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ABSTRACT
A multigene phylogeny of the Inocybe alienospora group is presented based on analyses of ITS, 28S, and 
rpb2 nucleotide data. Four major subclades and three additional independent lineages were identified 
in the I. alienospora group. Two species with superficial similarities with the I. alienospora group, 
viz, I. multicoronata and I. elata, however, were not nested within the I. alienospora group. Inocybe 
sect. Leptocybe is proposed to accommodate the I. alienospora group in a more formal classifica
tion system. As such, sect. Leptocybe now includes 12 documented species and seven new species 
described in this work. The seven new species include I. aprica sp. nov., I. casuarinoides sp. nov. I. 
haikouensis sp. nov., three species associated with Casuarina from tropical China; also I. hetero
morpha, a species associated with fagaceous trees from tropical China; and I. aurescens sp. nov., 
I. juji sp. nov., and I. peppa sp. nov., three species associated with fagaceous trees from 
subtropical China. In addition, new geographical data for I. carpinicola and I. acutata are 
reported. The East Asian species I. acutata and the neotropical species I. lasseri were confirmed 
as members of sect. Leptocybe. A key to the 19 species in sect. Leptocybe is also provided.
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1. Introduction

Fungi play vital roles in ecosystems as endophytes, 
pathogens and saprobes. The current estimate of 
fungal diversity is highly uncertain, ranging from 
1.5 to 12 million, but only around 150,000 species 
have been named and classified to date (Bhunjun et al.  
2022). In the past decades, a large number of macro
fungal resources have been recognised with the 
description of many new taxa (Wu et al. 2019), espe
cially the pathogenic wood-rotting fungi (Liu et al.  
2023; Yuan et al. 2023) in China. However, studies on 
many ectomycorrhizal groups, such as Inocybaceae, 
Cortinaceae, Russulaceae, ect., are still poorly reported.

The Inocybaceae Jülich (1982: 374) is an ectomy
corrhizal family of fungi (Agaricales) commonly found 
in temperate and tropical forests, with over 1,050 

described species in Africa, Asia, Europe, North 
America, Oceania, and South America (Matheny et al.  
2020). The family has been revised based on the results 
of a recent phylogenetic study that divided the family 
into seven genera, with Inocybe (Fr.) Fr. (1863: 346) 
being the largest genus in the family (Matheny et al.  
2020). In recent years, new species in the family have 
been continually discovered from all over the world 
(Matheny and Bougher 2017; Bandini et al. 2021, 2022a,  
2022b, 2022c, 2023a, 2023b; Crous et al. 2021a, 2021b,  
2023a, 2023b; Li et al. 2021; Mešić et al. 2021; Aïgnon et 
al. 2022; Bhunjun et al. 2022; Buyck et al. 2022; Esteve- 
Raventós et al. 2022a, 2022b; Muñoz et al. 2022; He et al.  
2022; Kaufholtz-Couture and Moreau 2022; Kaygusuz et 
al. 2022a, 2022b; Khan et al. 2022; Marchetti et al. 2022; 
Matheny et al. 2022; Tan et al. 2022; Armada et al. 2023; 
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Dovana et al. 2023; Eberhardt et al. 2023; Lebeuf et al.  
2023; Pošta et al. 2023; Razzaq et al. 2023; Senanayake et 
al. 2023; Fachada et al. 2024). In China, at least 120 
species of Inocybaceae have been recorded (Fan and 
Bau 2010; Li et al. 2021; Bau 2022), but only seven 
species have been described from tropical China (Fan 
and Bau 2014; Deng et al. 2021b, 2022a, 2022b; He et al.  
2022; Zhao et al. 2022; Hu et al. 2023; Zhou et al. 2023).

Members of Inocybe are often characterised by 
the presence of thick-walled hymenial cystidia and 
smooth, ellipsoid, nodulose, angular, or spinose 
basidiospores, typically with a distinct apiculus 
(Ryberg et al. 2010; Matheny et al. 2020). In tropi
cal regions, some Inocybe species exhibit thin- 
walled hymenial cystidia, some the absence of 
pleurocystidia, but most possess basidiospores 
with nodules, and for some species, the nodules 
may be bifurcate or bear saddle-shaped projections 
(Horak 1979, 1980; Horak et al. 2015; Matheny and 
Bougher 2017; Deng et al. 2022b). Inocybe alienos
pora was originally described from Singapore in 
1979 with nodulose basidiospores with saddle- 
shaped projections, thick-walled pleurocystidia, 
and thin-walled cheilocystidia (Horak 1979). 
Initially, Horak et al. (2015) first recovered an 
unnamed clade including two broadly recognised 
species based on materials studied from Thailand: 
I. stellata and I. hydrocybiformis; the group was also 
found to contain a neotropical species I. lasseri. 
Indeed, I. lasseri from the neotropics and 
I. multicoronata from North America, and since con
firmed in Europe, were considered close relatives in 
this group inferred by their similar basidiospores 
(Horak 1979). One year later, a study of Indian taxa by 
Pradeep et al. (2016) showcased several additional 
Australasian taxa centred around I. alienospora and I. 
lasseroides, together with newly recognised lineages 
from India (viz, I. papilliformis). Later, Matheny and 
Bougher (2017) documented the Northern Australian 
taxa and first referred to the clade as the Inocybe 
alienospora group; in addition, they found that further 
revision of the group was necessary owing to a large 
number of unnamed phylogenetic and morphologi
cally recognisable taxa.

Work on tropical Indian taxa continued by Latha and 
Manimohan (2017) and revealed the Indian I. babruka 
and I. kurvensis also clustered in this group with full 
support, thereby increasing the species number to 
seven. In a recent three-gene phylogenetic analysis, 

the I. alienospora group received strong support in a 
subclade sister to another subclade unifying Inocybe 
epidendron, I. pulchella, and I. xerophytica from the 
neotropics (Aignon et al. 2022). Our recently described 
I. carpinicola, together with one phylogenetic lineage 
of I. stellata and two nodulose-spored species 
I. pseudoasterospora and I. perlucida from tempe
rate Europe cluster within the I. alienospora group 
with full support (He et al. 2022). However, no 
prior works have been focused on species diver
sity and phylogeny of the I. alienospora group in 
tropical Asia. The present study proposes seven 
new species and new distributions for two pre
viously recorded species within the I. alienospora 
group based on our collections from tropical, sub
tropical, and temperate China. For a better under
standing of the phylogenetic inferences of this 
group of fungi, a summarised phylogenetic analy
sis of Inocybe as a genus was also performed.

2. Materials and methods

2.1. Field sampling and morphological studies

Specimens were collected from Hainan (tropical mon
soon climate), Jilin (temperate monsoon climate), 
Shandong (temperate monsoon climate), Yunnan (sub
tropical Plateau Mountain Climate), and Zhejiang (sub
tropical monsoon climate) provinces of China with 
temperate continental mountain, subtropical and tro
pical climates. In the field, ecological images were 
taken using a digital camera. Basidiomata were docu
mented when fresh with colour assignments given 
following Kornerup and Wanscher (1978). Specimens 
were then dried in a 45 °C electric oven overnight, 
sealed in plastic bags, and placed in an icebox for 
insecticide treatment (Yu et al. 2020; Deng et al. 2021a,  
2021b, 2022a, 2022b; Zhao et al. 2022; Hu et al. 2023). 
After the study, the specimens were deposited at the 
Herbarium of Changbai Mountain National Natural 
Reserve (ANTU) with their FCAS numbers.

Macrofeatures were described based on field 
notes and digital images. Microscopic observations 
were conducted using a light microscope (Olympus 
CX23). Mushroom tissues from the pileus, lamellae, 
and stipes were cut into thin sections freehand with 
the aid of a stereoscope (AV100–240 V). Dried 
specimens were sliced and rehydrated in 5% KOH, 
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and also 1% Congo red solution when necessary. 
Basidiospores, basidia, hymenophoral trama, pleuro
cystidia, cheilocystidia, cheiloparacystidia, pileipellis/ 
pileal trama, and stipitipellis/stipe trama, caulocys
tida, and oily hyphae were examined and measured. 
Side views of at least 100 mature basidiospores for 
each specimen were measured, excluding the api
culus, with the form [n/m/p], indicating the mea
surement of “n” basidiospores of “m” individuals 
from “p” collections. The measurement data were 
expressed in the form of (a) b-e-c (d), where “a” and 
“d” represent the minimum and maximum values in 
the measurement data, respectively, “b” and “c” 
represent the values when the species measure
ment data are arranged at 5% and 95% from small 
to large, and “e” represents the average value (Ge et 
al. 2021; Liu et al. 2021; Na et al. 2022). Additionally, the 
roundness of spores from a certain length (Q) conve
niently distinguished different species, represented by 
the formula: Q = length/width ratio for individual basi
diospore, Qm means the average of Q values, Qm ± SD 
represents Qm ± the sample standard deviation (Ge et 
al. 2021).

2.2. DNA extraction, PCR, and sequencing

Three loci were produced from samples in this 
study including the rDNA internal transcribed 
spacer region (ITS), 28S (LSU, large subunit of ribo
somal DNA), and the second largest subunit of the 
DNA-directed RNA polymerase II (rpb2). Genomic 
DNA was extracted using the NuClean Plant 
Genomic DNA kit (ComWin Biotech, Beijing) and 
stored at −20 °C. Polymerase chain reaction (PCR) 
reactions were performed using the primer pairs 
ITS1-F/ITS4 for the ITS (Gardes and Bruns 1993), 
LR0R/LR7 for the 28S (Vilgalys and Hester 1990), 
and rpb2-6F/rpb2-7.1R for rpb2 (Matheny 2005). The 
PCR setup was generally composed of 9.5 μL of 
water, 12.5 μL of 2× Taq Plus MasterMix (Dye), 
1 μL of each primer, and 1 μL of template DNA. 
The PCR programme consisted of a 5 min heating 
step at 95 °C, followed by 35 cycles of 1 min at 
95 °C, 1.5 min at 50 °C, and 1 min at 72 °C. The final 
cycle was followed by a 10 min extension at 72 °C 
(Wang et al. 2021). After amplification, the PCR 
products were sent to BGI Biotech and Sangon 

Biotech (Guangdong) Ltd. for purification and 
sequencing. All sequencing results were read by 
BioEdit v7.0.9.0 software (Hall 1999) and assembled 
with SeqMan v. 7.1.0 under DNASTAR v7.1.0 (44.1) 
software (Burland 2000). Newly generated DNA 
sequences were submitted to GenBank.

2.3. Sequence alignment and phylogenetic 
analyses

In order to conduct phylogenetic analysis, several 
authentic sequences of the genus Inocybe were 
obtained from GenBank. Species from different 
groups, clades, and sections of Inocybe, such as 
I. praetervisa group, I. mixtilis group, I. napipes 
group, I. calida group, I. oblectabills group, 
I. asterospora group, I. xanthomelas group, I. lacera 
group, I. lanuginosa group, I. giacomi group, the 
smooth-spored temperate boreal clade, the 
smooth-spored temperate Austral clade and sect. 
Inocybe were selected on the basis of a literature 
survey (Matheny et al. 2002, 2009, 2013, 2020; 
Kropp and Matheny 2004; Matheny 2005; Yuwa- 
Amornpi et al. 2006; Tedersoo et al. 2007; Ryberg 
et al. 2008, 2010; Kokkonen and Vauras 2012; 
Ryberg and Matheny 2012; Osmundson et al.  
2013; Kaewgrajang et al. 2014; Larsson et al.  
2014, 2018; Marchetti et al. 2014; Esteve-Raventós 
et al. 2015; Horak et al. 2015; Vauras and Larsson  
2015; Latha et al. 2016; Latha and Manimohan  
2016, 2017; Bandini et al. 2017, 2020, 2022a; 
Matheny and Bougher 2017; Esteve-Raventós et al.  
2018; Liu et al. 2018; Cripps et al. 2020; Cho et al.  
2021; Aïgnon et al. 2022; He et al. 2022; Houlès et al.  
2022; Raghoonundon et al. 2023). Nothocybe distincta 
(K.P.D. Latha & Manim.) Matheny & K.P.D. Latha was 
used for rooting purposes (Latha and Manimohan  
2016; Matheny et al. 2020).

