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Resumen
Describimos una nueva especie de Clavicorona, C. angustispora, en base a dos colecciones del noroeste de España y 
una colección del suroeste de Francia. En los análisis filogenéticos (ITS+LSU) C. angustispora aparece como el taxón 
hermano del tipo del género, C. taxophila. La nueva especie difiere de C. taxophila en las basidiosporas, de mayor 
longitud, oblongas o subcilíndricas, a menudo con constricción media; el crecimiento sobre montones de madera y 
hojarasca de Salix atrocinerea o bien de manera terrestre en bosque mesófilo caducifolio; y diferentes secuencias 
ITS y LSU. Nuestros análisis filogenéticos muestran una posición aislada de ambas especies de Clavicorona con 
respecto a los otros linajes filogenéticos en el clado de Clavaria-Camarophyllopsis-Clavicorona. Esta es solamente 
la segunda especie de Clavicorona (en su concepto actual) conocida a nivel mundial. 
Palabras clave: Basidiomycota, Agaricales, Clavariaceae, taxonomía, filogenia

Summary
We describe a new species of Clavicorona, C. angustispora, based on two collections from Northwestern Spain and 
one from Southwestern France. In the phylogenetic analyses (ITS+LSU) C. angustispora appears as sister to the type 
of the genus, C. taxophila. The new species differs from C. taxophila by longer, oblong to subcylindrical basidios-
pores, often with a median constriction; growth on piles of wood and leaves of Salix atrocinerea or in mesophilous 
broad-leaved forests; and different ITS and LSU sequences. Our phylogenetic analyses support the rather isolated 
position of both Clavicorona species in relation to the other phylogenetic lineages in the Clavaria-Camarophyllop-
sis-Clavicorona clade. This is only the second species of Clavicorona (as currently accepted) worldwide.
Keywords: Basidiomycota, Agaricales, Clavariaceae, taxonomy, phylogeny
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Introduction

The genus Clavicorona Doty, as currently cir-
cumscribed, is a member of the family Clavariaceae 
Chevall., characterized by craterelloid basidiomes, that 
are inflated upwards and with a truncate to coronate 
apex and sterile upper surface, non-amyloid basidiospo-
res and presence of gloeopherous hyphae, which end in 
the hymenium as gloeocystidia (LICKEY & al. 2003). 
A broader concept of the genus accommodated species 

with branched (coralloid) basidiomes and amyloid spo-
res in Clavicorona subg. Ramosa Dood (DOOD 1972), 
or Clavicorona sect. Pyxidospoggus Leathers (LEA-
THERS & SMITH 1967), but these taxa were shown 
to be very distant phylogenetically from Clavicorona 
(LICKEY & al. 2003), and have been transferred to the 
genus Artomyces Jülich in the Auriscalpiaceae Maas. 
Geest (in the order Russulales). Clavicorona is com-
monly considered a monotypic genus, including only 
C. taxophila (Thom) Doty (FRANCHI & MARCHET-
TI 2021, KNUDSEN 2012), although collections that 
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do not fit the morphological concept of C. taxophila 
have been reported (CORRIOL & HANNOIRE 2018: 
77). There are additional, validly published, names of 
species occurring in temperate areas of the Northern 
Hemisphere: Clavicorona mairei (Battetta) Corner, and 
C. tuba (Heim) Corner. Based on their original descrip-
tions, these species would fit the taxonomic concept of 
Clavicorona outlined above, but most modern authors 
point to their very likely synonymy with C. taxophila 
(ALBERS & GRAUWINKEL 2006, BIRKEBAK & 
al. 2013, FRANCHI & MARCHETTI 2021, LICKEY 
& al. 2003). 

