 2012), China (e.g., Liang 

et al. 2018), Pakistan (Qasim et al. 2016), and the Dominican Republic (Justo et al. 2015) have described 

new Lepiota species from the (neo)tropics, and have included DNA sequence data which excludes any 

species from these studies from providing an identity to L. sp. 1. Older literature can be more difficult to 

interpret, but a review of species sharing similarities, and newly described species without molecular data 

also do not reveal a close match. 

Lepiota zalkavritha T.K.A. Kumar & Manim. is a species of small size in sect. Ovisporae described from 

India with no nrITS sequence (Kumar & Manimohan 2009b). L. sp. 1 differs from this species in not being 

as robust, having lighter coloration (no dark browns present), and having slightly larger spores that are 

more cylindrical. 

Lepiota brevipes Murrill is a small species described from Florida in section Ovisporae with similar 

coloration to L. sp. 1, but the stipe is potentially much wider, and the spores are smaller and more 

ellipsoid (Akers 1997). 
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Lepiota cinnamomea Cleland is a small species from Australia in section Ovisporae (Aberdeen 1992), but 

the pinkish-brown and dark-brown color descriptions of the scales and disc, and shorter elements in the 

pileus covering (only up to 68 µm long) rule it out. Other small species described from Australia and 

stated to be in sect. Ovisporae (Grgurinovic 1998) have annuli (e.g., L. rimosa Murrill) or color-changing 

reactions not present in L. sp. 1. 

Pegler’s work from Ceylon (1972) reveals species in sect. Ovisporae that are too large, have unique red 

or yellow colors, or have annuli that do not match L. sp. 1, and his works from Africa (1977) and the 

Caribbean (1983) do not reveal close matches 

Rick’s (1905, 1907, 1920, 1926, 1930, 1937, 1961) and Pereira’s (1998, 2000, 2001) works from South 

America present few good matches for L. sp. 1. Rick does describe a variety of Lepiota spp. with 

arachnoid veils (e.g., L. flavipes, L. hyphaloma), but other features such as the coloration or spore sizes 

are different. 

The closest morphologic match appears to be Lepiota subincarnata J. Lange which is a well-known 

species described from Europe that is also found in American and Asia (Razaq et al. 2014). L. sp. 1 

differs in having a less potentially broad pileus, and containing pileus covering elements that can have 

flexuose walls, be narrowly clavate, and contain shorter elements (although not in a distinctive layer), all 

of which L. subincarnata lacks. 

Lacking a clear morphological match after review of the older literature and exhibiting a unique nrITS 

sequence, the preponderance of evidence suggests L. sp. 1 has not yet been described, or possibly has 

but not with modern terminology or data to support a current species concept.  



   
   

61 
 

 

Fig. 12 Lepiota sp. 1. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus covering. 

Scale bars: b = 10 μm; c, d = 20 μm; e = 50 μm. a, b, d from JKS 186; c, e from JKS 64. 
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Lepiota cf. elaiophylla (sp. 2) Vellinga & Huijser, Bollettino del Gruppo Micologico "G. Bresadola" 

40 (2-3): 462 (1998) 

FIGURES 13a–e. 

COMMON NAMES Lepiota yellow gill. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to gregarious, sometimes cespitose, 

in woodchips, on nutrient-rich soil in disturbed settings, or under Casuarina equisetifolia in wet, lowland, 

alien environments; currently known from MacKenzie State Recreation Area and Hilo; collected in 

January, May, and July–December. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hawaiʻi Hilo Botanical Garden, N19° 42' 

09.5", W155°04'56.1", 47 m elev. 28 September 2016, coll. by J. K. Stallman (JKS 69); USA. Hawaiʻi: 

Hawaiʻi, Hilo, ʻImiloa Astronomy Center, N19°42'06.9" W155°05'15.9", 69 m elev. 05 October 2016, coll. 

by J.K. Stallman (JKS 71); USA. Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa Astronomy Center, N19°42'06.9" 

W155°05'15.9", 69 m elev. 06 November 2016, coll. by J.K. Stallman (JKS 77); USA. Hawaiʻi: Hawaiʻi, 

MacKenzie State Recreation Area, N19°26'22.0" W154°51'45.9", 15 m elev. 15 November 2017, coll. by 

J.K. Stallman (JKS 174); USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'22.0" 

W154°51'45.9", 15 m elev. 30 November 2017, coll. by J.K. Stallman (JKS 183; contaminated); USA. 

Hawaiʻi: Hawaiʻi, Hilo, Bayfront Hilo Town. 01 July 1996, coll. by D.E. Hemmes (DEH 1138); USA. 

Hawaiʻi: Hawaiʻi, Hilo, Bayfront. 21 August 2001, coll. by D.E. Hemmes (DEH 2124); USA. Hawaiʻi: 

Hawaiʻi, Hilo, Bayfront. 05 October 2001, coll. by D.E. Hemmes (DEH 2141); USA. Hawaiʻi: Hawaiʻi, Hilo, 

Bayfront. 10 December 2001, coll. by D.E. Hemmes (DEH 2209); USA. Hawaiʻi: Hawaiʻi, Hilo, Bayfront. 

28 August 2002, coll. by D.E. Hemmes (DEH 2306); USA. Hawaiʻi: Hawaiʻi, Hilo, Bayfront. 20 May 2003, 

coll. by D.E. Hemmes (DEH 2418). 

PILEUS (15–) 25–40 (50) mm broad, at first paraboloid to narrowly hemispherical, then convex, expanding 

to plano-convex or applanate in age, completely covered in warm brown to dark brown (7F5, 8F4, 8F6, 
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8F8, 9F5) fibrils when young, quickly breaking up as the pileus expands into small to medium, generally 

appressed scales of aggregated fibrils over a dull yellow (3A4, 3B5, 4A3, 4A2) background; fibrils 

concentrated at disc (sometimes remaining unbroken) and gradually lessening towards margin to reveal 

more of surface; margin aspect straight, shape entire to eroded in age, sometimes with medium to large 

remnants of pileus covering adhering to margin, non-hygrophanous, dry; CONTEXT up to 5 mm thick, 

yellow (3A3, 3A4, 4B4, 4A3) fading to brown or reddish brown over time; LAMELLAE L = 32, l = 3 (usually), 

free, ventricose, up to 9 mm broad, dull yellow to sulphur yellow (3B6, 3B4), sometimes darkening in age 

(3A4, 4B4, 4C5); STIPE 20–40 × 3–7 mm, cylindrical (although sometimes flattening near the pileus) and 

equal (rarely tapering downwards), yellow (3A3, 3B4, 3A4, 4B3, 4A2, 3B4), with a clear annular zone 

beginning 2/3 to 3/4 from the bottom of the stipe, above which the stipe appears glabrous, but remnants 

of the white, cortina-like partial veil generally remain, uncommonly aggregating into larger visible 

structures, below which, covered in medium to large, horizontally-oriented brown scales, generally 

appressed, but more uplifted than those on the pileus, concolorous with those on the pileus; CONTEXT 

fleshy-fibrous, color as in pileus or slightly lighter; when young solid to stuffed with translucent to white 

hyphae, hollow in age; PSEUDORHIZOMORPHS present, white; BASAL TOMENTUM generally present; SPORE 

DEPOSIT white; EDIBILITY toxic, likely contains amatoxins; ODOR none to mildly fungal; TASTE none to mild. 

BASIDIOSPORES [150, 7, 5] (5.8) 7.0–7.2 (8.4) × (3.3) 3.7–3.8 (4.2) µm [x = 7.1–3.8 µm], Q = (1.5) 1.9 (2.3) 

[Qm = 1.9], narrowly ellipsoid to subcylindrical (usually oblong) in side view with a convex abaxial side 

and straighter adaxial side (mild suprahilar depression rarely present), oblong to subcylindrical in face 

view, hyaline in H2O and NH4OH, dextrinoid, congophilous, weakly cyanophilic to cyanophilic and non-

metachromatic in Cresyl Blue, germ pore absent, mono or less commonly bi-gluttate; BASIDIA [57,7,5] 

(20.6) 23.1–28.7 (34.6) × (5.7) 7.2–8.8 (9.2) µm [x= 26 × 8 µm], narrowly clavate to clavate, hyaline, thin-

walled, 4-spored, rarely 2-spored; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [39, 5, 4] (15.5) 20.1–30.1 (39.3) 

× (5.2) 6.1–9.8 (10.3) µm [x= 24.5 × 7.9 µm], generally narrowly clavate to clavate, but also cylindrical 

and somewhat flexuous sometimes with an apical extension, narrowly utriform, or less commonly 

subconical, often septate with one to two short, cylindrical basal cells, with or without clamp connections, 

hyaline, thin-walled; PLEUROCYSTIDIA absent; PILEUS COVERING an intricate trichoderm of mostly long erect 
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and repent, generally cylindrical hyphae with brown intracellular and parietal pigments, lacking a layer of 

short clavate elements, terminal cells 25–240 × 4–15 µm, most commonly 60–100 µm in length, inflated 

cylindrical to narrowly clavate, often flexuous; STIPITIPELLIS a cutis of narrowly cylindrical hyaline hyphae 

3–7 µm wide with stipe scales below annular zone similar to scales on pileus, above this zone a covering 

of thin, hyaline, cylindrical, often flexuous hyphae up to 4 µm wide and 100 µm long; ANNULUS as zone 

only; rarely with stipe covering elements aggregating to create a medial to superior raised region 

resembling an adhering “ring”; CLAMP CONNECTIONS present in all tissues.  

COMMENTS—Lepiota cf. elaiophylla (sp. 2) occurs on woodchips, nutrient-rich soil in disturbed 

environments such as gardens, and under coastal Casuarina equisetifolia where it can fruit singly, or in 

large groups and cespitose clusters. Although many yellow lepiotaceous fungi occur in Hawaiʻi, L. cf. 

elaiophylla is easily distinguishable by its overall sulphur yellow coloration (including the gills) with brown 

scales on the pileus, robust stature, and clear annular zone on the stipe with cortina-like partial veil 

remnants above a base covered in brown scales. Its oblong spores and pileus covering of primarily long 

elements put this species in sect. Ovisporae subsect. Helveolinae with other species containing 

amatoxins. A Meixner test also suggests this species contains amatoxins (Fig. 3). 

After alignment and trimming, a contig of 665 basepairs with 99.8% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for collection JKS 71, a contig of 697 bases with 99.9% with a 

Phred score of at least 20 for collection JKS 77, and a contig of 706 bases with 99.7% with of sites with a 

Phred score of at least 20 for a collection that was not accessioned. A BLAST search reveals the top 

match by identity in GenBank to be a collection identified as Lepiota elaiophylla by Else Vellinga, the 

describer of this species, from a greenhouse in Canada at over 99% similarity (KP012854.1). The next 

closest match is a species collected near Darwin Australia growing in a native Eucalyptus and Acacia 

swamp habitat, MH979467.1 (Barret, M. pers. comm.). Depending on the sequence examined, 

approximately 19 basepairs differ from the Hawaiian and Australian collections, leading to 97-98% 

similarity. Micrographs provided of the Australian collection (Lebel, T. pers. comm.) reveal spores that are 
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more ellipsoid than in most collections of L. cf. elaiophylla, so it is unclear without additional Australian 

specimens whether these two taxa are morphologically identical.  

The phylogeny of Lepiota (Fig. 2) shows the Hawaiian L. cf. elaiophylla and the Canadian collection 

identified as L. elaiophylla as identical, with the Australian collection close on its own short branch. The 

Dutch L. elaiophylla is sister to the clade containing the Hawaiian, Canadian, and Australian collections, 

and a well-supported (86.7%) clade is formed when considering all taxa, including the Dutch collection. 

See Table 7 for a comparison of pairwise genetic distances between the species discussed. 

L. elaiophylla was described from the Netherlands and is reported from throughout Europe (e.g., Holec & 

Hálek. 2008), Brazil (Wartchow et al. 2008, Ferreira & Cortez 2012), India (Kumar & Manimohan 2009b), 

and possibly Africa, as L. xanthophylla (Pegler 1977). The Hawaiian L. cf. elaiophylla is clearly closely 

related to L. elaiophylla, from which it is macroscopically indistinguishable. The only differences are 

morphologically a greater diversity in cheilocystidium shapes in L. cf. elaiophylla, and molecularly a 

different nrITS sequence, although some European and Brazilian collections show variation in 

cheilocystidia shapes.  

For a discussion of other Lepiota spp. with yellow lamellae, including the macroscopic lookalike L. 

xanthophylla, which is differentiated by containing a layer of short, clavate elements in the pileus covering 

(and has not been recorded from Hawaiʻi), see Vellinga & Huijser (1997). Collections of the European L. 

xanthophylla and L. elaiophylla are also noted to have different colored dried lamellae (yellow in 

xanthophylla and dirty olive-brown for elaiophylla). Collections of L. cf. elaiophylla generally have dark 

yellow lamellae when dried, although older, poorly dried, or damaged specimens may exhibit brown 

colors; this does not appear to be a useful taxonomic feature at this time. 

More information is needed to determine species concepts between L. cf. elaiophylla, the Australian 

collection, and L. elaiophylla from the Netherlands and throughout its reported range. One option is to 

argue that L. cf. elaiophylla falls within normal morphological variation (minor cystidia differences) of L. 

elaiophylla, which is a widespread species with high molecular variation and some morphological 

variation as evidenced by its presence in India (Kumar & Manimohan 2009b), Brazil (Wartchow et al. 
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2008, Ferreira & Cortez 2012), and Australia. This option cannot be proven, but falls on the conservative 

side of not describing a new taxon without first examining molecular data from these other regions which 

could shed light on whether there is a range of variation in the nrITS, or two distinct taxa. The other option 

is to argue that L. cf. elaiophylla has a clear molecular difference from the Dutch L. elaiophylla (over 7% 

pairwise distance), that is also supported by a morphological character (cheilocystidia shape). Supporting 

this argument, the related species L. brunneoincarnata and L. subincarnata had little to no molecular 

variation across their respective geographic ranges (Europe, Central Asia and Europe, North America, 

South Asia) when examined by Razaq et al. (2014) . 

At this time, more molecular data from Europe, South America, India (and possibly Africa), and 

morphological data from India and Africa would be useful to make this determination. The Indian 

collection was not given a full species description, but collections from South America reportedly have 

smaller spores and also lageniform (Ferreira & Cortez 2012) or subfusoid (Wartchow et al. 2008) 

cheilocystidia, while collections from greenhouses in Europe primarily have narrowly clavate to clavate 

cheilocystidia, although Breitenbach & Kränzlin (1995) noted subglobose, and oval to pyriform 

cheilocystidia. At this time, habitat does not seem to be a useful taxonomic feature as both Hawaiian and 

Dutch collections have been found in greenhouse environments, although only the Hawaiian L. cf. 

elaiophylla is currently confirmed from non-artificial habitats in (sub)tropical environments.  
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Fig. 13 Lepiota cf. elaiophylla. 2. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; e = 50 μm. a from JKS 174; b, d from JKS 77; c, e from 

JKS 71. 
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Lepiota sp. 3 

Figures 14a–f. 

COMMON NAME(S) Lepiota erect scales. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Singly in wet, lowland, alien environments 

under Podocarpus; known from a single collection at UH Hilo Botanical Garden, Hawaiʻi Island; collected 

in October. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hawai Hilo Botanical Garden, 

N19°42'10.3" W155°4'55.8" 47 m elev. 13 October 2016, coll. by J. K. Stallman (JKS 74). 

PILEUS 35 mm in diameter, obtusely broadly conical; disc unbroken and covered in erect, pyramidal 

scales, rest of pileus covered in scales but less densely, squams brown (9F6) with warm brown (6F7) 

hyphae at base surrounding squams, closer to margin scales and hyphae surrounding squams further 

breaking to reveal pinkish brown (8D3) background of pileus, margin eroded, aspect straight to deflexed, 

non-striate; CONTEXT thin (2-3 mm at thickest), white, unchanging; LAMELLAE L = 56, l = unknown, narrowly 

free, close, 1 mm broad; edge straight, broadening again just before attaching to stipe (appearing 

subdecurrent), white to cream, no intervenosity; STIPE 40 mm × 3 mm equal to slightly tapering upwards, 

surface with wispy white hyphae oriented parallel to the stipe (lens), sometimes accumulating in patches 

so as to be visible without lens and make some areas of stipe lighter than others; stipe off-white at apex, 

light brownish-red (8D2-8D3) at base with lighter off-white patches and remnants of pileus covering (erect 

squams) present below annular zone; ATTACHMENT TO SUBSTRATE subbulbous; BASAL TOMENTUM absent; 

PSEUDORHIZOMORPHS present, sparse, white; ANNULUS undetermined, cortina-like remnants appear in 

superior region including tissue with squams as pileus covering (rest destroyed by slug?); SPORE DEPOSIT 

unknown; EDIBILITY unknown; ODOR fungal; TASTE unknown.  

BASIDIOSPORES [28, 1, 1] (3.8) 4.3–4.5 (4.9) × (2.3) 2.6–2.8 (3.1) μm, [x = 4.4 × 2.7 μm], Q = (1.3) 1.6–1.7 

(1.9) [Qm = 1.6], in side-view ellipsoid to oblong, in frontal view broadly ellipsoid to oblong, without germ 
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pore, congophilous, dextrinoid, cyanophilous, non-metachromatic in Cresyl Blue; BASIDIA [22, 1, 1] (15.7) 

19.0–20.8 (24.1) × (5.0) 5.6–6 (6.7) μm, 4-spored; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [15, 1, 1] (11.2) 

19.5–25.2 (33.4), 60 × 8–15 μm, ellipsoid, to more commonly clavate, hyaline; PLEUROCYSTIDIA absent; 

PILEUS COVERING scales made up of globose to inflated cylindrical to short, irregularly shaped elements; 

terminal cells up to 60 μm long (cylindrical), and up to 26 μm wide (globose), with brown pigment; 

STIPITIPELLIS a cutis of narrowly cylindrical hyphae, 2.0–6.0 μm wide, partial veil remnants of cylindrical, 

hyaline hyphae 2–5 μm wide, below which (and in some places on the partial veil), elements similar to 

those of pileus scales; CLAMP CONNECTIONS present, but observed only in the stipitipellis. 

COMMENTS—Lepiota sp. 3 is known from a single collection of one mature fruiting body (damaged by 

slugs) at the University of Hawaiʻi Hilo Botanical Garden. Despite extensive collecting in this area, more 

specimens were not found and a more extensive and accurate description cannot yet be given. At this 

time Lepiota sp. 3 is characterized by its epithelial pileus covering, but easily differentiated from Lepiota 

aspera by having smaller, more ellipsoid spores, and lacking abundant clamp connections (only one 

observed in this collection in the stipitipellis tissue). 

After alignment and trimming, a contig of 619 basepairs and 99.8% of nucleotides with at least a Phred 

score of 20 of the nrITS was produced. A BLAST search shows two sequences with close matches by 

identity, at 98.9% (FJ386924) and 98.4% (HE586723), but with low query coverage. Both sequences only 

contain nrITS1 and part of the 5.8s gene, not the second spacer region, nrITS2. The first sequence is an 

environmental sample from an avocado orchard in Australia (Vancov & Keen 2009), and the second is a 

microbial sample from a banana orchard in Uganda (Rossman et al. 2012). The second sample is labeled 

in GenBank as Macrolepiota clelandii, but this is simply based on the highest BLAST match of their 

sample (AY083203.1), which was only a 80% match by identity. The closest matches by identity with L. 

sp. 3. with more complete coverage (above 90%) have a maximum 83.8% (EU081952) identity with L. sp. 

3.  

The phylogeny of Lepiota (Fig. 2) shows L. sp. 3 on its own long branch in clade 1 (with only 72.9% 

support) where it does not fit morphologically, and its closest relatives are unclear at this time. 
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Fig. 14 Lepiota sp. 3. a, b. Basidioma. c. Basidiospores. d. Basidia. e. Cheilocystidia. f. Pileus covering. 

Scale bars: c = 10 μm; d–f = 20 μm. a–f from JKS 74. 
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Leucoagaricus Locq. ex Singer, 1948 

Leucoagaricus cf. americanus (Peck) Vellinga, Mycotaxon 76: 433 (2000) 

Figure 15a–e. 

SYNONYMS Leucoagaricus bresadolae (Schulzer) Bon & Boiffard, Docums Mycol. 7 (nos 27-28): 15 

(1977); Lepiota americana (Peck) Sacc., Syll. fung. (Abellini) 5: 43 (1887). Leucocoprinus americanus 

(Peck) Redhead, Publs Dep. Agric. Can. 1112: 323 (1979).  

COMMON NAME(S) None. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to gregarious and cespitose in 

woodchips; known from Hawaiʻi Island; collected in May, July, and August. 

WORLD DISTRIBUTION North America, Europe (Vellinga 2000). 

SELECTED DESCRIPTIONS Smith & Weber (1987, 217–219); Vellinga (2000, 433–436). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa Astronomy Center, N19°42'06.9" W155°05'15.9", 

69 m elev. 25 May 2017, coll. by D.E. Hemmes and J.K. Stallman (JKS 98); USA. Hawaiʻi: Hawaiʻi, Hilo, 

ʻImiloa Astronomy Center, N19°42'06.9" W155°05'15.9", 69 m elev. 24 July 2017, coll. by J.K. Stallman 

(JKS 108); USA. Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa Astronomy Center, N19°42'06.9" W155°05'15.9", 69 m 

elev. 24 July 2017, coll. by J.K. Stallman (JKS 111); USA. Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa Astronomy 

Center, N19°42'06.9" W155°05'15.9", 69 m elev. 04 August 2017, coll. by J.K. Stallman (JKS 127). 

PILEUS (70) 100–135 (230) mm, at first cylindrical, subcylindrical with slightly convex sides with truncate 

apex, then broadly conical with rounded to almost flat center, flattening to plano-convex to applanate, with 

very slight central depression or with low umbo, first with uniform felt-like pileus covering, later with 

covering layer minutely granulose-squamulose at center, around center breaking into small, or usually 

bigger, concentric to scattered patches that lessen towards margin; disc remaining unbroken, disc and 

squams brownish, often with warmer pinkish or purple tones, to dark brown where handled or damaged 

(6B2, 6C2, 6F6, 7F6) over white radially fibrillose background; margin bare, sulcate, in some specimens 

with pieces of annulus adhering; CONTEXT up to 5 mm thick, white to off-white, discoloring irregularly to 
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orangish red (8C5, 9C6) then darker browns (8E4, 7F6); LAMELLAE L = 68, l = 0–2, free, close to crowded, 

up to 18 mm broad, ventricose to subventricose, off-white to cream, with a minutely flocculose whitish 

edge that discolors to brown in age, bruising as the pileus, although not as strongly red (6C7); STIPE (60) 

95–180 × (6) 12–20 mm, widening downwards, but with tapering foot, hollow, white to off-white, 

sometimes with pinkish tones, discoloring to brown where damaged/handled, glabrous to covered in 

appressed, white, hyphae, oriented parallel to the pileus (lens), becoming covered in coarse lengthwise 

brown fibers below the annulus until the base which is covered in white basal tomentum; CONTEXT white 

to off-white, discoloring as pileus; ANNULUS ascending with cuff-like part, and flaring 3–11 mm wide, 

whitish above, dark vinaceous or purplish brown (10E4) on sides and below; NH4OH turning lamellae 

greyish-green (1F3), edge brown (7F7) after 10 seconds; KOH on lamellae brown (7E4), on stipe green 

(2C2), pileus context 6B2; IN EXSICCATE pinkish-brown (11F4); SPORE DEPOSIT off-white; EDIBILITY edible; 

SMELL indistinct to pleasant sweet; TASTE indistinct to slightly astringent.  