We first used the MAFFT online service (https:// 
mafft.cbrc.jp/alignment/server/.) with the E-INS-i 
iterative refinement strategy to align each of three 
partitions (Katoh et al. 2019). Then, we manually 
edited the sequence alignments using BioEdit 
v.7.0.9.0 (Hall 1999). Next, we concatenated the 
three individual partitions using MEGA v.5.02 
(Tamura et al. 2011) to create a single multiple- 
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sequence alignment. The dataset was partitioned 
into three partitions (ITS, 28S, and rpb2). After that, 
we ran maximum likelihood (ML) analyses using the 
IQ-TREE web server with 1,000 bootstrap replicates 
of ultrafast bootstrap resamplings (Trifinopoulos et al.  
2016). The best-fit models of each partitions for BI 
analyses were determined by MrModeltest v.2.3 
(Nylander 2004). Finally, the Bayesian Inference (BI) 
analyses was performed using MrBayes v.3.2.7a 
(Ronquist et al. 2012) with the selected model for 
each partition. Four Markov chains were conducted 
with sampling for every 100th generation. The first 
25% of trees were discarded after the average standard 
deviation of split frequencies under 0.01 (Ronquist et 
al. 2012). This analysis allowed to generate a posterior 
probability tree that reflected the most likely evolu
tionary history of the studied genes. The results were 
edited using the FigTree v.1.4.3 software. Support 
values (with an ML bootstrap proportion ≥ 70% or BI 
posterior probability ≥ 95%) were shown on each 
branch.

3. Results

3.1. Molecular phylogeny

This study generated 95 new sequences (31 of ITS, 32 of 
28S, and 32 of rpb2) and submitted to GenBank (Table 1). 
Sequence alignment was deposited at TreeBase (submis
sion ID TB2:S31402, www.treebase.org). In the dataset, 
the ITS partition included 138 taxa and 807 sites, the 28S 
partition included 147 taxa and 1,265 sites, and rpb2 
included 112 taxa and 586 sites. The following DNA 
substitution models were automatically selected by 
IQTREE for the ML analyses: ITS (TVM+F+I+G4), 28S 
(GTR+F+I+G4), and rpb2 (TIM2e+I+G4). The ML phyloge
netic analysis yielded a final log-likelihood value of 
−33333.751. The best-fit models selected by 
MrModeltest for each gene are GTR+I+G equally. For 
the Bayesian analysis, a total of 12,485,000 MCMC gen
erations were run using four Metropolis Coupled Monte 
Carlo Markov chains to calculate posterior probabilities 
and the standard deviation of the split frequencies was 
terminated at 0.009985.

Our ML/BI tree shows Inocybe lasseri, I. carpinocola, 
and I. acutata, together with four well-supported 
major subclades (namely alienospora subclade, hydro
cybiformis subclade, stellata subclade, and 

pseudoasterospora subclade) clustered within the 
I. alienospora group. The I. alienospora group shows 
no clear relationship with respect to other lineages of 
the genus Inocybe. Inocybe multicoronata and 
I. elata cluster together but are distant from the 
I. alienospora group (Figure 1).

The seven potential new species formed separate 
lineages within the I. alienospora group with high 
support values. Inocybe aprica, I. casuarinoides, 
I. haikouensis, and I. heteromorpha nested in the 
alienospora subclade; I. aprica sister to I. lasseroides; 
I. haikouensis sister to I. casuaroides, I. heteromorpha 
clustered with I. aff. alienospora PBM3758 but with 
weak support. Inocybe aurescens and I. juji are nested 
in the hydrocybiformis subclade and are sister species to 
each other. Inocybe peppa nested in the pseudoasterospora 
subclade as a sister to Inocybe sp. FYG1146.

3.2. Taxonomy

Inocybe sect. Leptocybe Takah. Kobay., Nova 
Hedwigia 124: 28. 2002.
Type: Inocybe acutata Takah. Kobay. & Nagas. 
Mycotaxon 48: 461 (1993).
Diagnosis: Basidiomata small, brown or yellowish 
brown, pileus <20 mm often appressed fibrillose to 
recurved-squamulose; lamellae moderately crowded, 
edge not distinctly fimbriate; stipe slender with an 
enlarged but non-bulbose base, brownish with a pro
nounced greyish white layer of veil remnants; basidios
pores angular-nodulose to stellate or spinose with 
simple spiny or saddle-shaped projections; pleurocystidia 
absent in some species, when present slightly thick-walled 
with yellowish walls <2 μm thick, or thin-walled with 
yellowish pigments; cheilocystidia mostly thin-walled, or 
slightly thick-walled; caulocystidia at stipe apex, if present. 
Odor often fungoid, spermatic, or aromatic. Forming a 
monophyletic group based on multi-gene phylogeny. 
Tropical to temperate Asia, Europe, North America, and 
northern South America; on soil forming plant associations 
with Betulaceae, Casuarinaceae, Dipterocarpaceae, 
Fagaceae, Pinaceae, Myrtaceae, and Salicaceae.
Included species: Inocybe acutata, I. alienospora, 
I. aprica sp. nov., I. aurescens sp. nov., I. babruka, 
I. casuarinoides sp. nov., I. carpinicola, I. haikouensis 
sp. nov., I. heteromorpha sp. nov., I. hydrocybiformis, I. juji 
sp. nov., I. kuruvensis, I. lasseri, I. lasseroides, I. papilliformis, 
I. perlucida, I. peppa sp. nov., I. pseudoasterospora, 
I. stellata.
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Figure 1. Phylogram generated by ML and BI analysis based on a combined data set from nuclear genes (ITS, 28S, and rpb2). The tree is 
rooted with Nothocybe distincta (CAL1310 and ZT9250). Support values (ML-bp ≥ 70% and BI-pp ≥ 95% indicated by black circles; ML- 
bp ≥ 70% and BI-pp < 95% indicated by grey circles centred in black; ML-bp < 70% and BI-pp ≥ 95% indicated by black circles centred 
in grey) were shown in figure.
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Species with uncertain position: Inocybe 
aurantiocystidiata, I. casuarinae, I. gemina, 
I. echinosimilis.
Remarks: Molecular phylogenetic analysis confirms 
the placement of 19 species in sect. Leptocybe, includ
ing its type, I. acutata. Inocybe subg. Leptocybe was 
established to accommodate species having angular, 
nodulose, echinulate, or stellate basidiospores, thin- 
walled cheilocystidia, and absence of metuloidal 
pleurocystidia with I. acutata as the type species 
(Kobayashi 1993), but this subgenus is polyphyletic 
as later Kobayashi (2002) established two sections 
within the subgenus: sect. Leptocybe, including 
I. acutata and I. hydrocibiformis and sect. Tylospora to 
accommodate I. cingulatipes and two varietal taxa 
within I. casimiri. The latter we equate with the 
I. lanuginosa group as I. casimiri has long been 
regarded as synonymous with I. leptophylla (Matheny 
and Kropp 2001). Inocybe sect. Inocybe is typified by 
I. relicina and includes species having fibrillose, woolly 
or scaly and brownish stipes and at times with yellow
ish, pinkish, or reddish pigments to the lamellae or 
context; the spores are nodulose, with some featuring 
a cruciate outline, but none have spores with bifurcate 
nodules; all species possess pleurocystidia (Matheny 
and Moreau 2009; Matheny and Kudzma 2019). 
Members of I. sect. Calosporae J.E. La-nge are charac
terised by spinose basidiospores and often with 
entirely pruinose stipes (Singer 1986); Inocybe lasseri 
was placed in I. sect. Calosporae by Singer (1986), but 
our results support placement in sect. Leptocybe. 
Inocybe petchii (Boed.) Horak was placed in I. sect. 
Calosporae by Singer (1986), but it has completely 
pruinose stipes and marginate stipe bases (Horak  
1979). Furthermore, no sequence data were currently 
available, so it is not included in I. sect. Leptocybe.

Inocybe acutata Takah. Kobay. & Nagas., Mycotaxon 
48: 461 (1993) Figures 2–3
Description: Basidiomata small, slender. Pileus 
6–8 mm wide, campanulate or broadly conical with 
low umbo when young, when matured broadly cam
panulate or plano-convex with a pointed umbo; mar
gin at first incurved, then recurved, excurved to 
straight when matured; surface dry, glabrous-fibril
lose, silky-smooth with occasionally splited margin, 
veil remnants as appressed towards the umbo, striate 
outwards; uniformly yellowish-brown (4D6) when 
young, then darkly yellowish (5D8) or brownish 

(5D6) to darkly brownish (5D8), brownish (5D5–5D6) 
with dirty whtite (1B2) umbo after matured, veil rem
nants whitish (4A1) to greyish white (4B2–4B3). 
Lamellae adnexed, close, up to 1.5 mm wide, alter
nately distributed with 3–4 tiers of lamellulae; colour 
whitish (4A1) or slightly yellowish (4B4–4B5), edge 
paler but not fimbriate. Stipe 27–30 × 0.9–1.2 mm, 
terete, equal with a slightly enlarged base; central, 
solid; surface dry, furfuraceous at apex, covered with 
a layer of appressed greyish white (4B2–4B3) fibrils 
made of veil remnants downwards; yellowish-brown 
(5C8–5D8) to brownish (5C6–5C7) when young, 
brown (5D6) to deeply brown (6D6) when matured. 
Context fleshy in Pileus, whitish (4A1) or slightly yel
lowish (4C4–4C5), 0.4–0.6 mm thick at mid-radius, up 
to 1.3 mm thick under the umbo; striate in stipe, 
whitish (4A1) or slightly yellowish (4C4–4C5). Odor 
indistinct.

Basidiospores [100/3/3], (8.0) 8.0–8.9–9.9 
(10.0) × (6.0) 7.8–8.2–9.2 (10.0) μm, Q = (1.00) 
1.00–1.06–1.14 (1.33), Qm ± SD = 1.06 ± 0.056 exclud
ing spines; (10.0) 10.9–12.3–13.7 (14.2) × (9.5) 
10.0–11.4–12.5 (13.0) μm, Q = (1.00) 1.00–1.08–1.16 
(1.25), Qm ± SD = 1.08 ± 0.054 including spines; spinose, 
globose or subglobose with numerous simple, non- 
bifurcate spines; slightly yellowish to yellowish in 5% 
KOH, some with yellowish ovoid inclusions. Basidia 
30–36 × 15–17 μm, clavate to broadly clavate, apex 
usually obtuse, bases obtuse or tapered, with 4- or 2- 
sterigmata 2–6 μm length, colourless. Metuloidal 
Pleurocystidia absent, but instead of numerous para
cystidia measured 19–32 × 9–13 μm, broadly clavate, 
sometimes cylindrical or utriform, apices rounded, 
base usually tapered into small pedicel, thin-walled, 
colourless. Cheilocystidia 35–52 × 12–18 μm, abun
dant, clavate or broadly clavate to utriform, at times 
with a median to apical constriction, thin-walled color
less. Hymenophoral trama 50–75 μm thick, sub-regu
lar, consisting of inflated hyphae measured 7–15 μm 
wide, colourless, smooth, thin-walled, walls colourless. 
Pileipellis 45–75 μm wide, regular to sub-regular, yel
lowish to goldish yellow in mass, consisting of cylind
rical hyphae measured 5–10 μm, entrusted, walls 
yellowish. Pileal trama 130–200 μm wide, sub-regular, 
hyphae inflated, colourless, 10–16 μm wide. 
Stipitipellis sub-regular, composed of cylindrical 
hyphae 9–14 μm wide, encrusted, pale yellowish. 
Stipe trama regular, composed of colourless, thin-walled, 
smooth hyphae 3–10 μm wide. Caulocystida present at 
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the stipe apex or not observed in certain specimens. Clamp 
connections present in all tissues.
Habitat and ecology: Solitary or scattered on clay 
soils in subtropical mixed broad-leaved and conifer
ous forests, under Quercus.
Distribution: China (Anhui, Jiangsu, Zhejiang), South 
Korea, Japan (type) and Thailand.
Specimen examined: CHINA. Zhejiang Province: 
Hangzhou City, Linan District, Tianmu Mountain Nature 
Reserve, 30°18’54”N, 119°26’38”E, 347 m asl., in forests 

dominated by Quercus, 8 September 2015. leg. 
Y.-G. Fan & W.-J. Yu, FYGfan4322 (FCAS3814); Lishui 
City, Hedi Town, at 27°33’44”N, 119°16’43”E, 1,014 m asl., 
21 August 2022, leg. Y.-P. Ge & Q. Na, NJ4747 (FCAS 3816); 
Lishui City, Songyang county, at 28°16’59”N, 119°32’6”E, 
573 m asl., 1 July 2022, leg. Y.-P. Ge & Q. Na, NJ4119 
(FCAS3952). Anhui Province: Feidong County, Hefei City, 
Siding Mountain National Forest Park 31°37’35”N, 
117°28’17”E, 37 m asl., 6 July 2020, leg. L.-Y. Zhu, 
HMJAU56857; Jiangsu Province: Nanjing City, Xuanwu 

Figure 2. Basidiomata of Inocybe acutata. (a) fan4322 (FCAS3814). (b–d) NJ4747 (FCAS3816). Scale bars: a = 10 mm; b–d = 1 mm. Photos: (a) 
by Y.-G. Fan; (b–d) by Y.-P. Ge.
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District, Linggu Temple Scenic Area 32°03’48”N, 
118°50’22”E, 35 m asl., 6 July 2020, leg. L.-Y. Zhu, 
HMJAU56858.

