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Abstract

Hygrophorus is among the most species rich and frequeatomycorrhizalgenera of
Agaricales, and several species are popular wild edible mushroomestiern and southwestern
China.In the past two decades, there has been an increasing number of taxonomic and phylogenetic
studies of the genus, howevere ttomprehensive stigs on the species diversiydphylogenetic
relationship ofHygrophorusin China were lacking. In this study, an extensive survey on the
species diversity oflygrophorusin China was conductedn total, 62 Chineseélygrophorustaxa
were included in thistudy. Fiftyfive of them aredescribedillustrated and discussedcluding 5
new speciesin addition, two recently described specills flabaensiandH. viridiflavidus) and 5
insufficiently known species are listed with note& largescale phylogernte study of
Hygrophoruswas conducted based on the newly obtained sequences and the available internal
transcribed spacer (ITS) sequences in the international public databases; andgemaultirs
LSU-rpb2-tefl-U) phylogeny was also conducted@he species boundaries dfygrophorus
delimited by morphological data are broadly congruent with those based on the ITS phylogenetic
analysis. In general, the multcus dataset could resolve a seclievel phylogeny oflie genus
and a new section, i.e. sedfividi, is proposed based on both phylogenetic and morphological
evidencesHowever, the subgenera classified by morpholagynot supported well by molecular
phylogenetic analysis.
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Introduction

The genuddygrophorusFr. (Fungi, Basidiomycota, Agaricales, Hygrophoragg#érk et al.
2008)is awell recognized and distrigiroupof mushroomforming fungi The hygrophoroid clade
represented byHygrophomus was recognised asne of the sixmajor lineageof Agaricales
(Matheny et al. 2006py early phylogenetic study based on six DNA Idgon (1990) even
propo®d the order Hygrophoraleswith Hygrophows as the type genus Members of the genus
Hygrophorus are mainly distributed in the holarctic and temperate zones in northern hemisphere.
Worldwide, about 10MHygrophorusspecies had been described 15 years ago (Kirk et al. 2008),
and about 30 new species have been published since then (Indexfungéwnih2023). In China,

41 species had been reported based on morphology identification 10 years ago (Chen & Li 2013),
and at least 19 new species have been added in the last decade (Yu et al. 2007, Huang et al. 2018
2021a, b, 2022 h Wang & Li 2020, Wag et al. 2020, 2021, Zhang et al. 2023).

Morphologically, Hygrophorusspecies have the following characteo$ten sticky pileus
waxy and thicklamellag colaurless basidispores, slendebasidia and divergent hymenophoral
trama (Lodge et al. 2014)Phyogenetically, Hygrophorusis the unique genus in the tribe
Hygrophoreae within the family Hygrophoraceae, and is close to the tribe Chrysomphalineae
(including genera Aeruginospora Chrysomphalina and Haasielld (Lodge et al. 2014).
Ecologically, & one dthe 15well known ectomycorrhizal gemawithin AgaricalegFeng & Yang
2019, the species oHygrophorusmosty form ectomycorrhizal relationshipsith partnertrees
mostly of familiesBetulaceae, Fagaceae and Pinaceaéferent forest ecosystemsconomically,
severalHygrophorusspecies are popular wild edible mushrooms in southwestern and northern
China.For exampleH. annulatusC.Q. Wang & T.H. LiandH. deliciosusC.Q. Wang & T.H. Li
are commorand high yieldingvild edible fungiin Sichuan andunnan provinces, China (Wang &

Li 2020, Wang et al. 2021H. lucorumKalchbr. andH. hedrychii(Helen.) K. Kult are popular
wild edible mushrooms in Inner Mongolia Autonomous Region and Jilin province (Baac% B
2016, Wang et al. 2020, Huang et al. 26)22

The taxonomic delimitation ahe genusHygrophorushas beengraduallyimproving to be
more congruent with phylogeny and biology of its membErges (1836)establisted the genus
Hygrophoruswith the type speciesl. eburneus(Bull) Fr. Afterwards, somenycaaxonomists
such as Quélet (1888), Hesler & Smith (19&8)d Largent (1985) adopted the concept of
Hygrophoruss.|, that is, related groups such Hggrocybe(Fr.) Kummer were regarded #se
members ofjenusHygrophorus Other mycaaxonomists however, haveadoped the definition of
Hygrophoruss.s., for exampleKummer (1871) elevatethet h r teibe th three independent
genera namely Camarophyllus(Fr.) Kummer, Hygrocybe and Limacium (Fr.) Kummer; and
Karsten (1879) used the genus natygroplorusinstead ofLimacium In recent yearghe genus
concept ofHygrophoruss.s.has been widely accept¢Horak 1990, Young 2005, Bessette et al.
2012, Lodge et al. 2014, Campo 2015, Wang et al. 2018)

Based on marphological characteristicslifferentinfragenericclassificatios wereproposed.
Singer (1986 divided the genus$ilygrophorusinto four sections (sectColorati, sect.Discoidej
sect.Hygrophorusand sectPudorini); andCandusso (1997) pposedsix sectios (sect.Discoidej
sect. Fulventes sect. Hygrophorus sect.Olivaceoumbrinj sect.Pudorini and sectTephroleud).
However,those systematic arrangemewere ofterunstableand even contradictory

In the last two decadephylogenetic stuésbased on DNAsequences have been applied
the genusHygrophorus andsome important progresskeave been obtained. Moncalvo et al. (2002)
appliedthe nrLSU sequences éf. bakerensisA.H. Sm. & Hesler anH. sordidusPeck in the
phylogeny studyof Agaricales Matheny et al. (2006jonstructed &ix-gene phylogenetic treen
which fourHygrophorusspeciedformeda monophyletic groudn the study olL.odge et al. (2014)

66 ITS sequencesl3 ITSnrLSU sequences and nine HMBLSU-SSUrpb2 sequences mainly
from America and Europe were included in htelogenetic tres, respectively; and taxonomic
systemwasproposedin whichthe genus is divided intihreesubgenera (subglygrophorus subg
Colorati (Bataille) E. Larssand subg. Camarophylli Fr.), each subgenus is divided intoree
sectiors, and sme sectiors are further divided into sabctiors. Recently, phylogenetic studies
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have been used to reveal the species diversity and biogeography of some infragenpscof
Hygrophorus SectionOlivaceoumbrinis.l. (Bataille) Konrad & Maubl. was furthelivided into

five sections based on the ITS phylogenetic result of Bellanger et al. (202Bddition,
phylogenetic studies were also carried out in both sgarophorus(Larsson & Jacobsson 2004,

Endo et al. 2018, Naseer et al. 2019, Wang et al.)2820 sectAurei (Moreau et al. 2018, Huang

et al. 2023). Recently 13 new species were published based on both morphology and molecular
analyses (Larsson et al. 2014, 2018, Larsson & Bendiksen 2020, Bellanger et al. 2021, Wang et al.
2021, Huang et aR022).

The species richness of Chineldggrophorusis still underestimated. For examples, the
Chinese collections of the. russulalike waxcaps were commonly treatedrasrussula(Schaeff.)
Kauffman for several decades based on morphological idetitfigdut recent studies have shown
thatH. russulacomplex includes at least 5 species in ChinaH.edeliciosusC.Q. Wang & T.H.

Li, H. orientalis H.Y. Huang & L.P. TangH. parvirussulaH.Y. Huang & L.P. TangH.
ginggangjunH.Y. Huang & L.P. Tangd H. yunnanensi$l.Y. Huang & L.P. Tang (Huang et al.
2018, 2024, Wang & Li 2018). Inshort over 2/3 of the species recorded in China based on
morphology were identified as the European or North American taxa, but their identity require
molecular supporaind detailed nmphological observationin addition, relevant studies of other
genera also indicate that China has a high diversity of macrofungal species (Cui et al. 2018, Luo &
Zhao 2022, Hu et al. 2023).

Therefore, further studies are needed to reubal species diversity of the Chinese
Hygrophorus and multilocus phylogenetic studies with more extensive taxon sampling are needed
to more comprehensively understand the infrageneric relationships of theHyegraphorus The
goals of this study were) 1o document the Chinestygrophorusspecies, especially new species,
with descriptions and illustrations using morphological characters, molecular evidence and
ecological data; 2) to provide a robust hypothesis for relationships vidtrgnophorususingthe
combined multigene datasets; 3) to present a deeper insight into the geographical distribution of
the species.

Materials & Methods

Sample collection

Samples were mainly collected from southern, southwestern, central, northeastern and
northwestern @ina over the last decade. Fresh samples were usually photographed in situ,
recorded, and then dried in a Dorrex dehydrator (Stockli, Switzerland) or other electric driers at
about 50 °C until dry. For reference, some North American samples from David Hitbdé s | a b
also observed. Voucher specimens were deposited in the Mycological Herbarium of Chifeng
University (CFSZ), Fungarium of the Guangdong Institute of Microbiology, Guangdong Academy
of Sciences, Guangzhou, China (GDGM); the Herbarium of Mygplbtstitute of Microbiology,
Chinese Academy of Sciences, Beijing, China (HMAS); the Herbarium of Mycology, Jilin
Agricultural University, Changchun, Jilin, China (HMJAU); the Herbarium of Cryptogams at the
Kunming Institute of Botany, Chinese AcademySafiences, Kunming, China (KUNKAS); the
Mycological Herbarium of Soil and Fertilizer Institute, Sichuan Academy of Agricultural Sciences
(SAAS). Acronyms of the herbaria follow Thiers (2018pecies names were registered in
Indexfungorum (www.indexfungam.org).

Morphological study

Macromorphological characters of specimens were prepared based on the field notes and
photographs. Colo codes and names followed Kornerup & Wanscher (1978).
Micromorphological characters of dry specimens were observed wsin@lympus BX51
microscope (Olympus Co., Tokyo, Japan) or an AX10 light microscopy (Carl Zeiss Inc.,
Oberkochen, Germany). To observe cosoand/or gelatinous zones, dry pileus and stipe surface
and lamellar tissues were rehydrated in distilled watemeasure sizes of basidiospores, basidia,
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pileipellis, stipitipellis, and hymenophoral trama, tissues were mounted in 5% KOH solution with

or without 1% Congo redAt least 20basidiospores and 10 basidia were randomly selected and
measured for each indiwidl. Q value refers to the length/width ratio of basidiospores and basidia.
Range of size and Q value of basidiospores and basidia are presenigbiasith) : t hé r ang
cd6 represents 90% of the measur ed vQnlLu/&m, an
refers to the average wélues/length/width + standard deviation.

DNA extraction, PCR and sequencing

Total DNA was extracted using the HiPure Fungus DNA Mini Kit (Magen Biotech Co., Ltd.,
Guangzhou, China) accor mdiong The llowiry @rimerpairsiieeec t u r
used for Polymerase Chain Reaction (PCR) ampl
ITS4 were used for the internal transcribed spacers 1 and 2 with the 5.8S rDNA (ITS) (White et al.
1990, Gardes & Bruns9®3); 2) LROR and LR5/LR7 (Vilgalys & Hester 1990) for thei DB
domains of the nuc 28S rDNA (nrLSU); 3) bRRBRE and bRPBZ.1R (Matheny 2005) for the
RNA polymerase Il second largest subumpb@); 4) EF:983F and EFI967R/EF12212R
(Rehner & Buckley Q05) for the translation elongation factoraltefl-a). Sanger DNA
sequencing for PCR products was performed by Beijing Liuhe Co., Limited (Guangzhou, China) on
an ABI 3730 DNA sequencer analyzer (Applied Biosystems, Foster City, CA, USA) usually with
the same primer pairs and occasionally with additional primers. Raw forward and reverse
sequences were assembled and checked using SegMan (DNA STAR package; DNAStar Inc.,
Madison, WI, USA). The generic level preliminary identification was performed via BLAST
queries in the NCBI GenBank nucleotide database (https://www.ncbi.nlm.nih.gov/genbank). All
newly generated sequences in this study were deposited in the GenBank.

Nucleotide alignment and fylogenetic analyses

Apart from the newly generated sequences,itaiél sequences were retrieved from
GenBank and Unite (https://unite.ut.ee/). Two sets of alignment were constructed. The first set
consisted of the ITS region (ITS1, 5.8S and ITS2) since this region had the highest species
coverage, made up of avaliabhlsS sequences (longer than 200 b®) avoid exclusion of regions
useful for resolving terminal interspecific relationships, no outgroup sequence was selected and the
tree was midpoint rooted. The second set concatenated from the alignment of theUT§hH2S
andtefl-U, and outgroups were selected based on phylogenies in Lodge et al. (2014), Wang et al.
(2018) and He & Yang (2021); in addition, the ambiguous head and tail were excluded before
concatenated. Sequences were initially aligned using theultlefettings in MAFFT version 7
(https://mafft.cbrc.jp/alignment/software/). Maximum likelihood tree analyses were generated in
the PhyloSuite platform (Zhang et al. 2020) using theTREE software (Nguyen et al. 2014).
Trees were viewed in FigTree 1.44dd processed in Adobe lllustrator CS6.

Table 1 Information of DNA sequences used in multilocus analyses with species names, vouchers,
locality and GenBank accession numbers.

Speciesname Voucher Locality ITS LSU rpb2 tefl-U
Chrysomphalina PBM 684 USA DQ192180 DQ457656
chrysophylla
C. grossular OSC 113683 USA EU644704 EU652373
Haasiella Roux n. 3666 JN944398  IN944399
splendidissima
Ha. splendidissima Roux n. JN944400 JN944401
4044
Ha. venustissima A. Gminder Italy KF291092 KF291093
971488
Ha. venustissima E.C. 8191 Italy JN944393  JIN944394
Hygrophorus abieticola GDGM44322 China: OP547627 OP558617 OR566146 OR575224
Sichuan
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Table 1 Continued.

Speciesname Voucher Locality ITS LSU rpb2 tefl-U
H. abietcola GDGM44324 China: OP547629 OP558619 OR566145 OR575225
Sichuan
H. abieticola GDGM44334 China: OP547633 OP558623 OR566144 OR575226
Sichuan
H. abieticola GDGMS83191 China: OP547683 OP558675
Yunnan
H. abieticola HMAS280807 China OP547749 OP558733
H. abieticola XHW6354 China OP547765 OP558751
(HKAS 131104)
H. abieticola XHW6452 China OP547767 OP558753
(HKAS 131106)
H. aff. russula CLO-4280 Belize KF381523 KF407937
(CFMR BZ
2427)
H. agathosmoides CFSZ20158 China: Inner OP547738 OP55%04
Mongolia
H. agathosmoides CFSZ20162 China: Inner OP547739 OP558605
Mongolia
H. agathosmoides HMAS 281303 China MZ605814 ON764316 MZ614633
H. alboflavescens LAH 35243 Pakistan MK066236 MK066240
H. albofloccosus GDGM70044 USA OP547639 OP558630 OR575238
H. albofloccosus GDGM70063 USA OP547642 OP558633 OR575229
H. albofloccosus GDGM70150 USA OP547648 OP558639 OR575230
H. fragilipurpurascens  GDGM43354 China: OP547624 OP558614 OR566143 OR575231
Sichuan
H. fragilipurpurascens  GDGM44331 China: OP547631 OP558621 OR575232
Sichuan
H. fragilipurpurascens  GDGM44332 China: OP547632 OP558622 OR575233
Sichuan
H. alpinus GDGM79203 China OP547656 OP558648 OR566142 OR575234
H. alpinus GDGM84536 China OP547707 OP558699 OR566140 OR575235
H. alpinus GDGM84566 China OP547713 OP558705 OR566139 OR575236
H. alpinus MHKMU China: MW762962 MW762752
W.H. Zhang Yunnan
463 1
H. alpinus MHKMU W.H.  China: MW762963 MW762753
Zhang 463 2 Yunnan
H. annulatus GDGM45124 China: MT758324 0Q867282 OR566138 OR575237
Sichuan
H. annulatus GDGM84413 China: OP547692 OP558684 OR566137 OR575238
Sichuan
H. annulatus GDGM84591 China OP547715 OP558707 OR566136 OR575239
H. annulatus XHW6338 China: MT758340 OP558750
(HKAS 107621) Sichuan
H. annulatus XHW6454 China: MT758323 OP558754
(HKAS 107623) Sichuan
H. armeniacus GDGM82364 China: OP547665 OP558658
Yunnan
H. armeniacus GDGM90096 China: OP547733 OP558725
Yunnan
H. armeniacus XHW6877 China OP547772 OP558759
(HKAS 131110)
H. armeniacus XHW6886 China OP54773 OP558760
(HKAS 131111)
H. atrofuscus HKAS 54818 China: MZ605836 MZ605793
Yunnan
H. atrofuscus HKAS 55483 China: MZ605835 MZ605792
Yunnan
H. atrofuscus HKAS56277 China MZ605834 OP558726
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Table 1 Continued.

Speciesname Voucher Locality ITS LSU rpb2 tefl-U
H. atrofuscus MHKMU T. China: ON764314 ON764317
Huang 541 Yunnan
H. aurantioluteus SAAS191 China: OP547759 OP558743
Sichuan
H. aurantiosquamosus GDGM84401 China: OP547690 OP558682 OR566135 OR575240
Sichuan
H. aurantiosquamosus GDGM84424 China: OP547693 OP558685 OR566134 OR575241
Sichuan
H. aurantiosquamosus GDGM84517 China: OP547704 OP558696 OR566133 OR575242
Sichuan
H. aurantiosquamosus  LJW2129 China: OP547752  OP558736
(GDGM92368) Yunnan
H. aurantiosquamosus  XHW®6433 China OP547B6 OP558752
(HKAS 131105)
H. alboflavenscens GDGM73222 China: OP547651 OP558643
Sichuan
H. alboflavenscens GDGM79202 China OP547655 OP558647
H. alboflavenscens GDGM79205 China OP547657 OP558649
H. alboflavenscens GDGM82808 China: OP547675 OP558668 OR566132 OR575227
Sichuan
H. alboflavenscens GDGM85775 China: OP547729 0OP558721
Sichuan
H. alboflavenscens GDGM85777 China: OP547730 OP558722
Sichuan
H. alboflavenscens GDGM85780 China: OP547731 OP558723
Sichuan
H. brunneiceps GDGM84527 China: OP547705 OP558697 OR566131 OR575243
Sichuan
H. brunneiceps GDGM84530 China: OP547706 OP558698 OR566130 OR575244
Sichuan
H. brunneiceps GDGM84682 China: OP547725 OP558717 OR566129 OR575245
Sichuan
H. brunneiceps HKAS 54804 China: MZ605840 MZ605797
Yunnan
H. brunreiceps HMAS 254315 China: Tibet MZ605838 MZ605795 MZz614641
H. brunneodiscus GDGM76934 China: MT093605 MT093621 OR575246
Hunan
H. brunneodiscus GDGM79240 China: OP547658 OP558651
Yunnan
H. brunneodiscus CFSZz21108 China: Inner OP547741 OP55&07
Mongolia
H. brunneodiscus GDGM73213 China: MN378318 MT093623
Hunan
H. brunneodiscus GDGM75489 China: MN378317 MT093622
Hunan
H. brunneoloaurantiacus GDGM82433 China: OP547672 OP558665
Yunnan
H. brunneoloaurantiacus GDGM83034 China: OP547677 OP558670
Yunnan
H. brunneoloaurantiacus GDGM83080 China: OP547679 OR566128 OR575247
Yunnan
H. brunneoloaurantiacus GDGM83133 China OP547681 OP558673
H. brunneolus SAAS510 China: OP547761 OP558745
Sichuan
H. brunneolus SAAS617 China: OP547762 OP558746
Sichuan
H. brunnescens GDGM84456 China: OP547694 OP558686 OR566127 OR575248
Sichuan
H. cf. chrysodon GDGM70067 USA OP547645 OP558636 OR575249
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Table 1 Continued.

Speciesname Voucher Locality ITS LSU rpb2 tefl-U
H. cf. exiguus GDGM44612 China: Jin  OP547635 OP558625
H. cf. mesotephrus TENN 71861 USA MG773826 MT237450
H. cf. purpurascens JLF8524 USA: MW019597 MWO019598
Oregon
H. cf. purpurascens JLF8641 USA: MWO015745 MWO019590
California
H. cf. pusillus GDGM70043 USA OP547638 OP558629 OR575250
H. chrysodon KUN-HKAS China: Tibet MW762876 MW763001 MW789180 MW773440
112569 (QH
135)
H. chuxiongensis GDGM79225 China: OP558650 OR566126 OR575251
Yunnan
H. chuxiongensis GDGM83746 China OP547689 OP558681 OR566125 OR575252
H. chuxiongensis XHW6689 China OP547770 OP558757
(HKAS 131108)
H. brunneololamellatus GDGM84600 China: OP547716 OP558708 OR566124 OR575253
Sichuan
H. cinnamoneus GDGM84554 China: OP547711 OP558703 OR566123 OR575254
Sichuan
H. cinnamoneus GDGM84654 China: OP54721 OP558713 OR566122 OR575255
Sichuan
H. cinnamoneus GDGM84699 China: OP547726 OP558718 OR566121 OR575256
Sichuan
H. deliciosus GDGM73208 China: Tibet MT363821 OP558642 OR566120 OR575257
H. deliciosus GDGM79208 China: MT363808 00867281 OR566119 OR575258
Yunnan
H. deliciosus GDGM81877 China: OP547660 OP558653 OR566118 OR575259
Sichuan
H. deliciosus XHW6125 China: MT363814 OP558748
(HKAS 131102) Yunnan
H. deliciosus XHW6916 China: MT363820 OP558761
(HKAS 131112) Yunnan
H. erubescens GDGM84466 China: OP547695 OP558687 OR566117 OR575260
Sichuan
H. erubescens GDGM84603 China OP547717 OP558709 OR566116 OR575261
H. erubescens GDGM84676 China OP547722 OP558714 OR566115 OR575262
H. erubescens HMAS280471 China OP547747 OP558731
H. erubescens HMAS280721  China OP547748 OP558732
H. esculentus MHKMU Y.J. China: MW762967 MW762757
Pu 321 Yunnan
H. esculentus SAAS4747 China: 0Q860085 0Q867283
Sichuan
H. flavoalbus XHW7197 China OP547775 OP558763
(HKAS 131114)
H. flavoalbus XHW7264 China OPX7776 OP558764
(HKAS 131115)
H. flavodiscus GDGM70070 USA OP547646 OP558637
H. flavodiscus DSH101009.2 USA HM020691 HMO026550
H. flavodiscus KUN-HKAS China: MW616465 MW600484 MW656474 MW656464
55043 (ZQ 842) Yunnan
H. flavodiscus KUN-HKAS China: MW616464 MW600483 MW656473 MW6E56463
68013 (Hao 41) Yunnan
H. fuligineus GDGM70057 USA OP547641 OP558632 OR575263
H. fuligineus GDGM70064 USA OP547643 OP558634 OR575264
H. fuligineus GDGM70071 USA OP547647 OP558638
H. fuligineus GDGM70153 USA OP547649 OP558640
H. fuligineus DSH101009.3 USA HM020693 HMO026551
H. fuscodiscus GDGM84468 China: OP547696 OP558688 OR566114
Sichuan
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Table 1 Continued.