BASIDIOSPORES [56, 2, 1] (7.1) 8.5–8.9 (10.3) × (5.6) 6.5–6.8 (7.6) µm, [x = 8.7 × 6.6 µm], Q = (1.2) 1.3–

1.4 (1.5) [Qm = 1.3], broadly ellipsoid to ellipsoid in side and face views with small apical germ pore not 

extending beyond spore wall, hyaline in NH4OH and H2O, dextrinoid, congophilous, cyanophilous, and 

metachromatic in Cresyl Blue with weakly pink inner wall except at strongly pink germ pore; BASIDIA [23, 

2, 1] (23.9) 29.2–32 (37.3) × (7.6) 9.4–10.4 (12.2) µm [x = 30.6 × 9.9 µm] thin-walled, hyaline, usually 4-

spored, but 2-spored basidia not uncommon; LAMELLA-EDGE sterile; CHEILOCYSTIDIA abundant, 41.2–92.0 

× 7.0–14.0 µm, usually narrowly lageniform with apical extension with restricted and inflated portions, 

sometimes narrowly clavate, without or with rostrate apical extension, often with green-brown contents; 

PLEUROCYSTIDIA not observed; PILEUS COVERING scales generally composed of inflated cylindrical hyphae, 

40–130 × 5.0–15 µm, with abrupt or gradual apical extension, flexuose, thick-walled, with brown 

pigmentation; STIPITIPELLIS a cutis of cylindrical hyphae, 2.0–7.0 µm wide with elements similar to the 

pileus covering both above and below the annulus, pileus and stipe covering pigments dissolving in 

NH4OH; CLAMP CONNECTIONS not observed.  
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COMMENTS—Leucoagaricus americanus is recognized by its large fruiting bodies with subbulbous stipes 

which first turn yellow, then later orangish red, followed by vinaceous red to purplish brown after cutting. 

After alignment and trimming, a contig of 601 basepairs with 99.5% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced. A BLAST search revealed the top 8 matches by identity in 

GenBank to all be identified as La. americanus, or not in conflict with an identity of La. americanus (not 

identified definitively to species) with identical percentages of 98–97%. The first match conflicting with La. 

americanus begins at 95% identity (GQ249888.1).  

Hawaiian material does not differ substantially from the type material examined by Vellinga (2000), 

although many closely related species likely occur with similar features and complicated pileus coverings 

(see the closest GenBank match at 99% identity, MH333260.1, collected in Suriname at: 

https://mushroomobserver.org/316281). For now, it is difficult to determine if La. americanus is a 

widespread species with nrITS variation, or there are perhaps cryptic taxa present, therefore it is 

provisionally reported from Hawaiʻi with the “cf.” qualifier. See descriptions of L. besseyi and La. 

meleagris for information on how to distinguish La. cf. americanus from these two other taxa. 
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Fig. 15 Leucoagaricus cf. americanus. a, b. Basidioma. c. Basidiospores. d. Basidia. e. Cheilocystidia. f. 

Pileus covering. Scale bars: c = 10 μm; d, e = 20 μm; f = 50 μm. a from JKS 108; b from JKS 111; c–f 

from JKS 108. The lamellae at the bottom of image b have been exposed to NH4OH vapor. 
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Leucoagaricus barssii (Zeller) Vellinga Mycotaxon 76: 429-438. 2000. 

FIGURE 16a–e. 

COMMON NAME(S) None.  

Leucoagaricus macrorhizus (Locq. ex) E. Horak; Lepiota pinguipes A. Pearson. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Solitary to scattered under coastal Casuarina 

equisetifolia or in higher elevation grass or pasture settings; known from Hawaiʻi and Oʻahu; collected in 

January, October, and November.  

WORLD DISTRIBUTION Known from Hawaiʻi, North America, Europe (Vellinga 2000) and India (Kumari and 

Atri 2013). 

SELECTED DESCRIPTIONS Vellinga (2001, 88). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, N20°07'08.2", W155°35'19.0", 0 m elev. 21 

October 2017, coll. by J. K. Stallman (JKS 156); USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, N20°07'08.2", 

W155°35'19.0", 0 m elev. 27 October 2017, coll. by J. K. Stallman (JKS 161); USA. Hawaiʻi: Hawaiʻi, 

Kamuela Police Station, N20°01'27.6" W155°39'43.0", 820 m elev. 27 October 2017, coll. by J. K. 

Stallman (JKS 162); USA. Hawaiʻi: Hawaiʻi, Kamuela Police Station, N20°01'25.6" W155°39'45.0", 820 m 

elev. 27 October 2017, coll. by J. K. Stallman (JKS 163; contaminated); USA. Hawaiʻi: Hawaiʻi, Waipiʻo 

Valley, N20°07'11.1" W155°35'32.6", 0 m elev. 03 November 2017, coll. by J. K. Stallman (JKS 170); 

USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, N20°07'08.2", W155°35'19.0", 0 m elev. 17 November 2017, coll. 

by J. K. Stallman (JKS 179; contaminated).  

PILEUS 35–80 mm, when young hemispherical-convex to truncate-conical, expanding through 

campanulate to plano-convex, with low and flattened umbo, completely hairy-fibrillose-squamulose when 

young, becoming more fibrillose-squamose to squamose in age, brownish grey, sordid pale grey-brown at 

disc, then later dark brown at center to pale brown at margin, margin slightly deflexed, sometimes uplifted 

in age with pileus covering exceeding margin, sometimes covering the fringed edge (connected to 

annulus) when young; CONTEXT up to 10 mm thick, white to off-white, unchanging; LAMELLAE L = 104, l = 
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0–2, free and remote from stipe, crowded, ventricose, up to 8 mm broad, white to off-white, with even 

edge; STIPE 55–165 × 8–15 mm in the middle, tapering upwards and with fusiform base, buried with lower 

part (up to 2/3 of total length) in the soil, compressed, hollow, white above ground, discoloring brownish 

on handling, brownish lower down, appearing glabrous, but hirsute-hairy or shiny-fibrillose above annulus, 

and fibrillose below; CONTEXT white to off-white; ANNULUS easily removable from stipe, often clinging to 

pileus margin, with white upper side, and fringed, thickened margin, brownish-fibrillose underneath. 

NH4OH vapors not changing color of lamellae; SPORE DEPOSIT pale cream; EDIBILITY unknown; ODOR 

indistinct to strongly fungal; TASTE pleasant-fungoid.  

BASIDIOPORES [22, 1, 1] (5.6) 6.1–6.3 (6.7) × (4.0) 4.3–4.4 (4.7) µm [6.2–4.3 µm], Q = (1.3) 1.4–1.5 (1.6) 

[Qm = 1.4], ellipsoid in side-view, ellipsoid to oblong in face view, germ pore absent, dextrinoid, 

congophilous, weakly cyanophilic, metachromatic in Cresyl Blue; BASIDIA [19, 1, 1] (15.9) 20.4–23.1 (27.7) 

× (6.2) 7.1–7.6 (8.5) µm, 4-spored, clavate to narrowly clavate; CHEILOCYSTIDIA [9, 1, 1] 15.3–54.2 × 5.8–

23.6 µm, variable in shape and size, clavate, cylindrical, ovoid, often with thickened colorless wall; 

PLEUROCYSTIDIA not observed; PILEUS COVERING a cutis of tightly interwoven hyphae up to 14 µm wide; 

hyaline or sometimes with brownish intracellular pigment; STIPITIPELLIS a cutis of colorless cylindrical 

hyphae, 4–14 µm wide, with irregular tufts of colorless, cylindrical, flexuous, sometimes branching 

hyphae; CLAMP CONNECTIONS absent. 

COMMENTS—Leucoagaricus barssii is common under coastal Casuarina equisetifolia and higher elevation 

grass habitats such as lawns and horse paddocks around Kamuela. The species is recognizable by its 

large size, scurfy cap with fibers that radiate from the disc all the way down (and over) the pileus margin, 

fusiform stipe base, and potentially quite wide, ovoid cheilocystidia. 

Recently, a variety with a bulbous base, var. bulbobasilarus, was described from India (Kumari & Atri 

2013). Hawaiian specimens either have a fusiform base (eventually tapering), or more or less equal base, 

so this variety is not known to occur in Hawaiʻi. It is noted that if the entire stipe is not collected the base 

may appear to be bulbous, but the base of the stipe (of Hawaiian collections) is generally tapered and 

often buried within the substrate, or is sometimes equal or clavate, but has not yet found to be bulbous. 
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Besides not observing cheilocystidia near the lamella-edge, Hawaiian specimens of La. barssii do not 

differ substantially from descriptions from elsewhere. 

After alignment and trimming, a contig of 684 basepairs with 100% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for specimen JKS 161. Two more specimens (JKS162, JKS 163) 

were also sequenced resulting in contigs of 687 basepairs with 100% of nucleotides with a Phred score of 

20 or higher, and 661 base pairs with 98.8% of bases with a Phred score of 20 or higher. A BLAST 

search revealed the top 5 matches by identity in GenBank to all 3 Hawaiian collections to be identified as 

Leucoagaricus barssii from Europe and the continental United States with matches by identity varying 

from 99.8% to 98.3%.  
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Fig. 16 Leucoagaricus barssii. a, b. Basidioma. c. Basidiospores. d. Basidia. e. Cheilocystidia. f. Pileus 

covering. Scale bars: c = 10 μm; d, e = 20 μm; f = 50 μm. a from JKS 161; b from JKS 163; c–f from JKS 

161.  
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Leucoagaricus leucothites (Vittad.) Wasser, Ukrainskiy Botanichnyi Zhurnal 34 (3): 308 (1977) 

FIGURE 17a–e. 

SYNONYMS Lepiota naucina (Fr.) P. Kumm., Führ. Pilzk. (Zerbst): 136 (1871). 

COMMON NAME(S) White dapperling. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to gregarious in higher elevation 

pastures and other disturbed grass habitats such as roadsides and fields; known from Hawaiʻi, Maui, and 

Kauaʻi; reported from January, March, October, November, and December. 

WORLD DISTRIBUTION Widespread in the northern and southern hemispheres; see Vellinga (2004b) for a 

review. 

SELECTED DESCRIPTIONS AND ILLUSTRATIONS Hemmes & Desjardin (2002, 49); Vellinga (2001 89–90). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Kamuela Police Station, N20°01'27.1", W155°39'45.5", 820 

m elev. 16 March 2018, coll. by J. K. Stallman (JKS 188; contaminated); USA. Hawaiʻi: Hawaiʻi, Waikiʻi. 

03 December 1996, coll. by D. E. Hemmes (DEH 1359); USA. Hawaiʻi: Kauaʻi, Kokeʻe, along Halawa 

Ridge Road. 05 January 1995, coll. by D. E. Hemmes (DEH 692); USA. Hawaiʻi: Kauaʻi, Kokeʻe. 03 

October 1994, coll. by D. E. Hemmes (DEH 605). 

PILEUS (35) 60–120 (200) mm, at first hemispherical with straight deflexed margin or wide-truncate-

conical with inflexed margin, later expanding to plano-convex with flattened or depressed center, plano-

convex, or more truncate-conical, finally with uplifted margin, white at first, then off-white with some 

greyish tinges, appearing glabrous, but often irregularly breaking up into small to pig patches, with radial 

fissures, tomentose (lens) or granulose-fibrillose and more radially fibrillose at margin, often yellowing at 

margin and in spots when touched; CONTEXT very thick, white, turning yellow in some specimens; 

LAMELLAE L = 80, l = 1–5, crowded, free and remote from stipe, often anastomosing, segmentiform, 

subventricose to ventricose, 5–14 mm broad, white to off-white, with white, brown with age in some 

specimens finely flocculose edge (lens); STIPE 45–125 × 6–15 (40) mm, cylindrical, in some specimens 

broadened into bulb (up to 25 mm wide), hollow, white when young, later only white at apex, in older 

http://www.speciesfungorum.org/Names/NamesRecord.asp?RecordID=176227
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specimens below this white zone greyish-brownish, and below annulus short-striate or lengthwise off-

white with some greyish fibrils in lower part, base sometimes discoloring pinkish or yellowish when 

touched; CONTEXT white, sometimes yellowing when cut; ANNULUS white to off-white, sometimes with 

greyish underside, variable, ascending with tomentose-membranous cuff and thickened margin, 

descending with flaring limb, only a cuff around stipe with a small flaring part halfway, or without any cuff, 

but just an evanescent flaring part; SPORE DEPOSIT white; EDIBILITY uncertain (see discussion); SMELL 

indistinct to fungal, musty, astringent; TASTE indistinct to fungoid.  

BASIDIOPORES 7.5–11 × 5.0–7.0 µm [x = 8.0–9.2 × 5.4–6.4 µm], Q = 1.25–1.9 [Qm = 1.35–1.6], ellipsoid-

amygdaliform, oblong-amygdaliform, with rounded or with slightly acute apex, thick-walled, with germ 

pore, dextrinoid, congophilous, cyanophilous, with inner wall and plug in germ pore pink in Cresyl Blue; 

BASIDIA 17–39–x 8.0–13 µm, 4-spored, rarely 2-spored; LAMELLA-EDGE sterile; CHEILOCYSTIDIA 22–70 × 

7.0–15 µm, cylindrical, narrowly clavate, often irregular, with excrescence at apex or acuminate apex, or 

subcapitate apex, not colored, and slightly thick-walled; PLEUROCYSTIDIA absent; PILEUS COVERING made 

up of erect to ascending (close to margin) cylindrical hyphae, often arranged into tufts, with terminal 

elements 20–145 × 6.0–15 µm, often wider than penultimate elements, without or with pale greyish or 

brownish intracellular pigment; STIPITIPELLIS a cutis of cylindrical colorless hyphae, 4.0–7.0 µm in 

diameter; CLAMP CONNECTIONS not observed. 

COMMENTS—Although mature specimens were not found during two seasons of collecting, Leucoagaricus 

leucothites is common in higher elevation pastures and grass habitats such as pastures on the slopes of 

Mauna Kea, and fields in Kamuela. It is recognizable by its large size, glabrous appearance, uniform 

white coloration when young, and habitat. Some field guides report the species as edible (Arora 1986), 

while others state it is poisonous (Hemmes & Desjardin 2002). It also bears a superficial resemblance to 

a potentially deadly species in Hawaiʻi, Amanita marmorata, although lacks a volva.  

Leucoagaricus leucothites is relatively variable as discussed by Vellinga (2001). The specimens from 

Hawaiʻi generally have a pileus glabrous in appearance without color changes, although a specimen with 

fine grey scales and gills turning pink in age was found at 2,300 meters at Puʻu Laʻau. Therefore, it 
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appears both var. leucothites and var. carneifolius are present in Hawaiʻi. The descriptions above are 

taken directly from cited literature, as mature mushrooms were not found for examination. 
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Fig. 17 Leucoagaricus leucothites. a–d. Basidioma. a from JKS 188; c, d from July 2014 at Puʻu Laʻau, 

elevation 2,300 meters, photo and data from Jon Rathbun. a, b represent var. leucothites; c, d var. 

carneifolius 
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Leucoagaricus meleagris (Sowerby) Singer, Lilloa 22: 422 (1951) 

FIGURE 18a–e. 

SYNONYMS Leucocoprinus meleagris (Sowerby) Locq., Bulletin Mensuel de la Société Linnéenne de Lyon 

14: 93 (1945). 

COMMON NAME(S) None. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Gregarious and cespitose on woodchips and 

compost piles; known from Hawaiʻi and Oʻahu, but likely occurring on other islands; collected in April, 

September, and October. 

WORLD DISTRIBUTION Widespread; recorded from Europe (Vellinga 2001), North America, and Asia 

(Kumar & Manimohan 2009c).  

SELECTED DESCRIPTIONS Hemmes & Desjardin (2002, 35); Vellinga (2001, 94–95). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa Astronomy Center, N19°42'06.9" W155°05'15.9", 

69 m elev. 02 October 2016, coll. by J.K. Stallman (JKS 70); USA. Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa 

Astronomy Center, N19°42'06.9" W155°05'15.9", 69 m elev. 02 April 2017, coll. by J.K. Stallman (JKS 

90).  

PILEUS 13–45 (80) mm, ellipsoid with truncate apex when young, expanding via campanulate to plano-

convex, when very young with closed covering, soon with plush-like to fibrillose scales, in undamaged 

state pure white with dark red-brown fibrillose scales, especially at center, more dispersed towards 

margin, on fibrillose-silky background, becoming red, later wine-red; old specimens completely dark 

purple, with darker scales, margin radially sulcate; CONTEXT off-white, discoloring at first yellow, then 

reddish to vinaceous red, then fading; LAMELLAE L = 96, l = 0–3 free, crowded, segmentiform or 

subventricose, up to 4 mm wide, white-cream at first, later yellow, reddish or reddish-vinaceous when 

damaged, with finely flocculose edge, which turns red easily on damaging; STIPE 20–65 × 3–7 (12) mm, 

narrower at apex and at base, slightly eccentrically fusiform with widest part 1/4 of length above base, 

sometimes cylindrical, white to off-white, completely set with fine, cobwebby fibrils, slightly squamulose, 
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dark purple to dark wine-red in old specimens, sometimes pale pinkish, discoloring brown when touched, 

CONTEXT similar to pileus; ANNULUS present, mostly incomplete, sometimes only at pileus margin, 

ascending, white on upper side, with dark brown underside; PSEUDORHIZOMORPHS white, adhering to 

substrate; NH4OH vapor and solution on pileus, lamellae and stipe, and context greenish; IN EXSICCATE 

vinaceous pink; SPORE DEPOSIT off-white, cream; EDIBILITY unknown; SMELL unpleasant, sweetish-fungoid; 

TASTE unpleasant, bitterish, or fungoid.  

BASIDIOSPORES [44, 2, 2] (7.6) 8.6–9.0 (10.0) × (4.5) 5.2–5.4 (6.1) µm, on average 8.8–5.3 µm, Q = (1.4) 

1.6–1.7 (1.9) [Qm = 1.7], ellipsoid to oblong in both side and face views, with inconspicuous, often 

imperceptible germ pore sometimes appearing only as a thinning of the apical spore wall, hyaline in 

NH4OH and H2O, dextrinoid, congophilous, cyanophilous, weakly metachromatic in Cresyl Blue without 

stronger reaction at site of germ pore; BASIDIA [7, 2, 2] (21.2) 24.5–29 (32.3) × (7.2) 8.4–10 (11.2) µm [x = 

26.7 × 9.2 µm], 4-spored, thin-walled, hyaline; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [17, 2, 2] (26.8) 38.4–

45.9 (57.6) × (7.8) 9.4–10.5 (12.1) µm, narrowly clavate or narrowly fusiform, usually with a mucronate, 

subcapitate, or less commonly rostrate apex with medial constrictions, 2–25 µm long, with grayish-brown 

intracellular pigment and some granulose contents; PLEUROCYSTIDIA absent; PILEUS COVERING scales 

composed of tightly packed, thick-walled, usually brown, inflated cylindrical, narrowly clavate, or narrowly 

fusiform hyphae (similar to the cheilocystidia) with a mixture of shorter clavate and cylindrical-ellipsoid 

elements, 25–90 × 5–18 µm; STIPITIPELLIS a cutis of narrowly cylindrical hyphae, 3.0–6.0 µm wide, with 

elements similar to the pileus covering present both above and below the annulus; CLAMP CONNECTIONS 

not observed. 

COMMENTS—Leucoagaricus meleagris is common in woodchips, growing in enormous cespitose clusters 

where the caps often overlap with each other, not finding enough room to expand. The species has an 

overall lighter coloration and larger scales than the similar Lepiota besseyi, and is smaller in overall size 

and has spores lacking a germ pore which separate it from La. americanus. Hawaiian collections are 

similar to other descriptions of La. meleagris with the exception of having a weaker metachromatic 
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reaction in Cresyl Blue, and not having longer elements in the pileus covering (e.g. Vellinga [2001] states 

up to 170 µm in length). 

After alignment and trimming, a contig of 687 basepairs with 100% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for collection JKS 90. A BLAST search revealed the top 5 matches 

by identity in GenBank to all be identified as La. meleagris with identities ranging from 98–100%. The 

next highest match by identity is 96% (HM488764.1). One collection identified as La. meleagris 

(GQ249888.1) from India may be misidentified as its identity match is only 95%. 
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Fig. 18 Leucoagaricus meleagris. A. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering. Scale bars: c = 10 μm; c, d = 20 μm; e = 50 μm. a, c, d from JKS 90, b, e from JKS 70. 
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Leucoagaricus sp. 1 

FIGURE 19a–e. 

COMMON NAME(S) Leucoagaricus exudate. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to gregarious, sometimes cespitose, 

in soil in lowland, wet, alien habitats; known from Oʻahu, Maui, Molokai, and Hawaiʻi Island; collected in 

January, July, and September–December.  

WORLD DISTRIBUTION Unknown beyond the Hawaiian Islands. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, N20°6'13.7", W155°35'45.3", 7 m elev. 11 

November 2016, coll. by J. K. Stallman (JKS 78); USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, N20°06'57.3" 

W155°35'22.1", 30 m elev. 31 July 2017, coll. by J.K. Stallman (JKS 119); USA. Hawaiʻi: Hawaiʻi, Waipiʻo 

Valley, N20°06'57.3" W155°35'22.1", 30 m elev. 21 October 2017, coll. by J.K. Stallman (JKS 153); USA. 

Hawaiʻi: Waipiʻo Valley, N20°06'57.3" W155°35'22.1", 30 m elev. 27 October 2017, coll. by J.K. Stallman, 

D.E. Hemmes and N. Nguyen (JKS 169; contaminated); USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley. 05 

December 2006, coll. by D.E. Hemmes and H. Hemmes (DEH 2658); USA. Hawaiʻi: Oʻahu, Mānoa Valley 

Trail. 01 January 2007, coll. by D.E. Hemmes, H. Hemmes, F. Spiegel, and M. Keirle (DEH 2664); USA. 

Hawaiʻi: Molokai, along road near Halawa. 04 January 2007, coll. by D.E. Hemmes, F. Spiegel, and M. 

Keirle (DEH 2669); USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley. 12 January 2009, coll. by D.E. Hemmes (DEH 

2787); USA. Hawaiʻi: Maui, Makamakaʻole Gulch. 10 January 1997, coll. by D.E. Hemmes (DEH 1445). 

PILEUS (20–) 30–40 (–50) mm broad, at first paraboloid to narrowly hemispherical, then convex, 

expanding to plano-convex or applanate in age, often with an uplifted margin and low umbo, covered in 

minute orangish-brown (4C5, 4C6, 6E6, 6D5) fibrils that are concentrated at the (usually) unbroken disc 

when young, but quickly becoming less frequent towards the margin even when young and cap 

unexpanded, and further becoming inconspicuous as cap expands, revealing more of the pale yellow to 

tan (3A2, 4A3, 4A4, 4B4, 5A2, 5A3) background; margin entire, non-striate, cap cuticle sometimes 

peeling back in age, always covered in small to medium sized droplets when young, usually persisting 
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into maturity, most commonly yellowish orange (3A5, 4A5), but varying to deep red, leaving darker areas 

than the lighter pileus surface once dried (6E4, 6D5); CONTEXT relatively thin, white, unchanging; 

LAMELLAE L = 72 , l = 1-5, close, free, ventricose, up to 4 mm broad, white to cream; STIPE (20–) 30–40 (–

50) × 2–5 mm, cylindrical, equal to subbulbous, pale yellow to tan (3B2, 5A4) as pileus, sometimes with 

orangish brown scales like those on pileus at base, otherwise glabrous and covered in droplets as the 

pileus that also discolor the stipe where dried; CONTEXT white to cream, unchanging; BASAL TOMENTUM 

present, white; PSEUDORHIZOMORPHS present, white, adhering to soil substrate; ANNULUS membranous, 

superior, evanescent, white above and brownish underneath; IN EXSICCATE orange-brown (6C5–6C7); 

SPORE DEPOSIT white; EDIBILITY unknown; ODOR none to citrus; TASTE none to mildly fungal. 

BASIDIOSPORES [40, 2, 2] (4.3) 4.8–5.0 (5.5) × (3.0) 3.3–3.5 (3.9) µm [x = 4.9–3.4 µm], Q = (1.2) 1.4–1.5 

(1.7) [Qm = 1.5], broadly ellipsoid to oblong, generally ellipsoid, often with a straighter adaxial side and 

convex abaxial side, usually with a single gluttule, lacking a germ pore, hyaline in NH4OH and H2O, 

dextrinoid, congophilous, cyanophilic and metachromatic in Cresyl Blue; BASIDIA [26, 5, 2] (14.2) 17.5–

19.1 (22.4) × (5.9) 6.8–7.2 (8) μm, [x = 18.3 × 7.0 μm], thin-walled, hyaline, clavate, with 4 (to 

occasionally 2) sterigmata; CHEILOCYSTIDIA [23, 5, 2] (17.6) 24.9–28.7 (36) × (4.2) 6.7–8.0 (10.4) μm, [x = 

26.8 × 7 μm] thin-walled, hyaline, narrowly clavate, less often irregularly clavate with medial extension or 

inflated cylindrical with flexuose wall; PILEUS COVERING scales an intricate to irregular trichoderm of mostly 

ascending, inflated cylindrical, hyaline to golden hyphae with primarily intracellular pigment in septate 

chains with some basal branching elements; terminal elements inflated cylindrical, less-commonly with a 

tapering apex, or narrowly clavate, 18–55 (71) × 4–8 μm; STIPITIPELLIS a cutis of narrowly cylindrical 

hyaline hyphae 3–6 μm wide with elements as in the pileus covering commonly present below annular 

zone, less common above; ANNULUS composed of tightly interwoven hyaline hyphae with elements of the 

pileus covering present; CLAMP CONNECTIONS not observed.  