The initial phylogenetic studies focused on the Cla-
variaceae painted a complex picture for generic delimi-
tation in the family (BIRKEBAK & al. 2013, OLARIA-
GA & al. 2015). The genus Clavaria L., as commonly 
accepted (e.g., CORNER 1950), is polyphyletic, with 
clavarioid lineages intermixed with agaricoid clades, 
e.g. Camarophyllopsis Henrik. There were suggestions 
that a very broad concept of Clavaria including Clavi-
corona could be adopted (OLARIAGA & al. 2015), 
but it has become clear that such a concept would also 
need to include agaricoid taxa, to be able to include 
all Clavaria species under one well-supported mono-
phyletic clade. Recent authors have accepted the genera 
Camarophyllopsis and Hodophilus Heim for the agari-
coid taxa nested within Clavaria s. lato (ADAMČÍK 
& al. 2016, 2017), and a new agaricoid genus, Lame-
lloclavaria Birkebak & Adamčík (BIRKEBAK & al. 
2016), has been proposed. The most recent, multi-gene, 
phylogenetic study of the Clavariaceae (BIRKEBAK 
& al. 2016), recovers Clavicorona as one of the nine 
distinct phylogenetic lineages within the “Clavaria-Ca-
marophyllopsis-Clavicorona clade”: Clavaria s. stricto, 
Camarophyllopsis s. stricto, Hodophilus, the “Clavaria 
pullei clade”, the “Clavaria fumosa clade”, Lamellocla-
varia, the “Clavaria atrofusca clade”, Holocoryne (Fr.) 
Bonorden, and Clavicorona. Here we accept the genus 
Clavicorona as distinct from Clavaria s. stricto, and all 
other related clavarioid lineages identified so far. 

In the present article we describe a novel species of 
Clavicorona, C. angustispora, found during mycologi-
cal studies carried out in a wetland ecosystem in Nor-
thwestern Spain and in a young secondary broad-leaved 

forest in the foothills of the northern slope of central 
Pyrenees. The new species can be separated from C. 
taxophila by morphological, ecological and molecu-
lar (ITS, LSU) characteristics. We compare our newly 
described species with C. taxophila and other validly 
published taxa in Clavicorona and Clavaria.

Materials & Methods
General Methods
Collections were studied using standard procedures 
for morphological examination of macrofungi. Photo-
graphs and macroscopic notes of the basidiomes were 
taken in situ and under lens in the laboratory. Micros-
copic preparations were mounted in Melzer’s reagent, 
3% KOH, Congo Red and Phloxine. Microscopic 
observations were made with a Nikon Eclipse E-600 
microscope and a Zeiss Axiostar+ microscope. The fo-
llowing abbreviations are used in the descriptions: avl 
for average length, avw for average width, Q for quo-
tient of length and width and avQ for average quotient. 
Herbarium acronyms follow THIERS (2024).

Phylogenetic Methods
Protocols for DNA extraction, PCR and sequencing 
were the same as those outlined in JUSTO & HIBBETT 
(2011). PCR amplification and sequencing of the ITS 
region was performed using primers ITS1F and ITS4 
(WHITE & al. 1990; GARDES & BRUNS 1993), and 
for the LSU region the primers LR0R and LR5 (VIL-
GALYS LAB 1992). Raw sequence data were edited 
and assembled in Chromas Pro 2.1.9 (Technelysium, 
Australia).

We generated 3 new ITS sequences and 1 new LSU 
sequence for this study. Additional ITS and LSU se-
quences were downloaded from GenBank, mainly ge-
nerated in the works of BIRKEBAK & al. (2013, 2016) 
and OLARIAGA & al. (2015). All accession numbers 
are listed in Table 1. The ITS and LSU sequences were 
aligned separately, using MAFFT version 7 (KATOH 
& STANDLEY 2013) and the strategy FFT-NS-I was 

Table 1. Sequences used in this study

Taxon Collection Country LSU ITS

Camarophyllopsis atrovelutina SAV F-3503 (SAV) Slovakia KP257174 KP257097

Camarophyllopsis schulzeri SAV F-3495 (SAV) Slovakia KP257182 KP257103

Clavaria argillacea TFB10710 (TENN058796) Greenland HQ877683 KP257108

Clavaria asperulispora K(M)143814 UK JN315790

Clavaria atrofusca BRA CR13264 (BRA) Norway HQ606081
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Taxon Collection Country LSU ITS

