
Sydowia 75 (2023) 313

DOI 10.12905/0380.sydowia75-2023-313 Published online 14 June 2023

Fungal Systematics and Evolution: FUSE 9
Renée Lebeuf1,2, Jacques Landry2, Joseph F. Ammirati3, Arne Aronsen4, Taimy Cantillo5, Robinson Castillo6, 

Mike Anderson Corazon-Guivin7, Gladstone Alves da Silva8, Alden C. Dirks9, Rosanne A. Healy10, 
Quincy Marvin Holzapfel11, Marian Jagers12, Abdul Nasir Khalid13, Yves Lamoureux2,14, Hugo Madrid15, 

Arooj Naseer13, Jorinde Nuytinck11,16, Fritz Oehl17, André Paul1,2, Viviane Monique Santos8, Garrett Taylor18, 
Adela Vallejos-Tapullima7, Michał Gorczak19,20,21, Danny Haelewaters16,22,* & Irmgard Krisai-Greilhuber23

1 Saint-Casimir, QC GOA 3L0, Canada
2 Mycoquébec, Québec, QC G1Y 1N7, Canada

3 Department of Biology, University of Washington, Seattle, Washington 98195, USA
4 3135 Torød, Norway

5 Departamento de Ciências Biológicas, Universidade Estadual de Feira de Santana, 44036-900 Feira de Santana, Brazil
6 Facultad de Ciencias, Universidad Mayor, Huechuraba, Chile

7 Laboratorio de Biología y Genética Molecular, Universidad Nacional de San Martín, Jr. Amorarca 315, Morales, Peru
8 Departamento de Micologia, Centro de Biociências, Universidade Federal de Pernambuco, Cidade Universitária, 

50740-600 Recife, Brazil 
9 Department of Ecology and Evolutionary Biology, University of Michigan, Ann Arbor, Michigan 48109, USA

10 Department of Plant Pathology, University of Florida, Gainesville, Florida 32611, USA
11 Naturalis Biodiversity Center, 2300 RA Leiden, The Netherlands

12 Reelaan 13, 7522 LR Enschede, The Netherlands
13 Department of Botany, University of the Punjab, Quaid-e-Azam Campus, 54590 Lahore, Pakistan

14 Saint-Alphonse-Rodriguez, QC J0K 1W0, Canada
15 Departamento de Tecnología Médica, Facultad de Ciencias de la Salud, Universidad de Tarapacá, Sede Iquique, Iquique, Chile

16 Research Group Mycology, Department of Biology, Ghent University, 9000 Ghent, Belgium
17 Agroscope, Competence Division for Plants and Plant Products, Ecotoxicology, 8046 Zürich, Switzerland

18 Bradford, Pennsylvania 16701, USA
19 Institute of Evolutionary Biology, Faculty of Biology, University of Warsaw, 02-089 Warsaw, Poland

20 Botanic Garden, Faculty of Biology, University of Warsaw, 00-478 Warsaw, Poland
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In this 9th contribution to the Fungal Systematics and Evolution series published by Sydowia, the authors formally describe 
12 species: Bipolaris chusqueae from Chile (Pleosporales); Cortinarius anomalosimilis and C. brunneoviscidus from Canada and 
the USA, Inocybe nigroumbonata from Pakistan, Mycena amoena from the Netherlands, Tricholoma imbricatoides and T. pseu-
doterreum from Canada, T. mcneilii and T. robustipes from Canada and the USA, T. pallens from Canada, the USA, and China 
(Agaricales); Diversispora alba from Peru (Diversisporales); and Phaeotremella dejopia from the USA (Tremellales). The follow-
ing new country records are reported: Camptomyces africanus (Laboulbeniales) on Astenus sp. (Coleoptera, Staphylinidae) from 
Tanzania and Tricholoma fulvimarginatum (Agaricales) from Canada.

Keywords: 12 new species, 2 new records, Agaricomycetes, Cortinariaceae, Glomeromycetes, integrative taxonomy, Laboulbe-
niaceae, Tricholomataceae.

Materials and methods

Sample collection, isolation, and specimen exami-
nation

For the Bipolaris Shoemaker study, dead branch-
es, leaves, culms, and roots of Chusquea cumingii 

(Poaceae) were collected at the El Granizo area in 
La Campana National Park, central Chile. Samples 
were placed in plastic bags and kept in a refrigera-
tor at 4–7 °C until processed. Materials were incu-
bated in moist chambers at 25 °C and observed pe-
riodically for a 1-month period under a stereomi-
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croscope. To obtain pure cultures, conidia were 
transferred directly from colonies on the natural 
substrate to malt extract agar (MEA) plates using a 
sterile dissection needle. Morphological features of 
fungi were studied on water agar with sterilized 
corn leaves after 14 days at 25 °C. Semipermanent 
microscope slides were mounted on lactophenol 
cotton blue (Sigma-Aldrich, Oakville, Canada).

Basidiomata of Cortinarius (Pers.) Gray were 
collected in Canada (Québec) and in the USA (Iowa, 
New York), photographed in situ, then dried at 
40 °C. The habitat, altitude, soil characteristics, and 
nearby trees were noted. Macro-anatomical charac-
ters were described from fresh basidiomata and 
from pictures, with color codes of Kornerup & Wan-
scher (1978). Macrochemical reactions were noted 
on fresh basidiomata. Micro-anatomical studies 
were conducted on exsiccatae with a Nikon Labo-
phot microscope (Nelville, NY) and a Moticam 2500 
digital camera (Motic, Richmond, Canada). Tissues 
were rehydrated in 70 % isopropanol, hand-sec-
tioned, and observed in 3 % KOH, in Melzer’s rea-
gent for spore dextrinoidity, and in sodium dodecyl 
sulphate (SDS) Congo Red (1 % SDS, 1 % Congo 
Red) for better visualization. Microstructures were 
measured with an optical micrometer, and descrip-
tions follow Brandrud et al. (1990–2014) concepts. A 
minimum of 20 basidiospores per basidioma, ob-
tained from spore print or natural deposit on corti-
na or veil, were randomly selected and measured 
using the following notation: (a–)b–c(–d) [e/f/g], 
where ‘b’ and ‘c’ represent the 5th and 95th percentile 
of the measured values: ‘a’ and ‘d’ the extreme val-
ues, and ‘e/f/g’ the total number of spores, basidio-
mata, and collections, respectively. Q (minimum and 
maximum length/width ratio) and Qav (average 
length/width ratio) were calculated. Collections 
were deposited in public fungaria abbreviated fol-
lowing Index Herbariorum (Thiers continuously 
updated) where indicated, or are otherwise kept in 
the private fungarium of R. Lebeuf (code HRL).

For the Diversispora C. Walker & A. Schüßler 
study, soil samples were taken between March and 
July 2021 in two coffee plantations in Lamas Prov-
ince (San Martin State, Peru), at a depth of 0–30 cm. 
One sampling site was located in Paucarpata 
(6°26’8.82”S, 76°31’52.1”W, 502 m a.s.l.), the other 
in Pamashto (6°21’8.59”S, 76°32’15.66”W, 831 m 
a.s.l.). These sites are cultivated as traditional agro-
forestry systems, where coffee is grown with native 
forest species, without any addition of chemical fer-
tilizers and pesticides. Mean annual temperatures 
are about 21–25 °C, varying between 18 and 38 °C 
throughout the year. Mean annual precipitation is 

approximately 1500 mm, with monthly rainfall be-
tween 60 and 170 mm. Soil pH (H2O) was 7.7 in Pau-
carpata and 5.7 in Pamashto; available phosphor 
(Olsen et al. 1954) was 6.8 and 9.4 mg/kg, respec-
tively. Bait cultures were established in the green-
house of the Laboratorio de Biología y Genética 
Molecular (Universidad Nacional de San Martín, 
Peru) under ambient temperature conditions in cy-
lindrical 3-l pots with 3 kg of substrate. The sub-
strate consisted of a 1:1:2 mixture of coarse river 
sand, vermiculite, and collected rhizosphere soil 
with root fragments of coffee plants (Corazon-
Guivin et al. 2022b). At bait culture establishment, 
the pots were first filled to 90 % with the substrate. 
Thereafter seeds of Sorghum vulgare and Urochloa 
brizantha (Poaceae) were sown together in the pot 
to establish the arbuscular mycorrhizal fungal 
(AMF) associations and reproduce spores of the 
new fungal species together with the native AMF 
communities. Finally, the seeds were covered with 
the remaining 10 % of the substrate. The seeds were 
surface-sterilized before seeding, using 0.5 % sodi-
um hypochlorite (NAOCl). Minimum, mean, and 
maximum temperatures during time of cultivation 
were 22 °C ± 2.0 °C, 30.0 °C ± 3.0 °C, and 37.0 °C ± 
2.0 ºC, respectively. Relative humidity ranged from 
40 to 70 %. The pots were irrigated every other day 
and fertilized with a Long Ashton nutrient solution 
every two weeks, with reduced P contents (60 % re-
duction, 20 μg P/ml, Hewitt 1966). The description 
of morphological spore characteristics and their 
subcellular structures are based on observations of 
specimens mounted in polyvinyl alcohol-lactic ac-
id-glycerol (PVLG, Koske & Tessier 1983), Melzer’s 
reagent, a 1:1 mixture of PVLG and Melzer’s rea-
gent (Brundrett et al. 1994), a 1:1 mixture of lactic 
acid and water, and water (Spain 1990). Terminolo-
gy of spore structures follows Estrada et al. (2011), 
Oehl et al. (2011), Symanczik et al. (2018), and 
Błaszkowski et al. (2019) for species of Diversispo-
raceae. Photographs were taken with a digital cam-
era (Leica DFC 295) mounted on a Leitz Laborlux S 
compound microscope, using Leica Application 
Suite version 4.1 software (Leica Microsystems, Bo-
chum, Germany). Specimens mounted in PVLG and 
a 1:1 mixture of PVLG and Melzer’s reagent were 
deposited at Z and ZT, the joint mycological her-
barium of the University of Zurich and the Federal 
Institute of Technology (Zürich, Switzerland).

Collections of Inocybe (Fr.) Fr. were made during 
field studies to explore the fungal diversity associ-
ated with oak forests of Swat district, Khyber Pa-
khtunkhwa Province, Pakistan during 2014–2020. 
Basidiomata were found in a pure Quercus forest in 
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Shawar Valley. Basidiomata were collected follow-
ing Lodge et al. (2014) and photographed in their 
natural habitats using a Nikon D70S camera. Mor-
phological characteristics were taken from fresh 
specimens. Colors were designated based on the 
macOS mColorMeter application. Specimens were 
deposited in LAH. Microscopic characteristics are 
based on freehand sections from fresh and dried 
specimens mounted in 5 % (w/v) aqueous potassi-
um hydroxide (KOH) solution. Tissues from lamel-
lae, pileipellis, and stipitipellis were mounted in 
1 % phloxine for better contrast and examined 
 using a Meiji Techno MX4300H compound micro-
scope (Saitama, Japan). A total of 30 basidiospores, 
basidia, cystidia, and hyphae were measured from 
each collection. For basidiospores, the abbreviation 
‘n/m/p’ indicates n basidiospores measured from m 
basidiomata of p collections. Dimensions for basid-
iospores are given as length × width and extreme 
values are presented in parentheses. The range con-
tains a minimum of 90 % of measured values. Meas-
urements include arithmetic mean of length and 
width for all basidiospores measured. Q = minimum 
and maximum length/width ratio and Qav = average 
length/width ratio were calculated and presented ± 
standard deviation.

Basidiomata of Mycena (Pers.) Roussel were col-
lected in the field and in addition successfully cul-
tured in moist chambers. In the second case nuts 
from the location were transferred into plastic box-
es measuring 18 × 13 × 5 cm with paper towels at the 
bottom. Afterwards the boxes were filled with tap 
water (pH 7.5) and closed with transparent lids. Af-
ter two days the water was cast off. The boxes were 
kept under diffuse daylight at a temperature of 
about 20 °C. The nuts were kept moist by using a 
plant sprayer, delicately, to prevent the growth of 
unwanted molds. Primordia usually appeared with-
in a week. Fresh basidiomata were used to describe 
the macroscopical characteristics. Microscopic 
mounts of both fresh and dried tissue were exam-
ined under a Leica DM1000 light microscope and 
captured with a ToupTek UA510CA camera (ToupT-
ek Photonics, Hangzhou, P.R. China). Small macro-
scopical details were captured through a trinocular 
Leica S6D with an ILCE-5000 photo camera (Sony 
Corporation, Tokyo, Japan). From five fresh basidi-
omata collected in 2019, 20 mature spores per ba-
sidioma were measured in water, using a 100× oil 
immersion objective. Measurements of length and 
width (and its ratio Q) are presented as follows: 
mean ± 2× standard deviation. The average value of 
Q per basidioma is denoted by Qav. Cherocytes, 
acanthocysts, and basal disc cystidia were meas-

ured in water. Basidia, cystidia, and several other 
characteristics were measured in Congo Red with 
5 % KOH. Basidia were measured without sterig-
mata, and basidiospores without apiculus. Melzer’s 
reagent was used to test the basidiospores and tis-
sues for amyloid, dextrinoid, or negative reactions. 

Fresh basidiomata of Phaeotremella Rea were 
collected from dead wood in Arizona and Michigan, 
photographed in situ, dehydrated in electric dehy-
drators, and deposited in ARIZ and MICH (sensu 
Thiers continuously updated). Two Phaeotremella 
specimens were studied on loan from FLAS and 
MU. A specimen of Tremella aspera Coker was 
loaned by BPI (the holotype was requested but not 
acquired). Micromorphological characters were 
studied by shaving off thin sections of dried basidi-
omata, mounting the tissue in a drop of 5 % KOH 
stained with phloxine B, and pressing on the cover 
slip to squash the rehydrated tissue. Squash mounts 
were observed under an LW Scientific i4 Infinity 
compound microscope (Lawrenceville, GA). Photo-
graphs and measurements were taken with an Am-
Scope MU500 microscope camera (AmScope, Irvine, 
CA). For each specimen, 30–45 spores, 10 basidia, 
and 10 hyphae were measured at 1000× magnifica-
tion. Sizes are presented as (a–)b–c(–d), where ‘a’ 
and ‘d’ are the minimum and maximum observed 
values, respectively, and ‘b–c’ is the range consisting 
of the mean ± standard deviation. The following ab-
breviations are used in describing the sizes of mi-
croscopic characters: n/x = total number of units 
measured (n) divided by the number of specimens 
(x), av. = mean size, Q = quotient of length/width 
ratios, Qav = mean of Q values.

Basidiomata of Tricholoma were collected in the 
province of Québec, Canada, and in New York state, 
USA, photographed in situ or in the laboratory, 
then dried at 40 °C. The habitat, altitude, soil char-
acteristics, and nearby trees were noted. Macro-an-
atomical characters were described from fresh ba-
sidiomata and from pictures, with the color codes of 
Kornerup & Wanscher (1978). Micro-anatomical 
studies were conducted on exsiccatae with a Nikon 
Labophot microscope and a Moticam 2500 digital 
camera. Tissues were rehydrated in 70 % isopro-
panol, hand-sectioned, and observed in 3 % KOH 
and SDS Congo Red (1 % SDS, 1 % Congo Red). 
Microstructures were measured with the aid of an 
optical micrometer, and microscopic characters fol-
low Vellinga’s (1988) concepts. A minimum of 20 ba-
sidiospores per basidioma, generally obtained from 
spore prints, more rarely from lamellar fragments, 
were randomly selected and measured in 3 % KOH 
using the following notation: (a–)b–c(–d) [e/f/g], 
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where ‘b’ and ‘c’ represent the 5th and 95th percen-
tile of the measured values: ‘a’ and ‘d’ the extreme 
values, and ‘e/f/g’ the total number of spores, ba-
sidiomata, and collections, respectively. Q (length/
width ratio) of each spore (minimum and maximum 
values shown) and Qav (average Q) were calculated. 
Collections were deposited in public fungaria ab-
breviated following Index Herbariorum (Thiers 
continuously updated) where indicated, or are oth-
erwise kept in the private fungarium of R. Lebeuf 
(code HRL).

For the Camptomyces Thaxt. study, infected host 
specimens were sent to D. Haelewaters by Vladimir 
Gusarov (Natural History Museum, University of 
Oslo, Norway). Thalli were removed from the host at 
their foot and mounted on microscope slides in Am-
man solution (Benjamin 1971), with the help of Mi-
nuten Pins (BioQuip #1208SA) inserted manually 
onto wooden rods. The pin was first submerged in 
Hoyer’s medium to make the thalli stick to the pin 
and prevent them from getting lost or flying away. 
Thalli or groups of thalli were placed in a droplet of 
Hoyer’s on a microscope slide, oriented vertically, 
and allowed to settle briefly. A drop of Amman solu-
tion was placed on a coverslip that was dropped 
sideways onto the thalli in the Hoyer’s medium. Fi-
nally, the coverslip was ringed with nail varnish. 
Mounted specimens were studied microscopically 
under 400–1000× magnification using differential 
interference contrast on an Olympus BX51 fluores-
cence microscope (Olympus, Tokyo, Japan) with a 
digital camera Olympus DP72. Series of photo-
graphs were focus-stacked for increased depth of 
field using Helicon Focus software (Helicon Soft 
Ltd., Kharkiv, Ukraine). Measurements in the mor-
phological description are presented as (a–)b–c–d(–
e) [n], where ‘c’ represents the mean, ‘b’ and ‘d’ the 
mean ± standard deviation, ‘a’ and ‘e’ the extreme 
values, and ‘n’ the number of structures measured. 
Host specimens are deposited at the Zoological 
 Collection, Natural History Museum, University of 
Oslo (ZMUN, https://www.nhm.uio.no/english/                
collections/zoological/insect/index.html). Perma-
nent slides are deposited at O.

DNA extraction, PCR amplification, and sequenc-
ing

For the Bipolaris study, genomic DNA was ex-
tracted from fungal colonies on MEA grown for 1 
week at 25 °C, using the Fast DNA Kit (Bio 101, 
Vista, CA). Three loci were amplified: internal tran-
scribed spacer (ITS) region and large subunit (LSU) 
of the nuclear ribosomal DNA (rDNA) operon, as 

well as the glyceraldehyde-3-phosphate dehydroge-
nase (gapdh) gene. Primer pairs used were ITS5/
ITS4 for ITS (White et al. 1990), LR0R/LR5 for LSU 
(Vilgalys & Hester 1990, Hopple 1994), and gpd1/
gpd2 for gapdh (Berbee et al. 1999). Amplifications 
were carried out following the illustra PuReTaq 
Ready-To-Go PCR beads protocol (VWR), with both 
primers at a concentration of 0.5 μM, and using 1 μl 
of diluted template DNA in a final reaction volume 
of 25 µl. The amplification program included an ini-
tial denaturation at 94 °C for 5 min, followed by 35 
cycles of denaturation at 95 °C for 30 s, annealing 
for 1 min at 50 °C (ITS, LSU) or 52 °C (gapdh), and 
extension for 1 min at 72 °C, with final extension at 
72 °C for 7 min. PCR amplification success was 
checked on 2 % agarose gels with GelRed fluores-
cent nucleotide stain (Merck Millipore, Burlington, 
MA). Purification of PCR products and Sanger se-
quencing were outsourced to Macrogen (Seoul, 
South Korea). Amplicons were bidirectionally se-
quenced and consensus sequences were obtained 
from forward and reverse reads using the SeqTrace 
software (Stucky 2012).

For the Cortinarius and Tricholoma studies, 
DNA extraction, PCR amplification, and sequenc-
ing were outsourced to the Canadian Centre for 
DNA Barcoding (https://ccdb.ca). Sequences of the 
ITS region were obtained as part of two recent stud-
ies aiming at sequencing major Cortinarius and 
Tricholoma collections from public (CMMF and 
QFB) and private fungaria in the province of 
Québec, Canada (Landry et al. 2021, 2022). For the 
Iowa collections of Cortinarius, approximately 1 
cm3 of clean tissue from dried vouchers was sam-
pled into CTAB, and genomic DNA was extracted 
using a modified CTAB method (Gardes & Bruns 
1993). The ITS region was amplified with the primer 
pair ITS1f/ITS4 (White et al. 1990). PCR products 
were run on a 1.5 % agarose gel with electrophore-
sis, and successful PCR products stained with SYBR 
Green 1 (Molecular Probes, Eugene, OR) were visu-
alized with UV light. Amplicons were enzymatically 
cleaned with EXO (exonuclease I) and AP (antarc-
tic phosphatase) (New England Biolabs, Ipswich, 
MA) (Werle et al. 1994), and Sanger sequencing was 
performed by GENEWIZ (South Plainfield, NJ) us-
ing the same primers. Finally, the type collection of 
Tricholoma fulvimarginatum Ovrebo & Halling was 
sequenced as part of this study by Molecular Solu-
tions LLC in Portland, OR (https://molecular-solu-
tions.com/index.html). 

