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Abstract
Macrofungi are key components of  terrestrial  ecosystems,  yet their  diversity remains poorly documented in high-elevation regions.  The Qinghai–Xizang

Plateau,  characterized  by  strong  environmental  gradients  and  extreme  conditions,  provides  an  ideal  system  for  investigating  fungal  diversity  and

adaptation. In this study, extensive field surveys conducted between 2015 and 2024 across multiple vegetation types were combined with morphological

and multilocus phylogenetic analyses to assess macrofungal diversity. We describe 31 previously unknown species belonging to 10 genera of Agaricales,

spanning multiple phylogenetic lineages and ecological guilds. Saprotrophic taxa dominate the assemblage, with ectomycorrhizal species also being well-

represented.  These  findings  indicate  that  macrofungal  diversity  in  high-elevation  ecosystems  remains  substantially  underestimated  and  highlight  the

importance of integrative taxonomy for resolving species diversity. A subset of species exhibits a recurrent morphological pattern, characterized by robust

basidiomata with relatively small, thick pileus and short, stout stipes, along with the occasional co-occurrence of two-spored and four-spored basidia. Based

on these observations,  we propose a preliminary hypothesis  that  coordinated shifts  in structural  and reproductive traits  may occur in some macrofungi

inhabiting  high-elevation  environments.  Overall,  this  study  expands  current  knowledge  of  macrofungal  diversity  on  the  Qinghai–Xizang  Plateau  and

emphasizes the importance of mountain systems for understanding fungal diversification and ecological adaptation.
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 Introduction
Macrofungi  constitute  a  fundamental  yet  still  profoundly

underexplored  component  of  global  terrestrial  biodiversity[1−4].
As  dominant  decomposers  of  lignocellulosic  biomass,  they  play
indispensable  roles  in  organic  matter  turnover,  nutrient  mobili-
zation,  and  soil  formation  across  a  wide  range  of  ecosystems[5−10].
In  addition,  numerous  macrofungal  taxa  establish  ectomycorrhizal
symbioses  with  woody  plants,  thereby  influencing  plant  produc-
tivity,  vegetation  dynamics,  and  ecosystem  resilience[11−14],  and
are  important  in  other  biotechnological  applications  including
compound  discovery[15−17].  Through  these  ecological  functions,
macrofungi  regulate  carbon  fluxes,  mediate  nutrient  cycling,
and  contribute  to  the  maintenance  of  ecosystem  stability[18−21].
Despite their ecological prominence and deep evolutionary history,
global  estimates  indicate  that  only  a  small  fraction  of  macrofungal
diversity  has  been  formally  documented,  with  vast  numbers  of
species  remaining  undescribed[22−24].  This  taxonomic  knowledge
gap is particularly pronounced in mountainous regions such as the
Qinghai–Xizang Plateau,  where pronounced environmental  hetero-
geneity,  arising  from  rugged  topography,  steep  climatic  gradients,
and geographic isolation,  is  hypothesized to drive lineage diversifi-
cation and endemic radiations[25−27].

Traditionally,  macrofungal  taxonomy  has  relied  primarily  on
phenotypic  characterization,  including  macromorphological  fea-
tures  of  basidiomata  and  micromorphological  traits  such  as  basi-
diospore  ornamentation,  hymenophoral  configuration,  and  hyphal
structure[28−30].  However,  pervasive  morphological  plasticity  across
many  fungal  lineages,  frequently  driven  by  environmental  factors
such  as  substrate  composition,  moisture  availability,  temperature
regimes, and altitude, can obscure species boundaries[31−34]. Conver-
gent evolution and parallel morphological adaptations further con-
tribute to taxonomic frameworks that do not accurately reflect phy-
logenetic  relationships[24,31,35,36].  As  a  result,  numerous  historically
described taxa circumscribed solely on morphological evidence lack
phylogenetic  support,  leading  to  uncertain  systematic  placement
and  complicating  the  delimitation  and  recognition  of  newly  disco-
vered  species[37−39].  Such  limitations  may  result  in  taxa  being  reco-
vered as nested within established clades, generating paraphyly and
persistent  taxonomic  instability[40].  Over  the  past  two  decades,  the
rapid  maturation  of  molecular  systematics  and  the  paradigm
shift  toward  integrative  taxonomy,  which  synthesizes  phenotypic
characters,  ecological  niches,  and  robust  multilocus  phylogenetic
inference,  have  revolutionized  fungal  systematics  and  revealed
extensive cryptic diversity across major macrofungal lineages[34,37,41].

The  Qinghai–Xizang  Plateau  represents  the  largest  and  highest
alpine  ecosystem  on  Earth,  providing  an  exceptional  setting  for
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studies  of  biodiversity  and  ecological  processes[42−44].  Shaped  by  a
complex  geological  history  and  marked  environmental  gradients,
the Plateau supports  diverse  alpine and montane vegetation types
that create a wide range of fungal habitats[45−47]. The extreme condi-
tions  of  high-elevation  environments,  including  low  temperatures,
intense  ultraviolet  radiation,  fluctuating  moisture  regimes,  and
reduced  oxygen  availability,  impose  strong  selective  pressures
that  may  drive  adaptive  divergence  and  lineage  diversification  in
fungal  populations[48−53].  Owing  to  steep  environmental  gradients
and  topographic  complexity,  mountain  systems  function  as
major  engines  of  diversification,  promoting  speciation  through
geographic  isolation,  ecological  niche  differentiation,  and  clima-
tically  driven  range  dynamics[54−58].  Under  these  conditions,
substantial fungal diversity, including cryptic taxa, may remain over-
looked  when  relying  solely  on  morphology-based  identification.
Consequently,  integrative  taxonomic  investigations  remain  essen-
tial  for revealing fungal diversity and improving our understanding
of evolutionary processes in high-elevation ecosystems.

Although  fungal  diversity  across  parts  of  the  Qinghai–Xizang
Plateau  and  adjacent  regions  has  received  increasing  attention  in
recent  years[59−63],  current  knowledge  remains  taxonomically  frag-
mented  and  geographically  uneven.  Existing  studies  have  largely
focused on individual genera, specific ecological guilds, or restricted
sampling  areas[64−67],  resulting  in  an  incomplete  understanding  of
diversity patterns, lineage diversification, and systematic placement,
particularly  for  taxa  lacking  multilocus  phylogenetic  assessment.
Moreover,  the  scarcity  of  integrative  studies  spanning  multiple
phylogenetic  lineages  across  vegetation  belts  and  elevational
gradients  continues  to  constrain  a  comprehensive  understanding
of  macrofungal  diversity  and  diversification  in  high-elevation
ecosystems[25,26,68,69].  Here,  we  address  these  gaps  through  exten-
sive plateau-wide field surveys and an integrative systematic investi-
gation  of  10  focal  fungal  lineages.  By  combining  morphological,
ecological,  and  multilocus  phylogenetic  evidence,  this  study
provides  a  more  robust  evolutionary  framework  for  species  delimi-
tation  and  taxonomic  placement,  thereby  improving  our  under-
standing  of  macrofungal  diversity  and  diversification  on  the
Qinghai–Xizang Plateau. These findings also contribute to a broader
understanding  of  how  environmental  heterogeneity  and  eleva-
tional gradients shape fungal diversification on the plateau.

Based  on  field  collections  made  between  2015  and  2024  across
multiple high-elevation habitats of the Qinghai–Xizang Plateau, this
study  uses  an  integrative  taxonomic  approach  that  combines
morphological  examination,  ecological  observations,  and  multi-
locus  phylogenetic  analyses  to  investigate  macrofungal  diversity.
We  describe  31  previously  undocumented  species  belonging  to
10 genera across 10 families of Agaricales, with specimens collected
from  multiple  vegetation  types,  including  coniferous  forests,
broad-leaved  forests,  mixed  forests,  alpine  meadows,  and  shrub-
lands.  Although  not  intended  as  a  comprehensive  regional  inven-
tory, these findings highlight the presence of substantial, previously
unrecognized  taxonomic  diversity  across  diverse  high-elevation
habitats.  This  work  also  provides  a  baseline  framework  for  future
studies addressing fungal diversity patterns, ecological associations,
and evolutionary processes in mountain ecosystems.

 Materials and methods

 Sample collection and herbarium specimen
preparation

Fresh  basidiomata  were  collected  during  extensive  field  surveys
conducted  from  2015  to  2024  across  the  Qinghai–Xizang  Plateau

and  adjacent  regions,  including  Xizang  Autonomous  Region,
Qinghai,  Sichuan,  Gansu,  and  Yunnan  Provinces.  Collections  were
obtained  from  five  major  vegetation  types,  namely  shrublands,
alpine  meadows,  coniferous  forests,  broad-leaved  forests,  and
mixed  conifer  and  broad-leaved  forests.  Macromorphological
features  were  documented  from  fresh  specimens  in  the  field  and
photographed before preservation. All collections were dehydrated
at  50  °C,  sealed,  and  deposited  in  the  Mycological  Herbarium  of
the Institute of Microbiology, Chinese Academy of Sciences (HMAS)
and the Alpine Fungarium (AF).

 Morphological studies
Morphological  investigations  were  conducted  using  both  fresh

and  dried  materials.  Macroscopic  characters  were  recorded  from
mature  basidiomata  in  the  field,  whereas  microscopic  structures
were  examined  from  rehydrated  specimens[66].  Colour  descriptions
followed  the Methuen  Handbook  of  Colour[70].  Sections  of  pileus,
lamellae,  and  stipe  tissues  were  mounted  in  5%–10%  KOH  and,
when necessary,  stained with Congo red.  Microscopic  observations
were performed using an Olympus CX31 microscope following the
procedures  outlined  by  Largent  et  al.[30].  Basidia,  basidiospores,
cystidia,  and  pileipellis  structures  were  examined  and  measured,
with  a  minimum  of  50  measurements  obtained  for  each  character.
Spore  dimensions  are  expressed  as  (a)b–c(d),  where b–c encom-
passes  at  least  90%  of  the  observations.  The  notation n/m/p
refers  to  the  number  of  spores  measured,  the  number  of
basidiomata  examined,  and  the  number  of  collections  studied,
respectively. Q represents  the  spore  length-to-width  ratio  and Qm
its  mean  value  ±  standard  deviation.  Basidiospore  ornamentation
and  other  ultrastructural  features  were  further  examined  using
scanning electron microscopy (JEM-1400)[66,71,72].

 DNA extraction, amplification, and sequencing
Total  genomic  DNAs  were  isolated  from  fresh  or  dried  basi-

diomata  using  a  Broad-spectrum  Plant  Rapid  Genomic  DNA  Kit
(Beijing  Biomed  Gene  Technology  Co.,  Ltd.,  China),  following  the
manufacturer's  protocol  with  slight  modifications.  DNA  extracts
were  stored  at −20  °C  before  PCR  amplification.  Four  loci  widely
used in fungal phylogenetic studies include the internal transcribed
spacer region (ITS1–5.8S–ITS2),  the nuclear large subunit ribosomal
DNA  (LSU),  partial  sequences  of  the  second  largest  subunit  of
RNA  polymerase  II  (rpb2),  and  the  translation  elongation  factor  1-α
gene (tef1α). The ITS region was amplified using ITS1-F (ITS5 or ITS1)
and  ITS4[73,74];  LSU  using  LR0R  and  LR5  (or  LR7)[75,76]; rpb2  using
brpb2-6F  (or  frpb2-5F)  and  brpb2-7.1R[77];  and tef1α using  983F
and  1567R  (or  2218R)[78].  For  samples  that  failed  to  amplify  with
universal  primers,  specific  or  internal  primers  were  used,  following
previous studies[79,80].

PCR  amplification  was  performed  in  a  T30  Multi-Block  Gradient
PCR Thermocycler  (Hangzhou LongGene Scientific  Instruments Co.,
Ltd.,  China)  using a  total  reaction volume of  25 µL containing 2 µL
genomic DNA, 1 µL of each primer, 9 µL double-distilled water, and
12 µL 2× Es Taq MasterMix (Dye) (Beijing ComWin Biotech Co., Ltd.,
China). PCR amplifications were carried out using the following ther-
mal  cycling  programme:  initial  denaturation  at  94  °C  for  5  min,
followed by 35 cycles of denaturation at 94 °C for 1 min, annealing
at 48–55 °C for 1 min, and extension at 72 °C for 1.5 min, with a final
extension  at  72  °C  for  10  min.  For  samples  that  failed  to  amplify
under  these  conditions,  gradient  PCR  was  conducted  using  the
same thermocycler with annealing temperatures ranging from 50 to
60  °C.  PCR  products  were  examined  on  1.4%  agarose  gels  stained
with GoldenView. Successfully amplified products were purified and

  https://doi.org/10.48130/mycosphere-0026-0017

Page 2 of 47   Han et al. Mycosphere 2026, 17: e017

https://doi.org/10.48130/mycosphere-0026-0017
https://doi.org/10.48130/mycosphere-0026-0017
https://doi.org/10.48130/mycosphere-0026-0017
https://doi.org/10.48130/mycosphere-0026-0017
https://doi.org/10.48130/mycosphere-0026-0017


sequenced  using  the  same  primers  at  BGI  Genomics  Co.,  Ltd.
(Beijing,  China).  In  a  few  cases  when  direct  sequencing  failed,  PCR
products  were  cloned  into  the  pMD18-T  vector  (Takara  Biomedical
Technology Co., Ltd., Beijing, China) according to the manufacturer's
instructions,  then  transformed  into Escherichia  coli DH5-α compe-
tent  cells,  and sequenced using M13F/M13R primers[81].  Sequences
were  assembled  and  edited  using  SeqMan  implemented  in  the
DNASTAR  software  package  (DNASTAR  Inc.,  Madison,  USA).
All  newly  generated  sequences  were  deposited  in  GenBank  and
are  listed  under  'Specimens  examined'  for  each  species  in  the
Taxonomy.  For  new  species  described  from  single  collections,
PCR  amplification  and  sequencing  were  independently  repeated
to minimize potential sequencing errors.

 Phylogenetic analyses
Newly  generated  sequences  were  initially  subjected  to  blastn

searches  in  the  GenBank  database  to  identify  closely  related  taxa.
Sequences  with  query  coverage  >  90%  and  a  percentage  identity
of  96%  were  selected,  and  one  to  three  representative  sequences
per  species  were  included  for  subsequent  analyses.  In  addition,
published sequences of  morphologically  similar  taxa were incorpo-
rated  into  the  final  dataset.  Individual  loci  were  aligned  separately
using  the  online  MAFFT  v7  server  (https://mafft.cbrc.jp/alignment/
server)[82] with  the  default  strategy,  and  manually  adjusted  in
BioEdit v7.1.3.0[83]. The aligned datasets were subsequently concate-
nated using PhyloSuite v1.2.3[84],  with missing data and ambiguous
regions coded as 'N'.

Phylogenetic  relationships  were  inferred  using  Maximum  Likeli-
hood  (ML)  and  Bayesian  Inference  (BI)  methods.  ML  analyses  were
conducted  on  the  CIPRES  Science  Gateway  (www.phylo.org)[85]

using  RAxML-HPC  BlackBox  v8.2.12[86],  and  branch  support  was
estimated  based  on  1,000  nonparametric  bootstrap  replicates.  The
best  partitioning  scheme  and  substitution  models  for  BI  analyses
were  determined  using  PartitionFinder2  v2.1.1[87],  implemented  in
PhyloSuite,  applying  the  greedy  algorithm  and  the  AICc  criterion.
Bayesian  analyses  were  performed  on  the  CIPRES  Science  Gateway
using  MrBayes  on  ACCESS  v3.2.7a[88],  with  two  independent
runs  and  four  Markov  chains.  For  each  group,  the  DNA  loci  used,
analytical  method(s),  partitioning  strategy,  and  outgroup(s)  setting
were  described  in  the  figure  legend  of  the  phylogenetic  tree.  The
resulting phylogenetic trees were visualized using the tvBOT online
platform  (www.chiplot.online/tvbot.html)[89] and  further  edited  in
Adobe Illustrator 2024.

 Results

 Taxonomy
Agaricales Underw.
Index Fungorum number: IF 90508
Agaricaceae Chevall.
Index Fungorum number: IF 80434
Type genus — Agaricus L.
Agaricus L.
Index Fungorum number: IF 17030
Type species — Agaricus campestris L.
Notes  — Agaricus is  widely  distributed  in  temperate  and

tropical  regions  worldwide  and  currently  comprises  more  than
600  described  species,  occurring  on  all  continents  except
Antarctica[90−92].  Approximately  200  species  have  been  recorded
in  China,  making  it  one  of  the  most  species-rich  agaric  genera  in
the country[93].  Species  of Agaricus are  predominantly  saprotrophic

and  commonly  occur  in  forest  ecosystems  and  grasslands[94,95].
Recently,  studies  have  revealed  that  some  species  are  lignicolous,
such as A. subiculosus, which grows on decaying wood substrates[96].
Basidiomata  of Agaricus exhibit  considerable  variation  in  size  and
colour,  typically  possessing  membranous  annuli,  free  lamellae  that
become brown at maturity, as well as brown basidiospores[97].

Based  on  multigene  phylogenetic  analyses  combined  with
morphological  studies, Agaricus is  currently  divided  into  six
subgenera,  including  subg. Agaricus,  subg. Flavoagaricus,  subg.
Minores,  subg. Minoriopsis,  subg. Pseudochitonia,  and  subg.
Spissicaules[95,98,99].  The  above  subgenera  consist  of  25
sections[95,98−100].  In  the  present  study,  three  new  species
belonging  to  the  sect. Agaricus and  sect. Arvenses are  des-
cribed  based  on  morphological  characteristics  and  phylogenetic
analyses of ITS, LSU, and tef1α sequences.

Agaricus albicrassipes R.L. Zhao & X.X. Han, sp. nov. Figs 1 and 4
Chinese Name: 白色粗柄蘑菇 (bai se cu bing mo gu)
Fungal Names: FN 573686; Facesoffungi number: FoF 20041
Etymology  — albicrassipes (Latin),  referring  to  the  white  basi-

diomata and the robust stipe of this species.
Diagnosis  —  differs  from  other  species  in  this  section  by  a  thick

stipe,  broadly ellipsoid to narrowly ellipsoid (7.4–8.7 × 5.4–6.4 μm),
two- or four-spored basidia, and distinct DNA sequences.

Holotype  —  CHINA,  Xizang,  Lhasa  City,  Lhalu  Wetland  National
Nature  Reserve,  29°40′12.03″ N,  91°5 ′38.79″ E,  3,659 m asl,  growing
on  humus-rich  ground  within  mixed  coniferous  and  broad-leaved
forests,  10  August  2023,  Y.  Zhang,  ZRL20231653  (HMAS  259799
holotype;  AF9574  isotype,  GenBank  no.:  ITS  PZ491328;  LSU
PZ495513; tef1α PZ520019).

Pileus  24–94  mm  diam.,  5–23  mm  thick  at  disc,  initially  hemi-
spherical  with  involute  margin,  becoming  convex  to  plano-convex
when mature, fleshy, surface dry, smooth or covered with appressed
fibrils,  white  (1A1)  to  yellowish  white  (1A2),  nonstriate.  Lamellae
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Fig.  1  Agaricus  albicrassipes (a,  b:  ZRL20231653  holotype).  (a,  b)
Basidiomata;  (c)  Basidiospores;  (d)  Basidioles;  (e)  Basidia;  (f)  Pileipellis.
Scale bars: (a) = 1 cm; (c–f) = 10 µm.
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crowded,  free,  unequal,  reddish  white  (8A2)  to  dull  red  (8B3),  then
brown  to  dark  brown  with  age,  even.  Stipe  28–85  ×  26–44  mm,
cylindrical,  central,  equal,  robust,  hollow,  smooth  or  slightly  fibril-
lose. Annulus superior, membranous, attached at the margin of the
pileus  or  entirely  at  the  stipe,  upper  surface  smooth  and  white,
lower surface fibrillose, white, easily falling off. Context thick, white,
pale brown when bruised, odour unknown.

Basidiospores [50/2/1] (6.5–)7.4–8.7(–9.8) × (5.0–)5.4–6.4(–6.8) μm,
Q = (1.17–)1.22–1.53(–1.75), Qm = 1.37 (± 0.16), broadly ellipsoid to
narrowly ellipsoid, rarely oblong, smooth, light brown, thick-walled,
usually  containing  an  oil  droplet.  Basidia  (19.6)21.9–26.6(29.2)  ×
(8.2)8.6–10.5(12.4) μm,  clavate  or  slightly  truncate  at  the  apex,
hyaline,  two- or  four-spored.  Cheilocystidia  and  pleurocystidia
were  not  observed.  Basidioles  (11.1)17.2–30.3(37.4)  ×  (4.4)5.7–
11.3(13.3) μm, clavate to narrowly clavate, cylindrical. Lamella trama
regular to subregular, hyphae 2–6 μm wide, cylindrical, thin-walled,
hyaline.  Pileipellis  is  a  cutis  with  the  transition  to  a  trichoderm  at
regular  intervals,  thin-walled,  hyphae 1–4 μm wide.  Clamp-connec-
tions present.

Known  distribution  —  Scattered  on  humus-rich  ground  within
mixed coniferous and broad-leaved forests, in summer. So far found
only in Xizang, China.

Notes — Agaricus albicrassipes belongs to A.  sect. Agaricus and is
morphologically  similar  to A. argenteus Braendle  ex  Peck  of  this
section.  However, A. argenteus has  a  thinner  stipe (10–12 mm) and
larger  basidiospores  (8.2–9.2  ×  6.3–7.3 μm)[101].  In  the  multigene
phylogenetic  tree, A.  albicrassipes forms  an  independent  clade
(Fig. 4). Phylogenetically, the new species is related to A. aristocratus,
A. campestris, A. gastronevadensis,  and A. zhangyensis. Agaricus aris-
tocratus differs  by  its  slightly  larger  pileus  (80–150  mm),  thinner
stipe (18–23 mm), and slightly wider basidiospores (5.8–6.7 μm)[101].
Agaricus campestris, the type species of subg. Agaricus, has not been
confirmed  from  China,  as  neither  previous  studies  nor  Asian
sequences deposited in GenBank have demonstrated its occurrence
in  this  region[101].  Moreover, A.  campestris has  a  white  pileus  with
appressed squamules at the centre and smaller basidiospores (7.1 ×
5.3 μm)[102,103]. Agaricus gastronevadensis,  originally  described  from
the  USA,  differs  in  having  a  ventricose  and  slightly  thinner  stipe
(20–35  mm),  and  wider  basidiospores  (6.9–7.3 μm)[103]. Agaricus
zhangyensis,  originally  described  from  Gansu  Province,  China,  is
distinguished  by  a  thinner  stipe  (13–20  mm)  and  slightly  longer
basidiospores (6.4 μm)[101].

Agaricus platifissus R.L. Zhao & X.X. Han, sp. nov. Figs 2 and 4
Chinese Name: 高原开裂蘑菇 (gao yuan kai lie mo gu)
Fungal Names: FN 573687; Facesoffungi number: FoF 20042
Etymology  — platifissus (Latin),  referring  to  the  species'  occur-

rence  on  the  Qinghai–Xizang  Plateau  and  its  characteristically
cracked pileus surface when mature.

Diagnosis  —  differs  from  other  species  in  this  section  by  a
cracked pileus, broadly ellipsoid to ellipsoid basidiospores (6.8–7.8 ×
5.4–6.2 μm), two- or four-spored basidia, the presence of cheilocys-
tidia, alpine distribution, and distinct DNA sequences.

Holotype — CHINA, Xizang, Linzhi, Bomi County, along G318 from
Egong Zangbu to Pu Zangbu, 29°40′17″ N, 96°12 ′40″ E,  3,133 m asl,
growing  on  humus-rich  ground  within  broad-leaved  forests  domi-
nated  by Quercus,  11  August  2023,  M.Z.  Zhang  &  X.X.  Han,
ZRL20231805  (HMAS  259800  holotype;  AF9575  isotype,  GenBank
no.: ITS PZ491327; LSU PZ495512; tef1α PZ520021).

Pileus  26–60  mm  diam.,  4–7  mm  thick  at  disc,  convex  when
young,  becoming  plano-convex  with  age,  surface  dry,  smooth  or
finely  pruinose,  usually  cracked,  fleshy,  yellowish  white  (2A2)  to
greyish  yellow  (2C3)  at  the  centre,  white  (2A1)  to  yellowish  grey
(2B2) towards margin, becoming greyish yellow (4C3) to olive brown

(4D5)  when  dry,  deflexed,  nonstriate.  Lamellae  crowded,  free,
unequal,  pale  red  (8A3)  to  greyish  red  (8C5)  initially,  dark  brown
(8F5-8)  with  age,  uneven.  Stipe  34–53  ×  5–10  mm,  cylindrical,
central,  slightly  tapering  towards  the  base,  with  an  annulus  in  its
upper third, smooth above the annulus, fibrillose below the annulus.
Annulus  superior,  white,  membranous,  attached  at  the  margin  of
the  pileus  or  entirely  at  the  stipe,  slightly  pendant,  simple,  easily
falling  off.  Context  slightly  thick,  with  an  obscure  central  region  of
white  pith,  discolouration  slightly  pinkish  near  the  connection
between the stipe and pileus, odour unknown.

Basidiospores [50/2/2] (6.2–)6.8–7.8(–8.2) × (4.8–)5.4–6.2(–6.8) μm,
Q = (1.08–)1.19–1.34(–1.41), Qm = 1.26 (± 0.06), broadly ellipsoid to
ellipsoid,  rarely  subglobose,  smooth,  light  brown,  thick-walled,
usually  containing  an  oil  droplet.  Basidia  (21.0)23.6–28.6(30.8)  ×
(7.5)8.4–10.0(10.6) μm, clavate, hyaline, two- or four-spored. Cheilo-
cystidia  (18.5)20.1–24.1(25.9)  ×  (6.4)7.0–8.2(8.9) μm,  clavate  to
narrowly  clavate,  subhyaline.  Pleurocystidia  not  observed.  Lamella
trama subregular,  hyphae 1.7–3.9 μm wide,  cylindrical,  thin-walled,
hyaline.  Pileipellis  is  a  cutis  with  the  transition  to  a  trichoderm  at
regular  intervals,  thin-walled,  hyphae  3.4–10.2 μm  wide.  Clamp-
connections present.

Known  distribution  —  Solitary  on  humus-rich  ground  within
coniferous  or  broad-leaved  forests,  summer  to  fall.  So  far  found
only in China.

Material examined — CHINA, Gansu, Zhangye City, Sunan County,
Qilian  Mountain  National  Nature  Reserve,  Dayekou  Protection
Station,  38°32′52″ N,  100°14 ′31″ E,  2,980 m asl,  growing on humus-
rich ground within coniferous forests dominated by Picea crassifolia,
1  September  2016,  R.L.  Zhao  &  X.M.  Bai,  ZRL20162141  (HMAS
280413,  GenBank  no.:  ITS  MN604414;  LSU  PZ495511; tef1α
PZ520020).

Notes  — Agaricus  platifissus is  nested  within A.  sect. Agaricus,
which  is  typically  characterized  by  a  nonspecial  odour,  context
often  discolours  pinkish  or  reddish  near  the  stipe-pileus  junction
upon  exposure,  and  cheilocystidia  that  are  mostly  absent  or
indistinguishable from immature basidia[90,101,104].
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Fig.  2  Agaricus  platifissus (a,  ZRL20162141,  b  ZRL20231805  holotype).
(a,  b)  Basidioma;  (c)  Basidiospores;  (d)  Cheilocystidia;  (e)  Basidia;  (f)
Pileipellis. Scale bars: (a, b) = 1 cm; (c–f) = 10 µm.
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Before A. platifissus,  17  species  from  this  section  have  been
reported from China, viz. A. altipes (F.H. Møller) F.H. Møller, A. argen-
teus Braendle  ex  Peck, A. argyropotamicus Speg., A. aristocratus
Gulden, A. campestris L., A. cantonotraminus Kun L. Yang, Jia Y. Lin &
Zhu L. Yang, A. chionodermus Pilát, A. cupreobrunneus (Jul.  Schäff.  &
Steer)  Pilát, A. depauperatus (F.H.  Møller)  Pilát, A. fafuinus P.H.  Liu &
S.E. Wang, A. griseicephalus Kerrigan, A. jilinensis R.L. Zhao & A.Q. Liu,
A. langei (F.H.  Møller)  F.H.  Møller, A. porphyrocephalus F.H.  Møller,
A. rubribrunnescens Murrill, A. sinoagrocyboides T.  Bau  &  S.E.  Wang,
and A. zhangyensis R.L. Zhao & A.Q. Liu[101,105−107].

In comparison with these species, A. platifissus is characterized by
a  white  to  yellowish-grey,  smooth  or  finely  pruinose,  sometimes
cracked  pileus;  a  stipe  slightly  tapering  towards  the  base;  broadly
ellipsoid to ellipsoid basidiospores measuring 6.8–7.8 × 5.4–6.2 μm;
and basidia that are two- or four-spored. Unlike most species of the
section, A. platifissus possesses  cheilocystidia  and  unique  DNA
sequences.  Moreover,  the species appears to occur solitarily  and is,
thus far, known only from the Qinghai–Xizang Plateau.

Agaricus submegacarpus R.L. Zhao & X.X. Han, sp. nov. Figs 3 and 4
Chinese Name: 拟大果蘑菇 (ni da guo mo gu)
Fungal Names: FN 573688; Facesoffungi number: FoF 20043
Etymology — referring to the resemblance to A. megacarpus.
Diagnosis  —  Phylogenetically  and  morphologically  similar  to A.

megacarpus,  but  differs  in  having  a  paler  stipe  and  smaller  basi-
diospores and basidia, with distinct DNA sequences.

