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INTRODUCTION

Arthrinium (Kunze 1817) is a globally distributed genus inhabiting 
a wide range of hosts and substrates, including air, soil debris, 
plants, lichens, marine algae (Agut & Calvo 2004, Senanayake 
et al. 2015, Dai et al. 2016), and even human tissues (Sharma 
et al. 2014). Although Arthrinium species have been commonly 
reported as saprophytes on different plant substrates (Agut & 
Calvo 2004, Crous & Groenewald 2013), the genus also includes 
phytopathogenic species, namely A. arundinis causing kernel 
blight of barley in America, A. sacchari causing damping-off of 
wheat in Canada, and A. phaeospermum causing culm rot of 
bamboos in China (Martínez-Cano et al. 1992, Mavragani et al. 
2007, Li et al. 2016).

Bamboo and reed plants are known for their economic 
and cultural significance in China. They are used as building 
materials, food sources, and in various raw products. Culm 
rot is a common disease in bamboo and reed forests, and 
Arthrinium is thought to be the causal agent (Zhang et al. 
1995, Ma et al. 2003, Hu et al. 2005). Recent studies indicated 
that there is a rich species diversity of Arthrinium on bamboo 
plants in China (Dai et al. 2016, Dai et al. 2017). More than 17 
Arthrinium species have been reported from these host plants 
(Crous & Groenewald 2013, Senanayake et al. 2015, Dai et al. 
2016, Dai et al. 2017). However, taxonomic work of Arthrinium 
species on bamboo and reeds is still largely lacking in China, 
because the hosts are widely distributed, and have never been 
comprehensively surveyed.

The genus Arthrinium was first described in 1817 with 
numerous generic synonyms, namely Apiospora, Pteroconium 
and Scyphospora (Kunze 1817, Crous & Groenewald 2013, 
Réblová et al. 2016). In agreement with Crous & Groenewald 
(2013) and Réblová et al. (2016), the generic name Arthrinium is 
recommended for use, as Arthrinium (1817) was proposed earlier 
than Apiospora (1875), Pteroconium (1892) and Scyphospora 
(1928), and is the most widely used of these generic names. 

The asexual morph of Arthrinium species can be easily 
recognised based on its dark, aseptate, lenticular conidia 
with a hyaline rim or germ slit (Singh et al. 2012). However, 
identification of Arthrinium to species level is not easy with 
only the asexual morph because of their relatively conserved 
morphology. Molecular data and phylogenetic analysis have 
thus in recent years been used to identify Arthrinium species 
(Crous & Groenewald 2013, Dai et al. 2016, Dai et al. 2017), 
making it possible to distinguish closely related taxa.

During our Arthrinium survey conducted in 2017, 12 fresh 
specimens were collected from Jiangsu, Shaanxi and Shandong 
Provinces in China. These specimens were identified to five 
Arthrinium species based on their conidial characteristics and 
ITS sequence data. Thus, three known species and two new 
species are described in the present study.

MATERIALS AND METHODS

Isolates and morphology

In our study, 10 fresh specimens of Arthrinium spp. were collected 
from dead culms of bamboo plants, and two from live culms of 
reeds in China. Single conidial isolates were acquired following 
the method of Chomnunti et al. (2014), by spreading the conidial 
suspension on the surface of 1.8 % potato dextrose agar (PDA 
media). After inoculation, agar plates were incubated at 25 °C 
to induce spore germination, which usually takes 48 h. Single 
germinating spores or single hyphal stands were transferred to 
clean plates under a dissecting microscope with a sterile needle. 
Species identification was based on morphological features 
of the fruiting bodies produced on infected plant tissues, 
supplemented by culture characteristics. Hence, cross-sections 
were prepared by hand using a double-edge blade. More than 
20 fruiting bodies were sectioned, and 50 spores were selected 
randomly for measurement using a Leica compound microscope 
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Table 1. Arthrinium species included in the present study (in bold).

Species Strains Substrate Location ITS TUB TEF

A. arundinis CBS 106.12 N/A Germany KF144883 KF144973 KF145015

CBS 114316 Hordeum vulgare Iran KF144884 KF144974 KF145016

CFCC 52305 Bamboo China MH197126 NA NA

CFCC 52306 Bamboo China MH197127 NA NA

CFCC 52307 Bamboo China MH197118 NA NA

CFCC 52308 Bamboo China MH197119 NA NA

A. aureum CBS 244.83 Air Spain AB220251 KF144981 KF145023

A. gaoyouense CFCC 52301 Phragmites australis China MH197124 MH236789 MH236793

CFCC 52302 Phragmites australis China MH197125 MH236790 MH236794

A. garethjonesii KUMCC16-0202 Bamboo China KY356086 NA NA

A. hydei KUMCC 16-0204 Bambusa tuldoides China KY356087 NA NA

CBS 114990 Bamboo China KF144890 KF144982 KF145024

A. hyphopodii MFLUCC 15-0003 Bambusa tuldoides China KR069110 NA NA

KUMCC 16-0201 Bamboo China KY356088 NA NA

A. kogelbergense CBS 113332 Cannomois virgata South Africa KF144891 KF144983 KF145025

CBS 113333 Restionaceae sp. South Africa KF144892 KF144984 KF145026

A. longistromum MFLUCC 11-0479 Bamboo Thailand KU940142 NA NA

MFLUCC 11-0481 Bamboo Thailand KU940141 NA NA

A. malaysianum CBS 102053 Macaranga hullettii Malaysia KF144896 KF144988 KF145030

CBS 251.29 Cinnamomum camphora N/A KF144897 KF144989 KF145031

A. marii CBS 113535 Oats Sweden KF144898 KF144990 KF145032

CBS 114803 Arundinaria hindsi China KF144899 KF144991 KF145033

A. montagnei ToD.7.1 Insect: Ips typographus Sweden FJ824610 NA NA

VL170 Pinus mugo Lithuania JF440582 NA NA

A. neosubglobosa JHB006 Bamboo China KY356089 NA NA

KUMCC 16-0203 Bamboo China KY356090 NA NA

A. ovatum CBS 115042 Arundinaria hindsii China KF144903 KF144995 KF145037

A. paraphaeospermum MFLUCC 13-0644 Bamboo Thailand KX822128 NA NA

CFCC 52309 Bamboo China MH197122 NA NA

CFCC 52310 Bamboo China MH197123 NA NA

A. phaeospermum CBS 114314 Hordeum vulgare Iran KF144904 KF144996 KF145038

CBS 114315 Hordeum vulgare Iran KF144905 KF144997 KF145039

A. phragmites CBS 135458 Phragmites australis Italy KF144909 KF145001 KF145043

A. pseudosinense CBS 135459 Bamboo Netherlands KF144910 KF145044

A. pseudospegazzinii CBS 102052 Macaranga hullettii Malaysia KF144911 KF145002 KF145045

A. pterospermum CBS 123185 Machaerina sinclairii New Zealand KF144912 KF145003

CBS 134000 Machaerina sinclairii Australia KF144913 KF145004 KF145046

A. qinlingense CFCC 52303 Fargesia qinlingensis China MH197120 MH236791 MH236795

CFCC 52304 Fargesia qinlingensis China MH197121 MH236792 MH236796

A. rasikravindrii CBS 337.61 Cissus sp. Netherlands KF144914 NA NA

MFLUCC 11-0616 Bamboo Thailand KU940144 NA NA

A. sacchari CBS 212.30 Phragmites australis UK KF144916 KF145005 KF145047

CBS 301.49 Bamboo Indonesia KF144917 KF145006 KF145048

A. saccharicola CBS 191.73 Air Netherlands KF144920 KF145009 KF145051

CBS 463.83 Phragmites australis Netherlands KF144921 KF145010 KF145052

A. subglobosa MFLUCC 11-0397 Bamboo Thailand KR069112 NA NA

A. thailandicum MFLUCC 15-0199 Bamboo Thailand KU940146 NA NA

MFLUCC 15-0202 Bamboo Thailand KU940145 NA NA
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(LM, DM 2500). Specimens and isolates are deposited in the 
Museum of Beijing Forestry University (BJFC). Axenic cultures 
are maintained in the China Forestry Culture Collection Center 
(CFCC).

DNA amplification, sequencing and phylogeny

Genomic DNA was extracted from 7-d-old mycelium grown on PDA 
with cellophane using a modified CTAB method (Doyle & Doyle 
1990). ITS5 and ITS4 (White et al. 1990), EF1-728F (Carbone & Kohn 
1999) and EF-2 (O’Donnell et al. 1998) and T1 (O’Donnell & Cigelnik 
1997) and Bt-2b (Glass & Donaldson 1995) primers were used for 
the amplification of internal transcribed spacers (ITS), translation 
elongation factor 1-alpha (TEF) and the beta-tubulin gene region 
(TUB) respectively. Polymerase chain reaction (PCR) amplification 
was carried out following Crous & Groenewald (2013). The PCR 
amplification products were estimated visually by electrophoresis 
in 2 % agarose gels. DNA sequencing was performed using an 
ABI PRISM® 3730xl DNA Analyzer with BigDye® Terminater Kit v. 
3.1 (Invitrogen) at the Shanghai Invitrogen Biological Technology 
Company Limited (Beijing, China).

DNA sequence analysis

The new sequences generated in this study, and the reference 
sequences of all Arthrinium isolates selected from recent 
studies, were included in the phylogenetic analyses (Table 1). 
Seiridium phylicae (CPC 19965) was used as outgroup (Dai et al. 
2016). These sequences were aligned with MAFFT v. 7 (Katoh 
& Standley 2013) and manually adjusted. Phylogenetic analyses 
were performed on ITS, TEF and TUB sequences respectively 
(Crous & Groenewald 2013) by PAUP v. 4.0b10 (Swofford et 
al. 2003) for maximum parsimony (MP), MrBayes v. 3.1.2 
(Ronquist & Huelsenbeck 2003) for Bayesian inference (BI) and 
PhyML v. 7.2.8 (Guindon et al. 2010) for maximum likelihood 
(ML). Sequence alignments were deposited at TreeBASE (www.
treebase.org) under the accession number S22400. Taxonomic 
novelties were deposited in MycoBank (Crous et al. 2004). 

RESULTS

Phylogeny 

The ITS alignment contained 56 ITS sequences (including one 
outgroup) with 716 characters including alignment gaps. Of 
these, 402 characters were constant, 75 variable characters 
were parsimony-uninformative and 239 characters were 

parsimony informative. The MP analysis resulted in five equally 
most parsimonious trees, with the first tree (TL = 735, CI = 0.638, 
RI = 0.866, RC = 0.553) shown in Fig. 1. The phylogenetic tree 
obtained from ML and BI with the MCMC algorithm was similar 
to the MP tree. Arthrinium qinlingense sp. nov. appeared in a 
distinct clade with high bootstrap support (Fig. 1). However, 
Arthrinium marii, A. gaoyouense sp. nov., A. longistromum and 
A. sacchari were not well-supported in the ITS phylogeny (Fig. 1).

The combined TEF and TUB alignment contained 26 
sequences (including one outgroup) and 1 399 characters 
including alignment gaps; 518 of these were parsimony-
informative, 219 were variable and parsimony-uninformative, 
and 632 were constant. The MP analysis resulted in a single 
most parsimonious tree (TL = 1719, CI = 0.678, RI = 0.791, RC = 
0.536) shown in Fig. 2.

Taxonomy

Arthrinium gaoyouense C.M. Tian & N. Jiang, sp. nov. MycoBank 
MB824581. Fig. 3.

Etymology: gaoyouense, named after Gaoyou city, where the ex-
type strain of this fungus was collected.

Sexual morph: Undetermined. Asexual morph: Conidiomata 1–15 
mm long, 0.5–5 mm wide, scattered to gregarious, superficial on 
leaf and culms. Conidiophores reduced to conidiogenous cells. 
Conidiogenous cells aggregated in clusters on hyphae, smooth, 
short and wide, 1–2 μm × 2–3 μm. Conidia brown, smooth, 
granular, globose to elongate ellipsoid in surface view, 5–8 μm 
diam, lenticular in side view, with pale equatorial slit, 4–8 μm 
diam in side view; with central basal scar, 1–2 μm diam. Brown, 
elongated cells seldom intermingled among conidia.

Culture characteristics: On PDA, colonies are flat, spreading, 
with sparse aerial mycelium, olivaceous grey on surface, reverse 
smoke-grey with patches of olivaceous grey. Conidiomata 
formed after 20 d at 25 °C.

Materials examined: China, Jiangsu Province, Gaoyou City, 
32°47’25.10”N, 119°28'11.81”E, 2 m asl, on leaves and culms of 
Phragmites australis, 12 Oct. 2017, N. Jiang (holotype BJFC-S1411, ex-
type culture CFCC 52301); Jiangsu Province, Gaoyou City, 32°47’25.10”N, 
119°28'11.81”E, 2 m asl, on leaves and culms of P. australis, 12 Oct. 
2017, N. Jiang (paratype BJFC-S1412, culture CFCC 52302).

Notes: Two isolates of Arthrinium gaoyouense cluster in a well-
supported clade (MP/ML/BI = 99/100/1) in Fig. 1 and (MP/ML/BI 

Table 1. (Continued).

Species Strains Substrate Location ITS TUB TEF

A. vietnamensis IMI 99670 Citrus sinensis Vietnam KX986096 KY019466 NA

A. xenocordella CBS 478.86 Soil Zimbabwe KF144925 NA NA

CBS 595.66 Soil Austria KF144926 KF145013 KF145055

A. yunnanum MFLU 15-0002 Phyllostachys nigra China KU940147 NA NA

DDQ00281 Phyllostachys nigra China KU940148 NA NA

CFCC 52311 Bamboo China MH191119 NA NA

CFCC 52312 Bamboo China MH191120 NA NA

Seiridium phylicae CPC 19965 Phylica arborea UK KC005787 KC005821 KC005817
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Fig. 1. Phylogram of Arthrinium based on ITS. Values above the branches indicate maximum parsimony bootstrap (MP BP ≥ 50 %) and maximum 
likelihood bootstrap (ML BP ≥ 50 %). Values below the branches indicate posterior probabilities above 0.90 from BI. Scale bar = 20 nucleotide changes. 
The new sequences resulting from the current study are in blue.
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= 100/100/1) in Fig. 2. Arthrinium gaoyouense is phylogenetically 
closely related to Arthrinium marii, A. longistromum and A. 
sacchari in the ITS phylogram (Fig. 1). However, the branch 
length indicates that they are different species. In addition, 
Arthrinium gaoyouense differs from A. marii in having much 
smaller conidia in surface view (5–8 μm in A. gaoyouense vs. 
8–13 μm in A. marii) and differs from A. sacchari in the size of its 
conidiogenous cells (1–2 μm × 2–3 μm in A. gaoyouense vs. 5–12 
μm × 2.5–4 μm in A. marii), which is consistent with the results 
shown in TEF and TUB phylogram (Fig. 2).

Arthrinium qinlingense C.M. Tian & N. Jiang, sp. nov. MycoBank 
MB824582. Fig. 4.

Etymology: qinlingense, named after the Qinling mountain 
range, where the ex-type strain of this fungus was collected.

Sexual morph: Undetermined. Asexual morph: Conidiomata 1–4 
mm long, 0.5–3 mm wide, up to 0.3 mm high, scattered, partly 
immersed, becoming erumpent to superficial, dark brown. 
Conidiophores reduced to conidiogenous cells. Conidiogenous 
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cells aggregated in clusters on hyphae, smooth, short, 1–2 μm 
long. Conidia brown, smooth, granular, globose to suborbicular, 
5–8 μm diam; with central basal scar, 1–2 μm diam.

Culture characteristics: On PDA, colonies are fluffy, spreading, 
with sparse aerial mycelium, white on surface, reverse smoke-
grey with patches of olivaceous grey. Conidiomata formed after 
30 d at 25 °C.

Materials examined: China, Shaanxi Province, Huoditang forest farm in 
Qinling mountain range, 33°18'22.30”N, 108°35’45.26”E, 1 820 m asl, 
on culms of Fargesia qinlingensis, 27 Jun. 2017, Ning Jiang (holotype 
BJFC-S1413, ex-type culture CFCC 52303); Shaanxi Province, Huoditang 
forest farm in Qinling mountain range, 33°18'22.30”N, 108°35’45.26”E, 
1 820 m asl, on culms of Fargesia qinlingensis, 27 Jun. 2017, N. Jiang 
(paratype BJFC-S1414, living culture CFCC 52304).

Notes: Two isolates of Arthrinium qinlingense cluster in a well-
supported clade (MP/ML/BI = 100/100/1) in Fig. 1, and (MP/
ML/BI = 100/100/1) in Fig. 2. The conidial size of A. qinlingense 
was similar to that of A. arundinis, A. malaysianum and A. 
thailandicum, so it is not easy to distinguish these four species 
based on morphology only. However, based on DNA sequence 
data (ITS, TUB and TEF), they can easily be separated.

DISCUSSION

In the present study we conducted a plant disease survey on 
bamboo and reed plantations in Jiangsu, Shaanxi and Shandong 
provinces in China. Culm rot of bamboo and reed was a common 
but not serious disease observed during the collection trip. In 
agreement with the previous observations and publications, 

Fig. 3. Morphology of A. 
gaoyouense from Phragmites 
australis (BJFC-S1413, holotype). 
A–C. Habit of conidiomata on a 
culm. D–E. Colonies on PDA. F–G. 
Conidiomata in culture. H–K. 
Conidiogenous cells giving rise to 
conidia. L–N. Conidia. Scale bars: 
A–C = 2 mm; F–G = 1 mm; H–N = 
10 μm.
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casual agents were assigned to the genus Arthrinium (Zhang et 
al. 1995, Ma et al. 2003, Hu et al. 2005, Dai et al. 2016, Li et al. 
2016, Dai et al. 2017). 

Based on morphological observations and DNA sequence 
data, Arthrinium arundinis, A. paraphaeospermum, A. 
qinlingense and A. yunnanum were considered as the potential 
causal agents of bamboo culm rot, being associated with typical 
disease symptoms. Necrotic culms exhibited similar symptoms, 
but with some variation in detail (Figs 4, 5). Conidiomata of 
Arthrinium arundinis and A. qinlingense were more gregarious 
than those of A. paraphaeospermum and A. yunnanum on the 
culms. The conidiomatal size of A. yunnanum on culms was 
less than 2 mm, being obviously smaller compared to those 
of the other three species. Additionally, conidial size proved 
useful but inconclusive for species identification: 5–7 μm in 
A. arundinis vs. 11–15 μm in A. paraphaeospermum vs. 5–8 

μm in A. qinlingense vs. 10–16 μm in A. yunnanum. These 
morphological characteristics were thus not robust enough to 
distinguish the species occurring on bamboo, because there 
was considerable overlap in size. Dai et al. (2016) proposed 
Arthrinium yunnanum as a new species based on a sexual 
morph on culms, and asexual morph in cultures. Conidia 
in culture (15.5–26.5 μm diam) were much larger than the 
conidia observed on culms in this study (10–16 μm diam). This 
leads us to conclude that morphology alone should no longer 
be seen as sufficient for distinguishing species of Arthrinium. 
This finding is in agreement with the observations of Crous 
& Groenewald (2013), who stated that species of Arthrinium 
species are highly variable morphologically, depending on the 
substrate and period of incubation, and that morphological 
features exhibited in vitro do not always match those observed 
in vivo. 

Fig. 4. Morphology of A. qinlingense from Fargesia 
qinlingensis (BJFC-S1411, holotype). A–B. Habit 
of conidiomata on a culm. C. Transverse sections 
through conidiomata. D. Longitudinal sections through 
conidiomata. E–F. Colonies on PDA. G. Conidiogenous 
cells giving rise to conidia. H–I. Conidia. Scale bars: A–D 
= 2 mm; G–I = 10 μm.
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Crous & Groenewald (2013) used ITS sequence data to per-
form species identification, and combined TEF and TUB align-
ments to resolve species complexes in Arthrinium. In this study, 
the ITS phylogenetic backbone tree separated the four species 
from bamboo and one from reeds. Additionally, a phylogeny 
based on combined TEF and TUB alignments was performed to 
confirm the monophyly of Arthrinium gaoyouense and A. qin-
lingense.

This study showed that the 12 isolates from bamboo and 
reed plants represent five distinct species of Arthrinium, 

meaning that different fungal pathogens are associated with 
culm rot symptoms in China. Further studies are now required, 
however, to confirm pathogenicity. 
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INTRODUCTION

Balsamia is a genus of hypogeous, ectomycorrhizal, sequestrate 
fungi (truffles) in the Helvellaceae (O’Donnell et al. 1997, Læssøe 
& Hansen 2007, Lumbsch & Huhndorf 2007). No comprehensive 
molecular phylogeny of Helvellaceae exists. The few phylogenetic 
studies of Pezizales that include the Helvellaceae agree that 
Balsamia is sister to Helvella sensu stricto (e.g. O’Donnell et al. 
1997, Læssøe & Hansen 2007, Hansen & Pfister 2006). 

The historical literature on Balsamia raises important 
questions regarding the integrity of the genus and the number of 
species: One genus or two? How many Balsamia species occur in 
western North America? Do European Balsamia species occur in 
North America? Vittadini (1831) described the genus Balsamia 
initially from Europe based on B. vulgaris, to which Fischer (1897) 
and Harkness (1899) added species from North America. Fischer 
(1907) later described the genus Pseudobalsamia based on P. 
setchellii from western North America. Gilkey (1916) accepted 
Pseudobalsamia and concluded that Balsamia was restricted 
to Europe whereas Pseudobalsamia was restricted to North 
America. However, Trappe (1975) synonymized Pseudobalsamia 
with Balsamia.

Harkness (1899) recognized seven Balsamia species from 
California. Four he described as new: B. alba, B. filamentosa, 
B. magnata, and B. nigrans (as nigrens); and three he 
considered as species described from Europe: B. platyspora, 
B. polysperma, and B. vulgaris. In addition, W.A. Setchell sent 
a Californian specimen to E. Fischer (1907) who described it as 
Pseudobalsamia setchelli to increase the total to eight species 
in California. 

Gilkey (1916, 1954) synonymized Balsamia alba, B. 
filamentosa, and Pseudobalsamia setchelli with P. magnata, 
and reduced B. nigrans to P. magnata var. nigrans (as nigrens). 
Later, however, Gilkey re-elevated her var. nigrans to species 
level as P. nigrans (Gilkey 1954). Gilkey (1916) reclassified the 
three collections identified by Harkness as B. platyspora, B. 
polysperma, and B. vulgaris to P. magnata. Later Gilkey (1939) 
identified B. platyspora in a Canadian collection. Thus at various 
times, Gilkey recognized one, two, or three Balsamia species in 
North America. Based on Gilkey’s revisions (1916, 1939, 1954) 
and Trappe’s (1975) synonomyzing of genera, all collections of 
Balsamia and Pseudobalsamia from California and the Pacific 
Northwest would be identified as one of three species: B. 
magnata, B. nigrans, or B. platyspora.

Taxonomic uncertainty has limited our ability to recognize 
fungal species and confirm the identity of rare fungal species 
(Molina 2008). No modern systematic treatment of Balsamia 
has been published, leading to earlier generic and species 
names being retained ad hoc and applied to collections from 
California and the Pacific Northwest. For example, Grubisha et 
al. (2005) reported collections of B. magnata, B. nigrens (sic), 
and B. setchellii from the Channel Islands (California). Frank 
et al. (2006) submitted an ITS sequence to GenBank from an 
oak-associated specimen from Oregon under the name B. 
alba. Palfner & Agerer (1998) recognized an ectomycorrhizal 
morphotype formed by B. alba on roots of Pinus jeffreyi. Bonito 
et al. (2013) used DNA sequences of Balsamia cf. setchellii (as 
Balsamia sp. in Smith et al. 2007) as the outgroup collection 
for a multi-locus phylogeny of Tuberaceae. Allen et al. (1999) 
identified a Balsamia associated with Adenostoma fasciculatum 
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(Rosaceae) in southern California as B. vulgaris. In California 
and the Pacific Northwest, B. alba, B. nigrans, and B. platyspora 
have been recognized as rare, special status, or sensitive species 
(Castellano et al. 1999, ORBIC 2016). 

Molecular data are critical to verify Balsamia species 
distinctions and to appropriately apply names that should 
be used for these collections. The nuclear ribosomal internal 
transcribed spacer (ITS) region has been recognized as a standard 
of comparison among fungal species (Schoch et al. 2012, Kõljalg 
et al. 2013, Ryberg 2015). 

Our goals were to (1) determine whether ITS sequences 
support three species for western North America as determined 
by Gilkey (1916, 1939, 1954) or more than three species as 
described by Harkness (1899) and Fischer (1907); (2) correlate 
molecular data with morphological characters that can be used to 
identify and differentiate Balsamia species from western North 
America; and (3) determine whether Pseudobalsamia is distinct 
from Balsamia and should be retained as a separate genus. We 
sequenced ITS ribosomal DNA from recent collections, assessed 
relationships by sequence similarity, and then correlated 
sequence groups with type descriptions. Because we did not 
obtain ITS sequences from type specimens, we selected epitypes 
and emended species descriptions based on fresh collections. 
For collections that did not match one of the named species, we 
described new species. 

MATERIALS AND METHODS

DNA extraction, PCR amplification, sequencing and 
phylogenetic analysis

DNA was obtained from fresh or dry specimens. Samples were 
extracted in 2 % cetyltrimethyl ammonium bromide (CTAB) with 
chloroform and amplified in PCR with fungal primers ITS1F and 
ITS4 (White et al. 1990, Gardes & Bruns 1993). An initial 3 min 
at 93 °C was followed by 30 cycles of 30 s at 95 °C, 2 min at 
54 °C and 3 min at 72 °C, with a final cycle for 10 min at 72 °C, 
modified from Frank et al. (2010). PCR products were purified 
with QIAquick PCR Purification kits (QIAGEN, Valencia, CA), 
prepared with BigDye Terminator Ready Reaction Mix 3.1 and 
sequenced in an ABI 310 Genetic Analyzer (Applied Biosystems, 
Foster City, CA) at the Biotechnology Center at Southern Oregon 
University. We obtained molecular data by sequencing the ITS 
region, including ITS1, the 5.8S ribosomal DNA gene, and ITS2, 
with forward primers ITS1F and ITS1, and reverse primer ITS4 
(Frank et al. 2010).

Sequences were edited with Chromas v. 1.45 (McCarthy 
1998); contigs were assembled with Sequencher v. 4.7 (Gene 
Codes Corp. Ann Arbor, MI). Sequences were compared to 
fungal sequences in GenBank (www.ncbi.nlm.nih.gov) with 
BLAST (Altschul et al. 1990, Thompson et al. 1997). Multiple 
sequence alignments of the ITS region, from our sequences and 
from GenBank, were generated with MAFFT v. 7 (Katoh et al. 
2002, Katoh and Standley 2013) and the sequences reviewed in 
Clustal X and edited in Mesquite (Maddison & Maddison 2011). 
DNA sequences were deposited in GenBank (Accession numbers 
KF983477–KF983491, KM115877–KM115881, KU170027–
KU170042, and KY706376–KY706390). 

Phylogenetic trees, using parsimony and maximum likelihood 
with 1000 bootstrap replicates and 1000 jack-knife replicates, 
were generated using PAUP v. 4.10b10 (Swofford 2002). 

Consensus trees with 50 % majority-rule were generated using 
a tree-bisection-reconnection branch-swapping algorithm. All 
characters were given equal weight; gaps were treated as missing. 
Maximum likelihood trees with 100 bootstrap replicates were 
also generated using PhyML through the phylogeny.fr portal 
using the substitution model HKY85 (Dereeper et al. 2008). 
Consensus trees were examined to confirm branch positions.

Morphology

We examined specimens from western North America obtained 
from the following sources (http://sweetgum.nybg.org): 
Oregon State University (OSC), Southern Oregon University 
(SOC), University of California, Berkeley (UC), National Fungus 
Collections (BPI) and the Florida Museum of Natural History 
(FLAS), as well as permanent microscopic sections of Harkness 
collections from OSC (duplicates at BPI). We also obtained fresh 
specimens collected from southern Oregon and California. We 
compared these with descriptions in Tulasne & Tulasne (1851), 
Harkness (1899), Fischer (1907, 1908), Gilkey (1916, 1939, 1954), 
Ławrynowicz (1988), Pegler & Spooner (1993), and Montecchi & 
Sarasini (2000). 

Emended descriptions were based on epitypes selected by 
D. Southworth. The International Code of Nomenclature for 
algae, fungi and plants (Melbourne Code) allows for designation 
of an epitype when the holotype or isotype cannot be “critically 
identified” because of a lack of diagnostic features or when no 
molecular sequences could be obtained from the type to confirm 
the current application of the name (McNeill et al. 2012). No 
material was available for sequencing from type collections, which 
were in too poor condition for a comprehensive morphological 
assessment. We assigned Harkness species names to MOTUs 
that segregated by ITS sequences based on original descriptions, 
on tissue and spores prepared from Harkness collections, and on 
habitat and location of the holotype.

For the Harkness type specimens and other collections that 
Harkness identified, we examined resin-embedded sections, 
stained with toluidine blue O or safranin-fast green, housed at 
OSC with duplicates at BPI. From fresh and dried specimens, hand 
sections were mounted in water and ascospores measured (20 
randomly selected spores per collection) at 1000 × with a Leica 
DMLB microscope and SPOT RT software (Diagnostic Instruments 
Inc., Sterling Heights, MI). Digital images were captured with a 
SPOT RT camera. Because means and medians did not differ 
(paired t-test, P = 0.853, Minitab v. 15), spore dimensions were 
reported as mean and range (in parentheses) for length, width, 
and the ratio of length to width (Q). Terminology for description 
of ascomata tissues follows Ulloa & Hanlin (2012); dimensions 
of peridial warts are reported as height × width. Holotypes, 
epitypes, and additional specimens were deposited in the OSC 
herbarium.

RESULTS

Phylogenetic analyses

The ITS data matrix consisted of 15 taxa with 63 sequences, 
58 from vouchered specimens of Balsamia, four from 
ectomycorrhizas, and one from the outgroup Barssia (Table 
I). The edited alignment consisted of 1 109 characters: 484 
parsimony informative, 442 constant, 183 non-informative.
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Table 1. Collections of Balsamia species and Bassia oregonensis with ITS GenBank Accession numbers from which sequences were used in 
phylogenetic analyses.

Taxon Fungariuma Voucherb Collection locale ITS GenBank Type designation

Balsamia alba OSC157708 T37489 USA: CA: Placer Co. KY706381

OSC130666 T6253 USA: OR: Jackson Co. KF983482

OSC157720 NS1740 USA: CA: Modoc Co. KY706376

OSC80952 T19926g USA: CA: Fresno Co. AY558741

UC1999421 T17852g USA: CA: Fresno Co. AY558742

OSC157711 T37496 USA: CA: Placer Co. KY706384

OSC157712 T37499 USA: CA: Placer Co. KY706385

OSC157715 T37509 USA: CA: Placer Co. KY706387

OSC157709 T37490 USA: CA: Placer Co. KY706382 epitype

OSC157719 T37520 USA: CA: Shasta Co. KY706390

Balsamia cascadensis OSC151392 S1522 USA: OR: Jackson Co. KF983483 holotype

OSC151391 S1521 USA: OR: Jackson Co. JN022501 paratype

Balsamia filamentosa OSC157710 T37491 USA: CA: Placer Co. KY706383

OSC157713 T37502 USA: CA: Placer Co. KY706386

OSC157716 T37511 USA: CA: Placer Co. KY706388 epitype

OSC130728 T19467 USA: CA: Contra Costa Co. KM115880

OSC131295 T18019 USA: CA: Ventura Co. KF983484

Balsamia latispora OSC148026 AM-CA11-021 USA: OR: Riverside Co. MF098665 paratype

OSC157702 T37338 USA: CA: Siskiyou Co. KY706378 paratype

OSC157704 T37345 USA: CA: Siskiyou Co. KY706380 paratype

OSC66585 T35434 USA: OR: Jefferson Co. KF983487 holotype

OSC157701 T37336 USA: CA: Siskiyou Co. KY706377 paratype

OSC49763 T11671 USA: CA: El Dorado Co. KU170033 paratype

OSC48551 T9530 USA: CA: Sierra Co. KU170037 paratype

OSC130672 T8082 USA: CA: Sierra Co. KU170036 paratype

OSC131289 T7574 USA: CA: Siskiyou Co. KF983486 paratype

OSC130676 T11394 USA: CA: San Bernardino Co. KU170032 paratype

OSC151399 S1648 USA: OR: Jackson Co. KF983485 paratype

OSC157703 T37340 USA: CA: Siskiyou Co. KY706379 paratype

OSC62003 T25894 USA: OR: Jackson Co. KU170034 paratype

OSC80116 T26983 USA: OR: Jackson Co. KU170035 paratype

Balsamia lazyana OSC130670 T19348 USA: OR: Josephine Co. KM115879 holotype

Balsamia limuwensis OSC130981 LG1115 USA: CA: Santa Barbara Co. KU170027 holotype

OSC49229 T11111 USA: CA: Marin Co. KU170029 paratype

Balsamia magnata OSC157718 T37519 USA: CA: Shasta Co. KY706389

OSC151398 S1843 USA: OR: Jackson Co. KF983477

OSC151397 S1386 USA: OR: Jackson Co. KF983478 epitype

JLF3324 USA: CA: Mendocino Co. KU170038

OSC151393 F1943 USA: OR: Marion Co. KF983479

OSC130663 T2050 USA: OR: Columbia Co. KF983480

OSC151395 S1860 USA: OR: Jackson Co. KF983481

Balsamia nigrans OSC151401 S1061 USA: OR: Josephine Co. FJ789590

OSC130695 T8431 USA: CA: Mariposa Co. KP859264

SOC871 S871 USA: CA: Tehama Co. GU184098

OSC130700 T19921 USA: CA: Fresno Co. EU669383 epitype

Balsamia pallida OSC130727 T17945 USA: CA: Riverside Co. KU170040 holotype
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Table 1. (Continued).

Taxon Fungariuma Voucherb Collection locale ITS GenBank Type designation

Balsamia platyspora O-F245397 Norway: Ostfold KP149493

Balsamia quercicola OSC151402 S558 USA: OR: Jackson Co. DQ453695 paratype

FLAS_F58857 MES84 USA: CA: Yolo Co. KF983490 paratype

FLAS_F58860 SRC868 USA: CA: Yuba Co. KF983491 holotype

Balsamia setchellii FLAS_F58859 SRC395 USA: CA: Yuba Co. DQ974730 epitype

OSC80893 SRC396 USA: CA: Yuba Co. KU170028

OSC140476 L5470 USA: OR: Josephine Co. KP859277

OSC49779 T11706 USA: AZ: Gila Co. KU170030

Balsamia trappei OSC149793 D3000 Canada: Alberta KU170041 paratype

OSC131300 T20842 USA: WA: Pend Oreille Co. KU170042 holotype

Balsamia vulgaris AH44223h M2404 Italy: Reggio Emilia KM243646 

AH44224h M2403 Italy: Reggio Emilia KM243647 

OSC149589 S2036 Cyprus: Kelefos Bridge KM115881

Balsamia ectomycorrhiza 7992.6.Rf UK: England EU668245

UE_ITA248c Italy: Perugia JX474845

AZA731e France JX989935

AR1166d Canada: NW Terr. JX630958

Barssia oregonensis OSC151400 F2161 USA: OR: Marion Co. KF983489
aIndex Herbariorum http://sweetgum.nybg.org/ih/
bAM, A Mujic; D, RM Danielson; F, JL Frank; G, HM Gilkey; H, HW Harkness; L, S Loring; LG, L Grubisha; M, A Montecchi; MES, ME Smith; NS, N. 
Siegel; S, D Southworth; SRC, Sierra Research Center; T, JM Trappe.
cGMN Benucci, unpublished; Benucci et al. (2014).
dTimling et al. (2012).
eRoy et al. (2013).
fBidartondo & Read (2008).
gIzzo et al. (2005). Note: The accession numbers of these two collections are reversed in GenBank.
hCrous et al. (2014).

ITS sequences supported 12 ITS molecular operational 
taxonomic units (MOTUs) in North America (Fig. 1). Bootstrap 
analysis separated these into two major branches, one with eight 
MOTUs from North America and one with European species 
and two MOTUs from North America (Fig. 1). We assigned five 
MOTUs to described species: B. alba, B. filamentosa, B. magnata, 
B. nigrans, and B. setchellii (Harkness 1899, Fisher 1907); and 
five to new species: B. cascadensis, B. latispora, B. lazyana, B. 
limuwensis, and B. trappei. In addition we described B. pallida 
and B. quercicola with ambiguous positions. The position of B. 
quercicola was driven mainly by a large deletion. We did not 
attempt to verify identification of European species.

Morphological variation

Morphological distinctions among species were sometimes subtle 
as a consequence of inherent variation, environmental effects, 
and uncertain developmental stage. Relative maturity clearly 
differed among and within collections, though developmental 
stages were difficult to assess. As specimens dried, the gleba 
color of immature specimens sometimes changed from white to 
golden brown and shrank, while the gleba color of more mature 
specimens remained white and did not shrink. The shrinking of 
glebal tissue in immature specimens resulted in enlarged glebal 

chamber openings and narrowed the spacing of peridial warts. 
Because ascospores in Balsamia species are not actively 

discharged from asci, the relative maturity of asci and ascospores 
is difficult to determine precisely. However, hand-sectioned 
specimens differed in the ease with which spores dispersed 
from asci (as viewed under the compound microscope). We 
interpreted specimens with readily dispersed spores as more 
mature than those in which most spores remained inside the 
asci. Ascospores in less mature specimens had thinner spore 
walls and were shorter than in fully mature specimens. The 
number of guttules per spore varied among collections within a 
species, possibly due to developmental stage. 

Dimensions of ascomata, warts, asci, and ascospores varied 
considerably. For example, width of peridial warts on individual 
specimens ranged from 200–700 µm. Although spore dimensions 
tended to be similar within a given ascus, spore size varied by up 
to 30 % within a single ascoma for some species. Furthermore, 
different regions in an individual ascoma often differed in spore 
dimensions. This may have been due to differences in maturity 
or to normal size variation. Ascoma size was a poor indicator 
of developmental stage. Although all ascomata must have 
grown from a small initial structure to the final size, some small  
(<1 cm) ascomata were fully mature while some large ones (1–2 
cm) were immature. 
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Fig. 1. Maximum likelihood tree inferred from ITS rDNA showing relationships among North American species of Balsamia. Bootstrap values (>50 %) 
from the parsimony analysis (1000 replicates) using PAUP* are shown above branches.
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TAXONOMY 

Balsamia Vittad., Monogr. Tuberac. (Milano): 30. 1831, emend. 
D. Southw. & Trappe

Type species: Balsamia vulgaris Vitt.

Original type description (Vittadini 1831, translation D. 
Southworth): Characters. Fruiting body pliant, sessile, rootless 
[hyphal cords], always closed, chambered-fleshy [gleba]. 
Sporangia [asci] oblong, membranous, stalked, 8-spored, 
embedded in the walls of the chambers and arranged in rows. 
Spores cylindrical, smooth, hyaline.

Observations: Fruiting body hypogeous, lacking root and branch, 
exterior warty, interior chambered, with the peridium inserted 
from the surface and variously folded on itself, chambered-fleshy. 
Flesh [gleba] always white, with veins markedly pallid when 
immature, at last nearly liquifying; the inside of the chambers 
lined with short hairs. Spores white, hyaline, containing 1–2 
large vesicles (perhaps little spores?) and as many smaller ones.
Natural History. The fungi fleshy-soft, not very persistent. 
Habit altogether of the genus Tuber, with which they are still 
commonly confused but distinct by the softness of the fruiting 
body, the form and nature of the spores, etc. They grow together 
with true truffles and frequently with those produced in autumn 
and winter. Edible, but less valued than truffles and often even 
noxious.

Emended description: Ascomata sequestrate, subglobose, often 
compressed, irregularly lobed and invaginated to form an apical 
depression, 5–30 × 5–30 mm; peridial warts pale orange, reddish 
brown, brown, or black; warts pointed to rounded or nearly flat, 
100–350 × 150–700 µm; gleba white, drying to golden when 
immature and remaining white when mature; chambers open 
or closed - a condition in which the chamber walls are pressed 
together to create narrow channels; some of the channels 
open to the exterior (venae externae) in the area of the apical 
depression. Peridium surface with sparse, pointed cystidium-like 
cells, ±8 µm wide at base, protruding up to 25 µm, with walls 1 
µm thick; outer peridial layer 2–4 cells thick; cells isodiametric, 
20–25 µm wide, to radially elongate, 11–20 µm × 22–33 µm; with 
walls 2–4 µm thick, red-brown; inner layer of hyaline, isodiametric 
cells 10–15 µm wide, with walls 1 µm thick; with scattered brown 
cells up to 27 µm wide, with walls 2 µm thick. Gleba of loosely 
interwoven hyphae, 4–5 µm wide. Chambers when immature 
lined with a palisade of paraphyses, at maturity the hyphal lining 
of interwoven paraphyses. Asci hyaline, citriform when immature, 
maturing to ovoid, 65–100 × 30–35 µm, with walls 1–1.5 µm, stalk 
5 × 25 µm visible in immature specimens, 8-spored. Ascospores 
hyaline, smooth (but see Commentary), ellipsoid to cylindric, 
14.5–40 × 8–20 µm, Q = 1.3–3.0 with 1–3 guttules.

Habit, habitat, and distribution: Hypogeous under diverse 
host trees including conifers (Abies, Pinus, Pseudotsuga), 
hardwoods (Alnus, Arbutus, Corylus, Quercus, Populus), or 
shrubs (Adenostoma, Arctostaphylos) widespread in the PNW 
and western USA and Canada.

Commentary: In some specimens of B. setchellii, B. filamentosa, 
and B. nigrans collected 1898 to 1904, spores exhibited a pattern 

of transverse, slightly oblique ridges (0.9 µm wide) visible at 100× 
(oil immersion) with Nomarski optics. We interpret these as 
artifacts of shrinkage due to a combination of uncertain factors, 
e.g., developmental stage, specimen condition, and fixation and 
drying procedures. They may reflect an underlying structure, 
e.g., of cell wall microfibril orientation and/or the subtending 
cytoskeleton. We attempted to induce this pattern in recent 
specimens by fixation in formalin and/or ethanol followed by 
air-drying. Less than 1 % of spores and only those with broken 
cell walls exhibited transverse ridges; no ridges were observed 
in fully developed spores with filled guttules.

