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This paper reports the first occurrence of basidiolichen Multiclavula corynoides (Agaricomycetes,
Clavulinaceae) in the Czech Republic, collected in the Sumava Mountains near Zelezna Ruda. Addi-
tionally, we discuss in detail a remarkable find of M. mucida growing atypically on soil in the Sumava
foothills. In Europe, three species of Multiclavula are known: M. corynoides, M. mucida, and
M. vernalis. Multiclavula mucida is traditionally considered a lignicolous species, typically found
on decaying wood in old-growth forests, while M. corynoides is known to inhabit bare soil, often in
association with bryophytes. Multiclavula vernalis, a boreo-montane terricolous species, has not
yet been recorded in the Czech Republic. The identity of both specimens was confirmed by the nrITS
DNA barcode. The discovery of M. mucida on soil is particularly surprising, as substrate type — wood
versus soil — often serves as a crucial criterion for distinguishing the species and M. corynoides in
widely used identification keys. The paper further discusses the macroscopic and microscopic char-
acteristics of European Multiclavula species, highlighting small inconsistencies in diagnostic fea-
tures, such as basidiocarp colour and spore dimensions, in various sources. Finally, we provide an
identification key to these species.
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Tento ¢lanek informuje o prvnim zaznamenaném vyskytu bazidioliSejniku Multiclavula corynoides

(Agaricomycetes, Clavulinaceae) v Ceské republice; druh byl sbirdn na Sumavé v blizkosti Zelezné
Rudy. Déle se podrobné zabyvame pozoruhodnym nalezem druhu M. mucida rostouciho atypicky na
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pudé v Sumavském podhiiii. V Evropé jsou znami tfi zastupci rodu Multiclavula: M. corynoides,
M. mucida a M. vernalis. Tuznatka slizka (M. mucida) je tradi¢né povazovana za lignikolni druh, ktery
se obvykle vyskytuje na tlejicim dreveé ve starych lesnich porostech, zatimco M. corynoides je znama
jako druh portstajici obnazenou ptdu, ¢asto v asociaci s mechorosty. Multiclavula vernalis, boreo-
-montanni terikolni druh, nebyl v Ceské republice dosud zaznamenan. Uréeni obou exempldit bylo
potvrzeno pomoci nrITS DNA. Piekvapivy je zejména nélez M. mucida na pudé, nebot typ substratu
(drevo versus puda) ¢asto slouzi jako klicovy znak pro odliseni tohoto druhu od M. corynoides. Pii-
spévek se dale zabyva makroskopickymi a mikroskopickymi charakteristikami evropskych zastupct
rodu Multiclavula a upozornuje na drobné nesrovnalosti v diagnostickych znacich (barva plodnic,
rozmeéry spor) v riznych zdrojich. Na zavér uvadime urcovaci kli¢ k témto druhtim.

INTRODUCTION

Three Multiclavula species are known in Europe: M. corynoides, M. mucida,
and M. vernalis. They are characterised by a gelatinous to granular, more or less
green thallus from which the fruitbodies, basidiocarps, grow. These are simple to
slightly branched, up to 2.5 cm high, and white, yellowish, pinkish to orange in
colour. The fruitbodies are annual and form seasonally during summer and au-
tumn (Stenroos et al. 2016). The photobiont genus Elliptochloris (Sanders &
Masumoto 2021) is found only in the thallus. An interesting feature is the pres-
ence of asexual reproduction by means of so-called bulbils, which are + spherical
formations containing a mycobiont and a photobiont, which are formed on the
thallus surface (Poelt & Obermayer 1990). At first glance, representatives of this
genus resemble non-lichenised fungi of the genera Clavulina (Rico & Barrasa
2011), Clavulinopsis, and Clavaria (Petersen 1967). It is therefore not surprising
that their occurrence is often recorded by mycologists.