Holotype  —  CHINA,  Qinghai,  Haidong  City,  Huzhu  Tu
Autonomous  County,  Ganchan  Temple,  402  m  north  of  Weibei
Highway, 37°2′10″ N, 102°20 ′56″ E,  2,701 m asl,  growing on humus-
rich ground within coniferous forests dominated by Picea crassifolia
and Sabina  przewalskii,  26  August  2023,  M.Q.  He  &  J.X.  Li,
ZRL20235671  (HMAS  259801  holotype;  AF9580  isotype,  GenBank
no.: ITS PZ491324; LSU PZ495508)

Pileus  31–48  mm  diam.  in  the  early  stage,  64–131  mm  diam.
at  maturity,  8–33  mm  thick  at  disc,  initially  hemispherical,
later  becoming  obtusely  conical  to  convex,  and  finally  applanate,
sometimes  with  a  subumbonate  at  the  centre  and  occasionally
cracked,  fleshy,  surface  dry,  smooth  at  first,  later  covered  by
appressed  thick  fibrils,  eventually  breaking  into  appressed
scales, white (1A1) to greyish green (1C3), paler towards the margin,
turning  brownish  orange  (5C5)  with  age,  nonstriate.  Lamellae
crowded, free,  unequal,  pale red (8A3) to greyish red (8C5) initially,
dark  brown  (8F5-8)  with  age,  even.  Stipe  62–122  ×  13–26  mm,
cylindrical,  central,  robust,  hollow,  slightly  tapering  towards  the
base or occasionally bulbous, smooth, or slightly fibrillose above the
annulus,  fibrillose when young, then fibrillose squamose below the
annulus. Annulus superior, membranous, attached at the margin of
the pileus or entirely at the stipe, upper surface smooth and white,
lower  surface  floccose,  white  or  light  brown,  easily  falling  off.
Context thick, white or light brown, odour unknown.

Basidiospores [50/2/2] (5.4–)5.8–6.5(–7.1) × (4.0–)4.3–4.9(–5.2) μm,
Q =  (1.09–)1.26–1.42(–1.54), Qm =  1.34  (±  0.08),  broadly  ellipsoid
to  ellipsoid,  rarely  subglobose  or  narrowly  ellipsoid,  smooth,
light  brown,  thick-walled,  usually  containing  an  oil  droplet.  Basidia
(13.7)15.6–19.1(20.8)  ×  (5.9)6.3–7.6(8.2) μm,  clavate  or  slightly
truncate  at  the  apex,  hyaline,  two- or  four-spored.  Cheilocystidia
(14.1)15.6–18.2(19.7) × (5.6)6.0–7.0(7.4) μm, clavate, hyaline. Pleuro-
cystidia  not  observed.  Lamella  trama  regular  to  subregular,
hyphae  4.3–9.3 μm  wide,  cylindrical,  thin-walled,  hyaline.  Pileipellis
is  a  cutis  with  the  transition  to  a  trichoderm  at  regular  intervals,
thin-walled, hyphae 3.6–12.1 μm wide. Clamp-connections present.

Known distribution — Scattered or in pairs on humus-rich ground
within  coniferous  or  broad-leaved  forests,  summer  to  fall.  So  far
found only in China.

Material  examined — CHINA,  Xizang,  Lhasa  City,  Qushui  County,
29°26′17.47″ N,  90°57 ′17.53″ E,  3,794 m asl,  growing on humus-rich
ground  within  broad-leaved  forests  dominated  by Populus,  15
August  2023,  Y.  Zhang,  ZRL20236207 (HMAS 259802,  GenBank no.:
ITS  PZ491325;  LSU  PZ495509; tef1α PZ520016);  Lhasa  City,  Lhun-
zhub  County,  29°53′8.26″ N,  91°0 ′32.73″ E,  3,755  m  asl,  growing  on
humus-rich  ground  within  broad-leaved  forests  dominated  by
Populus,  25  August  2023,  Y.  Zhang,  ZRL20236208  (HMAS  259803,
GenBank no.: ITS PZ491326; LSU PZ495510; tef1α PZ520017).

Notes  — Agaricus  submegacarpus belongs  to A.  sect. Arvenses.
Within this  section, A.  submegacarpus shares several  morphological
features with A.  griseopileatus T.  Bau & S.E.  Wang, including whitish
to  pale  yellow  basidiomata,  an  occasionally  cracked  pileus,  and
broadly  ellipsoid  to  ellipsoid  basidiospores.  Although  the  two
species  show  only  minor  macroscopic  differences,  they  can  be
clearly  distinguished  by  their  microscopic  characteristics,  as A.
griseopileatus has  larger  basidiospores  (5.8–7.3 μm)  and  broader
basidia  (7–9 μm),  in  addition  to  distinct  molecular  characters[106].
Phylogenetic analyses further indicate that A. submegacarpus forms
a  sister  lineage  with A.  megacarpus R.L.  Zhao  &  B.  Cao  (Fig.  4).
Compared with the new species, A. megacarpus possesses a slightly
darker  stipe  and  larger  basidiospores  (7–8 μm)  and  basidia
(24.5–31.5 μm)[108]. Moreover, the phylogenetic results (Fig. 4) show
that  specimens previously  identified as  'Agaricus sp.'  (ZRL20170661
and  HMJAU  67828),  collected  from  Inner  Mongolia  and  Jilin
Province, China, are conspecific with A. submegacarpus.

Clitocybaceae Vizzini, Consiglio & M. Marchetti
Index Fungorum number: IF 557869
Type genus — Clitocybe (Fr.) Staude
Collybia (Fr.) Staude
Index Fungorum number: IF 17339
Type species — Collybia tuberosa (Bull.) P. Kumm.
Notes  — Collybia is  a  cosmopolitan  genus  typified  by Co.

tuberosa,  with  approximately  260  species  currently  recognized
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Fig.  3  Agaricus  submegacarpus (a,  ZRL20170661;  b,  ZRL20235671
holotype).  (a,  b)  Basidiomata;  (c)  Basidiospores;  (d)  Cheilocystidia;  (e)
Basidia; (f) Pileipellis. Scale bars: (a, b) = 1 cm; (c–f) = 10 µm.
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worldwide[109]. Characteristically, it has a wide range of basidiomata,
such  as  clitocyboid,  collybioid,  or  tricholomatoid,  with  a  convex,
umbonate,  applanate,  or  depressed  to  funnel-shaped  pileus,
ellipsoid  basidiospores,  and  cystidia  usually  absent,  pileipellis  and
stipitipellis  usually  a  cutis,  rarely  as  a  trichoderm  or  composed  of
gelatinized  hyphae[109]. Collybia is  widely  distributed  in  both
temperate  and  tropical  regions[27].  Most  species  are  saprotrophic,
whereas some exhibit mycoparasitic habits.

Phylogenetic  and  phylogenomic  studies  have  transferred  nume-
rous  species  previously  placed  in Clitocybe and Lepista to Collybia,
leading  to  a  recircumscription  of  genera  within  Clitocybaceae  and
supporting  the  monophyly  of Collybia[109].  Accordingly, Collybia is
divided  into  four  subgenera, viz.,  subg. Collybia,  subg. Crassicybe,
subg. Leucocalocybe,  and  subg. Macrosporocybe[109].  In  China,  26
species  of Collybia have been recognized[27,109,110],  several  of  which
occur  in  the  Qinghai–Xizang  Plateau  region  and  its  surrounding
areas.  In  the  present  study,  two  new  species  belonging  to  subg.
Collybia are  described  based  on  morphological  characteristics  and
phylogenetic analyses of ITS, LSU, tef1α, and rpb2 sequences.

Collybia brevispora R.L. Zhao & X.X. Han, sp. nov. Figs 5 and 7
Chinese Name: 短孢金钱菌 (duan bao jin qian jun)
Fungal Names: FN 573689; Facesoffungi number: FoF 20044
Etymology — referring to the short basidiospores.
Diagnosis — differs from Co. piceata by its shorter basidiospores,

solitary  habit,  and  growth  on  mosses  in  mixed  coniferous  and
broad-leaved forests.

Holotype — CHINA, Qinghai, Huzhu County, Beishan Forest Farm,
Bazhaying  Forest  Management  Area,  37°1′7″ N,  102°21 ′12″ E,
2,551  m  asl,  growing  on  mosses  within  mixed  coniferous  and
broad-leaved  forests  dominated  by Picea, Betula,  and Acer,  27

 

Fig.  4  Molecular  phylogenetic  analyses  of Agaricus species  by  the  maximum  likelihood  (ML)  method  based  on  combined  ITS–LSU–tef1α sequences,
rooted  with Agaricus  daqinggouensis and Agaricus  bisporiticus.  Maximum  likelihood  bootstrap  support  values  (ML)  ≥ 60%  and  Bayesian  posterior
probabilities (PP) ≥ 0.90 are shown around nodes as ML/PP. 'T' refers to the type specimen. Sequences newly generated in this study are indicated in bold.
New species described herein are shown in red, whereas other specimens newly collected in this study are shown in blue.
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Fig.  5  Collybia  brevispora (a,  b:  ZRL20235932  holotype).  (a,  b)
Basidioma;  (c)  Basidiospores;  (d)  Basidia  and  Basidioles;  (e)  Pileipellis.
Scale bars: (a, b) = 1 cm; (c) = 5 µm; (d, e) = 10 µm.
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August  2023,  M.Q.  He,  J.X.  Li,  M.Y.  Liu  &  H.M.  Dai,  ZRL20235932
(HMAS  259814  holotype;  AF9583  isotype,  GenBank  no.:  ITS
PZ491490; LSU PZ491495; tef1α PZ520023; rpb2 PZ520027).

Pileus  18–37  mm  diam.,  nearly  applanate  when  young,  then
plano-convex,  with  depressed  to  subumbilicated  centre,  smooth,
glabrous,  greyish  green  (1C3-D7)  at  very  centre,  yellowish  white
(1A2)  to  greyish  yellow  (1B3)  elsewhere,  slightly  or  not  hygro-
phanous,  margin  nonstriate,  straight,  wavy  when  mature.  Lamellae
crowded,  subdecurrent  to  decurrent,  unequal,  white  (1A1)  to  pale
yellow (1A3), concolorous, even. Stipe 26–39 × 3 mm, central, cylin-
drical,  nearly  equal  or  slightly  twisted,  surface  finely  pruinose,
concolorous  with  pileus  surface.  Context  slightly  thin,  concolorous
with pileus surface, odour indistinct.

Basidiospores [50/2/2] (2.8–)3.4–4.6(–5.0) × (2.1–)2.4–3.4(–3.8) μm,
Q = (1.20–)1.27–1.49(–1.58), Qm = 1.38 (± 0.11), broadly ellipsoid to
narrowly  ellipsoid,  or  lacrymoid,  smooth,  colourless,  hyaline,
thin-walled,  almost  always  single.  Basidia  (12.8)13.9–17.6(21.8)  ×
(3.6)4.2–5.4(6.6) μm,  clavate,  hyaline,  four-spored.  Basidioles
(10.1)11.7–16.3(19.8)  ×  (3.3)3.6–4.9(5.5) μm,  clavate  to  narrowly
clavate,  cylindrical.  Cheilocystidia  and  pleurocystidia  not  observed.
Lamella  trama  subregular,  hyphae  2–5 μm  wide,  cylindrical,  thin-
walled, colourless, hyaline. Pileipellis is a cutis with the transition to
a trichoderm at regular intervals, thin-walled, hyphae 3–8 μm wide.
Clamp-connections present.

Known  distribution  —  Solitary  on  mosses  within  mixed  conife-
rous  and  broad-leaved  forests,  summer  to  fall.  So  far  found  only
in China.

Material  examined  —  CHINA,  Qinghai,  Huzhu  County,  Beishan
Forest  Farm,  Bazhaying  Forest  Management  Area,  37°1′7″ N,
102°21′12″ E,  2,551 m asl,  growing on mosses within mixed conife-
rous and broad-leaved forests dominated by Picea, Betula, and Acer,
27  August  2023,  M.Q.  He,  J.X.  Li,  M.Y.  Liu  &  H.M.  Dai,  ZRL20235934
(HMAS  259815,  GenBank  no.:  ITS  PZ491489;  LSU  PZ491496; tef1α
PZ520024; rpb2 PZ520028).

Notes  —  This  species  is  a  sister  taxon  to Collybia piceata,
and  is  nested  within Co.  subgen. Collybia (Fig.  7),  whose  members
usually  have  basidiospores  that  are  almost  always  single.  Notably,
Co. brevispora, Co. piceata, and Co. dryadicola share similar morpho-
logical  features,  including  whitish  to  paler  yellow  basidiomata  and
ellipsoid  basidiospores[109,111].  However, Co. piceata is  gregarious
and  primarily  grows  on  needle  litter  of Picea,  characterized  by
longer basidiospores (4–5.5 μm) and slightly larger basidia (15–25 ×
5–6 μm)[109],  whereas Co. dryadicola occurs  in  alpine meadows and
has longer basidiospores (4.4–5.7 μm)[111,112].

Collybia yadongensis R.L. Zhao & X.X. Han, sp. nov. Figs 6 and 7
Chinese Name: 亚东金钱菌 (ya dong jin qian jun)
Fungal Names: FN 573690; Facesoffungi number: FoF 20045
Etymology — yadongensis (Latin) refers to the type locality.
Diagnosis  —  differs  from Co. tibetica by  the  smaller,  paler,  not

hygrophanous and cracked pileus, and smaller basidia.
Holotype — CHINA, Xizang, Shigatse,  Yadong County, Pali  Town,

27°45′23″ N, 89°6′18″ E, 4,330 m asl, growing on humus-rich ground
in  alpine  meadows,  28  July  2022,  M.Q.  He  &  J.X.  Li,  ZRL20220382
(HMAS  259812  holotype;  AF9567  isotype,  GenBank  no.:  ITS
PZ491491; LSU PZ491493; tef1α PZ520022; rpb2 PZ520025).

Pileus  6–22  mm  diam.,  convex  to  plano-convex,  then  applanate,
becoming plano-concave with age, smooth or rugulose, sometimes
slightly depressed, usually cracked centre, fleshy, margin nonstriate,
slightly  involute,  then  straight,  light  brown  (6D5)  to  brown  (6E7)
when  young,  not  hygrophanous,  yellowish  white  (3A2)  to  greyish
yellow  (3B4)  when  mature,  paler  at  the  margin.  Lamellae
moderately  crowded,  adnate  with  slightly  decurrent  tooth  to
subdecurrent,  orangish-white  (5A2)  to  greyish  orange  (5B3),

concolorous, even or uneven. Stipe 4–18 × 1–5 mm, central, cylindri-
cal,  robust,  slightly  tapering  at  the  base,  finely  pruinose,  yellowish
white  (3A2)  to  greyish  yellow (3B4),  nearly  not  tomentose.  Context
slightly thick, concolorous with stipe, odour indistinct.

Basidiospores [50/2/2] (3.6–)4.0–4.7(–5.2) × (2.3–)2.7–3.3(–3.5) μm,
Q  =  (1.25–)1.36–1.55(–1.62),  Qm  =  1.46  (±  0.10),  ellipsoid  to
narrowly  ellipsoid,  rarely  broadly  ellipsoid  or  oblong,  smooth,
colourless,  hyaline,  thin-walled,  almost  always  single.  Basidia
(12.7)15.1–18.5(20.5) × (3.8)4.2–5.4(6.0) μm, clavate, hyaline, two- or
four-spored.  Basidioles  (9.1)11.2–16.7(21.1)  ×  (2.9)3.2–5.2(7.2) μm,
clavate to narrowly clavate, cylindrical. Cheilocystidia and pleurocys-
tidia not observed. Lamella trama subregular, hyphae 2–5 μm wide,
cylindrical,  thin-walled,  colourless,  hyaline.  Pileipellis  is  a  cutis  with
the  transition  to  a  trichoderm  at  regular  intervals,  thin-walled,
hyphae 2–8 μm wide. Clamp-connections present.

Known distribution — Scattered on humus-rich ground in alpine
meadows, summer to fall. So far found only in China.

Material  examined  —  CHINA,  Qinghai,  Qilian  County,  Yeniugou
Township, 38°31′23″ N, 99°29′16″ E, 3,385 m asl, growing on humus-
rich  ground  in  alpine  meadows,  14  August  2021,  R.  Xing,
ZRL20236670  (HMAS  259813,  GenBank  no.:  ITS  PZ491492;  LSU
PZ491494; rpb2 PZ520026).

Notes  — Collybia  yadongensis is  characterized  by  small
basidiomata;  a  greyish-yellow,  nonstriate,  nonhygrophanous,
cracked  and  fleshy  pileus;  ellipsoid  to  narrowly  ellipsoid
basidiospores measuring 4–4.7 × 2.7–3.3 μm; and small basidia that
are two- or  four-spored.  This  species is  a  sister  taxon to Co. tibetica
and  is  nested  in Collybia subgen. Collybia (Fig.  7),  whose  members
usually  have  basidiospores  that  occur  singly.  Although  the  two
species both occur on the Qinghai–Xizang Plateau and have similar
basidiospore sizes, Co. tibetica inhabits alpine forests and possesses
larger  pileus  (25–40  mm),  a  darker  and  hygrophanous  pileus,  a
longer  stipe  (20–35  mm),  larger  basidiospores  (4.5–6  ×  3–4 μm),
and larger basidia (20–30 × 5–6 μm)[109].  Consequently, they can be
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Fig. 6  Collybia yadongensis (a, ZRL20220382 holotype; b, ZRL20236670).
(a,  b)  Basidiomata;  (c)  Basidiospores;  (d)  Basidia  and  Basidioles;  (e)
Pileipellis. Scale bars: (a, b) = 1 cm; (c) = 5 µm; (d, e) = 10 µm.
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readily  distinguished  based  on  both  phylogenetic  analysis  and
morphological  characteristics.  Moreover,  the  phylogenetic  analysis
(Fig.  7)  suggests  that  the  specimens  identified  as  'Clitocybe sp.'
(HKAS114392  and  HKAS115008),  collected  from  China,  are  conspe-
cific with Co. yadongensis.

Hydnangiaceae Gäum. & C.W. Dodge
Index Fungorum number: IF 80874
Type genus — Hydnangium Wallr.
Laccaria Berk. & Broome
Index Fungorum number: IF 17886
Type species — Laccaria laccata (Scop.) Cooke
Notes  — Laccaria is  a  cosmopolitan  ectomycorrhizal  genus

typified  by L.  laccata,  with  more  than  100  species  reported
worldwide[71,113].  Currently,  about  50  species  of Laccaria have
been  documented  in  China[80,93,97,114−116].  Species  of Laccaria are

characterized  by  collybioid  to  omphaloid  basidiomata,  a  convex
to  plane  or  umbilicate  pileus  usually  coloured  orange,  purple  or
flesh-coloured,  thick  and  distant  lamellae,  and  globose  to  subglo-
bose  basidiospores  that  are  hyaline,  echinulate,  inamyloid,  and
cheilocystidia occur in most species[97,117−120].

Species of Laccaria always form ectomycorrhizal associations with
diverse  woody  plants[121,122].  Previous  infrageneric  classifications  of
Laccaria were  mainly  morphology-based  and  lacked  phylogenetic
support[114,123,124].  In  recent  years,  several  new  species  have  been
reported  from  China,  mainly  from  southwestern  regions,  particu-
larly Yunnan Province[80,114−116,125,126]. In this study, nine new species
are  described  based  on  morphology  and  phylogenetic  analyses  of
ITS, LSU, rpb2, and tef1α sequences.

Laccaria alutacea R.L. Zhao & X.X. Han, sp. nov. Figs 8 and 17
Chinese Name: 淡棕蜡蘑 (dan zong la mo)

 

Fig. 7  Molecular phylogenetic analyses of Collybia species by the maximum likelihood (ML) method based on combined ITS–LSU–tef1α–rpb2 sequences,
rooted with Pseudolyophyllum macrobasidium. Maximum likelihood bootstrap support values (ML) ≥ 60% and Bayesian posterior probabilities (PP) ≥ 0.90
are shown around nodes as ML/PP.  'T'  refers to the type specimen. Bold indicates sequences newly generated in this study.  Red font refers to the new
species.
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Fungal Names: FN 573691; Facesoffungi number: FoF 20046
Etymology  — alutacea (Latin),  referring  to  the  pale  brown  tones

of the basidiomata.
Diagnosis  — Laccaria  alutacea is  characterized  by  brown  to

orange-brown  basidiomata,  longer  and  thicker  stipe,  globose  to
subglobose basidiospores, and presence of cystidia, and differs from
the morphologically similar L. fagacicola by its thinner stipe, shorter
basidia, and slightly smaller basidiospores.

Holotype  —  CHINA,  Xizang,  Shigatse,  Dingjie  County,  Chentang
Township,  Jiuyan  hot  spring,  27°55′15″ N,  87°21 ′37″ E,  3,060  m  asl,
growing  on  mosses  within  mixed  coniferous  and  broad-leaved
forests, 29 July 2022, M.Q. He, B. Cao, & J.X. Li, ZRL20220420 (HMAS
259883 holotype;  AF9569 isotype,  GenBank no.:  ITS  PZ494664;  LSU
PZ494210).

Pileus  12–58  mm  diam.,  hemispherical  to  convex  when  young,
becoming  plano-convex  to  concave  when  mature,  with  broad
obtuse  umbo  or  a  slightly  depressed  centre,  hygrophanous,
glabrous or  finely  fibrillose,  margin inflexed to straight,  or  reflexed,
translucently  striate,  occasionally  radially  rugulose,  light  brown
(8D6)  to  dark  brown  (7F8)  at  the  centre,  fading  towards  margin,
pale orange (6A2) to brownish grey (6C2), margin entire, sometimes
becoming  rimose  with  age.  Lamellae  slightly  distant,  narrowly
adnate to slightly decurrent, unequal, edge entire to slightly eroded
in some parts, concolorous, orange white (6A2) to brownish orange
(6C5).  Stipe  43–100 × 2–5 mm,  central,  cylindrical,  equal  or  slightly
broadened towards the base, surface subglabrous, with white longi-
tudinal  fibrils,  slightly  pruinose,  concolorous  with  pileus  or  slightly
paler, basal mycelium white. Context thin, odour indistinct.

Basidiospores [50/2/2] (5.7–)6.5–7.5(–7.8) × (5.3–)6.1–7.2(–7.8) μm,
Q =  (0.98–)1.00–1.10(–1.17), Qm =  1.05  (±  0.05),  globose  to
subglobose,  rarely  broadly  ellipsoid,  echinulate,  slightly  thick-
walled,  hyaline,  distant,  spines  0.4–1.9 µm  long.  Basidia
(32.6)36.7–47.3(54.4)  ×  (9.6)10.5–13.2(14.6) μm,  clavate,  hyaline,
two- or  four-spored,  sterigmata  3.5–7.7 μm  long.  Cheilocystidia
(21.0)26.6–36.0(40.9)  ×  (3.5)4.6–7.7(9.5) μm,  narrowly  clavate,
filamentous  to  flexuose,  thin-walled,  hyaline.  Pleurocystidia

(22.3)27.7–37.9(41.9)  ×  (3.9)5.5–9.1(11.0) μm,  narrowly  clavate  to
filamentous,  sometimes  irregular,  slightly  thick-walled,  hyaline.
Lamella  trama  subregular,  composed  of  slightly  thick-walled,
filamentous  hyphae  2–6 µm  wide.  Stipitipellis  is  composed  of
appressed,  parallel,  thin-walled,  hyaline  to  pale  brown,  caulocys-
tidia  not  observed.  Pileipellis  is  a  cutis  composed  of  repent  to
suberect,  interwoven  filamentous  hyphae,  3–11 μm  wide,  thin- to
slightly thick-walled, hyaline. Clamp-connections present.

Known  distribution  —  Scattered  on  humus-rich  ground  within
mixed  coniferous  and  broad-leaved  forests,  summer  to  fall.  So  far
found only in China.

Material  examined  —  CHINA,  Xizang,  Shigatse,  Dingjie  County,
Chentang  Township,  Daguaiwan,  27°54′58″ N,  87°27 ′32″ E,  3,188  m
asl,  growing  on  mosses  within  mixed  coniferous  and  broad-leaved
forests,  30  July  2022,  R.L.  Zhao  &  X.Y.  Zhu,  ZRL20220490  (HMAS
259884,  GenBank  no.:  ITS  PZ494663;  LSU  PZ494212; tef1α
PZ520035); ibid.,  ZRL20220496  (HMAS  259885,  GenBank  no.:  ITS
PZ494667;  LSU  PZ494213; tef1α PZ520038; rpb2  PZ541195);
Gyirong  County,  Gyirong  Valley,  28°26′12″ N,  85°15 ′39″ E,  3,024  m
asl,  growing  on  mosses  within  mixed  coniferous  and  broad-leaved
forests,  1  August  2022,  D.  Phurbu  &  J.X.  Li,  ZRL20220642  (HMAS
259886, GenBank no.: ITS PZ494668; LSU PZ494214; tef1α PZ520037;
rpb2 PZ541196); Gyirong County, along the road from Gyirong Town
to  Zha  Village,  28°23'45"  N,  85°23'34"  E,  3,441  m  asl,  growing  on
humus-rich  ground  within  mixed  coniferous  and  broad-leaved
forest  dominated  by Quercus,  2  August  2022,  R.L.  Zhao  &  X.Y.  Zhu,
ZRL20220777  (HMAS  259887,  GenBank  no.:  ITS  PZ494666;  LSU
PZ494215; tef1α PZ520036; rpb2 PZ541197).

Notes — Phylogenetically, five specimens of L. alutacea formed a
monophyletic  lineage  (99/1.00)  that  is  closely  related  to L. fulvo-
grisea and L. conifericola. Although all three species share brownish-
hued  basidiomata, L. fulvogrisea has  slightly  darker  basidiomata,
four-spored  basidia  with  sterigmata  up  to  10 µm  long,  larger
basidiospores (8–10 × 8–11 μm) with longer spines (1.7–2.5 μm) and
relatively  longer  pleurocystidia  (30–50 μm)[127].  In  contrast, L.
conifericola is distinguished by a shorter and thinner stipe (20–46 ×
1–3 mm),  slightly smaller  basidia (30.3–40.7 × 9.3–12.0 μm),  and its
occurrence in coniferous forest habitats.

Laccaria  bullipellis A.W.  Wilson  &  G.M.  Muell., Laccaria  fagacicola
Y.Y.  Cui,  Q.  Cai  & Zhu L.  Yang and L. versiformis H.J.  Cho & Y.W. Lim
are morphologically similar to L. alutacea in having brown to orange-
brown  pileus.  However, L. bullipellis possesses  larger,  globose  basi-
diospores  (av.  8.3 μm),  slightly  narrower  basidia  (10–11 μm),  and
grows solitary in mixed temperate alpine conifer forest[128]. Laccaria
fagacicola can  be  differentiated  by  a  paler  pileus,  thicker  stipe
(5–6  mm),  longer  basidia  (45–60 μm),  and  slightly  larger  basidio-
spores (av. 7.7 × 7.4 μm)[129]. Laccaria versiformis has a shorter stipe
(30–35 mm), larger basidiospores (7.5–10 × 7.5–9.5 μm), and slightly
longer basidia (41–55 μm)[130].

Laccaria angustistipes R.L. Zhao & X.X. Han, sp. nov. Figs 9 and 17
Chinese Name: 狭柄蜡蘑 (xia bing la mo)
Fungal Names: FN 573692; Facesoffungi number: FoF 20047
Etymology  — angustistipes (Latin),  composed  of angustus

(narrow, slender) and stipes (stipe), referring to the slender or narrow
stipe of the new species.

Diagnosis  — Laccaria  angustistipes differs  from  other  species  in
this genus by its brownish-orange-toned basidiomata, slender stipe,
small  basidiospores,  presence  of  pleurocystidia,  and  distinct  DNA
sequences.

Holotype — CHINA, Xizang, Dingjie County, roadside from Dingjie
County  to  Chentang  Town,  27°54′58″ N,  87°27 ′32″ E,  3,188  m  asl,
growing on humus-rich ground within broad-leaved forests, 28 July
2022,  R.L.  Zhao,  ZRL20220389  (HMAS  259846  holotype;  AF9568
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Fig. 8  Laccaria alutacea (a, ZRL20220420 holotype; b, ZRL20220777). (a,
b)  Basidiomata;  (c,  d)  Basidiospores;  (e)  Basidia;  (f)  Cheilocystidia;  (g)
Pileipellis. Scale bars: (a, b) = 1 cm; (c, d) = 2 µm; (e–g) = 10 µm.
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isotype, GenBank no.: ITS PZ494630; LSU PZ494237; tef1α PZ520039;
rpb2 PZ541209).

Pileus 10–20 mm diam., hemispherical to obtusely conical initially,
then becoming convex to plano-convex, plane to slightly depressed
at  the  centre  when  young,  becoming  depressed  with  age,  dry  or
hygrophanous, margin translucently striate, glabrous, radially rugu-
lose,  margin  straight,  greyish  orange  (5B6)  to  brown  (6E7)  at  the
centre,  sometimes  paler  towards  the  margin.  Lamellae  distant,
adnate  to  narrowly  adnate,  unequal,  entire,  concolorous,  pale  red
(9A3)  to  dull  red  (9B3).  Stipe  25–47  ×  2–4  mm,  central,  cylindrical,
slightly  broadened  towards  the  base,  occasionally  finely  longitu-
dinally  striate,  subglabrous,  surface  finely  pruinose,  concolorous
with pileus, basal mycelium white. Context thin, odour indistinct.

Basidiospores [50/3/2] (5.9–)6.3–7.1(–7.4) × (5.5–)6.0–6.8(–7.2) μm,
Q = (1.01–)1.02–1.09(–1.15), Qm = 1.05 (± 0.03),  globose to subglo-
bose,  echinulate,  thin- to  slightly  thick-walled,  subhyaline,
distant,  spines  0.5–1.3 µm  long.  Basidia  (26.9)27.9–36.4(41.0)  ×
(6.8)8.0–10.2(11.5) μm,  clavate,  hyaline,  two- or  four-spored,
sterigmata  3.5–6.7 μm  long.  Cheilocystidia  (23.0)26.5–35.4(39.0)  ×
(4.1)5.1–6.8(7.5) μm,  filamentous  to  narrowly  clavate,  occasionally
with  a  capitate  apex,  thin-walled,  hyaline.  Pleurocystidia
(23.1)28.2–37.1(41.6)  ×  (4.7)5.9–8.1(9.3) μm,  narrowly  clavate  to
subclavate  or  filamentous,  sometimes  irregular,  thin-walled,
hyaline.  Lamella  trama  regular  to  subregular,  composed  of  slightly
thick-walled,  filamentous  hyphae  4–7 µm  wide.  Stipitipellis  is
composed  of  appressed,  parallel,  thin- to  slightly  thick-walled,
hyaline  to  pale  yellowish  brown,  caulocystidia  not  observed.
Pileipellis is a cutis composed of appressed, parallel, hyaline to pale
yellowish  brown,  thin-walled,  cylindrical  hyphae  3–7 μm  wide.
Clamp-connections present.