Intact, healthy spores of Diversispora were iso-
lated from the bait culture samples and cleaned by 
friction on fine filter paper (Corazon-Guivin et al. 
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2019a, b, d). Spores were surface-sterilized (Mosse 
1962) using a solution of 2 % chloramine T, 0.02 % 
streptomycin, and Tween 20 (2–5 drops in 25 ml final 
volume) for 20 min, followed by five times rinsing in 
milli-Q water. One independent group of 10–15 sur-
face-sterile spores were selected under a laminar 
flow hood and together transferred into Eppendorf 
PCR tubes. Crude extract was obtained by crushing 
the spores with a sterile disposable fine-tipped pi-
lon in 2.0 µl milli-Q water at 5× magnification using 
a stereoscope (Corazon-Guivin et al. 2022c). Direct 
PCR of these crude extracts was performed in an 
Eppendorf Mastercycler nexus (Hamburg, Germa-
ny) with Platinum Taq DNA Polymerase High Fi-
delity (Invitrogen, Carlsbad, CA) following the 
manufacturer’s instructions and using a 0.4 μM 
concentration of each primer. A two-step PCR was 
conducted to amplify the ribosomal fragment con-
sisting of partial small subunit (SSU), ITS, and par-
tial LSU rDNA using the primers SSUmAf/LSU-
mAr and SSUmCf/LSUmBr, consecutively, follow-
ing Krüger et al. (2009). PCR products from the sec-
ond round of amplifications (~1500 bp) were sepa-
rated electrophoretically on 1.2 % agarose gels, 
stained with Diamond Nucleic Acid Dye (Promega, 
Madison, WI) and viewed with UV illumination. The 
band of the expected size was excised with a scalpel 
and isolated with the GFX PCR DNA and Gel Band 
Purification Kit (Sigma-Aldrich) following the 
manufacturer’s instructions, cloned into the pCR2.1 
vector (Invitrogen), and transformed into One Shot 
TOP10 chemically competent Escherichia coli (Inv-
itrogen). Twelve recombinant colonies (each six de-
rived from the isotype and from the paratype) were 
selected by blue/white screening and the presence 
of inserts detected by PCR amplification with KOD 
DNA Polymerase (Sigma-Aldrich) using universal 
forward and reverse M13 vector primers. After iso-
lation from transformed cells, plasmids were se-
quenced on both strands with M13F/M13R primers 
using the BigDye Terminator kit version 3.1 (Ap-
plied Biosystems). The products were sequenced on 
an ABI 3730XL DNA analyzer (Macrogen).

Genomic DNA of Inocybe was extracted from 
basidioma gills following a modified CTAB extrac-
tion method (Bruns 1995). The ITS region was am-
plified using the primer pair ITS1f/ITS4B (White et 
al. 1990, Gardes & Bruns 1993). PCR amplification 
was performed in 25-μl volume reactions. Visualiza-
tion of PCR products was accomplished using SYBR 
Green and 1.5 % agarose gels with TAE buffer for 
gel electrophoresis. Successful amplicons were pu-
rified by enzymatic purification using Exonuclease 
I and Shrimp Alkaline Phosphatase enzymes (Werle 

et al. 1994). Purified products were sequenced by 
the Interdisciplinary Center for Biotechnology Re-
search at the University of Florida (http://www.bi-
otech.ufl.edu/). Forward and reverse sequence reads 
were trimmed, edited, and assembled using Se-
quencher version 4.1 (Gene Codes Corporation, Ann 
Arbor, MI). Edited sequences were submitted to 
GenBank (Tab. 1). 

DNA was extracted from dried herbarium mate-
rial or from fresh basidiomata of Mycena stored in 
cetyltrimethylammonium bromide (CTAB) buffer. 
After subsampling and lysis of the material with a 
TissueLyser (Qiagen, Hilden, Germany), the King-
Fisher extraction robot (Thermo Scientific, 
Waltham, MA) with magnetic particle separation 
technology was used in combination with the Nu-
cleoMag Plant kit for DNA purification (Machery-
Nagel, Düren, Germany). The internal transcribed 
spacer (ITS) region of the nuclear ribosomal DNA 
(rDNA) operon was amplified using primers ITS1f 
(Gardes & Bruns 1993) and ITS4 (White et al. 1990). 
In a final volume of 25 µl, 2.5 µl of 10× CoralLoad 
buffer (Qiagen), 1 μl of each 10 μM primer, 1 μl of 
2.5 mM dNTPs, 1.5 μl of 2.5 mM MgCl, 0.25 μl of Taq 
polymerase (5 U/μl, Qiagen), and 1μl of DNA tem-
plate were mixed. Reaction mixtures were pre-
heated at 96 °C for 5 min, followed by 40 cycles of 
denaturation at 96 °C for 45 s, annealing at 45 °C for 
45 s, and extension at 72 °C for 60 s, with final ex-
tension at 72 °C for 7 min. PCR amplification suc-
cess was checked on an E-Gel with SYBR Safe DNA 
Gel Stain, 2 % (Invitrogen). Amplicons were bidi-
rectionally sequenced using Sanger sequencing by 
BaseClear (Leiden, The Netherlands). Forward and 
reverse reads were assembled into contigs using Ge-
neious Prime version 2021.1.1 (Tab. 1).

For the Phaeotremella study, DNA from dried 
basidiomata was extracted using the 2× CTAB ex-
traction protocol described in James et al. (2008), 
excluding phenol. All PCR reactions were carried 
out with 5 μL of 1:20 diluted DNA template in a 
total volume of 12.5 μL GoTaq Green Master Mix 
(Promega). The internal transcribed spacer (ITS) re-
gion and large subunit (LSU) of the nuclear riboso-
mal DNA (rDNA) operon, as well as the eukaryotic 
translation elongation factor 1-α gene (tef1) were 
amplified with primer pairs ITS1f and ITS4 (White 
et al. 1990, Gardes & Bruns 1993), LR0R and LR5 
(Vilgalys & Hester 1990, Hopple 1994), and EF1-
983F and EF1-1567R (Rehner & Buckley 2005), re-
spectively. Amplicons were sent to Genewiz (South 
Plainfield, NJ) for Sanger sequencing. Forward and 
reverse sequences were assembled and manually 
edited with Codon Code Aligner version 10.0.1 
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(Centerville, MA). Sequences were deposited in 
NCBI GenBank (https://www.ncbi.nlm.nih.gov/
genbank/) under the accession numbers provided in 
Tab. 1.

For the Camptomyces study, a modified protocol 
for the REPLI-g Single Cell Kit (Qiagen) was used 
for DNA extraction (Haelewaters et al. 2019). A Mi-
nuten Pin was submerged into glycerin to make a 
single, mature thallus stick to the pin and prevent it 
from getting lost or flying away. The thallus was re-
moved from the host and placed in a droplet of glyc-
erin on a microscopic slide. The thallus was then 
placed in a 0.2 mL PCR tube with 2 μl of phosphate-
buffered saline (PBS). After adding 1.5 ml of pre-
pared D2 buffer, the tube was incubated at 65 ºC for 
30 min. Subsequent steps followed the manufactur-
er’s instructions. Amplification of the SSU and LSU 
regions was done using Laboulbeniomycetes-specif-
ic forward primer NSL1 (5’-GTAGTGTCCTCrCAT-
GCTTTTGAC-3’) in combination with reverse prim-
er R (5’-TGATCCTTCTGCAGGTTCACCTACG-3’) 
(Wrzosek 2000, Haelewaters et al. 2015) for SSU and 
the LR0R/LR5 primer combination for LSU (Vil-
galys & Hester 1990, Hopple 1994). PCR reactions 
consisted of 13.3 μl of Extract-N-Amp PCR 
ReadyMix (Sigma-Aldrich), 2.5 μL of each 10 μM 
primer, 5.7 μl of H2O, and 1 μl of template genomic 
DNA. The amplification reactions were run under 
the following thermocycler conditions: initial dena-
turation at 94 °C for 3 min; 35 cycles of denaturation 
at 94 °C for 1 min, annealing at 50 °C for 45 s, and ex-
tension at 72 °C for 90 s; with a final extension step at 
72 °C for 10 min (Haelewaters et al. 2018). Successful 
PCR products were cleaned using the QIAquick PCR 
Purification Kit (Qiagen) and subsequently se-
quenced. Subsequently, 10-μl sequencing reactions 
were prepared containing the same primers and 
1–3 µl of purified PCR product. Sequencing reac-
tions were performed using the Big Dye® Terminator 
version 3.1 Cycle Sequencing Kit (Life Technologies, 
Carlsbad, CA). Generated sequences were assem-
bled, trimmed, and edited in Sequencher version 
4.10.1 (Gene Codes Corporation). Newly generated 
sequences were uploaded to GenBank under acces-
sion numbers MF314140 (SSU) and MF314141 
(LSU).

Phylogenetic analyses

For the Bipolaris study, only sequences of gapdh 
were included in the phylogenetic analysis. This 
gene provides a higher resolution in Pleosporaceae 
compared to ITS and LSU (Brun et al. 2013, Madrid 
et al. 2014). Nonetheless, sequences of ITS and LSU 

were also submitted to GenBank as they represent 
useful markers for identification at least at the level 
of genus. The gapdh dataset included 32 strains of 
Bipolaris species and Exserohilum rostratum 
(Drechsler) K.J. Leonard & Suggs (strain CBS 
320.64) as outgroup (Tab. 1). A maximum likelihood 
(ML) phylogenetic reconstruction was obtained in 
MEGA X (Kumar et al. 2018) using the best substi-
tution model as determined by this software, i.e., K2 
+ G. ML bootstrap (MLBS) analysis was performed 
with 1000 replicates. 

Sequences of the new Cortinarius species were 
supplemented with closely related sequences as 
found by BLAST searches in NCBI GenBank and 
UNITE (Abarenkov et al. 2010) and with sequences 
of species of selected sections in subgenus Telamo-
nia as delimited in recent infrageneric classification 
studies (Liimatainen et al. 2020). Representative 
species of Thaxterogaster Singer section Multi-
formes were selected as outgroup. Sequences were 
aligned using MUSCLE version 3.7 (Edgar 2004) 
and corrected manually as needed. The phylogenet-
ic tree was constructed with the help of MEGA7 
(Kumar et al. 2016) with default settings. ML was 
inferred based on the Tamura-Nei model (Tamura & 
Nei 1993). ML bootstrap (MLBS) analysis was per-
formed with 100 replicates. Initial tree(s) for the 
heuristic search were obtained automatically by 
applying Neighbor-Joining and BioNJ algorithms 
to a matrix of pairwise distances estimated using 
the Maximum Composite Likelihood (MCL) ap-
proach, and then selecting the topology with supe-
rior log likelihood value.

Newly generated AM fungal sequences (partial 
SSU–ITS–partial LSU) were aligned with other Di-
versispora sequences downloaded from GenBank in 
ClustalX2 (Larkin et al. 2007). Acaulospora laevis 
Gerd. & Trappe was included as outgroup. Prior to 
phylogenetic analysis, the model of nucleotide sub-
stitution was estimated using Topali version 2.5 
(Milne et al. 2004), resulting in the GTR+G model. 
ML analyses were performed in PhyML (Guindon & 
Gascuel 2003), and bootstrapping was performed 
with 1000 replicates. Bayesian inference (BI) was 
performed in MrBayes version 3.1.2 (Ronquist & 
Huelsenbeck 2003) and included two runs over 5 × 
106 generations, with a sample frequency of 500 and 
a burn-in value of 25 %.

ITS consensus sequences of Inocybe were used to 
query NCBI GenBank and UNITE. Representative 
sequences from the genus Inocybe were download-
ed and imported into an alignment using BioEdit 
version 7.2.6 (Hall 1999). Sequences were aligned 
with MUSCLE version 5.1.0 (Edgar 2004). ML anal-
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yses were performed on the CIPRES Science Gate-
way (Miller et al. 2010) using RAxML-HPC version 
8. The ML analysis used the GTRCAT model. The 
rapid bootstrapping algorithm was employed with 
1000 replicates. 

A Mycena dataset consisting of 62 ITS sequences 
downloaded from GenBank and 7 ITS sequences 
generated during this study (Tab. 1) was compiled 
and aligned using the iterative aligner Canopy ver-
sion 0.1.5 (http://wasabiapp.org/software/canopy). 
Two species placed in Mycena sect. Calodontes, M. 
diosma Krieglst. & Schwöbel and M. pura (Pers.) P. 
Kumm., were chosen as the outgroup. Settings for 
Canopy were as follows: the initial aligner and 
alignment merger were set to PRANK (Löytynoja & 
Goldman 2005, 2008), the iterative aligner was set 
to PAGAN (Löytynoja et al. 2012), and the tree esti-
mator was set to RAxML with the GTRCAT substi-
tution model (Stamatakis 2014). PRANK was called 
with the +F argument. The iterative aligner ran for 
a maximum of 50 iterations. The final alignment 
had a total length of 2289 sites. The alignment was 
partitioned corresponding with the SSU, ITS1, 5.8S 
rDNA, ITS2, and LSU regions. Boundaries for each 
region were determined with ITSx (Bengtsson-
Palme et al. 2013). In some cases, manual adjust-
ment was needed. ML analysis was conducted in 
RAxML-NG version 1.0.1 (Kozlov et al. 2019). The-
best fit substitution models were determined with 
ModelTest-NG version 0.1.6 (Flouri et al. 2014, Dar-
riba et al. 2020). Freerate models (+R) were not con-
sidered to prevent overparameterization. Models 
that simultaneously include a proportion of invari-
able sites and discrete gamma rate categories (+G+I) 
were not tested, since their biological relevance has 
been contested and to prevent a ‘ping–pong effect’ 
(Stamatakis 2006, Jia et al. 2014). The ML bootstrap 
(MLBS) analysis was run for a maximum of 2000 
iterations, or until autoMRE bootstopping conver-
gence criteria were met. BI was performed with 
BEAST version 2.6.2 (Bouckaert et al. 2019). The 
best-fit substitution models were determined and 
applied using bModelTest version 1.9.0 (Bouckaert 
& Drummond 2017). The MCMC chain was run for 
25,000,000 generations, with sampling every 10,000 
generations. TreeAnnotator version 1.10 (Drum-
mond & Rambaut 2007) was used to discard the first 
10 % of the sampled trees as burn-in and to subse-
quently combine all remaining trees. Trees resulting 
from ML and BI analyses were visualized using 
FigTree version 1.4.2 and edited in Adobe Illustra-
tor CC 2015.

ITS, LSU, and tef1 sequences of 39 Phaeotremel-
la specimens—representing a complete sampling of 

the Phaeotremella species with publicly available 
sequence data—and one belonging to Gelidatrema 
(Phaeotremellaceae) serving as an outgroup (Tab. 1) 
were aligned with MUSCLE in SeaView version 
5.0.4 (Gouy et al. 2010). The alignments were 
trimmed with TrimAl version 1.2 using automatic 
settings (Capella-Gutiérrez et al. 2009). For each lo-
cus, the best model of nucleotide substitution was 
determined with ModelFinder according to the 
Bayesion information criterion as implemented in 
IQ-TREE version 1.6.12 (Nguyen et al. 2015, 
Kalyaanamoorthy et al. 2017). Single-locus and 
concatenated multi-locus phylogenetic trees were 
inferred with IQ-TREE using 1000 ultrafast boot-
strap replicates and the following models: TIM2e+R2 
(ITS), TNe+R2 (LSU), and TIM2e+I+G4 (tef1) (Cher-
nomor et al. 2016, Hoang et al. 2018). The align-
ments (https://doi.org/10.6084/m9.figshare.203526 
42.v2) and phylogenetic trees (https://doi.org/ 
10.6084/m9.figshare.20352663.v2) were uploaded to 
the figshare online repository.

Newly generated Tricholoma sequences (Landry 
et al. 2022) were supplemented with sequences of 
closely related species found by BLAST searches in 
NCBI GenBank, UNITE (Abarenkov et al. 2010), or 
the Barcode of Life Data System (BOLD, http://
boldsystems.org/) and of species belonging to close-
ly related sections as delimited in recent infrage-
neric classification studies (Heilmann-Clausen et 
al. 2017, Reschke et al. 2018). Sequences were 
aligned using MUSCLE version 3.7 (Edgar 2004) 
and corrected manually as needed. Phylogenetic 
trees were constructed with the help of MEGA7 
(Kumar et al. 2016) with default settings. Maximum 
likelihood (ML) was inferred based on the Tamura-
Nei model (Tamura & Nei 1993). ML bootstrap 
(MLBS) analysis was performed with 100 replicates. 
Initial tree(s) for the heuristic search were obtained 
automatically by applying Neighbor-Joining (NJ) 
and BioNJ algorithms to a matrix of pairwise dis-
tances estimated using the Maximum Composite 
Likelihood approach, and then selecting the topol-
ogy with superior log likelihood value.

Taxonomy

Ascomycota, Dothideomycetes, Pleosporales, Ple-
osporaceae

Bipolaris chusqueae Madrid, Cantillo & R. Castillo, 
sp. nov. – Fig. 1
MycoBank no.: MB 843173

D i a g n o s i s . – Different from similar species, such as Bi-
polaris austrostipae, B. axonopodicola, and B. coffeana in the 
number of conidial distosepta and in several differences in 



330 Sydowia 75 (2023)

Lebeuf et al.: FUSE 9

Fig. 1. Bipolaris chusqueae, collection SGO 166370 (holotype). a. Conidiophore. b, c. Conidiogenous cells and conidia. d–i. Co-
nidia. j. Verruculose hyphae. Scale bars a–c 30 μm, d–g 25 μm, h–j 10 μm.
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both ITS and gapdh loci. Conidia straight to slightly curved, 
measuring (17–)26–50(–68) × 10–12(–15) μm, with 2–9 (mostly 
3) conspicuous distosepta.

H o l o t y p u s . – CHILE. Valparaíso Region, Marga Marga 
Province, La Campana National Park, on branches of 
Chusquea cumingii, 30 June 2015, leg. H. Madrid (SGO 166370; 
holotype). Sequences ex-holotype: OM914401 (ITS), 
OM914400 (LSU), OM912808 (gapdh). 

D e s c r i p t i o n . – C o l o n i e s  on water agar 
with sterilized corn leaves hairy to cottony. Vegeta-
tive hyphae septate, branched, light olivaceous to 
mid brown, thin- to thick-walled, 1.5–7.0 μm wide, 
mostly smooth to verruculose, but occasionally 
showing incrustations and wart-like deposits of a 
mucilaginous dark brown material. – C o n i d i o -
p h o r e s  macronematous, mononematous, mostly 
solitary, but sometimes caespitose, septate, simple, 
straight to flexuous, more or less geniculate at the 
fertile portion, light olivaceous brown to dark 
brown, often paler at the apex, smooth to verrucu-
lose with cell walls often thicker than those of the 
supporting vegetative hyphae, 31–350 × 5–8 μm with 
subnodulose to nodulose intercalary swellings up to 
10 μm wide. – C o n i d i o g e n o u s  c e l l s  integrat-
ed, terminal and intercalary, mostly subcylindrical, 
mono- to polytretic, proliferating sympodially, 12–
30 μm long. – C o n i d i a  subcylindrical to narrowly 
clavate, straight to slightly curved, light olivaceous 
brown to dark brown, smooth, (17–)26–50(–68) × 
10–12(–15) μm, with 2–9 (mostly 3) distosepta, with 
a rounded apex and an obconically truncate or 
rounded base; hilum thick and dark with a conspic-
uous central germ pore. – S e x u a l  m o r p h  not 
observed. 

E t y m o l o g y. – Referring to the bamboo genus 
Chusquea, from which this fungus was isolated. 

H a b i t a t  a n d  d i s t r i b u t i o n . – On branch-
es of Chusquea cumingii. Thus far only known from 
the type locality in Chile. 

N o t e s . – Bipolaris chusqueae was isolated 
from Chusquea cumingii, an endemic bamboo spe-
cies found in areas of central Chile. Due to mobility 
restrictions during the SARS-CoV-2 pandemic, the 
ex-type strain that was preserved in sterile water, 
could not be properly maintained for several months 
and died. However, the holotype was deposited at 
SGO and ex-holotype sequences are available in 
NCBI GenBank. BLAST searches with the ITS se-
quence of B. chusqueae revealed that this fungus is 
closely related to B. cynodontis (Marignoni) Shoe-
maker (CBS 109894, ex-type strain, GenBank ac-
cession no. KJ909767, 99.30 % shared identity), B. 
axonopodicola Y.P. Tan & R.G. Shivas (BRIP 11740, 
ex-type strain, KX452443, 99.30 %), B. austrostipae 

Y.P. Tan & R.G. Shivas (BRIP 12490, ex-type strain, 
KX452442, 99.15 %), and B. coffeana Sivan. (BRIP 
14845 = CBS 126976, ex-type strain, MH864366, 
99.15 %). 

