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Gymnopus sect. Impudicae is a poorly studied group around the world.

However, it is well known for its pungent smell—a total of five species from

China belonging to sect. Impudicae were recorded, and included four species

new to science—G. epiphyllus, G. cystidiosus, G. subdensilamellatus, and G.

subpolyphyllus—which were delimited and proposed based on morphological

andmolecular evidences, and one new record fromHenan, Jiangxi, and Gansu

Province, China—G. densilamellatus. Detailed descriptions and illustrations

were presented as well as comparisons to similar species. Phylogenetic

analysis inferred from the ITS and nLSU dataset supported the Gymnopus as

a monophyletic genus which was defined by Oliveira et al., and the novel

species grouped as separate lineages within it. A Key to the reported species

of Gymnopus sect. Impudicae is also provided.

KEYWORDS

foetid smell, Gymnopus sect. Impudicae, new species, phylogenetic analysis,

taxonomy

Introduction

Gymnopus (Pers.) Roussel (Omphalotaceae, Agaricales) is a widely spread and

controversial genus. In the conception of Antonín and Noordeloos (2010), Gymnopus

was composed of sect. Impudicae (Antonín and Noordel.) Antonín and Noordel., sect.

Androsacei (Kühner) Antonín and Noordel., sect. Levipedes (Quél.) Halling, and sect.

Vestipedes (Fr.) Antonín, Halling, and Noordel. Later, the definition of Gymnopus

is modified constantly. Sect. Perforanita (Singer) R.H. Petersen was combined into

Gymnopus (Petersen and Hughes, 2016). Recently, Oliveira et al. (2019) redefined the

genus Gymnopus more strictly based on combined ITS + nLSU phylogenetic analysis.

In their conception, the key features of the genus Gymnopus including collybioid

basidiomata, rarely tricholomatoid or marasmioid, free, emarginate or adnate lamellae

that are usually crowded, and insititious stipe or not, usually with a strigose base,

a white spore print; basidiospores ellipsoid to short-oblong, inamyloid; cheilocystidia

usually present and variety; a cutis or ixocutis pileipellis with radially arranged
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FIGURE 3

Morphological characteristics of Gymnopus epiphyllus (HMJAU 60990, holotype). (A) Basidiomata; (B) Pileipellis elements; (C) Basidospores; (D)

Caulocysidia; (E) Basidia; (F) Cheilocystidia; Scale bars: 1 cm (A); 10µm (B); 5µm (C,E,F); 20µm (D).

MycoBank: MB 843743

Etymology: sub = near; the epithet “subdensilamellatus”

refers to this species closely related to G. densilamelatus.

Diagnosis: This species is differentiated from others by its

brown, and none spotted pileus, crowded lamellae, striate

stipe, and small basidiospores and Qm.

Type. China. Jilin Province, Tonghua City, Ji’an County,

Wunvfeng National Forest Park, 4 September 2020, Yong-

Lan Tuo, HMJAU 60997 (collection no. Hu 675).

Basidiomata small- to medium-sized, gregarious. Pileus

convex to applanate, 2.5–5.0 cm wide, glabrous, dark brown and

slightly depressed at the center, pale colored outwards at first,

yellow to brown, dark brown when mature; margin nearly white

to light yellow, entire, involute, wavy sometimes. Context thin,

fresh, with a strong smell reminding of rotten cabbage or onion.

Stipe central, cylindrical to clavate, 5.0–7.2 cm long and 0.2–

0.7 cm wide, nearly white to dirty white, almost white to light

reddish brown at apex, pruinose, covered with white tomentose

Frontiers inMicrobiology 08 frontiersin.org
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FIGURE 4

Morphological characteristics of Gymnopus cystidiosus (HMJAU 60992, holotype). (A) Basidiomata; (B) Pileipellis elements; (C) Basidospores; (D)

Caulocystidia; (E) Pleurocystidia; (F) Basidia; (G) Cheilocystidia; Scale bars: 1 cm (A); 10µm (B,E); 20µm (D); 5µm (C,F,G).

at the base, with longitudinal striate, hollow, fibrous. Lamellae

adnexed to subfree, white, extremely close, unequal.

Basidiospores oblong ellipsoid to cylindrical, 6.0–7.2(7.4)

× 3.0–3.8(4.0) µm, as the Q = (1.75)1.82–2.07(2.19), Qm

= 1.95 ± 0.10, smooth, hyaline, inamyloid, thin-walled.