Speciesname Voucher Locality ITS LSU rpb2 tefl-U
H. fuscodiscus GDGM84543 China: OP547708 OP558700 OR566113 OR575265
Sichuan
H. fuscodiscus GDGM84677 China: OP547723 OP558715 OR566112 OR575266
Sichuan
H. fuscodiscus XHW6501 China OP547768 OP558755
(HKAS 131107)
H. fuscodiscus XHW6713 China OP547771  OP558758
(HKAS 131109
H. fuscopapillatus GDGM44412 China: MN378337 MT093625 OR566111 OR575267
Sichuan
H. fuscopapillatus GDGM81878 China: OP547661 OP558654 OR566110 OR575268
Sichuan
H. fuscopapillatus LJw1858 China: MT093606 MT093626
Yunnan
H. fuscopapillatus LIJW1984 China: OP547751 OP558735
(GDGM92369) Yunnan
H. fuscopapillatus XHW6609 China: MT093607 MT093627
Yunnan
H. gliocyclus GDGM84514 China: OP547703 OP558695 OR566109 OR575269
Sichuan
H. gliocyclus KUN-HKAS China:Tibet MW616466 MW600485 MW656475 MW656465
79929
(Liu 228)
H. gliocyclus LJW1983 China: OP547750 OP558734
(GDGM92370) Yunnan
H. gliocyclus MHKMU China: MW762984 MW762772 OK063799
H.Y.Huang 877 Yunnan
H. gliocyclus XHW7149 China OP547774  OP558762
(HKAS 131113)
H. glutiniceps FHMU2013 China: MN378312 MT093614
Hainan
H. glutiniceps GDGM42140 China: MN378310 MT093619
Guangdong
H. glutiniceps GDGM42188 China: MN378313 MT093618
Guangdong
H. glutiniceps GDGM42217 China: MN378309 MT093617
Guangdong
H. glutiniceps MHKMU H.Y. China: OK011526 OK001711 OK063786
Huang 797 Hainan
H. glutinifer E00218159 UK: MZ605844  MZ605800
Scotland
H. griseodiscus GDGM84572 China: OP547714  OP558706 OR575270
Sichuan
H. griseodiscus GDGM84644 China: OP547720 OP558712 OR575271
Sichuan
H. griseodiscus SAAS462 China: MN378338 MT093624 OR575272
Sichuan
H. habaensis MHKMU W.H.  China: Mz605845 MZ605801 MZ614644
Zhang 513 1 Yunnan
H. habaensis MHKMU W.H.  China; MZ605846  MZ605802
Zhang 513 2 Yunnan
H. hedrychii GDGM44600 China: Inner OP547634 OP558624 OR566108 OR575273
Mongolia
H. hedrychii GDGM84408 China; OP547691 OP558683 OR566107 OR575274
Sichuan
H. hedrychii GDGM84550 China OP547710 OP558702 OR566106 OR575275
H. hedrychii CFSZ18269 China: Inner MN378307 MT093630
Mongolia
H. hedrychii HMAS 290140 China OKO011527 OK001712 OK063787
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Table 1 Continued.

Speciesname Voucher Locality ITS LSU rpb2 tefl-U
H. hypothejus KUN-HKAS Germany MW616467 MWG600486 MWG6E56476
56550 (Yang
5052)
H. pseudohypothejus XHW7324 China OP547777  OP558765
H. lucorum GDGMA42148 Italy OP547621 OP558611 OR566105 OR575276
H. lucorum GDGM79101 China: Inner OP547653 OP53645 OR566104 OR575277
Mongolia
H. lucorum CFSZ20149 China: Inner OP547737 OP558603
Mongolia
H. lucorum HKAS 56532 Germany MW762988 MW762776 OKO063801
H. magnisporus SAAS132 China: OP547756  OP558740
Sichuan
H. magnisporus SAAS146 China: OP547757 OP%8741
Sichuan
H. magnisporus SAAS170 China: OP547758 OP558742
Sichuan
H. magnisporus SAAS397 China: OP547760 OP558744
Sichuan
H. marcocontui KATO Fungi Spain MG888785 MG888786
3604
H. murinidiscus GDGM82120 China: OP547662 OP558655 OR566103 OR575278
Sichuan
H. murinidiscus GDGM82183 China: OP547663 OP558656 OR566102 OR575279
Sichuan
H. murinidiscus GDGM82186 China: OP547664 OP558657 OR566101 OR575280
Sichuan
H. pallidoaurantiacus GDGM79190 China OP547654 OP558646 OR566100 OR575281
H. pallidoaurantiaus GDGM82410 China: OP547670 OP558663 OR566099 OR575282
Yunnan
H. pallidoaurantiacus GDGM82424 China: OP547671 OP558664
Yunnan
H. pallidoaurantiacus GDGM82435 China: OP547673 OP558666
Yunnan
H. olivaceoalbus ectomycorrhiza Germany AF430253  AF430274
S15
H. olivaceoalbus KR6419 Germany AF430252  AF430271
H. orientalis GDGM84641 China: OP547719 OP558711 OR566098 OR575283
Sichuan
H. orientalis CFS220884 China: Inner MW290182 MW928625 MW928556
Mongolia
H. orientalis HKAS 75586 China: Hubei MW290176 MW290239 MW928555
H. orientimarzuolus LIJW2439 China: OP547754  OP558738
(GDGM92361) Yunnan
H. pallidoflavodiscus GDGM89619 China: 0Q860089 0Q867287 OR566097
Yunnan
H. pallidofulvus GDGM84470 China: OP547698 OP558690 OR566096 OR575284
Sichuan
H. pallidofulvus GDGM84501 China: OP547700 OP558692 OR566095 OR575285
Sichuan
H. pallidofulvus GDGM84502 China; OP547701 OP558693 OR566094 OR575286
Sichuan
H. pallidofulvus GDGM84506 China; OP547702 OP558694 OR566093 OR575287
Sichuan
H. orientipurpurasens  GDGM83073 China; OP547678 OP558671 OR566092 OR575288
Yunnan
H. pallidoagathosmus ~ GDGM84681 China: OP547724 OP558716 OR566091 OR575289
Sichuan
H. pallidoagathosmus ~ GDGM84702 China: OP547728 OP558720 OR566090 OR575290
Sichuan
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Table 1 Continued.

Spedeshame Voucher Locality ITS LSU rpb2 tefl-U
H. pallidoagathosmus  CFSZ22807 China: Inner OP547742  OP558608
Mongolia
H. pallidoagathosmus  CFSZ22828 China: Inner OP547743  OP558609
Mongolia
H. parvirussula GDGM45208 China: Tibet MT363822 OP558627 OR565089 OR575291
H. parvirussula GDGM83135 China: OP547682 OP558674 OR566088
Yunnan
H. parvirussula GDGM85782 China: OP547732 OP558724 OR566087 OR575292
Sichuan
H. parvirussula HMAS280347 China MT363824 OP558730
H. parvirussula MHKMU N.K. China: MH160770 MH160774
Zeng 2878 Yunnan
H. penarioides DB4411 Hungary MKO088122 MK278196
H. pinophilus GDGMA43348 China: OP547622 OP558612 OR566086 OR575293
Sichuan
H. pinophilus GDGM43349 China: OP547623 OP558613 OR566085 OR575294
Sichuan
H. pinophilus MHKMU H.Y.  China: MZ605854 MZ605806 MZ614647
Huang 878 Yunnan
H. pinophilus MHKMU L.P. China: MZ605858 MZ605810 MZ614649
Tang 3487 Yunnan
H. pseudodiscoideus HMAS277088 China: OP547744  OP558727
Sichuan
H. pseudodiscoideus HMAS277234  China: Tibet OP547745 OP558728
H. pseudohypothejus MHKMU T. China: MW762991 MW762779
Huang 477 Yunnan
H. pseudopurpurascens GDGM82365 China: OP547666 OP558659 OR566084 OR575295
Yunnan
H. pseudopurpurascens GDGM83033 China: OP547676 OP558669 OR566083 OR575296
Yunnan
H. pseudopurpurascens GDGM83197 China: OP547686 OP558678
Yunnan
H. pseudopurpurascens XHW6124 China OP547763 OP558747
(HKAS 131101)
H. pseudopurpurascens XHW6336 China OP547764  OP558749
(HKAS 131103)
H. pudorinus GDGM44321 China: OP547626 OP558616 OR566082 OR575297
Sichuan
H. pudorinus GDGM44323 China: OP547628 OP558618 OR566081 OR575298
Sichuan
H. pudorinus GDGM44328 China: OP547630 OP558620 OR566080 OR575299
Sichuan
H. pudorinus GDGM84620 China: OP547718 OP558710 OR566079 OR575300
Sichuan
H. pudorinus GDGM84701 China: OP547727 OP558719 OR566078 OR575301
Sichuan
H. pudorinus AFTOL-ID USA: DQ490631 DQ457678 DQ472725 Gu187710
1723 Colorado
H. ginggangjun GDGM83741 China: OP547688 OP558680 OR566077 OR575302
Yunnan
H. ginggangjun MHKMU H.Y. China: MW290157 MW290224 MW928548
Huarg 724 Yunnan
H. ginggangjun MHKMU L.P. China: MW290150 MW290221
Tang 1683 Yunnan
H. ginggangjun MHKMU M. China: MW290155 MW290222 MW928546
Mu 464 Yunnan
H. ginggangjun MHKMU S.D. China: MW290149 MW290220 MW928545
Yang 20 Yunnan
H. queletii CFSZ12607 China OP547734  OP558600
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Table 1 Continued.

Speciesname Voucher Locality ITS LSU rpb2 tefl-U
H. queletii CFSZ18527 China: Inner OP547735 OP558601
Mongolia
H. queletii CFSZz18958 China: Inner OP547736  OP558602
Mongolia
H. queletii CFSZ20283 China: Inner OP547740 OP558606
Mongolia
H. queletii HMAS 290046 China: Inner MZ605862 MZ605813 MZ614652
Mongolia
H. roseoviolaceus SAAS4509 China: 0Q860087 0Q867285
Chongging
H. russula GDGM42113 China: MT36382  OP558610 OR566076
Jilin
H. russula AH19677 Spain: MW290205 MW290260
Torrelodones
H. russula AH37145 Spain: MW290206 MW290261
Huesca
H. russula CFMR JR3 Japan: Shiga KF291216  KF291217  KF291219
Prefecture
H. rutilans GDGM89538 China: 0Q860086 0Q867284 OR566075
Yunnan
H. rutilans XHW6661 China OP547769 OP558756
H. rutilans XHW7521 China OP547779  OP558767
(HKAS 131117)
H. scabrellus LAH 35245 Pakistan MK066234 MK066238
H. siccipes GDGM70041 USA OP547637 0OP558628 OR575303
H. siccipes GDGM75574 USA OP547652 OP558644 OR566141 OR575304
H. sichuanensis GDGM84471 China: OP547699 OP558691 OR566074 OR575305
Sichuan
H. sichuanensis GDGM84546 China: OP547709 OP558701 OR566073 OR575306
Sichuan
H. sichuanensis GDGM84557 China: OP547712 OP5®704 OR566072 OR575307
Sichuan
H. sordidus GDGM70065 USA OP547644  OP558635 OR575308
H.sp.1 GDGM83568 China: OP547687 OP558679 OR566070 OR575311
Gansu
H.sp.2 GDGM79241 China: OP547659 OP558652 OR566071 OR575310
Jilin
H. sp.3 XHW7387 China OP547778 OP558766
(HKAS 131116)
H. sp.4 XML1910693 China OP547780 OP558768
H. sp. GDGM70051 USA OP547640 OP558631 OR575309
H. sp. GDGM82406 China OP547669 OP558662
H. sp. GDGM84469 China OP547697 OP558689
H. sp. KUN-HKAS China: MW762877 MW763002 MW789181 MW773441
112566 (QH Yunnan
126)
H. sp. KUN-HKAS China: Tibet MW762878 MW763003 MW789182 MW773442
112567
H. sp. KUN-HKAS China: Tibet MW762879 MW763004 MW789183 MW773443
112568 (QH
131)
H. sp. KUN-HKAS China: Jilin  MW616468 MW600487 MW656477 MW656466
87261 (Liu 713)
H. sp. Mushroom USA: MG783389 MG493163
Observer Arizona
285692
H. sp. ZRL20151871 China LT716040 KY418856 KY419003 KY419059
H. speciosus HMAS 221453 China: Jilin ~ MW762992 MW762780
H. speciosus HMAS 278060 China OP547746  OP558729
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Table 1Continued.

Speciesname Voucher Locality ITS LSU rpb2 tefl-U
H. speciosus MHKMU H.Y. China: Jilin ~ MW762993 MW762781 OK063806
Huang 1010
H. subcapreolarius GDGM43379 China: OP547625 OP558615 OR566069
Sichuan
H. subcapreolarius GDGM45123 China: OP547636 OP558626 OR566068 OR575312
Sichuan
H. subcapreolarius GDGM82403 China: OP547668 OP558661 OR566067 OR575313
Yunnan
H. subcapreolarius GDGM83194 China: OP547684 OP558676 OR566066 OR575314
Yunnan
H. vividus GDGM82385 China: OP547667 OP55866 OR566065 OR575315
Yunnan
H. vividus GDGM82437 China: OP547674 OP558667
Yunnan
H. vividus GDGM83100 China: OP547680 OP558672
Yunnan
H. vividus GDGM83196 China: OP547685 OP558677
Yunnan
H. vividus MHHNU32258 China: OP547755 0OP558739
Yunnan
H. xiangjun LIW2256 China: OP547753 OP558737
(GDGM92371) Yunnan
H. xiangjun MHKMU H.Y. China: MW762979 MW762768
Huang 817 Yunnan
H. xiangjun MHKMU Y.J. China: MW762978 MW762767
Pu 407 Yunnan
H. yadigarii KATO Fungi Turkey MF370227 MF370228
3843
H. yukishiro SAAS4870 China: 0Q860088 0Q867286
Sichuan
H. yunnanensis GDGM89522 China: 0Q860084
Yunnan
H. yunnanensis MHKMU H.Y. China: MW290213 MW290272 MW928563
Huang 321 Yunnan
H. yunnanensis MHKMU H.Y. China: MW290214 MW290273 MW928564
Huang 322 Yunnan
H. yunnanensis MHKMU L.P. China: MW290211 MW290268 MW928561
Tang 2772 Yunnan
H. yunnanensis MHKMU L.P. China: MW290212 MW290269 MW928562
Tang 2773 Yunnan

Results

Phylogenetic analysis

New sequences and alignments

In this study, 516 new sagnces were generated: 165 ITS, 175 LSUrpg2 and 94tefl-U
The ITS dataset combining new sequences and available ITS sequences retrieved from GenBank
and Unite included 1214 sequences and consisted of 1065 nucleotide sites (including gaps) of
which 644 are parsimony informative (Fig. 1). And midpoint rootingswised for the ITS
phylogenetic tree due to the ITS sequences of related genera could not be aligned with confidence.
The multilocus dataset (IT&LSU-rpb2-tefl-U dataset) (Table 1) comprised four partially
overlapping loci (one sample has not less thawo loci), and rooted with sequences of
Chrysomphalinaand Haasiella (Fig. 2). The multilocus alignment included 258 samples and
consisted of 3272 nucleotide sites (including gaps), including 1539 parsimony informative sites.
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Figure 17 Continued.
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Figure 17 Continued.
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Figure 11 Continued.
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Figure 17 Continued.

Meta-analysis of ITS rDNA sequences
To make a comprehensive oview of all availableHygrophorusITS sequences, sequences
downloaded from GenBank and Unite databases were included and sequences of compromised
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quality were excluded. The following species names are labelled on ovéty@@phorus
sequences in database$3 sequences labelled a&$. russula 42 asH. annulatus 34 as
H. agathosmus 34 asH. deliciosus 31 asH. pinophilus 29 asH. parvirussula 25 as
H. olivaceoalbus 20 asH. hedrychij and 20 asH. penarioides(Fig. 1). While the following
species naes were used only for a single sequence in public databases (three of them from
holotype): H. adiaphorus(holotype), H. goetzei H. griseodiscus(holotype), H. inocybiformis
H. megasporusH. neoerubescensH. secretanij H. unicolor and H. yadigarii (hdotype).
Moreover, 65 type (epitype, holotype, isotype, paratype, type) sequences were available for specific
or infraspecific taxa. In addition, 4 sequencedHoflucorumnewly generated from type locality
were included.

In total, 1214HygrophorusITS wee included in the datasei he f ul | l engt h
ITS (ITS15.8SITS2) sequences ranged from 425 bps (imosu3 to 601 bps K. vividus.
Amongst the ingroup sequences, 68 sequences (5.67%) generated from environmental samples
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Analysis of multigene sequences

In the multilocus tree, the gentiygrophorusis syported as monophyletic lineage. There
was not a support for three subgenera such as defined by Lodge et al. (2014) and the support
received at higher rank nodes better suited to existing classification of the genus into sections. Our
phylogeny supporte@ight of nine sections defined by Lodge et al. (2014): sectudbrini,
Olivaceoumbrini Hygrophorus Aurei, Discoidej Camarophylli P. Karst., Picearum and
ChrysodontegSinger) E. Larss. Because of strong support of the lineage that inélud@sdus
C.Q. Wang, Ming Zhang & T.H. Li, sp. nov. and a single collection XML1910693 and their
unresolved position within the tree, we proposed a new se¢hat C.Q. Wang, Ming Zhang &
T.H. Li, sect. nov. for this species pair. The position of a singleesmguofH. orientimarzuolus
C.Q. Wang, J.W. Liu & T.H. Li, sp. nos unresolved and we did not place it in any of recognized
sections.

Taxonomy

Below, the ChineseHygrophorus species are described, illustrated and discus$ad.
descriptions are arrangealphabetically within the sections resolved by multilocus phylogenetic
analysegFig. 2)in this study.

Hygrophorussect.Hygrophorus
Phylogenetic support: Sectistygrophoruss well supported in both the ITS (MLBS = 100%)
and multilocus (MLBS = 100%yees(Figs 1 2).
Studied Chinese species included in this sectiodygrophorus armeniacus
H. brunneodiscus H. fuscopapillatus H. glutiniceps H. griseodiscus H. hedrychij
H. murinidiscusH. pallidoflavodiscusH. roseoviolaceudH. rutilansandH. yukishiro.

HygrophorusarmeniacusC.Q. Wang, Ming Zhang, X.H. War§ T.H. Li, sp. nov. Fig. 3

Index Fungorum Numbel901126 Facesoffungi number: FGB926

Etymologyi armeniacus= apricot coloured, referring the apricot colour of the pileus

Typei China,Yunnan ProvinceDiging Tibetan Autonomous Prefecture, ShatigrCounty,
Pudacuo National Park, anossin a subalpine forest dominated Qyercussp.,elev.ca.3720 m,

3 September 2020, Mhang & LQ.Wu (GDGM82364 Holotypse.

Pileus 25180 mm across, convex when young, becoming ptaomvex, plane to depressed
when mature, viscid when wet, white, yellowish white, light yellow, yellowish grey, greyish
yellow, orange grey, greyish orange to brownish orangei(8A4B2 5, 5B2 4, 5C7 4), or pale
apricotcoloured to pale greyish apriecbloured, unchanging when bruised; margin decurved
when young, straight to uplifted when mature, usually entire, sometimes irregularly splitted.
Lamellaeadnateto suldecurrent, subdistanit, = 30i 35, | = T 3, waxy, thick, fragile, white; edge
entire and evenStipe 35/65 mm long, 911 mm thick, central, cylindrical, equal dninner
upwards, stuffed, white, covered with tiny white dots. Context solid, whitish.

Basidiosporeg7.5)8 10(10.5)x (4)4.56 . 5 ( 7 .L& F 9.X9m 0.74, W= 5.59 + 0.69,
Q=(1.2)1.51.89(2), Qm= 1.66 + 0.14, broadly ellipsoid, ellipsoid to elongate, smooth, hyaline,
thin-walled.Basidia36i165x 771 0 ¢ m3.798.13, 4spored, clavate, sterigmatdl42 e m | ong
Hymenophoral tramalivergent, made up of cylindrical, thimalled, hyaline hyphae 3.23 um
wide. Pileipellis an ixotrichoderm, made up of upturned aerial hyphi@ 25 ¢ nStipitipetiie .
an ixotrichoderm to ixocutis, made up of repent or upturned cylindricalthiled hyhae 25.5
pm wide.Clamp connectionpresent in all tissues.

Habit, habitat and distributioh Solitary or scattered on the ground in forests dominated by
oak treesbasidioma occurring in autumso far khown from southwestern China.

Additional specimen xaminedi Ching Yunnan Province, Ninglang County, Mianmian
Mountain, elev. 3593 m, 27A32Nj31nN, 100A38Njl5
XHW6877 (HKAS 131110.
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Notes1 Hygrophorus armeniacuss characterized by the pale apriocamioured to pale
greyish apriot-coloured pileus, adnate with a short decurrent tooth and white lamellae, broadly
ellipsoid, ellipsoid to elongate basidiospores, and the distribution in high elevation area (over 3500
m so far).

Hygrophorus yukishirporiginally described from Japars, & sister species tb. armeniacus
which is distinguished morphologically by the pale reddistwn pileus surface with indistinct
ybrils, the el l i psoiitl0xk&6.5 wni andearty speirg frutiega(EBndor i n g
et al. 2018). Another similar speciéd/grophorus arbustiveidiffers in itsochraceous brown pileus
and smaller basidiospores (7¥%5 x 4.55.5 um) (Candusso 1997hygrophorus subsalmonius
A.H. Sm. & Hesler, described from North America, is distinguished trbrarmeniacugy larger
basidiomata, madder brown tofous pileus and smaller basidiosponesasurings.5/8 x 35 um
(Hesler & Smith 1963, Bessette et al. 2012).

eusl

10 pm

Q00

Figure 31 Hygrophorus armeniacua Basidiomata (XHW687 by X.H. Wang. b Basidiomata
(GDGM82364). ¢ Basidiospores (GDGM82364). d Basid@DGM82364). e Pileipellis
(GDGM82364).

Hygrophorus brunneodiscu€.Q. Wang & T.H. Li, MycoKeys 68: 56 (2020) Fig. 4

Pileus 20i 50 mm broad, hemispherical to blunt conical when young, convex when mature,
whitish, greyishyellow, greyishwhite, brownsh-orange, light brown, yellowishrown, paler from
disc to margin, viscid_.amellaesubdecurrent to decurrent, white, waxy, subdistant, Li4@6l =
1i 3; edge concolorous, entirBtipe40i 90 mm long, 47 mm thick, cylindrical, hollow, subequal,
pale yellow to greyishyellow, white to yellowishwhite at apex, sometimes white at base, sticky.
Contextthin, white to light brown, with slight fishy odour.

Basidiospore¢6.5)719(9.5)x45 . 5(6) em, Lm = 7.7 N 0.69 Om
(1.3)1.42(2.1) Om = 1.67 £ 0.18, ellipsoid to oblong, smodBasidia32/48 x 8.5 um, Q =
4.11 6.6, clavate, thitwalled, 4spored; sterigmata 5.3(9) um long.Pileipellis an ixotrichoderm,
composed of septate cylindrical thialled hyphae 2% e m \ynmereophorh trama
divergent, composed of septate, thualled and cylindrical hyphaeid® 0 & m Glanpa d .
connectionpresent in all tissues.
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Habit, habitat and distribution Solitary to scattered, on the ground of subtropical bteafl
forest dominated bQuercussp., so far only known from Hunan Province in South Central China.

Specimens examinetl China, Hunan Province, Zhangjiajie City, Zhangjiajie Campus of
Jishou University,in a forest dominated byuercus fabriand Q. serrata elev. ca. 220 m,

29 A8 Nj2@AjN7 NjAAnjE, 26 May 20 1 Hplotype); hidemQd6 iOctoped D G M 7
2018, W.Q. Qin (GDGM75489); ibidem, 30 June 2019, W.Q. Qin (GDGM76934).