COMMENTS—Leucoagaricus sp. 1 is locally common in soil in wet, lowland valleys dominated by alien 

vegetation, particularly Waipiʻo Valley on Hawaiʻi Island. This species is easily recognized by yellow to red 

(usually orange) exudate droplets that accumulate on the pileus and stipe, which when dry, leave a mark 
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on the mushroom’s surface darker than the rest of the underlying fruiting body. Other features are an 

evanescent annulus, white rhizomorphs at the stipe’s attachment to the substrate that usually contrast 

well against the dark soil it grows in, and often an odor of citrus. 

After alignment and trimming, a contig of 683 basepairs and 99.7% of nucleotides with at least a Phred 

score of 20 of the nrITS was produced for one collection (JKS 119) and a contig of 669 base pairs with 

99.6% of bases with at least a Phred score of 20 was produced for a second collection (JKS 78). A 

BLAST search shows the highest match for both sequences by identity at 90% (GU136203). 
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Fig. 19 Leucoagaricus sp. 1. A. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering. Scale bars: c = 10 μm; c, d = 20 μm; e = 50 μm. a, b from JKS 153; c–e from JKS 119. 
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Leucoagaricus sp. 2 

FIGURE 20a–e. 

COMMON NAME Leucoagaricus small red bruiser. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to gregarious in soil and Casuarina 

equisetifolia duff in lowland, wet, alien habitats; known from South Hilo and Puna Districts of Hawaiʻi 

Island; collected in July, August, September, October, and December. 

WORLD DISTRIBUTION Unknown beyond the Hawaiian Islands. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hawai Hilo Botanical Garden, 

N19°42'10.3" W155°4'55.8" 47 m elev. 16 September 2016, coll. by J. K. Stallman (JKS 60); USA. 

Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'49.4" W154°53'23.6" 5 m elev. 17 

September 2016, coll. by J. K. Stallman (JKS 62); USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation 

Area, N19°26'49.4" W154°53'23.6" 5 m elev. 17 September 2016, coll. by J. K. Stallman (JKS 63); USA. 

Hawaiʻi: Hawaiʻi, Hilo, University of Hawaiʻi Hilo Botanical Garden, N19°42'10.3" W155°4'55.8" 47 m elev. 

24 September 2016, coll. by J. K. Stallman (JKS 68); USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation 

Area, N19°26'49.4" W154°53'23.6" 5 m elev. 09 December 2016, coll. by J. K. Stallman (JKS 84); USA. 

Hawaiʻi: Hawaiʻi, Hilo, Anthurium shadehouse, 21 July 2017, coll. by J. K. Stallman (JKS 99); USA. 

Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'49.4" W154°53'23.6" 5 m elev. 23 July 2017, 

coll. by J. K. Stallman (JKS 107); USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'49.4" 

W154°53'23.6" 5 m elev. 23 August 2017, coll. by J. K. Stallman (JKS 134); USA. Hawaiʻi: Hawaiʻi, 

MacKenzie State Recreation Area, N19°26'49.4" W154°53'23.6" 5 m elev. 23 September 2017, coll. by J. 

K. Stallman (JKS 145); USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'49.4" 

W154°53'23.6" 5 m elev. 18 October 2017, coll. by J. K. Stallman (JKS 149). 

PILEUS (5) 10–25 (35) mm broad, hemispherical when young, expanding to plano-convex, then plane, 

sometimes with an uplifted margin, wavy cap, and low broad umbo in maturity, dry, appearing glabrous 

but with minute brown fibers (lens), oriented radially towards margin from unbroken disc, and less 
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frequent at margin, disc light brown (5B3, 6D4, 6E5) gradually grading to white/off-white (4A1–4A2) at 

margin, margin inflexed when young, deflexed to straight in age, entire to appendiculate in young and/or 

pristine specimens but remnants quickly disappearing; CONTEXT thin (usually 1 but up to 4 mm) white to 

cream, staining red (8C6, 10C8) fading to purple (10F7) or brown (9F7), generally staining stronger near 

surface than interior; LAMELLAE L = 44, l = 1–2, narrowly free, close to crowded, ventricose to 

subventricose, up to 3 mm broad, white to cream, not bruising red, or less so than rest of fruiting body; 

STIPE (10) 20–30 (50) mm × 1–3 mm (4 at base) equal to slightly tapering upwards, white to cream, 

appearing glabrous but covered in white hyphal strands generally parallel to the stipe, hyphal strands 

bruising deep red as pileus; CONTEXT cream to gelatinous/translucent, thin, hollow to stuffed with 

longitudinal white hyphae; subbulbous base fleshy with light brown interior, unchanging except on or near 

surface ATTACHMENT TO SUBSTRATE subbulbous to equal; BASAL TOMENTUM generally present, also bruising 

red; PSEUDORHIZOMORPHS generally present, white, also bruising red; ANNULUS evanescent, cottony to 

cortina-like, often with inconspicuous remnants midway to slightly above midpoint of stipe; IN EXSICCATE 

pileus and stipe reddish/pinkish brown (10B2–D2), gills (10B3–D3); KOH darkening pileus (8D2) and 

lamellae (8E3); NH4OH turning lamellae pinkish brown (9B3, 9C4, 9E4, 9E5), stipe and pileus less 

strongly (9B2, 9D2, 9D3) over 15 seconds, then slowly turning brown over time; EDIBILITY unknown; ODOR 

indistinct to mildly fungal, sweet; TASTE indistinct to mildly fungal.  

BASIDIOSPORES [32, 2, 2] (5.1) 5.7–6.0 (6.6) × (3.1) 3.5–3.6 (4) µm [x = 5.8 × 3.6 µm], Q = (1.4) 1.6–1.7 

(1.9) [Qm = 1.6], ellipsoid to oblong in side view, ellipsoid to subcylindrical in face view, lacking a germ 

pore, hyaline in NH4OH and H2O, dextrinoid, congophilous, cyanophilic, metachromatic in Cresyl Blue, 

usually with a single gluttule; BASIDIA [18, 3, 3] (13.4) 20.1–24.2 (30.9) × (5.1) 6.0–6.6 (7.6) μm, [x = 22.2 

× 6.3 μm], thin-walled, hyaline, clavate, 4-spored with 2-spored examples present; CHEILOCYSTIDIA [13, 1, 

3] (26) 33.5–39 (46.5) × (8.9) 10.8–12.2 (14) μm, [x = 37.4 × 6.5 μm] variable, primarily lageniform or 

broadly lageniform with rostrate apex up to 27 μm long, sometimes subcapitate, less commonly ellipsoid 

without apical extension or sublecythiform, hyaline; PILEIPELLIS an intricate trichoderm of hyaline and 

golden, inflated cylindrical elements, terminal cells 30–160 µm in length (50–90 µm on average), 

occasionally with mucronate tips; STIPITIPELLIS a cutis of white and golden cylindrical hyphae 2.0–7.0 µm 
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wide with tufts of inflated cylindrical hyphae similar in appearance to the pileus covering. Clamp 

connections not observed.  

COMMENTS—Leucoagaricus sp. 2 is common in soil and coastal Casuarina equisetifolia duff in the Puna 

and South Hilo Districts of Hawaiʻi Island. This small mushroom is recognized by its small size, white 

coloration except for the darker disc, cortina-like partial veil, and all exterior tissues (less extremely in the 

gills) that bruise bright red on handling. The species is fragile, often breaking apart if needing to be lifted 

out of Casuarina equisetifolia duff, and microscopically has abundant, large lageniform cheilocystidia. 

After alignment and trimming, a contig of 691 basepairs and 100% of nucleotides with at least a Phred 

score of 20 of the nrITS was produced for one collection (JKS 60) and a contig of 637 base pairs with 

99.1% of bases with at least a Phred score of 20 was produced for a second collection (JKS 63). A 

BLAST search shows the highest match for both sequences by identity at 85.1% and 84.9% (KY680784). 
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Fig. 20 Leucoagaricus sp. 2. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering. Scale bars: c = 10 μm; c, d = 20 μm; e = 50 μm. a from JKS 84; b, e from JKS 145; c, d from 

JKS 99. 
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Leucoagaricus sp. 3 

FIGURE 21.  

COMMON NAME Leucoagaricus large red bruiser. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered and partially buried in duff under 

coastal Casuarina equisetifolia in wet, lowland, alien habitats; currently known only from a single 

collection at MacKenzie State Recreation Area; collected in November. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'49.4" 

W154°53'23.6" 5 m elev. 15 November 2017, coll. by J.K. Stallman (JKS 176). 

PILEUS (15) 22–40 (55) mm broad, convex while expanding (no young specimens present) to 

planoconvex/applanate in age; margin eroded, cuticle pulling back from margin; dry, disc covered by 

minute brown fibrils (8F3 to 8D3), breaking up into fine appressed scales, appearing as cracks all the way 

to the margin but less frequently near margin, revealing underlying white/off-white background; injured 

areas on surface staining blood red (close to 10D7) fading to pink/warm brown over time; circular light 

pink stains present (from rain drops?); CONTEXT fleshy, white, unchanging; LAMELLAE L = , l = 0–2, free, 

distant, white to cream, ventricose, edge entire, edge of gill sometimes irregularly darkening (brownish) 

compared with rest of gill, up to 4 mm broad; in exsiccate with clear dark brown marks along lamellar 

edge; STIPE 35–75 (110) mm × 1–3 (apex) or 3–5 (base) mm tapering upward with horizontally oriented 

superficial (can be easily rubbed off) fibers concolorous with those on pileus over white/off-white surface 

that stains red as pileus, both above and below annulus, but not at apex; CONTEXT hollow but with white to 

cream flesh on either side (up to 2 mm thick at base), unchanging; ANNULUS superior, persistent, 

membranous, margin flaring up or sagging down (not clasped to stipe) bruising red as other exterior 

tissues; KOH and NH4OH vapors not producing color changes in tissues; EDIBILITY unknown; ODOR mild; 

TASTE unknown. 
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BASIDIOSPORES (37, 2, 1] (5.6) 6.5–6.8 (7.6) × (3.5) 3.9–4.1 (4.4) µm [x = 6.6–4.0 µm], Q = (1.4) 1.6–1.7 

(1.9) [Qm = 1.7]; ellipsoid to oblong to amygdaloid in side view and ellipsoid to oblong in face view, 

hyaline in H2O and NH4OH, without a germ pore, dextrinoid, congophilous, cyanophilic, and 

metachromatic in Cresyl Blue; BASIDIA (3, 2, 1] 20.0–25.6 × 7.0–8.2 μm, thin-walled, hyaline, clavate, with 

sterigmata, difficult to recover; CHEILOCYSTIDIA [16, 2, 1] (15.8) 44.6–63.7 (92.5) × (3.8) 7–9.1 (12.2) μm, 

long inflated cylindrical, thin to slightly thick-walled, hyaline in NH4OH with brown, generally apical 

excrescence/crystals sometimes leading to a truncate apex, not visible in Congo Red, in clumps; PILEUS 

COVERING scales of inflated cylindrical elements with encrustations similar to the cheilocystidia, but 

potentially longer, to 120 µm; STIPITIPELLIS a cutis of hyaline, narrowly cylindrical hyphae 2–6 µm wide, 

with scattered clumps of caulocystidia resembling the cystidia and pileus covering; CLAMP CONNECTIONS 

not observed.  

COMMENTS—Leucoagaricus sp. 3 is known from a single collection at MacKenzie State Recreation Area 

despite its large size, gregarious growth habit, and extensive collecting near the area of this collection. It 

is characterized by its medium to large fruiting bodies that bruise red, do not react in NH4OH fumes or 

KOH, and minute, appressed scales (compared with La. meleagris and La. Americanus). The six 

mushrooms constituting this collection did not have representative samples of immature/developing fruit-

bodies. Colors were examined 4 hours after collection on return to laboratory, and it is noted that the red 

bruising rubbed off onto fingers/paper. 

After alignment and trimming, a contig of 718 basepairs and 99.4% of nucleotides with at least a Phred 

score of 20 of the nrITS was produced (JKS 176). A BLAST search shows the highest match by identity 

to be a Leucoagaricus sp. with only 89.3% of identical sites (AY243637). 
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Fig. 21 Leucoagaricus sp. 3. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering. Scale bars: c = 10 μm; c, d = 20 μm; e = 50 μm. a–e from JKS 176. 
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Leucoagaricus sp. 4 

FIGURES 22a–f.  

COMMON NAME(S) Leucoagaricus tiny Kalōpā. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered in soil in a wet, alien, lowland forest 

(although at 720m elevation and native Metrosideros and Psychotria intermingled with nonnative 

Eucalyptus, Psidium, and Fraxinus); currently known only from Kalōpā State Recreation Area; collected in 

August and October. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Kalōpā State Recreation Area, along Jeep trail, N20°01'55.3" 

W155°26'39.7" 720 m elev. 27 October 2017, coll. by D.E. Hemmes, Nhu Nguyen, and J.K. Stallman 

(JKS 165). 

PILEUS (5) 7–10 (15) mm broad, at first broadly parabaloid to hemispherical, becoming plano-convex to 

applanate in age, often with an uplifted margin, covered in tiny brownish red (8E3–7E4) appressed fibrils, 

generally radially oriented that cover the majority of the pileus when young except the margin, then break 

up as the cap expands leaving only an unbroken disc and gradually less fibrils towards the margin 

revealing the off-white context beneath; dry, non-hygrophanous; CONTEXT thin (< .5 mm), white, 

unchanging; LAMELLAE, L = 28, l = 1 free, subdistant, ventricose, margin entire, up to 2 mm broad, 

generally 1 mm or less; white when young, becoming cream, then grey (23E1, 23F1, 23F2) in age, on 

desiccation light blue (23B4) or bright green (25C7), but usually a greyish blue (23D4/5, 23F4/5); STIPE 

10–20 mm × .5–1 mm cylindrical, usually equal, sometimes slightly tapering upward from a subbulbous 

base, covered in white, mostly appressed hyphae oriented parallel to the stipe below annular zone, 

appearing glabrous above this zone; stipe white (hyphal covering) over an off-white/tan background; 

CONTEXT thin, off-white, sometimes bruising bluish; ANNULUS absent; basal tomentum present and 

sometimes bruising bluish, sparse white pseudorhizomorphs generally present. KOH and NH4OH on the 
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pileus and lamellae do not exhibit significant color changes; SPORE DEPOSIT unknown; EDIBILITY unknown; 

ODOR none detected; TASTE unknown. 

BASIDIOSPORES [31, 2, 1] (5.1) 5.6–5.8 (6.3) × (3) 3.4–3.5 (3.9) µm [x = 5.7–3.5 µm], Q = (1.4) 1.6–1.7 

(1.9); [Qm = 1.7]; ellipsoid to oblong, less commonly amygdaliform, hyaline in NH4OH and H2O, dextrinoid 

(usually weakly), congophilous, cyanophilic and metachromatic in Cresyl Blue; BASIDIA [9, 2, 1] 16.5– 25.3 

× 6.1–8.7 μm, [x = 21.7 × 7.2 μm] thin-walled, hyaline, clavate, with 4, or less-commonly 2 sterigmata; 

CHEILOCYSTIDIA [22, 2, 1] 13.6–36.9 × 6.1–12.6 μm [x = 24.7 × 9.9 μm] thin-walled, hyaline, narrowly 

clavate or clavate; PILEUS COVERING a cutis of inflated cylindrical hyphae with uncommon shorter 

branching elements and some areas of erect hyphae, terminal elements inflated cylindrical to 

uncommonly clavate, 16–56 long by 5–13 μm wide; STIPITIPELLIS a cutis of narrowly cylindrical hyphae 2–

6 μm wide; CLAMP CONNECTIONS not observed. 

COMMENTS—La. sp. 4 is a small, inconspicuous mushroom that appears to be quite uninteresting until it 

starts to desiccate, when first the gills, then the entire mushroom turn a blue-grey color. The mushroom is 

currently only known from Kalōpā State Recreation Area where it fruited with great abundance one 

weekend in October with hundreds of fruit-bodies present. The following weekend the same area was 

explored and all mushrooms were completely gone. Besides its coloration, other defining features are its 

small size, lack of (or extremely evanescent) annulus, habitat, and pileus covering of mostly adnate 

hyphae. 

After alignment and trimming, a contig of 693 basepairs and 99.9% of nucleotides with at least a Phred 

score of 20 of the nrITS was produced for one collection (JKS 165). A BLAST search shows the highest 

match by identity is 84% (KY258658). 
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Fig. 22 Leucoagaricus sp. 4. a, b. Basidioma. c. Basidiospores. d. Basidia. e. Cheilocystidia. f. Pileus 

covering. Scale bars: c = 10 μm; d, e = 20 μm; f = 50 μm. a–f from JKS 165. 
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Leucoagaricus sp. 5 

FIGURE 23a–e. 

COMMON NAME Leucoagaricus yellow bruising blue 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Solitary on soil or wood in wet, alien, lowland 

habitats; currently known only from Waipiʻo Valley; collected in October. 

WORLD DISTRIBUTION Hawaiʻi and Florida. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, N20°07'01.6" W155°35'20.8" 5 m elev. 27 

October 2017, coll. by D.E. Hemmes, Nhu Nguyen, and J. K. Stallman (JKS 164).  

PILEUS 32–40 mm broad, hemispherical to convex, uniformly yellow (3B4-3B6, 2B4, 2A5), appearing 

glabrous, margin aspect straight, entire to eroded, weakly striate; non-hygrophanous, dry; CONTEXT up to 

4 mm thick at apex, light yellow; LAMELLAE L = 40 , l= 1-2, close, free, subarcuate to ventricose, up to 5 

mm broad, appearing thick, concolorous with pileus, but turning greenish grey (26E3, 27E4) upon 

handling; STIPE 40 mm × 2 mm (–4 at base), equal with a subbulbous base, appearing glabrous but 

covered in tiny yellow fibers (lens) concolorous with pileus; CONTEXT concolorous with exterior, somewhat 

gelatinous, hollow; ANNULUS not observed; NH4OH vapors having no effect on colors of basidiocarp; IN 

EXSICCATE greyish green (2D2), greyish black (2F2), or darker; SPORE DEPOSIT unknown; EDIBILITY 

unknown; ODOR mild; TASTE unknown. 

BASIDIOSPORES [39, 2, 1] (5.6) 5.9–6.0 (6.4) × (3.6) 3.8–3.9 (4.2) µm [x = 6.0–3.9 µm], Q = (1.4) 1.5–1.6 

(1.7) [Qm = 1.5]; ellipsoid to amygdaliform in side view, ellipsoid, oblong, or amygdaliform in face view 

with truncate apex and germ pore up to 1 µm wide without hyaline cap extending beyond spore wall, 

usually with a single gluttule, hyaline in NH4OH and H2O, dextrinoid (often weakly), congophilous, 

cyanophilic, not to weakly metachromatic in Cresyl Blue lacking intenser pink coloration at germ pore site; 

BASIDIA [17, 2, 1] (18.9) 22.9–25.5 (29.6) × (6.4) 7.4–8 (9) μm, [x = 24.2 × 7.7 μm], narrowly clavate to 

clavate, thin-walled, hyaline with 4 (sometimes 2) sterigmata; CHEILOCYSTIDIA [13, 2, 1] (25.3) 34.1–40.9 

(49.7) × (7.8) 10–11.7 (14) μm [x = 37.5 × 10.9 μm], narrowly clavate to clavate with an inflated cylindrical 
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to subcapitate or capitate apical extension up to 11 μm in length, less commonly subfusiform in 

appearance due to broader apical extension narrowing to rounded apex, thin-walled, hyaline; PILEUS 

COVERING hard to discern; appearing as a thin layer of repent cylindrical to inflated cylindrical hyaline to 

golden hyphae, terminal elements inflated cylindrical or narrowly clavate, 20–80 × 4–7 μm; STIPITIPELLIS a 

cutis of narrowly cylindrical hyaline to golden hyphae 3–7 μm wide without additional ornamentation 

observed CLAMP CONNECTIONS not observed.  

COMMENTS—Leucoagaricus sp. 5 is only known from Waipiʻo Valley where a single collection of two 

heavily rained on fruiting bodies was made. At this time it is unclear if the rain washed away 

distinguishing features of an annulus, or pileus or stipe ornamentation. Despite extensive search of the 

area on other days, no more specimens have been found. It is easily recognized by its yellow coloration 

and discoloring of the gills to greenish colors upon injury.  

After alignment and trimming, a contig of 708 basepairs with 99.9% of nucleotides with at least a Phred 

score of 20 of the nrITS was produced. A BLAST search shows a 100% match by identity with an 

unidentified Leucoagaricus sp. collected in Gainesville, Florida. The collector provided a photograph of 

the Florida specimens which look similar to the Hawaiian collection except have an intact brown pileus 

covering remaining unbroken at the disc and otherwise breaking into large, long, radially oriented strips of 

fibrils revealing the yellow context below. Specimens with intact pileus covering should be examined to 

verify the microscopic features of these cells. 
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Fig. 23 Leucoagaricus sp. 5. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. Scale bars: b = 

10 μm; c, d = 20 μm; a–d from JKS 164. 
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Leucoagaricus sp. 6 

FIGURE 24a–e. 

COMMON NAME Leucoagaricus plain old. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Singly in wet, lowland, alien (Casuarina 

equisetifolia) environments; known from a single collection at MacKenzie State Recreation Area; collected 

in December. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'49.4" 

W154°53'23.6" 5 m elev. 09 December 2016, coll. by J.K. Stallman (JKS 85).  

PILEUS 20 mm in diameter, plane in maturity with a very low umbo, disc unbroken warm brown (9E3), with 

the remainder of pileus covering breaking into appressed fibrils with slightly lighter coloration than disc 

(8C2) over a white background, covering breaking in the pattern of spokes of a wheel radiating from disc, 

with some fibrils reaching near the margin (but never all the way), and other areas withdrawn so that 

white background of cap visible near disc; margin aspect straight; CONTEXT thin (1–2 mm), white, 

unchanging; LAMELLAE L = 76, l = 1–3, free, close to crowded, ventricose with even edge, up to 10 mm 

broad, white; STIPE 45 mm × 2–3 mm, equal (base damaged on collection), appearing glabrous, uniformly 

tan/off-white (7B2); CONTEXT white, stuffed with longitudinal white hyphae; ANNULUS present, fragile, 

membranous, superior, ascending with margin slightly eroded and turned down darker than rest of 

annulus which is otherwise white; SPORE DEPOSIT unknown; EDIBILITY unknown; ODOR indistinct; TASTE 

unknown.  

BASIDIOPORES [32, 1, 1] (6.3) 7.0–7.3 (8.0) × (3.8) 4.2–4.4 (4.8) μm [x =7.1 × 4.3 μm]; Q = (1.4) 1.6–1.7 

(1.9) [Qm = 1.7], narrowly amygdaliform with an acute apex, or ellipsoid to subcylindrical, often with 

straighter adaxial side and convex abaxial side with an apical papilla and thinning of the spore wall at 

papilla in side view, oblong, subfusiform, or sublimoniform in face view, with one to two gluttules, hyaline 

in H2O and NH4OH, dextrinoid, and weakly metachromatic in Cresyl Blue; BASIDIA [2, 1, 1] (18.1) 19–23.4 
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(24.3) × (4.7) 5.7–10.6 (11.6) 4-spored, clavate, difficult to visualize, firmly embedded in subhymenium; 

LAMELLA-EDGE sterile; CHEILOCYSTIDIA [14, 1, 1] (14.9) 24–31 (40.1) × (5.7) 8.1–9.9 (12.3) narrowly clavate 

to clavate, less commonly broadly clavate or ellipsoid, thin-walled, hyaline; PLEUROCYSTIDIA absent; PILEUS 

COVERING an interwoven cutis of cylindrical to inflated cylindrical hyaline and light brown hyphae, terminal 

elements inflated cylindrical, sometimes with a tapering, rounded apex, less commonly clavate, 20–100 × 

5–10 µm; STIPITIPELLIS a cutis of narrowly cylindrical hyaline to light brown hyphae, additional stipe 

covering undetermined; CLAMP CONNECTIONS absent. 

