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Abstract
The genus Panus and many of its species have a wide geographic distribution, and in-depth up-to-date taxonomic review is 
needed that includes critical review of type materials within a phylogenetic frame. In order to recover the phylogenetic rela-
tionships within Panus species and their morphological boundaries and to critically analyze the diversity recorded for Brazil, 
we carried out fieldwork in poorly explored areas in the country and morphological and literature revisions of fungarium 
specimens, including several type materials. We present a comprehensive phylogeny of Panus and discuss several taxonomic 
and nomenclatural implications in order to achieve stability for species of the genus. Four new species are proposed, P. 
capelariae, P. pachysporus, P. speciosus, and P. stiptonotatus. Panus campinensis and P. thailandicus (an endophytic spe-
cies) are proposed as new combinations in the genus, based on a morphological revision and phylogenetic evidence of their 
types, respectively. Additionally, Endopandanicola is synonymized within Panus, and P. parvus is synonymized within P. 
strigellus. The occurrence of P. conchatus, P. convivalis, P. fulvus, P. similis, and P. tephroleucus in Brazil is rejected due to 
morphological and phylogenetic evidences. For P. conchatus and P. similis, we present bases for the recognition of its sensu 
stricto status. We also discuss nomenclatural issues surrounding the Lentinus velutinus complex that include the basionym 
elucidation, its sensu stricto delimitation, and an epitypification based on a new sequenced specimen from the type locality. 
Our comprehensive assessment of Panus in Brazil has led to the confirmation of ten species supported by morphological 
and/or molecular data, which are critically discussed, and an identification key is presented.

Keywords  Lentinus · Neotropical · Funga · Wood-rotting fungi · Taxonomy · 4 new taxa · 2 new combinations

Section Editor: Zhu-Liang Yang

 *	 Elisandro Ricardo Drechsler‑Santos 
	 drechslersantos@yahoo.com.br

	 Gerardo L. Robledo 
	 https://www.fungicosmos.org

1	 PPG Biologia de Fungos, Algas E Plantas, Departamento 
de Botânica, Centro de Ciências Biológicas, Universidade 
Federal de Santa Catarina, Campus Universitário Trindade, 
Florianópolis, SC CEP: 88040‑900, Brazil

2	 MIND.Funga (Monitoring and Inventorying, Neotropical 
Diversity of Fungi)-MICOLAB, Florianópolis, Brazil

3	 IFungiLab, Departamento de Ciências da Natureza 
E Matemática (DCM), Subárea de Biologia (SAB), 
Instituto Federal de Educação, Ciência E Tecnologia de 
São Paulo (IFSP), Campus São Paulo (SPO), São Paulo, 
SP CEP: 01109‑010, Brazil

4	 Pós-Graduação Em Biodiversidade Vegetal E Meio 
Ambiente, Instituto de Pesquisas Ambientais, Av. Miguel 
Estefano, 3687, Água Funda, São Paulo, SP CEP: 04301‑012, 
Brazil

5	 Departamento de Microbiologia, Universidade Federal 
de Minas Gerais, Instituto de Ciências Biológicas, 
Belo Horizonte, MG CEP:31270‑901, Brazil

6	 Facultad de Ciencias Agropecuarias, Universidad 
Nacional de Córdoba, Ing. Agr. Félix Aldo Marrone 746, 
CP 5000 Córdoba, Argentina

7	 CONICET, Consejo Nacional de Investigaciones Científicas 
y Técnicas, Buenos Aires, Argentina

8	 Fundación FungiCosmos, Córdoba, Argentina

http://crossmark.crossref.org/dialog/?doi=10.1007/s11557-024-01955-3&domain=pdf
http://orcid.org/0000-0002-3702-8715


	 Mycological Progress           (2024) 23:19    19   Page 2 of 28

Introduction

Panus Fr. was proposed by Fries (1838) and encompasses 
wood-inhabiting species characterized by centrally to 
eccentrically stipitate basidiomata, infundibuliform to 
cyathiform pilei, and a hymenophore with decurrent 
lamellae. Species are distinguished by a dimitic hyphal 
system featuring unbranched skeletal hyphae, cystidia 
ranging from thin to thick-walled, and ellipsoid, smooth, 
thin-walled basidiospores (Corner 1981). Panus exhibits 
remarkable diversity and wide geographic distribution, 
with many species described during the nineteenth cen-
tury (Fries 1821; 1830; Léveillé 1844; Berkeley and Curtis 
1869; Berkeley and Broome 1873; Corner 1981). However, 
the genus remains underrepresented in molecular phylo-
genetic studies, and its phylogenetic relationships remain 
poorly understood. Only a limited number of species have 
molecular data available, with the majority of them having 
been recently described, such as P. subfasciatus Thong-
bai, Karun., C. Richt. & K.D. Hyde, P. roseus (Karun., 
K.D. Hyde & Zhu L. Yang) N. Vinjusha & T.K.A. Kumar, 
and P. paraibensis V. Galvão, Koroiva & Wartchow (Tib-
promma et al. 2017; Vinjusha and Kumar 2022; Galvão 
et al. 2023, respectively). Furthermore, little or nothing is 
known about the species diversification and biogeographi-
cal patterns, character evolution, or their ecology.

Panus was previously classified as an infrageneric taxon 
of Lentinus Fr. (Pegler 1971, 1972, 1983), viz., Lentinus 
subg. Panus (Fr.) Pegler, and consequently, many Panus 
species remain under Lentinus. Therefore, those taxa should 
be revised, including the type material reexamination, in 
order to assess their taxonomic limits and generic position. 
There are ca. 150 names of Panus listed in Index Fungorum 
(http://​index​fungo​rum.​org, accessed 01/05/2023), of which 
most of their type specimens and information (morpho-
logical, molecular, and locality) are not easily accessible. 
This is mainly because around 95% of these names were 
proposed between the eighteenth and twentieth centuries. 
Consequently, they exhibit challenges such as poor preser-
vation and small size, rendering them less amenable to loan 
requests (Dayarathne et al. 2016).

Few studies have explored the diversity of Panus in 
the Neotropics, with the majority of them describing new 
species solely based on morphological data. In Brazil, 12 
Panus species have been recorded: Panus ciliatus (Lév.) 
T.W. May & A.E. Wood (e.g., Rick 1907), P. conchatus 
(Bull.) Fr. (Spegazzini 1889), P. convivalis Corner (Corner 
1981), P. fulvus (Berk.) Pegler & R.W. Rayner (https://​
speci​eslink.​net/, accessed 01/05/2023), P. hymenorhizus 
Speg. (Spegazzini 1889), P. neostrigosus Drechsler-Santos 
& Wartchow (e.g., Spegazzini 1889; Rick 1907; Pegler 
1983; Drechsler-Santos et al. 2012; Vargas-Isla et al. 2015; 

Sanuma et al. 2016), P. paraibensis (Galvão et al. 2023), P. 
parvus Drechsler-Santos & Wartchow (Drechsler-Santos 
et al. 2012), P. similis (Berk. & Broome) T.W. May & 
A.E. Wood (e.g., Teixeira 1946; Meijer 2006; Cavalcante 
et al. 2021), P. strigellus (Berk.) Chardón & Toro (e.g., 
Rick 1930; Pegler 1983; Sanuma et al. 2016; Cavalcante 
et al. 2021), P. tephroleucus (Mont.) T.W. May & A.E. 
Wood (e.g., Pegler 1983, 1997), and P. velutinus (Fr.) Fr. 
(e.g., Fries 1830; Berkeley 1843; Spegazzini 1889; Teix-
eira 1946; Batista et al. 1966; Pegler 1983; Sanuma et al. 
2016; Cavalcante et al. 2021).

Among those species, only P. neostrigosus, P. paraibensis, 
and P. strigellus have reliable and verified molecular data, 
alongside detailed morphological descriptions (Vargas-Isla 
et al. 2015; Galvão et al. 2023). For a few other Panus species 
reported in Brazil, molecular data exist from other countries 
(e.g., P. conchatus, P. similis, and P. velutinus). However, 
these data still require verification to serve as references for 
their respective taxa, ensuring taxonomic and phylogenetic 
stability for future research on the genus. Panus strigellus 
and P. tephroleucus were originally described from Cuba 
(Berkeley and Curtis 1869) and Suriname (Pegler 1983), 
respectively, and their presence in Brazil may indeed reflect 
their true distributional range (Maia et al. 2015; Vargas-Isla 
et al. 2015). However, for other species recorded in Brazil, 
such as P. ciliatus (type from Indonesia), P. conchatus (type 
from Sweden), and P. fulvus and P. similis (both types from 
Sri Lanka), their wider distribution raises questions and could 
potentially involve misidentifications (Putzke 1994; Maia 
et al. 2015; Putzke and Putzke 2002).

Multiple studies have shown that Agaricomycetes species 
with occurrences on multiple continents, usually referred to as 
“cosmopolitan species,” often consist of several species with 
restricted distribution ranges that represent a species com-
plex (Palacio et al. 2017; Peintner et al. 2019; Motato-Vásquez 
et al. 2020; Olou et al. 2020; Liu et al. 2021). Among the spe-
cies described based on Brazilian specimens, P. velutinus has 
been widely recorded worldwide and its delineation remains 
ambiguous, leading to suggestions that it constitutes a species 
complex (Pegler 1983; Douanla-Meli and Langer 2010). In 
light of these uncertainties, a taxonomic revision of Panus 
in Brazil is warranted, and species with broad and disjointed 
distributions should be subjected to further study to ascertain 
their taxonomic status and potentially unveil undescribed spe-
cies in the Neotropics.

To ensure a comprehensive phylogenetic analysis and to 
provide an in-depth assessment of Panus diversity in Brazil, 
we conducted field expeditions in poorly explored regions of 
the Brazilian Atlantic Forest. We performed detailed mor-
phological examinations of both newly collected specimens 
and specimens from fungarium collections. Furthermore, we 
conducted molecular phylogenetic analyses utilizing DNA 

http://indexfungorum.org
https://specieslink.net/
https://specieslink.net/
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sequences from both ITS and nrLSU regions. In addition to 
proposing new taxa, we reevaluated the boundaries of sev-
eral Panus species and conducted a thorough review of all 
recorded occurrences of Panus names in Brazil.