Notesi Hygrophorus brunneodiscugas described from southwestern China by Wang et al.
(2020). It is charactezed by the brownish pileus centre and its distributon in subtropical forests at
low elevation.Hygrophorus brunneodiscus similar toH. cossusH. discoxanthusH. eburneus
and H. scabrellus.However,H. cossushas pale ochraceous grey colour at tHeugsi centre and
slender basidia (480 x 7 8.5 um) (Larsson & Jacobsson 200d);discoxanthusas rusty brown
discolouration at lamellar edges and is association Wwdbgus (Candusso 1997, Larsson &
Jacobsson 2004H. eburneusas a white or ivory pileuand is associated witRagus(Larsson &
Jacobsson 2004}{. griseodiscusas grey pileus with a dark grey to olive grey disc and emarginate
to subdecurrent lamellae (Wang et al. 202H); scabrellusdescribed from South Western
Himalaya in Pakistan hasdhoffwhite pileus with dark green and greyish fibrils and smaller
basidiospores (in agerage 6.5 x 3.84 um) (Naseer et al. 2019). For detailed descriptions and
comparisons with similar speciestéf brunneodiscusee Wang et al. (2020).

wr ]

L LD
DD

Figure 4 7 Hygrophorus brunnealiscus (GDGM73213. ab Basidiomata(by W.Q. Qin)
c Basidiospores. d Basidia.

Hygrophorus fuscopapillatu€.Q. Wang & T.H. Li, MycoKeys 68: 58 (2020) Fig. 5

Pileus20i 30 mm broad, convear broadly conicato hemispherical when ymg, applanate
to planeconcave when mature, with a papilla or small unab@entre, white pale grey, grey
brownishgrey to olive browrat papilla,paler from centre to margirglutinous when wet; margin
even, occasionally split, white to pale graly magin. Lamellaeadnate to subdecurrent, white,
thick, L = 2836, | = 1i 3. Stipe40i 60 mm long,4i 5 mmwide, cylindrical, white to yellowish
grey, coveredavith a glutinous layeroften with white mycelium at bas€ontextthin, whitish.
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Basidiospore$6)7i 9.5(10)x (4)4.5 5.5(6) um Lm =8.16+ 0.83um, Wm = 4.97+ 0.45um,
Q=131.9 Om=1.65% 0.18 broadly ellipsoid, ellipsoid to oblong, smooth, hyaliBasidia
(32)3546(48) x (6)6.58.5(9) um, Q= 4.4 6.8, clavate, thikwalled, 4spored sterigmata 57.5
pm long.Pileipellis an ixotrichoderm, composed of septate and-tiatied cylindrical hypha&i 5
e m b r Hymahophoral tramadivergent, composed of septate, thialled and cylindrical
hyphael3i3 1 . 5 ¢ rClaimmp conaattionpresenin all tissues

Habit, habitat and distributioin Solitary, on the ground of Fagacedmminated forests, so far
only known from Sichuan and Yunnan provinces in Southwest China.

Specimens examinetl China Sichuan Province, Panzhihua City, Yanbian County, Gesala
Ecotourisn Area, elev. ca. 2900 m, 27A0gWgREN), 101
Wang (GDGM44412, Holotype)Yunnan Province, Yulong County, Lijiang Alpine Botanic
Garden,in aforestdominatedby Quercus pannosae | e v . 3281 m, 27A®BONj26n
September 2019, J.W. LiuJW1984(GDGM92369.

Notesi Hygrophorus fuscopapillatusas described from China by Wang et al. (2020). It is
characterized by the brownigjiey to olive brown papilla in the pileus centre, and the broadly
ellipsoid, ellipsoidto oblong basidiosporeslygrophorus brunneodiscuand H. griseodiscusare
similar to H. fuscopapillatus However,H. brunneodiscusas the broader pileus (up to 5 cm in
diam.) and the brownish pileus dist¢; griseodiscushas the larger pileus (up to £ broad), the
larger basidispores measuring (78(10.5) x (4)4.66(6.5) um in size, and the host association
with Pinaceae. Fommages, line drawingsjetailed descriptionsand comparisons with species
similar toH. fuscopapillatusee Wang et al. (202
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Figure 51 Hygrophorus fuscopapillatud.JW1984). ab Basidiomata. ¢ Basidiospores. d Basidia.

Hygrophorus glutinicepsC.Q. Wang & T.H. Li, MycoKeys 68: 60 (2020) Fig. 6
Pileus 8140 mm broad, hemispherical to convex first broadconvex to depressedit

maturity, white with cream or light yellow to orange tint at dishen young becoming light to

yellowish-brown with age covered with a layer of transparent gluey materials when metgin
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involute when young, slightly incurved to rarelglifting when matureLamellaebroadly adnate or
with adecurrent tooth when youngulecurrent when maturdistant to subdistant, L 24148, | =
1i 3, white when young, then changing to ochraceous or even brown, waxy whetipe5i 60
mm long, 3i6 mm broad equal but oftertaperedat base, cylindrical usually curved, white,
occasionally with yellowish tint, covered with transparent glutinous materials wherComtext
thin, white when young, changing to brown when old.

Basidiospore$5)6i 8.5(10) x (3.5)4'5.5(6) um Lm =7.11 + 0.79um, Wm = 4.7 £0.59um,
Q=(1.2)1.31.77(2), & =1.52 £0.14 ellipsoid to oblong, smooth, hyalinBasidia35 47 x 5i
8.5 um, Q =4.67 8.2, 4-spored clavate, thirwalled, hyaline sterigmata up to 7.5 um long.
Pileipdlis an ixotrichoderm, composed of septared hin-walled hyphae3i5 ¢ m wsuatlye ,
covered with a gelatinous layewith yellowish gluten in KOH.Stipitipellis an ixotrichoderm,
composed of thhwalled hyphae B5 & m Wymdnephoral tramadivergent,composed of
septate, thirwalled and cylindrical hyalinbyphaed4il 7 bread Clamp connectionpresentin
all tissues

Habit, habitat andistributioni Gregarious to scattered, on the ground of subtropical broad
leaf forest dominated b@astanopsispp, currently only known from subtropical to tropical areas
of China (@angdong, Hainnan, dthan and iAngxi provinces).

Specimens examined China Guangdong Province, Guangzhou City, Tianluhu Forest Park,
in a forest dominated b@astanopsispp, elev.ca2 50 m, 23 A1 3 Nj39njN, 113A2
2012, M. Zhang (GDGM4218&DGM42217); ibidem, 6 September 2012, J. Xu (GDGM42140).
Hainan Province, Changjiang County, 3 July 2013, M. Zhang (GDGM452#)gxi Province,
Chongyi County, Yangling Forest Pa{, August 2016, M. Zhang (GDGM53153).

Notesi Hygrophorus glutinicepss characterized by its white and sticky pileus and stipe,
whitish lamellae sometimes changing to ochraceous or even brown, the subtropical to tropical
distribution in East Asia, and thessociation withCastanopsisHygrophorus cossukoks similar
but has longer basidiospor€d 9.5 pm long, and is associated witQuercusin temperate areas
(Candussdl997). Hygrophorus eburneudiffers in the sturdier basidiomata, larger basidiospores
(8110 x 4.55.5 um), and thassociatiorwith Fagus For more detailed descriptions, comparisons
with similar speciesand line drawingsf H. glutinicepssee Wang et al. (2020).

Q0

Figure 6 1 Hygrophorus glutinicepsa Basidiomata (GDGM42188).Basidionmata (GDGM53153).
c Basidiospores (GDGM42188).Basidia (GDGM42188).
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Hygrophorus griseodiscu€.Q. Wang & T.H. Li, MycoKeys 68: 64 (2020) Fig. 7

Pileus20i 45 mm broad, convexvith or without arobtuse umbo, greyight grey, dark grey
to olive greyat disc, glutinous when wet; margin even, slightly involuted to extenddte to pale
grey.Lamellaeemarginate witta decurrent tooth or subdecurrent, white, thick,dstiant to close
L = 32140, | =11 3. Stipe 4070 mm long,4i 6 mmwide, cylindrical to subcylindrical white to
pale grey, covered with transparent glutinous materials wherQegtextslightly thick, white.

Basidiosporeg7)8i 10(10.5)x (4)4.5 6(6.5) pm Lm =9.05 £ 0.83um, Wm = 5.14 + 0.54
pm, Q=1.412.1, Qm= 1.77 = 0.19 ellipsoid,oblong to subcylindrical, smooth, hyalirgasidia
29156.5x% 7i 11 um, Q= 3.05 6(6.9), clavate to cylindrical, thiwalled, 4spored sterigmata up to
6 pum long. Pileipellis an ixotrichoderm,composed ofthin-walled hyphae 2i% & m wi de.
Hymenophoral tram divergent, composed of septate, tiialled and cylindrical hypha.5 20
¢ nbroad Clamp connectionpresenin all tissues

Habit, habitat and distributioii Scattered, on the ground of subalpine coniferous forest
dominated byAbiesand Picea often surounded by mosses, so far only known from Sichuan
Province in Southwest China.

Specimen examinedi China Sichuan Provinceliuzhaigou CountyJiuzhaigou, elev. ca.
3100 m, 11 September 2012, X.L. He (SAAS462, Holotypaine locality, 19 September 20RQ,
Zhang (GDGM84644).

Notesi Hygrophorus griseodiscusas recentlydescribed from southwestern Chintis a
relatively rare fungugWang et al. 2020). It is characterized by the dark grey to olive grey pileus
disc, emarginate to subdecurrent lamellaed the association with conifer treé$ygrophorus
brunneodiscusand H. cossusare similar toH. griseodiscusHowever,H. brunneodiscudas the
brownish pileus and smaller basidiospomessuring6.51 9.5 x 45 um; H. cossusas the greyish
white lamellaewith a cream yellow tintand a thicker stipe (20 mm wide) (Candusso 1997,
Campo 2015). For detailed descriptions, comparisons with similar species, line drawings and
images oH. griseodiscusee Wang et al. (2020).
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Figure 7 1 Hygrophorus griseodiss (GDGM84644). @b Basidiomata. ¢ Basidiospores.
d Basidia.

Hygrophorus hedrychil Vel en. ) K. Kul t Lesk8 MykoHg.8 10( 4
Pileus 20 70 mm broad, subglobose when young, hemispherical to convex when mature;
margin incurved when yag; surface covered with a sticky layer, whitisamellaeadnate to short
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decurrent, white at first, cream, pale yellow to pinkighite at maturity, waxy, L = 3218, | = I 3.
Stipe30i 130 mm long, 513 mm broad, almost cylindrical, whitisBontexithick, whitish.

Basidiosporeg6)7i 8(9) x (3.5)44.5(5) um, Lm = 7.53+0.69, Wm = 4.19 + 0.36, Q =i1.5
2(2.3), Qm = 1.81 * 0.21, ellipsoid to subcylindrical, colourless;wrahed, smoothBasidia 30i
40 x @9 um, Q = 4.15.7, clavate, 4pored; sterigmata & um long.Pileipellis an ixotrichoderm,
composed of septate, thivalled hyphae ¥5 pum broad.Stipitipellis a trichoderm, composed of
hyphae 710 um broad.Hymenophoral tramalivergent, composed of septate, tialled and
cylindrical hyphae B23 um broadClamp connectionpresent.

Habit, habitat and distribution Scattered to gregarious Betuladominated forests, so far
known from northeastern and southesten China (Helongjiang Province, Inner Mongola
Autonomous Region and Tibet Autonomous Region) &urope (Larsson & Jacobsson 2004,
Campo 2015, Huang 2022, Wang et al. 2020, this study).

Specimes examined’ China, Inner Mongolia Autonomous Region, Chifeng City, Hexigten
Banner, Jingpeng Town, 15 August 2017, T.Z. Liu & G.L. Yu (CFSZ1826@huan Povince,
Songpan County, Erdaohai, in a subalpine forest, elev. ca. 3385 m, 23 September 2020, M. Zhang
& J.H. Xing (GDGM84408).

Notesi Hygrophorus hedrychivas described from Europe and ganatic distributed so far.
Hygrophorus hedrychiappears in théasal clade in the ITS analysis (Fig. 1). For more detailed
descriptions and comparisons with similar specids.dfedrychiisee Wang et al. (2020).

Qae g

Figure 817 Hygrophorus hedrych{GDGM84408). ab Basidiomata. ¢ Basidiospores. d Basidia.

Hygrophorus murinidiscusC.Q. Wang & T.H. Li, sp. nov. Fig. 9
Index Fungorum NumbeltF901127 Facesoffungi number: FAB927
Etymology 1 murinidiscus from murini = mouse greyand discus= disc, referring to its
mouse grey central disc of pileus
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Typei Ching SichuanProvince,Xiaojin County, Meiwo Town, in &uercusspp. dominated
forest,elev. ca3100 m, 3 August 2020,.Q. Wang GDGM82183 Holotype.

Pileus25i 65 mm across, conieconvex to convex when young, then expanded to convex to
plancconvex, with or without an obtuse umbo, greyish yellow, yellowish grey to olive brown
(4C25, 4D2 5, 4E35) at dis¢ paler to white, yellowish white, yellowish grey to greyish yellow
(4A1i 3, 4B23) out of the centre, viscid to sticky when wet; margin incurved wy@ung,
becoming straight to partially uplifted when matutamellaeadnexed to adnate at first, then
subdecurrent, subdistant,4.40i 52, | = 1i 3, thickish, waxy, sometimes transluscent, sometimes
crisped, white, even at edge. Stipg BOmm long,7i 14 mm broad cylindrical, equal or slightly
enlarged in lower middle, often narrower at apex and base, usually curved, white, slightly fibrillose.
Contextwhite, thin in pileus. Odour pleasant. Spore deposit white.

Basidispores719.5x 415 . 5 & m, 82 @80,2Vm7=.4.5 + 0.46Q = 1.52.1,Qm =
1.75+ 0.18, ellipsoid, elongate, cylindrical, smooth, hyaline, thin walled, inamyBakidia43i 52
x718. 5 @GaB569,4spored, clavat e; S t ldymengphoaat teamau p  t
divergent, made up of cylindrical or inflated hyaline hyphaej 3.8 ¢ m Bileipelasdan
ixotrichoderm, made up of erected and interwoven, gelatinized, often curved hyphaeg3dm wi d e,
usually withbrown intracellular pigmentStipitipellis an ixotrichoderm, consisting of cylindrical,
thin-walled hyphae®% e m wi de, erected or interwoven, of
brown pigmentClamp connectionpgresent in all tissues.
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Figure 9 T Hygrophorus murinidiscus(GDGM82183). &b Basidionata. ¢ Basidiospores.
d Basidia. e Pileipellis.

Habit, habitat and distribution Solitary to scattered on the ground und@rercustrees,
occurring in summerso far khown from southwestern China (SichlRmovince).

Additional specimesexamined Ching Sichuan ProvingeXiaojin County, Meiwo Townin
a forestdominated byQuercussp, elev.ca.3100 m, 1 August 2020,.Q. Wang GDGM8212Q
GDGM82186).

Notesi Hygrophorus murinidiscus charactemed bythe mouse greyileus the diameter of
the pileusis similar to the length of the stipe, the adnexed, adnate to subdecurrent lamellae, the
association witQuercustrees, and the distribution in high elevation areas (over 3000 m so far).
In the ITS phylogenetic analysi§ig. 1) H. scabrellusis sisterto H. murinidiscus however,
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H. scabrellusis different fromH. murinidiscusby the smaller and ofivhite with dark green
coloured pileus (228 mm in diam.), smaller basidiospores (average 6.5 x 3.84 um) (Naseer et al.
2019).Hygrophorus brunneodiscudiffers from H. murinidiscusby its brown tint on pileus disc,

and its distributon in subtropical and low elevation areas.

HygrophoruspallidoflavodiscusC.Q. Wang, X.L. Gao & T.H. Li, sp. nov. Fig. 10

Index Fungorum Number901128 Facesoffungi nundr: FoFA4928

Etymology i pallidoflavodiscus from pallido = pale, flavo = yellow, and discus= disc,
referring to its lightyellow pileus disc.

Typei China, Yunnan Province, Dali Prefecture, Binchuan County, in a mixed broadleaf
conifer forest, elewca.2400 m, 24 August 2022, X.L. Gao (GDGM896Hblotypse.

Pileus 20i 40 mm across, conical when young, then expanded to convex, with an umbo,
greyish white, yellowish white to white at disc, viscid to sticky when wet; margin incurved when
young, expanding tetraight when matureLamellae adnate, subdistant, L = 482, | = 1’3,
thickish, waxy, whitish, even at edd&tipe50i 80 mm long, Y9 mm broad, cylindrical, sometimes
curved, nearly equal or tapered downward, glutinous, white, with transparent dotsagieihe
Contextwhite, thin in pileus.

Basidiospore47.5)8 10(10.5) x (4)4B65 . 5 &€ m, Lm = 9.33 N 0.79,
(1.36)1.6 2(2.38), Qm = 1.83 £ 0.2, ellipsoid, elongate to cylindrical, smooth, hyaline, thin walled.
Basidia 37150 x 6.59 em, 4096, 4spor ed, cl avat e; steri gme

Hymenophoral tramaivergent, made up of cylindrical or inflated hyaline hyphd@ @ e m br o a
Pileipellis an ixotrichoderm, made up of repent and erected, gelatinized, sometimes curved hyphae,
3i7 ewide, usually with brown intracellular pigmef@tipitipellisan ixotrichoderm, consisting of

repent, erected or interwoven, cylindrical, sometimes curvedwadiled hyphaei¥% e m br oad
sometimes with brown intracellular pigme@lamp connectionpregnt in all tissues.

Habit, habitat and distributioin Scattered to gregarious on the ground in a mixed broadiesfier

forest, occurring in autumn, known from Yunnan Province of China.

wr o]

Figure 10 i Hygrophorus pallidoflavodiscu¢§GDGM89619). ab Basidomata (by X.L. Gao)
c Basidiospores. d Basidia.
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Notesi Hygrophorus pallidoflavodiscuss distinguished by the yellowistvhite to white
umbo at disc, the ellipsoid, elongate to cylindrical basidiospores measuringi {(DA)8.5) x
4)455. 5 &em. Amongst t he kHygropmorugnieemos similaspetiess u b s
isglutiniceps which also has yellowish tint on pilewdlsc, but differs by the hemispherical to
convex pileus, the darkening lamellae when mature or wounded, the subttoypozl
distribution, and shorter basidiospores measuringi &%10) x (3.5)45.5(6) um (Wang et al.
2020).Hygrophorus fuscopapillas is also similar by having distinct papilla in the pileus centre,
but diffes by its brownislgrey to olive brown near pileus centre, solitary habit, and shorter
basidiospores measuring (6975(10) x (4)4.55.5(6) um (Wang et al. 2020).

HygrophorusroseoviolaceusC.Q. Wang, Xiao Lan He & T.H. Li, spov. Fig. 11

Index Fungorum NumbelF901129 Facesoffungi number: FGB929

Etymologyi roseoviolaceusfrom roseo= rose or pinkandviolaceus= violet, referring to
its light rose to light violet pdus.

Type 1T China, Chongging City, Chengkou County, Beipin Town, in a mixed broadleaf
conifer forest, 13 October 2022, X.L. He (SAAS45D9lotype.

Pileus30i 60 mm across, convex when young, broadly convex to gtangex when mature,
with or without an btuse umbo, dull red, greyish red, greyish brown, violet brown, rose, greyish
rose, brownish violet (10B%, 10C35, 10D35, 10E35, 11A35, 11B35, 11C35, 11D35),
with violet brown (10EB8, 10F58, 11E68, 11F6 8) disc and margin in exsiccata, viscid emh
wet; margin always incurved, usually darker than the submarginallameeellaesubdecurrent to
decurrent, subdistant, L = #82, | = I3, thickish, waxy, sometimes crisped, whitish, yellowish
white to yellowish in mature exsiccata, yellowish to brownis exsiccata, even at ed@ipe60i
100 mm long, Y10 mm broad, cylindrical, equal or taper downward, white to yellowish white,
usually floccose at the apex, usually curved at the lower@antextwhitish.

[o——
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Figure 11 7 Hygrophorus roseoviolaceu$SAAS4509). ab Basidiomata.c Basidiospores.
d Basidia. e Pileipellis.
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Basidiospore$7)7.59(9.5) x 45 & m, Lm = 8.23 N 0.62, iWm =
2(2.13), Qm =1.82 + 0.15, ellipsoid, elongate, cylindrical, smooth, hyaline, thin wa#elia
38146 x6.58 . 5 e m, 1602,4s p50.rCe6d, cl avate; slidymenopharaht a u
trama divergent, made up of cylindrical hyaline hypha&, 8 ¢ m Fleipellé an.
ixotrichoderm, made up of erected and interwoven hyphi&, 2¢ m Stipitghedlisan ixocutis to
ixotrichoderm, consisting of usually repent and occasipeaécted hyphae 16 . 5 e m br oad.
Clamp connectionpresent in all tissues.

Habit, habitat and distribution Scattered on the ground in a mixed broadtzafifer forest,
occurring in autumrnso farknown from Chongging City of China.

Notesi Hygrophorusroseoviolaceuss easily identified by its rose to violet brown pileus,
darker pileus disc and margin, and whitish lamellae changing to yellowish to brownish in young
exsiccata. Compare witH. rutilans, which has paler pileus surface, and strongly viblewn
lamellae in all exsiccatddygrophorus erubescerns somewhat similar tél. roseoviolaceuswhile
the former is more robust, and mycorrhizal wRilkea abiegLaessge & Petersen 2019).

Hygrophorus roseoviolaceus the first new species dflygrophoris described from
Chongging City of southwestern Chinue to limited macrofungus collection activities, few
samples ofHygrophorusfrom ChongqingCity were collected and studies. In the future, more
attention should be paid tdygrophorusresources in ChaggingCity.

Hygrophorus rutilansC.Q. Wang, X.L. Gao, X.H. Wang & T.H. Li, sp. nov. Fig. 12

Index Fungorum NumberFBD01130Q Facesoffungi number: FGB930

Etymologyi rutilans = being redrutilansis proposed due to its red pileus.

Typei Ching Yunnan ProvinceChuxiong Yi Autonomous Prefectureufeng Countyin a
mixed broadleafconifer forest,elev. ca. 2400 m, 5 October 202, X.L. Gao (GDGM89538
Holotype.

Pileus30i 50 mm across, hemispherical when young, becoming cqrreadly convex, flat
or undulatingwhen matureusually depressed at dissensely covered witpale red, pastel red,
dull red, rose,red greyish roseprownish violet (10A46, 10B4 6, 11A4 6, 11B46, 11C46,
11D4i 6) fibrils or small scaleswith pinkish to whitishground céour beneath showing through
marginincurvedwhen young, expanded latéramellaeadnate adnate withsubdecurrentooth to
subdecurrentsubdistant to dense, £ 48 68, | = 1i 3, waxy, fragile, whiish to yellowish edge
even. Stipe 40i 90 mm long, 7i 13 mm thick, cylindrical to subcylindrical tapering downward,
central, solidwhitish to yellowish Contextwhitish.

Basidiosporeg5.56i8x 3.55 & m,=7.33m061, Wm=428+0.41, Q=1.51.88 Qm
=1.72+ 0.12, ellipsoid to elongate, smooth, hyaline, thwalled. Basidia 35148 x 6.559¢ m, = Q
4.33i 6.4, 4-spored, clavate, sterigmata 65 ¢ m Hymenaphoral tramalivergent,yellowish
to brownish yellow in 5% KOH solutiomade up of cylindricalo inflatedhyphae3i 21 um wide.
Pileipellis an ixotrichoderm, made up of interwoven hyph&i®.5 ¢ m w iStpéipellis an
trichoderm made up of usually upliftedyphae3i 7 um wide hyphae sligtly enlarged near the
terminals Clamp connectionpresent in all tissues.

