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Key words: Abstract: Cortinarius section Anomali is a species-rich group that occurs worldwide, particularly in Europe
Agaricales and North America. The overlapping morphological and microscopical characteristics of Anomali species pose
barcodes significant challenges for species identification. Therefore, the focus of this study was to clarify the taxonomy
Basidiomycota and phylogeny of section Anomali in China. A total of 229 specimens of section Anomali were collected in China
Cortinariaceae over the past two decades. The present study, based on a combination of extensive morphological investigations
ectomycorrhizal fungi and molecular methods, reports 22 Anomali species. Eleven of them are recognized as new to science and
new taxa formally described here as C. albocyaneoides, C. campanianomalus, C. microalbocyaneus, C. neocaninus, C.

gilianensis, C. robustianomalus, C. rufolilacinus, C. subalbocyaneus, C. subanomalus, C. xizangensis, and C.
vernalianomalus, respectively. Cortinarius albocyaneus, C. azureovelatus, C. caninus, C. kranabetteri, C. lepidopus,
and C. perrotensis are reported in China for the first time. In addition, the occurrence of C. cinnamomeoalilacinus,
C. epsomiensis, C. subclackamasensis, C. tabularis, and C. tropicus in China is confirmed. Descriptions,
accompanied by illustrations of morphological characters of the Chinese Anomali species, and comparisons with
closely related taxa are provided. The present study reports Cortinarius section Anomaliin China or Asia, clarifying
taxonomy and conducting phylogeny analyses based on nrITS, nrLSU, rpb1 and rpb2 sequences. We compare
the Anomali species from China with those in Europe and North America, enriching the species and sequences of
sect. Anomali. In addition, the ornamentation of basidiospores was studied using scanning electron microscopy.
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INTRODUCTION al. 2019), and previous studies demonstrate the importance
of molecular methods in re-evaluating species limits and
Cortinarius is a distinct agaric genus with high species diversity, as well as discovering undescribed species within
richness and morphological variation (Garnica et al. 2016, this genus (Niskanen et al. 2016, Liimatainen et al. 2017,
Ammirati et al. 2021). More than 3000 species are estimated Ammirati et al. 2021, Bidaud et al. 2021, Dima et al. 2021).
worldwide in this genus and are distributed in all continents Cortinarius section Anomali is a bihemispherical lineage,
except Antarctica (Niskanen et al. 2018). The genus especially common in the Northern Hemisphere. The section
Cortinarius plays a key role in different forest ecosystems was classified into various subgenera based on traditional
by forming an obligate ectomycorrhizal association with morpho-taxonomy in the past several decades (Moser

various spermatophytes (e.g., Singer 1986, Harrower et al. 1961, Moser 1983, Brandrud et al. 1990, 2014, Bidaud et
2015). Molecular methods have been continuously applied in al. 1992, Consiglio et al. 2005, 2006, Melot 2007, Consiglio
Cortinarius studies over the past two decades (Liu et al. 1997, 2012, Ballara et al. 2014). However, the phylogenetic studies
Garnica et al. 2005, Liimatainen et al. 2014, 2020, Soop et of Cortinarius showed that sect. Anomali does not belong
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to any classical subgenera, but rather forms a separate
monophyletic lineage within the genus (Hgiland & Holst-
Jensen 2000, Peintner et al. 2004, Garnica et al. 2005, 2016,
Harrower et al. 2011, Stensrud et al. 2014, Dima et al. 2016,
Soop et al. 2019). Recently, Liimatainen et al. (2022b) divided
the genus Cortinarius into 10 genera based on genomic and
multi-genic data. According to this new classification, sect.
Anomali still belongs to the genus Cortinarius. Based on Soop
et al. (2019) and Liimatainen et al. (2022b), sect. Anomali
might belong to subgen. Camphorati. The morphological
characteristics of the basidiomata of different sect. Anomali
species are very similar, which has limited our understanding
of the taxonomy and species diversity in this section (Dima et
al. 2021). However, this limitation has been largely resolved
with the application of polyphasic methods. These methods
combine molecular phylogenetic analyses with morphological
and ecological studies, as well as typifications, which clarified
the taxonomy and nomenclature of classical Cortinarius
names (Ammirati 2014, Dima et al. 2016, 2021, Eyssartier
et al. 2017, Liimatainen & Ainsworth 2018, Liimatainen et
al. 2022a). Previous molecular studies showed that there
are more than 90 phylogenetic species that belong to sect.
Anomali based on global nrDNA ITS sequence data, and
most of them are not properly described (Dima et al. 2016).

In China, seven known sect. Anomalinames, C. anomalus,
C. azureus, C. caesiifolius, C. epsomiensis, C. pastoralis,
C. tabularis, and C. xanthocephalus, have been reported in
previous literature (Teng 1963, Tai 1979, Shao & Xiang 1997,
Li etal. 2015, Xie 2018, Chen & Zhang 2019, Wei & Liu 2019,
Wang et al. 2021, Shi et al. 2022, Wang et al. 2022), of which
C. azureus and C. pastoralis were clarified as later synonyms
of C. anomalus and C. epsomiensis, respectively (Dima et
al. 2016, Liimatainen & Ainsworth 2018). Recently, three new
species, C. cinnamomeolilacinus, C. subclackamasensis,
and C. tropicus, were reported based on Chinese specimens
(Zhang et al. 2023). So far, 10 names representing eight
species have been reported in China.

Species of Cortinarius have a strong obligate symbiosis
with plant hosts. The flora of China has strong affinity with
the floras of Europe and western North America, as well as
with tropical Asia (Wu 1979), and plays an important role
in connecting these continents (Li 2008). Therefore, the
investigation of Cortinarius species diversification in China is
very important. In this study, we focus on the Cortinarius sect.
Anomali in China. During the mycological expedition and the
research on the morphology and phylogeny of sect. Anomali
in recent years, we found that although some Chinese
Anomali species have similar appearances to Euro-American
species, they are quite different in microscopic structures and
molecular data. Here, we describe 11 new species based on
morphological, ecological, and molecular studies. In addition,
six species are newly reported in China, and five known
species in China are confirmed. The phylogenetic analyses
are carried out based on nrITS+nrLSU+rpb7+rpb2 datasets.

MATERIALS AND METHODS
Studied specimens and morphological studies

A total of 229 sect. Anomali specimens from China were
studied. All the specimens are deposited in the HMJAU,

HMAS, CFSZ, and/or HBAU herbaria. The morphological
descriptions are based on field notes and photographs of
fresh collections. Microscopic characteristics were obtained
from the dried specimens, which were observed in 5 %
potassium hydroxide solution and/or Melzer’s reagent under
a Zeiss AX10 light microscope, following Xie et al. (2020).
Basidiospore measurements were taken from basidiospores
on lamella surfaces and those deposited on the stipe
apex, veil, or pileus surface. Basidiospore measurements,
averages, and Q values (length/width) were calculated based
on 30—40 basidiospores per specimen, and measurements
in parentheses were exceptional. The ornamentation of
basidiospores was studied using a Hitachi, model SU8010,
field emission scanning electron microscope in Jilin
Agricultural University. All the specimens in this study were
examined with molecular data (Table 1).

Molecular studies

Protocols for DNA extraction, PCR, and cycle sequencing
were in accordance with those described in Papp & Dima
(2018) and Xie et al. (2022). The amplification of the nrITS
region used primers ITS1-F and ITS4 (White et al. 1990,
Gardes & Bruns 1993), nrLSU region with primers LROR
and LR5 (Moncalvo et al. 2000), rpb1 region with primers
RPB1-Af and RPB1-Cr (Stiller & Hall 1997, Matheny et al.
2002) and rpb2 region with primers bRPB2-6F and bRPB2-
7.1R (Matheny & Ammirati 2003; Matheny 2005). The newly
generated sequences were submitted to GenBank. To select
similar sequences for phylogenetic analyses, BLASTn
comparisons against the NCBI (http://blast.ncbi.nim.nih.
gov) and UNITE (http://unite.ut.ee) databases were used.
Cortinarius sect. Bolares was selected as outgroup according
to Dima et al. (2021).

Sequences of nrITS, nrLSU, rpb1, rpb2 loci were aligned
separately with MAFFT v. 7 (http://mafft.cbrc.jp/alignment/
server) choosing the E-INS-I method (Katoh & Standley
2013) under default settings. Based on the work of Nagy
et al. (2012), phylogenetically informative indels in the ITS
region were coded as presence/absence data with FastGap
v. 1.2 (Borchsenius 2009) following the simple indel coding
algorithm (Simmons et al. 2001). The final alignments
including nucleotide and binary data were concatenated in
SeaView v. 5 (Gouy et al. 2021) and were analysed in RAXML
(Stamatakis 2014) and MrBayes v. 3.2.6 (Ronquist et al.
2012). Maximum Likelihood (ML) phylogenetic reconstruction
was performed in raxmIGUI v. 2.0 (Edler et al. 2021) using
rapid bootstrap analysis with 1000 replicates. Six nucleotide
partitions (ITS1, 5.8S, ITS2, LSU, rpb1, rpb2) were set to
the GTRGAMMA substitution model in addition to one binary
partition (indel characters) that was set to default. In the
Bayesian Inference (BI) phylogeny, the alignment was divided
into seven partitions (ITS1, 5.8S, ITS2, LSU, rpb1, rpb2 and
indels) as well. The GTR + G substitution model was applied
to the nucleotide characters, while the two-parameter Markov
model was set for the indels. Two independent runs of four
Markov Chain Monte Carlo (MCMC) were performed each
for 10 M generations, sampling every 1000 generation. The
first 30 % of the trees was discarded as burn-in. For the
remaining trees, a 50 % majority rule consensus phylogram
with posterior probabilities as nodal supports was computed.
The best scoring ML tree from Maximum Likelihood analysis
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Table 1. (Continued).

rpb2 acc. No Locality

rpb1 acc. No

nrLSU acc. No

nriTS acc. No

Voucher

Sections and Species

sect. Spilomei

Germany

AY669654

AY669654

TUB 011523

C. spilomeus

Sweden

KX302267

CFP1137 (neotype)

Sweden

UDB015906
DQ481671

TU105220 (as C. spilomeus)

Cortinarius sp.

Canada, British Columbia

SWUBC741 (as Uncultured clone)

section incertae sedis

New Zealand

JQ287690

PDD94040 (holotype)

C. eunomalus

was further edited and visualized with MEGA v. 7 (Kumar et
al. 2016) and Adobe lllustrator CS4.

RESULTS
Phylogenetic analyses

A total of 293 specimens, including 61 type specimens,
were analysed in this study. This resulted in a total of 109
nriTS, 100 nrLSU, 83 rpb7 and 88 rpb2 sequences were
newly generated from vouchered specimens from China.
The concatenated four-loci dataset including binary data
from gap coding comprises 3830 characters. Alignments are
available in Figshare (doi: 10.6084/m9.figshare.19882870).
The clustering of the species in both ML and Bl phylogenetic
trees from the ML and Bl analyses was supported with
congruent topologies. Some topological differences in the
deeper branches were, however, noticed. The resulting
phylogenetic tree based on our analyses is showed in Fig.
1. Support values were showed on the branch when the ML
bootstrap proportion (MLBP) =70 % and Bayesian posterior
probabilities (BPP) = 0.90.

The phylogenetic analyses showed three sections
and one singleton species. Section Anomali received high
support in our analyses (MLBP/BPP = 100 %/1), as well as
sect. Spilomei (100 %/1), and sect. Bolares (100 %/1) as
outgroup. A total of 66 described species and 23 phylogenetic
species of sect. Anomali were analysed in this study. Based
on the phylogenetic analyses, most species are monophyletic
and strongly supported, except that several cases of species
limit were not fully resolved. Cortinarius albocyaneus and
C. caeruleoanomalus are paraphyletic. Cortinarius nettiaea,
C. tabularis and Cortinarius sp11 are paraphyletic, and got
together with C. anomalopacificus and C. brevissimus with a
strong support (100 %/1). Cortinarius modestus and the very
closely related C. lepidopus are paraphyletic.