COMMENTS—Leucoagaricus sp. 6 is known from a single collection of one mature fruiting body (with a 

damaged stipe base) at MacKenzie State Recreation Area. Despite extensive collecting in this area, more 

specimens were not found and a more detailed description cannot be given. Despite lacking strong colors 

or other clearly unique macromorphological features, La. sp. 5 is distinctive from its tall, regal stature, 

drab coloration, presence of an annulus, and pileal fibrils that do not form scales. Micromorphologically it 

resembles La. sp.11 with its pileus covering of adnate hyphae in chains and amygdaliform spores with an 

apical papilla/tapering apical point, but it is clearly separated from this species by its non-striate pileus, 

lack of variation in cheilocystidia shapes, and scales that stay adhering to the pileus instead of uplifting 

into recurved elements.  

After alignment and trimming, a contig of 679 basepairs with 100% of nucleotides with at least a Phred 

score of 20 of the nrITS was produced. A BLAST search shows the top 10 best matches by identity in 

GenBank have only 87.0% - 83.3% identical sites. 
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Fig. 24 Leucoagaricus sp. 6. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; e= 50 μm. a–e from JKS 85. 
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Leucoagaricus sp. 7 

FIGURE 25a–e. 

COMMON NAME Leucoagaricus native ground. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Growing singly on soil in wet, montane, native 

forest; currently known only from Volcano Art Center Trail; collected in August. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Volcano Art Center Natural Trail, N19°25'35.0", 

W155°14'21.7", 1157 m elev. 12 August 2018, coll. by J.K. Stallman (JKS 194).  

PILEUS 25 mm broad, planoconvex to plane in age, with a shallow depression surrounding disc leading to 

appearance of umbo, pileus completely covered in white downy hairs exceeding the margin over a white 

background; margin aspect straight, shape entire; CONTEXT thin; LAMELLAE, L = 50, l = 0–1 free, close to 

subdistant, subventricose, white; STIPE 35 × 3 mm, cylindrical and equal to slightly tapering upwards, 

white, and completely covered in downy fibers as pileus except for the upper most part of stipe, fibers 

aggregating into larger clumps near base; ANNULUS as zone only; pseudorhizomorphs present, white, 

inconspicuous; SPORE DEPOSIT unknown; EDIBILITY unknown; ODOR unknown; TASTE unknown. 

BASIDIOSPORES [27, 1, 1] (5.9) 6.5–6.8 (7.5) × (3.0) 3.3–3.4 (3.7) µm [x = 6.7–3.3 µm], Q = (1.7) 2.0–2.1 

(2.3) [Qm = 2.0]; oblong to cylindrical in side view, often with a mild suprahilar depression and narrowing 

towards the distal end (penguin-shaped), oblong in face view, hyaline in H2O and NH4OH, dextrinoid, 

congophilous, weakly cyanophilic to cyanophilic and non-metachromatic in Cresyl Blue, germ pore 

absent, usually with a single gluttule, BASIDIA [10, 1, 1] (15.6) 17.5–19.3 (21.2) × (5.6) 6.2–6.8 (7.5) µm 

[x= 18.4 × 6.5 µm]; narrowly clavate to clavate, hyaline, thin-walled, 4-spored; LAMELLA-EDGE sterile; 

CHEILOCYSTIDIA [10, 1, 1] (18.5) 25.2–31.3 (38.0) × (5.6) 8.6–11.4 (14.4) µm [x= 28.3 × 10.0 µm], hyaline, 

thin-walled, ellipsoid to clavate; PLEUROCYSTIDIA not observed; PILEUS COVERING an intricate to collapsed 

trichoderm of long, ascending and adnate inflated cylindrical elements, hyaline, unclamped, 6–12 µm 

wide by up to 120 µm long; STIPITIPELLIS a cutis of narrowly cylindrical hyaline hyphae 2–6 µm wide 
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covered by elements similar to the pileus covering that also include narrower (2.5 µm), non-inflated 

branching cylindrical hyphae with thick walls; CLAMP CONNECTIONS not observed. 

COMMENTS—Only one individual of Leucoagaricus sp. 7 has been found on a single occasion. Currently it 

is characterized by its pure white coloration, lack of an annulus, and pileus covering without clavate 

elements (separating it from La. sp. 11 which grows in similar habitats, although has only been found on 

Cibotium spp., not on the ground). 

After alignment and trimming, a contig of 688 basepairs with 99.6% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced. A BLAST search revealed the top match by identity in GenBank to 

be La. serenus with a 92% identity (AY176420.1). 
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Fig. 25 Leucoagaricus sp. 7. a, b. Basidioma. c. Basidiospores. d. Basidia. e. Cheilocystidia. f. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; e= 50 μm. a–f from JKS 194. 
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Leucoagaricus sp. 8 

FIGURE 26a–f. 

COMMON NAME Leucoagaricus brown Mackenzie. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Singly in wet, lowland, alien habitat near ocean 

under Casuarina equisetifolia; currently only known from MacKenzie State Recreation Area; collected in 

October. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'10.2" 

W154°51'57.0", 17 October 2018, coll. by J.K. Stallman (JKS 200). 

PILEUS 25 mm broad, planoconvex, disc dark brown and unbroken, area around disc lighter brown and 

cuticle breaking into small brown scales over a warm brown, grading to off-white background (lighter 

closer to margin), margin with whitish partial veil fibers attached to and exceeding margin; LAMELLAE L = 

80, l = 1–3, free, white; STIPE 30 × 4 mm, cylindrical, equal with subfusiform base, covered in brownish 

fibers lessening or absent at very apex and base of stipe, apex off-white, base white (basal tomentum), 

ANNULUS somewhat membranous, upper surface whitish, lower surface brownish as the pileus scales; 

SPORE DEPOSIT unknown; EDIBILITY unknown; ODOR indistinct; TASTE unknown. 

BASIDIOSPORES [38, 1, 1] (5.7) 6.2–6.4 (7.0) × (3.4) 3.7–3.8 (4.0) µm [x = 5.5–3.4 µm], Q = (1.5) 1.7–1.8 

(1.9) [Qm = 1.7], oblong in side-view, oblong to cylindrical in face, lacking a conspicuous germ pore, 

usually with a single gluttule, hyaline in H2O and NH4OH, not to weakly dextrinoid (over 50% of spores not 

reacting), weakly congophilous (approximately 60% of spores not absorbing reagent into wall), weakly 

cyanophilic and metachromatic Cresyl Blue; BASIDIA [10, 1, 1] (18.7) 21.5–24.2 (27.0) × (6.6) 7.4–8.2 (9.0) 

µm, on [x = 22.9 × 7.8 µm], thin-walled, hyaline, 4-spored; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [6, 1, 1] 

(27.9) 32.6–39.1 (43.8) × (12.2) 15.3–19.6 (22.7) µm [x = 35.9 × 17.4 µm], clavate to broadly clavate, less 

commonly subconical or broadly subfusiform, thin-walled, hyaline; PLEUROCYSTIDIA not observed; PILEUS 

COVERING composed of inflated cylindrical adnate and erect (particularly at scales), septate hyphae in 
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chains with smooth, non-flexuose walls, with brownish intracellular pigment, less commonly branching 

and shorter globose elements (appx. 15 × 25 µm) interspersed, terminal elements inflated cylindrical, 

sometimes with tapering end, 35–100 × 7–15 µm (usually appx. 50 µm in length); STIPITIPELLIS narrowly 

cylindrical hyaline to golden hyphae 4–8 µm wide with covering of adnate and erect elements as on the 

pileus below the annulus, these elements rare to absent above the annulus; PARTIAL VEIL composed of 

hyaline, tightly interwoven long cylindrical hyphae with elements resembling the pileus covering; CLAMP 

CONNECTIONS absent. 

COMMENTS—Leucoagaricus sp. 8 has only been found on one occasion with the collection consisting of a 

single fruiting body at MacKenzie State Recreation Area under Casuarina equisetifolia. Macroscopically it 

is unique with predominant brown coloration of the dark brown disc, brown scales and a light brownish 

coloration under these scales and on the stipe. The brownish stipe coloration and lack of a tall, slender 

stature distinguishes it from Leucoagaricus sp. 6, a lack of clamp connections and having an annulus 

eliminates Lepiota sp. 1, and its smaller size and smaller spores without a germ pore (among other 

features) distinguish it from Lepiota besseyi.  

Leucoagaricus sp. 8 was found at a late date after the molecular portion of this project was completed, 

and its nrITS region has not been amplified, sequenced, and analyzed. 
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Fig. 26 Leucoagaricus sp. 8. a, b. Basidioma. c. Basidiospores. d. Basidia. e. Cheilocystidia. f. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; e= 50 μm. a–f from JKS 200. 
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Leucoagaricus sp. 9 

FIGURE 27a–e. 

COMMON NAME Leucoagaricus red coloration. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered under coastal Casuarina equisetifolia 

growing in black sand in wet, lowland, alien habitats; currently only known from Waipiʻo Valley on Hawaiʻi 

Island; collected in October and November. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, along road to beach. 21 October 2017, coll. 

by J. K. Stallman (JKS 154); USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, under Casuarina at beach, 27 October 

2017, coll. by D.E. Hemmes, N. Nguyen, and J. K. Stallman (JKS 159); USA. Hawaiʻi: Hawaiʻi, Waipiʻo 

Valley, under Casuarina at beach, 18 November 2017, coll. by D.E. Hemmes and J. K. Stallman (JKS 

191); USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, under Casuarina at beach, 12 January 2009, coll. by D.E. 

Hemmes (DEH 2785). 

PILEUS 11–30 mm broad, at first paraboloid, becoming convex and sometimes applanate with uplifted 

margin in age, sometimes with a low umbo; pileus covering uniformly orange or red when young (8C7, 

8B6, 8B5), covering quickly breaking into small, appressed to (less-commonly) uplifted radially-oriented 

fibrils over a white background, fibrils less common towards margin, but covering most of pileus and disc 

remaining unbroken, margin striate, often eroded, aspect straight; CONTEXT thin, fragile, white, 

unchanging; LAMELLAE L = 104, l = 1–4, free and distant, close, white to off-white, subventricose to 

ventricose with entire margin, up to 2 mm broad; STIPE 35–50 mm × 2–4 (5 at base) mm, cylindrical, 

tapering upward, appearing glabrous, white to off-white, slightly enlarged to subbulbous base; CONTEXT 

thin, hollow, white to hyaline, unchanging; BASAL TOMENTUM absent; PSEUDORHIZOMORPHS absent; 

ANNULUS present, superior, delicate tissue-like, often with skirt grasping stipe and top flaring upwards, or 

absent (evanescent); SPORE DEPOSIT white to cream; EDIBILITY unknown ODOR indistinct; TASTE indistinct. 
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BASIDIOSPORES [46, 2, 2] (5.5) 6.0- 6.2 (6.7) × (3.2) 3.5–3.6 (3.9) µm [x = 6.1 × 3.5 µm], Q = (1.5) 1.7–1.8 

(2.0) [Qm = 1.7], amygdaliform in side view, less commonly ellipsoid or oblong; oblong to subfusiform-

amygdaloid in face view, lacking a germ pore (although sometimes thinning of the distal wall appears as 

germ pore), hyaline in NH4OH and H2O, dextrinoid, weakly cyanophilic and non-metachromatic in Cresyl 

Blue, usually with a single gluttule; BASIDIA [11, 2, 2] (14.4) 18.4–21.8 (25.8) × (5.5) 6.5–7.4 (8.5) μm, [x = 

20.1 × 7 µm] thin-walled, hyaline, clavate, with 4 sterigmata; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [21, 2, 

2] (20.2) 28.3–32.7 (40.8) × (4.8) 7.5–9.1 (11.9) μm [x = 30.5 × 8.3 µm], Q = (3.1) 3.5–9.1 (10.8); variably 

shaped: inflated cylindrical, narrowly utriform, subconical, subfusiform, less commonly clavate, sometimes 

with a mucronate apex; PLEUROCYSTIDIA absent; PAVEMENT CELLS not observed; PILEUS COVERING a cutis 

or collapsed intricate trichoderm of inflated cylindrical hyphae, terminal elements 30–120 µm long × 4–14 

µm wide, hyaline to brownish, rarely narrowly clavate elements in terminal cells present; STIPITIPELLIS a 

cutis of narrowly cylindrical hyaline hyphae up to 8 µm wide without additional covering recovered; 

ANNULUS composed of tightly interwoven narrowly cylindrical hyaline hyphae with elements of inflated 

cylindrical hyphae, as in the pileus covering, except shorter (as low as 7 µm) long; CLAMP CONNECTIONS 

not observed.  

COMMENTS—Leucoagaricus sp. 9 is easy to tell apart from other lepiotaceous species by the 

reddish/orange coloration of the pileus, its delicateness, and its habitat, growing in black sand under 

coastal Casuarina equisetifolia. This species has only been collected near the beach in Waipiʻo Valley 

where it is relatively common under the ironwood trees near the road just as one approaches the beach.  

After alignment and trimming, a contig of 679 basepairs with 98.8% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced. A BLAST search revealed the top match by identity in GenBank to 

be 83% (GQ329060.1). 
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Fig. 27 Leucoagaricus sp. 9. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; e= 50 μm. a from JKS 159; c, d from JKS 154; b, e from 

JKS 191. 
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Leucoagaricus sp. 10 

FIGURE 28a–e. 

COMMON NAME Leucoagaricus recurved scales. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Growing singly in soil in lowland, wet, alien 

habitat; currently known only from Waipiʻo Valley on Hawaiʻi Island; collected in October. 

WORLD DISTRIBUTION Unknown. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, N20°07'03.8" W155°35'18.4" 0 m elev. 21 

October 2017, coll. by D.E. Hemmes, N. Nguyen, and J. K. Stallman (JKS 155). 

PILEUS small to medium sized, broadly obtusely conical, warm brown pileus covering breaking radially into 

medium sized, delicate, uplifted recurved scales over white background, disc remaining unbroken, margin 

sulcate striate, eroded, striations continuing appx. ½ way from margin to disc; CONTEXT thin; LAMELLAE L = 

46, l = 0–1 close, white, thin, segmentiform to subventricose; STIPE white, cylindrical, covered in fine white 

hairs; CONTEXT thin, hollow; ANNULUS absent or evanescent; ATTACHMENT TO SUBSTRATE unknown; SPORE 

DEPOSIT unknown; EDIBILITY unknown; ODOR unknown TASTE unknown. 

BASIDIOSPORES [52, 1, 1] (5.7) 6.9–7.3 (8.6) × (3.1) 3.6–3.7 (4.2) µm [x = 7.1–3.7 µm], Q = (1.6) 1.9–2.0 

(2.3); [Qm = 2.0], narrowly amygdaliform, or ellipsoid to subcylindrical with a drawn out apex and thinning 

of the spore wall at apex in side view, oblong with drawn out apex or subfusiform or sublimoniform in face 

view, with one to two gluttules, lacking an obvious germ pore, hyaline in NH4OH and H2O, dextrinoid, 

congophilous, cyanophilic and not metachromatic in Cresyl Blue; BASIDIA [25, 1, 1] (19.2) 21.7–23.0 (25.) 

× (6.2) 6.8–7.1 (7.7) μm [x = 22.4 × 7.0 μm], thin-walled, hyaline, narrowly clavate, with 4 sterigmata; 

PAVEMENT CELLS not observed; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [13, 1, 1] 18.0–32.0 × 7–12 μm, [x = 

24.9 × 9.5 μm], thin-walled, hyaline, narrowly clavate, clavate, subfusiform, inflated cylindrical to ellipsoid; 

PLEUROCYSTIDIA absent; PILEUS COVERING scales of repent, hyaline to light brown, inflated cylindrical to 

ellipsoid hyphae in tightly interwoven chains with terminal cells sometimes narrowing to a rounded apex, 
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22–93 × 6–17 μm; STIPITIPELLIS a cutis of narrowly cylindrical hyaline hyphae 4–7 μm wide with no 

additional stipe covering recovered; CLAMP CONNECTIONS not observed.  

COMMENTS—Leucoagaricus sp. 10 is known from a single collection at Waipiʻo Valley found growing in 

soil. Only a single individual was collected and the specimen was not pristine, but it is included here with 

macromorphological notes subject to change, and microscopic and molecular data for future study. Dr. 

Don Hemmes believes he may have seen this species before growing on Casuarina equisetifolia trunks. 

After alignment and trimming, a contig of 699 basepairs with 99.9% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for JKS155. A BLAST search shows the top match by identity with 

a high query cover to be 86% (KU41694.1). 
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Fig. 28 Leucoagaricus sp. 10. a, b. Basidioma. c. Basidiospores. d. Basidia. e. Cheilocystidia. f. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; e= 50 μm. a–f from JKS 155. 
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Leucoagaricus sp. 11 

FIGURE 29a–e. 

COMMON NAME Leucoagaricus native hāpuʻu 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Singly to scattered on living and senescent 

tissue of Cibotium spp. in wet, montane, native habitats; currently only known from the Volcano area of 

Hawaiʻi Island; collected in August and September. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi  

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Volcano Art Center Natural Trail, N19°25'35.0", 

W155°14'21.7", 1157 m elev. 04 September 2017, coll. by J.K. Stallman (JKS 139); USA. Hawaiʻi: 

Hawaiʻi, Volcano Art Center Natural Trail, N19°25'35.0", W155°14'21.7", 1157 m elev. 26 August 2018, 

coll. by J.K. Stallman (JKS 197). 

PILEUS 3–7mm, when young paraboloid, expanding to broadly conical then planoconvex in age, 

sometimes with an umbo, white to off-white, appearing glabrous but covered in minute white fibers (lens) 

and yellowish exudate droplets; margin entire to eroded in age, with fibers of pileus covering sometimes 

exceeding edge or adhering; CONTEXT thin, white, unchanging; LAMELLAE L = 25, l = 1–2, free, subdistant, 

subventricose to ventricose, white; STIPE 7–15 × 1 mm, cylindrical, equal to appearing subbulbous due to 

abundant basal tomentum and white pseudorhizomorphs present, white to translucent, glabrous above 

annulus, below covered in white fibers and yellowish exudate droplets as the pileus; CONTEXT thin; 

ANNULUS evanescent, delicate-cottony, superior to at midpoint of stipe, white; SPORE DEPOSIT unknown; 

EDIBILITY unknown; ODOR indistinct; TASTE unknown. 

BASIDIOSPORES [97, 2, 2] (4.8) 5.8–6.0 (6.9) × (2.9) 3.3–3.4 (3.8) µm [x = 5.5–3.4 µm], Q = (1.4) 1.7–1.8 

(2.2), [Qm = 1.8], ellipsoid to subcylindrical in side-view, adaxial side often straighter than convex abaxial 

side, sometimes tapering towards distal end, ellipsoid to cylindrical in frontal view, germ pore absent, 

hyaline in H2O and NH4OH, dextrinoid, congophilous, cyanophilous, metachromatic in Cresyl Blue; 

BASIDIA [23, 1, 2] (16.0) 20.2–22.4 (26.5) × (5.3) 6.2–6.8 (7.8) µm, [x = 21.3 × 6.5 µm], 4-spored; rarely 2- 
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or 3-spored; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [16, 1, 2] (20.7) 30.9–37.7 (47.9) × (3.8) 7.2–9.6 (13) 

µm, variable, but generally inflated cylindrical often with flexuose wall and less commonly narrowly to 

broadly clavate, hyaline; PLEUROCYSTIDIA not observed; PILEUS COVERING an intricate to irregular 

trichoderm of repent and ascending, sometimes branching, inflated cylindrical hyphae, with terminal 

elements resembling cystidia (mostly inflated cylindrical, some clavate) 22–75 × 5–9 µm, hyaline or 

golden with intracellular and parietal pigment; STIPITIPELLIS a cutis of cylindrical, hyaline to golden hyphae 

3.0–7.0 µm wide with scattered areas below the annulus with inflated cylindrical elements as in the pileus 

covering; ANNULUS composed of hyaline, tightly interwoven cylindrical hyphae with scattered elements 

resembling the pileus covering; BASAL TOMENTUM of long (over 200 µm), tightly interwoven, cylindrical, 

hyaline, branching hyphae; CLAMP CONNECTIONS absent. 

COMMENTS—Leucoagaricus sp. 11 is found in wet, montane, native forests on living and senescent 

Cibotium spp. Macroscopically, if its evanescent annulus has disappeared, it may resemble the native 

Cystolepiota sp. if they have lost their powdery covering, or Leucoagaricus sp. 7. It is easily separated 

microscopically from Cystolepiota sp. by its dextrinoid spores and the presence of cheilocystidia, and 

currently is separated from Leucoagaricus sp. 7 by the presence of an annulus, growing on tree ferns 

instead of the ground, and having slightly larger spores on average. Because this species has not been 

reported before, has a large variation in spore shape (from ellipsoid to cylindrical), and some variation in 

cheilocystidia shape among individuals, more collections should be made and examined to ensure 

additional cryptic species are not present under this taxon.  

After alignment and trimming, a contig of 682 basepairs with 100% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced. A BLAST search revealed the top match by identity, with 88% 

similarity, in GenBank to be identified as Lepiota cf. atrodisca (GU903303.1). 
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Fig. 29 Leucoagaricus sp. 11. A. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; e= 50 μm. a–e from JKS 139. 
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Leucocoprinus Pat., 1888 

Leucocoprinus birnbaumii (Corda) Singer, Sydowia 15 (1-6): 67 (1962) 

FIGURE 30a–e. 

COMMON NAME Flowerpot parasol. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to cespitose on woodchips or in soil 

in wet, lowland, alien habitats; currently only known from Kauaʻi, Oʻahu, and Hawaiʻi Islands, but likely 

occurring on other islands; collected in May, August, September, October, and November. 

WORLD DISTRIBUTION Widespread in tropical regions and in artificially warm environments (greenhouses, 

etc.) in temperate areas. 

SELECTED DESCRIPTIONS Hemmes & Desjardin (2002, 45); Vellinga (2001, 80). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hawaiʻi Hilo botanic gardens , N19° 42' 

08.3", W155°04'56.1", 47 m elev. 12 November 2017, coll. by J.K. Stallman (JKS 173); USA. Hawaiʻi: 

Hawaiʻi, Hilo Bayfront, N19°43'20.9" W155°04'44.0", 3 m elev. 17 May 2017, coll. by D.E. Hemmes and 

J.K. Stallman (JKS 93); USA. Hawaiʻi: Hawaiʻi, Hilo Bayfront, N19°43'20.9" W155°04'44.0", 3 m elev. 22 

August 2017, coll. by J.K. Stallman (JKS 131); USA. Hawaiʻi: Hawaiʻi, University of Hawaiʻi Hilo in garden 

near cafeteria. N19°42'03.0" W155°04'49.9", 42 m elev. 17 October 2017, coll. by J.K. Stallman (JKS 

150); USA. Hawaiʻi: Oʻahu, Kokohead Botanic Garden. 3 November 2006, coll. by D.E. Hemmes (DEH 

2652); USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area. 8 September 2007, coll. by D.E. 

Hemmes (DEH 2699). 

PILEUS 20–60 (100) mm broad, when very young paraboloid, then hemispherical, and expanding to plano-

convex or applanate, with or without an umbo, bright sulphur yellow (3A4, 3A5, 3A7, 3A8) when young, 

often with darker disc (3B7, 3B8, 4B6), with easily removable floccules, generally the same color as disc, 

forming a patch at unbroken center, some specimens with darker brown (4B4, 4B5, 5C4, 5C5 to 7E3) 

disc and squams, although these may also contain yellow squams, in old specimens with distinctly 

radially grooved marginal zone, when young with yellow fringes at margin; CONTEXT thin, white to off-
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white, unchanging; LAMELLAE L = 80, l = 1–3, free and remote from stipe, close to crowded, segmentiform 

to ventricose, up to 4 mm wide, pale-yellow, with strongly eroded, more intense yellow to brownish edge; 

STIPE 30–80 (110) × 2–5 (10 at base) mm, base distinctly clavate-bulbous, hollow, first lemon-yellow to 

sulphur-yellow (3A4, 3A5, 3A7), later brownish, over total length covered in fine scales, except for just 

above base and there distinctly yellow; CONTEXT thin white to off-white, unchanging; ANNULUS 

membranous, yellow on upper side, whitish on underside, evanescent; SPORE DEPOSIT white; EDIBILITY 

toxic; ODOR indistinct; TASTE indistinct. 

