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Abstract

The widely treated order Capnodiales is one of the most important orders in the class 
Dothideomycetes. Recently, the order Capnodiales s. lat. was reassessed and split into 
seven orders (Capnodiales s. str., Cladosporiales, Comminutisporales, Mycosphaerel-
lales, Neophaeothecales, Phaeothecales and Racodiales) based on multi-locus phylog-
eny, morphology and life strategies. In this study, two Arthrocatena strains isolated from 
sooty mould communities on the leaves of Tilia cordata and needles of Pinus nigra in 
southern Poland were analyzed. Multi-locus phylogenetic analyses (ITS-LSU-SSU-rpb2-
tef1) along with morphological examination showed that they belong to Capnobotryella 
antalyensis, which represents a sister taxon to Arthrocatena tenebrosa. Capnobotryella 
antalyensis is a rock-inhabiting fungus described from Turkey. The following new com-
bination is proposed: Arthrocatena antalyensis. Phylogenetic analyses also showed that 
Arthrocatena and related genus Hyphoconis, both known previously only from rocks, form 
a sister lineage to orders Cladosporiales and Comminutisporales. The new order Arthro-
catenales and new family Arthrocatenaceae are proposed to this clade. Representatives 
of this order are extremophilic fungi that live on rocks and in sooty mould communities.

Key words: Dothideomycetes, molecular phylogeny, new combination, new family, new 
order, taxonomy

Introduction

The order Capnodiales in the wide sense (s. lat.) is one of the most important 
orders in the class Dothideomycetes. It contains thousands of species grow-
ing in all areas of the world, the majority of known environments, including 
most extreme ones, and showing diverse nutritional modes and life strategies 
(Schoch et al. 2006; Muggia et al. 2008; Crous et al. 2009b, 2013a; Bensch et 
al. 2012; Groenewald et al. 2013; Hujslová et al. 2013; Quaedvlieg et al. 2013, 
2014; Egidi et al. 2014; Wijayawardene et al. 2014; Isola et al. 2016; Duarte et al. 
2017; Videira et al. 2017; Gleason et al. 2019; Abdollahzadeh et al. 2020; Czach-
ura et al. 2021; Piątek et al. 2023). This wide concept of the order Capnodiales 
was recently reassessed by Abdollahzadeh et al. (2020) who split it into seven 
orders (Capnodiales s. str., Cladosporiales, Comminutisporales, Mycosphaerel-
lales, Neophaeothecales, Phaeothecales and Racodiales) based on multi-locus 
phylogeny, morphology and life strategies. The redefined order Capnodiales 
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s. str. includes species that are almost exclusively sooty moulds while the re-
maining orders comprise genera and species generally encompassing other 
nutritional modes and ecologies (Abdollahzadeh et al. 2020), although Clad-
osporiales and Mycosphaerellales include some species isolated from sooty 
mould communities too (e.g., Friend 1965; Flessa et al. 2012, 2021; Flessa and 
Rambold 2013; Crous et al. 2023a, 2023b; Piątek et al. 2023). The phylogenetic 
placement of several genera and families within the Capnodiales s. lat. is still 
unresolved (e.g., Quaedvlieg et al. 2014; Ismail et al. 2016; Abdollahzadeh et al. 
2020; Pereira and Phillips 2020). This refers, for example, to two phylogeneti-
cally closely related genera Arthrocatena and Hyphoconis that accommodate 
single species, Arthrocatena tenebrosa and Hyphoconis sterilis described as 
rock-inhabiting fungi from Italian Alps and Mediterranean Spain, respectively 
(Egidi et al. 2014; Crous et al. 2019a).

Sooty moulds are epiphytes associated with honeydew or sweet plant ex-
udates occurring on the leaves/needles of woody plants (Hughes 1976). Al-
though many species of sooty moulds reside in the order Capnodiales s. str. 
(Abdollahzadeh et al. 2020) they are also known in other orders and families of 
the classes Dothideomycetes and Eurotiomycetes (e.g., Friend 1965; Flessa et 
al. 2012, 2021; Chomnunti et al. 2014; Piątek et al. 2023). Sooty moulds form 
a multi-species assemblages (Hughes 1976; Hughes and Seifert 2012; Flessa 
et al. 2012, 2021) containing even 243 species (OTUs) (Dhami et al. 2013) of 
which many probably remain undescribed.