Clavaria cf. fumosa TENN043695 (TENN) New Zealand HQ877697 KP257127

Clavaria citrinorubra TENN040464 (TENN) Australia HQ877686 HQ179661

Clavaria cupreicolor TENN043696 (TENN) New Zealand KP257187 KP257109

Clavaria echino-olivacea TENN043686 (TENN) New Zealand KP257188 KP257110

Clavaria falcata complex I GGAB0532 UK JQ415935 KP257111

Clavaria falcata complex II JFA10439 (WTU) USA (WA) KP257189 KP257112

Clavaria flavipes GG131104 (TENN063740) UK EF535267 KP257119

Clavaria flavostellifera BIO-Fungi 10433 Spain JX069828 KC759461

Clavaria fragilis complex I AHS3657 (TENN033913) USA (ID) KP257193 KP257120

Clavaria fragilis complex II BPL10 (TENN) USA (TN) KP257197 KP257122

Clavaria fumosa GG151003 (TENN063541) UK EF535268 KP257125

Clavaria fuscata JMB08181001 (TENN) USA (TN) HQ877691 KP257128

Clavaria gibbsiae TFB55027 (TENN043551) New Zealand KP257200 KP257129

Clavaria globospora TFB55980 (TENN045945) USA (WA) KP257201 KP257130

Clavaria guilleminii BIO12566 (BIO) Spain JQ415939

Clavaria macounii complex I PK1536 (UBC F13537) Canada (BC) KP257202 KP257131

Clavaria macounii complex II MB04-016 (CUW) USA (RI) AY745693 DQ202267

Clavaria pullei SAV F-3139 (SAV Czech Republic KP257203 KP257132

Clavaria rosea Scott1 (TENN063100) USA (AK) KP257205 KP257133

Clavaria subacuta RHP2322 (TENN048438) Japan HQ877699 KP257139

Clavaria ypsilondia TFB791 (TENN042411) New Zealand KP257210 KP257140

Clavaria zollingeri complex I TFB11857 (TENN060741) Russia KP257211 KP257142

Clavaria zollingeri complex II PBM3386 (TENN) Australia KP257212 KP257143

Clavicorona angustispora LOU-Fungi 20626 Holotype Spain OL436254 OL436244

Clavicorona angustispora LOU-Fungi 20629 Spain OL436243

Clavicorona angustispora GC12110910 (BBF) France PP525295

Clavicorona taxophila TFB9186 USA (CA) AF115333 AF033344

Clavicorona taxophila K(M) 196466 UK MZ159530

Clavicorona taxophila UBC F22826 Canada (BC) KP257213 KP257146

Clavicorona taxophila RHP5608 (TENN051926) USA (ID) HQ877701

Hodophilus atropuncta GG731 (TENN063729) UK EF535270 KP257148

Hodophilus paupertinus Ceska110301 (UBC) Canada (BC) KP257228 KP257157

Hodophilus hesleri JMB10101301 (TENN) USA (TN) KP257230 KP257158

Hodophilus hymenocephalus DJL95-081505 (TENN) USA (NC) DQ457679 DQ484066

Hodophilus micaceus group I Ceska041812 (UBC) Canada (BC) KP257220 KP257150

Hodophilus micaceus group II PAM99082902 (LIP) France KP257223 KP257153

Lamelloclavaria petersenii SAV F-3493 (SAV) Finland KP257244 KP257171

Ramariopsis crocea JMB10071001 (TENN) USA (TN) HQ877715

Ramariopsis crocea MO 302989 USA (OH) MK607557

Ramariopsis kunzei BD346 USA (MN) DQ284902

Ramariopsis kunzei GG141104 UK GU187552
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selected. The alignments were inspected and manually 
corrected in AliView (LARSSON 2014). A combined 
ITS+LSU dataset was constructed by concatenating 
the two single-locus datasets. We used two species of 
Ramariopsis (Donk) Corner as outgroup taxa, for all da-
tasets: Ramariopsis crocea (Pers.) Corner and R. kunzei 
(Fr.) Corner.