Section Anomali is split into six clades, of which the five
small, basal clades consist of mostly Australasian and a few
South American species, C. tristis s. Garnica, Cortinarius
sp20, and Cortinarius sp21 remain singleton species-level
lineages (clade |, clade Il, and clade V), respectively. Three
Australasian species C. durifoliorum, C. rattinoides, and C.
sclerophyllarum together with Colombian uncultured species
Cortinarius sp22 and Cortinarius sp23 formed clade Il with
strong support (100 %/1). Cortinarius suecicolor, Cortinarius
sp18, and Cortinarius sp19 gathered in clade V with high
support (90 %/1). The mostly Northern Hemisphere
species clustered into the largest clade VI with high support
(98 %/1). In this clade, most subclades can be recognized
with moderate to strong support, except several species
remain singletons or without enough support. Cortinarius
caesiifolius, C. perviolaceus, C. rarus, and C. tenneovelatus
are singletons. Cortinarius albomalus, C. barlowensis,
C. luteoperonatus, Cortinarius sp8, and Cortinarius sp17
clustered together but with weak support, and so did C.
anocorium and C. anomalellus, as well as Cortinarius sp2,
Cortinarius sp6, and Cortinarius sp16.
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— C. neocaninus S682 Estonia
C. neocaninus HMJAU48689 China
C. neocaninus TAAM128969 Estonia
C. neocaninus S$594 Estonia
— C. neocaninus G4278 Estonia
— C. neocaninus S703 Estonia
870.99}- C. neocaninus HMJAU44495 China
- C. neocaninus HMAS274789 China
C. neocaninus HMJAU48690 China
— C. neocaninus HMJAU48691 China holotype
C. neocaninus HMJAU48688 China
C. anomalodelicatus JFA8146 USA holotype
C. anomalodelicatus TN11 241 USA
Cortinarius sp13 GO2010171 Mexico
Cortinarius sp12 UBC F17157 Canada
Cortinarius sp12 UBC F17161 Canada
Cortinarius sp4 YM73 Japan
C. anomalomontanus JFA9919 USA holotype
94/0.94 100/1' C. anomalomontanus JFA9973 USA
C. caninus JFAT985 Canada
C. caninus JFA12434 USA
408 L ¢ caninus CFP627 Swed t
. caninus weden neotype
=/0.94—_| C. caninus HMJAU44367 China
C. caninus HMJAU44258 China
a7t C. caninus HMJAU44497 China
931 C. caninus HMAS268204 China
] C. caninus HMJAU44371 China
C. caninus HMJAU44279 China
88/0.09- | C. caninus HMJAU48714 China
C. caninus HMJAU44372 China
C. caninus HMJAU44373 China
10011 C. robustianomalus HMAS254763 China holotype
C. robustianomalus HMAS254764 China
100111 C. rufolilacinus HMJAU48739 China holotype
as/0.08] C. rufolilacinus ZJO003SMJ01 China
C. rufolilacinus HMJAU48745 China
C. rufolilacinus HMJAU48746 China
9911 | C. caeruleoanomalus TENNO68383 USA
C. caetuleoanomalus JFA13084 USA holotype
_in.91| C. albocyaneus CFSZ221343 China
C. albocyaneus NYS F 000864 (C. copakensis holotype) USA
C. albocyaneus CFP1177 Sweden epitype
C. albocyaneus HMAS268417 China
C. albocyaneus HMAS295967 China
C. albocyaneus HMJAU44500 China
- C. albocyaneus HMJAU44504 China
97114 C. albocyaneus HMAS291406 China
7 C. albocyaneus HWAS291444 China
-/0.96 C. albocyaneus HMAS260342 China
- C. albocyaneus HMJAU48710 China
C. epsomiensis HMAS291465 China
li0.00| C. epsomiensis HMAS291466 China
a7t C. epsomiensis HMAS291356 China
85/0.99-] o11| C- epsomiensis HMJAU44505 China
\ C. epsomiensis HMJAU44242 China
I C. epsomiensis KM74963 UK holotype
C. epsomiensis H6031247 (C. pastoralis holotype)
Cortinarius sp14 TN10 141 Canada
C. albidoavellaneus MICH10313 USA holotype
C. jonimitchelliae HLO3 339 Sweden holotype
C. subalbocyaneus 228A Canada
C. subalbocyaneus F18506 Canada
C. subalbocyaneus HB29 Estonia
C. subalbocyaneus szZYM140 Russia
oor1| | C. subalbocyaneus HMJAU48660 China
C. subalbocyaneus HMJAU48661 China
C. subalbocyaneus HMJAU48732 China
C. subalbocyaneus HMJAU48729 China
94/1| C. subalbocyaneus HMJAU48733 China
C. subalbocyaneus HMJAU48731 China
C. subalbocyaneus HMJAU48659 China holotype
C. subalbocyaneus HMJAU48728 China
C. subalbocyaneus HMJAU44282 China
C. subalbocyaneus HMJAU48730 China
C. anocorium H7068022 USA holotype
_{— C. anomalellus TU105328 Estonia
100/1| C. perviolaceus FLAS F61753 USA
L perviolaceus FLAS F32992 USA holotype
63-L C. perviolaceus NL5173 USA

100/1

Fig. 1. Maximum Likelihood (ML) phylogenetic tree showing the species-level relationship in sect. Anomali based on nrITS+ nrLSU+rpb1+rpb2
sequences analyses in RAXML and MrBayes. Clades containing the described Chinese species are highlighted in the green boxes, while the
newly described species are written in blue. Further undescribed species in China are written in green. Sequences generated for this study are
in boldface. The ML bootstrap proportion (MLBP) =270 % as well as Bayesian posterior probabilities (BPP) =2 0.90 are indicated above branches
(MLBP/BPP). Scale bar indicates 0.02 expected changes per site.
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Fig. 1. (Continued).
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Fig. 1. (Continued).
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Fig. 1. (Continued).

TAXONOMY

Atotal of 22 sect. Anomali species from China, including eleven
new species, six new records, and five known species, were
reported based on morphological, ecological, and phylogenetic
data. The species are treated in alphabetical order.

Cortinarius sect. Anomali Konrad & Maubl., Icon. Sel.
Fung. 6: 169. 1930.

Type species: Cortinarius anomalus (Fr.) Fr.

Synonym: Cortinarius sect. Azurei Kihner & Romagn. ex

Melot. Doc. Mycol. 20: 97. 1989.
Type species: Cortinarius azureus Fr.

Basidiomata small-, medium- to large-sized; pileus greyish,
yellowish to brownish, some species with olive or bluish
to violaceous tinges; lamellae often greyish blue, bluish
to violaceous when young; stipe often whitish at first, then
discolouring yellowish, bluish at the apex, base usually
enlarged at first, then cylindrical to clavate, basal mycelium
white to bluish; universal veil white, bluish, yellowish or grey,
spares to copious; context thin to thick, white at first, with
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Fig. 2. Basidiomata. A. Cortinarius albocyaneoides HMJAU 48664 (holotype). B. C. albocyaneus HMJAU 44499. C. C. azureovelatus HMJAU
48736. D. C. campanianomalus HMJAU 48692. E. C. campanianomalus HMJAU 48748 (holotype). F. C. caninus HMJAU 44372. G. C.
epsomiensis HMIJAU 44505. H. C. kranabetteri HMJAU 48644. Photos by M.L. Xie. Scale bars = 20 mm.
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bluish tinges at the stipe apex, usually discolouring yellowish,
sometimes hollow in the stipe; basidiospores globoid to
subgloboid or broadly ellipsoid to ellipsoid, mostly moderately
verrucose, rarely weakly or coarsely verrucose; pileipellis
typically duplex; clamp connections present; associated with
broadleaf trees, conifers, shrubs, and subshrubs.

Cortinarius albocyaneoides M.L. Xie, T.Z. Wei & Y. Li, sp.
nov. MB 843745. Figs 2A, 6A, 7A.

Etymology: The name refers to morphological similarity with
Cortinarius albocyaneus.

Typus: China, Inner Mongolia Autonomous Region, Genhe
County, Mangui Town, in mixed forest of Larix gmelinii
and Betula platyphylla, alt. 630 m, 24 Aug. 2017, M.L. Xie
(holotype HMJAU 48664).

Pileus 16—64 mm diam., at first convex, later plane to plano-
convex, margin persistently incurved, becoming * wavy,
surface somewhat viscid and weakly hygrophanous when
moist, somewhat wrinkled, at first with some greyish white
universal veil, especially at the margin, smooth when mature,
greyish lilac to dull violet grey when young, then slightly
greyish ochraceous to greyish brown, with violet tinge.
Lamellae subadnate at first, then emarginate, moderately
crowded, greyish violet when young, later greyish ochraceous
to brown, edges somewhat paler, even. Stipe 50-95 mm
long, 6-10 mm thick, cylindrical to subcylindical, slightly
thickened at the base, surface shiny white fibrillose, violet
tinged when young, later dull whitish to yellowish. Universal
veil whitish to greyish white, forming fibrils on pileus surface
and sock like sheath on the stipe when young, later becoming
yellowish. Context fleshy, hygrophanous when moist, soft,
becoming hollow, at first greyish violet at the pileus and upper
part of stipe, yellowish below, becoming yellowish in age.
Odour indistinct. Taste mild. Basidiospores (6.9—)7.3-8.7 x
5.8-6.8 ym, Q = 1.11-1.34, Xav. = 7.6-7.9 x 6.2-6.5 ym,
Qav. = 1.20-1.25, subgloboid to broadly ellipsoid, moderately
verrucose. Basidia clavate, 4-spored, hyaline to subhyaline,
rarely yellowish to yellowish brown. Lamellar edge fertile.
Pileipellis duplex: epicutis well developed, hyphae loosely
interwoven, hyaline or yellowish to yellowish brown, 2-10.5
pum wide, smooth; hypocutis well developed, hyphae 10-22
Mm wide, hyaline or slightly yellowish brown, somewhat
cellular, smooth. Clamp connections present.

Ecology and distribution: Solitary or gregarious in mixed
forests of Larix gmelinii and Betula platyphylla. Known from
Northeast China, as well as from Japan based on molecular
data.

Additional specimens examined: China, Inner Mongolia
Autonomous Region, Genhe County, Mangui Town, in mixed
forest of Larix gmelinii and Betula platyphylla, alt. 630 m, 24
Aug. 2017, M.L. Xie, HMJAU 48637, HMJAU 48663; Genhe
County, Mangui Town, Ningcuishan Park, in mixed forests
of Larix gmelinii and Betula platyphylla, alt. 820 m, 25 Aug.
2017, M.L. Xie, HMJAU 48665

Additional nrITS sequences data from public sequence
repositories: Japan, Yamanashi, Mount Fuji, AB848433,

YM580 from root tip, as uncultured Cortinarius in GenBank;
Morioka, Pinus densiflora, AB251830, Pdmt24 as uncultured
ectomycorrhizal fungus in GenBank; Hokkaido, Abies
sachalinensis, LC711478, a317_GR1_ma_td_4_1_
sirokoke2_e192_TD from root tip, as uncultured fungus in
GenBank, LC711479, a207_GR1_chi7_1_sirokoke1 from
root tip, as uncultured fungus in GenBank, LC711480, a302_
GR1_chi3_2_sirokoke2 from root tip, as uncultured fungus;
LC711481, a102_PC1_chi7_2_sirokoke from root tip, as
uncultured fungus in GenBank.

Notes: Cortinarius albocyaneoides produces small- to
medium-sized basidiomata, a greyish violet to greyish brown
pileus, and subgloboid to broadly ellipsoid basidiospores. The
Chinese specimens occur in mixed forests of Larix gmelinii
and Betula platyphylla. Moreover, based on the root data
from Japan, this species also occurs with Pinus and Abies.
Its appearance is similar to that of C. albocyaneus and C.
epsomiensis. However, the basidiospores of C. albocyaneus
and C. epsomiensis are rather large, on average 8.5-9
x 6-7.5 ym and 8.5-9 x 7-8 um, respectively (Dima et al.
2016). The nrITS sequences of all Chinese specimens are
identical and the holotype differs from other known members
of sect. Anomali by at least 17 substitutions and indel
positions. Six nrITS sequences in GenBank that originated
from Japan, AB848433 from an ectomycorrhizal root tip in the
Fuji Mountains, AB251830 from an uncultured specimen in
Morioka and LC711478-LC711481 from ectomycorrhizal root
tips of Abies sachalinensis in Hokkaido, are clustered with
Chinese collections and considered as C. albocyaneoides.

Cortinarius albocyaneus Fr., Monogr. Hymenomyc. Suec.
(Upsaliae) 2: 62. 1863. Figs 2B, 6B, 7B.

Pileus 37-65 mm diam., sometimes up to 100 mm, at first
convex, later plane to plano-convex, margin persistently
incurved, surface somewhat viscid and weakly hygrophanous
when young or moist, somewhat shiny to distinctly glittery
when dry, at first with veil remnants, especially at the margin,
smooth when mature, light blue to greyish blue when young,
finally slightly greyish ochraceous to greyish brown, rarely
entirely light blue even when old. Lamellae subadnate at
first, then emarginate, moderately crowded, greyish violet
when young, later greyish ochraceous to brown, edges paler,
uneven. Stipe 45-100 mm long, 4—10 mm thick, cylindrical
to clavate, slightly thickened at the base, surface shiny white
fibrillose, at first pale violet, later becoming bluish tinged at
apex, yellowish to brownish downwards, basal mycelium
whitish, sometimes with bluish tinges. Universal veil sparse,
bluish white, forming fibrils on pileus surface and sock like
sheath on the stipe, later becoming yellowish. Context rather
thin, hygrophanous when moist, stipe sometimes hollow, at
first bluish white at the pileus and upper part of the stipe,
yellowish below, later becoming yellowish. Odour somewhat
radish. Taste mild. Basidiospores (6.0-)7.6-8.9 x (4.6-)5.8—
7.2 ym, Q = 1.14-1.32, Xav. = 8.1 x 6.7 ym, Qav. = 1.21—
1.24, subgloboid to broadly ellipsoid, moderately verrucose,
indextrinoid. Basidia clavate, 4-spored, hyaline to subhyaline,
rarely yellowish to yellowish brown. Lamellar edge fertile.
Pileipellis duplex: epicutis well developed, hyphae upward
loosely entangled, hyaline or yellowish brown, 3—7 ym wide,
smooth or weakly encrusted; hypocutis well developed,
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hyphae 7-22 pm wide, hyaline or slightly yellowish brown,
enlarged, almost isodiametric, somewhat irregular. Clamp
connections present.

Ecology and distribution: Solitary or gregarious under
deciduous forests of Betula and/or Quercus, also in mixed
forests of Betula and Pinaceae (Abies, Larix and/or Pinus).
Known from Beijing, Hebei, Heilongjiang, Inner Mongolia,
Jilin, and Sichuan of China. Widespread in Europe, North
America and Siberia of Russia as well.

Specimens examined: China, Beijing Municipality, Fangshan
District, Baihuashan National Nature Reserve, in Betula
albosinensis forest, alt. 1850-1970 m, 25 Aug. 2020, K.
Wang, HMAS 291443, HMAS 291444, HMAS 291446,
T.Z. Wei, HMAS 295967; Hebei Province, Laiyuan County,
Baishishan Geopark, in Betula albosinensis forest, alt. 1900
m,21 Aug. 2019, M.L. Xie, HMJAU 48707, HMJAU 48708,
HMJAU 48712; 21 Aug. 2020, Y.B. Guo, HMAS 291406; 25
Aug. 2020, T.T. Fan, HMAS 291371, HMAS 291374, X.N.
Shan, HMAS 291360; Heilongjiang Province, Dongning
County, alt. 415 m, 5 Sep. 2009, T.Z. Wei, HMAS 260342;
Inner Mongolia Autonomous Region, Genhe County, Mangui
Town, Ningcuishan Park, in mixed forest of Larix gmelinii and
Betula platyphylla, alt. 820 m, 25 Aug. 2017, M.L. Xie, HMJAU
44483; Arxan County, in Betula platyphylla forest, alt. 1200
m, 22 Aug. 2018, M.L. Xie, HMJAU 44498, HMJAU 44499,
HMJAU 44500; Kalaqin Qi, Ma’anshan National Forest Park,
2 Sep. 2019, T.Z. Liu & Y.M. Gao, CFSZ 21464; Ningcheng
County, Heilihe National Nature Reserve, Dabagou, 29 Aug.
2019, T.Z. Liu & Wulantuya, CFSZ 21343; Jilin Province, Antu
County, Changbai Mountain National Nature Reserve, in
Betula platyphylla forest, alt. 1100 m, 6 Sep. 2018, M.L. Xie,
HMJAU 44501; 19 Sep. 2020, M.L. Xie, HMJAU 48740; in
Quercus mongolica dominated forest with Betula platyphylla
and Aceraceae, alt. 770 m, 20 Sep. 2020, M.L. Xie, HMJAU
48741; Yanji County, Sandaowan Town, Wupiyegou, in
Quercus mongolica forest, alt. 580 m, 7 Sep. 2018, M.L. Xie,
HMJAU 44502, HMJAU 44503, HMJAU 44504; 4 Sep. 2019,
M.L. Xie, HMJAU 48709, HMJAU 48710, HMJAU 48711; 22
Sep. 2020, M.L. Xie, HMJAU 48742; Sichuan Province, Xiaojin
County, Siguniang Mountain, alt. 2014 m, 15 Aug. 2013, W.L.
Lu, HMAS 268389, HMAS 268417, HMAS 268519; in mixed
forest with Abies, alt. 3468 m, 17 Aug. 2015, T.Z. Wei & D.
Wang, HMAS 274394, HMAS 274404; Balang Mountain, in
mixed forest of Abies and Betula, alt. 3459 m, 18 Aug. 2015,
T.Z. Wei & D. Wang, HMAS 274469, HMAS 274474; in mixed
forest of Abies, Betula and Pinus, alt. 3345 m, 19 Aug. 2015,
T.Z. Wei & D. Wang, HMAS 274507 .