Balsamia alba Harkn., Proc. Calif. Acad. Sci. Bot. 1: 264. 1899, 
emend. D. Southw. & Castellano, Fig. 2.

Diagnosis: Peridium of red-brown warts often covered with 
white hyphae to which soil particles adhere thus rendering it 
“dirty white” as described by Harkness. The warts of B. alba are 
low, rounded to pointed, less red than in B. magnata. In addition, 
the spores of B. alba have a slightly narrower aspect (mean Q = 
2.1) and the inner peridial tissue is significantly thicker than in 
B. magnata.

Isotype: USA, California, Placer Co., Wire Bridge, south of 
Auburn at end of Rattlesnake Lane, at Rattlesnake Bar, Folsom 
Lake State Recreation Area, under Quercus, Feb. c. 1898, H.W. 
Harkness 129, Gilkey 1033 (OSC81203).

Epitype: USA, California, Placer Co., Auburn State Recreation 
Area, Foothill Rd., 0.8 km from Upper Lake Clementine Day 
Use area to the right after entering at trailhead entering 
meadow, 38°55.0′N 120°58.4′W, 540 m, under Ceanothus, Pinus 
ponderosa, P. sabiniana, 11 Dec. 2016, M. Castellano (designated 
here OSC157709, MBT381870), GenBank accession number ITS: 
KY706382.

Original type description (Harkness 1899, p. 264): “Large, color 
dirty white, subglobose, fissured, deeply verrucose; gleba firm; 
asci ellipsoidal, 8-spored; spores cylindrical, guttulate, 12 × 18 
µ. Type: Harkness 129. Under oaks, Wire Bridge, Placer County, 
Calif., February. This fungus is remarkable for the density of the 
gleba and the small number of its asci”.

Emended description: Ascomata sequestrate, subglobose to 
reniform with invaginations, 7–20 × 6–12 mm, warts dark 
reddish brown, pale tan between warts. Peridial surface 
often covered with white hyphae between or over warts with 
adhering soil particles; thus the surface may appear “dirty 
white;” peridial warts low, flat to rounded or obtusely pointed, 
100–220 × 260–430 µm. Under a compact white hyphal layer, 
warts flattened to create a brown layer, 50–60 µm thick; gleba 
pale yellow when fresh, chambers mostly appressed. Peridium 
wart surface partially covered with white mycelium comprised 
of loosely woven, branched, hyaline hyphae either 5–6.5 
μm wide, lacking clamp connections, but bulging on one side 
of septum, or 2.5–3 μm wide, with clamp connections and 
encrusted walls. Under the white hyphae are warts comprised 
of 4–6 layers of reddish brown cells that are ± isodiametric (20 
× 17 μm) to radially elongate, 22–30 × 11–14 µm, with walls 6–7 
µm thick, intergrading to radially elongated yellow to hyaline 
cells of similar size, with walls 4 μm thick, intergrading to cells 
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with walls 1 µm thick. On warts lacking white surface hyphae are 
scattered pointed cystidium-like cells up to 35 µm long. Gleba 
of loosely interwoven hyphae (textura intricata), 4–7 µm wide; 
chambers lined with a palisade of paraphyses 70–120 × 4–5 μm. 

Asci hyaline, elongate to ellipsoid, 23–25 × 30–70 µm, 8-spored. 
Ascospores hyaline, smooth, ellipsoid, 24.9 × 12.4 (21–28 × 11–
13.5) µm, Q = 2.1 (1.7–2.3), with 1–3 guttules. 

Fig. 2. Balsamia alba. A. Fresh ascomata showing peridial surface, gleba, and peridium in section (OSC 157712). B. Ascoma in situ with white alien 
hyphae (OSC 157714). C. Ascoma with white alien mycelium covering the peridium (OSC 157708). D. Peridium showing outer wart layer, inner peridial 
layer and glebal structure. E. Peridium with outer warty layer of thick-walled cells. F. Ascospores. C–F (OSC 130666). Bars A = 10 mm, B–C = 5 mm, D 
= 100 µm, E–F = 25 µm.
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Habit, habitat, and distribution: Hypogeous in variously mixed 
forests under Abies concolor, Picea engelmannii, Pinus jeffreyi, P. 
lambertiana, P. ponderosa, P. sabiniana, Pseudotsuga menziesii, 
Quercus garryana, Q. kelloggii, and Quercus species; Sierra 
Nevada and Klamath-Siskiyou mountains and foothills.

Additional materials examined: USA, California, Fresno Co., Sierra 
National Forest, McKinley Grove Rd. junction with FS Rd. 10S13, 37°0.8'N 
119°4.8'W, 2050 m, under Abies concolor, Pinus jeffreyi, 17 Aug. 1995, T. 
Bruns SNF222 (OSC130690, UC1999421), GenBank accession number ITS: 
AY558742; Ross Creek Drainage, Turtle Creek, 36°57'N 119°6’W, 1463 m, 
under Abies concolor, Pinus lambertiana, P. ponderosa, 25 June 1997, L. 
Criley (OSC80952), GenBank accession number ITS: AY558741; Kern Co., 
Sequoia National Forest, Kern Gulch Campground, 35°40.3'N 118°28.3'W, 
665 m, under Arctostaphylos, Pinus ponderosa, Quercus, 24 Apr. 1996, 
M. Castellano (OSC131296); Modoc Co., Modoc National Forest, Warner 
Mtns., 0.8 km north of Hwy 299, road to Stough Reservoir, under Abies 
concolor, 11 Jun. 2016, N. Siegel 1740 (OSC157720), GenBank accession 
number ITS: KY706376; Placer Co., Auburn State Recreation Area, Foothill 
Blvd., 0.8 km from Upper Lake Clementine Day Use Area at trailhead 
entering meadow, 38°57.0’N 120°58.4'W, 540 m, under Ceanothus, Pinus 
ponderosa, P. sabiniana, Pseudotsuga menziesii, Quercus, 11 Dec. 2016, 
M. Castellano (OSC157708), GenBank accession number ITS: KY706381; 
Old Foothill Blvd. at Mammoth Bar OHV Area, downhill, 38°55.3'N 
121°0.9'W, 350 m, under Ceanothus, Pinus ponderosa, P. sabiniana, 
Quercus, 11 Dec. 2016, M. Castellano (OSC157711), GenBank accession 
number ITS: KY706384 (OSC157712), GenBank accession number ITS: 
KY706385 (OSC157714); (OSC157715), GenBank accession number 
ITS: KY706387; Shasta Co., I-5 Exit 707 in median strip, headed north, 
at state transportation property turnoff, 40°56.2’N 122°25.1'W, 395 m, 
in disturbed soil and gravel and under Pinus ponderosa, Pseudotsuga 
menzeisii, 12 Dec. 2016, M. Castellano (OSC157719), GenBank accession 
number ITS: KY706390; Oregon, Jackson Co., Jacksonville Cemetery, 425 
m, under Pinus ponderosa, Quercus garryana, Q. kelloggii, 1 Apr. 1981, 
M. Castellano (OSC130666), GenBank accession number ITS: KF983482.

Commentary: Recent collections from Placer Co., CA, near the 
original Harkness site included specimens with and without the 
“dirty white” peridial coating. This supports the interpretation 
that the white mycelium, which sometimes has clamp 
connections, consists of secondary fungi parasitic on some, but 
not all specimens of B. alba. We were unable to obtain clean 
sequences of the white mycelium. No spores of other fungi, e.g., 
Sepedonium or Hypomyces, have been observed on the “dirty 
white” specimens. Specimens of other Balsamia species, for 
example, B. cascadensis and B. nigrans, are sometimes covered 
with white hyphae. 

The isotype of B. alba (OSC81203) is in poor condition and 
stored in an unknown liquid. Ascospores from sections prepared 
at BPI from the type collection measured 19–25 × 11–13 µm, 
longer than those reported in the original description and closer 
to spore sizes in the epitype. Peridial surface warts observed 
on the type specimen measured 100 × 200 µm, dimensions 
consistent with the epitype. 

Balsamia cascadensis D. Southw., J.L. Frank & Castellano, sp. 
nov. MycoBank MB822496. Fig. 3.

Etymyology: Named for the Cascade Range in southern Oregon.

Diagnosis: Peridium of red-brown warts sometimes covered 
with white hyphae to which soil particles adhere. Balsamia 

cascadensis is distinguished by narrow spores (mean width, 11.6 
µm; Q = 2.1) from all other Balsamia species except B. lazyana, 
which has even narrower spores (mean width = 10.1 µm).

Holotype: USA, Oregon, Jackson Co., Bureau of Land Management, 
Cascade-Siskiyou National Monument, Chinquapin Mtn., T39S 
R3E section 35, 42°8.3′N 122°26.0′W, 1860 m, under Abies 
concolor, 17 Jun. 2010, C. Reha (OSC151392), GenBank accession 
number ITS: KF983483.

Ascomata sequestrate, subglobose, 7–12 × 5–12 mm; warts brown 
110–160 × 200–360 µm, rounded to pointed; with white hyphae 
between or over warts with adhering soil particles, thus the surface 
appears “dirty white;” gleba white, chamber walls pressed together. 
Peridium wart surface partially covered with white mycelium 
comprised of loosely woven, branched, hyaline hyphae 5–6.5 μm 
wide, lacking clamp connections, but bulging on either side of 
septum; or hyaline hyphae, 2.5–3 µm wide, with clamp connections 
and encrusted walls; or brown hyphae, 5 µm wide, smooth, with 
clamp connections. Warts of 4–6 layers of reddish brown cells, 
radially elongate, 18 × 22 µm, with walls 4 µm thick, intergrading to 
radially elongated yellow to hyaline cells, 20–22 × 10–12 µm, with 
walls 1 µm thick. Gleba hyphae branched, loosely interwoven, 4–7 
µm wide; chambers lined with a palisade of paraphyses 110–120 × 
2–8 μm. Asci hyaline, obovoid, 29 × 50 µm, 8-spored. Ascospores 
hyaline, smooth, ellipsoid to nearly cylindric, 23.7 × 11.6 (21–27 × 
11–13.5) µm, Q = 2.1 (1.6–2.3); 1–3 guttules.

Habit, habitat, and distribution: Hypogeous under Abies 
concolor, Pinus jeffreyi, or Quercus garryana, southern Oregon 
mountains.

Additional materials examined: USA, Oregon, Jackson Co., Bureau of 
Land Management, Cascade-Siskiyou National Monument, Chinquapin 
Mtn., T39S R3E section 35, 42°8.3′N 122°26.0′W, 1860 m, under Abies 
concolor, 17 Jun. 2010, C. Hill (OSC151391), GenBank accession number 
ITS: JN022501; Josephine Co., Bureau of Land Management, Grants 
Pass Resource Area, French Flat, T40S R8W, section 15, NAD83 N447555 
E4660130, alt. 450 m, under Pinus ponderosa, Quercus garryana, 29 
May 2011, D. Southworth 1832 (OSC151390).

Commentary: Balsamia cascadensis is morphologically similar to 
B. alba with a white hyphal coating that is “dirty white”. However, 
ITS sequences support its separation as a new species. The 
diverse nature of the white hyphae on the peridium supports 
the interpretation that the white mycelium is a parasitic fungus 
or group of fungi. Two of the hyphal types resembled those 
seen on B. alba at the type locality. In addition, there was a 
third hyphal type (brown with clamp connections). Attempts to 
sequence alien mycelia were not successful.

Balsamia filamentosa Harkn., Proc. Calif. Acad. Sci. Bot. 1: 264. 
1899, emend. D. Southw., J.L. Frank & Castellano, Fig. 4.

Diagnosis: Balsamia filamentosa is similar to B. magnata, but 
with warts slightly wider, more rounded, and browner, and with 
slightly larger spores (25.6 × 12.8 µm; Q = 2.0) than B. magnata 
(24.5 × 12.1 µm; Q = 2.0). Balsamia filamentosa differs from B. 
limuwensis which has shorter and narrower spores (24.1 x 12.1 
µm; Q = 2.0) and from B. setchellii which has slightly shorter 
spores with a wider aspect (24.6 x 13.1 µm; Q = 1.9).
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Isotype: USA, California, Placer Co., Auburn, under Heteromeles 
arbutifolia, Feb. 1898, H.W. Harkness 236 (OSC157736).

Epitype: USA, California, Placer Co., Auburn State Recreation 
Area, Old Foothill Blvd. at Mammoth Bar OHV Area, downhill 
from main road near fence line, 38°55.3′N 121°0.9′W, 280 m, 

under Ceanothus, Pinus ponderosa, P. sabiniana, 11 Dec. 2016, 
M. Castellano (designated here OSC157716, MBT381871), 
GenBank accession number ITS: KY706388.

Original type description (Harkness 1899, p. 265): “Large, 
oblong or irregularly globose, color ferruginous brown; densely 

Fig. 3. Balsamia cascadensis. A. Dried ascoma showing peridial surface partially covered by white alien mycelium (holotype; OSC 151392). B. Peridium 
showing outer wart layer and inner peridial layer (OSC 151390). C. Peridium showing outer wart layer covered by alien hyphae, and inner peridial 
layer (OSC 151392). D. Paraphyses lining glebal cavity (OSC 151392). E. Ascospores (OSC 151390). Bars A = 5 mm, B = 25 µm, C-–E = 10 µm.
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verrucose; gleba filamentous; veins irregular; parenchyma 
pellucid; asci ellipsoid, markedly stipitate, 42 × 24 μ; spores 
cylindrical, having two to three oil globules, 18 × 12 μ. The oil 
globules disappear from view when placed in a medium denser 
than that of water”.

Emended description: Ascomata sequestrate, subglobose, 10 × 
10–30 mm, invaginated at apex; peridial warts reddish brown 
to brown; warts rounded, sometimes ribbed, 80–100 × 200–520 
µm; gleba white, chamber walls appressed; a few appressed 
channels open through the peridium (venae externae) at the 

Fig. 4. Balsamia filamentosa. A. Ascoma showing peridial surface, gleba, and peridium in section (epitype; OSC 157716). B. Parasitized ascoma 
showing peridial surface, gleba and peridium (OSC 157717). C. Peridium with outer wart layer with red-brown outer cells and hyaline inner cells (OSC 
131291). D. Peridial surface showing wart arrangement (OSC 157713). E. Immature asci (OSC 131291). F. Ascospores (OSC 157713). Bars A–B = 10 
mm, C = 50 µm, D = 300 µm, E = 30 µm, F = 10 µm.
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invaginations. Peridium outer pigmented layer 2–4 cells thick, 
of brown, isodiametric cells, 20–25 µm wide, or elongate cells, 
33 × 15 µm, with walls 2–4 (–6.5) µm thick; occasional surface 
cells protrude as pointed cystidium-like cells, up to 25 µm from 
peridial surface, with walls 1 µm thick; outer pigmented layer 
intergrades to an inner hyaline layer of isodiametric cells, 10–15 
µm wide or elongate cells 25–33 × 11–17 µm, with walls 1 µm 
thick, with scattered brown cells, up to 27 µm wide, with walls 2 
µm thick. Gleba of branched, interwoven hyphae, 4–5 µm wide; 
when immature, chambers lined with paraphyses, up to 66 µm 
long; at maturity, opposing chamber walls pressed against each 
other. Asci hyaline, ellipsoid to citriform, 55–65 × 30–35 µm, 
8-spored, with walls 1 µm thick. Ascospores hyaline, smooth, 
ellipsoid, 25.6 × 12.8 (24–28 × 11.5–14.5) µm, Q = 2.0 (1.6–2.4), 
containing 1–3 guttules.

Habit, habitat, and distribution: Hypogeous in mixed conifer-
hardwood stands with Arbutus menziesii, Pinus ponderosa, P. 
sabiniana, Pseudotsuga macrocarpa, Ps. menziesii, Quercus 
douglasii, Q. kelloggi, and Q. wislizeni in foothills of the Sierra 
Nevada and Klamath Mountains in California and in the Pinal 
Mountains of Arizona.

Additional materials examined: USA: Arizona, Gila Co., Pinal Mountains, 
Signal Peak, 2135 m, under Arctostaphylos, Pseudotsuga macrocarpa, 
P. menziesii, 8 Mar. 1991, J.M. Trappe 11706 (OSC49779), GenBank 
accession number ITS: KU170030; California, Los Angeles Co., Angeles 
National Forest, Upper Shake campground, under Pseudotsuga 
macrocarpa, Quercus, 14 Mar. 1993, K. Schaffroth (OSC131291), GenBank 
accession number ITS: KM115877; Placer Co., Auburn State Recreation 
Area, Old Foothill Blvd. at Mammoth Bar OHV Area, downhill, 38°55.3'N 
121°0.9'W, 350 m, under Ceanothus, Pinus ponderosa, P. sabiniana, 11 
Dec. 2016, M. Castellano (OSC157713), GenBank accession number ITS: 
KY706386, something is missing here (OSC157717); along Foothill Blvd. 
0.8 km from Upper Lake Clementine Day Use area, at trailhead entering 
meadow, 540 m, under Ceanothus, Pinus sabiniana, Pseudotsuga 
menziesii, Quercus, 11 Dec. 2016, M. Castellano (OSC157710), GenBank 
accession number ITS: KY706383; San Diego Co., Fry Creek campground 
near Palomar observatory, 1585 m, under Pinus, Quercus, 3 Mar. 1990, 
G. Menser (OSC130677); Trinity Co., Shasta-Trinity National Forest, Hwy 
299 west of Willow Creek, Burnt Ranch roadside west of Weaverville, 
10 Dec. 2014, S. Loring, L. Sims,(OSC149794); Yuba Co., Sierra Research 
Station, near Englebright Reservoir, Koch Natural Area, 685 m, under 
Pinus sabiniana, Quercus douglasii, Q. wislizeni, 5 Feb. 2002, M.E. 
Smith SRC396 (OSC80893), GenBank accession number ITS: KU170028; 
Oregon, Douglas Co., Azalea exit I-5, under Pseudotsuga menziesii, 26 
Nov. 1996, M. Amaranthus (OSC131299); Josephine Co., 605 m, under 
Arbutus menziesii, Pseudotsuga menziesii, Quercus kelloggii, 13 Dec. 
2009, S. Loring 5470 (OSC140476), GenBank accession number ITS: 
KP859277.

Commentary: Balsamia filamentosa, B. limuwensis, and 
B. setchellii form a species complex distinguished by ITS 
sequences. Morphological separation of these species 
requires measurements of at least 20 spores to get average 
spore dimensions with which to compare species. In original 
descriptions (Harkness 1899, Fischer 1907), spore lengths given 
for B. filamentosa (18 × 12 µm) were shorter than those given 
for P. setchellii (21–28 × 10–12 µm). However, spore dimensions 
given for B. filamentosa were similar to those for B. magnata, 
which were also shorter than those of modern collections 
(Harkness 1899). Thus the Harkness spore measurements 

appear imprecise. Morphological characters combined with 
ITS barcodes (Fig. 1) supported the distinction between B. 
filamentosa and B. magnata made by Harkness (1899) and 
rejected the synonymy of B. filamentosa with P. magnata as 
proposed by Gilkey (1916).

Balsamia latispora D. Southw., J.L. Frank & Castellano, sp. nov. 
MycoBank MB807885. Fig. 5.

Etymology: Lati (Latin) = wide + spora, referring to the relatively 
wide spores.

Diagnosis: Balsamia latispora is distinguished by low warts and 
broad spores, 13.7 (11.5–15.5) µm wide, and the lowest length-
to-width ratio (Q = 1.7) of any Balsamia species in western North 
America.

Holotype: USA, Oregon, Jefferson Co., Deschutes National 
Forest, Jack Creek headwaters, 44°29′ N 121°42′ E 940 m, under 
Abies grandis, 21 May 1998, B. Fondrick, T. O’Dell (OSC66585), 
GenBank accession numbers ITS: EU837226, KF983487.

Ascomata sequestrate, subglobose, irregularly lobed and 
invaginated 7–10 × 10–25 mm; peridial warts red to reddish-
brown, flat to rounded, 100–250 tall × 750 µm, some tripartite; 
pale reddish between warts; gleba white to pale yellow; 
chambers mostly laterally compressed, partly open, occasional 
chambers open to exterior in deep invaginations. Peridium wart 
surface uneven with rounded cells or pointed cystidium-like 
cells, 15 ×18 µm; wart outer layer 2–3 cells thick, of brown cells, 
15–20 µm wide, with walls 2–3 µm thick, grading into hyaline 
cells, 15–30 µm wide, with walls 1 µm thick; space between 
warts with 1–2 pigmented cell layers over 1–2 hyaline inflated 
cell layers, subtended by a layer 30–40 µm thick of isodiametric 
cells, 4–6 µm in wide, grading into the trama. Gleba of interwoven 
hyphae (textura intricata), 4–6 µm wide; chambers lined with a 
weft of irregularly branched, septate hyphae, 3–5 µm wide. Asci 
hyaline, subglobose to citriform, 45 × 35 µm, 8-spored, stalked. 
Ascospores hyaline, smooth, ellipsoid, 22.0 × 13.1 (19–25.5 × 
11–15.5) µm, Q = 1.7 (1.5–2.0), containing one guttule.

Habit, habitat, and distribution: Hypogeous under Abies 
grandis, A. x shastensis, A. procera, Pinus jeffreyi, P. ponderosa, 
Pseudotsuga macrocarpa, Ps. menziesii, Quercus garryana, 
and Q. kelloggii, widespread from the Sierra Nevada range in 
southern California through the Klamath Mountains in California 
and Oregon, and the central Cascade Range of Oregon and in 
Canada.

Additional materials examined: USA, California: El Dorado Co., Ice 
House Resort, 1645 m, under Pseudotsuga menziesii, 15 May 1990, C. 
Thayer (OSC49763), GenBank accession number ITS: KU170033; Placer 
Co., Auburn Dec. c. 1898, H.W. Harkness 214b (OSC157742); under 
Ceanothus, in sandy soil, Dec. 1898, H.W. Harkness 220b (OSC130980); 
Placer Co., Auburn, among shrubs under vegetable mould, Dec. 1898, 
H.W. Harkness 222 (OSC157743); west of Yuba Gap I-80 exit 160, 
39°18.6’N 120°37.8'W, 1920 m, under Abies concolor, Pinus jeffreyi, 
P. ponderosa, Quercus, 27 June 1996, M. Castellano (OSC131298); 
Riverside Co., Hwy 74 at McGaugh Rd., under Pseudotsuga macrocarpa, 
Quercus agrifolia, Q. dumosa, Q. wizlizeni, 24 May 2011, A. Mujic 
CA11-021 (OSC148026), GenBank accession number ITS: MF098665; 
San Bernardino Co., San Bernardino Mountains, Camp Seeley, under 
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Pinus ponderosa, Pseudotsuga macrocarpa, Quercus chrysolepis, 29 
May 1983, D. Hayward (OSC130676), GenBank accession number ITS: 
KU170032; Shasta Co., Whiskeytown National Recreation Area, T32N 
R7W section 25, under Pinus attenuata, Quercus kelloggii, 11 Mar. 2008, 
J.L. Frank, Southworth 1161 (OSC157733); (OSC157732); (OSC157730); 

(OSC157731); 14 Apr. 2008, J.L. Frank, (OSC157734); Sierra Co., 
Plumas National Forest, San Francisco State University field campus, 
Hwy 49, under Abies concolor, A. magnifica, 15 Jun. 1984, Y. Wang 
(OSC130672), GenBank accession number ITS: KU170036; Wild Plum 
campground, before bridge near entrance downhill towards main road, 

Fig. 5. Balsamia latispora. A. Ascomata showing peridial surface, gleba, and peridium in section (OSC 157702). B. Ascoma in section showing peridium 
and gleba (OSC 157702). C. Peridial surface showing wart arrangement (OSC 157702). D. Peridial outer warty layer (OSC 131289). E. Ascospores 
(holotype; OSC 66585). Bars A = 10 mm, B = 1 mm, C = 250 µm, D = 30 µm, E = 20 µm.
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39°34.1'N 120°36.2’W, 1355 m, under Abies concolor, Pseudotsuga 
menziesii, Quercus kelloggii, 13 Jun. 1987, M. Amaranthus (OSC48551), 
GenBank accession number ITS: KU170037; Tahoe National Forest, 
Yuba Pass campground, 2045 m, under Abies concolor, A. magnifica, 
Pinus contorta, 9 Jun. 1987, M. Castellano (OSC48552); Siskiyou Co., 
Klamath National Forest, Carter Meadows summit 1890 m, under Abies 
concolor, A. magnifica var. shastensis, 1 Oct. 1983 J.M. Trappe 7574 
(OSC131289), GenBank accession number ITS: KF983486; Shasta-Trinity 
National Forest at Harris Springs Fire Station, 41°27.4'N 121°47.1'W, 
1510 m, under Abies concolor, P. ponderosa, 18 May 2016, M. 
Castellano (OSC157705); along Forest Service road 15, 1 km from upper 
entrance to Harris Springs campground, north side of road, 41°28.1'N 
121°46.9'W, 1565 m, under Abies concolor, Pinus lambertiana, P. 
ponderosa, 18 May 2016, M. Castellano (OSC157701), GenBank 
accession number ITS: KY706377; (OSC157702), GenBank accession 
number ITS: KY706378; (OSC157703), GenBank accession number ITS: 
KY706379; (OSC157706); (OSC157707); (OSC157738); (OSC157704), 
GenBank accession number ITS: KY706380; Oregon, Deschutes Co., 
Cold Springs campground, under Pinus ponderosa, 7 May 1970, J.M. 
Trappe 2165 (OSC130671); 15 June 1975, R. Fogel 1165 (OSC157741); 
Douglas Co., Umpqua National Forest, Demonstration site, Watson 
Falls block, T27S R3E section 2, 43°14.8'N 122°26.1'W, 945 m, under 
Abies concolor, Pseudotsuga menziesii, 14 May 1996, D. Luoma 8831 
(OSC123230); D. Luoma 8852 (OSC123232); Dog Prairie block, T27S 
R4E section 26, 43°11.7'N 122°18.9'W, 1585 m, under Abies procera, 
Pseudotsuga menziesii, 28 May 1996, D. Luoma 8894 (OSC123235); 
Jackson Co., west of Brown Mountain, 42°21.3'N 122°22.7'W, 1705 m, 
under Abies concolor, Pinus ponderosa, Pseudotsuga menziesii, June 
1997, D. Laury (OSC80116), GenBank accession number ITS: KU170035; 
(OSC62003), GenBank accession number ITS: KU170034; China Gulch, 
under Pseudotsuga menziesii, Quercus garryana, 26 Jan. 2011, C. Reha 
(OSC151399), GenBank accession number ITS: KF983485; Jefferson Co., 
Riverside Campground, 16 km west of Sisters, 44°26.7'N 121°38.1'W, 
under Pinus ponderosa, Pseudotsuga menziesii, 28 May 2009, M. 
Castellano (OSC149004); Wasco Co., 5 km west of Pine Grove, under 
Pinus ponderosa, Quercus garryana, 2 May 1969, J.M. Trappe 1828 
(OSC27826).

Commentary: Sequences of the ITS separated the western North 
American species B. latispora from the European species B. 
platyspora, which also has broad spores. Balsamia platyspora 
was described as “globose, about the size of a horse-bean, 
rufous, with the interstices of the minute warts of a light yellow 
tint, from the exposure of the internal substance. Cells minute, 
sporidia at first oblong-elliptic with a large globose nucleus and 
a number of minute granules” (Berkeley 1844). Dimensions of 
B. platyspora spores have been reported as 20–24 µm, Q = 1.6–
1.7 (Montecchi & Sarasini 2000) and 21–26 × 13–15 µm, Q = 
1.5–1.7 (Pegler et al. 1993). Two California collections identified 
by Harkness as B. platyspora (H222) and B. polysperma (H220b) 
have similar ascospores [20–24 × 9–11(–13) µm and 21 × 13 µm, 
respectively], minute warts, and chambers and canals partly 
filled with paraphyses suggesting that these collections are B. 
latispora. 

Balsamia latispora may be a species complex. However, 
the difference in base pairs among branches is not consistently 
> 2 %. Thus there is not sufficient support within B. latispora to 
merit splitting.

Balsamia lazyana Trappe, D. Southw. & Amaranthus, sp. nov. 
MycoBank MB807880. Fig. 6A–D.

Etymology: lazyana refers to the type locality, the Lazy A Ranch 
in the Applegate Valley near Grants Pass, Oregon.

Diagnosis: The combination of minute warts, open glebal 
chambers, and narrow spores (Q = 2.3) distinguishes B. lazyana 
from other Balsamia species.

Holotype: USA, Oregon, Josephine Co., Ruch, 12108 North 
Applegate Rd., Missouri Flat, Lazy A Ranch 42°19′N 123°15′W, 
under Pinus ponderosa and Pseudotsuga menziesii, 30 Nov. 1996, 
M. Amaranthus (OSC130670), GenBank accession numbers ITS: 
KF983488, KM115879.

Ascomata sequestrate, irregularly lobed to indented and reniform, 
6–11 × 4–5 mm; peridial warts orange-red to reddish-brown, 
reddish between warts, flat or rounded to acute, 250–400 µm 
wide × 300 µm tall, often compound with 3–4 sections; surface 
of immature specimens mostly smooth with widely spaced warts, 
100 x 100 µm; gleba white to pale tan; chambers open, 0.5–1 
mm wide narrowing at maturity; chamber openings to exterior 
rare. Peridium wart surface uneven with rounded cells, 25 × 30 
µm (Fig); wart outer layer of reddish-brown cells, 2–3 cells thick, 
wide, with walls 2–4(–9) µm thick, spheroidal to elongate, grading 
into yellow to hyaline, isodiametric cells, 25–30 µm, with walls 
1 µm thick; inner layer of interwoven, hyaline hyphae, 10 µm 
wide, with walls 1 µm thick, grading into gleba matrix. Gleba of 
densely interwoven hyphae (textura intricata), 3–4 µm wide; 
chambers lined with a palisade of uniseriate paraphyses, 3–4 × 
50 µm, with rounded or clavate tips; paraphyses tightly aligned 
in immature specimens becoming disorganized at maturity. Asci 
hyaline, elongate to citriform, 60 × 40 µm, stalked up to 20 µm 
long, 8-spored. Ascospores hyaline, smooth, ellipsoid, 23.5 × 10.1 
(19.5–27 × 8–11.5) µm, Q = 2.3 (2.0–2.7), 1(–3) guttules.

Habit, habitat, and distribution: Hypogeous under variously 
mixed conifer-hardwoods: Arbutus menziesii, Arctostaphylos, 
Pinus ponderosa, Pseudotsuga menziesii, Quercus garryana, and 
Q. kelloggii.

Additional materials examined: USA, California, Sonoma Co., Lake 
Ralphine, under Arctostaphylos, 20 Mar. 1977, R. Heblack (OSC131292); 
Oregon, Josephine Co., north of Selma, under Quercus kelloggii, 26 Oct. 
1971, J.M. Trappe 2969 (OSC130665); Ruch, 12108 North Applegate 
Rd., Missouri Flat, Lazy A ranch, 415 m, under Arbutus menziesii, Pinus 
ponderosa, Pseudotsuga menziesii, Feb. 1988, D. Parrish (OSC48654); 
under Arbutus menziesii, Pseudotsuga menziesii, 24 Mar. 1991, D. 
Arthur (OSC130668); under Pinus ponderosa, Pseudotsuga menziesii, 
Quercus garryana, 25 Jan. 1990, M. Amaranthus (OSC130667); 20 Mar. 
1996, M. Amaranthus (OSC130669), GenBank accession number ITS: 
KM115878.

Commentary: Balsamia lazyana has the narrowest spores (mean 
width 10.1 µm; Q = 2.3) of any North American Balsamia species. 
Balsamia cascadensis is closest in spore width to B. lazyana but 
has spores that are significantly wider (mean width 11.6 µm).

Balsamia limuwensis D. Southw., J.L. Frank & Castellano, sp. 
nov. MycoBank MB815758. Fig. 6E–F.

Etymology: Limuw, the Native American Chumash name for 
Santa Cruz Island.
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Diagnosis: Balsamia limuwensis (spore mean = 24.1 x 12.1 µm) 
is similar to B. filamentosa (spore mean = 25.6 x 12.8 µm) and B. 
setchellii (spore mean = 24.6 x 13.1 µm) but differs from them in 
slightly shorter and narrower spores.

Holotype: USA, California, Santa Barbara Co., Santa Cruz Island, 
34°01'N, 119°46’W, 150 m, associated with Pinus muricata and 
Quercus, Mar. 2001, L. Grubisha 1115 (OSC130981), GenBank 
accession number ITS: KU170027.

Fig. 6. Balsamia lazyana (A–D; holotype; OSC 130670) and B. limuwensis (E–F; holotype; OSC 13098). A. Dried ascoma showing peridial surface, gleba, 
and peridium in section. B. Peridial surface showing wart arrangement. C. Peridial outer wart layer. D. Ascospores. E. Peridial surface with warts. F. 
Ascospores. Bars A = 5 mm, B = 400 µm, C = 30 µm, D = 10 µm, E = 200 µm, F = 10 µm.
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Ascomata sequestrate, subglobose, 10 × 10–20 mm, invaginated 
at apex; peridial warts reddish-brown to brown, yellow-brown 
to brown between warts; warts rounded to obtusely pointed, 
75–150 × 230–380 µm; gleba white, chambers closed, chamber 
walls appressed. Peridium outer pigmented layer 2–4 cells thick, 
of brown, isodiametric cells, 20 µm wide, with walls 2–4 µm 
thick, some cells radially aligned; sparse, pointed cystidium-
like cells on surface, ±8 µm wide at base, protruding up to 25 
µm from surface, with walls 1 µm thick; inner layer of hyaline, 
isodiametric cells, 10–15 µm wide, with walls 1 µm thick; with 
scattered brown cells, up to 27 µm wide, with walls 2 µm thick. 
Gleba composed of loosely interwoven hyphae surrounding 
asci and extending into chambers as paraphyses, 3–5 µm wide, 
some branched. Asci hyaline, citriform to ovoid, 27–32 × 48–58 
µm, 8-spored. Ascospores hyaline, smooth, ellipsoid, 24.1 × 12.1 
(20–31 × 10–14.5) µm, Q = 2.0 (1.7–2.4); 1–3 guttules. 

Habit, habitat, and distribution: Hypogeous under Pinus 
muricata, Pinus spp., or Quercus agrifolia and other low elevation 
coastal Quercus spp., at low elevations in coastal California.

Additional materials examined: USA, California, Marin Co., Inverness, 
150 m, under Quercus, 13 Feb. 1989, C. Thayer (OSC49229), GenBank 
accession number ITS: KU170029; Santa Barbara Co., Santa Cruz Island, 
Pelican Bay, under Pinus, Quercus, 18 Jan. 2002, J.M. Trappe 28212 
(OSC130713).

Commentary: ITS sequences support the separation of this 
species from B. filamentosa and B. setchellii. 

Balsamia magnata Harkn., Proc. Calif. Acad. Sci. Bot. 1: 264. 
1899, emend. D. Southw. & Castellano, Fig. 7.
Synonym: Pseudobalsamia magnata (Harkn.) Gilkey, Univ. Calif. 
Publ. Bot. 6: 292. 1916.

Diagnosis: Red-brown, relatively large pointed warts, often 
appearing compound (tripartite) and longitudinally ribbed. 
Ascospores 20–28.5 × 10–14.5 µm; Q = 1.7–2.4.

Isotype: USA, California, Placer Co., Auburn, in forests, May ca. 
1898, Harkness 185 (OSC 81168).

Epitype: USA, Oregon, Jackson Co., Bureau of Land Management, 
Wellington Butte 2 km below saddle, 42°17.65’N, 123°5.20’W, 
840 m, under Quercus kelloggii, 7 May 2010, C. Reha, D. 
Southworth 1386 (designated here OSC151397, MBT381872), 
GenBank accession number ITS: KF983478.

Original type description (Harkness 1899, p. 264): Subglobose, 
densely verrucose, 2.5 cm in diam., color orange red; cavity 
gyrose; gleba white, firm; asci subovate, 8-spored, 50 × 38 µ; 
spores cylindrical, containing from one to three oil globules, 18 
× 8 µ”. 

Emended description: Ascomata sequestrate, subglobose to 
irregularly lobed, often deeply invaginated, 8–20 × 6–10 mm; 
peridial warts reddish-brown, pale reddish-brown between 
warts; acutely to obtusely pointed, 150–300 × 250–500 µm, 
often compound of 3–5 segments and longitudinally ribbed; 
gleba white when fresh, immature gleba becomes brown when 
dry; chamber walls appressed, some opening to the exterior 

in deep folds. Peridium warty pigmented outer 2 to 4 layers 
of reddish-brown cells, 10 × 15 µm, with walls 4–8 µm thick, 
sometimes radially elongate; grading into a hyaline layer four 
cells thick, cells 10 × 15 µm, with walls 4 µm thick, then to an 
inner layer of interwoven hyphae, up to 10 µm wide, with walls 1 
µm thick. Gleba of pseudoparenchyma (textura angularis) with 
cells 12–20 µm wide, grading to tightly to loosely interwoven 
hyphae (textura intricata), 4–6 µm wide; chambers lined with 
branched paraphyses, 3 µm wide × 60–100 µm long. Asci 
hyaline, obovate, 60–70 × 30–40 µm, with stalk 5 µm wide × 
25 µm long with a swollen base, 8-spored. Ascospores hyaline, 
smooth, ellipsoid 24.5 × 12.1 (20–28.5 × 10–14.5) µm, Q = 2.0 
(1.7–2.4), 1(–3) guttules.

Habit, habitat, and distribution: Hypogeous commonly under 
Pseudotsuga menziesii, but also in conifer-hardwood forests: 
Abies concolor, Alnus, Arbutus menziesii, Pinus coulteri, P. 
contorta var. contorta, P. jeffreyi, P. muricata, P. ponderosa, P. 
sabiniana, and Quercus agrifolia, Q. chrysolepis, or Q. kelloggii, 
widespread in mountains of the PNW, California, Montana and 
Arizona.