The gapdh sequence of B. chusqueae shares 
98.62 % identity with B. austrostipae (BRIP 12490, 
ex-type strain, GenBank accession no. KX452408) 
and 97.80 % with B. cynodontis (CBS 285.51, 
LT715772). Conidia of B. cynodontis are larger (27–
100 × 10–20 μm) than those of B. chusqueae (Man-
amgoda et al. 2014). However, the conidia of B. aus-
trostipae, B. axonopodicola, and B. coffeana are 
similar in size to those of B. chusqueae, but they are 
distinguished by the number of distosepta, i.e., 6–9, 
5–10, 4–7, and 2–9 (mostly 3), respectively (Manam-
goda et al. 2014, Tan et al. 2016). In addition, no Bi-
polaris species other than B. chusqueae has been 
reported from a member of Chusquea. 

Bipolaris axonopodicola and B. chusqueae were 
retrieved as sister taxa in the gapdh phylogenetic 
tree (Fig. 2). However, this relationship was poorly 
supported and these species were separated by a 
considerable genetic distance. Bipolaris austrosti-
pae, B. axonopodicola, B. chusqueae, B. coffeana, 
and B. cynodontis formed a moderately supported 
clade (MLBS = 70). 

Authors: H. Madrid, T. Cantillo & R. Castillo

Basidiomycota, Agaricomycetes, Agaricales, Corti-
nariaceae

Cortinarius subgenus Telamonia

Cortinarius anomalosimilis Lebeuf, Healy, Ammi-
rati, J. Landry & G. Taylor sp. nov. – Fig. 3
MycoBank no.: MB 843004

H o l o t y p u s . – CANADA. Québec, Hinchinbrooke, Ré-
serve écologique du Boisé-des-Muir, 45°05’07.0”N, 
74°06’52.4”W, 67 m a.s.l., in an old-growth forest of Carya cor-
diformis, Tsuga canadensis, and Fagus grandifolia, 23 Septem-
ber 2012, leg. R. Lebeuf & A. Paul, HRL1298 (CMMF024817; 
holotype). 

D e s c r i p t i o n . – P i l e u s  15–40 mm in diam-
eter, conico-convex to convex then campanulate 
with an inflexed margin, fibrillose, greyish with a 
violet tinge to pale violet (18A2, 19A2), pale ochra-
ceous (around 5B5) on disc. – L a m e l l a e  emargin-
ate, distant to close, whitish to violet at first, later 
rusty brown. – U n i v e r s a l  v e i l  white, copious, 
often leaving a fibrillose annular zone in upper to 
mid-stipe. – C o r t i n a  white. – S t i p e  25–55 mm 
long, 3–7 mm thick at apex, 5–10 mm thick at base, 
equal to clavate, white silky fibrillose to pale grey-
ish violet, often darker violet towards apex, stain-
ing brown where bruised. – C o n t e x t  cream to 
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Fig. 2. Phylogeny of Bipolaris reconstructed from a gapdh dataset. The topology is the result of ML inference performed with 
MEGA X. ML bootstrap (MLBS) values ≥70 are shown at the nodes, T indicates ex-type sequences. The new species, B. chusqueae, 
is highlighted in boldface. 
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pale violet, often darker violet at stipe apex or in 
top half. – O d o r  indistinct. – E x s i c c a t a e  cin-
namon (6C5, 6D5). – B a s i d i o s p o r e s  (8.0–)8.5–
11.6(–14.8) × (5.0–)5.4–6.8(–7.5) μm, av. 9.9 × 6.1 μm, 
Q = 1.37–2.27, Qav = 1.63 [210/10/7], not dextrinoid, 
generally ellipsoid, oblong to subamygdaloid, gen-
erally moderately to ± coarsely verrucose, often 
more so at distal end, in some collections many 
rather narrow with a sharp, extended apiculus, 
nearly smooth to slightly, moderately or more 
coarsely ornamented, especially at distal end. – B a -
s i d i a  33–42 × 8–10 μm, 4-spored, in some collec-
tions 2- and 4-spored, clavate to narrowly clavate, 
colorless, in age greyish, yellowish to yellow-brown. 
– L a m e l l a r  t r a m a  h y p h a e  colorless, yel-
lowish or yellow-brown, with refractive walls, not 
encrusted. – P i l e i p e l l i s  duplex: epicutis hyphae 
radially arranged to ± interwoven, cylindrical, 
smooth, colorless to yellowish, 3–10 μm wide, cov-
ered in places with a ± thin surface layer (veil) of 

cylindrical, colorless, smooth hyphae 2–7 μm wide; 
hypocutis hyphae cylindrical to broadly cylindrical 
or enlarged, colorless to yellowish or yellow-brown, 
with refractive walls, smooth, mostly 30–60 × 
6–25 μm wide. – C l a m p  c o n n e c t i o n s  present 
in all tissues. – M a c r o c h e m i c a l  r e a c t i o n 
dark grey on pileus surface with 10 % KOH.

E t y m o l o g y. – Named for its similarity to Cor-
tinarius species belonging to section Anomali.

H a b i t a t  a n d  d i s t r i b u t i o n . – Gregari-
ous in hardwood forests dominated by Quercus or 
Carya, in the fall. So far known from Canada 
(Québec) and the USA (Iowa, New York).

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – Ibid. 
(QFB29866; isotype). Sequences ex-isotype: MN751619 (ITS). 
– CANADA. Québec, Hinchinbrooke, Réserve écologique du 
Boisé-des-Muir, in a mixed forest, under Carya cordiformis 
and Tsuga canadensis, 30 August 2011, leg. R. Lebeuf, 
HRL0862 (TENN-F-071093; in HRL). – USA. Iowa, Webster 
County, Fort Dodge, Diggings Preserve, in a small natural area 
that was the former site of a coal mine, in woods dominated by 

Fig. 3. Cortinarius anomalosimilis. a. Basidiomata in situ, collection CMMF024817 (holotype). b. Basidiomata in situ, collection 
CMMF024818. c. Basidiospores. d. Pileipellis section in SDS Congo Red. Scale bars c 10 μm, d 25 μm. Photos R. Lebeuf (a),                             
G. Taylor (b).
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Fig. 4. Phylogeny of Cortinarius species in various sections of subgenus Telamonia (blue boxes) as defined by Liimatainen et al. 
(2020) and in section Anomali reconstructed from an ITS dataset. The tree topology with the highest log likelihood (-lnL = 
3708.7478) is shown, resulting from ML inference performed in MEGA7. Selected species in genus Thaxterogaster section Multi-
formes served as outgroup taxa. MLBS values (if ≥70) are shown at the nodes. Tree drawn to scale, with branch lengths propor-
tional to the number of substitutions per site; new species highlighted in red; bar indicating the expected number of substitutions 
per site.
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Quercus alba, Q. rubra, Carya ovata, and Tilia americana, 
7 September 2006, leg. R. Healy (ISC-F-0135061); Story Coun-
ty, Ames, Iowa State University Campus, Pammel Woods, small 
riparian hardwoods dominated by Q. macrocarpa, 22 Septem-
ber 2006, leg. R. Healy (ISC-F-0135088); Webster County, 
Brushy Creek State Preserve, in upland hardwoods dominated 
by Q. rubra and C. ovata, 17 September 2007, leg. R. Healy 
(ISC-F-0135078); Polk County, Des Moines, Brown Woods Pre-
serve, small urban forest dominated by Q. alba and C. ovata, 
29 September 2007, leg. R. Healy (ISC-F-0135059); New York, 
Livingstone County, MacKay Wildlife Preserve, in a deciduous 
forest of Q. alba, Q. rubra, and Carya cordiformis, 3 September 
2020, leg. G. Taylor, iNaturalist observation #58496002 
(CMMF024818).

N o t e s . – The ITS sequence of Cortinarius 
anomalosimilis is distinct from that of other mem-
bers of subgenus Telamonia, deviating by at least 10 
substitutions and indels from the closest known 
species, Cortinarius fulvopaludosus Kytöv., Nis-
kanen & Liimat. (Fig. 4). With its pale violet colors, 
dry pileus and stipe, silky pileus, and violet lamel-
lae, C. anomalosimilis bears resemblance to mem-
bers of section Anomali and to certain species be-
longing to sect. Firmiores sensu Liimatainen et al. 
(2020), namely C. acutispissipes Rob. Henry, C. albo-
violaceus (Pers.) Fr., C. obliquus Peck, and C. paral-
bocyaneus Eyssart. 

Members of sect. Anomali differ by their gener-
ally subglobose to broadly ellipsoid spores, and the 
yellowish to brownish universal veil remnants often 
present on the stipe (Dima et al. 2021). The four spe-
cies mentioned above in sect. Firmiores have a more 
robust stipe and smaller spores. Three are known 
from Europe and North America: C. acutispissipes, 
C. alboviolaceus, and C. paralbocyaneus (Liimatain-
en et al. 2020, Landry et al. 2021). Cortinarius albo-
violaceus is a more robust species compared to C. 
anomalosimilis with a pileus up to 90 mm wide, a 
larger stipe 50–120 mm long, 5–10 mm wide at apex, 
and up to 20 mm wide at base, and with generally 
smaller spores, 8.5–10 × 6–6.5 μm (Brandrud et al. 
1990–2014). It is common in western North Ameri-
ca. Cortinarius acutispissipes has a larger stipe, 
40–80 mm long, 7–13 mm broad at apex, and 11–
25 mm broad at base, an earthy odor, and it pro-
duces smaller, almost smooth to finely verrucose 
spores, 7–8.5 × 4–5.5 μm (R. Lebeuf, pers. obs.). It is 
the most common of the three transcontinental spe-
cies in Québec, Canada. Cortinarius paralbocyaneus 
lacks ochraceous tones on the pileus and produces 
smaller, finely verrucose spores measuring 7.5–9 × 
5.6 μm (Bidaud et al. 2002). Cortinarius obliquus 
has only been reported from North America thus 
far. It is a more robust species with a pileus 40–
75 mm broad, a prominently marginate stipe 
8–15 mm broad at apex and 16–26 mm broad at 

bulb, lamellae with a long-persistent dark violet 
color, an earthy odor, and smaller spores measuring 
6.5–9 × 4.5–6 μm (R. Lebeuf, unpubl.). 

One of the noticeable features of C. anomalosi-
milis is the large variation in spore size, shape and 
ornamentation observed in some collections. For 
example, in collection ISC-F-0135059, spores var-
ied from 8.1 × 5.9 μm (Q = 1.37) to 14.8 × 6.7 μm (Q = 
2.21), they were ellipsoid, oblong to subamygdaloid, 
smooth to strongly verrucose, and many were mal-
formed with extended apiculus. Two-spored abort-
ed basidia were also observed in that collection, 
which probably gave rise to the larger spores.

Authors: R. Lebeuf, R.A. Healy, J.F. Ammirati, J. 
Landry & G. Taylor

Basidiomycota, Agaricomycetes, Agaricales, Corti-
nariaceae

Cortinarius subgenus Telamonia

Cortinarius brunneoviscidus Lebeuf, Healy, Ammi-
rati & J. Landry, sp. nov. – Fig. 5
MycoBank no.: MB 843005

H o l o t y p u s . – CANADA. Québec, Hinchinbrooke, Ré-
serve écologique du Boisé-des-Muir, 45°05’07.0”N, 
74°06’52.4”W, 67 m a.s.l., in an old-growth mixed forest, under 
Fagus grandifolia and Acer sp., 23 September 2012, leg. R. 
Lebeuf & A. Paul, HRL1296 (CMMF004500; holotype).

D e s c r i p t i o n . – P i l e u s  30–80 mm in diam-
eter, hemispherical then convex with a broadly de-
flexed and undulating margin, smooth, slightly vis-
cid, hygrophanous, orange-brown (around 7E7) 
when humid, yellowish brown (around 5C6) when 
dried, with darker brown streaks, edge of margin 
decorated with a narrow band of white fibrils. – 
L a m e l l a e  emarginate, subdistant to close, pale 
cream at first, later light brown (café au lait), broad 
(up to 9 mm). – U n i v e r s a l  v e i l  white, sparse, 
evanescent. – S t i p e  20–80 mm long, 8–15 mm 
thick at apex, up to 30 mm thick at base, clavate to 
bulbous, sometimes connate, white. – C o n t e x t  o f 
p i l e u s  a n d  s t i p e  cream to pale brown. – O d o r 
absent. – E x s i c c a t a e  pileus blackish brown, 
stipe greyish brown (6C4). – B a s i d i o s p o r e s 
(7.5–)8.0–9.6(–13.3) × 4.5–5.9(–7.4) μm, av. 8.6 × 
5.1 μm, Q = 1.41–1.96, Qav = 1.68 [90/4/2], not dextri-
noid, ellipsoid to subamygdaloid, moderately to ± 
coarsely verrucose, often more so at distal end. – 
B a s i d i a  30–36 × 7–9 μm, 4-spored, clavate to nar-
rowly clavate, colorless, becoming length brown to 
brown pigmented in age. – L a m e l l a r  t r a m a 
h y p h a e  not or only slightly encrusted. – 
P i l e i p e l l i s  duplex: epicutis a thin ixocutis, up-
per layer (veil) thin to moderately thick, made of 
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narrow, cylindrical hyphae, mostly 2–6 μm wide, 
colorless to yellowish, smooth or spirally-encrust-
ed; lower layer made of subparallel to slightly inter-
woven cylindrical hyphae, slightly gelatinized, 
mostly 2–6(–9) μm wide, colorless to yellowish 
brown with refractive walls, spirally-incrusted or 
smooth; hypocutis made of cylindrical hyphae to 
enlarged cells measuring 18–70 × 5–30 μm, enlarged 
cells generally smooth with a yellowish brown in-
traparietal pigment, and cylindrical hyphae often 
slightly or more coarsely encrusted. – C l a m p 
c o n n e c t i o n s  present in all tissues. – M a c r o -
c h e m i c a l  r e a c t i o n  black on pileus surface 
with 10 % KOH.

E t y m o l o g y. – Named for the color of the pi-
leus and its viscidity, an unusual character in Corti-
narius subgenus Telamonia.

H a b i t a t  a n d  d i s t r i b u t i o n . – Gregari-
ous to caespitose in hardwood forests dominated by 
Quercus, Carya or Fagus, in the fall. So far known 

from only two sites, in Canada (Québec) and the 
USA (Iowa).

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – Ibid. 
(QFB29865; isotype). Sequences ex-isotype: MN751634 (ITS). 
– USA. Iowa, Webster County, Brushy Creek State Preserve, in 
upland hardwoods dominated by Quercus rubra and Carya 
ovata, 26 September 2006, leg. R. Healy (WTU-F-074618).

N o t e s . – The ITS sequence of Cortinarius brun-
neoviscidus is distinct from that of other members 
of subgenus Telamonia, deviating by more than 20 
substitutions and indels from its closest relatives, 
Cortinarius badioflavidus Ammirati, Beug, Nis-
kanen, Liimat. & Bojantchev (section Hinnulei) and 
Cortinarius boulderensis A.H. Sm. (section Boulde-
renses), and far away from somewhat phenotypi-
cally similar species in genus Thaxterogaster sec-
tion Multiformes as defined by Liimatainen et al. 
(2022) (Fig. 4). Cortinarius brunneoviscidus is found 
in hardwood forests of Carya, Quercus, or Fagus. It 
has the general appearance of a phlegmacioid ow-

Fig. 5. Cortinarius brunneoviscidus. a. Basidiomata in situ, collection CMMF004500 (holotype). b. Basidiomata in situ, collection 
WTU-F-074618. c. Basidiospores. d, e. Pileipellis section in SDS Congo Red. Scale bars c, e 10 mm, d 25 μm. Photos R. Lebeuf (a), 
R. Healy (b).
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ing to its robust habit, slightly gelatinous pileus 
surface and clavate to bulbous stipe, but its hy-
grophanous pileus is characteristic of subgenus 
Telamonia. 

Members of Thaxterogaster section Multiformes 
are similar in appearance but have a distinct gelati-
nous pileipellis. In C. brunneoviscidus, the gelatinous 
layer of the pileipellis is very thin and difficult to ob-
serve microscopically. The basidiospore ornamenta-
tion in section Multiformes usually consists of irregu-
lar, low, rounded and often confluent warts, which can 
appear rather diffuse in the microscope. In C. brunne-
oviscidus the basidiospores are ellipsoid to subamyg-
daloid and moderately to coarsely verrucose.

Authors: R. Lebeuf, R.A. Healy, J.F. Ammirati & J. 
Landry 

Glomeromycota, Glomeromycetes, Diversisporales, 
Diversisporaceae

Diversispora alba Corazon-Guivin, G.A. Silva & 
Oehl, sp. nov. – Fig. 6
Mycobank no.: MB 845974

D i a g n o s i s . – Spores white, 63–120 μm, with a four-lay-
ered spore wall. Differs from Diversispora aurantia, which has 

triple-layered, orange spores of similar size (70–120 μm); and 
from D. spurca, which has white spores of similar size (40–120 
μm) but with two wall layers.

H o l o t y p u s . – PERU. San Martín State, Lamas Prov-
ince, Paucarpata, 6°26’8.82”S, 76°31’52.1”W, 502 m a.s.l., in a 
coffee plantation, 15 March 2021, leg. M.A. Corzaon-Guivin 
(ZT Myc 66904; holotype). Derived from a bait culture estab-
lished on the two host plants Brachiaria brizantha and Sor-
ghum vulgare in the greenhouse of the Universidad Nacional 
de San Martín. 

D e s c r i p t i o n . – S p o r e s  formed terminally 
on subtending hyphae (SH) singly; white, globose to 
subglobose to rarely oblong or irregular, (63–)70–
102(–125) × (63–)70–102(–120) μm. – S p o r e  w a l l 
with four layers; outer layer (SWL1) hyaline to sub-
hyaline, evanescent, 0.6–1.2 μm thick, often partly 
degraded giving a roughening appearance of the 
outer spore surface, where in addition some soil de-
bris might stick on; second layer (SWL2) also hya-
line to subhyaline, semi-evanescent, and 0.6–1.2 μm 
thick, both SWL1 and SWL2 layers, when intact, 
often ballooning in lactic acid and might easily sep-
arate from each other, while ballooning; third layer 
(SWL3) structural, persistent, laminate, white, 2.6–
4.1(–4.9) µm thick; innermost layer (SWL4) flexible, 
white, 0.5–1.2 μm thick, usually tightly adherent to 

Fig. 6. Diversispora alba. a–f. Uncrushed spores with a four-layered spore wall (SWL1–4), a single, cylindrical subtending hypha 
(SH), and a septum (sp) arising directly or at some distance from the base. SWL1 and SWL2 partially or completely ballooning 
from the laminate SWL3. f–g. Crushed spore to show the four-layered spore wall. SWL1 in degradation stages covered with some 
debris. None of the layers stains in the 1:1 mixture of PVLG and Melzer’s reagent.
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SWL3, sometimes separating or showing several 
folds in crushed spores, SWL3 and SWL4 often re-
sembling endospore, without continuing into the 
subtending hypha; no layers staining in Melzer’s 
reagent. – S u b t e n d i n g  h y p h a e  (SH) cylindri-
cal to slightly funnel-shaped or slightly constricted, 
sometimes recurved, 5.0–9.2 μm broad and 15–
40 μm long; only SWL1 and SWL2 continue, as 
SHL1 and SHL2, on subtending hyphae towards 
the mycelia hyphae, tapering from 1.2–2.4 μm to 
0.6–1.2 µm within the first 5–10 µm from the base 
causing the flexible fragile portion of the SH to 
break from the mature spore where the septum sep-
arates the spore contents from the hyphal contents; 
SWL2, SWL3, or both layers, close spore pore at 
spore base, but more commonly within the subtend-
ing hyphae in a short distance from the spore base 
(1.5–5.0 μm); SH layers not staining in Melzer’s rea-
gent.  – A r b u s c u l a r  m y c o r r h i z a l  f o r m a -
t i o n  not observed thus far.

E t y m o l o g y. – Referring to the white spores. 
H a b i t a t  a n d  d i s t r i b u t i o n . – Found in 

trap cultures inoculated with rhizosphere soils and 
root fragments of coffee, and in pot cultures with 
Brachiaria brizantha and Sorghum vulgare. Thus 
far known from Lamas Province, Peru. Environ-
mental sequences from Japan and the USA indicate 
a broader distribution.

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – Ibid. (ZT Myc 
66905, isotype). Sequences ex-isotype: OP195880–OP195885 
(partial SSU–ITS–partial LSU). – PERU. San Martín State. 
Lamas Province, Pamashto, 6°21’8.59”S, 76°32’15.66”W, 831 
m a.s.l., 15 March 2021, leg. M.A. Corzaon-Guivin (ZT Myc 
66906).

N o t e s . – Diversispora alba can be easily distin-
guished from all other species in the Diversispo-
rales by diversisporoid spore formation singly in 
rhizosphere soils or inside roots, the white spores, 
and the four spore wall layers. In the genus Diver-
sispora, only three other species are known that 
have four spore wall layers: D. aestuarii Błaszk., B.T. 
Goto, Niezgoda & Magurno, D. sporocarpia 
Chachuła, Mleczko, Zubek, Niezgoda, A. Kozłowska, 
Jobim, B.T. Goto & Błaszk., and D. valentina A. 
Guillén, Serrano-Tamay, Peris & I. Arrill. (Jobim et 
al. 2019, Guillén et al. 2020, Błaszkowski et al. 2022). 
However, these three species all form pigmented 
spores, i.e., yellow to yellowish-brown in D. aestu-
arii, yellow to light brown in D. sporocarpia, and 
orange to dark brown in D. valentina.