Fungi isolated from sooty mould communities are sometimes phylogeneti-
cally related to rock-inhabiting fungi. Such a relationship was mentioned in the 
orders Capnodiales (s. lat.) and Chaetothyriales (Chomnunti et al. 2014) and 
in the genera Lapidomyces (order Mycosphaerellales) and Rachicladosporium 
(order Cladosporiales) (Crous et al. 2023b; Piątek et al. 2023). Capnobotryella 
renispora has been described as a sooty mould associated with other sooty 
mould Capnobotrys neesii growing on Abies veitchii branches in Japan (Sugiya-
ma and Amano 1987) and later found on roof tiles that is a habitat resembling 
rocks (Titze and de Hoog 1990).

In a recent survey of sooty mould communities occurring on ornamental 
woody plants in urban environments in southern Poland we isolated two strains 
that were assigned to the genus Arthrocatena based on initial ITS rDNA se-
quencing. This study aims to identify isolated Arthrocatena strains using mor-
phology and multi-locus phylogenetic analyses and to clarify the phylogenetic 
placement of the genera Arthrocatena and Hyphoconis within Capnodiales s. lat.

Materials and methods

Isolates

Fungal isolates studied here were obtained from sooty mould communities on 
ornamental woody plants cultivated in municipal greenery in cities of southern 
Poland. The initial isolations were made on malt extract agar (MEA – Blakeslee’s 
formula), potato dextrose agar (PDA), and rose bengal agar (RBC). The details 
of microbiological media and method of initial isolation are described in Piątek 
et al. (2023). Dried specimens obtained from cultures are stored in the fungal 
collection of the W. Szafer Institute of Botany, Polish Academy of Sciences, 
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Kraków (KRAM F). Cultures are deposited in the culture collection of the West-
erdijk Fungal Biodiversity Institute (CBS) and in the W. Szafer Institute of Bota-
ny, Polish Academy of Sciences, Kraków.

Morphological analyses

Macroscopic characteristics were documented using 4-week-old colonies grow-
ing on MEA and PDA incubated at 25 °C. Microscopic characteristics were ex-
amined under a Nikon Eclipse 80i light microscope using slide cultures on PDA 
incubated at 25 °C, after approximately one month growth (Crous et al. 2019b). 
The disintegration of chains of arthroconidia was observed on MEA cultures. 
The microscopic structures were measured and photographed using NIS‐Ele-
ments BR 3.0 imaging software. Growth at 15 °C and 25 °C on MEA and PDA 
was assessed by measuring the colony diameter after 2 weeks and 4 weeks.

DNA isolation, amplification and sequencing

DNA was extracted using DNeasy® Plant Mini Kit (Qiagen, Germany), accord-
ing to the manufacturer’s protocol. Four loci were amplified: ITS1‐5.8S‐ITS2 
rDNA (= ITS), fragment of the large subunit rDNA (28S D1–D2 = LSU), the small 
subunit rDNA (18S = SSU) and protein-coding gene – partial DNA-directed RNA 
polymerase II second largest subunit (rpb2). The following primer pairs were 
used for amplification: ITS1–ITS4 for ITS (White et al. 1990), LSU1Fd–LR5 for 
LSU (Vilgalys and Hester 1990; Crous et al. 2009b), NS1–NS4 for SSU (White 
et al. 1990), and fRPB2-5F–fRPB2-7cR for rpb2 (Liu et al. 1999). Polymerase 
chain reactions were performed in a reaction mixture prepared as described in 
Piątek et al. (2023). ITS and LSU were amplified as described by Czachura et al. 
(2021). Amplification of SSU was performed with initial denaturation at 94 °C 
for 3 min followed by 35 cycles of denaturation at 94 °C for 45 sec, the anneal-
ing of primers for 30 sec at 52 °C, the elongation at 72 °C for 1 min and the final 
extension at 72 °C for 10 min. Amplification conditions for rpb2 were set as 
follows: an initial denaturation at 94 °C for 3 min, followed by 35 cycles of de-
naturation at 94 °C for 60 sec, the annealing at 54 °C for 90 sec, the elongation 
at 72 °C for 2 min and the final extension at 72 °C for 10 min. Amplicons were 
visualized and verified by gel electrophoresis on 1% agarose gel. Subsequently, 
the PCR products were enzymatically purified using an Exo-BAP Mix (EURx, Po-
land) and sequenced bidirectionally by Macrogen Europe B.V. (Amsterdam, the 
Netherlands). Obtained sequences were assembled and trimmed in Geneious 
Prime 2020.0.4. Consensus sequences were deposited in the NCBI’s GenBank 
nucleotide database (https://www.ncbi.nlm.nih.gov/genbank/).