Multiclavula corynoides, described from New York State, USA, was estab-
lished as the type species of the genus. It is characterised by yellowish, straw-col-
oured to pinkish fruitbodies (Petersen 1967). However, in dry seasons and in her-
barium material they may change colour to orange (Stenroos et al. 2016). To-
wards the apex they tend to be subspathulate or laterally compressed. The
basidia produce 4-6 spores (Petersen 1967). The lichen grows on bare (sandy)
soil, often in association with bryophytes, or peat, e.g. in moist road cuts, gravel
pits, and peat bogs (Hgiland 1987, Brodo et al. 2001, Stenroos et al. 2016). Its dis-
tribution range covers the Holarctic realm, where it is most commonly found in
the boreal zone (Nimis et al. 2018). Based on the GBIF database, most of its Euro-
pean records come from Fennoscandia and the Alps (GBIF on-line a). The spe-
cies has not yet been reported from the Czech Republic.

Multiclavula mucida is a lichen with white to cream-coloured fruitbodies
which are sometimes ochre to brown at the tips. The basidia produce four to
most commonly six spores (Wirth et al. 2013, Nimis et al. 2018). The species
grows on soft decaying wood usually of rather thick logs, but it can also occur on
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Fig. 1. Distribution of Multiclavula mucida in the Czech Republic, based on the DaLiBor database
(6 May 2025).
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stumps. It prefers old-growth forest stands (Stenroos et al. 2016), and in the
Czech Republic, it is mainly associated with beech forests (Mali¢ek et al. on-line),
less often with spruce forests (personal observations). Nevertheless, M. mucida
can also occur in humid managed forests with coarse deadwood debris, such as
large stumps (Malicek et al. 2010). It is a widespread sub-cosmopolitan species
extending to South America and Australia (Petersen 1967). In the Northern Hemi-
sphere, M. mucida mostly inhabits temperate and boreal forests. In the Czech
Republic, it is most common in foothill and mountain areas. It has so far been re-
corded in the Sumava Mts, Kiivoklat region, Cesky les Mts, Novohradské hory
Mts, and Beskydy Mts (Malicek et al. on-line; Fig. 1).

Multiclavula vernalis usually forms unbranched, at first cylindrical, soon be-
coming club-shaped or even spoon-shaped basidiocarps, which are creamy, yel-
lowish to red-orange in colour. The basidia mostly bear four spores (Petersen
1967, Hgiland 1987, Watling 2009, Stenroos et al. 2016). It grows on bare, acidic,
sandy to humus-rich, sometimes peaty soil in humid areas (Wirth et al. 2013,
Stenroos et al. 2016, Nimis et al. 2018). The European records of M. vernalis
mainly originate from Fennoscandia, the Netherlands, Great Britain, and the Alps
(GBIF on-line b). In Central Europe, it is a very rare high-mountain species which
has not yet been found in the Czech Republic.
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During a meeting of young mycologists in 2024 near Cernd v Po$umavi,
Sumava foothills, L. Jano$ik and A. Jirsa discovered a population of Multiclavula
growing on soil by a forest path. Based on its ecology, the species was presumed
to be M. corynoides, which had not previously been reported from the Czech
Republic. Almost two decades earlier, E. Loskotova (now E. Mikulaskova) had
brought a terricolous Multiclavula specimen from the Sumava Mts to the atten-
tion of the senior author (ZP) for further study. It was tentatively identified as
M. corynoides but not studied in detail and never published. Both specimens
have recently been sequenced, the results of which are presented below.

MATERIAL AND METHODS

Herbarium specimens are stored in the herbaria of the Faculty of Science of Charles University in
Prague (PRC) and the Institute of Botany of the CAS in Prihonice (PRA). Living spores from the
freshly collected material were measured in tap water at 1000x magnification. Values are given in the for-
mat (min)1* decil-median-9"™ decil(max). DNA was isolated from the fruitbodies using the ISOLATE
II RNA Plant Kit (Bioline) according to the manufacturer’s protocol. ITS and mitochondrial SSU
barcodes were amplified according to Malicek et al. (2020). For the recent collection, primers ITS1F
(Gardes & Bruns 1993) x ITS4 (White et al. 1990) were used. However, this combination was not suc-
cessful for amplification of the older collection, where the combination of primers ITS1-F_KYO2 x
ITS4_KYO2 (Toju et al. 2012) worked. Attempts to amplify mtSSU using the primers mrSSU1 x
mrSSU3R (Zoller et al. 1999) failed. The sequences obtained (Tab. 1) were compared with previously
published sequences from the GenBank database using the standard nucleotide BLASTN algorithm
(Altschul et al. 1990). The field records were uploaded to the DaLiBor database (Man et al. 2022).