BLAST searches of the SSU–ITS–LSU sequenc-
es of D. alba resulted in D. aurantia and D. spurca as 
closest matches with ~96 % shared identity. The 
phylogenetic analyses based on partial SSU–ITS–

partial LSU placed multiple isolates of the new 
species in a separate clade with high support, sister 
to D. aurantia (Błaszk., Blanke, Renker & Buscot) C. 
Walker & A. Schüßler and D. spurca (C.M. Pfeiff., C. 
Walker & Bloss) C. Walker & A. Schüßler (Fig. 7). 
LSU environmental sequences with >97 % shared 
identity with D. alba were obtained from rhizos-
phere soil of Elymus mollis (Poales, Poaceae) in Ja-
pan (GenBank accession no. AB640743), roots of 
Miscanthus sinensis (Poales, Poaceae) in Japan 
(AB561118), and soil from hardwood forest in Mich-
igan, USA (Castillo et al. 2018). ITS environmental 
sequences with >97 % shared identity with D. alba 
have not been found thus far. Three ~1500 bp AM 
fungal sequences from switchgrass soil in Wiscon-
sin, USA (GenBank accession nos. MT765585, 
MT765635, MT765658), referred to as D. aurantia by 
Dirks & Jackson (2020) represent the fungus de-
scribed here, as they were retrieved in the D. alba 
clade among our Peruvian isolates (Fig. 7). It can be 
concluded that D. alba has a wide geographical dis-
tribution and may occur in a wide range of different 
habitats, as is known for many other Diversispora 
species. 

Phylogenetically, D. alba is closely related to D. 
aurantia, which, however, forms orange spores with 
a three-layered spore wall (Błaszkowski et al. 2004), 
and to D. spurca, which forms whitish, but double-
layered spores (Kennedy et al. 1999). Diversispora 
spurca is described to incorporate large amounts of 
debris on the spore surface during degradation of 
the evanescent outer spore layer. This can also be 
observed in D. alba but to a much lower degree. On 
the other hand, D. alba shares with D. aurantia the 
ballooning nature of the outer spore wall layer, 
which in D. alba may also include the second layer 
SWL2.

Diversispora alba is the eleventh species of 
Glomeromycota described from the Peruvian Ama-
zon region (Corazon-Guivin et al. 2019a, 2019b, 
2019c, 2019d, 2022a, 2022c; Song et al. 2019; Lebeuf 
et al. 2022) after Acaulospora aspera Corazon-
Guivin, Oehl & G.A. Silva, A. flava Corazon-Guivin, 
G.A. Silva & Oehl, A. flavopapillosa Corazon-Guiv-
in, G.A. Silva & Oehl (Diversisporales, Acaulo-
sporaceae), Funneliglomus sanmartinense Corazon-
Guivin, G.A. Silva & Oehl, Microkamienskia peru-
viana Corazon-Guivin, G.A. Silva & Oehl, Nanoglo-
mus plukenetiae Corazon-Guivin, G.A. Silva & 
Oehl, Rhizoglomus cacao Corazon-Guivin, G.A. 
Silva & Oehl, R. variabile Corazon-Guivin, Oehl & 
G.A. Silva (Glomerales, Glomeraceae), Paraglomus 
occidentale Corazon-Guivin, G.A. Silva & Oehl, and 
P. peruvianum Corazon-Guivin, G.A. Silva & Oehl 
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Fig. 7. Phylogeny of Diversispora reconstructed from a partial SSU–ITS–partial LSU dataset. Acaulospora laevis served as out-
group. For each node, MLBS ≥60 and BI posterior probability (BIPP) ≥0.60 values are presented, as MLBS/BIPP. Thick branches 
represent clades with more than 90 % of support in both analyses. Sequences labeled with their GenBank accession numbers, 
sequences obtained in this study highlighted in boldface.
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(Paraglomerales, Paraglomeraceae). To our knowl-
edge, only one other species has thus far been de-
scribed from other parts of the Amazonian rainfor-
est in South America, Sclerocarpum amazonicum 
Jobim, Błaszk., Niezgoda, A. Kozłowska & B.T. Goto 
(Jobim et al. 2019). 

Authors: M.A. Corazon-Guivin, A. Vallejos-Ta-
pullima, V.M. Santos, G.A. da Silva & F. Oehl

Basidiomycota, Agaricomycetes, Agaricales, Inocy-
baceae

Inocybe nigroumbonata Naseer & Khalid, sp. nov. 
– Figs. 8, 9
MycoBank no.: MB 843794

H o l o t y p u s . – PAKISTAN. Khyber Pakhtunkhwa Prov-
ince, Swat District, Shawar valley, 2100 m a.s.l., solitary on 
soil under Quercus incana, 14 July 2014, leg. A. Naseer & A.N. 
Khalid, ASSW38 (LAH35272; holotype). Sequences ex-holo-
type: ON262107 (ITS). 

D e s c r i p t i o n . – P i l e u s  2.0–2.9 cm diameter, 
at first conical, then expanded to convex, with large 
pronounced umbo, radially fibrillose of black color 
when young, margins slightly incurved, fimbriated, 
cracked; greyish black fibrils when young, then 
light brown (3.3Y 5.8/6.2) with creamy white fibrils 
(7.1Y 7.3/7.1), paler between the spreading fibrils, 
black color confined to umbo only with maturity, 
black to greyish black umbo (6.1G 6/6), cortina not 
observed. – L a m e l l a e  moderately crowded (ap-
prox. 35–45, lamellulae = 1–3), narrowly adnate, 
subdistant, (sub)ventricose, regular, pale pink, con-
colorous, one tier of lamellulae. – S t i p e  3.5–4 × 
0.3–0.5 cm, central, cylindrical with distinct mar-

Fig. 8. Inocybe nigroumbonata. A, B. Basidiomata in situ. Scale Bars 0.87 cm. 

ginate to rounder basal bulb 0.4–0.6 cm wide; en-
tirely pruinose, curved, brownish orange (8.7 GY 
5.5/5), silvery white (4.3 GY 7.1/1.4) at apex and 
base, creamy white in bulb. – O d o r  mild, not re-
markable. – B a s i d i o s p o r e s  (7.2–)7.4–9.3(–9.9) × 
(5.0–)5.2–7.1(–7.6), av. 8.29 × 5.92, Q = (1.1–)1.2–1.5(–
1.6), Qav = 1.40, nodulose, thin-walled, apiculus 
small and distinct, pale brown to yellowish brown 
in 5 % KOH. – B a s i d i a  22.7–22.8 × 9.0–9.6 μm, 
clavate, usually four-spored, thin-walled, guttut-
aled, hyaline in 5 % KOH, long sterigmata, up to 
2.2–6.3 μm. – C h e i l o c y s t i d i a  46.8–59.1 × 
17.21–22.5 μm, fusiform to utriform, light green in 
5 % KOH, metalloids, with crystalliferous apex. – 
P l e u r o c y s t i d i a  similar to cheilocystidia, dif-
ferent in color and size, 30–60 × 15.5–30.0 μm, hya-
line in 5 % KOH. – C a u l o c y s t i d i a  40.8–68.5 μm, 
variable, utriform, some broadly clavate, metuloids, 
thick-walled, with crystalliferous apex. – C a u l o -
p a r a c y s t i d i a  present below the mid-region of 
the stipe, slender to subcylindrical, hyaline in 5 % 
KOH, thin-walled. – P i l e i p e l l i s  a cutis of cylin-
drical hyphae, 3.2–4.7 μm diameter, yellowish brown 
in 5 % KOH, thin-walled, septate, encrusted. – 
S t i p i t i p e l l i s  a cutis of cylindrical hyphae, 2.9–
4.0 μm diameter. – C l a m p  c o n n e c t i o n s  fre-
quently present. 

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – PAKISTAN. 
Khyber Pakhtunkhwa Province, Swat District, Matta, 2000 m 
a.s.l., solitary on soil under Quercus incana, 15 July 2018, leg. 
A. Naseer & A.N. Khalid, ASSW40 (LAH35277).

H a b i t a t  a n d  d i s t r i b u t i o n . – Thus far 
only known under Quercus incana from Khyber Pa-
khtunkhwa Province, Pakistan.
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N o t e s . – Around 40 species of Inocybe sensu 
lato have thus far been reported from Pakistan (Na-
seer et al. 2019, Jabeen & Khalid 2020, Saba & 
Khalid 2020, Saba et al. 2020, Khan et al. 2022, this 
study). Inocybe nigroumbonata is characterized by 
the combination of the following morphological 
characteristics: basidiomata medium-sized; pileus 
light brown, with a black umbo and radial greyish-
black fibrils; pale pink lamellae; stipe pruinose, 
brownish-orange, with apex and base silvery white, 
and bulb creamy white with tightened adhered soil; 
basidiospores nodulose, measuring 7.4–9.3 × 5.2–
7.1 μm; and basidia clavate, measuring 22.7–22.8 × 
9.0–9.6 μm. The phylogenetically closest relatives of 
I. nigroumbonata are I. calida Velen. and I. parvibul-
bosa E. Horak, Matheny & Desjardin (Fig. 10).

Inocybe calida and I. nigroumbonata are mor-
phologically similar, particularly in the shape and 
size of basidiomata, pruinose stipe, and nodulose 
basidiospores. Inocybe nigroumbonata, character-
ized by a pileus that is radially fibrillose and color-
ed light brown with a black umbo. In contrast, I. 
calida has a rimulose, reddish-brown, umbonate pi-
leus. Inocybe nigroumbonata is further distin-
guished by its brownish-orange stipe, with slightly 
clavate bulb with tightly adhering soil (Horak et al. 
2015). Microscopically, I. nigroumbonata has longer 
basidiospores compared to I. calida (7.4–9.3 μm vs. 
5.6–87.1 μm) and shorter, clavate basidia (22.7–22.8 
μm vs. 23–28 μm). Inocybe parvibulbosa can be eas-
ily differentiated from I. nigroumbonata by its very 
small size (pileus diameter 0.6–1.8 cm vs. 2.0–2.9 cm 
in I. nigroumbonata), cinnamon brown to dark ha-
zel brown pileus (vs. light brown with black umbo 
and radial greyish-black fibrils), and cinnamon la-
mellae (vs. pale pink). In addition, I. parvibulbosa 

has thus far only been found in association with 
Dipterocarpus obtusifolius and Tectona grandis in 
Thailand (Horak et al. 2015).

Authors: A. Naseer & A.N. Khalid

Basidiomycota, Agaricomycetes, Agaricales, My-
cenaceae 

Mycena amoena Jagers, Aronsen, Holzapfel & Nuyt-
inck, sp. nov. – Figs. 11–13
MycoBank no.: MB 842232 

D i a g n o s i s . –  Differs from Mycena lasiopus by its 
smaller size, pale grey to white pileus, small granulose not la-
mellate basal disc, more conspicuously lobed cherocytes cov-
ered with warts and spinulae, completely spinulose caulocyst-
idia, and very few cheilocystidia and clamps. 

H o l o t y p u s . –  THE NETHERLANDS. Overijssel Prov-
ince, Enschede, Boeldershoek, 52°13’26.7”N, 6°47’37.4”E, 25 m 
a.s.l., 9 May 2019, leg. M. Jagers, MJD19019 (L0607542; holo-
type). Sequences ex-holotype: OL772667 (ITS). 

D e s c r i p t i o n . – P i l e u s  up to 2.0(–2.3) mm 
diameter, initially paraboloid, expanding to obtuse-
ly conic or broadly convex in age; young covered all 
over with groups of grey to dark grey (sometimes 
nearly blackish grey) ‘sugar-like’ granules on a pale 
grey surface, mature white, still bearing small 
amounts of granules especially in the center, trans-
lucent-striate, margin crenulate, old very thin-
fleshed, translucent. – L a m e l l a e  subventricose to 
ventricose, adnexed to narrowly adnate, with lamel-
lulae of variable length, (6–)8–10 reaching the stipe, 
white. – S t i p e  8–20 × 0.08-0.2 mm, central, fili-
form, hirsute, watery grey to watery white, at the 
base slightly inflated, with a small basal disc, not 
always easily seen and sometimes apparently ab-
sent; disc margin granulose. – P r i m o r d i a  hemi-
spherical to paraboloid, covered with dark grey 
granules, initially forming a closed layer, soon 
breaking up to a non-contiguous layer upon a light 
grey surface, more whitish at the margin; dried dark 
grey. – S m e l l  a n d  t a s t e  insignificant. – B a -
s i d i o s p o r e s  7.3–8.7–10.2 × 3.9–4.7–5.5 μm, Q = 
1.54–1.87–2.19, Qav = 1.81–1.91 [100/5], ellipsoid, 
smooth, hyaline, thin-walled, amyloid. – B a s i d i a 
9–20 × 7–10 μm, short clavate to obpyriform, 
4-spored, rarely 2-spored, sterigmata 2–4 μm long. 
– C h e i l o c y s t i d i a  very sparse or absent, 8–24 × 
5.5–13 μm, clavate to broadly clavate, sparsely spi-
nulose in the upper part but more densely spinulose 
near the pileus margin; spinulae 0.5–1.0 × 0.5 μm, 
cylindrical to subconical. – P l e u r o c y s t i d i a  ab-
sent. – P i l e i p e l l i s  a cutis with acanthocysts and 
cherocytes; hyphae 1.5–13 μm diameter, spinulose 
or smooth, dextrinoid. – C e n t r a l  a c a n t h o -
c y s t s  globose, subglobose, thin-walled, 8–22 × 

Fig. 9. Micromorphological characteristics of Inocybe ni-
groumbonata, collection LAH35272 (holotype). A. Basidia. 
B. Pileipellis. C. Cheilocystidia; D. Pleurocystidia. E. Basidio-
spores. Scale bars A–D 8.8 μm, E 7.86 μm.
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Fig. 10. Phylogeny of selected species of Inocybe reconstructed from a single-locus dataset including ITS sequences only. The 
topology is the result of ML inference with RAxML. MLBS values (if ≥70) are shown at the nodes. The new species, I. nigroumbo-
nata, is highlighted in boldface.
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9.0–19.5 μm, densely spinulose, grey-brown, grey, or 
hyaline, inamyloid, sometimes seen originating 
from septate, thin-walled, smooth or spinulose hy-
phae of about 3 μm diameter; spinulae 0.5–1.0 × 
0.5–1.5 μm, cylindric or subconical. – M a r g i n a l 
a c a n t h o c y s t s  clavate, broadly clavate, ovoid, or 
subglobose, thin-walled, 11–28 × 8–13 μm, densely 
spinulose, grey or hyaline, inamyloid, spinulae 0.5–
1.0 × 0.5–1.5 μm, cylindrical or subconical. – 
C h e r o c y t e s  roundish to obtuse angular, with 
2–6(–7) obtuse or obtusely conical lobes and with 
dark grey brown, slightly dextrinoid, vacuolar con-
tents, covered with spinulae and warts; 9–28 × 
9–25 μm (disregarding lobes), thick-walled, walls 

grey or hyaline, up to 5 μm, lobes extending up to 
11 μm, warts hemispherical, 0.5–2.5 × 0.5–3.0 μm, 
often seen originating from septate, slightly thick-
walled, smooth or spinulose hyphae of about 3 μm 
diameter. – H y p o d e r m i u m  composed of inflat-
ed hyphae up to 28 μm diameter, dextrinoid. – L a -
m e l l a r  t r a m a  composed of inflated hyphae up 
to 18 μm, dextrinoid.  – C o r t i c a l  a n d  m e d u l -
l a r y  h y p h a e  o f  t h e  s t i p e  3–19 μm diame-
ter, parallel, smooth, dextrinoid. – B a s a l  d i s c 
c y s t i d i a  globose to subglobose, spinulose, con-
nected to the stipe base by a dense layer of short, 
smooth or spinulose cells from about 3–5 × 6 μm, 
partly loosening with age; 9–23 × 6–20 μm diameter, 

Fig. 11. Mycena amoena, collection L0607542 (holotype). A–B. Basidiomata in situ. C. Young basidioma in detail. D. Stipe base in 
detail. E. Primordia.
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grey or hyaline, inamyloid; spinulae 0.5–1.0 × 
0.5 μm, cylindrical, conical, or subconical.  – C a u -
l o c y s t i d i a  abundant, 9–142 × 4.5–16 μm, hya-
line, thin-walled, inamyloid, ranging from short and 
broadly clavate or subcylindrical to long and cylin-
drical, apex even or somewhat wider, obtuse, dense-
ly and evenly spinulose overall, spinulae 0.5–1.0(–
2.0) × 0.5–1.0 μm, cylindrical or subconical. – 
C l a m p  c o n n e c t i o n s  present but very rare, 
only seen at the base of a few basidia.

E t y m o l o g y. – Amoenus (Latin), referring to 
the graceful basidiomata.

H a b i t a t  a n d  d i s t r i b u t i o n . –  Scattered 
or gregarious on nuts and husks (seldom on leaves) 
of Corylus avellana from May to the end of October. 
Known only from type locality in the Netherlands. 

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – Ibid., 9 June 
2018, leg. M. Jagers (L0607541); 1 May 2020, leg. M. Jagers 
(L0607543); 6 June 2021, leg. M. Jagers (L0607544).

N o t e s . – Species belonging to Mycena section 
Sacchariferae Kühner ex Singer are recognizable 
by their small size, granular (‘sugar coated’) pileus 
and hairy stipe (Desjardin 1995). The presence of a 
universal veil, a unique feature of the members of 
this section and best observed on primordia, pro-
vides the ornamented surface of the pileus. Desjar-
din (1995) provisionally subdivided sect. Saccharif-
erae into three stirpes, based on the shape of the 
veil cells, shape of the caulocystidia and the pres-
ence or absence of a basal disc. These are Adscen-
dens Desjardin, Alphitophora Desjardin, and Amp-
aroina Desjardin. Species in stirps Adscendens and 
Alphitophora have a veil consisting of thin-walled 
cells, named acanthocysts. Species in stirps Adscen-
dens have smooth caulocystidia and a basal disc, 
whereas species in stirps Alphitophora have spinu-
lose caulocystidia and no basal disc. Species in 
stirps Amparoina have a veil consisting of thick-
walled cells, named cherocytes, and spinulose cau-
locystidia. A basal disc may be present or not. Maas 
Geesteranus & de Meijer (1998) suggested a fourth 
stirps, Fuscinea nom. prov., whose two members 
only differ from those in stirps Alphitophora by the 
dark content of their acanthocysts. Desjardin (1995) 
described the cherocytes of stirps Amparoina as 
variously shaped, densely spinulose, with 1–12 
thick-walled, spine-like projections, varying be-
tween species. He accepted eight species and two 
varieties in stirps Amparoina. In the course of time, 
16 new species were added (Maas Geesteranus & de 
Meijer 1997, 1998; Desjardin et al. 2007; Bougher 
2009; Aravindakshan & Manimohan 2015; Cooper 
et al. 2018; Cortés Pérez et al. 2019; Na & Bau 
2019a). Desjardin (1995) already included an excep-

tion in stirps Amparoina, M. sotae Singer, a species 
that has lobed or irregularly-shaped acanthocysts 
without spine-like projections. This placement en-
couraged some of the aforementioned authors to in-
clude some of their new species, with a veil consist-
ing of cherocytes without spines, into stirps Ampar-
oina (Maas Geesteranus & de Meijer 1998, Aravin-
dakshan & Manimohan 2015, Cooper et al. 2018). To 
date, little phylogenetic research has been done on 
the species belonging to Mycena sect. Saccharifer-
ae. Some recent phylogenetic studies, in which only 
a few species from the section were included, 
showed a clear separation between stirps Adscen-
dens on the one hand and stirps Alphitophora and 
Amparoina on the other (Cooper et al. 2018, Na & 
Bau 2019a). In a subsequent study, Na & Bau (2019b) 
introduced a new section based on both molecular 
phylogenetic reconstruction and morphological 
characters: M. sect. Amparoina T. Bau & Q. Na. This 
section consisted of stirps Alphitophora and stirps 
Amparoina (containing only two species), next to 
sect. Sacchariferae consisting of stirps Adscendens 
only.

In our phylogenetic analysis, a well-supported 
monophyletic stirps Alphitophora was similarly re-
covered, but stirps Amparoina as defined by Na & 
Bau (2019a, 2019b) was not (Fig. 14). This is largely 
due to the placement of M. castaneicola, formerly a 
member of stirps Amparoina (Na & Bau 2019a), on 
an earlier-diverging branch with respect to stirps 
Alphitophora and the clade containing the remain-
der of analysed species or species placed in stirps 
Amparoina. Although this split was well-supported 
by ML, it only received marginal support by BI 
(MLBS = 100, BIPP = 0.85). Therefore, we see no 
merit in subdividing sect. Amparoina into stirpes 
Alphitophora and Amparoina at this time. Subse-
quent authors should carefully consider the taxo-
nomic value and continued use of the aforemen-
tioned stirpes, perhaps supported with more com-
prehensive phylogenetic analyses.