Habit, habitat and distributioin Scattered on the ground in mixed forests, occurring in
autumn so farknown from southwestern China (Yunnan Province).

Additional specimens exarmedi Ching Yunnan ProvinceDali Bai Autonomous Prefecture,
BinchuanCounty,Jizu Mountain 25°57NjNLOCP2INJE , ca.R680m, 18 September 210, X.H.
Wang(XHW6661).

Notes 1 Hygrophorus rutilansis easily recognized by the densely packed, pale red to
brownish violetfibres and scales on the pileus, and the whitish to yellowish lamellae and stipe. |
the ITS phylogenetic analysiEig. 1), H. rutilansis sister taH. roseodiscoideuBon & Chevassut
however,H. roseodiscoideudiffers by the larger (up to 120 mm broad) and brownish pileus, and
pink lamellae when mature (Candusso 1997, Campo 2@iygrophorus unicoloris similar to
H. roseodiscoideysbut the former has brownish pileus with finely radially fibrillose surface
(Breitenbach & Krénzlin 1991 Hygrophorus roseobrunneyMisspelling asH. roseibrunneusn
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Bessette et al. (2012)] is clogethe species described here, but it has, as the name indicates, rose
brown pileus, and the agglutinatédrillose pileus surface.
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Figure 12 7 Hygrophorus rutilans a Basidiomata (XHW6661by X.H. Wang. b Basidiomata
(GDGM89538 by X.L. Gag. ¢ Basidospores (GDGM89538). d Basidia (GDGM89538).

Hygrophorus yukishiroN. Endo, Tokoo, & A. Yamada, in Endo, Tokoo, Fukuda & Yamada,
Mycoscience 59(6): 450 (2018) Fig. 13

Pileus 35150 mm across, broadly conical to convex when young, convex to plaee w
mature, smooth, viscid when wet, pale yellow, light yellow, light yellow, light orange, orange,
greyish orange (4A%, 5A2 7, 5B4 7), gradually shallower from disc to margin; margin straight
when matureLamellaeadnate to subdecurrent, subdistant, 3244, | = I 3, whitish; edge entire,
sometimes serrat&tipe 35150 mm long, 14 mm broad, cylindrical, tapering upward, surface
whitish, sometimes dirty white when touch&hntextwhitish.

Basidiosporeg6.5)i8 x 455 (5. 5) em, Lm = 7.43 N 0i 47,
1.6(1.78), Qm = 1.52 £ 0.09, ellipsoid to elongate,-thalled, hyalineBasidia41li58 x 5.539 & m,
Q = 5.138.9, clavate, 4pored, thirva | | e d, hyaline, wi t d) hyalibee r i g m
Hymenophoral tramadivergent, consist of thiwalled hyphae 3i5L 8 e m Bileipelisd .
ixotrichoderm, consist of thiwalled and hyaline hyphaei3 & m [|Stipdigelis. cutis to
trichoderm, made up of thiwalled, hyaline hyphaei® ¢ mad.lCkamp connectionpresent in
all tissues.

Habit, habitat and distribution Solitary to gregarious on the groundQuercusdominated
forests, occurring in autumn in Sichuan, China (this study) and spring in Nagano Prefecture, Janpa
(Endo et al. 2018k0 far known from Japan and China (Anhui Province, Henan Province, Sichuan
Province, Zhejiang Province) (Endo et al. 2018, Huang 2022, this study).
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Specimen examined China, Sichuan Province, Guangyuan County, Lizhou District,
Tianzhao Mountan, 24 Septeer 2022, D. Wang (SAAS4870).

Notesi Hygrophorus yukishirpis an edible mushroom described from Nagano Prefecture,
Japan, and placed in subsdatlventeg Endo et al. 2018)The ITS sequence from our material is
97.6% similar to the type specimen Mfygrophorus yukishiro Apart from the brighter pileus
colour and the accurance in autumn, the Chinese sample is very similar to the type specimen.
Considering the color variation is common in the gendt$ygrophorus the Chinese sample is
identified asH. yukshiro.

Hygrophorus arbustivugs phylogenetically close tbl. yukishirg but the former differs by
the slightly darker pil eus surface with the
(Candusso 1997Hygrophorus subsalmonius.H. Sm. & Hesleriffers fromH. yukishiroby its
larger basidiomata and smaller basidiospores measuring 8.9'5 um (Hesler & Smith 1963).
Hygrophorus roseobrunneus distinguished front. yukishiroby its bigger basidiomata, fibrillose
pileus surface, and ixocutisl@pellis (Hesler & Smith 1963).

QQD’
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Figure 137 Hygrophorus yukishiroa Basidiomata (SAAS4870). b Basidiospores (SAAS4870).
c Basidia (SAAS4870).

Hygrophorussect.Pudorini

Phylogenetic support: Sectidtudorini is well supported in the multilocus (MIB= 96%)
trees(Fig. 2),although it is not supported in the ITS t{€&g. 1).

Studied Chinese species included in this sectitygrophorusabieticolg H. alboflavescens
H. brunneoloaurantiacysH. brunneolus H. chuxiongensis H. deliciosus H. erubesens
H. flavoalbus H. fragilipurpurascens H. magnisporus H. orientalis H. orientipurpurascens
H. pallidoaurantiacs, H. parvirussulaH. pseudopurpurascend. pudorinus H. ginggangjurand
H. yunnanensis.

Hygrophorus abieticolaKrieglst. ex Groge& Bresinsky, in Bresinsky, Regensb. Mykol. Schr. 15:

211 (2008) Fig. 14
Pileus20i 70 mm across, hemispherical to convex when young, then expanded to convex to

plancconvex, usually with a broad umbo, pale yellow, light yellow, pale orange tge(dA3 5,

5A3i 6), sometimes with brownish tint at disc, rarely squarrose at centre when mature; margin

decurved to incurved when young, then expanded to decurved or stizaghtllae adnate to

subdecurrent, L = 486, | = I 3, subdistant to dense, thiski waxy, fragile, orange white to pale

orange, usually with a pinkish or orange titipe60i 150 mm long, ¥17 mm thick, cylindrical,

equal, usually slight enlarged toward base, often narrower at apex, usually curved, solid, yellowish

white, light orang to pale orange brown at centre, often white at apex and near base, occasionally

with bright yellow patches on the lower portio, rarely breaked, fibrillose to scabrous when young,

squarrose at maturitContextyellow to orange, 89 mm thick at stipe. Tés mild.
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Basidiospore9i 10.5(11.5) x 566 . 5 ( 7)) em, Lm = 9.85 N 0.67,
(1.43)1.461.82(1.92), Qm = 1.64 £ 0.14, ellipsoid, broadly ellipsoid, elongate, smooth, hyaline,
thin-walled.Basidia50i86 x 81 1 ¢ m, 1@, 4sporéd, Mmartwly clavate; sterigmata up to 7
e m | blymgnophoral tramalivergent, made up of cylindrical hyaline hyph&aeipellis an
ixotrichoderm, covered with strongly gelatinised materials, made of slender cylindrical hyphae 2.5
6.5 em wide, w iolour intsaeellullaropigmebt$tipitipellis ncade of gelatinised
slender hyphaeid 0 ¢ m Clampdcennectionpresent in all tissues.

Habit, habitat and distribution Scattered to gregarious dhe ground underAbiestrees,
occurring in summer and autumimown from Asia, Europe and North America, distributed from
northeastern and southwestern China (Helongjiang Province, Sichuan Province) (Larsson &
Jacobsson 2014, Huang 2022, this study).

Specimens examingdChina, Sichuan Province, Jiuzhaigou Coumnya foresdominated by
Abiessp., elev. ca. 2100 m, 21 August 2013, C.Q. Wang (GDGM44322, GDGM44324). Yunnan
Province, Shangilia, Bitahai, in a subalpine forest dominatedAtyes georgeOrr, elev.ca.3870
m, 4 September 2020, M. Zhang & L.Q. Wu (GDG3481).

Notesi Hygrophorus abieticolavas described from Europe (Larsson & Jacobsson 2014).

It is characterized by orange tints on pileus, orangish to pinkish lamellae, growing under mosses,
and association witAbies In the ITS phylogenetic analysiBig. 1), there are three phylogenetic
lineages withinH. abieticolg the Asian lineage is close to the European lineage, and the North
American lineage is placed at the basal positidygrophorus pudorinugar. fragrans (Murrill)

Hesler & A.H. Sm.is the sster taxon toH. abieticolain the ITS tree(Fig. 1). Considering

H. pudorinusvar. fragrans is phylogenetically supported as distinct frdf pudorinus it is
necessary to elevate it to the species lavduther study In the multigene phylogeny anaiys

(Fig. 2), H. magnisporuga new species described below), which is dlossatedto H. abieticola

differs by its white and slender basidioma, and larger basidiosf{a@5)11.515 x (6)6.59(9.5)

e m

C

10 um

Figure 14 7 Hygrophorus abieticola a Basidiomata (GDGM44322).1b Basidiomata
(GDGM44324). d Basidiospores (GDGM44322). e Basidia (GDGM44322).

1774



Hygrophorus alboflavescensA. Naseer & A.N. Khalid, in Naseer, Khalidjealy & Smith,
MycoKeys 56: 37 (2019) Fig. 15

Pileus40i 120 mm across, hemispherical to convex when young, then expanding to convex to
planaconvex, with or without an obtuse umlyahite to yellowish white (4Al2), yellowish white
to pale yellow (A2i 3) at disc, often white with violet tinct at margincurvedthen straightat
margin.Lamellaeadnate to subdecurrentA56i 80, | = 1i 3, white, waxy, thick, fragile, subdistant
to dense, occasionally bifurcated, white to pinkish white or violet wis&\1, 16A2), usually
entire at edge, sometimésownish whenbruised. Stipe 45/ 100 x 101 28 mm, cylindrical or
sometimes compressed, equal or slightly narrowed toward the base, usually curved, white,
sometimes violet white (16A1, 16A2), slightly longitndlly striate, sometimes slightly tomentose
or with brownish floccules on lower surfacgontextwhite. Tastemild.

Basidiosporeg5.5)G 7 x 3.5 4.5(5), Q= 1.331.86, ellipsoid, oblong, smooth, thiekalled.
Basidia34i47 x 5i7 ¢ nspored, clavate, with sterigmata53. 5 ¢ nHyrheoophpral trama
divergent, composed of thima | | ed hyphae u pe Rilewpellidn ixetnmhoderm, di an
made up of hyphae 2.6 & m Stipitpbalisa cutis, made up of parallel arately erect hyphae
2i6e m wClampConnectionpresent in all tissues.

000

10 um
Figure 15 i Hygrophorus alboflavenscens a Basidiomata GDGM82808). b Basidiomata

(GDGM43398). d BasidiomataGDGM85775). e BasidiosporesGDGM82808). f Basidia
(GDGMB82808).g Pileipellis GDGM43398).

X A
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Specimens examineid Ching Sichuan ProvingeXiaojin County, in a forestominated by
Quercussp, elev.ca.3000 m, 1 August 2020,.Q. Wang GDGM82808).

Habit, habitat and distribution Scattered orthe ground undeQuercustrees,occurring in
summer and autumrknown from China Klunan ProvinceJilin Province andSichuan Province)
and Pakistan (Naseer et al. 2019, D&nBau 2022, this study)

Notesi Hygrophorus alboflavescenwas described from Pakistan (Naseer 2019). This
fungus was recorded in Northeast and Southwest China (He et al. 2021, Dong & Bau 2022). It is a
common edible mushroom in local markets in Aba Prefecture of Sichuan Province (He et al. 2021).
The Chinese specimens clustered and form a supported clade withkibii specimens in both
the ITS and multilocustrees (Figs 1 2), but both tree showed some genetic differences.
Considering the limited genetic variation and mophological similarity, we still treat those
differences as intraspecific variation.

Hygrophorus brunneoloaurantiacusC.Q. Wang, Ming Zhang & T.H. Li, sp. nov. Fig. 16

Index Fungorum Number: 891141 Facesoffungi number: FGB931

Etymologyi brunneoloaurantiacugrom brunnedo- = brownish or pale browrgurantiacus
= orange, radrring to its brownish orange colour of pileus.

Typei Ching Yunnan ProvinceDiging Tibetan Autonomous Prefecture, ShatgrCounty,
Pudacuo National Park, in a subalpine forest dominate@usycuss p p . , 27 A8 ZNy. N,
ca.3720 m, 3 September 2020, ¥hang & LQ.Wu (GDGM82433 Holotyps.

Pileus20i 150 mm across, convex when young, plane to ptepmessed with an obtuse and
broad umbo when mature, pale orange, light orange, orangeshy@ange to browinsh orange
(5A3i7, 5B5 7, 5C57), lighter from disc to margin, viscid when wet; margin decurved when
young, straight to uplifted when matureamellae adnate to subdecurrent, subdistant to close,
waxy, fragile, orangish, rarely foate,L = 50i 60, | = 1i 3; edge entirepften lacerated when old.
Stipe30i 60 mm long, 515 mm thick, cylindrical, central, solid, ususally curved, orangish, slightly
tomentose, often with white weak mycelium at b&mtextwhite, unchanged when bruised

000

QOO

Figure 16 i Hygrophorus brunneoloaurantiacus BasidiomataGDGM82433). b Basidiomata
(GDGM83034). c Basidiospores GDGM82433). d Basidia GDGM82433). e Pileipellis
(GDGM82433).

wr g
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Basidiospores$i 7.5(8)% (3.5)45 & m,=6.18m 0.60, Wn= 4.40 £ 0.38, (= 1.33/1.71,
Qm=1.54 + 0.10, ellipsoid to elongate, smooth, hyaline,-thatled. Basidia45164x 7711 0 & m,
Q =5.119.07, 4spored, clavate; sterigmata®. 5 ¢ niHyrheonoplpral tramalivergent, made
up of cylindrical, thinwalled, hyaline hyphaei&2 pm wide. Pileipellis an ixocutis, made up of
repent or interwoven hyphae B&6. 5 ¢ nStipitipetligan ixocutis, made up of cylindrical thin
walled hyphae 31%.5 pm wide Clamp connectionpresent in all tissues.

Habit, habitat and distribution Scatteed on the ground in forests dominated @yercus
spp., occurring in autumiknown from southwestern China (Yunnan Province).

Additional specimens examinéd China, Yunnan Province Shangrila County, Pudacuo
National Park, in a subalpine forest dominabgcdQuercuss pp . , 27 A8 &eNjNa, 35609 A9 6 |
m, 2 September 2020, .Mhang & LQ. Wu (GDGM83034,GDGM83080).

Notesi Hygrophorus brunneoloaurantiacus characterized by its pale orange to brownish
orange pileus, orangish and rarely furcate lamellae. Phylageanatlygs of the ITS and
multilocus datasetFigs 1i 2) supportedH. brunneoloaurantiacuso be a distinct species within
the H. nemoreusomplex. Compared withl. nemoreusH. brunneoloaurantiacushows a larger
(up to 150 mm in diam.), brighter coloreahd fragile pileus, a high elevation distribution (over
3500 m so far) in southwestern China. Compared WithrunneolusH. brunneoloaurantiacubas
bigger basidiomata at maturity, brighter pileus, and bigger basidiospoi®eSE x (3.5)45 € m] .

Hygrophorus brunneolusC.Q. Wang Xiao Lan He& T.H. Li, sp. nov. Fig. 17

Index Fungorum Number: #91142 Facesoffungi number: FABE932

Etymdogy 1 brunneolus= brown colouy referring to its brownish to light brown pileus.

Typei China,Sichuan Province, Panzhihua City, Yanbian County, Gesalddtcism Area,
in a mixed forest dominated Abies Quercusand Rhododendrottrees, 27°16'N, 101&8E, elev.
ca. 3200m, 9 July 2013, X.. He (SAAS617, Holotype).

Pileus20i 70 mm across, convex to plasonvex when young, plane to depressed with an
obtuse umbo when mature, light brown to orangish brown i(BDBE4 8) at centre, becoming
lighter from dsc to margin, orange white, pale orange to greyish orangei 4AB4 5) outside
the centre, viscid when wet; margin decurved when young, usually straight when iatuedae
adnate to subdecurrent, up to 6 mm broad, subdistant5@ 68, | = 11 3, thik, waxy, fragile,
whitish; edge entireStipe 35/60 mm long, 15 mm thick, central, solid, cylindrical, ususally
slightly curved, yellowish to slightly brownish, punctate, often weakly longitudinally striate.

Basidiospore$.516.5(7)x 3.5/4.5¢ m, =166 + 0.41, Wn¥ 3.96 + 0.33, = 1.331.86,
Qm=1.54 + 0.15, ellipsoid to elongate, smooth, hyaline,-tatied. Basidia35/55%x 6i8 & m, Q
=4.63 7.33, 4spored, clavate; sterigmata. 5 ¢ rhynhenophgral tramaivergent, made up
of cylindrical, thinwalled, hyaline hyphaei 34 pm wide Pileipellis an ixocutis, made up of repent
or interwoven hyphae 1.3 . 5 ¢ nStipiipetlisean ixocutis, made up of cylindrical thiwalled
hyphae 87.5 pm wide Clamp connectionpresent in all tissues.

Habit, habitat and distributioin Scattered othe ground in mixed forests dominated Abies
Quercusand Rhododendrortrees occurring in summerso far kown from southwestern China
(Sichuan Provinge

Additional specimens examinetl China, Sichuan Pxance, Panzhihua City, Yanbian
County, Gesala Eeturism Area, in a mixed forest dominated M\bies Quercus and
Rhododendromrees, 27°16'N, 101°26'E|ev. ca. 3200, 9 July 2013, X.. He (SAAS510).

Notesi Hygrophorus brunneoluss characterized by dtorange white to orangish brown
pileus, adnate to subdecurrent and whitish lamellae, and ellipsoid to elongate basidiospores
measuring 586.5(7) x 3.54 . 5 & m. I n (Fig.H)e thisl fin§us is placed close to the
EuropearH. nemoreusind an ectongorrhizal root tip sample (JQ991740) from Zhejiang Province
of China. In both treeéFigs 1i 2), this fungus clustered with members of subs€ttocyboides.
Morphologically, H. nemoreusdiffers from H. brunneolusby having a darker pileus, larger
basidiopores [68(10) x 3.85 . 2 ¢ ntlje pccuaenck in lower elevations (usually lower than
1100 m) (Candusso 1997, Campo 2015). The Eurodeg@udorinusis also similar tahis fungus
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however, the former has pale orange pileus, larger basidiosporésli2& 4.85 . 5( 6. 5) & m]
is associated witbies Hygrophorus penariudiffers fromH. brunneolusy having rather robust
basidiomata, white to light yellow pileus, and its association raiius

d

c

Qop
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Figure 17 7 Hygrophorus brunneolusa Basidiomata (®AS510). b Basidiomata (SAAS617).
c Basidiospores (SAAS617). d Basidia (SAAS617). e Terminal hyphae of pileipellis (SAAS617).

10 pm
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Hygrophorus chuxiongensi€.Q. Wang X.H. Wang,H. F. Bai & T.H. Li, sp. nov. Fig. 18

Index Fungorum Number: #91143; Facesoffungi number: FGB933

Etymology 1 chuxiongensisreferring to its type locatiomn Chuxiong Yi Autonomous
Prefecture, Yunnan Province, China.

Typei Ching Yunnan ProvinceChuxiong Yi Autonomous Prefecture, Wuding County, in a
mixed forestdomnat ed by pine and oeaek 2363me 8 ©ctobel ¥93 8 NjN
H.F.Bai (GDGM83746, Holotype).

Pileus 351110 mm across, convex when young, plepavex to plane when mature,
yellowish white, pale yellow to light yellow (4A2), or pale orangto light orange (4A24), often
greyish orange or brownish orange at &84), gradually lighter from disc to margin, sticky when
wet; margin incurved to decurved when young, arched to straight or even uplifted when mature.
Lamellaeadnate to slightly iodecurrent, dense, £ 721100, | = 1i 3, waxy, fragile, whitish to
yellowish or orangish; edge entir&tipe 60i90 mm long, 1020 mm thick, central, solid,
cylindrical, ususally curved, sometimes tapered downwards, whitish to yellowish, sometimes
partially nearly concolorous with pileus or a little paler, slightly dotted and obviously fibrillose.
Contextwhite towhitish, 61 11 mmthick at stipe

Basidiospore$6.5)79x 4i5 . 5 & m7.75 k 062, Wnr4.86 + 0.44, = 1.27 2, Qm=
1.61 + 0.18, broadly efhsoid, ellipsoid to elongate, smooth, hyaline, thalled. Basidia 39.5
545x 711 0. 5 &®326.Q 4spored, clavate; sterigmata 4656 ¢ m Hymengphoral
tramadivergent, made up of cylindrical, thimalled, hyaline hyphae 3.8 um wide.Pileipellis an
ixotrichoderm, made up of repent or interwoven hyphige 35 ¢ niStipitipetliga.trichoderm,
made up of cylindrical thiwalled hyphae 3i®.5 um wide.Clamp connectionpresent in all
tissues.
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Habit, habitat and distributioin Scatteredto caesfiose on the ground in mixed forests
dominated byPinus spp. andQuercus spp., occurring in autumnso far only known from
southwestern China (Yunnan Province).

Additional specimens examined China, Yunnan Province Chuxiong Yi Autonomous
Prefecture, Nanlm County, Nanhua Wild Fungus Market, 16 October 201%9). GVang
(GDGM79225) Dali Bai Autonomous prefectur&inchuan County, Jizu Mountain, 19 September
2019, X.H. WangXHW6689 (HKAS 131108.

Notesi Hygrophorus chuxiongensis characterized by its yelish pileus, mainly adnate to
slightly subdecurrent lamellae, and an association with mixed or broadleaved trees in subtropical
forests. This fungus is an uncommon edible mushroom at local market.

In the ITS phylogenetic analysfbig. 1) H. chuxiongesisis sister toH. pallidoaurantiacus
(described in this studyyith high support values, while in the multilocus phylogenetic (ifeg 2),

H. chuxiongensiss sister to the (weakly supportdd) pallidoaurantiacusH. flavoalbusclade. Al
these threepecies are described from southwestern China in this study, and they form a strongly
supported independent clade in both phylogenetic analyses.

Morphologically, H. pallidoaurantiacusdiffers from H. chuxiongensisy having larger
basidiomata (pileus up td30 mm in diam.), narrower basidia (36%8.5 x 5.07 . 0 & m) , a
distributed in high elevation areas (over 3800 m so Fyyrophorus flavoalbysalso described in
this study, differs fromH. chuxiongensidy havingususally depresseplileus centre narrower
lamellae and smaller basidiospores [(5i15)6 x3.54 . 5 & m] .

AN

[:j) (::> d 10 um
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Figure 18 1 Hygrophorus chuxiongensisa Basidiomata GDGM79225). b Basidiomata
(GDGM83746 by H.F. Ba). c basidiospores GDGM83746). d Basidia GDGM83746).
e Terminal hyphae of pileip&l (GDGM83746).

C

Hygrophorus deliciosu<€.Q. Wang & T.H. Li, Phytotaxa 449(3): 235 (2020) Fig. 19
Pileus40i 140 mm, hemispherical to convex at first, then becoming broadly convex, plane,

planaconcave to concave, pinkish white (10A2), pale red (10p83tel pink (10A45), brownish

red (10C7), to violet brown (10E8), paler towards the margin, with brownish red distao

when bruised, scaly densely at centre and more sparsely towards margin; margin inrolled and entire

when young, gradually extendleusually unrolling and often lacerated when @dntextup to 24

mm thickat stipe white to pinkishLamellaeadnate to shortly decurrent or arcuate, up to 10 mm
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broad, subdistant, white, pinkish white, waxy, thick, fragile; 8 100, | = 1i 3; edge sually with
pale red even to brownish red disaetation. Stipe40i 120 mm long, 1022 mm thick, central to
slightly eccentric, cylindrical, usually equal, white, pinkish white, red to brownish red,
longitudinally fibrillose, solid.Tastemild. Odaur indistinctive.