We ran two different phylogenetic analyses for 
all three datasets (ITS, LSU and ITS+LSU): (i) maxi-
mum likelihood (ML) analyses using RAxML 8.2.10 
(STAMATAKIS 2014) under a GTRGAMMAI model 
with 100 rapid bootstrap (BS) replicates; (ii) Bayesian 
inference (BI) analyses using MrBayes 3.2.2 (RON-
QUIST & al. 2012) for 10 million generations under a 
GTRGAMMAI model with four chains, and trees sam-
pled every 1000 generations. The initial burn-in phase 
was set to 2.5 million generations. We examined the 
graphic representation of the likelihood scores of the 
sampled trees, and checked that the standard deviation 
of split frequencies was < 0.05, and that PRSF values 
were close to 1, as detailed in RONQUIST & al. (2020). 
Both methods confirmed that the burn-in values were 
appropriate for the dataset. All analyses were run using 
resources at the CIPRES Science Gateway (MILLER 
& al. 2010).

Phylogenetic Results
Combined ITS+LSU dataset
The dataset includes 43 concatenated ITS+LSU sequen-
ces, and has 2999 characters (gaps included). It has re-
presentative taxa from the major lineages in the Clava-
ria-Camarophyllopsis-Clavicorona clade recognized by 
BIRKEBAK & al. (2016), our newly described taxon, 
and two Ramariopsis species as outgroup taxa. There 
are no well-supported topological conflicts between the 
best tree from the ML analysis and the consensus tree 
from the BI analysis. The ML tree is shown in Fig. 1, 
with support values from ML and BI analyses. The nu-
cleotide alignment and the original ML and BI trees are 
available at TreeBASE, under study number S28975. 

Clavicorona angustispora and C. taxophila appear 
as sister-taxa, and this relationship is fully supported 
in the ML and BI analyses (Fig. 1). The genus appears 
as sister to all other lineages included in the analyses, 
although this relationship is not well-supported (Fig.1). 
We recovered similar lineages to the ones recovered by 
Birkebak & al. (2016) in their more exhaustive sam-
pling of this group, with the following exceptions: (i) 
Holocoryne species appear in two separate, well-su-
pported clades; and (ii) Clavaria flavostellifera Olaria-
ga, Salcedo, P.P. Daniëls & Kautman in OLARIAGA & 
al. (2015: 17), not included in the study of BIRKEBAK 
& al. (2016), appears as sister to one of the Holocoryne 
clades, but this position is not well-supported. 

ITS and LSU datasets
The ML and BI trees from the individual ITS and LSU 
datasets were compared to each other to search for we-
ll-supported topological conflicts, and none were found. 
The only topological difference between the phylogene-
tic trees from the single-locus and the combined dataset 
discussed here is in the LSU-only dataset. The ML and 
BI trees from the LSU dataset show the sequences of C. 
taxophila as sister to a clade containing C. angustispora 
as sister to all other taxa. None of these relations are 
supported in either the ML or BI trees. The ITS analyses 
do recover C. taxophila and C. angustispora as sister 
to each other in a well-supported clade. The individual 
LSU and ITS alignments, as well as the resulting ML 
and BI trees, are available at TreeBASE (S28975).

Taxonomy

Clavicorona angustispora O. Requejo, M.L. Cas-
tro, G. Corriol & Justo sp. nov.  Figs. 2,3

MycoBank: MB 841934

DIAGNOSIS— Differs from C. taxophila in the 
longer, ellipsoid to subcylindrical basidiospores, with 
higher Q values, often with median constriction; the 
habitat, associated with angiosperm wood or terrestrial 
under angiosperms; and different ITS (43 individual 
differences) and LSU sequences (17 individual diffe-
rences). 

HOLOTYPE— SPAIN. Pontevedra: O Porriño, 
Gándaras de Budiño, 42.110303 -8.630381 (± 10 m), 
on piles of wood and leaves of Salix atrocinerea, 7-XII-
2013, leg. O. Requejo, LOU-Fungi 20626. GenBank: 
OL436244 (ITS), OL436254 (LSU). 