Material and methods

Specimens and morphological descriptions

Specimens were collected during field surveys in the Atlan-
tic Rainforest of Southern Brazil [classification according to 
Oliveira-Filho (2015)]. They were subsequently deposited at 
the FLOR herbarium. Additionally, we examined specimens 
from other herbaria, namely, BAFC, IAC, FLOR, LISU, 
LPS, K, SP, TENN, UPS, and URM. Herbarium acronyms 
follow Thiers (continuously updated). Color determinations 
follow Küppers (1994). For the observation and descrip-
tion of microscopic characteristics, we manually prepared 
sections and mounted them in a solution of 5% potassium 
hydroxide with aqueous phloxine 1%. We also employed 
Melzer’s reagent (IKI) to assess the amiloidicity reaction. 
The hyphal system was described based on Teixeira (1995). 
The terminology for the basidia, pleurocystidia, and cheilo-
cystidia shapes follows Vellinga and Noordeloos (2001). 
The description of pileipellis follows Pegler (1983). Micro-
scopic structures were measured (N = 20) using a microm-
eter ruler eyepiece attached to an optical microscope (Olym-
pus CX22LED OM). In basidiospore measurements, the 
“[a/b/c]” at the beginning indicates “a” number of basidi-
ospores measured from “b” number of basidiomata taken 
from “c” number of collections. Basidiospores were meas-
ured in lateral view, with a minimum of 20 basidiospores 
for each basidioma. The terminology used to describe the 
basidiospore shapes follows Largent et al. (1977). The Q 
value represents the length-to-width quotient interval for all 
measured basidiospores; Qm represents the average of all 
calculated Q values for all measured basidiospores, while 
Lm and Wm represent the average lengths and widths of all 
measured basidiospores, respectively.

DNA extraction, amplification, and sequencing 
methods

Genomic DNA was extracted from dried materials stored in 
silica gel using a CTAB protocol (Góes-Neto et al. 2005). 
The primer pairs ITS1F-ITS4 (White et al. 1990; Gardes 
and Bruns 1993) and LR0R-LR5 (Vilgalys and Hester 1990) 
were used to amplify the nuc rDNA internal transcribed 
spacer region ITS1-5.8S-ITS2 (ITS) and the nuc rDNA 28S 
(nrLSU), respectively. Amplification parameters for each 
region were as follows: ITS − 94 °C for 5 min, followed 
by 35 cycles 94 °C for 3 min, 50 °C for 30 s, and 72 °C 

for 1 min, and a final extension at 72 °C for 10 min; and 
nrLSU − 94 °C for 5 min, followed by 35 cycles 94 °C for 
1 min, 50 °C for 1 min 20 s, and 72 °C for 1 min 30 s, and 
a final extension at 72 °C for 10 min. The PCR products 
were purified with Polyethylene Glycol according to Sam-
brook et al. (1989). The sequencing of both markers was 
conducted with the same primers used in the amplification, 
and it was done by capillary electrophoresis in an ABI3730 
device, using BigDye 3.1 polymer (Myleus Biotechnology, 
Belo Horizonte, Brazil).

Phylogenetic analyses

The generated chromatograms were manually verified with 
Geneious 9.0.5 (Kearse et al. 2012), and the final sequences 
were deposited at GenBank (https://​www.​ncbi.​nlm.​nih.​gov/). 
GenBank accession numbers for newly provided sequences 
and additional downloaded sequences for the analyses are 
listed in Table S1. Sequences of Cerrena unicolor (Bull.) 
Murrill were used as outgroups based on Justo et al. (2017). 
The sequences were aligned in MAFFT 7 with strategy 
Q-INS-i for ITS and G-INS-i for nrLSU (Katoh 2013) and 
then manually edited using MEGA 7 (Kumar et al. 2016).

We carried out phylogenetic analyses based on two 
datasets: ITS + nrLSU combined and only ITS. From the 
combined dataset, a total of 208 ingroup specimens were 
included. All phylogenetic analyses were performed online 
using the CIPRES Science Gateway (Miller et al. 2010). 
Phylogenetic tree of only the ITS dataset was reconstructed 
based on maximum likelihood analysis. All of the following 
methods were applied to the combined dataset. We defined 
partitions a priori (ITS + nrLSU) to estimate the best-fit par-
tition scheme and substitution models in PartitionFinder 2 
(Guindon et al. 2010; Lanfear et al. 2017) under the linked 
model of branch lengths, greedy search algorithm (Lanfear 
et al. 2012), and Akaike information criterion for model 
selection.

The maximum likelihood (ML) analyses were carried 
out in RAxML 8.2.9 (Stamatakis 2014). For each partition, 
GTR + G model was applied. The analysis initially included 
1000 rapid bootstrap inferences, followed by a thorough 
ML search. To assess node reliability, we conducted rapid 
bootstrapping replicates, with the program employing an 
extended majority rule (MRE)-based bootstopping criterion 
(Pattengale et al. 2009).

The Bayesian inference (BI) was performed in MrBayes 
3.2.6 (Ronquist et al. 2012). For each partition, we employed 
partition-specific models determined as the best-fit models. 
In these partitioned mixed-model analyses, the substitution 
matrix, base frequencies, and gamma shape parameter were 
unlinked between data partitions, and the rate prior was set 
to variable [prset applyto = (all), ratepr = variable], allowing 
for variations in rates among partitions. We set to execute two 

https://www.ncbi.nlm.nih.gov/
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independent runs, each initiated from random trees, employ-
ing four simultaneous independent chains. The analysis 
spanned 5,000,000 generations, with tree sampling occur-
ring at every 1000th generation. Convergence diagnostics 
were computed every 10,000th generation. We assessed the 
minimal effective sample sizes (ESS > 200) and checked for 
convergence between runs using Tracer 1.7 (Rambaut et al. 
2018). To ensure robust results, we discarded the initial 25% 
of sampled trees as burn-in. The remaining trees were used to 
construct a 50% majority-rule consensus tree and to estimate 
Bayesian posterior probabilities (BPPs) for the branches.

Clades with BPP values above 0.95 and bootstrap (BS) 
values above 70% were considered moderately supported, 
and those with BPP = 0.99–1 and BS = 99–100% were con-
sidered highly or fully supported (Felsenstein 1985; Hillis 
and Bull 1993; Soltis and Soltis 2003; Huelsenbeck and 
Rannala 2004). Only both moderately and highly/fully sup-
ported clades were deemed for taxonomic decisions. The 
recovered topology in the phylogenetic trees were organized 
in clades both moderately and highly supported main clades, 
being most inclusive as possible in order to reflect the phy-
logenetic relationships of the infrageneric lineages. In cases 
where a clade represents a single species, it was retained 
unless closely related clades lacked substantial support. The 
alignments and trees were deposited at Harvard Dataverse 
(Sousa-Guimarães et al. 2022).

Results

In this study, we incorporated 57 newly acquired sequences, 
comprising 34 ITS and 23 nrLSU sequences, as outlined in 
Table S1. The resultant combined dataset featured a final 
alignment spanning 1576 base pairs (716 bp for ITS and 
860 bp for nrLSU). Among these, 963 were invariable, 
198 were variable parsimony-uninformative, and 405 were 
parsimony-informative.

The optimal evolutionary models were determined 
through AIC (Akaike information criterion) selection, 
resulting in the following models: GTR + I + G for ITS and 
GTR + I + G for nrLSU. In BI analyses, the runs converged 
to stable likelihood values, specifically − lnL = 10,688.12 
and 10,700.54. After discarding the initial 25% of trees as 
burn-in, 7501 trees were used to compute a 50% majority-
rule consensus tree and to estimate the BPP. During ML 
searches, the combined alignment revealed 775 distinct pat-
terns, with a proportion of gaps and undetermined charac-
ters totaling 48.44%. The bootstopping criteria in RAxML 
indicated that 550 pseudoreplications sufficed to determine 
internal branch support, with the final ML optimization like-
lihood recorded as − lnL = 10,571.85.

No significant topological conflicts were detected 
between the ML and BI analyses, thereby allowing us to 

superimpose both BS and BPPs onto the best-scoring ML 
tree for the combined ITS + nrLSU dataset (Fig. 1). The 
topology derived from ITS + nrLSU (Fig. 1) and solely ITS 
(SUPPL. Fig. 1) trees was congruent and the main clades are 
as follows. Eleven primary clades have been identified and 
designated from bottom to top in Fig. 1 and SUPPL. Fig. 1. 
From Fig. 1, the clades and their respective support val-
ues (BS/BPP) are as follows: “ciliatus” (BS = 86/BPP = 1), 
“neostrigosus” (100/1), “velutinus” (85/1), “paraibensis” 
(100/1), “asiaticus” (100/1), “speciosus” (100/1), “purpu-
ratus” (100/1), “bambusinus” (52/0.96), “strigellus” (83/1), 
“roseus” (100/1), and “conchatus” (87/1) clades.

In the following clades, two or more phylogenetic species 
were recovered: “ciliatus,” “velutinus,” “asiaticus,” “bam-
businus,” “strigellus,” “roseus,” and “conchatus.” Most of 
the eleven main clades, which encompass specimens from 
multiple countries, exhibit a predominantly pantropical dis-
tribution. Notably, this includes the clades “ciliatus” and 
“speciosus” and the subclade Panus aff. conchatus (Fig. 1 
and Table S1). In contrast, the “neostrigosus” clade dis-
plays a widespread distribution, while specimens from other 
clades tend to be more geographically restricted (Fig. 1 and 
Table S1). Specifically, specimens from the “asiaticus,” 
“bambusinus,” and “roseus” clades primarily inhabit Asian 
regions, while the subclade Panus cf. tephroleucus (within 
the “velutinus” clade) and the “strigellus” clade are concen-
trated in the Neotropical region. Additionally, the subclade 
Panus conchatus s.s. is distributed within the temperate 
region of the Northern Hemisphere (Fig. 1 and Table S1).