Tab. 1. Sequenced specimens and their NCBI accession numbers

Species Voucher nrITS

Multiclavula corynoides PRA 22521 PV706826

Multiclavula mucida PRA-Malicek 17053 PV706827
RESULTS

Although the spore dimensions of the recently collected Multiclavula speci-
men from bare clay soil — measuring (6.3)6.8-7.6-8.6(9.7) x (2.5)3.2-3.6-3.9(4.8)
pm (N = 40) — were slightly larger than those previously reported in the literature
(Tab. 2) and more closely resembled M. corynoides as described by Rico & Barrasa
(2011) and Voitk (2017), ITS revealed the specimen to belong to M. mucida. The
NCBI Blast search showed a sequence similarity of 98.3-99.8% with 12 sequences
from the GenBank database.
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Fig. 2. Multiclavula corynoides, Pamferova hut near Zelezna Ruda, Sumava Mts, 1 July 2006. Photo
E. Mikulaskova.

By contrast, the herbarium specimen from 2006 was identified as M. corynoides,
based on its ecology, characteristic orange tinge and partly flattened basidio-
carps. Its identification was confirmed by ITS, showing 99.7% and 98.6% similar-
ity, respectively, with sequences from the USA (ON408375) and Iceland (U66440)
in the GenBank database.

Specimens examined

Multiclavula corynoides (Fig. 2)

Czech Republic. Western Bohemia, Sumava Mts, Zelezna Ruda, Pamferova hut, sandpit 0.7
km NE-NNE of the settlement, alt. ca. 900 m, 49°09'14" N, 13°15'48" E, on bare sandy soil (associated
with Pogonatum aloides, Pohlia nutans), 1 Jul 2006, leg. E. Loskotova (PRA 22521) [only a few
basidiocarps present].

Multiclavula mucida (Fig. 3)

Czech Republic. Southern Bohemia, Cerna v Posumavi, road margin in mixed forest (Fagus
sylvatica, Picea abies), on bare clay soil among bryophytes (Scapania irrigua, Atrichum
undulatum, Pohlia sp.), alt. 751 m, 48°43'57.0" N, 14°07'23.6" E, 18 Oct 2024, leg. L. Janosik & A. Jirsa
(PRC, dupl. in PRA-Malicek 17053).
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Fig. 3. Multiclavula mucida collected on soil near Cerna v Posumavi (PRC). a, b — habitus in situ;
¢, d — photobiont cells with abundant vesicles of Elliptochloris cf. subsphaerica from the thallus,
including autospores (oval cells in the upper part of d); e —basidia with 5 and 6 sterigmata; f — spores.
Scale bars: a =2 mm; b = 5 mm; ¢, d = 10 pm; e, f = 5 pm. Photo L. Janosik.
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DISCUSSION

The possible occurrence of M. mucida on soil seriously complicates identifi-
cations of terricolous Multiclavula species, since M. corynoides and M. mucida
are often distinguished by substrate in practice (e.g. Hgiland 1987, Brodo et al.
2001, Rico & Barrasa 2011, Nimis 2025). On the other hand, the occurrence of
M. mucida on other substrates than wood is not a novelty in lichenology — two
terricolous records of this species were reported by Stofer et al. (2019) from
Switzerland, one from the Polish Tatra Mountains (Wilk et al. 2025), and there is
even an old report on loamy forest soil near Letovice in Moravia, Czech Republic
(Niessl 1865, as Clavaria mucida), which however needs revision. The species
may also grow on turf or peaty soil in peatbogs (Z. Palice, unpublished observa-
tion). Besides, a lignicolous population was also found at the same locality near
Cerna v Posumavi, which looked suspicious from the beginning.