Basidia clavate, (16)17–28(30) × 4–6µm, two to four spored,

thin-walled, hyaline. Cheilocystidia irregularly clavate, with

a mucro that becomes elongated filiform with age, or

with projections sometimes, 20–28(30) × 4–7µm, thin-

walled, hyaline. Caulocystidia numerous, irregularly clavate,

branched, (12)15–50 × 4–10(11) µm, thin-walled, hyaline.

Pileipellis a cuits, branched, brown, 6–7(13) µm wide; clamp

connections abundant.

Habitat. Saprophytic on fallen leaves in coniferous forest.
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FIGURE 5

Morphological characteristics of Gymnopus subdensilamellatus (HMJAU 60997, holotype). (A) Basiaiomata; (B) Pileipellis elements; (C)

Basidospores; (D) Caulocystidia; (E) Basidia; (F) Cheilocystidia; Scale bars: 1 cm (A); 10µm (B); 20µm (D); 5µm (C,E,F).

Other specimen examined. China. Jilin Province, Tonghua

City, Ji’an County, Wunvfeng National Forest Park, 4 August

2020, Yong-Lan Tuo, HMJAU 60998 (collection no. Hu 667).

Note. Gymnopus subdensilamellatus is characterized by its

unchangeable brown pileus with white to light brown margin,

crowded lamellae, white stipe with light reddish brown at

apex, and smaller Qm. Gymnopus subdensilamellatus differs

from G. densilamellatus by its unchangeable brown pileus

(G. densilamellatus have a brown then white pileus with an

ochraceous brownish center; Ryoo et al., 2016), an irregularly

clavate caulocystidia, and a mucro to projections cheilocystidia.

Gymnopus subpolyphyllus J.J. Hu, B. Zhang&Y. Li sp. nov.

Figures 2I,J, 6

MycoBank: MB 843744

Etymology: sub = near; the epithet “subpolyphyllus” refers to

this species closely related to G. polyphyllus.

Diagnosis: This species can be distinguished from other

species by its small basidiomata, pileus with an umbo,

tomentose margin and stipe, branched or projected

cheilocystidia, branched and long caulocystidia, and

small basidiospores.

Type. China. Jilin Province, Tonghua City, Ji’an County,

Wunvfeng National Forest Park, 13 July 2020, Jia-Jun Hu and

Yong-Lan Tuo, HMJAU 60999 (collection no. Hu 561).
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FIGURE 6

Morphological characteristics of Gymnopus subpolyphyllus (HMJAU 60999, holotype). (A) Basidiomata; (B) Pileipellis elements; (C)

Basidospores; (D) Caulocystidia; (E) Basidia; (F) Cheilocystidia; Scale bars: 1 cm (A); 10µm (B); 5µm (C,E,F); 20µm (D).

Basidiomata small-sized, gregarious. Pileus plano-

hemispherical to convex, 1.4–2.3 cm wide, glabrous, with

an umbo sometimes, hygrophanous and pinkish brown when

young, then brown to fresh-pink at the disc, pale colored

outwards; margin pinkish brown when young, then nearly

white to light yellow, involute at first, then becoming straight,

reflex sometimes, tomentum. Context thin, fresh, with a strong

smell reminding of rotten cabbage or onion. Stipe central,

cylindrical, 2.2–3.0 cm long and 0.2–0.3 cm wide, pinkish brown

when young, then pale reddish brown, glabrous at the upper

part at first, then entirely tomentose, hollow, fibrous. Lamellae

adnexed, cream, close, unequal.

Basidiospores ellipsoid to cylindrical, (5.1)5.2–7.0 ×

(2.9)3.0–4.0µm, as the Q = (1.48)1.58–2.19(2.33), Qm =

1.84 ± 0.20, smooth, hyaline, inamyloid, thin-walled. Basidia

clavate, 17–27 × 4–6µm, two or four spored, thin-walled,

hyaline. Cheilocystidia irregularly clavate, with a mucro that

becomes elongated filiform with age, or with projections

sometimes, 18–29(30) × 3–6(7) µm, thin-walled, hyaline.

Caulocystidia abundant, long clavate, branched, 40–90(100) ×

3–6µm, thin-walled, hyaline. Pileipellis a cuits; hyphal elements

branched, hyaline to light yellow, (5)6–10(11) µm wide; clamp

connections abundant.

Habitat. Saprophytic on fallen leaves in broad-leaved forests.
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Other specimens examined. China. Jilin Province, Tonghua

City, Ji’an County,Wunvfeng National Forest Park, 17 July 2020,

Jia-Jun Hu and Yong-Lan Tuo, HMJAU 61016 (collection no.