Brazilian specimens represent at least nine phylogenetic 
species distributed as follows: P. ciliatus (SP446150) in the 
“ciliatus” clade; P. neostrigosus (CC40, Fun81W3, Fun8D3, 
and INPACM1466) in the “neostrigosus” clade; P. capelar-
iae, P. cf. tephroleucus, P. stiptonotatus, and P. velutinus s.s. 
in the “velutinus” clade; P. paraibensis in the “paraibensis” 
clade; P. speciosus in the “speciosus” clade; and P. strigellus 
in the “strigellus” clade. Panus capelariae, P. stiptonotatus, 
and P. speciosus are newly proposed species, as detailed in 
the “Taxonomy” section.

Furthermore, we propose P. pachysporus as a new spe-
cies and combine Lentinus campinensis Teixeira into the 
Panus genus, both of which are grounded in morphological 
data. Our study also revealed the presence of four endophytic 
samples located within Panus, spanning two distinct clades: 
KF496188 and KF496194 from Brazilian specimens in the 
“neostrigosus” clade, and the paratypes of Endopandanicola 
thailandica Tibpromma & K.D. Hyde from Thailand that 
we now treat as an independent species closely related to P. 
roseus. This scenario leads us to combine E. thailandica in 
Panus as P. thailandicus. We have also conducted a compre-
hensive revision of the list of Panus species found in Brazil 
and provide an identification key for the species that occur 
in the country with certainty.
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Fig. 1   Phylogenetic tree 
(maximum likelihood) of Panus 
based on ITS and nrLSU. On 
branches, support values are 
given as BS/BPP. The black cir-
cles in the branches are BS ≥ 99 
and BPP ≥ 0.99. The sequences 
generated in this study are in 
bold. Sequences in red are 
newly proposed taxa. The 
different colors in the maps dis-
tinguish the specimens sampled 
by country within each clade. 
Blue indicates countries with up 
to 15% from the clade sampling; 
yellow indicates 15–30% and 
red indicates more than 30% of 
the specimens in such a clade 
occur in a unique country
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Type revision and type localities

We morphologically analyzed the following holotypes that 
were loaned (the list is as follows: “species [type: type local-
ity]”): Lentinus campinensis [IAC 4376: Brazil], Panus fas-
ciatus (Berk.) Singer [K(M) 153553: Tasmania, Australia], 
P. hymenorhizus [LPS16800: Brazil], P. guaraniticus Speg. 
[LPS19295: Paraguay], P. parvus [URM80840: Brazil], P. 
strigellus [K(M) 153658: Cuba; syntype: K(M) 179354]. 
Additionally, we had access to photos of the holotypes of L. 
blepharodes Berk. & M. A. Curtis [K(M) 1436369: Cuba], 
L. pseudociliatus Raithelh. [BAFC52304: Argentina], L. 
thomensis Cout. [LISU63038: São Tomé and Príncipe], 
P. fulvus [K(M) 179387: Sri Lanka], P. similis [syntype: 
K(M) 179352: Sri Lanka], and P. velutinus [UPS F-012409: 
Brazil].

Furthermore, the following holotypes were not located 
or not confirmed at herbaria as cited by Pegler (1983) or 
confirmed as lost by the curatorships. Lentinus coelopus 
Lév. [PC: USA], L. natalensis Van der Byl [PREM: South 
Africa], Panus ciliatus [PC0093414: Indonesia], and P. 
tephroleucus [PC0737995: Suriname] were not confirmed 
by the curatorship at those herbaria as we have not received 
an answer from them. Panus conchatus [K(M) or UPS: 
Sweden] and P. neostrigosus [K(M): USA] are probably 
lost as K staff could not find them and we did not locate P. 
conchatus type in the UPS catalog (http://​webdev.​its.​uu.​se/​
evomus/​botan​ik/​home.​php, accessed 02/10/2023). In addi-
tion, Lentinus castaneus Ellis & T. Macbr. [ISC: Nicaragua], 
L. fallax Speg. [LPS1271: Paraguay], and P. convivalis [K: 
Brazil] were confirmed as lost by the curatorship. Addition-
ally, given the Panus circumscription the protologue of P. 
convivalis is inconclusive (Corner 1981).

The type of Lentinus velutinus Fr. was not found in UPS 
and was never studied by Pegler (1983) who, instead, pro-
vides a description based on Agaricus velutinus Fr. [= Panus 
velutinus (Fr.) Fr.]. The type of Lentinus velutinus Fr. should 
represent another lentinoid species and seems to be lost.

Taxonomy

Panus campinensis (Teixeira) Drechsler-Santos & Robledo, 
comb. nov. (Fig. 2).

MycoBank: 804004.
Basionym: Lentinus campinensis Teixeira, Bragantia 

6:169. 1946.
Complete description: See Teixeira (1946).
Material examined: Brazil, São Paulo: Campinas, Bosque 

dos Jequitibas, 2 December 1943, F.P. Bastos s/n (IAC 
4376!, holotype).

Notes: As outlined by Teixeira (1946), Lentinus campin-
ensis displays distinctive characteristics, including a lateral 

to eccentric stipe and a reniform pileus [see Fig. b from 
plate III in Teixeira (1946)]. The upper or external surfaces 
of both the pileus and stipe exhibit a velutinate to villose 
texture (see Fig. 2c). Under microscopic examination, it has 
a dimitic hyphal system composed of hyaline to pale brown, 
unbranched skeletal hyphae and hyaline, clamped generative 
hyphae; it presents pleurocystidia and lacks hyphal pegs. 
This combination of features corresponds to the morpho-
logical circumscription of Panus (Corner 1981; Hibbett and 
Vilgalys 1993; Drechsler-Santos et al. 2012), and hence, the 
new combination is proposed.

This name had been previously regarded as a synonym 
of Lentinus velutinus due to the rather broad morphologi-
cal concept of L. velutinus (Pegler 1983). However, upon 
conducting a detailed morphological analysis of the type 
specimen, significant distinctions were uncovered. Notably, 
the lateral to eccentric stipe, along with the reniform pileus 
that curves inwards from the margin should be regarded as 
additional diagnostic characteristics [see Fig. 2a, d and also 
refer to plate III in Teixeira (1946)]. Lentinus velutinus sensu 
Pegler (1983) is a species characterized by a more or less 
slender basidiomata, with an elongated stipe and a circular, 
infundibuliform pileus that typically folds in a distinctive 
manner when mature or dried (typically midway between 
the margin and the center of the pileus). Moreover, the holo-
type of L. campinensis has short ellipsoid basidiospores, 
5.0–6.0 × 2.5–3.0  µm (n = 40, Qm = 1.50). In contrast, 
basidiospores of L. velutinus are oblong-cylindric to ellip-
soid, 5.0–7.0(8.0) × 3.0–3.7 µm (Qm = 1.87) according to 
Pegler (1983), or 6.0–7.0 × 2.5–3.0 µm according to Teixeira 
(1946). It is worth to mention that the presence or absence of 
a pseudosclerotium could be considered a diagnostic charac-
ter. However, it is important to note that the type specimen 
might have been collected without the pseudosclerotium, 
rendering this feature inconclusive for differentiation.

Panus capelariae Sousa-Guimarães, Menolli & 
Drechsler-Santos, sp. nov. (Figs. 1, 3a–c, and 4).

MycoBank: 850307.
Typification: Brazil, Santa Catarina: Florianópolis, Parque 

Municipal da Lagoa do Peri, 11 December 2016, Sousa-
Guimarães, D. K. DG11 (holotype FLOR 73885). GenBank 
accession numbers: ITS = MT669126; nrLSU = MT669146.

Etymology: “capelariae”, named in honor of Dr. Marina 
Capelari, a Brazilian mycologist who contributed to the tax-
onomy of Brazilian mushrooms and also collected one of the 
specimens examined.

Diagnosis: Panus capelariae is recognized for the radi-
ally plicate-sulcate pileus surface, subdistant lamellae, and 
narrowly utriform and thin-walled pleurocystidia.

Description: Pileus 24–35 mm diam., infundibuliform 
to cyathiform, chestnut to dark brown (N80Y70M60), radi-
ally plicate-sulcate, almost glabrous to slightly velutinate, 

http://webdev.its.uu.se/evomus/botanik/home.php
http://webdev.its.uu.se/evomus/botanik/home.php
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glabrous towards the center, margin curved downwards and 
slightly sulcate. Lamellae decurrent, beige (N40Y60M40), 
subdistant, margin entire, with lamellulae. Stipe central, 
25–40 × 2–4 mm, mostly cylindric, villose to tomentose, 
concolorous with the pileus surface or slightly darker, 
slightly enlarged at the base, arising from a small to large 
pseudosclerotium.

Hyphal system dimitic. Generative hyphae 2.0–4.0 μm 
diam., hyaline, branched, clamped, thin-walled to rarely 
thick-walled. Skeletal hyphae 2.5–5.0 μm diam., hyaline 
to pale brown, unbranched, thick-walled. Basidiospores 
ellipsoid to cylindric, [70/7/7] 5.0–8.1 × 2.5–4.3  μm 
(Qm = 1.94; Q = 1.6–2.5; Lm = 6.87 μm; Wm = 3.12 μm), 
hyaline, thin-walled, smooth, rarely with guttulae, IKI − . 
Basidia cylindrical-clavate, 17–32 × 5.0–6.2 μm, hyaline, 
thin-walled, 4-sterigmated, clamped at the base. Pleurocys-
tidia 20–37(47) × 3.7–7.5 of two types: (1) flexuous, thin-
walled, smooth; (2) conical to narrowly conical, thick-walled 
(1.0–2.5 μm thick). Cheilocystidia 19–26 × 3.0–6.0 μm, 

flexuous, smooth, thin to thick-walled. Hymenophoral 
trama irregular, hyaline, similar in structure to the context. 
Pileipellis an epicutis composed of erect to loose fascicles of 
brown, thick-walled, and clamped generative hyphae.