Known  distribution  —  In  pairs  or  gregarious  on  humus-rich
ground  within  broad-leaved  forests  or  mixed  coniferous  and
broad-leaved forests, summer to fall. So far found only in China.

Material  examined  —  CHINA,  Xizang,  Dingjie  County,  Chentang
Town, 27°55′15″ N, 87°21 ′37″ E, 3,060 m asl, growing on humus-rich
ground  within  mixed  coniferous  and  broad-leaved  forests,  12

September 2022, SY Su, ZRL20152049 (HMAS 259845, GenBank no.:
ITS PZ494631; LSU PZ494236; tef1α PZ520040).

Notes  — Laccaria angustistipes is  phylogenetically  and  morpho-
logically  allied to L. parva.  However, L. parva is  distinguished by its
thicker  stipe  (3–5  mm),  larger  basidiospores  measuring  8–10  ×
8.5–10 μm,  and  larger  basidia  (44–56  ×  12–15 μm)  with  only
four-spored[130].  Several  other  species,  such  as L.  acanthospora
A.W. Wilson & G.M. Muell., L. rubra S.M. Tang, K.D. Hyde & Z.L. Luo, L.
laccata (Scop.) Cooke, and L. nanlingensis Ming Zhang, share similar
orange-toned  basidiomata  with L. angustistipes. L.  acanthospora
differs  in  its  smaller  basidiomata  (pileus  4–15  mm  in  diam.),  larger
basidiospores (7–10 × 7–10 μm), larger basidia (40–56 × 10–14 μm),
and  the  cheilo- and  pleurocystidia[128]. Laccaria rubra has  a  slightly
larger  pileus  (18–24  mm  in  diam.),  a  thicker  stipe  (3.7–5.5  mm),
larger  basidiospores  (7.2–10.3  ×  7.3–9.4 μm),  and  wider  basidia
(10–14 μm)[114].  Moreover, L. laccata is  characterized  by  a  thicker
stipe  (5–14  mm),  and  longer,  broadly  ellipsoid  to  ellipsoid  basi-
diospores  (7.5–9.4  ×  6.0–7.5 μm)[131]. Laccaria nanlingensis has  a
larger pileus (30–55 mm in diam.), longer basidia (35–48 × 8–12 μm),
and longer cheilocystidia (40–60 μm)[126].

Laccaria dambaensis R.L. Zhao, B. Cao & X.X. Han, sp. nov. Figs 10
and 17

Chinese Name: 打坝蜡蘑 (da ba la mo)
Fungal Names: FN 573693; Facesoffungi number: FoF 20048
Etymology  — dambaensis (Latin)  refers  to  the  type  locality

Damba,  an  officially  standardized  geographical  name  in  the
Zangnan region of Xizang Autonomous Region, China.

Diagnosis — Laccaria dambaensis differs from other species in this
genus  by  its  orange-toned  basidiomata  with  a  hemispherical  to
applanate,  slightly  depressed  pileus  and  a  translucently  striate
margin.  Basidiospores  are  small,  globose  to  subglobose.  Cheilocys-
tidia and pleurocystidia are present,  and it  occurs in high-elevation
habitats (above 3,500 m).

Holotype  —  CHINA,  Xizang,  Linzhi,  Chayu  County,  near  Damba,
28°36′46″ N,  98°05 ′22″ E,  4,110 m asl,  growing within mixed conife-
rous  and  broad-leaved  forests,  21  July  2021,  R.L.  Zhao,  M.Y.  Zhu  &
B.  Cao,  ZRL20210538  (HMAS  259865  holotype;  AF9563  isotype,
GenBank  no.:  ITS  PZ494676;  LSU  PZ494230; tef1α PZ520057; rpb2
PZ541217).

Pileus  14–39  mm  diam.,  initially  hemispherical  to  convex,
becoming  plano-convex  to  applanate  at  maturity,  often  slightly
depressed at the centre, hygrophanous, glabrous to finely fibrillose,
margin  straight  to  inflexed,  translucently  striate,  radially  rugulose
when  young,  greyish  orange  (6B6)  to  brown  (7D8)  at  the  centre,
fading  towards  margin,  margin  entire  to  crenate,  occasionally
rimose  with  age.  Lamellae  distant,  adnexed  to  adnate,  unequal,
edge  entire  or  slightly  eroded  in  some  parts,  concolorous,  pale
orange  (5A3)  to  brownish  orange  (7C8).  Stipe  41–89  ×  3–6  mm,
central,  cylindrical,  equal  or  slightly  tapering  upwards,  sometimes
twisted,  surface  slightly  pruinose,  with  brownish  orange  (7C8)
longitudinal  fibrils,  occasionally  fading  at  the  apex,  concolorous
with  pileus  or  slightly  paler,  basal  mycelium  white.  Context  thin,
odour indistinct.

Basidiospores [50/4/2] (4.9–)6.3–7.7(–8.2) × (4.3–)5.7–7.4(–7.9) μm,
Q =  1.00–1.16(–1.36), Qm =  1.08  (±  0.08),  globose  to  subglobose,
rarely  broadly  ellipsoid,  echinulate,  slightly  thick-walled,  hyaline,
distant,  spines  0.3–1.6 µm  long.  Basidia  (27.0)30.5–40.6(44.8)  ×
(10.6)12.4–15.6(17.1) μm,  clavate,  hyaline,  two- or  four-spored,
sterigmata  3.6–8.0 μm  long.  Cheilocystidia  (12.5)16.7–24.9(28.0)  ×
(2.7)3.4–5.7(6.5) μm,  narrowly  clavate,  filamentous  to  flexuose,
thin-walled,  hyaline.  Pleurocystidia  (17.0)18.7–24.5(29.2)  ×
(3.6)4.0–5.9(6.9) μm,  narrowly  clavate,  filamentous  to  flexuose,
slightly  thick-walled,  hyaline.  Lamella  trama  regular  to  subregular,
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Fig.  9  Laccaria  angustistipes (a,  ZRL20152049;  b,  ZRL20220389
holotype).  (a,  b)  Basidiomata;  (c,  d)  Basidiospores;  (e)  Cheilocystidia;
(f)  Basidia;  (g) Pileipellis.  Scale bars:  (a,  b) = 1 cm; (c,  d) = 2 µm; (e–g) =
10 µm.
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composed  of  slightly  thick-walled,  filamentous  hyphae  2–7 µm
wide. Stipitipellis is composed of appressed, parallel, thin- to slightly
thick-walled,  hyaline  to  pale  brown,  caulocystidia  not  observed.
Pileipellis  is  a  cutis  composed  of  repent  to  suberect,  interwoven
filamentous  hyphae,  2.8–8.8 μm  wide,  thick-walled,  hyaline.
Clamp-connections present.

Known  distribution  —  Scattered  on  humus-rich  ground  within
mixed  coniferous  and  broad-leaved  forests,  summer  to  fall.  So  far
found only in China.

Material  examined — CHINA,  Xizang,  Linzhi,  Bomi  County,  along
Zhamo  Highway,  29°47′30″ N,  95°41 ′50″ E,  3,670  m  asl,  growing
within  mixed  coniferous  and  broad-leaved  forests,  24  July  2021,
X.Y.  Zhu  &  M.Z.  Zhang,  ZRL20210807  (HMAS  259866,  GenBank  no.:
ITS  PZ494678;  LSU  PZ494228; tef1α PZ520056);  Chayu  County,
along  the  banks  of  Lazhequ,  28°35′33″ N,  97°57 ′10″ E,  3,922  m  asl,
growing  within  mixed  coniferous  and  broad-leaved  forests,  9
August  2023,  D.  Phurbu  &  X.H.  Yu,  ZRL20231459  (HMAS  259867,
GenBank no.: ITS PZ494675; LSU PZ494231; tef1α PZ520055).

Notes — Phylogenetically, the new species is closely related to L.
araneosa H.J. Cho & Y.W. Lim, L. trichodermophora G.M. Muell., and L.
bicolor (Maire)  P.D.  Orton. Laccaria araneosa,  which  was  originally
described from Korea, differs by its hyphal mat on the centre of the
pileus,  larger  basidiospores  (8–9  ×  7.5–9 μm),  longer  basidia
(42–52 μm),  and  the  absence  of  cystidia[130]. Laccaria trichoder-
mophora,  which  was  originally  described  from  North  America,  has
larger,  subglobose  to  broadly  ellipsoid  basidiospores  (7.4–9.2  ×
6.4–8.3 μm),  narrower  basidia  (7.4–12.4 μm),  and  the  absence  of
cystidia[119]. Laccaria  bicolor has  a  long  and  stout  stipe  (72–144  ×
4–7.5  mm),  which is  fibrillose-striate  in  the upper  part,  longer  basi-
diospores (7–9 μm), and narrower basidia (8–12 μm)[132].

Laccaria conifericola R.L. Zhao & X.X. Han, sp. nov. Figs 11 and 17
Chinese Name: 针叶蜡蘑 (zhen ye la mo)
Fungal Names: FN 573694; Facesoffungi number: FoF 20049
Etymology — refers to the coniferous forest habitat.
Diagnosis  — differs  from L. fulvogrisea by its  shorter  and thinner

stipe,  smaller  basidiospores,  and  shorter  basidia  that  are  two- or
four-spored.

Holotype  —  CHINA,  Xizang,  Shigatse,  Dingjie  County,  Chentang
Township,  Jiuyan  hotspring,  27°55′15″ N,  87°21 ′37″ E,  3,060  m  asl,
growing  on  mosses  within  coniferous  forests,  29  July  2022,
D.  Phurbu,  ZRL20220145  (HMAS  259863  holotype;  AF9565  isotype,
GenBank  no.:  ITS  PZ494671;  LSU  PZ494209; tef1α PZ520043; rpb2
PZ541187).

Pileus  12–26  mm  diam.,  initially  hemispherical  to  plano-convex,
becoming  applanate  to  plano-concave  with  a  slightly  depressed
centre  at  maturity,  hygrophanous,  glabrous  or  finely  fibrillose,
margin straight to reflexed, translucently striate, sometimes radially
rugulose,  reddish  brown  (8E7)  to  dark  brown  (6F8)  at  the  centre,
fading  towards  margin,  reddish  grey  (8B2)  to  light  brown  (7D4),
margin  entire  to  undulate,  or  occasionally  becoming  rimose  with
age.  Lamellae  distant,  narrowly  adnate  to  slightly  decurrent,
unequal,  edge entire to slightly eroded in some parts,  concolorous,
reddish  grey  (7B2)  to  light  brown  (7D4).  Stipe  20–46  ×  1–3  mm,
central,  cylindrical,  equal  or  slightly  tapering  upwards,  surface
subglabrous,  longitudinally  striate,  slightly  pruinose,  concolorous
with  pileus  or  slightly  paler,  basal  mycelium  white.  Context  thin,
odour indistinct.

Basidiospores [50/2/2] (5.7–)6.7–8.0(–8.5) × (5.7–)6.5–7.8(–8.5) μm,
Q =  (0.95–)1.00–1.06(–1.09), Qm =  1.04  (±  0.03),  globose  to
subglobose,  echinulate,  slightly  thick-walled,  hyaline,  distant,
spines  0.8–2.0 µm  long.  Basidia  (25.9)30.3–40.7(46.0)  ×
(8.2)9.3–12.0(13.0) μm,  clavate,  hyaline,  two- or  four-spored,
sterigmata  3–6 μm  long.  Cheilocystidia  (21.7)24.4–35.0(41.0)  ×
(4.0)4.8–8.2(9.4) μm,  narrowly  clavate,  filamentous  to  flexuose,
thin-walled,  hyaline.  Pleurocystidia  (24.3)29.9–39.7(44.0)  ×
(7.0)7.9–10.0(11.1) μm,  narrowly  clavate  to  filamentous,  sometimes
irregular,  slightly  thick-walled,  hyaline.  Lamella  trama  regular  to
subregular,  composed  of  slightly  thick-walled,  filamentous  hyphae
2–10 µm  wide.  Stipitipellis  is  composed  of  appressed,  parallel,
thin-walled,  hyaline  to  pale  yellowish-brown,  caulocystidia  not
observed.  Pileipellis  is  a  cutis  composed  of  repent  to  suberect,
interwoven  filamentous  hyphae,  4.0–13.4 μm  wide,  thick-walled,
hyaline. Clamp-connections present.
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Fig.  10  Laccaria  dambaensis (a,  ZRL20210538  holotype;  b,
ZRL20210807).  (a,  b)  Basidiomata;  (c,  d)  Basidiospores;  (e)  Basidia;
(f)  Cheilocystidia;  (g)  Pileipellis.  Scale  bars:  (a,  b)  =  1  cm;  (c,  d)  =  5 µm;
(e–g) = 10 µm.

 

a b

c

e f g

d

Fig.  11  Laccaria  conifericola (a,  ZRL20220145  holotype;  b,
ZRL20235012).  (a,  b)  Basidiomata;  (c,  d)  Basidiospores;  (e)  Basidia;  (f)
Cheilocystidia;  (g)  Pileipellis.  Scale  bars:  (a,  b)  =  1  cm;  (c,  d)  =  2 µm;
(e–g) = 10 µm.
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Known  distribution  —  Scattered  on  humus-rich  ground  within
coniferous forests, summer to fall. So far found only in China.

Material examined — CHINA, Xizang, Linzhi, Bomi County, Zhamu
Town,  along  G559  (Motuo  Highway),  29°46′26″ N,  95°41 ′59″ E,
3,743  m  asl,  growing  on  the  ground  within  coniferous  forests,  13
August  2023,  M.Z.  Zhang  &  L.H.  Liu,  ZRL20235012  (HMAS  259864,
GenBank no.: ITS PZ494670; LSU PZ494208).

Notes  —  This  Asian  species  is  primarily  characterized  by  greyish
to  brownish  basidiomata,  two- or  four-spored  basidia,  globose  to
subglobose basidiospores, and a coniferous forest habitat. Morpho-
logically  and  phylogenetically, L.  conifericola is  closely  related  to L.
fulvogrisea Popa,  Rexer  &  G.  Kost.  However, L. fulvogrisea,  which
occurs  in  mixed  broad-leaved  forests,  differs  in  having  a  relatively
long and stout stipe (30–70 × 3–5 mm),  longer basidia (40–50 μm),
and four-spored, larger basidiospores (8–10 × 8–11 μm) and longer
cheilocystidia (30–50 μm)[127].

Laccaria brunnea S.M.  Tang,  K.D.  Hyde  &  Z.L.  Luo, L. dingjieensis,
and L. murina are morphologically similar to L. conifericola in having
greyish to brownish basidiomata. However, L. brunnea, which occurs
in  broad-leaved  forests  dominated  by Fagus,  differs  in  having  a
darker  pileus,  a  stout  stipe  (3.0–4.3  mm),  shorter  cheilocystidia
(13–20 μm),  and  smaller  pleurocystidia  (12–18 μm)[114]. Laccaria
dingjieensis differs  in  having  a  paler  pileus,  and  slightly  smaller
basidiospores (5.6–7.1 × 5.4–7.2 μm) with short spines (0.3–1.3 µm).
In addition, L. murina is distinguished by its short stipe (15–25 mm)
and slightly larger, globose basidiospores (7.5–10 μm)[133].

Laccaria dingjieensis R.L. Zhao & X.X. Han, sp. nov. Figs 12 and 17
Chinese Name: 定结蜡蘑 (zhong hua chang bing la mo)
Fungal Names: FN 573695; Facesoffungi number: FoF 20050
Etymology — refers to the type locality, Dingjie County.
Diagnosis — differs from L. negrimarginata in having a brownish,

glabrous pileus and smaller, globose to subglobose basidiospores.
Holotype  —  CHINA,  Xizang,  Shigatse,  Dingjie  County,  Chentang

Township,  Jiuyan  hot  spring,  27°55′15″ N,  87°21 ′37″ E,  3,060  m  asl,
growing  on  mosses  within  mixed  coniferous  and  broad-leaved
forests,  29  July  2022,  R.L.  Zhao  &  X.Y.  Zhu,  ZRL20220313  (HMAS
259860  holotype;  AF9566  isotype,  GenBank  no.:  ITS  PZ494627;
LSU PZ494200; tef1α PZ520045; rpb2 PZ541193).

Pileus  15–30  mm  diam.,  convex  to  plano-convex  when  young,
expanding to applanate to plano-concave with age,  centre subum-
bonate  to  plane  initially,  eventually  becoming  slightly  depressed,
hygrophanous,  glabrous,  margin  straight  to  inflexed,  translucently
striate,  sometimes  radially  rugulose,  light  brown  (6D6)  to  dark
brown  (6F8)  at  the  centre,  fading  towards  margin,  greyish  orange
(5B3)  to  brown  (6E7),  margin  entire  to  undulate,  or  occasionally
becoming  rimose  with  age.  Lamellae  distant,  adnexed  to  sinuate,
unequal,  edge entire to slightly eroded in some parts,  concolorous,
yellowish white (2A2) to greyish yellow (4B3). Stipe 27–64 × 1–3 mm,
central,  cylindrical,  sometimes  twisted,  surface  subglabrous,  finely
longitudinally  striate,  slightly  pruinose,  concolorous  with  pileus,
basal mycelium white. Context thin, odour indistinct.

Basidiospores [50/2/2] (4.3–)5.6–7.1(–7.5) × (4.3–)5.4–7.2(–7.8) μm,
Q =  (0.90–)0.96–1.07(–1.10), Qm =  1.02  (±  0.05),  globose  to
subglobose,  echinulate,  slightly  thick-walled,  hyaline,  distant,
spines  0.3–1.3 µm  long.  Basidia  (28.2)33.1–41.2(46.2)  ×  (9.1)10.6–
12.9(13.7) μm,  cylindrical,  clavate,  hyaline,  two- or  four-spored,
sterigmata  3–6 μm  long.  Cheilocystidia  (21.3)23.4–29.8(33.2)  ×
(4.3)5.5–7.8(9.0) μm,  filamentous  to  narrowly  clavate,  occasionally
irregular, sometimes with a capitate apex, thin-walled, hyaline. Pleu-
rocystidia  (19.1)20.8–31.3(40.2)  ×  (4.1)5.1–7.2(9.1) μm,  narrowly
clavate  to  filamentous,  sometimes  irregular,  slightly  thick-walled,
hyaline.  Lamella  trama  regular  to  subregular,  composed  of  slightly
thick-walled,  filamentous  hyphae  2.3–6.9 µm  wide.  Stipitipellis  is

composed  of  appressed,  parallel,  thin- to  slightly  thick-walled,
hyaline  to  pale  yellowish-brown, caulocystidia  not  observed.
Pileipellis is a cutis composed of repent to suberect, interwoven fila-
mentous  hyphae,  4.4–13.0 μm  wide,  thin- to  slightly  thick-walled,
hyaline to slightly brownish. Clamp-connections present.

Known  distribution  —  Scattered  or  gregarious  on  humus-rich
ground  within  alpine  meadows  or  mixed  coniferous  and  broad-
leaved forests, summer to fall. So far found only in China.

Material  examined  —  CHINA,  Xizang,  Shigatse,  Dingjie  County,
Chentang  Township,  Jiuyan  hotspring,  27°55′15″ N,  87°21 ′37″ E,
3,060  m  asl,  growing  on  mosses  within  mixed  coniferous  and
broad-leaved  forests,  29  July  2022,  M.Q.  He,  B.  Cao,  &  J.X.  Li,
ZRL20220418  (HMAS  259861,  GenBank  no.:  ITS  PZ494629;  LSU
PZ494199; tef1α PZ520046; rpb2  PZ541194);  Chentang  Township,
27°54′58″ N, 87°27′32″ E, 3,188 m asl, growing on humus-rich ground
in  alpine  meadows  dominated  by Rhododendron,  31  July  2022,
R.L.  Zhao,  D.  Phurbu,  &  X.Y.  Zhu,  ZRL20220483  (HMAS  259862,
GenBank  no.:  ITS  PZ494628;  LSU  PZ494201; tef1α PZ520047; rpb2
PZ541192).

Notes  —  In  the  phylogenetic  analysis  (Fig.  17), L. dingjieensis
is  sister  to L. negrimarginata.  Morphologically, L. negrimarginata
differs  from  the  new  species  by  its  orange-brown  pileus  covered
with dark brown squamules, pink to pinkish-grey lamella with black
edges,  globose  to  subglobose-lacrymoid  but  larger  basidiospores
(7.8–9.0 × 8–9.5 μm),  and four-spored basidia[128].  Furthermore,  the
ITS sequence difference between the holotypes of L. negrimarginata
(BAP360)  and L.  dingjieensis (ZRL20220313)  is  2.88%  (18/624,
including gaps).

Laccaria  friesii S.  Choudhary,  Y.P.  Sharma  &  P.  Uniyal, L.  murina
S.  Imai,  and L.  yunnanensis Popa,  Rexer,  Donges,  Zhu  L.  Yang  &  G.
Kost  also  resemble L. dingjieensis in  having  a  brownish  pileus.
However, L.  friesii,  originally  described  from  India,  is  distinguished
by  its  more  robust  stipe  (62–85  ×  5–13  mm),  significantly  larger
basidiospores  (av.  11.12  ×  10.9 μm),  and  larger  cheilocystidia
(31.7–58.7  ×  14.3–17 μm)[134]. Laccaria  murina,  originally  described
from Japan, possesses smaller basidiomata and larger basidiospores
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Fig.  12  Laccaria  dingjieensis (a,  ZRL20220313  holotype;  b,
ZRL20220418).  (a,  b)  Basidiomata;  (c,  d)  Basidiospores;  (e)  Basidia;  (f)
Cheilocystidia;  (g)  Pileipellis.  Scale  bars:  (a,  b)  =  1  cm;  (c,  d)  =  5 µm;
(e–g) = 10 µm.
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(7.5–10 μm)[133].  In  contrast, L.  yunnanensis,  which  inhabits  broad-
leaved forests  dominated by Dipterocarpus and Fagus,  differs  by its
more robust basidiomata,  relatively longer basidia (41–53 μm), and
larger basidiospores (av. 9.5 × 9.4 μm)[71].

Laccaria fasciculata R.L. Zhao & X.X. Han, sp. nov. Figs 13 and 17
Chinese Name: 簇生蜡蘑 (cu sheng la mo)
Fungal Names: FN 573696; Facesoffungi number: FoF 20051
Etymology — refers to its fasciculate (gregarious) growth habit.
Diagnosis — Laccaria fasciculata differs from other species in this

genus  by  its  gregarious  basidiomata  exhibiting  pale  orange  hues,
slightly  smaller  pileus,  globose  to  subglobose  basidiospores,  and
the presence of cystidia.

Holotype  —  CHINA,  Xizang,  Linzhi,  Bayi  District,  Lulang  Town,
along the route of G318, 29°50′37″ N, 94°45′23″ E, 2,976 m asl, grow-
ing  on  humus-rich  ground  within  mixed  coniferous  and  broad-
leaved forests, 14 August 2023, M.Z. Zhang & L.H. Liu, ZRL20235057
(HMAS  259882  holotype;  AF9578  isotype,  GenBank  no.:  ITS
PZ494669; LSU PZ494220).

Pileus  6–17  mm  diam.,  plano-convex  when  young,  becoming
applanate  to  plano-concave  at  maturity,  sometimes  with  a
slightly  depressed  centre,  hygrophanous,  glabrous  or  finely  fibril-
lose,  sometimes  slightly  pruinose,  margin  straight,  translucently
striate,  sometimes  radially  rugulose,  pale  orange  (5A3)  to  greyish
orange  (5B5)  at  the  centre,  occasionally  fading  towards  margin,
margin  entire  to  undulate.  Lamellae  distant,  narrowly  adnate  to
slightly  decurrent,  unequal,  edge  entire  to  slightly  eroded  in
some  parts,  concolorous,  orange  white  (5A2)  to  brownish  orange
(7C5).  Stipe  11–25  ×  1–2  mm,  central,  cylindrical,  equal  or  slightly
broadened  towards  the  base,  glabrous,  occasionally  slightly
pruinose,  concolorous,  yellowish  white  (4A2)  to  blond  (4C4),  basal
mycelium white. Context thin, odour indistinct.

Basidiospores [50/4/1] (6.1–)6.8–8.2(–8.7) × (5.7–)6.4–7.8(–8.5) μm,
Q =  (1.00–)1.01–1.08(–1.15), Qm =  1.05  (±  0.03),  globose  to
subglobose,  echinulate,  slightly  thick-walled,  hyaline,  distant,
spines  0.5–2.1 µm  long.  Basidia  (22.8)29.2–37.8(42.0)  ×

(7.6)9.3–12.6(14.6) μm,  clavate,  hyaline,  two- or  four-spored,
sterigmata  2–6 μm  long.  Cheilocystidia  (26.4)28.9–37.8(43.7)  ×
(5.3)6.0–9.5(10.7) μm,  narrowly  clavate,  filamentous  to  flexuose,
thin-walled,  hyaline.  Pleurocystidia  (29.0)31.4–44.8(51.5)  ×
(7.0)8.5–12.0(13.3) μm,  narrowly  clavate  to  filamentous,  sometimes
irregular,  slightly  thick-walled,  hyaline.  Lamella  trama  regular,
composed  of  thick-walled,  filamentous  hyphae  3–8 µm  wide.
Stipitipellis is composed of appressed, parallel, slightly thick-walled,
hyaline  to  pale  brown,  caulocystidia  not  observed.  Pileipellis  is  a
cutis  composed  of  repent  to  suberect,  interwoven  filamentous
hyphae,  3–11 μm  wide,  slightly  thick-walled,  hyaline.  Clamp-
connections present.

Known  distribution  —  Gregarious  on  humus-rich  ground  within
mixed  coniferous  and  broad-leaved  forests,  summer  to  fall.  So  far
found only in China.

Notes  — Laccaria  fasciculata is  distinguished  by  its  gregarious
basidiomata exhibiting pale orange hues and a pileus ranging from
plano-convex to plano-concave. Microscopically, it features globose
to subglobose basidiospores ornamented with spines 0.5–2.1 µm in
length.  Additionally,  the  two- or  four-spored  basidia  measure
29.2–37.8 × 9.3–12.6 μm, while cystidia are present. In the phyloge-
netic analysis (Fig. 17), L. fasciculata is closely related to L. ganziensis,
L. acanthospora, L. alutacea, L. conifericola,  and L. fulvogrisea.
Laccaria ganziensis can be distinguished by its  longer,  thicker  stipe
(26–73  ×  2–4  mm)  and  larger  basidia  (38.1–48.8  ×  11.8–14.6 μm),
as  well  as  slightly  shorter  cheilocystidia  (21.2–30.7 μm).  In  contrast,
L. acanthospora differs  in  possessing  a  slighter  darker  basidiomata,
a  longer  stipe  (30–45  mm),  larger  basidiospores  (7–10  ×  7–10 μm),
and  larger  basidia  (40–56  ×  10–14 μm)  and  has  four-spored[128].
Furthermore, L. alutacea, L. conifericola, and L. fulvogrisea are clearly
separated  by  their  predominantly  brownish-hued  basidiomata,
which lack the distinct pale orange tones of L. fasciculata[127].

Laccaria ganziensis R.L. Zhao & X.X. Han, sp. nov. Figs 14 and 17
Chinese Name: 甘孜蜡蘑 (gan zi la mo)
Fungal Names: FN 573697; Facesoffungi number: FoF 20052
Etymology  —  refers  to  the  type  locality,  Ganzi  Tibetan

Autonomous Prefecture.
Diagnosis  —  differs  from L.  acanthospora in  its  pale  orange,

slightly  broader  pileus,  smaller,  globose  to  subglobose
basidiospores,  and  two- or  four-spored  basidia  bearing  shorter
sterigmata.

Holotype  —  CHINA,  Sichuan,  Ganzi  Tibetan  Autonomous  Prefec-
ture,  Yajiang County,  Gexigou Nature Reserve,  Gexigou,  30°2′53″ N,
100°57′13″ E,  2,915  m  asl,  growing  on  the  ground  within  broad -
leaved  forests  dominated  by Quercus,  14  August  2020,  B.  Cao  &
J.X.  Li,  ZRL20200134  (HMAS  259873  holotype;  AF9558  isotype,
GenBank  no.:  ITS  PZ494651;  LSU  PZ494221; tef1α PZ520031; rpb2
PZ541201).