Additional materials examined: USA, Arizona, Coconino Co., Kaibab 
Plateau, Jacob Lake, under Pinus ponderosa, 6 June 1981, J. States 
(OSC40562); California, Butte Co., near Inskip, 1370 m, under Abies 
concolor, Pseudotsuga menziesii, Quercus kelloggii, 16 June 1980, R. 
Molina (OSC131286); El Dorado Co., University of California, Blodgett 
forest, in mixed forest, 6 May 1983, J.M. Trappe 7297 (OSC131288); 
Fresno Co., Sierra National Forest, Ross Creek Drainage, Turtle Creek, 
36°54'N 119°6’W, 1465 m, under Abies concolor, Pinus lambertiana, 
P. ponderosa, 25 June 1997, B. Feno 13 (OSC130693); Los Angeles 
Co., Angeles National Forest, Angeles Forest Hwy milepost 14.21, 
Baughman Spring, 34°21.4'N 118°6.6’W, 1210 m, under Pinus coulteri, 
Populus, 24 Apr. 1996, M. Castellano (OSC130692); near Upper Shake 
campground, under Pseudotsuga macrocarpa, Quercus, 18 Apr. 1993, 
M. Castellano (OSC130687); Marin Co., Mill Valley, N.L. Gardner, Gilkey 
1190 (OSC130977, UC46); 28 Dec. 1902, W. Setchell (OSC130982, 
UC33); Mariposa Co., Yosemite National Park, 26 June 2006, M. Meyer, 
M.E. Smith 691 (FLAS-F-58858); Mendocino Co. Mendocino National 
Forest, Croney Ridge 1340 m, under Abies concolor, Pinus ponderosa, 
Pseudotsuga menziesii, Quercus kelloggii, 8 May 2014, N. Siegel, J.L. 
Frank 3324, GenBank accession number ITS: KU170038; Napa Co., 
Pope Valley, Cleary Reserve, under Pinus, Quercus, 19 Dec. 1967, D. 
Largent 3490 (OSC157737); Placer Co., Auburn, H.W. Harkness 221b 
(OSC157739); under shrubby thickets, Dec. 1898, H.W. Harkness 
231; Wire Bridge, under Ceanothus, May c. 1898, H.W. Harkness, 185 
(OSC81168 – isotype); Plumas Co., Lassen National Forest, Jennie 
Springs Study site, 40°24.2’N 121°5.3'W, 1850 m, under Abies concolor, 
9 June 1994, J. Waters (OSC58431); 14 June 1994, J. Waters (OSC58456); 
Riverside Co., San Bernardino National Forest, Hwy 243, milepost 
15.50, under Arctostaphylos, Pinus attenuata, P. coulteri, Quercus 
agrifolia, 24 Apr. 1995, M. Castellano (OSC61547); San Francisco 
Co., sand dunes, under Ceanothus, 23 Mar. 1905, N.L. Gardner, H.W. 
Harkness 280 (OSC130979); Santa Clara Co., Alma, Tevis Ranch, under 
Pinus, 14 Jan. 1921, H.E. Parks (OSC146628); Shasta Co., I-5 Exit 707 in 
median strip, headed north, at state transportation property turnoff, 
40°56.2’N 122°25.1'W, 395 m, in disturbed soil and gravel and under 
Pinus ponderosa, Pseudotsuga menzeisii, 12 Dec. 2016, M. Castellano 
(OSC157718), GenBank accession number ITS: KY706389; Stanislaus 
Co., Minnear Camp, Del Puerto Creek rd., milepost 11.8, under Pinus 
sabiniana, Quercus wislizeni; 28 Mar. 1985, D. Luoma (OSC46919); 
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(OSC131290); Tuolomne Co., Stanislaus National Forest, Evergreen Rd., 
1370 m, under Pinus ponderosa, 28 Apr. 1991, C. Thayer (OSC130691); 
Montana, Gallatin Co., Bozeman, Wiegand Garden, 30 June 1958, F.B. 
Cotner (OSC146631); Oregon, Benton Co., Oregon State University 
McDonald Forest, Soap Creek, 215 m, under Pseudotsuga menziesii, 8 

Jan. 1983, D. Grandorff, R. Housen (OSC41111); Oak Creek gate, 180 
m, under Pseudotsuga menziesii, 18 Apr. 1976, B. Ames (OSC130724); 
under Pseudotsuga menziesii, 14 Nov. 1982, P. Rawlinson (OSC131287); 
Philomath, Evergreen Rd., under Pseudotsuga menziesii, 4 Jan. 1992, 
F. Morris (OSC56611); Columbia Co., Scappoose, 105 m, under Alnus, 

Fig. 7. Balsamia magnata. A. Ascomata showing peridial surface, gleba, and peridium in section (OSC 56611). B. Peridial surface showing wart 
arrangement (OSC 130724). C. Peridium showing outer wart layer and inner peridial layer (OSC 130724). D. Glebal opening with scattered hyphae 
(OSC 131286). E. Immature ascus with stipitate base and capitate apex (OSC 130724). F. Ascospores (OSC 151395). Bars A = 10 mm, B = 500 µm, C = 
15 µm, D = 25 µm, E = 20 µm, F = 25 µm.
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Pseudotsuga menziesii, 8 Nov. 1969, H & R Oswald (OSC130663), 
GenBank accession number ITS: KF983480; west of Scappoose, 105 
m, 29 Oct. 1971, D. & C. Goetz, H. & R. Oswald (OSC131235); near 
Scappoose, 105 m, 20 Oct. 1972, H. & R. Oswald (OSC131237); Douglas 
Co., Bureau of Land Management, Beatty Creek Research Natural Area, 
near reference point 51050, under Arbutus menziesii, Pinus jeffreyi, 26 
Oct. 1997, J.M. Trappe 21422 (OSC61685); under Pseudotsuga menziesii, 
24 Nov. 1997, G. Palfner (OSC60785); (OSC60841); upper Beatty Creek, 
under Arbutus menziesii, Pinus jeffreyi, 26 Oct. 1997, J.M. Trappe 
21442 (OSC61680); North Bank Habitat Management Area, under Abies 
grandis, Pseudotsuga menziesii, Tsuga heterophylla, 2 Dec. 1997, J.M. 
Trappe 22328 (OSC61681); Jackson Co., Butte Falls R32S T2E sec20, 
under Quercus garryana, 9 Apr. 2015, S. Loring 13911 (OSC149590); 
Cascade-Siskiyou National Monument, Mariposa Reserve, under Pinus 
ponderosa, Pseudotsuga menziesii, Quercus garryana, 8 June 11, J.L. 
Frank (OSC151398), GenBank accession number ITS: KF983477; Cove 
Rd., under Pseudotsuga menziesii, Quercus garryana, 10 June 2011, 
D. Southworth 1860 (OSC151395), GenBank accession number ITS: 
KF983481; Heppsie Mountain, under Abies concolor, 1 June 2010, J.D. 
Scelza (OSC151394); Phoenix, 42°15.6’N 122°53.3'W, 625 m, under 
Arbutus menziesii, Quercus, D. Laury (OSC81162); Josephine Co., Deer 
Creek Center, under Pinus ponderosa, Quercus garryana, 7 Jan. 2007, 
S. Gladish (OSC151396); Ruch, 12108 North Applegate Rd., Missouri 
Flat, Lazy A ranch, 415 m, under Arbutus menziesii, Pseudotsuga 
menziesii, 4 Jan. 1987, D. Parrish (OSC48655); 2 Dec. 1995, D. Arthur 
(OSC49789); 24 Mar. 1991, J.M. Trappe 17560 (OSC55429); Lane Co., 
Willamette National Forest, H.J. Andrews Experimental Forest, stand 
L104, 44°13.5’N 122°12’W, 625 m, under Pseudotsuga menziesii, Tsuga 
heterophylla, 21 May 1992, D. Luoma 1181 (OSC56959); Winberry 
Park, under Cornus, Pseudotsuga menziesii, 23 Dec. 1973, H. & B. Pruitt 
(OSC40204); under Pseudotsuga menziesii, 24 Dec. 1975, H. Pruitt 
(OSC131285); Fall Creek Dam, under Pseudotsuga menziesii, mixed 
forest, 2 Dec. 1971, H. & B. Pruitt (OSC131236); Linn Co., Brownsville, 
Kirk drive, 120 m, under Pinus, Pseudotsuga menziesii, 3 Dec. 1988, N. 
Wedam (OSC49120); Marion Co., Willamette National Forest, Detroit, 
under Pseudotsuga menziesii, Quercus garryana, 4 May 2011, J.L. Frank 
1943 (OSC15139), GenBank accession number ITS: KF983479; Polk Co., 
Silver Falls State Park, 5 Nov. 1926, S. Zeller 6994 (OSC146629); Wasco 
Co., Sunflower Flat, southeast of Bear Springs Ranger Station, 2970 m, 
under Pinus ponderosa, Quercus garryana, 3 May 1969, J.M. Trappe 
1827 (OSC27827); Yamhill Co., Yamhill River, Flying M Ranch, under 
Pseudotsuga menziesii, 2 Mar. 1985, H. Pavelek (OSC130674).

Commentary: Ascospores from the isotype (Harkness 185) 
measured 19–29 × 10–14.5 µm, Q = 1.4–2.0 and thus were larger 
than originally reported (18 × 8 µm) in an unknown mounting 
medium. Gilkey (1916, 1939, 1954) reported ascospore 
dimensions of 20–24 × 12–14 µm for the type collection. Warts 
from the type specimen measured 300–400 µm wide × 250–500 
µm tall. 

Balsamia nigrans Harkn., Proc. Calif. Acad. Sci. Bot. 1: 264. 1899, 
emend. D. Southw. & Castellano, Fig. 8.
Synonyms: Pseudobalsamia magnata var. nigrens (Harkn.) 
Gilkey, Univ. Calif. Publ. Bot. 6: 294. 1916.
Pseudobalsamia nigrens (Harkn.) Gilkey, North American Flora 
2: 18. 1954.

Diagnosis: Black to dark reddish brown peridium composed 
of warts that are 250–500 × 300–600 µm, pointed, often 
longitudinally ribbed. Spore means 25.4 × 13.2 µm, Q = 1.9.

Isotype: USA, California, Placer Co., Auburn, beneath Ceanothus, 
May, ca. 1898, Harkness 180 (OSC 38607). 

Epitype: USA, California, Fresno Co., Sierra National Forest, Ross 
Creek drainage, Turtle Creek, 36°57'N, 119°6’W, 1465 m, under 
Abies concolor, Pinus lambertiana, P. ponderosa, 25 Jun. 1997, 
L. Criley (designated here OSC130700, MBT381873), GenBank 
accession number ITS: EU669383.

Original type description (Harkness 1899, p. 264): “Medium, 
semiglobose, irregular, black, verrucose, warts with polygonal 
base; openings stellar, sometimes extending through the 
mass; cavities large and somewhat regular; gleba white, firm, 
crossed by white wavy lines. Asci semiglobose or ellipsoid, 
briefly stipitate, 8-spored, 48 × 32 µ; ascospores oblong-elliptic, 
guttulate, 26 × 12 µ”.

Emended description: Ascomata sequestrate, subglobose or 
irregularly lobed with deep or convoluted invaginations, 10–40 
× 9–20 mm; peridial warts black or dark reddish-brown, some 
with reddish-brown hyphal tufts at the apex, brown to black 
between warts; warts pointed, 300–600 µm wide × 250–500 
µm tall, often with longitudinal ribs. Gleba white when fresh 
becoming yellow when dry; chambers with white lining, open 
to appressed, some appressed chambers open to the exterior. 
Peridium wart surface uneven with rounded cells and scattered, 
pointed cystidium-like cells, 23–35 µm long, 10 µm at base; outer 
pigmented layer 4–8 cells thick, of brown cells, 20 × 30 µm, with 
walls 6 µm thick, grading to yellow to hyaline isodiametric cells, 
30 µm wide, with walls 1–4 µm thick, pigmented and hyaline 
cells radially aligned, especially under the wart apex; warts 
subtended by a textura angularis with cells 7–9 µm wide. Gleba 
of loosely interwoven hyphae (textura intricata), 4–6 µm wide; 
chambers lined with paraphyses, 60–65 µm long × 4 µm wide, 
arranged in a palisade when immature, becoming disordered 
when mature. Asci hyaline, globose to citriform, 50 × 30 µm, 
with walls 1.5 µm thick, stalked, 8-spored. Ascospores hyaline, 
smooth, ellipsoid, 25.4 × 13.2 (22–29 × 10.5–15.5) µm, Q = 1.9 
(1.5–2.5); one guttule. 

Habit, habitat, and distribution: Hypogeous under Abies 
concolor, Pinus attenuata, P. jeffreyi, P. lambertiana, P. 
ponderosa, P. sabiniana, Pseudotsuga macrocarpa, Ps. 
menziesii, Quercus chrysolepis, Q. garryana, Q. kelloggii, and Q. 
wislizeni; widespread in Sierra Nevada and Cascade Mountains 
and foothills.

Additional specimens examined: USA, California, Fresno Co., Sierra 
National Forest, Ross Creek Drainage, Turtle Creek, 36°54'N 119°6’W, 1465 
m, under Abies concolor, Pinus lambertiana, P. ponderosa, 25 Jun. 1997, 
K. Pendleton 15 (OSC130693); Teakettle Research Natural Area, 2040 m, 
under Abies magnifica, 24 Jun. 1996, M. Castellano (OSC131297); Lake Co., 
Boggs Mountain State Forest, intersection of roads 400 and 410, T11N R8W, 
sec. 12, 1005 m, under Pinus ponderosa, Pseudotsuga menziesii, Quercus 
kelloggii, 1 Mar. 1990, M. Castellano, D. Luoma (OSC157740); Los Angeles 
Co., Angeles National Forest, Upper Shake campground, under Pseudotsuga 
macrocarpa, Quercus, 14 Mar. 1993, K. Schaffroth (OSC130698); 24 
Mar. 1993 (OSC131294); Mariposa Co., Greely Hill Rd. Hwy 120, under 
Lithocarpus densiflora, Pinus sabiniana, Quercus chrysolepis, Q. wislizeni, 
27 Mar. 1985, M. Castellano (OSC130695), GenBank accession number 
ITS: KP859264; Placer Co., Auburn, under Ceanothus, Quercus May 1898, 
H.W. Harkness 180 (OSC38607 – isotype); H.W. Harkness 186; Auburn State 
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Recreation Area, Foothill Blvd., 0.8 km from Upper Lake Clementine Day 
Use area at trailhead entering meadow, 38°57.0’N 120°58.4'W, 540 m, 
under Ceanothus, Pinus ponderosa, P. sabiniana, 14 Jan. 2017, N. Siegel 
(OSC157728); N. Siegel (OSC157727); Old Foothill Blvd. past Mammoth Bar 
OHV Area south side, trail on small hill, 38°55.6’N 121°0.4'W, 420 m, under 
Ceanothus, Pinus sabiniana, Quercus, 14 Jan. 2017, N. Siegel (OSC157725); 

N. Siegel (OSC157726); Tehama Co. Whiskeytown National Recreation 
Area, under Pinus attenuata, Quercus kelloggii, 1 May 2006, J.L. Frank 
(OSC151400), GenBank accession number ITS: GU184098; Tuolomne 
Co., Hwy J20, east of Groveland, south of old Hwy 120, under Pinus 
lambertiana, P. ponderosa, 27 Mar. 1985, M. Castellano (OSC130673); 
Oregon, Benton Co, near Philomath, milepost 4.2 along Beaver Creek rd., 

Fig. 8. Balsamia nigrans. A. Ascomata showing peridial surface, gleba, and peridium in section (OSC 157740). B. Peridial surface warts (epitype; OSC 
130700). C. Peridium showing outer wart layer, inner peridial layer and gleba (holotype; OSC 38607). D. Immature asci (OSC 157740). E. Ascospores 
(OSC 130983). Bars A = 20 mm, B = 600 µm, C = 25 µm, D = 20 µm, E = 25 µm.
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south of Decker Rd., 400 m, under Pseudotsuga menziesii, 6 Jun. 2009, 
S. Donovan (OSC158069); west of Philomath along Beaver Creek rd., 6.6 
km from Decker rd., 380 m, under Pseudotsuga menziesii, 3 June 2006, S. 
Donovan (OSC112221); Woods Ck Rd, 460 m, under Pseudotsuga menziesii, 
9 Jun. 1972, R. Fogel (OSC130983); Jackson Co., Applegate T37S R4W sec 
33 sw1/4, 6 Dec. 1998, R. Young (OSC61957); Josephine Co., Missouri 
Flat, Ramsgate Ranch, 380 m, under Pinus ponderosa, 24 Mar. 1991, M. 
Amaranthus (OSC130697); Bureau of Land Management, Waldo Hill, 610 
m, under Pinus jeffreyi, 19 Oct. 1968, J.M. Trappe 1737 (OSC130699); 
Rogue River-Siskiyou National Forest, Eight Dollar Mountain Rd., Josephine 
camp, across green bridge, T38S R8W, section 19, NAD83 443146 4677394, 
400 m, under Pinus ponderosa, Quercus garryana, 11 May 2007, S. Gladish 
(OSC151401), GenBank accession number ITS: FJ789590; Polk Co., Mill 
Creek, 170 m, 19 Jun. 1989, W. Bushnell (OSC158068); Yamhill Co., Yamhill 
River, Flying M Ranch, under Pseudotsuga menziesii, 2 Mar. 1985, H. 
Pavelek (OSC130696).

Commentary: Ascospores from the isotype (Harkness 180) 
measured 23–29 × 13–17 µm, Q = 1.5–2.2, slightly wider than 
in the original description. Balsamia nigrans is an orthographic 
correction of the original spelling, B. nigrens, to its proper Latin 
spelling nigrans and does not affect authorship of the name.

Balsamia pallida D. Southw., J.L. Frank & Castellano, sp. nov. 
MycoBank MB815825. Fig. 9A–C.

Etymology: pallid refers to the pale orange peridium.

Diagnosis: The low warts (30–50 µm tall) and pale orange 
peridium differentiate this species from all other Balsamia 
species, yet DNA clearly places it in the genus. Open glebal 
chambers resemble those of B. lazyana, but the paraphyses 
lining the chambers are shorter. The habitat in chaparral under 
Adenostoma fasciculatum is distinctive.
Holotype: USA, California, Riverside Co., Skinner Lake, 33º35’N 
117 º03'W, 450 m, under Adenostoma fasciculatum, 18 Jun. 
1996, M.F. Allen (OSC130727), GenBank accession number ITS: 
KU170040.

Ascomata sequestrate, subglobose, flattened, irregularly lobed 
and invaginated, 10–15 × 5–8 mm; peridial warts and space 
between warts pale orange with occasional pale tan streaks, 
warts pointed, 100 µm wide × 30–50 µm tall; gleba yellow-
brown to pale yellow-tan, with open chambers to 0.5 mm 
wide and 2 mm long; where appressed, chambers open to the 
exterior. Peridium wart surface with protruding cells; outer 
pigmented layer 1–2 cells thick, yellow, isodiametric to elongate, 
19 × 29 µm wide, with walls 2–3.5 µm thick, grading to hyaline 
isodiametric to elongate cells, 16 × 26 µm, with walls 1 µm 
thick. Gleba of interwoven hyphae, ±4 µm wide; chambers lined 
with paraphyses, 3 × 100 µm. Asci hyaline, ampulliform when 
immature, becoming ovoid to citriform at maturity, 60–80 × 30 
µm, stipitate 6 µm wide × 11–15 µm long, with walls 1–2 µm 
thick, 8-spored. Ascospores hyaline, smooth, ellipsoid, 26.9 × 12 
(25–29 × 11–13) µm, Q = 2.2 (2.0–2.5); with one guttule.

Habit, habitat, and distribution: Hypogeous under Adenostoma 
fasciculatum (Rosaceae) in southern California chapparral.

Commentary: This species is known only from the type 
collection. Other hypogeous sequestrate fungi were collected 

with B. pallida in chaparral (Allen et al. 1999). Adenostoma 
fasciculatum belongs to Rosaceae, a group of plants which is not 
typically considered to be ectomycorrhizal, but Allen et al. (1999) 
found evidence of some ectomycorrhizal roots with unusual 
morphologies. Thus, B. pallida is putatively an ectomycorrhizal 
associate of A. fasciculatum.

Balsamia quercicola D. Southw., M.E. Smith & J.L. Frank, sp. nov. 
MycoBank MB807879. Fig. 9D–F.

Etymology: Quercus and -icola (Latin) = inhabitant of oak 
woodlands.

Diagnosis: Balsamia quercicola can be distinguished by the 
brown color of the peridium and the compact gleba. Mature 
ascospores of B. quercicola (mean spore length = 28.7 µm) are 
the longest of any Balsamia species in western North American 
species. 

Holotype: USA, California, Yuba Co., University of California 
Sierra Foothill Research and Extension Center, Koch Natural 
Area, 39 º15’N 121 º18'′W, 370 m, under Pinus sabiniana, 
Quercus douglasii, Q. wislizeni, 15 Jan. 2005, M.E. Smith SRC 868 
(FLAS-F-58860). GenBank accession number ITS: KF983491. 

Ascomata sequestrate, subglobose to irregularly lobed, often 
deeply invaginated, 4–11 × 3–8 mm; peridial warts reddish-
brown, pale reddish-brown between warts; warts rounded 
to pointed, 100–200 × 200–700 µm; gleba white when fresh, 
pale tan when dry; chamber walls appressed. Peridial wart 
surface with sparse cystidium-like cells protruding about ±8 
µm, wart outer pigmented layer 3–4 cells thick, reddish-brown, 
isodiametric to radially elongate cells, 20–25 µm wide, with 
walls 2–4 µm thick, grading to hyaline isodiametric cells, 15–20 
µm wide, with walls 1 µm thick, then grading to smaller cells, 
8 µm wide. Gleba of loosely interwoven hyphae, ±4 µm wide. 
Asci hyaline, subglobose to citriform, 60 × 30 µm, 8-spored. 
Ascospores hyaline, smooth, cylindrical, 28.7 × 12.9 (25.5–33 × 
10.5–16) µm, Q = 2.2 (2.0–2.5); with three guttules.

Habit, habitat, and distribution: Hypogeous under Pinus 
ponderosa, P. sabiniana, Quercus douglasii, Q. garryana, or Q. 
wislizeni; in the Sierra Nevada foothills and in interior valleys of 
California and Oregon.

Additional materials examined: USA, California, Los Angeles Co., 
Angeles National Forest, Upper Shake campground, under Pseudotsuga 
macrocarpa, Quercus, 14 Mar. 1993, K. Schaffroth (OSC130688); 
(OSC130689); Placer Co., Auburn State Recreation Area, Old Foothill 
Blvd. at Mammoth Bar OHV Area, downhill next to road, 38°55.3'N 
121°0.9'W, 350 m, under Ceanothus, Pinus ponderosa, P. sabiniana, 14 
Jan. 2017, N. Siegel (OSC157723); pullout past Mammoth Bar OHV Area, 
uphill south side, east side of huge rock, 38°55.3'N 121°0.8'W, 375 m, 
under Pinus sabiniana, Quercus, 14 Jan. 2017, N. Siegel (OSC157724); 
0.8 km from Upper Lake Clementine Day Use area at trailhead entering 
meadow, 38°57.0’N 120°58.4'W, 540 m, under Ceanothus, Pinus 
ponderosa, P. sabiniana, 14 Jan. 2017, N. Siegel (OSC157729); Yolo 
Co., Davis, under Pinus ponderosa, Quercus, 6 Nov. 2004, M.E. Smith 
84 (FLAS-F-58857), GenBank accession number ITS: KF983490; Oregon, 
Jackson Co., Whetstone Savanna Preserve, under Quercus garryana, 22 
Nov. 2003, M.E. Smith (OSC151402), GenBank accession number ITS: 
DQ453695.
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Commentary: Balsamia quercicola is differentiated by the large 
deletion in the ITS1 region yielding an ITS of ~600 bp, in contrast 
to ~700 bp in most other Balsamia species. In addition, mature 
ascospores (mean length = 28.7 µm) of B. quercicola, the longest 

of any western North American species, are comparable in 
length to those of B. vulgaris from Europe reported as 28 µm 
(Tulasne & Tulasne 1851); 26–32 µm (Pegler et al. 1993); and 
25–30 µm (Montecchi & Sarasini 2000).

Fig. 9. Balsamia pallida (A–C; holotype; OSC 130727) and B. quercicola (D–F). A. Peridium showing wart layer and inner layer in section. B. Peridial 
warts with thick-walled cells. C. Ascospores. D. Ascomata showing surface warts (OSC 151402). E. Wart structure showing thick-walled cells (FLAS 
58860). F. Ascospores (FLAS 58860). Bars A = 25 µm, B = 10 µm, C = 10 µm, D = 3 mm, E–F = 20 µm.
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Balsamia setchellii (E. Fisch.) Trappe, D. Southw. & Castellano, 
comb. nov. MycoBank MB825537. Fig. 10.
Basionym: Pseudobalsamia setchelli E. Fisch., Ber. Deutsch. Bot. 
Ges. 25: 374. 1907.

Diagnosis: Balsamia setchellii (spore means 24.6 x 13.1 µm, Q 
= 1.9) is distinguished from B. filamentosa (means 25.6 x 12.8 
µm; Q = 2.0) by its slightly shorter and wider spores. Balsamia 
setchellii is distinguished from B. limuwensis (mean spore width 
= 12.1 µm) by its broader spores. ITS sequences clearly separate 
B. setchellii, B. filamentosa, and B. limuwensis. 

Fig. 10. Balsamia setchellii. A. Ascoma showing peridial surface, gleba, and peridium in section (OSC 79995). B. Peridial surface showing wart pattern 
in surface view (OSC 131295). C. Wart structure showing thick-walled cells. D. Cross-section of peridial surface showing wart structure (isotype; OSC 
130978). E. Ascospores (OSC 131295). Bars A = 5 mm, B = 750 µm, C = 20 µm, D = 30 µm, F = 20 µm.
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Isotype: USA, California, Alameda Co., Berkeley, under Pinus 
radiata, 19 Nov. 1904, N.L. Gardner 212 (OSC130978).

Epitype: USA, California, Yuba Co., University of California 
Sierra Foothill Research and Extension Center, Koch Natural 
Area 39°14'N, 121°19'W, 370 m, under Pinus sabiniana, 
Quercus douglasii, and Q. wislizeni, 15 Dec. 2004, M.E. Smith 
SRC395 (designated here FLAS-F-58859, MBT381874), GenBank 
accession number ITS: DQ974730. 

Original type description (Fischer 1907 p. 374; transl. D. 
Southworth and J. M. Trappe): “Pseudobalsamia setchelli gen. 
et sp. nov. The fruiting bodies are penetrated by venae externae 
[external veins] which either radiate from a pitted depression on 
the outer surface to the interior or show an irregular course and 
open to several points on the outer surface and which are lined by 
a more or less distinct hyphal palisade. The fruiting body surface 
is covered with a warty pseudoparenchymatous rind (peridium). 
The asci generally appear irregularly distributed between the 
venae externae that are evenly situated in the fruit body tissue 
(gleba). They are mostly ellipsoid to citriform or broadly fusiform, 
and contain in an irregular arrangement eight ellipsoid ascospores 
with slightly thickened, colorless, smooth membranes (cell walls). 
In Ps. setchelli the asci are 50–70 µ long and 25–35 µ in cross 
section. The ascospores are 21–28 × 10–12 µm”.

Emended description: Ascomata sequestrate, subglobose, 
invaginated at apex, 10 × 10–20 mm; peridial warts reddish-brown 
to brown, pale reddish between warts; warts rounded, 200–350 
× 300–750 µm, ribbed from tip to base; gleba white when fresh, 
drying to yellow-brown; most chamber walls appressed, some 
open; a few appressed channels open through the peridium 
(venae externae) at the invaginations. Peridium outer pigmented 
layer 2–4 cells thick, of brown, isodiametric cells, 20 µm wide, or 
elongate cells, 12 x 24 um, with walls 4-6 µm thick, some cells 
radially aligned; sparse, pointed cystidium-like cells on surface, 
±8 µm wide at base, protruding up to 25 µm from surface, with 
walls 1 µm thick; inner layer of hyaline, isodiametric cells, 13–17 
µm wide, with walls 1 µm thick; with scattered brown cells, up 
to 27 µm wide, with walls 2 µm thick. Gleba chambers lined with 
white hyphae; trama surrounding asci of loosely interwoven 
hyphae, 4–5 µm wide, extending into chambers as paraphyses, 
up to 80 um long with rounded or capitate ends. Asci hyaline, 
stalked, citriform to ovoid, 65–100 × 30–35 µm; with walls 1–1.5 
µm; 8-spored. Ascospores hyaline, smooth, ellipsoid, 24.6 × 13.1 
(21–28 × 11–15) µm, Q = 1.9 (1.6–2.4); 1–3 guttules.

Habit, habitat, and distribution: Hypogeous under Arbutus 
menziesii, Arctostaphylos spp., Pinus coulteri, P. contorta var. 
contorta, P. muricata, P. radiata, P. sabiniana, Pseudotsuga 
menziesii, Quercus agrifolia, Q. chrysolepis, Q, douglasii, Q. 
kelloggii, and Q. wislizeni, in the Sierra Nevada foothills, Klamath 
Mountains, and California Coast Range.

Additional specimens examined: USA, California, Contra Costa Co., 
Mount Diablo State Park, 305 m, under Pinus coulteri, P. contorta 
var. contorta, P. sabiniana, Quercus agrifolia, 2 Feb. 1996, C. Thayer 
(OSC130728), GenBank accession number ITS: KM115880; Kern Co, 
Hwy 218 at gate 5 km from summit, under Pinus ponderosa, Quercus 
kelloggii, 19 Apr. 1993, M. Castellano (OSC79995), GenBank accession 
number ITS: KU170031; Lake Co., 3 km west of Middletown, 17 Jan. 
1936, H.L. Mason (OSC130712); McLaughlin Reserve, under Pinus 

sabiniana, Quercus durata, 18 Jan. 2004, M.E. Smith 62 (FLAS-F-58856); 
Ventura Co., Los Padres National Forest, milepost 40 on Hwy 33, 
34°37.5’N 119°22.3'W, 1920 m, under Arctostaphylos, Pinus muricata, 
Quercus chrysolepis, 23 Apr. 1996, M. Castellano (OSC131295), 
GenBank accession number ITS: KF983484.

Commentary: Fischer (1908) distinguished P. setchelli from B. 
filamentosa despite a note from W.A. Setchell, “I have examined 
the types of Harkness’s Balsamia filamentosa, B. alba and 
B. nigrens. Externally and in asci, shape of spores, etc., these 
species are all very close and resemble our No. 212 (p. 155)”. 
ITS barcodes support Fischer’s claim that these are distinct taxa.

Balsamia trappei D. Southw., J.L. Frank & Castellano, sp. nov. 
MycoBank MB815757. Fig. 11.

Etymology: Named in honor of James Martin Trappe who 
collected the type specimen as well as many other Balsamia 
specimens in the Pacific Northwest.

Diagnosis: Balsamia trappei is distinguished by glebal chambers 
that remain open at maturity. Ascospores of B. trappei (mean 
= 24.8 x 12.3 µm, Q = 2.0) are similar to those of B. alba (mean 
= 24.9 x 12.4 µm, Q = 2.1) and B. magnata (mean = 24.5 x 12.1 
µm, Q = 2.0), but B. alba has larger warts (260-430 µm wide x 
100-220 µm tall) that are rounded to obtuse, never pointed, 
and dark reddish brown in color with pale tan between warts. 
Balsamia magnata has wider and taller warts (250-550 µm 
wide x 150-300 µm tall) that are pointed and longitudinally 
ribbed, and reddish brown in color with pale reddish brown 
between warts. Warts in B. trappei are the narrowest and 
shortest (175-350 µm wide x 100-120 µm tall) of the three; 
warts are also rounded to pointed, and brown in color with 
reddish brown between warts.

Holotype: USA, Washington, Pend Oreille Co., Pend Oreille State 
Park, 48º05’N 117º20’W, under Abies grandis, 13 July 1997, J.M. 
Trappe 20842 (OSC131300), GenBank accession number ITS: 
KU170042.

Ascomata sequestrate, subglobose to irregularly lobed, 15–20 
mm; peridial warts brown, reddish brown between warts; warts 
pointed to rounded, 175–350 µm wide × 100–120 µm tall; 
gleba white to tan, chambers sinuous, open to 1 mm. Peridial 
wart surface with occasional protruding cells, rounded or with 
pointed tips to ±8 µm long; outer pigmented layer 4–6 cells thick, 
of reddish-brown cells, 25 x 45 µm, with walls 2–6 µm thick, 
grading into less pigmented cells, with walls 1–2 µm thick and 
then into hyaline cells approximately 18 x 24 µm. Gleba of loosely 
interwoven hyphae, 4 µm wide; chambers lined with paraphyses, 
2–7 µm wide, with clavate to acuminate end cells. Asci hyaline, 
saccate-capitate with stipitate base, with walls 1 µm thick, 35 × 75 
µm wide, 8-spored. Ascospores hyaline, smooth, ellipsoid, 24.8 × 
12.3 (24–26 × 11.5–13.5) µm, Q = 2.0 (1.7–2.2), with one guttule.

Habit, habitat, and distribution: Hypogeous under Abies grandis 
and Pseudotsuga menziesii or with hardwoods, e.g., Alnus, 
Populus and Salix; in the intermountain region of Idaho, Oregon, 
Washington, and Alberta, Canada; and in Alaska. 

Additional specimens examined: Canada, Alberta, Calgary, under Populus 
balsamifera, 7 Sept. 1980, J. Zak, R. Danielson 3000 (OSC149793), GenBank 
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accession number ITS: KU170041. USA, Alaska, Palmer, Old Palmer Hwy, 
near Eklutna power plant, under Alnus, Salix, 3 Sept. 1974, V. Wells 6216 
(OSC149792); Idaho, Idaho Co., near Florence, under Abies, 13 Aug. 1964, 
A.H. Smith 69265 (OSC149791); Oregon, Union Co., Starkey Experimental 
Forest and Range, Battle Creek, 1430 m, under Abies grandis, Pseudotsuga 
menziesii, 15 Oct. 1976, J.M. Trappe 4769 (OSC131284).

Commentary: Of the North American species, B. trappei most 
closely resembles the European B. vulgaris in morphology and 
ITS barcode.

Fig. 11. Balsamia trappei (holotype; OSC 131300). A. Glebal chambers in section. B. Peridial surface showing wart structure. C. Immature asci with 
stipitate base and capitate apex. D. Ascus showing release of ascospore. E. Paraphyses. F. Ascospores. Bars A = 1 mm, B = 25 µm, C–D = 20 µm, E = 
10 µm, F = 25 µm.
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DISCUSSION

Using ITS rDNA we were able to resolve the differences in the 
number of Balsamia species proposed by Harkness (1899) and 
by Gilkey (1916, 1939, 1954). Phylogenetic analysis supported 
recognition of multiple Balsamia species for western North 
America as described by Harkness (1899), rather than one to 
three species as proposed by Gilkey (1916, 1939,1954). We 
described seven new species (B. cascadensis, B. latispora, B. 
lazyana, B. pallida, B. limuwensis, B. quercicola, and B. trappei) 
from North America. Thus, based on ITS barcodes, morphological 
characters, distribution, and habitat factors, 12 Balsamia species 
occur in western North America (Table 2).

Identification of Balsamia species was challenging due to 
variability in morphological characters, particularly among 
specimens of different developmental stages. The best indicator 
of ascoma maturity appeared to be the immediate release 
of ascospores from cut specimens. In mature specimens, 
ascospores dispersed quickly; the gleba remained white and 
did not shrink as the specimen dried leaving peridial warts fully 

expanded. In contrast, in immature specimens the ascospores 
remained in the asci. After drying, immature gleba tissue turned 
golden brown and shrank, thus opening cavities and moving 
peridial warts closer together.

We revisited the question of whether Balsamia and 
Pseudobalsamia are separate genera, and observed no consistent 
pattern based on ITS sequences to show separation between 
the two genera. Fischer’s original description of Pseudobalsamia 
(translated above) did not clearly distinguish between Balsamia 
and Pseudobalsamia though he later described Balsamia as 
having open chambers and Pseudobalsamia as having chambers 
more or less filled with hyphae (Fischer 1907, 1908, 1938). 
Gilkey (1916) applied Pseudobalsamia to Harkness’s Balsamia 
collections from California, but reported that there was no 
evidence for separation into two “distinct phylogenetic lines”. 
We did not observe morphological distinctions between the 
Pseudobalsamia isotype and the Balsamia species that we 
examined. Here we take the conservative position and recognize 
a single genus, Balsamia. This is appropriate because this has 
been the status quo accepted by most taxonomists since 

Table 2. Morphological characters that delineate species of Balsamia based on specimens for which we have ITS sequences.

Species Wart color, width x depth-to-cleft 
(µm), shape 

Peridium pigmented cell size, wall thickness; 
surface features

Spore size (um); Q 
(ratio L/W)

Gleba chambers 
open or appressed

alba white hyphae over brown to red-
brown warts, 170–350 x 100–200, 
flat to rounded or pointed 

1–4 layers, 15 x 20–25 µm, 3–5 µm, surface 
hyphae hyaline, 6–7 µm wide or with scattered 
pointed cystidium-like cells to 35 µm

24.9 (21–28) x 
12.4 (11–13.5) 
Qav 2.1 (1.7–2.3)

partly open

cascadensis white hyphae over brown warts, 
200–360 x 110–160, rounded to 
pointed

4–6 layers, 18 x 22, 4 µm; surface hyphae 
hyaline, 6–7 µm wide

23.7 (21–27) x 
11.6 (11–13.5) Q 
2.1 (1.6–2.3)

appressed

filamentosa red-brown, 200–520 um x 80–200, 
rounded to obtusely pointed

2–4 layers, isodiametric 20–25 or elongate 15 
× 33, 2–4 µm; sparse cystidium-like cells to 25 
µm

25.6 (24–28) x 
12.8 (11.5–14.5) Q 
2.0 (1.6–2.4)

appressed

latispora red to red-brown, 240–300 x 100–
250, flat to rounded

2–3 layers, 15–20 µm , 2–3 µm; pointed or 
rounded cystidium-like cells

22.0 (19–25.5) x 
13.1 (11–15.5) Q 
1.7 (1.5–2)

mostly appressed

lazyana orange-red to red-brown, 250–400 
x (50–)100–300, flat to rounded, 
often compound 3–4 lobed

2–3 layers, 22–28 µm, 2–4 µm; pointed 
cystidium-like cells to 25 µm 

23.5 (19.5–27) x 
10.1 (8–11.5) Q 
2.3 (2–2.7)

open to 1 mm

limuwensis red-brown to brown, 230–380 
x 75–150, rounded to obtusely 
pointed

2–4 layers, isodiametric 20 µm, 2–4 µm, 
pointed cystidium-like cells

24.1 (20–31) x 
12.1 (10–14.5) Q 
2.0 (1.7–2.4)

appressed

magnata red-brown, 250–500 x 150–300, 
pointed, often compound of 3 
small warts

2–4 layers, 10–15 µm, 4–8 µm 24.5 (20–28.5) x 
12.1 (10–14.5) Q 
2.0 (17–2.4)

slightly open to 
appressed

nigrans black to dark red-brown, 300–600 
x 250–500, pointed, often ribbed

4–8 layers, 20 x 30 µm, 6 µm; cystidium-like 
cells sparse 8 µm wide up to 90 µm long

25.4 (22–29) x 
13.2 (10.5–15.5) Q 
1.9 (1.5–2.5)

appressed

pallida pale orange to pale tan, 30–50 x 
100, pointed

3–4 layers, isodiametric to elongate 16–26 µm, 
2–3.5 µm

26.9 (25–29) x 
12.0 (11–13) Q 2.2 
(2–2.5)

open to 2 mm

quercicola red-brown, 200–700 x 100–200, 
rounded to pointed

3–4 layers isodiametric to elongate 20–25 µm, 
2–4 µm; cystidium-like cells 8 µm long

28.7 (25.5–33) x 
12.9 (10.5–16) Q 
2.2 (2.0–2.5)

appressed

setchellii red-brown to brown, 300–750 x 
200–350, rounded to obtusely 
pointed

2–4 layers elongate 12 x 24 µm or isodiametric 
20 µm, 4 µm, sparse cystidium-like cells to 25 
µm

24.6 (21–28) x 
13.1 (11–15) Q 1.9 
(1.6–2.4)

appressed

trappei brown to red-brown, 170–350 x 
100–120, pointed to rounded

4–5 layers, 25 x 45 µm, 2–6 µm 24.8 (24–26) x 
12.3 (11.5–13.5) Q 
2.0 (1.7–2.2) 

open to 1 mm, 
sinuous
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Pseudobalsamia was synonymized with Balsamia by Trappe 
(1975). However, it should be noted that the basal nodes in our 
phylogeny received moderate to weak bootstrap support so 
sequencing of additional molecular markers in the future should 
be useful to test this hypothesis.

The relative paucity of Balsamia collections and the rarity 
of certain species have limited our systematic analyses. The ITS 
barcodes proved useful for distinguishing Balsamia species. ITS 
data suggest that the patterns of endemism between North 
America and Europe in Balsamia parallel patterns found in 
Tuber and related Tuberaceae whereby species are rarely or 
never shared across continents (Bonito et al. 2013). However, 
further sampling of additional specimens from Asia and Europe 
is needed to clarify evolutionary patterns within Balsamia and 
among the other genera of Helvellaceae. 
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INTRODUCTION

Carpobrotus edulis (Aizoaceae), commonly known as sour fig, 
is an indigenous succulent species in South Africa. It occurs as 
a creeper growing along the east coast of the country and has 
been moved to many parts of the world where it is a popular 
garden plant. Ecologically, it plays an important role in binding 
sands in coastal areas (Wisura & Glen 1993, Chiban et al. 2011). 
Carpobrotus edulis is also used in traditional medicine because it 
contains antimicrobial compounds and its fruits are edible (Rood 
1994, van der Watt & Pretorius 2001, Springfield et al. 2003). 
 Little is known regarding the diseases of C. edulis. It was 
believed to be free of pathogens when it was imported into 
California from South Africa for stabilising soil in the early 1900’s 
(McDonald et al. 1984). However, in 1980 many C. edulis plants 
were reported dying in southern California and McDonald et 
al. (1984) confirmed Pythium aphanidermatum, Phytophthora 
cryptogea and Verticillium dahlia causing the disease in that 
area. Other fungal pathogens identified on C. edulis include 
Albugo trianthemae causing white rust in New Zealand 
(McKenzie & Johnston 1999) and Anthostomella spartii on dead 
stems of C. edulis in Portugal (Francis 1975). There is only one 
reported endophyte, a Coniothyrium sp. known from this plant 
on La Gomera, one of the Canary Islands (Kock et al. 2007). 

The genus Cytospora (Diaporthales, Cytosporaceae) includes 
fungal species that occur mostly on woody plants including 
angiosperms and gymnosperms. Species of Cytospora (sexual 
morphs: Leucostoma, Valsa, Valsella and Valseutypella) have 
a cosmopolitan distribution and are frequent endophytes in 
healthy plant tissues. They can also be important pathogens 
when their hosts are subjected to stress (Schoeneweiss 1981, 
1983). In this pathogenic phase, most Cytospora species cause 

canker and die-back diseases (Sinclair et al. 1987, Farr et al. 
1989). The conidiomata of these fungi are then found on the 
dying wood associated with these tissues. 

Many Cytospora species are known to cause plant diseases; 
some of these are quite host specific while others have broad 
host ranges. For example, C. chrysosperma has been recorded 
on more than 80 plant hosts (Farr & Rossman 2016), while 
C. eucalypticola is a well-known pathogen specifically on 
Eucalyptus (Adams et al. 2005). Although the most aggressive 
Cytospora spp. occur on angiosperms, there are exceptions 
such as C. kunzei (= Valsa kunzei), which is a pathogen of Pinus 
elderica in plantations (Kavak 2005). 

The aim of this study was to identify the Cytospora sp. 
closely associated with the death of C. edulis in various areas of 
the Cape Peninsula of South Africa. In addition, pathogenicity 
tests were conducted to assess the possible role of the fungus 
in causing disease. 

MATERIALS AND METHODS

Collection of samples and isolations

Samples of dying plants (Fig. 1) were collected at various sites 
along the Cape Peninsula, in the Western Cape Province of 
South Africa, in August 2016. The diseased stems were placed 
in paper bags and transferred to the laboratory for further 
study. Symptomatic tissues were examined under a dissection 
microscope where it was possible to observe conidiomata 
typical of a Cytospora sp. The conidial masses were exposed 
by removing the apices of the conidiomata with a sharp scalpel 
blade. Spore masses were removed from these structures with 
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a sterile needle, and conidia were spread onto the surface of 
malt extract agar (MEA: 2 % Biolab malt extract, 2 % Difco agar) 
supplemented with streptomycin (400 mg/L). Specimens from 
this study were lodged in South African National Collection of 
Fungi (PREM), Roodeplaat, Pretoria, South Africa. Living cultures 
were preserved in the collection (CMW) of the Forestry and 
Agricultural Biotechnology Institute, University of Pretoria, 
Pretoria, South Africa, and the live culture collection (PPRI) of 
the South African National Collection of Fungi, Roodeplaat, 
Pretoria, South Africa.

DNA extraction, sequencing and phylogenetic analyses

DNA was extracted using the PrepMan® Ultra kit (Applied 
Biosystems) from mycelium of 5-d-old axenic cultures. DNA 
sequences were generated for the internal transcribed spacer 
region of the ribosomal RNA (rRNA) operon amplified with 
primers ITS-1F (Gardes & Bruns 1993) and ITS-4 (White et al. 
1990), the translation elongation factor 1-α (TEF1-α) gene 
amplified with primers EF1-728F and EF1-986R (Carbone & 

Kohn 1999), the β-tubulin (TUB2) gene amplified with primers 
BT2a and BT2b (Glass & Donaldson 1995) and large ribosomal 
subunit (LSU) gene region amplified with primers LR0R and LR5F 
(Vilgalys & Hester 1990).

The 25 μL PCR reaction mixtures contained 1 µL DNA, 17.7 
µL molecular distilled water, 0.3 µL MyTaq DNA Polymerase, 
5 µL MyTaq Buffer (MgCl2, dNTPs), 0.5 µL of each primer. The 
amplification conditions were as follows; initial denaturation of 
5 min at 95 °C, followed by 25 cycles of 30 s at 95 °C, 30 s at 55 °C 
for ITS and LSU, 53 °C for TEF1-α and 54 °C for TUB2, and 1 min at 
72 °C, and a final extension of 7 min at 72 °C. The PCR amplicons 
were visualized separately on a 1 % agarose gel with GelRed™. 
The conditions for the PCR sequencing were the same as those 
described by Begoude et al. (2010). 