Basidiosporeq6.5)79(10) x 456 ( 6 . 5) =784 £+ A.8nWm= 5.16 + 0.44, =
(1.2)1.31.8(1.9), Om= 1.52 + 0.17, ellipsoid to oblong, hyaline, smooth, twalled. Basidia
mainly 4spored, rarely Bpored, (49)5061(72)x (5.5)68 ¢ nr (6.300 9.4(9.8), Qn=8.24 +
0.87, sl ender |l y cl avat keamella traenadivergant,tmade uppof thiro 1 1
walled hyphae® 2 ¢ m i Rileipellis dntixotrichoderm, made up of thimalled hyphae 136
e m b rSopgpellisa cutis, madep of repent hyphaed3 & m Klangpaahnectiongresent.

Habit, habitat and distributioh Scattered to gregarious on soil un@arercus aquifolioides
trees in broadeaved forests, occurring in summer and autamain the subalpine regions at high
elevations (usually above elev. 3000, iknown from southwestern China (Sichuan Province, Tibet
Autonomous Region, Yunnan Province)

Specimens examinédChing Tibet Autonomous Region, Nyingchi Prefecture, Milin County,
29A22NjN, 94A22NjE,8 Aeguse 2019,n @ droadlGged resmdomirfated by
Q. aquifolioides Tamdrin Tsering 159 (GDGM73208yunnan ProvinceChuxing City, Nanhua
County, Nanhua Wild Fungus Market, 16 October 2016.%/ang 457 (GDGM79208;lolotype)
Notesi Hygrophorus detiiosus a popular and common wild edible mushroom in southwestern
China, was described from China by Wang et al. (2020). In the ITS (fFee 1)
H. deliciosusi s pl aced c| B.gussuldo (Eommpean ni Fr ance, |t
there is a wtinct interspecific genetic distance between them. Morphologically, this species is
characterized by robust fruitibodies, usually dense pileus scales, pinkish white lamellae with pink
to reddish discoloration at lamellar edges when mature, and whitextaiien fresh and dry. The
known distribution ofH. deliciosusis in southwestern China. For detailed descriptions and
comparisons with similar species, see Wang et al. (2020).

b C
10 um

Figure 19 T Hygrophorus deliciosus a Basidiomata (GDGM81877). b Basidioses

(GDGM79208). c Basidia (GDGM79208).

wn O]

Hygrophorus erubescen@-r.) Fr., Epicr. syst. mycol. (Upsaliae): 322 (1838) [1-8838]
Fig. 20

Pileus 35/ 100 mm across, hemispherical to convex when young, convex to-qgdanex
when mature, pinkish knte, pale red, pastel red, dull remigreyish red (9AR5, 9B3 5), paler at
margin,sticky when wet, bald, or finely hairy in places; margin decurved when young, then straight
to uplifted. Lamellaeadnate to subdecurrent, waxy, fragile, whitish to pinkisiite when young,
pinkish white to pale red with reddish spots, or becoming pinkish overall, subdistab®j 64, | =
1i 3; edge entire and smooth when youstype30i 80 mm long, 59 mm thick, central, solid, more
or less cylindrical, whitish to pinkistvhite at first, presenting pinkish to reddish discoédions
when mature, bald or finely hair@€ontextwhitish, thick.
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Basidiospore47.5)810x 456 ¢ m,=8.8 m0.68, Wrm=5.18 + 0.42, = (1.33)1.42
1.9(2.1), Qm= 1.71 + 0.16, ellipsoid to elongate, smooth, hyaline,-tiatied. Basidia42i 60 x
709. 0 € m,4.89Q.33, 4spored, clavate to cylindrial, sterigmata i85 5 em | on
Hymenophorhtrama divergent, made up of cylindrical, thimalled, hyaline hyphaei22 pum
wide. Pileipellis an ixotrichoderm, made up of upturned or interwoven aerial hyphde 5 & m
wide, with a gluinouslayer at the surface in KOHStipitipellis an ixocutis, maint made up of
repent cylindrical thirwalled hyphae B pm wide, occasionally made up of upturned and
clustered hypha&lamp connectionpresent in all tissues.

c d ]
Figure 20 T Hygrophorus erubescensa Basidiomata GDGM84466). b Basidiomata

(GDGMB84603). ¢ Basidiospores GDGM84466). d Basidia GDGM84466). e Pileipellis
(GDGM84466).

Habit, habitat and distributioi Solitary or scattered in subalpine forests; basidioma
occurring in autumn known from Asia, Europe and North America, in China known from
souttwestern region§ichuan Provinde(This study).

Specimens examined Ching Sichuan ProvincelJiuzhaigou County, on the ground of a
subalpine forestelev. ca. 3000 m, 19 September 2020, Mhang & JH. Xing (GDGM84676);
Songpan County, Erdaoha, a subdpine forestelev. ca3300 m, 23 September 2020, ¥hang
& J.H. Xing (GDGM84466 GDGM84603).

Notes i Hygrophorus erubescengommonly known as the blotched woodwax or pink
waxcap, was originally described from Europe (Bas 1990). This fubglengs to sbsect.
Pudorini (Lodge et al. 2014). It is characterized by its pinkish to reddish pileus with darker pink or
red marks when bruised, whitish to pinkish lamellae with dark red dots when mature, and ellipsoid
to elongate basidiospores measuring (1.508x4.56 € m.

According to the ITS phylogenetic analy@isg. 1) s e qu e n c édserubescers (H. A s i
neoerubesces ald.gersicoloo are clustered in a terminal C
Northern Hemisphere (Austria, China, Estonia, Itaipd USA) In both ITS and multigene
phylogenetic analysi§Figs 1 2), H. erubescenss sister toH. pudorinus Although Hygrophorus
erubescensvas widely recorded in Northeastern and Southwestern China (Gansu, Heilongjiang,
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Jilin, Shannxi, Sichuan, Yunnarthese records were identified based on morphology identification
(Chen & Li 2013). To clarify the real distribution area Hf erubescensan China, more
investigation and reliable data are needed.

Hygrophorus flavoalbusC.Q. WangX.H. Wang L.Q. Mu& T.H. Li, sp. nov. Fig. 21

Index Fungorum Number: $91144 Facesoffungi number: FGB934

Etymologyi flavoalbus from flavo = yellow, and albus = white, referring to itswhite to
yellowishpileus colair.

Type i Ching Yunnan Province Lanping County, Yunling Nature Reservein a forest
dominated by pine tree26°31'26N, 99°21'28"Eglev.2702m, 26 September 2019,.BX. Wang
XHW7197(HKAS 131114 Holotypd.

Pileus50i 120mm across, convex with an obtuse umbo when young, {glaneex, plane to
depressed with an umbo when mature, white, yellowish white to pale yellow to greyish yellow
(4A2i 3, 4B2A 3), becoming lighter from disc to margin, viscid to glutinous when wet; margin
decurved when young, then straight to uplifted, entire, rarely lacerhtaddlae adnate to
subdecurrent, waxy, fragile, whitistiensel = 85/ 110, I= 11 3; edge entireStipe35 85 mm long,

13/ 30 mm thick, central, solid, cylindrical, usually tapered upward, whitish, somewhat fibrillose or
short flocculoseContextwhitish, thick

Basidiospore¢5.5)67.5x3.54 . 5 ¢ m6.53 & @b5, Wn¥ 4.13 £ 0.36, G 1.44/1.86,
Qm=1.59 + 0.11, ellipsoid to elongate, smooth, hyaline -ttatied. Basidia33148x5.57 . 5 & m,
Q = 4.7118.73, 4spored, clavate to cylindrical; sterigmatailZ® m | Blymgnophoral trama
divergent, made up of cylindrical or inflated, thiralled, hyaline hyphae 2.57 pm wide.
Pileipellis an ixotrichoderm, made up of upturned or interwoven aerial hyphdd 2.5c m wi de .
Stipitipellisas an ixotrichoderm, made vpupturned cylindrical thirwalled hyphae 47 pum wide.
Clamp connectionpresent in all tissues.

Habit, habitat and distribution’ Scattered under conifer forests dominated by Pinus spp.,
occurring in autumn, so far known from southwestern China (Yunraiiriée).

Qoo |
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Figure 217 Hygrophorus flavoalbusa Basidiomata (XHW719hy X.H. Wang. b Basidiomata
(XHW7264, by X.H. Wang. ¢ Basidiospores (XHW7197). d Basidia (XHW7197). e Terminal
hyphae of pileipellis (XHW7197).

1782



Additional specimens examined China, Chuxiong Yi Autonomous Prefecture, Zixi
Mountain, in a mixed broadleabnifer forest dominated byinusandQuercus elev. 2148 m, 16
October 2022, L.Q. Mu (GDGM89557)unnan Province, Lanping County, Yunling Nature
Reservejn a forest dominated byine trees26°31'26"N, 99°21'29"E, ele686m, 26 September
2019, XH. Wang XHW7264(HKAS 131115.

Notesi Hygrophorus flavoalbuss characterized by a white to yellowish pileus, adnate to
subdecurrent, whitish and dense lamellae, and ellipsoid toabgsidiospores.

The phylogenetic relationship and morphological differences amingflavoalbus
H. chuxiongensiandH. pallidoaurantiacusare discussed above. The white to yellowish pileus and
the white lamellae also reminiscenttbf cossusandH. hedrychii However H. cossudgliffers from
H. flavoalbusin its obvious typical smell, bigger basidiosporesX3 x 4i55¢ m) , and asso
with Quercug(Candusso 1997Hygrophorus hedrychiliffers in its cossusike smell, more distant
lamellae, and association willetula(Larsson & Jacobsson 2004).

Hygrophorus fragilipurpurascensC.Q. Wang, Ming Zhang & T.H. Li, spov. Fig. 22
Index Fungorum Number: #91145 Facesoffungi number: FGB935
Etymology 1 fragilipurpurascens fragili = fragile, and purpurascens= Hygrophorus

purpurascensis proposed for the new species is similaHtopurpurascengut it has obvious
fragile lamellae.

Typei China, Sichuan Province, Panzhihua City, Yanbian County, Gesal&tem Area,
in a forest dominated by pine trees, 27°16'N, 101°26'E, elev. ca. 3100 m, 9 July 2013, C.Q. Wang
& M. Zhang (GDGM44332, Holotype).

Pileus40i 70 mm across, convex when young, convex to ptamvex when mature, pink,
greyish pink, greyish pink, greyish ruby (11/A&3 11B3 6, 12B3 6, 12C3 6), discolouring to pale
purplish red when injured, subglabrous to fibrillose; margin decurved wbhaeng, arched to
straight when mature, whitish to pinkish whikeamellaeadnate to subdecurrent, subdistant, waxy,
fragile, often cracked at maturity, white, usually with pinkish spots or streaks when mature,
partially discolouring to pale purplish red arminjured, L = 5672, | = I 3; edge even to not entire
or lacerated when mature, ususally pinkish to purplish discolo8tgae40i 70 mm long, 815 mm
thick, cylindrical, central, solid, sometimes curved, usually concolorous with pileus margin, slightly
discolouring to pale purplish red where injured.

Basidiosporeg6)6.585x45. 5(6) em, Lm = 7.28 N 0i68, \
1.78, Qm = 1.57 + 0.15, broadly ellipsoid, ellipsoid to elongate, smooth, hyalineydhéed.
Basidia37147 x 58 € m, @9, #sposed, Eldvate to narrowly clavate, sterigmdta 3 5 & m
long. Hymenophoral tramaivergent, made up of cylindrical, thimalled, hyaline hyphaei 24 pum
wide. Pileipellis an ixocutis to ixotrichoderm, made up of repent or interwoven hyph&é 2.5 m
wide. Stipitipellis an ixocutis, made up of usually repeand occasionally uplifted and clustered,
cylindrical, thinwalled hyphae 2i% pm wide.Clamp connectionpresent in all tissues.

Habit, habitat and distributiofi Solitary or scattered on the ground in mixed forests
dominated byPinussp., occurring irmutumn, known from southwestern China (Sichuan Province).

Additional specimens examinédChina, Sichuan Province, Panzhihua City, Yanbian County,
Gesala Ecdourism Areajn a forest dominated by pine trees, 27°16'N, 101°26'E, elev. ca. 3100 m,
9 July 20B, C.Q. Wang & M. Zhang (GDGM43354, GDGM44331).

Notesi Hygrophorus fragilipurpurascens well distinguished by its rose to greyish ruby
pileus, fragile lamellae with usually discolored edge, broadly ellipsoid, ellipsoid to elongate
basidiospores [(6)6iB.5 x 45. 5 ( 6) emj , and di stributions
phylogenetic treesH. fragilipurpurascensis placed in an independent position within tHe
purpurascenscomplex. This taxon is phylogenetically sister to tHe purpurascengAlb. &
Schwein.) Fr. (UDB000576) from Sweden in the ITS tr@ag. 1) and to the Chinesél.
pseudopurpurasceria the multilocus treeH. purpurascenss not representedrig. 2. However,

H. purpurascenshas relatively robuster basidiomata, duller pileus colond paler lamellar
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discoloration (Candusso 199Mlygrophorus pseudopurpurascergescribed in this study, has
usually depressed pileus centre and a partial veil when young.

QD

10 um

[
O
N\,

Figure 22 i Hygrophorusfragilipurpurascensa BasidiomataGDGM4334). bi ¢ Basidiomata
(GDGM44331). d Basidiospore&DGM44332). e BasidiaGDGM44332).

Hygrophorus magnisporu€.Q. Wang, Xiao Lan He & T.H. Li, sp. nov. Fig. 23

Index Fungorum Number: 91146 Facesoffungi number: FAB936

Etymologyi magnisporus from magni = large, and sporus= spore referring to its large
basidiospores.

Typei Ching Sichuan Provingeliuzhaigou County, Jiuzhaigou, in a subalpine fordsy.
ca.3100 m, 11 September 2012 XHe (SAAS132, Holotyps8.

Pileus 8i 40 mm across, hemisphericahen young, convex to plaremnvex when mature,
white to whitish in general, sometimes yellowish whale yellowto dull yellow at disc(3A2i 3,
4B3), sticky when wet, glabrous; margin slightly decurved to straight when young, straight to
uplifted whenmature.Lamellaeadnate, arched with decurrent tooth to subdecurrent, subdistant,
waxy, fragile, whitishdistant, L =241 32, | = 1i 3; edge entire and eveStipe40i 100 mm long, R
6 mm thick, central, solid to soft, more or less cylindrical, usually clymite, occasionally with
yellowish macules, viscide when wet, fibrilloggontextwhite, thin.

Basidiospore¢10.5)11.515% (6)6.59 ( 9. 5) =&2m6 + L0 Wn¥ 7.68 + 0.71, &
(1.38)1.472, Qm=1.67 £ 0.15, ellipsoid to elongate, smooth, hyalithinwalled. Basidia51i 77
x10i1 4 ¢ mA4.14Q.7, 4spored, clavate, sterigmatai@35. 5 ¢ nHyrheoaplgpral trama
divergent, made up of cylindrical, thumalled, hyaline hyphaei80 pm wide. Pileipellis an
ixotrichoderm, made up of upturned or imeven aerial hyphae 2.6 em \lamdpe .
connectiongpresent in all tissues.

Habit, habitat and distribution Scattered orthe ground in subalpine forests, occurring in
autumn so far kown from southwestern Chin&i¢huan Province

Additional specimensxaminedi Ching Sichuan ProvinceGarze Tibetan Autonomous
Prefecture, Luding County, Hailuogou National Glacier Forest Park, in a subalpinedtaesta.
3000 m, 20 September 2020,LXHe (SAAS170); Huanglong Countyn a subalpine forest,4
Sepember 2012, X.. He (SAAS146, SAAS151) Jiuzhaigou County, Jiuzhaigou, in a subalpine
forest,elev. ca3100 m, 11 September 20121 XHe (SAAS397).
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NotesT Hygrophorus magnisporus characterized by its white and slender basidiomata,
convex to planaornvex pileus when mature, distant lamellae, and large basidiospores measuring
(10.5)11.515 x (6)6.59 ( 9. 5) em. I n t he [(FIQSL) K. magnispgress et i ¢
sister toan isotype sequence bf. erubescensar. gracilis A.H. Sm. & Hesler (HQ18B00 from
Isotype) and probably another sequence of the same taxon from Oregon in the USA (KE879503)
The white basidiomata reminds several species within di§agrophorus sect.Hygrophorus but
this fungus is close tabieticolg the type species of sudg Colorati, sect.Pudorini, subsect.
Salmonicoloresn Lodge et al. (2014)However,H. abieticola has a robuster basidiomata and
orange pileus and stipe surface (Larsson & Jacobsson 2014, Campo B®@E)phorus
erubescensar.gracilisd i f f er sdylkye fidalm col our o ngreyisheinkdi s c,
lamellae with reddish staining, and smaller basidiospmiessuring8i11 x556 ( 7) em ( He s |
Smith 1963).

Figure 23 7 Hygrophorus magnisporus BasidiomataSAAS132). b BasidiomataSAAS397).
¢ BasidiosporesSAAS132). d Basidia§AAS132). eGill trama hyphae $AAS132). f Pileipellis
(SAASL32).
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Hygrophorus orientalisH.Y. Huang & L.P. Tang, in Huang, Zhang, Huang, Gabriel, Liu & Tang,
Mycol. Progr. 20(9): 1123 (2021) Fig. 24

Pileus 501 150 mm across, convex when young, then expanded to-ptan@x or plane,
usually with a broad umbo, reddish white to pale white {3A2L0A2 3, 11A2 3), darkeror
somewhat reddish browat disc, covered with reddish brown, greyish red, brownishtnedvnish
violet (9D4 8, 9E4 8, 10C4 8, 11D4 8) dots; margin incurved wharery young, then expanded.
Lamellaeadnate to subdecurrentA100' 150, I= 1i 3, dense, waxy, fragile, whitish at first, with a
reddish brown toreddsh brown tint when bruised omature. Stipe 50 160 x 10i 25 mm,
cylindrical, equalto slightly enlarged toward base, solid; surfacencolorouswith pileus,
unsmooth, fibrillose to scal Contextpinkishwhite, or nearly white with pinkish tint and even with
pinkish markings usually hin near pileus maig, thicker atpileusdisc, up to 10 mm or more at
stipe.Tastemild.

Basidiospore®i 7.5(8)x 3.55 & m,=6.685n 0.59, Wn= 4.15 + 0.46, Q= (1.4)1.44
1.88(2), Qm= 1.61 + 0.15, ellipsoid to elongate, smooth, hyaline,-thatled. Basidia4-spored,
narrowly clavate, 3245 x 3.56 & m,-watlhliend ; st er i g maHymenaphoralt o 5
trama divergent, made up of cylindrical hyaline hyphaei3.® e m Rieipeles. an
ixotrichoderm, covered with strongly gelatinised materialsgenaf slender cylindrical and thin
walled hyphae 2i%5 & m Stipitgpa@lisa cutis, composed of thiwalled hyphae37 e m wi de .
Clamp connectionpresent in all tissues.

- QAL

10 pm

QQ0

Figure 24 7 Hygrophorus orientalis @b Basidiomata (GDGM41951). c Basidiospors
(CFSZ18156). d BasidiaGFSZ18156).

Habit, habitat and distribution” Scattered to gregarious on the ground in bileasted
forests dominated Quercus spp., occurring in summer and autumn, known from China (Hubei
Province, Inner Mongolia Autonomous RegjoJilin Province, Shanxi Province, Yunnan
Province), Japan and South Korea (Huang et al. 2021, Huang 2022, this study).

Specimens examineid Ching Inner Mongolia Autonomous Regiphifeng City, Hargin
Banner, WangyediaNational ForestPark, in a broadeaved forest dominiated Y. mongolica8
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August 2017, TZ. Liu, Y.Q. Guan & N. Liu CFSZ18156). Jilin ProvinceAntu County, Changbai
Mountain, in a broadeaved forest dominiated uercus mongolica21l August 2017C.Q. Wang
& M. Zhang(GDGM41951)

Notesi Hygrophorus orientalisvas recentlydescribed from Chindy Huang et al. (221).
Previously, his species was treatedlsrussulain numerous published sourggshen & Li 2013.
It is a common wild edible mushroom, locally called Rousimo or Tamgzn northeastern China
(Bau & Bao2016, this study). Phylogeneticall, orientalisis close to EuropeaH. russula Four
basepair positions showed stable difference between the two species. Morphologically, this species
is characterized by itarge pleus [up to 250 mm diam. according to Huang et al. (2)2dense
lamellae, angmall basidiospores [5.3x3.54 . 8 e m i n Huaandp 760) x8.b . (2¢C
5 em in this study]. Il n China, t he known di s
southwestern China, it is much more common in northeastern China ttead Gdmna For more
images,detailed descriptions and comparisons with similar species, see Huang et &) @1
Huang (2022).

HygrophorusorientipurpurascensC.Q. Wang, Ming Zhang & T.H. Lisp. nov. Fig. 25

Index Fungorum Numbel901148 Facesoffungi number: FGB938

Etymology 1 orientipurpurascens from orientalis = eastern, and purpurascens =
Hygrophorus purpurascenss proposed because this new species is clobke parpurascensnd
its type locality fromthe eastern counti@hina.

Typei Ching Yunnan ProvinceDiging Tibetan Autonomous Prefecture, ShatigrCounty,
in a subalpine forest dominated Apiessp. andQuercuss p . |, 2 7 A 8 2INyNGa.35809mA 9 6 NjE
2 September 2020, Mhang & LQ.Wu (GDGM83073, Holotype).

Pileus 30 80 mm across, hemispherical to convex when young, becoming convex; plano
convex to applanate when mature, pinkish white, pale red, rose to redi @)188metimes with
reddish to rosy discolmation when bruised, smooth or with minute fibrils wh@mung, with rose
to red squamules on the outesne near margin when mature; margin decurved when young,
arched, straight to even uplifted when mature, entire or lacerate when miamellae
subdecurrentdecurrento deeply decurrentclose, waxy, fradgge, white, L= 88i 108, |=1i 3; edge
entire to subeven, usually changing to rose when mastige40i 70 mm long, 1020 mm thick,
cylindrical, robust, central, solid, usually concolorous with pileus, whitish when young with pinkish
discolairation when brised, becoming pinkish to purplish at maturity, with a white to light pinkish
evanescent veil at apex when you@gntextwhitish, thick.

Basidiospore6)6.57.5x4i5 ( 5. 5) =6.99,+ 0.87mMNVn¥ 4.58 + 0.29, G (1.3)1.4
1.67, Qm=1.53 £ 0.09, ellipsoid to elongate, smooth, hyaline -thatled. Basidia 31146 x 5.5 7
e m, = 864 7.33, 4spored, clavate, sterigmata74 ¢ m Hymengphoral tramalivergent,
macde up of cylindrical, thirwalled, hyaline hyphaei39 um wide.Pileipellis an ixotrichoderm,
made up of interwoven hyphae P%. 5 ¢ nStipatipetlisan ixocutis to ixotrichoderm, made up
of usually repent and uplifted, cylindrical, thivalled hyphae 13 pm wide.Clamp connections
present in all tissues.

Habit, habitat and distributioh Scattered orthe ground in subalpine forests dominated by
Abiessp.andQuercusspp., occurring in autumiso farknown from southwestern China (Yunnan
Province).