Remarks: Inocybe acutata Takah. Kobay. & Nagas. was 
originally described from Tottori, subtropical Japan 
where it occurs in Quercus forests (Kobayashi 1993). 

Figure 3. Microscopic features of Inocybe acutata (FCAS3816). (a–b) Basidiospores. (c–j) Basidia. (k–p) Cheilocystidia. (q–u) 
Paracystidia at lamellae side. (v) Pileipellis. (w) Hymenophoral trama. (x) Pileipellis hyphae. (y) Stipitipellis hyphae. (z) 
Stipitipellis. Scale bars: a–y = 10 μm; z = 100 μm. Photos by J.-L. Gao.
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Inocybe acutata is characterised by the slender and snuff 
brown or umbrinous basidiomata, plano-convex pileus 
with a buffish pointed-acute umbo, spiny but non-bifur
cate basidiospores, the absence of metuloidal pleurocys
tidia, and presence of thin-walled cheilocystidia 
(Kobayashi 1993). This species was first reported in 
China in 2022 based on collections from Anhui 
Province (Bau 2022). Recently, we obtained more speci
mens from Zhejiang Province in subtropical China. We 
failed to find caulocystidia at the stipe apex in the 
Zhejiang collections. However, the Chinese materials 
match well in the gross morphology with the original 
description of the species (Kobayashi 1993).

Interestingly, two specimens, ECV3648 from 
northern Thailand and KA18–0494 from South 
Korea, both treated as I. stellata E. Horak, Matheny 
& Desjardin clustered with I. acutata in a monophy
letic lineage with 100% support. In the original 
description of I. stellata, two phylogenetic clades 
were recovered and clade I received weak support; 
ECV3648 is one of three specimens in clade I but 
showed distinct genetic differentiation compared 
to the other two samples (Horak et al. 2015). 
However, Horak and colleagues treated all these 
samples as I. stellata in a conservative approach. In 
our three-gene phylogeny, the morphological 
I. stellata can be seen split into four independent 
lineages. Of these, the I. acutata lineage is distinct 
from the core I. stellata clade. Indeed, I. acutata 
differs from I. stellata by the buff and pointed but 
non-acute umbonate pileus, simple and spinose 
basidiospores without saddle-shaped projections, 
the absence of metuloids, and thin-walled 
cheilocystidia.

Inocybe alienospora (Corner & E. Horak) Garrido, 
Biblthca Mycol. 120: 176 (1988).
≡ Astrosporina alienospora Corner & E. Horak, 
Persoonia 10(2): 173 (1979).
Remarks: Inocybe alienospora is a striking species ori
ginally described from Singapore in 1979 and reported 
in Australia in 2017 (Horak 1979; Matheny and 
Bougher 2017). This species is characterised by small 
basidiomata, nodulose basidiospores with saddle- 
shaped projections, metuloidal pleurocystidia, and 
thin-walled cheilocystidia. Recently, this species was 
reported in southern China but based on a single 
specimen (Bau 2022). The Chinese material was 

collected from Guangdong Province in southern 
China. Unfortunately, we failed to obtain any 
sequence data from our material. Descriptions of this 
species can be found in Horak (1979), Matheny and 
Bougher (2017), and Bau (2022).
Habitat and ecology: On bare soil (Singapore); in 
sclerophyll vegetation (Australia); and in broad-leaved 
forests (China).
Distribution: Singapore (type), China (Guangdong), 
Australia (Queensland).

Inocybe aprica W.J. Yu, Y.G. Fan & L.J. Gao, sp. nov. 
Figures 4–5  
MycoBank: MB853904.
Etymology: aprica (L.), in reference to occurrences in 
a sunward place near its host tree.
Diagnosis: Inocybe aprica has slender basidiomata, 
nearly glabrous pileus, nodulose basidiospores with 
saddle-shaped projections, metuloidal pleurocystidia; 
and thin-walled, yellowish pigmented cheilocystidia. 
It is mostly similar to I. lasseroides, but differs in the 
nearly glabrous umber pileus, smaller basidiospores, 
and thin-walled, yellowish pigmented cheilocystidia.
Holotype: CHINA. Hainan Province: Wenchang City, 
Wenjiao Town, Wusi Village, at 19°40’02“N, 110° 
53’41”E, 16 m asl., Under forest dominated by 
Casuarina equisetifolia L., 25 November 2022, leg. Y.-G. 
Fan, W.-J. Yu, FYG7640 (FCAS3817). GenBank accession 
numbers: ITS (OR755901); LSU (OR760197) and rpb2 
(OR775210).
Description: Basidiomata small, slender. Pileus 
3.5–12 mm wide, conico-campanulate when young, obtu
sely umbonate-convex to umbonate-applanate when 
matured; margin inflexed when young, then decurved for 
a long time, when old expended; surface dry, smooth to 
appressed fibrillose towards the disc, radially fibrillose to 
rimulose outwards, veil remnants present as appressed- 
scattered patches, fugacious; initially uniformly dark brown
ish (5D7–5E7), brownish (5C5–5C6), and darkly brownish 
(5E5–5E6) umbonate after matured, paler outwards, mar
gin pale brownish (5B5–5C5) to brownish (5D5–5E5); 
patches whitish (4A1). Lamellae adnexed, subdistant, up 
to 1 mm wide, alternately distributed with 3–4 tiers of 
length lamellulae; colour pale brownish (5B3–5B4), 
edge not fimbricate; margin uneven. Stipe 
16–40 × 0.5–1.3 mm, terete, equal with a slightly 
enlarged base, central, solid; surface dry, fibrillose, 
brownish (5C5) to darkly brownish (5E6), but covered 
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with a layer of veil remnants made up with whitish 
(4A1) subtomentose patches, densely so towards the 
base, fugacious upon maturity. Context fleshy, cream 
whitish (4A2) with pale brownish (5C3), 0.1–0.5 mm 
thick at mid-radius, up to 1 mm thick under the 
umbo; fibrillose, slightly brownish (5C4–5C5) to 
brownish (5C6), striate in Stipe. Odor slightly spermatic.

Basidiospores [100/4/4], (8.5) 8.8–9.9–11.0 
(11.2) × (7.0) 7.5–8.7–9.8 (10.0) μm, Q = (1.00) 
1.00–1.15–1.28 (1.42), Qm ± SD = 1.15 ± 0.009; 

polyangular to star-shaped or slightly flange-like warts, api
culus small but distinct, yellowish to darkly yellowish in 5% 
KOH, thick-walled, with yellowish ellipsoid or ovoid con
tents. Basidia 27–45 × 10–14 μm, clavate, colourless or 
slightly yellowish, mostly 4-sterigmata, sometimes 2-sterig
mata, sterigmata 3–7 μm in length, with yellowish ovoid 
contents, bases usually tapered. Pleurocystidia 
48–72 × 12–21 μm, mostly clavate, sometimes cylindrical 
or utriform, colourless, apices crystalliferous, base usually 
tapered into small pedicel, walls thickened towards apices, 

Figure 4. Basidiomata of Inocybe aprica. (a–e) FYG7640 (FCAS3817, holotype). Scale bars: a–e = 10 mm. Photos by W.-J. Yu.
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up to 2 μm thick, thinner downwards, walls pale yellowish. 
Cheilocystidia 34–60 × 7–19 μm, slenderly clavate, cylind
rical or broadly clavate, pale yellowish, mostly thin-walled, 

at times walls somewhat thickened; mostly with yellow 
brownish to yellowish pigments; Hymenophoral trama 
50–87 μm wide, sub-regular, consisting of inflated hyphae 

Figure 5. Microscopic features of Inocybe aprica (FCAS3817, holotype). (a–b) Basidiospores. (c–d) Basidia. (e) Pleurocystidia. (f–h) 
Cheilocystidia. (i) Pileipellis. (j) Pileipellis hyphae. (k) Hymenophoral trama. (l) Stipitipellis hyphae. (m) Stipitipellis. Scale bars: a–m =  
10 μm. Photos by P.-M. He.
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with thick measured 12–27 μm wide, pale yellowish to 
colourless, smooth, thin-walled. Pileipellis 112–137 μm 
wide, regular to sub-regular, pale yellowish to brownish in 
mass, consisting of cylindrical hyphae and inflated hyphae 
with thick measured 2–8 μm and 11–20 μm, respectively, 
thin-walled, pale yellowish, encrusted. Stipitipellis regular, 
cylindrical hyphae with thick measured 
3–10 μm, brownish, encrusted, or smooth. Caulocystida 
not observed. Oily hyphae 3–10 μm wide, cylindrical, 
dark yellowish, smooth, in stipe and hymenophoral 
trama. Clamp connections present in all tissues.
Habitat and ecology: Scattered on sandy soil under 
artificial plantation of Casuarina equisetifolia.
Distribution: Known from the type locality in Hainan 
Province of China.
Additional specimens examined: CHINA. Hainan 
Province: Wenchang City, Wenjiao Town, Wusi 
Village, on sandy soil in C. equisetifolia forests, at 
19°40’02“N, 110°53’41”E, 16 m asl., 25 November 
2022, leg. Y.-G. Fan, W.-J. Yu, FYG7641 (FCAS3818); 
Wenchang City, Wenjiao Town, Wusi Village, on 
Sandy soil under C. equisetifolia forests, at 20° 
1’37“N, 110°30’5”E, 6 m asl., 15 November 2023, 
leg. Y.-G. Fan, W.-J. Yu, FYG9907 (FCAS3939), 
FYG9908 (FCAS3940).
Remarks: Inocybe aprica was found in an open arti
ficial plantation of C. equisetifolia in Wenchang City, 
Hainan Province. Morphologically, the new species 
is characterised by the slender basidiomata, nearly 
glabrous umber pileus, nodulose basidiospores with 
saddle-shaped projections, metuloid pleurocystidia; 
and thin-walled, yellowish pigmented cheilocysti
dia. At least two species should be compared with 
the new species. Inocybe alienospora shares high 
similarity with the new species in the shapes and 
sizes of basidiospores, cheilocystidia, and pleurocys
tidia. However, it has a dingy fawn to pale fuscous 
and scaly pileus with recurved scales towards the 
centre, fimbriate lamellae edges, and slightly smal
ler basidiospore sizes measured 8–10.5 × 7–8.5 μm 
(Horak 1979; Matheny and Bougher 2017). Inocybe 
lasseroides (E. Horak) Garrido is another species hav
ing saddle-shaped projections on the basidiospores 
and has been documented from Singapore and 
Malaysia. However, it has a scaly pileus, subglobose 
to ovoid basidiospores measured 10.5–13 μm, thick- 

walled cheilo- and pleurocystidia, and the presence 
of thin-walled yellow pigmented caulocystidia 
(Horak 1979); this species was also reported to 
occur under Allocasuarina and Eucalyptus in sclero
phyll forest in Australia (Matheny and Bougher  
2017). Phylogenetically, I. aprica clusters with 
I. lasseroides, I. alienospora, I. kuruvensis, and a suite 
of undescribed taxa in a fully supported subclade.

Inocybe aurescens Y.G. Fan, J.L. Gao & W.J. Yu, sp. 
nov. Figures 6–7  
MycoBank: MB853905. 
Etymology: aurescens (L), refers to the golden yellow- 
pigmented, thin-walled hymenial cystidia.
Diagnosis: Inocybe aurescens has small-sized basidio
mata, subdistant lamellae, spinose basidiospores with 
saddle-shaped projections, and a fragrant smell. It is 
mostly similar to I. juji, but can be distinguished by the 
absence of a fuliginous tint towards the umbo, larger 
basidiospores, shorter cheilocytidia, and the fragrant 
smell.