The sequences were compared with our unpublished 
sequence dataset for the phylogenetic analyses. The datasets 
were aligned online using MAFFT v. 7.0 (https://mafft.cbrc.jp/
alignment/server/) (Katoh et al. (2017) and checked manually 
for alignment errors. The phylogenetic analyses for all the 
datasets were performed using Maximum Likelihood (ML). 
The best nucleotide substitution models for each dataset were 
found separately with jModelTest v. 3.7 (Posada & Buckley 
2004). The model for GTR was chosen for the combined datasets 
of ITS, TEF1-α, TUB2 and LSU. The ML analyses were performed 
in PAUP v. 4.0b10 with the heuristic search option with 100 
random additions of taxa, tree bisection and reconstruction 
(TBR) branch swapping and 1000 bootstrap replications in 
PAUP. The consensus trees were constructed in MEGA v. 7 and 
posterior probabilities were assigned to branches after a 60 % 
majority rule.

Morphological characteristics

Purified cultures were incubated on 2 % MEA, at 25 °C for 
2 wk after which fruiting structures began to develop on 
MEA. Fungal structures from both naturally infected tissue 
and culture were mounted on slides in sterile water that was 
later replaced with 85 % lactic acid and all the measurements 
and images were captured using these specimens. Up 
to fifty measurements were made for conidia and other 
morphologically characteristic structures where these were 
available. Naturally infected tissues bearing fungal structures 
were cut into small pieces and boiled for 1 min. The saturated 
pieces were mounted in Tissue Freezing Medium® (Leica, 
Germany) and cut into sections (12–16 µm thick) using a 
Leica Cryo-microtome (Leica, Germany). The sections were 
mounted on microscope slides in 85 % lactic acid for further 
observation. Observations were made using Nikon Eclipse Ni 
compound and SMZ18 dissection microscopes (Nikon, Japan). 
Images were captured with a Nikon DS-Ri camera and with the 
imaging software NIS-Elements BR, and all the measurements 
were also captured with this software.  

Pathogenicity trials

Two inoculation techniques were used in this study. In one trial, 
the fleshy leaves of C. edulis were inoculated and in a second 
trial, inoculations were made on the woody stem tissues. In each 
case, 20 plants were inoculated with one of two isolates (CMW 
48981 and CMW 48983) of the Cytospora sp. isolated from dying 
plants. An additional 20 plants were inoculated as controls with 
sterile toothpicks or uncolonised agar plugs.

A

B

Fig. 1. A. Carpobrotus edulis plants. B. Dying C. edulis.
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The inoculum for the leaf inoculations was in the form of 
sterile tooth picks that had been placed on the surface of MEA 
for colonisation by the fungal isolate. The inoculated plates 
were incubated at 24 °C for 2 wk to ensure that the Cytospora 
sp. had fully penetrated the tooth picks. The colonized as well 
as the sterile tooth picks as control were then inserted firmly 
into the fleshy leaves of C. edulis plants grown in a greenhouse. 
These plants were observed for the appearance of symptoms 
for 6 wk.

For stem inoculations, the two Cytospora isolates were 
allowed to grow on MEA for 5 d at 24 °C. Discs (5 mm diam) 
of agar were cut from the actively growing margins of the 
cultures and these were placed into wounds of the same size 
on the C. edulis stems. In the case of the controls, inoculations 
were made with sterile MEA discs. The inoculated stems were 
sealed with parafilm to reduce desiccation and the chance of 
contamination. These plants were maintained in a greenhouse 
at 24 °C under natural light conditions and observed for the 
appearance of symptoms for 6 wk. Following this period, 
the trial was terminated, lesion sizes were measured and re-
isolations were made on MEA. The variation in lesion length 
was analysed using Kruskal-Wallis Rank Sum test in R v. 3.4.3. 
A representative set of isolates were identified based on 
morphological characters in order to ensure that the isolated 
fungi were the same as those that had been inoculated into 
the plants.

RESULTS

Isolates, sequencing and phylogenetic analyses

Five isolates were obtained from symptomatic tissues and 
these were all included in the DNA sequence analyses (Table 
1). The sequence datasets for the ITS, TEF1-α, TUB2 and LSU 
regions were analysed individually and in combination. The 
ITS sequence dataset contained 515, the TEF1-α dataset 361, 
the TUB2 dataset 545, the LSU dataset 482 and the combined 
dataset 1903 characters (TreeBASE Accession No. 22682). 

A distinct clade, which clustered as sister to Cytospora 
austromontana was revealed in all the analyses (Fig. 2). These 
isolates differed from C. austromontana by unique fixed alleles 
in ITS (7 bp), TEF1-α (35 bp), TUB2 (29 bp) and LSU (7 bp). The 
topology of the trees obtained from the ML analyses were 
similar for all loci as well as in the combined analyses. 

Morphological characteristics

The isolates in the unknown fungus had pale grey colonies with 
moderate aerial mycelium. The cultures produced conidiomata 
with yellow oozing conidia and hyaline allantoid conidia after 
approximately 10 d. 

Taxonomy

A new species in the Cytosporaceae (= Valsaceae) is described 
here for the isolates from Carpobrotus edulis that reside in a 
unique clade amongst other species of Cytospora. No sexual 
morph was found on the host or in culture, and the description 
is based on morphological characteristics of the asexual morph 
only.

Cytospora carpobroti Jami, Marinc. & M.J. Wingf., sp. nov. 
MycoBank MB825251. Fig. 3.

Etymology: Name refers to the host genus Carpobrotus.

Conidiostromata in vivo subepidermal, immersed, subglobose to 
ellipsoidal, uni- or multiloculate, convoluted, 150–330 µm long, 
130–315 µm wide, with ostiolar neck reaching the surface of 
the substrate. Stromatic tissue eustromatic, textura angularis. 
Conidiomatal walls composed of 4–6 layers of thick-walled, 
moderately compressed, pigmented cells, 10.5–27 µm thick. 
Conidiomata in vitro on toothpick in 2 % MEA, stromata 0.3–0.4 
mm diam, multilocular, subdivided by invaginations, giving rise 
to up to 5 elongated black necks, with obtusely rounded apex, 
exuding a yellow conidial cirrhus or globoid conidial mass. 

C. austromontana CBS116821
C. austromontana CBS116820
Cytospora sp. CBS122688
C. diatrypelloidea CBS101714
C. diatrypelloidea CBS116826

C. berkeleyi CBS117005
C. eucalypticola CBS116840

C. disciformis CBS116827
Cytospora sp. CPC13975

C. cinereostroma CBS116832
C. cinereostroma CBS116833
C. cinereostroma CPC20832

Cytospora sp. CBS117080
C. italica MFLUCC140440
Cytospora sp. CBS362.93 Quercus ilex Italy

C. eucalypti CBS116815 Sequoia sempivirens USA
C. donetzica MFLUCC150864
C. sorbicola MFLUCC160581

C. gigaspora CFCC89634
C. sorbi MFLUCC160631
C. davidiana CBS278.67
C. davidiana CXY1350
C. rusanovii MFLUCC150854

C. curvata MFLUCC150865
C. berberidis CFCC89927

C. sibiraeae CFCC50045
C. pruinopsis CFCC50035

C. atrocirrhata CFCC89615
C. cincta 2991

C. chrysosperma CBS197.50
C. ampulliformis MFLUCC160583

Diaporthe ampelina DA912

100

92

98

96

98

99

91

100

94

77

100

99

0.05

CMW48981 
CMW48982 
CMW48983 
CMW48984 
CMW48985 

C. carpobroti sp. nov.

98

85

Fig. 2. Maximum Likelihood (ML) tree of the combined data set of ITS 
r-DNA, β-tubulin, TEF1-α and LSU loci sequences. Bootstrap values 
above 70 % are given at the nodes. The tree was rooted to Diaporthe 
ampelina. Isolates of this study are indicated as bold. 
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Fig. 3. Micrographs of Cytospora carpobroti sp. nov. (holotype PREM 62170, ex-holotype CMW 48981 = PPRI 29136). A. Symptomatic stem. B. Vertical 
section of conidiomata immersed in stem. C. Close-up of conidiomatal wall showing conidiophores lining along the locule. D. Conidiomata formed on 
toothpick in 2 % MEA. E. Vertical section of conidiomata in vitro. F, G. Conidiophores and conidiogenous cells. H. Conidia. I. Culture morphology of  
5 d and 50 d old on 2 % MEA in the dark (reverse in lower half). Scale bars: A = 1 mm; B, E = 100 µm; C = 50 µm; D = 250 µm; F–H = 5 µm.

Table 1. The Cytospora carpobroti isolates from Carpobrotus edulis of this study used in the phylogenetic analyses. Type isolate is indicated in bold.

Isolate No. Identity Location Collector GenBank

ITS TEF1-α TUB2 LSU

CMW 48981 Cytospora carpobroti Cape Town, South Africa M.J. Wingfield MH382812 MH411212 MH411207 MH411216

CMW 48982 Cytospora carpobroti Cape Town, South Africa M.J. Wingfield MH382813 MH411213 MH411208 -

CMW 48983 Cytospora carpobroti Cape Town, South Africa M.J. Wingfield MH382814 - MH411209 MH411217

CMW 48984 Cytospora carpobroti Cape Town, South Africa M.J. Wingfield MH382815 MH411214 MH411210 MH411218

CMW 48985 Cytospora carpobroti Cape Town, South Africa M.J. Wingfield MH382816 MH411215 MH411211 MH411219
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Conidiophores borne along the locules, hyaline, smooth, branched, 
aseptate, 8.5–11 × 2.5–3.5 µm, embedded in a gelatinous layer. 
Conidiogenous cells phialidic, sub-cylindrical, tapering towards 
apices, collarettes minute, 4.5–12 × 1–2 µm; arranged in rosettes. 
Conidia hyaline, smooth, guttulate, allantoid, apex sub-obtusely 
rounded, aseptate, 3.5–6 × 1 µm (avg. 5.0 × 1 µm).

Culture characteristics: Colony on 2 % MEA showing optimum 
growth at 25 °C, reaching 69.2 mm in dark in 5 d, followed by 
at 30 °C reaching 55.6 mm and at 20 °C reaching 50.7 mm, no 
growth at 35 °C, showing circular growth with smooth margin, 
mycelium mostly aerial, flat and fluffy, at lower temperature 
mycelium mostly submerged, above and reverse olivaceous buff 
with inner circle greenish olivaceous. 

Host: Carpobrotus edulis. 

Distribution: Cape Town, South Africa. 

Specimen examined: South Africa, Western Cape Province, Cape Town, 
Carpobrotus edulis, Aug. 2016, M.J. Wingfield (holotype PREM 62170, 
culture ex-type CMW 48981 = PPRI 29136). 

Additional materials examined: Isolates CMW 48982 = PPRI 29137, 
CMW 48983 = PPRI 29138, CMW 48985. 

Note: Cytospora carpobroti is morphologically similar to C. 
austromontana except for the dimensions of the conidiogenous 
cells of C. austromontana (7–12 × 1.5), which are larger than 
those of C. carpobroti.

A B

DC

Fig. 4. Inoculations of Carpo-
brotus edulis stem and leaf 
tissue with Cytospora carpo-
broti sp. nov. after six weeks. 
A, B. Stems inoculated with 
isolates CMW 48983 and 
CMW 48981 respectively 
showing distinct lesion devel-
opment. C. Leaf inoculated 
with isolate CMW 48983 with 
no lesion development. D. 
Control inoculation on stem 
showing absence of lesion. 
Scale bar = 5 mm.
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Pathogenicity trials

The two isolates of C. carpobroti produced lesions in the 
cambium of inoculated C. edulis stems within 6 wk. In contrast, 
there was no lesion development in the inoculated fleshy 
leaves or in any of the control inoculations (Fig. 4). Statistical 
analyses showed that lesion size (Fig. 5) for the new species 
were significant (P-value < 0.05). Cytospora carpobroti was 
consistently re-isolated from lesions. The fungus was never re-
isolated from the control inoculations. 

DISCUSSION

This study reports a new disease of C. edulis occurring in South 
Africa. The fungus isolated from diseased plants was found to 
represent a new species of Cytospora for which the name C. 
carpobroti is here established. Pathogenicity tests with two 
isolates of C. carpobroti showed that the fungus was able to 
cause disease on inoculated stems of C. edulis. Interestingly, 
inoculations on the fleshy leaves of plants failed to induce 
lesions.

Cytospora spp. commonly have wide host ranges (Adams et 
al. 2005) and occur mostly on woody plants. It was consequently 
interesting to encounter a disease caused by a Cytospora sp. on 
a succulent plant in this study. However, the stems of C. edulis 
are woody and the fact that pathogenicity tests were positive 
only on the woody stems is consistent with the known biology 
of Cytospora spp.

Based on phylogenetic analyses, the newly described C. 
carpobroti resides in a sister clade with C. austromontana. 
Cytospora carpobroti is morphologically similar to C. 
austromontana other than in the dimensions of conidiogenous 
cells. Cytospora austromontana was first isolated from a 
cankered branch of Eucalyptus pauciflora in Australia (Adams et 
al. 2005) and it was remarkable to find a closely related species 
from a very different ecological niche in the present study.

Relatively few studies have been conducted on the 
pathogenicity of Cytospora species. Generally, these fungi are 
considered endophytes and opportunistic or weak secondary 

pathogens (Adams et al. 2005). Some species such as C. mali 
are well-known pathogens on pear and apple trees, which are 
able to induce canker formation in pathogenicity tests (Ke et 
al. 2013). Although C. carpobroti was able to cause lesions 
on inoculated plants in this study, it is possible that these 
plants were subjected to some stress factor and that the 
fungus was acting as an opportunistic pathogen. This would 
be consistent with the biology of most Cytospora spp. causing 
plant diseases. 
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INTRODUCTION

In 1979, a stem canker disease was observed on Eucalyptus 
cladocalyx, at Frankston, Victoria, Australia. Cankers were 
first seen on E. cladocalyx ‘Nana’, a dwarf selection of E. 
cladocalyx that is widely grown as a shelter-belt and street tree. 
Subsequently the disease was found to be extremely damaging 
on E. cladocalyx ‘Nana’, in urban amenity trees and rural shelter-
belts in many localities, in some cases virtually destroying 
shelter-belt plantings on farms.

A fungus consistently found sporulating on the cankers 
was identified as a species of Caliciopsis (Ascomycota, 
Coryneliales). Comparison of the fungus with other species of 
the genus Caliciopsis showed the fungus to be a new species. 
Its morphology and taxonomy, the disease symptoms caused 
and experiments on pathogenicity, host range and control are 
described in detail in the MSc thesis of Maher (1993). 

The present paper describes the symptoms of the disease 
(Fig 1), the morphology of the various morphs of the fungus 
(Figs 2–7) both on host tissue and in culture, investigates the 
phylogeny of the fungus using ITS sequencing (Fig. 8), formally 
describes the fungus as a new species, Caliciopsis pleomorpha, 
and documents its pathogenicity to E. cladocalyx ‘Nana’ and 14 
other taxa of Eucalyptus (Fig. 9) while listing 9 Eucalyptus taxa 
and 2 Corymbia taxa on which the fungus has been recorded 
from field collections in 4 Australian states.

MATERIALS AND METHODS

Microscopic observations

Ascomata and pycnidia were rehydrated with a drop of water 
for ease of manipulation, and observed by hand sectioning 
or crushing. Specimens were mounted in water, a solution of 
50 % lactic acid/50 % glycerol or a lactic acid/glycerol solution 
with acid fuchsin added, and examined under the compound 
microscope. Slides were sealed with nail varnish for long-term 
storage and for observations using oil immersion magnification. 
Drawings were prepared using a drawing tube. Observations and 
descriptions are a compilation of data from all the Eucalyptus 
canker specimens listed in “Specimens Examined” below.

Growth in culture

Standard mycological media used are as in Crous et al. (2009). All 
isolations from the host were derived from single ascospores or 
single conidia and grown initially on potato dextrose agar (PDA). 
Experiments were conducted to determine the best media for 
vegetative growth and sporulation. Isolates were grown on 
PDA, malt extract agar (MEA), distilled water agar (WA), corn 
meal agar (CMA), oatmeal agar (OMA) Czapek agar (CZA) and 
synthetic nutrient-poor agar (SNA) (Nirenberg 1976, Crous et 
al. 2009) ). In an attempt to improve in vitro production of 
ascomata and conidiomata, additional media were trialed which 
consisted of WA with added plant material, including gamma-
irradiated carnation leaves (CLA), autoclaved millet seeds 
(MSA) and autoclaved or gamma-irradiated Eucalyptus twigs 
(Eucalyptus twig agar - ETA). The different plant materials were 
added to freshly poured, still molten WA.

Caliciopsis pleomorpha sp. nov. (Ascomycota: Coryneliales) causing a severe canker disease of 
Eucalyptus cladocalyx and other eucalypt species in Australia 
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Fig. 1. Symptoms of Caliciopsis canker. A. Severely diseased young shelter-belt trees at Flinders, Victoria. B. Severe cankers on twigs (1–2 cm diam) of 
E. cladocalyx ‘Nana’. C. Developing lesions on vigorous main stem (3–4 cm diam) of E. cladocalyx ‘Nana’, centred on Aulographina eucalypti lesions. 
D. Lesion on E. cladocalyx ‘Nana’ 3 mo after agar plug inoculation. E. Uninoculated lesion 3 mo after wounding.
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Single ascospore isolations from VPRI 16689 were plated onto 
PDA to assess the growth of the fungus at a range of temperatures 
and with or without light. PDA plates were inoculated with 5 mm 
diam colonised agar plugs (2 per plate) taken from 4-wk-old PDA 
cultures. To determine growth rate and optimal temperature for 
growth, three plates per temperature were grown at 5, 10, 15, 
20, 25, 30 and 35 °C. In a second experiment to further refine 
the optimum temperature cultures were grown at 23, 25, 28, 
30, 32 and 35 °C. Growth of the colonies in each experiment 
was assessed by measuring the diameter of each colony in two 
directions, perpendicular to each other. The diameters were 
then averaged and the results, including descriptions of visual 
appearance of cultures, recorded.

Molecular analysis

DNA from mycelium of pure cultures VPRI 17721 and VPRI 
15646, was extracted with Bioline Plant DNA Kits following 
the manufacturer’s instructions. The ribosomal DNA internal 
transcribed spacer region was amplified and sequenced using 
primers ITS1F and ITS4 (White et al. 1990). Attempts to obtain LSU 
sequences were unsuccessful. The PCR products were purified 
and sequenced using Sanger 454 by Macrogen (Korea). The 
sequence data were visually corrected and aligned (ClustalW), 
and the Neighbour-Joining tree was built using Geneious v. 7.

Pathogenicity testing

Pathogenicity tests were conducted initially with E. cladocalyx 
‘Nana’. Later, additional pathogenicity tests were conducted 
with 15 commercially important taxa of Eucalyptus including 
E. cladocalyx ‘Nana’. Inoculum for experiments was produced 
by inoculating PDA plates with 5 mm diam agar mycelial plugs 
colonised by the isolates VPRI 16689 (E. cladocalyx ‘Nana’ 
experiment) and VPRI 16907 (multi-species experiment). The 
inoculum plates were incubated for 4 wk at 25 °C, prior to 
experimentation. 

Pathogenicity to E. cladocalyx ‘Nana’ was investigated by 
inoculation of four randomly selected branches (each with one 
of four treatments) on each of 10 two-yr-old E. cladocalyx ‘Nana’ 
saplings growing in pots in a glasshouse. Inoculum of isolate VPRI 
16689 was applied as the following treatments: 1) Agar plug 
inoculations consisting of either 5 mm diam colonised PDA plugs 
or 5 mm diam sterile PDA plugs respectively, inserted under a 
5–6 × 2–3 mm flap cut into the periderm with a sterile scalpel 
blade; or 2) spore suspension inoculations consisting of either a 
suspension of conidia (10

6 conidia per ml derived from pycnidia 
produced on sterile eucalypt twigs on water agar) or sterile 
water respectively, inserted into the periderm with a sterile 
syringe and hypodermic needle. The resulting wounds produced 
by the spore injections were approximately the same size as the 
plug inoculations. The plug inoculations were placed between 
the second and third node and the suspensions were injected at 
the third node. Inoculation sites were wrapped in Parafilm© for 
two weeks to protect the site from desiccation. The experiment 
was performed in a temperature-controlled glasshouse and the 
saplings were watered by hand. Lesion extension was measured 
fortnightly over a period of three months. Lesions which 
formed were assessed for the presence of fruiting bodies and 
reisolations of the fungus were attempted. To isolate the fungus, 
tissue from the lesion margin was removed, surface-sterilised 

with sodium hypochlorite and placed onto distilled water agar 
and incubated at 25 °C, for 1–3 wk.

Pathogenicity to some commercially important taxa of 
Eucalyptus was tested with the following 15 taxa: E. botryoides, 
E. cladocalyx (tall form), E. cladocalyx ‘Nana’, E. delegatensis, 
E. fastigata, E. globulus, E. grandis, E. marginata, E. nitens, 
E. obliqua, E. radiata, E. regnans, E. saligna, E. sieberi and E. 
viminalis. The experiment was performed in temperature-
controlled glasshouses with an automatic watering system using 
overhead sprinklers.

Five randomly chosen saplings of each species were 
inoculated with colonised 5 mm PDA discs, while five saplings 
of each species randomly chosen as controls were inoculated 
with sterile 5 mm PDA discs. Prior to inoculation the surface of 
the chosen stem was sterilised by swabbing with 70 % ethanol. 
Inoculum and control discs were inserted under a 5–6 × 2–3 mm 
flap cut into the periderm with a sterile scalpel blade at a point 
150 mm above soil level. The inoculation sites were wrapped 
in Parafilm© for 2 wk for protection against desiccation of the 
sapwood. Assessments of lesion development were made at 1, 
2.5, 4, 5, 6 and 7 mo after inoculation. Lesions were assessed 
for length and width and presence or absence of pycnidia and 
ascomata and rated according to their general appearance. 

RESULTS

Symptoms of disease

On severely affected trees of E. cladocalyx ‘Nana’, cankers 
can be found on branches, twigs and the main trunk and the 
tree gradually defoliates over a number of years and dies back 
as the cankers coalesce (Fig. 1A). Severe cankers are mostly 
seen on smaller twigs where they destroy the bark and leave 
an elongated dark brown, ragged canker (Fig. 1B) exposing 
the sapwood and quickly girdling the twig. Callus production 
appears to be suppressed. Milder cankers are seen on larger, 
vigorously growing branches (> 3 cm diam), and these develop 
into lesions up to 5 cm diam (Fig. 1C) while leaving the bark 
relatively intact, producing a raised, darkened, cracked area that 
rarely exposes the sapwood. These large cankers on branches 
(Fig. 1C) have been seen centred on old lesions typical of those 
caused by Aulographina eucalypti, confirmed by the presence 
of A. eucalypti ascomata. Later, as the bark dies, a more open 
canker develops. Observations suggest that infection may occur 
through wounds including leaf abscission scars, insect feeding or 
oviposition damage and fungal lesions. 

Microscopic examination and growth in culture

Microscopic examination of naturally occurring cankers revealed 
globose to depressed-globose black pycnidia and elongate, 
ventricose black ascomata (Fig. 2), often deeply embedded in 
cracks, but sometimes freely produced over the exposed surfaces 
of the affected bark. Isolation of the fungus from well-established 
cankers by placing surface-sterilised symptomatic wood or bark 
directly onto agar, was seldom successful as other faster growing 
fungi were frequently isolated. These included Botryosphaeria 
spp., Endothiella spp. and Cytospora eucalypticola, all of which 
are known pathogens of Eucalyptus. Consequently, to achieve 
an accurate diagnosis of cankers, single spore isolation of 
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either conidia or ascospores was essential and yielded identical 
cultures of a phaeoacremonium-like hyphomycete, which on 
further incubation on a range of appropriate media produced 
both pycnidia and ascomata identical to those seen on the host. 

The ascomata on host tissue (Fig. 2) have swollen median to 
submedian ascigerous locules surmounted by an elongated neck 
from which ascospores are discharged and accumulate as a dry, 
reddish-brown mass (mazaedium). Pycnidia (Fig. 3) are found 
on the canker surface where they are usually produced before 
the ascomata. Pycnidia may exude an inconspicuous cirrus of 
colourless conidia.

In culture (Fig. 4) the fungus grew at all temperatures 
between 5 °C and 30 °C and is able to survive but not grow 
at 35 °C (removal from 35 °C and incubation at 25 °C caused 
growth to resume). Optimal growth on PDA of around 3 cm in 14 
d occurs at 25–28 °C. The fungus grew more quickly on WA (Fig. 
4A), PDA (Fig 4B, and OMA and than it did on MEA, CMA and 
SNA and growth on CZA was very poor. Light did not significantly 
affect growth rate, but did enhance the sporulation of the 
hyphomycete morph compared with incubation in darkness.

On some media the fungus produces a hyphomycete morph 
(Fig. 4F) that resembles Phialophora or Phaeoacremonium. 

Sporulation of the hyphomycete morph occurred abundantly on 
PDA, OMA and WA and poorly on CMA. Sporulation did not occur 
on any of the other media used, including MEA. Funk (1963) and 
Ray (1936) did not report a hyphomycete morph using only MEA 
and CMA as culture media. The hyphomycete morph was rarely 
visible on field-collected specimens although it was sometimes 
induced by moist-incubating the cankers for a few days. It was 
occasionally seen on lesions developing on inoculated eucalypt 
stems in the glasshouse during pathogenicity trials.

The fungus also grew and sporulated well on WA with added 
plant material, including gamma-irradiated carnation leaves 
(CLA), millet seeds (MSA) and autoclaved Eucalyptus twigs (ETA). 
Of these, ETA was most successful in stimulating production of 
fertile ascomata (Fig. 4C), fertile pycnidia (Fig. 4D, E), and the 
hyphomycete morph (Fig 4C, D, F) as well as structures that 
resembled abortive ascomata (Fig. 4D) (which we referred 
to as “feathery digitate structures”) with multi-branched tips 
and liberal hyphal growth and hyphomycete sporulation from 
their apices. These structures appeared to be similar to the 
structures that Funk (1963) found in C. pinea cultures and which 
he described as grotesque looking ascocarps. We speculate that 
these “feathery digitate structures” might be aberrant, culture-
induced aborted ascomata which grow on to produce the 
hyphomycete morph. The structures were not seen in vivo and 
did not develop into functional ascomata in vitro.

Molecular analysis

ITS sequences obtained for the two isolates VPRI 15646 (GenBank 
MG641785) and VPRI 17721 (GenBank MG641784) were over 
99 % similar to one another and were compared with existing 
Coryneliales sequences on GenBank. The two VPRI isolates were 
most similar to Caliciopsis calicioides (GenBank JX968549) with 
which they shared 74.88 % and 75.29 % similarity in the ITS 
sequence, respectively. The second closest species were C. valentina 
and C. eucalypti with which our isolates shared approximately 
73–74 % similarity in the ITS sequence. A phylogram of known 
Caliciopsis and Corynelia species ITS sequence data, including that 
of the two VPRI isolates, is presented as Fig. 8, and demonstrates 
that our fungus is well separated from other Caliciopsis taxa.

Taxonomy 

The Eucalyptus fungus was compared with specimens of 
morphologically similar species of Caliciopsis. Specimens 
examined included a number of non-type specimens of 
C. pinea and the holotypes of C. myrticola, C. rapaneae, C. 
veillonii, C. xanthostemonis, and C. podocarpi. Of the taxa 
examined, C. xanthostemonis (known only from the holotype) 
most closely resembles the Eucalyptus fungus, from which 
it is almost indistinguishable on the basis of ascoma and 
ascospore morphology. The small number of ascomata of C. 
xanthostemonis present on the holotype generally appear 
shorter and narrower than those of the Eucalyptus fungus 
although there is considerable overlap. Ascomata of the 
Eucalyptus fungus range in mean lengths from 292 µm (VPRI 
16907) to 695 µm (15646) and in mean locule widths from 70 
µm (16821) to 119 µm (15646) while the overall mean for all 
eight collections measured was length 463 µm, width at locule 
89 µm. The range for the holotype of C. xanthostemonis was 
length 280–390 µm, width at locule 28–56 µm). So, while some 
individual specimens of the Eucalyptus fungus have mean 

Fig. 2. Ascomata of C. pleomorpha on stem of E. cladocalyx ‘Nana’.

Fig. 3. Pycnidium of C. pleomorpha on stem of E. cladocalyx ‘Nana’.
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Fig. 4. Caliciopsis pleomorpha in culture. A. Culture on WA at 2 wk. B. PDA culture showing reddish exudate and felty texture. C. Ascoma and 
hyphomycete morph on ETA. D. Feathery digitate structures, pycnidia and hyphomycete morph on ETA. E. Pycnidia on ETA. F. Hyphomycete morph 
on WA.
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lengths that fall within the range for C. xanthostemonis the 
majority are considerably longer and almost all are considerably 
wider. Unfortunately, there are so few ascomata on the holotype 
that the full variability of C. xanthostemonis is not known and 
only additional collections of C. xanthostemonis will provide 
sufficient data to separate the two species on the basis of 
ascomatal dimensions. The ascospores of the two species were 
virtually identical, globose to subellipsoid, brown and smooth-
walled (C. xanthostemonis 3.1–4.7 µm, Eucalyptus fungus 3.3–
3.7 µm diameter). Huguenin (1969) did not observe pycnidia, 
stating “les spermogonies n’ont pas été observées”. In this 
study, however, pycnidia similar to those of C. pleomorpha were 
observed on the holotype of C. xanthostemonis, although they 
were effete and no internal structures or conidia could be found 
in the single pycnidium sectioned. Since there was no evidence 
of a hyphomycete state on the type, it is therefore not possible 
to describe properly any asexual morphs for C. xanthostemonis. 
In addition, C. xanthostemonis is apparently a saprophyte and 
is known only from leaf necrosis associated with the margins of 
insect damage, while the Eucalyptus fungus has not been found 
to infect leaf tissue and is a virulent pathogen of stems.

Caliciopsis xanthostemonis therefore differs from the 
Eucalyptus fungus only in minor details of ascoma dimensions 
and habitat. Moreover, its occurrence on Xanthostemon, a 
genus of the Myrtaceae, does raise the suspicion that it may be 
phylogenetically close to the Eucalyptus fungus. Several taxa of 
Xanthostemon occur in northern Australia and therefore share 
habitat with Eucalyptus so the possibility of movement between 
hosts exists. Unfortunately, molecular comparison of the two 
species is not an option unless fresh material can be obtained, as 
the holotype of C. xanthostemonis has fewer than 20 ascomata. 
The characters of pycnidium centrum morphology, conidium 
shape and size, hyphomycete conidiogenesis and conidia and 
cultural characters are also not available for C. xanthostemonis. 
Funk (1963) found it difficult to differentiate C. orientalis 
from C. pinea based on morphology alone, since there was 
considerable overlap in the dimensions of ascomata, ascospores 
and pycnidia, but concluded that the considerable differences 
in cultural behaviour as well as pathogenicity to two different 
genera respectively, justified recognition of two different 
species. The lack of knowledge of pycnidial and hyphomycetous 
morphs as well as a lack of knowledge of behaviour in culture 
for C. xanthostemonis, the apparent difference in nutrition 
(pathogenic vs. saprophytic) of the Eucalyptus fungus and C. 
xanthostemonis and finally the lack of DNA sequence data for C. 
xanthostemonis are the principal factors which prevent us from 
treating the two taxa as conspecific. 

The eucalypt canker fungus was also compared with C. 
eucalypti Crous, from leaves of Eucalyptus marginata. The 
description and illustrations of C. eucalypti include only the 
pycnidial morph and its conidia, which are similar to those 
of our fungus. However, Crous provided sequence data for C. 
eucalypti and our sequence data show that that the fungi are 
not conspecific. 

Consequently we choose to erect a new species for the 
eucalypt canker fungus, as C. pleomorpha sp. nov. 

Caliciopsis pleomorpha Patricia McGee & Pascoe, sp. nov. 
MycoBank MB823818. Figs 2–7.

Etymology: pleo Gr: - many or multi; morpha Gr: - forms or 
shapes.

Sporocarps (ascomata and pycnidia) seated on rough-edged, 
longitudinally splitting stem cankers (Fig. 1B, C). Ascomata (Figs 
2, 5) separate or loosely grouped, not arising from a visible 
stroma, dark brown to black, ventricose, 250–700 (rarely up to 
900) µm high, 65–130 µm diam, straight or curved, elongate 
with a submedian to suprabasal swollen ascigerous locule. 
Ascoma wall of textura porrecta to textura intricata, heavily 
gelatinised, apex of immature ascomata with a conspicuous 
cap of clear mucilage, asci (Fig. 5B) 10–13 × 7–8 µm, containing 
eight ascospores, elongating at maturity and extending up 
the ascoma neck to the apex before deliquescing to release 
ascospores at or below the ostiole; discharged ascospores 
accumulating in a dry reddish brown mass (mazaedium) at 
the ostiole, ascospores (Fig. 5C) golden brown, thick-walled, 
smooth, depressed globose to subellipsoid, 3.3–3.7 µm diam, 
with a thick (0.3 µm) wall. Pycnidial and hyphomycetous 
morphs produced, the hyphomycete morph usually occurring 
only in culture, but occasionally sparse on canker surfaces 
close to sporocarps. Pycnidial conidiomata (Figs 3, 6A) solitary, 
sub-caespitose or adjoined to ascomata, dark brown to black, 
globose or depressed globose, 80–150 µm diam, with a 
prominent papillate ostiole, wall of textura angulata to textura 
intricata, centrum containing short ampulliform conidiophores 
and elongated, septate acropleurogenous conidiophores (Fig. 
6B) and heavily gelatinised paraphysis-like structures (immature 
conidiophores?) (Fig. 6C). Conidiophores hyaline, arising from 
the inner cells of the pycnidial wall, occurring either as simple 
ampulliform single-celled conidiogenous cells 6–12 × 3–4 µm or 
more frequently elongate and acropleurogenous conidiophores, 
15–45 µm long comprising up to six or more cells, 6–10 × 2–4 
µm, producing conidogenous loci as short lateral projections 
arising directly from beneath each septum; conidiogenous 
cells phialidic with an inconspicuous collarette; conidia hyaline, 
asymmetrical, oblong to allantoid, aseptate, smooth, 3–5 × 1–2 
µm, with 1–2 guttules. Growth in culture occurring readily on a 
range of media, cardinal temperatures 5 °C and 35 °C, optimum 
25 °C, cultures on potato dextrose agar (PDA) dark olivaceous, 
felty, with a pale, wet margin, aerial mycelium dense, matted, 
with false heads of conidia scattered on short lateral phialides 
or irregularly developed conidiophores, mycelium frequently 
developing droplets of dark reddish exudate (Fig. 4B); hyphae in 
vitro sub-hyaline to mid-brown, branched, thick-walled, rough, 
4–9 µm wide. Conidiophores of hyphomycete morph (Figs 4F, 
7A) phaeoacremonium-like, in culture and occasionally seen on 
canker tissue, simple or branched, sub-hyaline to pale brown, 
smooth or rough, conidiogenous cells lageniform, the collarettes 
usually inconspicuous and parallel-sided but occasionally flared 
(phialophora-like), mono- or polyphialidic, discrete, smooth 
or roughened with bubble-like adhesions, 5–22 × 2–5 µm, 
hyphomycetous conidia (Fig. 7B) aseptate, ellipsoid-ovoid, 
smooth, 2.8–4.5 × 1–2.5 µm, containing 1–2 guttules.

Holotype: Australia, Victoria, Flinders, Orcadia Park, on 
Eucalyptus cladocalyx ‘Nana’, Nov. 1991, L. Wesley (VPRI 17721).

Additional specimens examined: Australia, Victoria, Flinders, Orcadia 
Park, on E. cladocalyx ‘Nana’, 11 Dec 1991, P. Maher, VPRI 17851; 
11 Dec 1991, P. Maher, I.G. Pascoe, VPRI 32273, VPRI 32274; 28 Mar 
1992, P. Maher, VPRI 17852; 10 Apr. 1992, P. Maher, 17860; 04 Aug 
1992, P. Maher, VPRI 18063, VPRI 18064; 08 Sep 1992, P. Maher, VPRI 
18235, VPRI 18236; E. botryoides, 10 Apr. 1992, P. Maher, VPRI 17861; 
Corymbia ficifolia, 9 Jul. 1992, P. Maher, VPRI 32281; Kew, Forestry 
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Fig. 5. A. Young ascoma of C. pleomorpha from 
host tissue showing textura porrecta tissue type. 
B. Developing asci. C. Ascospores. Scale bars: A = 
40 µm, B = 10 µm, C = 5 µm.

Fig. 6. A. Pycnidium from host tissue. B. 
Conidiophores and conidia from pycnidia. 
C. Developing conidiophores showing 
simple phialides and gelatinised immature 
acropleurogenous conidiophores. Scale bars = 
10 µm.

glasshouse, Eucalyptus botryoides, 2 Nov. 1993, P. Maher, VPRI 19598, 
VPRI 19599, VPRI 19600; E. fastigata, 02 Nov 1993, P. Maher, VPRI 
19602; E. globulus, 02 Nov 1993, P. Maher, VPRI 19603; E. grandis, 02 
Nov 1993, P. Maher, VPRI 19604, VPRI 19606; E. radiata, 02 Nov 1993, 

P. Maher, VPRI 19608; E. regnans, 02 Nov 1993, P. Maher, VPRI 19609; 
E. saligna, 02 Nov 1993, P. Maher, VPRI 19610; E. sieberi, 02 Nov 1993, 
P. Maher, VPRI 19611; E. obliqua, 02 Nov 1993, P. Maher, VPRI 19607; 
E. viminalis, 02 Nov 1993, P. Maher, VPRI 19612; E. delegatensis, 02 
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Nov 1993, P. Maher, VPRI 19601; Traralgon, E. cladocalyx ‘Nana’, 23 
Mar 1990, R. Cantrill, VPRI 16665; 25 Apr 1990, P. McGee, VPRI 16689; 
01 Jun 1990, P. McGee & I.G. Pascoe, VPRI 16754, VPRI 16757, VPRI 
16753, VPRI 16755; 23 Mar 1991, P. McGee, VPRI 32290; 05 Apr 1991, P. 
McGee, VPRI 17235, VPRI 17236; E. spathulata, 05 Apr 1991, P. McGee, 
VPRI 17237; Narre Warren North, E. cladocalyx ‘Nana’, 30 Nov 1992, D. 
Phillips, VPRI 18526; Burnley, glasshouse, E. cladocalyx ‘Nana’, 1991, P. 
Maher, VPRI 17709; 20 Jan 1991, P. McGee, VPRI 17366; 15 Sep 1991, 
P. Maher, VPRI 17708; 27 Jul 1990, I.G. Pascoe, VPRI 16834; Morwell, 
E. cladocalyx ‘Nana’, 01 Jun 1990, P. McGee & I.G. Pascoe, VPRI 16756; 
Woodford, E. cladocalyx, 10 May 1980, M. Hall, VPRI 11001; Frankston, 
E. cladocalyx, Dec 1979, L. Smith, IMI 260278, DAR 35408, VPRI 10928; 
Frankston, George Pentland Botanical Gardens, E. cladocalyx, 22 Jul 
1984, I.G. Pascoe, VPRI 12381; E. spathulata, 22 Jul 1984, I.G. Pascoe, 
VPRI 12382; Warrnambool, E. cladocalyx, 10 May 1980, M Hall, VPRI 
11002; Nar Nar Goon, E. cladocalyx ‘Nana’, 23 Aug 1990, P. McGee, 
Barker P, VPRI 16907; Locality unknown, E. cladocalyx, 22 Mar 2002, I.W. 
Smith, VPRI 24952; Springvale, E. cladocalyx, 25 Sep 1990, P. McGee, 
VPRI 16981; Linton, E. cladocalyx, 25km W of Ballarat, 27 Nov 1987, G 
Marks, VPRI 15646; Glen Aire, E. cypellocarpa, 08 Jul 1990, I.G. Pascoe, 
VPRI 16821; Main Ridge, Mornington-Flinders Rd, near Roberts Rd, E. 
dives, 09 Jul 1992, P. Maher, VPRI 17985; Beenak, Hansens Creek Rd., E. 
obliqua, 20 May 1987, I.G. Pascoe, VPRI 15393; NSW, Dyraaba, Dyraaba 
Station, on Corymbia variegata, 7 Jun. 2005, A.J. Carnegie, VPRI 40612; 
Dorrigo Plateau, E. nitens, Nov 2006, I.W. Smith, VPRI 40644, VPRI 
40645; Locality Unknown, “Stop 3”, E. dunnii, 02 Nov 2006, I.W. Smith, 
VPRI 40646; Queensland, Davies Creek, on E. camaldulensis, Aug. 2005, 

A.J. Carnegie, VPRI 40613; South Australia, Port Lincoln, Kirten Point 
Caravan Park, E. cladocalyx, Feb. 1993, P. McGee, VPRI 32277; Tod River 
Reservoir, Koppio Hills, E. cladocalyx, Feb. 1993, P. McGee, VPRI 32279, 
VPRI 32278; Koppio, E. cladocalyx, Feb. 1993, P. McGee, VPRI 32280.

Type specimens of other taxa: Caliciopsis myrticola, on Myrtus 
emarginata, Faux Bon Secours, New Caledonia, 1 Jun. 1967, B. 
Huguenin, NC 67083 (PC); Caliciopsis podocarpi, on Podocarpus 
minor, Plaine des Lacs, lieu dit “Le Goulet”, New Caledonia, 18 
Aug. 1966, B. Huguenin, NC 66058 (PC); Caliciopsis rapaneae, on 
Rapanea lanceolata Mez, Mont Mou, New Caledonia, 27 Dec. 
1966, J-M Veillon, NC 67032 (PC); Caliciopsis veillonii, unknown 
host, Montagne des Sources, New Caledonia, 27 Apr. 1967, 
J.-M Veillon, NC 67050 (PC); Caliciopsis xanthostemonis, on 
Xantostemonis baudounii, Néhoué, New Caledonia, 20 Aug. 1967, 
Mc Kee, NC 67082 (PC).