Notes: Cortinarius albocyaneus, a newly recorded species in
China, is a very common species and widely distributed in the
temperate zone of Northern Hemisphere. It is characterized by
a greyish blue, somewhat viscid, weakly hygrophanous pileus
in young or moist conditions. Phylogenetically, C. albocyaneus
formed a sister relationship with North American C.
caeruleoanomalus from which it differs by seven substitutions
and indel positions. The nrlTS sequences between Chinese
specimens and epitype specimen of C. albocyaneus
(KX302206) are identical or have one to two substitutions.

Cortinarius azureovelatus P.D. Orton, Naturalist, Leeds
(Suppl.): 147. 1958. Figs 2C, 6C, 7C.

Pileus 50-110 mm diam., hemispherical at first, later convex
to plane, somewhat wavy at the margin, surface viscid to
somewhat glutinous when moist, somewhat shiny to distinctly
glittery when dry, not hygrophanous, innately fibrillose,
sometimes wrinkled when mature, at first pale to yellowish,
then brownish yellow, paler atthe margin. Lamellae emarginate
at first, then adnate, moderately crowded, violet when young,
later greyish brown to rusty brown, edges almost even. Stipe
55—-120 mm long, 12—23 mm thick, cylindrical to subcylindical,
slightly thickened at the base, surface with white fibrillose,
later becoming yellowish, bluish tinge at the stipe apex, basal
mycelium whitish. Universal veil yellowish, forming a sock
like sheath on the stipe. Context fleshy, thick, strong bluish
violet when young, especially at the stipe apex, later white
to yellowish, sometimes somewhat hollow in the stipe when
mature. Odour indistinct or somewhat raphanoid. Taste mild.
Basidiospores 7.4-9.7 x 6.3-7.7 ym, Q = 1.06-1.34, Xav.
= 7.9-9.0 x 6.8-7.0 ym, Qav. = 1.15-1.27, subgloboid to
broadly ellipsoid, rarely ellipsoid, rather weakly to moderately
verrucose. Basidia clavate, 4-spored, hyaline to subhyaline,
rarely yellowish to yellowish brown. Lamellar edge fertile.
Pileipellis duplex: epicutis well developed, hyphae upward
loosely entangled, hyaline or yellowish to yellowish brown,
3-7 um wide, smooth; hypocutis well developed, hyphae
9-25 pm wide, hyaline or slightly yellowish brown, cylindrical,
smooth. Clamp connections present.

Ecology and distribution: Solitary or gregarious under Betula
and/or Quercus. Known from Northeast China. Widespread
in Europe and Siberia of Russia as well.

Specimens examined: China, Heilongjiang Province, Heihe
City, Shengshan National Nature Reserve, in Betula platyphylla
forest, alt. 300 m, 20 Aug. 2017, G.H. Cheng, HMJAU 48654,
HMJAU 48655, HMJAU 48713; Inner Mongolia Autonomous
Region, Arxan County, in Betula platyphylla forest, alt. 1200
m, 22 Aug. 2018, M.L. Xie, HMJAU 48656; Jilin Province,
Antu County, Changbai Mountain National Nature Reserve, in
Quercus mongolica dominated forest with Betula platyphylla
and Aceraceae, alt. 770 m, 20 Sep. 2020, M.L. Xie, HMJAU
48734, HMJAU 48735, HMJAU 48736, HMJAU 48737; Yanji
County, Sandaowan town, Wupiyegou, in Quercus mongolica
forest, alt. 580 m, 7 Sep. 2018, M.L. Xie, HMJAU 48657;
Jiaohe County, Haiqing Forest Farm, in broadleaf forest of
Betula platyphylla and Aceraceae, alt. 360 m, 13 Sep. 2018,
M.L. Xie, HMJAU 48658.

Notes: Cortinarius azureovelatus is a newly recorded
species in China. It is characterized by its robust, ochraceous
basidiomata, and viscid to somewhat glutinous pileus. Bluish
tinges are only present on the lamellae and stipe apex of
young specimens. This species usually occurs in broadleaf
forests, associated with Betula and Quercus. The sister
species of C. azureovelatus is C. albidipes from which it
differs by six substitutions and indel positions in nrlTS region,
with a similarity of 99.0 %.
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Cortinarius campanianomalus M.L. Xie, T.Z. Wei & Y. Li,
sp. nov. MB 843746. Figs 2D, E, 6D, 7D.

Etymology: From the Latin campanus-, bell, referring to the
shape of the pileus and associated with sect. Anomali.

Typus: China, Xizang Autonomous Region, Linzhi City,
Sejila Mountain, in Abies georgei var. smithii forest with
Rhododendron, alt. 4120 m, 5 Sep. 2020, M.L. Xie (holotype
HMJAU 48748).

Pileus 10-53 mm diam., campanulate when young, then
expanded with a broadly umbonate, margin becoming + wavy,
surface somewhat viscid and weakly hygrophanous when
moist, wrinkled when mature, at first surface with patches
of yellowish universal veil remnants, dull greyish orange to
brown. Lamellae subadnate to adnexed, subdistant, violet
white to greyish violet when young, later greyish orange to
brown, edges paler, even. Stipe 45-90 mm long, 4-9 mm
thick above, cylindrical, surface yellowish fibrillose, bluish
tinges at the upper part, basal mycelium whitish. Universal
veil yellowish, forming fibrils on the pileus and sock like sheath
on the stipe. Context thin, hygrophanous when moist, stipe
hollow, greyish brown with bluish tinges at first, especially at
the stipe apex. Odour radish. Taste mild. Basidiospores (8.1—
)8.7-9.7(—11.6) x (6.2—)6.6—7.7(-8.7) ym, Q= 1.14—1.48, Xav.
=9.2-9.4 x 7.1-7.2 ym, Qav. = 1.31-1.32, broadly ellipsoid
to ellipsoid, rather weakly, finely verrucose. Basidia clavate,
4-spored, hyaline to subhyaline, rarely yellowish to yellowish
brown. Lamellar edge fertile. Pileipellis duplex: epicutis well
developed, hyphae parallel, hyaline or yellowish to yellowish
brown, 4—11 ym wide, smooth to slightly encrusted; hypocutis
well developed, hyphae 10-30 ym wide, hyaline to yellowish,
somewhat cellular. Clamp connections present.

Ecology and distribution: Gregarious in moist moss under
coniferous forests. Known from Sichuan, Taiwan and Xizang
of China.

Additional specimens examined: China, Sichuan Province, Li
County, Bipenggou, nearby Zhuomatan, in Pinus dominated
forest with Rhododendron, alt. 3616 m, 23 Aug. 2015, T.Z.
Wei & D. Wang, HMAS 254393, HMAS 254399, HMAS
275083, HMAS 275110; Xizang Autonomous Region, Linzhi
City, Sejila Mountain, in Abies georgei var. smithii forest with
Rhododendron, alt. 4250 m, 30 Aug. 2019, M.L. Xie & J.Z. Li,
HMJAU 48692, HMJAU 48693.

Additional nrITS sequences data from public sequence
repositories: China, Taiwan Province, Hehuan Mountain,
KC679831, wii1A4sp9 from ectomycorrhiza samples of Abies
kawakamii and Tsuga chinensis var. formosana mixed forest,
as Cortinarius sp. in GenBank.

Notes: Cortinarius campanianomalus is characterized by its
slender basidiomata, campanulate, weakly hygrophanous,
+ wrinkled pileus, a vyellowish universal veil, ellipsoid
basidiospores, and alpine coniferous habitats. Bluish
tinges are very slight and only present on the lamellae and
stipe apex when young. In the phylogenetic analyses, this
species clustered together with C. latiodistributus and C.
clackamasensis with a strong support in Bl analysis but not

in ML. Cortinarius latiodistributus is the most closely related
species of C. campanianomalus from which it differs by
20 substitutions and indel positions in nrITS region, with a
similarity of 96.7 %.

Cortinarius caninus (Fr.) Fr., Epicr. syst. mycol. (Upsaliae):
285. 1838. [1836—-1838]. Figs 2F, 6E, 7E.

Pileus 46—-87 mm diam., hemispherical when young, then
plane to convex, margin incurved, surface not viscid, not
hygrophanous, innately fibrillose, greyish brown with bluish
at first, then ochrace brown to yellowish brown, paler at the
margin, dull. Lamellae emarginate, moderately crowded,
greyish blue at first, soon greyish orange to brown, edges
almost even. Stipe 60—100 mm long, 8—13 mm thick above,
cylindrical, slightly thickened at the base, surface whitish
fibrillose, bluish tinges at the upper part, basal mycelium
whitish. Universal veil white, soon yellowish, usually forming
a thin, incomplete band on the stipe. Context thick, firm at
first, white, with bluish tinges at the stipe apex, later becoming
yellowish, becoming hollow in the stipe. Odour indistinct.
Basidiospores 7.1-9.7 x 5.8-7.7 ym, Q = 1.13-1.55, Xav. =
8.4-8.8 x 6.5-6.8 ym, Qav. = 1.23-1.37, subgloboid, broadly
ellipsoid to ellipsoid, moderately verrucose. Basidia clavate,
4-spored, hyaline to subhyaline, rarely yellowish to yellowish
brown. Lamellar edge fertile. Pileipellis duplex: epicutis thinly
to moderately developed, hyphae interwoven, hyaline or
yellowish to yellowish brown hyphae, 3-8 pm wide, smooth
to slightly encrusted; hypocutis well developed, hyphae
10-20 pym wide, hyaline or slightly yellowish brown. Clamp
connections present.

Ecology and distribution: Sparse to gregarious in Larix
gmelinii forests or mixed forests with Betula platyphylla,
sometimes in broadleaf forests of Betula and Populus. Known
from Heilongjiang, Inner Mongolia, Sichuan, and Xinjiang of
China. Widespread in Europe and North America as well
under coniferous forests.

Specimens examined: China, Heilongjiang Province, Mohe
County, Qianshao Forest Farm, in Larix gmelinii forest, alt.
510 m, 26 Aug. 2016, M.L. Xie, HMJAU 44258; Tahe County,
Taergen Forest Farm, in Larix gmelinii forest, 21 Aug. 2017,
M.L. Xie, Y. Wang & Z.H. Luo, HMJAU 44367, HMJAU 44371,
HMJAU 44372, HMJAU 44373; Talin Forest Farm, in Larix
gmelinii forest, alt. 400 m, 28 Aug. 2016, M.L. Xie, HMJAU
44279; Inner Mongolia Autonomous Region, Genhe County,
Jinhe Town, in Larix gmelinii forest, alt. 750 m, 25 Aug. 2018,
M.L. Xie, HMJAU 44497; Mangui Town, in mixed forest of
Larix gmelinii and Betula platyphylla, alt 640 m, 10 Sep. 2019,
M.L. Xie, HMJAU 48714; Sichuan Province, Seertar County,
alt. 3092 m, 11 Aug. 2013, W.L. Lu, HMAS 268204; Xinjiang
Uygur Autonomous Region, Zhaosu County, in broadleaf
forest of Betula and Populus, alt. 2244 m, 31 July 2021, Y.
Wang, HMJAU 49114, HMJAU 49115.

Notes: Cortinarius caninus is a newly recorded species
in China. It is characterized by robust basidiomata and an
ochraceous brown and dry pileus. In China, it is usually
associated with Larix gmelinii, as well as some broadleaf
trees like Betula and Populus. The bluish tinges are only
present in the pileus, lamellae, and stipe apex when young.
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Basidiospores are somewhat narrower than European and
North American specimens (Dima et al. 2016, 2021). The
newly generated Chinese nrITS sequences and the neotype
sequence KX302206 have two to five substitutions and indel
positions, with a similarity of 99.2-99.7 %, here we recognize
the Chinese specimens as C. caninus.

Cortinarius cinnamomeolilacinus Q.Y. Zhang et al., Front.
Cell. Infect. Microbiol. 13: 10. 2023.

Notes: Cortinarius cinnamomeolilacinus is widely distributed
in tropical and subtropical China, usually having small
basidiomata, the pileus being hemispheric to plano-convex,
with a low umbo, pale silvery grey to lilac, the lamellae violet,
greyish violet to brown, and the basidiospores subglobose to
broadly ellipsoid. It is usually associated with Fagaceae or
Pinaceae. For the detailed description and illustrations of this
species, see Zhang et al. (2023).

Cortinarius epsomiensis P.D. Orton, Naturalist, Leeds
(Suppl.): 147. 1958. Figs 2G, 6F, 7F.

Synonym: Cortinarius pastoralis Soop et al., Mycol. Progr.
15: 914. 2016.