BASIDIOSPORES [36, 1, 3] (7.6) 8.9–9.5 (10.8) × (5.2) 6–6.3 (7.0) µm, [x = 9.2 × 6.1 µm], Q = (1.3) 1.5–1.6 

(1.7) [Qm = 1.5], in side-view amygdaliform-ellipsoid, ellipsoid, or oblong-ellipsoid, in face view ellipsoid or 

ovoid, thick-walled, with germ pore up to 2 µm wide and hyaline cap over germ pore extending up to 1 µm 

from spore wall, dextrinoid, congophilous, cyanophilous, metachromatic in Cresyl Blue; BASIDIA [21, 2, 2] 

(16.8) 25.6–30.1 (38.) × (7.3) 8.7–9.4 (10.8) µm, mostly clavate, less commonly ellipsoid or subfusiform, 

4-spored, surrounded by 4-6 pavement cells; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [18, 1, 3] (25) 51.1–

63.9 (84.7) × (6.6) 13.8–18.2 (25.3) µm, variable in shape and size, lageniform with 3.0–6.0 µm wide 

neck, utriform, narrowly clavate, thin-walled and colorless; PLEUROCYSTIDIA absent; PILEUS COVERING 

scales made up of long, inflated cylindrical hyphae 4–15 µm wide, sometimes with branched elements 

and scattered ellipsoid and irregular to clavate elements up to 32 × 20 µm; pigment hyaline to golden, 

mostly intracellular; STIPITIPELLIS a cutis of narrowly cylindrical, hyaline to yellowish hyphae, 2.0–6.0 µm 

wide with patches of tightly interwoven cylindrical and inflated cylindrical hyphae with scattered irregular 

ellipsoid elements as those on the pileus; CLAMP CONNECTIONS absent. 

COMMENTS—Leucocoprinus birnbaumii is common in lowland to montane, wet, alien disturbed habitats 

such as woodchips, gardens, and along trails. It was likely one of the first lepiotaceous fungi reported 

from Hawaiʻi (see discussion under Lepiota xylophila). It is similar to Leucocoprinus straminellus, but is 

larger, with deeper yellow coloration, found in a wider variety of habitats, and has larger spores with a 

germ pore. Unlike the three other yellow leucocoprinoid species with large spores with a germ pore, 
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Leucocoprinus fragilissimus, Leucocoprinus sp. 5, and Leucocoprinus sp. 6, Leucocoprinus birnbaumii is 

fleshy and robust, and lacks the delicate, hyaline tissue of these other species  

Hawaiian collections of Leucocoprinus birnbaumii have a disc and squams that vary from bright yellow to 

brown. Leucocoprinus tricolor H.V. Sm. was described from a greenhouse in Michigan (Smith 1981) as 

very similar to L. birnbaumii except for having brown scales and a brown lower portion of the stipe. 

Hawaiian collections with brown colors on the disc and scales have not been found to have the same 

coloration on the lower portion of the stipe as well, and it is noted that much of the yellow coloration can 

turn brown in age. Two specimens were found with brown discs and scales that graded from brown at the 

disc to yellow at the margin, indicating it could be variable within single individuals and/or due to 

environmental factors and desiccation. No major macro or micromorphological differences were found 

between collections with yellow and brown scales.  

A direct comparison of the two nrITS sequences generated for the yellow and brown-scaled specimens is 

difficult because of the low quality of the yellow-scaled specimens (JKS 131), with a high number of 

ambiguous bases in the ITS1 region. It is noted that regions of the highest quality (5.8S and nrITS2) could 

be 100% identical (only 4 sites differ, and these are sites where a base is paired with an ambiguous 

nucleotide that could represent that base (e.g., a “T” with a “W”). At this time there is no evidence to 

support a separate species, Leucocoprinus tricolor, based on morphology and nrITS sequences of 

Hawaiian specimens, but a larger sample size, with higher quality nrITS sequences including 

representatives from the type locality exhibiting brown scales on the lower portion of the stipe should be 

included for a complete analysis (no nrITS sequences identified as Leucocoprinus tricolor are present in 

GenBank). 

After alignment and trimming, a contig of 705 basepairs with 88.1% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for collection JKS 131 with yellow floccules. A second contig of 

537 basepairs with 96.8% of nucleotides with at least a Phred score of 20 was produced from collection 

JKS 93 with brown floccules. A BLAST search of JKS 131 showed the top 7 results were Lc. birnbaumii 

or not in conflict with an identity of Lc. birnbaumii (not identified to species). Identities ranged from 91–
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95% (likely due to lower sequence quality and the presence of 16 ambiguous codons) and a final 

sequence of Lc. birnbaumii with a 98% identity similarity was also present but not in the top results due to 

low coverage. A BLAST search of JKS 93 showed the top 7 results were all Lc. birnbaumii with identities 

ranging from 94–98%.  



   
   

126 
 

 

Fig. 30 Leucocoprinus birnbaumii. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; e= 50 μm. a, b, e from JKS 131; c, d from JKS 173. 
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Leucocoprinus cepistipes (Sowerby) Pat. [as 'cepaestipes'], J. Bot., Paris 3: 336 (1889)  

FIGURE 31a–e. 

SYNONYMS Lepiota cepaestipes (Sowerby) P. Kumm., Der Führer in die Pilzkunde: 136 (1871). Lepiota 

lutea (With.) Quél. (?) 

COMMON NAME None. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to gregarious to cespitose in 

woodchips, on wood, and in soil in wet, lowland to montane alien and native environments; known from 

Hawaiʻi and Oʻahu, but likely occurring on other islands; collected in May, July, September, and 

November; likely occurring year-round. 

WORLD DISTRIBUTION Widespread in temperate and tropical environments such as Europe (Vellinga 2001), 

the continental United States (Birkebak 2010), and South America (Rother & Borges da Silveira 2009) 

SELECTED DESCRIPTIONS Vellinga (2001 77–78). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo Bayfront, N19°43'20.9" W155°04'44.0", 3 m elev. 08 

May 2017 coll. by J.K. Stallman (JKS 91); USA. Hawaiʻi: Hawaiʻi, Hilo Bayfront, N19°43'20.9" 

W155°04'44.0", 3 m elev. 17 May 2017, coll. by J.K. Stallman (JKS 92); USA. Hawaiʻi: Hawaiʻi, Hilo, 

ʻImiloa Astronomy Center, N19°42'06.9" W155°05'15.9", 69 m elev. 24 July 2017, coll. by J.K. Stallman 

(JKS 105); USA. Hawaiʻi: Hawaiʻi, Hilo Bayfront, N19°43'20.9" W155°04'44.0", 3 m elev. 22 August 2017, 

coll. by J.K. Stallman (JKS 130). 

PILEUS when expanded 30–65 mm, when very young narrowly truncately campanulate to paraboloid, 

expanding to campanulate or hemispherical, and finally plano-convex to applanate with flattened center 

or with umbo, when young totally granular plush-like, brown-colored (6E2, 6E4, 6F8), later at center 

plush-like, remaining unbroken and brown, around center with radially arranged, uplifted, small scales 

concolorous with disc, often discoloring yellow when touched; scales further apart closer to margin, over 

white to off-white background often with radial white fibers; sulcate in marginal zone, 5–7 mm wide; 

CONTEXT thin, white to off-white, unchanging; LAMELLAE L = 56, l = 0–2, free and remote from stipe, close 
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to crowded, segmentiform to ventricose, up to 4 mm wide, white to pale brownish cream, discoloring 

brown with age, with whitish, edge; STIPE 30–130 × 2.5 (5 at base) mm, cylindrical, often slightly tapering 

upwards from mildly enlarged (to equal) base, hollow, when young white, later cream to pale brownish 

cream, densely fine-pubescent all over, below annulus with some small scales, when young turning 

yellow when bruised, later warm browns (5E5) when damaged, when fresh and young exuding drops; 

CONTEXT thin, white to cream, unchanging to browning, when young stuffed with white hyphae, hollow in 

maturity; ANNULUS present, superior, ascending, white when young, with yellowish exudation drops, with 

at the margin some thickened scales, concolorous with those on pileus, evanescent; SPORE DEPOSIT white 

to cream; EDIBILITY unknown; ODOR indistinct to mildly unpleasant; TASTE indistinct to mildly unpleasant, 

bitter.  

BASIDIOSPORES [28, 2, 1] (7.9) 8.7–9.1 (10.0) × (5.5) 6.1–6.4 (7.0) μm [x = 8.9 × 6.2 μm], Q = (1.3) 1.4–1.5 

(1.6) [Qm = 1.4], ellipsoid to subamygdaliform in side view, ellipsoid in face view, thick-walled, with germ 

pore up to 1.5 μm broad and hyaline cap not or only slightly extending beyond spore wall, congophilous, 

dextrinoid, cyanophilous, metachromatic in Cresyl Blue; BASIDIA [14, 2, 1] (20.2) 29.5–36.3 (45.7) × (8.5) 

9.8–10.7 (12) μm, 4-spored, rarely 2-spored, surrounded by pavement cells; LAMELLA-EDGE sterile; 

CHEILOCYSTIDIA (48.6) 57.4–65 (73.8) × (6.5) 10.7 -14.2 (18.4) μm, narrowly clavate, clavate, or rarely 

broadly clavate, with (in mature specimens) lageniform to cylindrical apical extension without medial 

constrictions, branching, or capitate elements, hyaline, sometimes with dark encrustations when observed 

in NH4OH or H2O (not visible in Congo Red); PLEUROCYSTIDIA absent; PILEUS COVERING scales composed 

of cylindrical and inflated cylindrical hyphae with shorter basal elements present, terminal elements 40–

120 × 6–14 μm (narrower, 3.0–5.0 μm at apex), flexuose cylindrical or lageniform with long flexuose neck, 

hyaline to with light brownish intracellular pigment; STIPITIPELLIS a cutis of narrowly cylindrical hyphae, 

2.0–6.0 μm wide, with hyaline elements similar to the pileus covering, but slightly shorter (to 100 µm); 

CLAMP CONNECTIONS absent. 

After alignment and trimming, a contig of 681 basepairs with 100% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for collection JKS 91. A BLAST search revealed 4 of the top 5 
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matches by identity in GenBank to be identified as Leucocoprinus cepistipes, or not in conflict with an 

identity of Lc. cepistipes (Uncultured Leucocoprinus clone). Accession number LT716021.1, identified as 

Macrolepiota dolichaula, with a matching identity of 99%, is likely misidentified or mislabeled because 

over 30 other sequences of M. dolichaula are present in GenBank, all with nrITS sequences varying from 

1–2%, while LT716021.1 shares only an 88% identity with this cluster of sequences. Two other 

sequences identified as Lc. cepistipes from China, KC414248.1 and KC414250.1, are a match at the 94% 

identity level, but with the above morphological and molecular support, these species were also likely 

misidentified or mislabeled. 

COMMENTS—Leucocoprinus cepistipes is common in wet, lowland, alien settings where it often grows in 

large, cespitose clusters on woodchips, soil, or composted debris. It has also been found fruiting in wet, 

montane settings with predominantly native vegetation, although still in disturbed settings (trailsides, near 

buildings, etc.). Lc. cepistipes is characterized by its plush-like appearance with brownish disc, medium 

size, and propensity to grow in cespitose clusters. It looks very similar to Lc sp. 8. but is usually 

differentiable macroscopically by having lighter brown coloration (versus greys and blacks), growing in 

cespitose clusters, and microscopically by the presence of narrowly lageniform elements in the pileus 

covering that lacks basal ovoid cells, and cheilocystidia that are not as broad. See comments under Lc. 

sp. 7 for a complete discussion between these two taxa. Much of the literature regarding L. cepistipes can 

be found under the specific epithet “cepaestipes” 
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Fig. 31 Leucocoprinus cepistipes. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; e= 50 μm. a from JKS 130; b, e from JKS 129; c, d from 

JKS 91 
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Leucocoprinus cretaceus (Bull.) Locq., Bulletin Mensuel de la Société Linnéenne de Lyon 14: 93 

(1945) 

FIGURES 32a–e. 

SYNONYM(S) Lepiota cepistipes var. cretacea (Bull.) Sacc., Sylloge Fungorum 5: 44 (1887).  

COMMON NAME(S) None. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to cespitose in wet, lowland, alien 

environments on wood, compost piles, or nutrient rich soil in agricultural settings; known from Hawaiʻi and 

Oʻahu; collected in July, October, and December. 

WORLD DISTRIBUTION Widespread in tropical areas and artificial environments in temperate regions such 

as India (Kumar & Manimohan 2009c), Argentina (Niveiro et al. 2012), Washington State (Birkebak 2010), 

and the Netherlands (Vellinga 2001). 

SELECTED DESCRIPTIONS Vellinga (2001 78–80). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'09.9" 

W154°51'56.2", 0 m elev. 09 December 2016, coll. by J. K. Stallman (JKS 82); USA. Hawaiʻi: Papaikou, 

23 July 2017, coll. by E. Datlof and J.K. Stallman (JKS 114); USA. Hawaiʻi: MacKenzie State Recreation 

Area, 10 October 2009, coll. by D.E. Hemmes (DEH 2809). 

PILEUS 38–90 mm, at first parabaloid to obtusely conical or conical-convex or convex, margin inflexed at 

first, later expanding to plano-concave with or without a low umbo, when fully mature with sulcate margin, 

white with cream-buff tinges at center, at first completely covered with soft conical warts to irregular 

floccose-scales, white to cream, usually at center with pale brownish tips; surface dry between warts, 

radially woolly-fibrillose (lens); margin with pileus covering fringes exceeding lamellae; LAMELLAE, L = 92, l 

= 1–3, free and distant, crowded, very thin, ventricose to subventricose, up to 7 mm broad, white to very 

pale creamy whitish, with entire, concolorous edge; STIPE 28–110 × 2–13 mm, attenuate upwards, with 

enlarged bulbous or clavate to fusiform base and somewhat rooting, solid, but later stuffed, white at first 

but discoloring to off-white or brownish, particularly in upper part, minutely felted-flocculose above 
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annulus, with rather thick fine-warted covering to finely flocculose-squamulose in transverse rows below 

annulus, with stipe surface under covering discoloring yellowish when bruised; CONTEXT whitish to pale 

buff, soft and pliable; ANNULUS approximately at midpoint of stipe, first flaring, but then drooping, thin, 

felted-submembranous, smooth at upper surface, minutely flocculose at lower surface, with broken thicker 

rim at inside of margin; SPORE DEPOSIT off-white; EDIBILITY Unknown; ODOR Variable, recorded as weak, or 

as rather strong, unpleasant, nauseating; TASTE strong, unpleasant, astringent.  

BASIDIOSPORES [53, 1, 1] (6.8) 7.8–8.2 (9.2) × (4.8) 5.3–5.5 (6) μm, [x = 8.0 × 5.4 μm], Q = (1.3) 1.5 (1.7) 

[Qm = 1.5], in side-view ellipsoid to oblong, less commonly subamygdaliform, in face view ellipsoid to 

oblong, with a conspicuous germ pore up to 2 μm wide and hyaline cap extending up to 1 μm beyond 

spore wall, hyaline in NH4OH and H2O, dextrinoid, congophilous, cyanophilic and metachromatic in Cresyl 

Blue with conspicuously pink germ pore; BASIDIA [26, 2, 2] (18.4) 22.0–23.7 (27.3) × (8.3) 9.3–9.7 (10.7) 

μm, 4-spored, clavate to broadly clavate, surrounded by pavement cells; LAMELLA-EDGE sterile; 

CHEILOCYSTIDIA 20–60 × 4.5–14.5 μm, narrowly clavate to fusiform, or inflated cylindrical, sometimes 

subcapitate or with short apical extension (submucronate), colorless, generally thin-walled; 

PLEUROCYSTIDIA absent; PILEUS COVERING scales made up of irregularly shaped (H-shaped, T-shaped, 

bone-like in appearance) epithelial elements 4–10 μm wide, with some inflated cylindrical hyphae 

interspersed, up to 60 μm in length; STIPITIPELLIS a cutis of narrowly cylindrical, hyaline hyphae 3.0–6.0 

μm wide, with covering of elements similar to those of pileus scales present both on upper and lower 

regions of stipe; CLAMP CONNECTIONS absent. 

COMMENTS—Leucocoprinus cretaceus is found in alien, wet, lowland settings such as under Casuarina 

and coconut in coastal environments, in woodchips, and in compost piles and nutrient-rich soil. It is easily 

identified by it pure-white coloration, delicate conical warts and/or floccules over the entire fruiting body, 

and stipe that bruises yellow where the white granules have been removed. 

After alignment and trimming, a contig of 630 basepairs with 99.7% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for collection JKS 82. A BLAST search revealed the top 12 

matches by identity in GenBank to all be identified as Leucocoprinus cretaceus, or not in conflict with an 
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identity of Lc. cretaceus (e.g., “Lepiotaceae sp.” or “Uncultured fungus clone”). The identities varied from 

97–99% with specimens from a variety of locations. The closest match was a collection from Malaysian 

Borneo (AF482681). 
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Fig. 32 Leucocoprinus cretaceus. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. e, f. 

Pileus covering. Scale bars: b = 10 μm; c–f = 20 μm. a–e from JKS 82. 
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Leucocoprinus fragilissimus (Berk. & M.A. Curtis) Pat., Essai taxonomique sur les familles et les 

genres des Hyménomycètes: 171 (1900) 

FIGURE 33a–g. 

COMMON NAME Fragile dapperling.  

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered in grass or disturbed soil in wet, 

lowland, alien habitats; known from Hawaiʻi and Oʻahu; collected in June, July, August, September, and 

October. 

WORLD DISTRIBUTION Widespread in tropical and subtropical areas such as Argentina (Niveiro et al. 2012), 

the United States (Smith & Weber 1982), and India (Vrinda et al. 2003). 

SELECTED DESCRIPTIONS Hemmes & Desjardin (2002, 25); Niveiro et al. (2012 269–271). 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hawaiʻi Hilo Campus, 23 July 1993, coll. 

by D.E. Hemmes (DEH 253). USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'11.07" 

W154°51'56.88", 6 m elev. 17 October 2018, coll. by J. K. Stallman (JKS 203). 

PILEUS 20–44 mm broad, conic-campanulate, becoming plane with a small umbo, even depressed, 

sulcate-striate to the umbo, white to slightly yellowish (1A1–1A3) when young, becoming whitish and 

almost translucent except for a central disk in maturity, umbo pale yellowish-brown (1A4, 4B3, 4B4) with 

small yellow scales, dry, margin entire; CONTEXT extremely thin; LAMELLAE white, thin, subdistant, free; 

STIPE 60–100 × 1–2 mm, equal, fragile, central, light yellow (1A5, 4A5), with scattered small yellowish 

scales, fistulose; CONTEXT very thin ; ANNULUS present, white, small, delicate membranous to tissue-like, 

movable, evanescent, superior; SPORE DEPOSIT off-white; EDIBILITY unknown; ODOR unknown; TASTE 

unknown. 

BASIDIOSPORES [20, 1, 1] (9.2) 10.1 –10.7 (11.6) × (6.9) 7.4–7.7 (8.2) μm [x = 10.4 × 7.6 μm], Q = (1.3) 

1.35 –1.4 (1.5); [Qm = 1.4], broadly ellipsoid to ellipsoid, thick-walled, with an obvious germ pore up to 2.5 

μm wide with a hyaline cap extending up to 1.5 μm beyond the spore wall, hyaline in NH4OH and H2O, 

dextrinoid, cyanophilic and metachromatic in Cresyl Blue; BASIDIA not recovered, pavement cells present; 



   
   

136 
 

LAMELLA-EDGE sterile; CHEILOCYSTIDIA predominantly clavate, sometimes with a subcapitate apex, or also 

commonly appearing subfusiform because of a rounded apical extension; PLEUROCYSTIDIA not observed; 

PILEUS COVERING an epithelium with hyaline, subglobose, globose, or irregularly globose/ellipsoid 

elements, 17.2–25.3 μm in diameter, thin-walled, mixed with hyaline, thin, more or less cylindrical hyphae; 

STIPITIPELLIS a cutis of narrowly cylindrical, 5–12 μm broad hyphae; CLAMP CONNECTIONS absent.  

COMMENTS—Only a single collection of one fruiting body of Leucocoprinus fragilissimus was found during 

the course of this project and the description above predominantly comes from the sources cited except 

for the spore measurements and sizes and shapes of the cheilocystidia. Lc. fragilissimus is common in 

wet, lowland, alien habitats where it is recognizable by its delicate, light yellow, translucent pileus and 

small size. It differs from Leucocoprinus sp. 5 and Leucocoprinus sp. 6 in being the smallest, most 

delicate, of the three delicate leucocoprinoids. Many descriptions of this species lack cheilocystidia 

descriptions (e.g., Niveiro et al. 2012), likely due to them collapsing on drying of the fruiting body. 

According to Smith and Weber (1982) cheilocystidia are present and they were recovered in the Hawaiian 

collection by examining the lamellae prior to desiccation. 

Leucocoprinus fragilissimus was found after the molecular analysis portion of the project was completed 

and an nrITS sequence was not generated. 
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Fig. 33 Leucocoprinus fragilissimus. a–c Basidioma. d. Basidiospores. e. Cheilocystidia. Scale bars: d = 

10 μm; e = 20 μm. d, e from JKS 203. 

Leucocoprinus ianthinus (Sacc.) Locq., Bulletin Mensuel de la Société Linnéenne de Lyon 14: 94 

(1945) 

FIGURE 34a–e. 

SYNONYMS Leucocoprinus lilacinogranulosus (Henn.) Locq., Bulletin Mensuel de la Société Linnéenne de 

Lyon 12: 95 (1943) 
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COMMON NAME lilac parasol 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered in soil, media, or woodchips in 

disturbed or agriculture wet, lowland, alien habitats; known from Hawaiʻi Island; observed in November. 

WORLD DISTRIBUTION Widespread; occurring in Europe (Vellinga 2001), Asia (Kumar & Manimohan 

2009c), and North America (Birkebak 2010). 

SELECTED DESCRIPTIONS Hemmes & Desjardin (2002, 44); Vellinga (2001, 80–81). 

SPECIMENS EXAMINED n/a. 

PILEUS in expanded specimens 17–62 mm, when young closed and parabaloid with flattened apex to 

ovoid, expanding to broadly campanulate, conical-campanulate and finally plano-convex with a big, 

truncate umbo and uplifted margin ,at center finely fibrillose-squamulose felted, purplish, reddish brown 

(8E6, 9D6, 7E5), around center with small purplish fibrils, especially on the ridges, but mostly white or 

cream especially in outer half, and there without purplish fibrils, costate-plicate up to 2/3 of radius or up to 

umbo, at utmost margin yellowing with age, easily radially splitting, very thin-fleshed; LAMELLAE L = 35–55, 

l = (0) 1 (2), moderately distant to moderately crowded, free and remote from stipe, segmentiform-linear 

to ventricose, narrow, up to 3 mm wide, sometimes anastomosing-furcate, white with vague lilacinous 

sheen on some places when older, with finely flocculose white edge; STIPE 35–70 (150) × 2–5 mm, 

broadening downwards and there bulbous-clavate, hollow, in apical part yellowish white, shiny, 

lengthwise fibrillose, below annulus white, or pale yellowish white with age, in lower half and at bulb with 

purplish-violaceous fibrils to complete lilac covering (e.g., 11C4), with white tomentum at bulb itself, 

discoloring yellow when bruised; ANNULUS ascending, and slightly flaring, white, with purplish margin, 

evanescent; CONTEXT very thin and soft in pileus, white, concolorous with surface in stipe (but not lilac-

tinged) SPORE DEPOSIT probably pale lilacinous to white; EDIBILITY unknown; ODOR fungoid, strong, slightly 

astringent; TASTE fungoid. 