Pileus  7–40  mm  diam.,  initially  hemispherical  to  convex,
becoming  plano-convex,  applanate  to  plano-concave  at  maturity,
sometimes  with  a  slightly  depressed  centre,  not  or  slightly  hygro-
phanous, glabrous or pruinose, margin involute, inflexed to straight,
sometimes with translucently striate, occasionally slightly sulcate at
margin, yellowish grey (3B2-4B2),  greyish orange (5B2) to yellowish
brown  (5D8),  sometimes  fading  towards  margin,  margin  entire  to
undulate,  or  occasionally  becoming  rimose  with  age.  Lamellae
distant,  narrowly  adnate  to  adnate  with  decurrent  tooth,  unequal,
edge entire to slightly eroded in some parts, concolorous, grey (4B2)
to  brownish  orange  (6C5).  Stipe  26–73  ×  2–4  mm,  central,  cylind-
rical,  equal  or  slightly  broadened  towards  the  base,  sometimes
twisted, surface subglabrous, with white longitudinal fibrils, slightly
pruinose,  concolorous  with  pileus  or  slightly  paler,  basal  mycelium
white. Context thin, odour indistinct.
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Fig.  13  Laccaria  fasciculata (a,  b:  ZRL20235057  holotype).  (a,  b)
Basidiomata;  (c,  d)  Basidiospores;  (e)  Basidia;  (f)  Cheilocystidia;  (g)
Pileipellis. Scale bars: (a, b) = 1 cm; (c, d) = 5 µm; (e–g) = 10 µm.
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Basidiospores [50/3/2] (5.6–)6.7–7.8(–8.1) × (5.5–)6.4–7.6(–8.2) μm,
Q =  (0.98–)1.00–1.07(–1.12), Qm =  1.04  (±  0.03),  globose  to
subglobose,  echinulate,  slightly  thick-walled,  hyaline,  distant,
spines  0.4–1.9 µm  long.  Basidia  (33.9)38.1–48.8(54.7)  ×
(10.7)11.8–14.6(16.1) μm,  clavate,  hyaline,  two- or  four-spored,
sterigmata  2.6–7.2 μm  long.  Cheilocystidia  (18.4)21.2–30.7(37.6)  ×
(3.5)4.5–9.1(11.6) μm,  narrowly  clavate,  filamentous  to  fle-
xuose,  thin- to  slight  thick-walled,  hyaline.  Pleurocystidia
(21.9)26.7–36.6(43.7)  ×  (4.6)6.7–12.3(14.1) μm,  narrowly  clavate  to
clavate,  filamentous,  sometimes  irregular,  slightly  thick-walled,
hyaline.  Lamella  trama  regular  to  subregular,  composed  of  slightly
thick-walled,  filamentous  hyphae  2–8 µm  wide.  Stipitipellis  is
composed  of  appressed,  parallel,  thin-walled,  hyaline  to  pale
brown, caulocystidia not observed. Pileipellis is a cutis composed of
repent to suberect, interwoven filamentous hyphae, 3–11 μm wide,
thick-walled, hyaline. Clamp-connections present.

Known distribution — In pairs, gregarious or scattered on humus-
rich  ground  in  coniferous  forests,  broad-leaved  forests  or  mixed
coniferous  and  broad-leaved  forests,  summer  to  fall.  So  far  found
only in China.

Material  examined  —  CHINA,  Sichuan,  Ganzi  Tibetan
Autonomous Prefecture, Batang County, Zhubalong Nature Reserve,
29°39′37″ N, 99°5′21″ E, 4,101 m asl, growing on humus-rich ground
within  coniferous  forests  dominated  by Abies,  19  August  2020,
X.Y.  Zhu  &  M.Z.  Zhang,  ZRL20201517  (HMAS  259875,  GenBank  no.:
ITS  PZ494662;  LSU  PZ494222);  Zhubalong  Nature  Reserve,
29°40′6″ N,  99°4 ′27″ E,  3,368 m asl,  growing on humus-rich  ground
within broad-leaved forests dominated by Populus, 19 August 2020,
M.Q.  He  &  M.Q.  Wang,  ZRL20201591  (HMAS  259876,  GenBank  no.:
ITS  PZ494650;  LSU  PZ494218; tef1α PZ520032; rpb2  PZ541203);
Derong  County,  Xiayong  Nature  Reserve,  28°22′46″ N,  99°21 ′2″ E,
3,399  m  asl,  growing  on  humus-rich  ground  within  broad-leaved
forests dominated by Quercus, 22 August 2020, X.X. Han & R.L. Zhao,
ZRL20201653  (HMAS  259877,  GenBank  no.:  ITS  PZ494655;  LSU
PZ494205); ibid.,  M.Q.  He  &  M.Q.  Wang,  ZRL20201744  (HMAS
286060,  GenBank  no.: ITS  PZ494653;  LSU  PZ494227),  ZRL20201759

(HMAS  259878,  GenBank  no.:  ITS  PZ494648;  LSU  PZ494206),
ZRL20201875  (HMAS  286062,  GenBank  no.:  ITS  PZ494659;  LSU
PZ494226; tef1α PZ520030; rpb2  PZ541202);  Xiangcheng  County,
Fozhu  Gorge  Nature  Reserve,  29°3′46″ N,  99°56 ′55″ E,  3,288  m  asl,
growing  on  humus-rich  ground  within  coniferous  forests  domi-
nated  by Abies,  15  August  2019, R.L.  Zhao,  B.  Cao,  &  Z.L.  Ling,
ZRL20191123  (HMAS  259870,  GenBank  no.:  ITS  PZ494656;  LSU
PZ494217; tef1α PZ520034; rpb2  PZ541200);  Fozhu  Gorge  Nature
Reserve, 29°4′49″ N, 99°54′11″ E, 3,000 m asl, growing on humus-rich
ground  within  mixed  coniferous  and  broad-leaved  forests  domi-
nated  by Pinus and Quercus,  21  August  2020, B.  Cao  &  J.X.  Li,
ZRL20201762  (HMAS  286061,  GenBank  no.:  ITS  PZ494649;  LSU
PZ494219);  Fozhu  Gorge  Nature  Reserve,  29°3′52″ N,  99°56 ′16″ E,
3,090  m  asl,  growing  on  humus-rich  ground  within  broad-leaved
forests  dominated  by Quercus,  21  August  2020,  B.  Cao  &  J.X.  Li,
ZRL20201900  (HMAS  259879,  GenBank  no.:  ITS  PZ494657;  LSU
PZ494223; tef1α PZ520033; rpb2  PZ541198);  Yajiang  County,
Gexigou Nature Reserve, Gexigou, 30°3′10″ N, 100°56 ′35″ E, 2,953 m
asl,  growing  on  humus-rich  ground  within  mixed  coniferous  and
broad-leaved forests dominated by Picea,  14 August 2020, X.Y.  Zhu
&  M.Z.  Zhang,  ZRL20200238  (HMAS  259874,  GenBank  no.:  ITS
PZ494652; LSU PZ494224; tef1α PZ520029; rpb2 PZ541199);  Yajiang
County,  Xinduqiao  Town,  30°3′1″ N,  100°57 ′15″ E,  2,928  m  asl,
growing  on  humus-rich  ground  within  broad-leaved  forests
dominated  by Quercus,  13  August  2020,  M.Q.  He  &  M.Q.  Wang,
ZRL20200061  (HMAS  259871,  GenBank  no.:  ITS  PZ494661;  LSU
PZ494207);  Xinduqiao  Town,  30°3′1″ N,  100°57 ′15″ E,  2,998  m  asl,
growing  on  humus-rich  ground  within  broad-leaved  forests  domi-
nated  by Quercus,  13  August  2020,  X.Y.  Zhu  &  M.Z.  Zhang,
ZRL20200113  (HMAS  259872,  GenBank  no.:  ITS  PZ494660;  LSU
PZ494204). Xizang, Linzhi City, Chayu County, Chawalong Township,
Mengzha Village,  28°32′34″ N,  98°14 ′36″ E,  2,792 m asl,  growing on
humus-rich  ground  within  mixed  coniferous  and  broad-leaved
forests,  8 August 2023, X.X. Han & Y.Y. Zheng, ZRL20231211 (HMAS
259880,  GenBank  no.:  ITS  PZ494658;  LSU  PZ494216);  Milin  County,
Milin Town, Bangzhong Village, 29°17′30″ N, 94°19′46″ E, 2,934 m asl,
growing  on  humus-rich  ground  within  broad-leaved  forests
dominated  by Quercus,  15  August  2023,  M.Z.  Zhang  &  L.H.  Liu,
ZRL20235085  (HMAS  259881,  GenBank  no.:  ITS  PZ494654;
LSU PZ494225).

Notes  —  Phylogenetically,  the  new  species  is  closely  related  to
L. acanthospora.  Although  both  share  orange-toned  basidiomata,
L. acanthospora differs in its slightly smaller and paler pileus, obellip-
soid  to  globose,  larger  basidiospores  (av.  8.3–8.4  ×  8.9–9.2 μm)
adorned  with  longer  spines  (2–6 μm),  and  relatively  longer  basidia
(40–56 μm)  bearing  longer  sterigmata  (6–10 μm)[128].  Other  Asian
Laccaria species exhibiting orange coloration and globose, echinate
spores  include L. aurantiaca, L. carminostipes Y.D.  Xu  &  Z.M.  He,
and L. fengkaiensis Fang  Li. Laccaria  aurantiaca has  slightly  darker
basidiomata,  smaller  basidia  (30–40  ×  7–10 μm),  and  narrower
cheilocystidia (4–5 μm)[114]. Laccaria carminostipes features a darker
pileus, darker yet longer and thicker stipe (70–90 × 3–7 mm), plus an
absence of cystidia[80]. Whereas Laccaria fengkaiensis differs by paler
and larger basidiomata, including a broader pileus (50–90 mm), and
longer, thicker stipe (60–100 × 6–9 mm), along with smaller basidio-
spores (5.2–6.3 × 5.1–6.3 μm), and narrower basidia (6–8.5 μm)[135].

Laccaria migpainensis R.L. Zhao, B. Cao, & X.X. Han, sp. nov. Figs 15
and 17

Chinese Name: 米培蜡蘑 (mi pei la mo)
Fungal Names: FN 573698; Facesoffungi number: FoF 20053
Etymology  — migpainensis (Latin)  refers  to  the  type  locality

Migpain,  an  officially  standardized  geographical  name  in  the
Zangnan region of Xizang Autonomous Region, China.
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Fig. 14  Laccaria ganziensis (a, ZRL20200134 holotype; b, ZRL20201653).
(a,  b) Basidiomata; (c,  d) Basidiospores; (e) Basidia;  (f)  Cheilocystidia;  (g)
Pileipellis. Scale bars: (a, b) = 1 cm; (c, d) = 5 µm; (e–g) = 10 µm.
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Diagnosis  —  differs  from L. longipes by  its  broader  basidia,
globose to  subglobose basidiospores,  and higher  elevation habitat
(ca. 3,000 m).

Holotype — CHINA, Xizang,  Linzhi,  Motuo County,  near Migpain,
29°43'42" N, 95°38'58" E, 3,182 m asl, growing on humus-rich ground
in  coniferous  forest,  12  August  2023,  X.X.  Han  &  Y.Y.  Zheng,
ZRL20231870  (HMAS  259857  holotype;  AF9576  isotype,  GenBank
no.: ITS PZ494646; LSU PZ494252; rpb2 PZ541208).

Pileus  6–86  mm  diam.,  hemispherical  to  plano-convex  when
young,  expanding  to  applanate  to  plano-concave  with  age,  centre
slightly  depressed  to  subumbonate  initially,  becoming  umbilicate
over  time,  hygrophanous,  margin  straight  to  inflexed,  glabrous,
translucently striate, and radially rugulose, brownish orange (5C6) to
brown  (6D8)  at  the  centre,  fading  towards  the  margin,  yellowish
white  (3A2)  to  pale  orange  (5A3),  entire  to  undulate.  Lamellae
distant,  narrowly  adnate,  adnate  to  adnate  with  decurrent  tooth,
unequal,  edge entire  to  slightly  eroded in  some parts,  concolorous
or paler towards edge, pale orange (6A3) to brownish orange (7C6).
Stipe  57–185  ×  3–12  mm,  central,  cylindrical,  sometimes  twisted,
slightly  broadened  towards  the  base,  surface  subglabrous,  finely
longitudinally  striate  and  pruinose,  concolorous  with  pileus,  basal
mycelium white. Context thin, odour indistinct.

Basidiospores [50/4/4] (5.7–)6.8–8.3(–8.9) × (5.6–)6.5–7.9(–8.7) μm,
Q =  (1.00–)1.01–1.07(–1.15), Qm =  1.04  (±  0.03),  globose  to
subglobose,  echinulate,  slightly  thick-walled,  hyaline,  distant,
spines  0.4–1.2 µm  long.  Basidia  (29.6)31.9–41.2(47.9)  ×
(8.1)9.5–12.6(14.2) μm,  clavate,  hyaline,  two- or  four-spored,  sterig-
mata  4.3–7.9 μm  long.  Cheilocystidia  (18.8)23.6–33.7(43.7)  ×
(2.9)3.9–6.1(7.7) μm,  filamentous  to  narrowly  clavate,  sometimes
irregular, occasionally branched or with a capitate apex, thin-walled,
hyaline.  Pleurocystidia  (16.7)20.2–28.0(30.9)  ×  (4.7)5.3–7.1(8.0) μm,
narrowly clavate to filamentous,  sometimes irregular,  slightly thick-
walled,  hyaline.  Lamella  trama  regular  to  subregular,  composed  of
slightly  thick-walled,  filamentous  hyphae  2–6 µm  wide.  Stipitipellis

is  composed  of  appressed,  parallel,  thin- to  slightly  thick-walled,
hyaline  to  pale  brown,  caulocystidia  not  observed.  Pileipellis  is  a
cutis  composed  of  repent  to  suberect,  interwoven  filamentous
hyphae,  2.5–9.0 μm  wide,  thin- to  slightly  thick-walled,  hyaline  to
slightly brownish. Clamp-connections present.

Known  distribution  —  Scattered  or  gregarious  on  humus-rich
ground  within  coniferous  forests  or  mixed  coniferous  and  broad-
leaved forests, summer to fall. So far found only in China.

Material examined — CHINA, Xizang, Shigatse, Yadong County,
Xiayadong  Township,  Renqinggang  Village,  Drinking  Water  Source
Protection  Area,  27°25′20″ N,  88°55 ′6″ E,  3,254  m  asl,  growing  on
humus-rich  ground  within  mixed  coniferous  and  broad-leaved
forest,  27  July  2022,  R.L.  Zhao,  X.Y.  Zhu,  &  J.X.  Li,  ZRL20220224
(HMAS  259847,  GenBank  no.:  ITS  PZ494637;  LSU  PZ494263; tef1α
PZ520063; rpb2  PZ541219); ibid.,  M.Q.  He  &  B.  Cao,  ZRL20220267
(HMAS  259848,  GenBank  no.:  ITS  PZ494639;  LSU  PZ494257; tef1α
PZ520068); Gyirong County, Gyirong Valley, 28°24'35" N, 85°18'54" E,
2,935  m  asl,  growing  on  humus-rich  ground  within  mixed  conife-
rous  and  broad-leaved  forest,  1  August  2022,  R.L.  Zhao  &  X.Y.  Zhu,
ZRL20220564  (HMAS  259849,  GenBank  no.:  ITS  PZ494642;  LSU
PZ494255); ibid.,  ZRL20220574  (HMAS  259850,  GenBank  no.:  ITS
PZ494643;  LSU  PZ494264); ibid.,  D.  Phurbu  &  J.X.  Li,  ZRL20220609
(HMAS  259851,  GenBank  no.:  ITS  PZ494641;  LSU  PZ494256); ibid.,
ZRL20220612  (HMAS  259852,  GenBank  no.:  ITS  PZ494638;  LSU
PZ494262; tef1α PZ520066; rpb2  PZ541220);  Gyirong  County,
Gyirong Town,  1.7  km from Gyirong Town to Chongse Checkpoint,
28°22'39" N, 85°19'40" E, 2,780 m asl, growing on humus-rich ground
in coniferous forest dominated by Pinus, 2 August 2022, D. Phurbu &
J.X.  Li,  ZRL20220705  (HMAS  259853,  GenBank  no.:  ITS  PZ494644;
LSU  PZ494259; tef1α PZ520065; rpb2  PZ541189);  Gyirong  County,
along  the  road  from  Gyirong  Town  to  Zha  Village,  28°23'45"  N,
85°23'34"  E,  3,441  m  asl,  growing  on  humus-rich  ground  within
mixed  coniferous  and  broad-leaved  forest  dominated  by Quercus,
2  August  2022,  M.Q.  He  &  B.  Cao,  ZRL20220821  (HMAS  259854,
GenBank  no.:  ITS  PZ494640;  LSU  PZ494261);  Linzhi,  Motuo
County,  near  Migpain,  29°43'42"  N,  95°38'58"  E,  3,182  m  asl,
growing  on  humus-rich  ground  in  coniferous  forest,  12  August
2023, M.Z. Zhang & L.H. Liu, ZRL20231740 (HMAS 259855, GenBank
no.:  ITS PZ494635;  LSU PZ494258; tef1α PZ520067; rpb2 PZ541205);
ibid.,  D.  Phurbu  &  X.H.  Yu,  ZRL20231840  (HMAS  259856,  GenBank
no.:  ITS PZ494645;  LSU PZ494254; tef1α PZ520062; rpb2 PZ541207);
ibid.,  ZRL20231887 (HMAS 259858, GenBank no.: ITS PZ494636; LSU
PZ494253; tef1α PZ520069; rpb2  PZ541204);  Motuo  County,  near
Migpain,  29°43'36"  N,  95°38'53"  E,  3,151  m  asl,  growing  on  humus-
rich  ground  in  coniferous  forest,  13  August  2023,  X.X.  Han  &
Y.Y.  Zheng,  ZRL20231893  (HMAS  259859,  GenBank  no.:  ITS
PZ494647; LSU PZ494260; tef1α PZ520064; rpb2 PZ541206).

Notes  —  In  the  multilocus  phylogeny,  13  specimens  of L.
migpainensis clustered  together  with  100/1.00  support  (Fig.  17).
Morphologically, L.  migpainensis resembles L.  aurantiaca S.M.  Tang,
K.D.  Hyde  &  Z.L.  Luo, L. longipes G.M.  Muell., L.  nanlingensis,  and L.
torosa H.J.  Cho  &  Y.W.  Lim  by  possessing  soft  orange
basidiomata.  However, L. aurantiaca is  distinguished  by  its  shorter
stipe  (46.0–55.1  mm),  narrower  basidia  (av.  8 μm),  and  smaller
basidiospores  (av.  6.9  ×  6.5 μm)[114]. Laccaria  longipes,  originally
described  from  Canada,  differs  by  its  narrower  basidia  (7–10 μm)
and  subglobose  to  broadly  ellipsoid  basidiospores[136]. Laccaria
torosa H.J. Cho & Y.W. Lim, described from Korea, is characterized by
a  relatively  shorter  stipe  (35–95  mm),  larger  basidiospores  (8–9  ×
8–9.5 μm),  and  larger  basidia  (39–47  ×  12.5–16.5 μm)[130]. Laccaria
nanlingensis also  differs  in  its  shorter  stipe  (25–70  mm),  smaller
basidiospores  (av.  6.95  ×  6.37 μm),  four-spored  basidia,  and  longer
cheilocystidia (40–60 μm)[126].

 

a b

c

e f g

d

Fig.  15  Laccaria  migpainensis (a,  ZRL20220224;  b,  ZRL20231870
holotype).  (a,  b)  Basidiomata;  (c,  d)  Basidiospores;  (e)  Basidia;  (f)
Cheilocystidia;  (g)  Pileipellis.  Scale  bars:  (a,  b)  =  1  cm;  (c,  d)  =  5 µm;
(e–g) = 10 µm.
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Laccaria yadongensis R.L. Zhao & X.X. Han, sp. nov. Figs 16 and 17
Chinese Name: 亚东蜡蘑 (ni gui se la mo)
Fungal Names: FN 573699; Facesoffungi number: FoF 20054
Etymology — yadongensis (Latin) refers to the type locality.
Diagnosis  —  differs  from L. salmonicolor by  its  smaller  basi-

diospores with shorter spines, and two- or four-spored basidia.
Holotype  —  CHINA,  Xizang,  Shigatse,  Yadong  County,  Xiasima

Town,  27°23′13″ N,  88°49 ′51″ E,  2,945  m  asl,  growing  on  mosses
within  mixed  coniferous  and  broad-leaved  forests,  14  September
2015,  X.M.  Bai,  ZRL20152140  (HMAS  259868  holotype;  AF9554
isotype, GenBank no.: ITS PZ494632; LSU PZ494242; rpb2 PZ541221).

Pileus  12–29  mm  diam.,  initially  plano-convex  with  a  slightly
depressed  centre,  becoming  deeply  infundibuliform  at  maturity,
hygrophanous,  glabrous,  margin  inflexed  to  reflexed,  sometimes
radially  rugulose,  yellowish  grey  (3B2),  brownish  orange  (6C4)  to
brown (7E7) at  the centre,  fading towards margin,  margin entire to
undulate,  occasionally  rimose  when  mature.  Lamellae  distant,
decurrent  to  deeply  decurrent,  unequal,  edge  entire,  concolorous,
reddish white (7A2), greyish orange (6B4) to brownish orange (6C7).
Stipe  39–87  ×  4–8  mm,  central,  cylindrical,  equal  or  broadened
towards  the  base,  surface  subglabrous,  longitudinally  striate,
concolorous  with  pileus  or  slightly  paler,  basal  mycelium  white.
Context thin, odour indistinct.

Basidiospores [50/3/2] (5.5–)6.4–7.5(–8.0) × (5.1–)6.3–7.3(–7.8) μm,
Q =  (0.99–)1.00–1.05(–1.14), Qm =  1.03  (±  0.03),  globose,  rarely
subglobose,  echinulate,  slightly  thick-walled,  hyaline,  distant,
spines  0.1–1.2 µm  long.  Basidia  (32.4)37.6–45.5(47.1)  ×
(11.1)12.3–14.9(16.3) μm,  clavate,  hyaline,  two- or  four-spored,
sterigmata  3.2–7.4 μm  long.  Cheilocystidia  (16.2)21.0–28.5(31.0)  ×
(3.2)4.4–7.6(8.7) μm,  narrowly  clavate,  filamentous  to  flexuose,
thin-walled,  hyaline.  Pleurocystidia  (27.8)30.3–36.1(40.3)  ×
(5.0)6.1–8.5(9.8) μm,  narrowly  clavate  to  filamentous,  sometimes
irregular,  slightly  thick-walled,  hyaline.  Lamella  trama  regular  to
subregular,  composed  of  slightly  thick-walled,  filamentous  hyphae
2–6 µm wide. Stipitipellis is composed of appressed, parallel, slightly
thick-walled,  hyaline  to  pale  yellowish-brown,  caulocystidia  not
observed.  Pileipellis  is  a  cutis  composed  of  repent  to  suberect,

interwoven filamentous hyphae, 3–9 μm wide,  thin-walled,  hyaline.
Clamp-connections present.

Known  distribution  —  Scattered  on  mosses  within  coniferous
forests  or  mixed  coniferous  and  broad-leaved  forests,  summer  to
fall. So far found only in China.

Material  examined  —  CHINA,  Hubei,  Shennongjia  Forestry
District,  Shennongding,  Taiziya,  31°27′14″ N,  110°11 ′33″ E,  2,588  m
asl,  growing  on  mosses  within  coniferous  forests  dominated  by
Abies and Fargesia,  26  August  2022,  J.X.  Li,  R.L.  Zhao,  &  X.X.  Han,
ZRL20221203  (HMAS  259869,  GenBank  no.:  ITS  PZ494633;  LSU
PZ494239; tef1α PZ520061; rpb2 PZ541222).

Notes  —  In  the  field, L. yadongensis is  easily  confused  with L.
salmonicolor A.W. Wilson & G.M. Muell. due to their morphologically
similar,  brownish  orange-hued  basidiomata  that  fade  to  pale  buff.
Laccaria salmonicolor has globose, larger basidiospores (7.5–10 μm)
with  longer  spines  (1–3 μm),  and  four-spored  basidia[128].  In  the
phylogenetic  analysis  (Fig.  17), L. yadongensis is  close to L. proxima
(Boud.) Pat. and L. guizhouensis Jing Wang bis & Yi H. Yang. However,
L. proxima has  a  convex  to  plano-convex  and  brick  red  to  reddish
brown  pileus,  larger  but  broadly  ellipsoid  basidiospores
(7.3–9.8  ×  6.8–8.8 μm),  narrower  basidia  (8–11 μm)[137]. Laccaria
guizhouensis has  a  hemispherical  to  campanulate,  orange-white  to
pinkish-white  pileus,  narrower  stipe  (2–3  mm),  and  smaller  basidia
(25–35  ×  8–10 μm)[97].  In  addition  to  the  collections  from  the
Qinghai–Xizang Plateau, conspecific specimens were also identified
from  Shennongjia  Forestry  District,  Hubei  Province,  extending  the
known distribution of L. yadongensis beyond the Plateau region.

Hygrophoraceae Lotsy
Index Fungorum number: IF 80877
Type genus — Hygrophorus Fr.
Cuphophyllus (Donk) Bon
Index Fungorum number: IF 25612
Type species — Cuphophyllus pratensis (Pers.) Bon
Notes — Cuphophyllus (Donk)  Bon is  a  genus of  waxcap fungi  in

the family Hygrophoraceae, typified by Cu. pratensis, with more than
50  species  reported  worldwide[61,113,138−140].  More  than  10  species
have been recorded from China[61,93,138,141].  Species of Cuphophyllus
are  typically  characterized  by  clitocyboid  basidiomata,  decurrent
lamellae.  Basidiospores  are  smooth,  inamyloid,  and  guttulate  in
KOH, while basidia are relatively long with basal clamp connections
and  cystidia  are  usually  absent.  The  pileipellis  consists  of  highly
interwoven  hyphae,  occasionally  forming  a  regular  or  subregular
central strand[142,143].

Cuphophyllus species  usually  grow  on  soil  or  forest  litter  and
are  commonly  found  in  forests  and  grasslands,  often  preferring
acidic  and  humus-rich  soils[143,144].  The  genus  is  widely  distributed
worldwide,  occurring  from  the  nemoral  zone  to  arctic–alpine
regions[145,146].  Molecular  phylogenetic  studies  support Cupho-
phyllus as  a  monophyletic  lineage  within  Hygrophoraceae[142].
Accordingly, Cuphophyllus is  divided  into  six  sections, viz.  sect.
Adonidi,  sect. Cuphophyllus,  sect. Fornicati,  sect. Virginei,  and  two
additional unnamed sections[142].  In this study, two new species are
described  based  on  morphology  and  phylogenetic  analyses  of  ITS,
LSU, and rpb2 sequences.

Cuphophyllus alticola R.L. Zhao & X.X. Han, sp. nov. Figs 18 and 20
Chinese Name: 高原拱顶伞 (gao yuan gong ding san)
Fungal Names: FN 573700; Facesoffungi number: FoF 20055
Etymology — alticola (Latin), composed of 'altus' (high) and 'cola'

(inhabitant),  referring  to  the  habitat  of  this  species  in  high-altitude
regions,  where  all  specimens  were  collected  at  elevations  above
4,100 m.

Diagnosis — differs from Cu. dingjieensis by its paler pileus, nearly
white stipe,  and larger  basidia,  and preference in mixed coniferous
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Fig.  16  Laccaria  yadongensis (a,  ZRL20152140  holotype;  b,
ZRL20221203).  (a)  Basidiomata;  (b)  Basidioma;  (c,  d)  Basidiospores;
(e)  Basidia;  (f)  Cheilocystidia;  (g)  Pileipellis.  Scale  bars:  (a,  b)  =  1  cm;
(c, d) = 5 µm; (e–g) = 10 µm.
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and  broad-leaved  forests  dominated  by Abies at  higher  elevations
(ca. 4,100 m).

Holotype  —  CHINA,  Sichuan,  Ganzi,  Batang  County,  Zhubalong
Nature  Reserve,  29°39′36″ N,  99°5 ′20″ E,  4,101  m  asl,  growing  on
humus-rich  ground  in  mixed  coniferous  and  broad-leaved  forests
dominated  by Abies,  19  August  2020,  M.Z.  Zhang  &  X.Y.  Zhu,
ZRL20201436  (HMAS  259819  holotype;  AF9561  isotype,  GenBank
no.: LSU PZ491519; rpb2 PZ495424).

Pileus  16–30  mm  diam.,  convex  to  plano-convex,  becoming
applanate,  sometimes  the  margin  is  slightly  involute,  surface
smooth,  hygrophanous,  striate  up  to  halfway  from  the  margin  or
indistinct  when  moist,  greyish  yellow  (3C3)  to  olive  (3D4)  when
young,  dull  yellowish  white  (3A2)  to  yellow  (3B4)  when  mature,
paling  towards  the  margin.  Lamellae  subdistant,  decurrent  to
deeply decurrent, unequal, with lamellulae, white (2A1) to yellowish
white (2A2).  Stipe 39–71 × 4–7 mm, slender,  cylindrical,  sometimes

 

Fig. 17  to be continued
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curved  and  slightly  enlarged  at  the  base,  slightly  fibrillose,  surface
smooth, whitish towards apex, sometimes with a paler brown base.
Context thin, white, fleshy, odour indistinct, taste mild.

Basidiospores [80/4/3] (5.8–)7.0–8.3(–9.5) × (3.7–)4.7–6.1(–7.0) μm,
Q = (1.18–)1.33–1.62(–1.86), Qm = 1.48 (± 0.14), ellipsoid to obovoid,

or lacrymoid, smooth, colourless,  hyaline,  sometimes containing an
oil  droplet.  Basidia  (36.3)41.3–51.8(58.4)  ×  (8.2)8.8–10.2(10.8) μm,
clavate,  hyaline,  colourless,  hyaline,  two- or  four-spored.  Basidioles
(32.1)36.0–42.9(46.6)  ×  (5.9)6.4–7.7(8.3) μm,  colourless,  hyaline,
narrowly  clavate.  Pleurocystidia  not  observed.  Cheilocystidia  not

 

Fig.  17  Molecular  phylogenetic  analyses  of Laccaria species  by  the  maximum  likelihood  (ML)  method  based  on  combined  ITS–LSU–tef1α–rpb2
sequences, rooted with Mythicomyces corneipes. Maximum likelihood bootstrap support values (ML) ≥ 60% and Bayesian posterior probabilities (PP) ≥ 0.90
are  shown  around  nodes  as  ML/PP.  Sequences  newly  generated  in  this  study  are  indicated  in  bold.  New  species  described  herein  are  shown  in  red,
whereas other specimens newly collected in this study are shown in blue. 'T' refers to the type specimen.
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observed.  Pileipellis  is  a  cutis  with  the  transition  to  a  trichoderm
at  regular  intervals,  composed  of  2.5–6.8 µm  wide,  thin-walled,
filamentous hyphae. Clamp-connections present.