Pileus 25-70 mm diam., hemispherical when young, later
convex to plane, with a broadly umbonate at the centre,
margin becoming * wavy, surface somewhat viscid when
moist, not hygrophanous, innately fibrillose, greyish white
when young, then yellowish brown to slightly ochraceous
brown, with some dark striates radially, yellowing from the
centre. Lamellae emarginate, moderately crowded, greyish
violet when young, then greyish brown, edges paler, uneven.
Stipe 55-77 mm long, 8-10 mm thick, cylindrical, slightly
thickened at the base, surface whitish fibrillose, bluish tinges
at the stipe apex, basal mycelium whitish. Universal veil
sparse, white at first, then yellowish. Context fleshy, white,
with bluish tinges at the stipe apex, later yellowish brown
at base, sometimes hollow in the stipe. Odour indistinct to
somewhat radish. Taste mild. Basidiospores 7.3-9.7 x 6.3—
7.7 ym, Q = 1.04-1.38, Xav. = 8.4-8.6 x 6.9-7.2 ym, Qav.
= 1.18-1.24, subgloboid to broadly ellipsoid, moderately to
rather strongly and densely verrucose, indextrinoid. Basidia
clavate, 4-spored, hyaline to subhyaline, rarely yellowish to
yellowish brown. Lamellar edge fertile. Pileipellis duplex:
epicutis well developed, hyphae loosely interwoven, hyaline
to slightly yellowish brown, 3.0-7.7 ym wide, smooth to
slightly encrusted; hypocutis well developed, hyphae 8.7—
17.4 pym wide, almost hyaline, somewhat cellular, smooth.
Clamp connections present.

Ecology and distribution: Scattered or gregarious, associated
with Betula in Northeast China. Widespread in Europe as
well, associated with several deciduous trees and with
Helianthemum.

Specimens examined: China, Beijing Municipality, Fangshan
District, Baihuashan National Nature Reserve, in Betula
albosinensis forest, alt. 1954 m, 21 Aug. 2020, T.Z. Wei,
HMAS 291465, HMAS 291466; Hebei Province, Laiyuan
County, Baishishan Geopark, alt. 1931 m, 25 Aug. 2020,
X.N. Shan, HMAS 291356; Heilongjiang Province, Mohe
County, Gulian Forest Farm, in Betula platyphylla forest,

alt. 550 m, 25 Aug. 2016, M.L. Xie, HMJAU 44241, HMJAU
44242; Inner Mongolia Autonomous Region, Hexigten Qi,
Huanggangliang, in Betula platyphylla forest, alt. 1743 m,
3 Sep. 2018, T.Z. Wei, ZW. Peng, J.Y. Zhuang & T.Z. Liu,
HMAS 279963; Arxan County, in Betula platyphylla forest, alt.
1200 m, 22 Aug. 2018, M.L. Xie, HMJAU 44505.

Notes: Cortinarius epsomiensis is an ochraceous to brown
and slender species. It occurs in broadleaf forests in northern
China, especially associated with Betula. This species was
reported as C. pastoralis in China (Xie 2018, Wei & Liu 2019).
It is also associated with Helianthemum, Corylus, and Tilia
in Europe (Dima et al. 2016, Liimatainen & Ainsworth 2018).
Phylogenetically, the sister species of C. epsomiensis is
Cortinarius sp14 from which it differs by six substitutions and
indel positions in nrITS region, with a similarity of 99.0 %.

Cortinarius kranabetteri Niskanen et al., Mycol. Progr. 20:
1425. 2021. Figs 2H, 6G, 7G.

Pileus 16-54 mm diam., at first hemispherical, later plane
to convex, surface viscid when moist, somewhat shiny
to distinctly glittery when dry, not hygrophanous, at first
yellowish fibrillose, smooth when mature, violet white when
young, finally greyish ochreous to greyish brown. Lamellae
emarginate, moderately crowded, lilac to greyish violet when
young, later greyish orange to brown, edges even at first,
then slightly serrate. Stipe 43—90 mm long, 10—11 mm thick,
cylindrical to subcylindical, slightly thickened at the base, 10—
25 mm thick, surface shiny white fibrillose, white with bluish
tinges when young, then yellowish, basal mycelium whitish.
Universal veil yellowish, forming fibrils on pileus surface and
sock like sheath on the stipe, later sparse. Context in pileus
fleshy, white, in stipe bluish tinges at apex, becoming white
to greyish white at base, soft to hollow. Odour radish. Taste
mild. Basidiospores 6.7-9.3 x 5.7-7.2 ym, Q = 1.06-1.40,
Xav. = 7.5-7.9 x 6.0-6.4 ym, Qav. = 1.21-1.24, subgloboid
to broadly ellipsoid, weakly, finely to moderately verrucose.
Basidia clavate, 4-spored, hyaline to subhyaline, rarely
yellowish to yellowish brown. Lamellar edge fertile. Pileipellis
duplex: epicutis well developed, hyphae interwoven, hyaline
or yellow to yellowish brown, hyphae 2.5-8.0 ym wide,
smooth; hypocutis well developed, hyphae 10-30 ym wide,
hyaline to slightly yellowish brown, cylindrical to enlarged,
smooth. Clamp connections present.

Ecology and distribution: Known from Heilongjiang, and
Inner Mongolia under Betula platyphylla or mixed with Larix
gmelinii, also from Xizang in mixed forests of Abies, Betula,
Quercus and Rosaceae. Widespread in North America, under
conifer or mixed with Populus, also known from Estonia in
Europe based on the molecular data from soil samples.

Specimens examined: China, Heilongjiang Province, Mohe
County, Gulian Town, in Betula platyphylla forest, alt. 550
m, 25 Aug. 2016, M.L. Xie, HMJAU 48644, HMJAU 48645,
HMJAU 48646; Inner Mongolia Autonomous Region, Genhe
County, Mangui Town, Ningcuishan Park, in mixed forest of
Betula platyphylla and Larix gmelinii, alt. 820 m,1 Sep. 2016,
M.L. Xie, HMJAU 48647, HMJAU 48648; 25 Aug. 2017, M.L.
Xie, HMJAU 48643; Xizang Autonomous Region, Mainling
County, Lilonggou, in mixed forest of Abies, Betula, Quercus
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and Rosaceae, alt. 3219 m, 14 Sep. 2016, T.Z. Wei, Z.X. Wu,
L. Yang, H.D. Zheng & X.C. Wang, HMAS 277353, HMAS
277354.

Notes: This is the first report of C. kranabetteri from China.
It produces small- to medium-sized basidiomata. The
pileus is often viscid when moist, shiny to distinctly glittery
when dry, and the basidiospores are subgloboid to broadly
ellipsoid. The sequences of the Chinese specimens formed
a strongly supported monophyletic group with the holotype.
Phylogenetically, C. kranabetteri formed a sister relationship
with C. perrotensis and differs by six substitutions and indel
positions in nrITS region, with a similarity of 99.0 %.

Cortinarius lepidopus Cooke, Grevillea 16(no. 78): 43.
1887. Figs 3A, 6H, 7H.

Pileus 33-72 mm diam., hemispherical when young,
later plane to convex with rounded umbo, surface weakly
hygrophanous when moist, at first white fibrillose, especially at
the margin, sometimes slightly wrinkled, dull yellowish brown
with somewhat reddish, margin paler. Lamellae adnexed to
emarginate, moderately crowded, violet when young, then
greyish blue to yellowish brown, edges uneven. Stipe 65—
78 mm long, cylindrical at above, 12—-15 mm thick, clavate
at base, 10-21 mm, white fibrillose, bluish tinges at apex,
basal mycelium whitish. Universal veil white, forming a white
sock like sheath on the stipe, then discolouring yellowish,
sometimes forming a ring at the middle of the stipe. Context
in pileus rather thin, white, in stipe bluish tinges, especially at
apex. Odour indistinct. Basidiospores 6.3-8.4(-9.0) x 5.1—
6.9 ym, Q = 1.10-1.39, Xav. = 7.2-7.6 x 5.9-6.1 ym, Qav.
= 1.18-1.27, subgloboid to broadly ellipsoid, rather weakly
to moderately verrucose. Basidia clavate, 4-spored, hyaline
to yellowish brown. Lamellar edge fertile. Pileipellis duplex:
epicutis thinly developed, hyphae parallel, hyaline to yellowish
brown, 4-12 ym wide, smooth; hypocutis well developed,
hyphae 15-34 um wide, hyaline to slightly yellowish brown,
smooth. Clamp connections present.

Ecology and distribution: Known from Northeast China under
Betula platyphylla, or mixed with Larix gmelinii, and from
Xizang under mixed forests dominated by Abies georgei var.
smithii. It also known from Europe and Western Siberia in
coniferous forests.

Specimens examined: China, Heilongjaing Province, Mohe
County, Qianshao Forest Farm, in mixed forest of Larix
gmelinii and Betula platyphylla, alt. 540 m, 20 Aug. 2017, M.L.
Xie, HMJAU 48634, HMJAU 48635, HMJAU 48636; in Betula
platyphylla forest, alt. 540 m, 25 Aug. 2016, M.L. Xie, HMJAU
48641; Gulian Forest Farm, in Betula platyphylla forest, alt.
550 m, 25Aug. 2016, M.L. Xie, HMJAU 48640; Inner Mongolia
Autonomous Region, Genhe County, ManGui Town, in mixed
forest of Larix gmelinii and Betula platyphylla, alt. 630 m,
24 Aug. 2017, M.L. Xie, HMJAU 48638, HMJAU 48639; 10
Sep. 2019, M.L. Xie, HMJAU 48715; Xizang Autonomous
Region, Linzhi City, Lulang Town, Sejila Mountain, in Abies
dominated forest with Rhododendron, alt. 3340 m, 7 Sep.
2014, T.Z. Wei, J.Y. Zhuang, X.Y. Liu & H. Huang, HMAS
271923, HMAS 271997, HMAS 272035, HMAS 273324; in
Abies dominated forest with scattered Quercus aquifolioides,

Rhododendron and Rosa, alt. 3451 m, 22 Sep. 2015, T.Z. Wei
& B.B. Li, HMAS 275384, HMAS 275397, Linzhi City, Sejila
Mountain, in Abies georgei var. smithii dominated forest with
Rhododendron, Sep. 2014, S.R. Wang, HMJAU 48744.

Notes: Cortinarius lepidopus is a newly recorded species in
China. It is characterized by the greyish brown to reddish
brown pileus without bluish tinges and the yellowish universal
veil. The Chinese specimens are distributed in two floras,
northeast China and the Tibetan Plateau, in which the nrITS
sequences from the specimens of northeast China are
identical to European sequences, while the nrlTS sequences
from the specimens of the Tibetan Plateau usually differ from
others by three to four substitutions and indel positions. The
Tibetan specimens are almost indistinguishable from other
specimens in morphology, except that they have three to
four substitutions and indel positions, as well as a special
plateau ecology, so they were treated as C. lepidopus. The
taxonomy of this species in China requires further research.
Phylogenetically, C. lepidopus and C. modestus are
paraphyletic, but the sequences of C. lepidopus consistently
differ from those of the latter by at least two nucleotides in
the nrITS region, and here we treat them as different species
following Dima et al. (2021).

Cortinarius microalbocyaneus M.L. Xie, T.Z. Wei, Y. Li &
Dima, sp. nov. MB 843748. Figs 3B, C, 61, 7I.

Etymology: The name refers to the small-sized basidiomata
and similarity to Cortinarius albocyaneus.

Typus: China, Jilin Province: Yanji County, Sandaowan
Town, Wupiyegou, under Quercus mongolica with scattered
Pinus koraiensis, alt. 580 m, 4 Sep. 2019, M.L. Xie (holotype
HMJAU 48706).

Pileus 23-32 mm diam., convex when young, later plane,
surface somewhat viscid when moist, innately fibrillose, with
patches of pale yellowish universal veil remnants at the margin,
sometimes wrinkle, especially at the margin when mature,
at first greyish lilac to greyish violet, then greyish orange
from centre. Lamellae emarginate to adnexed, moderately
crowded, pale violet to greyish violet when young, later pale
orange to brown, even at first, then with weakly serrate.
Stipe 40—-47 mm long, 6-8 mm thick, subclavate to clavate,
somewhat thickened at the base, up to 11-12 mm, whitish,
blue tinges at the stipe apex when young, later yellowish,
basal mycelium whitish. Universal veil yellowish, sparse,
sometimes forming fibrils on pileus surface and sock like
sheath on the stipe. Context in pileus fleshy, hygrophanous
when moist, bluish when young, especially at the stipe apex,
later white, sometimes hollow in stipe. Odour radish. Taste
mild. Basidiospores 6.2—7.7 x 5.4-6.8 ym, Q = 1.06-1.33,
Xav. = 6.8-7.2 x 5.8-6.2 ym, Qav. = 1.17-1.20, subgloboid
to broadly ellipsoid, rather weakly verrucose. Basidia clavate,
4-spored, hyaline to subhyaline, rarely yellowish to yellowish
brown. Lamellar edge fertile. Pileipellis duplex: epicutis
thinly developed, hyphae somewhat interwoven, hyaline
or yellowish to yellowish brown, 2.5-7.5 ym wide, slightly
encrusted; hypocutis well developed, hyphae 12-27 pum
wide, hyaline to slightly yellowish brown, somewhat cellular,
smooth. Clamp connections present.



Persoonia — Volume 54, 2025

Fig. 3. Basidiomata. A. C. lepidopus HMJAU 48715. B. C. microalbocyaneus HMJAU 48649. C. C. microalbocyaneus HMJAU 48706 (holotype).
D. C. neocaninus HMJAU 44495. E. C. neocaninus HMJAU 48691 (holotype). F. C. perrotensis HMJAU 48662. G. C. gilianensis HMIJAU 44508
(holotype). H. C. gilianensis HMJAU 48666. Photos by: A—F, H. M.L. Xie; G. S.L. Wei. Scale bars = 20 mm.
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Ecology and distribution: Known from Northeast China in
Betula platyphylla forests or Quercus mongolica dominated
forests. It may be associated with Pinus based on the
sequences (LC175062) of mycorrhizal root tips, too. Also
known from Canada, Japan and USA based on molecular
data.