Phylogenetic analyses

The affinity of the isolated strains was first checked in the NCBIs GenBank 
nucleotide database using the megablast search tool (Zhang et al. 2000). To 
resolve phylogenetic placement of the isolated strains, the concatenated ITS-
LSU-SSU-rpb2-tef1 alignment was assembled. LSU, rpb2 and tef1 sequences of 
species and strains used for phylogenetic reconstructions were mostly select-
ed from study of Abdollahzadeh et al. (2020). ITS and SSU sequences of the 

https://www.ncbi.nlm.nih.gov/genbank/
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same species and strains were additionally added to the dataset. Finally, the 
sequences of Arthrocatena tenebrosa, Capnobotryella antalyensis and Hyphoc-
onis sterilis revealed as most closely related to sequences of analyzed strains 
were also added to the dataset (Table 1).

For phylogenetic analyses, sequences were separately aligned for each sin-
gle-gene dataset using MAFFT algorithm (Katoh et al. 2005) in Geneious 11.1.5. 
The phylogenetic reconstructions were performed using the concatenated 
ITS-LSU-SSU-rpb2-tef1 alignment. Maximum likelihood (ML) analysis was con-
ducted using RAxML-NG v. 1.1.1 (Kozlov et al. 2019), with a bootstrap of 1000 
replicates. Bayesian inference (BI) analysis was carried out using MrBayes v. 
3.2.6 (Ronquist et al. 2012). For both ML and BI analyses, the ModelTest-NG v. 
0.2.0 was used to select the best substitution models using Bayesian Informa-
tion Criterion (BIC) (Darriba et al. 2020). BI analysis was performed by running 
2 000 000 generations in four chains, saving the current tree to file every 100 
generations. The first 25% of trees were discarded as burn-in. Average standard 
deviations of split frequencies were <0.01 at the end of the runs. The final phy-
logenetic trees were visualized using FigTree v1.4.3. The alignment was depos-
ited at figshare.com (https://doi.org/10.6084/m9.figshare.25623660.v1).

Results

Phylogenetic analyses

The concatenated ITS-LSU-SSU-rpb2-tef1 alignment contained sequences be-
longing to 130 species, including Schismatomma decolorans used as an out-
group. The alignment comprised a total of 4829 characters (ITS: 829, LSU: 819, 
SSU: 946, rpb2: 1122, tef1: 1113), including alignment gaps. The best match-
ing substitution models selected for single locus alignments in the ML analy-
sis were as follows: GTR+I+G4 for ITS, TIM3+I+G4 for LSU, K80+I+G4 for SSU, 
TIM2+I+G4 and TPM3uf+I+G4 for rpb2 (three codons), and JC+I+G4, HKY+I+G4 
and TIM3+I+G4 for tef1 (three codons). The BI analysis was performed with the 
following substitution models: GTR+I+G4 for ITS and LSU, K80+I+G4 for SSU, 
GTR+I+G4 and HKY+I+G4 for rpb2 codons, and JC+I+G4, HKY+I+G4 and HKY+G4 
for tef1 codons. ML and BI analyses resulted in similar tree topologies (Suppl. 
materials 1, 2). The best scoring maximum likelihood phylogenetic tree is shown 
on Fig. 1. Maximum likelihood bootstrap (MLB) support values above 60% and 
Bayesian posterior probabilities (BPP) above 0.95 are shown at the nodes.

The sequences of analyzed strains CBS 150720 and CBS 150721 clustered with 
sequences of type and additional strain of Capnobotryella antalyensis in a moder-
ately supported clade (only in ML: MLB = 62%), which was sister to Arthrocatena 
tenebrosa with high support (MLB = 95%, BPP = 1). Capnobotryella antalyensis 
is recombined here to Arthrocatena. The sequence similarity between different 
strains of Arthrocatena antalyensis ranges between 97.4% and 98.7% in ITS. The 
sequence similarity between A. antalyensis and A. tenebrosa is 96.1–96.9% in ITS. 
Members of Arthrocatena formed a fully supported sister clade to single species 
lineage representing the genus and species Hyphoconis sterilis. The clustering of 
Arthrocatena + Hyphoconis was resolved at sister position (MLB = 69%, BPP = 1) 
to clades representing orders Cladosporiales and Comminutisporales. The new or-
der Arthrocatenales and new family Arthrocatenaceae are proposed to this clade.