Known  distribution  —  Solitary,  in  pairs  or  gregarious  on  humus-
rich ground in mixed coniferous and broad-leaved forests,  summer
to fall. So far found only in China.

Material  examined  —  CHINA,  Sichuan,  Ganzi,  Batang  County,
Zhubalong  Nature  Reserve,  29°39′36″ N,  99°5 ′20″ E,  4,101  m  asl,
growing  on  humus-rich  ground  in  mixed  coniferous  and  broad-
leaved  forests  dominated  by Abies,  19  August  2020,  M.Q.  He  &
M.Q.  Wang,  ZRL20201504  (HMAS  259820,  GenBank  no.:  ITS
PZ491508;  LSU  PZ491518; rpb2  PZ495427),  X.X.  Han  &  R.L.  Zhao,
ZRL20201511  (HMAS  259821,  GenBank  no.:  LSU  PZ491520; rpb2
PZ495426),  M.Q.  He  &  M.Q.  Wang,  ZRL20201513  (HMAS  259822,
GenBank  no.:  ITS  PZ491510;  LSU  PZ491521; rpb2  PZ495428),
M.Q.  He  &  M.Q.  Wang,  ZRL20201529  (HMAS  259823,  GenBank  no.:
ITS PZ491509; LSU PZ491514; rpb2 PZ495425).

Notes  — Cuphophyllus  alticola is  characterized  by  a  pale  yellow
pileus  that  becomes  lighter  toward  the  margin  and  is  striate  up  to
halfway  from  the  edge,  a  nearly  white  stipe,  and  larger  basidia
(41.3–51.8 × 8.8–10.2 μm). In the multigene tree (Fig. 20), Cuphophyl-
lus  alticola formed  a  monophyletic  sister  clade  to Cu.  fulvus with
high  support.  However, C.  alticola has  a  pale  yellow  pileus,  slender
stipe  (4–7  mm  vs.  3–6  mm),  and  slightly  longer  basidiospores
(7.0–8.3 μm  vs.  6.9–7.5 μm). Cuphophyllus  alticola is  morpho-
logically similar to Cu. dingjieensis but can be distinguished from the
latter  by  its  pale  yellow  pileus,  whitish  stipe,  and  larger  basidia
(41.3–51.8 × 8.8–10.2 μm vs. 27–37 × 5–7 μm)[61].

Cuphophyllus fulvus R.L. Zhao & X.X. Han, sp. nov. Figs 19 and 20

Chinese Name: 浅黄褐拱顶伞 (qian huang he gong ding san)
Fungal Names: FN 573701; Facesoffungi number: FoF 20056
Etymology  — fulvus (Latin)  refers  to  the  pale  yellowish  brown

colours of the pileus.
Diagnosis  —  differs  from  other  species  of  the  genus  by  its  pale

yellowish  brown,  hygrophanous  pileus,  which  is  striate  up  to
halfway  from  the  margin,  and  ellipsoid  to  obovoid  or  lacrymoid
basidiospores measuring 6.9–7.5 × 4.9–5.6 μm.

Holotype  —  CHINA,  Xizang,  Dingjie  County,  Chentang  Town,
27°54′58″ N, 87°27′32″ E, 3,188 m asl, growing on humus-rich ground
in  mixed  coniferous  and  broad-leaved  forests,  12  September  2015,
X.M.  Bai  ZRL20152068  (HMAS  259817  holotype;  AF9553  isotype,
GenBank no.: ITS PZ491512; LSU PZ491516; rpb2 PZ495422).

Pileus  14–17  mm  diam.,  semi-globose,  convex  when  young,
becoming  flattened  and  with  a  depressed  centre  when  mature,
inflexed  margin,  hygrophanous,  striate  up  to  halfway  from  the
margin, sometimes surface covered with fine radial fibrils which are
more  evident  when  dry,  greyish  yellow  (5A3)  to  brownish  yellow
(5C7), darker in the centre. Lamellae subdistant, decurrent, unequal,
with lamellulae, white (2A1) to yellowish white (2A2). Stipe 36–50 ×
3–6  mm,  thick,  cylindrical,  usually  curved  and  slightly  enlarged  at
base,  slightly  fibrillose,  surface  smooth,  white  (5A1)  to  brownish
orange  (5C4).  Context  thin,  white  to  orange  white,  fleshy,  odour
indistinct, taste mild.

Basidiospores [80/3/3] (5.5–)6.9–7.5(–9.4) × (4.4–)4.9–5.6(–6.0) μm,
Q = (1.16–)1.32–1.56(–1.74), Qm = 1.44 (± 0.12), ellipsoid to obovoid,
or  lacrymoid,  smooth,  colourless,  hyaline,  sometimes  containing
an  oil  droplet.  Basidia  (43.3)46.9–53.6(56.9)  ×  (7.6)8.0–9.4(9.9) μm,
clavate,  hyaline,  colourless,  two- or  four-spored.  Basidioles
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Fig.  18  Cuphophyllus  alticola (a,  ZRL20201436  holotype).  (a)
Basidiomata;  (b)  Basidiospores;  (c)  Basidia;  (d)  Pileipellis.  Scale  bars:
(a) = 1 cm; (b–d) = 10 µm.
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Fig. 19  Cuphophyllus fulvus (a ZRL20152068 holotype; b ZRL20220479).
(a)  Basidioma;  (b)  Basidiomata;  (c)  Basidiospores;  (d)  Basidia;  (e)
Pileipellis. Scale bars: (a, b) = 1 cm; (c–e) = 10 µm.
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(29.2)31.6–38.7(45.0)  ×  (4.2)4.9–6.2(6.7) μm,  colourless,  hyaline,
narrowly  clavate.  Pleurocystidia  not  observed.  Cheilocystidia  not
observed.  Pileipellis  is  a  cutis  with the transition to a trichoderm at
regular  intervals,  composed  of  3.2–7.1 µm  wide,  thin-walled,  fila-
mentous hyphae. Clamp-connections present.

Known  distribution  —  Solitary  or  in  pairs  on  humus-rich  ground
in mixed coniferous and broad-leaved forests, summer to fall. So far
found only in China.

Material  examined  —  CHINA,  Xizang,  Dingjie  County,  Chentang
Town, 27°54′58″ N, 87°27 ′32″ E, 3,188 m asl, growing on humus-rich
ground  in  mixed  coniferous  and  broad-leaved  forests,  12  Septem-
ber  2015,  X.M.  Bai  ZRL20152048  (HMAS  259816,  GenBank  no.:  ITS
PZ491513; LSU PZ491515; rpb2 PZ495421; 30 July 2022, R.L. Zhao &
X.Y. Zhu, ZRL20220479 (HMAS 259818, GenBank no.: ITS PZ491511).

Notes  — Cuphophyllus  fulvus can  be  easily  distinguished  from
most  other  species  within  the genus by its  small  basidiomata,  pale
yellowish  brown  pileus,  and  two- or  four-spored  basidia.  Although
both Cu.  fulvus and Cu.  dingjieensis were  collected  from  Dingjie
County,  Xizang,  and  are  closely  related  phylogenetically, Cu.
dingjieensis differs from Cu.  fulvus in having a pale yellowish pileus,
longer stipe (45–80 mm vs. 36–50 mm), and smaller basidia (27–37 ×
5–7 μm vs.  46.9–53.6  × 8.0–9.4 μm)[61].  Currently, Cuphophyllus  alti-
cola, Cu. fulvus,  and Cu. dingjieensis are only known from the alpine
regions  of  the  southern  Qinghai–Xizang  Plateau,  whereas  other
phylogenetically  related  species  are  predominantly  distributed  in
lowland areas of North America and Europe[143].

Omphalinaceae Vizzini, Consiglio & M. Marchetti
Index Fungorum number: IF 557851
Type genus — Omphalina Quél.
Infundibulicybe Harmaja
Index Fungorum number: IF 28751
Type species — Infundibulicybe gibba (Pers.) Harmaja
Notes  — Infundibulicybe Harmaja,  typified  by I.  gibba (Pers.)

Harmaja  was  established  to  accommodate  species  formerly  placed

in Clitocybe,  with  28  species  currently  classified  in  the  genus[61,147].
At  least  15 species have been reported from China[61,93,147].  Species
of Infundibulicybe are typically characterized by slightly depressed to
infundibuliform  pileus,  decurrent  lamellae,  and  smooth,  mostly
lacrymoid  and  cyanophobic  basidiospores  that  do  not  adhere  in
tetrads,  often  with  confluent  bases[148−150].  Molecular  phylogenetic
analyses have confirmed the independence of Infundibulicybe from
Clitocybe and  its  placement  in  the  suborder  Tricholomatineae,
where  it  is  closely  related  to Omphalina and  together  they
constitute  Omphalinaceae[35,150−152].  Members  of  the  genus  are
mainly  saprobic  on  leaf  or  needle  litter  and  are  largely  confined
to  temperate,  boreal,  and  alpine  regions  of  the  Northern
Hemisphere[148−150,153].  In  this  study,  one  new  species  is  described
based  on  morphological  characters  and  phylogenetic  analyses  of
ITS and LSU sequences.

Infundibulicybe  jilongensis K.  Wang,  T.Z.  Wei,  &  P.  Hong Figs  21
and 23

Chinese Name: 吉隆漏斗伞 (ji long lou dou san)
Pileus 23–75 mm diam., at first plane to slightly depressed in the

centre, infundibuliform when mature, surface dry, smooth, or finely
felty,  slightly  hygrophanous,  light  orange (5A4)  to  brownish yellow
(5C8), centre darker, margin slightly involute, undulate, always much
paler  context  orange  white  (5A2).  Lamellae  decurrent  to  deeply
decurrent, crowded, white (5A1) to orange white (5A2), concolorous,
even, unequal, sometimes furcate at the margin of the pileus. Stipe
(41)64–99  ×  6–8  mm,  central,  subcylindrical  to  cylindrical,  hollow,
surface  smooth,  concolorous  with  the  pileus,  the  base  usually
slightly  coarser  and  covered  with  white  tomentum.  Context  thin,
and thinner towards the margin, fleshy, odour indistinct.

Basidiospores [50/3/3] (6.4–)6.8–7.8(–8.2) × (3.6–)3.9–4.6(–5.2) μm,
Q =  (1.42–)1.58–1.84(–1.99), Qm =  1.71  (±  0.13),  lacrymoid,  rarely
ellipsoid,  smooth,  thin-walled,  hyaline,  nonamyloid,  guttulate.
Basidia  31–43  ×  6–8 μm,  clavate,  hyaline,  two- or  four-spored,
sterigmata  up  to  6 μm  long.  Cheilocystidia  and  pleurocystidia

 

Fig. 20  Molecular phylogenetic analyses of Cuphophyllus species by the maximum likelihood (ML) method based on combined ITS–LSU–rpb2 sequences,
rooted  with Ampulloclitocybe  clavipes and Clitocybe  subclavipes.  Maximum  likelihood  bootstrap  support  values  (ML)  ≥ 60%  and  Bayesian  posterior
probabilities (PP) ≥ 0.90 are shown around nodes as ML/PP. 'T' refers to the type specimen. Sequences newly generated in this study are indicated in bold.
New species described herein are shown in red, whereas other specimens newly collected in this study are shown in blue.
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not  observed.  Lamella  trama  subregular,  hyphae  3–8 μm  diam.,
cylindrical,  thin-walled,  hyaline.  Pileipellis  is  a  cutis  composed  of
subparallel,  incrusted  with  abundant  yellowish  brown  grainy
epiparietal  pigment,  composed  of  thin- to  slightly  thick-walled
(up  to  0.7 μm),  cylindrical  hyphae  4–9 μm  diam.  Stipitipellis  is  a
cutis  composed  of  slightly  thick-walled  (0.5–1 μm),  cylindrical
hyphae 4–7 μm diam. Clamp-connections present.

Known  distribution  —  Solitary,  scattered  on  soil,  in  bush  or
deciduous  coniferous  forest,  summer  to  fall.  So  far  found  only
in China.

Material  examined  —  CHINA,  Xizang,  Shigatse,  Yadong  County,
Xiayadong  Township,  27°25′17″ N,  88°56 ′32″ E,  3,024  m  asl,
growing  on  humus-rich  ground  within  coniferous  forests,  26  July
2022,  D.  Phurbu,  ZRL20220109  (HMAS  259387.  GenBank  no.:
ITS  PP968407;  LSU  PP941771); ibid.,  ZRL20220212  (HMAS
259388. GenBank no.: ITS PP968408; LSU PP941772); Dingjie County,
Chentang  Township,  Jiuyan  hotspring,  27°55′15″ N,  87°21 ′37″ E,
3,060  m  asl,  growing  on  mosses  within  mixed  coniferous  and
broad-leaved  forests,  29  July.  2022,  M.Q.  He,  B.  Cao,  &  J.X.  Li,
ZRL20220401  (HMAS  259389.  GenBank  no.:  ITS  PP968409;  LSU
PP941773).

Notes  — Infundibulicybe  jilongensis was  originally  collected  by
K.  Wang,  T.Z.  Wei,  and  P.  Hong  from  the  litter  layer  or  decaying
branches  in  coniferous  forests  dominated  by Pinus on  the
Qinghai–Xizang Plateau[61].  Our phylogenetic analyses showed that
the present collection clustered with I. jilongensis with 100% ML and
1.00  PP  bootstrap  support  (Fig.  23).  Macromorphologically,  our
specimens  agree  well  with  the  original  description  of I.  jilongensis.
To further evaluate morphological variation, we measured 50 basid-
iospores  from  two  basidiomata  of  the  holotype  specimen  (HMAS
282369)  following  Largent[29].  The  holotype  spores  measured
5.8–6.4 × 4.0–4.7 μm and ranged from subglobose to tear-shaped. In
contrast,  spores  of  our  collection were  distinctly  longer,  measuring
6.8–7.8  ×  3.9–4.6 μm,  and  were  nearly  uniformly  tear-shaped.  In
addition,  the basidia of  our material  were longer (31–43 × 6–8 μm)
compared with those of the type (22–28 × 6.0–7.2 μm). In the field,
the  basidiomata  of  our  collection  also  appeared  darker,  with  a
yellowish-brown  pileus  and  stipe.  These  observations  expand  our
understanding of morphological variability within I. jilongensis.

Infundibulicybe nanorobusta R.L. Zhao & X.X. Han, sp. nov. Figs 22
and 23

Chinese Name: 矮粗漏斗伞 (ai cu lou dou san)
Fungal Names: FN 573702; Facesoffungi number: FoF 20057
Etymology  — nanorobusta (Latin),  composed  of  'nana'  (dwarf,

small) and 'robusta' (robust),  referring to the characteristically small
and stout basidiomata of the new species.

Diagnosis — differs by its small pileus with an involute margin, a
short but robust stipe, basidia with two- or four-spored, and distinct
DNA sequences.

Holotype  —  CHINA,  Qinghai,  Qilian  County,  Binggou  Linhai,
38°7′8″ N,  100°11 ′31″ E,  3,160  m  asl,  growing  on  mosses  within
mixed coniferous and broad-leaved forests,  15 July 2023, R.L.  Zhao,
M.Y. Zhu, & M.Q. He, ZRL20230692 (HMAS 259843 holotype; AF9571
isotype, GenBank no.: ITS PZ494066; LSU PZ494069).

Pileus  15–34  mm  diam.,  plano-concave  when  young,  becoming
infundibuliform  when  mature,  centre  depressed  with  age,  margin
involute,  smooth  or  finely  felty,  slightly  hygrophanous,  nonstriate,
fleshy,  greyish  orange  (5B5)  to  golden  brown  (5D7),  concolorous
or  slightly  darker  at  the  centre,  occasionally  split  when  mature.
Lamellae  decurrent  to  deeply  decurrent,  distant,  white  (5A1)  to
orange  white  (5A2),  concolorous,  even,  sometimes  furcate  at  the
margin  of  the  pileus.  Stipe  21–51  ×  5–11  mm,  central,  cylindrical,
tough,  finely  yellowish  brown-toned  fibrillose  longitudinally,  gre-
yish orange (5B3) to yellowish brown (5D8), sometimes twisted with
a  broadened  base,  concolorous,  base  with  some  white  tomentum.
Context slightly thick, white (5A1), fleshy, odour indistinct.

Basidiospores [50/2/2] (5.0–)6.3–8.0(–8.9) × (3.0–)3.7–4.9(–5.1) μm,
Q = (1.40–)1.54–1.80(–1.95), Qm = 1.67 (± 0.13), narrowly ellipsoid to
oblong,  lacrymoid,  smooth,  colourless,  hyaline,  thin-walled.  Basidia
(16.6)18.4–22.5(24.4) × (4.7)5.4–7.0(7.9) μm, clavate, hyaline, colour-
less,  two- or  four-spored,  sterigmata  up  to  4 μm  long.  Basidioles
(16.4)18.4–24.2(27.5)  ×  (4.9)5.1–6.2(6.8) μm,  colourless,  hyaline,
clavate.  Cheilocystidia  and  pleurocystidia  not  observed.  Lamella
trama  subregular,  hyphae  2–5 μm  diam.,  cylindrical,  thin-walled,
colourless,  hyaline.  Pileipellis  is  a  cutis  composed  of  subparallel,
incrusted with abundant greyish orange grainy epiparietal pigment,
composed of thin- to slightly thick-walled (up to 0.4 μm), cylindrical
hyphae 3.5–6.6 μm diam. Clamp-connections present.

Known distribution — Scattered or in pairs on humus-rich ground
in mixed coniferous and broad-leaved forests, summer to fall. So far
found only in China.
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Fig. 21  Infundibulicybe jilongensis (a, b HMAS 259387). (a) Basidioma; (b)
Basidiomata;  (c)  Basidiospores;  (d)  Basidia  and Basidioles;  (e)  Pileipellis.
Scale bars: (a, b) = 1 cm; (c–e) = 10 µm.
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Fig.  22  Infundibulicybe  nanorobusta (a  ZRL20230632;  b  ZRL20230692
holotype).  (a,  b)  Basidiomata;  (c)  Basidiospores;  (d)  Basidia  and
Basidioles; (e) Pileipellis. Scale bars: (a, b) = 1 cm; (c–e) = 5 µm.
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Material  examined  —  CHINA,  Qinghai,  Qilian  County,  Binggou
Linhai,  38°7′8″ N,  100°11 ′31″ E,  3,160  m  asl,  growing  on  mosses
within  mixed  coniferous  and  broad-leaved  forests,  15  July  2023,
R.L.  Zhao,  M.Y.  Zhu,  &  M.Q.  He,  ZRL20230632  (HMAS  259842,
GenBank no.: ITS PZ494065; LSU PZ494068).

Notes — Infundibulicybe nanorobusta is characterized by its small,
robust,  and  infundibuliform  basidiomata,  with  a  small  and  fleshy
pileus  and  a  short  but  slightly  thick  stipe.  Microscopic  features
include  narrowly  ellipsoid  to  oblong  basidiospores  and  basidia
that are two- or four-spored. In the phylogenetic tree, I. ellipsospora,
originally  described  from  the  Qinghai–Xizang  Plateau,  forms
a  sister  clade  with I.  nanorobusta.  Besides  the  macro  differences
in  the  small  (15–34  mm  vs.  35–60  mm)  and  robust  basidiomata
(21–51  ×  5–11  mm  vs.  55–80  ×  5–7  mm), I.  nanorobusta also  has
shorter  basidia  (18.4–22.5 μm  vs.  26–40 μm)  that  are  two- or
four-spored[153].  Our  phylogenetic  analyses  are  consistent  with
He  &  Yang  (2023),  showing  that I.  ellipsospora can  be  divided  into
two  subclades  based  on  its  geographic  distribution  in  Yunnan
Province  (HKAS  57667  and  HKAS  115960)  and  Tibet  (HKAS  115959
and HKAS 116251).

Omphalotaceae Bresinsky
Index Fungorum number: IF 81085
Type genus — Omphalotus Fayod
Gymnopus (Pers.) Gray
Index Fungorum number: IF 17703
Type species — Gymnopus fusipes (Bull.) Gray
Notes — Gymnopus (Pers.) Gray belongs to Omphalotaceae and is

typified  by G. fusipes,  with  approximately  300  species  described
worldwide[154,155].  More  than  79  species  have  been  reported  from
China[27,64,93,154−161].  The  genus  possesses  notable  ecological  and
economic  importance[162,163].  Species  of Gymnopus are  generally
characterized  by  collybioid  basidiomata,  rarely  tricholomatoid  or

marasmoid,  and  a  white  spore  print.  Basidiospores  are  ellipsoid  to
short-oblong,  occasionally  subglobose,  globose,  or  lacrymoid.
Cheilocystidia  are  usually  present  and  variable  in  shape.  The
pileipellis  consists  of  a  cutis  or  ixocutis  composed  of  radially
arranged cylindrical  hyphae,  sometimes appearing interwoven and
resembling a trichoderm or ixotrichoderm with irregularly coralloid
terminal elements[164].

Members  of  the  genus  are  predominantly  saprotrophic,  rarely
parasitic,  occurring  in  humus  or  on  wood,  and  occasionally  on
dead  roots  or,  less  frequently,  on  living  herbaceous  or  woody
plants[164,165]. Gymnopus has  been  extensively  studied  worldwide,
with research originating in Europe and subsequently expanding to
other regions, particularly North America[162,164,166−169]. Most species
have  been  documented  from  North  America,  Europe,  and  Asia,
whereas  comparatively  few  taxa  are  known  from  Oceania  and
Africa[163,170].  Based on recent comprehensive phylogenetic studies,
Gymnopus was divided into four sections, viz.  sect. Androsacei,  sect.
Gymnopus,  sect. Levipedes,  and sect. Impudicae[164,171].  In  this  study,
four  new species  are described based on morphological  characters
and phylogenetic analyses of ITS and LSU sequences.

Gymnopus  batangensis R.L.  Zhao  &  X.X.  Han,  sp.  nov. Figs  24
and 28

Chinese Name: 巴塘裸脚伞 (ba tang luo jiao san)
Fungal Names: FN 573703; Facesoffungi number: FoF 20058
Etymology — refers to the type locality, Batang County.
Diagnosis  —  distinguished  by  its  brownish  pileus  with  a  slightly

sulcate  towards  margin,  a  brownish  stipe  with  pseudorrhiza,
narrowly  ellipsoid  to  oblong  basidiospores  (7.6–9.2  ×  4.2–5.1 μm),
and basidia with two- or four-spored.

Holotype  —  CHINA,  Sichuan,  Batang  County,  Zhubalong  Nature
Reserve,  29°39′36″ N,  99°5 ′20″ E,  4,102  m  asl,  growing  on  mosses
within  coniferous  forests,  19  August  2020,  X.Y.  Zhu  &  M.Z.  Zhang,

 

Fig.  23  Molecular  phylogenetic  analyses  of Infundibulicybe species  by  the  maximum  likelihood  (ML)  method  based  on  combined  ITS–LSU  sequences,
rooted with Omphalina licheniformis. Maximum likelihood bootstrap support values (ML) ≥ 60% and Bayesian posterior probabilities (PP) ≥ 0.90 are shown
around nodes as ML/PP. 'T' refers to the type specimen. Sequences newly generated in this study are indicated in bold. New species described herein are
shown in red, whereas other specimens newly collected in this study are shown in blue.
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ZRL20201385  (HMAS  259833  holotype;  AF9560  isotype,  GenBank
no.: ITS PZ492291; LSU PZ492304).

Pileus  7–26  mm  diam.,  hemispherical  when  young,  then  convex
to  plano-convex,  often  slightly  depressed  or  umbilicate  at  the
centre, slightly sulcate towards margin, sometimes applanate when
mature,  margin  deflexed,  sometimes  becoming  reflexed  margin
when  mature,  hygrophanous,  rugose,  smooth,  brownish  orange
(6C3)  to  brown  (6E8),  occasionally  with  a  slightly  paler  margin.
Lamellae  moderately  close,  narrowly  adnate  to  adnexed,  orange
white  (5A2)  to  brownish orange (5C5),  concolorous,  even,  unequal.
Stipe 39–77 × 1–3 mm, central, cylindrical, sometimes twisted with a
broadened  base,  or  tapering  towards  the  base  forming  a  reduced
pseudorrhiza,  smooth  or  grooved  lengthwise,  hollow,  brownish
orange  (6C5)  to  brown  (6E7),  becoming  white  at  the  pseudorrhiza.
Context thin, and thinner towards the margin, odour indistinct.

Basidiospores  [50/3/2]  (5.9–)7.6–9.2(–10.3)  ×  (3.1–)4.2–
5.1(–5.6) μm, Q =  (1.50–)1.67–1.98(–2.38), Qm =  1.83  (±  0.15),
narrowly  ellipsoid to  oblong,  subcylindrical,  rarely  lacrymoid,
smooth. Basidia (18.8)21.2–30.5(39.7) × (6.5)7.5–9.0(10.0) μm, clavate
to  cylindrical,  smooth,  hyaline,  two- or  four-spored.  Basidioles
(15.4)20.3–26.1(27.5)  ×  (3.8)4.9–7.4(8.1) μm,  clavate  to  cylindrical.
Cheilocystidia  abundant,  narrowly  clavate  to  cylindrical,  narrowly
utriform,  narrowly  lageniform,  (21.4)25.8–36.4(41.9)  ×  (5.7)6.7–
9.5(10.9) μm. Pleurocystidia not observed. Pileipellis is a cutis, some-
times intricate trichoderm at the centre,  hyaline, cylindrical,  3.9–9.2
µm wide, thin- to slightly thick-walled. Clamp-connections present.

Known distribution — Scattered or  gregarious  on mosses  within
coniferous or broad-leaved forests, summer to fall. So far found only
in China.

Material examined — CHINA, Sichuan, Batang County, Zhubalong
Nature  Reserve,  29°39′36″ N,  99°5 ′20″ E,  4,102  m  asl,  growing  on
mosses  within  coniferous  forests,  19  August  2020,  M.Q.  He  &  M.Q.

Wang,  ZRL20201473  (HMAS  259834,  GenBank  no.:  ITS  PZ492294;
LSU  PZ492307).  Xizang,  Linzhi,  Alpine  Forest  Ecosystem  National
Field  Scientific  Observation  and  Research  Station,  29°39′2″ N,
94°42′53″ E, 3,880 m asl, growing on mosses in coniferous forests, 27
July 2021, X.Y. Zhu & B. Cao, ZRL20211060 (HMAS 259835, GenBank
no.:  ITS  PZ492292;  LSU  PZ492306); ibid.,  ZRL20211075  (HMAS
259836, GenBank no.: ITS PZ492293; LSU PZ492308); Chayu County,
along  the  route  of  G219,  28°39′48″ N,  97°27 ′44″ E,  3,524  m  asl,
growing  on  mosses  in  broad-leaved  forests,  6  August  2023,
D. Phurbu & X.H. Yu, ZRL20231047 (HMAS 259837, GenBank no.: ITS
PZ492290; LSU PZ492305).

Notes  — Gymnopus  batangensis is  characterized  by  a  brownish
orange to brown pileus that is slightly sulcate towards the margin, a
brownish  orange  to  brown  stipe  with  pseudorhiza,  and  the  pre-
sence of cheilocystidia. In the field, its hygrophanous, sulcate-striate,
brownish pileus and similarly coloured stipe may recall G. variicolor.
However, G. variicolor differs  from G. batangensis by having smaller
basidiospores (6.7 × 3.8 μm) and exclusively four-spored basidia[172],
and the ITS sequences of  their  type specimens differ  by more than
7% (BRNM 781307). Phylogenetically, the new species is related to G.
loiseleurietorum, originally described from the alpine zone of Austria.
However, it is distinct from the new species in morphology, charac-
terized  by  a  short  stipe  (20–30  mm),  the  absence  of  cheilocystidia,
and hyphae that turn green in KOH[173,174].

Gymnopus  ochraceoflavus R.L.  Zhao  &  X.X.  Han,  sp.  nov. Figs  25
and 28

Chinese Name: 赭黄裸脚伞 (zhe huang luo jiao san)
Fungal Names: FN 573704; Facesoffungi number: FoF 20059
Etymology — ochraceoflavus (Latin)  refers  to the ochre colour of

the pileus.
Diagnosis  —  distinguished  by  its  ochre-toned  pileus,  yellowish

white  to  greyish yellow lamellae,  stipe with  whitish  flocculose,  and
small basidiospores.

Holotype  —  CHINA,  Qinghai,  Qilian  County,  Binggou  Linhai,
38°7′8″ N,  100°11 ′31″ E,  3,160  m  asl,  growing  on  mosses  within
mixed coniferous and broad-leaved forests,  15 July 2023, R.L.  Zhao,
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Fig.  24  Gymnopus  batangensis (a,  ZRL20201385  holotype,  b
ZRL20211060).  (a,  b)  Basidiomata;  (c)  Basidiospores;  (d)  Basidia  and
Basidioles;  (e)  Cheilocystidia;  (f)  Pileipellis  elements.  Scale  bars:  (a,  b)  =
1 cm; (c) = 5 µm; (d–f) = 10 µm.
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Fig.  25  Gymnopus  ochraceoflavus (a,  ZRL20230630  holotype,  b
ZRL20230683).  (a,  b)  Basidiomata;  (c)  Basidiospores;  (d)  Basidia  and
Basidioles;  (e)  Cheilocystidia;  (f)  Pileipellis  elements.  Scale  bars:  (a,  b)  =
1 cm; (c) = 5 µm; (d–f) = 10 µm.
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M.Y. Zhu, & M.Q. He, ZRL20230630 (HMAS 259831 holotype; AF9570
isotype, GenBank no.: ITS PZ492288; LSU PZ492309).