Additional specimens examined: China, Jilin Province: Yanji
County, Sandaowan Town, Wupiyegou, under Quercus
mongolica, with scattered Pinus koraiensis, alt. 580 m, 7
Sep. 2018, M.L. Xie, HMJAU 48649, HMJAU 48650, HMJAU
48651, HMJAU 48652; ibid., 8 Sep. 2018, M.L. Xie, HMJAU
48653; ibid., 4 Sep. 2019, M.L. Xie, HMJAU 48702, HMJAU
48703, HMJAU 48704, HMJAU 48705; ibid., 23 Sep. 2020,
M.L. Xie, HMJAU 48721, HMJAU 48722, HMJAU 48723,
HMJAU 48724, HMJAU 48725, HMJAU 48726, HMJAU
48727; Antu County, Changbai Mountain National Nature
Reserve, under Betula platyphylla, alt. 1110 m, 19 Sep. 2020,
M.L. Xie, HMJAU 48720; Ji'an County, Wunvfeng National
Forest Park, unknown date, Y.L. Tuo, HMJAU 60641.

Additional nrITS sequences data from public sequence
repositories: Canada, British Columbia, Interior Cedar
Hemlock Forests, DQ097877, OUC97234 as C. alboviolaceus
in GenBank; Québec, Riviere-a-Pierre, MW845268, MQ21-
HRL1598-QFB32934 as Cortinarius sp. in GenBank;
Riviere-au-Tonnerre, 0Q321992, MQ22-QFB33093-
HRL3520 as Cortinarius sp. in GenBank. Japan, Iwate, Mt.
Hayachine, LC175062, YM1162 from Pinus parviflora root
tips, as Cortinarius sp. in GenBank. USA, New Hampshire,
MT345185, CNV8 as Cortinarius sp. in GenBank.

Notes: Cortinarius microalbocyaneus is characterized by
small-sized basidiomata (pileus < 50 mm diam.), greyish blue
to yellowish brown pileus, clavate and somewhat hollow stipe,
and subgloboid and small-sized basidiospores. Cortinarius
albocyaneus and C. epsomiensis are morphologically
similar species but can be distinguished by their + shiny
to distinctly glittery pileus and larger basidiospores of C.
albocyaneus (8.5-9.0 x 6.0-7.5 ym) and C. epsomiensis
(8.5-9 x 7-8 um) (Dima et al. 2016, Liimatainen & Ainsworth
2018). Cortinarius microalbocyaneus also shares a similar
appearance with C. albocyaneoides and C. subalbocyaneus.
But C. albocyaneoides and C. subalbocyaneus have
larger basidiospores and are associated with Larix and
Betula. HMJAU 60641 was labeled as C. anomalus by
Tuo et al. (2022), here we treat it as C. microalbocyaneus.
Phylogenetically, the sister species of C. microalbocyaneus
is Cortinarius sp9 from which it differs by 16 substitutions
and indel positions in nrITS region, with a similarity of
97.3 %. Five GenBank sequences, DQ097877, M\W845268
and OL891464 from Canada, LC175062 from Japan, and
MT345185 from the USA, were treated as Cortinarius sp. in
Dima et al. (2021), are clustered with the Chinese specimens
and considered as C. microalbocyaneus.

Cortinarius neocaninus M.L. Xie, T.Z. Wei, Y. Li & Dima, sp.
nov. MB 843749. Figs 3D, E, 6J, 7J.

Etymology: The name refers to the affinity with Cortinarius
caninus.

Typus: China, Inner Mongolia Autonomous Region, Genhe
County, Mangui Town, in mixed forest of Larix gmelinii
and Betula platyphylla, alt. 630 m, 10 Sep. 2019, M.L. Xie
(holotype HMJAU 48691).

Pileus 15-52 mm diam., hemispherical at first, later plane to
convex with a broadly umbonate, surface somewhat viscid
when moist, not hygrophanous, with yellowish fibrillose, at
first olive brown, then greyish orange to brownish orange,
dull. Lamellae subadnate at first, then emarginate, moderately
crowded, violaceous white when young, later greyish
orange to brown, edges paler, somewhat uneven. Stipe
60-90 mm long, 3—6 mm thick, cylindrical to subcylindical,
somewhat thickened at the base (up to 13 mm), surface
white fibrillose, later yellowish, bluish tinges at the apex,
basal mycelium whitish. Universal veil yellowish. Context
fleshy, hygrophanous when moist, hollow in stipe, in pileus
and in stipe violet tinge at first, especially at the stipe apex,
later becoming white. Odour weak. Taste mild. Basidiospores
7.2-10.6 x 5.8-7.7 ym, Q = 1.07-1.59, Xav. = 7.9-8.9 x
6.5-6.8 ym, Qav. = 1.21-1.4, subgloboid, broadly ellipsoid to
ellipsoid, moderately and densely verrucose. Basidia clavate,
4-spored, hyaline to subhyaline, rarely yellowish to yellowish
brown. Lamellar edge fertile. Pileipellis duplex: epicutis thinly
developed, hyphae slightly interwoven, hyaline to yellowish
brown, 3—-13 ym wide, smooth to slightly encrusted; hypocutis
well developed, hyphae 8-20 um wide, hyaline to slightly
yellowish brown, somewhat irregular. Clamp connections
present.

Ecology and distribution: Known from Heilongjiang and Inner
Mongolia of China in Larix gmelinii forests or mixed Betula
platyphylla, and known from Sichuan in mixed forests of
Abies and Quercus, Xinjiang in Abies or Picea forests. Also
known from Estonia based on molecular data.

Additional specimens examined: China, Heilongjiang
Province, Mohe County, Jingou Forest Farm, in mixed
forest of Larix gmelinii and Betula platyphylla, alt. 730 m,
26 Aug. 2016, M.L. Xie, HMJAU 48688; in Larix gmelinii
forest, alt. 500 m, 19 Aug. 2017, M.L. Xie, HMJAU 44495;
Inner Mongolia Autonomous Region, Genhe County, ManGui
Town, in mixed forest of Larix gmelinii and Betula platyphylla,
alt. 630 m, 10 Sep. 2019, M.L. Xie, HMJAU 48690; Sichuan
Province, Xiaojin County, Heshangcun Songrong Protected
Area, in mixed forest of Abies and Quercus, alt. 3578 m, 18
Aug. 2015, T.Z. Wei & D. Wang, HMAS 274431; Xinjiang
Uygur Autonomous Region, Hami City, Haiziyan Town, in
Abies forest, alt. 2500 m, 3 Aug. 2019, M.L. Xie & P.S. Jia,
HMJAU 48689; lli Kazak Autonomous Prefecture, Qiaoerma,
in Picea forest with shrubs, alt. 2341 m, 13 Aug. 2015, T.Z.
Wei & K. Wang, HMAS 274789.

Additional nrITS sequences data from public sequence
repositories: Estonia, UDB0168416, S594 from soil, as
Cortinarius sp. in UNITE; UDB0176168, S682 from sail, as
Cortinarius sp. in UNITE; UDB0180344, S703 from sail, as
Cortinarius sp. in UNITE; UDB0513824, G4278 from sail,
as Cortinarius sp. in UNITE; Saare maakond, Leisi vald,
UDB034762, TAAM128969 as Cortinarius sp. in UNITE.
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Notes: Cortinarius neocaninus has small-sized basidiomata
without bluish tinges except for the lamellae and stipe
apex. The pileus is olive brown at first, and then brownish
orange, the context is somewhat hollow at the stipe, and
the basidiospores are subglobose to ellipsoid. The nrlTS
sequences of C. neocaninus differ from those of the
North American C. anomalodelicatus by only three to four
substitutions and indel positions. The former, however, forms
a well-supported monophyletic group in both ML and Bl
analyses. It is also related to C. caninus, which is one of the
typically medium- to large-sized and robust species in sect.
Anomali (Dima et al. 2016).

Cortinarius perrotensis A. Paul et al., Mycol. Progr. 20:
1429. 2021. Figs 3F, 6K, 7K.

Pileus 16-32 mm diam., convex when young, later plane,
margin inrolled at first; surface innately fibrillose, somewhat
viscid when moist, soon drying with shiny; greyish brown,
paler at the margin. Lamellae emarginate, moderately
crowded, violet at first, soon greyish violet to pale brown,
edges slightly serrate. Stipe 32-69 mm long, 5-8 mm thick
above, clavate, thickened at the base (9-15 mm); surface
fibrillose, whitish, blue tinge at the apex when young, basal
mycelium whitish. Universal veil white, soon yellowish,
sometimes forming a sock like sheath on the stipe. Context
fleshy, whitish, at first bluish in the stipe apex. Odourindistinct.
Taste mild. Basidiospores 6.8-8.4 x 5.4—6.1 ym, Q = 1.17-
1.41, Xav. = 7.6 x 5.8 ym, Qav. = 1.31, subglobose, broadly
ellipsoid to ellipsoid, moderately verrucose. Basidia clavate,
4-spored, hyaline to subhyaline, rarely light olivaceous brown
to olivaceous brown. Lamellar edge fertile. Pileipellis duplex:
epicutis of hyaline, light olivaceous brown to olivaceous
brown hyphae; hyphae 3-10 ym wide, smooth to weakly
encrusted spots; hypocutis well developed, hyphae 8-23 ym
wide, hyaline to olivaceous brown, irregular, smooth. Clamp
connections present.

Ecology and distribution: Gregarious in broadleaf-conifer
forests of Betula and Larix. Known only from Heilongjiang
Province in China. It was described from Eastern North
America in broadleaf-conifer forests.

Specimen examined: China, Heilongjiang Province, Tahe
County, Talin Forest Farm, in mixed forest of L. gmelinii and
B. platyphylia, 28 Aug. 2016, M.L. Xie, HMJAU 48662.

Notes: Cortinarius perrotensis is a new record in China. It is
a small-sized species. The pileus is usually greyish brown
without a bluish tinge, the violet lamellae soon become pale
brown and are slightly serrate at the edge. The basidiospores
in Chinese materials, which average 7.6 x 5.8 ym, are
slightly narrower than those of North American specimens.
In phylogenetic analyses, the Chinese specimens formed a
well-supported monophyletic clade with the holotype.

Cortinarius qgilianensis M.L. Xie, T.Z. Wei & Y. Li, sp. nov.
MB 843750. Figs 3G, H, 6L, 7L.

Etymology: The name refers to the type location, Qilian
Mountain, a famous mountain in China.

Typus: China, Gansu Province, Shandan County, Qilianshan
National Nature Reserve, Yanzhishan Forest Park, in Picea
forest, alt. 2800 m, 20 Aug. 2017, S.L. Wei (holotype HMJAU
44508).

Pileus 15-80 mm diam., convex, later plane with a low
umbo, incurved at the margin, surface viscid to somewhat
glutinous in fresh condition, somewhat shiny to distinctly
glittery when dry, not hygrophanous, orange white to
greyish orange, paler at the margin. Lamellae emarginate,
moderately crowded, purple to greyish violet when young,
later brownish with violaceous tinges to brown, at first edges
paler, even, then slightly serrate. Stipe 35-100 mm long,
9—-26 mm thick, cylindrical at the upper part, clavate-bulbous
at the base, up to 35 mm, surface with abundant yellowish
white fibrillose, whitish with blue tinges at the apex when
young, later yellowish, basal mycelium whitish. Universal veil
yellowish, usually forming a sock like sheath on the stipe.
Context fleshy, with marbled watery when moist, violet when
young, especially at the upper stipe, later white with bluish
tinges, somewhat hollow in stipe. Odour somewhat aromatic.
Taste mild. Basidiospores 8.6-10.6 x 6.8-8.7 ym, Q =
1.09-1.43, Xav. = 9.0-9.5 x 7.0-7.7 ym, Qav. = 1.20-1.30,
broadly ellipsoid to ellipsoid, rather weakly to moderately and
densely verrucose, moderately dextrinoid. Basidia clavate,
4-spored, hyaline to subhyaline, rarely yellowish to yellowish
brown. Lamellar edge fertile. Pileipellis duplex: epicutis well
developed, hyphae loosely interwoven, hyaline to yellowish
brown, 2-7 pym wide, smooth; hypocutis well developed,
hyphae interwoven, 6-16 um wide, hyaline, £ cylindrical,
smooth. Clamp connections present.

Ecology and distribution: Solitary or scattered in Abies and
Picea forests. Known from Northwest China.

Additional specimens examined: China, Gansu Province,
Shandan County, Qilianshan National Nature Reserve,
Yanzhishan Forest Park, in Picea forest, alt. 2800 m, 5 Sep.
2013, S.L. Wei, HMJAU 44510; ibid., 20 Aug. 2017, S.L. Wei,
HMJAU 44509; Minle County, Qilianshan Nature Reserve,
Dahekou, in Picea forest, alt. 2860 m, 9 Aug. 2018, M.L. Xie,
HMJAU 48666; Xinjiang Uygur Autonomous Region, Shawan
County, Lujiaowan, in Abies forest, alt. 2400 m, 8 Aug. 2019,
M.L. Xie & P.S. Jia, HMJAU 48716.

Notes: Cortinarius qilianensis is a phlegmacioid species,
usually with robust and medium- to large-sized basidiomata.
The pileus is usually viscid to somewhat glutinous in fresh
condition, somewhat shiny to distinctly glittery when dry, with
an odour that is somewhat aromatic, and the basidiospores
are broadly ellipsoid to ellipsoid. Cortinarius qilianensis is
similar to C. albocyaneus and C. lividomalvacus due to the
shiny to distinctly glittery pileus. However, C. albocyaneus
(e.g., Betula and Fagus) and C. lividomalvacus (Quercus)
are associated with broadleaf trees, and the basidiomata of
C. albocyaneus are slender (Dima et al. 2016, Eyssartier et
al. 2017). The most closely related species of C. qilianensis is
C. azureovelatus from which it differs by 15 substitutions and
indel positions in nrITS region, with a similarity of 97.5 %.
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Cortinarius robustianomalus T.Z. Wei, M.L. Xie & Y. Li, sp.
nov. MB 843751. Figs 4A, B, 6M, 7M.

Etymology: The name refers to sect. Anomali species with
robust habit.

Typus: China, Sichuan Province, Li County, Miyaluo,
Jiabigou, in mixed forest of Abies, Picea and Betula, alt. 2832
m, 10 Aug. 2016, T.Z. Wei, L.H. Sun, ZX. Wu & R.C. Zhang
(holotype HMAS 254763).