https://doi.org/10.6084/m9.figshare.25623660.v1
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Figure 1. Reduced phylogenetic tree of selected members of the Capnodiales s. lat., Dothideales and Myriangiales, in-
cluding all described species of the genera Arthrocatena and Hyphoconis, obtained from a maximum likelihood analysis 
of the combined multi-locus alignment (ITS, LSU, SSU, rpb2, tef1). The positions of new strains, Arthrocatena antaly-
ensis comb. nov. and new order Arthrocatenales are indicated in bold. Ex-type cultures are indicated with superscript T. 
Numbers above branches indicate maximum likelihood bootstrap (MLB) support values > 60% and Bayesian posterior 
probabilities (BPP) > 0.95, respectively (MLB/BPP). Schismatomma decolorans was used as an outgroup. The scale bar 
represents the expected number of changes per site.
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Taxonomy

Arthrocatenales Piątek, Stryjak-Bogacka & Czachura, ord. nov.
MycoBank No: 854789

Etymology. Named after the genus Arthrocatena.
Description. Colonies erumpent, spreading, with elevated and folded center, 

greenish olivaceous, forming concentric rings, margin smooth, entire or undulate. 
Reverse black. Mycelium composed of branched, septate, pale brown or brown, 
smooth, straight, flexuose or torulose, thin-walled hyphae. Arthroconidia ellipsoid 
or broadly ellipsoid, rarely barrel-shaped, brown, smooth, one-septate, intercala-
ry or on side branches, single or in chains. Chlamydospore-like cells spherical, 
brown, smooth, aseptate, intercalary, in simple or branched chains. Chlamydo-
spores spherical, brown, smooth, muriformly septate, intercalary, single.

Type family. Arthrocatenaceae Piątek, Stryjak-Bogacka & Czachura.

Arthrocatenaceae Piątek, Stryjak-Bogacka & Czachura, fam. nov.
MycoBank No: 854790

Etymology. Named after the genus Arthrocatena.
Description. Colonies erumpent, spreading, with elevated and folded center, 

greenish olivaceous, forming concentric rings, margin smooth, entire or undulate. 
Reverse black. Mycelium composed of branched, septate, pale brown or brown, 
smooth, straight, flexuose or torulose, thin-walled hyphae. Arthroconidia ellipsoid 
or broadly ellipsoid, rarely barrel-shaped, brown, smooth, one-septate, intercala-
ry or on side branches, single or in chains. Chlamydospore-like cells spherical, 
brown, smooth, aseptate, intercalary, in simple or branched chains. Chlamydo-
spores spherical, brown, smooth, muriformly septate, intercalary, single.

Type genus. Arthrocatena Egidi & Selbmann.

Arthrocatena antalyensis (Sert & Sterfl.) Piątek, Stryjak-Bogacka & Czachura, 
comb. nov.
MycoBank No: 854791
Figs 2–4

Basionym. Capnobotryella antalyensis Sert & Sterfl., Mycol. Res. 111(10): 1237 
(2007).

Typus. Turkey, Antalya, isolated from the surface of a child’s grave in Side 
museum (holotype: ACBR MA 4659).

DNA barcodes (from analysed strains). ITS (OR096278, OR096279), LSU 
(OR096282, OR096283), SSU (OR096280, OR096281), rpb2 (OR096699, 
OR096700).

Description. Mycelium composed of branched, septate, pale brown or 
brown, smooth, straight, flexuose or torulose, thin-walled hyphae, 3.5–7.0 µm 
wide, consisting of elongated, subglobose, broadly ellipsoidal or pyriform 
cells, sometimes anastomosing; hyphae develop into arthroconidia, chlamydo-
spore-like cells or chlamydospores. Arthroconidia ellipsoid or broadly ellipsoid, 

https://www.mycobank.org/MB/854789
https://www.mycobank.org/MB/854791
http://www.ncbi.nlm.nih.gov/nuccore/OR096278
http://www.ncbi.nlm.nih.gov/nuccore/OR096279
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http://www.ncbi.nlm.nih.gov/nuccore/OR096699
http://www.ncbi.nlm.nih.gov/nuccore/OR096700
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Figure 2. Morphology of Arthrocatena antalyensis (strain CBS 150720, e–h slide culture on PDA): a, b general view and 
detailed view of upper side of colony on MEA after 4 weeks of growth at 25 °C c, d general view and detailed view of 
upper side of colony on PDA after 4 weeks of growth at 25 °C e general view of hyphae f, g straight hyphae (note anasto-
mosing hyphae visible on figure g) h terminal, flexuose and torulose hyphae. Scale bars: 50 µm (e); 10 µm (f–h).