Hu 566); Tonghua City, Ji’an County,WunvfengNational Forest

Park, 17 July 2020, Jia-Jun Hu and Yong-Lan Tuo, HMJAU

61000 (collection no. Hu 572).

Note. Gymnopus subpolyphyllus is characterized by its

small basidiomata, glabrous pileus with a light brown umbo

occasionally, tomentose margin and stipe, cheilocystidia

branched or projection at apex, abundant, branched and

long caulocystidia, and small basidiospores. Gymnopus

subpolyphyllus is closely related to G. polyphyllus due to its

similar appearance. However, G. subpolyphyllus differs from G.

polyphyllus by its glabrous pileus, cream lamellae, tomentose

stipe, different shape of cheilocystidia, and slightly wider

basidiospores (Halling, 1983).

Gymnopus densilamellatus Antonín, Ryoo & Ka

Figures 2K–N, 7

Basidiomata medium- to large-sized, usually gregarious.

Pileus hemispherical or plano-hemispherical when young, then

becoming convex, applanate when mature, 2.0–7.3 cm wide,

usually brown, or white sometimes when young, then paler,

fading to light brown or yellowish-brown at the center, whitish

outwards, becoming white with a light brown center when

mature, glabrous, hygrophanous; margin entire, inflexed then

straight, white, or brown at first then fading to white when

mature. Context thin, white, fresh, with a strong smell reminding

of rotten cabbage or onion. Stipe central, cylindrical, 2.2–10.3 cm

long and 0.2–0.3 cm wide, usually white, with brown tone

sometimes, glabrous, tomentose sometimes, hollow, fibrous.

Lamellae free, white to yellowish-white, brown when old, close

to crowded, unequal.

Basidiospores oblong ellipsoid to cylindrical, (5.2)5.6–8.0 ×

2.8–4.0µm, as the Q = (1.78)1.80–2.35(2.67), Qm = 2.11 ±

0.23, smooth, hyaline, inamyloid, thin-walled. Basidia clavate,

(17)20–25 × 4–6µm, two or four spored, thin-walled, hyaline.

Cheilocystidia irregularly clavate, with projections, 17–23 ×

3–6µm, thin-walled, hyaline. Caulocystidia abundant, long

clavate, branched, 30–170 × 3–8µm, thin-walled, hyaline.

Pileipellis a cuits; hyphal elements branched, hyaline to brown,

(6)7–13(15) µm wide; clamp connections abundant.

Habitat. Saprophytic on fallen leaves in coniferous and

broad-leaved mixed forest.

Specimens examined. China. Jilin province, Baishan City,

Fusong County, Yongqing Forest Farm, 7 July 2018, Jia-Jun

Hu and Ao Ma, HMJAU 61002 (collection no. Hu 31); Baishan

City, Fusong County, Beigang Town, 22 August 2021, Jia-Jun

Hu, Gui-Ping Zhao, and Bo Zhang, HMJAU 61003 (collection

no. Hu 881); Changchun City, Jingyuetan National Forest Park,

15 July 2018, Jia-Jun Hu, HMJAU 61004 (collection no. Hu

49), HMJAU 61005 (collection no. Hu 50); 31 August 2018,

Jia-Jun Hu, HMJAU 61006 (collection no. Hu 72); Jilin City,

Jiaohe county, Lafa mountain National Forest Park, 9 September

2018, Jia-Jun Hu and Bo Zhang, HMJAU 61007 (collection

no. Hu 102); 19 August 2021, Jia-Jun Hu and Bo Zhang,

HMJAU 61008 (collection no. Hu 866); Jilin City, Jiaohe county,

Zhuque mountain National Forest Park, 18 August 2021, Jia-

Jun Hu and Bo Zhang, HMJAU 61009 (collection no. Hu 841),

HMJAU 61010 (collection no. Hu 845); Tonghua City, Ji’an

County,Wunvfeng National Forest Park, 21 August 2021, Yong-

Lan Tuo, HMJAU 61011 (collection no. Hu 361), HMJAU

61012 (collection no. Hu 363); Jiangxi Province, Ji’an City,

Jinggangshan County, Jinggang Mountain, 19 July 2019, Bo

Zhang, HMJAU 61013 (collection no. Hu 211); Gansu Province,

Zhangye City, Xishui Nature Reserve Station, 14 August 2019,

Jia-Jun Hu, Wang Yang, and Zhi-Hui Luo, HMJAU 61014

(collection no. Hu 258); Henan Province, Zhumadian City,

Biyang County, Baiyun Mountain, 10 July 2021, Jia-Jun Hu,

Gui-Ping Zhao, and Bo Zhang, HMJAU 61015 (collection no.