Mycena species belonging to sect. Sacchariferae 
and sect. Amparoina can be found all over the 
world. According to the various descriptions, those 
species from sect. Amparoina that have a veil con-
sisting of cherocytes, all prefer a tropical or sub-
tropical climate. They were only recorded in Europe 
from tropical greenhouses (Robich 2007, Gubitz 
2012, Brodegger et al. 2019). However, in 2018 and 
subsequent years we found basidiomata of M. 
amoena on fallen nuts and husks of several Corylus 
avellana shrubs, planted in 1996. On many nuts ba-
sidiomata of Mycena tenerrima (Berk.) Quél. (= M. 
adscendens Maas Geesteranus) were collected (col-
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lection number L0607549, 16 June 2019, leg. M. Jag-
ers). Primordia of both species even appeared at a 
distance of just one mm. Basidiomata of M. tenerri-
ma can be distinguished from those of M. amoena in 
being taller, having white to light grey veil cells, 
finer hairs on the stipe, and a rather well-developed, 
hirsute basal disc. More significantly, they lack 
cherocytes and have smooth caulocystidia and elon-
gated basal disc cystidia. 

Our phylogenetic analysis covered a total of 69 
ITS sequences, 60 of which belong to species of sect. 
Sacchariferae and sect. Amparoina (Tab. 1), includ-
ing two newly generated sequences from M. amoena 
(L0607542, holotype; L0607541), three from M. ten-

errima (L0607549, L0607550, L0607551), one from 
M. chloroxantha Singer var. chloroxantha from 
1997 (L0063621, Maas Geesteranus & de Meijer 
1997), and one from type material of M. capillata 
Maas G. & de Meijer (L0063217, holotype; Maas 
Geesteranus & de Meijer 1998). In accordance with 
Na & Bau (2019b), sect. Amparoina was recovered 
as a monophyletic lineage separate from sect. Sac-
chariferae sensu Na & Bau (Fig. 14). Based on both 
pairwise identity and phylogenetic placement, the 
phylogenetically closest related species to M. amoe-
na are M. melanovelis Traba, Couciero & M. Villar-
eal nom. prov. (Traba-Velay et al. 2021) and M. lasio-
pus BAP635 (and BAP603, Cooper et al. 2018). As 

Figs. 12. Mycena amoena, cherocytes. A. Primordium of ~ 0.05 mm in diameter. B. Vertical section primordium of ~ 0.05 mm in 
diameter, in water, showing a veil consisting of cherocytes. C. Scalp of the top of a primordium of ~ 0.05 mm in diameter, in water. 
D. Primordium ~ 0.8 mm in diameter. E. Vertical section primordium ~ 0.8 mm in diameter, in water, showing cherocytes and 
acanthocysts. F. Cherocyte connected to the pileipellis by a hypha, in Congo red. G. Pileus center of a mature basidioma seen from 
above. H. Two pictures of the same cherocyte; above inside, a grey-brown colored vacuole surrounded by a thick-walled, lobed 
wall, below outside, covered with warts, in water. I. Two differently shaped cherocytes showing a grey-brown colored vacuole 
surrounded by a thick-walled, lobed wall, in water. J–K. Some strikingly formed cherocytes, especially seen on primordia, in 
water. Scale bars A 100 μm; B, C 10 μm; D 1 mm; E, F = 10 μm; G 100 μm; H–K 10 μm.
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expected, M. chloroxantha var. chloroxantha 
L0063621 and the holotype of M. capillata 
(L0063217) are similarly placed in sect. Amparoina, 
the former being closest related to M. chloroxantha 
var. appalachiensis KL-BK 59708. Mycena alphi-
tophora BAP591 from São Tomé and Principe does 
not belong to the same species as M. alphitophora 
HMJAU 43498 and HMJAU 43686, which had al-
ready been noticed by Cooper et al. (2018).

At the time of writing, the ITS sequence of M. 
alphitophora BAP591 is the most divergent and 
most difficult to align among all publicly available 
ITS sequences from species and collections placed 
in sect. Amparoina. It is represented by the most 
unstable branch in all iterations of the phylogenetic 
tree, which makes its true phylogenetic placement 
rather uncertain. In our phylogenetic tree, several 

species placed in the larger clade containing M. 
amoena, M. chloroxantha, and M. heteracantha, 
among others, lack basal discs (Fig. 14): M. chlorox-
antha var. appalachiensis KL-BK 59708 (Brodegger 
et al. 2019), M. castaneicola (Na & Bau 2019a), and 
the recently described provisional species M. euca-
lypticola Traba, Couceiro & M. Villarreal nom prov., 
M. lourensis Traba, A Cortés-Pérez, Couceiro & M. 
Villarreal nom. prov., and M. melanovelis nom. prov. 
(Traba-Velay et al. 2021). Remarkably, collections 
from China identified as M. heteracantha (HMJAU 
43709, HMJAU 43716, HMJAU 43693) were ob-
served possessing basal discs (Na & Bau 2019b, 
2020) while according to Singer (1976) and Desjar-
din (1995), M. heteracantha should lack a basal disc. 
Cherocytes may or may not have colored vacuolar 
contents, as is the case within the clade containing 

Fig. 13. Mycena amoena, micromorphological characteristics. A–B. Basal disc cystidia in Congo red. C. Basal disc cystidium con-
nected by a hypha (arrow). D. Basidiospores in water. E. Cheilocystidium on lamellar edge (arrow), in water. F. Cheilocystidia on 
lamellar edge (arrow), in Congo red. G. Caulocystidia in Congo red. H. Pileipellis marginal acantohocysts in Melzer’s reagent. 
I. Pileipellis marginal acanthocysts in Congo red. Scale bars 10 μm.
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M. amoena and the closely related species M. mel-
anovelis nom. prov. and M. lasiopus. However, the 
presence of cherocytes with vacuolar contents may 
not be entirely phylogenetically informative, as M. 

oboensis is not closely related to other species who 
share this trait (Fig. 14). Mycena oboensis is, like M. 
amoena, a small species with a small basal disc with 
cherocytes that are covered with warts but differs 

Fig. 14. Phylogeny of selected Mycena species, with emphasis on sect. Amparoina and sect. Sacchariferae, reconstructed from an 
ITS dataset. Mycena diosma and M. pura were selected as outgroup taxa. MLBS ≥70 and BIPP ≥0.90 are shown on or near branches 
(MLBS/BIPP). Newly obtained sequences shown in boldface, ex-holotype sequences indicated with black triangles (▲), some mor-
phological features shown for species in Mycena sect. Amparoina and sect. Sacchariferae. ST&P: São Tomé and Príncipe.
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from M. amoena in having two-spored basidia, 
smaller basidiospores, clamps in all tissues, and no 
cheilocystidia. Mycena lasiopus differs from M. 
amoena in having a somewhat larger, rather dark 
pileus, a radially lamellate basal disc, clamps in all 
tissues, broader basidiospores, numerous cheilocys-
tidia, and caulocystidia that are almost smooth at 
the apex. Moreover, we note that a fourth species is 
known having lobed cherocytes with dark-colored 
contents, M. albinea Aravind. & Manim (not repre-
sented in our phylogenetic tree, since no ITS se-
quences are available). This species differs from M. 
amoena by having a pale brownish to off-white pi-
leus, a radially lamellate basal disc, larger basidio-
spores, and longer caulocystidia (Aravindakshan & 
Manimohan 2015). Mycena amoena’s closest rela-
tive in our phylogenetic tree, M. melanovelis nom. 
prov., also has cherocytes with colored vacuolar 
contents, but contrary to M. amoena, its cherocytes 
have small spines instead of lobes. It also differs 
from M. amoena by lacking a basal disc and having 
larger basidiomata, smaller basidiospores, and 
cheilocystidia forming a sterile band.

Interestingly, M. tenerrima was found to consist 
of two distinct phylogenetic species, referred to as 
M. tenerrima groups I and II. Both species appear to 
occur in the Netherlands. It is important to note 
that alignments of adequate quality for downstream 
use in phylogenetic analyses could not be obtained 
with conventional alignment tools like MAFFT 
(Katoh & Standley 2013), resulting in unstable trees 
and low support values; topologies shifted substan-
tially with addition or removal of sequences, and 
also heavily depended on phylogenetic tree estima-
tion tools, partitioning schemes, evolutionary mod-
els, and comparatively small adjustments of the ini-
tial alignments (data not shown). These phylogenet-
ic uncertainties likely arose due to undersampling 
(i.e., a limited number of relevant sequences in pub-
lic databases) and highly divergent sequences. 
Alignments revealed a high number of gap-rich and 
nearly unalignable regions within the ITS sequenc-
es of species in sect. Amparoina, which may have 
arisen as a result of frequent indel events (data not 
shown). For instance, the longest unalignable region 
was observed in the ITS1 region of M. oboensis BAP 
669, which was 203 nucleotides in length. Indeed, 
the ITS regions of several clades of fungi are known 
to be rapidly evolving and often contain indel-rich 
regions, which may lead to inaccurate alignments 
and distorted phylogenies (Caligiorne et al. 2005, 
Ogden & Rosenberg 2006, Tóth et al. 2013, Brown et 
al. 2014, Wächter & Melzer 2020). Based on our ob-
servations, this appears to also hold true for sect. 

Amparoina, if not for the genus Mycena as a whole. 
Tóth et al. (2013) and Wächter & Melzer (2020) have 
used phylogeny-aware alignment tools in conjunc-
tion with iterative guide trees to improve the accu-
racy of large ITS alignments. To approximate the 
alignment strategy used by Tóth et al. (2013) and 
Wächter & Melzer (2020), Canopy, an iterative phy-
logeny-aware alignment tool with iterative guide 
tree estimation, was used to align our dataset. Both 
ML and BI phylogenetic trees constructed with the 
Canopy alignment appear more robust and are sup-
ported by higher likelihoods and branch support 
values. Although our final phylogenetic trees are 
stable and branches are comparatively well-sup-
ported, the observed instability of the tree prior to 
adapting alternative alignment strategies should be 
noted and carefully considered. Nonetheless, all it-
erations of our phylogenetic analyses, including the 
final tree, support a monophyletic Mycena sect. Am-
paroina (Fig. 14). Sequences currently placed with-
in sect. Amparoina might be especially vulnerable 
to long branch attraction, since a large part of this 
clade primarily consists of highly variable sequenc-
es connected by long branches. Again, this could be 
the result of undersampling in this clade. In future 
studies, this could be amended by addition of more 
sequences from species placed in sect. Amparoina, 
or through multi-gene phylogenetic analyses. There-
fore, we stress that some caution should be exer-
cised in inferring (higher) taxonomic relationships 
from our phylogenetic tree, since it might not ac-
curately reflect the ‘true’ phylogeny.

Authors: M. Jagers, A. Aronsen, Q.M. Holzapfel 
& J. Nuytinck

Basidiomycota, Tremellomycetes, Tremellales, 
Phaeotremellaceae

Phaeotremella dejopia Dirks, sp. nov. – Fig. 15
MycoBank no.: MB 842948

H o l o t y p u s . – USA. Wisconsin, Dane County, Olson Oak 
Woods State Natural Area, 42°56’41.64”N, 89°35’13.56”W, 310 
m a.s.l., on a fallen deciduous tree trunk in association with 
Stereum gausapatum (Fr.) Fr., 7 October 2018, leg. Alden C. 
Dirks, ACD0048, https://mushroomobserver.org/294641 
(MICH 340451; holotype). Sequences ex-holotype: MT913629 
(ITS), OM311634 (LSU).

D e s c r i p t i o n . – B a s i d i o m a t a  foliaceous, 
sessile, gelatinous, ca. 15 cm in diameter, with un-
dulate, cespitose lobes, transitioning from translu-
cent tan, pinkish, or pale brown at the margin to 
darker brown to black at the point of attachment, 
darkening when dried. – H y p h a e  with clamp con-
nections, (2.0–)3.0–4.1(–4.4) μm in diameter [20/2]. 
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Fig. 15. Phaeotremella dejopia, basidiomata and microscopic structures. A. Basidiomata, collection MICH 340451 (holotype). 
B–C. Basidiomata, collection ARIZ AN 043301, illustrating darker base. D. Basidiospores, not germinating. E. Basidiospores, 
germinating. F. Heterobasidia with vertical and horizontal septation. Scale bars A 5 cm, D–F 20 μm.
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– B a s i d i a  globose, ovoid, or clavate, cruciate sep-
tate or less frequently transversely septate, with or 
without (depending on specimen) prominent oil 
droplets, (8.8–)8.9–15.3(–21.2) × (6.3–)7.1–10.0(–
10.8) μm, av. 12.1 × 8.5 μm, with up to four sterig-
mata, (12.3–)13.0–30.9(–43.9) μm long, sometimes 
with a swollen apex [20/2]. – B a s i d i o s p o r e s 
broadly ellipsoid to ellipsoid or ovoid; smooth, hya-
line, inamyloid, apiculate, frequently observed ger-
minating, sometimes repetitive, with or without 
(depending on specimen) a prominent oil droplet; 
(4.5–)5.7–8.3(–10.0) × (3.5–)4.3–6.5(–7.7) μm, av. 7.0 × 
5.4 μm, Q = (1.0–)1.2–1.5(–1.7), Qav = 1.3 [90/2]. – 
C o n i d i a  not observed.

E t y m o l o g y. – Referring to Dejope, the name 
of the region from which the holotype was collect-
ed, in the Ho-Chunk language. Dejope translates to 
“four waters” and refers to the four lakes of the 
Madison area in Wisconsin—Mendota, Monona, 
Waubesa, and Kegonsa—where the Ho-Chunk peo-
ple have lived for over ten millennia. The suffix “-ia” 
is vocally similar and a play on the Ho-Chunk suffix 
“-eja” meaning “that place” or “there”. Therefore, 
Phaeotremella dejopia means the Phaeotremella of 
the place of four waters. The newly minted 
 Ho-Chunk common name for this species is 
“TeeHųųcnįk”, which means “little water bear”. 

H a b i t a t  a n d  d i s t r i b u t i o n . – Only 
known from the USA (Arizona and Wisconsin) per-
haps in association with Stereum gausapatum on 
dead hardwood. Full geographic distribution, po-
tential host species, and substrates not yet deter-
mined.

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – USA. Arizo-
na, Coconino County, on deadwood of Quercus gambelii Nutt., 
Stereum host unknown, 2 October 2016, leg. Teresa A. Clem-
ents, TAC 1632, https://mushroomobserver.org/254834 (ARIZ 
AN 043301). 

N o t e s . – Phaeotremella jelly fungi are conspic-
uous members of the forest funga, producing foliar, 
gelatinous basidiomata in mycoparasitic associa-
tion with Stereum Hill ex Pers. crust fungi (Roberts 
1999, Spirin et al. 2018). The genus was resurrected 
by Liu et al. (2015) for the Tremella foliacea Pers. 
group, which was resolved as a well-supported 
monophyletic clade, and now harbors fungi that 
produce macroscopic basidiomata as well yeasts 
with no known sexual sporocarps (Wedin et al. 
2016; Spirin et al. 2018; Li et al. 2019, 2020; Sun et 
al. 2020; Yuan et al. 2020; Degawa et al. 2022). Phae-
otremella is well-situated for “plug-and-play” phy-
logenetics given that all 16 currently described spe-
cies in the genus have published sequence data for 
at least two of three common DNA barcodes—ITS, 

LSU, and tef1—and 10 species have sequence data 
from type material.

Based on phylogeny, biogeography, morphology, 
and ecology, a new species of Phaeotremella, P. de-
jopia, is here described from the USA. Phaeotremel-
la dejopia belongs to a well-supported clade sister 
to P. frondosa (Fr.) Spirin & V. Malysheva, along with 
P. fuscosuccinea (Chee J. Chen) Spirin & Yurkov, P. 
roseotincta (Lloyd) V. Malysheva, and P. yunnanen-
sis L.F. Fan, F. Wu & Y.C. Dai (Fig. 16). The close phy-
logenetic relationship between these four taxa and 
their monophyly was consistent across independent 
loci, although incomplete lineage sorting resulted in 
strongly supported, conflicting hypotheses concern-
ing which share a most recent common ancestor 
(P. fuscosuccinea and P. dejopia vs. P. dejopia and 
P. yunnanensis). As a result, the concatenated anal-
ysis shows a polytomy that will need to be resolved 
by sequencing more loci. Phaeotremella fuscosuc-
cinea, P. roseotincta, and P. yunnanensis have been 
documented exclusively in Asia, namely China, Tai-
wan, Japan, and the Russian Far East (Lloyd 1923, 
Chen 1998, Malysheva et al. 2015, Spirin et al. 2018, 
Yuan et al. 2020), whereas P. dejopia is thus far re-
stricted to North America, found along with P. folia-
cea (Pers.) Wedin, J.C. Zamora & Millanes and P. 
frondosa. 

Compared to these other five species, P. dejopia 
seems to reach the greatest size (15 cm vs. 10 cm or 
less) and the coloration of the fronds is notably pal-
er. In both traits, P. dejopia is most like P. fuscosuc-
cinea. Although P. dejopia has the smallest basidi-
ospores on average (largely due to especially small 
dimensions in the holotype specimen), the basidio-
spores of all these taxa range widely in size and 
overlap extensively, making identification via mi-
croscopy less than ideal (Tab. 2). However, ITS se-
quences can readily distinguish these semi-cryptic 
taxa. Phaeotremella dejopia has low intraspecific 
ITS divergence (99.6 % identical, 1 nucleotide dif-
ference, 1 ambiguous nucleotide), but relatively 
high divergence from P. roseotincta and P. yunnan-
ensis (96.5–97.3 % shared identity), and even more 
from P. fuscosuccinea (90.2–90.4 % shared identity). 
Ecologically, P. dejopia, P. frondosa, P. roseotincta, 
and P. yunnanensis are reported on deciduous wood 
whereas P. foliacea and P. fuscosuccinea are report-
ed on conifers. Therefore, in North America, assum-
ing one has knowledge of the substrate, P. dejopia 
and P. frondosa are the only two taxa that could be 
confused with each other but should be separable 
by morphology or ITS sequencing (Chen 1998, 
Malysheva et al. 2015, Spirin et al. 2018, Yuan et al. 
2020).
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Tab. 2. Sizes of basidiospores of select Phaeotremella species and Tremella aspera.

Species/specimen Length (µm) av. L Width (µm) av. W Q Qav n Reference

Phaeotremella dejopia (4.5–)5.7–8.3(–10.0) 7.0 (3.5–)4.3–6.5(–7.7) 5.4 (1.0–)1.2–1.5(–1.7) 1.3 90/2 This study

 MICH 340451 (Wisconsin) (4.5–)5.3–6.6(–7.2) 6.0 (3.5–)3.9–5.1(–6.3) 4.5 (1.0–)1.2–1.4(–1.7) 1.3 45 This study

 ARIZ AN 043301 (Arizona) (6.2–)7.2–8.9(–10.0) 8.0 (4.4–)5.5–7(–7.7) 6.3 (1.0–)1.1–1.5(–1.7) 1.3 45 This study

Phaeotremella foliacea (5.2–)5.3–9.1(–10.2) 7.3 (4.6–)4.7–8.5(–9.5) 6.4 1.0–1.3(–1.4) 1.2 280/9 Spirin et al. (2018)

Phaeotremella frondosa (6.1–)6.4–10.2(–10.8) 8.1 (5.0–)5.1–8.7(–9.0) 6.7 1.0–1.5(–1.6) 1.2 240/8 Spirin et al. (2018)

Phaeotremella fuscosuccinea (6.4–)7.1–10.2(–10.8) 8.7 (5.1–)5.2–8.1(–8.2) 6.7 (1.1–)1.2–1.5(–1.6) 1.3 90/3 Spirin et al. (2018)

Phaeotremella roseotincta 7.0–10.0 N/A 7.0–9.0 N/A N/A N/A N/A Malysheva et al. (2015)

Phaeotremella yunnanensis (6.0–)7.0–8.0(–8.9) 7.4 6.0–7.3(–9.0) 6.9 N/A 1.1 30/1 Yuan et al. (2020)

Tremella aspera 8.6–11.8 N/A 8.6–11.8 N/A N/A N/A N/A Coker (1920) 

 BPI 724576 (North Carolina) (10.2–)11.4–13.3(–14.0) 12.4 (9.5–)10.4–12.4(–14.0) 11.4 (1.0–)1.0–1.2(–1.2) 1.1 30/1 This study

Fig. 16. Phylogeny of Phaeotremella reconstructed from a three-locus concatenated dataset (ITS, LSU, tef1). For each node, the 
MLBS (if ≥70) for 1000 replicates is presented on the branch leading to that node. Taxon names for sequences derived from type 
material are in boldface.
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Tremella aspera shares a vaguely similar mor-
phology and ecology with P. dejopia, warranting its 
study to determine whether they are synonymous. 
Described from an oak stump in North Carolina 
(Coker 1920), T. aspera is a forgotten name repre-
sented by only one other collection besides the holo-
type, from 1926 (MyCoPortal 2022). This collection 
was acquired and studied; unfortunately, the holo-
type was not accessed. Sequencing efforts failed, but 
microscopy revealed large, globose to broadly ellip-
soid basidiospores, measuring (10.2–)11.4–13.3(–14) 
× (9.5–)10.4–12.4(–14) μm, av. 12.4 × 11.4 μm, Q = 
(1.0–)1.0–1.2(–1.2), Qav = 1.1, and large basidia, 18.3–
23.7 μm wide. The holotype was described as pos-
sessing basidiospores that were globose, 8.6–11.8 μm 
in diameter (Tab. 2), as well as large basidia 15.5–
18.5 × 20.2–25.9 μm. The basidiomata of both speci-
mens consist of dark, crumpled lobes that grow as 
an extensive mass across the substrate with multiple 
points of attachment in an Exidia-like fashion. Due 
to its subglobose spores, large basidia, and macro-
morphology, T. aspera is not synonymous with P. de-
jopia, which produces sizeable basidiomata that 
grow from a central point of attachment and have 
pale lobes, smaller ellipsoid spores, and smaller ba-
sidia. However, both the collector of the 1926 speci-
men, Ross W. Davidson, and a mycologist who later 
studied the holotype, heterobasidiomycete expert 
Robert J. Bandoni, believed T. aspera to be synony-
mous with P. foliacea/P. frondosa. Until more speci-
mens from the type locality can be collected and 
studied or the holotype sequenced, T. aspera is re-
garded as a nomen ambiguum.