BASIDIOPORES 8.0–12.0 × 5.5–7.5 µm [x = 9.4–10.4 × 6.5–6.7 µm], Q = 1.25–1.7 [Qm = 1.4–1.55], in side 

view ellipsoid-amygdaliform, some with apical papilla, in frontal view ellipsoid to slightly ovoid, thick-
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walled, with germ pore and hyaline cap over pore, dextrinoid, congophilous, cyanophilous, with pink inner 

wall and tract in Cresyl Blue; BASIDIA 17.0–42.0 × 8.0–11.0 µm, 4-spored, rarely 2-spored, surrounded by 

4–6 pavement cells; LAMELLA-EDGE sterile; CHEILOCYSTIDIA 27.0–80.0 × 9.0–35.0 µm, varying from 

cylindrical, utriform to broadly clavate, thin-walled, colorless; PLEUROCYSTIDIA absent; PILEUS COVERING 

made up of irregular chains of cylindrical to ellipsoid to globose elements, with adnate to ascending 

elements, ranging from 15–35 × 5.0–9.0 µm to 25 µm in diameter, pigment intracellular and lilac-brown to 

greyish-lilac; STIPITIPELLIS a cutis of cylindrical colorless hyphae, 4.0–13.0 µm in diameter, with at base of 

stipe similar elements as on pileus surface; CLAMP CONNECTIONS absent. 

COMMENTS—Leucocoprinus ianthinus was not found during the two seasons of collecting for this project, 

but is documented from Hawaiʻi Island growing in nursery settings in soil or media, or in woodchips 

(Hemmes & Desjardin 2002b). Macroscopically it is similar to Leucocoprinus sp. 1, but is more delicate, 

with a longer stipe, does not grow in large cespitose clusters, and has larger spores with a germ pore. It 

also is similar to Lc. sp. 3, but the purple tones in Lc. sp. 3 are darker and more pronounced, it grows in 

Casuarina habitats, the spores are smaller, and it lacks a clavate/bulbous base. 
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Fig. 34 Leucocoprinus ianthinus. Photographed by Jon Rathbun in November 2010. 

Leucocoprinus straminellus Narducci & Caroti, Mem. Soc. tosc. Sci. nat.: 49 (1995) 

FIGURE 35a–e. 

SYNONYMS Leucocoprinus denudatus (Sacc.) Singer, Lilloa 22: 424 (1951) 

COMMON NAME None. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered in duff of coastal Casuarina 

equisetifolia or on soil in wet, lowland, alien habitats; currently only known from MacKenzie State 

Recreation Area on Hawaiʻi Island; collected in April, July, August, October, and November. 

WORLD DISTRIBUTION Widespread; occurring in Asia (Kumar & Manimohan 2009c), South America 

(Niveiro & Albertó 2013), and Europe (Wojewoda & Karasiński 2010).  

SELECTED DESCRIPTIONS AND ILLUSTRATIONS Vellinga (2001, 83). 
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SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hilo Botanical Garden, N19° 42' 09.5", 

W155°04'56.1", 47 m elev. 20 September 2016, coll. by J. K. Stallman (JKS 65); USA. Hawaiʻi: Hawaiʻi, 

MacKenzie State Recreation Area, N19°26'11.1" W154°51'54.9", 3 m elev. 23 July 2017, coll. by J.K. 

Stallman (JKS 106); USA. Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'11.1" 

W154°51'54.9", 3 m elev. 23 August 2017, coll. by J.K. Stallman (JKS 135); USA. Hawaiʻi: Hawaiʻi, 

MacKenzie State Recreation Area. 11 April 2000, coll. by D.E. Hemmes (DEH 1939); USA. Hawaiʻi: 

Hawaiʻi, MacKenzie State Recreation Area. 28 October 2000, coll. by D.E. Hemmes (DEH 2007); USA. 

Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area. 7 November 2000, coll. by D.E. Hemmes (DEH 

2016). 

PILEUS 12–33 mm, when young paraboloid-cylindrical, expanding to plano-convex with deflexed margin to 

applanate with small umbo in shallow central depression, with or without uplifted margin, pale lemon-

yellow (1A3, 3A3, 3A8, , 4A2, 2A3, 2A4), darker or deeper yellow at disc (1A4, 2A6, 3A5, 4B5, 2A5), 

sometimes cream-colored at margin with all colors darkening on desiccation, with floccose granules to 

fine-granulose (lens) all over, or even appearing glabrous, outer half to 3/4 of radius radially sulcate; 

CONTEXT thin and concolorous with surface; LAMELLAE L = 88, l = 0–5, free and remote from stipe, close to 

crowded, subventricose, up to 2 mm wide, white to slightly sulphur tinged to pale lemon-yellow (3A3), with 

concolorous, eroded to finely fimbriate edge; STIPE 17–50 (70) × .5–4 (7 at base) mm, cylindrical, 

generally tapering upwards with slightly widened to subbulbous base, hollow, pale lemon-yellow (1A3, 

1A4, 2A3, 3A3), concolorous with pileus surface, superficially appearing glabrous, but totally pruinose to 

covered with loose floccules or granules (lens); CONTEXT thin and concolorous with surface; ANNULUS 

midway on stipe, small, fragile, ascending, pale lemon-yellow SPORE DEPOSIT white; EDIBILITY unknown; 

ODOR indistinct, to musty, mildly fungal, or unpleasant; TASTE unknown. 

BASIDIOPORES [32, 1, 2] (5.2) 5.7–5.8 (6.3) × 4.0 4.4–4.6 (5.0) µm [x = 5.8–4.5 µm], Q = 1.2–1.4 [Qm = 

1.3], broadly ellipsoid to ellipsoid in side-view and in frontal view with inconspicuous to absent hilar 

appendage, hyaline in H2O and NH4OH, weakly dextrinoid, congophilous, cyanophilous, metachromatic in 

Cresyl Blue; BASIDIA [2, 2, 1] (12.7) 15–31 × 6.0–8.0 µm, 4-spored, surrounded by 4–6 pavement cells; 
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LAMELLA-EDGE sterile; CHEILOCYSTIDIA [18, 1, 1] (17.2) 29.1–36.5 (48.4) × (3.8) 5.5–6.6 (8.3) µm [x = 32.8 

× 6.1 µm], variable, but generally cylindrical to inflated cylindrical, hyaline; PLEUROCYSTIDIA not observed; 

PILEUS COVERING not recovered, reported to be “squamules made up of globose elements, 15–45 µm in 

diam., some ellipsoid, some with broad connecting excrescence(s) to cylindrical elements, 3.0–5.0 µm 

wide; the bigger elements slightly thick-walled; pigment pale yellow in drops and granules situated in the 

cylindrical elements;” STIPITIPELLIS a cutis of cylindrical, hyaline hyphae 2.0–6.0 µm wide; additional stipe 

covering not recovered, reported to be “scattered squamules made up of rounded and ellipsoid elements, 

as on pileus surface;” annulus composed of hyaline, tightly interwoven cylindrical hyphae 2.0–6.0 µm 

wide; CLAMP CONNECTIONS absent. 

COMMENTS—Leucocoprinus straminellus is found in Casuarina equisetifolia duff and other wet, lowland, 

alien settings in soil. It is similar to Lc. birnbaumii, but is smaller, with generally lighter coloration and 

smaller spores without a germ pore. It is superficially similar to Lc. fragilissimus and Lc. sp. 5, but is 

slightly more robust with less translucent flesh than these species, and again has smaller spores lacking 

a germ pore. A white variety of this species is known from France and Italy (Migliozzi & Rava 1999), but 

this has not been observed in Hawaiʻi. This is the first official report of Leucocoprinus straminellus in 

Hawaiʻi. 

After alignment and trimming, a contig of 639 basepairs with 99.7% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced. A BLAST search revealed the top match by identity, with 99% 

similarity, in GenBank to be identified as Leucocoprinus straminellus from a greenhouse in the 

Netherlands. The next highest match by identity was 96% and was not identified to the generic level. 
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Fig. 35 Leucocoprinus straminellus. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. Scale 

bars: b = 10 μm; c, d = 20 μm. a from JKS 106, b–d from JKS 135. 
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Leucocoprinus sp. 1 

FIGURE 36a–e. 

COMMON NAME None. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Gregarious to cespitose in woodchips or well-

decomposed woody debris in wet, lowland, alien habitats; currently known from various locations around 

Hilo town on Hawaiʻi Island; collected in July, August, and October. 

WORLD DISTRIBUTION Central Panama (see discussion). 

SPECIMENS EXAMINED. USA. Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa Astronomy Center, N19°42'07.3" 

W155°05'16.1", 69 m elev. 21 July 2017, coll. by J. K. Stallman (JKS 101); USA. Hawaiʻi: Hawaiʻi, Hilo, 

Bayfront, N19°43'20.3" W155°04'44.7", 22 July 2017, coll. by J.K. Stallman (JKS 102); USA. Hawaiʻi: 

Hawaiʻi, Hilo, ʻImiloa Astronomy Center, N19°42'07.3" W155°05'16.1", 69 m elev. 1 August 2017, coll. by 

J. K. Stallman (JKS 122); USA. Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa Astronomy Center, N19°42'07.3" 

W155°05'16.1", 69 m elev. 07 August 2017, coll. by J. K. Stallman (JKS 123); USA. Hawaiʻi: Hawaiʻi, Hilo, 

ʻImiloa Astronomy Center, N19°42'07.3" W155°05'16.1", 69 m elev. 12 August 2017, coll. by J. K. 

Stallman (JKS 124); USA. Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa Astronomy Center, N19°42'07.3" W155°05'16.1", 

69 m elev. 12 August 2017, coll. by J. K. Stallman (JKS 125); USA. Hawaiʻi: Hawaiʻi, Hilo, ʻImiloa 

Astronomy Center, N19°42'07.3" W155°05'16.1", 69 m elev. 26 October 2017, coll. by J. K. Stallman 

(JKS 158). 

PILEUS 16–35 mm broad, at first parabaloid to obtusely truncately conical, disc sometimes with low 

depression (subumbilicate), expanding to hemispherical then applanate in age without depression at disc, 

uniformly grey to dark grey, often with purplish tones (8F1, 8F2, 15F1, 13F2) when young, quickly 

appearing lighter near margin, grading to darker (15E2-F2 in age) at disc as pileus covering breaks up 

into small to minute scales to reveal off-white background, only very center of disc remaining unbroken; 

margin striate, often with remnants of partial veil adhering; CONTEXT thin, white unchanging; LAMELLAE, L = 

60, l = 0–1, free, close to crowded, white to off-white, subventricose, up to 4 mm broad, margin entire; 
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STIPE 25–32 × 2–5 mm cylindrical to unequally cylindrical (e.g. 5 mm wide by 2 mm deep), sometimes 

with longitudinal indentations/crevasses and/or fusiform growth habit, perhaps due to cespitose 

conditions, tapering upwards from an enlarged to subbulbous base, generally white to off-white, shiny, 

uncommonly with darker base of purplish-grey coloration; surface appearing glabrous and similar above 

and below annulus, but covered in appressed white hyphae oriented parallel to stipe, sometimes 

accumulating to appear visible to the naked eye; CONTEXT thin, white to off-white, unchanging, hollow; 

BASAL TOMENTUM inconspicuous or absent; PSEUDORHIZOMORPHS present, white; ANNULUS present, at 

midpoint of stipe to superior, often flaring upward from appressed skirt, evanescent, often on pileus of 

adjacent specimens or adhering to other areas of stipe/margin of pileus, upper surface white, under 

surface and margin white to concolorous with pileus disc/squams. NH4OH vapor on lamellae unchanging 

to slightly darkening; SPORE DEPOSIT white to cream EDIBILITY unknown; ODOR mild, moderately fungal 

TASTE unknown. 

BASIDIOSPORES [53, 4, 2] (5.3) 5.9–6.1 (6.7) × (3.6) 4–4.1 (4.5) µm [x = 6.0 × 4.0 µm], Q = (1.3) 1.5 (1.7) 

[Qm = 1.5], ellipsoid in side view and ellipsoid to amygdaliform in face view, lacking a germ pore, usually 

with a single gluttule, hyaline in NH4OH and H2O, dextrinoid, congophilous, cyanophilic and 

metachromatic in Cresyl Blue (sometimes weakly or in low percentage); BASIDIA [17, 3, 2] (15.6) 18.9–

21.0 (24.2) × (6.8) 7.8–8.4 (9.4) μm, [x = 19.9 × 8.1, clavate, thin-walled, hyaline, with 4 sterigmata, 

pavement cells present; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [15, 3, 2] (29.6) 39.2–45.9 (55.5) × (7.3) 

9.5–11.0 (13.2) μm, [x = 42.6 × 10.2] narrowly clavate, or inflated cylindrical “finger-like”, often with 

irregular, flexuose, thin to slightly thickened walls, hyaline PLEUROCYSTIDIA absent; PILEUS COVERING 

composed of mostly adnate (although ascending elements present) inflated cylindrical hyphae usually 

20–60 μm long in chains, shorter elements (to 8 μm) and branching elements also present but less 

common, terminal elements 20–80 (110) × 5–8 μm, inflated cylindrical with a rounded apex, with brownish 

to greyish parietal pigmentation; STIPITIPELLIS a cutis of narrowly cylindrical hyaline to golden hyphae 2–6 

μm wide with no additional stipe covering recovered; ANNULUS an entangled mass of narrowly cylindrical 

hyaline hyphae with elements similar to the pileus covering present; CLAMP CONNECTIONS not observed.  
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COMMENTS—Leucocoprinus sp. 1 is common in woodchips where it grows in large clusters, but has also 

been found singly in grass. Unlike other lepiotaceous fungi growing in woodchips on Hawaiʻi Island, it is 

much smaller, and does not bruise yellows or reds like La. meleagris, La. americanus, and L. besseyi. It 

could be mistaken for Lc. sp. 2 or Lc. sp. 7 macroscopically, but Lc. sp. 1 is overall smaller, with generally 

lighter pileus scale coloration, has smaller spores without a germ pore, and has narrowly clavate or 

inflated cylindrical cheilocystidia without apical extensions. If growing alone, it could resemble Lc. sp. 4 

but generally has a lighter grey/lilac coloration, is more robust, and has longer cheilocystidia on average 

with spores that are more dextrinoid. 

Macroscopically, this species resembles Leucocoprinus lilacinogranulosus (Henn.) Locq., (now 

Leucocoprinus ianthinus [Sacc.]), which was reported in Hawaiʻi by Hemmes & Desjardin (2002) in 

woodchip habitats. Lc. sp. 1 is easily distinguished from Lc. ianthinus by its smaller spores lacking a germ 

pore. Macroscopically it appears more squat and robust, and usually grows gregariously and in large 

cespitose clusters in woodchips. 

After alignment and trimming, a contig of 650 basepairs with 100% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for JKS101, and a second contig of 655 basepairs with 100% of 

nucleotides with a Phred score of 20 was produced for JKS123. A BLAST search revealed the top match 

by identity in GenBank at 99%, identified as Lepiotaceae sp. (EF527366.1), collected in Gamboa, 

Panama in 2002 (Vo et al. 2009). The next closest matches were 92% identical. No photos or additional 

notes were taken at the time of the Panamanian collection except that it was growing on the mound of an 

Atta sexdens colony (Mueller, U. pers. comm.). 
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Fig. 36 Leucocoprinus sp. 1. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. Scale bars: b = 

10 μm; c, d = 20 μm; e = 50 μm. a from JKS 158; b–e JKS 124. 
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Leucocoprinus sp. 2 

FIGURE 37a –e. 

COMMON NAME Leucocoprinus conical dark scales. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to gregarious, sometimes cespitose, 

on well-decayed wood in wet, lowland, alien environments; known from Hawaiʻi Island; collected in July, 

August, October, and November. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Puna, Along Government Beach Road, N19°32'43.9" 

W154°51'47.7" 26 July 2017, coll. by J. K. Stallman (JKS 115); USA. Hawaiʻi: Hawaiʻi, MacKenzie State 

Recreation Area, N19°26'49.4" W154°53'23.6" 5 m elev. 23 August 2017, coll. by J.K. Stallman (JKS 

133); USA. Hawaiʻi: Hawaiʻi, Hilo, 2029 Kilauea Avenue under avocado, 32 m elev. 24 August 2017, coll. 

by J. K. Stallman (JKS 136); USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, along road to beach, 27 October 

2017, coll. by N. Nguyen and J.K. Stallman (JKS 166); USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, along road 

to beach, 17 November 2017, coll. by J.K. Stallman (JKS 180); USA. Hawaiʻi: Hawaiʻi, MacKenzie State 

Recreation Area, N19°26'49.4" W154°53'23.6" 5 m elev. 30 November 2017, coll. by J.K. Stallman (JKS 

182). 

PILEUS (15) 20–35 (40) mm broad, at first paraboloid to narrowly campanulate, then usually obtusely 

conical to obtusely broadly conical, sometimes campanulate, expanding to plano-convex in age, covered 

in uniformly dark grey (8F3, 8E2, 11F2) dense fibril mat with lighter margin (11F4) when very young, 

covering quickly breaking into irregular medium-sized, generally uplifted scales, more concentrated 

towards the unbroken disc (and often irregular areas around the disc) and lessening towards the sulcate-

striate margin, striations often running up pileus (up to half way to disc), margin sometimes eroded in age 

or with pileus covering or partial remnants present, aspect straight; CONTEXT thin, white, unchanging; 

LAMELLAE L = 56, l = 1–2, free, close, subventricose to ventricose, white to cream, up to 5 mm broad, 

edge with entire appearance, eroded with lens or dissecting scope; STIPE (25) 30–40 (45) × 1–3 mm 
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cylindrical, equal to slightly tapering upward, appearing glabrous, but covered in minute white hyphae 

oriented parallel with the stipe (lens), generally off-white at the apex, gradually darkening to warm, or 

purplish/orangish browns (10E3, 12E2, 7B3, 8C2) near the slightly enlarged base, although sometimes 

these colors present at apex of stipe as well, BASAL TOMENTUM present, often inconspicuous; 

PSEUDORHIZOMORPHS present; CONTEXT thin, hollow, off-white, unchanging; ANNULUS present, white, 

superior, poorly developed, tissue-like, often attaching to pileus edge or surrounding debris, rarely ring-

like or with lower portion clasping stipe; SPORE DEPOSIT white to cream; EDIBILITY unknown ODOR indistinct 

to mildly fungal; TASTE indistinct to mildly unpleasant fungal. 

BASIDIOSPORES [72, 4, 2] (7.7) 8.7–8.9 (9.9) × (5.8) 6.4–6.6 (7.3) µm [x = 8.8–6.5 µm], Q = (1.2) 1.3–1.4 

(1.5) [Qm = 1.4], broadly ellipsoid to ellipsoid in side view, less commonly subamygdaliform, broadly 

ellipsoid to ellipsoid in face view, thick-walled with an apical germ pore up to 1.5 µm wide with hyaline cap 

extending up to 1 µm beyond spore wall, hyaline in H2O and NH4OH, dextrinoid, congophilous, 

cyanophilic and metachromatic in Cresyl Blue, usually with a single gluttule; BASIDIA [12, 3, 2] (18.3) 22.4–

25.6 (29.6) × (9.2) 10.3–11.2 (12.2) μm, [x = 24 × 10.7 thin-walled, hyaline, clavate or broadly clavate with 

4 sterigmata, pavement cells present; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [9, 3, 3] (27.4) 38.3–49.1 

(59.9) × (12.6) 14.4–16.3 (18.1) μm [x = 37.4 × 6.5 μm], highly variable within collections, sometimes 

variable on the same lamella but generally falling into two categories: one with predominantly narrowly 

clavate to clavate cheilocystidia, less commonly inflated cylindrical to subellipsoid or subconical with 

uncommon subcapitate or mucronate apical extensions, and the second type with predominantly similar 

shapes including broadly clavate and fusiform to broadly fusiform with common subcapitate, mucronate, 

or finger-like apical extensions, often with medial restrictions in the extension, both types thin-walled, 

hyaline, abundant and clumping, sometimes septate (with ellipsoid basal cells), often with dark encrusting 

pigments in NH4OH or H2O; PLEUROCYSTIDIA absent; PILEUS COVERING basal elements composed of 

chains of inflated cylindrical hyphae with brownish, primarily intracellular pigmentation 20–90 × 5–8 µm, 

sometimes branching, usually oriented adnate to the pileus, although sometimes ascending, terminal 

cells inflated cylindrical with flexuose wall and rounded apex to narrowly clavate, nearly always ascending 

(appearing in some cases as a hymeniderm) 30–80 × 7–15 µm, with slightly thickened walls; STIPITIPELLIS 
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a cutis of narrowly cylindrical hyaline to golden hyphae 2–7 µm wide with covering at the base of the stipe 

with erect elements as those of the terminal elements of the pileus covering, upper stipe without these 

elements; ANNULUS composed of narrowly cylindrical hyaline hyphae 2–5 µm wide with similar elements 

to both the basal and terminal hyphae of the pileus covering; CLAMP CONNECTIONS not observed.  

COMMENTS—Lc. sp. 2 squams grows on well-decayed wood and under Casuarina equisetifolia in wet, 

lowland, alien environments. When mature it can look very similar to La. sp. 7 which has a similar growth 

habitat, grows in similar environments, and has a variety of overlapping features. The two can be 

separated by Lc. sp. 2 developing through a conical phase (sometimes remaining into maturity) that Lc. 

sp. 7 lacks, having less robust fruit-bodies with generally darker coloration, having a larger disc area 

remaining intact and not breaking into scales, having a tissue-like delicate annulus that is not as well-

developed, and usually having a more prominently striate pileus with striations running up the pileus 

towards the disc than Lc. sp. 7. Microscopically Lc. sp. 7 generally has larger cheilocystidia with wider 

bases and longer, more pronounced apical extensions, but Lc. sp. 2 can exhibit similar cheilocystidia, so 

the an entire lamella-edge or many cheilocystidia should be examined before making this distinction. Lc. 

sp. 2 lacks the basal ovoid elements in the pileus covering that can be found in Lc. sp. 7.  

After alignment and trimming, a contig of 689 basepairs with 99.9% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced. A BLAST search revealed the top match by identity at 93% 

(EF527400.1) in GenBank. 
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Fig. 37 Leucocoprinus sp. 2. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia. Scale bars: b = 

10 μm; c, d = 20 μm; e = 50 μm. a from JKS 133; b, c from JKS 133; d from JKS 182; e JKS 115. 

 



   
   

152 
 

Leucocoprinus sp. 3 

FIGURE 38a–f.  

COMMON NAME Leucocoprinus delicate purple. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered in coastal Casuarina equisetifolia duff 

in wet, lowland, alien habitats; currently only known from MacKenzie State Recreation Area on Hawaiʻi 

Island; collected in November. 

WORLD DISTRIBUTION Unknown beyond Hawaiʻi  

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, MacKenzie State Recreation Area, N19°26'49.4" 

W154°53'23.6" 5 m elev. 15 November 2017, coll. by J. K. Stallman (JKS 175); USA. Hawaiʻi: Hawaiʻi, 

Hilo, MacKenzie State Recreation Area, N19°26'49.4" W154°53'23.6" 5 m elev. 1 February 2018, coll. by 

J. K. Stallman (JKS 189).  

PILEUS (12) 20–35 (40) mm broad, broadly conical becoming planoconvex with a low umbo, sometimes 

with uplifted margin, disc purplish brown (13F3) that desiccates to warm browns (9F4, 9F5, 11F4, 11F5), 

remaining unbroken while area adjacent to disc breaks into medium scales, quickly becoming less 

frequent and smaller approaching mid-point between disc and margin, then rarer still further to margin, 

scales concolorous with the disc over white surface, margin sulcate-striate with striations running up to ½ 

length from margin to disc; CONTEXT thin, white, unchanging; LAMELLAE, L = 72, l = 1–2, free and distant, 

close, segmentiform to subventricose, white to clear, up to 1 mm broad, edge entire; STIPE 30–60 × 1–3 

(5 at base) mm, white to hyaline, sometimes with purple tones (12B2) at base, cylindrical, equal to 

tapering upward with an enlarged to subbulbous base, appearing glabrous but covered in white hyphae 

parallel to stipe, BASAL TOMENTUM absent; PSEUDORHIZOMORPHS absent; ANNULUS superior, membranous, 

evanescent, white, often found on pileus margin or adhering to nearby debris; SPORE DEPOSIT unknown; 

EDIBILITY unknown; ODOR: indistinct; TASTE unknown. 