Pileus  13–29  mm  diam.,  convex  to  plano-convex,  becoming
applanate  when  mature,  with  almost  indistinct  or  rather  distinct
broad  obtuse  umbo  at  the  centre,  margin  sometimes  involute,
sometimes becoming reflexed margin when mature, hygrophanous,
usually  nonstriate,  smooth,  brownish orange (6C5)  to  brown (6D8),
sometimes with a slightly darker centre. Lamellae moderately close,
adnate  to  adnexed,  rarely  emarginate  and  attached  with  a  tooth,
yellowish  white  (4A2)  to  greyish  yellow  (4B3),  concolorous,  even,
unequal.  Stipe  20–39  ×  2–4  mm,  central,  cylindrical,  sometimes
slightly broadened at the base, pale orange (5A3) to greyish orange
(5B6), with whitish flocculose. Context thin, and thinner towards the
margin, odour indistinct.

Basidiospores [50/3/2] (4.3–)4.8–5.7(–6.4) × (2.9–)3.1–3.5(–3.8) μm,
Q = (1.36–)1.44–1.74(–1.96), Qm = 1.59 (± 0.15), narrowly ellipsoid to
oblong,  rarely  broadly  ellipsoid  or  subcylindrical,  hyaline,  smooth.
Basidia  (14.8)16.4–20.3(21.7)  ×  (4.9)5.8–7.2(8.1) μm,  clavate  to
cylindrical,  smooth,  hyaline,  two- or  four-spored.  Basidioles
(10.8)14.2–17.3(18.6)  ×  (3.9)4.5–6.1(7.4) μm,  clavate  to  cylindrical.
Cheilocystidia  abundant,  irregularly  clavate  to  cylindrical,
(14.3)18.4–26.8(31.4)  ×  (4.7)4.9–7.1(8.5) μm,  sometimes  apically
diverticulate, diverticulare or furcated, rarely ramose. Pleurocystidia
not  observed.  Pileipellis  is  a  cutis,  hyaline,  cylindrical,  2.9–6.7 µm
wide, with branched, thin-walled. Clamp-connections present.

Known distribution — Scattered on mosses within mixed conife-
rous  and  broad-leaved  forests,  summer  to  fall.  So  far  found  only
in China.

Material  examined  —  CHINA,  Qinghai,  Qilian  County,  Binggou
Linhai,  38°7′8″ N,  100°11 ′31″ E,  3,160  m  asl,  growing  on  mosses
within  mixed  coniferous  and  broad-leaved  forests,  15  July  2023,
R.L.  Zhao,  M.Y.  Zhu,  &  M.Q.  He,  ZRL20230683  (HMAS  259832,
GenBank no.: ITS PZ492289; LSU PZ492310).

Notes  — Gymnopus  ochraceoflavus is  characterized  by  a  hygro-
phanous,  usually  nonstriate,  ochre-toned pileus,  yellowish white  to
greyish  yellow  lamellae,  stipe  with  whitish  flocculose,  and  small
basidiospores.  In  the  molecular  phylogenetic  analysis, G.  ochrace-
oflavus is  related  to G.  junquilleus, G.  alpinus,  and G.  subsulphureus.
However, G.  junquilleus differs  by  a  brighter  pileus,  slightly  longer
basidiospores  (5.2–6.4 μm),  and  longer  basidia  (20–26 μm)[162].
Gymnopus alpinus is distinguished by a dark red-brown pileus, white
lamellae, larger basidiospores (6.0–7.5 μm), and wider cheilocystidia
(7–12 μm)[175]. Gymnopus  subsulphureus differs  by  a  sulfur-yellow
pileus with a depressed centre and longer basidiospores (6 μm)[176].
Gymnopus  ochraceoflavus has  only  been  recorded  from  alpine
regions above 3,000 m on the Qinghai–Xizang Plateau,  whereas its
phylogenetically close relatives mainly occur in low-altitude areas of
Europe and North America.

Gymnopus  planoconvexus R.L.  Zhao  &  X.X.  Han,  sp.  nov. Figs  26
and 28

Chinese Name: 平凸裸脚伞 (ping tu luo jiao san)
Fungal Names: FN 573705; Facesoffungi number: FoF 20060
Etymology  — planoconvexus (Latin)  refers  to  the  plano-convex

pileus of this species.
Diagnosis  —  similar  to G.  yunnanensis,  but G.  planoconvexus

differs by slightly shorter basidiospores, longer basidia with two- or
four-spored and distinct DNA sequences.

Holotype  —  CHINA,  Xizang,  Linzhi,  Bayi  District,  Lulang  Town,
along  the  route  of  G318,  29°50′37″ N,  94°45 ′23″ E,  2,976  m  asl,
growing  on  humus-rich  ground  within  mixed  coniferous  and
broad-leaved  forests,  14  August  2023,  M.Z.  Zhang  &  L.H.  Liu,
ZRL20235063  (HMAS  259829  holotype;  AF9579  isotype,  GenBank
no.: ITS PZ492296; LSU PZ492312).

Pileus  19–43  mm  diam.,  hemispherical,  convex  to  plano-convex,
sometimes  applanate,  usually  with  a  depressed  centre,  margin
usually  inflexed,  hygrophanous,  nonstriate,  smooth,  pale  orange
(5A3)  to  brownish  yellow  (5C8),  sometimes  with  a  darker  margin,
brownish  yellow  (5C7)  to  yellowish  brown  (5E8).  Lamellae
moderately  close  to  close,  narrowly  adnate  to  adnexed,  yellowish
white (4A2) to pale yellow (4A3),  concolorous,  even,  unequal.  Stipe
38–69  ×  2–4  mm,  central,  cylindrical,  usually  slightly  broadened  at
the base, orange white (6A2) to brownish orange (7C8), with whitish
flocculose.  Context  thin,  and  thinner  towards  the  margin,  odour
indistinct.

Basidiospores [50/3/2] (4.6–)5.1–5.8(–6.2) × (2.7–)2.9–3.3(–3.7) μm,
Q = (1.37–)1.60–1.87(–2.11), Qm = 1.73 (± 0.13), oblong to subcylin-
drical, or lacrymoid, hyaline, smooth. Basidia (19.3)21.8–25.6(26.7) ×
(5.4)5.6–6.6(7.0) μm,  clavate  to  cylindrical,  smooth,  hyaline,  two- or
four-spored.  Basidioles  (16.6)17.9–22.0(23.6)  ×  (3.1)3.8–5.1(6.3) μm,
clavate to cylindrical. Cheilocystidia irregularly clavate to cylindrical,
(17.1)19.3–23.6(26.3)  ×  (3.8)4.5–5.9(7.5) μm,  sometimes  with  an
umbo  at  apex,  diverticulare  or  furcated.  Pleurocystidia  and  caulo-
cystidia  not  observed.  Pileipellis  is  a  cutis,  sometimes  intricate
trichoderm  at  the  centre,  hyaline,  cylindrical,  4.7–12.1 µm  wide,
thin-walled. Clamp-connections present.

Known  distribution  —  Solitary  or  scattered  humus-rich  ground
within  mixed  coniferous  and  broad-leaved  forests,  summer  to  fall.
So far found only in China.

Material  examined — CHINA,  Xizang,  Linzhi,  Bayi  District,  Lulang
Town, along the route of G318, 29°50′37″ N, 94°45′23″ E, 2,976 m asl,
growing on humus-rich ground within mixed coniferous and broad-
leaved forests, 14 August 2023, M.Z. Zhang & L.H. Liu, ZRL20235065
(HMAS 259830, GenBank no.: ITS PZ492297; LSU PZ492313).

Notes  — Gymnopus planoconvexus is  characterized  by  a  hygro-
phanous,  nonstriate,  often  plano-convex  pileus  that  ranges  from
pale  orange  to  brownish  yellow,  oblong  to  subcylindrical  basi-
diospores measuring 5.1–5.8 × 2.9–3.3 μm, and basidia bearing two-
or  four-spored.  Phylogenetically, G. planoconvexus is  related  to G.
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Fig.  26  Gymnopus  planoconvexus (a,  ZRL20235063  holotype,  b
ZRL20235065).  (a)  Basidiomata;  (b)  Basidioma;  (c)  Basidiospores;  (d)
Basidia  and  Basidioles;  (e)  Cheilocystidia;  (f)  Pileipellis  elements.  Scale
bars: (a, b) = 1 cm; (c) = 5 µm; (d–f) = 10 µm.
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yunnanensis, G. aurantiofuscus, G. ailaoensis, G. viridiscus,  and G. viri-
docephalus. All  six species are originally distributed in China; G. viri-
docephalus occurs  in  eastern  China,  whereas  the  others  originate
from  southwestern  China.  Notably,  although G.  yunnanensis was
initially  described  from  Yunnan,  this  study  reports  its  presence  in
Xizang  for  the  first  time  (ZRL20220270). Gymnopus  yunnanensis
differs  by  a  slightly  paler  pileus,  longer  basidiospores  (5–6.5 μm),
and shorter  basidia (16–22 μm) and has four-spored[158]. Gymnopus
aurantiofuscus is  distinguished  by  a  darker  pileus,  slightly  larger
basidiospores  (av.  5.9  ×  3.4 μm)  and  four-spored  basidia[177].
Gymnopus  ailaoensis differs  in  having  a  darker  pileus,  shorter
stipe  (11.6–38.6  mm),  and  a  preference  for  growing  on  dead
wood[160]. Gymnopus viridiscus is characterized by small basidiomata
(17–19  mm)  and  a  greyish  green  pileus[161]. Gymnopus  virido-
cephalus differs by translucently striate pileus with a yellowish green
tint, longer basidiospores (5.6–7.5 μm), and four-spored basidia[177].

Gymnopus  sinopubescens R.L.  Zhao  &  X.X.  Han,  sp.  nov. Figs  27
and 28

Chinese  Name:  中华绒柄裸脚伞 (zhong  hua  rong  bing  luo
jiao san)

Fungal Names: FN 573706; Facesoffungi number: FoF 20061
Etymology  — sinopubescens (Latin),  composed  of  'sino-'  (Sīnae,

'Chinese') and 'pubescens',  referring to the entirely pubescent stipe
of this new species from China.

Diagnosis  —  similar  to G.  fuscus,  but G.  fuscus differs  by  longer
basidiospores, longer basidia, and narrower cheilocystidia.

Holotype  —  CHINA,  Sichuan,  Xiangcheng  County,  Fozhu  Gorge,
29°4′49″ N, 99°54′11″ E, 3,000 m asl, growing on humus-rich ground
within  mixed  coniferous  and  broad-leaved  forests  dominated  by
Abies,  15  August  2019,  R.L.  Zhao,  B.  Cao,  &  Z.L.  Ling,  ZRL20190949
(HMAS  259825  holotype;  AF9555  isotype,  GenBank  no.:  ITS
PZ492303; LSU PZ492317.

Pileus  9–40  mm  diam.,  hemispherical  to  plano-hemispherical
when  young,  then  obtusely  conical  to  convex,  applanate  when

mature, sometimes slightly depressed at the centre, margin entire to
slightly uneven, hygrophanous, smooth, sometimes rugose, reddish
brown (8D4) to dark brown (8F8) at the centre, occasionally slightly
sulcate  at  the  margin,  inflexed,  becoming  straight  when  mature,
gradually  fading  reddish  white  (8A2)  to  reddish  golden  (6C7)
towards the margin. Lamellae close, adnexed to free, white (5A1) to
orange  grey  (5A2),  concolorous,  uneven,  unequal.  Stipe  18–53  ×
2–4  mm,  central,  cylindrical,  sometimes  twisted  with  a  broadened
base, or tapering towards the base forming a reduced pseudorrhiza,
usually  covered  with  pubescence  entirely,  or  sometimes  pruinose,
tomentose  at  the  base,  reddish  grey  (8B2)  to  reddish  brown  (8E8),
becoming  white  at  the  pseudorrhiza.  Context  thin,  and  thinner
towards the margin, odour indistinct.

Basidiospores [50/3/3] (4.2–)4.7–5.5(–6.1) × (2.6–)2.8–3.6(–4.2) μm,
Q =  (1.30–)1.45–1.74(–1.91), Qm =  1.59  (±  0.14),  narrowly  ellipsoid
to  oblong,  rarely  lacrymoid  or  subglobose,  smooth.  Basidia
(12.7)13.8–17.8(20.0)  ×  (4.6)5.3–6.4(7.0) μm,  clavate  to  cylindrical,
smooth,  hyaline,  two-spored.  Basidioles  (13.5)14.6–18.7(23.6)  ×
(4.5)5.0–5.9(6.3) μm,  clavate  to  cylindrical.  Cheilocystidia  abundant,
irregularly  clavate  to  cylindrical,  narrowly  utriform,  sometimes
apically  diverticulate,  diverticulare  or  furcated,  (14.5)17.3–
24.2(26.7)  ×  (3.7)4.2–5.5(6.2) μm.  Pleurocystidia  not  observed.
Pileipellis  is  a  cutis,  sometimes  intricate  trichoderm  at  the  centre,
hyaline,  cylindrical,  2.4–5.8 µm  wide,  thin- to  slightly  thick-walled.
Clamp-connections present.

Known distribution — Solitary or scattered on humus-rich ground
within  mixed  coniferous  and  broad-leaved  forests,  summer  to  fall.
So far found only in China.

Material examined — CHINA, Sichuan, Xiangcheng County, Fozhu
Gorge, 29°4′49″ N,  99°54 ′11″ E,  3,000 m asl,  growing on humus-rich
ground  within  mixed  coniferous  and  broad-leaved  forests  domi-
nated  by Abies,  15  August  2019,  R.L.  Zhao,  B.  Cao,  &  Z.L.  Ling,
ZRL20191131  (HMAS  259826,  GenBank  no.:  ITS  PZ492300;  LSU
PZ492318);  Yajiang  County,  Gexigou  Nature  Reserve,  Hekou  Town,
Xiadu  Village,  29°57′24″ N,  100°57 ′35″ E,  3,241  m  asl,  growing  on
humus-rich  ground  within  mixed  coniferous  and  broad-leaved
forests  dominated  by Quercus and Pinus,  15  August  2020,  M.Q.  He,
B.  Cao,  &  J.X.  Li,  ZRL20200433  (HMAS  259827,  GenBank  no.:  ITS
PZ492301;  LSU  PZ492316); ibid.,  X.X.  Han  &  X.Y.  Zhu,  ZRL20200605
(HMAS 259828, GenBank no.: ITS PZ492302; LSU PZ492315).

Notes  —  The  new  species  resembles G.  fuscus,  which  was  origi-
nally described from the Qinghai–Xizang Plateau (Qinghai Province).
However, G.  fuscus can  be  readily  distinguished  by  its  longer  basi-
diospores (6.5–8.2 μm), longer basidia (21.9–26.8 μm), and narrower
cheilocystidia  (2.3–3.9 μm)[177].  Phylogenetic  analyses  indicate  that
the new species belongs to G. sect. Impudicae, although the charac-
teristic  odour  was  not  recorded  in  the  field. Gymnopus  sinop-
ubescens is phylogenetically close to G. subdensilamellatus, G. densil-
amellatus, G.  polyphyllus, G.  subpolyphyllus, G.  epiphyllus,  and
G.  sinopolyphyllus.  Nevertheless, G.  sinopubescens differs  from
these  species  by  its  reddish  brown  to  dark  brown  pileus,  reddish
grey  to  reddish  brown  stipe  that  is  covered  with  pubescence
entirely,  and narrowly  ellipsoid  to  oblong basidiospores  measuring
4.7–5.5 × 2.8–3.6 μm[178].

Phyllotopsidaceae Locq.  ex  Olariaga,  Huhtinen,  Læssøe,
J.H. Petersen & K. Hansen

Index Fungorum number: IF 831374
Type genus — Phyllotopsis E.-J. Gilbert & Donk ex Singer
Tricholomopsis Singer
Index Fungorum number: IF 18680
Type species — Tricholomopsis rutilans (Schaeff.) Singer.
Notes — The genus Tricholomopsis Singer, established in 1939, is

currently  placed  in  the  family  Phyllotopsidaceae  and  comprises
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Fig.  27  Gymnopus  sinopubescens (a,  ZRL20190949  holotype,  b
ZRL20200605).  (a,  b)  Basidiomata;  (c)  Basidiospores;  (d)  Basidia  and
Basidioles;  (e)  Cheilocystidia;  (f)  Pileipellis  elements.  Scale  bars:  (a,  b)  =
1 cm; (c) = 5 µm; (d–f) = 10 µm.
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approximately  50  species  with  a  probably  nearly  cosmopolitan
distribution[179,180].  Approximately  23  species  have  been  confirmed
in  China  based  on  morphological  and  molecular  evidence[93,181].
Species  of Tricholomopsis are  typically  characterised  by

tricholomoid, coloured basidiomata, usually yellow, with a glabrous
to  tomentose  or  fibrillose  pileus,  inamyloid  basidiospores,  conspi-
cuous  cheilocystidia,  and  clamp  connections[28,179,182].  Ecologically,
members  of  the  genus  are  saprotrophic,  occurring  solitary  or

 

Fig. 28  to be continued
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Fig. 28  Molecular phylogenetic analyses of Gymnopus species by the maximum likelihood (ML) method based on combined ITS–LSU sequences, rooted
with Marasmius medogensis.  Maximum likelihood bootstrap support values (ML) ≥ 60% are shown around nodes as ML. Sequences newly generated in
this study are indicated in bold. New species described herein are shown in red, whereas other specimens newly collected in this study are shown in blue.
'T' refers to the type specimen.
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scattered  on  decaying  wood  of  coniferous  or  broad-leaved  forests,
or  on  bamboo[179,183].  The  genus  is  currently  divided  into  five
sections, viz.  sect. Bambusinae,  sect. Decoramentum,  sect. Glabrae,
sect. Lividae,  and sect. Tricholomopsis[179].  To date, sect. Decoramen-
tum comprises  three  reported  species,  namely Tricholomopsis
decora, T.  floccosa,  and T.  badinensis.  In  the  present  study,  we
describe a new species belonging to sect. Decoramentum.

Tricholomopsis  dambaensis R.L.  Zhao,  B.  Cao,  &  X.X.  Han,  sp.  nov.
Figs 29 and 30

Chinese Name: 打坝拟口蘑 (da ba ni kou mo)
Fungal Names: FN 573707; Facesoffungi number: FoF 20062
Etymology  — dambaensis (Latin)  refers  to  the  type  locality

Damba,  an  officially  standardized  geographical  name  in  the
Zangnan region of Xizang Autonomous Region, China.

Diagnosis — differs from the other species of T. sect. Decoramen-
tum by  its  light  yellow  to  olive  brown  pileus  with  blond  to  olive
brown  scales,  and  ellipsoid  to  narrowly  ellipsoid  basidiospores
(7.4–8.5 × 5.0–5.8 μm).

Holotype  —  CHINA,  Xizang,  Linzhi,  Chayu  County,  near  Damba,
28°36′46″ N,  98°5 ′22″ E,  4,110  m  asl,  growing  on  rotten  wood  in
mixed coniferous and broad-leaved forests, 21 July 2021, M.Z. Zhang
& X.Y.  Zhu,  ZRL20210537 (HMAS 259918 holotype;  AF9562 isotype,
GenBank no.: ITS PZ499994; LSU PZ499985).

Basidioma  is  small  to  medium-sized.  Pileus  42–93  mm  diam.,
plano-convex, sometimes the margin is slightly involute, and nearly
applanate with a slight central depression when mature; surface dry,
light  yellow  (4A5)  to  olive  brown  (4E7),  tomentose  to  finely  scaly,
dense at the centre and becoming scarce towards the margin, scales
adpressed and slightly upturned when mature, blond (4C4) to olive
brown  (4E8).  Lamellae  moderately  crowded  with  slightly  decurrent
teeth,  sometimes  emarginate,  light  yellow  (4A5)  to  greyish  yellow
(4C7), sometimes the margin is darker, greyish yellow (4B4) to olive
brown  (4E7).  Stipe  50–83  ×  5–14  mm,  central,  hollow,  cylindrical,
often curved, greyish yellow (4B5) to dark brown (4C8), with greyish
yellow (4C5) to olive brown (4E8) scales or fibrils.

Basidiospores [80/3/2] (7.0–)7.4–8.5(–9.4) × (4.7–)5.0–5.8(–6.3) μm,
Q = (1.32–)1.38–1.57(–1.77), Qm = 1.48 (± 0.10), ellipsoid to narrowly
ellipsoid,  colourless,  hyaline,  sometimes  with  one  oil  droplet,
thin-walled,  smooth,  in-amyloid.  Basidia  (21.6)29.1–38.6(45.3)  ×
(5.1)6.0–7.4(8.0) μm,  narrowly  clavate  to  clavate,  sterigmata
3.9–5.4 μm,  two- or  four-spored.  Cheilocystidia  (32.4)37.8–
54.1(68.0)  ×  (3.4)4.6–6.6(8.0) μm,  colourless,  hyaline,  thin-walled,
varied  in  shape,  narrowly  clavate,  clavate  to  sphaeropedunculate,
sometimes  obovoid  or  broadly  ellipsoid.  Pleurocystidia  frequent,
(32.4)41.3–57.6(68.4)  ×  (7.9)13.1–18.5(20.3) μm,  cylindrical  to
narrowly clavate, colourless, hyaline, thin-walled. Pileipellis is a cutis
with the transition to a trichoderm at regular intervals, composed of
3–7 µm  wide,  thin-walled,  filamentous  hyphae.  Clamp-connections
present.

Known  distribution  —  Scattered  or  in  pairs  on  rotten  wood  in
mixed  coniferous  and  broad-leaved  forests,  summer  to  fall.  So  far
found only in China.

Material  examined — CHINA,  Xizang,  Linzhi,  Chayu County,  near
Damba,  28°36′46″ N,  98°5 ′22″ E,  4,110  m  asl,  growing  on  rotten
wood  in  mixed  coniferous  and  broad-leaved  forests,  21  July  2021,
M.Q.  He & Z.L.  Ling,  ZRL20210535 (HMAS 259917,  GenBank no.:  ITS
PZ499993; LSU PZ499984).

Notes  — Tricholomopsis  dambaensis is  characterized  by  a  light
yellow  to  olive  brown  pileus  with  blond  to  olive  brown  scales  and
slightly  larger  basidiospores  (7.4–8.5  ×  5.0–5.8 μm).  It  has  been
reported  as  a  member  of  the T.  decora complex[184].  Phylogene-
tically, T.  dambaensis and T.  decora are  sister  groups  and  share
morphological  similarities.  However, T.  decora can be distinguished

by  its  slightly  brighter  pileus  and  smaller  basidiospores  (6–7.5  ×
4.7–5 μm)[185]. Tricholomopsis  floccosa differs  from T.  dambaensis
by  possessing  slightly  more  robust  stipes  (45–60  ×  8–15  mm),
darker  pileus,  smaller  spores  (5.5–7.5  ×  4–5.5 μm),  and  slightly
shorter  basidia  (23–30 μm)[179].  Additionally, T.  dambaensis can  be
distinguished from T. badinensis by its slightly robust stipe (50–83 ×
5–14  mm  vs.  50–70  ×  4–8  mm),  shorter  sterigmata  (3.9–5.4 μm  vs.
5–7 μm), and broader pleurocystidia (13.1–18.5 μm vs. 6–7 μm)[183].

Melanoleucaceae Locq. ex Vizzini, Consiglio & P. Alvarado
Index Fungorum number: IF 851152
Type genus — Melanoleuca Pat.
Melanoleuca Pat.
Index Fungorum number: IF 18031
Type species — Melanoleuca melaleuca (Pers.) Murrill
Notes  — Melanoleuca Pat.  is  a  cosmopolitan  genus  with  more

than  410  legitimately  described  species  (Index  Fungorum,
www.indexfungorum.org/names/Names.asp),  of  which  approxi-
mately  80  taxa  have  been  phylogenetically  confirmed[72,150,186−194].
In  China,  approximately  31  species  have  been  recorded[93].  Species
are  typically  characterized  by  collybioid  to  tricholomatoid  gymno-
carpic  basidiomata  with  indistinct  brownish  to  greyish  and  convex
to slightly depressed pileus[150,186]. The pileipellis is a cutis to tricho-
derm,  and  basidiospores  are  hyaline,  with  amyloid  ornamentation
and a distinct suprahilar plage[28]. Cheilocystidia are usually present,
long  and  variable,  including  urticoid,  septate,  thin-walled  forms  or
fusiform  to  lageniform,  slightly  thick-walled  elements,  sometimes
with  encrusting  crystals  at  the  apex;  pleurocystidia,  when  present,
resemble  cheilocystidia,  and  clamp  connections  are  absent[150,186].
Molecular  phylogenetic  evidence  indicates  that  the  genus
Melanoleuca belongs  to  Melanoleucaceae  within  suborder
Pluteineae  and  represents  a  distinct  monophyletic  lineage  closely
related  to Giacomia and  other  associated  families[150].  Species  of
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Fig.  29  Tricholomopsis  dambaensis (a  ZRL20210537  holotype;  b
ZRL20210535).  (a,  b)  Basidiomata;  (c)  Basidiospores;  (d)  Basidia  and
Basidioles;  (e)  Cheilocystidia;  (f)  Pileipellis.  Scale  bars:  (a,  b)  =  2  cm;
(c–f) = 10 µm.
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Fig.  30  Molecular  phylogenetic  analyses  of Tricholomopsis species  by  the  maximum  likelihood  (ML)  method  based  on  combined  ITS–LSU  sequences,
rooted  with Conoloma  mucronatum and Phyllotopsis  nidulans.  Maximum  likelihood  bootstrap  support  values  (ML)  ≥ 80%  and  Bayesian  posterior
probabilities (PP) ≥ 0.90 are shown around nodes as ML/PP. Sequences newly generated in this study are indicated in bold. New species described herein
are shown in red, whereas other specimens newly collected in this study are shown in blue. 'T' refers to the type specimen.
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Melanoleuca usually  grow  on  humus-rich  soils  in  meadow  and
forest habitats and are cosmopolitan in temperate to cold regions of
both hemispheres[28,113].

Melanoleuca  guyutongensis R.L.  Zhao,  B.  Cao,  & X.X.  Han,  sp.  nov.
Figs 31 and 38

Chinese Name: 古玉通铦囊蘑 (gu yu tong xian nang mo)
Fungal Names: FN 573708; Facesoffungi number: FoF 20063
Etymology  — guyutongensis (Latin)  refers  to  the  type  locality

Gǔyùtōng,  an  officially  standardized  geographical  name  in  the
Zangnan region of Xizang Autonomous Region, China.

Diagnosis — distinguished by its brownish orange to light brown
pileus, which is applanate when young and becomes plano-concave
to  concave  with  age,  long  stipe,  and  basidia  that  are  two- or  four-
spored.

Holotype — CHINA, Xizang, Linzhi, Chayu County, near Gǔyùtōng,
28°40′48″ N, 97°44′54″ E, 3,873 m asl, growing on humus-rich ground
in  coniferous  forests  dominated  by Juniperus,  6  August  2023,
D. Phurbu & X.H. Yu, ZRL20231156 (HMAS 259906 holotype; AF9573
isotype,  GenBank  no.:  ITS  PZ496810; tef1α PZ523835; rpb2
PZ541228).

Pileus  51–88  mm  diam.,  applanate  when  young,  becoming
plano-concave  to  concave,  with  almost  indistinct  or  rather  distinct
low  broad  obtuse  umbo  at  the  centre,  sometimes  depressed,  long
staying  reflexed  at  the  margin,  not  translucently  striate,  hygro-
phanous,  smooth  or  very  slightly  rugulose  at  the  centre,  glabrous,
brownish  orange  (6C5)  to  light  brown  (6D8),  paler  towards  the
margin.  Lamellae  rather  close,  emarginate  with  decurrent  tooth,
orange  white  (5A2)  to  greyish  orange  (5B4),  concolorous,  uneven.
Stipe  97–161  ×  7–11  mm,  cylindrical,  slightly  broadened  at  apex,
longitudinally fibrillose, central, sometimes with floccules of white at
the base, brownish orange (6C4) to brown (6E7), sometimes slightly
darker  at  the  base.  Context  thin,  orange  white  (5A2)  to  greyish
orange (5B6), odour indistinct.

Basidiospores [50/3/2] (6.4–)7.1–8.2(–8.6) × (4.0–)4.2–4.7(–5.1) μm,
Q =  (1.45–)1.62–1.84(–1.97), Qm =  1.73  (±  0.11),  oblong,
sometimes  have  one  guttula,  smooth,  slightly  thick-walled,
with  somewhat  irregular  small  to  large  wart  ornamentations.
Basidia  (22.5)24.1–29.9(32.7)  ×  (7.8)8.4–9.5(9.9) μm,  clavate,
hyaline,  two- or  four-spored.  Basidioles  (16.1)17.6–23.3(26.9)  ×
(5.8)7.0–8.8(10.0) μm, clavate to narrowly clavate, cylindrical. Cheilo-
cystidia  (45.1)51.9–67.6(78.2)  ×  (10.7)12.2–15.6(18.6) μm,  usually
somewhat  narrowly  lageniform  to  lageniform,  with  acute  or
occasionally  obtuse  apex,  sometimes  with  an  apex  usually
encrusted  by  crystals.  Pleurocystidia  similar  to  Cheilocystidia.
Trama hyphae thin-walled, subregular. Pileipellis hyphae cylindrical,
3.0–6.2 µm  wide,  with  branched,  somewhat  intermediate  between
a  cutis  and  intricate  trichoderm,  thin-walled.  Clamp-connections
absent.

Known distribution — Solitary or scattered on humus-rich ground
within  mixed  coniferous  and  broad-leaved  forests  or  coniferous
forests, summer to fall. So far found only in China.

Material  examined — CHINA,  Xizang,  Linzhi,  Chayu County,  near
Gǔyùtōng, 28°35′33″ N, 97°57′10″ E, 3,922 m asl, growing on humus-
rich  ground  within  mixed  coniferous  and  broad-leaved  forests,
9 August 2023, X.X. Han & Y.Y. Zheng, ZRL20231361 (HMAS 259907,
GenBank no.: ITS PZ496811; tef1α PZ523836; rpb2 PZ541227).