This study highlights the need for greater docu-
mentation of Phaeotremella fungi, with special at-
tention paid to substrate and associated Stereum 
fungi or other potential hosts (e.g., Aleurodiscus 
spp., Peniophora spp., and Trichaptum spp.) (Spirin 
et al. 2018). The fact that Stereum species are often 
complexes of which taxonomic boundaries are 
poorly understood and in flux, requires that poten-
tial hosts also be collected, preserved, and DNA 
barcoded for accurate taxonomic assignment (Dai 
2011, DeLong-Duhon & Bagley 2020). With in-
creased metadata, consistent ecological differences 
among Phaeotremella species could be elucidated, 
providing more traits for field identification. Given 
the variable and overlapping morphologies of Phae-
otremella jelly fungi, DNA sequence data will be 
crucial in the endeavor to understand the full diver-
sity and range of Phaeotremella species. For exam-
ple, sequencing of Phaeotremella specimens from 
Florida and Ohio for this study confirmed what 
could only be conjectured by Spirin et al. (2018): P. 

frondosa indeed has a broad distribution across 
North America.

Author: A.C. Dirks

Basidiomycota, Agaricomycetes, Agaricales, Tricho-
lomataceae

Tricholoma section Genuina

Tricholoma mcneilii Lebeuf, A. Paul, J. Landry & G. 
Taylor, sp. nov. – Fig. 17
MycoBank no.: MB 843707

D i a g n o s i s . – Differs from its sister species Tricholoma 
stans by its growth under various conifers (Pinus, Abies, Tsu-
ga), occurrence in North America, and genetic distance at the 
ITS locus. Basidiospores 4.0–6.0 × 3.0–5.0 μm, on average 4.9 × 
3.8 μm.

H o l o t y p u s . – CANADA. Québec, Saint-Casimir, route à 
Jean-Toutant, 46°42’13.7”N, 72°06’43.1”W, 57 m a.s.l., in a 
plantation of Abies balsamea with a few Picea glauca mixed 
in, 15 October 2018, leg. R. Lebeuf & A. Paul, HRL2835 (DAOM 
985001; holotype).

D e s c r i p t i o n . – P i l e u s  58–160 mm in di-
ameter, convex then applanate and depressed at 
center, viscid to slightly viscid, reddish brown to 
brownish orange 6(C–D)(6–8), 8(D–E)(4–5), with in-
nate darker brown fibrils sometimes giving a 
brushed aspect; margin inflexed for a long time 
then straight, costate or not, undulating with age, 
paler when young. – L a m e l l a e  emarginate, 
crowded, 5–8 mm broad, white to pallid at first, de-
veloping orange-brown to reddish brown spots with 
age, especially at edge. – S t i p e  44–70 × 15–29 mm, 
equal or clavate, pointed or almost flattened at base, 
solid, slightly superficially fibrillose, sometimes 
floccose or scaly in upper part, cream at first, discol-
oring orange-brown with age or when bruised. – 
C o n t e x t  thick, fibrous, firm, white, browning 
when bruised. – O d o r  farinaceous. – Ta s t e  fari-
naceous, bitter. – B a s i d i o s p o r e s  (4.0–)4.2–5.5(–
6.0) × (3.0–)3.2–4.2(–5.0) μm, av. 4.9 × 3.8 μm, Q = 
1.11–1.38(–1.56), Qav = 1.27 [141/5/5], predominantly 
broadly ellipsoid, also ovoid, ellipsoid or subglo-
bose, inamyloid. – B a s i d i a  23–43 × 5–7 μm, 
4-spored, narrowly clavate. – C h e i l o c y s t i d i a 
absent. – P i l e i p e l l i s  an ixocutis 30–200 μm 
thick; hyphae in matrix 2–5 μm wide, repent to in-
terwoven-ascending, pale to darker brown, smooth 
(and then with an intracellular pigment) or finely to 
moderately spirally-incrusted, cylindrical, thin-
walled; underlying hyphae 3–7 μm in diameter, ± 
parallel, interwoven or in bundles, more darkly pig-
mented brown, yellowish brown or reddish brown, 
smooth to coarsely spirally-incrusted; subpellis not 
differentiated. – S t i p i t i p e l l i s  a cutis made of 
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2.5–7 μm wide cylindrical hyphae, longitudinal or 
superficially entangled, smooth and thin-walled or 
finely incrusted with slightly thickened walls (up to 
0.5 μm broad). – C a u l o c y s t i d i a  20–60 × 3–6 μm, 
present as recurved end-cells or more rarely inter-

calary, arranged in small to large fascicles or entan-
gled, cylindrical, cylindrical-flexuose, sometimes 
subcapitate or branched, particularly abundant at 
stipe apex, but also present on lower stipe. – C l a m p 
c o n n e c t i o n s  absent in all examined tissues. 

Fig. 17. Tricholoma mcneilii. A. Basidiomata in situ, collection DAOM 985001 (holotype). B. Basidiomata in situ, collection 
QFB32581. C. Basidiospores in 3 % KOH. D–E. Pileipellis section in SDS Congo Red. F. Caulocystidia.
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Fig. 18. Phylogeny of selected Tricholoma species in sections Genuina, Sericella, Rigida and Caligata reconstructed from an ITS 
dataset. The tree topology with the highest log likelihood (-lnL = 4122.0788) is shown, resulting from ML inference performed in 
MEGA7. MLBS values (if ≥60) are shown at the nodes. Section designations following Heilmann-Clausen et al. (2017) and Re-
schke et al. (2018), ex-type sequences in boldface, new species highlighted in red, bar indicating the expected number of substitu-
tions per site.
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E t y m o l o g y. – Named in honor of Raymond 
McNeil, for his contributions to the knowledge of 
the Québec funga. 

H a b i t a t  a n d  d i s t r i b u t i o n . – Gregari-
ous to caespitose under various conifers, (Abies bal-
samea, Pinus banksiana, Tsuga canadensis), in acid-
ic soil, in the fall. Thus far known from Canada 
(Québec) and the USA (New York). 

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – Ibid. 
(QFB32650; isotype). Sequences ex-isotype: MW628021 (ITS). 
– CANADA. Québec, Amos, Lac-Gauvin, under Pinus banksi-
ana and a few Abies, in a forested area in acidic soil, 15 Sep-
tember 2012, leg. H. Lambert, HL1230 (QFB32579); ibid, 
11 September 2013, leg. H. Lambert, HL1302 (QFB32581). – 
USA. New York, Limestone, Allegany State Park, under Tsuga 
canadensis, 17 October 2018, leg. G. Taylor, iNaturalist ID 
17610322 (CMMF024930); ibid, under Tsuga canadensis and 
Betula alleghaniensis, 7 November 2018, leg. G. Taylor, iNatu-
ralist ID 18259629 (CMMF024931). 

N o t e s . – The ITS sequence of the isotype is 
distinct from other members of section Genuina, 
deviating from Tricholoma stans (Fr.) Sacc. by 10 
substitutions and indels. Tricholoma mcneilii be-
longs to the difficult group of species featuring a 
viscid orange-brown to reddish brown pileus, fari-
naceous odor and taste, small spores, lack of 
cheilocystidia, and undifferentiated subpellis. It is 
morphologically very similar to T. stans, but even 
though both species are present in eastern North 
America, our phylogenetic analysis suggests that 
they are reproductively isolated (Fig. 18). Ecologi-
cally speaking, T. stans is restricted to Pinus for-
ests in Europe and eastern North America (Chris-
tensen & Heilmann-Clausen 2013) and is also as-
sociated with Quercus in Central America (Ovrebo 
et al. 2021), whereas T. mcneilii grows under vari-
ous conifers (Abies, Tsuga, Pinus). Spore shape can 
also help distinguishing the two species in eastern 
North America. Indeed, although spores of both 
species have similar lengths, those of T. stans are 
mostly ellipsoid in eastern North America, with an 
average Q of 1.52–1.58 (R. Lebeuf, pers. obs.), while 
those of T. mcneilii are mostly broadly ellipsoid, 
with an average Q of 1.25–1.29. However, the spores 
of the European collections of T. stans are reported 
as broadly ellipsoid, with an average Q of 1.22–1.31 
(Kibby 2012, Christensen & Heilmann-Clausen 
2013). This discrepancy between American and Eu-
ropean collections of T. stans remains to be re-
solved. Both T. stans and T. mcneilii can have a 
costate margin, but most collections of T. stans 
made in eastern North America by the authors and 
colleagues do not show that character, and it is 
also inconsistent in T. mcneilii. Tricholoma albob-
runneum (Pers.) P. Kumm. and an as yet unde-

scribed sister North American entity are also as-
sociated with Pinus, but they feature a white band 
at stipe apex, and their spores are mostly ellipsoid 
(average Q ~ 1.5). Tricholoma pessundatum (Fr.) 
Quél, associated with Picea, Abies, and Pinus, typ-
ically shows concentrically arranged dark round 
spots on the margin, and its spores are ellipsoid to 
oblong.

Authors: R. Lebeuf, J. Landry & A. Paul

Basidiomycota, Agaricomycetes, Agaricales, Tricho-
lomataceae

Tricholoma section Genuina

Tricholoma imbricatoides Lebeuf, A. Paul & J. Lan-
dry, sp. nov. – Fig. 19
MycoBank no.: MB 843708

D i a g n o s i s . – Differs from Tricholoma imbricatum by 
its generally smaller size, basidiospores mostly ellipsoid, 5–7 × 
3.5–5.5 μm, on average 5.9 × 4.1 μm, occurrence restricted to 
North America, and genetic distance at the ITS locus.

H o l o t y p u s . – CANADA. Québec, Amos, in a pure stand 
of Pinus banksiana, in sandy soil, 27 September 2019, leg. R. 
Lebeuf & A. Paul, HRL3100 (DAOM 985002; holotype). 

D e s c r i p t i o n . – P i l e u s  25–80(–100) mm in 
diameter, convex then plano-convex to pulvinate 
often with a low umbo, with age applanate; surface 
dry, appressed-fibrillose then squamulose, some-
times felty, splitting with age, dark brick, dark 
brown, orange-brown, cinnamon or yellowish 
brown (6D(5–7), 7D6, 7½D4, 7½D6), darkest at 
center and paler towards margin, at times with a 
whitish band at edge of margin; margin inflexed for 
a long time then straight, undulating with age. – 
L a m e l l a e  emarginate to deeply emarginate, 
close to subdistant, 2–7 mm broad, white when 
young, developing light brown to yellowish brown 
spots or zones with age, particularly at margin. – 
S t i p e  25–60(–80) × 6–15 mm, equal, pointed at 
base, flocculose and mostly white at apex, below 
longitudinally fibrillose and concolorous with pile-
us but paler, darkening to rusty brown from the 
base up with age, occasionally discoloring rusty 
brown in spots. – C o n t e x t  thick, firm, white, 
brownish under the pileipellis. – O d o r  indistinct. 
– Ta s t e  mild, bitterish or slightly acrid. – B a s i d -
i o s p o r e s  (5.0–)5.5–6.5(–7.0) × (3.5–)3.8–5.0(–5.5) 
μm, av. 5.9 × 4.1 μm, Q = 1.20–1.75, Qav = 1.43 
[135/5/5], predominantly ellipsoid, more rarely 
broadly ellipsoid, oblong to amygdaliform, smooth, 
inamyloid. – B a s i d i a  28–42 × 6–7 μm, 4-spored, 
narrowly clavate. – C h e i l o c y s t i d i a  absent. – 
P i l e i p e l l i s  a cutis made of radially arranged 
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hyphae 2–7(–12) μm broad, repent, parallel to inter-
woven, sometimes in bundles, thin-walled, the out-
ermost hyphae smooth or incrusted with a dark 
brown pigment, the lower hyphae smooth, with an 
intracellular orangish brown or more rarely pale-

yellow pigment; terminal cells cylindrical; subpellis 
not differentiated. – S t i p i t i p e l l i s  a cutis made 
of 2–7 μm wide cylindrical hyphae, longitudinal or 
superficially entangled, smooth and thin-walled or 
finely incrusted with slightly thickened walls (up to 

Fig. 19. Tricholoma imbricatoides. A. Basidiomata in situ, collection DAOM 985002 (holotype). B. Basidiomata in situ, collection 
HRL1001. C. Basidiomata, collection CMMF002729. D. Basidiospores in 3 % KOH. E. Pileipellis section in SDS Congo Red. 
F. Pileipellis section in 3 % KOH. G. Caulocystidia.
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0.5 μm broad). – C a u l o c y s t i d i a  25–75 × 3–9 μm, 
present as recurved end-cells at stipe apex, single, 
arranged in fascicles or entangled, cylindrical, cy-
lindrical-flexuose, narrowly clavate, moniliform. – 
T h r o m b o p l e r o u s  h y p h a e  present in the 
pileipellis and pileitrama of some collections 
(Fig. 19F). – C l a m p  c o n n e c t i o n s  absent in all 
examined tissues.

E t y m o l o g y. – Referring to the similarity with 
Tricholoma imbricatum.

H a b i t a t  a n d  d i s t r i b u t i o n . – Gregari-
ous, sometimes caespitose, under Pinus, especially 
P. banksiana in eastern North America, in Septem-
ber and October. Frequent in Québec, Canada, and 
widely distributed in North America, from the east 
to the west coast.

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – Ibid. 
(QFB32654; isotype). Sequences ex-isotype: MW628100 (ITS). 
– CANADA. Québec, Saint-Roch-de-Richelieu, in a young Pi-
nus banksiana plantation mixed with a few Populus sp., in 
sandy soil, 9 October 2011, leg. R. Lebeuf & A. Paul, HRL1001; 
ibid., 9 October 1995, leg. R. Archambault, YL2729 
(CMMF002729); Sept-Îles, near the baseball field on Holliday 
Street, in Pinus banksiana needle litter, in sandy soil, 5 Sep-
tember 2001, leg. Raymond Boyer, BOY372 (CMMF005038); 
Sacré-Coeur, under Pinus banksiana, 11 October 2008, leg. H. 
Lambert, HL0395 (QFB31069).

N o t e s . – The ITS sequence of the isotype and 
other Québec collections positions the species with-
in section Genuina in a sister relationship to the 
European species T. imbricatum (Fr.) P. Kumm., 
from which it differs by 10 substitutions and indels. 
The ITS sequence also differs from collections made 
in Colorado and the west coast by substitution at 
two positions, one of which being ambiguous in 
some collections, seemingly resulting from in-
tragenomic heterogeneities. These differences ap-
pear insufficient to separate the eastern and west-
ern entities (Fig. 18). Morphologically, although 
much similar to T. imbricatum, T. imbricatoides is 
generally less robust, with a smaller pileus and a 
shorter and narrower stipe, and its spores are pre-
dominantly ellipsoid, whereas they are mostly 
broadly ellipsoid in T. imbricatum (Breitenbach & 
Kränzlin 1991, Christensen & Heilmann-Clausen 
2013). Other brown species of Tricholoma growing 
under Pinus – T. albobrunneum and a close North 
American variant (referred to as T. aff. albobrunne-
um in Fig. 18), T. mcneilii (described above), T. pes-
sundatum, and T. stans – have a viscid pileus and 
farinaceous odor and taste. Tricholoma vaccinum 
(Schaeff.) P. Kumm. differs by its squamose pileus 
with a floccose margin and farinaceous odor and 
taste. 

Authors: R. Lebeuf, J. Landry & A. Paul

Basidiomycota, Agaricomycetes, Agaricales, Tricho-
lomataceae

Tricholoma clade /Arvernense

Tricholoma pseudoterreum Lebeuf, Y. Lamoureux, 
A. Paul & J. Landry, sp. nov. – Fig. 20
MycoBank no.: MB 843709

D i a g n o s i s . – Differs from other grey species of Tricho-
loma by the combination of tomentose to felty pileus in young 
age becoming squamulose in age; lack of cortinoid partial veil; 
farinaceous odor and mild taste; abundant polymorphic 
cheilocystidia; duplex pileipellis; and presence of clamp con-
nections at the base of basidia and in the pileitrama, lamellar 
trama, and pileipellis. Basidiospores 5.0–8.5 × 4.0–6.5 μm, on 
average 6.3 × 4.8 μm.

H o l o t y p u s . – CANADA. Québec, Hervey-Jonction, ZEC 
Tawachiche, 46°56’59.55”N, 72°26’48.65”W, 187 m a.s.l., under 
Abies balsamea in mossy and sandy soil, 28 September 2014, 
leg. R. Lebeuf & A. Paul, HRL1886 (DAOM 984999; holotype). 

D e s c r i p t i o n . – P i l e u s  40–75 mm in diam-
eter, conical to convex, then applanate, usually with 
a broad and low umbo; surface dry, tomentose to 
felty at first, becoming radially fibrillose-virgate 
then squamulose, dark brownish grey at center, grey 
to paler brownish grey at margin, with age paler and 
becoming greyish brown; margin inflexed then 
straight, undate with age. – L a m e l l a e  emargin-
ate, close, broad, segmentiform, white then pale grey, 
with edge finely fimbriate under hand lens and 
black-spotted with age. – C o r t i n o i d  v e i l  ab-
sent. – S t i p e  45–100 × 7–23 mm, equal or clavate 
with a pointed base, rooting, fibrillose, white to grey-
ish, solid, becoming dirty yellowish at base when 
bruised. – C o n t e x t  rather thin in pileus, white to 
pale grey, fibrous in stipe. – O d o r  farinaceous. – 
Ta s t e  farinaceous, mild. – B a s i d i o s p o r e s 
(5.0–)5.5–7.5(–8.5) × (4.0–)4.2–5.5(–6.5) μm, av. 6.3 × 
4.8 μm, Q = 1.11–1.67, Qav = 1.32 [148/5/5], broadly 
ellipsoid, ellipsoid, inamyloid, smooth, with granu-
lar content. – B a s i d i a  (25–)30–45 × 6–8 μm, 
(2–)4-spored, narrowly clavate, sometimes misshap-
en near lamellar edge, clamped. – C h e i l o c y s t -
i d i a  16–55 × 5–16 μm, numerous, polymorphic (cy-
lindrical, cylindrical-curved, pestle-shaped, clavate, 
bifurcate, L-shaped, etc.), sometimes with long and 
narrow excrescences or mucronate, often septate, 
with refractive thin walls, very rarely clamped. – 
P i l e i p e l l i s  duplex: suprapellis a cutis partly 
breaking up into small trichoderm scales, hyphae ± 
parallel, smooth and then hyaline or with an intra-
cellular or intraparietal brown, yellowish brown or 
yellow pigment, or spirally incrusted with a brown 
pigment, in masses pale to dark brown, 2–8 μm wide, 
very rarely clamped; subpellis well differentiated, 
made of several rows of thin-walled enlarged cells 
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Fig. 20. Tricholoma pseudoterreum. A. Basidiomata in situ, collection DAOM 984999 (holotype). B. Basidiomata, collection 
CMMF002096. C. Basidiospores in 3 % KOH. D. Cheilocystidia. E. Pileipellis section in SDS Congo Red. F. Pileipellis section in 
3 % KOH. G. Caulocystidia. H–L. Clamp connections (H) in suprapellis, (I) in hyphae underlying the pileipellis, (J) in lamellar 
trama, (K) at the base of basidia, (L) in stipitipellis.
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Fig. 21. Phylogeny of selected Tricholoma species closely related to the new species (clade /Arvernense) or in sections Genuina, 
Sericella, Rigida, Terrea, and Caligata reconstructed from an ITS dataset. The tree topology with the highest log likelihood (-lnL 
= 3875.0134) is shown, resulting from ML inference performed in MEGA7. MLBS values (if ≥60) are shown at the nodes. Section 
designations following Heilmann-Clausen et al. (2017) and Reschke et al. (2018), ex-type sequences in boldface, new species 
highlighted in red, bar indicating the expected number of substitutions per site.
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measuring 15–70 × 6–30 μm, mostly hyaline, in some 
collections lowest cells heavily coated with a dark 
brown pigment in plaques, rarely clamped; underly-
ing hyphae 3–10 μm in diameter, ± parallel to slight-
ly interwoven, brown-pigmented, clamped. – 
P i l e i t r a m a  h y p h a e  4–20(–25) μm broad, 
clamped. – L a m e l l a r  t r a m a  subregular, hyphae 
3–17 μm wide, clamped. – S t i p i t i p e l l i s  a cutis 
made of 2–6 μm wide cylindrical hyphae, longitudi-
nal, smooth and thin-walled or finely incrusted with 
slightly thickened walls (up to 0.5 μm broad), occa-
sionally clamped. – C a u l o c y s t i d i a  20–85 × 3.5–
11 μm, present as recurved end-cells, frequent or 
scattered, more numerous at stipe apex, single, in 
fascicles or entangled, cylindrical, narrowly clavate, 
cylindrical-flexuose, sometimes capitate, not 
clamped, thin-walled and smooth or finely incrusted 
with slightly thickened walls (up to 0.5 μm). 