BASIDIOSPORES [52, 3, 2] (6.3) 7.6–8.0 (9.3) × (4.6) 5.6–5.9 (6.9) µm [x = 7.8–5.8 µm], Q = (1.2) 1.3–1.4 

(1.5); [Qm = 1.4]; broadly ellipsoid, ellipsoid, or amygdaliform in side and face views with a conspicuous 
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germ pore up to 1.5 µm wide and hyaline cap extending shortly (up to .5 µm) beyond spore wall, thick-

walled, usually with a single gluttule, hyaline in NH4OH and H2O, dextrinoid, congophilous, cyanophilic 

and metachromatic in Cresyl Blue with conspicuously pink germ pore; BASIDIA [13, 2, 2] (21.7) 34.5–44.3 

(57.1) × (7.4) 8.7–9.7 (11.1) μm, thin-walled and hyaline with two distinct forms: one shorter (20–35 µm 

long) clavate form, the second form longer (39–49 µm), subfusiform or inflated cylindrical with a medial 

expansion, both forms with 4 sterigmata, pavement cells present; LAMELLA-EDGE with infrequent basidia; 

CHEILOCYSTIDIA undetermined (likely collapsed; 2 possible cheilocystidia were inflated cylindrical with a 

tapering, rounded apex 60 × 7 µm); PLEUROCYSTIDIA not observed; PILEUS COVERING an epithelium of 

rounded (spherical, ellipsoid, ovoid) cells 10–48 × 7–23 µm, rarely inflated cylindrical elements present up 

to 80 × 7 µm, hyaline to with light brown pigmentation; CLAMP CONNECTIONS not observed.  

COMMENTS—Leucocoprinus sp. 3 is known from two collections at MacKenzie State Recreation Area. It is 

similar to Lc. sp. 1, in its purplish coloration but is more delicate, its pileus develops through a conical 

instead of parabaloid phase, and it has spores with a germ pore. It is similar to Lc. sp. 2 in developing 

through a conical phase, but is much more fragile and lacks the dark grey to black disc and scales of this 

species. It is similar to Lc. sp. 7, and Lc. cepistipes, although it is more fragile, has a purplish disc and 

scales, and passes through a conical phase. Microscopically it is differentiated from all four similar 

species by having a pileus covering composed of an epithelium of rounded cells. 
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Fig. 38 Leucocoprinus sp. 3. a. Basidioma. b. Basidiospores. c, d. Basidia. e. Cheilocystidia f. Pileus 

covering. Scale bars: b = 10 μm; c–e = 20 μm; f = 50 μm. a–f from JKS 175. 

 



   
   

155 
 

Leucocoprinus sp. 4 

FIGURE 39a–e.  

COMMON NAME Leucocoprinus Black Button. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Solitary to scattered in grass, soil, or cinder in 

wet, alien, lowland habitats; known from Hawaiʻi Island; collected in July, September, October, and 

December. 

WORLD DISTRIBUTION Unknown.  

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hawaiʻi Hilo Botanical Garden, N19° 42' 

09.5", W155°04'56.1", 47 m elev. 13 September 2016, coll. by D.E. Hemmes and J. K. Stallman (JKS 57); 

USA. Hawaiʻi: Hawaiʻi, Hilo, Panaʻewa Zoo, N19°39'19.7" W155°04'28.6" 122 m elev. 20 October 2016, 

coll. by J.K. Stallman (JKS 75); USA. Hawaiʻi: Hawaiʻi, Hilo, Panaʻewa Zoo, N19°39'19.7" W155°04'28.6" 

122 m elev. 09 December 2016, coll. by J.K. Stallman (JKS 83). 

PILEUS (7) 10–20 (32) mm broad, planoconvex in age, often with low, broad umbo, sometimes becoming 

applanate with uplifted/and or wavy margin, covering at first uniformly dark grey to black (check 102, need 

editing), occasionally lighter grey with purplish tones, quickly breaking up into small to minute granules 

more common near the unbroken disc, lessening towards the margin, but overall infrequent, with the 

white to off-white background mostly revealed; margin sulcate-striate, often eroded, striations running 1/3 

to ½ way up pileus to disc, aspect straight; CONTEXT thin, white, unchanging; LAMELLAE, L = 52, l = 1–5, 

free, close to crowded, subventricose, edge entire, up to 2 mm broad, lamellulae in series of 1–5; STIPE 

12–25 (40) × 1–2 (3–4 at base of large specimens) mm, cylindrical, tapering upward from subbulbous 

base, white to cream, appearing glabrous but covered with a thin layer of white hyphae (lens) oriented 

parallel with stipe, more frequent below annulus; CONTEXT thin, hollow, white to hyaline, unchanging; 

ANNULUS present, midway on stipe to superior, white, sometimes as ring, often with skirt adhering to stipe 

and flaring upward, evanescent; BASAL TOMENTUM absent, PSEUDORHIZOMORPHS present, white; SPORE 

DEPOSIT white; EDIBILITY unknown; ODOR indistinct to mildly fungal; TASTE mildly fungal. 
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BASIDIOSPORES (from gill wash) [44, 3, 2] (4.6) 5.8–6.3 (7.5) × (3.1) 3.5–3.7 (4.1) µm [x = 6.1 × 3.6 µm], Q 

= (1.2) 1.6–1.8 (2.1) [Qm = 1.7], variable in shape among collections: collection 83 ellipsoid to 

amygdaliform in side and face view, on average 5.4 × 3.6 µm and Qm = 1.5, collection 57 oblong to 

cylindrical to narrowly amygdaliform in side view and oblong to cylindrical in face view, lacking a germ 

pore, usually with a single gluttule, hyaline in NH4OH and H2O, not to very weakly dextrinoid, 

congophilous, cyanophilic and not to weakly metachromatic in Cresyl Blue; BASIDIA [10, 2, 1] (14.9) 16.9–

18.6 (20.6) × (6.4) 7.3–8.2 (9.1) μm [x = 17.7 × 7.8 μm] clavate, thin-walled, hyaline, with 4 sterigmata, 

pavement cells present; LAMELLA-EDGE sterile; CHEILOCYSTIDIA [16, 3, 2] (16.2) 25.2–31.2 (40.2) × (3.5) 

7.3–9.9 (13.7) μm [x = 28.2 × 8.6 μm] abundant in some collections, likely collapsed in others, narrowly 

clavate to less commonly clavate or with a rounded apex leading to an inflated cylindrical or subfusiform 

shape, thin-walled, hyaline; PILEUS COVERING scales consisting of a thin layer of mostly erect, somewhat 

intertwined inflated cylindrical elements with greyish intracellular and parietal pigment; terminal elements 

inflated cylindrical to less commonly narrowly clavate or ellipsoid-ovoid, 15–67 × 5–14 µm; STIPITIPELLIS a 

cutis of narrowly cylindrical hyaline hyphae 3–6 µm wide without additional covering observed; ANNULUS a 

tightly interwoven mass of narrowly cylindrical hyphae with elements similar to the pileus covering 

present; CLAMP CONNECTIONS not observed.  

COMMENTS—Leucocoprinus sp. 4 is a small, delicate leucocoprinoid that has dark coloration at the disc 

(sometimes fading to light grays), small fibrous scales that easily reveal the rest of the white cap, does not 

discolor red or yellow, and has a non-cespitose growth habit. Its size and coloration is quite distinctive, 

and it is recognized microscopically by its non to weakly dextrinoid and non to weakly metachromatic 

spores lacking an obvious germ pore, and a thin layer of relatively short, inflated cylindrical elements with 

greyish coloration as its pileus covering.  

After alignment and trimming, a contig of 637 basepairs with 98.7% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for JKS 83, and a contig of 636 basepairs with 98.6% of 

nucleotides with at least a Phred score of 20 was produced for JKS 75. A BLAST search shows the top 

match by identity with a high query cover to be 93% (EF527364.1) for both sequences produced.  
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Fig. 39 Leucocoprinus sp. 4. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia e. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; f = 50 μm. a–e from JKS 83. 
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Leucocoprinus sp. 5 

FIGURE 40a–c.  

COMMON NAME Leucocoprinus Manukā fragilissimus. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Growing singly in lowland, mesic, alien and 

native, disturbed (along trail) environment; currently known only from Manukā Natural Area Reserve on 

Hawaiʻi Island; collected in November. 

WORLD DISTRIBUTION Unknown. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Manukā Natural Area Reserve, N19°06'54.4" W155°49'10.8", 

565 m elev., 18 November 2017 coll. by J.K. Stallman (JKS 177). 

PILEUS small to medium, obtusely broadly conical to convex; disc warm brown to brown, with yellow-

brown granules, more numerous towards disc and less frequent towards margin over off-white to pale 

yellow background; margin sulcate-striate with remnants of partial veil adhering, striations reach ½ to 2/3 

from margin to disc; CONTEXT thin; LAMELLAE L = 60, l = 0–1 close to subdistant, white to off-white; STIPE 

pale yellow, cylindrical, equal; ANNULUS absent (likely because adhering to pileus margin) or with 

evanescent remnants at midpoint to slightly superior on stipe; BASAL TOMENTUM abundant; 

PSEUDORHIZOMORPHS absent; CONTEXT thin; EDIBILITY unknown; ODOR unknown; TASTE unknown. 

BASIDIOSPORES [30, 1, 1] (9) 10.3–10.9 (12.2) × (6.3) 7.1–7.4 (8.2) µm [x = 10.6–7.2 µm], Q = (1.3) 1.4–

1.5 (1.6) [Qm = 1.5]; ellipsoid to amygdaliform in side view, ellipsoid to ovoid in face view, hyaline in H2O 

and NH4OH, thick-walled, dextrinoid (some deeply of dark red or mahogany), congophilous, 

cyanophilous, not to weakly metachromatic in Cresyl Blue with a central, truncate germ pore 1–2 µm wide 

with cap extending from spore wall .5–1.5 µm, usually with a single gluttule; BASIDIA [4,1,1] (20.8) 21.8–

24.0 (25.1) × (8.5) 9.2–10.6 (11.3) µm [x= 22.9 × 9.9 µm], clavate, hyaline, thin-walled, 4-spored, 

infrequent and difficult to recover, surrounded by globose, quadrangular, or irregularly inflated ellipsoid 

pavement cells on average 20.7 × 17.4 µm; CHEILOCYSTIDIA not recovered; PLEUROCYSTIDIA not recovered; 

PILEUS COVERING not recovered; STIPITIPELLIS a cutis of narrowly cylindrical hyaline hyphae 2–5 µm wide 
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covered by a thin parallel layer of hyaline hyphae that is inflated cylindrical to ellipsoid up to 13 µm wide; 

CLAMP CONNECTIONS not observed. 

COMMENTS—Leucocoprinus sp. 5 is known from a single individual and collection at Manukā Natural Area 

Reserve. Official measurements and colors were not completed at time of collection, and some 

microscopic features were not recovered from the single collection, but it is included here with preliminary 

details for completeness and future study. Based on the single collection, it bears resemblance to 

Leucocoprinus fragilissimus, but is more robust with a larger pileus and a darker disc; spore sizes are 

similar, and the pileus covering or other features that were not recovered from this single collection may 

be a defining difference; more collections are needed. 

After alignment and trimming, a contig of 659 basepairs with 99.8% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced for collection JKS 177. A BLAST search revealed the top match by 

identity in GenBank to be 89% (KF225821.1). 
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Fig. 40 Leucocoprinus sp. 5. a. Basidioma. b. Basidiospores. c. Basidia. a–c from JKS 177. 

Leucocoprinus sp. 6 

FIGURE 41a–c.  

COMMON NAME Leucocoprinus large fragilissimus. 

HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS: Scattered in soil in wet, lowland, alien habitats; 

currently known only from Waipiʻo Valley on Hawaiʻi Island; collected in October. 

WORLD DISTRIBUTION Unknown. 
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SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, N20°06'59.3" W155°35'20.9" 10 m elev. 21 

October 2017, coll. by J. K. Stallman (JKS 152).  

PILEUS at first cylindrical (bullet-shaped) to narrowly paraboloid, becoming planoconvex to applanate in 

age; at first uniformly off-white to pale yellow, with deeper yellow disc, pileus covering breaking up into 

minute to small yellow granules over a white surface; disc remaining yellow, unbroken; radially striate 

nearly to disc of pileus, margin sulcate/striate to eroded in age, often drooping; CONTEXT thin, tissue-like, 

subdeliquescent; LAMELLAE, L = 68, l = 0–2, free and remote from stipe, subdistant to close, segmentiform 

to subventricose, white to off-white; STIPE when young subbulbous to clavate, tapering upwards, in age 

equal, cylindrical, sometimes subbulbous, pale yellow, appearing glabrous but covered in minute light 

yellow granules; ANNULUS not noted, likely present and evanescent; BASAL TOMENTUM present and 

abundant; PSEUDORHIZOMORPHS present, white; CONTEXT thin; SPORE DEPOSIT unknown; EDIBILITY 

unknown; ODOR not recorded; TASTE: not recorded. 

BASIDIOSPORES [10, 1, 1] (10) 10.7–11.4 (12.2) × (7.9) 8.5–9.1 (9.8) µm [x = 11.1–8.8 µm], Q = (1.1) 1.2–

1.3 (1.4); [Qm = 1.3], broadly ellipsoid in side view, ellipsoid in face view, thick-walled, hyaline in H2O and 

NH4OH, not to weakly dextrinoid, congophilous, cyanophilous and metachromatic in Cresyl Blue with a 

central, truncate germ pore 1–2 µm wide with cap extending from spore wall .5–1.5 µm that is 

metachromatic in Cresyl Blue, usually with a single gluttule; BASIDIA not recovered, pavement cells 

present; CHEILOCYSTIDIA [10, 1, 1] on average 25 × 9 µm, hyaline, thin-walled, generally ellipsoid, narrowly 

clavate, or clavate, but much larger (up to 55 × 22 µm) conical to fusiform shapes also present; 

PILEIPELLIS and STIPITIPELLIS undetermined; CLAMP CONNECTIONS not observed. 

COMMENTS—Leucocoprinus sp. 6 is known from a single collection in Waipiʻo valley that consisted of one 

mature, and two immature individuals. Official measurements and colors were not completed at time of 

collection, and the mature individual is not in a great state of preservation, but it is included here with 

preliminary details for completeness and future study. Spores were measured with a gill wash and 

cheilocystidia were recovered on immature specimens only. This species is similar to Leucocoprinus sp. 5 

and Lc. fragilissimus, but is potentially much larger with a stipe length up to 180 mm long. 
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After alignment and trimming, a contig of 659 basepairs with 99.8% of nucleotides with at least a Phred 

score of 20 in the nrITS was produced. A BLAST search revealed the top matches by identity in GenBank 

to be at 94% with coverage at 87% (LN827701.1); sequences with higher coverage of 100% have an 

identity match of only 89% (KF225821.1). 

 

Fig. 41 Leucocoprinus sp. 6. a. Basidioma. b. Basidiospores. c. Cheilocystidium. a–c from JKS 152. 

Leucocoprinus sp. 7 

FIGURE 42a–e. 

COMMON NAME None. 
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HABIT, HABITAT, AND DISTRIBUTION IN THE HAWAIIAN ISLANDS Scattered to cespitose on well-decayed wood 

or leaves in wet, lowland, alien habitats; known from Hawaiʻi and Kauaʻi; collected in January and August 

to November. 

WORLD DISTRIBUTION Unknown beyond the Hawaiian Islands. 

SPECIMENS EXAMINED USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hilo Botanical Garden, N19° 42' 09.5", 

W155°04'56.1", 47 m elev. 20 September 2016, coll. by J. K. Stallman (JKS 66); USA. Hawaiʻi: Hawaiʻi, 

Hilo, University of Hilo Botanical Garden, N19° 42' 09.5", W155°04'56.1", 47 m elev. 6 October 2016, coll. 

by J. K. Stallman (JKS 72); USA. Hawaiʻi: Hawaiʻi, Hilo, University of Hilo Botanical Garden, N19° 42' 

09.5", W155°04'56.1", 47 m elev. 6 December 2016, coll. by J. K. Stallman (JKS 79); USA. Hawaiʻi: 

Hawaiʻi, Waipiʻo Valley, along road to beach, 21 October 2017, coll. by J. K. Stallman (JKS 151); USA. 

Hawaiʻi: Hawaiʻi, MacKenzie State Recreation Area, N19°26'49.4" W154°53'23.6" 3 m elev. 30 November 

2017, coll. by J. K. Stallman (JKS 181); USA. Hawaiʻi: Hawaiʻi, Waipiʻo Valley, along road to beach, 17 

November 2017, coll. by J. K. Stallman (JKS 184); USA. Hawaiʻi: Hawaiʻi, Puna, Shipman Beach Trail, 31 

January 2018, coll. by J. K. Stallman (JKS 185; contaminated); USA. Hawaiʻi: Hawaiʻi, Volcano, 

N19°26'03.8" W155°13'47.3" 1129 m elev. 26 August 2018, coll. by J.K. Stallman (JKS 199). 

PILEUS (20) 25–35 (50) mm broad, at first narrowly truncately parabaloid (truncately bullet-shaped to 

truncately ellipsoid), becoming hemispherical, then convex, planoconvex, or applanate in age; when 

young, entirely covered in minute grey squams (4D1, 8D2, 18E2) which are darker (18F2, 8F2) at disc, 

sometimes discoloring to yellowish where damaged, pileus covering breaking up as cap expands into 

medium to large scales appressed to uplifted (mildly recurved) that lessen towards the margin over a 

white to off-white background, disc remaining unbroken, margin weakly striate to striate and with 

remnants of partial veil adhering and exceeding over; CONTEXT thin (appx. 1 mm), white, unchanging; 

LAMELLAE L = 72, l = 1–4, free, close to crowded, subventricose to ventricose, with entire margin, up to 5 

mm broad, white to off-white; STIPE 35–65 mm × 3–5 (7 at base), usually mildly tapering upwards with a 

subbulbous to slightly enlarged base, white to off-white often with purple and pink tones (12E2 10E3) at 

base, often bruising yellowish (4A4), then to tans/browns (7E4, 8F3) on handling, appearing glabrous but 



   
   

164 
 

covered in appressed, white hyphae, oriented parallel to the stipe that are removed by handling (lens); 

CONTEXT thin, hollow, off-white turning to tan/light brown; ANNULUS superior, membranous, white below 

and brownish often with pinkish/purplish hints above, discoloring as stipe, variable in appearance; 

sometimes flaring with appressed skirt on stipe, other times as a ring with margin sagging; BASAL 

TOMENTUM present; PSEUDORHIZOMORPHS present, white, adhering to substrate; SPORE DEPOSIT white; 

EDIBILITY unknown; ODOR indistinct to fungal; TASTE indistinct to fungal. 

BASIDIOSPORES [51, 4, 3] (7.8) 9.2–9.7 (11.1) × (5.3) 6.3–6.6 (7.6) μm [x = 9.4–6.5 μm], Q = (1.2) 1.3–1.5 

(1.7) [Qm = 1.5], broadly ellipsoid to oblong (usually ellipsoid) in side view, ellipsoid to subcylindrical in 

face view with thick cell wall, germ pore present, up to 1.5 μm wide with hyaline cap usually not extending 

beyond spore wall, sometimes extending .5–1 μm beyond wall, hyaline in NH4OH and H2O, dextrinoid 

(but often weakly or in small numbers), congophilous, cyanophilic (often weakly) and metachromatic in 

Cresyl Blue; BASIDIA [29, 3, 2] (19.0) 24.8–27.4 (33.2) × (7.3) 9.9–11.1 (13.7) µm [x = 26.1 × 10.5 µm], 

thin-walled, hyaline, clavate, with four (rarely 2) sterigmata, often with granular brownish contents; 

LAMELLA-EDGE sterile; CHEILOCYSTIDIA [14, 3, 2] (30.9) 46.3–57.6 (73) × (8.9) 11.9–14.2 (17.2) µm [x = 

51.9 × 13.1 µm], hyaline, sometimes with dark encrusted pigments in H2O and NH4OH, thin-walled, 

variable, usually narrowly to broadly clavate with a subcapitate, or mucronate to finger-like apical 

projection often with medial restrictions and/or flexuose walls, and rarely branching, less commonly 

without any apical projection; PLEUROCYSTIDIA not observed; PILEUS COVERING scales an intricate 

trichoderm of densely packed, mostly erect cylindrical to inflated cylindrical hyphae with brownish 

intracellular pigment, terminal elements usually inflated cylindrical, sometimes with flexuose walls, to less 

commonly narrowly clavate, often set on short-ellipsoid basal cells, 30–120 × 4 –11 μm; stipitipellis a cutis 

of narrowly cylindrical hyaline hyphae with covering similar to that of the pileus, but elements shorter, 

generally under 60 μm; PARTIAL VEIL a mix of tightly interwoven hyaline, narrowly cylindrical hyphae with 

elements of the pileus covering and shorter branching elements; CLAMP CONNECTIONS not observed. 

COMMENTS—Leucocoprinus sp. 7 is found in a variety of wet, lowland, alien settings in soil and on wood, 

and under coastal Casuarina equisetifolia. It was also found in a wet, montane forest growing on the 
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endemic Cibotium glaucum, although in a disturbed area. It is characterized by its medium size, uniform 

grey pileus covering with parabaloid, truncated apex when young, and developmentally not passing 

through a conical stage, nor having an extremely evanescent tissue-like annulus or a striated pileus 

margin that grades towards the disc as its lookalike, Lc. sp. 2. It differs from Lc. sp. 1 in forming larger 

fruit bodies with larger scales, usually does not occur in cespitose clusters larger than two specimens, 

has larger spores with a germ pore, and more distinct cheilocystidia. It differs from Lc. sp. 3 in forming 

more robust fruit bodies with less purple coloration and larger spores. It differs from Leucocoprinus 

cepistipes in not fruiting in as large clusters, generally having darker coloration, having basal ovoid 

elements in its pileus covering while lacking narrowly lageniform elements, and having cheilocystidia with 

more unique apical extensions with medial restrictions and subcapitate elements.  

After trimming, a sequence representing the forward read only of JKS 66 of 307 basepairs with 98.4% of 

nucleotides with at least a Phred score of 20 in the nrITS was produced, a contig of 677 basepairs with 

100% of bases with at least a Phred score of 20 was produced for JKS 72, and a contig of 675 basepairs 

with 99.9% of bases with at least a Phred score of 20 was produced for JKS 151. A BLAST search 

revealed the top 2 matches by identity in GenBank to be identified as Leucoagaricus cinerascens, 

collected on the island of Kauaʻi, with JKS 66 having a 98% match by identity, and the two longer 

sequences JKS 72 and JKS 151 matching above 99% identity. The next closest match is below 90% 

identity (EF527400.1). 

Lc. sp. 7 is likely conspecific with these high GenBank matches collected on the island of Kauaʻi by 

Brandon Mattheny and identified as Leucoagaricus cinerascens (Quél.) Bon & Boiffard by Else Vellinga. 

La. cinerascens macroscopically can appear quite different from Lc. sp. 7 (e.g., photo in Breitenbach & 

Kränzlin [1995]), being potentially much larger, with more brown background coloration between browner, 

smaller scales when compared with the grey/black scales over a white background of Lc. sp. 7. The 

cheilocystidia are also distinctly different—with finger like apical extensions with medial constrictions in 

Hawaiian collections—from the clavate examples presented from European material (Candusso & 

Lanzoni 1990, Breitenbach & Kränzlin 1995). Vellinga (2001) notes that La. cinerascens has a unique 
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pileus covering with long cylindrical elements set on basal globose elements. Although difficult to 

observe, examples of this description do occur in Lc. sp. 7, and spore and basidia sizes and features are 

similar. Although some features are similar, including a unique feature in the pileus covering, it is unlikely 

this species is conspecific with La. cinerascens. 

Macroscopically Lc. sp. 7 species closely resembles Hemmes & Desjardin’s (2002b) Leucocoprinus sp. 

growing in Casuarina equisetifolia environments, except that it does not bruise red near the base 

(although yellow and oranges are possible). It is unclear at this time whether these two taxa are 

conspecific, as a collection closely matching Hemmes & Desjardin’s description growing directly on C. 

equisetifolia was not found. More collections are needed to make this determination. 
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Fig. 42 Leucocoprinus sp. 7. a. Basidioma. b. Basidiospores. c. Basidia. d. Cheilocystidia e. Pileus 

covering. Scale bars: b = 10 μm; c, d = 20 μm; f = 50 μm. a from JKS 79; b from JKS 185; c–e from JKS 

66. 
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Additional Taxa 
Lepiotaceous taxa known from Hawaiʻi Island not collected during project 

 

Fig. 43 Lepiotaceous taxa known to occur on Hawaiʻi Island, but not found during this project (all found 

and photographed by Dr. Don Hemmes). a. Leucoagaricus sp. from Manukā Natural Area Reserve with 

characteristic blue discoloration on handling; b. Lepiota or Cystolepiota sp. from Waipiʻo Valley; c. 