Hu 772).

Note. Gymnopus densilamellatus was initially described in

South Korea; then Li et al. (2021a) first recorded it in China

in 2021. More than five specimens of G. densilamellatus were

collected from Henan, Jiangxi, and Gansu Province, China.

There are some differences between the specimens we

collected and the original descriptions. According to the original

description, the pileus is brown to reddish-brown at first, then

becoming paler, brownish orange to brown at the center and

whitish outwards, later whitish, with an ochraceous brownish

center when mature (Ryoo et al., 2016). While during our

investigation, some white basidiomata specimens from young

to mature were found, and the morphological characters were

carefully examined.

Key to the reported species of Gymnopus

sect. Impudicae

1 Basidiomata typically collybioid or marasmioid . . . . . . . . . . . 2

1 Basidiomata not typically collybioid or marasmioid . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .G. montagnei

2 Cheilocystidia absence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Cheilocystidia presence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3 Caulocystidia presence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

3 Caulocystidia absence . . . . . . . . . . . . . . . . . . . . . .G. imbracatus

4 Pileus and stipe are concolor, uniform color of stipe

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .G. ceraceicola

4 Pileus and stipe heterochromatic, light color at the base of

stipe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. hakaroa

5 Pileus sulcate, lamellae adnexed to adnate, light yellow

to brow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

5 Pileus without sulcate or with inconspicuous sulcate . . . . . 10

6 Pileipellis Rameales structues . . . . . . . . . . . . . . . . .G. atlanticus

6 Pileipellis a cuits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
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FIGURE 7

Morphological characteristics of Gymnopus densilamellatus (HMJAU 61015). (A) Basidiomata; (B) Pileipellis elements; (C) Basidospores; (D)

Caulocystidia; (E) Basidia; (F) Cheilocystidia; Scale bars: 2 cm (A); 10µm (B); 5µm (C,E,F); 20µm (D).

7 Basidiomata are light colored—yellow to yellowish brown . 8

7 Basidiomata are dark colored—reddish brown to dark brown

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

8 Basidiomata grows on fallen leaves or ground . . . . G. talisiae

8 Basidiomata grows on rotten wood . . . . . . . . . . . G. pygmaeus

9 Basidiospores shorter than 7.5µm . . . . . . . . . . G. brassicolens

9 Basidiospores longer than 7.5µm . . . . . . . . . . . . . . G. dysodes

10 Lamellae moderately distant, cheilocystidia projection(s) at

apex, and branched pileipellis elements . . . . . . . . . . . . . . . . . 11

10 Lamellae closed to crowded, cheilocystidia clavate or

projection(s) at apex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

11 Lamellae yellow to brown . . . . . . . . . . . . . . . . . . . . . . . G. similis

11 Lamellae brownish orange, sometimes with a light violaceous

tinge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. variicolor

12 Basidiomata small-sized, with a striped pileus . . . . . . . . . . . 13

12 Basidiomata usually medium- to large-sized, with a

glabrous pileus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

13 Stipe mostly lilac or pinkish tinged with a dark colored base
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. impudicus

13 Stipe reddish brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

14 Basidiomata marasmioid . . . . . . . . . . . . . . . . . . . . . . .G. foetidus

14 Basidiomata collybioid . . . . . . . . . . . . . . . . . . . . G. trabzonensis

15 Pleurocystidia present . . . . . . . . . . . . . . . . . . . . . . .G. cystidiatus

15 Pleurocystidia absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

16 Pileus covered with tomentose . . . . . . . . . . . . . . . . . . . . . . . . . 17

16 Pileus glabrous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

17 Pileipellis hyaline in 3% KOH, basidiospores longer than

7µm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. epiphyllus

17 Pileipellis light yellow in 3%KOH, basidiospores shorter than

7µm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. subpolyphyllus

18 Color of pileus unchangeable, branched, or a mucro to

projections cheilocystidia, basidiospores shorter than 7.2µm

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G. subdensilamellatus

18 Color of pileus in most species changeable from brown to

nearly white, irregularly clavate, or finger-like cheilocystidia,

basidiospores longer than 7.2µm . . . . . . . .G. densilamellatus

Discussion

This study describes four new species belonging to

Gymnopus from Northeast China. They are well-supported by

molecular phylogenetic and morphological evidence. Our newly

recognized and delimited species are occurring in broad-leaved

or coniferous forests.