Pathogenicity experiments

Eucalyptus cladocalyx ‘Nana’
Pathogenicity of C. pleomorpha to E. cladocalyx ‘Nana’ was 
demonstrated by artificial inoculation, resulting in development 
of typical lesions, sporulation of the fungus on infected tissues 
and re-isolation of the fungus into axenic culture. While canker 
symptoms (Fig. 1D) were generally less severe than those seen 
under field conditions, the general appearance of the cankers 
was similar to naturally occurring lesions. Lesions examined 3 

Fig. 7. A. Conidiophores of the hyphomycete morph of C. pleomorpha on WA. B. Conidia of the hyphomycete morph. Scale bars = 10 µm.
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mo after mycelial plug inoculation had a mean lesion length 44 % 
greater than the initial inoculation wound, while control lesions 
had a mean lesion length 16 % longer than the initial wounds. 
Sporulating pycnidia appeared within 1–2 mo after inoculation 
on all inoculated treatments, and sporulating ascomata 
appeared within 3–4 mo on 3 of the syringe inoculated lesions. 
After 3 mo pycnidia were found in 2 of 10 control replicates of 
the plug inoculated treatment, and in 3 of 10 controls of the 
syringe inoculated treatment, indicating that some controls 
had become infected during the experiment, perhaps due to 
dispersal of propagules by overhead sprinklers, and at 7 mo 
these control replicates had developed cankers comparable to 
the inoculated treatments. Table 1 shows 3-mo data for lesion 
size and occurrence of fruiting bodies. Isolation from lesion 
margins onto WA resulted in growth typical of C. pleomorpha, 
and sporulation of the hyphomycete morph.

Other eucalypt species
Inoculations of other Eucalyptus species were successful in 
causing canker development on all species tested, although 
there was substantial variation in severity. Within 1 mo there 
were visible differences between control and inoculated 
seedlings, with many inoculated wounds becoming darkened 
with a concave surface and necrotic margins spreading into 
surrounding tissue. Necrotic tissue was frequently swollen 
and distorted, and in some inoculated saplings the tissue 
surrounding the lesion developed red pigments. In some lesions, 
kino exudate appeared. By contrast control wounds were dry 
and pale and showed no indication of spreading within 1 mo. At 
2.5 mo there was still no change in the appearance of wounds in 
uninoculated controls, while symptoms continued to progress in 
inoculated treatments. However at 4 mo, many of the controls 
had become infected and began to show similar symptoms to 
those seen in inoculated lesions. At six mo, two of the inoculated 
E. marginata saplings and two of the inoculated E. cladocalyx 
‘Nana’ saplings died. The stems broke at the lesion site on one 
inoculated sapling of E. obliqua and one inoculated sapling of E. 
saligna. The remaining plants were generally healthy despite the 
lesions. New growth was commonly initiated below the wound 
site after six months infection. The symptoms varied greatly 
between the different species ranging from elongate, distorted 
lesions in susceptible species such as E. radiata, and E. globulus 
to relatively short, broadly swollen lesions in species such as 
E. obliqua. In the relatively resistant species E. botryoides and 
E. saligna there was little lesion extension and little swelling. 
Distortion of the stems was common in many species due to the 
spread of the lesions and associated swelling.

At 5 mo (Fig. 8), data for lesion length shows the seven 
most severely affected species (lesion length 24–34 mm) to 
be E. cladocalyx, E. cladocalyx ‘Nana’, E. globulus, E. nitens, E. 
radiata, E. regnans and E. sieberi. The least affected species 
(lesion length 12–15 mm) were E. botryoides, and E. saligna 

while other taxa E. delegatensis, E. fastigata, E. grandis, E. 
marginata, E. obliqua and E. viminalis had lesion lengths of 
17–20.5 mm and may be regarded as moderately susceptible. 
At 7 mo the seven most severely affected taxa in terms of lesion 
length were E. cladocalyx, E. cladocalyx ‘Nana’, E. globulus, E. 
nitens, E. radiata, E. regnans and E. sieberi and the least affected 
were again E. botryoides and E. saligna. Width of lesions gave 
different results with E. cladocalyx and E. cladocalyx ‘Nana’ 
having low values and E. delegatensis, E. fastigata, E. globulus, 
E. grandis, E. nitens and E. viminalis having the highest values 
at four mo. Since E. cladocalyx and E. cladocalyx ‘Nana’ were 
both qualitatively and quantitatively the most severely affected 
taxa in the trial, it is clear that width of lesions is not a good 

Table 1. Final observations of mean lesion length and width (in mm) and the presence of fruiting bodies 3 months after inoculation of E. cladocalyx 
‘Nana’ with C. pleomorpha.

Treatments Mean Length Mean Width Lesions containing ascocarps Lesions containing pycnidia

1) plug - inoculated 9.76 ± 1.25 5.45 ± 0.55 0 7

2) plug - control 6.56 ± 0.84 3.40 ± 0.53 0 2

3) suspension - inoculated 8.50 ± 2.27 4.81 ± 0.75 3 7

4) suspension - control 7.45 ± 2.70 4.00 ± 0.52 0 3

Fig. 8. Phylogenetic placement of VPRI isolates of Caliciopsis pleomorpha 
obtained using ITS sequence data, aligned with ITS sequences from 
available GenBank reference strains of species of Caliciopsis and other 
Coryneliaceae. The tree was rooted to Lagenulopsis bispora.
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indicator of susceptibility. Indeed, much longer-term trials on 
field-infected trees are required before a good indication of 
overall susceptibility of different species can be arrived at.

DISCUSSION

Stem canker diseases are not uncommon on the genus Eucalyptus 
in Australia and there have been several comprehensive studies 
of the fungi that cause eucalypt cankers. Davison & Tay (1983) 
described cankers from Eucalyptus marginata (Jarrah) in 
Western Australia, and Old et al. (1986) summarised the fungi 
associated with eucalypt cankers in south-eastern Australia. 
Old et al. (1990) studied the effect of drought and defoliation 
on the susceptibility of eucalypts to cankers caused by Endothia 
gyrosa and Botryosphaeria ribis, and Wilkes (1987) looked 
at the interactions between the various fungi associated with 
injured sapwood in eucalypts. The canker diseases of Eucalyptus 
are also comprehensively summarised by Keane et al. (2000). 
None of these publications mentions any species of Caliciopsis 
associated with eucalypt cankers.

The genus Caliciopsis was erected by Peck (1880), based 
on C. pinea, a pathogen of Pinus, and was first monographed 
by Fitzpatrick (1942) who accepted 10 species. The genus 
now includes 35 species (Index Fungorum - http://www.
indexfungorum.org/names/Names.asp). Caliciopsis is 
characterised by elongate, often ventricose ascomata with 
a swollen ascigerous locule, which is elevated above the 
substrate and usually surmounted by an elongate cylindrical 
neck. The ascoma tissue is gelatinised. Asci have multiple 
wall layers (Johnston & Minter 1989), the outer wall 
breaking early to allow the internal ascus stipe to elongate, 
extending the ascus into the neck of the ascoma where 
ascospores are released by deliquescence of the ascus wall. 
Ascospores initially accumulate in a gelatinous mass at the 
ostiole, later drying to a powdery mass. Benny et al. (1985) 
compared Caliciopsis with related genera of the Coryneliales 
and concluded that the genus was unique in the presence 
of gelatinised textura intricata in the central tissues of the 
ascoma, and in having the centrum elevated above the 
substratum on a stalk. Huguenin (1969) described a number 
of new species of Caliciopsis and other Coryneliales from New 

Caledonia. More recently, Garrido-Benavent & Perez-Ortega 
(2015) described a new species C. valentina, recombined 
Coniocybe beckhausii into Caliciopsis, compared the ITS and 
LSU sequences of those species with other available Caliciopsis 
sequence data and published a worldwide key to the genus. 
Prior to the present paper, only C. xanthostemonis, C. myrticola 
and C. eucalypti have been recorded on Myrtaceae, and only  
C. eucalypti has been described from Eucalyptus. No doubt 
many other species, both phytopathogenic and saprotrophic, 
exist in nature and remain to be discovered.

McCormack (1936) attempted to germinate conidia of  
C. pinea from pycnidia and since they did not germinate, 
identified them as spermatia. Funk (1963), on the other hand, had 
no difficulty in germinating conidia on agar and growing cultures 
which were identical to single ascospore cultures, although he 
continued to regard the conidia as spermatia. He was able to 
produce pycnidia of C. pseudotsugae on twig cultures and of 
C. pinea and C. orientalis on agar. In C. pleomorpha, pycnidial 
conidia germinate readily and grow in culture to produce the 
hyphomycetous morph and, under appropriate conditions 
(Eucalyptus twig agar), pycnidia and ascomata. Pratibha et al. 
(2010) did not observe pycnidia in C. indica but did succeed in 
isolating the fungus onto MEA from single ascospores. However 
they did not observe a hyphomycetous morph.

The present paper demonstrates that in C. pleomorpha the 
pycnidial morph is capable of propagule germination and growth 
in culture (and is therefore conidial and not spermatial), that 
a hyphomycetous morph exists that can be demonstrated on 
appropriate media, and that pycnidia and ascomata form readily 
on media containing sterilized host tissue. The key to all of these 
discoveries seems to be the use of media other than MEA, which 
was the only medium used by Funk (1963), McCormack (1936) 
and Pratibha et al. (2010), while Ray (1936) used only CMA. 
While C. pleomorpha grows well on MEA, it does not produce 
the hyphomycetous morph and it grows poorly and sporulates 
sparsely on CMA. On other media such as PDA, WA and OMA, 
C. pleomorpha produces only the hyphomycetous morph and it 
is necessary to use Eucalyptus twig agar to induce development 
of pycnidia and ascomata. Deliberate spermatisation was 
not necessary, but the fungus frequently produced aborted 
ascomata which might indicate that some form of fertilisation 
is required. 

Fig. 9. Mean lesion length (mm) in 15 
eucalypt taxa five mo after inoculation with C. 
pleomorpha.
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Previously, C. pinea was the only species to have produced 
ascomata in culture (Ray 1936, Funk 1963). Ray grew C. 
pinea on CMA and obtained spermogonia, but was only able 
to induce formation of ascomata with the addition of blocks 
of white pine (Pinus strobus) to the CMA, and by the use of 
many combinations of single spore isolates, only two of which 
resulted in production of ascospores. Funk (1963) was able to 
obtain ascomata on sterilized twigs, noting that this occurred 
in single ascospore cultures and inferring that spermatization 
was not necessary and that the ascospores appeared to be 
homothallic. It is clear from the papers of Funk, McCormack 
and Ray that they looked carefully enough at their cultures 
(having observed such structures as hyphal anastomoses and 
dendroid hyphal tips) to have detected a hyphomycete state 
if it had occurred. It would be interesting to grow C. pinea, C. 
pseudotsugae and C. orientalis on PDA, WA, and OMA to see if 
a hyphomycete morph is able to be produced by those species 
under appropriate conditions.

Susceptibility to C. pleomorpha seems to be related to the 
ability to form callus in infected lesions. Moderately resistant 
species (such as E. viminalis) produced large amounts of callus 
and succeeded in healing the lesion, while highly susceptible 
species such as E. cladocalyx typically failed to produce any 
callus so that symptoms continued to progress into a perennially 
developing canker. Eucalyptus botryoides and E. saligna simply 
failed to develop significant cankers without production of large 
amounts of callus. It is probable that the parameters measured 
during the glasshouse trial are not predictive of susceptibility 
to Caliciopsis cankers and their consequences including death 
of twigs and branches. On E. cladocalyx ‘Nana’ in the field, well 
developed cankers are open with the wood exposed, with very 
little callus and ragged, torn edges. On the other hand, natural 
field infections on moderately susceptible species such as E. 
obliqua have large amounts of callus development and tend 
to close over but the stem is swollen to about twice its normal 
diameter and may be very susceptible to breaking.

Since the original discovery of C. pleomorpha, the disease 
has been detected in many naturally infected forest trees (I.W. 
Smith, J. Simpson & A. Carnegie, pers. com.), and found to be 
particularly damaging in plantation forestry. In NSW forests it has 
been recorded on E. grandis, E. globulus, Corymbia variegata, 
C. maculata, E. nitens and E. grandis × E. camaldulensis clones 
(Carnegie 2007 a, b). Cankers associated with C. pleomorpha 
were mostly found on stressed or damaged trees in NSW, such 
as those severely defoliated by insects (chrysomelid leaf beetles) 
or fungi (Teratosphaeria spp.) and on most hosts cankers were 
small, perennial and eventually occluded (Carnegie 2007a). 
However, in 2004 the fungus caused significant damage to an 
E. nitens plantation in the Dorrigo Plateau in NSW, killing at 
least 50 % of trees (Carnegie 2007b). Carnegie (2007a) also 
reported Caliciopsis canker from E. camaldulensis in northern 
Queensland.

In 2008 a canker disease was detected in plantations 
of E. grandis in northern NSW and suspected, on the basis 
of its distinctive symptoms, of being caused by the exotic 
Teratosphaeria zuluensis and brought to the attention of 
the senior author by quarantine authorities. Microscopic 
examination and culturing by the senior author and colleagues 
showed that the black conidiomata contained hyaline (rather 
than brown) conidia and further examination and comparison of 
ITS sequences showed that the fungus was in fact C. pleomorpha. 
No ascomata were detected. In this case the symptoms consisted 

of deep but restricted cankers on the main trunk, quite distinct 
from typical lesions on E. cladocalyx ‘Nana’.

Caliciopsis pleomorpha is most commonly a severe pathogen 
of E. cladocalyx. However, there are enough records of the 
fungus attacking other Eucalyptus species within plantations 
and natural populations to indicate that the pathogen has 
the potential to be an occasional but significant threat to 
natural and commercial Eucalyptus forests. Further studies on 
environmental and genetic factors affecting the susceptibility of 
different species are needed to elucidate this threat. 
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INTRODUCTION

Over the past two decades, the discovery of genetic diversity 
within morphologically defined species has increased as more 
and more traditional species become molecularly characterised. 
Bickford et al. (2006) defined cryptic species as “two or more 
species erroneously classified (and hidden) under one species 
name”. They also defined sibling species as “two species 
that are the closest relative to each other and have not been 
distinguished from one another taxonomically”. Korshunova 
et al. (2017) describe different degrees of cryptibility, from 
a completely indistinguishable pair of taxa (sibling species) to 
species complexes that have minor differences (e.g. semi-cryptic, 
pseudocryptic species). The same paper points out, however, 
that the terms sibling, semi-cryptic, and pseudocryptic can be 
very confusing, and it recommends the term cryptic species for 
species where present knowledge cannot define morphological 
features unambiguously. In a recent paper, Struck et al. 
(2018) mention that current definitions of cryptic species are 
inconsistent and propose an approach focused on quantifying 
the phenotypic disparity of taxa relative to the divergence and 
exchange of their genes. Thus, these authors consider that 
cryptic species should derive from diverged genotype clusters, 
and that when the divergence is recent, cryptic species are 
sister taxa (the term sibling is not used by these authors). These 
concepts underpin our study.

According to Bickford et al. (2006), fungi are key target 
organisms for cryptic species investigations, and as indicated 
by Taylor et al. (2006), an ideal group to compare species 
delimitation based on morphological characters (MSR, 
morphological species recognition), on reproductive isolation 
(BSR, biological species recognition) and on genetic isolation 

(PSR, phylogenetic species recognition). Taylor et al. (2006) 
discussed several fungi thought to be a single species by MSR 
or BSR, but which molecular analysis has shown are two or 
more geographically distinct species. For example, James et 
al. (2001) analysed the rDNA loci in Schizophyllum commune, 
a model organism of Basidiomycota found throughout the 
world on woody substrates. The phylogenetic analyses of the 
internal transcribed spacers (ITS nrDNA; ITS) and the intergenic 
spacers (IGS nrDNA; IGS) revealed a strong geographic pattern 
and supported three evolutionarily distinct lineages within the 
global population. Also, examples are found in corticoid fungi 
(basidiomycota having effused, smooth basidiocarps), e.g., 
Serpula hymantioides is considered a species complex of five 
phylogenetic species (PSR) with divergent substrate affinities 
(Carlsen et al. 2011). Using Serpula species as a model group, 
Balasundaram et al. (2015) concluded that at least five markers 
from independent loci are needed to separate cryptic species in 
fungi. 

While multilocus sequencing will remain the gold standard 
for an unambiguous definition of new species (Yar et al. 2016), 
numerous cryptic species have recently been described based 
on the ITS region. After a phylogenetically wide-ranging test, 
Schoch et al. (2012) showed that the ITS region discriminates 
species effectively across more than 70 % of fungi tested, so 
this region was selected as the first barcode for fungi. Mallo 
& Posada (2016) clearly state the four different strategies for 
species assignment using the barcoding approach: a) tree-
based strategies, using any classic phylogenetic method to 
estimate the gene tree, assuming that gene trees and species 
trees are topologically equivalent; b) sequence-similarity 
method, assuming that intraspecific similarity is larger than 
the interspecific, the barcode gap; c) statistical methods, which 
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involve evaluating the statistical evidence, such as posterior 
probabilities, towards associating a new sequence with one 
group or another; and, d) diagnostic methods, that depend on 
finding in the reference sequence a combination of nucleotides 
to assign potential queries to a given species. Since statistical 
and diagnostic methods are computationally expensive (Nielsen 
& Matz 2006, Bertolazzi et al. 2009), the main repositories of 
fungal sequence data (GenBank and UNITE) facilitate automatic 
species discrimination with specialised bioinformatics pipelines. 

In Telleria et al. (2012) we described a new Hyphoderma 
species, Hyphoderma macaronesicum from the Canary Islands 
and Azores Archipelago based on comparison of morphological 
characters and ITS region sequences, the universal fungal DNA 
barcode marker (Schoch et al. 2012). Even though the 35 specimens 
of H. macaronesicum shared similar patterns of morphological 
variability, molecular analyses yielded two strongly supported 
clades (clade A with four specimens and clade B with 31 specimens 
separated into subclade B1 and subclade B2), suggesting that the 
morphologically defined H. macaronesicum could contain some 
cryptic species. When we analysed these sequences through the 
UNITE database/PlutoF (Kõljalg et al. 2013), we obtained two SH 
(Species Hypothesis). The SH191350.07FU included the sequence 
from the holotype of H. macaronesicum (reference sequence) 
and the other sequences from clade B (15 sequences), without 
discriminating between sequences from subclade B1 and B2; and 
the SH191352.07FU included the four sequences from clade A 
(Supplementary Fig. 1). 

This work presents a re-evaluation of the taxonomy of H. 
macaronesicum, based on the clades from our previous study 
(Telleria et al. 2012), as well as the SHs obtained through the 
UNITE database. Thus, this paper aims to evaluate a one-species 
hypothesis (H. macaronesicum) against two other hypotheses, 
a two-species hypothesis (clades A and B) and a three-species 
hypothesis (clades A, B1, and B2).

Different strategies for species assignments were applied. A 
new evaluation of macro- and micro-morphological characters 
was conducted. A Latin binomial is proposed for the species 
named in UNITE database as SH191352.07FU, and a description 
is provided.

MATERIALS AND METHODS

Taxon sampling and morphological studies

Six new specimens initially identified as H. macaronesicum, 
were analysed morphologically together with 14 specimens 
from Telleria et al. (2012). Specific information about geographic 
origin, substrate, and sequences, with the GenBank accession 
numbers of the specimens, is shown in Table 1. The specimens 
are deposited in the mycological collections of MA and TFC 
herbaria (Thiers 2016).

Dried specimens were used for light microscopy. 
Measurements were made from microscopic sections mounted 
in 3  % KOH solution and examined at up to 1250× with an 
Olympus BX51 microscope. The length and width of 30 spores, 
10 basidia and 10 cystidia were measured from each sample. 

DNA extraction, amplification and sequencing

From the 14 specimens of H. macaronesicum representing the 
three subclades (A, B1 and B2) from Telleria et al. (2012), DNA 

isolation was not required, since genomic DNA is stored at the 
Real Jardín Botánico, RJB-CSIC (Madrid, Spain). From the six 
new collections (Table 1 marked with asterisk), genomic DNA 
was extracted using a DNeasy™ Plant Mini Kit (Qiagen, Valencia, 
California, USA), following the instructions of the manufacturers; 
except that lysis buffer incubation was done overnight at 60 °C. 

Amplifications were done using illustra PuReTaq Ready-
To-Go PCR beads (GE Healthcare, Buckinghamshire, UK) as 
described in Winka et al. (1998). Negative controls lacking fungal 
DNA were run for each experiment to check for contamination 
of reagents. Results of amplifications were assayed from 5 µL 
aliquots by gel electrophoresis in 2  % Pronadisa D-1 Agarose 
(Lab. Conda, Spain). 

First, the primer pair ITS1F/ITS4 (White et al. 1990, Gardes 
& Bruns 1993) was used to amplify the ITS of the six new 
specimens, as described in Martín & Winka (2000). The second 
locus analysed was IGS, as in James et al. (2001). The primer pair 
CNL12/5SA (Anderson & Stasovski 1992) was used to amplify a 
fragment of the IGS of the 21 isolates included in this study; the 
amplification cycles were: an initial denaturation at 94 °C for 5 
min, 30 cycles of 94 °C for 30 s, 62 °C for 30 s and 72 °C for 30 s, 
and the final extension of 72 °C for 10 min. Haplotype network 
analyses were done for both loci.

Second, in addition to ITS and IGS, two more genes were 
included (RPB2 and EF1-α). To amplify and sequence two regions 
of the protein-coding RNA polymerase II subunit two (RPB2), 
two primer pairs were used, fRPB2-7cF/fRPB2-11aR (Liu et al. 
1999) and RPB2- f5F/RPB2–7.1R (Matheny 2005, Binder et al. 
2010), using the amplification cycles described in Liu et al. (1999) 
and Matheny (2005), respectively. When necessary, nested-
PCR was done following Wilson et al. (2012); thus, one µL of 
the first PCR (RPB2- f5F/RPB2–7.1R) was used as DNA template 
for the nested primer pair RPB2-6F/ RPB2-7R.2 (Matheny 2005, 
Matheny et al. 2007), with the amplification cycles described in 
Matheny (2005). 

To amplify and sequence translation elongation factor 
1-alpha (EF1-α), two primer pairs were used EF1–1018F/EF1-
1620R and EF-1002F/EF1-1688R (Stielow et al. 2015). The 
amplification cycles were: an initial denaturation at 94 °C for 5 
min, 40 cycles of 94 °C for 1 min s, 48 °C for 1 min s and 72 °C for 
2 min, and the final extension of 72 °C for 10 min. 

Prior to sequencing, the PCR products were cleaned using a 
QIAquick Gel PCR Purification kit (Qiagen, Valencia, California) 
according to the manufacturer’s instructions. Both strands 
were sequenced separately using primers mentioned above at 
Macrogen (South Korea). Sequences were edited and assembled 
using Sequencher™ v. 4.2 (Genes Codes Corporations, Ann 
Arbor, Michigan, USA). 

When electropherograms were of bad quality (no sharp 
peaks and with background), purified PCR products were cloned 
using pGEM-T Easy Vector System II cloning kit (Promega, 
Madison, Wisconsin, USA). From each cloning reaction, up 
to six clones were selected for sequencing. To confirm that 
the inserted product was correct, 2 µL of the purified plasmid 
DNA was digested with EcoRI prior to sequencing following the 
instructions of the manufacturer. Both strands were sequenced 
separately using vector specific primers T7 and SP6 at Secugen 
S.L. (Madrid, Spain) or Macrogen (Seoul, Korea).

All sequences derived in this study were deposited in 
GenBank and accession numbers are given in Table 1. Sequence 
data of each locus were aligned separately using Se-Al v. 2.0a11 
Carbon (Rambaut 2002) for multiple sequences. 



© 2018 Westerdijk Fungal Biodiversity Institute

Hyphoderma paramacaronesicum sp. nov.
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

59

Table 1. Hyphoderma paramacaronesicum and H. macaronesicum specimens analysed. Clade names based on ITS sequences according to Telleria 
et al. (2012). The initials for the collections correspond to M. Dueñas (MD) and M.T. Telleria (Tell.). Geographical names are abbreviated as follows: 
CI, Canary Islands, and AA, Azores Archipelago. (*) New specimens included in this study. In bold, new sequences obtained in this study.

Species / specimens Geographical origin Substrate GenBank accession no

ITS IGS RPB21 RPB22 EF1-α

Clade A

H. paramacaronesicum 

TFCMic. 15161 Fuerteventura (CI) Nicotiana 
glauca

HE577025 KF150075 - LT627631 LT627612

TFCMic. 15831 Gran Canaria (CI) Pistacia 
atlantica

HE577026 KF150076 - - LT627613

TFCMic. 15981 Tenerife (CI) Cistus 
monspeliensis

HE577027 KF150077 - LT627632 LT627614

MA-Fungi 87737, 
12353MD*

Gran Canaria (CI) Ocotea foetens KC984405-KC984407 
(Clones A, D, E)

KF150073 - LT627633 LT627615

KC984402-KC984404 
(Clones B, C, F)

MA-Fungi 87736, 
12262MD*

Fuerteventura (CI) Launea 
arborescens

KC984397-KC984401 
(Clones A–C, D, F)

KF150074 - LT627634 LT627616

MA-Fungi 87738, 
16099Tell., holotype

Faial (AA) Banksia 
integrifolia

HE577028 KF150078 - - -

Clade B

H. macaronesicum

Subclade B1

TFCMic. 8954 La Palma (CI) Echium 
brevirame

HE577003 KF150040 - - LT627618

TFCMic. 14968 El Hierro (CI) Euphorbia 
lamarckii

HE577006 KF150045 KF181105 LT627637 LT627619

TFCMic. 14993 El Hierro (CI) Euphorbia 
lamarckii

HE577008 KF150047 KF181106 LT627636 LT627617

TFCMic. 15019 El Hierro (CI) Euphorbia 
lamarckii

HE577009 KF150048 - LT627638 LT627620

TFCMic. 15032 El Hierro (CI) Schizogyne 
sericea

HE577010 KF150049 KF181107 LT627639 LT627621

TFCMic. 15802 Gran Canaria (CI) Kleinia neriifolia HE577015 KF150061 KF181108 LT627640 LT627622

TFCMic. 15810 Gran Canaria (CI) Kleinia neriifolia HE577016 KF150062 KF181109 LT627641 LT627623

TFCMic. 15939, 
holotype 

Tenerife (CI) Plocama 
pendula

HE577024 KF150072 KF181102 - LT627624

Subclade B2

TFCMic. 15115 Fuerteventura (CI) Launaea 
arborescens

HE577011 KF150050 KF181118 - LT627630

TFCMic. 15917 La Gomera (CI) Rumex lunaria HE577023 KF150071 KF181117 LT627644 LT627629

MA-Fungi 90387, 
12236MD*

Lanzarote (CI) Euphorbia 
balsamifera

KC984326 KF150023 - - LT627625

MA-Fungi 90388, 
12241MD*

Lanzarote (CI) Euphorbia 
balsamifera

KC984327 KF150025 KF181122 LT627635 LT627626

MA-Fungi 90389, 
12244MD*

Lanzarote (CI) Euphorbia 
balsamifera

KC984328 KF150026 KF181121 LT627642 LT627627

MA-Fungi 90390, 
12301MD*

Gran Canaria (CI) Salvia 
canariensis

KC984351 KF150036 KF181120 LT627643 LT627628

1 Ribosomal polymerase two, subunit two (RPB2) sequences, obtained through PCR and sequencing with primer pairs fRPB2-7cF/fRPB2-11aR (Liu 
et al. 1999).
2 RPB2 sequences, obtained through nested PCR with primer pair RPB2- f5F/RPB2–7.1R (Matheny 2005, Binder et al. 2010) to the first amplification, 
and primer pair RPB2-6R/RPB2-7R.2 (Matheny 2005, Matheny et al. 2007) to the second amplification and sequencing.
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Analyses of ITS and IGS nrDNA, and haplotype network

For the first analyses, ITS and IGS Minimum length Fitch trees 
were constructed separately using heuristic searches with 
tree-bisection-reconnection (TBR) branch swapping, collapsing 
branches if maximum length was zero and with the MulTrees 
option on in PAUP v. 4.0b10 (Swofford 2003). Gaps were treated 
as a 5th character state and as a missing character using two 
different datasets. The robustness of trees was calculated by 
nonparametric bootstrap (MPbs) support (Felsenstein 1985) for 
each clade, based on 10 000 replicates using the fast-step option. 
The consistency index CI (Kluge & Farris 1969), retention index 
RI (Farris 1989), and rescaled consistency index RC (Farris 1989), 
were obtained. Phylogenetic trees were viewed with FigTree v. 
1.3.1 (http://tree.bio.ed.ac.uk/software/figtree/) and edited 
with Adobe Illustrator CS3 v. 11.0.2 (Adobe Systems). To test for 
potential conflict among data sets, 75  % bootstrap consensus 
trees were examined for conflict (Lutzoni et al. 2004); since 
no conflicts were found, the combined data set was used for a 
maximum parsimony analysis, as well as to calculate the genetic 
distances among specimens and in the network analyses. 

The second strategy for species assignment using ITS and 
IGS was to estimate the genetic distances among specimens 
under the Kimura 2-parameter (K2P) model in PAUP, which is 
widely used in DNA barcoding analyses to distinguish species 
(e.g. Neigel et al. 2007). The ITS and IGS intraclade distances 
were calculated as the mean value of the pairwise distances 
between the samples of each clade; the interclade distances 
were calculated as the pairwise distances between the samples 
of the two clades; if there is no overlap of the two measures, a 
barcoding gap exists. The genetic distance is sufficient to assign 
species names to specimens. With genetic distances UPGMA 
and NJ dendrograms were built from the combined matrix of 
genetic distances. 

To visualise the relationships of the samples, a neighbour-
net analysis (Bryant & Moulton 2002) was run using Hamming 
distances (Hamming 1950), combining ITS and IGS sequences of 
Hyphoderma specimens from clades A and B (subclade B1 and 
subclade B2). Also, to display the mutational differences among 
haplotypes, a second method based on the statistical parsimony 
method implemented in TCS v. 1.21 (Clement et al. 2000) was 
carried out using a 90  % or 95  % connection limit; gaps were 
excluded from the alignments or coded as a 5th character state. 
In TCS the root haplotype is considered the oldest haplotype in 
a given network (Crandall & Templeton 1993, Posada & Crandall 
2001, Templeton 2001).

Analyses of ITS, IGS, RPB2 and EF1-α, and species tree 
reconstruction

In order to apply the phylogenetic species concept based on the 
concordance of gene genealogies (Taylor et al. 2000) – in our 
case four loci –, three classic phylogenetic methods were used 
for the tree-based strategy: 1) Minimum length Fitch trees were 
constructed using the same parameters mentioned above; 2) 
Maximum likelihood (ML) analyses were done in PAUP, using the 
GTR+I+G model selected in this program for assessing branch 
supports, 1000 non-parametric bootstrap replicates (MLbs) 
were performed with the fast-step option. 3) The Bayesian 
analysis (Larget & Simon 1999, Huelsenbeck & Ronquist 2001) 
was done using MrBayes v. 3.2 (Ronquist et al. 2012) with the 
GTR+I+G model; both the 50  % majority-rule consensus tree and 

the posterior probability (PP) of the nodes were calculated from 
the remaining trees with MrBayes. Sequences of Hyphoderma 
prosopidis (HE577029) were used as outgroup for ITS analyses; 
Antrodia vaillantii (AM286436) for IGS; Hyphoderma litschaueri 
(KP134965) for RPB2; and Trametes hirsuta (JN164891) and 
T. maxima (JN164885) for EF1-α. (Neither IGS nor EF1-α 
Hyphoderma sequences are located in GenBank). To test for 
potential conflict among data sets, branches with ≥ 75  % MPbs 
(Lutzoni et al. 2004), ≥ 90  % MLbs (Wilson et al. 2012) and ≥ 
0.95 PP (Wilson et al. 2012) were considered to be strongly 
supported. Phylogenetic trees were viewed with FigTree v. 1.3.1 
and edited with Adobe Illustrator CS5 v. 15.0.2.

Finally, locus alignments were included in a full Bayesian 
framework for species tree estimation using *BEAST2 v. 2.4.3 (Heled 
& Drummond 2010, Bouckaert et al. 2014), under a multispecies 
coalescent model (Dowton et al. 2014); only specimens with the 
four locus sequences were included. This method co-estimates 
gene and species trees from sequence data while considering 
evolutionary processes that could generate species tree/gene 
tree discordance, as incomplete lineage sorting (Mallo & Posada 
2016). The substitution model for each marker was selected 
according to the model selection obtained from jModelTest2 and 
BIC indexes. Constant population function (population mean = 1) 
was used to model the species tree population size. Coalescent 
constant population prior was used to build the species tree. 
To visualise the species tree and concordance between the four 
loci, the Densitree v. 2.01 package (Bouckaert 2010), included in 
BEAST2 v. 2.4.3, was used.

Three different species delimitation hypotheses were 
tested. In the first model (1-Species-Model), traditional 
morphological classification was addressed, including all 
specimens in a single group, separated from the outgroup. 
For the second hypothesis (2-Species-Model), specimens were 
grouped according with the two main clades (A and B) obtained 
in the barcoding analyses. Finally, for the third hypothesis 
(3-Species-Model), specimens were grouped according to the 
clades A, B1 and B2 obtained in the barcoding analyses. Each 
one of these models was used as input in BEAST v. 2.4.3 to 
obtain the species tree and were compared using the Bayes 
factors approach (Grummer et al. 2014). Bayes factors (BF) can 
be used as a model selection tool, to choose the most probable 
scenario given your data. To compute the Bayes factor for 
each model comparison, the marginal likelihood of each 
hypothesis was calculated through stepping-stone analyses 
using Path Sampler Analyser (BEAST model-selection 208 
package v. 1.0.2; default parameters: alpha = 0,3, steps = 8, 
chain length = 100 000 and burning = 50  %). The 2-Species-
Model was contrasted with the other two models (2-Species-
Model vs. 1-Species-Model and 2-Species-Model vs. 3-Species-
Model). The BF was calculated by subtracting the marginal L 
estimates; when the difference is positive, BF is in favour of H1. 
Following Kass & Raftery (1995), the BF scores are decisive for 
selecting the most probable scenario; thus, BF from 6 to 10 is 
strong evidence, and BF > 10 is decisive evidence. 

Statistical tests of morphological characters

One-way ANOVA tests were performed to detect significant 
differences in spores, basidia and cystidia morphology between 
clades obtained in the genomic analyses. Exploratory plots (i.e. 
residuals vs fitted values, normal Q-Q plots and residuals vs 
leverage) were used to assess test assumptions.
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RESULTS

A total of 79 sequences were generated for this study and are 
available under GenBank accession numbers indicated in Table 
1: 15 ITS, 20 IGS, 11 RPB2 (fRPB2-7cF/fRPB2-11aR), 14 RPB2 
(RPB2-6R and RPB2-7R.2), and 19 EF1-α (primer pair EF1–1018F/
EF1-1620R). In two cases, cloning was performed to obtain the 
ITS sequences; from collection 12262MD (MA-Fungi 87736) all 
sequences were identical, but from 12353MD (MA-Fungi 87737) 
two haplotypes were distinguished (Table 1). As indicated in 
Table 1, using the primer pair fRPB2-7cF/fRPB2-11aR, no RPB2 
sequences were obtained from any of the specimens included 
in clade A, nor from two specimens of subclade B1, and one 
specimen from subclade B2. For EF1-α using primer pair EF-
1002F/EF1-1688R no or weak amplimers were visualised; and 
no sequences were obtained. 

Analyses of ITS and IGS nrDNA, and haplotype network

The first analyses were performed using ITS and IGS sequences 
from the 20 specimens included in this study.

The topology of the consensus tree resulting from the 
analysis of the ITS region is nearly identical to the consensus 
tree topology resulting from the IGS (trees not shown); except 
the position of specimen TFCMic. 15032 from El Hierro (on 

Schizogyne sericea), which in the ITS analysis groups in clade B2, 
but in the IGS analysis was nested in clade B1. With only this 
phylogenetic conflict between the two loci, MP and UPGMA/
NJ analyses on the combined gene alignment were done. The 
combined dataset had 1 089 characters, 54 were parsimony 
informative. The MP analysis yielded 100 most parsimonious 
trees, all with similar topology, consistency index (CI) = 0.8676, 
and retention index (RI) = 0.9708. Figure 1 shows one of the 
most parsimonious trees; the parsimony consensus tree (not 
shown) had the same topology, as well as the UPGMA and NJ 
dendrograms from the combined matrix of genetic distances 
(trees not shown). In all analyses, as shown in Fig. 1, samples 
16099Tell., TFCMic. 15831 clones BCF, 12353MD, TFCMic. 
15161, TFCMic. 15981, 12353MD clones ADE, and 12262MD 
clones ABCDF form a monophyletic clade with strong bootstrap 
support (100  %), as in Telleria et al. (2012). The combined 
alignment and one of the MPtrees derived from MP analyses 
were deposited in TreeBASE (21649; http://purl.org/phylo/
treebase/phylows/study/TB2:S1649).

The K2P genetic distance among clade A, and the subclades 
B1 and B2, in the combined ITS-IGS database revealed values 
ranging from 0.02809 to 0.03766; however, the maximum values 
among specimens of clade A, subclade B1 and subclade B2 were 
0.000464, 0.00098 and 0.00483 respectively, and between 
subclade B1 and subclade B2 was 0.00886. 

16099Tell,  Azores,  Banksia  integrifolia,  holotype  

TFCMic.  15831,  Gran  Canaria,  Pistacia  atlantica

12353MD,  clonesBCF,  Gran  Canaria,  Ocotea  foetens

TFCMic.  15161,  Fuerteventura,  Nicotiana  glauca

TFCMic.  15981,  Tenerife,  Cistus  monspeliensis

12353MD,  clonesADE,  Gran  Canaria,  Ocotea  foetens

12262MD,  clonesABCDF,  Fuerteventura,  Launaea  arborescens

12236MD,  Lanzarote,  Euphorbia  balsamifera

12241MD,  Lanzarote,  Euphorbia  balsamifera

12244  MD,  Lanzarote,  Euphorbia  balsamifera

TFCMic.  15917,  La  Gomera,  Rumex  lunaria

TFCMic.  15115,  Fuerteventura,  Launaea  arborescens

12301MD,  Gran  Canaria,  Salvia  canariensis

TFCMic.  8954,  La  Palma,  Echium  brevirame

TFCMic.  15019,  El  Hierro,  Euphorbia  lamarckii

TFCMic.  15939,  Tenerife,  Plocama  pendula,  holotype  

TFCMic.  14968,  El  Hierro,  Euphorbia  lamarckii

TFCMic.  14993,  El  Hierro,  Euphorbia  lamarckii

TFCMic.  15032,  El  Hierro,  Schizogyne  sericea

TFCMic.  15802,  Gran  Canaria,  Kleinia  neriifolia

TFCMic.  15810,  Gran  Canaria,  Kleinia  neriifolia

1  change

100

100

76

72

84

70

Clade  A

Clade  B

B2

B1

Fig. 1. One of the 100 most parsimonious trees inferred from a heuristic search based on concatenated dataset of ITS and IGS nrDNA sequences. The 
two clades (A and B) and the two subclades (B1 and B2) described in Telleria et al. (2012) are recovered. Bootstrap values (%) are indicated below 
the branches. 
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The median-joining network obtained using Hamming 
distances (Fig. 2) display the mutational differences for all 
haplotypes. The six haplotypes belonging to clade A (in Fig. 1), 
are clearly separated from the rest of the haplotypes (clade B in 
Fig. 1). 

Parsimony network analyses (Fig. 3), both using 90 % or 95 % 
connection limit, and considering gaps as a 5th character state or 
excluding them, revealed two networks (named A and B in Fig. 
1), and 14 haplotypes. The six haplotypes belonging to clade A 
separated by a maximum of four mutational steps; the highest 
root probability (Fig. 3 rectangle) was assigned to the haplotype 

consisting of one isolate from Gran Canaria growing on Pistacia 
atlantica. The haplotypes of network B (Fig. 3) appeared in 
two main clusters, corresponding with subclade B1 and B2, 
separated from each other by at least 15 mutational steps; the 
highest root probability was assigned to the haplotype consisting 
of five isolates from Canary Islands (Gran Canaria, El Hierro, La 
Palma and Tenerife, the type of H. macaronesicum) growing on 
different substrates. Between these two clusters, appears the 
haplotype of specimen TFCMic. 15032 at seven mutational steps 
from subclade B1, and at the same number of mutational steps 
from clade B2.

16099Tell.  holotype

TFCMic.  15115

12244MD

TFCMic.  8954,  TFCMic.  15802

12
24
1M

D

TFCMic.  15917
TFCMic.  15939  holotype,TFCMic.  14993  12236MD

TFCMic.  15019,  TFCMic.  14968

12
30
1M
D

TFCMic.  15161
TFCMic.  1583112353MDclonesADE,  12262MDclonesABCDF

12262MDclonesBCF TFCMic.  15981

TF
C
M
ic
.  1
58
10

Subclade  B2,  ITS  and  IGS

Subclade  B1,  ITS
Subclade  B2,  IGS

Subclade  B1,  ITS  nd  IGS

Clade  A

TFCMic.  15032

Clade  B

0.01

Fig. 2. Neighbour-net network based on concatenated dataset of ITS and IGS nrDNA sequences using Hamming distances. For clarity, edges are 
labelled with the specimen numbers; the two clades (A and B) and the two subclades (B1 and B2) obtained after heuristic search in the parsimony 
analysis (Fig. 1) are indicated. 
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Analyses of ITS, IGS, RPB2 and EF1-α, and species tree 
reconstruction

In each locus tree, the clade A is strongly supported as a group 
apart from specimens of clade B (Supplementary Fig. 2A–D). 

The protein-code trees do not support the separation of clade B 
specimens into two subclades B1 and B2. 

All alignments and trees deriving from Bayesian analyses 
were deposited in TreeBASE (21649; http://purl.org/phylo/
treebase/phylows/study/TB2:S21649).