rarely barrel-shaped, brown, smooth, one-septate, 9.0–19.0(–23.0) × 6.5–8.5 
µm, produced intercalary or rarely on side branches, single or in chains. Chlam-
ydospore-like cells spherical, brown, smooth, aseptate, 7.0–12.0 × 7.0–10.0 µm, 
produced intercalary, in simple or branched chains. Chlamydospores spherical, 
brown, smooth, muriformly septate, 12.5–15.0 × 11.0–14.0 µm, produced inter-
calary, single between chlamydospore-like cells.

Culture characteristics. Colonies on MEA erumpent, spreading, with elevated 
and folded center, greenish olivaceous, forming concentric rings, reaching 8 mm 
diam after 4 weeks growth at 15 °C and 12 mm diam after 4 weeks growth at 
25 °C, surface with moderate aerial mycelium, margin smooth and entire, darker 
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Figure 3. Morphology of Arthrocatena antalyensis (strain CBS 150720, slide culture on PDA): a general view of hyphae, 
arthroconidia and chlamydospore b–d arthroconidia e chlamydospore-like cells f–g chlamydospore-like cells and muri-
formly septate chlamydospores (indicated by arrows). Scale bars: 50 µm (a); 10 µm (b–g).

than the remaining part. Reverse black. Colonies on PDA erumpent, spreading, 
with elevated and folded center, greenish olivaceous, forming indistinct con-
centric rings, reaching 10 mm diam after 4 weeks growth at 15 °C and 14 mm 
diam after 4 weeks growth at 25 °C, surface with sparse aerial mycelium, mar-
gin smooth and undulate, concolours with the remaining part. Reverse black.

Specimens examined. Poland, Silesian Province, Katowice County: Kato-
wice-Bogucice, municipal greenery, isolated from sooty mould community on 
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Tilia cordata leaves, 10 Sept. 2018, leg. M. Piątek, W. Bartoszek & P. Czachu-
ra (KRAM F-59837; culture: G57 = CBS 150720); Podkarpackie Province, Rz-
eszów County: Rzeszów–Generała Władysława Andersa, municipal greenery, 
isolated from sooty mould community on Pinus nigra needles, 17 Sept. 2018, 
leg. M. Piątek, W. Bartoszek & P. Czachura (KRAM F-59838; culture: G385 = 
CBS 150721).

Notes. Arthrocatena antalyensis differs from Arthrocatena tenebrosa in 
having larger arthroconidia (6.0–11.5 × 3.0–5.5 μm in A. tenebrosa; Egidi et 
al. 2014) and formation of chlamydospore-like cells and muriformly septate 
chlamydospores.

Discussion

Sooty moulds and communities formed by these fungi are still understudied 
and for that reason they are probably a rich source of interesting or undescribed 
species. Here, two Arthrocatena strains isolated from sooty mould communi-
ties on leaves of Tilia cordata and needles of Pinus nigra in southern Poland 
were analyzed. Interestingly, in the multi-locus phylogenetic analyses the se-
quences of the sooty mould strains grouped together with sequences of type 
and additional strain of Capnobotryella antalyensis (MA 4659 and MA 4775), 
a rock-inhabiting fungus described from two sites in Turkey (Sert et al. 2007). 
Support for branch uniting four strains of C. antalyensis is moderate and ge-
netic differences between them are relatively high but they are assigned to the 
same species due to similarities in their micromorphological features. Apart 
from morphological differences Capnobotryella antalyensis is well separated 
phylogenetically from its sister species Arthrocatena tenebrosa. The affinity of 
C. antalyensis to A. tenebrosa was previously shown by Laichmanová (2023) on 
the phylogenetic tree resolving position of some rock-inhabiting fungal strains 
from Antarctica. On the other hand, on the phylogenetic trees published by Zuc-
coni et al. (2012), Isola et al. (2016) and De Leo et al. (2022) three strains as-
signed to Capnobotryella antalyensis (MA 4615, MA 4624, MA 4766) formed a 
distinct lineage within the current genus Neodevriesia. However, none of these 
strains were originally cited in the protologue of C. antalyensis (Sert et al. 2007) 