Holotype: CHINA. Yunnan Province: Puer City, Zhenyuan 
Country, Mengda Town, on soil in subtropical evergreen 
broad-leaved forests, at 24°02’27“N, 100°49’6”E, 1,193 m 
asl., 22 November 2015, leg. Y.-G. Fan & W.-J. Yu, 
FYG2015387 (FCAS 3813). GenBank accession number: 
ITS (OR755913); LSU (OR760276); rpb2 (OR775213).
Description: Basidiomata small, slender. Pileus 
10–25 mm wide, conical to hemispheric when 
young, then convex with low umbo, when matured 
plano-convex to plane with a small umbo; margin at 
first inrolled, then depressed to straight, uneven; 
surface dry, felty or subtomentose when young, 
then striated-fibrillose to fibrillose, rimulose towards 
margin; uniformly brownish (5C6–5C7) when young, 
yellowish (4B8–4C8) or brownish yellow (5B7–5C7), 
brown (5C6–5C7) with fuliginosus tinge (5D8–5E8) 
towards the centre when matured; veil remnants 
slightly yellowish (4A2–4A3). Lamellae adnexed, 
subdistant, up to 3.5–4 mm wide, alternately distrib
uted with 3 tiers lamellulae; colour yellowish 
(4B5–4B6) or pale brownish (5C6–5C7) to brownish 
(5C7), edge even, not fimbricate. Stipe 25–32 × 2–3 mm, 
terete, equal with a slightly enlarged base; central, solid; 
surface dry, covered with a layer of veil remnants, 
appressed-fibrillose to silky smooth; yellowish (4B6) to 
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brownish (5B6) when young, brownish (5D6) when 
matured. Context fleshy in pileus, white (4A1) with 
brownish (5D6) tinge near the cuticle, 0.2 mm thick at 
mid-radius, up to 2.5 mm thick under the umbo; fibril
lose and striate in stipe, whitish (4A1) or slightly brown
ish (5B4). Odor fragrant.

Basidiospores [100/2/2], (7.0) 7.2–8.5–9.7 (10.0) × (5.5) 
6.1–7.5–8.9 (9.5) μm, Q = (1.00)1.02–1.15–1.32 (1.43), 
Qm ± SD = 1.15 ± 0.1 without spines; sub-stellate or 
spinose with simple and bifurcate spinies, apiculus 

distinct, yellowish to darkly yellowish in 5% KOH, 
thick-walled, with yellowish ovoid contents. Basidia 
30–35 × 9–14 μm, clavate to broadly clavate, apex 
usually obtuse, bases tapered, with 4- or 2-sterigmata 
2–6 μm length, slightly yellowish to yellowish. 
Pleurocystidia 25–46 × 9–23 μm, abundant, clavate or 
utriform, sometimes slenderly clavate, apices 
rounded or obtuse, base usually tapered into small 
pedicel, thin-walled, yellowish to goldish yellow, 
walls lightly yellowish. Cheilocystidia 29–52 × 9–20 μm, 

Figure 6. Basidiomata of Inocybe aurescens. (a–g) FYG2015387 (FCAS3813, holotype). Scale bars: a–g = 1 mm. Photos by Y.-G. Fan.
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resemble pleurocystidia, clavate or utriform, thin-walled, 
pale yellowish to yellowish. Hymenophoral trama 
63–90 μm thick, sub-regular, consisting of inflated 

hyphae measured 11–22 μm wide, yellowish to colour
less, smooth, thin- to thick-walled, up to 0.2 μm, wall 
slightly yellowish. Pileipellis 50–100 μm wide, sub-regular, 

Figure 7. Microscopic features of Inocybe aurescens (FCAS3813, holotype). (a–b) Basidiospores. (c1–c3) Basidia. (d1–d16) 
Pleurocystidia. (e–m) Cheilocystidia. (n) Pileipellis. (o) Hymenophoral trama. (p–q) Pileipellis hyphae. (r) Hymenophoral trama 
hyphae. (s) Stipitipellis. Scale bars: a–m, p–s = 10 μm; n–o = 100 μm. Photos by J.-L Gao.
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yellowish to darkly brownish in mass, consisting of cylind
rical hyphae measured 6–10 μm, yellowish, walls lightly 
yellowish, with yellowish oily contents. Pileal trama 
120–220 μm wide, sub-regular, hyphae inflated, pale 
yellowish to yellowish, 14–27 μm wide. Stipitipellis 
regular, hyphae cylindrical, 4–10 μm wide, encrusted, 
yellowish. Stipe trama regularly arranged, com
posed of colourless, thin-walled, cylindrical hyphae 
8–12 μm wide. Caulocystida not observed. Oily 
hyphae 5–10 μm wide, cylindrical, yellowish, 
smooth, diverticulate, in stipe. Clamp connections 
present in all tissues.
Habitat and ecology: Scattered on clay soil in sub
tropical evergreen broad-leaved forest.
Distribution: Known from two localities in Yunnan 
Province of China.
Additional specimens examined: CHINA. Yunnan 
Province: Baoshan City, Longling Country, at 24° 
38’46“N, 98°46’20”E, 1,767 m asl., under forests domi
nated by fagaceous trees, 10 July 2018, leg. Y.-G. Fan & 
W.-J. Yu, FYG2871 (FCAS3815).
Remarks: Inocybe aurescens was discovered under 
fagaceous trees in Yunnan Province. It is charac
terised by small-sized basidiomata, subdistant lamel
lae, spinose basidiospores with saddle-shaped 
projections, and a fragrant smell. More impressively, 
the new species is distinguished by the golden yel
low-pigmented hymenial cystidia and that lacks crys
tals at the apices. This kind of cystidium is rarely 
encountered in Inocybe. Inocybe aurantiocystidiata 
Turnbull and Watling, shares similarities in basidios
pore and hymenial cystidia morphology, but it has a 
clay buff stipe with a vinaceous tinge, hazel to vinac
eous context, and an ecology with Shorea trees 
(Dipterocarpaceae).

Phylogenetically, I. aurescens is a sister to another 
newly described species, I. juji (see below), and shares 
high similarity in morphology. However, the latter has a 
non-fuliginous tinged pileus centre, smaller basidios
pores, and longer cheilocystidia without subcapitate 
apices. Other close relatives include I. hydrocybiformis, 
I. babruka, and I. papilliformis. These three tropical Asian 
species share spinose basidiospores usually with a dis
tinct apiculus. Inocybe papilliformis, originally described 
from Kerala State, India has very slender basidiomata, an 
acute-papillate and conical-convex pileus, larger basi
diospores measuring 15–19.5 × 14–18 μm, and thick-walled 

cheilocystidia (Predeep et al. 2016). Inocybe babruka, a spe
cies also described from Kerala, India has a bulbous-based 
stipe, flexuous-cylindric or strangulated cheilocystidia, and 
broadly clavate basidia with up to 16 µm long sterig
mata (Latha and Manimohan 2017). Inocybe hydrocybi
formis was originally described from tropical forests in 
Singapore and Malaysia (Horak 1979) but was subse
quently found in India (Vrinda et al. 1999; Predeep et al.  
2016; Latha and Manimohan 2017) and Thailand (Horak 
et al. 2015); it can be distinguished from I. aurescens by 
the often longer cheilocystidia usually with blunt, 
forked or irregular finger-like projections at the apices. 
Horak and colleagues noted that the Thai material has 
scattered pleurocystidia (Horak et al. 2015). In our pre
sent study, The Thai collection (DED8165) identified by 
Horak nested in a different phylogenetic lineage sister 
to I. babruka (Figure 1). We speculate that there are still 
cryptic taxa in this group waiting for recognition in 
tropical Asia.

Inocybe carpinicola Y.G. Fan, W.J. Yu & P.M. He, 
Phytotaxa 575(1): 83 (2022).
Remarks: Inocybe carpinicola is a recently described 
species from tropical China. Here, we obtained three 
additional specimens from Shandong Province in 2023. 
Inocybe carpinicola is characterised by the rather small 
and slender basidiomata, small pointed-umbo in 
pileus, angular-nodulose to substellate basidiospores, 
and slightly thick-walled hymenial cystidia. A detailed 
description and colour-plates of I. carpinicola can be 
found in He et al. (2022).
Habitat and ecology: Scattered or gregarious in 
Carpinus (Betulaceae) forests.
Distribution: Hainan and Shandong provinces in 
China.
Specimens examined: CHINA. Hainan Province: 
Wuzhishan City, Nansheng Town, Wuzhishan sub
station of Hainan Tropical Rain Forest National 
Park, on clay soil under Carpinus forests, at 109° 
40’43”E, 18°51’53”N, 690 m asl., 29 July 2021, leg. 
Y.-G. Fan, L.-S. Deng, L.-N. Zhao, J.-H. Hu, FYG6297 
(FCAS3617), FYG6300 (FCAS3618), FYG6307 
(FCAS3513: holotype); 30 August 2021, leg. W.-J. 
Yu, P.-M. He, Y.-G. Fan, FYG6312 (FCAS3620), 
FYG6315 (FCAS3621), W.-J. Yu & Y.-G. Fan, FYG6381 
(FCAS3622); Shandong Province, Tai’an City, Dazinkou 
Town, Mount Tai, YuQuan Temple, at 117°05’12”E, 
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36°18’15”N, 554 m asl., 20 July 2023, leg. Y.-P. Ge & Q. 
Na, HK0985 (FCAS3941), HK0986 (FCAS3943), HK0987 
(FCAS3942).

Inocybe casuarinoides Y.G. Fan, J.L. Gao & W.J. Yu, sp. 
nov. Figures 8–9  
MycoBank: MB853906.
Etymology: Referring to its similar basidiospore 
shape with Inocybe casuarina, a tropical Asian species 
described originally from Malaysia.
Diagnosis: Inocybe casuarinoides has small, slender 
basidiomata, greyish umber pileus, weakly-angular 
basidiospores, cylindrical metuloid pleurocystidia, 
and thin-walled cheilocystidia. It is mostly similar to 
I. casuarinoides, but differs in smaller basidiomata, 
larger basidiospores, and cylindrical cheilo- and 
pleurocystidia.
Holotype: China. Hainan Province, Wenchang City, Wenjiao 
Town, Wusi Village, 19°40’02”N, 110°53’11”E, 16 m asl., in C. 
equisetifolia forest, 17 May 2023. Y.-G. Fan & W.-J. Yu, 
FYG8122 (FCAS3820), GenBank accession numbers: ITS 
(OR755899); LSU (OR759975) and rpb2 (OR775204).
Description: Basidiomata small-sized, slender. 
Pileus 6–16 mm wide, at first hemispherical, later 
conico-convex to campanulate, applanate with a 
umbo when matured, margin depressed to straight; 
surface dry, fibrillose-tomentose from submembra
nous remnants of veil when young, becoming 
appressed-fibrillose to fibrillose or fibrillose-glab
rous, occasionally splited at margin; red brownish 
(6E5) when young, tobacco (5D6–5E6), brownish 
(5D6) to dark brownish (5E7) at the centre, paler 
outwards; fibrillose-tomentose whitish (4A1) or grey
ish brown (4C3–4C2). Lamellae up to 1 mm broad, 
adnexed, moderately crowded, unequal in length, 
alternately distributed with 3–4 tiers of lamellulae, 
whitish (4A1) to pale brown (4A4), edge paler, indis
tinctly fimbricate. Stipe 14–31 × 1–3 mm, cylindrical; 
central or eccentric, solid, covered with a layer of 
appressed to protruding greyish white fibrils; partly 
pallid (4A1) in the upper part and yellowish tobacco 
(4C5) towards the base when young, uniformly 
tobacco brownish (4E4–4E5) when mature, at times 
slightly brownish (5B6–5C6) to darkly brownish 
(5E5). Context fleshy, whitish (4A1) in Pileus, 
0.5 mm thick at mid-radius, up to 2 mm thick under 

the umbo; whitish (4A1) or slightly brownish (5B3) in 
Stipe. Odor spermatic.