ETYMOLOGY— angustispora refers to the com-
paratively narrower spores (avQ = 1.89-2.0), one of the 
distinguishing characters from C. taxophila. 

Basidiomata clavarioid to cratelleroid, unbranched, 
10-18 mm in height, often curved, gradually more or 
less inflated upwards, with a sterile stem occupying 
about one third of the height. Apex truncate to slightly 
coronate, up to 2 mm wide. All surfaces smooth to sli-
ghtly pruinose, white all over, with some cream tinges 
with age and sometimes more pale brownish on the 
sterile stem which is short pubescent. Smell and Taste 
indistinct.

Basidiospores (n = 66) 5.0-7.5 × 2.2-4.5 μm, avl 
× avw = 6.1-6.2 × 3.1-3.4 μm, Q = (1.33-) 1.67-2.34(-
2.80), avQ = 1.89-2.0, oblong or subcylindrical, more 
rarely ellipsoid, multiguttulate, often with median cons-
triction, hyaline, inamyloid, not metachromatic; some-
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Figure 1 Best tree from the Maximum Likelihood analysis of the ITS+LSU dataset. Bootstrap values ≥ 70% and posterior probabilities ≥ 
0.90 are shown on or below the branches. Genera and clade names follow BIRKEBAK et al. (2016). Diagonal lines on a branch indicate 
that the branch length has been reduced to accommodate graphical representation. 
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Figure 2. Clavicorona angustispora. A. Basidiomes (LOU-Fungi 20626, holotype); B. Basidiomes (LOU-Fungi 20629). Photos by 
Oscar Requejo.
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Figure 3. Clavicorona angustispora coll. (GC12110910). A. Basidiomes in situ; B. Basidiomes under lens; C. Spores; D. Hymenium 
in radial view; E. Radial section of a basidiome showing trama and hymenium; F-H. Trama hyphae; I-J. Hymenium surface showing 
numerous gloeocystidia; K. Gloeocystidia. Bars = 20 µm. 
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times the surface of the basidiospores appears rough 
(uneven) when observed under an immersion lens, es-
pecially when using Melzer’s reagent. Basidia 25-35 
× 4.5-6 μm, 4(2)-spored, clavate, with sterigmata up 
to 6 μm long, clamped. Cystidia present as gloeocysti-
dia 65-120 × 5.5-8 μm, narrowly clavate to cylindrical, 
protruding up to 20-25 μm from the hymenium neither 
reacting in Cresyl Blue nor in Melzer reagent. Context 
hyphae short-celled, without clamp-connections.

Habit, habitat and phenology. Gregarious, in groups 
of up to 12 basidiomes; growing on piles of wood and 
leaves of Salix atrocinerea, sometimes fruiting directly 
connected to wood, or directly on soil (superficial la-
yer of a mull humus). In wetland, broad-leaved forests 
dominated by Alnus glutinosa and Salix atrocinerea, in 
frequently inundated areas (Spanish collections); or in 
mesophilous broad-leaved mixed young forest on a slo-
pe with Fraxinus excelsior, Tilia platyphyllos, T. corda-
ta, Acer pseudoplatanus, A. platanoides, A. campestre, 
Ulmus glabra and Quercus robur (French collection). 
September-December.

Distribution. Known from one locality (Gándaras 
de Budiño) in Galicia (Northwestern Spain) and one 
locality (Castet de Gerde), in the central North Pyrenees 
in France. The actual distribution of this long unnoticed 
taxon is probably wider. It can be expected to be found 
at least along the Pyrenean-Cantabrian chain as far as 
Galicia, in a mild, Atlantic climate.