Habit, habitat, and known distribution: Solitary, rarely 
gregarious, with a pseudosclerotium. Growing on fallen 
dead logs. Currently known from Southern South America, 
in Tropical Broadleaved Forest from Brazil and Argentina.

Additional specimens examined: Brazil, São Paulo: São 
Paulo, 2008, Capelari, M. 4365 (SP446152); Caraguatatuba, 
Parque Estadual Serra do Mar, 19 January 2016, Elias, S. G. 
SGE238 (FLOR 73887); ibid., 20 January 2016, Reck, M. A. 
MAR1154 (FLOR 73888); ibid., July 2016, Copini, E. EC72 
(FLOR 73889); Rio Grande do Sul: Araricá, 23 November 
2017, Palacio, M. MP296 (FLOR 73890); Santa Catarina: 
Florianópolis, UCAD, trilha principal, 2012, Drechsler-
Santos, E. R., DS840 (FLOR73886).

Notes: Panus capelariae is primarily characterized by 
its radially plicate-sulcate pileus, utriform and thin-walled 

Fig. 2   Panus campinensis (holotype: IAC 4376 of Lentinus campin-
ensis). a Basidioma overview, scale bar = 1 cm. b Detail of the lamel-
lae and their insertion into the stipe, scale bar = 0.5  cm. c Surface 

detail and context of the stipe, scale bar = 0.2 cm. d Detail of lamellae 
and margin of incurvation, scale bar = 0.2 cm
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pleurocystidia, the presence of small to large pseudoscle-
rotia, and its distribution in the Neotropical region. In 
terms of macroscopic features, it bears a striking resem-
blance to P. similis due to their shared radially plicate-
sulcate pileus and subdistant lamellae. However, P. simi-
lis, typified by a collection from Sri Lanka, distinguished 
by smaller basidiospores 5.0–6.2 × 2.5–3.2 μm, conical 
to narrowly conical pleurocystidia with thick walls, and 
an Asian distribution with putative records in Africa, as 
documented by Pegler (1983).

Phylogenetically, P. capelariae was recovered as sister 
(Fig. 1: unsupported, SUPPL. Fig. 1: 71) to a clade with a 
new species described below and another Mexican phylo-
genetic species (Fig. 1, SUPPL. Fig. 1). For morphologi-
cal comparison, see hereafter. Also, P. capelariae does not 
cluster with the P. similis sensu stricto subclade, which 
comprises sequences from collections in Sri Lanka (Ediri-
weera et al. 2021) and Vietnam. Corner (1981) considered 
P. similis as a variety of P. fulvus [Panus fulvus var. similis 
(Berk. & Broome) Corner]. However, based on morphol-
ogy, the independence between the species P. similis and P. 
fulvus is supported. Panus fulvus can be distinguished from 
P. capelariae by its erect fasciculate hairs on the pileus and 
by moderately spaced lamellae, as shown by Corner (1981). 
Within the clade associated with P. capelariae, there are 
three sequences from Argentinean collections that were pre-
viously labeled as P. similis; however, these collections rep-
resent P. capelariae, as shown by our phylogenetic results, 
thus expanding the distribution of this species to Argentina.

Panus pachysporus Sousa-Guimarães, Menolli & 
Drechsler-Santos, sp. nov. (Figs. 3d, e and 5).

MycoBank: 850309.
Typification: Brazil, Rio Grande do Sul: Gramado, 

Várzea Grande, 07 May 1961, Costa-Neto, J. P. (holotype 
SP60914).

Etymology: from the Greek “pachy” = thick and 
“sporus” = basidiospore, referring to the thick-walled 
basidiospores.

Diagnosis: Panus pachysporus is distinguished by its 
large, thick-walled basidiospores.

Description: Pileus 11–40 mm diam., infundibuliform 
to cyathiform, coriaceous, chestnut brown to dark brown 
(N60A60M50) when dry, slightly striate, villous to tomen-
tose, margin thin. Lamellae decurrent, vinaceous brown 
(N60A30M40), moderately to densely crowded, margin entire, 
with lamellulae. Stipe central, 13–24 × 3–5 mm, cylindric, 

slightly enlarged at the base, surface villous to tomentose, 
chestnut brown, concolorous with the pileus surface.

Hyphal system dimitic. Generative hyphae 2.0–4.5 μm 
diam., hyaline, clamped, thin-walled, some thick-walled. 
Skeletal hyphae 2.5–6.0 μm diam., hyaline, thick-walled, 
IKI − . Basidiospores ellipsoid to cylindric, [30/1/1] 
6.5–11.5(12.0) × 4.0–5.5(6.0) μm (Qm = 1.97, Q = 1.6–2.4, 
Lm = 10 μm, Wm = 5.0 μm), hyaline, thick-walled, smooth, 
some with guttulae, IKI − . Basidia cylindric-clavate, 
17.0–26 × (5.5)6.0–8.0 μm, hyaline, thin-walled, 4-sterig-
mated, clamped at the base. Pleurocystidia of two types: 
(1) clavate, (22)25–32 × 5.5–7.0 μm, thin-walled, smooth; 
(2) narrowly conical 23–46 × 4.0–7.5 μm, narrowly thick-
walled (1.0–2.0 μm thick), smooth. Cheilocystidia clavate 
(18.0)21–28 × 4.0–7.5  μm, smooth, thin-walled. Hyme-
nophoral trama irregular, of radiate construction, consisting 
of a dimitic hyphal system with skeletal hyphae. Pileipellis 
a trichodermium composed of erect generative hyphae, with 
thick- and brown-walls, with clamp connections.

Habit, habitat, and known distribution: Gregarious, with-
out a pseudosclerotium. Known only from the type locality 
in the Tropical Broadleaved Forest of the state of Rio Grande 
do Sul, Brazil.

Notes: The macromorphological description provided 
above is based on a dehydrated specimen dating back to 
1961. Panus pachysporus is notably characterized by pre-
senting the largest and thick-walled basidiospores of the 
genus. Panus velutinus and P. pachysporus share several 
similarities, including a coriaceous, chestnut brown, and 
velutinate pileus, which is marked with striations, and 
lamellae that are moderately to densely crowded. However, 
P. velutinus can be distinguished by presenting a pseudo-
sclerotium, larger basidiomata (pilei up to 160 mm diam. 
and stipe 35–205 × 2.0–8.0  mm), larger cheilocystidia 
(22)25–36(40) × 5.0–8.5 μm, and thin-walled and smaller 
basidiospores that typically measure 4.5–7.0 × 3.0–4.0 μm.

Panus speciosus Sousa-Guimarães & Drechsler-Santos, 
sp. nov. (Figs. 6a–c and 7).

MycoBank: 850308.
Typification: Brazil, Santa Catarina: Florianópolis, 

Universidade Federal de Santa Catarina, 01 November 
2013, Drechsler-Santos, E. R. DS1151 (holotype FLOR 
68417). GenBank accession numbers: ITS = MT669130; 
nrLSU = MT669150.

Etymology: from Latin “speciosus” = handsome, referring 
to the beauty of this Panus species.

Diagnosis: Panus speciosus is distinguished by the soft, 
white to cream pileus, the mostly glabrous pileus surface 
and a fibrillose stipe.

Description: Pileus 18–50 mm diam., applanate when 
young, infundibuliform at maturity, surface white to cream 
(N10A20M10) when fresh and then slightly darkening to beige 

Fig. 3   Panus capelariae (a, c FLOR 73885, holotype). a Overview of 
the basidioma. b Detail of the subdistant lamellae (SP446152, para-
type). c Detail of the pileus surface. Macroscopic view of P. pachy-
sporus (SP60914, holotype). d, e Overview of the basidioma. Scale 
bars = 1 cm

◂
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when dry (N10A30M20), hairy-squamose only at the center, 
margin involute, glabrous. Lamellae decurrent, beige to 
pinkish brown when fresh (A50M40C30) and then brownish 
(A80M50C30) when dry, crowded, anastomosed near the stipe, 
margin entire, with lamellulae. Stipe central to eccentric, 
28–45 × 5 mm, flexuous, flattened, slightly enlarged towards 
the apex, beige (N10A30M20), surface glabrescent, fibrillose.

Hyphal system dimitic. Generative hyphae 2.0–5.0 μm 
diam., hyaline, clamped, thin- to thick-walled. Skeletal 
hyphae 2.5–5.5 μm diam., thick-walled. Basidiospores ellip-
soid to cylindric, [60/3/3] (4.0)5.0–7.5 × 2.5–3.5 (Qm = 1.91; 
Q = 1.6–2.2; Lm = 6.0 µm; Wm = 3.0 µm), hyaline, thin-
walled, smooth, rarely gutted, IKI − . Basidia cylindric-
clavate, (18)21–35(49) × 4.5–9.0 μm, hyaline, thin-walled, 
4-sterigmated, clamped at the base. Pleurocystidia of two 
types: (1) narrowly clavate to clavate, 30–45 × 6.0–9.0 μm, 
thin-walled; (2) narrowly utriform, 22–64 × 6.0–12.0 μm, 
thick-walled (1.5–3.0 μm thick), almost smooth. Cheilocys-
tidia clavate, 22–39(42) × 6.5–12.0 μm, smooth, thin-walled. 
Hymenophoral trama irregular, of radiate construction, 
consisting of a dimitic hyphal system with skeletal hyphae. 
Pileipellis an epicutis composed of radially to parallel 
arranged generative hyphae, with slightly thick and brown 
walls, septated, clamp connections not observed.

Habit, habitat, and known distribution: Gregarious, with-
out pseudosclerotium. On fallen dead logs. Currently known 
from Brazil, in the Tropical Broadleaved Forest in the urban 
area of Florianópolis, Santa Catarina state, and in Singapore.

Additional specimens examined: Brazil, Santa Catarina: 
Florianópolis, Universidade Federal de Santa Catarina, 
18 October 2016, Sousa-Guimarães, D. K. DG25 (FLOR 
68418); ibid., 02 December 2017 Sousa-Guimarães, D. K. 
DG68 (FLOR 68419).