Basidiospores [100/3/5], (6.0) 8.6–10.0–11.0 
(12.0) × (4.5) 5.1–6.19–7.3 (8.0) μm, Q = (1.30) 
1.39–1.63–1.86 (2.00), Qm ± SD = 1.63 ± 0.13; elliptic 
with weak angular outlines, oblong, pale yellowish to 
yellowish in 5% KOH, apiculus indistinct, in some collec
tions with circular oily contents. Basidia 24–34 × 8–12 μm, 
clavate with obtuse-rounded apex, tapered downwards, 
colourless, generally 4-spored, sometimes 2-spored, sterig
mata 2–4 μm in length, with irregular oily contents. 
Pleurocystidia 45–83 × 10–18 μm, abundant, mostly 
cylindrical-clavate, less often subfusiform, occasion
ally utriform, colourless, apices usually encrusted 
with crystals, base usually tapered, rounded or less 
often subtruncate, thick-walled, walls up to 1.5 μm 
thick, -slightly yellowish. Cheilocystidia 31–62 × 11–18 μm, 
slenderly clavate, cylindrical to elongate-cylindrical, mostly 
thin-walled, at times walls somewhat thickened, up to 1 μm 
thick; slightly yellowish. Hymenophoral trama 38–108 μm 
thick, sub-regular, consisting of sub-inflated hyphae mea
sured 9–15 μm wide, smooth. Pileipellis 75–175 μm wide, 
sub-regular, slightly yellowish to yellowish in mass, consist
ing of cylindrical hyphae with thick measured 7–12 μm, 
thin-walled, walls yellowish, encrusted. Pileal trama 
200–470 μm wide, colourless, regular, consisting of 
sub-inflated hyphae, 9–16 μm wide, thin-walled, 
smooth. Stipitipellis regular to sub-regular, hyphae 
thin-walled, cylindrical, 5–9 μm, yellowish, encrusted. 
Oily hyphae 4–13 μm wide, abundant, cylindrical, 
pale yellowish to yellowish, smooth, in stipitipellis 
and pileal trama. Caulocystidia 21–65 × 10–14 μm, 
clavate, cylindrical, thin-walled; colourless or slightly 
yellowish. Clamp connections present in all tissues.
Habitat and ecology: Scattered on sandy soil under 
artificial plantations of Casuarina equisetifolia.
Distribution: Known from the two localities in Hainan 
Province of China.
Additional specimens examined: CHINA. Hainan 
Province: Wenchang City, Wenjiao Town, Wusi Village, 
on sandy soil in C. equisetifolia forests, at 19°40’02”N, 
110°53’11”E, 16 m asl., 17 May 2023, leg. Y.-G. Fan & 
W.-J. Yu, FYG8120 (FCAS3819), FYG8123 (FCAS3821); 
Haikou City, on sandy soil in C. equisetifolia forests, at 
20°1’37“N, 110°30’5”E, 6 m asl., 12 November 2023, leg. 
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Y.-G. Fan, W.-J. Yu, FYG9871 (FCAS3936), FYG9895 
(FCAS3938).
Remarks: Inocybe casuarinoides was found in two local
ities in Hainan Province. It occurred under Casuarina 
equisetifolia in sandy soil, including a coastal sandy 
forest. This new species is characterised by small basi
diomata, greyish umber pileus, weakly-angular basi
diospores, cylindrical metuloid pleurocystidia, and 
thin-walled cheilocystidia. The subangular outline of 

basidiospores makes this new species very impressive. 
Inocybe casuarina Corner & E. Horak, a species originally 
described from Malaysia, resembles the new species in 
having subangular basidiospore outline and an 
ecology also under C. equisetifolia. However, it 
has larger basidiomata, smaller basidiospores mea
sured 6.5–9 × 4–5 μm, and fusoid cheilo- and pleur
ocystidia (Horak 1980). Inocybe niigatensis Hongo 
(= Inocybe ammophila Hongo & Matsuda) described 

Figure 8. Basidiomata of Inocybe casuarinoides. (a, c, e) FYG8122 (FCAS3820, holotype). (b) FYG8123 (FCAS3821). (d) FYG8120 
(FCAS3819). Scale bars: a = 10 mm; b–e = 1 mm. Photos by Y.-G. Fan.
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from temperate Japan is another species with greyish 
brown pileus and subangular basidiospores, but it 
has a marginate stipe base, subfusoid pleurocystidia, 

thick-walled cheilocystidia, a grassy smell, and 
ecology with Pinus thunbergia (Kobayashi 2002). 
Phylogenetically, I. casuarinoides is nested in the 

Figure 9. Microscopic features of Inocybe casuarinoides (FCAS3820, holotype). (a–b) Basidiospores. (c1–c7) Basidia. (d1–d18) 
Pleurocystidia. (e–n) Cheilocystidia. (o) Pileipellis. (p) Hymenophoral trama. (q) Pileipellis hyphae. (r) Stipitipellis hyphae. (s) Oily 
hyphae. (t) Caulocystidia at stipe apex. Scale bars: a–n, q–t = 10 μm; o–p = 100 μm. Photos by J.-L Gao.
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alienospora subclade and is sister to I. alienospora 
and allied taxa.

Inocybe haikouensis W.J. Yu, J.L. Gao & Y.G. Fan, sp. 
nov. Figures 10–11  
MycoBank: MB853909.
Etymology: haikouensis (L.), Haikou City is the Capital 
of Hainan Province, and haikouensis refers to the type 
locality of this new species.

Diagnosis: Inocybe haikouensis is a small slender 
species having angular-nodulose basidiospores 
without distinct saddle-shaped projections, 
slightly thick-walled pleurocystidia, and thin- 
walled cheilocystidia with reflective inclusions. It 
is mostly similar to I. casuarinoides but differs in 
more nodulose basidiospores, slightly thick-walled 
pleurocystidia, and shorter cheilocystidia with 
reflective inclusions.

Figure 10. Basidiomata of Inocybe haikouensis. (a–h) FYG9868 (FCAS3934, holotype). Scale bars: a = 10 mm; b–h = 1 mm. Photos by Y.-G. Fan.
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Holotype: CHINA. Hainan Province: Haikou City, at 
20°01’15“N, 110°29’35”E, 2 m asl., in Casuarina equi
setifolia forest, 12 November 2023, leg. Y.-G. Fan, 

W.-J. Yu, FYG9868 (FCAS3934). GenBank accession 
numbers: ITS (OR975602); LSU (OR975620) and rpb2 
(PP366983).

Figure 11. Microscopic features of Inocybe haikouensis (FCAS3934, holotype). (a–b) Basidiospores. (c–e) Basidia. (f1–f20) 
Pleurocystidia. (g–j) Cheilocystidia. (k) Pileipellis. (l) Hymenophoral trama. (m) Pileipellis hyphae. (n) Oily hyphae. (o) 
Hymenophoral trama hyphae. (p) Caulocystidia at stipe apex. Scale bars: a–j, m–p = 10 μm; k–l = 100 μm. Photos by J.-L Gao.
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Description: Basidiomata small to medium-sized, 
slender. Pileus 7–21 mm wide, at first hemispherical 
or sub-conical, later convex to plano-convex, appla
nate with a low umbo at maturity, margin rolled when 
young, then depressed to straight; surface dry, fibril
lose-tomentose from whitish (4A1) or grey yellowish 
(4A2–4B2) submembranous remnants of veil when 
young, becoming appressed-fibrillose to fibrillose; 
greyish brown (5C3) to brownish (5E3) when young, 
brownish (5C5–5D5) to deep brown (5F6) when 
matured, paler outwards. Lamellae up to 3 mm 
broad, moderately crowded, adnexed, unequal in 
length, alternately distributed with 4–5 tiers of lamel
lulae, greyish white (5A2) to slightly brownish (5B3) or 
brownish (5E3), edge paler, indistinctly fimbricate. 
Stipe 29–48 × 1–3 mm, equal, cylindrical; central, 
solid; surface dry, furfuraceous at upper part, covered 
with greyish fibril downwards; brownish (5A3–5B3) 
when young, brown (5D3) to deep brown (5E3) when 
mature. Context fleshy in pileus, white (5A1) with pale 
yellowish tinge (4A2–4B2), 0.5–1 mm thick at mid-radius, 
up to 4 mm thick under the umbo; fibrillose in stipe, 
brownish (5B3) to yellowish brown (5D3) in Stipe. Odor 
fungoid.

Basidiospores [100/4/5], (8.0) 8.0–10.1–11.0 
(12.0) × (6.0) 6.8–7.8–9.1 (10.0) μm, Q = (1.07) 
1.14–1.31–1.41 (1.47), Qm ± SD = 1.31 ± 0.087; 
nodulose to polygonal with 10–13 small nodules, 
occasionally with flange-like projections, apiculus 
small and indistinct; yellowish to yellowish brown, 
thick-walled, with yellowish intracellular ovoid 
contents. Basidia 22–36 × 9–14 μm, clavate to 
broadly clavate, apex obtuse, bases tapered, with 
4-spored or 2-spored, sterigmata 3–7 μm length, 
colourless when young, yellowish when matured. 
Pleurocystidia 40–68 × 14–25 μm, abundant, fusi
form, subfusiform or utriform, sometimes clavate, 
apices obtuse with crystals, base tapered into 
small pedicel, thin-walled, at times thick-walled 
towards the apices, colourless to with bright yel
low pigments. Cheilocystidia 23–51 × 6–20 μm, 
resemble pleurocystidia or clavate to slenderly 
clavate, thin-walled, occasionally thicked-walled 
in the apices, colourless to yellowish, often with 
reflective inclusions. Hymenophoral trama 98–190 μm 
thick, sub-regular, consisting of inflated hyphae mea
sured 18–27 μm wide, colourless, smooth, thin-walled. 
Pileipellis 138–228 μm wide, regular to sub-regular, 
slightly yellowish to yellowish in mass, consisting of 

cylindrical and encrusted hyphae measured 7–20 μm, 
yellowish. Pileal trama 210–300 μm wide, colourless, 
sub-regular, hyphae inflated, colourless, 15–25 μm 
wide, thin-walled, smooth. Stipitipellis regular, com
posed of cylindrical hyphae 12–20 μm wide, pale yel
lowish. Stipe trama regularly arranged, composed of 
colourless, thin-walled, hyphae 12–20 μm wide, 
smooth. Caulocystida 23–65 × 7–14 μm, abundant, 
fusiform or utriform, sometimes clavate, colourless, 
apices obtuse with crystals, base tapered. Oily hyphae 
4–7 μm wide, cylindrical, yellowish to darkly yellowish, 
smooth, in stipe. Clamp connections present in all 
tissues.
Habitat and ecology: Scattered on sandy soil in 
Casuarina equisetifolia forests.
Distribution: Known from the type locality in Hainan 
Province of China.
Additional specimens examined: CHINA. Hainan 
Province: Haikou City, on sandy soil under C. equi
setifolia forests, at 20°01’15“N, 110°29’35”E, 6 m asl., 
12 November 2023, leg. Y.-G. Fan, W.-J. Yu, 
FYG9866 (FCAS3932), FYG9867 (FCAS3933), 
FYG9870 (FCAS3935); 15 November 2023, leg. Y.-G. 
Fan, W.-J. Yu, FYG9893 (FCAS3937).
Remarks: Inocybe haikouensis occurred in a seashore 
forest dominated by Casuarina equisetifolia. It 
occurred scattered in small groups at the edge of a 
seashore forest. The new species is characterised by 
small basidiomata, slender stipe, angular-nodulose 
basidiospores, and thin-walled cheilocystidia with 
reflective inclusions. Inocybe haikouensis is phylogen
etically placed in the subclade unifying I. alienospora 
and allied taxa and is sister to I. casuarinoides. The new 
species share high similarities in outwards appear
ance with I. casuarinoides, but the latter species has 
weak angular basidiospores and subcylindrical chei
locystidia with more thickened walls. Inocybe alienos
pora and I. heteromorpha both have nodulose 
basidiospores with distinct saddle-shaped projec
tions, which distinguish them from I. haikouensis.