  TFCMic.  8954,  14968,14993,  
          15810,  15939  holotype

TFCMic.  15019 TFCMic.  15802   
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          TFCMic.  15917,
12236MD,  12241MD

12244MD

  

Subclade  B1,  ITS  and  IGS

Subclade  B1,  ITS
Subclade  B2,  IGS

Subclade  B2,  ITS  and  IGS

Clade  B

  TFCMic.  15831  
        

16099Tell.  holotype   

TFCMic.  15161TFCMic.  15981

  

Clade  A

12353MDclonesBCF

    12353MDclonesADE,
12262MDclonesABCDF

Fig. 3. Parsimony network analysis based on concatenated dataset of ITS and IGS nrDNA sequences. Two separate nets were obtained. Specimens from 
clade A identified as Hyphoderma macaronesicum in Telleria et al. (2012), but here proposed as Hyphoderma paramacaronesicum. Each connecting 
line represents one substitution and each small circle represents a missing intermediate character. The square connected identify the haplotype 
considered as ancestral to each net by the analysis. 
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Marginal likelihoods obtained for each hypothesis and Bayes 
factors for model comparisons are shown in Table 2. The species 
tree (Fig. 4), estimated from the four loci dataset in *BEAST, 
clearly supports (PP = 1.00) a hypothesis of two evolutionary 
units (2-Species-Model); also, the BF indicates decisive support 
for the 2-Species-Model against the 1-Species-Model, and 
strong support for the 2-Species-Model against the 3-Species-
Model. The two evolutionary units are herein considered 
different species: one includes the six specimens under clade A 
in barcoding analyses (SH191352.07FU in UNITE database), and 
its sister clade is composed of all specimens of clade B, without 
separating two subclades (SH191350.07FU). 

Statistical analyses of morphological characters

Morphological studies show no differences between 
clades A and B in spores and basidia morphology (Table 3, 

Supplementary Fig. 4). Specimens of clade A share very similar 
morphological characters as described in Telleria et al. (2012) 
to H. macaronesicum holotype (Clade B). The only significant 
differences were found for cystidia width; the cystidia of clade A 
are thinner than those of clade B (F= 8.16, P-value < 0.05; Table 
3, Supplementary Fig. 4). 

TAXONOMY 

Here, we formally describe the clade A specimens (SH191352-
07FU) as a new species, Hyphoderma paramacaronesicum, 
following the Melbourne Code (McNeill et al. 2012) and 
changes adopted by the 19th International Botanical Congress in 
Shenzhen 2017 (Hawksworth et al. 2017).

Hyphoderma paramacaronesicum Telleria, M. Dueñas, J. 
Fernández-López & M.P. Martín, sp. nov. MycoBank MB811865. 
Fig. 5. 

Etymology: Named for its morphological similarity to 
Hyphoderma macaronesicum.

Holotype: Portugal, Azores Archipelago, Faial, Horta, Ponta 
do Varadouro, 38°34'10"N 28°46'24"W, 42 msl, on Banksia 
integrifolia, 23 Feb. 2005, 16099Tell. (MA-Fungi 87738; ITS and 
IGS sequences GenBank HE577028 and KF150078, respectively). 

Description: Basidioma resupinate, adnate, orbicular to 
confluent, yellowish white to pale orange yellow; hymenophore 
smooth and margin not clearly differentiated. Hyphal system 
monomitic with clamps at all septa; cylindrical leptocystidia 
with several constrictions often moniliform, 70–124 × 8−13 µm; 
basidia claviform, with oil drops in the protoplasm, basal clamp 
always present and four sterigmata, 40−48(−56) × 6−9 µm; 
spores ellipsoid, 12−15(−17) × 5.5−7(−8.5) µm, thin-walled.

Additional material examined: Spain, Canary Islands, Fuerteventura, 
Pájara, Jandía, barranco de Vinamar, 28°04'52"N 14°20'41"W, 220 
msl, on Nicotiana glauca, 8 Feb. 2005, TFCMic. 15161 (paratype); 

Table 2. Marginal likelihood of each species tree hypotheses, and Bayes factors for model comparison.

-log (marginal L stimate) Bayes Factor

1-Species-Model -5381,00124400668 2-Species-Model vs 1-Species-Model 14,5329173133159

2-Species-Model -5366,46832669336

3-Species-Model -5373,93356887555 2-Species-Model vs 3-Species-Model 7,46524218218565

Fig. 4. Species tree obtained from *BEAST2 v. 2.4.3 applying 
multispecies coalescent model for the four loci used in the analysis 
(ITS, IGS, RPB2 and EF1-α). Species hypothesis obtained from ITS tree 
is tested and posterior probabilities are show as support of each node. 
Grey background trees represent bootstrap gene trees topologies 
obtained from *BEAST2 v. 2.4.3. 

Table 3. One-way ANOVA test results showing F statistic and P-values between clade A (Hyphoderma paramacaronesicum) and clade B (H. 
macaronesicum).

Characters F P-value

Spores length (L) F(1.10) = 1.46 0.26

Spores width (W) F(1.10) = 0.18 0.68

Spores length/width (Q) F(1.10) = 1.14 0.31

Basidia length F(1.8) = 2.17 0.18

Basidia width F(1.8) = 0.37 0.56

Cystidia length F(1.10) = 0.17 0.69

Cystidia width F(1.10) = 8.16 < 0.05
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Fig. 5. Hyphoderma paramacaronesicum (16099Tell., MA-Fungi 87738, holotype). A. Section through basidiome. B. Basal hyphae. C. Hymenial layer 
with basidia and cystidia. D. Spores. Scale bars: A = 50 µm, B–D = 10 µm.
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Betancuria, Aula de la Naturaleza,  28°24'16.05"N 14°03'26.12"W, 
357 msl, on Launaea arborescens, 4 Dec. 2007, 12262MD, MA-Fungi 
87736 (paratype); Canary Islands, Gran Canaria, Las Palmas de Gran 
Canaria, Barranco de Guiniguada, next to Jardín Botánico ‘‘Viera y 
Clavijo’’, 28°03'56"N 15°27'49"W, 262 msl, on Pistacia atlantica, 13 Feb. 
2006, TFCMic. 15831 (paratype); Barranco de Moya, 28°05'15.33"N 
15°35'34.34"W, 560 msl, on Ocotea foetens, 8 Dec. 2007, 12353MD, 
MA-Fungi 87737 (paratype); Canary Islands, Tenerife, Ladera de 
Güímar, 28°17'33"N 16°24'31"W, 541 msl, on Cistus monspeliensis, 25 
Oct. 2002, TFCMic.15981 (paratype). 

Remarks: This new species is closely related to Hyphoderma 
macaronesicum, but differs in its unique ITS nrDNA, IGS 
nrDNA, RPB2 and EF1-α sequences (Supplementary Fig. 3). 
Their morphological characters are, more or less, similar to H. 
macaronesicum as described in Telleria et al. (2012).

DISCUSSION

Our study indicates that the name H. macaronesicum covers 
at least two separate species, based on preliminary automatic 
discrimination under the SH concept adopted in UNITE database 
and based on ITS sequences. The low genetic variability 
obtained among specimens of clade A (SH191352.07FU), and 
the high genetic variability among these specimens and those of 
clade B (SH191350.07FU where H. macaronesicum holotype is 
included), as well as the species tree inferred, led us to describe 
a new species from specimens of clade A, and to provide it a 
Latin binomial. The two species share the same morphological 
characters according to H. macaronesicum original description 
(Telleria et al. 2012), but they can be distinguished based on 
phylogenetic analyses of ITS, IGS, RPB2 and EF1-α sequences, 
genetic distances, haplotype networks, multilocus tree and 
species tree. Salgado-Salazar et al. (2013) calculate the genetic 
distances of putative species within Thelonectria discophora 
species-complex, and their values, as in our study, exceeded 
the standard (0.01–0.03) used to delimit operational taxonomic 
units (OTU).

Moreover, H. macaronesicum is found in the seven islands 
of the Canary Archipelago growing mainly on Macaronesian 
endemic plants, such as Echium brevirame, Euphorbia 
balsamifera, Euphorbia lamarckii, Kleinia neriifolia, Plocama 
pendula, Rumex lunaria, Salvia canariensis, and Schizogyne 
sericea (Telleria et al. 2012); except the specimen from 
Fuerteventura growing on Launaea arborescens, and the 
specimen from Gran Canaria in Telleria et al. (2012) growing on 
Agave americana. One specimen of the new sibling species, H. 
paramacaronesicum, from Fuerteventura was found growing 
on Launaea arborescens; but other specimens were collected 
on introduced plants, such as Nicotiana glauca (Fuerteventura), 
and Banksia integrifolia in Faial Island (Azores Archipelago), 
some others were found also on Macaronesian endemisms such 
as Ocotea foetens, as well as Mediterranean plants e.g. Pistacea 
atlantica (Gran Canaria), and Cistus monspeliensis (Tenerife).

On the other hand, the genetic divergence among isolates 
from subclade B1 and B2, the multilocus phylogenetic analyses 
and the species tree are sufficient to consider that these are 
not separate taxa; the Bayes Factor indicates strong strength 
of evidence of two species instead of three. Based on the 
results of the network analyses between isolates of Phlebia 
livida ssp. livida and Phlebia livida ssp. tuberculata, that appear 

in two clusters separated from each other by 12 mutational 
steps, Ghobad-Nejhad & Hallenberg (2012) raised P. livida 
ssp. tuberculata to species level. In our study, the number 
of mutational steps between the two clusters, B1 and B2, is 
around 17, suggesting that they could belong to two different 
species; however, we have detected a heteroduplex (TFCMic. 
15032). Selosse et al. (1996) were among the first to detect 
IGS heteroduplex formation. They state that heterozygosity 
is probably common to many dikaryotic fungi (e.g., Laccaria 
bicolor, their model organism), and that it can provide helpful 
information to distinguish between introduced exotic and 
indigenous populations. Also, the presence of two haplotypes 
within isolate TFCMic.15032 would be consistent with simple 
heterozygosity within a panmictic clade B. 
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Fig. S1. Screenshots of the UNITE database showing the two Species 
Hypothesis (SHs) covering the specimens under Hyphoderma 
macaronesicum in Telleria et al. (2012). The reference sequences to each 
SHs is indicated with stripe squares. Only SH191350.07FU, including the 
holotype sequence of H. macaronesicum TFCMic. 15939 as reference 
sequence, retains this species name under UNITE; SH191352.07FU, 
appears as Hyphoderma sp. A graph with the distribution distances to 
the sequences and the distribution map are included to each SH.
Fig. S2. Phylogenetic trees obtained by Bayesian analysis. (A) ITS, (B) 
IGS, (D) RPB2, (E) EF1-α. Percentages of bootstrap values (MPbs and 
MLbs) and posterior probabilities as shown on the branches. 
Fig. S3. Alignments showing differences at homologous positions 
between Hyphoderma paramacaronesicum 12353MD (paratype), and 
H. macaronesicum TFCMic. 15939 (holotype) (ITS, IGS, and EF1-α); 
and between H. paramacaronesicum 12353MD (paratype), and H. 
macaronesicum TFCMic. 15810 (paratype) (RPB2).
Fig. S4. One-way ANOVA test graphs showing F statistics and P-values 
between clade A (Hyphoderma paramacaronesicum) and clade B (H. 
macaronesicum).
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Abstract: A taxonomic monograph of the ascomycete genus Taeniolella (asexual dematiaceous hyphomycetes, sexual 
morphs unknown) is provided. Recent phylogenetic analyses demonstrated the polyphyly of this genus. The type species 
of Taeniolella pertains to the Kirschsteiniotheliaceae within Dothideomycetes, while other saprobic species clustered 
far away within Sordariomycetes, Savoryellaceae s. lat., and Lindgomycetaceae, whereas lichenicolous species belong 
to a monophyletic clade that represents the order Asterotexiales, but for most species assigned to Taeniolella sequence 
data and phylogenetic analyses are not yet available. The main focus of the present taxonomic study was on a revision 
of the lichenicolous Taeniolella species. Since the currently available phylogenetic analyses do not allow final taxonomic 
conclusions at generic rank, the exclusion of lichenicolous species from Taeniolella s. lat. has been postponed pending a 
broader sampling and more phylogenetic data of allied ascomycete genera within the order Asterotexiales. For the interim, 
Taeniolella s. lat., including lichenicolous and saprobic species, is maintained. The taxonomic background, history, generic 
description and discrimination from morphologically confusable genera, phylogeny, biology, host range and distribution, 
and species concept of Taeniolella species are briefly outlined and discussed. Keys to the species of Taeniolella divided by 
ecological groups (lichenicolous taxa, saprobic taxa) are provided, supplemented by a tabular key to lichenicolous species 
based on host (lichen) families and genera. Twenty-nine lichenicolous species and a Taeniolella sp. (putative asexual 
morph of Sphaerellothecium thamnoliae) as well as 16 saprobic species are described in detail and illustrated by drawings, 
macroscopic photographs, light microscopic and SEM micrographs, including six new lichenicolous species (T. arctoparmeliae 
on Arctoparmelia separata, T. lecanoricola on Lecanora rupicola, T. thelotrematis on Thelotrema, T. umbilicariae and T. 
umbilicariicola on Umbilicaria, T. weberi on Thelotrema weberi), three new saprobic species (T. filamentosa on Salix, T. 
ravenelii on Quercus, T. stilbosporoides on Salix caprea), and one new combination, T. arthoniae. 

Most saprobic Taeniolella species are wood-inhabiting (on bark, decorticated trunks and twigs, rotten wood), whereas 
lichenicolous species grow on thalli and fruiting bodies (mostly apothecia) of lichens, mostly without causing any evident 
damage, but they are nevertheless confined to their host lichens, or they are obviously pathogenic and cause either disease 
of the thalli (e.g., Taeniolella chrysothricis and T. delicata) or at least thallus discolorations or necroses (e.g., T. christiansenii, T. 
chrysothricis, T. cladinicola, T. pseudocyphellariae, and T. strictae). Taeniolella atricerebrina and T. rolfii induce the formation of 
distinct galls. The range of micro-morphological traits for taxonomic purposes is limited in Taeniolella species, but size, shape 
and septation of conidiophores and conidia, including surface ornamentation, provided basic characters. Mycelium, stromata 
and arrangement of conidiophores are less important for the differentiation of species. Lichenicolous species are widespread 
on a wide range of lichens, with a focus in the northern hemisphere, mainly in northern temperate regions, including arctic-
subartic habitats (18 species, i.e., 62 % of the lichenicolous species). Eleven lichenicolous species, e.g., T. pseudocyphellariae, 
T. santessonii, T. thelotrematis, T. umbilicariae, are also known from collections in non-temperate Asia, Australia and South 
America (38 % of the species). Most collections deposited in herbaria are from northern temperate to arctic-subarctic regions, 
which may reflect activities of lichenologists and mycologist dealing with lichenicolous fungi in general and Taeniolella in 
particular. Most lichenicolous Taeniolella species are confined to hosts of a single lichen genus or few closely allied genera (26 
species, i.e., 97 % of the lichenicolous species), but only three species, T. delicata, T. punctata, and T. verrucosa, have wider 
hosts ranges. 

Excluded, doubtful and insufficiently known species assigned to Taeniolella are listed at the end, discussed, described and 
in some cases illustrated, including Talpapellis beschiana comb. nov. (≡ Taeniolella beschiana), Corynespora laevistipitata (≡ 
Taeniolella laevistipitata), Stanjehughesia lignicola comb. nov. (≡ Taeniolella lignicola), Sterigmatobotrys rudis (≡ Taeniolella 
rudis), and Taeniolina scripta (≡ Taeniolella scripta). 

Key words: 
Ascomycetes
Asterotexiales
lichenicolous
saprobic
hyphomycetes
new taxa
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INTRODUCTION

Asexual fungal morphs (anamorphs) with pigmented 
conidiophores formed singly, in fascicles, synnemata or 
sporodochia, i.e., without complex conidiomata like acervuli, 
pycnidia or stromatic conidiomata, are usually classified as 
dematiaceous hyphomycetes and belong to Ascomycota. 
Ellis (1971, 1997) impressively demonstrated the wide range 
of morphological types and structures within dematiaceous 
hyphomycetes. Genera based on asexual morphs were 
previously usually introduced in virtue of morphological 
similarities of conidiophores and conidia, i.e., without any 
phylogenetic background. Over the years the number of species 
of many hyphomycete genera increased strongly, but new 
species were frequently even arbitrarily assigned to the genera 
concerned, which mostly led to wide heterogeneous generic 
concepts and circumscriptions. Taeniolella is a case in point, at 
first introduced for a few saprobic dematiaceous hyphomycetes, 
including T. exilis, the type species of the genus (Hughes 
1958), but later widened by allocations and descriptions of 
lichenicolous species (Hawksworth 1979). Years ago, the 
examination of the lichenicolous Cladosporium arthoniae, a 
species not fitting in Cladosporium and rather taeniolelloid, in 
the course of monographic studies on Cladosporium spp., led 
to a comprehensive revision of Taeniolella, at first covering 
lichenicolous species, and later extended to T. exilis and all 
other saprobic species of this genus. The little knowledge 
about distribution and taxonomy of the species of this genus, 
the notorious confusions with similar genera, e.g., with 
Trimmatostroma, and the absence of any reliable phylogenetic 

data were the main reasons behind the decision to revise the 
genus Taeniolella. Despite the broader concept of this revision 
covering the whole genus, lichenicolous species remained the 
focus of our studies.

Symbiotic associations between fungi and algae or 
cyanobacteria, i.e., the phenomenon of lichenisation, represent a 
common, widespread life strategy occurring in all kinds of habitats 
and ecological niches almost worldwide. Lichenised fungi (lichens), 
currently comprising about 20 000 species (www.ucmp.berkley.
edu/fungi/lichens/lichensy.html), are a biological success story 
(Ahmadjian & Hale 1973). The large number of lichens provide a 
wide range of ecological niches for mycophilic fungi, comprising 
a multitude of ascomycetes and basidiomycetes (Hawksworth 
1979, 1983, Clauzade et al. 1989, Diederich 1996, 2011, Lawrey 
& Diederich 2003, etc.). Fungi associated with lichens are called 
lichenicolous. There are various definitions of the latter term, e.g., 
the characterisation of “lichenicolous” introduced by Hawksworth 
(1982) implying in short that lichenicolous fungi form obligate 
associations with lichens either as saprotrophs dwelling on died off 
thalli or as parasites. However, “lichenicolous” just means “dwelling 
on lichens” and should be used in this broad and general sense 
since the phenomenon “lichenicolous habit or life strategy” covers 
a much wider range and continuum between commensalism and 
parasitism, and may even include parasymbioses, i.e., fungi living 
as secondary symbionts associated with already existing symbioses 
between fungi and algae. A detailed review of and discussion 
on lichenicolous fungi, including all aspects of the biology of the 
associations of lichens and lichen-inhabiting fungi, was published 
by Lawrey & Diederich (2003). Currently about 1 750 obligate 
parasites, parasymbionts and/or saprobic fungi associated with 
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lichens and/or their photobionts are known (Rambold & Triebel 
1992, Lawrey & Diederich 2003, 2017), but a much larger number 
of lichenicolous species is to be expected, and between 5 000 and 
7 500 species have been estimated (Werth et al. 2013, Lawrey & 
Diederich 2017). There is a wide range of symptoms indicating 
parasitism of fungi dwelling on lichens, ranging from more or less 
evident discolorations of the lichen thalli, via gall formation (lichen 
cecidia) to devastating fungi damaging to destroying host thalli. 
On the other hand, numerous lichenicolous fungi are little or not 
harmful, do not cause any visible symptoms, and in most cases the 
biology is little known, quite unclear, and mostly not examined in 
detail, so that clear allocations of the fungi concerned to these life 
strategies are often difficult and not possible with certainty. Feeding 
structures as indicators of parasitism, e.g., haustoria, often found in 
plant pathogenic fungi, are mostly unknown and barely examined, 
i.e., nutritional strategies and details are often quite unclear and 
unknown. Lichenicolous species of the genus Taeniolella are a 
striking example, covering the discussed whole range of habits, 
including gall induction and discolorations, but most species do not 
cause obvious symptoms, and details of the nutrition of species 
belonging to the latter group are largely unknown.

Conclusions of first basic phylogenetic analyses of Taeniolella 
spp. have recently been published (Ertz et al. 2016) and confirmed 
the putative polyphyly of this genus. There are only few fossil 
finds of taeniolelloid fungi. Kalgutkar (1997) described the fossil 
taxon Diporicellaesporites taeniolelloides with taeniolella-like, 
catenate, coarsely rough-walled conidia, and Kettunen et al. 
(2016, 2017) published first records of taeniolella-like fossils 
embedded in Bitterfeld and Baltic Paleogene amber. The results 
of the comprehensive taxonomic revision of lichenicolous and 
saprobic Taeniolella species are presented here.

Historical overview

Hughes (1958) introduced the new genus Taeniolella for an 
assemblage of saprobic dematiaceous hyphomycetes characterised 
by having little differentiated (semi-macronematous), 
mostly unbranched conidiophores with integrated, terminal, 
monoblastic, non-cicatrized conidiogenous cells, and pigmented, 
1- to pluriseptate conidia formed in mostly long acropetal, not 
easily disarticulating chains. The species reallocated to Taeniolella 
by Hughes (1958) were originally assigned to the hyphomycete 
genera Dendryphion, Hormiscium, Septonema, and Torula. In 
his influential treatment of dematiaceous hyphomycetes, Ellis 
(1971) took up Hughes’s concept of Taeniolella, provided a more 
detailed generic circumscription, brief descriptions of species, 
and instructive illustrations. In his second book, Ellis (1976) added 
the new combination Taeniolella pulvillus, and described the new 
genus Taeniolina for superficially similar species with usually much 
branched conidia. The number of Taeniolella species increased 
over the years to about 53, accompanied by a gradual widening 
of the morphological concept and circumscription of this genus, 
inter alia, by the inclusion of aquatic and lichenicolous species. The 
latter drastic extension of the genus goes back to Hawksworth’s 
(1979) treatment of lichenicolous hyphomycetes in which several 
morphologically similar lichen-inhabiting species were assigned 
to Taeniolella. To this day, the number of lichenicolous Taeniolella 
species has increased rapidly. The lichenicolous species roughly 
fit with saprobic Taeniolella species in terms of morphology, 
although most of the saprobic species are characterised by having 
pluriseptate conidia versus amero- to phragmosporous conidia in 
lichenicolous taxa. These differences are, however, only gradual 

and barely significant to justify the establishment of a separate 
genus for the lichenicolous species just based on morphology. 
The striking morphological diversification and wide range of 
ecological niches within the broad concept of Taeniolella raised 
the question whether the current morphological circumscription 
of this genus may withstand phylogenetic approaches. Minter 
& Holubová-Jechová (1981) recorded a Taeniolella asexual 
morph for the ascomycete Mytilinidion gemmigenum, which 
led to an assignment of Taeniolella to Glyphium as its asexual 
morph and its allocation to the family Mytilinidiaceae (Kirk et 
al. 2008, Hyde et al. 2013), but these conclusions were not 
phylogenetically verified. Among ascomycete genera typified by 
asexual morphs, there are two opposed tendencies. For some 
genera, traditional morphological concepts have been confirmed 
by molecular methods and this has led to the recognition of larger 
monophyletic core genera, such as Alternaria (Woudenberg et 
al. 2013) and Cladosporium (Bensch et al. 2012). Other genera 
such as Sporidesmium (Shenoy et al. 2006) proved to be totally 
polyphyletic. Ertz et al. (2016) demonstrated the strong genetic 
heterogeneity of lichenicolous fungi exemplified by former 
Polycoccum species (sexual morphs) and lichenicolous Phoma 
species (asexual morphs) which phylogenetically belong to the 
genus Didymocyrtis (Phaeosphaeriaceae). In order to get a first 
insight into the phylogenetic affinity of Taeniolella species, Ertz et 
al. (2016) performed first phylogenetic analyses of saprobic and 
lichenicolous species based on a larger sampling, including two 
cultures of the type species of this genus, with some expected 
and some surprising results (see Ertz et al. 2016). However, a 
taxonomic monograph of the whole genus Taeniolella covering 
saprobic and lichenicolous species has never been elaborated 
and published, which was the starting point for the present 
comprehensive revision of the genus.

Phylogeny of Taeniolella

Right from the beginning of our taxonomic studies of Taeniolella, 
attempts had been made to clarify the phylogeny of this 
genus, but we were faced with two basic problems. Genera 
are nomenclaturally and taxonomically ruled by their type 
species, i.e., the true phylogenetic affinity of a genus can only 
be identified by phylogenetic analyses based on data retrieved 
from its type species. Thus, it was necessary to get a verified 
culture of T. exilis, the type species of Taeniolella. Furthermore, 
we needed sequence data obtained from lichenicolous 
Taeniolella species, which were the focus and main target of this 
study. The whole process to achieve corresponding cultures and 
data took much time, and first attempts to culture lichenicolous 
Taeniolella species with standard lab methods failed. Alternative 
approaches to get sequence data directly from Taeniolella 
conidiophores removed from the surface of host lichens, without 
culture, failed as well and led to undesirable results, since the 
obtained sequences referred to endophytic fungi and common 
saprobes of the phyllosphere. But only a new collaboration with 
the working group of D. Ertz in Belgium, experienced in culturing 
slow-growing lichenicolous fungi and specialised in phylogenetic 
analyses of them, finally constituted a breakthrough and resulted 
in a recent publication on phylogenetic aspects of Taeniolella 
s. lat. (Ertz et al. 2016). Several lichenicolous Taeniolella 
species and other fungal species associated with lichens were 
successfully cultured, and mtSSU (mitochondrial small subunit 
rRNA gene) and nuLSU (nuclear large subunit ribosomal DNA 
gene) sequence data were obtained and analysed. Sequence 
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data retrieved from two confirmed cultures of T. exilis, type 
species of Taeniolella, were included in these analyses together 
with all available sequences of other saprobic species assigned 
to Taeniolella (details in Ertz et al. 2016).

The previous hypothesis that saprobic and lichenicolous 
Taeniolella species are phylogenetically not closely allied 
with each other and thus actually not congeneric has been 
confirmed. Taeniolella s. lat. proved to be completely 
polyphyletic. Taeniolella s. str., based on its type species T. exilis, 
pertains to the Kirschsteiniotheliaceae within Dothideomycetes 
(adjacent to the order Mytilinidiales, see Boonmee et al. 2012, 
and recently accommodated in the order Kirschsteiniotheliales, 
see Hernández-Restrepo et al. 2017). It is the hitherto only 
sequenced species of Taeniolella that clusters in this clade, but 
the circumscription with some species assigned to the genus 
Kirschsteiniothelia (e.g., K. thujina) needs clarification. Analysed 
sequences retrieved from all other saprobic species previously 
assigned to Taeniolella clustered far away from T. exilis within 
Sordariomycetes and were either shown to be unreliable 
and based on misidentified cultures probably attributable 
to contaminants, or the species concerned turned out to be 
placed in Taeniolella merely due to superficial similarities of 
conidiophores and conidia, i.e., they are neither morphologically 
nor phylogenetically congeneric with Taeniolella s. str. In one 
case, it was possible to clarify the true affinity and to draw 
taxonomic consequences, viz., Taeniolella rudis (Savoryellaceae 
s. lat.) was transferred to Sterigmatobotrys, as S. rudis. 
Taeniolella typhoides, an aquatic hyphomycete, was shown to be 
a species of the Lindgomycetaceae, but its true generic affinity 
remains unclear. Taeniolella sabalicola, recently introduced for a 
saprobic species isolated from a petiole of a dead leaf of Sabal 
palmetto in south Florida, USA (Delgado & Miller 2017), belongs 
to Sordariomycetes incertae sedis and is phylogenetically as well 
as morphologically quite distinct from T. exilis, the type species, 
and all other saprobic core species of Taeniolella.

Sequences obtained from lichenicolous species of Taeniolella 
s. lat. clustered within Dothideomycetes, as in the case of T. 
exilis, but in another family, unrelated to Kirschsteiniotheliaceae. 
Together with sequences obtained from several other 
lichenicolous ascomycetes, including species of the genera 
Buelliella s. lat., Karschia, Labrocarpon, Melaspilea s. lat. and 
Stictographa, they clustered in a monophyletic clade that 
represents the order Asterotexiales (Guatimosim et al. 2015), 
but not as a monophyletic group. The sequences representing 
the five analysed lichenicolous Taeniolella spp. were intermixed 
with sequences of species of the genera Buelliella s. lat., 
Karschia, Labrocarpon, Melaspilea s. lat. and Stictographa. 
The phylogenetic affiliation of lichenicolous Taeniolella species 
to Asterotexiales has been elucidated and confirmed, but the 
sampling for the phylogenetic analyses in the whole context 
was not yet sufficient for final conclusions and taxonomic 
consequences on generic level. Asexual-sexual relations between 
lichenicolous Taeniolella species and the involved sexual-typified 
ascomycete genera remain unclear. Additional examinations 
based on a broader sampling, including sequences of additional 
species of Buelliella s. lat., Karschia, Labrocarpon, Melaspilea 
s. lat. and Stictographa, are urgently required. Lichenicolous 
Taeniolella species are allied and belong, as far as known, to 
one order of Ascomycota, but are not monophyletic. It cannot 
be excluded that new genera are needed for these species, but 
they might also pertain in one or several of the lichenicolous 
ascomycete genera involved. The currently available data are 

not sufficient for final conclusions and taxonomic consequences 
for lichenicolous Taeniolella species. Hence, we prefer to retain 
the species concerned in Taeniolella s. lat., at least tentatively 
until additional data based on a broader sampling and trees with 
better resolutions will be available.

Generic concept and circumscription of Taeniolella

Taeniolella is an ascomycetous genus (Ascomycota) comprising 
dematiaceous hyphomycetes (asexual morphs) with little 
differentiated conidiophores, holoblastic conidiogenous cells 
and aseptate to pluriseptate conidia formed in acropetal chains. 
The genus currently encompasses a wide range of species with 
different ecological preferences and habitats, ranging from 
saprobes to lichenicolous taxa. There are gradual morphological 
differences between saprobic species of this genus, which are 
usually characterised by having pluriseptate conidia in long 
chains, and lichenicolous species, which have rather amero- to 
phragmosporous conidia, often in short, easily disarticulating 
conidial chains, although long, firm chains are also formed in 
some lichenicolous species. However, these differences are only 
gradual, difficult to circumscribe, and thus barely applicable to 
establish several genera just based on different host/substrate 
ranges. Therefore, phylogenetic analyses have recently been 
performed to clarify relations between saprobic and lichenicolous 
Taeniolella species (see Ertz et al. 2016). However, the sampling 
in these studies was rather limited and not yet sufficient for 
final conclusions. Moreover, it is likely that some lichenicolous 
species might belong to other orders (outside of Asterotexiales) 
because lichenicolous species appear to be morphologically 
heterogeneous, notably species differing from the currently 
sequenced lichenicolous taxa by developing external hyphae (e.g., 
T. chrysothricis). Therefore, a splitting of Taeniolella into smaller 
generic units has been postponed (see Ertz et al. 2016), i.e., this 
genus is tentatively maintained in its currently broad polyphyletic 
sense comprising saprobic and lichenicolous species.

Taeniolella S. Hughes, Canad. J. Bot. 36: 816. 1958.

Type species: Taeniolella exilis (P. Karst.) S. Hughes (≡ Septonema 
exile P. Karst.).

Ascomycota. Asexual morphs, saprobic and lichenicolous 
dematiaceous hyphomycetes. Colonies in vivo effuse, loose 
to dense, sometimes punctiform, rarely sporodochial or 
inducing galls (on lichens), medium to dark brown or even 
blackish. Mycelium internal and external; hyphae branched, 
septate, subhyaline to pigmented, usually thin-walled, smooth 
to rough-walled, sometimes with constrictions at the septa, 
forming swollen hyphal cells, rarely almost monilioid-toruloid, 
occasionally forming small aggregations of swollen hyphal 
cells or in some species even distinct stromata. Conidiophores 
mostly semi-macronematous, simple or sometimes branched, 
arising from internal or external hyphae, swollen hyphal cells or 
stromata, sometimes breaking off at the base and functioning 
as diaspores, erect, mostly little differentiated, sometimes 
almost micronematous, differentiation between conidiophores 
and developing conidial chains often difficult, supporting 
hyphae sometimes gradually developing into conidiophores and 
conidiogenous cells, making the distinction between hyphae and 
conidiophores difficult, conidiophores aseptate (conidiophores 
reduced to conidiogenous cells) to pluriseptate, longer 
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conidiophores occasionally with enteroblastic rejuvenations 
(proliferations) leaving conspicuous annellations (sheath-like 
wall remnants visible as irregular collar), pigmented, mostly 
brown to dark brown, wall thin to thickened, smooth or almost 
so to distinctly ornamented (verruculose, verrucose, rugose, 
rimulose, rhagadiose-squamulose, squamose), cell plasma 
sometimes reduced, with a distinct central vacuole-like cavity; 
conidiogenous cells integrated, terminal, little differentiated, 
conidiogenesis holoblastic to holothallic, unilocal, rarely 
multilocal (with two conidiogenous loci), determinate or 
percurrently proliferating, leaving distinct annellations (terminal 
annellations connected with the formation of conidial chains 
from terminal conidiogenous cells), proliferation rarely 
sympodial, conidiogenous loci truncate to somewhat convex, 
undifferentiated (neither thickened nor darkened), mostly broad 
and little attenuated. Conidia in short to long acropetal chains, 
rarely solitary, chains simple, occasionally branched, easily 
disarticulating or firm, persistent (not easily disintegrating), 
little to strongly constricted between individual conidia of the 
chain, shape diverse, ellipsoid, ovoid, doliiform, subcylindrical, 
vermiform, clavate or obclavate, aseptate to pluriseptate, 
euseptate, rarely distoseptate, wall thin to thick, thick walls 
sometimes distinctly two-layered, rarely multi-layered, pale to 
dark brown, rarely subhyaline to pale brown, cell plasma in some 
species reduced, with a central vacuole-like cavity, surrounding 
plasma giving the impression of very thick walls composed of 
several layers, base truncate, mostly little attenuated, i.e., with 
a broad hilum, apex rounded in solitary or primary conidia or 
truncate, similar to the conidial base, hila undifferentiated, i.e., 
neither thickened nor darkened-refractive; conidial secession 
schizolytic, conidia occasionally with microcyclic conidiogenesis.

Morphologically similar and confusable genera

There are a few morphologically similar hyphomycete genera 
confusable with Taeniolella, first and foremost the genus 
Trimmatostroma which differs from Taeniolella in forming 
characteristically polymorphous conidia in basipetal chains and 
perpendicular to oblique conidial septa. Saprobic species tend 
to be sporodochial. Lichenicolous Trimmatostroma species are 
probably not congeneric with the type species of this genus and 
are only tentatively maintained in this genus until phylogenetic 
data will be available (Diederich et al. 2010). Trimmatostroma 
lichenicola (Hawksworth 1979) was the first lichenicolous 
species assigned to this genus. Hawksworth & Cole (2002) 
revised and reassessed Trimmatostroma lichenicola and similar 
lichenicolous hyphomycetes and introduced the new genus 
Intralichen, mainly differentiated from Trimmatostroma by its 
lichenicolous habit, an immersed mycelium, entirely immersed 
micronematous conidiophores, and pale, smooth-walled conidia 
with few septa.

Ellis (1976) introduced the genus Taeniolina for the saprobic 
type species T. centaurii (≡ Torula centaurii) characterised by 
semi-macronematous conidiophores producing much branched, 
septate conidia. The branched conidial chains in Taeniolina 
species often break off at the base and function as propagules. 
Conidiophores or conidial chains of some lichenicolous 
Taeniolella species (e.g., T. arthoniae and T. caespitosa) are 
occasionally branched, but never as frequently as in Taeniolina 
and the new species Taeniolella filamentosa. The phylogeny of 
Taeniolina and its relationship to Taeniolella are still unclear and 
unconfirmed. In the interim, we prefer to maintain Taeniolina 

as a separate genus. The placement of the new species T. 
filamentosa in the genus Taeniolella, based on morphological 
features, is also tentative until molecular data will be available.

Talpapellis (Alstrup & Cole 1998) is an additional genus 
confusable with lichenicolous Taeniolella species. This genus 
has recently been revised, re-circumscribed and emended by 
Heuchert et al. (2014). Zhurbenko et al. (2015) added a new 
species and provided an updated key to the species of this 
genus. Diederich et al. (2017b) recently introduced a new 
species (Talpapellis mahensis) based on material from Seychelles. 
Talpapellis is characterised by forming terminal conidiogenous 
cells via percurrent proliferation leaving distinct annellations. 
The conidiogenous cells give rise to acropetal conidial chains. 
In Talpapellis peltigerae, the type species of the genus, the 
conidiogenous cells are polyblastic, whereas in T. peltigerae var. 
rossica and T. solorinae they are mostly unilocal. Most species 
of Taeniolella are easily distinguishable from Talpapellis, but a 
few Taeniolella species with terminal annellations and easily 
disarticulating conidial chains, e.g., Taeniolella pseudocyphellariae, 
are very similar and confusable, but differ in forming terminal 
conidial chains without preceded formations of conidiogenous 
cells via percurrent proliferation, i.e., the annellations are directly 
associated with the conidial formation. The question arises 
whether these differences are sufficient for the discrimination 
of Talpapellis and similar lichenicolous Taeniolella species, which 
can only be verified in the context of a comprehensive generic 
revision of the whole Taeniolella complex based on phylogenetic 
analyses. It can currently not be excluded with certainty that some 
lichenicolous Taeniolella species with frequently formed terminal 
annellations pertain to Talpapellis.

Cladosporium (Bensch et al. 2012) includes two lichen-
inhabiting species, the lichenicolous C. licheniphilum, and 
C. antarcticum, isolated from a lichen thallus. Cladosporium 
species are barely confusable with Taeniolella species and readily 
distinguishable by having quite distinct, very characteristic 
conidiogenous loci and conidial hila which are both coronate, 
i.e., composed of a raised rim around a convex central dome, 
and they are darkened-refractive. The loci and hila are much 
smaller in relation to the conidial width. Bensch et al. (2012) 
excluded Cladosporium arthoniae from Cladosporium s. str. 
and classified it as taeniolella-like. In the present work, this 
species is reallocated to Taeniolella. The lichenicolous genus 
Verrucocladosporium (Crous et al. 2007a) belongs together with 
Cladosporium in the family Cladosporiaceae, and the distinctly 
verruculose-rugose conidia, irregular in outline in the type 
species, and narrow, distinctly darkened-refractive loci and hila 
are rather cladosporioid, but differ in being non-coronate and 
barely or only slightly thickened.

Some saprobic Taeniolella species (e.g., T. breviuscula, T. 
multiplex and even the type species, T. exilis) were previously 
associated with the genus Septonema (Hughes 1958). However, 
genuine species of Septonema are readily distinguishable 
from Taeniolella species by having unbranched or branched 
macronematous conidiophores arising from superficial hyphae. 
The terminal and intercalary conidiogenous cells are monoblastic 
or occasionally polyblastic with subdenticulate conidiogenous 
loci, the conidia are formed in long, often branched, acropetal 
chains, and ramoconidia are usually present (Ellis 1971, Seifert 
et al. 2011). 

Heteroconium, introduced in 1949, and Taeniolella, 
described in 1958, are two morphologically very similar and 
confusable genera. Carmichael et al. (1980) [see also Seifert 
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et al. 2011] suggested that Taeniolella might be a heterotypic 
synonym of Heteroconium. The morphological distinction 
between these genera is, indeed, rather vague. Hughes (2007) 
distinguished Taeniolella from Heteroconium by having hyphae 
mostly immersed in wood and bark, and broader, darker 
conidia with thicker walls. In a “Key to Heteroconium and 
its related genera” provided by Ma et al. (2012), Taeniolella 
was characterised by having micronematous or only semi-
macronematous conidiophores and conidia that only secede 
with difficulty, whereas Heteroconium was keyed out under 
genera with macronematous conidiophores and easily seceding 
conidia. However, in this key Taeniolella belongs together with 
Parapleurotheciopsis and Xenoheteroconium in a group of genera 
keyed out via “conidia frequently in branched chains” whereas 
Heteroconium, Pirozyskiella and other genera are in contrast 
characterised by forming “conidia frequently in unbranched 
chains”, which is totally misleading and not tenable for saprobic 
as well as lichenicolous Taeniolella species. Twenty-four species 
have been assigned to the undoubtedly heterogeneous genus 
Heteroconium. According to Cheewangkoon et al. (2012) only 
three of them are congeneric with H. citharexyli, the type 
species of the genus, namely the Indian H. asiaticum, the 
Californian H. glutinosum, and the Hawaiian H. neriifoliae. 
Numerous other species previously assigned to Heteroconium 
have been excluded and reallocated to other genera, e.g., H. 
eucalypti (≡ Alysidiella eucalypti), H. kleinziense (≡ Alysidiella 
kleinziensis), H. solaninum (≡ Pirozynskiella solaninum), H. 
tetracoilum (≡ Lylea tetracoila) (Holubovà-Jechovà 1978, Hughes 
2007, Cheewangkoon et al. 2012). Recently, several new Chinese 
species assigned to Heteroconium have been described, e.g., 
H. schimae, H. annesleae (Ren et al. 2012), H. bannaense (Xia 
et al. 2012), H. fici, and H. tsoongiodendronis (Ma et al. 2012), 
but the affinities of these species to Heteroconium remain 
doubtful and need to be verified on the basis of phylogenetic 
methods. Hence, the differentiation between Heteroconium 
and Taeniolella has to be based on the type species of these 
genera and genuinely congeneric taxa and can be summarised 
as follows: In species of Heteroconium s. str., considered to be 
sooty moulds, the usually macronematous conidiophores arise 
from well-developed superficial hyphae and often proliferate 
percurrently. The proliferations are obviously associated with 
the conidiogenesis. Conidia secede easily. In contrast, saprobic 
as well as lichenicolous species of Taeniolella are characterised 
by having mostly immersed hyphae, rarely superficial, giving 
rise to micronematous or semi-macronematous conidiophores, 
percurrent proliferations associated with conidiogenesis are 
lacking, but rejuvenations via enteroblastically proliferating 
conidiophores with obvious sheath-like wall remnants visible 
as irregular fringe may occasionally occur, and conidial chains 
are often rather firm and do not easily disintegrate, although 

exceptions are known. Seifert et al. (2011) mentioned 
for Heteroconium in addition to monoblastic also tretic 
conidiogenesis, which is, however, very doubtful. Hughes (2007) 
described in detail the conidium transseptation in species of 
Heteroconium and Pirozynskiella and separated the two genera 
by differences in the sequence of conidium septation, which 
are basifugal and centrifugal, respectively, and stated that the 
basifugal sequence found in Heteroconium was also observed in 
unbranched chains of Taeniolella exilis and in T. alta. However, 
peculiarities of the transseptation of conidia are little examined. 
The value of this character is unclear, and it is very difficult or 
often even impossible to comprehend it in vivo, i.e., examination 
of the conidial development in vitro is necessary. Seifert (2011) 
listed, according to Müller et al. (1987), Heteroconium as 
asexual morph of Capronia (Herpotrichiellaceae), but this record 
is incorrect and was based on a postulated connection between 
Capronia pilosella and Heteroconium chaetospira, two non-
type species. Based on LSU sequence data, the phylogenetic 
position of H. chaetospira was later clarified by Crous et al. 
(2007b) who reallocated this species to Cladophialophora 
(≡ C. chaetospira). Fortunately, Cheewangkoon et al. (2012) 
managed the isolation of DNA from the type specimen of H. 
citharexyli, the type species of Heteroconium. The phylogenetic 
analysis of a LSU sequence showed a clear affinity of H. 
citharexyli to the Capnodiaceae within the order Capnodiales, 
including sooty moulds with bitunicate asci that tend to live 
in complex communities, often with multiple fungal parasites, 
inhabiting a common sooty mass (Chomnunti et al. 2011). Thus, 
Heteroconium s. str. and Taeniolella s. str. are phylogenetically 
definitely separated since Taeniolella exilis, the type species 
of Taeniolella, clusters in the present phylogenetic analyses 
(combined ITS, LSU and SSU sequence analysis) as sister to a 
clade including Kirschsteiniothelia aethiops, the type species 
of Kirschsteiniothelia (Boonmee et al. 2012, Ertz et al. 2016). 
The new family Kirschsteiniotheliaceae was introduced for 
Kirschsteiniothelia in Boonmee et al. (2012), and the new order 
Kirschsteiniotheliales by Hernández-Restrepo et al. (2017), with 
a placement between the Capnodiales and Mytilinidiales. The 
marine species Kirschsteiniothelia maritima, which clustered 
within the Mytilinidiales, was excluded and assigned to the new 
genus Halokirschsteiniothelia. The genus Kirschsteiniothelia 
was originally placed in the Pleosporaceae (Hawksworth 1985). 
The affiliation of Kirschsteiniotheliaceae and Taeniolella to 
an appropriate order is not yet finally confirmed and requires 
further molecular studies, but there is undoubtedly no affinity 
to the Capnodiales. Hence, Heteroconium s. str. and Taeniolella 
s. str. are morphologically and phylogenetically obviously 
differentiated. This applies to lichenicolous Taeniolella species 
as well, which are, as far as known, phylogenetically restricted to 
Asterotexiales within Dothideomycetes (Ertz et al. 2016).