Furthermore, key characters of both species are not reported in a completely
consistent manner across the literature. For example, the basidiocarp colour for
European populations of M. mucida is reported to be creamy white (e.g. Nimis
2025), but Brodo et al. (2001) reported dark yellow to orange basidiocarps for
American populations. Whereas the spore dimensions of M. mucida reported in the
literature are 4.5-8 x 2-3.5 pm (Tab. 2), those of M. corynoides are more variable,
from 5-8.5 x 2-3.5 pm (Petersen 1967, Hgiland 1987, Brodo et al. 2001, Nimis
2025) up to 6-10.5 x (2)2.5-3.5(5) pm (Rico & Barrasa 2011, Voitk 2017). Our spore
measurements slightly exceed the upper limit reported for M. mucida and fill the
interval reported by Rico & Barrasa (2011) and Voitk (2017) for M. corynoides.
The inconsistencies in spore dimensions may be caused by non-standardised
measurements. These should be made on mature basidia with well-developed,
flattened sterigmata bearing mature basidiospores, which are often impossible to
detect in limited material (Voitk 2017). Measurements may be biased if they in-
clude a high proportion of immature basidiospores. The differences in measure-
ments may also reflect the used mounting media and the condition of the studied
material (fresh or rehydrated herbarium material), as these factors are known to
strongly influence spore dimensions in other groups of fungi (Baral 1992).

The third species occurring in Europe, M. vernalis, is well distinguishable
from the two previous taxa due to its unbranched, clavate, robust and pigmented
(creamy to red-orange) fruitbodies with a + sharply delimited, short cylindrical
pale stalk (e.g. Voitk 2017, Masumoto & Degawa 2020). Its basidia are 2-4-spored
compared to (4-)6-spored ones in M. corynoides and M. mucida. Moreover, the
spores of M. vernalis are slightly larger, 8-12 x 2.5-3.5 nm (e.g. Petersen 1967,
Voitk 2017). Unfortunately, the characters of basidia and spores are difficult to
observe, as are the macroscopic characters on herbarium material. Therefore,
we recommend confirmation by DNA for problematic material.
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Tab. 2. Overview of spore dimensions (ym) in European Multiclavula species published in the literature.

Reference M. corynoides M. mucida M. vernalis
Petersen 1967 5.6-8.2 x 2.1-3.5 4.5-7.7x 1.8-3.2 8-12 x 2.5-3.5
Hgiland 1987 (5)5.5-7.5(8) x (2)2.5-3 4.5-7.5 x 2-3 (6)6.5-9.5 x 2-3.5
Brodo et al. 2001 5-8 x 2-3.5 - -
Watling 2009 - — 8-10 x 2.5
Rico & Barrasa 2011 (6.5)7-10 x (2)2.5-3.5 (4.5)5-7.5(8) x 2-3 6-10(12) x 2.5-3.5
Wirth et al. 2013 - 5.5-6.5(8) x 2-3 5-10(12) x 1.5-3.5
Stenroos et al. 2016 6.5—8.5 x 2.5—4 4.5-17.5 x 2-3 8-12 x 2.5-3
Voitk 2017 5.8-10.1 x 2.8-5.2 5.8-8.7 x 1.9-2.9 6.7-12.4 x 2.5-3.4
Masumoto & Degawa 2020 - - (6.7)7.8-9.5(10.6) x
(2.8)3.4-4(5)
Nimis 2025 5-8.56 x 2-3.5 (4.5)5.5-6.5(8) x 2-3.5 (5)8-10(12) x 1.5-3.5

Identification key to European Multiclavula species

la Basidiocarps simple, robust, clavate, cream-coloured to red-orange, basidia with (2-)4 spores,

spores (5)8-12 pm long; on bare or Peaty SOIl .......ccccecveererierieinieieieeeeeesee e M. vernalis
1b Basidiocarps simple to branched, cylindrical to clavate or compressed, white, yellowish or pinkish,
basidia with 4-6 spores, Spores 4.5-8.5(10.5) IONG .......coeoiiiririiiiiineeeeee et 2
2a Basidiocarps white to cream-coloured, sometimes ochre to brownish at the tips, horn-like at the
tips; on decaying wood in forests, rarely terricolous at humid sites ...........cccocevevernenee. M. mucida
2b Basidiocarps yellowish to pinkish, often compressed, tips blunt to fairly acute; on bare or peaty
SOLL AL OPEIISIEES vttt sttt ettt st nae e M. corynoides
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