Additional specimens studied: SPAIN. Ponte-
vedra: O Porriño, Gándaras de Budiño, 42.110303 
-8.630381 (± 10 m), on piles of wood and leaves of 
Salix atrocinerea, 22-IX-2014, leg. O. Requejo s.n., 
LOU-Fungi 20629, GenBank: OL436243 (ITS). 
FRANCE. Hautes-Pyrénées department: Castet de 
Gerde, 43.060175 0.164957 (± 10 m), on clayey cal-
careous rich soil in young broadleaf mixed forest, 09-
X-2012, leg. Gilles Corriol, GC12110910 (in BBF), 
GenBank: PP525295 (ITS).

Discussion

Clavicorona angustispora can be separated morpholo-
gically from C. taxophila by the longer basidiospores: 
5-7.5 μm long with an average length of 6.1-6.2 μm 
vs. 3-4.4 μm with an average length of 3.7 μm in C. 
taxophila; and higher Q values (avQ = 1.89-2.0 in C. 
angustispora vs. avQ = 1.35 in C. taxophila). The ba-
sidiospores of C. angustispora are often constricted in 
the middle, a character not mentioned for C. taxophila. 
Additionally, both species have also different ecologies: 
C. angustispora grows in the litter or rapidly decompo-
sing humus of deciduous forests, whereas C. taxophila 

grows in slowly decomposing litter, notably certain 
Gymnosperms such as Taxus, Pinus, Cupressus, Cha-
maecyparis, but also under Buxus sempervirens (CO-
RRIOL & HANNOIRE 2018: 76). Both species, seem 
to thrive on nutrient-rich soils. Clavicorona angustis-
pora has been observed fruiting directly connected to 
wood remains, which is not a common habitat for C. 
taxophila. Data for C. taxophila are from LICKEY & 
al. (2003).

Molecularly both species are also quite distinct. The 
ITS sequences of C. angustispora have 43 individual 
nucleotide differences with the most similar sequence 
of C. taxophila currently available in GenBank, repre-
senting only 92.76% sequence similarity (as calculated 
for a regular BLAST search). The combined ITS+LSU 
analyses recover both species as sister-taxa (Fig. 1).

L I C K E Y &  a l .  ( 2 0 0 3 )  a n d  A L B E R S  & 
GRAUWINKEL (2006) discussed in detail the relation 
of Clavicorona mairei, C. tuba and Clavaria corbierei 
Bourdot and Galzin with C. taxophila. These authors 
concluded that most likely these three taxa are synony-
mous with C. taxophila, but the lack of type collections 
in all cases complicated a final decision. We agree that 
these species are most likely synonyms of C. taxophila, 
but for completeness, and because these species were 
originally described from Europe, we include some 
brief comments here. Clavicorona mairei was originally 
described from France, growing terrestrially and with 
basidiospores 3.5-5.4 μm long (BATTETTA 1938). Cla-
vicorona tuba was described from Northeastern Spain 
(Catalunya, Castellar del Riu), growing on unidentified 
rotting hardwood, and with basidiospores 4.2-5.5 × 2.5-
3 μm (HEIM 1934). Clavaria corbierei was originally 
described from France, fruiting terrestrially and on the 
interior of a decaying stump, and with basidiospores 
3-4.5(5) × 3-4 μm (BOURDOT & GALZIN 1927). In 
the original description of Clavaria griseobrunnea Ola-
riaga, Salcedo, Albizu & Kautmanová, a specimen from 
the type locality of C. corbierei was studied, and con-
sidered to represent C. taxophila (CROUS & al. 2016). 
Basidiospore size separates C. angustispora from these 
three species. The habitat of C. tuba and C. corbierei, 
both directly on wood, is not typical of C. taxophila. 
In the case of C. tuba it is specifically mentioned as 
associated with rotting hardwood debris, but without 
any other details.

The type locality where C. angustispora was found 
(Gándaras de Budiño) is designated as a “Special Area 
of Conservation”, included in the Natura2000 network, 
a network of nature protection areas with over 27,000 
sites across the European Union (SUNDSETH & 
CREED 2008). The wetland ecosystems represented 
by this locality are often seen as unproductive lands 
that are drained and repurposed for other uses (VER-
HOEVEN 2014). 
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