Key to Taeniolella and morphologically confusable genera

1 Mycelium immersed; conidiophores micronematous, immersed in lichen thalli, not erumpent; conidia eventually 
  superficial, pale, smooth, with few septa  .........................................................................................................  Intralichen
 Mycelium internal or external; conidiophores micronematous, semi-macronematous or macronematous, but always clearly
  visible, i.e., not immersed, either erumpent or arising from superficial hyphae  ..............................................................  2

2 (1) Conidiogenous loci much narrower than the conidiogenous cells, conspicuously thickened and darkened, often 
  somewhat protuberant, either distinctly coronate (i.e., composed of a raised rim around a convex central dome) 
  or non-coronate, but then conidia coarsely verrucose-rugose, shape of the conidia somewhat irregular  ...................... 3
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 Conidiogenous loci truncate, neither thickened nor darkened, non-coronate, rather broad or subdenticulate when narrow
   ...........................................................................................................................................................................................  4

3 (2) Conidiogenous loci and conidial hila coronate, i.e., composed of a raised rim around a convex central dome, and darkened-
 refractive; conidial shape regular  ..........................................................................................................................  Cladosporium
 Conidiogenous loci and conidial hila thickened and darkened, but non-coronate; conidia often somewhat irregular in shape,   

 coarsely verrucose-rugose  ...............................................................................................................  Verrucocladosporium

4 (2) Conidiophores usually simple, little differentiated; conidia polymorphous, formed in basipetal chains, septa transverse, 
 longitudinal and oblique, often forming multicellular aggregations of conidial cells  ......................................  Trimmatostroma
 Conidiophores micronematous, semi-macronematous or macronematous; conidia in acropetal chains, septa usually 
  transverse, multicellular aggregations not developed  ......................................................................................................  5

5 (4) Conidiophores producing much-branched, septate conidia, formed in branched conidial chains often breaking off 
  at the base, functioning as propagules  .............................................................................................................. Taeniolina
 Conidia unbranched or at most occasionally branched, but not much-branched  .....................................................................  6

6 (5) Conidiophores usually macronematous, arising from well-developed superficial hyphae  ........................................................  7
 Conidiophores usually micronematous or semi-macronematous; hyphae usually immersed, rarely with few 
  superficial hyphae  .............................................................................................................................................................  8

7 (6)  Conidiophores usually unbranched, conidiogenous cells monoblastic, determinate or often percurrently proliferating 
  (with annellations), proliferations obviously associated with the conidiogenesis; conidia usually in simple chains,
  ramoconidia lacking  ..................................................................................................................................... Heteroconium
 Conidiophores often branched, conidiogenous cells mono- to usually polyblastic, proliferation sympodial 
  (without annellations); conidia in branched chains, ramoconidia present  ......................................................  Septonema

8 (6) Terminal conidiogenous cells formed via percurrent proliferation leaving distinct flaring annellations, i.e., the annellations 
  are directly associated with the conidiogenesis; lichenicolous  .........................................................................  Talpapellis
 Percurrent proliferations associated with conidiogenesis are lacking, but rejuvenations via enteroblastically 
  proliferating conidiophores with obvious sheath-like wall remnants visible as irregular fringe may 
  occasionally occur; saprobic or lichenicolous ....................................................................................................  Taeniolella

Morphological traits of Taeniolella species

Mycelium, hyphae, stromata
Taeniolella species are ascomycetes with an ordinary, mostly 
little differentiated mycelium. Hyphae are usually branched, 
septate, thin-walled, occasionally somewhat thickened, smooth 
to rough-walled, subhyaline to usually distinctly pigmented, 
ranging from pale olivaceous to medium brown or even darker 
brown. Constrictions at the hyphal septa are often lacking, but 
they may occur in some species, in a few species they are even 
very evident and connected with swollen hyphal cells leading to 
the formation of monilioid-toruloid hyphae, as for instance in T. 
christiansenii and T. verrucosa. The mycelium of saprobic species 
is often external, or both internal and external, e.g., in T. alta, T. 
breviuscula, T. plantaginis, and T. stilbosporoides. Other saprobic 
species have an exclusively internal mycelium, e.g., T. faginea, 
T. multiplex, T. muricata, T. subsessilis, and T. vermicularis. Most 
lichenicolous species are characterised by having an exclusively 
internal mycelium, but external hyphae may be developed 
in some species, including T. christiansenii, T. chrysothricis, T. 
delicata, T. friesii, T. serusiauxii, T. verrucosa, and T. weberi. Some 
species form small, loose aggregations of swollen hyphal cells, 
sometimes giving raise to conidiophores, which cannot yet be 
classified as true stromata. True stromata are lacking in almost 
all saprobic Taeniolella species, except for T. exilis (type species 
of Taeniolella), and in almost all lichenicolous species, except for 
T. arctoparmeliae, T. caespitosa, and T. weberi, which develop 
loose stromatic hyphal aggregations below conidiophores.

Conidiophores
Conidiophores of Taeniolella species range from being 
micronematous (little differentiated and barely distinguishable 
from hyphal cells) to semi-macronematous (different from 
vegetative hyphae and conspicuous but nevertheless little 
differentiated). The vegetative hyphae may develop into 
conidiophores gradually, which means that the discrimination 
between hyphae and conidiophores may be difficult. 
Conidiophores may arise from internal or external hyphae, 
swollen hyphal cells or stromatic hyphal aggregations, either 
formed singly or sometimes in tufts, rarely aggregated in 
sporodochioid conidiomata (e.g., T. weberi). They are erect to 
decumbent, straight to curved-sinuous or irregularly shaped, 
with swellings and constrictions, simple or branched in a few 
species, aseptate (conidiophores reduced to conidiogenous 
cells) to pluriseptate, thin- to thick-walled, wall sometimes 
composed of two or more conspicuous layers, smooth to 
distinctly ornamented (verruculose, verrucose, rugose, 
rimulose to rhagadiose-squamulose or squamose), pigmented, 
pale to dark brown, cell lumen sometimes reduced, with a 
small central vacuole-like cavity, imitating very thick walls. 
Conidiophores may rejuvenate via enteroblastic, percurrent 
proliferation leaving conspicuous annellations formed by 
sheath-like wall remnants. Conidiophores may occasionally 
disintegrate in fragments of different sizes or they break off as 
a whole, and the fragments or broken off conidiophores may 
possibly function as diaspores.
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Conidiogenous cells and conidiogenesis
Conidiogenous cells of Taeniolella species are integrated, 
terminal or sometimes separate, i.e., conidiophores are 
reduced to conidiogenous cells. They are little differentiated, 
short cylindrical, doliiform to oblong, usually with a single 
simple terminal conidiogenous locus (unilocal), determinate 
to percurrently proliferating, with a single to several distinct 
annellations, rarely sympodial, with two loci, conidiogenous loci 
truncate to slightly convex, undifferentiated, neither thickened 
nor darkened-refractive. The conidiogenesis is holoblastic 
(conidial initials budding, narrower than the conidiogenous 
cells) to holothallic (conidial initials not or barely narrower than 
the conidiogenous cells).

Conidia
Conidia of Taeniolella species are formed in simple or occasionally 
branched, firm (not easily disarticulating) or easily disintegrating 
acropetal chains. Conidia are always pigmented (usually pale to 
dark brown), but shape, size and septation are diverse. Saprobic 
species tend to have larger, pluriseptate conidia, whereas 
lichenicolous species are rather characterised by having amero- 
to phragmosporous conidia, often only 0–1-septate. Conidia are 
almost exclusively euseptate, rarely distoseptate. The conidial 
shape may range from being ellipsoid, ovoid, obovoid, doliiform, 
subcylindrical, short to long cylindrical to vermiform or sometimes 
somewhat irregular. The conidial wall may be thin to thick, one-
layered or distinctly two- or rarely three-layered, smooth or 
almost so to distinctly ornamented, usually agreeing with the 
ornamentation of the conidiophores, ranging from verruculose, 
verrucose, rugose, rimulose to rhagadiose-squamulose or even 
squamose. The cell lumen is sometimes reduced, with a small 
central vacuole-like cavity, imitating a very thick wall. Solitary 
or primary conidia are apically rounded, catenate; secondary 
conidia are truncate or subtruncate at the apex, and the more or 
less truncate basal hilum is undifferentiated, neither thickened 
nor darkened-refractive.

Species concept

The descriptions and delimitations of species in this taxonomic 
monograph are mainly based on qualitative and quantitative 
morphological characters in vivo, supplemented by host range 
data for lichenicolous taxa. The focus on morphology in vivo 
results from the limited availability of cultures and phylogenetic 
data. The geographical distribution of particular species is often 
insufficiently known. Some Taeniolella species are widespread, 
others are characterised by having disjunct ranges.

The following morphological and biometrical characters proved 
to be diagnostic and taxonomically relevant:

•	 Ramification of the conidiophores (if present).
•	 Conidial formation, conidial chains (long, short, firm or 

easily disarticulating).
•	 Conidial shape and size, septation (number, eu- or in a 

few cases distoseptate), wall thickness and number of 
conspicuous layers.

•	 Wall ornamentation of conidiophores and conidia (from 
smooth to rhagadiose-squamose).

•	 Colony characters [effuse (most species), “punctiform”, i.e., 
in dense tufts or densely caespitose, forming small clearly 
delimited aggregations of conidiophores but without 

supporting stromatic base (e.g., T. punctata), sporodochial, 
i.e., conidiophores in large dense aggregations, arising from 
a stromatic base (e.g., T. weberi)] and biological differences 
in lichenicolous species (invaded thallus unchanged or 
obviously pathogenic, causing discolorations or even gall 
inducing).

The following morphological and biometrical characters are only 
applicable and diagnostic in combination with other traits:

•	 Shape, size, and septation of conidiophores, rejuvenation of 
conidiophores leaving distinct annellations.

•	 Shape and size of conidiogenous cells (number of 
conidiogenous loci relevant when more than a single locus 
(sympodial proliferation).

•	 Formation of stromata and arrangement of conidiophores.

The following morphological and biometrical characters are 
either rather uniform or very variable and barely applicable for 
the discrimination of species:

•	 Mycelium and hyphae, except for a few cases of species 
with special hyphal formations, e.g., with monilioid-toruloid 
hyphae (e.g., T. christiansenii, T. toruloides, and T. verrucosa) 
or abundant superficial mycelium.

•	 Structure of conidiogenous loci and conidial hila (uniformly 
truncate to slightly convex, unthickened and not darkened).

•	 Degree of pigmentation (either rather uniform or variable, 
often depending on the age of the collections).

Biology, ecology and distribution

The genus Taeniolella is currently purposely very broadly 
circumscribed and includes saprobic and lichenicolous species, 
which are undoubtedly not congeneric in terms of a phylogenetic 
approach. The generic affinity of a few aquatic species previously 
assigned to Taeniolella remains unclear and doubtful because 
the type collections or any other samples were not available, 
or have been excluded due to morphological peculiarities and/
or their phylogenetic affinities since they belong elsewhere, e.g., 
Taeniolella rudis is reallocated to the genus Sterigmatobotrys 
(Ertz et al. 2016); T. typhoides was shown to be a species of the 
Lindgomycetaceae (Shearer et al. 2009) vs. T. exilis (type species 
of Taeniolella) pertaining to the Kirschsteiniotheliaceae within 
Dothideomycetes. Almost all saprobic species, including T. exilis, 
are wood-inhabiting (xylophilous). They usually occur on living or 
mostly dead, sometimes decaying twigs and trunks, often on bark, 
sometimes on decorticated twigs and stems. Taeniolella plantaginis 
is an exceptional species occurring on senescent leaves of Plantago 
species. Other records of saprobic Taeniolella species from unusual 
sources, such as isolations from soil, litter and humans, are 
doubtful or have been excluded as far as material was available 
(e.g., Taeniolella boppii, isolated from human, was reallocated to 
the genus Cladophialophora (de Hoog et al. 1995); T. phialophora, 
isolated from strawberry rhizosphere soil, was included in the 
Sordariales (Liang et al. 2011). Lichenicolous species occur on 
a wide range of lichens. They grow on thalli and fruiting bodies 
(mostly apothecia), mostly without causing any evident damages, 
but they are nevertheless confined to their host lichens, or they 
are obviously pathogenic and cause either distinct damages of the 
thalli (e.g., Taeniolella chrysothricis and T. delicata) or at least thallus 
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discolorations or necroses (e.g., T. christiansenii, T. chrysothricis, 
T. cladinicola, T. pseudocyphellariae, and T. strictae). Taeniolella 
atricerebrina and T. rolfii induce the formation of distinct galls.

The distribution of most saprobic species of the 
genus Taeniolella is little known. Voucher specimens are 
underrepresented in herbaria worldwide. Collections of saprobic 
species are largely confined to the northern hemisphere, with 
a focus on Europe and North America, but occasionally also 
collected in Africa, Asia, and South America. Lichenicolous species 
are widespread in Africa, Asia, Australia, Europe, North and South 
America, but also with a focus on the northern hemisphere, which 
might, however, reflect the residences and collecting activities of 
lichenologists and mycologists interested in lichenicolous fungi in 
general and Taeniolella species in particular.

MATERIAL AND METHODS

Morphology

Dried specimens of the species examined are deposited at 
BR, BP, C, CANL, E, FH, GLM, GZU, H, HAL, IMI, K, K(M), L, LE, 
LG, M, MAF, MIN, NSW, NY, NYS, PREM, PRM, SBBG, TU, UPS, 
WA (abbreviations according to Holmgren et al. 1990), and in 
the private collections of F. Berger, W. v. Brackel, R. Cezanne & 
M. Eichler, P. Diederich, P. A. Earland-Bennett, J. Etayo, and A. 
Tsurykau. Microscopic examinations (including all microscopic 
measurements) were carried out using handmade sections 
mounted in distilled water and an Olympus BX50 microscope 
at a magnification of ×1000, without any staining, since all 
structures examined are darkly pigmented. In one case, the 
fungal hyphae were stained with Lactophenol Blue Solution 
(Merck, Darmstadt). Permanent slides were prepared by sealing 
the cover-glasses with Canada balsam (SERVA, Heidelberg) and 
dried for 24 h. Measurements of twenty conidiophores, conidia 
and other structures were made for each collection and the  
95 % confidential intervals determined (values are rounded to 
the nearest half micrometre, except for wall thickness; extreme 
values in parentheses). All drawings, with the exception of Fig. 
26 (prepared by U. Braun), were carried out free hand by B. 

Heuchert. All digital micrographs were taken by B. Heuchert 
with a ZEISS Axioskop 2 equipped with ZEISS AxioCam HR and 
occasionally optimised with the software ZEISS AxioVision. 
Macroscopic photographs of lichenicolous species, most of 
them taken by Paul Diederich, were prepared using a Canon 
40D camera with a Nikon BD Plan 5× or 10× microscope 
objective, StackShot (Cognisys) and Helicon Focus (HeliconSoft) 
for increasing the depth of field. ESEM examinations, 
conducted at the Interdisciplinary Centre of Materials Science 
(CMAT) of Martin Luther University Halle-Wittenberg, were 
carried out to identify details of conidiophores and conidial 
surface ornamentations. Specimens were excised from the 
host and attached to aluminium pin stubs. Observations 
and micrographs were made with a Philips XL30 ESEM-FEG 
environmental electron microscope with digital camera, at 1.2 
Torr and 3.0 kV acceleration voltages. The specimens were not 
coated.

Cultures and molecular methods

Methodological details in connection with phylogenetic analyses 
and cultures used for these studies have been described in detail 
in Ertz et al. (2016). 

Abbreviations

cf. = confer (compare), comb. nov. = new combination, del. 
= delineati (depicted), diam = diameter, et al. = et alii (and 
others), e.g. = exempli gratia (for example), f. = forma, fig. = 
figure, herb. = herbarium, ill. = illustration, i.e. = id est (that 
is), incl. = inclusive, ined. = ineditus (not published), l.c. = 
locus citatus, lit. = literature, reference, LM = light microscopy, 
nom. nud. = nomen nudum (name without any description or 
diagnosis), pl. = plate, s. lat. = sensu lato (in a wide sense), s. 
str. = sensu stricto (in a narrow sense), ESEM = environmental 
scanning electron microscope, s. n. = sine numero (without 
number), sp. nov. = species nova (new species), sp. = species, 
spp. = plural of sp., ssp. = subspecies, viz. = videlicet (namely), 
vs. = versus (against).

Key to lichenicolous Taeniolella species, Talpapellis species and Taeniolina scripta 

The abbreviation ”T.” stands for Taeniolella (all other generic names are not abbreviated). Taeniolina scripta (saprobic species 
occasionally found on lichens) and Talpapellis beschiana are treated under “Excluded, doubtful and insufficiently known species”.

1 Conidial chains and conidia strongly branched from base to top, chains not easily disintegrating, adhering for a long time,
  often breaking off at the base and functioning as propagules; conidiophores poorly developed, 
  often micronematous, (1.7–)5–7(–12.5) × (1.7–)3–5 µm, aseptate [saprobic species, occasionally found on lichen thalli]  

  ................................................................................................................................................................  Taeniolina scripta
 Conidial chains and conidia unbranched or only occasionally branched, but not strongly branched and 
  not forming multibranched propagules; conidiophores mostly semi-macronematous, longer  .......................................  2

2 (1) Conidiophores with enteroblastic proliferations in the upper part, leaving coarse annellations, conidiogenous cells formed 
  at the apex of conidiophores as result of enteroblastic proliferation, but conidiogenesis holoblastic [Talpapellis] 
   ...........................................................................................................................................................................................  3
 Conidiophores without any enteroblastic proliferations, annellations lacking or in a few species only occasionally 
  with sparse rejuvenations leaving annellations, which are, however, not connected with the formation of 
  conidiogenous cells [Taeniolella]  ......................................................................................................................................  7
3 (2) Conidiophores arising from internal and external hyphae, erect, outline irregular, with swellings and constrictions, 
  walls irregularly thickened and pigmented, with thicker and darker wall portions, to 1.5 µm wide; conidia catenate, 
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  5–14 × 3–6 µm, 0–1-septate, walls not uniformly pigmented, with thicker and darker portions; on an unidentified 
  crustose lichen, Seychelles  ................................................................................................................  Talpapellis mahensis
 Conidiophores and conidia more or less regular, width and pigmentation regular  ...................................................................  4

4 (3) Conidiophores relatively short, 8–40 × 3–5(–6) μm, sometimes branched; conidia 0–1(–2)-septate [on Solorina crocea] 
   ...........................................................................................................................................................  Talpapellis solorinae
 Conidiophores longer, 11–70(–80) × 3–6 μm, usually unbranched; conidia usually aseptate; on Cladonia spp. and 
  Peltigera venosa  ................................................................................................................................................................  5

5 (4) Conidiogenous cells with coarse, often flaring annellations [on Cladonia spp.] ........................................  Talpapellis beschiana
 Annellations not or barely flaring [on Peltigera venosa]  ...........................................................................................................  6

6 (5) Conidiogenous cells with a single or up to four conidiogenous loci; ramoconidia present, 9–10.5 × 3–3.5 μm; 
  conidia (3–)5.5–7(–8) × (2–)2.5–4(–4.5) μm, width on average < 4 μm ..................  Talpapellis peltigerae var. peltigerae
 Conidiogenous cells with a single or occasionally two conidiogenous loci; ramoconidia lacking; conidia aseptate, 
  (4–)5.5–9.5(–13) × (3–)4–5.5(–6) μm, width on average > 4 μm  ..................................  Talpapellis peltigerae var. rossica

7 (2) Conidiophores in sporodochial conidiomata, to 100 µm diam, base with stromatic hyphal aggregations; conidiophores 
  12–70 × 5–8 µm; conidia small, 6–16 × 5–7 µm, 0–3-septate, conidial septa conspicuously darkened, 
  thickened and multilayered [on Thelotrema weberi]  ...........................................................................................  T. weberi
 Sporodochia or sporodochioid aggregations of conidiophores not formed or, when formed, without stromatic 
  hyphal base and/or much smaller; conidial septa not conspicuously darkened, thickened and multilayered  ................. 8

8 (7) Conidiophores and conidial chains frequently branched; conidiogenous cells with a single or often two 
  conidiogenous loci; conidiophores 8–80 × 2.5–6.5(–8) µm; conidia 4–15 × 3–6.5(–7) µm, smooth or 
  verruculose to rugose [on thalli of Arthoniales]  .............................................................................................  T. arthoniae
 Conidiophores and conidial chains either usually unbranched or conidiogenous cells at least consistently unilocal  ............... 9

9 (8) Conidia consistently solitary or mostly solitary, only occasionally in short chains, solitary conidia with rounded apex
   .........................................................................................................................................................................................  10
 Conidia usually catenate, primary conidia with rounded apex, the majority of other conidia with truncate apex  ................. 15

10 (9) Loose to dense stromata developed; conidiophores (7–)8–11(–12) µm wide; conidial wall thick, 1–2.5(–3) µm 
  [on Umbilicaria spp.]  ...................................................................................................................................  T. umbilicariae
 Stromata lacking; conidiophores either narrower, (1.5–)3–8(–9) µm, and/or conidial wall thinner, 0.25–1.5 µm wide  ......... 11

11 (10) Conidia 6–20 × 3–6 µm, 1–5-septate, thin-walled, 0.25–0.5 µm, at first smooth, finally verruculose or with net-like cracks;
  conidiophores 4–32 µm long, 1–5-septate [on Thamnolia spp.] 
   ....................................................................................Taeniolella sp. (treated in the list of lichenicolous Taeniolella spp.)
 Conidial wall thicker, 0.5–1.5 µm, conidia either wider, 6–9 µm, or conidiophores much shorter, 3–12(–15) µm, aseptate
   .........................................................................................................................................................................................  12

12 (11) Conidiophores very short and aseptate, 3–12(–15) × (1.5–)3–5 µm; conidia 3–12 × 3–5 µm, smooth to verruculose-rimulose
  [on Strigula stigmatella]  ........................................................................................................................................  T. friesii
 Conidiophores longer and/or wider, 7–55 × 4–10 µm; conidia 7–31 × 5.5–9 µm  ....................................................................  13

13 (12) Conidiophores and conidia rather pale, pale brown to greyish brown; conidia smooth or only rugose to somewhat 
  squamulose with age [on Ionaspis odora]  .................................................................................................  T. ionaspisicola
 Conidiophores and conidia darker, medium to dark brown; conidia verruculose, rimulose or squamulose  ........................... 14

14 (13) Conidiophores 7–29 µm long, 0–4-septate, without percurrent proliferations and annellations; conidiogenous loci and 
  conidial hila not distinctly attenuated, truncate, broad, 3–5 µm wide [on Arctoparmelia spp.]
   ................................................................................................................................................................  T. arctoparmeliae
 Conidiophores 14–55 µm long, 0–9-septate, with 1–4 percurrent proliferations leaving distinct annellations; 
  conidiogenous loci and conidial hila distinctly attenuated, 2.5–4 µm [on Trapeliopsis spp.]  ...................  T. trapeliopseos

15 (9) Conidia smooth (light microscopy) [at most with some irregularly spread verrucae]  .............................................................  16
 Conidia sometimes smooth or almost so when young, but soon verruculose, verrucose, rimulose to squamulose 
  throughout (light microscopy)  ........................................................................................................................................  25
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16 (15) Conidiophores mostly branched, usually at the base, sometimes with an additional branch in the upper part, 
  9–65 × 4–7 µm, 1–9-septate; conidia 5–20 × 4–6(–7) µm, 0–2(–3)-septate [on Thelotrema spp.]
   ...................................................................................................................................................................  T. thelotrematis
 Conidiophores usually unbranched  .........................................................................................................................................  17

17 (16) Conidia in long, firm (persistent), toruloid chains (with numerous distinct constrictions), to 100 µm long 
  [on Thelotrema spp.] ....................................................................................................................................... T. toruloides
 Conidia not in toruloid chains  ..................................................................................................................................................  18

18 (17) Pathogenic, usually destroying infected apothecia and thalli which are also discoloured; conidiophores 8–56(–90) × 
  3.5–7 µm; conidia 4–17 × 3–8 µm, (0–)1–2(–3)-septate, smooth, finally becoming irregularly verruculose, 
  pale brown to brown [on a wide range of lichens]  ............................................................................................  T. delicata
 Not destroying infected apothecia and thalli, conidia darker brown, or on Chrysothrix spp. thalli that are sometimes
  damaged and somewhat discoloured, but conidia much paler, subhyaline to pale brown  ............................................  19

19 (18) Conidiophores and conidia, 2–6 µm wide [on Chrysothrix spp.]  ......................................................................... T. chrysothricis
 Conidiophores and conidia broader, (4–)5–13 µm  ..................................................................................................................  20

20 (19) Conidiophores very long and broad, (18–)20–216 × 7–13 µm; conidia 9–11 µm wide [on Phaeophyscia spp.]
   ................................................................................................................................................................. T. phaeophysciae
 Conidiophores shorter and narrower, 5–71(–85) × 4–8(–9) µm; conidia 3–9 µm wide  ...........................................................  21

21 (20) Conidiophores short, 8–15(–20) µm, often in tufts, wall smooth, 0.5 µm wide; conidia in long, firm chains, 
  not easily disintegrating, 5–13 × 4–5.5 µm, (0–)1–2(–3)-septate, smooth to irregularly verrucose 
  [on Phaeographis spp.]  .......................................................................................................................  T. hawskworthiana
 Conidiophores longer, 7–95 µm, wall thicker, 0.5–1.5 µm  .......................................................................................................  22

22 (21) With conspicuously torulose external hyphae (stereomicroscope); conidia 4–16 × 3–6.5(–7.5) µm, almost smooth 
  to verruculose-striate [on Arthonia and Stereocaulon]  ............................................................................. T. christiansenii
 External torulose hyphae not formed; conidia 5–9 µm wide ...................................................................................................  23

23 (21) Tips of conidiophores and/or the adhering terminal conidium somewhat swollen; conidia smooth, becoming irregularly 
  rugose or wall occasionally squamulose with age [on Ionaspis odora]  .....................................................  T. ionaspisicola
 Tips of conidiophores and/or the adhering terminal conidium sometimes somewhat swollen; conidial wall not 
  squamulose, also not with age  ....................................................................................................................................... 24

24 (23) Mycelium dimorphic [hyphae penetrating the host thallus: flexuous to tortuous, branched, 1.5–3 µm wide (4–6 µm wide 
  on rock), septate, slightly constricted at the septa, smooth, walls thickened, pale brown; hyphae entering the 
  underlying cortex cells, densely aggregated, 3–10 µm wide, septate, constricted at the septa, irregularly 
  shaped, subhyaline to pale brown, unthickened, granulate (such hyphae are only developed around the 
  base of conidiophores)]; conidia smooth, sometimes somewhat irregularly rough [on Pertusaria spp.]
   ........................................................................................................................................................................  T. caespitosa
 Mycelium not dimorphic, uniform; conidia smooth, occasionally slightly rugose or verruculose [on lichens of 
  various genera, most often on Graphis scripta s. lat. and associated taxa]  .....................................................  T. punctata

25 (15) Inducing the formation of distinct galls, or conidiophores at least in distinct sporodochium-like aggregations, 
  subglobose-oval, planate-convex, up to 0.75 mm diam  .................................................................................................  26
 Galls or distinct sporodochioid aggregations of conidiophores not formed  ............................................................................  28

26 (25) Colonies effuse to sporodochioid, sporodochium-like aggregations of conidiophores to 0.75 mm diam; conidiophores 
  5–7 µm wide, wall squamulose, squamules 1–7 µm diam [on Roccellina cerebriformis]
   .......................................................................................................................................................................  T. santessonii
 Inducing the formation of distinct galls, 0.2–4 mm diam; conidiophores either somewhat narrower, 4–6.5 µm wide, 
 or wider, 5–10(–12) µm, with swollen base, 6–12 µm diam, and smaller squamules, 1–4 µm diam  ......................................  27

27 (26) Galls 0.5–4 mm diam; conidiophores 15–47 × 5–10(–12) µm, base swollen, 6–12 µm wide, squamules of the wall 
  1–4 µm diam [on Tephromela atra]  .......................................................................................................... T. atrocerebrina
 Galls 0.2–1(–1.5) mm diam; conidiophores longer and narrower, 12–122 × 4–6 µm, not distinctly swollen at the base, 
  squamules of the wall 1–8 µm diam. [on Cetraria spp.]  .......................................................................................... T. rolfii

28 (25) Conidiophores poorly developed, barely distinguishable from conidial chains, 3–7 µm long and broad, aseptate, i.e., 
  reduced to conidiogenous cells [on Pyrenula spp.]  ........................................................................................  T. pyrenulae
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 Conidiophores well-developed, usually much longer, when short then much narrower (not as wide as long), 
  not consistently aseptate  ................................................................................................................................................  29

29 (28) Pathogenic, causing damages of thalli or at least distinct discolorations  ................................................................................  30
 Non-pathogenic, without any thallus damages and discolorations  .........................................................................................  35

30 (29) Usually destroying infected apothecia and thalli which become discoloured; conidiophores 8–56(–90) µm long, 
  (0–)1–15-septate; conidia 4–17 × 3–8 µm, smooth to irregularly verruculose [on hosts of various genera]
   ............................................................................................................................................................................  T. delicata
 Apothecia and thalli not destroyed, but causing thallus discoloration [on Arthonia, Chrysothrix and Stereocaulon spp.] 
  or becoming necrotic [on Cladonia, Nephroma and Pseudocyphellaria spp.], but then conidiophores and 
  conidia often becoming rimulose or conidiophores annellate  .......................................................................................  31

31 (30) Thallus discolorations brown; forming superficial hyphae with constrictions at the septa (with monilioid cells)  ................... 32
 Either thallus discoloration reddish to purplish brown, or thallus becoming necrotic, dark brown to black; superficial 
  hyphae with monilioid cells not formed  ......................................................................................................................... 34

32 (31) Conidiophores 3–5 µm wide [on Chrysothrix spp.]  .............................................................................................. T. chrysothricis
 Conidiophores 4–7(–9) µm wide  ..............................................................................................................................................  33

33 (32) Conidiophores 5.5–27.5(–50) µm long, (0–)1–5-septate; conidial chains disintegrating into fragments, 0–5-septate, 
  wall verruculose and with fine net-like cracks [confined to Cladonia stricta]  .....................................................  T. strictae
 Conidiophores 5–55 µm long, 0–7-septate; conidia in easily disintegrating chains, 0–2(–3)-septate, wall almost smooth, 
  finally somewhat verruculose-striate [on Arthonia and Stereocaulon spp.]  .............................................. T. christiansenii

34 (31) Thallus discoloration reddish to purplish brown [on various Cladonia spp.]  .......................................................... T. cladinicola
 Thallus becoming necrotic, dark brown to black [on Nephroma and Pseudocyphellaria spp.]  ...............  T. pseudocyphellariae

35 (29) Conidia solitary or in short easily disintegrating chains, smooth, finally irregularly rugose, rarely squamulose 
  [on Ionaspis odora]  ....................................................................................................................................  T. ionaspisicola
 Conidia catenate, wall distinctly sculptured, even in younger conidia  ....................................................................................  36

36 (35) Conidiophores short, 8–15(–29) × 5–6 µm, 0–3(–4)-septate, smooth; conidia in long, firm chains, 5–13 × 4–5.5 µm, 
  smooth to verrucose [on Phaeographis spp.]  .....................................................................................  T. hawksworthiana
 Conidiophores longer, 5–104 µm, not smooth; conidia either wider, 4–10 µm, or wall coarsely rhagadiose-squamulose
   .........................................................................................................................................................................................  37

37 (36) Conidia coarsely rhagadiose-squamulose, 5–22 × 3.5–6.5 µm, often with long subhyaline germ tubes; 
  conidiophores 2.5–5(–5.5) µm wide [on Dendrographa and Tylophoron spp., and on unidentified crustose lichens 
  with Trentepohlia]  .......................................................................................................................................... T. serusiauxii
 Conidia verruculose, rimulose to delicately rhagadiose-squamulose, 5–10 µm wide, without germ tubes; conidiophores 
  4.5–10 µm wide  ..............................................................................................................................................................  38
38 (37) Colonies on the thallus punctiform  ..........................................................................................................................................  39
 Colonies effuse, caespitose, not distinctly punctiform  ............................................................................................................  40

39 (38) Conidiophores 10–32(–68) µm long, 0–5(–9)-septate; conidia rugose, verrucose, rimulose-squamose [on Placopsis spp.]
   ...................................................................................................................................................................  T. diederichiana
 Conidiophores 14–83(–95) µm long, 2–25-septate; conidia smooth, later slightly verruculose-rugose  ..................  T. punctata

40 (38) Forming torulose hyphae; conidiophores very long, 9–104 µm, 1–12-septate; conidia 6–19 × 6–10 µm, 0–1(–3)-septate 
  [on thalli of lichens of different genera] ..........................................................................................................  T. verrucosa
 Torulose hyphae not formed; conidiophores shorter, about 6–50 µm; conidia (0–)1–4-septate  ............................................  41

41 (40) Conidiophores 7–13 µm wide, wall to 2 µm thick, multilayered; conidia solitary or catenate, 10–25 × 7–10 µm, 
  hila 5–7(–8) µm wide [on Lecanora spp.] ....................................................................................................  T. lecanoricola
 Conidiophores 5–7(–8) µm wide; conidia 4–8 µm wide, hila 2.5–6(–7) µm wide  ...................................................................  42

42 (41) Conidiophores with a relatively thin wall, 0.5–1 µm, one-layered, frequently with enteroblastic-percurrent 
  proliferations leaving distinct annellations [on thalli of lichens of various genera, excluding Umbilicaria spp.]
   ................................................................................................................................................................... T. pertusariicola
 Conidiophores with a thick wall, to 2 µm, distinctly multilayered, enteroblastic-percurrent proliferations leaving distinct 
  annellations usually lacking [on Umbilicaria spp.]  ..................................................................................  T. umbilicariicola
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Tabular key to lichenicolous Taeniolella species, Talpapellis species and Taeniolina scripta based on host families and 
genera

Host genera of lichenicolous Taeniolella species, Talpapellis species and Taeniolina scripta (saprobic species occasionally found on 
lichens) are listed according to their affiliations to families, and the lichenicolous species occurring on hosts of the particular families 
are listed or keyed out when two or more species are involved. Collections and records on unidentified crustose lichens are excluded 
and not listed.

Amandinea – Caliciaceae; Arctoparmelia – Parmeliaceae; Arthonia – Arthoniaceae; Arthothelium – Arthoniaceae; Aspicilia – 
Hymeneliaceae; Bilimbia – Porpidiaceae; Caloplaca s. lat. – Teloschistaceae; Candelariella – Candelariaceae; Cetraria – Parmeliaceae; 
Cetrariella – Parmeliaceae; Chrysothrix – Chrysothricaceae; Cladina = Cladonia – Cladoniaceae; Cladonia – Cladoniaceae; Dendrographa 
– Roccellaceae; Enterographa – Roccellaceae; Fissurina – Graphidaceae; Fuscidea – Fuscideaceae; Graphis – Graphidaceae; 
Hyperphyscia – Physciaceae; Hypocenomyce – Lecideaceae; Hypogymnia – Parmeliaceae; Ionaspis – Hymeneliaceae; Lecanactis – 
Roccellaceae; Lecania – Ramalinaceae; Lecanographa – Lecanographaceae; Lecanora – Lecanoraceae; Lecidella – Lecanoraceae; Lepra 
– Pertusariaceae; Loxospora – Loxosporaceae; Micarea – Micareaceae; Myriolecis – Lecanoraceae; Nephroma – Nephromataceae; 
Ocellomma – Roccellaceae; Ochrolechia – Pertusariaceae; Opegrapha – Opegraphaceae; Ophioparma – Ophioparmaceae; Parmelia 
– Parmeliaceae; Pectenia – Pannariaceae; Peltigera – Peltigeraceae; Pertusaria – Pertusariaceae; Phaeographis – Graphidaceae; 
Phaeophyscia – Physciaceae; Phlyctis – Phlyctidaceae; Physcia – Physciaceae; Physconia – Physciaceae; Placopsis – Agyriaceae; 
Porpidia – Porpidiaceae; Protoparmeliopsis – Lecanoraceae; Pseudocyphellaria – Lobariaceae; Psilolechia – Micareaceae; Pyrenula 
– Pyrenulaceae; Ramalina – Ramalinaceae; Rhizocarpon – Rhizocarpaceae; Roccellina – Roccellaceae; Ropalospora – Fuscideaceae; 
Solorina – Peltigeraceae; Stereocaulon – Stereocaulaceae; Strigula – Strigulaceae; Tephromela – Ramalinaceae; Thamnolia 
– Icmadophilaceae; Thelotrema – Thelotremataceae; Trapeliopsis – Agyriaceae; Tylophoron – Arthoniaceae; Umbilicaria – 
Umbilicariaceae; Varicellaria – Pertusariaceae.

Amandinea – T. delicata; Arctoparmelia – T. arctoparmeliae; Arthonia – T. arthoniae, T. christiansenii, T. delicata, T. punctata, T. 
verrucosa; Arthothelium – T. punctata; Aspicilia – T. verrucosa; Bilimbia – T. delicata; Caloplaca s. lat. – T. delicata; Candelariella 
– T. delicata; Cetraria – T. rolfii; Cetrariella – T. rolfii; Chrysothrix – T. chrysothricis; Cladonia – T. cladinicola, T. strictae, Talpapellis 
beschiana; Dendrographa – T. arthoniae, T. serusiauxii; Enterographa – T. delicata; Fissurina – T. cf. punctata; Fuscidea – T. delicata; 
Graphis – T. delicata, T. punctata; Hyperphyscia – T. delicata, T. phaeophysciae; Hypocenomyce – T. delicata; Hypogymnia – T. delicata; 
Ionaspis – T. ionaspisicola; Lecanactis – T. arthoniae, T. delicata; Lecania – T. delicata; Lecanographa – T. arthoniae; Lecanora – T. 
delicata, T. lecanoricola, T. pertusariicola; Lecidella – T. delicata; Lepra – T. delicata, Taeniolina scripta; Loxospora – T. delicata; Micarea 
– T. delicata; T. verrucosa; Myriolecis – T. delicata; Nephroma – T. pseudocyphellariae; Ocellomma – T. delicata; Ochrolechia – T. 
pertusariicola; Opegrapha – T. delicata; Ophioparma – T. pertusariicola; Parmelia – T. delicata; Pectenia – T. delicata, T. phaeophysciae; 
Peltigera – Talpapellis peltigerae; Pertusaria – T. caespitosa, T. delicata, T. pertusariicola, T. phaeophysciae, T. punctata; Phaeographis 
– T. delicata, T. hawksworthiana, T. punctata; Phaeophyscia – T. phaeophysciae, Taeniolina scripta; Phlyctis – T. delicata; Physcia 
– T. delicata, T. phaeophysciae; Physconia – T. delicata, T. phaeophysciae; Placopsis – T. diederichiana; Porpidia – T. delicata; 
Protoparmeliopsis – T. delicata; Pseudocyphellaria – T. pseudocyphellariae; Psilolechia – T. delicata; Pyrenula – T. pyrenulae; Ramalina 
– T. delicata; Rhizocarpon – T. verrucosa; Roccellina – T. santessonii; Ropalospora – T. delicata; Solorina – Talpapellis peltigerae; 
Stereocaulon – T. christiansenii; Strigula – T. friesii. Tephromela – T. atricerebrina; Thamnolia – Taeniolella sp. (putative asexual morph 
of Sphaerellothecium thamnoliae); Thelotrema – T. thelotrematis, T. toruloides, T. weberi; Trapeliopsis – T. trapeliopseos; Tylophoron 
– T. serusiauxii; Umbilicaria – T. umbilicariae, T. umbilicariicola; Varicellaria – V. pertusariicola.