Leucocoprinus sp. from the University of Hawaiʻi Hilo Botanic Garden. The gills of this species bruise red 

on handling. 
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Fig. 44 Lepiotaceous taxa known to occur in the Puna District of Hawaiʻi Island, but not found during this 

project (all found and photographed by Jon Rathbun). a. Lepiota sp. from ʻOpihikao and Waimanu Valley; 

b, e. Leucoagaricus sp. found under Cecropia obtusifolia in ʻOpihikao; c, d. Leucocoprinus sp. from 

MacKenzie State Recreation Area found associated with moss.  

Lepiotaceous taxa not occurring in Hawaiʻi, on Hawaiʻi Island, or lacking information  

Lepiota castanea Quél., Comptes Rendus de l´Association Française pour l´Avancement des 

Sciences 9: 661 (1881) and Lepiota fusciceps Hongo, Memoirs of Shiga University 23: 38 (1973) 

Lepiota castanea and Lepiota fusciceps were reported in forest environments by Hemmes & Desjardin 

(2002a) in a poster and abstract at the Mycological Society of America meeting. These species were not 
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found during the three seasons surveying lepiotaceous fungi on Hawaiʻi Island, nor are there herbarium 

records corresponding to these reports, so they cannot be verified or treated further at this time. 

Lepiota flagellata (Berk. & Broome) Sacc., Sylloge Fungorum 4: 64 (1887) 

Lepiota flagellata was described as Agaricus flagellatus in the Journal of the Linnean Society from a 

collections in Sri Lanka made in 1868, and later formally transferred to the genus Lepiota by Saccardos 

(1886). It was later reported from Africa (Pegler 1977). 

It is listed in Vellinga, Guzmán & Guzmán-Dávalos (1992), and Locquin (1950), but not the Pacific Island 

Basidiomycete Checklist (2011). 

Pegler provides a formal description in 1972 based on the collections from 1886 (Pegler 1972). Its 

defining features include lack of annulus (appendiculate margin only), red-staining flesh, lamellae 

described as serrated with red spots, and cheilocystidia with brown vacuolar pigment. 

L. flagellata has only been reported once, on the island of Oʻahu in 1912. Examination of the 1912 

collection at the University of Illinois herbarium may shed light on whether it occurs, or formerly occurred 

in the islands, but with only one collection not occurring on Hawaiʻi Island, it will not be further discussed 

here. If the taxon does indeed have serrated lamellulae with red spots, it should not prove difficult to 

quickly identify if it still occurs on Oʻahu. 

Lepiota sanguiflua Murrill, Quarterly Journal of the Florida Academy of Science 8 (2): 179 (1945) 

Lepiota sanguiflua was described by Murrill from Florida (Murrill 1945). Smith and Weber (1987) reported 

the species from Hawaiʻi based on a collection made by E.A. Bessey in 1939 on the island of Oʻahu.  

As noted by Vellinga (2001), it is hard to determine a difference between the description of L. sanguiflua 

and Leucoagaricus meleagris, which is not treated by Smith and Weber. Absent additional information, 

this species has only been collected on the island of Oʻahu, falls outside Lepiota s.s. (spores 

metachromatic with a germ pore), has only been collected once, and may be synonymous with 

Leucoagaricus meleagris. It is not further examined here.  
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Lepiota xylogenus (xylogent) 

Lepiota xylogenus was reported to be collected in Hawaiʻi by Kauffman (1924), and it is included in the 

Pacific Island Basidiomycetes Checklist (2011) as occurring in Hawaiʻi, citing Kauffman. 

Agaricus xylogenus was described in 1856 by Montagne based on collections made by Sullivant in 

Columbus, Ohio (Montagne 1856), The next mention in the literature comes from Kuntze, who transferred 

the species to the genus “fungus” in his Revisio generum plantarum 3 (Kuntze 1898). 

Murrill lists Agaricus xylogenus under the “Doubtful species” section in his The North American Flora 

(1914), referring to his notes and reviews in Mycologia (1914). 

In his “Notes and Reviews” section in Mycologia (1914), Murrill notes that there are actually two 

collections labeled 140--the collection that Agaricus xylogenus was described from--and that these two 

collections are distinct. The first collection is noted by Murrill to look like a Lepiota (apparently despite its 

rose-colored lamellae). The other collection was actually growing on wood, seemingly a better match to 

the xylogenus epithet. The second collection reportedly has white lamellae and an annulus, so it is 

possible that both are lepiotaceous fungi, but besides the specific epithet, it is unclear which specimen 

the description applies to. 

Kauffman, in his review of the genus Lepiota in the United States, lists Lepiota xylogenus in the 

“Comments on Excluded or Doubtful Species” section. He cites Murrill (1914), stating “there is no 

dependence to be placed on the meaning of the specific name in this case,” but then states, “It was 

collected in Hawaiʻi.” There is no indication why Kauffman claims the mushroom was collected in Hawaiʻi 

(instead of Ohio), nor how he made the decision to classify it as a Lepiota, besides Murrill’s note that one 

of the specimens looked like a Lepiota. 

Locquin (1950) includes the species xylogenus in his list of fungi in the genus Lepiota, with the caveat 

that “the original reference is unknown to us.” Guzmán & Guzmán-Dávalos (1992) list it as a doubtful 

species in their Checklist of the Lepiotaceous Fungi, and it is absent from Vellinga’s (2010) 
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Nomenclatural Overview of Lepiotaceous Fungi. The Pacific Island Basidiomycetes Checklist lists Lepiota 

xylogent JS Mont. as occurring in Hawaiʻi, citing Kauffman (1924). 

Notwithstanding its nomenclature uncertainties, there is no evidence either of the two collections originally 

labeled Agaricus (or Lepiota) xylogenus (or xylogent) was made in Hawaiʻi, despite the claims of 

Kauffman and repetition of these claims by the Pacific Island Basidiomycetes Checklist. It is not examined 

further here. 

Lepiota xylophila Peck, Bulletin of the Torrey Botanical Club 34: 97 (1907) 

Lepiota xylophila was described in 1907 by Peck based on collections made by N.A. Cobb in Hawaiʻi, 

after they were sent to him via H. von Schrenk (Peck 1907). In his description, Peck states it is closely 

related to Lepiota cepistipes Sow., but that it differs in coloration (yellow-tinged lamellae and yellowish 

stem), substrate (conifer wood), even margin of the pileus when young, and lacks an enlarged stem base.  

N.A. Cobb describes the same fungus he sent to von Schrenk and Peck in Fungus Maladies of the Sugar 

Cane (Cobb 1909). Cobb includes several photographs, and notes that young specimens have a “lemon, 

or deep sulphur yellow color,” and that the base is swollen and the stipe tapers upwards, and includes 

pictures. This description is fitting with the modern Leucocoprinus birnbaumii, or the “yellow-variant” of 

Lepiota cepistipes at that time, and contradicts Peck’s statement that the fungus lacks an enlarged stem 

base.  

Sowerby’s original description of Agaricus cepistipes (Lepiota cepistipes) combined the two species 

Agaricus cretaceus (now Leucocoprinus cretaceus) and Agaricus luteus (now Leucocoprinus birnbaumii) 

into this name, believing them simply color variants (see Sowerby’s drawing including both yellow and 

non-yellow specimens in Sowerby (1797), and discussion in Vellinga (2010) and Noordeloos et al. (2001) 

following J.E. Lange’s treatment in Flora Agaricina Danica. 

In reporting on the higher fungi of the Hawaiian Islands, Burt (1923) notes two recent collections L. 

xylophila which agree with Peck’s description, although he concedes at least one of these likely grew 

from the ground (lawn), instead of non-native conifers as originally described. Both collections examined 
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by Burt were the most recent collections of the species, from 1915, and 1921, respectively. The collection 

from 1921 stored at the University of Illinois Herbarium was noted on examination by Dennis Desjardin in 

1996 to be badly bug eaten, and probably represent Leucocoprinus cepistipes Sowerby (Pat. 1889). The 

collection from 1915 was the specimen growing on the lawn. Burt lists this fungus as indigenous to 

Hawaiʻi despite its habitat. 

No collections identified as L. xylophila have been made and deposited in herbaria connected to 

Mycoportal.org since 1921. The available evidence suggests that the type of L. xylophila is Leucocoprinus 

birnbaumii, a common fungus that has a similar habit and stature, but has an obvious deep yellow 

coloration that is absent from modern concepts of Leucocoprinus cepistipes and Leucocoprinus 

cretaceus. Portions of the fruiting body may have faded by the time Peck examined the specimens. 

Cobb’s photos of specimens from the early 1900’s of the same species he sent to Peck are a good match 

for L. birnbaumii (as they are for L. cepistipes without color present, but Cobb states they are deep 

yellow), and no other known lepiotaceous fungus in Hawaiʻi exhibits the same stature, color, and habitat. 

Based on Peck’s description which only notes yellow-tinges and a pale yellow stem, it makes sense why 

Burt (1923) would state that the fungi later collected match the type description: they were likely L. 

cepistipes, as was the conclusion of Dr. Desjardin when examined later. 

Lepiota xylophila is listed by mycobank.org and indexfungorum.org as a valid species with no known 

synonyms. It is present on species lists of Locquin, Vellinga, and the Pacific Island Basidiomycete 

Checklist. Guzmán & Guzmán-Dávalos (1992) list it as a synonym of Leucocoprinus cepistipes, but do 

not provide a reference for the synonymy. 

Because at the time of Sowerby and Peck’s work, Leucocoprinus birnbaumii, Leucocoprinus cretaceus, 

and Leucocoprinus cepistipes (likely as an intermediary form) were considered synonymous, they do not 

match the modern interpretation of three distinct species that are now easily separated by coloration in 

the fruiting body (birnbaumii yellow, cretaceus white only, cepistipes browns/greys present at disc and/or 

in scales). For example, Murrill (1914) synonymized L. xylophila with Lepiota cretacea Bull 1907, and 
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considered A. luteus, A. creataceous, and A. cepistipes all synonymous with this name as well. This could 

explain the prior discrepancies in identification and descriptions. 

The holotype of Lepiota xylophila is likely synonymous with Leucocoprinus birnbaumii. Examination of the 

holotype stored at the New York State Museum could possibly verify its synonymy but in either case, with 

its sulcate margin, it is not in the genus Lepiota, and will not be treated further here.  

Leucoagaricus badhamii (Berk. & Broome) Singer, Lilloa 22: 419 (1951) 

The University of Washington herbarium has a collection identified in 2008 as Leucoagaricus badhamii 

(Berke. and Broom) Singer that is supposedly from Hawaiʻi. Unfortunately the date, location, and collector 

are unknown. A note states the specimen was “comm. by Bessey” but the spelling of the name makes 

this slightly unclear. The communicator is likely E.A. Bessey, professor of mycology and botany at 

Michigan State University who made other collections on Oʻahu in 1939 (Smith & Weber 1987), but this is 

uncertain. Absent additional information, as this species has only been collected once without supporting 

metadata and likely only on the island of Oʻahu, it is not further examined here. 

Lepiotaceous look-alikes outside the Agaricaceae 

Amanita cf. manicata 

FIGURE 45d. 

A saprotrophic Amanita fruits in the late summer or early fall in grass, woodchips, sand, and other 

disturbed habitats in lowland areas of Hawaiʻi Island (Hilo, Puna, Kona). It is characterized by a tan/peach 

coloration, shaggy scales on the cap and throughout the stipe, a sweet odor, divergent lamellar trama and 

amyloid spores. It lacks an obvious volva and therefore may be mistaken macroscopically for a member 

of the Agaricaceae. See http://www.amanitaceae.org/?Amanita+manicata for additional information. 
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Limacella sp. 

FIGURE 45a, b. 

An unknown species in the Amanitaceae, likely in the genus Limacella, is found in wet, lowland, alien 

habitats, specifically at MacKenzie State Recreation Area that bears resemblance to a lepiotaceous 

species. It is medium to large, has an unpleasant metallic odor, has free gills, white spores, and a stipe 

that often peels back in a recurved fashion. It is easily distinguished microscopically by spores that are 

subglobose with a prominent hilar appendage, inamyloid and non-dextrinoid, a lack of cheilocystidia, and 

divergent lamellar trama. 

Mycena papyracea Desjardin & Hemmes, Harvard Papers in Botany 6: 93 (2001) 

FIGURE 45c. 

This delicate Mycena species is found in Casuarina habitats where it resembles a Leucocoprinus species 

with free, white gills, although it lacks an annulus or obvious stipe ornamentation. It easily distinguished 

from true lepiotaceous taxa in the Agaricaceae by its oblong, amyloid spores. 
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Fig. 45 Lepiotaceous fungi outside the family Agaricaceae. a, b. Limacella sp. (photos: Dr. Don 

Hemmes); c. Mycena papyracea; d. Amanita cf. manicata (photo: Zoltan Szabo from 

Mushroomobserver.org). 
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Tables 

Table 1. Genera of lepiotaceous fungi reported from the Hawaiian Islands and their gross morphological 

differences (Vellinga 2003a, Vellinga 2004a, Vellinga 2011).  

Genus Morphological Features 

Lepiota Regular lamellar trama; generally with clamp connections; spores without a germ 
pore, generally dextrinoid, non-metachromatic, bi-nucleate, and not ornamented. 

Cystolepiota Regular lamellar trama; generally with clamp connections; veils composed of 
loosely arranged globose cells; spores uni-nucleate, without a germ pore, and 
generally non-dextrinoid. 

Leucoagaricus Trabecular lamellar trama; clamp connections absent; agaricoid habitat with various 
spore morphology and pileus covering. 

Leucocoprinus Same as Leucoagaricus but usually with a sulcate-striate pileus and basidia 
separated by pavement cells. 

Chlorophyllum Trabecular lamellar trama; with or without clamp connections; hymenidermal pileus 
covering; spores white to green-brown. 

Melanophyllum Regular lamellar trama; clamp connections present; pileus covering of globose cells, 
spores small and rough, green to black (when dry). 

 

Table 2. Morphological overview of subsections of Lepiota sensu stricto (Vellinga 2003a) 

Morphological 
Subsections of 

Lepiota (Vellinga 
2003a) 

Morphological Features 

Lepiota Trichodermal pileus covering and fusiform to penguin-shaped spores. 

Stenosporae Trichodermal pileus covering and spurred spores. 

Ovisporae Trichodermal pileus covering and ellipsoid spores with two subsections: 
Subsection Helveolinae with a trichoderm of long, cylindrical elements and 
subsection Felinae with a mixed trichoderm of both long, cylindrical and short, 
clavate elements. 

Lilaceae Hymenidermal pileus covering and ellipsoid or spurred spores. Sometimes divided 
into further subsections by whether the pileus breaks open into scales, number of 
nuclei in spores, and whether the spores are spurred. 

Echinatae  Acute warts on the pileus made up of round elements. 
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Table 3. Lepiota sensu stricto clades by nrITS and nrLSU DNA analysis, the corresponding morphological 

features defining each clade, and former subsection(s) (Vellinga 2003a) 

Lepiota clade 
number (Vellinga 

2003a) 

Morphological Features 

1 Trichodermal pileus covering with long and short, cylindrical to narrowly clavate 
elements; spores variable. Includes former section Lepiota and part of section 
Ovisporae. 

2 Trichoderm of long elements only, or a loosely arranged cutis with articulate, 
clamped hyphae; spores variable. Three subclades present. 2a: ellipsoid spores 
and a trichoderm. 2b: spurred spores with a trichoderm. 2c: spurred spores and a 
cutis-like pileus covering. Includes former sections Stenosporae and Ovisporae 
subsection Helveolinae. 

3 Hymenidermal pileus covering; spores, chemical reactions, and nuclei per spore 
variable. Formerly sections Lepiotula and Lilaceae. 

4 Sections Echinatae and genera Cystolepiota, Melanophyllum and Pulverolepiota. 
Subclades divided by spore size. 
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Table 4. Species of lepiotaceous fungi reported from the Hawaiian archipelago, literature and date 

reported, and current status following this project (“C” confirmed as occurring, “P” as possibly occurring 

[not recovered but potentially occurs in Hawaii], and “N” as not occurring). 

Species* First Report† Status 
Chlorophyllum hortense Hemmes & Desjardin 2002a C 
Chlorophyllum molybdites Ueki 1973 C 
Cystolepiota species Hemmes & Desjardin 2002b C 
Lepiota aspera (as Echinoderma 
asperum) Hemmes & Desjardin 2002a C 

Lepiota besseyi Smith & Weber 1987 C 
Lepiota castanea Hemmes & Desjardin 2002a U 

Lepiota flagellata 
Collected by F.L. Stevens 1912 
(mycoportal.org)  

U 

Lepiota fusciceps Hemmes & Desjardin 2002a U 

Lepiota pseudolilacea 
First collected in 1971 
(mycoportal.org) 

U 

Lepiota pseudorubella Gubitz 2008 C 
Lepiota rubrobrunnea Gubitz 2008 C 
Lepiota sanguiflua Smith & Weber 1987 N 
Lepiota xylogent Kauffman 1924 N 
Lepiota xylophila Peck 1907  N 
Leucoagaricus barssii Hemmes & Desjardin 2002a C 
Leucoagaricus leucothites Hemmes & Desjardin 2002a C 
Leucoagaricus meleagris Hemmes & Desjardin 2002a C 

Leucocoprinus badhamii 
Unknown collector/date; identified 
in 2008 (mycoportal.org) 

U 

Leucocoprinus birnbaumii Ueki 1973 C 
Leucocoprinus cepistipes Hobb 1909 C 
Leucocoprinus cretaceus Perry et al. 2006 C 
Leucocoprinus fragilissimus Hemmes & Desjardin 2002a C 
Leucocoprinus ianthinus (as 
lilacinogranulosus) Hemmes & Desjardin 2002a 

U 

 

* Prior reports of Lepiota cepistipes have been excluded from this table because of its synonomy with 
Leucocoprinus cepistipes. Lepiota acutesquamosa and Echinoderma asperum have been excluded 
because of their synonymy with L. aspera. Lepiota pseudohelveola has been excluded because of its 
synonymy with L. pseudolilaceae. Leucoagaricus naucinus has been excluded because of its synonymy 
with La. leucothites. Leucoagaricus hortense and Lepiota humei have been excluded because of their 
synonymy with Chlorophyllum hortense. Leucocoprinus luteus and Lepiota lutea have not been included 
because of their synonymy with Lc. birnbaumii. Collections from herbaria not identified to species (e.g., 
Leucoagaricus sp.) were excluded.  

†Additional resources reviewed for reports of lepiotaceous taxa include Vandruff 2004, Peterson et al. 
2002, Farr et al. 1989, Ueki 1973, Doyle 1985, Diehl 1921, Burt 1923, Cooper 2011, and Baker & Goos 
1972. 
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Table 5. Sequences downloaded from GenBank for phylogenetic tree construction 

Taxon GenBank Accession Number 
C. hetieri  AY176459.1 
C. pulverulenta  AF391035 
C. seminuda  JF907983.1 
L. andegavensis  KP004931 
L. apatelia  AY176462.1 
L. aspera  KP843884.1 
L. brunneoincarnata  FJ998395.1 
L. castanea  AY176463.1 
L. castaneidisca  AF391061 
L. cristata  U85327.1 
L. elaiophylla  MH979467.1 
L. elaiophylla  AF391024.1 
L. erminea  AY176470.1 
L. farinolens  AY176368 
L. felina  U85330.1 
L. helveola  MH979466.1 
L. himalayensis  HE614898.1 
L. luteophylla  AY176475.1 
L. magnispora  AF391005.1 
L. pilodes  AY176476.1 
L. rhodophylla  AY176480.1 
L. sp. (Australia) KP012693 
L. sp. (Australia) KP012854 
L. sp. (Kauaiʻ) AY176402 
L. sp. (Thailand) HQ647293 
L. sp. (Thailand) JN224825 
L. sp. (Thailand) JN224826 
L. sp. (Thailand) JN224828 
L. subincarnata  AY176491.1 
L. thiersii  AY176492.1 
L. tomentella  EF080868 
L. vellingana  HE974764 
L. xanthophylla  AY176405.1 
M. haematospermum  KF953545.1 
Uncultured Fungus FJ528742 
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Table 6. nrITS sequences generated for this project with GenBank accession numbers. 

Taxon Collection 
Number 

GenBank 
Accession 
Number 

Leucoagaricus sp. 2 JKS 60 MK412570 
Leucoagaricus sp. 2 JKS 63 MK412571 
Lepiota sp. 1 JKS 64 MK412572 
Leucocoprinus sp. 7 JKS 66 MK412573 
Leucocoprinus sp. 7 JKS 72 MK412574 
Lepiota sp. 3 JKS 74 MK412575 
Leucoagaricus sp. 6 JKS 85 MK412576 
Lepiota sp. 1 JKS 86 MK412577 
Lepiota sp. 1 JKS 87 MK412578 
Leucocoprinus sp. 5 JKS 75 MK412579 
Leucoagaricus sp. 1 JKS 78 MK412580 
Lepiota cf. elaiophylla n/a MK412581 
Chlorophyllum hortense JKS 73 MK412582 
Lepiota rubrobrunnea JKS 118 MK412583 
Leucocoprinus birnbaumii JKS 131 MK412584 
Leucoagaricus cf. americanus JKS108 MK412585 
Leucocoprinus birnbaumii JKS 93 MK412586 
Leucocoprinus straminellus JKS 106 MK412587 
Lepiota cf. elaiophylla  JKS 77 MK412588 
Lepiota cf. elaiophylla JKS 71 MK412589 
Leucoagaricus meleagris JKS 90 MK412590 
Chlorophyllum molybdites JKS 96 MK412591 
Leucocoprinus cretaceus JKS 82 MK412592 
Leucocoprinus cepistipes JKS 91 MK412593 
Leucocoprinus sp. 1 JKS 101 MK412594 
Leucocoprinus sp. 2 JKS 115 MK412595 
Leucocoprinus sp. 1 JKS 123 MK412596 
Leucoagaricus sp. 1 JKS 119 MK412597 
Lepiota aspera JKS 142 MK412598 
Leucoagaricus sp. 11 JKS 139 MK412599 
Cystolepiota sp. JKS 143 MK412600 
Leucocoprinus sp. 4 JKS 83 MK412601 
Lepiota besseyi JKS 109 MK412602 
Limacella sp. JKS 61 MK412603 
Cystolepiota sp. JKS 140 MK412604 
Leucocoprinus sp. 7 JKS 151 MK412605 
Leucocoprinus sp. 6 JKS 152 MK412606 
Leucoagaricus sp. 10 JKS 155 MK412607 
Leucoagaricus barssii JKS 161 MK412608 
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Leucoagaricus barssii JKS 162 MK412609 
Leucoagaricus barssii JKS 163 MK412610 
Leucoagaricus sp. 5 JKS 164 MK412611 
Leucoagaricus sp. 4 JKS 165 MK412612 
Leucocoprinus sp. 5 JKS 177 MK412613 
Leucoagaricus sp. 3 JKS 176 MK412614 
Leucoagaricus sp. 9 JKS 191 MK412615 
Leucoagaricus sp. SS 3 MK412616 
Lepiota sp. SS 1 MK412617 
Leucoagaricus sp. 7 JKS 194 MK412618 
Leucocoprinus sp. 7 JKS 199 MK412619 
 

Table 7. nrITS pairwise genetic distance comparisons between Lepiota cf. elaiophylla and close relatives. 

 L. elaiophylla 
(Canada) 
MH979467.1 

L. elaiophylla 
(Netherlands) 
AF391024.1 

L. cf. 
elaiophylla 
(Hawaiʻi) 

L. cf. 
elaiophylla 
(Hawaiʻi) 
JKS 71 

L. cf. 
elaiophylla 
(Hawaiʻi) JKS 
77 

L. sp. 
(Australia) 
KP012854 

L. elaiophylla  
(Canada)  
MH979467.1 
 

      

L. elaiophylla 
(Netherlands) 
AF391024.1 

92.4%      

L. cf. 
elaiophylla 
(Hawaiʻi) 

99.9% 92.6%     

L. cf. 
elaiophylla 
(Hawaiʻi) JKS 
71 

99.9% 92.3% 99.9%    

L. cf. 
elaiophylla 
(Hawaiʻi) JKS 
77 

99.9% 92.5% 99.9% 99.9%   

L. sp.  
(Australia) 
KP012854 

97.5% 92.9% 97.8% 97.7% 97.8%  
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