Inocybe heteromorpha Y.G. Fan, W.J. Yu & J.L. Gao, sp. 
nov. Figures 12–13 
MycoBank: MB853910.
Etymology: hetero- (L), in reference to the hymenial 
cystidia as two types, thin-walled cheilocystidia, and 
metuloid pleurocystidia.
Diagnosis: Inocybe heteromorpha has small basidio
mata, a non-umbonate pileus, nodulose basidiospores 
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with saddle-shaped projections, metuloidal pleurocys
tidia, and thin-walled digitate cheilocystidia. It is mostly 
similar to I. aprica, but can be distinguished by the non- 
umbonate pileus and non-pedicellate pleurocystidia 
and ecological association with fagaceous trees.
Holotype: CHINA. Hainan Province, Baoting City, Miao 
Autonomous country, 18°42’03”N, 109°41’31”E, 269 m asl. 
under tropical forests dominated by fagaceous trees, 27 
June 2020. Y.-G. Fan & W.-J. Y, FYG5769 (FCAS 3810), 
GenBank accession numbers: ITS (OR755900); LSU 
(OR759987) and rpb2 (OR775207).
Description: Basidiomata small, slender. Pileus 
2.5–9 mm wide, hemispheric when young, convex to 
plano-convex when matured; margin inflexed when 
young, becoming straight upon maturity, with indistinct 
small umbo; surface dry, glabrous-fibrillose when young, 
then radially fibrillose to appressed scaly with indistinct 
stripes; uniformly brown (5D8) when young, brownish 
(5C6) to dark brownish (5E5) when matured, dark brown 
(6E8) towards the centre, finely paler outwards. Cortina 
present in young specimens; Lamellae 1–1.5 mm wide, 
adnexed, moderately crowded, alternately distributed 
with 3–4 tiers of unequal length lamellulae; pale greyish 
(5B3) to brownish (5D5); edges paler, not fimbriate. Stipe 
14–30 × 0.6–1.3 mm, cylindrical, terete, solid, equal with 
a sub-bulbous base, base up to 2 mm wide; covered 
with a layer of whitish fibrils made up of veil remnants; 
background whitish (4A1) or pale brownish (5C5) at 
upper part, brownish (5B6) to yellowish brown (5B4) 
downwards. Context fleshy in pileus, whitish (5A1) to 
off-white (5A1–5B1) with pale brownish (5C4) tinge, 
0.1–0.3 mm thick at mid-radius, up to 1 mm thick 
under the umbo; fibrillose in stipe, slightly brownish 
(5C4) to brownish (5D4), striate. Odor not recorded.

Basidiospores [100/3/3] (7.8) 8.0–8.9–10.0 (11.0) × (6.2) 
6.8–7.7–8.5 (9.0) μm. Q = (1.00) 1.02–1.16–1.29 (1.38), 
Qm ± SD = 1.16 ± 0.0083, nodulose with numerous saddle- 
shaped projections, apiculus small and inconspicuous, with 
ovoid or irregular oily contents, yellowish, thick-walled. 
Basidia 23–33 × 9–14 μm, clavate to broadly clavate, 
tapered downwards, apiculus indistinct, mostly 4- 
spored, sometimes 2-spored, sterigmata 3–6 mm 
in length, mostly colourless with yellowish inclusions. 
Pleurocystidia 48–66 × 12–20 μm, clavate to subfusi
form, thick-walled, walls colourless, up to 2 μm thick 
towards the apex, thinner downwards, apices obtuse to 
rounded, usually encrusted with crystals, base obtuse or 
less often subtruncate, mostly with irregular contents. 

Cheilocystidia 33–66 × 5–10 μm, narrowly clavate to cla
vate, thin-walled, partly with yellowish pigments. 
Cheiloparacystidia 17–29 × 6–11 μm, abundant, clavate, 
cylindrical-clavate, obovate, thin-walled, colourless or with 
yellowish pigments. Hymenophoral trama 60–75 μm 
wide, regular to subregular, consisting of inflated hyphae 
measured 12–25 μm, smooth, thin-walled, colourless. 
Pileipellis 50–75 μm wide, subregularly arranged, brownish 
to deep brown in mass, consisting of cylindrical 
hyphae measured 4–12 μm, slightly yellowish, 
thin-walled, encrusted. Pileal trama regular to sub
regular, pale yellowish, consisting of cylindrical and 
inflated hyphae measured 3–10 μm and 13–25 μm 
wide, colourless to slightly yellow, thin-walled, 
smooth. Stipitipellis regular, consisting of cylindri
cal hyphae measured 3–7 μm wide, pale yellowish 
to yellowish, smooth or encrusted, thin-walled, 
sometimes with slightly yellowish contents. Oily 
hyphae present in the stipe trama, cylindrical, 
3–7 μm wide, often bent, smooth; yellowish, in 
stipe. Caulocystida not observed. Clamp connec
tions present in all tissues.

Habitat: Scattered in small groups on bare soil in 
broad-leaved forest dominated by fagaceous trees.
Distribution: Known from the type locality in Hainan 
Province of China.

Additional specimens examined: CHINA. Hainan 
Province, Baoting City, Miao Autonomous Country, under 
fagaceous forests, at 18°42’03”N, 109°41’31”E, 269 m asl., 
27 June 2020. Y.-G. Fan & W.-J. Y, FYG5769a (FCAS3811), 
FYG5769b (FCAS3812).
Remarks: Inocybe heteromorpha was found in late 
June in a broad-leaved forest dominated by fagac
eous trees in Hainan Province. It can be recognised 
by its small basidiomata, non-umbonate pileus, nodu
lose basidiospores with saddle-shaped projections, 
metuloidal pleurocystidia, and thin-walled digitate 
cheilocystidia. This new species shares high similari
ties with I. alienospora, I. lasseroides, and I. aprica in 
macro- and micromorphology. However, I. alienospora 
has a scaly pileus and subclavate to lageniform pleurocys
tidia (Horak 1979; Matheny and Bougher 2017), 
I. lasseroides has larger basidiospores and metuloidal 
cheilocystidia (Horak 1979; Matheny and Bougher  
2017), and I. aprica has an umbonate pileus, even- 
edged lamellae, and pedicellate pleurocystidia. 
Inocybe kuruvensis described from tropical India 
also shares saddle-like projections on the 
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basidiospores, but it has a scaly pileus, larger 
basidiospores (9–11 × 8–9.5 μm), and metuloidal 
cheilocystidia (Latha and Manimohan 2017).

Inocybe juji Y.G. Fan, Y.P. Ge & J.L. Gao, sp. nov. Figures 
14–15  
MycoBank: MB853911

Etymology: juji (L.), in reference to the spinose basi
diospores like a hedgehog, which in anglicised 
Chinese is “juji”.
Diagnosis: Inocybe juji has a dirty yellow to brownish 
yellow pileus, spinose basidiospores with saddle-shaped 
projections, and thin-walled and yellowish-reflective 
cheilo- and pleurocystidia. It is mostly similar to 

Figure 12. Basidiomata of Inocybe heteromorpha. (a–g) FYG5769 (FCAS3810, holotype). Scale bars: a–g = 5 mm. Photos by Y.-G. Fan.
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Figure 13. Microscopic features of Inocybe heteromorpha (FCAS3810, holotype). (a–b) Basidiospores. (c–d) Basidia. (e) 
Pleurocystidia. (f–g) Cheilocystidia. (h) Pileipellis. (i) Pileipellis hyphae. (j) Hymenophoral trama. (k–l) Stipitipellis hyphae. (m) 
Oily hyphae. (n) Stipitipellis. Scale bars: a–n = 10 μm. Photos by P.-M. He.
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I. aurescens, but differs in the subtomentose pileus with
out any bluish tint, smaller basidiospores, and larger 
cheilocystidia without subcapitate apices.
Holotype: CHINA. Anhui Province: Chizhou City, 
Shitai Country, at 30°04’54“N, 117°29’ 22“E, 
246 m asl., Under forest dominated by evergreen 
broad-leaved forests, 9 October 2019, leg. Y.-P. Ge 
& Q. Na, 123 (FCAS3946). GenBank accession num
bers: ITS (OR975596); LSU (OR975614) and rpb2 
(PP356982).

Description: Basidiomata small to medium-sized, 
slender. Pileus 18–40 mm wide, at first sub-conical 
with umbo, later convex to plano-convex or conical 
with sharp umbo, margin depressed to straight, faintly 
striate-sulcate towards the subrimose margin; surface 
dry, fibrillose-tomentose from remnants of veil towards 
the centre, appressed fibrillose-rimulose outwards, at 
times rimose at the margin; yellowish brown (4C5–4E6) 
and paler outwards or uniformly dirty yellow (4B6); veil 
remnants yellowish (4C3) or darkly yellowish (4E5). 

Figure 14. Basidiomata of Inocybe juji. (a–b) 123 (FCAS3946, holotype). (c) 187 (FCAS3948). (d–e) 119 (FCAS3944). (f–g) 653 
(FCAS3947). Scale bars: a–g = 10 mm. Photos by Y.-G. Fan. And Y.-P. Ge.
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Lamellae up to 3 mm broad, moderately crowded, 
adnexed, unequal in length, alternately distributed 
with 3–4 tiers of lamellulae, yellowish (4C3) or slightly 
brownish (5D4) to brownish (5D5) with pallid edge, not 

fimbriate. Stipe 46–50 × 2.5–3 mm, cylindrical, slightly 
swollen at the base; central, solid; surface dry, covered 
with a layer of yellowish white (4A3) fibrils at the entire 
length of stipe; background brownish (4B4) when 

Figure 15. Microscopic features of Inocybe juji (FCAS3946, holotype). (a–b) Basidiospores. (c–f) Basidia. (g1–g18) 
Pleurocystidia. (h–l) Cheilocystidia. (m) Pileipellis. (n) Hymenophoral trama. (o) Pileipellis hyphae. (p) Hymenophoral trama 
hyphae. (q) Caulocystidia at stipe apex. Scale bars: a–l, o–q = 10 μm; m–n = 100 μm. Photos by J.-L Gao.
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young, yellowish brown (5B5) when mature; base with 
tomentose white (1A1) hyphae. Context fleshy in 
pileus, whitish (4A1) with pale yellowish (4B3) tinge, 
0.5–3 mm thick; fibrillose in stipe, whitish (4A1). Odor 
not recorded.

Basidiospores [100/4/5] (5.0) 5.8–6.8–7.8 (9.0) × (4.5) 
5.0–5.6–6.8 (8.8) μm, Q = (1.00)1.03–1.23–1.41 (1.60), 
Qm ± SD = 1.23 ± 0.14; spinose with numerous saddle- 
shaped projections, apiculus distinct, yellowish to 
goldish yellow, with yellowish ovoid contents. 
Basidia 26–42 × 10–15 μm, clavate to broadly cla
vate, apex obtuse, bases tapered, with 4-spored or 
2-spored, sterigmata 3–7 μm length, colourless or 
yellowish. Pleurocystidia 40–70 × 9–18 μm, abun
dant, clavate, thin-walled, elongate-clavate, 
cylindrical, often flexuous, occasionally utriform, 
apices obtuse, usually tapered downwards, yellow
ish to goldish yellowish. Cheilocystidia 35–63 × 6–15 μm, 
resemble pleurocystidia, elongate-clavate to clavate, thin- 
walled, yellowish or full of goldish yellow inclusions. 
Hymenophoral trama 75–138 μm thick, sub-regular to 
regular, consisting of inflated hyphae measured 11–20 μm 
wide, colourless, smooth, thin-walled to finely thick-walled, 
walls up to 1 μm thick, encrusted with yellowish pigments. 
Pileipellis 25–75 μm wide, sub-regular, brownish in mass, 
consisting of cylindrical hyphae measured 5–10 μm 
wide, thin-walled with goldish yellow intracellular 
pigments. Pileal trama 120–240 μm wide, regular, col
ourless, hyphae inflated, colourless with pale yellowish 
walls, 6–18 μm wide. Stipitipellis sub-regular, hyphae 
cylindrical 6–15 μm wide, pale yellowish. Stipe trama 
regularly arranged, composed of yellowish hyphae 
7–19 μm wide, slightly thick-walled, walls up to 1 μm, 
rough. Caulocystida 27–50 × 6–9 μm, rare, clavate or 
utriform, thin-walled, colourless to yellowish. 
Oily hyphae 4–6 μm wide, cylindrical, yellowish, 
smooth, present in stipe trama. Clamp connections 
present in all tissues.
Habitat and ecology: Scattered on soil, under sub
tropical evergreen broad-leaved forests dominated by 
fagaceous trees.
Distribution: Known only from the type locality in 
Anhui Province of China.
Additional specimens examined: CHINA. Anhui 
Province: Chizhou City, Shitai Country, under ever
green broad-leaved forests, at 30°04’54“N, 
117°29’22”E, 284 m asl., 9 October 2019, leg. Y.-P. 
Ge & Q. Na, 119 (FCAS3944), 147 (FCAS3945); at 

30°04’52“N, 117°29’20”E, 224 m asl., 15 October 
2019, leg. Y.-P. Gai & Q. Na, 653 (FCAS3947); at 
30°04’51“N, 117°29’18”E, 324 m asl., 25 July 2019, 
leg. Y.-P. Gai & Q. Na, 187 (FCAS3948), 180 
(FCAS3949).
Remarks: Inocybe juji was found in subtropical 
broad-leaved forests dominated by fagaceous 
trees in Anhui Province. The new species is charac
terised by the dirty yellow to brownish yellow 
pileus, spinose basidiospores with saddle-shaped 
projections, thin-walled and yellowish-reflective 
cheilo- and pleurocystidia. Among the specimens 
we examined, FCAS3948 (187) has fewer pleurocys
tidia and dark yellow basidia, but FCAS3944 (119) 
has more abundant and pale yellow pleurocystidia. 
Phylogenetically, this new species is sister to 
I. aurescens. These two species share several simila
rities in macro- and micro-morphology, however, 
I. aurescens differs from I. juji by a conspicuous 
fuliginosus tinge towards the pileus umbo, larger 
basidiospores, and shorter cheilocystidia often with 
subcapitate apices. The ITS sequence from I. juji 
differs from I. aurescens at 16 positions (97.5% simi
larity), including 7 base pairs and 9 indels. LSU and 
rpb2 analysis reveal that there are 0.25% and 0.3% 
differences between the two species.