Pileus 80—150 mm diam., convex when young, later plane to
convex, sometimes depressed at centre, margin wavy and
up-curved in mature basidiomata, surface not viscid, weakly
hygrophanous when wet, with greyish fibrillose, somewhat
wrinkled, at first olive brown, then brownish orange to brown
at the centre, paler at the margin, dull. Lamellae emarginate,
moderately crowded, greyish violet to violet when young,
greyish orange to brown with age, edges even at first, then
somewhat uneven. Stipe 110-190 mm long, 14—45 mm thick,
cylindrical, surface greyish fibrillose, bluish tinges at the apex,
basal mycelium whitish. Universal veil greyish, forming fibrils
on pileus and thin ring on the stipe. Context fleshy, somewhat
marbled watery when moist, hollow in the stipe, whitish, with
violet tinges, especially at the stipe apex. Odour radish. Taste
mild. Basidiospores (7.4-)8.0-9.0(-9.5) x 6.5-8.1 ym, Q =
1.07-1.23, Xav. = 8.4-8.5 x 7.2-7.3 ym, Qav. = 1.16-1.17,
subgloboid to broadly ellipsoid, weakly to moderately and
sharply verrucose. Basidia clavate, 4-spored, hyaline to
subhyaline, rarely yellowish to yellowish brown. Lamellar
edge fertile. Pileipellis duplex: epicutis thinly developed,
hyphae somewhat interwoven, yellowish brown, 3—-10 pm
wide, smooth to slightly encrusted; hypocutis well developed,
hyphae 16-38 pm wide, cylindrical to somewhat cellular,
hyaline to slightly yellowish brown. Clamp connections
present.

Ecology and distribution: Gregarious to fascicular in mixed
forests of Abies, Picea and Betula. Known from Sichuan of
China.

Additional specimens examined: China, Sichuan Province,
Li County, Miyaluo, Jiabigou, in mixed forest of Abies, Picea
and Betula, alt. 2832 m, 10 Aug. 2016, T.Z. Wei, L.H. Sun,
ZX. Wu & R.C. Zhang, HMAS 254764.

Notes: Cortinarius robustianomalus is a distinctive species
that has very robust basidiomata, a dully olive tinged and
wavy pileus, a cylindrical stipe, and a greyish universal veil.
The context is very thick in the pileus and hollow in the stipe.
Bluish tinges are only present in the lamellae and stipe apex.
The sister species of C. robustianomalus is C. rufolilacinus
from which it differs by five substitutions and indel positions
in nrITS region, with a similarity of 99.2 %. Cortinarius
rufolilacinus usually has a dull reddish lilac pileus and a violet
universal veil, but without olive tinges.

Cortinarius rufolilacinus M.L. Xie, T.Z. Wei &Y. Li, sp. nov.
MB 843752. Figs 4C, D, 6N, 7N.

Etymology: The name refers to the reddish lilac pileus.

Typus: China, Xizang Autonomous Region, Linzhi City,
Sejila Mountain, in Abies georgei var. smithii forest with
Rhododendron, alt. 4120 m, 5 Sep. 2020, M.L. Xie (holotype
HMJAU 48739).

Pileus 35-64 mm diam., at first convex, later plane to plano-
convex, margin sometimes incurved and wavy, surface
weakly hygrophanous when moist, innately fibrillose, pale
violet universal veil remnants at first, especially at the margin,
dull reddish lilac when young, finally brownish orange to
slightly brown. Lamellae emarginate, moderately crowded,
greyish violet when young, later bluish grey to brown, edges
even. Stipe 80-120 mm long, 8-11 mm thick, cylindrical to
subcylindrical, slightly thickened at the base, surface violet
fibrillose when young, later becoming greyish brown at the
middle part, basal mycelium white to pale bluish. Universal
veil copious, pale violet at first, flocculose-fibrous, forming
fibrils on the pileus and sock like sheath on the stipe, latter
yellowish. Context fleshy, whitish when young, marbled
watery at the pileus when moist, with bluish tinges, especially
at the upper part and base of stipe, becoming yellowish
at the middle part of stipe, finally yellowish brown. Odour
radish. Taste not recorded. Basidiospores 7.7-10.1 x 6.1—
7.9 ym, Q = 1.13-1.31, Xav. = 8.4-8.9 x 6.8-7.2 ym, Qav.
= 1.22-1.25, subgloboid to broadly ellipsoid, moderately
verrucose, moderately to rather strongly dextrinoid. Basidia
clavate, 4-spored, hyaline to subhyaline, rarely yellowish
to yellowish brown. Lamellar edge fertile. Pileipellis duplex:
epicutis well developed, hyphae interwoven, slightly
yellowish brown to brown, 4-14 um wide, slightly encrusted;
hypocutis well developed, hyphae 12-25 ym wide, hyaline to
slightly yellowish brown, somewhat cellular, smooth. Clamp
connections present.

Ecology and distribution: Solitary to gregarious in Abies
georgei var. smithii forests with Rhododendron. Known from
Tibetan Plateau of China.

Additional specimens examined: China, Xizang Autonomous
Region, Linzhi City, Sejila Mountain, in Abies georgei
var. smithii forest with Rhododendron, 24 Jul. 2013, S.R.
Wang, HMJAU 48747, ibid., 4 Aug. 2013, HMJAU48745,
HMJAU48746.

Additional nrITS sequences data from public sequence
repositories: China, KU836522, ZJ0003SMJ01 as C. caninus
in GenBank.

Notes: Cortinarius rufolilacinus is characterized by medium-
sized basidiomata, a reddish lilac and weakly hygrophanous
pileus, and a violet universal veil. The most closely related
species of C. rufolilacinus is C. robustianomalus from which it
differs by five substitutions andindel positions. Morphologically,
compared with C. rufolilacinus, C. robustianomalus has an
olive tinged pileus, a more robust stipe, a greyish universal
veil, and rather round basidiospores.

Cortinarius subalbocyaneus M.L. Xie, T.Z. Wei, Y. Li &
Dima, sp. nov. MB 843753. Figs 4E, 4F, 60, 70.

Etymology: The name refers to the affinity to Cortinarius
albocyaneus.
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Fig. 4. Basidiomata. A. C. robustianomalus HMAS 254763 (holotype). B. C. robustianomalus HMAS 254764. C. C. rufolilacinus HMJAU 48739
(holotype). D. C. rufolilacenus HMJAU 48747. E. C. subalbocyaneus HMJAU 48659 (holotype). F. C. subalbocyaneus HMJAU 48729. G. C.
subanomalus HMJAU 48752 (holotype). H. C. subanomalus HMJAU 48755. Photos by: A, B. T.Z. Wei; C, E, F, H. M.L. Xie; D. S.R. Wang; G.
Q. Zhao. Scale bars = 20 mm.
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Typus: China, Inner Mongolia Autonomous Region,
Eerguna County, Moerdaoga Town, in mixed forest of Betula
platyphylla and Larix gmelinii, alt. 750 m, 24 Aug. 2018, M.L.
Xie (holotype HMJAU 48659).

Pileus 23-34 mm diam., convex when young, later plane to
convex, surface somewhat viscid when young, somewhat
shiny to distinctly glittery when dry, not hygrophanous, with
greyish fibrillose, at first violet grey, then slightly brownish
orange, paler at the margin. Lamellae emarginate, moderately
crowded, greyish violet when young, finally greyish orange
to brown, edges somewhat uneven. Stipe 72-102 mm long,
3-5 mm thick above, cylindrical to subcylindrical, somewhat
thickened at the base (up to 9-17 mm), surface with shiny
greyish white fibrillose, white when young, blue tinges at the
apex, finally dull whitish to yellowish. Universal veil greyish,
forming fibrils on pileus surface and a sock like sheath on the
stipe, later sparse, sometimes discolouring yellowish. Context
fleshy, marbled watery when young, somewhat hollow in
stipe, at first whitish, bluish tinges at the stipe apex. Odour
somewhat radish. Taste mild. Basidiospores 7.7-9.7 x 6.2—
7.7 um, Q = 1.04-1.48, Xav. = 7.9-8.6 x 6.7—7.0 ym, Qav.
= 1.14-1.29, subgloboid to broadly ellipsoid, rarely ellipsoid,
moderately to rather strongly and densely verrucose. Basidia
clavate, 4-spored, hyaline to subhyaline, rarely yellowish to
yellowish brown. Lamellar edge fertile. Pileipellis duplex:
epicutis thinly developed, hyphae parallel, yellowish to
slightly yellowish brown, 4—8 ym wide, smooth; hypocutis well
developed, hyphae 10-19 um, hyaline, somewhat cellular.
Clamp connections present.

Ecology and distribution: Solitary or gregarious in Betula
platyphylla or mixed with Larix gmelinii, also associated with
Populus based on the sequences of ECM root sample. Known
from Heilongjiang and Jilin of China, as well as Canada,
Estonia and Amur Oblast of Russia based on molecular data.

Additional specimens examined: China, Heilongjiang
Province, Tahe County, Tafeng Forest Farm, in mixed forest
of Betula platyphylla and Larix gmelinii, alt. 360 m, 28 Aug.
2016, M.L. Xie, HMJAU 44282; Jilin Province, Antu County,
Changbai Mountain National Nature Reserve, in Betula
platyphylla forest with scattered Populus, alt. 1100 m, 6 Sep.
2018, M.L. Xie, HMJAU 48660, HMJAU 48661; under Betula
platyphylla trees, alt. 1110 m, 19 Sep. 2020, M.L. Xie, HMJAU
48728, HMJAU 48729, HMJAU 48730, HMJAU 48731,
HMJAU 48732, HMJAU 48733; Xizang Autonomous Region,
Linzhi City, Lulang Town, Sejila Mountain, in Abies dominated
forest with Rhododendron, alt. 3326 m, 6 Sep. 2014, T.Z.
Wei, J.Y. Zhang, X.Y. Liu & H. Huang, HMAS 271932.

Additional nrITS sequences data from public sequence
repositories: Canada, British Columbia, FJ157104,
F18506 as C. aff. caninus in GenBank; British Columbia,
Cariboo, UDB031695, 228A as Cortinarius sp. in UNITE.
Estonia, UDB0706856, HB29 as Cortinarius sp. in UNITE.
Russia, Amur Oblast, Zeya, LC547581, szYM140 from
ectomycorrhizal root tip of Populus sp., as uncultured
Cortinarius in GenBank.

Notes: Cortinarius subalbocyaneus is a small species. The
pileus is violet grey when young, * viscid when moist, and

somewhat shiny to distinctly glittery when dry. The universal
veil is greyish. The basidiospores are subgloboid to broadly
ellipsoid, rarely ellipsoid. Cortinarius subalbocyaneus
shows a high degree of morphological convergence with
C. microalbocyaneus. However, the basidiospores of C.
microalbocyaneus are rather small, on average 6.8-7.5
x 5.8-6.2 ym, and its habitats are related to Quercus
mongolica. Phylogenetically, the most closely related species
of C. subalbocyaneus is C. jonimitchelliae from which it differs
by at least six substitutions and indel positions in the nrITS
region, with a similarity of 98.9 %. The nrITS sequences
FJ157104 and UDBO031695 from Canada, UDB0706856
from Estonia, and LC547581 from Russia are clustered with
Chinese sequences and considered as C. subalbocyaneus.
This species was treated as Cortinarius sp. in Dima et al.
(2021).

Cortinarius subanomalus M.L. Xie, T.Z. Wei & Y. Li, sp.
nov. MB 843754. Figs 4G, H, 6P, 7P.

Etymology: The name refers to the affinity to Cortinarius
anomalus.

Typus: China, Yunnan Province, Shangri-La County, in
Quercus aquifolioides forest, alt. 3609 m, 25 Sep. 2012, Q.
Zhao (holotype HMJAU 48752).

Pileus 15-30 mm diam., hemispherical when young, later
convex, surface weakly hygrophanous, innately fibrillose,
greyish violet at first, then pale orange to greyish orange, dull.
Lamellae emarginate to adnexed, moderately crowded, dark
violet when young, then brown, edges paler and even. Stipe
50-80 mm long, 6—10 mm thick, cylindrical to subcylindical,
somewhat thickened at the base, surface persistently
violaceous tinged fibrillose at the lower part, violet at the
apex, basal mycelium violet. Universal veil violet at first, then
discolouring yellowish. Context fleshy, at first whitish with
+ violet tinge, greyish violet at the stipe apex, sometimes
becoming hollow in stipe. Odour radish. Taste mild.
Basidiospores 6.8-8.8(—9.7) x 5.8-7.7 ym, Q = 1.06-1.31,
Xav. = 7.9-8.1 x 6.6-6.8 ym, Qav. = 1.16-1.21, subglobose
to broadly ellipsoid, moderately verrucose. Basidia clavate,
4-spored, hyaline to subhyaline, rarely yellowish to yellowish
brown. Lamellar edge fertile. Pileipellis duplex: epicutis well
developed, hyphae parallel, hyaline to yellowish brown, 2—7
pm wide, smooth; hypocutis well developed, hyphae 8-30
pm wide, hyaline, cylindrical to enlarged, smooth. Clamp
connections present.

Ecology and distribution: Solitary to gregarious in Quercus
aquifolioides forests, or mixed forests of Picea and Betula.
Known from Yunnan and Xizang of China.

Additional specimens examined: China, Xizang Autonomous
Region, Linzhi City, Bomi County, in mixed forests Picea and
Betula, alt. 2750 m, 19 Sep. 2016, T.Z. Wei, Z.X. Wu, L. Yang,
H.D. Zheng & X.C. Wang, HMAS 277626; Linzhi City, Lulang
Town, in Quercus aquifolioides forest, alt. 3280 m, 4 Sep.
2020, M.L. Xie, HMJAU 48755, HMJAU 48769.

Notes: Cortinarius subanomalus produces small basidiomata,
the pileus ranges greyish violet to greyish orange, the
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universal veil is violet, the stipe has persistently violet tinged
fibrillose at the lower part, the context is usually hollow in
stipe, and the basidiospores are subgloboid to broadly
ellipsoid. Cortinarius subanomalus is similar to C. anomalus,
but the latter usually has a whitish universal veil and forms a
sock like sheath on the stipe, and the basal mycelium is white
(Dima et al. 2016, 2021). The most closely related species
of C. subanomalus is C. anomalus from which it differs by
12 substitutions and indel positions in nrITS region, with a
similarity of 97.9 %.

Cortinarius subclackamasensis Q.Y. Zhang et al., Front.
Cell. Infect. Microbiol. 13: 11. 2023. Figs 5A, B, 6Q, 7Q.