Notesi Hygrophorus orientipurpurasceris characterized by its robust basidiomata, white
lamellae with rose edges when mature, and the veil at stipe apex when young. In our phylogenetic
analysis(Figs 1 2), H. orientipurpurascenss an independant species wiithihe H. purpurascens
complex. Species morphologically similar tothis fungus are H. purpurascens H.
fragilipurpurascensand H. pseudopurpurascenglowever, H. purpurascenshas darker pileus,
bigger [18.5(9) x 45 & m] and n=ali7a lo76] dasitb$p@es and the distribution in
Europe (Candusso 199'Hygrophorus fragilipurpurascens new species described in this study
(see above), differs frorthis fungusin its slender basidiomata with fragile lamell&/grophorus
pseudopurpurascer{seebelon) has slender basidiomata and usually depressed pileus disc.
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Figure 251 Hygrophorusorientipurpurascen§GDGM83073). &b Basidiomata. ¢ Basidiospores.
d Basidia. e Pileipellis.

HygrophoruspallidoaurantiacusC.Q. Wang, Ming Zhang & T.H. Li, sp. nov. Fig. 26

Index Fungorum Number: #91147 Facesoffungi number: FAB937

Etymology1 pallidoaurantiacus from pallidus = pale, and aurantiacus= orange referring
to its pale eangecolour of pileus.

Type i Ching Yunnan Province Zhonglian County,in a subalpine coniferous forest
dominated byAbiess p p . , 2 7 A 8eleMjdh,3830 @,A8 SeptjEber 2020, Khang & LQ.

Wu (GDGM82435 Holotyps.

Pileus 50i 130 mm across, convex when young, plaoavex, plane to depressed with an
umbo when mature, pale yellow, light yellow, orange white, palegerddA3 4, 5A2 3), pale
ochraceous overall, becoming lighter from disc to margin, viscid when wet, subviscid¥gsoion
when dry; sbglabrous when young, often fibrillosguamulose or with exfoliating split pileipellis
near margin when mature; margireatirved and entire when young, straight to uplifted and
lacerated when matureamellaeadnate to subdecurrent, closes64i 80, | = 1i 3, waxy,fragile,
corcolorous with pileus margin; edge entire and even when young, ususally lacerated when mature.
Stipe40i 120 mm long, 725 mm thick, central, solid, cylindrical, usually tapered downwtard
somewhat short radicant undergroupdle yellow to pale orange, often fibrillege flocculose
squamuloseContextthick, white to orange whitegi 8 mm thick at stige.

Basidiospore$.5/7.5x4i4 . 5 ( 5) =g.15,+ 0.0OnWn¥ 4.38 £ 0.28, = 1.44/1.88,
Qm=1.64 = 0.11, ellipsoid to elongate, smooth, hyaline,-tatied. Basidia36.5 53.5x% 5.0/ 7.0
e m, = R6249.20, 4spored, clavate to cylindrial; sterigmatai0. 5 ¢ nHyrheoaplpral
tramadivergent, made up of cylindrical or inflated, thiralled, hyaline hyphae 3.22 pm wide.
Pileipellis an ixotrichoderm, made up of upturned or interwoven aerial hypgtee & m wi de, w
glutinous layer on surface in KOHtipitipellis as a trichodrm, made up of repent or upturned
cylindrical thinwalled hyphae 46.5 um wide Clamp connectionpresent in all tissues.

Habit, habitat and distributioin Scattered, gregarious or caespitosetioeground under
conifer forestsdominated byAbiesspp., ocurring in autumnknown from souttvestern China
(Yunnan Province).
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Additional specimens examined Ching Yunnan Province Zhongdian County,in a
subalpine coniferous forest dominated Apiess p p . , 2 7 A 8 £IbN ca.383® A,938 NjE ,
September 2020, Mhang & LQ.Wu (GDGM82424).

Notesi Hygrophorus pallidoaurantiacuis characterized by its large (up to 130 mm in diam.)
and pale orange to pale ochraceous pileus, densely covered witHilfillge usually adnate and
fragile lamellae when mature, ellipsoid to elongate basidiospores measuring.36:64 4.5(5)
emj , and the distribution in high elevation a
habit is not very common withithe genusiygrophorus.n the ITS phylogenetic analygiBig. 1),

H. pallidoaurantiacusis sister toH. flavoalbuswith low support value, while in the multigene
phylogenetic analysifFig. 2) H. pallidoaurantiacuss sister tochuxiongensisvith strongsupport
value. The combination of abovementioned characters can distinguish
H. pallidoaurantiacugsrom H. chuxiongensiandH. flavoalbus

000,

0Q0

Figure 26 1 Hygrophoruspallidoaurantiacus(GDGM82435). &b Basidiomatac Basidiospores.
d Basidia. e Pileigllis.

wni

Hygrophorus parvirussulaH.Y. Huang & L.P. Tang, in Huang, Yang, Zeng, Zhang, Hu & Tang,
Phytotaxa 373(2): 142 (2018) Fig. 27

Pileus 40/ 80 mm across, hemispheric to convex when young, then expanded te plano
convex, dul red, greyish red,amge red to red (8B3, 9B3 7), darker at disc, covered with reddish
brown to greyish squamules at centre; margin incurved when young, then explaaetae
adnate to subdecurrent, 468 84, | = 1i 3, subdistant to close, waxy, fragile, whitishen yourg,
pinkish to reddish purplevhen maturesometimes with a brownish tint when bruised or mature.
Stipe 60i 120 x 12 25 mm, central to slightly eccentric, cylindrical, solid, equal, often slightly
enlarged towards base; surface usually concolorous withleanmehsmooth, covered with greyish
to reddish brown fine fibrils or scattered scales; basal mycelium white and Gamgextwhitish
to pinkish, usually thin in pileus.

Basidiosporeg7)8 10 x 5i65 ( 7 ) €=m8,9 + 0.68, Wn= 5.83 + 0.5, Q= (1.33)1.36
1.67(1.8), Qm= 1.53 £ 0.12, ellipsoid to elongate, smooth, hyaline,-tiled. Basidia4-spored,
clavate, 3055x 618 € m-watlhliend; st er i g nHyrheaophonal tramaiveégenthy | o n
mack up of cylindrical hyaline hyphagd B5 ¢ m Pieipellis an ixotrichoderm, covered with
strongly gelatinised materials, made of slender cylindrical andvtailed hyphaei™® e m wi de.
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Stipitipellis a cutis, composed of thiwwvalled hyphae B ¢ m w iCldngp.connectionpresent in
all tissues.

Habit, habitat and distributioh Scattered othe ground undeQuercustrees in broadeaved
forests, occurring in summer and autynkmown only from China (Sichuan Province, Tibet
Autonomous RegiorandYunnan Preince) (Huang et al. 2021).

Specimens examined Ching Tibet Autonomous RegigriNyingchi City, in a subalpine
forest dominated bQuercusspp., 13 September 2015, Khang GDGM45208); Nyingchi City,
Milin County, in a mixed subalpine forest witQuercusaquifolioides Picea sp., Betula sp.

29 A0 1 NjN, ele®. & ARBB MjE4 September 2016ZTWei, ZX Wu, L. Yang, HD. Zheng,
X.C.Wang (HMAS 280756)Nyingchi City, Nyingchi County, Lulang Town, in a subalpine forest
dominated byQ. aquifolioides 29 A 4 6 NjN, elév4Aad UMAOMIE23 September 2016 ZTWei,

Z.X. Wu, L. Yang, HD. Zheng, XC. Wang (HMAS 280347)Yunnan ProvinceDiqging Tibetan
Autonomous Prefecture, Shantgi County, Pudacuo National Park, in a subalpine forest
dominated byQuerauss p p . , 2 7 A 8 @eNjia. 3560 th A29Sepigmber 2020, Mhang &
L.Q.Wu (GDGM83135).

Notes i Hygrophorus parvirussulavas describedfrom China by Huang et al. (2018.
Phylogenetically,H. parvirussulais placed in an independent position withthee H. russula
complex in both ITS and multilocus tre@sgs 1 2). Morphologically, this species is characterized
by its fibrillose squamules at the pileus centre, and pinkish to reddish purple lamellae when mature.
The species is only known to be distried in southwestern China. For detailed descriptions and
comparisons with similar species, see Huang et al. (2018).

Qo0
0Q0

Figure 27 1 Hygrophorus parvirussula a Basidiomata (GDGM83135). b Basidiospores
(HMAS280347). c Basidia (HMAS280347).
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Hygrophorus psadopurpurascensC.Q. Wang, Ming Zhang & T.H. Li, sp. nov. Fig. 28

Index Fungorum Number: #91149 Facesoffungi number: FGB939

Etymologyi pseudopurpurascensrom pseudo= false andpurpurascenss Hygrophorus
purpurascensis proposedor the new species is similar td. purpurascens

Typei Ching Yunnan ProvinceDiging Tibetan Autonomous Prefecture, ShastigrCounty,
Pudacuo National Parky a subalpine forest dominated Bynus sp. andQuercuss p . , 27A84
9 9 A 9deNjEn,3850 m, 4 September 2020, ¥hang & LQ. Wu (GDGM83197, Holotype).

Pileus 30i 65 mm across, hemispherical to convex when young, becoming convex te plano
convex when maturejsually depressed at disunkish white, pale e pastel red to red (9AB),
usually lighter towards margin, subglabrous, slightly fibrillous to scaly, sometimes more or less
concentrically scaly, sticky when wet; margin decurved when young, arched to straight when
mature, whitish to pinkish whitd_amellae adnate to subdecurrent, subdistant to dense, waxy,
fragile, white when young, usually spotted or streaked pinkish when mater&5L65, | = 113
edge even when young, often slightly denticulate when m&@tige35i 110 mm long, 1014 mm
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thick, cylindrical, central, solid, ususally curved, usually concolorous with pileus or paler, often
discolouring reddish to light reddish brown where injured, sometimes with a white to light pinkish
cottonyto fibrillose partial veil at apexContextwhitish, thick.

Basidiospores6.517.5(8) x 4i5( 6. 5) =hl2 + D.46, Wm= 454 = 0.48, Q=
(1.08)1.41.75(1.88), Qm= 1.58 = 0.15, ellipsoid to elongate, smooth, hyaline, -ttied.
Basidia 32158 x 6.58 ¢ m,= 4.887.86, 4spored, clavate, sterigmata #%65 e m | ong
Hymenophoral tramalivergent, made up of cylindrical, thwwalled, hyaline hyphae 4.6 um
wide. Pileipellis an ixocutis to ixotrichoderm, made up of repent or interwoven hyph&é 2.5 m
wide. Stipitipellis an ixocutis, made up of usually repent and occasionally uplifted anerelds
cylindrical, thinwalled hyphae 2i% pm wide.Clamp connectionpresent in all tissues.

Figure 28 7 Hygrophorus pseudopurpurascers BasidiomataGDGM82365). fic Basidiomata
(GDGM83033). d BasidiomataGDGM83197). e BasidiosporesGDGM83197). f Basidia
(GDGM83197). g PileipellisGDGM83197).

Habit, habitat and distributioin Scattered on the ground in mixed forests dominateéifys
spp. andQuercusspp., occurring in autumrso far known from southwestern China (Yunnan
Province).

Additional specimens examinedl Ching Yunnan ProvinceDiqging Tibetan Autonomous
Prefecture, Shangla County, Pudacuo National Pank,a subalpine forest dominated Byussp.
andQuercuss p . , 2 7 A8 4 NjNga.385® rA, 9 Seéfjiembere2026,\dhang & LQ. Wu
(GDGM82365) Shangrila County, in a subalpine forest dominatedRigussp. andQuercussp.,
27A7 1NN, 9&.A3BEMNE September 2020, Khang & LQ. Wu (GDGM83033)
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Notes T Hygrophorus pseudopurpurasceis a slender, pale red tingedespes with a
squamosa pileus surface and usually depressed pileus disc, growing in a mixed broadleaf
coniferous forest. Phylogenetic analysis of ITS datdSgtl) supportedhis fungusto be a distinct
species related to the Europeaf. purpurascens Conpared with H. purpurascens
H. pseudopurpurascensas slender basidiomata and smaller basidiosporeis/[6(8B) x 45(6.5)
emj . This fungus H.susssldacompléxandH. erobessepsoropler, but thef
cottony to fibrillose partial veil of young fruitbodies make it easy to distinguishrtbiv taxon
from those similar species.

Hygrophoruspudorinus(Fr.) Fr., Anteckn. Sver. Atl. Svamp.: 46 (1836) Fig. 29
Pileus 40i 140 mm across, hemispherical when young, convex, falaneex to depressed
with an obtuse umbo when mature, pinkish ehpale red, pastel red (972, and pale orange,
light orange, greyish orange (5”8 5B34) in dry seasonsticky when wet, bald; margin
decurved when young, then straight to uplifted, usually entisenellae adnate, adnate with
decurrent tooth, adnexesubdistant to close, waxy, fragile, pinkish white, usually without obvious
discolarration when mature, sometimes with pinkish disamtion when injured, = 56 80, | =
1i 3; edge entire and smootBtipe30i 180 mm long, B15 mm thick, central, solid, me or less
cylindrical, pinkish white at first, reddish hairy or dotted when mature, with reddish diszidms
when matureContextpinkish white, thick.

dgo
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Figure 29 1 Hygrophorus pdorinus. a Basidiomata GDGM83072). b Basidiomata
(GDGMB84620). ¢d Beasidiomata GDGM84701). e BasidiosporesGDGM84701). f Basidia
(GDGM84701). g PileipellisGDGM84701).
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Basidiospores7i 9(9.5) x 455 . 5 ¢ m,7.85L4tn0.63, Wm= 4.73 + 0.34, = 1.56
1.78(1.89), Qn¥ 1.66 = 0.08, broadly ellipsoid to elongate, smoothgling, thirwalled. Basidia
40078 x 619 . 5 &=, 711 1Q.91, 4spored, clavate, sterigmata®d ¢ m Hymengphoral
tramadivergent, made up of cylindrical, thmalled, hyaline hyphaei84 um wide.Pileipellis an
ixotrichoderm, made up of upturned otarwoven aerial hyphagd2 . 5 e m wi dimlpus wi t h
layer on the surface in KOF&tipitipellis an ixocutis, made up of repent or upturned and clustered
cylindrical thinwalled hyphae 37 um wide.Clamp connectionpresent in all tissues.

Habit, habitatand distributioni Solitary, scattered or gregarious in subalpine forests;
basidioma occurring in autummknown from Asia, Europe and North America China only
known from southwestern China (Sichuan Province and Yunnan Province).

Specimens examineid China Sichuan Provingeliuzhaigou County, Jiuzhaigou Scenic Spot,
in a subalpine forest dominated Byceasp.,elev.ca.3000 m, 19 September 2020, ¥hang &
J.H. Xing (GDGM84&0, GDGM84701).Yunnan Province Shangrila, in a subalpine forest,
2 7 A8 2 NjN, ele®. 8aB35® n\jE September 2020, Khang & LQ. Wu (GDGM83072).

Notes T Hygrophorus pudorinusis a tricholomdike mushroom within the genus
Hygrophorus Morphologically,H. pudorinusis a very variable fungus, tiag pinkish white to red
and almost smooth pileus in normal condition but pale orange to greyish orange and squamose
pileus in a dry condition. This species is described from Europe, and according to sequence data it
also occur in Asia and North Americ&cologically, H. pudorinusgrows withPicea For a long
time, specimens associated withieswere indentified asl. pudorinusRecently, Abiesassociated
collections were formally described Hs abieticolaKrieglst. ex Groger & Bresinsky (Larsson &
Jacolsson 2014). In addition, Larsson & Jacobsson (2014) confirmedithagrsicoloris a later
synonym ofH. pudorinus

Hygrophorus ginggangjunH.Y. Huang & L.P. Tang, in Huang, Zhang, Huang, Gabriel, Liu &
Tang, Mycol. Progr. 20(9): 1128 (2021) Fig. 30

Pileus 80i 120 mm across, hemispherical when young, then expanding to convex, convex,
plancconcave to concaveurple, greyish rose, greyish rui\2B4i 7, 12C4 7, 12D4i 7, 12E4 7),
paler from disc to margin; margin entire, occasionally split, decurveenwoung, straight to
upturned when maturd.amellaesadnate to subdecurrent, subdistants 64i 88, | = 1i 3, waxy,
fragile, whitish to pinkish, with scattered pinkish dots; edge usually entire, with light disatidm
when bruised or touchedbtipe 70i 100 x 13i16 mm, central to slightly eccentric, cylindrical,
occasionally with 12 grooves,sukequal, sometimes curved; surface unsmooth, covered with
fibrils. Contextwhitish to pinkish white, colar slightly deepening on exposure.

Basidiospore6)7i 8(8.5)x4.55 . 5 & m7.5 054, Wnm=4.93 £ 0.37, & 1.331.78,
Qm=1.53 £ 0.13, ellipsoid to elongate, thwalled, hyaline in KOHBasidia37.0'51.0x% 6.0/ 7.0
e m, =Q297.85, 4spored, clavate, with sterigmata i3/5 € m Hymengphoral trama
divergent, made up of cylindrical or inflated hyaline hyphdel 2 ¢ m Raeipdlles .an
ixotrichoderm, made up of mostly upturned or interwoven, branched ebnamched, gelatinized,
often curved hyphaei® € m Sitipitgbalisa cutis, consisting of repercylindrical, thirwalled
hyphae 266 & m @lamg eonnectionpresent in all tissues.

Habit, habitat and distributioin Solitary or scattered othe ground under mixed forest
dominated byPinusandQuercustrees, occurring in summer and autymsm far known from China
(Yunnan Province) (Huang et al. 2021).

Specimens examinadChing Yunnan ProvinceWuding County, Wansongshan, irPaus
and Quercus trees dominated mixed foresglev. 2523 m, 5 October 2019, .H Bai

(GDGM83741).
Notesi Hygrophorusginggangjunwas recently described from southwestern China. It is a
wild edible mushroom, but less common thdndeliciosus which i s call ed as

AHonggi nggangjuno iin Sichuan and HiNinggaagugj uno
formed an independent clade withih russulacomplex in the ITS tre@-ig. 1), while it is placed
close toH. deliciosudn the multilocus tre€Fig. 2). Morphologically,H. ginggangjundiffers from
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H. deliciosusby thinner context, and occurance in lowervet®ons (usually 200@2800 m) in
Quercus serratalominiated forest. Faletailed descriptiong€omparisons with similar speciasd
more imagesee Huang et al. (2021).

wrl o

Figure 30 T Hygrophorus ginggangjun a Basidiomata (GDGM83741by H.F. Ba).
b Basidiospores (GDGM83741). c Basidia (GDGM83741).

Hygrophorus yunnanensiH.Y. Huang & L.P. Tang, in Huang, Zhang, Huang, Gabriel, Liu &
Tang, Mycol. Progr. 20(9): 1130 (2021) Fig. 31

Pileus40i 80 mm across, conical to hemispherical when young, ékpanding to convex to
plane, greyish rose, purple, greyish rul§$2B3i 5, 12C3'5, 12D3i 5, 11E3i 5), obviousy scaly
when dry; margin incurved at firsthen decurved to straight.amellaeadnate to subdecurrent,
subdistant, L= 76 100, | = 1i 3, pinkish, wih reddishpurple discolaration when bruised; edge
whitish to pinkish.Contextwhitish to pinkish, becoming darker on exposu#é&pe 40i 100 mm
long, 1620 mm broad, central, cylindrical, tapering downwards, whitish, pinkish to brownish
violet.

Basidiospoes (5)61 7(7.5) x (3)3.55 & m,=657t 0.59, Wm= 4.1 + 0.54, Q= 1.4
1.86(2), Qm= 1.62 + 0.18, ellipsoid to oblong, smooth, thalled, hyaline, noramyloid. Basidia
37155x 611 0 e-sporeddclavate, slender, thivalled; sterigmatai® e m | loamellar trama
divergent, composed of slender and inflated, 4valled hyphae R0e m b r Rilapdllis an
ixotrichoderm, consisting of hyphaé 8e m b rStipgtidellis a cutis, composed of thwvalled
hyphae B5 ¢ m Klangpaahnectionpresent in all tissues.

Habit, habitat and distribution Solitary to scattered ame ground undet.yonia ovalifoliaor
Ternstroemia gymnantheteees in broadeaved forests, occurring in summer and autumn (Huang
et al. 2021)known from China (Yunnan Province).

Specimens examined China, Yunnan Province Chuxiong Yi Autonomous Prefecture,
Lufeng County, in a mixed broadleabnifer forest, elev. ca. 2400 rh7 September 2022, X.L.
Gao (GDGM89522)Kunming City, Miaogao Temple, elega.2100 m, 6 August 2006, Y.C. Li
688 (HKAS50442 ; Yongping Prefecture, Nati owa2ROOHi gh\
m, 30 July 2009, L.P. Tang 1025 (HKAS 56982)

Notesi Hygrophorus yunnanensiwas described from Yunnan Province in southwestern
China (Huang et al. 2021). According to locabpke, the fungus is relatively frequent but not tasty,
therefore, it is hard to see this fungus on local market. Morphologiddllyyunnanensiss
distinctive by its ellipsoid to oblong basidiospores{B5x45 e m i n Huaa&,¢)eet al
7(75)%x(3)355 em in this study], aie6d0 no. Plrylogerreticallyy at
this fungusis placed in an independent position withth russulacomplex in both ITS and
multilocus treegFigs 1 2). In the ITS tree, a sequence (UDB013267) frompudaNew Guinea is
clustered with sequencesidf yunnanensifrom Yunnan, suggesting that this species is not limited
to this Chinese Province. Fonore imagesgdetailed descriptions and comparisons with similar
species, see Huang et al. (2821
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Figure 31 T Hygrophorus yunnanensisa Basidiomata(GDGM89522 by X.L. Gaqg.
b Basidiospores (HKAS 50442). Basidia (GDGM89522).

Hygrophorussect.Olivaceoumbrini

Phylogenetic support: Although secti@iivaceoumbrinis.l. is not a monophyletic group in
the ITS analysis(Fig. 1), sectionOlivaceoumbrinis.l. appears as a waupported (94% MLBS)
monophyletic group in the multigene analys{&ig. 2) Thus, the traditional section
Olivaceoumbrinis accepted in this study.

Studied Chinese species includedhis sectionHygrophorus agathosmoided. annulatus
H. atrofuscusH. brunneicepsH. fuscodiscusH. habaensisH. pallidoagathosmydH. pinophilus
H. queletii H. sichuanensiandH. viridiflavidus.

Hygrophorus agathosmoidekebeuf, E. Larss. & B&nger, in Bellanger, Lebeuf, Sesli, Loizides,
Schwarz, Moreau, Liimatainen & Larsson, Persoonia 46: 295 (2021) Fig. 32

Pileus 25/ 65 mm across, hemispherical to convex when young, then expanding te plano
convex, often with a low obtuse umbo, gresargge grey to brownish grey (584, 5C1 2), darker
at centre; margin incurved, sometimes undulating when matameellaesubdecurrent to decurrent,
arcuate, subdistant, waxy, white, L =188, | = 1 3; edge usually even, sometimes irregularly
eroded, rady lacerate.Stipe 40i 60 x 48 mm, cylindrical, often slightly enlarging upwards or
downwards, white, whitish to brownish, covered with white to brownish floccules from apex to one
half or lower third Contextwhite to greyish white, thicklastemild.