Notes: Panus speciosus is characterized by its whitish 
and glabrous pileus, featuring a squamose central area, and 
a stipe that varies from fibrillose to glabrescent. Panus hir-
tiformis (Murril) Drechsler-Santos & Wartchow, described 
from Belize, also has a glabrous pileus, which appears pink-
ish ochraceous when fresh (Pegler 1983). However, it distin-
guishes from P. speciosus by exhibiting a brown ochraceous 
pileus, smaller basidia 15–19 × 3.5–4.5 μm, and longer pleu-
rocystidia 28–80 × 5.0–9.0 μm (Pegler 1983).

Panus caespiticola (Pat. & Har.) Drechsler-Santos & 
Wartchow also presents an applanate and pale ochraceous 
to cream-colored pileus. Nevertheless, it differs from P. 
speciosus in having slightly longer and differently shaped 
pleurocystidia (fusoid to lageniform, 35–54 μm long) and 

shorter cheilocystidia 24–33 × 7.0–9.0 μm, with a cylin-
drical-lanceolate to ventricose-fusoid morphology (Pegler 
1983; Drechsler-Santos et al. 2012).

Phylogenetically, P. speciosus was recovered in the “spe-
ciosus” clade nested within at least four phylogenetic species 
that exhibit shared morphological features. These species are 
discussed hereafter in the “speciosus” clade.

Panus stiptonotatus Sousa-Guimarães & Drechsler-San-
tos, sp. nov. (Figs. 1, 6d–f, and 8).

MycoBank: 850310.
Typification: Brazil, Santa Catarina: Florianópolis, 

Parque Municipal do Córrego Grande, 04 June 2016, Sousa-
Guimarães, D. K. DG06 (holotype FLOR 68422). GenBank 
accession numbers: ITS = MT669133; nrLSU = MT669153.

Etymology: “Stipto” from Latin = stipe; from Latin “nota-
tus” = marked, notable, referring to the marked nodulose 
portions of the stipe.

Diagnosis: Panus stiptonotatus is distinguished by hav-
ing nodular portions on the stipe and pleurocystidia that are 
partially immersed in the hymenium.

Description: Pileus 22–30 mm diam., infundibuliform, dark 
brown (N90A70M10) when dry, surface hispid strigose with 
short and erect hairs, margin involute, hairy. Lamellae decur-
rent, brown (N60A50M50) when dry, moderately crowded, anas-
tomosed near the stipe, margin entire, with lamellulae. Stipe 
central to eccentric, 38–65 × 5 mm, sometimes with nodules 
extending over the entire surface of the stipe or disposed on the 
middle portion or on the base and then, nodulose portion up to 
9 mm diam., cylindric to flexuous, surface pilose, velutinate 
and tomentose from base to apex, brown, concolorous with the 
pileus surface, arising from a pseudosclerotium.

Hyphal system dimitic. Generative hyphae 1.5–5.0 μm 
diam., hyaline, clamped, thin-walled, some thick-
walled. Skeletal hyphae 2.5–5.0 μm diam., thick-walled. 
Basidiospores ellipsoid to oblong ellipsoid, [70/7/7] 
4.0–5.5(6.0) × 2.0–3.0  μm (Qm = 1.82, Q = 1.6–2.0, 
Lm = 5.0  μm, Wm = 2.5  μm), hyaline, thin-walled, 
smooth, rarely gutted, IKI − . Basidia cylindrical-clavate, 
17.0–22(24) × 4.5–7.0  μm, hyaline, thin-walled, 4-ster-
igmated, clamped at the base. Pleurocystidia of two 
types: (1) flexuous with subcapitate apex to clavate, 
40–62 × 5.0–9.0 μm, thin-walled, smooth, almost totally 
immersed in the hymenium, projecting (3.5–8.0  μm) 
from the initial portion of the hymenophoral trama; 
(2) fusiform, 17.0–24 × 5.0–8.0  μm, narrowly thick-
walled (1.0–1.5  μm thick). Cheilocystidia f lexuous, 
(11.0)13.0–22.0 × 3.5–7.0 μm, smooth, thin-walled. Hyme-
nophoral trama irregular, hyaline consisting of a dimitic 
hyphal system with skeletal hyphae. Pileipellis an epicutis 
composed of erect, loosely arranged fascicles of unbranched, 
brown, thick-walled, clamped generative hyphae.

Fig. 4   Microcharacters of Panus capelariae (FLOR 73885). a Thick-
walled generative hyphae, scale bar = 5  µm. b Basidia. c Basidi-
ospores, scale bar = 5  µm. d Pleurocystidia. e Cheilocystidia. Scale 
bars = 10 μm

◂
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Habit, habitat, and known distribution: Solitary, rarely 
gregarious, with pseudoesclerotium. Growing on fallen dead 
logs. Currently known from Southern Brazil, in Tropical 
Broadleaved Forest, in the states of Santa Catarina and Rio 
Grande do Sul.

Additional specimens examined: Brazil, Santa Catarina: 
Santo Amaro da Imperatriz, Plaza Caldas da Imperatriz, 21 
March 2014, J. Menezes Prata JP0048 (FLOR 68424); ibid., 
Florianópolis, PBP0002 (FLOR 68425); ibid., Unidade de 
Conservação Ambiental Desterro (UCAD), 28 March 2017, 
Oliveira, C. A. T. CATO176 (FLOR 68423). Rio Grande do 
Sul: Porto Alegre, Morro Santana, 27 July 2016, Alves-Silva, 
G. GAS850 (FLOR 68420); ibid., GAS851 (FLOR 68421).

Notes: Panus stiptonotatus is characterized by the pres-
ence of nodular portions in the stipe and flexuous pleuro-
cystidia, which are partially embedded in the hymenium, 
showcasing a visible subcapitate apex. Panus caespiticola, 
described from Mali (Africa), also presents a nodulose-like 
stipe (Pegler 1983), but it can be readily distinguished by 
its slightly larger basidiospores (5.5–7.0 × 3.0–4.5 μm) and 
longer cheilocystidia (24–33 μm long) that are cylindrical-
lanceolate to ventricose-fusoid (Pegler 1983).

Panus velutinus and P. pachysporus also exhibit veluti-
nate, chestnut brown pileus surfaces and lamellae that are 
moderately to densely crowded. However, P. velutinus is 
distinguished by smaller [(22)25–31 × 5.5–9.0 μm] and dif-
ferently shaped pleurocystidia, which are clavate and thin-
walled. Conversely, P. pachysporus differs mainly by larger 
basidiospores, 6.5–11.5(12) × 4.0–5.5(6.0) μm.

In a phylogenetic context (Fig. 1, SUPPL. Fig. 1), P. 
stiptonotatus forms a sister group (Fig. 1: 100/1, SUPPL. 
Fig. 1: 98) to a specimen from Mexico identified as Lenti-
nus cf. velutinus and P. capelariae as sister to them (Fig. 1: 
unsupported, SUPPL. Fig. 1: 71). This specimen, Lentinus 
cf. velutinus, is not related to P. velutinus s.s., as we define 
it here (see below), and in a broad sense, P. velutinus is dif-
ferent to P. stiptonotus as discussed above. Panus capelariae 
differs from P. stiptonotatus by having radially plicate-sul-
cate pileus surface and subdistant lamellae.

Panus thailandicus (Tibpromma & K.D. Hyde) Menolli, 
Alves-Silva, Sousa-Guimarães & Drechsler-Santos, comb. 
nov. (Fig. 1).

MycoBank: 850311.
Basionym: Endopandanicola thailandica Tibpromma & 

K.D. Hyde, MycoKeys 33: 32 (2018).

Description: See Tibpromma et al. (2018).
Notes: Panus thailandicus was initially characterized 

based on cultures of endophytic fungi found in association 
with the leaves of Pandanaceae (Tibpromma et al. 2018). 
Hitherto, the morphology of its basidioma, or whether the 
species is capable of producing it, remains uncharted. In 
terms of phylogenetic positioning, it was recovered related 
to P. roseus (Fig. 1), within a distinct lineage (see SUPPL. 
Fig. 1) among other Panus species but not as a distinct 
genus. Consequently, we have formally combined Endo-
pandanicola thailandica into Panus and Endopandanicola 
must be considered a synonym of Panus.

Panus velutinus (Fr.) Fr. Epicrisis: 398 (1838), non 
(Fr.) Sacc. 1887 (Figs. 1, 9, and 10).

≡ Agaricus (Omphalia) velutinus Fr. Linnaea 5: 508 
(1830), non-Lentinus velutinus Fr. Linnaea 5: 510 (1830).

MycoBank: MB178816.
Holotype: Brazil: December 1830, Sic Beyrich (UPS 

F-012409) (Fig. 9a).
Epitype: Brazil: Rio Grande do Sul: Canela, 09 Octo-

ber 2016, Garcia, V. O. VOG30 (FLOR 75655). GenBank 
accession numbers: ITS = MT669139; nrLSU = MT669155 
(Figs. 8b–d and 9).

Description based on Brazilian specimens, including 
the epitype designated here and the holotype of Agaricus 
velutinus Fr.: Pileus 90–160 mm diam., deeply umbilicate 
to broadly infundibuliform to cyathiform, coriaceous, pale 
brown or chestnut to cinnamon brown (N70M50C40), uni-
formly velutinous to short hispid, margin thin and involute. 
Lamellae decurrent, buff pale brown (N60M50C30), moder-
ately to densely crowded, margin entire, with lamellulae. 
Stipe central, 35–205 × 2.0–8.0 mm, cylindrical, uniformly 
velutinous, slender, elongate, concolorous with the pileus 
surface, expanding slightly at both apex and base, arising 
from a hard pseudosclerotium.