Pileus 50-135 mm diam., hemispherical when young, later
plane to convex, margin + wavy finally, surface weakly
hygrophanous when moist, especially at margin, violet
grey to dull violet grey when young, finally brownish grey to
brownish orange, sometimes reddish brown at the centre,
brownish orange with violet at margin. Lamellae emarginate,
moderately crowded, greyish violet when young, then pale
orange to brown, edges paler, weakly serrate. Stipe 65-78
mm long, 12—-15 mm thick, subcylindrical when young, later
cylindrical, surface whitish fibrillose, bluish tinges at the apex.
Universal veil yellowish, forming fibrils on pileus and sock like
sheath on the stipe, later sparse. Context in pileus fleshy,
soft, sometimes hollow in the stipe, marbled watery when
moist, at first violet in pileus and in stipe, later whitish with
bluish tinges, especially at the stipe apex, yellowish brown
at base. Odour radish. Taste mild. Basidiospores (8.0-)8.6—
10.1(-10.8) x 5.1-6.7 ym, Q = 1.42-1.77, Xav. = 9.1-9.5
x 5.8-6.2 ym, Qav. = 1.54-1.61, ellipsoid, moderately and
densely verrucose, moderately dextrinoid. Basidia clavate,
4-spored, hyaline to subhyaline, rarely yellowish to yellowish
brown. Lamellar edge fertile. Pileipellis duplex: epicutis well
developed, hyphae parallel, yellowish to yellowish brown,
3-10 ym wide, smooth; hypocutis well developed, hyphae
11-29 pm wide, hyaline to slightly yellowish brown. Clamp
connections present.

Ecology and distribution: Scattered under broadleaf trees
of Betula, Populus, and Salix or mixed forests. Known from
Beijing, Hebei, Inner Mongolia, Jilin, Qinghai and Sichuan of
China.

Specimens examined: China, Beijing Municipality, Huairou
District, Yangihu Town, 19 Sep. 2003, H. Deng & L. Jiao,
HMAS 86629; Mentougou District, Xiaolongmen National
Forest Park, in Populus forest, alt. 1156—1201 m, 4 Sep. 2020,
K. Wang, HMAS 291450, HMAS 291452; Hebei Province,
Laiyuan County, Prairie Air, in shrubs, alt. 1748 m, 24 Aug.
2020, X.J. Xie, HMAS 291480; Pingshan County, Tuoliang
National Nature Reserve, in Betula forest, 31 July 2020, G.J.
Li, HBAU 15319; in Betula forest, alt. 1450-1684 m, 20 Aug.
2020, G.J. Li, HBAU 15471, HBAU 15473, Y.B. Guo, HMAS
281435, X. Zhang, HMAS 249875, HMAS 291498, HMAS
291503, T.T. Fan, HMAS 291375; in mixed forest of Betula,
Quercus and Pinus, alt. 1470 m, 20 Aug. 2020, T.K. Zong,
HMAS 291504; in Betula forest, alt. 1542 m, 22 Aug. 2020,
G.J. Li, HBAU 15552, X. Zhang, HMAS 249872; in Larix
forest, alt. 2031 m, 22 Aug. 2020, T.T. Fan, HMAS 281433,
X.J. Xie, HMAS 291477; in Larix forest, alt. 1560-1585 m,

22 Aug. 2020, Y.B. Guo, HMAS 281437, HMAS 291524; Yu
County, Jinhekou Forest Park, in broadleaf forest, 8 Aug.
2020, G.J. Li, HBAU 15437, HBAU 15457; ibid., 27 Aug.
2020, G.J. Li, HBAU 15665, HBAU 15672, HBAU 15679; Yu
County, Xiao Wutai Mountain National Nature Reserve, under
Populus and Acer, alt. 13561468 m, 8 Aug 2020, Y.B. Guo,
HMAS 291387, X.M. Jiao, HMAS 291423, HMAS 291424,
L. Sun, HMAS 291430, HMAS 291431; under Populus and
Acer, alt. 1319-1482 m, 27 Aug. 2020, T.T. Fan, HMAS
281445, HMAS 291381, Y.B. Guo, HMAS 291399, HMAS
291400, X.N. Shan, HMAS 291362, HMAS 291363, HMAS
291365, X.J. Xie, HMAS 281649, HMAS 281650, HMAS
291489, HMAS 291490, HMAS 291491, HMAS 291492, X.
Zhang, HMAS 291500, HMAS 291502, T.K. Zong, HMAS
281652, HMAS 291518, HMAS 291528, HMAS 291529;
Inner Mongolia Autonomous Region, Aohan Qi, Daheishan
National Nature Reserve, 4 Sep. 2015, T.Z. Liu, J.N. Zhao &
H.L. Meng, CFSZ 10743; Balinyou Qi, Saihanwula National
Nature Reserve, 1 Sep. 2017, T.Z. Liu & Wulantuya, CFSZ
18827; Genhe County, Mangui Town, under Populus trees,
alt. 603 m, 24 Aug. 2017, M.L. Xie, HMJAU 48642; Jilin
Province, Antu County, Changbai Mountain National Nature
Reserve, in broadleaf forest of Populus and Salix, alt. 770
m, 20 Sep. 2020, M.L. Xie, HMJAU 48717, HMJAU 48718,
HMJAU 48719; Qinghai Province, Huzhu County, Beishan
Forest Farm, alt. 3000 m, 15 Aug. 2004, L.D. Guo &Y. Zhang,
HMAS 145566; Sichuan Province, Batang County, roadside
to Litang County, in mixed forest of Pinus densata, Abies and
Rosaceae, alt. 3711 m, T.Z. Wei, L.H. Sun, ZX. Wu & R.C.
Zhang, HMAS 277064; Zhejiang Province, Qingyuan County,
Baishanzu National Park, in evergreen broadleaf forest of
Lithocarpus scattered Rhododendron and Theaceae, 12
Sep. 2013, J.L. Chen, HMJAU 48768; ibid., 5 Sep. 2020, J.L.
Chen, HMJAU 48749, HMJAU 48750, HMJAU 48757.

Notes: Cortinarius subclackamasensis is characterized by
ellipsoid basidiospores. It produces medium- to large-sized
basidiomata, a violet grey to brownish orange or reddish
brown pileus, a yellowish universal veil, and ellipsoid
basidiospores, on average 9.1-9.5 x 5.8—-6.2 ym. It is a widely
distributed species in China, and can be easily distinguished
from other species in sect. Anomali. Two specimens, HBAU
15665 (MW862366) and HBAU 15437 (MW862347), were
reported as C. caninus and C. xanthocephalus respectively
by Shi et al. (2022). However, the morphological and
phylogenetic investigations concluded that they were C.
subclackamasensis. Phylogenetically, the sister species of
C. subclackamasensis is Cortinarius sp7 from which it differs
by seven substitutions and indel positions in the nrlTS region,
with a similarity of 98.8 %. In molecular data, the intraspecific
genetic variability of C. subclackamasensis is 0.8 % in the
nriTS region.

Cortinarius tabularis (Fr.) Fr., Epicr. Syst. Mycol. (Upsaliae):
284.1838. Figs 5C, D, 6R, 7R.

Pileus 23-85 mm diam., hemispherical when young, later
plano-convex to plane, sometimes with a broad umbo, surface
somewhat viscid when young, non hygrophanous, somewhat
shiny to distinctly glittery when dry, slight clay greyish yellow
to greyish brown. Lamellae emarginate, moderately crowded,
slightly greyish blue when young, then greyish brown, edges
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Fig. 5. Basidiomata. A. C. subclackamasensis HMJAU 48642. B. C. subclackamasensis HMJAU 48718. C. C. tabularis HMJAU 44269. D. C.
tabularis HMAS 287406. E. C. vernalianomalus HMJAU 48770 (holotype). F. C. vernalianomalus HMAS 287405. G, H. C. xizangensis HMAS
274227 (holotype). Photos by: A-C. M.L. Xie; D. Q.Q. Huang; E. L.L. Qi; F. Q. Yang; G, H. T.Z. Wei. Scale bars = 20 mm.
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even. Stipe 50-102 mm long, 3—9 mm thick above, cylindrical
to somewhat clavate at the base, surface somewhat shiny,
white, with bluish tinges at apex, later greyish yellow, basal
mycelium whitish. Universal veil usually sparse, thin, white to
yellowish. Context in pileus rather thick, solid, fragile, white
at first, bluish in stipe apex, later yellowish. Odour radish.
Taste mild. Basidiospores 6.8-8.7(-9.2) x 5.6-6.9 uym, Q =
1.09-1.44, Xav. = 7.4-8.2 x 6.0-6.4 pm, Qav. = 1.21-1.27,
broadly ellipsoid, rarely subgloboid, weakly to moderately
verrucose. Basidia clavate, 4-spored, hyaline to subhyaline,
rarely yellowish to yellowish brown. Lamellar edge fertile.
Pileipellis duplex: epicutis well developed, hyphae entangled
to interwoven, radially arranged, hyaline to yellowish brown,
3-8 ym wide, smooth to somewhat encrusted; hypocutis well
developed, hyphae 12-30 ym wide, hyaline to yellowish,
somewhat cellular. Clamp connections present.

Ecology and distribution: Known from northeast China in
Betula platyphylla forests or mixed with Larix gmelinii, and
from east China under broadleaf. Also widespread in Europe
and in North America from northern Quebec and Alaska
under broadleaf and mixed forests including Picea, Betula,
Alnus, Salix, Quercus, and Fagus.

Specimens examined: China, Heilongjiang Province, Mohe
County, Gulian Forest Farm, in Betula platyphylla forest, alt.
550 m, 25 Aug. 2016, M.L. Xie, A. Ma & J.J. Hu, HMJAU
44248, HMJAU 44249; Qianshao Forest Farm, in mixed
forest of Betula platyphylla and Larix gmelinii, alt. 490 m, 26
Aug. 2016, M.L. Xie, A. Ma & J.J. Hu, HMJAU 44269; Inner
Mongolia Autonomous Region, Genhe County, Mangui Town,
Ningcuishan Park, in mixed forest of Larix gmelinii and Betula
platyphylla, alt. 820 m, 25 Aug. 2017, M.L. Xie & Y. Wang,
HMJAU 44484; Jinhe Town, in mixed forest of Larix gmelinii
and Betula platyphylla, alt. 820 m, 25 Aug. 2018, M.L. Xie,
HMJAU 44506; Zhejiang Province, Xihu District, Hangzhou
Botanical Garden, in broadleaf, 7 Apr. 2023, Q.Q. Huang,
HMAS 287406.

Notes: Cortinarius tabularis is a greyish brown species,
without bluish tinges except at the lamellae and stipe
apex. The whitish stipe is often with sparse universal veil.
The basidiospores are broadly ellipsoid. It is reported as a
common and widespread species in China (Zang 1996, Wu
et al. 2011), but our studies show that it is a rare species, and
only occurs in Heilongjiang, Inner Mongolia and Zhejiang.
The distribution of this species in China requires further
confirmation. The most closely related species of C. tabularis
is Cortinarius sp11 from which it differs by seven substitutions
and indel positions in the nrITS region, with a similarity of
98.8 %.

Cortinarius tropicus Q.Y. Zhang et al., Front. Cell. Infect.
Microbiol. 13: 12. 2023.

Notes: Cortinarius tropicus occurs in the subalpine ranges of
the tropics and subtropics of China, with small basidiomata,
a fibrillose disc on the pileal surface that ranges from violet
to dark violet and is nearly glabrous. The basidiospores are
subglobose to broadly ellipsoid. It is usually scattered or
gregarious on the ground dominated by Fagaceae. Detailed

descriptions and illustrations of C. tropicus can be found in
Zhang et al. (2023).

Cortinarius vernalianomalus M.L. Xie, L.L. Qi, T.Z. Wei &Y.
Li, sp. nov. MB 843756. Figs 5E, F, 6S, 7S.

Etymology: The name refers to sect. Anomali species with
spring fruiting pattern.

Typus: China, Guangxi Zhuang Autonomous Region,
Cangwu County, Wangfu Town, Bahui Village, in Castanopsis
chinensis forest with scattered Phyllostachys, alt. 30 m, 23
Apr. 2021, L.L. Qi (holotype HMJAU 48770, isotype HMAS
285290).

Pileus 10-35 mm diam., hemispherical when young, later
plano-convex to plane, surface covered violet squamules,
greyish orange with age, dully greyish violet at first, then
greyish orange at the centre. Lamellae, emarginate,
moderately crowded, greyish violet when young, then greyish
brown to brown, edges paler and uneven. Stipe 30-60 mm
long, 3-5 mm thick, cylindrical to subcylindrical, slightly
thickened at the base, up to 9 mm, bluish tinged at the apex,
surface thin fibrillose, basal mycelium pale violet. Universal
veil white, very sparse. Context thin, greyish violet. Odour
radish. Taste mild. Basidiospores 6.3—7.5 x 5.5-6.2 ym, Q
= 1.09-1.28, Xav. = 6.9 x 5.8 ym, Qav. = 1.18, subgloboid
to broadly ellipsoid, rather weakly to moderately verrucose.
Basidia clavate, 4-spored, hyaline to subhyaline, rarely
yellowish to yellowish brown. Lamellar edge fertile. Pileipellis
duplex: epicutis thinly developed, hyphae hyaline to purplish,
5-12 ym wide, smooth; hypocutis well developed, hyphae
10-50 ym wide, hyaline, irregular, somewhat cellular, smooth.
Clamp connections present.

Ecology and distribution: Gregarious in subtropical evergreen
broadleaf forest, associated with Castanopsis chinensis.
Known from Guangxi and Yunnan of China.

Additional specimen examined: China, Guangxi Zhuang
Autonomous Region, Xingye County, Beishi Town, Hongfu
Village, in Castanopsis chinensis forest, alt. 100 m, 23 May
2021, Q. Yang, HMAS 298141.

Additional nrITS sequences data from public sequence
repositories: China, Yunnan Province, MW374218, rxsbn-456
as C. rigens in GenBank.