E t y m o l o g y. – Named for its macromorpho-
logical resemblance to Tricholoma terreum.

H a b i t a t  a n d  d i s t r i b u t i o n . – Uncom-
monly encountered in small groups under various 
conifers (Abies balsamea, Picea sp., Pinus sp.) in lit-
ter. Thus far only known from Québec, Canada.

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – Ibid. 
(QFB32637; isotype). Sequences ex-isotype: MW628106 (ITS). 
– CANADA. Québec, Lachute, in an old Picea sp. and two-
needled Pinus plantation, in sandy and mossy soil, 29 Septem-
ber 1993, leg. Y. Lamoureux, YL2096 (CMMF002096); ibid., in 
needle litter, 14 September 1986, leg. R. McNeil, McN1895 
(CMMF006864); Sept-Îles, near the baseball field on Holliday 
Street, in Pinus banksiana needle litter, 5 September 2001, leg. 
Raymond Boyer, BOY370 (CMMF005015); Sacré-Coeur, under 
Pinus banksiana, with a few Abies balsamea and Populus 
tremuloides at a distance, 11 October 2008, leg. H. Lambert, 
HL0403 (QFB31074). 

N o t e s . – The ITS sequence of the isotype differs 
from other species of the /Arvernense clade, deviat-
ing from T. nigrum Shanks & Ovrebo by 7–9 substi-
tutions and indels. The phylogenetic analysis reveals 
a sister relationship between the two species, T. ni-
grum being apparently restricted to western USA 
and T. pseudoterreum thus far only found in Eastern 
Canada (Fig. 21). Tricholoma pseudoterreum can be 
recognized by a tomentose to felty brownish grey to 
grey pileus in young age becoming squamulose and 
greyish brown in age, lack of cortinoid partial veil, 
farinaceous odor and mild taste, and microscopi-
cally by broadly ellipsoid to ellipsoid spores measur-
ing 5.0–8.5 × 4.0–6.5 μm, on average 6.3 × 4.8 μm, 
abundant polymorphic cheilocystidia, duplex 
pileipellis, and presence of clamp connections at the 
base of basidia and in the pileitrama, lamellar tra-
ma, and rarely in the pileipellis. It is found in asso-
ciation with Abies balsamea and two-needled Pinus 

spp. Tricholoma nigrum differs in several ways: the 
viscid pileus is very dark grey when young; blackish 
squamules are often present on the stipe upper half 
or near the apex; basidiospores are larger, measuring 
6.7–8.6 × 4.8–5.8 μm, on average 7.2–8.2 × 5.2–5.8 μm; 
cheilocystidia, not always conspicuous, are clavate 
to broadly clavate; the pileipellis has a gelatinous 
layer and the subpellis is not always well differenti-
ated; and clamp connections are absent (Shanks 
1996, Bessette et al. 2013). 

Macroscopically, T. pseudoterreum is also simi-
lar to species in section Terrea, but it can be distin-
guished by the presence of clamp connections. 
Moreover, in that section, T. terreum (Schaeff.) P. 
Kumm. has clavate, regular cheilocystidia, and its 
odor is mild, not farinaceous. Tricholoma argyrace-
um (Bull.) Gillet has a distinctly umbonate pileus at 
maturity and a well-developed partial veil. Micro-
scopically, its spores are smaller and mostly oblong, 
with an average Q of 1.60–1.98; the cheilocystidia 
are absent or inconspicuous, mostly cylindrical to 
clavate; and the pileipellis has no differentiated 
subpellis. It can associate with conifers or decidu-
ous trees (e.g., Picea and Populus) (Riva 1988, Chris-
tensen & Heilmann-Clausen 2013). Tricholoma 
scalpturatum (Fr.) Quél. grows with a wide range of 
deciduous trees or more occasionally with conifer 
trees, it has smaller, narrower spores, and its sub-
pellis is poorly differentiated (Kibby 2012, Chris-
tensen & Heilmann-Clausen 2013). Among other 
North American grey Tricholoma species with a dry 
pileus, T. argenteum Ovrebo, T. atrodiscum Ovrebo, 
T. subacutum Peck, T. pullum Ovrebo, and T. acre 
Peck do not have a farinaceous odor and have a bit-
ter or acrid taste. The first three are associated with 
conifers, and the last two are found under decidu-
ous trees (Quercus, Fagus, Carya) (Ovrebo 1980, 
1989). Tricholoma michiganense A.H. Sm. has a coal 
tar odor (but rather peppery in collections made in 
Québec by the authors) and a very unpleasant taste, 
its lamellae discolor orange when bruised, and it is 
associated with Quercus (Smith 1942).

Authors: R. Lebeuf, J. Landry, Y. Lamoureux & A. 
Paul 

Basidiomycota, Agaricomycetes, Agaricales, Tricho-
lomataceae

Tricholoma clade /Arvernense

Tricholoma robustipes Lebeuf, Y. Lamoureux, A. 
Paul & J. Landry, sp. nov. Fig. 22
MycoBank no.: MB 843710

D i a g n o s i s . – Characterized by its yellow to olive yel-
low pileus with brownish grey to olive brown center; pale yel-
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Fig. 22. Tricholoma robustipes. A. Basidiomata in situ, collection DAOM 985003 (holotype). B. Basidiomata, collection 
CMMF001494. C. Basidiospores in 3 % KOH. D. Pileipellis section in SDS Congo Red. E–F. Cheilocystidia. G. Caulocystidia. 
H. Stipe scales.
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low to white lamellae often with yellow margin; long and ro-
bust stipe with white to brown concentric scales on a whitish 
to pale yellow background; pinkish orange discoloration of all 
parts with age; numerous clavate to cylindrical cheilocystidia; 
duplex pileipellis; and occurrence with Quercus in northeast-
ern North America. Basidiospores 5.0–9.0 × 4.0–6.5 μm, on av-
erage 6.4 × 4.8 μm.

H o l o t y p u s . – CANADA. Québec, Saint-Narcisse, Parc 
de la rivière Batiscan, Barrage sector, 46°33’25.6”N, 
72°24’51.9”W, 51 m a.s.l., in a mixed forest of Quercus rubra, 
Abies balsamea, Populus tremuloides and Acer sp., 23 Sep-
tember 2020, leg. R. Lebeuf & A. Paul, HRL3316 (DAOM 
985003; holotype). 

D e s c r i p t i o n . – P i l e u s  50–170 mm in di-
ameter, parabolic, convex to conico-convex, some-
times flattened at disk, becoming applanate gener-
ally with a broad umbo, irregular; surface dry, fi-
brillose at disk, breaking into small upturned scales 
towards margin, colored in different shades of yel-
low to olive yellow (2A6, 3A5, 4A5, 4A7), pale to 
dark brownish grey to olive brown in a broad zone 
from center to third or mid-radius, more rarely con-
colorous at center; margin inflexed then straight, 
upturned and splitting in age, undate. – L a m e l -
l a e  emarginate, crowded, segmentiform, with nu-
merous forks at all levels, 4–6 mm broad, white to 
light yellow (4A3–4); margin finely fimbriate under 
hand lens, often pale to dark yellow, less frequently 
white. – S t i p e  70–200 × 15–40 mm, equal or en-
larged towards base, sometimes pointed at extreme 
base, sometimes deeply buried in the substrate, cov-
ered with scattered to numerous small white, yel-
low, yellowish brown or grey-brown concentric 
scales on a background that is white or flushed with 
yellow. – C o n t e x t  white to pale yellow, fibrous. 
All parts turning pinkish orange in age or when 
bruised, often starting at stipe. – O d o r  farina-
ceous. – Ta s t e  farinaceous, mild. – B a s i d i o -
s p o r e s  5.0–8.0(–9.0) × 4.0–6.0(–6.5) μm, av. 6.4 × 
4.8 μm, Q = 1.10–1.56(–1.80), Qav = 1.35 [178/6/5], 
broadly ellipsoid, ellipsoid, rarely subglobose or ob-
long, inamyloid, smooth. – B a s i d i a  28–45 × 
6–8.5 μm, 4-spored, in some collections occasionally 
2-spored, narrowly clavate, sometimes ventricose 
near lamellar edge. – C h e i l o c y s t i d i a  16–36(–
52) × 4–13(–17) μm, forming a sterile band, in small 
groups or entangled in dense tufts, clavate, narrow-
ly clavate, cylindrical, rarely oblong, rarely 1- or 
2-septate, the largest ones smooth and thin-walled 
or finely incrusted with slightly thickened walls (~ 
0.5 μm), the smaller ones thin-walled, in KOH hya-
line or pale yellow in masses (depending on lamel-
lar edge color), hyaline individually. – P i l e i p e l -
l i s  duplex: suprapellis a cutis breaking into tricho-
derm scales, hyphae 2–11 μm, repent, parallel or 

slightly interwoven, in masses brownish yellow, in-
dividually pale yellow, incrusted, with slightly 
thickened walls (~ 0.5 µm), in places forming erect 
scales or interspersed with bundles of intertwined 
darker yellowish brown hyphae; subpellis generally 
distinct, made of parallel, inflated cells measuring 
12–40(–65) × 9–25 μm, smooth, thin-walled, hyaline 
or pale yellowish brown in masses (intracellular 
pigment); thromboplerous hyphae rare to abundant. 
– S t i p i t i p e l l i s  a cutis made of 2–6 μm wide hy-
phae, cylindrical, longitudinal, thin-walled. – C a u -
l o c y s t i d i a  present as recurved end-cells, single, 
mostly clavate, also cylindrical, 20–65 × 4–9 μm. – 
S t i p e  s c a l e s  made of dense bundles of cylindri-
cal or inflated cells in chains, with thin or thickened 
walls (up to 1 μm), 15–50 × 4–25 μm, hyaline or with 
a brown pigment that is mostly diffuse, sometimes 
in plaques or incrusting. – C l a m p  c o n n e c -
t i o n s  absent in all examined tissues.

E t y m o l o g y. – Referring to the long and ro-
bust stipe. 

H a b i t a t  a n d  d i s t r i b u t i o n . – Gregari-
ous to caespitose, more rarely solitary, in hardwood 
and mixed forests dominated by Quercus, particu-
larly Q. rubra, in September and October, in calcar-
eous soils. Widely distributed in northeastern North 
America. Confirmed by ITS sequence in Québec 
(Canada) and Massachusetts (USA). Reported from 
Ontario (Canada), Maine, New Hampshire, and Wis-
consin (USA) based on pictures posted on Mushroo-
mObserver (https://mushroomobserver.org/). 

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – Ibid. 
(QFB33132; isotype). Sequences ex-isotype: ON256909 (ITS). 
– CANADA. Québec, Notre-Dame-de-l’Île-Perrot, in a decidu-
ous forest of Quercus rubra and Fagus grandifolia., in argil-
laceous soil, 3 September 2009, leg. R. Lebeuf & A. Paul, 
HRL0295; Sainte-Anne-de-Bellevue, Arboretum Morgan, un-
der Quercus rubra, 19 September 2011, leg. R. Lebeuf & A. 
Paul, HRL0923; ibid., 27 September 2011, leg. R. Lebeuf & A. 
Paul, HRL0983; Sainte-Ursule, under Quercus rubra, 10 Sep-
tember 1994, leg. Y. Lamoureux, YL2303 (CMMF002303).

N o t e s . – The ITS sequence of the isotype is 
unique, differing from its closest relative, an un-
named sequence from New York (GenBank acces-
sion no. MZ206356), at more than 25 positions. In 
our phylogeny, T. robustipes clusters with T. arvern-
ense Bon, T. nigrum, and T. pseudoterreum, de-
scribed above (Fig. 21). These four species have in 
common a differentiated subpellis and the presence 
of distinct cheilocystidia. Tricholoma arvernense 
and T. pseudoterreum also have in common the 
presence of clamp connections in the pileipellis and 
at the base of basidia. Tricholoma robustipes is eas-
ily recognized in the field by its robust habit, yellow 
pileus usually with a brownish grey center, white or 
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pale-yellow lamellae often with a yellow edge, long 
stipe sometimes deeply buried in the soil and cov-
ered with usually dark concentric scales, and the 
pinkish orange discoloration of the whole basidio-
ma with age or bruising. It is occasionally observed 
in hardwood forests of northeastern North America 
with Quercus, particularly Q. rubra. When condi-
tions are favorable, large groups of basidiomata can 
be seen under a single tree. 

Tricholoma insigne Ovrebo is another species 
that is known only from hardwood forests of 
Quercus, Fagus, and Carya in southeastern Michi-
gan, which develops orange tints on all parts of the 
basidiomata with age or when bruised. It differs 
from T. robustipes by a more delicate habit (pileus 
35–100 mm, stipe 30–80 × 6–17 mm) and different 
pileal colorations, in tones of reddish grey, grey, or 
greyish buff owing to the presence of long dark fi-
brils on a buff, pinkish buff, or reddish orange 
background. Like T. robustipes, T. insigne has 
cheilocystidia and can have a distinct subpellis 
(Ovrebo 1989). The somewhat similar T. davisiae 
Peck also develops reddish tints with age, but it is 
less robust, its pileus bears a prominent acute umbo, 
it is found under conifers, particularly Pinus bank-
siana, and its basidiospores are ellipsoid to oblong, 
measuring 5.7–9.5 × 4.3–5.2 μm (Ovrebo 1980, 1989). 
The similar T. arvernense, rarely reported in North 
America (Bessette et al. 2013, Trudell et al. 2022, 
Landry et al. 2022), has a brownish yellow, orange 
to olive brown pileus and is found only with coni-
fers (Riva 1988, Christensen & Heilmann-Clausen 
2013).

Authors: R. Lebeuf, J. Landry, Y. Lamoureux & A. 
Paul

Basidiomycota, Agaricomycetes, Agaricales, Tricho-
lomataceae

Tricholoma section Rigida

Tricholoma pallens Lebeuf, Y. Lamoureux, A. Paul 
& J. Landry, sp. nov. – Fig. 23
MycoBank no.: MB 843712

D i a g n o s i s . – Differs from the phylogenetically close 
Tricholoma olivaceum by its pileus and stipe color, basidio-
spore size and shape, presence of numerous cheilocystidia, 
host tree, and geographical distribution. Basidiospores 5.0–7.5 
× 2.8–3.5 μm, on average 5.5 × 3.0 μm, in collections with 
4-spored basidia. 

H o l o t y p u s . – CANADA. Québec, Saint-Stanislas, Parc 
de la rivière Batiscan, trail La Gélinotte, 46°33’55.5”N, 
72°24’14.5”W, 101 m a.s.l., under Quercus rubra and Fagus 
grandifolia in sandy soil by the trail, 30 July 2021, leg. R. Leb-
euf & A. Paul, HRL3381 (DAOM 985004; holotype). 

D e s c r i p t i o n . – P i l e u s  (25–)45–120 mm in 
diameter, hemispherical to convex, becoming plano-
convex then applanate with a broad umbo; surface 
glabrous, subhygrophanous, quickly dry, in young 
basidiomata yellowish brown (5EF5) at center and 
olive yellow (4AB4) towards margin, becoming 
quickly brownish orange (5C4), olivaceous brown to 
olivaceous grey (4C3) at center and whitish towards 
margin, often cracking with age or in dry weather; 
margin inflexed then straight, thin, undate and 
lobed with age. – L a m e l l a e  emarginate, close to 
subdistant, occasionally forked, segmentiform, usu-
ally white, less frequently yellowish white (3A2), 
5–11 mm broad. – S t i p e  40–70 × (5–)8–20 mm, 
equal or widening towards base, with extreme base 
pointed and slightly rooting, flocculose to floccose 
and white at apex, below smooth to slightly fibril-
lose, very pale yellowish brown to olive yellow, 
stuffed then hollow. – C o n t e x t  thick, white, light-
weighted. – O d o r  farinaceous, weakly reminiscent 
of T. saponaceum. – Ta s t e  farinaceous, mild to 
slightly acrid. – B a s i d i o s p o r e s  5.0–6.0(–7.5) × 
2.8–3.5 μm, av. 5.5 × 3.0 μm in collections with pre-
dominantly 4-spored basidia, (5–)5.5–8 × 3–4.5 μm, 
av. 6.7 × 3.7 μm in collections with predominantly 
2-spored basidia, Q = 1.56–2.0, Qav = 1.82 [116/4/4], 
oblong, smooth, inamyloid. – B a s i d i a  22–30 × 
5–6(–7) μm, 2(–3)- or 4-spored, narrowly clavate. – 
C h e i l o c y s t i d i a  15–40 × 2–7 μm, numerous, ir-
regularly shaped (cylindrical, L-shaped, knobbed, 
branched, clavate, flexuose, curved), intermixed 
with basidia. – P i l e i p e l l i s  a cutis; hyphae re-
pent, intricately interwoven, 2–9 μm broad, thin-
walled, smooth, pale yellow to brownish yellow in 
masses, individually hyaline, many transversally 
sectioned owing to their orientation, with medal-
lion clamps; subpellis not differentiated. – S t i p -
i t i p e l l i s  a cutis made of 1.5–6 μm wide cylindri-
cal hyphae, longitudinal or interwoven, smooth and 
thin-walled or finely incrusted with slightly thick-
ened walls (up to 0.5 μm broad). – C a u l o c y s t -
i d i a  26–115 × 5–13 μm, present as recurved end-
cells on whole stipe surface but more numerous at 
apex, arranged in fascicles or more rarely single, 
smooth or finely incrusted, with thin or slightly 
thickened walls (up to 0.5 μm), in some collections 
polymorphic and similar to cheilocystidia (cylindri-
cal, flexuose, curved, knobbed, some capitate), in 
other collections mostly clavate but also cylindri-
cal-capitate, branched or L-shaped. – C l a m p 
c o n n e c t i o n s  present in all examined tissues.

E t y m o l o g y. – Referring to the pale color of 
basidiomata.
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Fig. 23. Tricholoma pallens. A. Basidiomata in situ, collection DAOM 985004 (holotype). B. Basidiomata in situ, collection 
QFB33134. C. Basidiospores in 3 % KOH. D. Cheilocystidia. E. Pileipellis section in SDS Congo Red. F. Pileipellis view from 
above. G. Caulocystidia. H–K. Clamp connections (H) in pileipellis, (I) at the base of basidia, (J) at the base of cheilocystidia, (K) 
in stipitipellis.
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H a b i t a t  a n d  d i s t r i b u t i o n . – Solitary to 
gregarious under Quercus, Fagus and possibly oth-
er hardwoods, in calcareous or sandy soil, from 
mid-July to September. Known from Canada 
(Québec) and the USA (New Jersey, Indiana, Michi-
gan). Present in China based on an ITS sequence 
(GenBank accession no. MW192470). 

A d d i t i o n a l  m a t e r i a l  e x a m i n e d . – Ibid. 
(QFB33134; isotype). Sequences ex-isotype: ON256907 (ITS). 