Figure 4. Morphology of Arthrocatena antalyensis (strain CBS 150720, on MEA): a, b arthroconidia, arrows indicate disin-
tegrating chains of arthroconidia c–e disintegrated arthroconidia. Scale bars: 10 µm (a–e).
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and represent other rock-inhabiting fungus, probably undescribed species of 
Neodevriesia. The type species of the genus Capnobotryella, C. renispora, is a 
member of the family Teratosphaeriaceae in the Mycosphaerellales (Crous et 
al. 2009b; Delgado et al. 2018; Li et al. 2020; this study). Therefore, Capnobotry-
ella antalyensis is reallocated to the genus Arthrocatena.

The phylogenetic placement of Arthrocatena and its sister genus Hyphoco-
nis remained unclear. In a study of Egidi et al. (2014), where these two genera 
were described, they formed a distinct clade within the order Capnodiales s. 
lat. that was positioned either as sister to clade now assigned to the order 
Mycosphaerellales or as sister to clades representing current orders Cladospo-
riales and Mycosphaerellales. In a study of Hongsanan et al. (2020) the genus 
Hyphoconis was placed as sister to clade now assigned to the order Cladospo-
riales. Consequently, Arthrocatena and Hyphoconis were included in Capnodia-
les incertae sedis when using wide concept of the order (Wijayawardene et al. 
2014, 2017; Hongsanan et al. 2020) or Mycosphaerellales incertae sedis when 
using current concept of the capnodialean orders (Wijayawardene et al. 2022).

Our molecular phylogenetic analyses of the concatenated ITS-LSU-SSU-
rpb2-tef1 alignment showed that Arthrocatena and Hyphoconis form a distinct 
lineage sister to orders Cladosporiales and Comminutisporales. Therefore, a 
new order Arthrocatenales is described to accommodate these two genera. 
These three orders have some ecological and morphological peculiarities 
that differentiate them. Cladosporiales accommodates hundreds of species 
that are mostly saprobic, rarely lichenicolous, endolithic, endophytic or plant 
parasitic and distributed over the whole world. They usually produce solitary 
conidiophores with chains of pigmented conidia, which germinate and grow 
very quickly on culture media (Abdollahzadeh et al. 2020). Sexual morph is 
rarely observed in Cladosporiales but, if present, is mycosphaerella-like with 
pseudothecial ascomata and one-septate ascospores (Bensch et al. 2012; 
Crous et al. 2014, 2017). Comminutisporales includes only one species, Com-
minutispora agavacearum (with its asexual morph known as Hyphospora aga-
vacearum), which inhabits dead leaves of Dasylirion leiophyllum and Nolina sp. 
(Asparagaceae) in Texas and New Mexico, USA. In the sexual stage it produc-
es pseudothecial, uniloculate ascomata and muriformly septate ascospores, 
while in the asexual stage it forms hyphae with cellular clumps containing 
numerous endoconidia (Ramaley 1996; Zalar et al. 1999; Abdollahzadeh et 
al. 2020). Newly described order Arthrocatenales includes only two genera 
and three species that are extremophilic fungi isolated from rocks or sooty 
mould communities. All described species in the Arthrocatenales are known 
only from sterile mycelia (Hyphoconis) that also produce arthroconidia and 
chlamydospores (Arthrocatena).

Arthrocatena has been reported, in different and mostly metabarcoding 
studies, from gut of feather mites in Spain (Doña et al. 2019), plants in Chi-
na, Estonia and Italy (Wu et al. 2019; Giampetruzzi et al. 2020; Küngas et al 
2020), indoor dust in the USA (Cox et al. 2022), tsetse fly in Tanzania (Kim et 
al. 2022) or rocks in Antarctica (Laichmanová 2023). This suggests that the 
ecological spectrum and distribution of Arthrocatenales may be wider than 
currently known. However, cultures and multi-locus phylogenetic analyses are 
necessary to resolve species assignments of fungi detected in the metabar-
coding studies.
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