Bagdiospores(7.5)89.5(10) x (4.5)5.06 . 0 ¢ m, 1@, elipsald.todedngate, smooth,
hyaline, thinwalled, inamyloid.Basidia 4-spored, narrowly clavate, 467 x 751 1. 5 & m, Wi
sterigmata 36 ¢ m Hymemaphoral tramalivergent, made up of cylindrical orflated, thin
walled, hyaline hyphaeiZ.5 um wide Pileipellis an ixotrichoderm, made up of gelatinized, distant,
branched, upturned or interwoven hyphaé 3.5 5 ¢ niStipitipedli®a. trichoderm, made up of
repent and upturned cylindrical thivalled hyphae 87.5 um wide.Clamp connectionpresent in
all tissues.

Habit, habitat and distributioh Scattered ifPicea mongolicalominated forest; basidiomata
occurring in summer and autumn; known from northeastern China (Inner Mongolia Autonomous
Region) ad Europe (Bellanger et al. 2021, this study).

Specimens examinddChina, Inner MongoliaAutonomous Region, Chifeng City, Hexigten
Banner, BaiyinAobao National Nature Reserve, inPacea mongolicalominatedforest, elev. ca.

1300 m,4 September 2018, G.LYu & T.Z. Liu (CFSZ20158) ltaly, Becetto di Sampeyre, 2
October 2010, T.H. Li (GDGM40324)

Notesi Hygrophorus agathosmoidegas reported from Canada, France, Norway, Sweden
and USA by Bellanger et al. (2021); and subsequently recorded from Yunnandero¥/iChina in
Huang et al. (2048. Phylogenetically, the newly generated Chinese and Italian sequences are
clustered with the holotypes bBif. agathosmoide@MT981656),H. agathosmoidek albusE. Larss.
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& Lebeuf (MH656461) andH. agathosmoidek trabzonensisSesli (MG888785). Morphologically,

the Chinese samples bf. agathosmoideblas grey to brownish grey pileus [having less orangish
tint comparing with holotype collections HRL2823/DAOM984765 from Canada in Bellanger et al.
(2021)], and the Italianasnple has paler pileus [similar to the collection EL-234from Norway in
Bellanger et al. (2021)]. In China, the species is only known firemer MongoliaAutonomous
Region, but it may also occur in other temperate continental climate areas in northrernFoh
images, detailed descriptions and comparisons with similar speciebl.chgathosmoidesee
Bellanger et al. (2021).
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Figure 321 Hygrophorus agathosmoidea Basidiomata from China (CFSZ20158). b Basidiomata
from Italy (GDGM40324). Basidiospres. d Basidia. e Pileipellis.

Hygrophorus annulatus C.Q. Wang & T.H. Li, in Wang, Li, Wang, Wei, Zhang & He,
Mycoscience 62(2): 138 (2021) Fig. 33
Pileus 20i 100 mm across, hemispherical to convex when young, later becoming
subumbilicate, plangonvex or applanate, olive browgreyish brown, to dark brown (4F3,
6E3 4, 6F3 7) at disc, paler from disc to margin, sticky when wet; margin involute when young
and inflexed to deflexed when mature, entire to irregularly fissured, even to wamellae
narrowly adnate or subdecurrent, up to 5 mm broad, white, sometimes with pinkish tint, waxy,
subdistant, L = 4060, | = 1 3; edge even, concolorouStipe60i 150 mm long, 520 mm broad,
central, subcylindrical, solid, with a brownish annulus or paredl at upper part of stipe, white
above the annulus argteyish to dark brown below the annul@@ontextthick, white, soft.odour
mild.

Basidiospore8.01)8.5/11.0412.0) x 5.07.5(8 . 0) & m, Lm = 10.0 N 0.
Q=1(1.33)1.361.82(1.83), Qn = 1.60 £ 0.12, ellipsoid to elongate, talled, hyaline in KOH. .
Basidia (37.0)41.0065.0(71.0)x (758011 . 0(12.5) & m, Lm = 51.8 N

4.216.8, Qm = 526 + 0.82, clavate,-spored, thirwalled; sterigmata 418 . 5 em | on
Hymerophoral tramadivergent, consisting of thimalled, hyaline and septate hyphaé &® x 4

1 2 imipellis an ixocutis to ixotrichoderm, covering with a gelatinous zone; composed with
thin-walled hyphae 3% e m wi de, wi t h b r o vitipitipellis tar igocutid, | ul a
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composed of thkwalled, hyphae b em wi de, wi t h br owGlamp ntr a
connectionpresent in all tissues.

Habit, habitat and distribution solitary to scattered on the ground in subalpine coniferous
forests or coniferas and broadleaved mixed forests, under various spruces and/or firs, particularly
A. forrestii A. georgei P. asperataP. likiangensis so far only known from southwestern China
(Sichuan Province, Tibet Autonomous Region and Yunnan Province), mostig &welevations
between 3000 m and 4300 m.

Specimens examined China, Sichuan Province, Jiuzhaigou County, on the way to
Shenxianchi Scenic Spot, in a subalpine miXedest 21 September 2020, Ming Zhang
(GDGM84540,GDGM84591).Songpan County, in a faseof conifer trees, 23 September 2020,
Ming Zhang (GDGM84413).

Notesi Hygrophorus annulatug/as recently described from southwestern China by Wang et
al. (2021). This species belongs to tHe olivaceoalbuscomplex in subsectOlivaceoumbrini
(Bataille) Singer. This fungus was previously treatedHasolivaceoalbusn numerous published
sources from China (Chen & Li 2013) . 't i s a
ALushui j un oGarizePreféctures oé Siahuan Province (He et al2D0 For detailed
descriptions, comparisons with similar species and imagkk ahnulatussee Wang et al. (2021)
and Huang et al. (2082

10 um

Figure 337 Hygrophorus annulatus Basidiomata (GDGM84413). b Basidiomata (GDGM84540).
d Basidiomata (GDGM84HL). e Basidiospores (GDGM84591). f Basidia (GDGM84591).
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Hygrophorus atrofuscusH.Y. Huang & L.P. Tang, in Huang, Zhang, Huang, Jiang, Hao, Mu &
Tang, Mycol. Progr. 21(5, no. 51): 10 (2022) Fig. 34

Pileus40i 60 mm diam., convex to plangrey, browvn to dark brown; surface covered with a
thick glutinous layerLamellaeadnate, subdistant, L = 6@8, | = I’ 3, whitish. Stipe50i 150 mm
long, 6 20 mm broad, central, cylindrical, with viscid partial veil at apex, white above partial veil,
covered with gltinous brown fibrils below partial veil.

Basidiosporeq8)8.510(11.5) x (5)5b67 ( 8) € m, Qil73(1(91 QM £ 1.96.£3 6
0.14, ellipsoid to oblong, thimalled, hyaline, noramyloid. Basidia(44.5)46 56 x (8)9 14.5(16.5)
em, -wahed,dspored, cl avate, sl enderHymeaopheralitramaat a
divergent, composed of cylindrical or inflated, thwalled and hyaline hyphadRileipellis an
ixotrichoderm, consisted of slender, thiralled, branched or nelmranched hyphaeClamp
connectionpresent in all tissues.

Habit, habitat and dtributioni Scattered to gregarious in broadleaf or broadteaifer tree
forests (elev. over 2000 m), occurring in summer; so far only known from China (Yunnan
Province).

Specimen examinedi China, Yunnan Province, Chuxiong Yi Autonomous Prefecture,
Nanhua County, Wild Mushroom Market, 12 August 2008, Y.C. Li 1437 (HKAS 5627npng
Prefecture, Stone Town, in broadleaved tree forests, elev. ca. 2200 m, August 2008, Q. Zhao 8307
(HKAS 55271)

Notesi Hygrophorus atrofuscysis an uncommon edible musbro in local markets of
Yunnan Province. In the ITS phylogenetic trigag. 1) H. atrofuscuswas sister to the North
AmericanH. paludosoidesiesler & A.H. Sm However,H. paludosoidesas lighter pileus colo
(olive brown to pale fuliginous), and smalleasidiospores measuringdx 55 . 5 em ( He s |
Smith 1963). For more detailed descriptions and comparisons with similar species, see Huang et al.

-
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Figure 341 Hygrophorus atrofuscusa Basidiomata (HKAS 5627Dy Y.C. Li). b Basidiospores
(HKAS 55271). c Basidia (HKAS 55271).

HygrophorusbrunneicepsH.Y. Huang & L.P. Tang, in Huang, Zhang, Huang, Jiang, Hao, Mu &
Tang, Mycol. Progr. 21(5, no. 51): 11 (2022) Fig. 35
Pileus 20i 70 mm acrossgonic to convex with an umbo when young, th@anccnvex,
applanate greyish brown, light brown, brown (5D8, 5E3 4), usuallydarker at disc antighter
outwardsto margin sometime$rownish grey to greyish brown (5C2, 5[38) atvery marginwhen
mature viscid to sticky when wet; margin archedyagght to uplifted. Lamellae adnate to
subdecurrent, k= 361 60, | = 11 3, distant to subdistant, thickish, waxy, fragile, white when young,
orange grey to brownish grey (5B2, 5C2, 5D2) when mature, even at&gmet0i 90 mm long,
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4110 mm broad cylindrical, often narrower at the apex and base, usually curved, easily broken,
with obviousbrownishfloccules. Contextwhite, thin in the pileus.

Spores(7.5) 8.010.0(10.5)x 5.067 . 0 & m1.27 18, broadly ellipsoid, elliptical to
elongate smooth, hyaline, thin walled, inamyloiBasidia4-spored, clavate, 465x 851 2 & m;
sterigmata 69 ¢ m Hymengphoral tramalivergent, made of cylindrical or inflated, rarely
brancled, thinwalled subparallel hyaline hyphaé 13 pum broad.Pileipellis an ixotrichoderm,
covering with refractive granular material in the gelatinous layer, especially on the outermost part,
sometimes made up of repent hyphae and sometimes made up oéd@undinterwoven hyphae,
hyphae 87 e m wi de, often curved, thin walled,
Stipitipellis an ixocutis, made up of slender, cylindrical, smooth, hyaline anenthiled, hyphae
21 5 um wide, with brown intracellular pigent.Clamp connectiongresent in all tissues.

Habit, habitat and distributioih Scatteredo gregarious on the ground under coniferous trees,
occurring in autumnso far khown fromnorthwestern andouthwestern ChinaSansu Province,
Sichuan Province, bet Autonomous Region, Yunnan Province and Xinjiang Autonomous Region
(Huang et al. 2022, this study).

10 um

Figure 3571 Hygrophorus brunneicep€&sDGM84530). a Basidiomata. b Basidiospores. ¢ Basidia.
d Hymenophoral trama hyphae. e Terminal hyphae of pilepf Elements of stipitipellis.
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Specimens examinddChing Gansu Province, Sunan Yugur Autonomous County, Sidalong
forestry farm, in a forest dominatedmicea crassifolia el ev. ca. 2700 m, 38A
8 September 2020, C.Q. Wang (GDGM84). Sichuan Provingeliuzhaigou County, Jiuzhaigou,
elev. ca. 3100 m, 11 September 2012, X.L. He (SAAS1B6zhaigou, in a forest of conifer trees,
elev.ca. 00 m, 23 September 2020, ¥hang & JH. Xing (GDGM84530).

Notesi Hygrophorus brunneicepwas described based on material from Sichuan, Tibet,
Yunnan and Xinjiang of China by Huang et al. (2022t can be distinguished by yellowisiown
to brown pileus, obvious brownish floccules on stipes, and the host associatidPicgdispp. in
westernChina. This is a common species withlnagathosmusomplex in both northwestern and
southwestern China. The known elevation range (23@00 m) ofH. brunneicepss similar to that
of Piceaspp. in China. For detailed descriptions, comparisons withagispecies, and photos ldf
agathosmoidesee Huang et al. (20BR

Hygrophorus brunnescen€.Q. Wang, Ming Zhang & T.H. Li, sp. nov. Fig. 36

Index Fungorum Number: #91150Q Facesoffungi number: FGB940

Etymology1 brunnescens discolouring tobrown, referring to its browning discolouration
of lamellaewhen mature.

Typei Ching Sichuan ProvingeSongpan County, Erdaohai, in a forest of conifer treles,
ca.3300 m, 23 September 2020, Khang & JH. Xing (GDGM84456 Holotype.

Pileus30i 70 mm across, depressed, umbilicate to shallowly infundibuliform, greyish brown,
light brown, brown (5DB4, 5E3 4), brownish grey to greyish brown (5C2, 532 at margin,
usually lighter towards the margin, viscid to sticky when wet; margin arched, straigptifted.
Lamellaeadnate to subdecurrent, distant to subdistant36i 60, | = 11 3, thickish, waxy, fragile,
white when young, orange grey to brownish grey (5B2, 5C2, 5D2) when mature, even at edge.
Stipe 70 90 mm long,4i19 mmbroad cylindrical, equalr slightly enlarged in the middle, often
narrower at the apex and base, usually cuvetle, with brownish fibrils.Contextwhite, thin.
Basidiogpores (7.5) 8.010.0(10.5)x 5.007 . 0 ¢=ml.2% XB, broadly ellipsoid, elliptical to
elongate,smooth, hyaline, thin walled, inamyloi®asidia 4-spored, narrowly clavate, #65 x
8512 & m; s ti® r E gomddyowngphoral tramadivergent, made of cylindrical or
inflated, raréy branched, thirwalled subparallel hyaline hyphaé& 13 pm broad.Pileipellis an
ixotrichoderm, covering with refractive granular material in the gelatinous layer, especially on the
outermost part, sometimes made up of repent hyphae and sometimes nafdeptypned and
interwoven hyphae, hyphaei3 e m wi de, of t en curved, t hin
intracellular pigmentStipitipellisan ixocutis, made up of slender, cylindrical, smooth, hyaline and
thin-walled, hyphae %5 pum wide, with brown intrackllar pigment.Clamp connectionpresent in
all tissues.

Habit, habitat and distribution Solitary to scattered on the ground under coniferous trees,
occurring in autumyso farknown from southwestern China (Sichuan Province).

Additional specimerexaming i China, Sichuan Province, Jiulong County, Wuxuhai, in a
conifer forest dominated b4bies 8 October 2021, X.L. He (SAAS3999).

Notesi Hygrophorus brunnescens an uncommon species withith agathosmusomplex.
Morphologically, H. brunnescensan be sparated from the other member |t agathosmus
complex by its slender basidiomata, pure white lamellae when young which discolour brown when
mature, and its distribution which is restricted so far to southwestern China.

Both the ITS and multigene moleculghylogenetic analyse$Figs 1 2) support the
recognition ofH. brunnescenas an independent and distinct species within Segthroleuci In
the ITS phylogenetic analysibl. brunnescenss actually closest to the Europeln hyacinthinus
(neotype fromFrance). Howevelkl. hyacinthinusan be separated frobh brunnescenby a more
greyish tone on the pileus surface, less distinct floccules on the stipe, and the distribution in Europe
(Bellanger et al. 2021)
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Figure 36 i Hygrophorus brunnescenfGDGM84456). &b Basidiomata. c Basidiospores.
d Basidia. e Terminal hyphae of pileipellis.
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Hygrophorus fuscodiscu€.Q. Wang, Ming Zhang & T.H. Li, sp. nov. Fig. 37

Index Fungorum Number: #9115% Facesoffungi number: FGB941

Etymologyi fuscodiscs, from fusco= dark brown, andliscus= disc, referring to its dark
brown pileus disc.

Typei China, Sichuan Province, Jiuzhaigou County, in forest domiratekbies elev. ca.

3000 m, 19 September 2020, M. Zhang & J.H. Xing (GDGM84677, Holotype).

Pileus 20i 70 mm across, hemispherical to convex when young, becoming-gdanex,
planaconcave to concave, with or without a papilla or small umbo when young, then depressed at
centre around the papilla or umbo, viscid to glutinous under wet conditions,rdank to blackish
at the disc, lighter from the umbo to mardirmmellaeadnate to adnate with a decurrent tooth, at
times short decurrent, L = 488, | = 1 3, subdistant, thickish, waxy, almost entire at edge, pure
white. Stipe30i 60 mm long, 89 mm broadgylindrical, equal or slightly enlarged toward the base,
and often broader at very apex, usually curved, greyish white, with white to light brown fibrils.
Contextwhite, thin.

Basidiospore®i 10.5(11) x4.56 ¢ m, @2, ellipsdid té @gblong, smooth, hyaline, thin
walled. Basidia 4-spored, clavate, 380 x 719 . 5 & m, with sterigmat a
Hymenophoral tramadivergent, made up of cylindrical hyaline hyphae,i%.8 e m br oa
Pileipellis a trichoderm, consisting of cylindrical, thwalled hyphae 23 . 5 ¢ nStiptipetlisa.
trichoderm, consisting of cylindrical, thimalled hyphae 46 e m wi de, OCldmpen ¢
connectionpresent in all tissues.

Habit, habitat and distributioin Scattered on the ground und&bies trees, occurring in
autumn, so far known from southwestern China (Sichuan Province).

Additional specimen examined China, Sichuan Province, Jiuzhaigou Countyaimixed
forest dominatedby Abies elev. ca. 3000 m, 12 September 2020, M. Zhang & J.H. Xing
(GDGM84543).

Notes T Hygrophorus fuscodiscuss morphologically similar to the other member tife
H. pustulatuscomplex. Hygrophorus pustulatusliffers from it by its less pronounced cato
contrast between the diaod the margin of the pileus, less or none squamulose pileus disc, and the
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distribution in Europe.Hygrophorus pustulatoidedebeuf, E. Larss. & Bellanger, recently

described from North American, has lighter pileus disc, broad basidia (8 & m

broad),

association withPicea (Bellanger et al. 2021). In the ITS phylogenetic analy$igy. 1),
H. fuscodiscusis sister to theH. pustulatusH. pustulatoidesclade. Both the morphological

evidences and molecular differences support the establishment méthfsingus.
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Figure 371 Hygrophorus fuscodiscy&DGM84677). a Basidiomata. b Basidiospores. ¢ Basidia.
d Hymenophoral trama hyphae. e Terminal hyphae of pileipellis. f Terminal hyphae of stipitipellis.

Hygrophorus habaensi#dl.Y. Huang & L.P. Tang,n Huang, Zhang, Huang, Jiang, Hao, Mu &

Tang, Mycol. Progr. 21(5, no. 51): 14 (2022)

Notesi In this study, we did not find any specimens of this species, so no morphological
description was given. For detailed morphological descriptions, comparisonsimiltar species,
and illustrations oH. habaensisee Huang et al. (2082 Hygrophorus habaensiwas recently
described from Haba Snow Mountain in Yunnan Province (Huang et albR0®@cording to
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Huang et al. (2022), it is characterized by the fawlored, yellowishbrown to brown pileus,
ellipsoid to oblong basidiospores measuring 8®x 527 ¢ m, the infrequent
distributon in the alpine belt. In our ITS phylogenetic analgsig. 1), H. habaensiss related to
North American spgesH. bakerensif®\.H. Sm. & Hesler andH. tennesseensA.H. Sm. & Hesler;
these phylogenetic placement is consistent with Huang et al.l{g022

Hygrophorus pallidoagathosmu€.Q. Wang, Ming Zhang & T.H. Li, sp. nov. Fig. 38

IndexFungorum Number: 1801152 Facesoffungi number: FGB942

Etymology 1 pallidoagathosmus from pallido = pale and agathosmus= Hygrophorus
agathosmugsreferring to itdasidiomasimilar butpalerthanH. agathosmus

Typei Ching Sichuan Provinceliuzhaiga County, Jiuzhaigou, in a conifer foreskev. ca.

3000 m, 19 September 2020, Ehang & JH. Xing (GDGM84702 Holotyps8.

Pileus 30" 65 mm across, hemispherical to convex when young, expanding to convex to
planaconvex, yellowish white, pale yellow, yellish grey, greyish yellow to yellowish brown
(4A1™ 3, 4BZ 4), paler at margin, glabrous to finely fibrillose, viscid to glutinous in wet
conditions, sometimes cracked under dry conditions; margin usually entire, rarely split, incurved
when young, straighotuplifted when mature, whitish. Lamellae adnate to subdecurrent, distant to
subdistant, L = 32 60, | = I” 3, pure white to ivory white, sometimes changing to light brown
(5D3™ 6) when bruised, thickish, waxy, fragile; edge usually entire to finely erodetegtsnes
crenate at pileus margin. Stipe”3@05 mm long, 3 8 mm wide, cylindrical, sometimes curved,
sometimes compressed, equal or slightly enlarged downward the base, white, tomentose to short
fibrillose, with dense white granules on upper part. Contéxtew

10 pm — N

Figure 38 i Hygrophorus pallidoagathosmu$sDGM84702). a Basidiomata. b Basidiospores.
c Basidia. d Pileipellis. e Stipitipellis.
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Basidiospores/.5/9.510) x 4i5. 5( 6 ) €823+ 0B2nWnx =488+ 05, Q=14
2(2.25, Qm=1.7 £ 0.3, ellipsoid elongate to cylindrical, smooth, hyaline, thimlled, hyaline in
KOH. Basidia39i65x 6i 11¢ m, = 33 8.7, 4spored, clavate, with sterigmata#l50 . 5 e m | or
Hymenophoral tramaivergent, made up of cylindrical or inflated hyaline hyph&& 2 Isroad.
Pileipellis an ixotrichoderm, made up of branched, interwoven hyph@e 2n w Stighigpellisan
ixotrichoderm, made of gelatinized slender cylindrical hyph&8 ¢ m w Cldnep.connections
present in all tissues.

Habit, habitat and distributioi Scatteredto caespitose othe ground in a mixed forest,
occurring insummer ancautumn so farknown from northeasterr{inner Mongolia Autonomous
Region)andsouthwestern Chingsichuan Province).

Additional specimens examiné&dChing Inner MongoliaAutonomous RegigrChifeng City,
Hexigten Banner, Huamugou Forest Farm, in a spruce and larch trees dominated forest, 6 August
2020, TZ. Liu & D.L. Song CFS222828).Sichuan Provinceliuzhaigou County, Jiuzhaigou, in a
conifer forest, elewca.3000 m, ® September 2020, Mhang & JH. Xing (GDGM84681).

Notesi Hygrophorus pallidoagathosmus characterized by paler basidiomata, the brownish
tint on some parts of lamellar, and the ellipsoid, elongate to cylindrical basidiospores measuring
7.595(10)x4i5. 5(6) € m.

In the ITS phylogenetic analys{fig. 1), this novel and welsupported species is placed in
the H. agathosmusomplex sister tad. albofloccosusHowever,H. albofloccosugliffers by more
robust basidiomata, its host association viA#eudésuga menziesiand theoccurrance along the
Pacific Coast of the United States and Canatiggrophorus pallidoagathosmus close toH.
agathosmusH. hyacinthinusandH. pinophilus However,H. agathosmusliffers fromthis fungus
by grey to greyish brow pileus ad larger basidiospores [(8.6)8918 (11.0) x (4.9) 5i6.9 (6.4)
em i n L a 2019 Hygrephorua Hyacinthinudiffers by white to greyish white pileus and
white lamellae; andH. pinophilusdiffers by greyish brown pileus, and the strong odoualmfond
(Bellanger et al. 2021)

Hygrophorus pinophilusE. Larss., Sesli & Loizides in Bellanger, Lebeuf, Sesli, Loizides,
Schwarz, Moreau, Liimatainen & Larsson, Persoonia 46: 300 (2021) Fig. 39

Pileus 30i 80 mm across, hemispherical to convex wh@ung, then expanded, with an
obtuse umbo, whitish to greyish when youhgcoming yellowish grey, brownish grey to greyish
yellow (4B2 3, 4C2 3, 4D2 3), darker at disc, usually glabrous, ccasionally subsquamulose at
centre, dry, incurved at margibamdlae adnate to arcuatgubdecurrent, up to 5 mm broad, distant
to subdistant, L= 36i 56, | = 1i 3, thick, waxy, fragile, white to yellowish white (4A2); edge
entire when young, usually denticulate to irregularly lacerated when m&tige30i 75 mm long,

7195 mmbroad cylindrical, sometimes slightly tapering downwards, usually curved, dry, white to
greyish brown, with white minute floccules at upper part, with or without greyish brown floccules
when matureContextwhite. Odourreminescent of bitter alnmals.