– CANADA. Québec, Saint-Stanislas, Parc de la rivière Ba-
tiscan, trail Le Portage, in a deciduous forest of Quercus rubra 
and Fagus grandifolia, in sandy soil, 20 August 2018, leg. R. 
Lebeuf & A. Paul, HRL2642; ibid., trail Le Lièvre, in a decidu-
ous forest of F. grandifolia, Q. rubra, and Populus grandiden-
tata, in naked soil, 11 August 2022, leg. R. Lebeuf & A. Paul, 
HRL3809; Saint-Narcisse, Parc de la rivière Batiscan, trail Le 
Buis, at the base of an old Q. rubra in a deciduous forest also 
comprising F. grandifolia and Acer sp., in naked soil, 8 Sep-
tember 2022, leg. R. Lebeuf & A. Paul, HRL4012; Hérouxville, 
Tavibois, in a mixed forest of Acer sp. and planted Picea sp., 

Fig. 24. Phylogeny of selected Tricholoma species in sections Rigida and Genuina reconstructed from an ITS dataset. The tree 
topology with the highest log likelihood (-lnL = 1737.8554) is shown, resulting from ML inference performed in MEGA7. MLBS 
values (if ≥60) are shown at the nodes. Section designations following Heilmann-Clausen et al. (2017) and Reschke et al. (2018), 
ex-type sequences in boldface, new species highlighted in red, bar indicating the expected number of substitutions per site.
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adjacent to a small Q. rubra 60 cm tall, 14 July 2022, leg. R. 
Lebeuf & A. Paul, HRL3713; Rawdon, in a deciduous forest of 
Q. rubra and Acer sp., 8 August 2003, leg. Y. Lamoureux, 
YL3782 (CMMF003782). – USA, New Jersey, Ringwood, Ster-
ling Forest/Tranquility, under Q. rubra, F. grandifolia, and 
Acer sp., 13 September 2020, leg. S. Jakob, iNaturalist ID 
59500740 (DAOM 985005).

N o t e s . – The ITS sequence of the isotype is 
very similar to several species in section Rigida, de-
viating from its closest relative, T. olivaceum Re-
schke, Popa, Zhu L. Yang & G. Kost, by 3–6 substitu-
tions and indels (Fig. 24). Tricholoma pallens is eas-
ily recognized in the field by its pileus that is brown-
ish at center, becomes almost white towards margin, 
and cracks with age or in dry weather; its farina-
ceous odor weakly reminiscent of unscented soap; 
and its association with Quercus, Fagus, and possi-
bly other hardwoods. The single basidioma in col-
lection HRL4012 was old and showed some discol-
oration: the pileus surface, and to a lesser degree 
the stipe and the context at stipe base, had taken a 
pale pinkish buff (5A2) tint, and the pileus margin 
was orange-brown. We did not observe such a dis-
coloration in our other collections, and did not 
mention it in the description, as it might not be con-
stant. Tricholoma olivaceum, described from China 
(Reschke et al. 2018), differs morphologically and 
ecologically in several ways: the pileus is persis-
tently bright olive with a brown to almost black 
center; the stipe is overlain by dark grey to black 
fibrils; the basidiospores are ellipsoid, measuring 
4.5–6 × 3.5–4 μm; the cheilocystidia are lacking; and 
it is associated with Pinus sp. Tricholoma sapona-
ceum (Fr.) P. Kumm., in its broad sense, even though 
highly variable in color and host trees, shares the 
same odor, glabrous pileus, and presence of clamp 
connections. However, it differs in its darker pileal 
colors and pinkish discoloration at the base of the 
stipe.

Authors: R. Lebeuf, J. Landry, Y. Lamoureux & A. 
Paul

Interesting taxonomical notes, new hosts, and 
geographical records

Ascomycota, Laboulbeniomycetes, Laboulbeniales, 
Laboulbeniaceae

Camptomyces africanus W. Rossi & M. Leonardi, 
Phytotaxa 358(2): 94 (2018). – Fig. 25

M a t e r i a l  e x a m i n e d . – TANZANIA. Kilimanjaro Re-
gion, 14 km NE of Mwanga, North Pare Mountains, Ngofe Hill 
Forest Reserve, above Vuchama (Sofe) village, 3°35’00.90”S, 
37°40’37.56”E, open forest, small and some medium size trees, 
1538 m a.s.l., on Astenus sp. (Staphylinidae, Paederinae, Paed-
erini), #37205, D. Haelew. 1222 [host labels], 17 November 

2010, leg. V. Gusarov, slides D. Haelew. 1222a (1 juvenile and 
2 mature thalli from sternites), D. Haelew. 1222b (2 juvenile, 
1 submature, and 3 mature thalli from sternites), and D. 
Haelew. 1222c (1 mature thallus from right metatibia); Ibid., 
on Astenus sp., #37204, D. Haelew. 1221 [host labels], 17 No-
vember 2010, leg. V. Gusarov, slide D. Haelew. 1221a (1 mature 
thallus from sternites).

M a t e r i a l  s e q u e n c e d . – TANZANIA. Kilimanjaro 
Region, 14 km NE of Mwanga, North Pare Mountains, Ngofe 
Hill Forest Reserve, above Vuchama (Sofe) village, 3°35’00.90”S, 
37°40’37.56”E, open forest, small and some medium size trees, 
1538 m a.s.l., on Astenus sp., #37205, D. Haelew. 1222 [host 
labels], 17 November 2010, leg. V. Gusarov, isolate D. Haelew. 
1222d (1 mature thallus from sternites), MF314140 (SSU), 
MF314141 (LSU).

D e s c r i p t i o n . – T h a l l u s  (238–)266–294–
322(–319) μm from foot to perithecial tip [7], (129–) 
130–134–138(–140) μm from foot to tip of antherid-
ial neck [5]. – C e l l  I  (58–)61–66–72(–74) × (17–) 
18–20–22(–23) μm [10], fuscous, uppermost part hy-
aline, tapering towards the foot, the upper margin 
distinctly convex. – C e l l  I I  (14–)15–18–21(–25) × 
(19–)20–22–24(–26) μm [10], greyish brown, darker 
towards cell I, pentagonal, lateral margins slightly 
convex. – C e l l  I I I  (15–)16–17–18 × (18–)19–21–
23 μm [10], colored darker brown, quadrangular, 
slightly broader than long. – A n t h e r i d i u m  31–
34–37(–41) × (15–)16–18–19(–20) μm [10], about 
(1.6–)1.9(–2.6) times as long as broad, broadly coni-
cal; consisting of three rows of increasingly smaller 
antheridial cells, extending obliquely upward from 
the flattened basal cell, and a distinctive, broad, up-
right efferent neck. – C e l l  V I  hyaline, small, quad-
rangular, broader than long. – C e l l  V I I  36–42–
49(–50) × 19–22–25(–26) μm [3], hyaline, large, horn-
shaped, gradually broadening upward. – P e r i t h e -
c i u m  (123–)140–160–180(–182) × (34–)39–48–57 μm 
[7], yellowish brown, darker in lower part, broadly 
elliptical, widest below the middle, with indiscern-
ible basal cells, anterior margin curving sigmoidal-
ly; elongated neck, slightly bent anteriorly, with 
subcylindrical margins, tapering to the blunt apex. 
– A s c o s p o r e s  (24–)25–28–32 × (2.89–)3.11–3.40–
3.68(–3.80) μm [8], hyaline, acute-ended, two celled.

N o t e s . – The family Staphylinidae (rove bee-
tles) is the most diverse family of beetles, with 
58,331 species (Solodovnikov et al. 2013). According 
to Tavares (1979), the family also hosts the highest 
number of genera of Laboulbeniales: 49. One of 
these genera is Camptomyces. This genus was de-
scribed to accommodate thalli with “a highly devel-
oped type of antheridium […] having a strictly ter-
minal pore without appendages of any kind” (Thax-
ter 1894). Benjamin (1955) added that the spore 
apex in species of this genus becomes the terminal 
pore for discharge of spermatia. Camptomyces spe-
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Fig. 25. Camptomyces africanus. A. Mature thallus, slide D. Haelew. 1221a. Indicated are cells I, II, and III of the receptacle, the 
compound antheridium (an) with discharge tube (arrow), cells VI and VII, and the remnant of the trichogyne (asterisk). B. Mature 
thallus, slide D. Haelew. 1222a. Scale bars 100 μm.

cies carry a “tongue-like lateral protuberance” be-
low the perithecial apex (Thaxter 1926). All of the 
mature thalli of C. africanus that we observed show 
this character. This is the remnant of the trichogyne 
and is usually colored dark brown.

Nine species of Camptomyces have thus far been 
described, all from hosts in the genus Astenus De-
jean, 1833 (Thaxter 1894, 1896, 1926; Rossi & Cesari 

Rossi 1980; Rossi & Leonardi 2018). Camptomyces 
melanopus Thaxt. was described from Sunius pro-
lixus Erichson, 1844 and S. longiusculus Manner-
heim, 1831, but these two species are now placed 
under Astenus. Five Camptomyces species are 
known from southeastern Asia (C. brunneomargin-
atus Thaxt., C. falcatus Thaxt., C. recurvatus Thaxt., 
C. subsigmoideus Thaxt., and C. sumatrae Thaxt.), 
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two species from the American continent (C. guate-
malensis Thaxt. and C. melanopus Thaxt.), one from 
Europe (C. europaeus W. Rossi & Cesari), and one 
from Africa (C. africanus W. Rossi & M. Leonardi). 
We had presented our Tanzanian material as a new 
species in 2017 in a manuscript that was ultimately 
rejected. The Camptomyces material specifically 
was said by reviewers not to be distinguishable 
from other species such as C. europaeus, C. falcatus, 
and C. sumatrae—a suggestion we disagree with. 
Months after this rejection, C. africanus, equal in 
morphology, was described on Astenus sp. from Si-
erra Leone, based on three mature and three imma-
ture thalli by Rossi & Leonardi (2018). Here, we re-
port our Tanzanian material as the second country 
record of C. africanus.

Thalli studied here differ slightly from the origi-
nal description in being more variable in size of the 
perithecium (123–182 × 34–57 μm vs. 135–140 × 50–
52 μm) and the compound antheridium (31–41 μm 
long vs. 32–35 μm). The ascospores we observed 
were shorter than those in Rossi & Leonardi (2018): 
24–32 μm (mean 29 μm) vs. “about 32 μm”. In addi-
tion, our thalli were longer than those cited in the 
protologue (238–319 μm from foot to tip of perithe-
cium vs. 205–215 μm and 129–140 μm from foot to 
tip of antheridial neck vs. 105–115 μm). Notwith-
standing these slight differences in measurements, 
we see no reason to separate our material from C. 
africanus. This is the first record since the descrip-
tion of the species; C. africanus is now known from 
two collections, one from Sierra Leone (Rossi & 
Leonardi 2018) and one from Tanzania (this study). 
It is thus no surprise that we observe some morpho-
logical variability with this limited material. Meas-
urements of cells I, II, III, and VII could not be com-
pared since these are lacking in the original de-
scription (Rossi & Leonardi 2018). 

Camptomyces europaeus differs from C. afri-
canus primarily in its receptacle cells: cell I is less 
elongate compared to C. africanus, and cell II is flat-
tened and completely opaque in its lower part. In 
addition, its cell VI is much larger compared to C. 
africanus (Rossi & Cesari Rossi 1980). Camptomy-
ces falcatus differs in its very slender habitus and 
perithecial basal cells, which are almost as long as 
the stalk cell (VI). Camptomyces brunneomargina-
tus has a typically darkened cell of the perithecial 
apex and has very conspicuous ridges at the peri-
thecial margins between the tiers of wall cells. Peri-
thecial ridges or “elevations” (Thaxter 1926) are 
also present in C. guatemalensis, C. melanopus, C. 
recurvatus, C. subsigmoideus, and C. sumatrae. In C. 
sumatrae, the elevations are only slight, but this 

species also differs from C. africanus in its opaque 
cells I and II, which are separated by an oblique, 
hyaline septum. 

We generated an SSU and LSU sequence of C. 
africanus. These represent the first sequence data 
for this genus. Phylogenetic reconstructions of 
SSU–LSU datasets (Blackwell et al. 2020, Haelewa-
ters et al. 2020) resolved this species as sister to 
Stigmatomyces H. Karst. sensu lato (consisting of 
Appendiculina Berl., Fanniomyces T. Majewski, 
Gloeandromyces Thaxt., and Stigmatomyces sensu 
stricto. Following the classification system by Ta-
vares (1985), the genus Camptomyces belongs to 
family Laboulbeniaceae, subfamily Peyritschiel-
loideae, tribe Haplomyceteae, subtribe Haplomy-
cetinae. It has already been established that several 
subtribes (e.g., Stigmatomycetinae) and tribes (e.g., 
Laboulbenieae) in their current circumscription are 
polyphyletic. Isolates of Cantharomyces Thaxt. and 
Haplomyces Thaxt. should be obtained to investi-
gate the status of tribe Haplomyceteae.

Authors: D. Haelewaters & M. Gorczak

Basidiomycota, Agaricomycetes, Agaricales, Tricho-
lomataceae

Tricholoma section Genuina

Tricholoma fulvimarginatum Ovrebo & Halling, 
Brittonia 38(3): 260 (1986). – Fig. 26

M a t e r i a l  e x a m i n e d . – CANADA. Québec, Saint-
Stanislas, Parc de la rivière Batiscan, Trail des Gras, in a 
mixed forest of Populus tremuloides, Betula sp. and Abies bal-
samea, 8 October 2018, leg. R. Lebeuf & A. Paul, HRL2816 
(DAOM 985000; QFB32648); Saint-Stanislas, Parc de la rivière 
Batiscan, trail Le Portage, in a mixed forest of Quercus rubra, 
Pinus strobus, Abies balsamea, Fagus grandifolia, Populus 
tremuloides, and Alnus sp., in sandy soil, by the trail, 2 Octo-
ber 2019, leg. R. Lebeuf, HRL3124 (QFB32658; in HRL); Saint-
Casimir, chemin Sainte-Anne, in a mixed forest of Populus sp., 
Betula sp. and Picea glauca, in sandy soil, by the trail, 3 Octo-
ber 2010, leg. R. Lebeuf & A. Paul, HRL0634 (QFB32609; in 
HRL); Gaspé, teaching forest of Cégep de la Gaspésie et des 
Îles, in a forested area, under Populus tremuloides and Abies 
balsamea, in soil, 11 October 2021, leg. R. Lebeuf & A. Paul, 
HRL3617 (QFB33141; in HRL); Saint-Alban, Parc naturel ré-
gional de Portneuf, sentier à Ti-Mé, in a mixed forest of P. 
tremuloides and A. balsamea, in naked soil, 6 October 2022, 
leg. A. Paul, HRL4108; Saint-Majorique-de-Grantham, at the 
edge of a mixed forest, under a large group of Populus spp., in 
soil, 27 September 1995, leg. Y. Lamoureux, YL2688 
(CMMF002688); Sacré-Coeur, under Populus sp., A. balsamea 
and Pinus banksiana, in soil, 11 October 2019, leg. H. Lambert, 
HL1668 (QFB32593).

D e s c r i p t i o n . – P i l e u s  40–80(–100) mm in 
diameter, parabolic, convex, plano-convex, then ap-
planate, sometimes with a low broad umbo, irregu-
lar; surface viscid, apricot orange, ochraceous to 
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Fig. 26. Tricholoma fulvimarginatum. A. Basidiomata in situ, collection DAOM 985000. B. Collection CMMF003587. C. Collection 
HRL0634. D. Collection HRL3617. E. Basidiospores. F. Pileipellis section in SDS Congo Red. G–H. Caulocystidia.
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ochraceous orange (5A6, 5A7, 5AB7, 5B5, 6B5, 6B8), 
darker when young, paler at margin, with dark 
brown appressed fibrils or streaked with long in-
nately radiating fibrils; margin inflexed then 
straight, becoming paler with age. – L a m e l l a e 
emarginate, close to crowded, segmentiform, 4–9 
mm broad, white to orange-white (5A2); edge en-
tire, developing orangish brown spots with age. – 
S t i p e  30–90 × 8–18 mm, equal, more rarely clavate 
or tapering at base, white and flocculose at apex, 
below white when very young but soon concolorous 
with pileus and with brown projecting fibrils. –
C o n t e x t  white, brownish orange at extreme stipe 
base, thick, fibrous, discoloring brownish orange in 
larval perforations. – O d o r  farinaceous. – Ta s t e 
farinaceous, mild. – B a s i d i o s p o r e s  (4.0–)4.5–
6.0(–6.5) × 3.0–4.0(–4.5) μm, av. 5.3 × 3.5 μm, Q = 
1.11–1.83, Qav = 1.49 [180/6/6], ellipsoid, oblong, in-
amyloid, smooth. – B a s i d i a  23–36 × 5–7 μm, 
4-spored, narrowly clavate. – C h e i l o c y s t i d i a 
absent. – P i l e i p e l l i s  an ixocutis 50–250(–400) 
μm thick; hyphae in matrix repent, interwoven or 
ascending, 2–8 µm broad, smooth or finely to coarse-
ly incrusted, hyaline individually, pale yellow in 
mass; underlying hyphae 2.5–7 μm broad, parallel 
or in bundles, pale yellow in mass, smooth or in-
crusted, at times coarsely so; subpellis not differen-
tiated. – S t i p i t i p e l l i s  a cutis made of cylindri-
cal hyphae 2–13 μm broad, narrow at apex and 
wider below, longitudinal, superficially entangled, 
mostly thin-walled, some thick-walled (up to 1 μm), 
smooth, rarely finely incrusted, hyaline or yellowish 
brown. – C a u l o c y s t i d i a  12–64 × 4–9 μm, pre-
sent as recurved end-cells at stipe apex, single or 
forming small to large fascicles, cylindrical, cylin-
drical-flexuose, sometimes slightly wider at apex, 
more rarely clavate, absent lower on stipe – C l a m p 
c o n n e c t i o n s  absent in all examined tissues. 

H a b i t a t  a n d  d i s t r i b u t i o n . – Occasion-
al, in small groups in mixed forests with Populus 
spp., in soil, in late fall (October). Thus far known 
from the provinces of Québec and Ontario, in Cana-
da, and from the states of Massachusetts and New 
York, in the USA.

N o t e s . – Tricholoma fulvimarginatum was de-
scribed by Ovrebo & Halling (1986) from Massachu-
setts as a member of section Genuina growing with 
Populus deltoides. The epithet refers to the color of 
the lamellar edge, said by Ovrebo & Halling to be 
“more or less concolorous (Hazel) with pileus 
throughout development”. The species went mostly 
unnoticed afterwards, as evidenced by the few re-
cords found through a search in MyCoPortal (2022): 
two collections in Canada (Québec and Ontario) 

from 1986 and one in the USA (New York State) 
from 2018. In a recent monograph of the genus in 
North America (Bessette et al. 2013), the species 
was reported to be occasional in Massachusetts and 
New York and likely to occur elsewhere in New 
England and southeastern Canada. 

During their survey of Tricholoma growing in 
Québec, Landry et al. (2022) studied many collec-
tions of a long-known and occasional species asso-
ciated with Populus, with lamellar edge whitish at 
first and staining brownish orange with age only. 
The morphological characters were consistent with 
the description of T. fulvimarginatum, except for 
the non-marginate lamellae in young stage. Fur-
thermore, the Québec species was found in associa-
tion with several species of Populus, including P. 
deltoides, P. grandidentata, and P. tremuloides. In 
some cases, a single Populus tree was present in the 
forested area where the basidiomata were collected 
and was therefore difficult to see.

Owing to the similarity observed, an ITS se-
quence of the type specimen of T. fulvimarginatum 
was obtained and proved to be almost identical 
with the sequences of the Québec collections, the 
latter differing at most by 1 indel (Fig. 18). There-
fore, it appears that T. fulvimarginatum is an occa-
sional species with a lamellar edge that can be ei-
ther whitish or fulvous in young stage. Moreover, it 
can associate with several species of Populus. 

Tricholoma fulvimarginatum is well character-
ized by its rather bright apricot orange, ochraceous 
to ochraceous orange pileus and stipe, the context 
discoloring brownish orange when bruised or with 
age, and its association with Populus spp. Among 
the other orange to orange-brown-capped Tricho-
loma species, T. aurantium (Schaeff.) Ricken is the 
most similar, with its bright orange colors, but it is 
not associated with Populus, and its stipe has a 
white band at apex and the orange covering breaks 
into bands with age. Tricholoma ustaloides Ro-
magn. and a yet undescribed similar species in 
northeastern North America occur with Quercus 
and have a bitter pileipellis. Tricholoma ustale (Fr.) 
P. Kumm. is associated with Fagus and has indis-
tinct or slightly farinaceous odor and taste. The 
Populus-associated T. populinum J.E. Lange differs 
by its less vividly colored pileus, rather brownish 
orange to brownish red, and whitish stipe with or-
angish or brownish fibrils mostly in the lower part. 
Based on the ITS sequences available in GenBank 
and UNITE, it is absent from the North American 
continent. Tricholoma ammophilum A.D. Parker, 
Grubisha & S.A. Trudell, another Populus-associat-
ed species recently described from the west coast of 
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North America (Trudell & Parker 2021) and also oc-
curring on the east coast (Landry et al. 2022), differs 
by its pale brown to reddish brown pileus and white 
stipe browning with age. 

Authors: R. Lebeuf, J. Landry, Y. Lamoureux & A. 
Paul
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