Inocybe peppa Y.G. Fan, Y.P. Ge, J.L. Gao & W.J. Yu, sp. 
nov. Figures 16–17  
MycoBank: MB853913.
Etymology: peppa (L.), referring to the broadly 
fusiform hymenial cystidia shaped like the fat 
Peppa the Pig, a cartoon British character.
Diagnosis: Inocybe peppa is characterised by small- 
sized basidiomata, campanulate pileus, stellate basi
diospores, and fusoid to broadly fusoid cheilo- and 
pleurocystidia. Most similar to I. perlucida, but differs 
by the campanulate pileus, stellate basidiospores with 
prominent conical noduloses, and fusoid to broadly 
fusoid cheilo- and pleurocystidia, and a habit under 
fagaceous trees.
Holotype: CHINA. Zhejiang Province: Lishui City, 
Songyang Country, at 28°16’59“N, 119°32’06”E, 
573 m asl., Under forests dominated by subtropical 
evergreen broad-leaved forests, 1 July 2022, leg. 
Y.-P. Ge & Q. Na, NJ4118 (FCAS3951). GenBank acces
sion numbers: ITS (OR975591); LSU (OR975610) and 
rpb2 (PP356984).
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Description: Basidiomata small, slender. Pileus 12–20 mm 
diam., at first hemispheric or sub-conical with umbo, 
when matured convex or conical to plano-convex, margin 
inrolled when young, becoming depressed to straight; 
surface dry, striated, fibrillose-tomentose from brownish 
(5D6) submembranous remnants of veil, becoming 
appressed-fibrillose to fibrillose; dark brownish with red
dish tinge (5E6) when young, becoming uniformly brown 

(5D6). Lamellae up to 2 mm broad, adnexed, moderately 
crowded, unequal in length, alternately distributed with 3 
tiers of lamellulae, slightly yellowish (4B3) to yellowish 
(4C5) or brownish (5D6), edge paler, indistinctly fimbricate. 
Stipe 15–23 × 1–1.5 mm, terete, equal with a slightly 
enlarged base; central, solid; surface dry, covered with a 
layer of greyish white fibrils made up of veil remnants; 
background brownish (5D5) to dark brown (6C8). Context 

Figure 16. Basidiomata of Inocybe peppa. (a–d) NJ4118 (FCAS3951, holotype). Scale bars: a = 10 mm, b–d = 1 mm. Photos by Y.-P. Ge.

844 J-L. GAO ET AL.



fleshy in pileus, white (1A1) to pale brownish 
(5b6), 0.3–0.5 mm thick; fibrillose in stipe, slightly 
brownish (5B5–5C6), striate. Odor not recorded.

Basidiospores [100/2/2], (10.0) 10.2–11.78–13.0 
(14.5) × (7.0) 8.0–9.76–11.5 (12.1) μm, Q = (1.00) 
1.04–1.22–1.44 (1.63), Qm ± SD = 1.22 ± 0.13; 

Figure 17. Microscopic features of Inocybe peppa (FCAS3951, holotype). (a–b) Basidiospores. (c–f) Basidia. (g1–g12) 
Pleurocystidia. (h–k) Cheilocystidia. (l) Pileipellis. (m) Hymenophoral trama. (n–o) Pileipellis hyphae. (p) Hymenophoral trama 
hyphae. (q) Caulocystidia at stipe apex. Scale bars: a–k, n–q = 10 μm; l–m = 100 μm. Photos by J.-L. Gao.
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nodulose, angular-stellate with 7–9 prominent con
ical projections, apiculus small and distinct, yellow
ish to brassy yellow in 5% KOH, thick-walled, at times 
with one or more spherical oily droplets. Basidia 
27–37 × 11–16 μm, clavate to broadly clavate, apices 
rounded or obtuse, bases tapered, 4-spored, sterig
mata 3–8 μm length, colourless or yellowish. 
Pleurocystidia 42–70 × 20–32 μm, abundant, 
broadly fusiform, fusiform, broadly utriform, colour
less, apices obtuse and encrusted with crystals, base 
usually tapered, thick-walled, walls up to 2 μm, pale 
yellowish. Cheilocystidia 29–60 × 13–24 μm, abun
dant, resemble pleurocystidia, utriform or fusiform, 
colourless, apices obtuse with crystals, base usually 
tapered, nearly thin-walled when young, thick- 
walled then matured, walls up to 2 μm, pale yellow
ish. Hymenophoral trama 75–100 μm thick, sub-reg
ular to regular, consisting of inflated hyphae 
measured 9–16 μm wide, colourless, smooth, thin- 
to slightly thick-walled, walls up to 1 μm, pale yel
lowish. Pileipellis a cutis, 100–120 μm wide, regular, 
goldish yellowish in mass, consisting of sub-inflated 
and inflated hyphae measured 8–30 μm, coarsely 
encrusted with yellowish pigments. Pileal trama 
210–300 μm wide, regular, hyphae inflated, colour
less, thin-walled, 12–20 μm wide. Stipitipellis a cutis, 
regular, hyphae cylindrical, 6–12 μm wide, 
encrusted, thin-walled, walls yellowish. Stipe trama 
regularly arranged, composed of colourless, thin- 
walled, cylindrical hyphae 10–21 μm wide. 
Caulocystida 37–62 × 14–26 μm, present at stipe 
apex, resemble pleurocystidia, fusiform to utriform, 
colourless, thick-walled, walls up to 2 μm. Oily hyphae 
3–10 μm wide, cylindrical, yellowish, smooth, in stipe. 
Clamp connections present in all tissues.
Habitat and ecology: Scattered on clay soil in sub
tropical evergreen broad-leaved forest.
Distribution: Known from the type locality in 
Zhejiang Province of China.
Additional specimens examined: CHINA. Zhejiang 
Province: Lishui City, Songyang County, at 28°16’59“N, 
119°32’06”E, 573 m asl., 1 July 2022, leg. Y.-P. Ge & Q. 
Na, NJ4117 (FCAS3950).
Remarks: Inocybe peppa is currently known only 
from the type locality in subtropical China. It is char
acterised by the small-sized basidiomata, campanu
late pileus, stellate basidiospores, and fusoid to 
broadly fusiform cheilo- and pleurocystidia. 

Phylogenetically, I. peppa nests in a subclade com
prising two temperate European species I. perlucida 
and I. pseudoasterospora and two undescribed phy
logenetic lineages. Inocybe pseudoasterspora 
[= I. deborae E. Ferrari (2003: 37)], however, has 
smaller and subtriangular, subquadrangular to cruci
form basidiospores and larger sub-lageniform pleur
ocystidia measured 60–90 × 13–17 μm (Kühner and 
Boursier 1932; Ferrari 2006; Bandini et al. 2020). 
Inocybe perlucida [= Inocybe pseudoasterospora var. 
mycenoides Bon & E. Ferrari (2006: 238)] is very similar 
to I. peppa in outward appearance, but it has sub
stellate basidiospores with less prominent projec
tions, nearly thin-walled cheilo-, caulo- and 
pleurocystidia, and an association with Larix Mill. 
(1754: 2) (Ferrari 2006; Bandini et al. 2020). 
According to our phylogeny, FYG1146 represents 
an undocumented sister species to I. peppa, but we 
obtained only one specimen under Populus davidi
ana in northeast China. However, FYG1146 has 
weakly angular to polyhedral basidiospores and sub
lageniform hymenial cystidia usually with a pedicel.

Inocybe sp. FYG1146 Figures 18–19
Description: Basidiomata small, slender. Pileus up to 
12 mm diam., at first conico-convex with a low umbo, 
when matured plano-convex, margin slightly inflexed 
when young, then depressed to straight, excurveded 
when matured; surface dry, appressed fibrillose- 
tomentose from greyish white (4A1–4A2) submem
branous remnants of veil, becoming appressed-fibril
lose to fibrillose; brownish (5D6) to darkly brown (5E8) 
with reddish pigments when young, uniformly brown
ish (5E8). Lamellae up to 1 mm broad, distant, 
adnexed, unequal in length, alternately distributed 
with 2–3 tiers of lamellulae, yellowish (4B4) to yellow
ish brown (4D5), edge even, concolorous with gill 
side, not fimbricate. Stipe 18–22 × 2–3 mm, cylindri
cal, terete, equal with a slightly enlarged base; central, 
solid; surface dry, covered with a thin layer of greyish 
white fibrils made up of veil remnants; background 
yellowish (4B3–4B4) to brownish (5D5). Context fleshy 
in pileus, whitish (4A1) with pale brownish (5B3), 0.2 mm 
thick; fibrillose in stipe, brownish (5B3), striate. Odor not 
recorded.

Basidiospores [100/1/1], (10.0) 10.7–11.93–13.2 
(14.6) × (6.9) 7.0–8.51–9.7 (11.0) μm, Q = (1.21) 
1.02–1.41–1.32 (1.71), Qm ± SD = 1.41 ± 0.1; weakly 
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angular to irregular with several obtuse nodules, 
apiculus small and indistinct, yellow in 5% KOH, 
thick-walled. Basidia 31–38 × 13–16 μm, clavate to 
broadly clavate, apices rounded or obtuse, bases 
tapered, with 4- or 2-sterigmata 4–6 μm length, 
colourless. Pleurocystidia 37–83 × 14–29 μm, rare, 
lageniform to sublageniform sometimes fusiform 
or utiform, apices obtuse and encrusted with crys
tals, base usually tapered into small pedicel, 
slightly thick-walled, walls up to 1 μm, yellowish; 
colourless to slightly yellowish. Cheilocystidia rare, 
resemble cheilocystidia. Hymenophoral trama 
47–118 μm thick, sub-regular to regular, consisting 
of inflated hyphae measured 15–25 μm wide, 
colourless, smooth, thin-walled, walls pale yellowish. 
Pileipellis a cutis, 110–163 μm wide, sub-regular to 

regular, goldish yellow in mass, consisting of inflated 
hyphae measured 10–19 μm, wall pale yellowish, 
encrusted. Pileal trama 110–220 μm, sub-regular to 
regular, hyphae inflated, colourless, 15–31 μm wide. 
Stipitipellis a cutis, regular, composed of cylindrical 
hyphae 4–10 μm wide, encrusted, pale yellowish, 
thin-wall, walls yellowish. Stipe trama regularly 
arranged, composed of colourless, thin-walled, hyphae 
10–20 μm wide. Caulocystida 31–56 × 13–27 μm, 
resemble pleurocystidia, fusiform to utriform, at 
times irregular, colourless to pale yellowish. Oily 
hyphae 4–5 μm wide, cylindrical, yellowish, 
smooth, in stipe. Clamp connections present in 
all tissues.
Habitat: Singly on soils in Populus ussuriensis Kom. 
forests.

Figure 18. Basidiomata of Inocybe sp. (FYG1146). (a–b) FYG1146 (FCAS3809). Scale bars: a–b = 10 mm. Photos by Y.-G. Fan.
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Distribution: Known from one locality in Jilin Province, 
China.

Specimen examined: China. Jilin Province, Antu 
County, Erdaobaihe Town, 42°12’15”N, 128°10’16”E, 

1,080 m asl., 29 July 2017. Y.-G. Fan & W.-J. Yu, 
FYG1146b (FCAS3809).