Basidiosporeg(7)7.59(10) x (4)4.56 ( 7 ) & rh.4i 2, @lipsoid to elongate, smooth,
hyaline, thinwalled.Basidia4-spored, narrowly clavateZB50 x719 e m, sti8r e gomhbag:
Hymenophoral tramaivergent, made up of cylindrical hyaline hyeha51 0 ¢ m Pikeipellis .
an ixotrichoderm, made up of interwoven, gelatinized, often curved hyphde 3 e m wi d
Stipitipellis an ixotrichoderm, consisting of cylindrical, thivalled hyphae® . 5 € nClamp d e .
connectionpresent in all tissues.

Habit, habitat and distributiori Solitary to scattered on the ground under pine trees,
occurring in summer in southwestern Chisa far kown from southern Europe, Fennoscandia
(Sweden and Norway), Turkey and southwestern China (Sichuan Province and Yuoviace)
(Bellanger et al. 2021, Huang et al. 2022, this study).

Specimens examineid Ching Sichuan ProvingePanzhihua City, Yanbian County, Gesala
Ecotourism Area, in a forest dominated Binussp.,elev. ca3100 m, 25 Augst2013, M Zhang
& C.Q.Wang GDGM43348,GDGM43349).
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Figure 391 Hygrophorus pinophilu§GDGM43349). a Basidiomata. b Basidiospores. ¢ Basidia.
d Hymenophoral trama hyphae. e Terminal hyphae of pileipellis. f Stipitipellis hyphae.

Notesi Hygrophorus pinophiluss characteded by its more or less robust basidiomata, a
grey to greyiskorown pileus, adnate to arcuatebdecurrent and ususally distant lamellae, obvious
bitter almond odour, and association wRimus spp. (Bellanger et al. 2021, this study). It was
recently desgbed from Europe (Cyprus, France, Norway, Spain, Sweden, Turkey) by Bellanger et
al. (2021), and subsequently recorded in Yunnan Province of China by Huang et ab) @@®2
Sichuan Province of China in this study. Previously, Chinese specimens ofpéaigsswere
incorrectly identified asH. agathosmushased on morphology (Chen & Li 2013). However,

H. agathosmusliffers fromH. pinophilusby dark greyish brown pileus disc, and host association
with Picea abiesand so far occurence only known in Eur@Bellanger et al. 2021Hygrophorus
agathosmoidesliffers by more robust basidiomata and usually subdecurrent lamellae, association
with Abies or Picea spp., and so far known distribution in parctic region. For detailed
descriptions, comparisons wilimilar species, and images ldf pinophilussee Bellanger et al.
(2021) and Huang (2022
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Hygrophorus queletiBres., Fung. trident. 1(1): 11 (1881) Fig. 40

Pileus 251 60 mm across, hemispherical to convex when young, becoming-gdeanvex to
depessed when mature, often with an obtuse umbo, wdniggish white,greyish topale pinkish
grey (1A1, 1B1); margin decurved when young, then expantanhellaecadnate to subdecurrent
when young, decurrent when mature, subdistant, waxy, white atditetj changing to yellow
when mature, L= 40i48, | = 11 3; edge entire, everitipe 35180 mm long, 515 mm thick,
cylindrical, mostly equalto subequal, sometimes slightly enlarged downwards, whitehttsh,
often with a little pinkish tinge, minutelgrarular at upmost, subglabrousn the middle,with
white myceliumat baseContextwhitish.

Basidiospores.0i 10.0(10.5)x 4.5 . 5 €& m8.53 k 16, Wnr 4.68 + 0.54, G 1.50
2.25, Qm= 1.84 + 0.23, ellipsoid, elongate to cylindrical, smooth, hyalinex-whlled. Basidia
40.072.0x7.51 0 ¢ m4.5847, 4spored, clavate to slender clavate; sterigmati83.05 &€ m
long. Hymenophoral tramaivergent, made up of cylindrical, thimalled, hyaline hyphaei35 pum
wide. Clamp connectionsot observed

Habit, habitat and distributioih Scattered to gregarious under mixed broaebeaifer forests
with pine trees, occurring in autumrso far khown from Europe and northeastern China (Inner
Mongolia Autonomous Region).

Specimens examined China, Inner Mongolia Aitonomous Regign Chifeng City,
Ningcheng County, in a mixed broadleafnifer forest dominated bpgine trees 24 September
2016, TZ.Liu & Y.Q. Guan CFSZ12607).

Notesi Hygrophorus queletiis characterized by its pinkish tint on pileus disc, yellowish
lamellae, and the lack of clamp connections. In both ITS and multilocus phylogenetic analyses
(Figs 1 2), H. queletiibelongs to théd. olivaceoalbusomplex.Hygrophorus queletiis sister toH.
pusillusin the ITS tree. HoweveH. pusillus described fom North Americadiffers by its smaller
pileus [15 30 mm broad in Siegel & Schwarz (20%6)d 10 40(50) mm broad in Hesler & Smith
(1963)] and widely spaced lamellae.

Figure 401 Hygrophorus queletiiCFSZL2607). a Basidiomata.Basidiospores. ¢ Batia.

HygrophorussichuanensisC.Q. Wang, Ming Zhang & T.H. Li, sp. nov. Fig. 41
Index Fungorum Number: $91153 Facesoffungi number: FAaB943
Etymologyi sichuaneng, referring to the type locality of this species in Sichuan Province.
Typei Ching Sichuan ProvingeSongpan County, Erdaohai, in a coniferous forgsty. ca.
3300 m, 23 September 2020, Ehang & JH. Xing (GDGM84471, Holotyps.
Pileus25i 40 mm across, convex when young, expanded to gtangex when mature, with
an unobvious or lowumbo, yellowish whiteto brownish darkerto pale brownat disc, paler
towards margin, viscid when wet; margin incurved when young, then expanded to straight to
partially uplifted.Lamellaearcuatesubdecurrent to decurrentA32i 40, | = 1i 3, subdistantthick,
waxy, white to pinkish white, becoming brown when bruised or mature in some areas, even at edge.
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Stipe 3565 x 5/ 8 mm, cylindrical, equal or slightly enlarged downwards or upwards, usually
curved, viscid to sticky when wet, slightly tomentoseriffiise to minutely flocculosesoncolorous
with pileus.Contextwhite.

Basidiospores9i 12(12.5) x 5i6.5(7) um, Q= 1.52.3, ellipsoid, elongate to cylindrical,
smooth, hyalineBasidia45i 70 x 6.5 10, clavate; sterigmatad @ ¢ m Hymengphoral trama
divergent, made up of cylindrical hyaline hyphaé84 ¢ m Pilepallid an ixotrichoderm,
made up of hyphae 2.5 ¢ m Stipipelisa trichoderm, made up of hyphaé64 e m wi de.
Clamp connectionpresent in all tissues.

Habit, habitat and distribution Solitary onthe ground under coniferous trees, occurring in
autumn so far kown from southwestern China (Sichuan Province).

Notesi Hygrophorus sichuanensis characterized by the plamonvex pileus when mature,
yellowish white to brownish pileus wittharker to pale brown disc, white to pinkish white lamellae
becoming brown when bruised or mature in some areas, ellipsoid, elongate to cylindrical
basidiospores measuring1®(12.5) x 56.5(7) pum.

Morphologically,H. sichuanensisan be distinguished froid. exiguust. Larss., E. Campo
& M. Carbone by its bigger basidiomata and discolorous pileus when bruised (Larsson et al. 2014).
PhylogeneticallyH. sichuanensiss related toH. exiguus and it was recognized here as a new
member of théd. exiguuscompkex (Fig. 1).

In addition, H. fuscodiscusalso described in this study from southwestern China, differs
from H. sichuanensify dark brown to blackish and usually depressed pileus disc, and pure white
lamellae which are adnate and sometimes with a dextugeth.Hygrophorus odoratysoriginally
described from the USA, differs fol. sichuanensiby whitish to creamy lamellae unchanging
when bruised, and the wider basidiospores measuring414 6.58 um (Hesler & Smith 1963).
Hygrophorus suaveolensecatly described from Sweden, differs fdfh sichuanensiy smaller
basidiomata and darker olnN@own pileus disc (Larsson et al. 2018).

@Qod

00D {1k

Figure 41 1 Hygrophorus sichuanensis(GDGM84471). &b Basidiomata. ¢ Basidiospores.
d Basidia. e Pileipellis.
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Hygrophorus viridiflavidus L. Fan & Y.X. Zhang, in Zhang, Mao & Fan, Phytotaxa 579(3): 191
(2023)

Notesi Zhang et al. (2023) reported this species of the gelitaceoumbrini so far
restricted to Shanxi Province, China. According to Zhang et al. (26R3)iridiflavidus can be
distinguished fronH. glutinifer E. Larss., E. Campo & M. Carbone by its shorter and narrower
basidia (35.046.5x 8.0'1 0 . 5 & this study, we did not find any collections of this species, thus
we did not provide any morphological description. For detailed morphological descriptions,
comparisons with similar species, and illustrationsl ofiridiflavidussee Zhag et al. (2023).

Hygrophorussect.Aurei

Phylogenetic support: In the multilocus phylogenetic analysis, this clade is strongly supported
as a monophyletic group (MLBS = 100%).

Studied Chinese species included in this sectitygrophorusalpinus H. auantioluteus
H. esculentugH. gliocyclus H. lucorum H. pseudohypothejiendH. xiangjun.

Hygrophorus alpinusH.Y. Huang & L.P. Tang, in Huang, Zhang, Huang, Moreno, Pu, Fan, Yang,
Liu & Tang, Mycol. Progr. 21(9, no. 79): 3 (2022) Fig. 42

Pileus 20i 50 mm across, convex with a dark umbo when young, then expanding te plano
convex, yellowish orange, greyish yellow to olive brown (AB64C6 7, 4DG 7, 4EG6 7, 4FG 7),
usually dark grey brown at centre and paler outwards, viscid or glutinous, usosadired with a
layer of glutinous materials in wet conditions; margin entire and incurved at first, expanded to
straight or slightly uplifted when old.amellaearcuate, subdecurrent to decurrent, subdistant, L =
42160, | = I 3, yellowish white, pale yells to light yellow (4AZ 4), thick, waxy, fragile; edge
entire and even when youn8tipe 40i 50 mm long, 57 mm wide, cylindrical, often slightly
tapered at base, usually curved, with a transient yellowish veil at upper part of stipe, yellowish
white above he veil, viscid to glutinous and yellowish white to yellow below the veil, slightly
fibrillose. Contextyellowish white, thin.Basidiospores6.58.0 x 405. 0 e m, 71X7/8,= 1. .
elliptical to elongate, smooth, hyaline, thin walled, inamyl8dsidia32i 48 x 6.59 ¢ mspored,
clavate; sterigmata 5.9 ¢ m Hymanaphoral tramalivergent, made up of cylindrical hyaline
hyphae 81 3 ¢ m Rileipelissdn ixotrichoderm, made up of upturned to interwoven slender
cylindrical hyphae 28 . 5 e m wi de, gel atinized, usual ly
Stipitipellis consisting of slender cylindrical, thimalled hyphae % e m wi de, re
interwoven, often curved, gelatinized, sometimes with brown intraparietal pigrGdstnp
connectionpresent in all tissues.

Habit, habitat and distribution Scattered under pine tredmsidioma occurring in autumn,
so far known from southwestern Chif@ichuan Province and Yunnan Province) (Huang et al.
2022, this study).

Specimens examined China, Sichuan Province, Jiuzhaigou County, Jiuzhaigou, in forest
dominated by pine and birch treg elev. ca. 2400 m, 21 September 2020, Ming Zhang
(GDGM84566); ame location, in a foresiominatedoy pine tres, elev. ca. 2800 m, 20 September
2020, Ming Zhang (GDGM84536).

Notesi Hygrophorus alpinusvas a cryptic species introduced by Huang et al. (@022d
previously identified asH. hypothejus After Moreau etal. (2018) designated the epitype of
H. hypothejusH. alpinuswas subsequently described from southwestern China (Huang et al.
20223). Hygrophorus alpinuss characterized by a yellowish orange, greyish yellow to olive brown
pileus, elliptical to elonga basidiospores, and the occurance in coniferous forests with known
elevations above 2400 Hygrophorus hypothejudiffers fromH. alpinusby its occurrence late in
the year and the European distribution at low elevations (< 900 m) (Moreau et al. 2018).

P
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Figure 42 7 Hygrophorus alpinug§GDGM84566). a Basidiomata. b Basidiospores. ¢ Basidia.
d Hymenium. e Pileipellis.

Hygrophorus aurantioluteusC.Q. Wang, Xiao Lan He & T.H. Li, sp. nov. Fig. 43

Index Fungorum Number: #91154 Facesoffungi numbeFoFL4944

Etymologyi aurantioluteus from aurantio = orange,and luteus = yellow, referring to its
orange to yellow pileus calio.

Typei Ching Sichuan ProvingeXiaojin County, Siguniandg/lountain, in a subalpine forest,

16 September 2012,.X He (SAAS191, Holotype.

Pileus 15160 mm across, convex when young, plamoovex, plane to depressed, yellowish
white, pale yellow, pale orange, light orange, orange, pale red, pastel red, reddish orange, orange
red (4A24, 5A3 5, 6AZ2' 6, 7A2 6), viscid when wet; nrgin decurved when young, usually
straight when mature, usually entire, sometimes with some indistinct white remnants of inner veil.
Lamellaeadnate with a short decurrent tooth, subdistant to dose40i 60, | = I 3, waxy, fragile,
white, up to 6 mm brad; edge entire and evestipe 351 70 mm long, 511 mm thick, central,
cylindrical, equal or broader towards base, white at apex and base, yellowish to orangish in the rest
of stipe surface, fibrillose, with an indistinct fibrillose or cortinoid inner aeidrea B6 mm from
the apex when young, often with a white annular zone of remnants of the inner veil, often with
white mycelium at bas€ontextwhite.

Basidiospore7)7.510.5(11)x (4.5)56 ( 6 . 5) =9.27,+ 0.82mMWn=5.47 £ 0.5, =
(1.27)1.422.1(2.2), Qm= 1.71 £ 0.24, ellipsoid, elongate to cylindrical, smooth, hyaline - thin
walled. Basidia42/58 x 811 3 ¢ n¥ 3.84%.5, 4spored, clavate, sterigmatd7”3 e m | ong.
Hymenophoral tramalivergent, made up of cylindrical, thimalled, hyaline hyphadi 15 pum
wide. Pileipellis an ixotrichoderm, made up of upturned and interwoven aerial hyglftae 3 & m
wide. Stipitipellisan ixocutis to an ixotrichoderma, made up of repent or upturned cylindrical thin
walled hyphae 37 um wide.Clamp connectionpresenin all tissues.

Habit, habitat and distribution Solitary or scattered on the ground subalpine forests
occurring in autumpso far khown from southwestern China (Sichuan Province).

Additional specimen examined China Sichuan Province, Xiaojin Count Siguniang
Mountain, in a subalpine forest, 16 September 2012, Ke (SAAS320).
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Notesi Hygrophorus aurantioluteuss characterized by its a yellowish to orangish pileus,
whitish lamellae, whitish stipe at the apex, orangish under the ring zone,eaadsttciation with
Larix. Based on the ITS phylogenetic analygisig. 1) a GenBank deposited sequence
(MW762877) from Yunnan of China is representing the same species as the newly generated
sequence from SAAS191, and a sequence (LC574517) from an weduttygrophorusfrom
Russia might be conspecific to them. Although lucorum is phylogenetically related to
H. aurantioluteusit is easy to distinguish therhlygrophorus lucorundiffers by light yellow to
lemon yellow pileus with scarce orangish tindamaller basidiospores [T®0 x (4)4.55 . 5 & m]
Morphologically, H. speciosudiffers from theH. aurantioluteusby umbonate pileus disc and
more distant lamellae.

10 um
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Figure 431 Hygrophorus aurantioluteu6SAAS191). a Basidiomata. b Basidiospore&asidia.
d Terminal hyphae of pileipellis.

Hygrophorus esculentu#d.Y. Huang & L.P. Tang, in Huang, Zhang, Huang, Moreno, Pu, Fan,
Yang, Liu & Tang, Mycol. Progr. 21 (9, no. 79): 8 (2022) Fig. 44

Pileus 30i 65 mm diam., convex to plane, usually wa small umbo at disc when young,
smooth, glabrous, covered with a gelatinous slime layer when wet, light yellow, orange white, pale
orange on disc (4A%, 5A2 3), cream to white toward the margin; margin incurved when young,
expanded when matureamellee adnate to subdecurrent, subdistant, L #4& | = T 3, whitish;
edge entire and eveBtipe40i 70 mm long, Y11 mm broad, central, cylindrical, equal or slightly
enlarged downward, covered with a gelatinous slime layer when wet, white to Geatextthin,
white.

Basidiosporeg.519(105)x%6 (6. 5) em, Lm = 8.33 N 0.67,
1.36'1.7 (1.75), Om = 1.51 + 0.13, ellipsoid to elongate,-thalled, hyaline. Basidia (40.5) #4
56(58) x 79 e m, 1®.3, clavate, dender, thimalled, mostly 4spored; stegmata usually up
to 7em | ong and r ar e |[Hymenopghorat ttamadivergest,maderup df e n gt
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cylindrical or inflated hyphaei® 0 ¢ m b rvealed, hyalingPileipellis an ixotrichoderm,
cover with a gelatinized layer, consisting of intexem, cylindrical and thikwalled hyphae®% & m
broad; hyphae usually containing yellow intracellular pigm&iipitipellis an ixotrichoderm to
ixocutis, composed of intervowen or repent, cylindrical and-wafled hyphae 3 e m br oad
Clamp connectionpresent in all tissues.

Habit, habitat and distribution Solitary to scattered otihe ground in forestslominated by
pine trees, occurring in summer and autumn, so far known from southwestern China (Sichuan
Province and Yunnan Province) (Huang et al. 2@@8,study).

Specimengxamiredi China, Sichuan Province, Mao Counity,a forest dominated by pine
trees,19 October 2022, D. Wang (SAAS4747).

Notesi Hygrophorus esculentusecentlydescribed from China, is a membeogliocyclus
complex (Huang etla2022y). This taxon is characterized by the light yellow, orange white, pale
orange pileus disc, paler pileus margin, ellipsoid to oblong basidiospores, and association with
Pinus Hygrophorus esculentus related toH. gliocyclusFr., which differs by yellowish pileus,
lower elevation range in China, and the occurrence in mixed broadiedér forests (Candusso
1997).Hygrophorus flavodiscuBrost described from North America, differs frobh esculentus
by pinkish lamellae when young, smaller bassgiores (68 x 3.55 € m) , and the gi
subcaespitose habit (Hesler & Smith 1963).

C
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Figure 441 Hygrophorus esculentuSAAS4747 by D. Wang. a Basidiomata b Basidiospores.
c Basidia.

Hygrophorus gliocyclugFr., Ofvers. K. Svensk. VetensRkad. Férhandl. 18(1): 27 (1861) Fig. 45
Pileus 20i 70 mm across, hemispherical to convex when young, becoming-gbanex
when mature, often with a low obtuse umbo, white, yellowish white, pale yellow to light yellow
(5Ali 4), darker at disc, glutinous whenoist; margin incurved when young, then decurved to

plane.Lamellaeadnate to subdecurrent when young, decurrent when mature, subdistab®j L

56, | = 1i 3, waxy, white to pinkish white; edge entire, rarely furcate, e8&pe25 60 mm long,

10 20 mm thidk, cylindrical, slightly narrower upwards, whitish, slimy, covered with transparent
slime from about 1 cm below the apex to a half or lower third; inner veil present when young,
superior, glutinous and cortinoid, evanescent (sometimes remaining in yaiogaé), as a slimy

ring on stipe when matur€ontextwhitish, thick.

Basidiosporeg6.5)7.09.0 x (4.5)5.06 . 0 & m,7.93£M.65, Wn= 5.43 + 0.47, =
1.251.60, Qm=1.46 £ 0.08, ellipsoid to elongate, smooth, hyaline -ttatied. Basidia38.0'52.0
x7.009. 5 e&m476Q9, 4spored, clavate; sterigmata¥/0. 5 ¢ niynhepophpral trama
divergent, made up of cylindrical, thwwvalled, hyaline hyphaei36.5 pum wide.Pileipellis an
ixotrichoderm, made up of gelatinized, distant, branched, upturned or interwoven hypldae 2.5m
wide. Stipitipellisan ixotrichoderm, made up of repent and upturagithdrical thinwalled hyphae
2.5/ 7 um wide.Clamp connectiongresent in all tissues.
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Habit, habitat and distribution Scattered under mixed broadleaiifer forests with pine
trees, occurring in autumso far kown from Europe and southwestern Chi8&chuan Provinge
Tibet Autonomous Region and Yunn&movince) (He& Yang 2021, hang et al. 2022 this
study).

Specimens examingdChing Sichuan Provinceliuzhai County, in a mixed forest dominated
by Betulasp. andPinussp. treeselev.ca.2600 m 20 September 2020, . Mhang(GDGM84514).

Yunnan Province Ninglang County, Honggiao Town, Mianmian Mountainn a artificial pure
forest near Lugu Lake Airporglev.3188m, 27°32'33"N, 100°44'59"E24 September 2019,.K.
Wang XHW7149(HKAS 121113.

Notes 1 Hygrophorus gliocyclusoriginally described by Fries (1861), was recorded in
holarctic area (e.g. Hesler & Smith 1963, Yuan & Sun 1995, Candusso 1997). However, recent
studies showed thé&t. gliocycluss . s . i s an Eur asH glaeyclssprentNoghs , wh
American is an undescribed cryptic species (Huang et al.a022our ITS phylogenetic analysis
(Fig. 1), the EurasiarH. gliocycluss . s . and t he HNbocytld® Aammeer iscuapnp ofir
distinct species, and another cladéidf esculentus gr oup i s cl ose to them

Figure 45 1 Hygrophorus gliocyclus (XHW7149). a Basidiomata(by X.H. Wang)
b Basidiospores. ¢ Basidial @Elemens of peipellis.

Hygrophorus lucorumKalchbr., Icon. Sel. Hymenomyc. Hung. (Budapest) 2: 374}
Fig. 46

Pileus 2545 mm across, hemispherical to broadly conic when young, convex to- plano
convex when maturenore or less lemon yellow in generpsle yellow to light yellow (2AB5) at
disc, becoming paler toward the margiften with geenish tintyiscid when wet; margin incurved
when young, then decurved to straiglamellaesubdecurrent to decurrent, subdistant; 44i 56,
| = 1 3, waxy, white to pale yellow; edge entire, ev&tipe 35185 mm long, 510 mm thick,
cylindrical, sometires slightly thinner upwards, whitish to yellowishsometimes with lemon
yellow tint, covered with a layer of sticky materails, fibrillose, sometimes cortinoid at apex.
Contextwhitish, thick.

Basidiospore§.0i9.0x (4)4.55 . 5 ¢ m8.15 & 061, Wn¥ 5.00 £ 0.41, = 1.40 2.00,
Qm=1.63 = 0.16, ellipsoid to elongate, smooth, hyaline, -tiatied. Basidia 44i%8.0% 7.0/ 9.0
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