Notes: Cortinarius vernalianomalus is characterized by a
dully greyish violet and small basidiomata, with a subtropical
distribution, a spring fruiting pattern, and occurring in habitats
with Castanopsis chinensis. The small basidiospores are
subgloboid to broadly ellipsoid, on average 6.9 x 5.8 pm.
The nrITS sequence of the holotype differs from other known
members of sect. Anomali by at least 29 substitutions and
indel positions. The phylogenetic analyses also support C.
vernalianomalus as a separate species from other members
in sect. Anomali. The sequence MW374218 (rxsbn-456, as
C. rigens) from a specimen in Yunnan Province is considered
as the new species because it clusters with our specimens.
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Cortinarius xizangensis T.Z. Wei, M.L. Xie &Y. Li, sp. nov. Typus: China, Xizang Autonomous Region, Milin County,
MB 843755. Figs 5G, H, 6T, 7T. Nanyigou, under Abies and Pinus, alt. 3166 m, 20 Sep. 2015,
B.B. Li & T.Z. Wei (holotype HMAS 274227).

Etymology: The name refers to the type location, Xizang
Autonomous Region, China. Pileus 20-55 mm diam., convex when young, later plane to
convex with rounded umbo, margin somewhat wavy, surface

Fig. 6. Transmitted light microscopy imaging of basidiospores. A. Cortinarius albocyaneoides HMJAU 48664 (holotype). B. C. albocyaneus
HMJAU 44499. C. C. azureovelatus HMJAU 48736. D. C. campanianomalus HMJAU 48748 (holotype). E. C. caninus HMJAU 44372. F. C.
epsomiensis HMJAU 44505. G. C. kranabetteriHMJAU 48644. H. C. lepidopus HMJAU 48715. I. C. microalbocyaneus HMJAU 48706 (holotype).
J. C. neocaninus HMJAU 48691 (holotype). K. C. perrotensis HMJAU 48662. L. C. gilianensis HMJAU 44508 (holotype). M. C. robustianomalus
HMAS 254763 (holotype). N. Cortinarius rufolilacinus HMJAU 48739 (holotype). O. Cortinarius subalbocyaneus HMJAU 48659 (holotype). P. C.
subanomalus HMJAU 48752 (holotype). Q. C. subclackamasensis HMJAU 48642. R. C. tabularis HMJAU 44269. S. C. vernalianomalus HMJAU
48770 (holotype). T. C. xizangensis HMAS 274227 (holotype). Photos by M.L. Xie. Scale bars = 10 ym.
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Fig. 7. Scanning electron microscopy imaging of basidiospores. A. Cortinarius albocyaneoides HMJAU 48664 (holotype). B. C. albocyaneus
HMJAU 44499. C. C. azureovelatus HMJAU 48736. D. C. campanianomalus HMJAU 48748 (holotype). E. C. caninus HMJAU 44372. F. C.
epsomiensis HMJAU 44505. G. C. kranabetteriHMJAU 48644. H. C. lepidopus HMJAU 48715. I. C. microalbocyaneus HMJAU 48706 (holotype).
J. C. neocaninus HMJAU 48691 (holotype). K. C. perrotensis HMJAU 48662. L. C. gilianensis HMJAU 44508 (holotype). M. C. robustianomalus
HMAS 254763 (holotype). N. Cortinarius rufolilacinus HMJAU 48739 (holotype). O. Cortinarius subalbocyaneus HMJAU 48659 (holotype). P. C.
subanomalus HMJAU 48752 (holotype). Q. C. subclackamasensis HMJAU 48642. R. C. tabularis HMJAU 44269. S. C. vernalianomalus HMJAU

48770 (holotype). T. C. xizangensis HMAS 274227 (holotype). Photos by M.L. Xie.
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Fig. 7. (Continued).

somewhat viscid and strongly hygrophanous when moist, at
first with white fibrillose, especially at the margin, violet brown
at margin, orange red at the centre. Lamellae emarginate,
moderately crowded, greyish violet when young, later greyish
orange to brown, edges even. Stipe 20-80 mm long, 5-7
mm thick, cylindrical to subcylindrical, slightly thickened at
base, up to 12 mm, surface white fibrillose, bluish tinges at
the apex. Universal veil white, sometimes forming a thin ring
on the stipe. Context fleshy, bluish tinges, especially at the
stipe apex. Odour and Taste not recorded. Basidiospores
7.1-9.0(-9.5) x 5.7-7.3 ym, Q = 1.10-1.38, Xav. = 7.6-8.2
x 6.3—7.0 pym, Qav. = 1.21-1.28, subgloboid to broadly
ellipsoid, finely to moderately verrucose. Basidia clavate,
4-spored, hyaline to subhyaline, rarely yellowish to yellowish
brown. Lamellar edge fertile. Pileipellis duplex: epicutis well
developed, hyphae interwoven, hyaline to yellowish brown,
3.5-10 ym wide, smooth or with encrusted spots; hypocutis
well developed, hyphae 15-34 ym wide, hyaline, somewhat
cellular. Clamp connections present.

Ecology and distribution: Scattered or gregarious in alpine
coniferous forests of Abies and Pinus or mixed Abies
dominated forests with Cupressus, Quercus, Rhododendron
and Rosa. Known from Xizang of China.

Additional specimens examined: China, Xizang Autonomous
Region, Bomi County, alt. 3246 m, 21 Sep. 2014, Q.M. Wang
& W.L. Lu, HMAS 272517; Milin County, Nanyigou, in Abies
dominated forest with Quercus, Rhododendron and Rosa,
alt. 3166 m, 20 Sep. 2015, T.Z. Wei & B.B. Li, HMAS 254260,
HMAS 254261, HMAS 254415, HMAS 274219, HMAS
274980, HMAS 275038; Yadong County, Naiduila, in Abies
dominated forest with Cupressus, Rosa and Rhododendron,
alt. 3956 m, 14 Sep. 2015, T.Z. Wei & B.B. Li, HMAS 275210.

Notes: Cortinarius xizangensis is characterized by a reddish
brown and strongly hygrophanous pileus, a whitish universal
veil, and subgloboid to broadly ellipsoid basidiospores. The
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nrlITS sequence of the holotype differs from other known
members of sect. Anomali by at least 32 substitutions and
indel positions. Phylogenetically, C. xizangensis is close
to C. anomalus and C. subanomalus. However, the pileus
of C. anomalus is usually weakly hygrophanous and the
basidiospores are larger, with dimensions of 8.0-9.0(-9.5) x
(5.5-)6.0—7.0 ym (Dima et al. 2016). Cortinarius subanomalus
has a violet veil, subgloboid basidiospores, and occurs in
Quercus aquifolioides forests.

DISCUSSION
Species diversity

Cortinarius sect. Anomali is a species-rich and widely
distributed group. However, previous studies showed that
there are still many species that have not been properly
described and published (Dima et al. 2016, 2021, Soop et
al. 2019). Furthermore, most Anomali species were originally
described from Europe, North America, and Australasia
(Dima et al. 2016, 2021, Soop et al. 2019). Little has been
done in Asia and Africa. In China, there are only 12 names
that represent nine species of sect. Anomali that have been
reported. To clarify the species composition of sect. Anomali
in China and enrich the species diversity of this section, we
examined 229 specimens in this study collected in China over
the last two decades. Eleven species are described as new
to science, and six species are newly recorded in China, and
five known species were confirmed to be in China. In addition,
the distributions of C. caesiifolius and C. xanthocephalus in
China were excluded here based on the morphological and
phylogenetic analyses.

Although our study presents 22 species in sect. Anomali,
including several new species and new records for China, the
phylogenetic analyses have revealed that there are still some
species that are undescribed, challenging our knowledge of
the species diversity in the Anomali. For example, MHHNU
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8228 (MK250940) was recorded as C. caesiifolius (Chen &
Zhang 2019), but the phylogenetic analyses have revealed
that it belongs to the clade called Cortinarius sp1, not
clustering with the USA species C. caesiifolius. Another case
is that Cortinarius anomalus (synonym: C. azureus) has been
widely reported in China (e.g., Xie & Wang 1983, Zhuang
2005, Yuan & Sun 2007, Bau et al. 2015). However, we have
not found any specimens of C. anomalus collected in China
based on the specimens obtained from field investigations
and herbarium specimens. We also checked the sequences
in public databases (GenBank and UNITE). The four
sequences, MZ145075 (HBAU 15552), MZ145076 (HBAU
15672), MZ145077 (HBAU 15679), and MW862294 (HBAU
15473), from Chinese specimens deposited in the HBAU
Herbarium were recorded as C. anomalus in GenBank, but
the morphological examination showed the basidiospores
of these specimens are ellipsoidal, and the molecular data
revealed that these specimens are C. subclackamasensis.
Additionally, the specimen HMJAUG60641 labelled as
C. anomalus by Tuo et al. (2022) is here treated as C.
microalbocyaneus due to its nrITS sequence, OL891464,
which is identical to our sequences. We therefore hypothesize
that C. anomalus may not occur in China. Furthermore, in
the view of the study of Dima et al. (2021), the phylogenetic
analyses revealed that there are still many species of sect.
Anomali undescribed globally, and the species diversity of
this section is still far from being understood. Particularly,
there are scanty reports of sect. Anomali in Africa and South
America, creating an important gap in our knowledge on
these continents.

Morphological and microscopical characters

As for many sections of Cortinarius, the various and similar
morphological and microscopical characteristics between
different species in sect. Anomali often increase the difficulty
of correct identification. The basidiomata size of Anomali
species appears to be somewhat helpful in separating
species from others. For example, C. microalbocyaneus and
C. subalbocyaneus are consistently smaller and slender,
which could be distinguished from C. albocyaneus. All
species of the section have violet to blue tinges at the early
stages, and most of them lose this coloration and become
greyish to brownish colours when mature. However, few
species, e.g. C. subanomalus, C. vernalianomalus and C.
xizangensis, have completely and persistently violet to blue
basidiomata in the whole development period. Few species
have a hygrophanous pileus under wet conditions, e.g. C.
xizangensis in China, as well as C. albidoavellaneus and C.
barlowensis (Dima et al. 2021), show a typically telamonioid
feature. Moreover, some species have a viscid to * glutinous
pilei and dry stipe, which shows a phlegmacioid feature, for
example C. azureovelatus and C. qgilianensis. The universal
veil in many Anomali species in Europe and North America
is whitish to pale (Dima et al. 2016, 2021), however, the veil
colour of Chinese species is apparently much more variable,
for example C. rufolilacinus and C. subanomalus are violet
buff, and C. robustianomalus is more greyish buff.

Few microscopic characteristics are available for the
identification of sect. Anomali. The shape and size of
basidiospores are often one of the useful characteristics for
the identification of sect. Anomali. The basidiospore shapes of

the species are usually subgloboid to broadly ellipsoid (Qav. <
1.30). However, few species produce ellipsoid basidiospores
(Qav. > 1.30), especially C. subclackamasensis (Qav. >
1.50). Although most species produce basidiospores that
are 7-9 x 5.5-7 ym on average (Dima et al. 2021), there
are some species with larger or smaller basidiospores. For
example, C. barlowensis has rather large basidiospores, on
average 11 x 6.5 ym, whereas C. anomalopacificus and C.
vernalianomalus produce rather small basidiospores that are
6.5x 5.5 ymand 6.9 x 5.8 ym on average, respectively (Dima
et al. 2021). The basidiospore ornamentation is difficult to
interpret without considerable observation using a 1000 x oil
immersion lens. However, the ornamentation can be readily
observed under the SEM, e.g. the spore ornamentation of
C. campanianomalus and C. kranabetteri is weakly and
finely ornamented, as opposed to those of C. epsomiensis
and C. rufolilacinus, which are moderately ornamented and
subreticulate.

Distribution

The distribution of species in sect. Anomali from China
showed the following distribution patterns. A total of 10
species are shared with Europe and/or North America
representing 45.5 % of the known Anomali species in
China. Cortinarius albocyaneus, C. caninus, C. kranabetteri,
C. subalbocyaneus, and C. tabularis are shared with
North America and Europe. Cortinarius azureovelatus, C.
epsomiensis, C. lepidopus, and C. neocaninus are shared
only with Europe. Cortinarius microalbocyaneus is shared
only with North America. Totally 11 species seem to be
endemic to East Asia, representing 50 % of the known sect.
Anomali species in China. Cortinarius albocyaneoides, C.
subclackamasensis, and C. qilianensis are distributed in
northern China, of which C. albocyaneoides is shared with
Japan. Cortinarius campanianomalus, C. subanomalus, C.
robustianomalus, C. rufolilacinus, and C. xizangensis have
a limited distribution in the Tibetan Plateau and Hengduan
Mountains, except that C. campanianomalus also occurs in
Taiwan Province. These patterns of distribution show that the
East Asian flora plays an important role in linking European
and/or North American floras and facilitating the process of
species dispersal and diversification. On the other hand, 12
species are distributed in northeast China and 13 species
are distributed in southwest China, of which six species are
shared by the two regions, accounting for 54.5 % and 59.1 %
of the known sect. Anomali species in China, respectively.
This suggests a high species diversity in these two floristic
regions. In addition, C. cinnamomeolilacinus, C. tropicus, and
C. vernalianomalus are distributed in tropical China.

Phylogeny

Multi-gene phylogeny in sect. Anomali, including almost all
known species of this section, was processed in this study
based on 286 nrITS, 117 nrLSU, 85 rpb1, and 90 rpb2
sequences. These barcodes represent 100 %, 34.8 %,
23.6 %, and 25.8 % of the sect. Anomali species present
in this study, respectively. All the known species formed a
separate lineage and could be distinguished from each other
according to the phylogenetic analyses. More than 20 separate
lineages are unnamed, which indicates that there may be
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many potential undescribed species. The sect. Anomali split
into six clades in the phylogenetic tree: the clades |-V consist
of the Southern Hemisphere species, mainly Australasian
species; the clade VI is the largest lineage formed by the
species from the Northern Hemisphere. Except for the three
singletons of clades |, Il, and 1V, the other clades all have
high support. However, the relationships among these clades
seem to be inextricable. We speculate that it may be caused
by insufficient data of multi-gene sequences. Supplementing
the multi-gene sequences of species in sect. Anomali is
significant for clarifying the phylogenetic relationships of
this section. Another possibility should not be overlooked;
the inability to resolve the phylogenetic relationships of this
section may be an inherent problem in the data, resulting
from rapid diversification or explosive speciation during its
evolutionary process (Gallone et al. 2024). This problem
cannot be resolved with more species or more and better
genes.
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