The phylogenetic studies on sect. Impudicae were started

in recent 20 years and with poor focus. Wilson and Desjardin

(2005) and Mata et al. (2006) indicated that subsect. Impudicae

should be an independent section, not a subsection of sect.

Vestipedes, although they shared a tomentose stipe and pileipellis

as a simple cutis (Antonín and Noordeloos, 1993, 1997).

Later, Antonín and Noordeloos (2010) revised the limits of

this group and raised it to a sectional rank. Coimbra et al.

(2015) studied on sect. Impudicae from Northern Brazil,

based on ITS sequence, concluded that the species of sect.

Impudicae were mainly divided into two subclades—subclade

impudici and subclade foetidi. The diagnostic features of the

section proposed by Antonín and Noordeloos (2010) do not

reflect all the morphological variability of members of the

sect. Impudicae.

Our combined phylogenetic result differs from Coimbra

et al. (2015), while similar to Li et al. (2021a). In our phylogenetic

analysis, sect. Impudicae consisted of four significant subclades:

clade 2, clade 3, clade 4, and clade 5. Clade 2 includes five

species—Gymnopus atlanticus V. Coimbra, Pinheiro, Wartchow

and Gibertoni, Gymnopus brassicolens (Romagn.) Antonín

and Noordel., Gymnopus dysodes (Halling) Halling, Gymnopus

pygmaeus V. Coimbra, E. Larss., Wartchow and Gibertoni,

and Gymnopus talisiae V. Coimbra, Pinheiro, Wartchow

and Gibertoni—are characterized by pileus sulcate, lamellae

adnexed to adnate, light yellow to brown. Clade 3 consists

of Gymnopus graveolens (Pers.) Gray, Gymnopus iocephalus

(Berk. and M.A. Curtis) Halling, Gymnopus similis Antonín,

Ryoo and Ka, Gymnopus salakensis A.W. Wilson, Desjardin

and E. Horak, and Gymnopus variicolor Antonín, Ryoo, Ka

and Tomšovský. Clade 3 is characterized by the moderately

distant lamellae, cheilocystidia projection(s) at the apex,

and branched pileipellis elements. Gymnopus barbipes R.H.

Petersen and K.W. Hughes, Gymnopus foetidus (Sowerby)

J.L. Mata and R.H. Petersen, Gymnopus impudicus (Fr.)

Antonín, Halling and Noordel., and Gymnopus trabzonensis

Vizzini, Antonín, Sesli and Contu clustered into one branch,

forming clade 4. Clade 4 is characterized by small-sized

basidiomata with brown tones and striate pileus, clavate

cheilocystidia, and sometimes rostrate or projection(s) at apex,

4-spored basidia. Gymnopus densilamellatus, G. polyphyllus,

and our four new species form clade 5. All the species

included in clade 5 are featured by the yellow to brown

pileus disk, close to crowded lamellae, basidiospores 5–8µm

long, cheilocystidia with projection(s) at apex, and branched

pileipellis elements.

However, two species—Gymnopus alliifoetidissimus T.H.

Li and J.P. Li and Gymnopus montagnei (Berk.) Redhead

form two independent clades respectively. These two species

with strong smell were not morphologically typical species

of sect. Impudicae. Besides, G. montagnei lacks lamellae. In

addition, Gymnopus ceraceicola J.A. Cooper and P. Leonard,

Gymnopus hakaroa J.A. Cooper and P. Leonard, and Gymnopus

imbricatus J.A. Cooper and P. Leonard, described in New

Zealand (clade 1), initially considered as the members of

the sect. Impudicae, formed an independent clade close to

the sect. Androsacei, sect. Gymnopus, and sect. Levipedes,

far away from sect. Impudicae, which was different from

Li et al. (2021a). The key features of these three species

are small-sized and marasmioid basidiomata, growing on

rotten wood, lacking of cheilocystidia and pleurocystidia,

and presence of gelatinized pileipellis; in contrast, the

species of sect. Impudicae are usually collybioid, presence

of cheilocystidia. Furthermore, this section includes some

species without distinct smell—G. atlanticus, Gymnopus

barbipes, and G. salakensis. Thus, the morphological limits

of sect. Impudicae needs to be reevaluated, and relationships

within this section or among genus Gymnopus need to be

further clarified.
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