Notes — According to Vizzini  et  al.[195],  this  species belonging to
clade  A5  and  is  close  to M.  cognata and M.  arcuata. Melanoleuca
cognata,  which  is  primarily  appears  in  spring,  is  distinguished  by  a
clavate  base  of  the  pileus,  slightly  larger  basidiospores  (7.1–9.5  ×
4.1–5.8 μm)  that  are  ellipsoid  to  oblong,  and  basidia  that  are  four-
spored[196]. Melanoleuca  arcuata differs  by  having  a  fuliginous
brown,  sometimes  fuliginous  grey  or  vinaceous  fuliginous  pileus,

with  yellow-ochre  lamellae  only  at  maturity[72,195].  Unlike  other
phylogenetically close species mainly distributed at low altitudes in
Europe, Melanoleuca guyutongensis is currently known only from the
alpine area of the southern Qinghai–Xizang Plateau[72,196].

Melanoleuca  conopileus R.L.  Zhao  &  X.X.  Han,  sp.  nov. Figs  32
and 38

Chinese Name: 锥盖铦囊蘑 (zhui gai xian nang mo)
Fungal Names: FN 573709; Facesoffungi number: FoF 20064
Etymology  — conopileus (Latin),  referring  to  the  pileus  of  this

species is conical.
Diagnosis  —  differs  by  a  greyish  orange  to  yellowish  brown,

obtusely conical to conical-convex pileus, basidia with two- or four-
spored, small basidiospores and distinct DNA sequences.

Holotype  —  CHINA,  Qinghai,  Qilian  Mountains  National  Park,
Sigou  Management  Station,  37°7′50″ N,  102°23 ′50″ E,  2,678  m  asl,
growing  on  mosses  within  mixed  coniferous  and  broad-leaved
forests,  26  August  2023,  M.Q.  He,  J.X.  Li,  M.Y.  Liu,  &  H.M.  Dai,
ZRL20235721  (HMAS  259901  holotype;  AF9581  isotype,  GenBank
no.: ITS PZ496804; tef1α PZ523849; rpb2 PZ541232).

Pileus 20–38 mm diam., obtusely conical to conical-convex, some-
times with a  subumbonate centre,  later  slightly  reflexed at  margin,
hygrophanous, not translucently striate, smooth at centre, glabrous
or  pruinose  at  margin,  lustrous,  greyish  orange  (5B6)  to  yellowish
brown (5D8), sometimes with a slightly darker or whitish outermost
margin.  Lamellae  close,  subventricose,  emarginate,  white  (1A1)  to
yellowish  white  (1A2),  with  beige  tinge  or  without  it,  concolorous,
uneven.  Stipe  53–88  ×  5–8  mm,  cylindrical,  clavate  or  slightly
bulbous  at  base,  rather  distinctly  longitudinally  fibrillose,  central,
solid, sometimes twisted, brownish orange (5C3) to yellowish brown
(5E5),  darker  near  apex.  Context  slightly  thick,  and thinner  towards
the margin, white (5A1) to yellowish brown (5B2), odour indistinct.

Basidiospores [50/2/1] (4.6–)5.1–6.2(–6.8) × (3.6–)3.9–4.8(–5.4) μm,
Q =  (1.14–)1.23–1.39(–1.50), Qm =  1.31  (±  0.08),  broadly  ellipsoid
to  ellipsoid,  rarely  subglobose,  with  somewhat  irregular
small  wart  ornamentations.  Basidia  (33.0)35.0–42.4(45.9)  ×
(8.9)9.3–11.5(13.4) μm,  clavate,  subhyaline,  two- or  four-spored.
Basidioles  (17.9)21.2–31.9(41.5)  ×  (6.5)7.1–8.5(8.9) μm,  clavate,
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Fig.  31  Melanoleuca  guyutongensis (a  ZRL20231156  holotype;  b,  c
ZRL20231361).  (a)  Basidioma;  (b,  c)  Basidiomata;  (d,  e)  Basidiospores;
(f)  Basidia  and  Basidioles;  (g)  Cheilocystidia;  (h)  Pileipellis.  Scale  bars:
(a–c) = 2 cm; (d, e) = 5 µm; (f–h) = 10 µm.
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cylindrical.  Pleurocystidia  and  cheilocystidia  not  observed.
Trama  hyphae  thin-walled,  regular.  Pileipellis  hyphae  cylindrical,
3.2–8.7 µm  wide,  with  numerous  branched,  intricate  trichoderm,
sometimes ixocutis, thin-walled. Clamp-connections absent.

Known distribution — Scattered on mosses within mixed conife-
rous  and  broad-leaved  forests,  summer  to  fall.  So  far  found  only
in China.

Notes — Melanoleuca conopileus can be easily distinguished from
most  other  species  of  the genus  by  its  greyish  orange to  yellowish
brown,  obtusely  conical  to  conical-convex  pileus,  which  is  some-
times  slightly  darker  or  whitish  outermost  margin,  and  small
basidiospores  with  irregular  small  warts.  In  the  phylogenetic  tree,
M.  conopileus closely  relates  to M.  monticola,  M.  brachyspora,
and M.  qilianensis (Fig.  38). However, M.  monticola differs  by  a
relatively  robust  stipe  (30–80  ×  3–17  mm),  a  grey,  grey-brown,  or
brown  pileus,  and  larger  basidiospores  (5.5–10  ×  4.0–6.5 μm)[197].
Melanoleuca  brachyspora differs  by  brownish  grey,  brown  to  dark
brown  pileus,  a  pale  grey-brown  or  light  brown  stipe,  and  larger
basidiospores (av. 7.32 × 5.28 μm)[197]. Melanoleuca qilianensis differs
by a  yellowish grey to olive brown pileus,  and larger  basidiospores
(6.5–7.5 × 4.7–5.3 μm).

Melanoleuca piceicola R.L. Zhao & X.X. Han, sp. nov. Figs 33 and 38
Chinese Name: 云杉铦囊蘑 (yun shan xian nang mo)
Fungal Names: FN 573710; Facesoffungi number: FoF 20065
Etymology — refers to coniferous forest dominated by the genus

Picea from which the new species was first collected.
Diagnosis — morphologically similar to M. monticola,  but having

smaller basidia with two- or four-spored, and the presence of cheilo-
cystidia and pleurocystidia.

Holotype  —  CHINA,  Sichuan,  Yajiang  County,  Gexigou  Nature
Reserve,  Hekou Town,  Xiakezong Village,  29°58′52″ N,  100°54 ′28″ E,
3,922  m  asl,  growing  on  humus-rich  ground  within  coniferous
forests dominated by Picea, 16 August 2020, X.Y. Zhu & M.Z. Zhang,
ZRL20200714  (HMAS  286340  holotype;  AF9559  isotype,  GenBank
no.: ITS PZ496814; tef1α PZ523837; rpb2 PZ541223).

Pileus  31–54  mm  diam.,  convex  to  plano-convex,  becoming
applanate when mature, with almost indistinct or rather distinct low

broad  obtuse  umbo  at  the  centre,  margin  inflexed,  not  translu-
cently  striate,  not  or  slightly  hygrophanous,  smooth,  glabrous  or
pruinose,  olive  brown  (4D4-F8),  grey  (3B1)  to  greyish  yellow  (3C3)
towards  the  margin.  Lamellae  rather  close,  emarginate  or  adnate
with  decurrent  tooth,  white  (3A1)  to  yellowish  white  (3A2),  conco-
lorous,  uneven.  Stipe  64–87  ×  6–8  mm,  cylindrical,  slightly  broad-
ened towards  the base,  longitudinally  fibrillose,  central,  sometimes
with  floccules  of  white  at  the  base,  yellowish  grey  (4B2)  to  olive
brown  (4D5),  sometimes  slightly  darker  at  the  base.  Context  white
(3A1) to yellowish grey (3C2), odour indistinct.

Basidiospores [50/2/2] (6.3–)7.0–8.1(–8.9) × (4.0–)4.4–5.4(–6.0) μm,
Q = (1.25–)1.44–1.65(–1.74), Qm = 1.51 (± 0.10), narrowly ellipsoid to
oblong,  rarely  broadly  ellipsoid,  sometimes  have  guttula,  usually
smooth,  slightly  thick-walled,  verruculose  with  connections,
warts  variable  in  size  and  shape.  Basidia  (25.5)27.7–32.0(36.7)  ×
(8.3)9.1–10.4(11.0) μm,  clavate,  hyaline,  two- or  four-spored.
Basidioles  (18.3)21.3–29.7(32.8)  ×  (6.3)7.6–9.3(9.9) μm,  clavate  to
narrowly  clavate,  cylindrical.  Cheilocystidia  (42.5)51.9–64.5(66.7)  ×
(9.5)11.8–15.5(19.3) μm,  narrowly  lageniform  to  rarely  lageniform,
with  acute  or  occasionally  obtuse  apex,  sometimes  with  apex
usually encrusted by crystals. Pleurocystidia similar to Cheilocystidia.
Trama  hyphae  thin-walled,  regular.  Pileipellis  hyphae  cylindrical,
2.6–5.8 µm wide, with branched, somewhat intermediate between a
cutis  and  intricate  trichoderm,  thin-walled.  Clamp-connections
absent.

Known distribution — In pairs or scattered on humus-rich ground
within coniferous forests, summer to fall. So far found only in China.

Material  examined  —  CHINA,  Sichuan,  Yajiang  County,  Gexigou
Nature  Reserve,  Suodi  Village,  30°3′2″ N,  100°46 ′50″ E,  4,078  m  asl,
growing  on  humus-rich  ground  within  coniferous  forests  domi-
nated by Picea, 17 August 2020, J.X. Li & B. Cao, ZRL20200921 (HMAS
286343,  GenBank  no.:  ITS  PZ496815; tef1α PZ523838; rpb2
PZ541224).

Notes — Melanoleuca piceicola is characterized by an olive brown
pileus  and  yellowish  grey  to  olive  brown  stipe,  which  is  slightly
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Fig.  32  Melanoleuca  conopileus (a  ZRL20235721  holotype).  (a)
Basidiomata;  (b,  c)  Basidia;  (d)  Basidiospores;  (e)  Pileipellis.  Scale  bars:
(a) = 1 cm; (b–d) = 5 µm; (e) = 10 µm.
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Fig.  33  Melanoleuca  piceicola (a  ZRL20200714  holotype;  b
ZRL20200921).  (a,  b)  Basidioma;  (c,  d)  Basidiospores;  (e)  Basidia  and
Basidioles;  (f)  Cheilocystidia;  (g)  Pileipellis.  Scale  bars:  (a,  b)  =  2  cm;
(c–e) = 5 µm; (f, g) = 10 µm.
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broadened  towards  the  base.  The  species  produces  small
basidiospores  that  are  verruculose  with  warts  varying  in  size  and
shape. In the field, M. piceicola is easily confused with M. monticola.
However, the latter has a relatively robust stipe (30–80 × 3–17 mm)
and  larger  basidia  (30–55  ×  10–12 μm)  that  are  four-spored[197].
Phylogenetically, M.  piceicola is  related  to M.  leucopoda,  which  is
normally  saprobic  on  grass  and  was  originally  collected  in  north-
eastern  China. Melanoleuca  leucopoda differs  by  having  a  slightly
smaller  (20–40  mm)  and  fawn-colored  pileus,  a  whitish  stipe,
larger  basidiospores  (10–14  ×  6–8 μm),  and  broader  basidia
(10–14 μm)[198].

Melanoleuca  dengkengquzongensis R.L.  Zhao,  B.  Cao,  &  X.X.  Han,
sp. nov. Figs 34 and 38

Chinese  Name:  登坑曲宗铦囊蘑 (deng  keng  qu  zong  xian
nang mo)

Fungal Names: FN 573711; Facesoffungi number: FoF 20066
Etymology  — dengkengquzongensis (Latin)  refers  to  the  type

locality  Dēngkēngqūzōng,  an  officially  standardized  geographical
name in the Zangnan region of Xizang Autonomous Region, China.

Diagnosis  —  differs  from  the  closely  related M.  stridula by  its
slightly  robust  basidiomata,  slightly  smaller  basidiospores,  and
distinct DNA sequences.

Holotype  —  CHINA,  Xizang,  Linzhi,  Chayu  County,  near
Dēngkēngqūzōng, 28°48′6″ N, 97°36 ′22″ E,  3,960 m asl,  growing on
humus-rich ground in alpine meadows,  6 August 2023,  M.Z.  Zhang
&  L.H.  Liu,  ZRL20230996  (HMAS  259904  holotype;  AF9572  isotype,
GenBank no.: ITS PZ496806; rpb2 PZ541236).

Pileus  26–37  mm  diam.,  convex  to  plano-convex,  becoming
applanate  when  mature,  with  a  less  distinct  broad  central  umbo,
margin  inflexed,  sometimes  becoming  uplifted  margin  when
mature,  hygrophanous,  not  translucently  striate,  sometimes  with
small  depressions,  smooth,  and  lustrous,  light  brown  (6D7)  to  dark
brown  (7F8),  with  a  slightly  darker  margin.  Lamellae  moderately
close,  slightly  arcuate,  emarginate  and  attached  with  a  tooth,
white  (2A1)  to  yellowish  white  (2A2),  concolorous,  uneven,  with
numerous  lamellulae.  Stipe  cylindrical,  45–53  mm  long,  5–7  mm
thick  from  the  mid-section  to  the  apex,  enlarged  downwards  to
8–13  mm  in  diam.,  central,  solid,  brownish  orange  (5C4)  to  light
brown  (5D6)  on  the  upper  part,  brown  (5E5–F8)  towards  the  base,
sometimes  with  a  whitish  flocculose  apex,  longitudinally  striate,
occasionally twisted. Context thin, and thinner towards the margin,
white, odour indistinct.

Basidiospores [50/3/2] (5.5–)6.1–6.8(–7.2) × (4.1–)4.4–5.1(–5.7) μm,
Q = (1.15–)1.27–1.47(–1.56), Qm = 1.37 (± 0.10), broadly ellipsoid to
ellipsoid,  rarely  subglobose  or  obovoid,  with  somewhat  irregular
small  wart  ornamentations.  Basidia  (29.3)31.0–36.6(41.5)  ×
(7.9)8.5–9.4(9.5) μm, clavate, subhyaline, two- or four-spored. Basidi-
oles (21.5)23.1–30.4(36.9)  × (6.2)6.7–8.0(8.6) μm, clavate,  cylindrical.
Pleurocystidia  and  cheilocystidia  not  observed.  Trama  hyphae
thin-walled,  regular.  Pileipellis  hyphae  cylindrical,  2.9–7.1 µm  wide,
with branched, thin-walled. Clamp-connections absent.

Known distribution — Solitary or  scattered on soil  rich in humus
within alpine meadows or coniferous forests,  summer to fall.  So far
found only in China.

Material  examined — CHINA,  Xizang,  Linzhi,  Chayu County,  near
Dēngkēngqūzōng, 28°36′26″ N, 98°6 ′11″ E,  3,848 m asl,  growing on
humus-rich ground in coniferous forests,  9 August 2023,  D.  Phurbu
& X.H. Yu, ZRL20231302 (HMAS 259905, GenBank no.: ITS PZ496805;
tef1α PZ523847; rpb2 PZ541235).

Notes  — Melanoleuca  dengkengquzongensis is  characterized  by
the  robust  basidiomata,  lustrous  and  light  brown  to  dark  brown
pileus,  stipe  that  is  brownish  orange  to  light  brown  on  upper  part
and brown towards the base, and small basidiospores with irregular

small  warts.  Phylogenetically, M.  dengkengquzongensis and M.
stridula are  sister  groups  and  share  morphological  similarities.
However, M.  dengkengquzongensis differs  by  robust  basidiomata
(45–53  ×  5–7  mm  vs.  40–95  ×  2.5–6  mm),  darker  pileus,  two- or
four-spored  basidia,  and  slightly  smaller  basidiospores  (6.1–6.8  ×
4.4–5.1 μm  vs.  6.0–8.5  ×  4.0–6.0 μm)[197].  Currently, M.
dengkengquzongensis is  known  only  from  alpine  regions  above
3,500  m  on  the  Qinghai–Xizang  Plateau,  whereas  its  phylo-
genetically  close  relatives  are  mainly  distributed  in  low-altitude
areas of Europe[197].

Melanoleuca  qilianensis R.L.  Zhao  &  X.X.  Han,  sp.  nov. Figs  35
and 38

Chinese Name: 祁连铦囊蘑 (qi lian xian nang mo)
Fungal Names: FN 573712; Facesoffungi number: FoF 20067
Etymology — refers to the type locality, Qilian County.
Diagnosis  — differs  from M.  conopileus in  yellowish grey to olive

brown  pileus  with  an  involute  margin,  large  basidiospores,  and
distinct DNA sequences.

Holotype  —  CHINA,  Qinghai,  Qilian  County,  Binggou  Linhai,
38°8′21″ N,  100°11 ′9″ E,  3,078  m  asl,  growing  on  mosses  within
mixed coniferous and broad-leaved forests, 30 August 2023, M.Q. He,
J.X.  Li,  M.Y.  Liu,  &  H.M.  Dai,  ZRL20235855  (HMAS  259899  holotype;
AF9582 isotype, GenBank no.: ITS PZ496802; rpb2 PZ541234).

Pileus  27–38  mm  diam.,  plano-conical  or  plano-convex,  then
applanate,  sometimes  with  a  subumbonate  centre,  involute  at  the
margin,  hygrophanous,  usually not striate,  sometimes translucently
striate,  smooth  or  very  slightly  rugulose  at  the  centre,  glabrous  or
pruinose at the margin, lustrous, yellowish grey (4B2) to olive brown
(4D6),  sometimes  with  a  slightly  darker  margin.  Lamellae  rather
close,  emarginate  with  decurrent  tooth,  white  (4A1)  to  yellowish
grey (4B2), concolorous, uneven. Stipe 37–89 × 6–8 mm, cylindrical,
slightly broadened towards the base, rather distinctly longitudinally
fibrillose,  central,  solid,  sometimes  with  floccules  of  white  at  the
base, yellowish grey (4B2) to blond (4C4), sometimes slightly darker
at  the  apex.  Context  thin  to  slightly  thick,  white  (4A1)  to  yellowish
grey (4B2), odour indistinct.
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Fig.  34  Melanoleuca  dengkengquzongensis (a  ZRL20230996  holotype;
b–c  ZRL20231302).  (a)  Basidiomata;  (b,  c)  Basidioma;  (d,  e)
Basidiospores;  (f)  Basidia  and  Basidioles;  (g)  Pileipellis.  Scale  bars:
(a–c) = 1 cm; (d–f) = 5 µm; (g) = 10 µm.
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Basidiospores [50/2/2] (6.1–)6.5–7.5(–7.9) × (4.3–)4.7–5.3(–6.0) μm,
Q =  (1.24–)1.32–1.48(–1.56), Qm =  1.40  (±  0.08),  broadly  ellipsoid,
sometimes  ellipsoid,  with  somewhat  irregular  small  wart  ornamen-
tations.  Basidia  (29.4)30.3–35.4(38.2)  ×  (7.7)8.2–9.4(9.9) μm,  clavate,
subhyaline,  two- or  four-spored.  Basidioles  (13.9)22.2–32.1(37.6)  ×
(5.6)6.4–8.5(10.0) μm,  narrowly  clavate,  cylindrical.  Pleurocystidia
and cheilocystidia not observed. Trama hyphae thin-walled, regular.
Pileipellis  hyphae cylindrical,  2.3–7.5 µm wide, with branched cutis,
sometimes  intricate  trichoderm  at  centre,  slightly  thick-walled.
Clamp-connections absent.

Known  distribution  —  Scattered  on  mosses  within  mixed  coni-
ferous  and  broad-leaved  forests,  summer  to  fall.  So  far  found  only
in China.

Material  examined  —  CHINA,  Qinghai,  Qilian  County,  Binggou
Linhai,  38°8′21″ N,  100°11 ′9″ E,  3,078  m  asl,  growing  on  mosses
within mixed coniferous and broad-leaved forests,  30 August 2023,
M.Q.  He,  J.X.  Li,  M.Y.  Liu,  &  H.M.  Dai,  ZRL20235856  (HMAS  259900,
GenBank no.: ITS PZ496803; tef1α PZ523848; rpb2 PZ541233).

Notes  — Melanoleuca qilianensis is  characterized  by  a  yellowish
grey  to  olive  brown  pileus  with  an  involute  margin,  small
basidiospores  with  irregular  small  warts,  and  basidia  with  two- or
four-spored.  Morphologically,  it  resembles M.  leucopoda,  a  species
also  described  from  China,  but  differs  in  its  whitish  stipe,  fusiform
cystidia, larger (10–14 × 6–8 μm) and oblong basidiospores, and soli-
tary growth habit[198]. The closely related species M. brachyspora and
M.  monticola differ  by  having  a  darker  pileus,  slightly  larger  basi-
diospores  (av.  7.32  ×  5.28 μm  and  av.  7.15  ×  5.10 μm),  and  basidia
bearing only four spores. In contrast, M. qilianensis possesses basidia
with  two  or  four  spores[197].  The  new  species  is  distributed  in  the
alpine area of Qinghai–Xizang Plateau.

Melanoleuca  sinomelaleuca R.L.  Zhao  &  X.X.  Han,  sp.  nov. Figs  36
and 38

Chinese  Name:  中华黑白铦囊蘑 (zhong  hua  hei  bai  xian
nang mo)

Fungal Names: FN 573713; Facesoffungi number: FoF 20068
Etymology  —  refers  to  a  Chinese  endemic  species  that  is  similar

to M. melaleuca.
Diagnosis  —  differs  from  the  closely  related M.  melaleuca by  its

small  basidiospores,  small  basidia  that  are  two- or  four-spored and
distinct DNA sequences.

Holotype  —  CHINA,  Xizang,  Linzhi,  Alpine  Forest  Ecosystem
National  Field  Scientific  Observation  and  Research  Station,
29°39′2″ N, 94°42′53″ E, 3,880 m asl, growing on humus-rich ground
in coniferous forests,  27 July 2021,  X.Y.  Zhu & B.  Cao,  ZRL20211077
(HMAS  259908  holotype;  AF9564  isotype,  GenBank  no.:  ITS
PZ496818; tef1α PZ523840; rpb2 PZ541226).

Pileus 23–96 mm diam., plano-convex to applanate when young,
becoming  plano-concave  to  concave  when  mature,  with  almost
indistinct  or  rather  distinct  low  broad  obtuse  umbo  at  the  centre,
sometimes  slightly  depressed,  margin  inflexed  to  straight  when
young,  reflexed  when  mature,  not  translucently  striate,  not  or
slightly hygrophanous, smooth or somewhat rugulose at the centre,
glabrous,  brownish  orange  (5C5)  to  yellowish  brown  (5F8),  with
slightly  darker  centre,  sometimes pruinose at  the  margin.  Lamellae
moderately close, sinuate with decurrent tooth, orange white (5A2)
to  brownish  orange  (5C3),  concolorous,  uneven.  Stipe  39–83  ×
4–9 mm, cylindrical, clavate at base, longitudinally fibrillose, central,
finely  pruinose  or  floccose,  brownish  orange  (5C4)  to  yellowish
brown (5E8), sometimes slightly darker at base. Context white (5A1)
to brownish orange (5C3), odour indistinct.

Basidiospores [50/2/2] (6.3–)6.9–7.8(–8.6) × (4.3–)4.6–5.2(–5.5) μm,
Q = (1.24–)1.41–1.61(–1.71), Qm = 1.51 (± 0.10), ellipsoid to narrowly
ellipsoid,  rarely  oblong,  sometimes  have  guttula,  smooth,  slightly
thick-walled,  ornamentations  consist  of  irregular,  low,  and  isolated
warts.  Basidia  (23.7)25.4–29.2(32.0)  ×  (7.6)8.0–9.3(11.1) μm,  clavate,
hyaline,  two- or  four-spored.  Basidioles  (15.8)19.4–26.7(28.2)  ×
(5.6)7.1–8.8(9.1) μm,  clavate  to  narrowly  clavate,  cylindrical.  Cheilo-
cystidia  (39.6)50.3–63.2(73.1)  ×  (8.0)8.8–11.4(12.9) μm,  narrowly
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Fig.  35  Melanoleuca  qilianensis (a,  b  ZRL20235855  holotype;  c
ZRL20235856).  (a)  Basidiomata;  (b,  c)  Basidioma;  (d,  e)  Basidiospores;
(f)  Basidia and Basidioles;  (g) Pileipellis.  Scale bars:  (a–c) = 1 cm; (d–f) =
5 µm; (g) = 10 µm.
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Fig.  36  Melanoleuca  sinomelaleuca (a  ZRL20211077  holotype;  b
ZRL20200829).  (a)  Basidiomata;  (b)  Basidioma;  (c,  d)  Basidiospores;  (e)
Basidia and Basidioles; (f) Cheilocystidia; (g) Pileipellis. Scale bars: (a, b) =
2 cm; (c–e) = 5 µm; (f, g) = 10 µm.
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conical,  somewhat  narrowly  lageniform,  rarely  lageniform,  with
acute  or  occasionally  obtuse  apex,  sometimes  with  apex  usually
encrusted by crystals. Pleurocystidia similar to Cheilocystidia. Trama
hyphae  thin-walled,  subregular.  Pileipellis  hyphae  cylindrical,
6.3–8.5 µm wide, with branched, somewhat intermediate between a
cutis  and  intricate  trichoderm,  thin-walled.  Clamp-connections
absent.

Known distribution — Solitary or scattered on humus-rich ground
within coniferous forests, summer to fall. So far found only in China.

Material  examined  —  CHINA,  Sichuan,  Yajiang  County,  Gexigou
Nature  Reserve,  Hekou  Town,  Xiakezong  Village,  29°58′52″ N,
100°54′28″ E,  3,922  m  asl,  growing  on  humus -rich  ground  within
coniferous forests dominated by Picea,  16 August 2020, R.L. Zhao &
M.Q.  He,  ZRL20200829 (HMAS 286342,  GenBank no.:  ITS  PZ496817;
tef1α PZ523841; rpb2 PZ541225).

Notes  — Melanoleuca  sinomelaleuca is  characterized  by  a
brownish  orange  to  yellowish  brown  pileus,  with  a  margin  that  is
inflexed to straight when young and becomes reflexed at maturity, a
stipe  clavate  at  the  base,  small  basidiospores  having  irregular,
low,  and  isolated  ornamentations  of  warts,  and  cheilocystidia  and
pleurocystidia  that  are  narrowly  conical  or  somewhat  narrowly
lageniform.  The  new  species  clusters  with M.  melaleuca in  phylo-
genetic  analysis  and  is  clearly  separated  from  the  other  species
(Fig.  38).  In  contrast  to M.  melaleuca,  which  is  mainly  distri-
buted  in  low-altitude  areas  of  Europe, M.  sinomelaleuca is  pri-
marily  distributed  in  the  high-altitude  regions  of  the  southern
Qinghai–Xizang  Plateau,  China[72].  Furthermore, M.  sinomelaleuca
differs by having a pileus with an orange tint, smaller basidiospores
(6.9–7.8 × 4.6–5.2 μm vs.  7.5–9.3 × 5.2–6.2 μm), and smaller basidia
(25.4–29.2  ×  8.0–9.3 μm  vs.  34–40  ×  11–13 μm)  that  are  two- or
four-spored.

Melanoleuca  xunhuaensis R.L.  Zhao  &  X.X.  Han,  sp.  nov. Figs  37
and 38

Chinese Name: 循化铦囊蘑 (xun hua xian nang mo)
Fungal Names: FN 573714; Facesoffungi number: FoF 20069
Etymology — refers to the type locality, Xunhua County.
Diagnosis  —  distinguished  by  its  yellowish-brown-toned  pileus,

small basidiospores, and basidia with two- or four-spored.
Holotype  —  CHINA,  Qinghai,  Xunhua  County,  Mengda  Heavenly

Lake, 35°47′49″ N, 102°40′52″ E, 2,384 m asl, growing on humus-rich
ground  within  mixed  coniferous  and  broad-leaved  forests,  24
August  2023,  M.Q.  He,  J.X.  Li,  M.Y.  Liu,  &  H.M.  Dai,  ZRL20234605
(HMAS  259902  holotype;  AF9577  isotype,  GenBank  no.:  ITS
PZ496813; tef1α PZ523846; rpb2 PZ541237).

Pileus  22–37  mm  diam.,  convex  to  plano-convex  when  young,
then  gradually  applanate,  with  almost  indistinct  or  rather  distinct
broad  obtuse  umbo  at  the  centre,  sometimes  depressed,  inflexed,
later  reflexed  at  the  margin,  not  translucently  striate,  not  hygro-
phanous,  smooth,  glabrous  or  finely  granulose,  yellowish  brown
(5E5-F8), sometimes paler at the margin. Lamellae moderately close,
emarginate with decurrent tooth, white (5A1) to orange white (5A2),
concolorous,  uneven.  Stipe  42–78  ×  3–6  mm,  cylindrical,  slightly
broadened at  the  apex,  longitudinally  fibrillose,  central,  sometimes
with floccules of  white at  the base,  greyish orange (5B3)  to yellow-
ish brown (5D5), sometimes slightly darker at the base. Context thin,
white (5A1) to orange grey (5B2), odour indistinct.

Basidiospores [50/2/2] (5.0–)5.7–6.6(–7.0) × (3.7–)4.1–4.5(–4.8) μm,
Q = (1.23–)1.34–1.51(–1.70), Qm = 1.42 (± 0.09), ellipsoid to narrowly
ellipsoid,  rarely  oblong,  obovoid,  with  somewhat  irregular  small
to  large  wart  ornamentations.  Basidia  (24.1)25.8–29.6(31.2)  ×
(6.9)7.3–8.2(8.7) μm, clavate, hyaline, two- or four-spored. Basidioles
(17.7)21.4–26.9(29.7)  ×  (6.1)6.6–8.1(8.7) μm,  narrowly  clavate,
cylindrical.  Pleurocystidia  and  cheilocystidia  not  observed.
Trama  hyphae  thin-walled,  regular.  Pileipellis  hyphae  cylindrical,
4.6–8.8 µm  wide,  with  branched,  intricate  trichoderm,  thin-walled.
Clamp-connections absent.

Known  distribution  —  Solitary  on  humus-rich  ground  within
mixed  coniferous  and  broad-leaved  forests,  summer  to  fall.  So  far
found only in China.