Hyphal system dimitic. Generative hyphae 2.0–4.5 μm 
diam., hyaline, clamped, thin- to rarely thick-walled. 
Skeletal hyphae 2.5–5.0  μm diam., hyaline, thick-
walled. Basidiospores ellipsoid to cylindrical, [80/1/4] 
4.5–7.0 × 3.0–4.0  μm (Qm = 1.78; Q  = 1.5–2.1; 
Lm = 6.0  μm; Wm = 3.25  μm), hyaline, thin-walled, 
smooth, rarely gutted, IKI − . Basidia cylindrical-clavate, 
22–25 × 4.0–5.5 μm, hyaline, thin-walled, 4-sterigmated, 
clamped at the base. Pleurocystidia of two types: (1) clavate 
(22)25–31 × 5.5–9.0 μm thin-walled, smooth; (2) clavate 
to fusiform, 28–50 × 4.0–7.0 μm, narrowly thick-walled 
(1.5–2.0 μm thick). Cheilocystidia clavate to fusiform, 
(22)25–36(40) × 5.0–8.5 μm, smooth, thin-walled. Hyme-
nophoral trama irregular, hyaline consisting of a dimitic 
hyphal system with skeletal hyphae. Pileipellis a trichoder-
mium composed of erect, clamped generative hyphae, with 
thick- and brown-walls.

Fig. 5   Microcharacters of Panus pachysporus (SP60914, holotype). 
a Generative hyphae, scale bar = 5  µm. b Basidia. c Pleurocystidia. 
d Cheilocystidia. e Basidiospores. f, g Light microscopy of basidi-
ospores, showing the thickened wall; f basidiospore under Congo red 
reagent using standard light microscopy; g basidiospore under differ-
ential interference contrast (DIC) light microscopy in grayscale. Scale 
bars = 10 µm

◂
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Habit, habitat, and known distribution: Solitary, rarely 
2–3 basidiomata together, with pseudosclerotium. Dead 
fallen trunk. Hitherto and based on our results, it is consid-
ered a Neotropical species. Paleotropical records must be 
confronted by molecular analyses.

Additional specimens examined: Brazil, Paraná: Piraí do 
Sul, localidade Corpo Seco, 30 July 2016, Comin, M., CM10 
(FLOR 75657); ibid., Foz do Iguaçu, Parque Nacional Iguaçu, 
Trilha do Hidrômetro, 7 November 2010, Karstedt, F. FK1659 
(SP446146). São Paulo: Santo André, Estação Biológica de 

Fig. 6   Macroscopic view of Panus speciosus and P. stiptonotatus. Panus speciosus (a–c). a, b FLOR 68417, holotype. c FLOR 68419, paratype. 
Panus stiptonotatus (d–f). d, e FLOR 68422, holotype, scale bar d = 2 cm. f FLOR 68424, paratype. Scale bars = 1 cm
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Paranapiacaba, November 1959, Gomes, A. (SP46390); São 
Paulo, Parque Estadual das Fontes do Ipiranga, 30 May 1984, 
Romaniuc-Neto, S. (SP193686). Santa Catarina: Florianópolis, 
27 August 2014, Freire, F. M. FMF261 (FLOR 75658); ibid., 19 
April 2016 Freire, F. M. DG01 (FLOR 75659); ibid., 5 Novem-
ber 2017, Drechsler-Santos, E. R. DS2116 (FLOR 75660); ibid., 
Lagoa do Peri, Início trilha da Gurita, Neves, 18 August 2018, 
Neves, M.A., MAN1270 (FLOR 75661). Rio Grande do Sul: 
Entre Ijuís, 03 August 2019, Palacio, M., MP446 (FLOR 75656).

Notes: Panus velutinus stands out due to its distinctive 
macromorphology (Fig. 9), characterized by a uniformly 
velutinate to short hispid upper surface, a deeply umbili-
cate to broadly infundibuliform or cyathiform pileus, and 
a cylindrical, slender, and elongated stipe featuring a char-
acteristic pseudosclerotium. Morphologically, the most 
closely related species within the “velutinus” clade is P. 
stiptonotatus, which possesses velutinate, chestnut brown 
pileus surfaces and lamellae that are moderately to densely 

Fig. 7   Microcharacters of Panus speciosus (FLOR 68417). a Generative hyphae. b Basidiospores, scale bar = 5 µm. c Basidia. d Pleurocystidia. 
e Cheilocystidia. Scale bars = 10 µm
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crowded. However, the stipe of P. stiptonotatus is distinctly 
different, characterized by nodules and a flexuous appear-
ance. Other species within the same phylogenetic group 
exhibit significant differences in both macro and micro 
features, e.g., P. similis (see Pegler 1983; Ediriweera et al. 
2021), P. tephroleucus (see Pegler 1983), and P. capelariae 
(this study).

The epithet “velutinus” within the genus Panus is associ-
ated with three names based on different authorities: P. veluti-
nus (Fr.) Fr. (Fries 1838), P. velutinus (Fr.) Sacc. (Saccardo 
1887), and P. velutinus (Fr.) Overh. (Overholts 1930). Panus 
velutinus (Fr.) Overh., as cited by Pegler (1983), does not 
exist. Overholts (1930) merely mentioned “Panus velutinus 
Fr.” in his work, referencing the principal study “Epicr. Syst. 
Myc. 398. 1838” by Fries (1838). In this context, Fries (1838) 
validly combined Agaricus (Omphalia) velutinus Fr. (Fries 
1830, on page 508) into Panus, leading to the legitimate P. 
velutinus (Fr.) Fr. Panus velutinus (Fr.) Sacc. was also based 
on Agaricus velutinus Fr. by Saccardo (1887); however, this 
name is illegitimate (Art. 53.1; Turland et al. 2018) due to 
being a posterior homonym of Panus velutinus (Fr.) Fr. Pegler 
(1983) incorrectly addressed the name Lentinus velutinus Fr. 
in his description based on the type specimen of Agaricus 
(Omphalia) velutinus Fr., leading to further confusion of what 
species he was referring to. This is further confirmed by com-
paring the morphological description made by Pegler (1983) 
and the holotype of Agaricus velutinus (UPS F-012409), as 
well as the collection date (December). Thus, the combina-
tion made by Fries (1838), P. velutinus (Fr.) Fr. is the correct 
name for this species.

Furthermore, it is essential to address heterotypic synonyms 
of P. velutinus (Pegler 1983). Some of these synonyms, upon 
our examination of type specimens and protologues, appear 
morphologically distinct and should be recognized as inde-
pendent species. For instance, Lentinus campinensis, now 
combined into Panus, is one such case. In addition, we do 
not agree with the synonymy of L. blepharodes from Cuba 
(Berkeley and Curtis 1869), L. fastuosus Kalchbr. & MacOwan 
from South Africa (Kalchbrenner 1881), L. fissus Henn. from 
Togo (Hennings 1897), L. holumbrinus De Seynes from 
Dem. Rep. of Congo (Seynes 1897), L. nepalensis Berk. from 
Nepal (Berkeley 1854), and L. thomensis from São Tomé and 
Príncipe (Coutinho 1925) with Panus velutinus. In general, all 
these species, based on our revision (from protologue and/or 
type specimen, see “Results”), present whitish basidiomata 
and anastomosed lamellae, which is completely different from 
the sensu stricto circumscription of P. velutinus proposed in 

this study. Additionally, none of those species present neither 
a deeply umbilicate to broadly infundibuliform or cyathiform 
pileus, nor a slender and elongated stipe.

Regarding other heterotypic synonyms, we found chal-
lenges in our attempts to study them. It has been confirmed 
that the types of L. fallax from Paraguay and L. castaneus 
from Nicaragua are missing (pers. comm. with curators of 
LPS and ISC herbaria, respectively). Additionally, L. pseu-
dociliatus from Argentina (Raithelhuber 1974) has only 
fragments of the stipe, rendering it impossible to analyze. 
Lastly, for L. natalensis from South Africa, we were unable 
to ascertain its existence at PREM herbarium, as our inquir-
ies were not answered by the curatorship.

To prevent further ambiguity surrounding P. velutinus, 
maintain a nomenclatural stability, and establish a phylo-
genetic concept, we have chosen an epitype (FLOR 75655) 
from a recently collected Brazilian specimen found in the 
type locality with DNA sequences.

Discussion

Global phylogeny of Panus and the taxonomic/
nomenclatural implications

Our study addressed critical gaps in the phylogenetic under-
standing of Panus and highlights the need for taxonomic revi-
sions within the group. By incorporating newly collected Panus 
specimens from Brazil and encompassing all available Panus 
sequences from the GenBank database, we have assembled the 
most comprehensive phylogenetic analysis of this genus to date. 
Our investigations have unveiled several noteworthy findings, 
including the identification of previously unknown lineages, 
some of which have been proposed as new species.

Previous Panus phylogenetic analyses have recovered 
three to five main clades (Grand 2004; Douanla-Meli and 
Langer 2010; Zmitrovich and Malysheva 2013; Vargas-Isla 
et al. 2015; Zmitrovich and Kovalenko 2016; Vinjusha and 
Kumar 2022). In contrast, our analyses revealed the exist-
ence of at least 11 well-supported main clades within the 
genus. In particular, below we have focused on discussing 
several of these clades, as follows.

“conchatus” clade

This clade encompasses two distinct groups of specimens 
labeled as Panus conchatus (see Fig. 1 and SUPPL. Fig. 1). 
One group (Panus aff. conchatus) was retrieved with speci-
mens pantropically distributed (including Colombia, Hondu-
ras, India, Mexico, Tanzania, China, and the USA), while the 
other (Panus conchatus s.s.) comprises specimens particu-
larly found in temperate regions of the Northern Hemisphere 
(including China, Finland, Germany, Russia, Sweden, USA, 

Fig. 8   Microcharacters of Panus stiptonotatus (FLOR 68422, holo-
type). a Generative hyphae, scale bar = 5 µm. b Basidiospores, scale 
bar = 5 µm. c Basidia. d Cheilocystidia. e Pleurocystidia: e1, e2 pro-
jection on the hymenium; e3 projection in the lamellar trama. Scale 
bars = 10 µm

◂
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Fig. 9   Panus velutinus. a Basidioma overview [holotype UPS 
F-012409 of Agaricus (Omphalia) velutinus]. b–d Epitype FLOR 
75655 of P. velutinus. b Basidioma overview, scale bar = 2  cm. 

c Detail of the lamellae and their insertion into the stipe, scale 
bar = 0.5  cm. d Detail of pileus surface and margin involute. Scale 
bars = 1 cm
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and the UK) (Fig. 1, SUPPL. Fig. 1 and Table S1). Moreo-
ver, we observed that certain specimens previously named 
as P. conchatus are also located within the “ciliatus” clade, 
demonstrating a lack of clear morphological criteria in the 
circumscription of P. conchatus.