Remarks: This is a very small species found under 
Populus ussuriensis trees. Phylogenetically, FYG1146 

Figure 19. Microscopic features of Inocybe sp. (FYG1146). (a–b) Basidiospores. (c1–c6) Basidia. (d1-d20) Pleurocystidia. (e) Pileipellis. 
(f) Hymenophoral trama. (g, i) Pileipellis hyphae. (h) Hymenophoral trama hyphae. (j) Stipitipellis hyphae. (k) Caulocystidia. Scale 
bars: a–d20, g–k = 10 μm; e–f = 100 μm. Photo by J.-L. Gao.
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is sister to I. peppa, but the former has weak-angular 
basidiospores and lageniform hymenial cystida with 
slightly thickened walls. FYG1146 undoubtably 
represents a new species, unfortunately, we have 
obtained only one collection for this species. More 
collections are needed for a formal description of 
this taxa.

3.3. Morphological key to species of Inocybe sect. 
Leptocybe

1  Basidiospores spinose………………………….2
1  Basidiospores nodulose to angular-nodu

lose………………………………………………8
2  Basidiospores spinose with simple spinies, 

pleurocystidia absent…………………I. acutata
2  Basidiospores spinose with bifurcate spinies, pleur

ocystidia as metuloids or thin- 
walled……………………………………………..3

3  Pleurocystidia thick-walled, crystalliferous………4
3  Pleurocystidia absent, or thin-walled with yellowish 

reflective pigments……………………………… 5
4  Pileus centre with small recurved, concolorous squa

mules or small scales, basidiospores (10–) 12–16 μm, 
under Fagaceae trees……………………… I. stellata

4 Pileus appressed-fibrillose, basidiospores 
15–19.5 × 14–18 μm, under Dipterocarpaceae 
trees………………………………… I. papilliforimis

5  Pleuro- and cheilocystidia thin-walled, with gold
ish yellow reflective pigments………………… 6

5  Pleurocystidia absent, cheilocystidia thin-walled 
with goldish yellow reflective pigments……… 7

6  Pileus ochraceous, yellow-brown or fuscous, 
smooth or sprinkled with minute concolorous 
or pinkish fibrils (from the veil), basidia 
25–30 × 5–6 μm………………..I. hydrocybiformis

6  Pileus dark brown to brown, appressed-fibrillose all 
over, basidia 33–41 × 8–13 µm………… I. babruka

7  Pileus brownish yellow, appressed-fibrillose 
with fuliginosus umbo, basidiospores 
7.2–9.7 × 6.1–8.9 μm……………… I. aurescens

7  Pileus dirty yellow, appressed-fibrillose with con
colourous or brownish umbo, basidiospores 
5.8–7.8 × 5.0–6.8 μm………………………… I. juji

8  Occurring in north temperate/to north tropics, 
associated Betulaceae, Fagaceae, or Pinaceae 
tree……………………………………………… 9

8  Occurring in tropical Asia to tropical Australia, or 
in neotropics, associated with Casuarinaceae or 
Fagaceae or Fabaceae trees…………………… 12

9  Occurring in Europe…………………………… 10
9  Occurring in East Asia………………………… 11

10  Under Larix, pleurocystidia 50–70 × 13–20 μm 
………………………………………. I. perlucida

10  Under Quercus-Ligustrum, pleurocystidia 
60–90 × 13–17(−20) μm…… I. pseudoasterospora

11  Under Carpinus, in temperate to north tropic of 
China, basidiospores nodulose to substel
late………………………………… I. carpinicola

11  Under Fagaceae trees, in subtropical China, basi
diospores stellate with prominent conical 
nodules…………………………………… I. peppa

12  Basidiospores weakly angular to elongate poly
gonal with indistinct few 
nodules………………………… I. casuarinoides

12  Basidiospores nodulose with flange-like to saddle- 
shaped projections…………………………… 13

13  Cheilocystidia as metuloid, walls up to 3 µm 
thick……………………………………………. 14

13  Cheilocystidia thin- to slightly thick-walled or 
sparsely mixed with metuloids……………… 15

14  Occurring in tropical India, under Hopea ponga 
(Dipterocarpaceae) trees, basidiospores 
9–11 × 8–9.5 µm……………………… I. kuruvensis

14  Occurring in Papua New Guinea and tropical 
Australia, Under Castanopsis-Lithocarpus 
(Fagaceae) forests or Allocasuarina-Eucalyptus for
ests, basidiospores 9.5–13 µm in 
diam………………………………… I. lasseroides

15  Basidiospores nodulose with small nodules and 
flange-like projections, cheilocystidia thin-walled 
with colourless reflective inclu
sions………………………………… I. haikouensis

15  Basidiospores nodulose with saddle-shaped projec
tions, cheilocystidia with yellowish pig
ments……………………………………………16

16  Pleurocystidia thick-walled with obtuse or 
subtruncate bases, Under Fagaceae 
trees……………………………… I. heteromorpha

16  Pleurocystidia thick-walled with tapered and ped
icellate bases, under Casuarinaceae or Fabaceae 
trees…………………………………………… 17

17  Stipe glabrous at apex, with lavender 
tones……………………………………… I. lasseri
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17  Stipe scurfy at apex, without lavender 
tones…………………………………………... 18

18  Pileus diggy-fawn to fuscous, conspicuously 
squarrose at disc, basidiospores 
8–10.5 × 7–8.5 µm…………….. I. alienospora

18  Pileus reddish brown to dark brown, appressed- 
fibrillose at disc, basidiospores 8.8–11.0 × 7.5–9.8 µm 
……………………………………………... I. aprica

4. Discussion

This study enriches what is known about the I. alienospora 
group (Matheny and Bougher 2017) by describing seven 
new species from tropical and temperate China. New 
geographic distribution records are added for 
I. carpinicola (Shandong Province in warm temperate 
China) and I. acutata (Zhejiang Province in subtropical 
China). The former was known previously from tropical 
China (He et al. 2022), whereas the latter was known only 
from Japan and Anhui Province of China (Kobayashi 1993; 
Bau 2022). The I. alienospora group, here referred to within 
a formal classification as I. sect. Leptocybe, is a strongly 
supported clade in the genus Inocybe but shows ambig
uous relationships with other groups in the genus. 
Inocybe multicoronata, a poorly known species 
described from Nova Scotia and since reported in 
Europe (Vauras 1989), shares similar nodulose basi
diospores with saddle-shaped projections and was 
considered to be closely related to I. alienospora 
(Horak 1979). However, this species, as well as the 
southwest Chinese I. elata, appear distantly related 
to the I. alienospora group.

Kobayashi (2002) originally described I. sect. 
Leptocybe as an autonym in his I. subg. Leptocybe (typi
fied by I. acutata), and included a second section, I. sect. 
Tylospora, typified by I. casamiri in his new subgenus. 
Prior works concluded that I. casimiri is a later synonym 
of I. leptophylla (Kuyper 1985; Matheny and Kropp 2001). 
Accepting this, I. subg. Leptocybe is polyphyletic but 
referable to I. acutata and the group in which it resides. 
It is far easier and more convenient to recognise 
Kobayashi’s section name and attribute the I. alienospora 
group to it for several reasons: (1) a section-level classi
fication within Inocybe is preferable at this time (e.g. 
Heim 1931; Singer 1986; Jacobsson 2008) since many 
more names of sections and subsections exist compared 
to available subgeneric names; (2) Inocybe is composed 
of many different groups. Applying subgeneric names to 

each would require an unnecessary inflation of new 
names. Inocybe acutata, originally described from Japan 
(Kobayashi 1993) and since reported in China (Bau 2022) 
has been confirmed as a member of the I. alienospora 
group. Thus, the easiest solution at this point is to apply 
I. sect. Leptocybe to the name of this clade in a formal 
classification system. Other species we find in sect. 
Leptocybe include I. lasseri, originally described from Rio 
Chacaito, Venezuela by Dennis (1953) and recorded in 
Guyana. Inocybe lasseri has nodulose basidiospores with 
one or more bifid nodules, thick-walled pleurocystidia, 
and slightly thick-walled cheilocystidia (Dennis 1953; 
Horak 1979; Matheny et al. 2012). Phylogenetically, 
I. lasseri, I. acutata, and I. carpinicola form three indepen
dent lineages within sect. Leptocybe.

In addition, four major subclades were retrieved 
from the three-gene phylogeny, viz. the alienospora 
subclade, hydrocybiformis subclade, stellata subclade, 
and the pseudoasterospora subclade. Globally, I. sect. 
Leptocybe now comprises 19 documented species 
and still a suite of undescribed phylogenetically 
recognisable taxa. We provide a tentative key to 
described species of this group. Morphologically, spe
cies in sect. Leptocybe typically have brownish small- 
sized baisidiomata, nodulose, spinose to weak-angu
lar basidiospores, thin- to slightly thick-walled pleur
ocystidia, and mostly thin-walled cheilocystidia.

The seven new species were phylogenetically 
placed into different subclades. The core subclade 
of sect. Leptocybe we called the alienospora subclade 
now includes I. alienospora, I. lasseroides, four new 
species from tropical China, and a suite of unde
scribed species from Australia. Species in this sub
clade share angular, angular-nodulose to coarsely 
nodulose basidiospores often with crested or sad
dle-shaped projections, metuloid pleurocystidia, 
and thin-walled cheilocystidia with yellow inclu
sions. The weakly angular and angular-nodulose 
basidiospores without conspicuous saddle-shaped 
projections occur in our new species I. casuarinoides 
and I. haikouensis, respectively. Ecologically, I. hetero
morpha grows under broad-leaved native trees in 
tropical lowland rainforests in China; whereas I. hai
kouensis, I, casuarinoides, and I. aprica were only 
found in sandy C. equisetifolia forests. Native C. equi
setifolia is distributed in Australia and southeast Asia, 
but it was introduced to southern China over 100  
years ago (Zhong et al. 2005). Accordingly, these 
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three species found under C. equisetifolia were prob
ably introduced into southern China together with 
their exotic host trees. However, Casuarina equiseti
folia has been found to be arbuscular mycorrhizal 
and questionably ectomycorrhizal by Brundrett and 
Tedersoo (2018). We do not think collectors missed 
other potential ECM vegetation in the Casuarina 
plantations. Resolving the mycorrhizal status of 
Inocybe vis-à-vis Casuarina will have to be a topic of 
future research.

Inocybe aurescens and I. juji are sister to each other, 
and they cluster with I. hydrocybiformis, I. papilliformis, 
I. babruka in the hydrocybiformis subclade. These species 
are united by the presence of spinose basidiospores with 
saddle-shaped projections and mostly thin-walled chei
locystidia with yellow pigmentations. According to the 
original descriptions, pleurocystidia are absent in both 
I. hydrocybiformis and I. babruka (Horak 1979; Latha and 
Manimohan 2017). However, we found numerous thin- 
walled, non-metuloidal, yellow-pigmented cells devel
oped from subhymenial hyphae though hardly higher 
than hymenium layer in the two new species from China. 
We treated these pigmented elements as thin-walled 
pleurocystidia since their high similarities with cheilocys
tidia and distinctions from basidia and basidioles. 
Debates on microcharacters in a certain species are not 
rare. For example, described cheilo- and pleurocystidia 
as metuloids in I. papilliformis (Predeep et al. 2016), but 
Latha and Manimohan (2017) found no pleurocystidia in 
this species. Horak (1979) reported pleurocystidia as 
absent in I. hydrocybiformis from material collected in 
Singapore and Malaysia, but present though scattered in 
Thai material (Horak et al. 2015). Further studies are 
required to determine whether pleurocystidia are pre
sent in aforementioned species.

Inocybe stellata, a species having spinose basidios
pores and metuloidal hymenial cystidia was originally 
described from Thailand (type) and Bangladesh (Horak 
et al. 2015). This species was frequently encountered in 
tropical lowland and tropical montane forests domi
nated by Dipterocarpus and fagalean trees (Horak et al.  
2015). However, the specimens assigned in the morpho
logical species concept of I. stellata were classified into 
four terminal phylogenetic lineages. The stellata sub
clade contains three of these phylogenetic lineages. 
We labelled the lineage containing the holotype speci
men (ZT10097) as I. stellata sensu stricto. There are still 
two phylogenetic species in the stellata subclade in need 
of further study.

Inocybe peppa was found in fagaceous forests from 
subtropical China. This species clusters with FYG1146 
from northeastern China, and I. pseudoasterospora 
and I. perlucida from Europe and/or North America 
in the pseudoasterospora subclade. Currently, this 
subclade comprises non-tropical elements. Taxa in 
this subclade occur in north temperate regions only. 
Species in this subclade usually have stellate, substel
late, weakly angular basidiospores, and slightly thick- 
walled hymenial cystidia.
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