Material  examined  —  CHINA,  Qinghai,  Xunhua  County,  Mengda
Heavenly  Lake,  35°47′49″ N,  102°40 ′52″ E,  2,384  m  asl,  growing  on
humus-rich  ground  within  mixed  coniferous  and  broad-leaved
forests,  24  August  2023,  M.Q.  He,  J.X.  Li,  M.Y.  Liu,  &  H.M.  Dai,
ZRL20234607  (HMAS  259903,  GenBank  no.:  ITS  PZ496812; tef1α
PZ523845; rpb2 PZ541238).

Notes  — Melanoleuca  xunhuaensis is  characterized  by  its  yello-
wish  brown  pileus  with  an  inflexed  then  reflexed  margin,  greyish
orange  to  yellowish  brown  stipe,  small  basidiospores,  and  basidia
with two- or four-spored. In the phylogenetic tree, M. xunhuaensis is
closely related to M. subgriseoflava. However, M. subgriseoflava has a
slightly  paler  pileus,  larger  basidiospores  (7–8  ×  4–5 μm),  and
broader  basidia  (8  ×  10 μm)  with  two- or  four-spored,  and  it  was
originally  collected  from  north-eastern  China[189]. Melanoleuca
lalsuhanraensis is morphologically similar to M. xunhuaensis but can
be distinguished by its  shorter  stipe (30–44 mm),  and larger  basid-
iospores (av. 8.2 × 5.4 μm) and basidia (33–43.03 × 9.03–10.39 μm),
which are distributed only in the low-altitude areas of Pakistan[199].

Porotheleaceae Murrill
Index Fungorum number: IF 81214
Type genus — Porotheleum Fr.
Clitocybula (Singer) Singer ex Métrod
Index Fungorum number: IF 17329
Type species — Clitocybula lacerata (Scop.) Métrod
Notes  — Clitocybula (Singer)  Singer  ex  Métrod  belongs  to

Porotheleaceae  and  is  typified  by Cl. lacerata[200,201],  with
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Fig.  37  Melanoleuca  xunhuaensis (a,  b  ZRL20234605  holotype;  c
ZRL20234607).  (a–c)  Basidioma;  (d,  e)  Basidiospores;  (f)  Basidia;  (g)
Pileipellis. Scale bars: (a–c) = 1 cm; (d–f) = 5 µm; (g) = 10 µm.
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approximately 20 species currently accepted worldwide[27,202,203].  In
China,  six  species  have  been  reported,  namely Cl. abundans, Cl.
aperta, Cl. familia, Cl. fuscostriata, Cl. lacerata,  and Cl. xizangensis,  of
which only Cl. fuscostriata and Cl. xizangensis have been confirmed
by molecular evidence[27,203]. Species of Clitocybula are saprotrophic,
and  basidiomata  are  usually  gregarious  to  caespitose,  with  convex
to  plane,  or  sometimes  depressed  to  infundibuliform,  pileus  bear-
ing radially fibrillose to squamulose surfaces. Their basidiospores are
smooth and amyloid. Pileocystidia, cheilocystidia, caulocystidia, and

clamp  connections  are  commonly  present,  whereas  pleurocystidia
may  be  absent  in  some  taxa[27,200−202,204].  Molecular  phylogenetic
analyses  suggest  that Clitocybula,  in  the  traditional  morphological
circumscription,  is  not  monophyletic,  and  several  species  have
consequently been reassigned to other genera[201,203,205]. In China, a
few  taxa  have  been  reported,  but  only Cl. fuscostriata and Cl.
xizangensis have been confirmed using molecular data[27,203]. Clitocy-
bula microspora represents the second record of the genus from the
Qinghai–Xizang Plateau.

 

Fig. 38  to be continued
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Clitocybula  microspora R.L.  Zhao  &  X.X.  Han,  sp.  nov. Figs  39
and 40

Chinese Name: 小孢小杯伞 (xiao bao xiao bei san)
Fungal Names: FN 573715; Facesoffungi number: FoF 20070
Etymology — referring to the small basidiospores.
Diagnosis  —  differs  from  other  species  by  its  brownish-orange

pileus,  smooth  or  sometimes  very  slightly  innately  fibrillose  pileus,
two- or  four-spored  basidia,  slightly  smaller  basidiospores,  and
distinct DNA sequences.

Holotype  —  CHINA,  Sichuan,  Xiangcheng  County,  Fozhu  Gorge,
29°3′27″ N, 99°57′34″ E, 3,380 m asl, growing on humus-rich ground
within  mixed  coniferous  and  broad-leaved  forests  dominated  by
Abies,  15  August  2019,  R.L.  Zhao,  B.  Cao,  &  Z.L.  Ling,  ZRL20191044
(HMAS  259809  holotype;  AF9556  isotype,  GenBank  no.:  ITS
PZ491505; LSU PZ491662).

Pileus  14–36  mm  diam.,  hemispherical  to  obtusely  conical  when
young,  then  becoming  convex  to  plano-convex  with  inflexed
margin,  and finally  applanate with straight  margin,  centre  plane to
slightly  depressed,  sometimes  with  low  broad  umbo,  hygro-
phanous,  margin  translucently  striate,  radially  rugulose,  slightly
innately  fibrillose  or  smooth,  occasionally  with  cracked  margin,
brownish orange (5C4) to brownish yellow (5C7) at the centre, paler
towards the margin. Lamellae moderately crowded, subdecurrent to
emarginate with decurrent tooth with age, unequal, even, concolo-
rous,  white  (5A1)  to  orange  white  (5A2).  Stipe  43–98  ×  2–4  mm,
central,  hollow,  cylindrical,  sometimes  twisted,  fragile,  with  occa-
sionally  finely  longitudinally  striate  to  shallowly  sulcate,  surface
finely  pruinose,  white  (5A1)  to  greyish  orange  (5B5).  Context  thin,
concolorous with the surface, odour indistinct.

Basidiospores [50/3/2] (3.4–)3.7–4.4(–5.2) × (2.7–)2.9–3.6(–4.2) μm,
Q =  (1.13–)1.17–1.32(–1.38), Qm =  1.25  (±  0.07),  broadly  ellipsoid,
sometimes  subglobose  or  ellipsoid,  smooth,  thin-walled,
hyaline.  Basidia  (14.0)16.4–20.7(22.8)  ×  (4.4)4.7–5.6(6.1) μm,
clavate,  hyaline,  two- or  four-spored,  sterigmata  2.1–4.3 μm  long.
Basidioles  (10.3)13.2–18.7(20.8)  ×  (2.7)3.7–5.2(5.6) μm,  clavate  to

narrowly  clavate,  cylindrical.  Cheilocystidia  (16.0)16.5–19.6(22.1)  ×
(3.8)4.2–5.2(5.7) μm,  scattered,  versiform,  irregularly  cylindrical,
clavate,  with  apical  papilla  or  subcapitate,  thin-walled,  hyaline.
Lamella  trama  regular  to  subregular,  hyphae  2.3–7.0 μm  wide,
cylindrical,  thin- to  slightly  thick-walled.  Pleurocystidia  not

 

Fig. 38  Molecular phylogenetic analyses of Melanoleuca species by the maximum likelihood (ML) method based on combined ITS–tef1α–rpb2 sequences,
rooted  with Giacomia  mirabilis and Giacomia  sinensis.  Maximum  likelihood  bootstrap  support  values  (ML)  ≥ 60%  and  Bayesian  posterior  probabilities
(PP) ≥ 0.90 are shown around nodes as ML/PP. Sequences newly generated in this study are indicated in bold. New species described herein are shown in
red, whereas other specimens newly collected in this study are shown in blue. 'T' refers to the type specimen.
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Fig.  39  Clitocybula  microspora (a,  ZRL20191044  holotype;  b,
ZRL20221237).  (a,  b)  Basidiomata;  (c)  Basidiospores;  (d)  Basidia;  (e)
Cheilocystidia;  (f)  Caulocystidia.  Scale  bars:  (a,  b)  =  1  cm;  (c)  =  5 µm;
(d–f) = 10 µm.
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observed.  Caulocystidia  (25.3)28.6–44.5(56.0)  ×  (4.8)6.6–10.4(12.9)
μm,  cylindrical  to  clavate,  occasionally  with  2–3  lobes  at  the  apex,
rarely narrowly lageniform, thin- to slightly thick-walled. Pileipellis is
a  cutis  of  radially  arranged,  slightly  thick-walled,  smooth  hyphae,
4.4–9.5 μm  wide,  hyaline.  Pileocystidia  (12.4)18.4–40.5(64.1)  ×
(3.2)4.6–9.9(13.1) μm,  irregular  cylindrical  to  broadly  clavate,  rarely
forked,  slightly  thick-walled,  smooth,  hyaline.  Clamp-connections
present.

Known  distribution  —  Gregarious  on  humus-rich  ground  within
mixed  coniferous  and  broad-leaved  forests  dominated  by Abies,
summer to fall. So far found only in China.

Material  examined  —  CHINA,  Hubei,  Shennongjia  Forestry
District,  Shennongding,  Taizi  Ya,  31°27′14″ N,  110°11 ′33″ E,  2,588 m
asl,  growing  on  humus-rich  ground  within  mixed  coniferous
and  broad-leaved  forests  dominated  by Abies,  26  August  2022,
X.Y.  Zhu  &  B.  Cao,  ZRL20221237  (HMAS  259810,  GenBank  no.:
ITS PZ491506; LSU PZ491663).

Notes  — Clitocybula  microspora is  distinct  from  other  Chinese
members  of  the  genus  by  its  brownish-orange  pileus,  usually  not
centrally  depressed,  smooth  or  sometimes  very  slightly  innately
fibrillose  pileus,  and  broadly  ellipsoid  but  smaller  basidiospores
measuring  3.7–4.4  ×  2.9–3.6 μm.  The  newly  described  species  is
both  morphologically  and  phylogenetically  related  to Cl. familia,
which is  primarily  distributed in  Europe and North America.  Never-
theless, Cl. familia can  be  readily  distinguished  by  its  larger  basi-
diospores  (average  4.39  ×  3.98 μm),  broader  basidia  (5.0–7.5 μm)
that are exclusively four-spored,  and its  tendency to grow in larger
and denser clusters[206].

Specimens  ZRL20191044  from  the  Qinghai–Xizang  Plateau  and
ZRL20221237  from  Shennongjia,  Hubei  Province,  form  a  single
lineage in the phylogenetic analyses,  supporting their treatment as
the new species Clitocybula microspora. Specimen ZRL20191044 has
a pileus with a light yellowish brown to yellowish brown centre and

a relatively long stipe, 75–98 mm long, whereas ZRL20221237 has a
pileus with a light brown to brown centre and a shorter stipe, 34–43
mm  long.  In  micromorphology,  basidiospores  of  ZRL20191044
measure  (3.4–)3.6–4.3(–4.7)  ×  (2.7–)2.9–3.6(–4.2) μm  (n  =  50),
Q =  (1.08–)1.16–1.30(–1.41), Qm =  1.23  (±  0.07),  whereas  those  of
ZRL20221237  measure  (3.5–)3.6–4.4(–5.0)  ×  (2.8–)3.0–3.6(–4.2) μm
(n  =  50), Q =  (1.09–)1.15–1.28(–1.38), Qm =  1.21  (±  0.06);  the  two
collections  are  highly  congruent  in  basidiospore  size  and Q values.
Although  there  are  slight  differences  in  some  macromorphological
characters  between  these  two  populations,  both  phylogenetic
analyses  (Fig.  40)  and  micromorphological  features  support  their
assignment to a single species. Although currently known from only
two collections, one from the Qinghai–Xizang Plateau and the other
from  Shennongjia  Forestry  District,  Hubei  Province,  both  morpho-
logical  and  phylogenetic  evidence  support  their  conspecificity,
extending the known distribution of Clitocybula microspora beyond
the Plateau region.

Tricholomataceae R. Heim ex Pouzar
Index Fungorum number: IF 81487
Type genus — Tricholoma (Fr.) Staude
Tricholoma (Fr.) Staude
Index Fungorum number: IF 18677
Type species — Tricholoma terreum (Schaeff.) P. Kumm.
Notes  — Tricholoma (Fr.)  Staude  is  an  ectomycorrhizal  genus

widely  distributed  in  temperate  to  subtropical  ecosystems[207,208],
with more than 90 species reported from China[93,209].  Species form
symbiotic  associations  mainly  with  trees  of  Pinaceae,  Betulaceae,
Fagaceae,  and  Salicaceae,  and  several  taxa  are  of  considerable
economic  importance,  including  the  well-known  matsutake
group[210−212].  Basidiomata  are  typically  fleshy  with  a  central  stipe,
and  white  spore  prints;  lamellae  are  adnexed  to  emarginate,  and
basidiospores  are  subglobose  to  oblong  and  smooth;  cystidia  are
usually  poorly  differentiated,  and  the  pileipellis  structure  is

 

Fig. 40  Molecular phylogenetic analyses of Clitocybula species by the maximum likelihood (ML) method based on combined ITS–LSU sequences, rooted
with Hydropus marginellus. Maximum likelihood bootstrap support values (ML) ≥ 60% and Bayesian posterior probabilities (PP) ≥ 0.90 are shown around
nodes as ML/PP. 'T' refers to the type specimen. Sequences newly generated in this study are indicated in bold. New species described herein are shown
in red, whereas other specimens newly collected in this study are shown in blue.
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relatively simple[28,207,210−215]. Recent multilocus phylogenetic analy-
ses  have  led  to  a  revised  infrageneric  classification  of  the  genus,
recognizing  four  subgenera  and  11  sections[207].  Although  several
important  taxonomic  studies  on Tricholoma have  been  conducted
in China in recent  years[179,209,216−219],  the diversity  of  this  genus on
the  vast  and  still  underexplored  Qinghai–Xizang  Plateau  remains
poorly  understood.  Therefore,  one  new  species  is  described  here
based on morphological characters and phylogenetic analyses of ITS
and LSU sequence data.

Tricholoma  fulvoochraceum R.L.  Zhao & X.X.  Han,  sp.  nov. Figs  41
and 42

Chinese Name: 赭黄松口蘑 (zhe huang song kou mo)
Fungal Names: FN 573716; Facesoffungi number: FoF 20071
Etymology — fulvoochraceum (Latin), composed of fulvus (tawny,

yellow-brown)  and  ochraceus  (ochre-coloured),  referring  to  the
tawny-ochraceous pileus of this species.

Diagnosis — differs from Tr. aurantium by its broadly ellipsoid to
narrowly  ellipsoid  basidiospores,  slightly  wider  basidia,  the  pre-
sence  of  clamp-connections  and  its  distribution  in  broad-leaved
forests.

Holotype  —  CHINA,  Sichuan,  Yajiang  County,  Gexigou  Nature
Reserve, Gexigou, 30°2′53″ N, 100°57 ′13″ E, 2,915 m asl, growing on
humus-rich  ground  within  broad-leaved  forests,  14  August  2020,
M.Z.  Zhang  &  X.Y.  Zhu,  ZRL20200088  (HMAS  259913  holotype;
AF9557 isotype, GenBank no.: ITS PZ500014; LSU PZ500004).

Pileus  19–56  mm  diam.,  hemispherical  to  plano-hemispherical
when  young,  becoming  convex  to  plano-convex  with  age,  with  a
slightly  depressed  or  subumbonate  centre,  surface  dry,  golden
yellow  (5B7)  to  yellowish  brown  (5D8)  at  the  centre,  paler  towards
the  margin,  covered  with  brownish  orange  (6C7)  to  brown  (6E8)
reflexed  fibrillose  squamules,  slightly  or  not  hygrophanous,
sometimes  rugulose,  margin  nonstriate,  slightly  involute,  then
straight.  Lamellae  moderately  crowded,  adnexed  to  sinuate,
unequal,  yellowish  white  (2A2)  when  young,  changes  to  light
brown (6D6) to brown (6E8) on margin when mature, uneven. Stipe
39–100  ×  7–13  mm,  central,  cylindrical  to  clavate,  sometimes
twisted and tapering towards the base, with brownish (5C6) to dark
brown (6F8) appressed fibrillose scales densely covering the surface

except  at  the  base,  greyish  orange (5B3)  to  yellowish brown (5D6).
Context slightly thick, white, odour indistinct.

Basidiospores [50/2/2] (3.8–)4.4–5.3(–6.1) × (2.6–)3.1–3.8(–4.1) μm,
Q =  (1.20–)1.30–1.52(–1.68), Qm =  1.41  (±  0.11),  broadly  ellipsoid
to  narrowly  ellipsoid,  rarely  oblong,  smooth,  slightly  thick-
walled,  almost  always  single.  Basidia  (21.8)23.1–25.8(26.8)  ×
(5.5)6.1–6.7(6.8) μm,  clavate,  hyaline,  two- or  four-spored.  Basi-
dioles  (12.2)15.7–22.5(26.8)  ×  (3.6)4.1–5.6(6.3) μm,  clavate  to
narrowly  clavate,  cylindrical.  Cheilocystidia  (18.7)19.9–23.1(26.0)  ×
(3.9)4.5–5.7(6.5) μm,  clavate  to  cylindrical  with  inflated  apex,
subhyaline.  Pleurocystidia  not  observed.  Lamella  trama  regular,
hyphae 4.8–8.3 μm wide, cylindrical, thin-walled. Pileipellis is a cutis
with the transition to a trichoderm at regular  intervals,  thin-walled,
hyphae 2.5–5.3 μm wide. Clamp-connections present.

Known  distribution  —  Solitary  or  in  pairs  on  humus-rich  ground
within  broad-leaved  forests,  summer  to  fall.  So  far  found  only
in China.

Material  examined  —  CHINA,  Sichuan,  Yajiang  County,  Gexigou
Nature  Reserve,  Gexigou,  30°2′53″ N,  100°57 ′13″ E,  2,915  m  asl,
growing  on  humus-rich  ground  within  broad-leaved  forests,  14
August  2020,  M.Q.  He  &  M.Q.  Wang,  ZRL20200078  (HMAS  259912,
GenBank  no.:  ITS  PZ500015;  LSU  PZ500005);  Gexigou,  30°3′10″ N,
100°56′35″ E,  2,953  m  asl,  growing  on  humus -rich  ground  within
broad-leaved  forests,  14  August  2020,  X.X.  Han  &  R.L.  Zhao,
ZRL20200309  (HMAS  286716,  GenBank  no.:  ITS  PZ500016;  LSU
PZ500006).

Notes  — Tricholoma  fulvoochraceum belongs  to  sect. Genuina
(Fig.  42).  Morphologically  and  phylogenetically,  it  is  closely
related to Tr. aurantium. Both species share a pileus with a yellowish-
brown  tint,  yellowish  white  lamellae,  and  a  stipe  with  brownish
appressed fibrillose scales  on the surface except  at  the base[220,221].
However, Tr. aurantium differs  by  its  subglobose  basidiospores
(Q =  1.23),  slightly  narrower  basidia  (4.5–6.0 μm),  and  the  absence
of  clamp-connections[220]. Tricholoma  vaccinum (ZRL20191078,
ZRL20191174)  and Tricholoma sp.  (ZRL20231809),  the  latter  con-
sisting  of  only  one  mature  basidiome,  both  from  this  section,
are  also  found  on  the  Qinghai–Xizang  Plateau.  Moreover, Tr.
fulvoochraceum can  be  readily  distinguished  from  them  by  its
golden  yellow  to  yellowish-brown  pileus  with  brownish  orange
reflexed  fibrillose  squamules  and  stipe  with  brownish  appressed
fibrillose  scales.  Furthermore,  in  contrast  to  the  more  common Tr.
vaccinum associated  with  spruce  forests  and Tr.  sp.  (ZRL20231809)
found  in  mixed  coniferous  and  broad-leaved  forests,  the  new
species Tr. fulvoochraceum is  exclusively  distributed  in  broad-
leaved forests[210].

 Discussion
In  this  study,  an  integrative  taxonomic  and  phylogenetic  assess-

ment  of  macrofungi  from  the  Qinghai–Xizang  Plateau  revealed  31
new  species  of  Agaricales  representing  10  families  and  10  genera,
substantially  expanding  the  known  macrofungal  diversity  in  this
globally  significant  yet  still  underexplored  high-elevation  region.
From  an  ecological  perspective,  saprotrophic  taxa  dominate  the
assemblage,  accounting  for  19  species,  whereas  the  remaining
taxa  are  ectomycorrhizal[92,113,222].  Notably, Cuphophyllus species
(Hygrophoraceae)  appear  to  be  biotrophic  and  may  form  cryptic
endophytic  or  symbiotic  associations  with  the  roots  of  herbaceous
plants[222,223].

Based  on  systematic  collections  accumulated  over  the  past
decade  across  multiple  vegetation  types,  including  coniferous
forests,  broad-leaved  forests,  mixed  forests,  alpine  meadows,
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Fig.  41  Tricholoma  fulvoochraceum (a  ZRL20200088  holotype).  (a)
Basidiomata;  (b)  Basidiospores;  (c)  Basidia  and  Basidioles;  (d)
Cheilocystidia. Scale bars: (a) = 1 cm; (b–d) = 5 µm.
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and  shrublands,  the  newly  discovered  taxa  are  distributed  across
multiple  phylogenetic  lineages.  This  pattern  indicates  that  species-
level  diversity  of  Agaricales  in  alpine  regions  remains  considerably
underestimated[27,184,224−226].  Overall,  this  taxonomically  and  eco-
logically  broad  sampling  provides  a  preliminary  framework  for
understanding  Agaricales  diversity  on  the  Qinghai–Xizang
Plateau  and  its  surrounding  areas,  suggesting  that  high-
elevation  environments  may  be  associated  with  increased
lineage differentiation[23,227−229].

These  taxa  were  recorded  across  vegetation  types  spanning
pronounced  gradients  in  temperature,  moisture,  substrate
continuity,  and  growing-season  length.  Such  environmental
heterogeneity  may  promote  ecological  specialization  and  trait-
mediated  community  assembly[230,231].  Recent  studies  further
suggest  that  biodiversity  patterns  along  elevational  gradients  are
shaped not only by climatic filtering but also by biotic interactions,

evolutionary  history,  and  dispersal  dynamics  operating  across
spatial and temporal scales[232−236].

From a biogeographic  perspective,  these findings can be further
interpreted  in  the  context  of  the  unique  geographic  setting  of  the
Qinghai–Xizang  Plateau.  The  plateau,  particularly  the  southeastern
and  southern  border  regions  of  Xizang,  represents  an  important
transition  zone  linking  the  East  Asian,  Himalayan,  and  Southeast
Asian  biotas[237].  Such  mountainous  transition  zones,  characterized
by  pronounced  topographic  complexity  and  strong  climatic
variability,  are  widely  recognized  as  centres  of  endemism  and
evolutionary  diversification[238,239].  Environmental  heterogeneity  in
these  regions  can  generate  a  wide  range  of  ecological  niches
and  microrefugia,  thereby  promoting  population  isolation  and
speciation  processes[57,240,241].  These  mechanisms  have  been
proposed  as  general  drivers  shaping  biodiversity  patterns  across
montane ecosystems worldwide[242−244].

 

Fig. 42  Molecular phylogenetic analyses of Tricholoma species by the maximum likelihood (ML) method based on combined ITS–LSU sequences, rooted
with Tricholoma josserandii and Tr. mutabile. Maximum likelihood bootstrap support values (ML) ≥ 60% and Bayesian posterior probabilities (PP) ≥ 0.90 are
shown around nodes as  ML/PP.  'T'  refers  to the type specimen.  Sequences newly generated in this  study are indicated in bold.  New species  described
herein are shown in red, whereas other specimens newly collected in this study are shown in blue.
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Recent  investigations  of  fungal  diversity  on  the  Qinghai–Xizang
Plateau  have  revealed  a  remarkable  number  of  previously  unde-
scribed  taxa,  highlighting  the  region  as  an  important  hotspot  of
fungal diversity[59,245−250]. In the present study, we identified a note-
worthy  morphological  trend  among  a  subset  of  macrofungal
species  collected  from  the  Qinghai–Xizang  Plateau.  Although  a
total  of  31  new  species  across  10  genera  were  described,  five
species  belonging  to  five  genera,  including Agaricus  albicrassipes,
Collybia  yadongensis, Infundibulicybe  nanorobusta, Tricholomopsis
dambaensis,  and Tricholoma  fulvoochraceum,  consistently  exhibited
a  distinctive  set  of  traits,  characterized  by  structurally  robust  basi-
diomata with relatively small but thick pileus and short, stout stipes.
Although  this  pattern  is  not  universal  across  all  taxa,  its  repeated
occurrence  in  phylogenetically  unrelated  genera,  together  with
similar  observations  from  several  high-elevation  taxa  in  this  region
reported  in  our  previous  studies[48,60,125,251],  suggests  that  it  is
unlikely  to be incidental.  These convergent  morphological  features
may  reflect  responses  to  multiple  environmental  constraints
associated  with  high-elevation  habitats,  including  strong  winds,
intense  solar  radiation,  and  pronounced  fluctuations  in  moisture
availability[252−254].  Under  such  conditions,  compact  and  reinforced
basidiomata architectures may enhance mechanical stability, reduce
desiccation risk, and prolong the period of spore release under envi-
ronmentally  unstable  conditions[255,256].  Moreover,  the  increasing
prominence of these traits at higher elevations further supports the
role  of  altitude-related  environmental  filtering  in  shaping  macro-
fungal morphology[257−260].

At  the  micromorphological  level,  most  macrofungi  are  typically
characterized  by  four-spored  basidia[261,262].  However,  in  several
high-elevation species examined in this study, we observed the co-
occurrence of  two-spored and four-spored basidia within the same
taxa.  This  pattern  has  also  been  documented  in  several  alpine
taxa[27,61,184].  This  pattern  may  indicate  a  shift  in  reproductive  allo-
cation,  reflecting  a  trade-off  between  propagule  number  and
resource investment per propagule. In harsh high-elevation environ-
ments,  the  production  of  fewer  but  potentially  more  resource-rich
spores  may  enhance  establishment  success  under  limiting  condi-
tions[263,264].  The  recurrent,  albeit  limited,  co-occurrence  of  rein-
forced macromorphology and modified reproductive traits suggests
a  possible  coordination  between  structural  investment  and  repro-
ductive  strategy  along  environmental  gradients[264].  Nevertheless,
macroscopic  features  of  the  basidiome  do  not  necessarily  predict
reproductive  traits  such  as  spore  size,  as  these  are  additionally
constrained  by  aerodynamic  trade-offs  and  developmental
processes[265].  Accordingly,  the  observed  patterns  are  more  plau-
sibly interpreted as the outcome of interacting environmental selec-
tion pressures and intrinsic developmental constraints[256,265,266].

Based  on  these  observations,  we  propose  a  preliminary  hypo-
thesis  that  high-elevation environments  may promote  coordinated
adjustments  in  both  morphological  and  reproductive  traits  of
macrofungi, leading to a characteristic suite of functional attributes.
This  so-called  "high  elevation  basidiomata  syndrome"  may  be
defined by enhanced morphological robustness coupled with shifts
in reproductive strategies, potentially reflecting responses to alpine
environmental  conditions.  Because  the  present  study  was  not
designed  as  a  quantitative  trait–elevation  analysis,  this  pattern
should  be  regarded  as  a  hypothesis  for  future  testing  rather  than
evidence  of  confirmed  adaptation.  Testing  this  hypothesis  will
require  integrative  approaches  that  combine  functional  trait
analyses,  genomic  data,  and  long-term  monitoring  across  eleva-
tional  gradients[49,267−270].  More  broadly,  mountain  ecosystems  are
increasingly recognized as multifunctional systems that can serve as
refugia,  centres  of  diversification,  and  early  indicators  of

climate-driven biotic reorganization[242,271,272]. In this context, identi-
fying and understanding potential adaptive trends of macrofungi in
high-elevation  environments  will  be  essential  for  predicting  future
patterns  of  fungal  diversity  and  their  implications  for  ecosystem
functioning under ongoing environmental change[273].

Climate  change  is  increasingly  reshaping  biodiversity  patterns,
leading  to  habitat  shifts,  range  contractions,  and,  in  some  cases,
species loss[274,275]. Against this backdrop, systematic baseline inven-
tories  are  essential  for  accurately  documenting  current  diversity,
establishing  long-term  monitoring  frameworks,  and  anticipating
future  changes[276,277].  At  present,  macrofungal  cultivation  on  the
Qinghai–Xizang  Plateau  relies  largely  on  introduced  or  domesti-
cated strains, whereas native fungal resources remain underutilized.
In contrast, indigenous species, having evolved under conditions of
low  temperatures,  strong  radiation,  and  other  environmental
extremes,  may exhibit  greater  adaptability  and stability  under  low-
input or even open-field cultivation systems. The taxa documented
in  this  study  also  encompass  a  range  of  ecological  functions
and potential applications. However, the edibility, toxicity, and culti-
vation  potential  of  the  newly  described  species  remain  unknown
and  require  targeted  chemical,  toxicological,  and  cultivation
studies[278,279].  In  addition,  ectomycorrhizal  taxa  such  as Laccaria
likely contribute to plant establishment and nutrient acquisition[280],
while  saprotrophic  groups,  including Gymnopus, Collybia, Clitocy-
bula,  and Melanoleuca,  play  fundamental  roles  in  organic  matter
decomposition  and  nutrient  cycling[281].  Collectively,  advancing  a
systematic  understanding of  native  macrofungal  diversity  is  critical
not  only  for  biodiversity  conservation  but  also  for  sustainable
resource utilization and public health awareness.

The  present  study  expands  current  knowledge  of  Agaricales
diversity  on  the  Qinghai–Xizang  Plateau  and  underscores  the
region's  importance  as  a  natural  system  for  investigating  fungal
diversification  and  ecological  differentiation.  Further  efforts  that
integrate  taxonomic  resolution  with  macroecological  and  evolu-
tionary  perspectives  will  be  crucial  for  advancing  our  under-
standing  of  the  processes  shaping  diversity  in  environmentally
extreme terrestrial ecosystems.
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