The systematics of P. conchatus, originally proposed 
based on a specimen from Sweden by Bulliard (1792), holds 
particular significance as it is the type species for the genus 
Panus. Based on the geographic distribution of both sub-
clades within the “conchatus” clade and the topotype of P. 
conchatus, we recognize the clade consisting of specimens 
distributed in the north temperate regions to represent the 
sensu stricto status for P. conchatus. This clarification could 
significantly contribute to stabilizing the taxonomy of the 
species. However, it is crucial to verify the existence and 
current location of the original P. conchatus type specimen.

In the event that the type specimen is confirmed as lost, 
the designation of a lectotype or neotype may become nec-
essary. Additionally, an epitype could be considered to 
establish a phylogenetic concept for the entity, thereby link-
ing it to a nomenclatural type. Until these steps are taken, 
specimens identified as P. conchatus that cluster within the 
“ciliatus” clade (discussed below) and the Pantropics dis-
tributed clade named here as Panus aff. conchatus should be 
treated as distinct species different from P. conchatus s.s. It 
is possible that some of these specimens represent new spe-
cies, while others may correspond to previously named ones, 
given the extensive list of synonyms associated with P. con-
chatus (https://​www.​mycob​ank.​org/, accessed 01/05/2023). 
Future studies are required for P. conchatus, since we do 
not have access to their respective type specimens and DNA 
sequences from reference specimens dot not exist.

“roseus” clade

The “roseus” clade comprises exclusively species described 
or recorded from Asia, consisting of specimens previously 
identified as Lentinus roseus Karun., K.D. Hyde & Zhu L. 
Yang along with the paratypes of Endopandanicola thailan-
dica. Notably, while L. roseus had previously been combined 
in Panus by Vinjusha and Kumar (2022), E. thailandica has 
now been integrated into the genus Panus as P. thailandicus 
(see “Taxonomy”). It is worth mentioning that Endopan-
danicola was originally described as a monospecific genus 
based on cultured endophytic specimens recovered from 
Pandanaceae leaves (Tibpromma et al. 2018). Based on our 
phylogenetic analyses (Fig. 1, SUPPL. Fig. 1), we propose 
the synonymization of Endopandanicola with Panus, with 
P. thailandicus identified as the sister taxon of P. roseus.

Additionally, it is essential to draw attention to the case 
of P. roseus because there are neither DNA sequences of 
its type specimen nor sequences from specimens from the 
type locality in Thailand. Furthermore, L. roseus specimens 

from China did not form a single phylogenetic species (see 
SUPPL. Fig. 1), highlighting the complexity surrounding the 
taxonomic status of this species.

“strigellus” clade

The “strigellus” clade groups American specimens identi-
fied as P. strigellus, Panus sp., and P. parvus, including the 
holotype of the latter. Interestingly, P. parvus did not emerge 
clearly as a distinct lineage in our analyses; instead, it weakly 
clustered (Fig. 1: 41/0.87, SUPPL. Fig. 1: 51) together with 
South American sequences named as P. strigellus (except 
those from Colombia).

In accordance with the original description, P. parvus 
could be distinguished from P. strigellus primarily by its 
smaller and more slender basidiomata, the presence of more 
abundant and irregularly distributed pileal squamules (in 
contrast to the scarce and concentric distribution of them in 
P. strigellus), and the pale buff pileus color of dried spec-
imens (as opposed to the dark reddish-brown color in P. 
strigellus) (Drechsler-Santos et al. 2012). While not explic-
itly mentioned in Pegler (1983), the presence of elongate-
clavate cheilocystidia was observed in the holotype of P. 
striguellus (K-M 153658!) by Drechsler-Santos et al. (2012), 
and similar pleurocystidia were also recorded by Vargas-
Isla et al. (2015) in specimens from Brazil and the USA. 
Vargas-Isla et al. (2015) noted the villose to hispid pileus 
surface in young basidiomata, a feature not cited by Pegler 
(1983), even though he examined young specimens of its 
synonym L. tubarius Lloyd (Pegler 1983). Additionally, we 
examined the holotype of P. guaraniticus (LPS19295!), one 
of the seven heterotypic synonyms of P. strigellus listed by 
Pegler (1983), which displayed a similar pileus surface to P. 
parvus (Drechsler-Santos et al. 2012), although we did not 
observe cylindrical, thick-walled pleurocystidia.

In light of these findings, we consider two possible sce-
narios. One with the whole “strigellus” clade potentially 
being treated as a single species, P. strigellus, with P. par-
vus regarded as an additional synonym. This interpretation, 
which we are assuming conservatively at the moment, sug-
gests that P. strigellus encompasses a broad distribution 
across the American continent, featuring considerable macro 
and micromorphological variation (Fig. 11). This variation 
encompasses differences in basidioma size, pileus color, dis-
tribution of squamules on the pileus surface, and the pres-
ence or absence of cylindrical, thick-walled pleurocystidia 
and cheilocystidia.

The other scenario recognizes that the morphological and 
phylogenetic evidence presented in our analyses hints the 
existence of a much more intricate lineage within it, likely 
consisting of multiple species with distinct distribution 
patterns and morphological characteristics. To fully eluci-
date this complexity, additional sampling, morphological 

https://www.mycobank.org/
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assessments, phylogenetic analyses (including the use of 
additional DNA markers and sequences from type localities 
specimens), and a comprehensive taxonomic revision of the 
names listed as synonyms of P. strigellus by Pegler (1983) 
are necessary.

“speciosus” clade

Phylogenetically, P. speciosus was recovered in a clade mod-
erately supported (57/1) nested within at least four phyloge-
netic species in the “bambusinus,” “purpuratus,” “asiaticus,” 
and “paraibensis” clades, including two species unequivocally 
identified as P. purpuratus G. Stev. and P. paraibensis (Ste-
venson 1964; Galvão et al. 2023). Additionally, when includ-
ing those specimens labeled as P. bambusinus (T.K.A. Kumar 
& Manim.) N. Vinjusha & T.K.A. Kumar and treating them 
as P. bambusinus, all these species share common character-
istics, such as pinkish lamellae and white, pale cream to pink-
ish basidiomata. The P. lecomtei specimen recovered in the 
“asiaticus” clade is a misidentification, as we discuss below. 
Panus bambusinus stands out due to its 15–200 mm diam. 
and striated pileus, tomentose to strigose stipe, and versiform 
cheilocystidia (Kumar and Manimohan 2005; Vinjusha and 
Kumar 2022). Panus paraibensis differs by having pleurotoid 
basidiomata and smaller basidiospores (4.4–5.5 × 2–2.9) and 
P. purpuratus by its smaller basidiospores (5–6 × 2–2.5).

Our phylogenetic analyses (Fig. 1) evidence that P. spe-
ciosus may have a pantropical distribution as sequences from 
Singapore specimens grouped as conspecific with those from 
Brazil. Therefore, those specimens from Singapore should 
be studied to better understand the morphological concept 
of the species.

“velutinus” clade

The “velutinus” clade exhibits a complex composition, 
encompassing a diverse array of species. Many specimens 
named as P. similis and P. velutinus could lead to interpret 
these taxa as polyphyletic. It also includes P. capelariae and 
P. stiptonotatus, which are independent lineages, proposed 
here as new species (see “Taxonomy”). And, additionally, it 
also includes several other unsupported lineages in the phy-
logeny and without taxonomic stability based on the different 
names attributed to the sampled sequences. One of those line-
ages could confirm the occurrence of P. tephroleucus (type 
is from Suriname) or P. fulvus (type is from Sri Lanka) in 
Brazil. However, the unsupported subclade named as Panus 
cf. tephroleucus (Fig. 1, SUPPL. Fig. 1) exhibits significant 

morphological variation (Fig. 12). Due to the unavailability of 
sequences from the types or from specimens at the type local-
ity associated with the names within this clade, confidently 
assigning a name to the Brazilian specimens under consid-
eration becomes impossible. In this case, future studies are 
required for P. tephroleucus, since we do not have access to 
the type specimen or DNA sequences of any reference speci-
men. Our attempts to gather information from PC curatorship 
yielded no results, without feedback from PC herbarium.

The position of P. similis in the phylogeny (Fig. 1) raises 
noteworthy considerations. Specimens identified as P. similis 
from Argentina, Cameroon, India, Sri Lanka, and Vietnam were 
recovered as four phylogenetic species. Given that the type 
locality of P. similis is Sri Lanka (Berkeley and Broome 1873), 
we propose that the core represented by the specimens from Sri 
Lanka (UOC SIGWI S38) and Vietnam (LE-BIN 3011) should 
be treated as P. similis s.s. (Fig. 1). Additionally, morphological 
and molecular data provided by Ediriweera et al. (2021) also 
support the Sri Lanka specimen to be a representative of P. 
similis s.s. Moreover, sequences of TENN59008, TENN58995, 
and TENN59829 from Argentina, previously identified as P. 
similis, correspond to the new species, P. capelariae. In conclu-
sion, P. similis is indeed an Asian species, and morphologically 
similar Neotropical specimens represent P. capelariae.

Panus fulvus could be a similar case as P. similis, occur-
ring exclusively in Asia or instead, being pantropical. But 
there are no available sequences from specimens from Asia, 
and as presented above, all the specimens labeled as P. fulvus 
are from the American continent, raising questions about the 
pantropical distribution of P. fulvus. Further investigation is 
needed regarding P. tephroleucus vs. P. fulvus in America.

Regarding the systematics of P. velutinus, several criti-
cal points warrant attention and some of them have been 
presented in the taxonomic notes of the species (see “Taxon-
omy”). Based on the morphology of holotype UPS F-012409 
(see “Taxonomy” and Figs. 9 and 10) and the acceptance of 
Agaricus (Omphalia) velutinus (Fries 1830, on page 508) 
as the correct basionym for the species, contrary to what 
was traditionally assumed by Pegler (1983), we realized 
the necessity of choosing an epitype (FLOR 75655) from a 
new Brazilian specimen collected in the type locality (Fries 
1830), in order to have also a phylogenetic stability.

“neostrigosus” clade

The “neostrigosus” clade stands as the sister group to the 
“ciliatus” clade and consists of a single species, P. neostrigo-
sus, notable for its extensive distribution across different 
continents, with records from Brazil, Canada, China, India, 
Japan, Mexico, Philippines, Russia, the USA (including 
Hawaii and Puerto Rico), and Turkey (Fig. 1; SUPPL. Fig. 1; 
Table S1). Among P. neostrigosus synonyms, P. lecomtei 
(Fr.) Corner and P. rudis Fr. are the labels associated with the 

Fig. 10   Microcharacters of Panus velutinus (FLOR 75655, epitype) 
a Thin-walled generative hyphae and fragment of a thick-walled 
skeletal hyphae, scale bar = 5  µm. b Basidia. c Basidiospores, scale 
bar = 5 µm. d Cheilocystidia. e Pleurocystidia. Scale bars = 10 μm

◂
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majority of specimens recovered in this clade. It is notewor-
thy the type of Lentinus martianoffianus Kalchbr., as already 
synonymized in P. neostrigosus by Psurtseva et al. (2021).

A certain degree of confusion between P. neostrigosus 
and the morphologically similar species P. strigellus (as dis-
cussed earlier) prompted further investigation by Vargas-Isla 
et al. (2015). They displayed a combination of morphological, 
molecular, and mating compatibility test data to clarify this situ-
ation. Their phylogenetic analysis unequivocally established the 
distinctiveness of the two species. Nonetheless, concerns arose 
about the validity of the name P. neostrigosus vs. P. lecomtei.

To address those concerns, P. neostrigosus was proposed as 
a new name, allowing for the proper combination of Lentinus 
strigosus Fr. into Panus and avoiding a homonym (Drechsler-
Santos et al. 2012). Lentinus strigosus and L. lecomtei are 
synonyms and share equal naming priority because both were 
described by Fries (1825). Vargas-Isla et al. (2015) argued 
that, within Panus, P. lecomtei (Fr.) Corner should be the cor-
rect name for this taxon because the epithet strigosus was 
already occupied within Panus by another species, viz., Panus 
strigosus Berk. & M.A. Curtis. However, as pointed out by 
Sanuma et al. (2016), the International Code of Nomenclature 
for Algae, Fungi, and Plants (Turland et al. 2018) in Art. 11.5 
states that when a choice exists between legitimate names of 
equal priority, the first such choice to be effectively published 
establishes the priority of the selected name. In the case where 
L. strigosus was intentionally preferred over the synonym L. 
lecomtei by Murrill (1915) and later by Pegler (1972), the 
priority between these two names was set when they were still 
classified under Lentinus. Consequently, the correct name for 
this species is P. neostrigosus.

“ciliatus” clade

The “ciliatus” clade is characterized by the presence of at least 
three distinct phylogenetic species (Fig. 1, SUPPL. Fig. 1). 
One of these species remains unnamed and hails from a 
sequence (MK184520) from Madagascar, while the other two 
consist of specimens previously identified as P. conchatus, 
P. subfasciatus, P. fasciatus, and P. ciliatus (Fig. 1, SUPPL. 
Fig. 1). Panus conchatus actually belongs to a separate and 
unrelated lineage (see above). These P. conchatus specimens 
are misidentifications. Panus subfasciatus holotype, in turn, 
grouped together specimens assigned to P. fasciatus. It sug-
gests further investigation needed in order to elucidate whether 
both taxa are conspecific or distinct species, as proposed by 

Tibpromma et al. (2017). Furthermore, concerning specimens 
labeled as P. ciliatus, one from Thailand was recovered in the 
“Panus subfasciatus” clade and another two from Brazil and 
USA in the “Panus ciliatus” clade. The Brazilian specimen 
(SP446150 = FK1890), the unique specimen we had access to 
the morphology, resembles P. ciliatus morphologically.

As Pegler’s (1983) description of Panus ciliatus, the 
Brazilian specimen (SP446150, Fig. 13) presents a densely 
crowded, vinaceous-colored lamellae, a radially striated 
but not sulcate pileus that is finely hispid, velutinate, and 
displays concentric zoning, ellipsoid to cylindric basidio-
spores 5.5–7.0 × 2.5–3.5 μm, and pleurocystidia measuring 
22–36 × 5.0–8.0 μm, which are clavate and thin- to rarely 
thick-walled (1.0–2.0 μm thick).

This evidence also support us to indicate P. ciliatus is pan-
tropically distributed. It was described based on an Indone-
sian specimen by Léveillé (1844), and the type was already 
phylogenetically tested and confirmed in previous analysis by 
Dr. Jaya Seelan (Univ. of Malaysia Sabah) as part of the sub-
clade here named “Panus ciliatus,” together with Brazilian 
specimens as well (J. Seelan. pers. comm., unpublished data).

Brazilian diversity of Panus

In our comprehensive evaluation, we considered various 
sources of data, including morphological and molecular 
information, to assess the occurrences of Panus species 
in Brazil. We have confirmed the occurrence of P. ciliatus 
(pantropical distribution), P. neostrigosus (widespread), P. 
paraibensis (endemic to Brazil), P. strigellus (American 
distribution with P. parvus as a synonym), and P. velutinus 
(Neotropical distribution with pantropical distribution to 
be confirmed), and we introduced P. capelariae (southern 
South America distribution), P. speciosus (pantropical 
distribution), and P. campinensis, P. pachysporus, and P. 
stiptonotatus, all three as endemic species to Brazil, com-
prising ten species confirmed in the Brazilian ecosystems. 
Additionally, we rejected the occurrence in Brazil of P. 
conchatus (putatively restricted to the North temperate 
region), P. convivalis (no quality data is available), P. ful-
vus (Asiatic distribution but with pantropical occurrences 
to be confirmed), P. hymenorhizus (not a Panus species, 
since it was described as growing on small twigs and hav-
ing free lamellae; Spegazzini 1889; LPS16800!), P. similis 
(an Asiatic species), and P. tephroleucus (probably with 
Neotropical distribution, but quality data is lacking).

In conclusion, our comprehensive assessment of Panus 
in Brazil has led to the confirmation of ten species sup-
ported by morphological and/or molecular data. However, 
we acknowledge that further research, particularly involv-
ing type specimens and additional DNA sequencing, is 
important to continue the studies in order to determine the 

Fig. 11   Panus strigellus. a Specimen FLOR 75673. b Specimen 
FLOR 75675. c Specimen FLOR 75674. d, e Holotype of Panus par-
vus (URM80840), scale bar e = 0.5 cm. f Specimen FLOR 75676. g 
Specimen TENN-F-055993. h Holotype of Panus strigellus (K-M 
153658). i, j Holotype of Panus guaraniticus (LPS19295), scale bar 
i = 5 cm. Scale bars = 1 cm

◂
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presence or absence of other Panus species in Brazil. To 
aid in the accurate identification of these confirmed spe-
cies, we present below an identification key.

Identification key for Panus species occurring 
in Brazil

1. Basidioma with pseudosclerotium ……………​……… 2
1’. Basidioma without pseudosclerotium or without distinct 
information on pseudosclerotium presence ………​……… 5
2 Basidioma large and robust, pileus up to 160 mm diam., stipe 
slender up to 205 mm long …………​…..……Panus velutinus
2’ Basidioma smaller, pileus up to 80 mm diam., stipe up to 
90 mm ……………………………………………​……… 3

3 Pileus almost glabrous, radially plicate-sulcate; lamellae 
spaced …………………………………​………P. capelariae
3’ Pileus velutinate to hispid-strigose with short hairs, not sul-
cate; lamellae moderately to densely crowded ……..…….... 4
4 Lamellae moderately crowded, anastomosed at the stipe, 
brown; stipe cylindric with nodules extending over the entire 
surface of the stipe or present on the middle portion or on 
the base ……………………………​………P. stiptonotatus.
4’ Lamellae densely crowded, not anastomosed at the 
stipe, with a vinaceous hue; stipe cylindric without 
nodules………​……………………………….P. ciliatus.
5 Basidioma pleurotoid, convex plane ………………………… 
……… ……… ……… ……… ……………..P. paraibensis
5’ Basidioma agaricoid, cyathiform or infundibuliform 
………………………………………………………..….. 6

Fig. 12   Macromorphological diversity of Panus cf. tephroleucus. a Specimen FLOR 75678. b Specimen FLOR 75683. c Specimen FLOR 
75679. d Specimen FLOR 75680. e SP446147. Scale bars = 2 cm
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6 Pileus and stipe equally velutinate to villose ……… 
……………………………………………….P. campinensis
6’ Pileus glabrous or densely hairy ………………….... 7
7 Pileus glabrous, squamules restricted to the center 
………​……………………………………….P. speciosus
7’ Pileus with few isolated hairs to densely hairy …....... 8
8’ Basidiospores 6.5–12 μm long, thick-walled ………​
…………………………………………….P. pachysporus

8’ Basidiospores up to 7.0 μm long, thin-walled ……... 9
9 Pileus densely villous to hispid-strigose; gloeocystidia 
absent ……………………………………..P. neostrigosus
9’ Pileus glabrous, with blackish spiniform squamules, to 
finely striate; gloeocystidia present ………​………P. strigellus

Fig. 13   Panus ciliatus (SP446150). a Fresh basidioma overview. b Detail of the pileus surface. c Detail of the densely crowded lamellae. d 
Dehydrated basidioma overview. Scale bars = 1 cm
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