Agyriaceae (Placopsis, Trapeliopsis)

1 Conidiogenous cells short cylindrical, not obconically narrowed, 5−12 μm long, conidiogenous loci 4.5−6 μm diam;
  conidia catenate in unbranched chains, doliiform, subcylindrical, ellipsoid, 0–1(–2)-septate, 7–17(–21) × 5–7.5 μm, 
  wall irregularly rugose, verrucose to rimulose, later squamulose, squamules 0.5–3 μm wide [on Placopsis]
   ...................................................................................................................................................................  T. diederichiana
 Conidiogenous cells subcylindrical, conspicuously obconically narrowed (from 8 to 4 μm), 9−13 × 4−7 μm, 
  loci 2.5−3.5 μm diam; conidia solitary, broad ellipsoid, subcylindrical, pyriform, 0–4-septate, 9−24 × 5.5−8 μm, 
  outer wall irregularly verrucose, becoming rimulose with deep cracks, later squamulose, squamules 0.5−1.5 μm wide 
  [on Trapeliopsis]  ........................................................................................................................................  T. trapeliopseos

Arthoniaceae (Arthonia, Arthothelium, Tylophoron)

1 Conidiophores forming a densely branched sporogenous complex, 7–9(–10) µm wide  .........................................  T. verrucosa
 Conidiophores not in densely branched sporogenous complex, narrower  ...............................................................................  2

2 (1) Tips of the conidiophores and/or the adhering terminal conidium occasionally swollen up to 9 µm wide [on Arthothelium]  
  ..........................................................................................................................................................................  T. punctata

 Tips of the conidiophores and/or the adhering terminal conidium not swollen  .......................................................................  3
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3 (2) Conidiophores rarely unbranched, mostly variously branched, wall irregularly verruculose to verrucose, rarely smooth 
   .........................................................................................................................................................................  T. arthoniae
 Conidiophores mostly unbranched or occasionally branched  ...................................................................................................  4

4 (3) Wall of conidiophores smooth, especially in young conidiophores, in older ones often irregularly verruculose, 
  slightly rimulose to rhagadiose, conidiogenous cells sometimes narrowed to the tip, loci (1–)1.5–4(–5) µm diam
   ............................................................................................................................................................................  T. delicata
 Walls of conidiophores verruculose to verrucose or verruculose-striate with longitudinal splits  .............................................  5

5 (4) Walls of conidiophores verruculose to verrucose; conidia 0−1(−2)-septate, 5–22 × 3.5–6.5 μm, pale brown to brown, 
  wall irregularly rough-walled, soon becoming rimulose to strongly sculptured, rhagadiose-squamulose to 
  squamose, coarse ornamentation above all very evident in older conidia, squamules 0.5–5 μm wide, irregularly 
  shaped, squamules firm, not detached, with a granular inner pigmentation, conidia often germinating, 
  germ tubes subhyaline, up to 50 × 1.5–2 μm, smooth, unthickened [on Tylophoron]  .................................. T. serusiauxii
 Wall of conidiophores verruculose-striate with longitudinal splits; conidia 0–2(–3)-septate, 4–16(–24) × 3–6.5(–8) μm, 
  brown to dark brown, small conidia smooth, outermost wall layer longitudinally splitting, verruculose-striate, 
  without squamules and long, subhyaline germ tubes  ............................................................................... T. christiansenii

Caliciaceae

 On Amandinea  ............................................................................................................................................................  T. delicata

Candelariaceae

 On Candelariella ..........................................................................................................................................................  T. delicata

Chrysothricaceae

 On Chrysothrix  ..................................................................................................................................................... T. chrysothricis

Cladoniaceae (Cladonia)

1 Mycelium only immersed and intracellular in host hyphae, infection causes reddish or purplish brown discolorations 
  of infected host thallus  .................................................................................................................................. T. cladinicola
 Mycelium immersed and superficial, superficial mycelium composed of subglobose or globose, monilioid cells with 
  irregularly rough walls, usually with fine net-like cracks or with squamules, up to 2 µm wide, infection causes 
  brownish discolorations of infected host thallus  ................................................................................................  T. strictae

Fuscideaceae

 On Fuscidea or Ropalospora  .......................................................................................................................................  T. delicata

Graphidaceae (Fissurina, Graphis, Phaeographis)

1 Tips of conidiophores and/or the adhering terminal conidium occasionally swollen, up to 9 µm wide  ..................  T. punctata
 Tips of conidiophores and/or the adhering terminal conidium not swollen, sometimes narrowed  .........................................  2

2 (1) Conidia ellipsoid, ovoid or subcylindrical, (0–)1–2(–3)-septate, 5–13 × 4–5.5 µm; infected thalli not destroyed and 
  without any discoloration [on Phaeographis]  .....................................................................................  T. hawksworthiana
 Conidia ellipsoid, doliiform, pyriform, limoniform or subcylindrical, (0-)1–2(–3)-septate, 4–17 × 3–8 µm; infected thalli 
  usually destroyed and apothecia become discoloured, grey or dark brown to black  ........................................  T. delicata

Hymeneliaceae (Aspicilia, Ionaspis)

1 Conidiophores aggregated in small tufts, loosely caespitose, forming a densely branched sporogenous complex; 
  conidia catenate in unbranched chains, doliiform, subcylindrical, obovoid, 0–1(–3)-septate, 6–19 × 6–7 μm 
  [on Aspicilia]  ...................................................................................................................................................  T. verrucosa
 Conidiophores solitary or in small groups, sometimes densely aggregated, mostly unbranched, rarely with a single 
  branch at the base, not forming a branched sporogenous complex; conidia solitary or in short easily disintegrating 
  chains, broad subcylindrical, pyriform, clavate, 0–3-septate, 7−31 × 6−9 μm [on Ionaspis]  ......................T. ionaspisicola
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Icmadophilaceae

 On Thamnolia .....................................................  Taeniolella sp. (putative asexual morph of Sphaerellothecium thamnoliae)

Lecanoraceae (Lecanora, Lecidella, Myriolecis, Protoparmeliopsis)

1 Conidiophores 20–52 × 7–11 μm; conidia 1–3-septate, broad subcylindrical, 7–10 μm wide  ............................  T. lecanoricola
 Conidiophores and conidia narrower  .........................................................................................................................................  2

2 (1) Conidiophores 7−50(–60) × 5−7(−8) μm, wall irregularly rugose, verrucose to rimulose, later squamulose, squamules 
  1–5 µm wide, irregularly shaped, firm, not detached or only slightly so; conidia broad ellipsoid, doliiform or 
  subcylindrical, conidia (0–)1–3-septate, 4–8 µm wide .............................................................................. T. pertusariicola
 Conidiophores 8–56(–90) × 3.5–7 µm, wall smooth, especially in young conidiophores, in older ones often irregularly 
  verruculose, slightly rimulose to rhagadiose; conidia subcylindrical, doliiform, pyriform, ellipsoid, 
  limoniform, (0−)1–2(–3)-septate, 3–8 µm wide  .................................................................................................  T. delicata

Lecanographaceae

 On Lecanographa  .....................................................................................................................................................  T. arthoniae

Lecideaceae

 On Hypocenomyce  ......................................................................................................................................................  T. delicata

Lobariaceae

 On Pseudocyphellaria  ..............................................................................................................................  T. pseudocyphellariae

Loxosporaceae

 On Loxospora  ..............................................................................................................................................................  T. delicata

Micareaceae (Micarea, Psilolechia)

1 Conidiophores forming densely branched sporogenous complexes, 7–9(–10) µm wide  ........................................  T. verrucosa
 Conidiophores not forming densely branched sporogenous complexes, narrower, 3.5–7 µm  ...................................  T. delicata

Nephromataceae

 On Nephroma  ..........................................................................................................................................  T. pseudocyphellariae

Ophioparmaceae

 On Ophioparma  ................................................................................................................................................. T. pertusariicola

Pannariaceae (Pectenia)

1 Conidiophores up to 216 µm long and 7–13 µm wide  .....................................................................................  T. phaeophysciae
 Conidiophores shorter and narrower, 8–56(–90) × 3.5–7 µm  ....................................................................................  T. delicata

Parmeliaceae (Arctoparmelia, Cetraria, Cetrariella, Hypogymnia, Parmelia)

1 Conidia solitary, doliiform, broad subcylindrical, broad ellipsoid, obovoid, 0–2-septate, 10–20 × 6–8 μm, wall
  irregularly verrucose, soon becoming rimulose, with fissures and squamules, squamules (patches) up to 
  4 μm diam, irregularly shaped to subglobose or square [on Arctoparmelia]  ........................................  T. arctoparmeliae
 Conidia catenate, mostly in unbranched, sometimes in branched chains  .................................................................................  2

2 (1) Conidiophores aggregated in delimited, gall-like swellings, 0.2–1(–1.5) mm diam, greenish brown, olive brown to 
  dark brown, sometimes grey-brown, woolly to caespitose; conidia 0−2(−3)-septate, 5−22 × 3.5–6(−7) μm,
  rarely almost smooth, but usually conspicuously rough, rugose or irregularly verrucose, rhagadiose-squamulose 
  to squamose, squamules irregularly shaped, 1–8 μm wide, often detached [on Cetraria and Cetrariella]  ............ T. rolfii
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 Conidiophores not aggregated in gall-like swellings, colonies effuse, brown to dark brown or almost black, 
  slightly shiny, scattered over the infected tissue of the host and on the apothecia, rarely in small tufts, 
  usually loosely to densely caespitose, sometimes velvety or floccose; conidia (0−)1–2(–3)-septate, 4−17 × 3−8 μm,
  mostly smooth to irregularly verruculose, rarely slightly rhagadiose, not squamulose to squamose 
  [on Hypogymnia and Parmelia]  .........................................................................................................................  T. delicata

Pertusariaceae (Lepra, Ochrolechia, Pertusaria)

1 Conidiophores (18–)20–216 × 7–13 µm [on P. pertusa]  ..................................................................................  T. phaeophysciae
 Conidiophores shorter and narrower  ........................................................................................................................................  2

2 (1) Wall of conidiophores irregularly rugose, verrucose to rimulose, later squamulose, squamules 1–5 µm wide 
  [on Ochrolechia and Pertusaria spp.]  ........................................................................................................ T. pertusariicola
 Wall of conidiophores usually smooth, sometimes somewhat irregularly rough or irregularly verruculose, slightly rimulose 
  to rhagadiose  ....................................................................................................................................................................  3

3 (2) Tips of conidiophores and/or the adhering terminal conidium not swollen, sometimes narrowed [on Lepra albescens]
   ............................................................................................................................................................................  T. delicata
 Tips of conidiophores and/or the adhering terminal conidium occasionally swollen up to 9 µm wide  ....................................  4

4 (3) Dimorphic mycelium composed of pale brown, flexuous to tortuous, 1.5–3 µm wide, smooth and thick-walled hyphae 
  that penetrate the host thallus, and of subhyaline to pale brown, densely aggregated, 3–10 µm wide, 
  irregularly shaped, thin-walled hyphae with a granular surface entering the underlying cortex cells
  [on Pertusaria spp.]  ........................................................................................................................................  T. caespitosa
 Without dimorphic mycelium [on Pertusaria leioplaca]  ...........................................................................................  T. punctata

Phlyctidaceae

 On Phlyctis  ..................................................................................................................................................................  T. delicata

Physciaceae (Hyperphyscia, Phaeophyscia, Physcia, Physconia)

1 Conidiophores (18–)20–216 × 7–13 µm [on hosts of various genera including Phaeophyscia]  ....................... T. phaeophysciae
 Conidiophores shorter and narrower, 8–56(–90) × 3.5–7 µm [on Physcia and Physconia spp.; 
  not known on Phaeophyscia]  .............................................................................................................................  T. delicata

Porpidiaceae 

 On Bilimbia  ..................................................................................................................................................................  T. delicata
 On Porpidia  .................................................................................................................................................................  T. delicata

Pyrenulaceae

 On Pyrenula  .............................................................................................................................................................  T. pyrenulae

Ramalinaceae (Lecania, Ramalina, Tephromela)

1 Infections inducing the formation of galls; wall of conidiophores and conidia irregularly verrucose, later becoming 
  rimulose with deep longitudinal to irregular cracks, rhagadiose-squamulose to squamous, squamules 1–4 μm wide, 
  wall thickened, 0.75–2 μm [on Tephromela]  ..............................................................................................  T. atricerebrina
 Infections not inducing the formation of galls; wall of conidiophores and conidia smooth to irregularly verruculose, 
  slightly rimulose to rhagadiose, walls thickened, up to 1 μm [on Lecania and Ramalina]  ................................  T. delicata

Rhizocarpaceae

 On Rhizocarpon  ........................................................................................................................................................  T. verrucosa

Roccellaceae (Dendrographa, Enterographa, Lecanactis, Ocellomma, Opegrapha, Roccellina)

1 Conidiophores in sporodochial colonies, 5–38 × 5–7 μm; conidia 0–3-septate, 7–21 × 5–7.5 μm [on Roccellina]
   .......................................................................................................................................................................  T. santessonii
 Conidiophores not in sporodochial colonies  ..............................................................................................................................  2
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2 (1) Conidiophores rarely unbranched, mostly variously branched, wall irregularly verruculose to verrucose, rarely smooth 
  [on Dendrographa and Lecanactis]  .................................................................................................................  T. arthoniae
 Conidiophores mostly unbranched or occasionally branched  ...................................................................................................  3

3 (2) Walls of conidiophores verruculose to verrucose; wall of conidia irregularly rough-walled, soon becoming rimulose to 
  strongly sculptured, rhagadiose-squamulose to squamose, coarse ornamentation above all very evident in older 
  conidia, squamules 0.5–5 μm wide, irregularly shaped, squamules firm, not detached, with a granular inner 
  pigmentation, conidia often germinating, germ tubes subhyaline, up to 50 × 1.5–2 μm, smooth, unthickened 
  [on Dendrographa]  ........................................................................................................................................ T. serusiauxii
 Wall of conidiophores smooth, especially in young conidiophores, in older ones often irregularly verruculose, slightly 
  rimulose to rhagadiose; wall of conidia mostly smooth to irregularly verruculose, rarely slightly rhagadiose, 
  without squamules and long, subhyaline germ tubes [on Enterographa, Lecanactis, Ocellomma and Opegrapha] 
   ............................................................................................................................................................................  T. delicata

Stereocaulaceae

 On Stereocaulon  .................................................................................................................................................. T. christiansenii

Strigulaceae

 On Strigula  ......................................................................................................................................................................  T. friesii

Teloschistaceae

 On Caloplaca s. lat. ......................................................................................................................................................  T. delicata

Thelotremataceae (Thelotrema)

1 Conidiophores densely fasciculate, in sporodochial conidiomata, up to 100 μm diam  ................................................  T. weberi
 Conidiophores not aggregated in sporodochial conidiomata  ....................................................................................................  2

2 (1) Conidiophores short, 6–34 µm, usually unbranched; conidia in firm not easily disarticulating chains up to 100 µm long,
  with distinct constrictions (torula-like)  ........................................................................................................... T. toruloides
 Conidiophores much longer, up to 65 µm, frequently branched; conidia in non-torulose, easily disarticulating chains
   ...................................................................................................................................................................  T. thelotrematis

Umbilicariaceae (Umbilicaria)

1 Conidiophores and conidia (7–)8–11(–12) µm wide  ............................................................................................  T. umbilicariae
 Conidiophores and conidia narrower, 5–7(–8) µm  ..........................................................................................  T. umbilicariicola

Key to saprobic Taeniolella species

1 On leaves of Plantago spp.; conidia simple or branched, in long chains, 15–230 × 7–10(–13) µm, not easily disintegrating, 
  at first smooth, later verruculose  ..................................................................................................................  T. plantaginis
 On woody plants (bark and wood)  ..............................................................................................................................................2

2 (1) Conidia branched or in branched chains, forming branched complexes (propagules), usually strongly curved to sigmoid 
   ............................................................................................................................................................................. T. curvata
 Conidia consistently unbranched or branched, but straight or occasionally only slightly curved  .............................................  3

3 (2) Conidia frequently branched or in branched chains, branched at the base or with lateral branches  .......................................  4
 Conidia unbranched or only rarely branched  .............................................................................................................................  8

4 (3) Conidia frequently branched, with lateral branches  ..................................................................................................................  5
 Conidia usually branched at the base [conidiophores poorly developed, micronematous, very short 
  and usually micronematous]  .............................................................................................................................................  7

5 (4) With long, filiform aerial hyphae, mostly simple; conidia in long, often branched, not easily disintegrating chains, 
  to 245 µm long; conidia 10–41 × 7–10(–11) µm, 0–6-septate, sometimes with 1–2 distosepta  ................. T. filamentosa
 Long, filiform aerial hyphae not formed; conidia either longer and/or distosepta lacking  .......................................................  6



© 2018 Westerdijk Fungal Biodiversity Institute

Heuchert et al.
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

86

6 (5) Conidia 21–95(–162) × 4.5–6(–7.5) µm, with (1–)4–25(–39) septa  .........................................................  see Taeniolina scripta
 Conidia wider, 13–285 × 6–10(–12) µm, with up to 40 septa  ..............................................................................  T. vermicularis

7 (4)  Conidia catenate, chains firm, not easily disintegrating, forming branched complexes (propagules), 25–160 µm long, 
  to 40-septate, disintegrated conidia 10–43 × 6–10 µm, 1–6-septate, smooth to irregularly verruculose or rimulose 
   .......................................................................................................................................................................  T. stilbospora
 Conidia solitary or only occasionally in short chains, 15–70 × 8–10 µm, 2–11-septate  ..................................  T. stilbosporoides

8 (3) Conidia smooth or almost so  .....................................................................................................................................................  9
 Conidial surface sculptured, verruculose to verrucose, sometimes with cracks  ......................................................................  16

9 (8) Conidia with eu- and distosepta  ..............................................................................................................................................  10
 Conidia only euseptate  ............................................................................................................................................................  11

10 (9) Hyphae sometimes aggregated, forming stromata, 150–320 × 30–60 μm; conidia in unbranched, not easily 
  disintegrating chains, 19–108(–180) × 8−14(−17) µm, (0–)1–7(–13)-euseptate, sometimes also with 
  1–2 intermixed distosepta  ......................................................................................................................................  T. exilis
 Stromata lacking; conidia usually narrower and with more septa, 35–135(–215) × 5–8(–9) µm, 6–26(–40)-septate
   ..........................................................................................................................................................................  T. multiplex

11 (9) Synanamorph present, characterised by forming metulae in verticillate heads; conidia often characteristically fusiform, 
  in persistent chains; conidiophores distinct, (8–)10–13 µm wide ........................................... see Sterigmatobotrys rudis
 Synanamorph not formed; conidia usually not fusiform; conidiophores either barely discernable or narrower 
  when distinct, 5–10 µm  ..................................................................................................................................................  12

12 (11) Conidia 2–40-septate, (12–)25–277 × 7–13 µm; conidiophores short, 5–14 × 4–7 µm, 0–1-septate  ............................  T. stricta
 Conidia to 12-septate, to 120 µm long; conidiophores longer, 8–120 µm  ...............................................................................  13

13 (12) Conidial chains not easily disintegrating, firm; conidia 8–15 µm wide  ....................................................................................  14
 Conidial chains easily disintegrating; conidia usually not wider than 10 µm  ...........................................................................  15

14 (13) Conidia 14–32 × 8–13 µm, 1–3(–5)-septate; conidiophores barely discernable (conidiophores gradually developing 
  into conidial chains)  ...................................................................................................................................... T. breviuscula
 Conidia 9–107(–120) × 7–15 µm, 0–12-septate; conidiophores conspicuous, easily discernible, 8–30 × 5–10 µm, 
  0–2-septate  ............................................................................................................................................................... T. alta

15 (13) Conidiophores 32–99 × 5–8 µm, 3–14-septate, often branched, basal cells enlarged, 8–12 × 8–16 µm; conidia subcylindrical 
  to ellipsoid-doliiform, smooth to irregularly verrucose  ..................................................................................... T. pulvillus
 Conidiophores shorter, 8–28 × 6–8 µm, 0–2-septate, unbranched, base not enlarged; conidia obclavate, 
  subcylindrical, obovoid, consistently smooth  ................................................................................................  T. subsessilis

16 (8) Conidia 15–118 × 7–11 µm, with (0–)1–3 eusepta and 1–20 distosepta, coarsely verrucose  ..................................  T. muricata
 Conidia euseptate, distosepta lacking  ......................................................................................................................................  17

17 (16) Conidiophores poorly developed, 6–17 µm long; conidia in simple, not easily disintegrating chains, 55–170 × 7–14 µm,
  4–22-septate, individual conidia 10–21 × 7–11 µm, 0–1-septate  .....................................................................  T. ravenelii
 Conidiophores well-developed, much longer, (5–)15–99 µm; conidia in more easily disintegrating chains, shorter, 
  7–50 µm, 0–4(–5)-septate ...............................................................................................................................................  18

18 (17) Conidiophores 32–99 µm long, frequently proliferating, leaving distinct annellations, base of the conidiophores often 
  swollen, 8–12 × 8–16 µm; conidia 10–50 µm long, (0–)1–4(–5)-septate, smooth to sometimes verruculose
   ............................................................................................................................................................................ T. pulvillus
 Conidiophores (5–)15–57 × 4–7(–9) µm, not proliferating, without annellations, base not swollen; 
  conidia 7–20 × 6–9(–10) µm, 0–2(–3)-septate, verrucose, sometimes with cracks  ............................................ T. faginea

Species of Taeniolella

The present work provides a comprehensive treatment of all 
Taeniolella species known to date. Lichenicolous and saprobic 
species, currently maintained in Taeniolella in a broader sense 
(s. lat.) until more comprehensive phylogenetic data will be 

available, as well as doubtful, excluded and insufficiently known 
species of this genus are separately listed and annotated.

Names are arranged in alphabetic order. The treatment of 
each species contains the scientific name with bibliographic 
reference (not repeated under “Literature”), synonyms, the type 
specimen (examined collections highlighted with an exclamation 
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mark), relevant literature references (Lit.) without those that 
contain only distribution information, published illustrations 
(Ill.), exsiccatae (Exs.), a comprehensive description, host range 
and geographic distribution, additional specimens examined 
and notes. The treatments are supplemented by macro- and 
micrographs as well as drawings (the specimens that were 
used as the basis for the illustrations are listed in the respective 
legends). Most photos were taken by B. Heuchert, exceptions, 
including macrophotos taken by P. Diederich, are noted in square 
brackets. Author abbreviations conform to those in Brummitt 
& Powell (1992), while journal abbreviations follow Bridson 
(2004). Herbarium names have been abbreviated according to 
Holmgren et al. (1990). Abbreviations of exsiccatae correspond 
to those used in Triebel & Scholz (2001–2013).

Host range and distribution data indicate the known 
distribution and hosts or substrates obtained from examined 
herbarium specimens, checklists and databases. All relevant 
references are listed in chronological order for each country. 
Taxonomy and nomenclature of the lichens are based on 
‘indexfungorum’ (http://www.indexfungorum.org/) and 
‘MycoBank’ (http://www.mycobank.org/). The taxonomy of 
plant species, used in this and other chapters, is based on the 
databases Tropicos (http://www.Tropicos.org/) and The Plant 
List (http://www.theplantlist.org). 

Lichenicolous Taeniolella species

Taeniolella arctoparmeliae Heuchert & Zhurb., sp. nov. 
MycoBank MB819300. Figs 1–2.

Etymology: Species named after the genus of the type host, 
Arctoparmelia.

Diagnosis: Morphologically close to Taeniolella umbilicariae, but 
conidiophores and conidia distinctly narrower (6–8 µm wide vs. 
(7–)8–11(–12) µm wide in T. umbilicariae) with obviously less 
thickened walls (0.5–1.2 µm vs. 1–2.5(–3) µm in T. umbilicariae).

Description: Colonies dispersed over the host thallus, forming 
blackish grey, velvety-rough colonies, punctiform, circular 
with crenate margin, up to 1 mm diam, confluent or on 
faded to necrotic basal parts, forming black colonies, effuse, 
loosely caespitose, crumbly. Mycelium immersed; hyphae 
inconspicuously branched, 2.5–4 µm wide, septate, sometimes 
constricted at the septa, pale brown to brown, smooth, wall 
slightly thickened, up to 0.5 µm wide. Some cells swollen, 
subglobose, 4–7 µm diam, forming stromatic aggregations, 
brown to dark brown, wall thickened, 0.5–0.75 µm, smooth 
to verrucose or rimulose. Conidiophores solitary or in small 

Fig. 1. Taeniolella arctoparmeliae [holotype]. A. Hyphae. B. Conidiophores arising from hyphae or from stromatically aggregated cells. C. Conidia. Bar 
= 10 µm (B. Heuchert del.).
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groups, arising from hyphae or swollen hyphal cells, semi-
macronematous, mononematous, erect to decumbent, 

mostly straight, sometimes flexuous, mostly unbranched or 
occasionally once branched in the lower part, subcylindrical, 

Fig. 2. Taeniolella arctoparmeliae [holotype]. A. Macroscopic overview of colonies. B, E, F, H–J. Conidiophores arising from hyphae or from stromatically 
aggregated cells. C, D, G. Conidia. Bars: 1 mm (A) [photo taken by Paul Diederich], 10 µm (C–E, J), 9 µm (B, G–I), 4 µm (F).
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doliiform, broad ellipsoid, obovoid, conidiophores with 
adhering conidia 7–29 × 6–8 µm, 0–4-septate, rarely and only 
slightly constricted at the septa, dark brown, wall irregularly 
verrucose, soon becoming rimulose, with fissures and 
squamules, squamules (patches) up to 4 µm diam, irregularly 
shaped to subglobose or square, wall thickened, 0.5–1.5 µm, 
rarely enteroblastically proliferating. Conidiogenous cells 
integrated, terminal, monoblastic, monopodial, doliiform, up 
to 7 µm long, conidiogenous loci truncate to slightly convex, 
unthickened, 3 µm diam. Conidia solitary straight, doliiform, 
broad subcylindrical, broad ellipsoid, obovoid, aseptate conidia 
10–12 × 6–7 µm, 1-septate ones 10–13 × 6–8 µm, 2-septate 
ones 14–20 × 6–8 µm, conidiophores sometimes breaking off 
at the base and functioning as diaspores, not or only slightly 
constricted at the septa, dark brown, ornamentation of the 
wall as in conidiophores, wall thickened, 0.5–1.25 µm, apex 
rounded, base truncate, hila truncate to somewhat convex, 
unthickened, not darkened, 3–5 µm diam.

Holotype: Russia, Krasnoyarsk Territory: Taimyr Peninsula, 
Byrranga Mts., S of Levinson-Lessing Lake, boulders in arctic 
tundra, 74°24' N, 98°46' E, alt. 50 m, on Arctoparmelia separata, 
31 Jul. 1995, M. Zhurbenko 95385 (HAL 3139 F!). Isotype: LE 
309437.

Host range and distribution: On Arctoparmelia separata; Russia 
(Siberia, Taimyr Peninsula), known only from the type collection.

Notes: The single collection on Arctoparmelia separata is 
comparable with Taeniolella umbilicariae, but differs in having 
narrower conidiophores and conidia (6–8 µm wide vs. (7–)8–
11(–12) µm wide in T. umbilicariae) with obviously less thickened 
walls (0.5–1.25 µm vs. 1–2.5(–3) µm in T. umbilicariae).

Taeniolella arthoniae (M.S. Christ. & D. Hawksw.) Heuchert & U. 
Braun, comb. nov. MycoBank MB819301. Figs 3–4.
Basionym: Cladosporium arthoniae M.S. Christ. & D. Hawksw., 
Bull. Brit. Mus. (Nat. Hist.), Bot. 6: 210. 1979.

Literature: Clauzade et al. (1989: 120, as Cl. arthoniae), Diederich 
(1989: 239, as Cl. arthoniae), Heuchert et al. (2005: 58, as Cl. 
arthoniae).

Illustration: Hawksworth (1979: 211, fig. 10).

Description: Colonies on lichen thalli and ascomata, dark to 
blackish brown, forming speckles or effuse, rarely somewhat 
floccose. Mycelium immersed; hyphae branched, septate, 2–6 
µm wide, subhyaline to pale brownish or olivaceous brown, 
thin-walled or slightly thickened, smooth to verruculose. 
Stromata lacking, hyphal cells rarely aggregated. Conidiophores 
macronematous, mononematous, solitary or in small, loose 
aggregations, occasionally in pairs, arising from hyphal cells, 
erect to decumbent, straight to slightly flexuous, subcylindrical, 
often somewhat irregular in shape, unbranched to variously 
branched, repeatedly branching towards the apex, but 
occasionally also branched below, rarely branched at the very 
base, 8–80 × 2.5–6.5(–8) µm, 0-13-septate, often constricted at 
the septa, medium brown to medium dark brown, sometimes 
paler towards the apex, irregularly verruculose to verrucose, 
rarely smooth, walls somewhat thickened, 0.5–2 µm, lumen 
reduced, enteroblastically proliferating with obvious sheath-like 

wall remnants visible as irregular fringe. Conidiogenous cells and 
conidia little differentiated, integrated, terminal, occasionally 
intercalary, monoblastic or polyblastic, i.e., with a single or two 
conidiogenous loci, subcylindrical, somewhat conic to doliiform-
ampulliform, 3–12 µm long, loci truncate to slightly convex, 
unthickened, not darkened, 1.5–3 µm diam. Conidia catenate, 
in simple or branched chains, disarticulating or often adhering 
in chains or chain fragments often persistent (confusable with 
pluriseptate conidia), conidia broad ellipsoid-ovoid, doliiform, 
short subcylindrical, 0–1(–2)-septate, aseptate conidia 4–10 
× 3–6 µm, 1-septate ones 6–15 × 3–6.5(–7.5) µm, 2-septate 
ones 6–15 × 5–6 µm, not or only slight constricted at the septa, 
pale to medium dark brown, smooth to irregularly verruculose, 
verrucose to rugose, wall somewhat thickened, 0.5–1 µm, 
lumen reduced, apex rounded to attenuated in primary conidia, 
truncate in secondary ones, base truncate to slightly convex, 
often attenuated, hila truncate, unthickened, not darkened, 1–3 
µm diam, conidial germination and microcyclic conidiogenesis 
occasionally observed.

Holotype: Sweden, Skåne, Genarp, Häckeberga, on apothecia of 
Pachnolepia pruinata (= Arthonia impolita) growing on Quercus, 
24 Apr. 1946, M.S. Christiansen 12.967a (C, herb. Christiansen 
570!).

Host range and distribution: On Dendrographa decolorans, 
Lecanactis abietina, Lecanographa lyncea, Pachnolepia pruinata; 
Denmark (first report, see specimens examined), France (Roux 
et al. 2001), Luxembourg (Clauzade et al. 1989; Diederich 1989, 
1990a; Diederich et al. 1991; 2017a), the Netherlands (first 
report, see specimens examined), Spain (Llop & Gómez-Bolea 
2006), Sweden (Hawksworth 1979; Santesson 1993).

Additional specimens examined: Denmark, Langeland, Tranekær, on 
Pachnolepia pruinata, on the trunk of an old oak in the park around the 
lake “Borgsŏ”, near the castel Trankær Slot, 7 Oct. 1981, M.S. Christiansen 
81.195 (C, herb. Christiansen 1678); Zealand, Vejlö, the island Gavnö 
south of Næstved, Lönned skov, on P. pruinata, at the base of the trunk 
of an old oak at the edge of the wood, 3 Jun. 1981, M.S. Christiansen 
81.061 (C, herb. Christiansen 1479); on P. pruinata, at the base of the 
trunk of an old ash-tree (Fraxinus) at the edge of the wood, 3 Jun. 1981, 
M.S. Christiansen 81.059 (C, herb. Christiansen 1474, 1475). France, 
Seine-et-Marne, Forêt de Fontainebleau, près de la tour Denécourt, 
on Dendrographa decolorans, on Quercus, 15 Mar. 1991, P. Diederich 
9470 (herb. Diederich). Luxembourg, Berdorf, Binzeltschloeff, on D. 
decolorans, 11 Jun. 1984, P. Diederich 8964 & Sérusiaux 6502b (LG, herb. 
Diederich); E Schieren, Kieselbaach, on D. decolorans, 11 Sep. 1986, P. 
Diederich 8363 (herb. Diederich); N Medernach, Schmuelschenterkopp, 
on D. decolorans, 20 Sep. 1986, P. Diederich 8962 (herb. Diederich); 
NEE Haller, Halerbaach, on D. decolorans, 22 Sep. 1986, P. Diederich 
8965 (herb. Diederich); SEE Beaufort, Halerbaach, on D. decolorans, 
23 Sep. 1986, P. Diederich 8966 (herb. Diederich); NE Boevange-sur-
Attert, Viichtbaach, on D. decolorans, 12 Aug. 1986, P. Diederich 8961 
(herb. Diederich); Vogelsmühle, Halerbaach, on Lecanactis abietina, 
on Quercus, 12 Apr. 2000, P. Diederich 14031 (herb. Diederich); SEE 
Beaufort, Halerbaach, on Lecanographa lyncea, on Quercus, 23 Sep. 
1986, P. Diederich 8983 (herb. Diederich). The Netherlands, Friesland, 
Oudkerk, along road in the village, on D. decolorans, 16 Jul. 2002, A. 
Aptroot 54755 (HAL 3155 F, BR).

Notes: Hawksworth (1979) placed this species in Cladosporium 
s. lat. In that time this genus was still very heterogeneous, 



© 2018 Westerdijk Fungal Biodiversity Institute

Heuchert et al.
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

90

comprising all kinds of dematiaceous hyphomycetes with 
polyblastic, sympodial conidiogenous cells and conidia 
formed in simple or branched acropetal chains. However, 
true Cladosporium species (s. str.), congeneric with the type 
species Cladosporium herbarum, are well-characterised by 
having coronate conidiogenous loci and conidial hila, i.e., these 
structures are protuberant, darkened, composed of a central 
convex dome, surrounded by a raised periclinal rim (David 1997, 
Schubert et al. 2007). The conidiogenous loci and conidium 

initials are much narrower than the conidiogenous cells. As 
far as known, true Cladosporium species are anamorphs of 
mycosphaerella-like ascomycetes (Cladosporiaceae), for which 
the new generic name Davidiella (Davidiellaceae, Capnodiales) 
has been introduced (Braun et al. 2003, emend. in Schubert 
et al. 2007). Based on the new Code (ICN), the latter genus 
is a heterotypic synonym of Cladosporium, which has been 
proposed as recognised holomorph name (Rossman et al. 
2015).

Fig. 3. Taeniolella arthoniae [C, herb. Christiansen 1479]. A. Branched conidiophores with adhering conidia. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 4. Taeniolella arthoniae [A: Aptroot 54755; B–J: C, herb. Christiansen 1479]. A. Macroscopic overview of colonies. B. SEM overview of colony.  
C, D, G. Conidia. E–F, H, J. Conidiophores with adhering conidia. I. Tip of conidial chain with verrucose to rugose surface ornamentation. Bars: 1 mm 
(A) [photo taken by Paul Diederich], 60 µm (B), 10 µm (E–H, J), 7 µm (C, D).
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Cladosporium arthoniae, occurring on lichenized Arthoniales, 
is quite distinct from Cladosporium s. str. The conidiogenous loci 
are subtruncate, non-protuberant, unthickened, not darkened, 
without any dome and raised rim (Heuchert et al. 2005). The 
conidiogenous loci and conidial hila are rather broad and not 
distinctly narrower than the conidiogenous cells.

Ecology, general habit, conidiogenesis, structure of the 
conidiogenous loci and the conidial shape are, however, strongly 
reminiscent of lichenicolous Taeniolella species. Cladosporium 
arthoniae differs from the original concept of Taeniolella 
as follows: (1) conidiogenous cells integrated, terminal and 
occasionally intercalary (vs. integrated, terminal in Taeniolella), 
(2) conidiogenous cells unilocal to multilocal, sympodial, i.e., 
with a single or two loci (vs. unilocal, monopodial or determinate 
in Taeniolella), (3) conidia often in branched chains (vs. conidia 
usually in simple chains in Taeniolella). It has to be discussed 
if these differences are sufficient to keep C. arthoniae apart 
of Taeniolella. The conidiogenous cells of Taeniolella species 
are usually integrated, terminal, unilocal, monopodial or 
determinate, but there are some exceptions. In other Taeniolella 
species, conidiogenous cells with two loci may also be observed, 
e.g., in T. verrucosa (Hawksworth 1979, fig. 38), T. rolfii and T. 
chrysothricis. Intercalary conidiogenous cells have been depicted 
by Diederich (1990b, fig. 13) for Taeniolella chrysothricis and 
Diederich & Zhurbenko (1997, fig. 3) for T. rolfii. 

In any case, C. arthoniae has to be excluded from 
Cladosporium. The phylogenetic affinity of C. arthoniae is 
unknown and Taeniolella s. lat. as currently circumscribed proved 
to be phylogenetically heterogeneous. Currently available 
data of molecular sequence analyses are not yet sufficient to 
assign lichenicolous Taeniolella species to phylogenetically 
circumscribed genera. Comprehensive phylogenetic studies 
based on a much broader sampling are necessary. For the 
interim, we have decided to keep Taeniolella s. lat., including 
lichenicolous species, to which C. arthoniae can be reallocated, 
at least tentatively.

Taeniolella arthoniae is well-characterised by having 
frequently branched conidiophores and conidial chains (Diederich 
1989, as C. arthoniae). Branched conidiophores are, however, 
not unusual in Taeniolella species, e.g., in T. christiansenii, T. 
chrysothricis, T. punctata, T. serusiauxii and T. atricerebrina. 
Branched conidial chains are also known in several lichenicolous 
Taeniolella species, e.g., in T. christiansenii, T. chrysothricis and 
T serusiauxii. Hence, the differences discussed do not constitute 
any sound basis for a separation of Cladosporium arthoniae 
and other lichenicolous Taeniolella species. Conidiogenous 
cells intercalary/terminal, unilocal/multilocal, determinate/
percurrent/sympodial and conidia in simple/branched chains 
proved to be untenable for generic delimitations in various other 
groups of dematiaceous hyphomycetes, e.g., in cercosporoid 
fungi (Crous et al. 2001, Crous & Braun 2003) and fusicladioid 
asexual morphs of Venturia (Schubert et al. 2003). 

Some Taeniolella species are similar to T. arthoniae, e.g., T. 
serusiauxii, T. chrysothricis, T. christiansenii and T. verrucosa. T. 
serusiauxii is also known from Dendrographa decolorans, but 
distinguishable from the latter by having narrower (9–61(–80) 
× 2.5–5(–5.5) µm), mostly unbranched conidiophores and 
usually rimulose to squamulose conidia. The usually smooth-
walled, often branched conidiophores of T. chrysothricis are 
mostly narrower than in T. arthoniae. T. christiansenii and T. 
arthoniae are two very similar species, but they are easily 
differentiated by their surface structures, viz. T. christiansenii 

with a smooth to rimulose, verruculose-striate surface and T. 
arthoniae with an irregularly verruculose to verrucose, rarely 
smooth surface. Furthermore, T. arthoniae is well-characterised 
by having frequently branched conidiophores and conidial 
chains. T. verrucosa is also known on Pachnolepia pruinata, 
but distinguishable from T. arthoniae by having usually wider 
conidiophores (9–104 × 7–9(–10) µm in T. verrucosa) and in the 
development of sporogenous complexes.

The examined collection on Dirina massiliensis (= Dirina 
stenhammarii) from the Ukraine [Crimean Peninsula, 
Bakhchysarai, Mashino, limestone cliff 500 m NW of the village, 
44°42'04" N, 33°54'26" E, c. 350 m alt.; on base of the cliff, 
on limestone in overhangs, 10 Jun. 2006, J. Vondrák (4613) & 
J. Šoun, Hafellner: Lichenicolous Biota 81 (GZU)] (Hafellner 
2010), originally assigned to Cladosporium arthoniae proved 
to be misidentified. Due to a combination of certain features 
(sporodochia absent, conidia variable in shape and size, 8–32 
× 8–35 µm, lobed, walls unevenly thick and pigmented) this 
collection can be allocated to Milospium graphideorum.

The report of T. arthoniae on leaves of Buxus sempervirens in 
Spain [Girona] (Llop & Gómez-Bolea 2006) is very doubtful, since 
this species seems to be confined to lichens.

Taeniolella atricerebrina Hafellner, Biblioth. Lichenol. 96: 115. 
2007. Figs 5–6.

Illustrations: Hafellner (2007: 117, figs 5–8), Muggia & Grube 
(2010: 463, fig. 1D).

Exsiccatae: Hafellner, Lichenicolous Biota 9 (isotypes). Hafellner, 
Lichenicolous Biota 20 (duplicates of paratype).

Description: Infections inducing the formation of galls. Galls 
black, mostly arising from flanks of areoles, on severely 
infested thalli gall initials also on apothecial discs, strongly 
convex, proliferating, finally with wrinkled surface, exposed 
portions glossy, more protected portions matted, giving the 
impression of a coverage by a dark brown ‘pruina’; in section 
internal parts nearly hyaline, the outermost layer bluish black; 
young galls 0.5–1.2 mm diam, older ones up to 4 mm diam 
(Hafellner 2007). Colonies on the entire surface of galls, dark 
brown, effuse, caespitose, but rather inconspicuous. Mycelium 
immersed; hyphae flexuous and toruloid, contorted, branched, 
4–10 µm wide, septate, with constrictions at the septa, brown 
to dark brown, irregularly rough-walled, verrucose or slightly 
rimulose, wall 0.5–1 µm wide. Stromata lacking, hyphal cells 
among conidiophores swollen, subglobose, 9–13 µm diam, 
wall thickened, 0.5–1 µm wide, rimulose to squamulose, dark 
brown. Conidiophores solitary or loosely aggregated, arising 
from hyphae or swollen hyphal cells, semi-macronematous, 
mononematous, erect, mostly straight, sometimes flexuous, 
mostly unbranched, rarely once branched in the lower part, 
subcylindrical, conidiophores with adhering conidia 15–47 × 
5–10(–12) µm, base swollen, 6–12 µm wide, apex narrower, 5–7 
µm, 2–9-septate, not or only slightly constricted at the septa, 
dark brown, enteroblastically proliferating with obvious sheath-
like wall remnants, visible as irregular fringe, wall irregularly 
verrucose, later becoming rimulose with deep longitudinal 
to irregular cracks, rhagadiose-squamulose to squamous, 
squamules 1–4 µm wide, wall thickened, 0.75–2 µm, distinctly 
multi-layered. Conidiogenous cells integrated, terminal, 
monoblastic, monopodial, subcylindrical, doliiform, 6–8 µm 
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long, loci truncate, 3–5 µm wide, unthickened. Conidia solitary 
or catenate, in persistent unbranched, short chains, straight, 
doliiform, subcylindrical, ellipsoid, 0–2(–3)-septate, aseptate 
conidia 7–13 × 5–8 µm, 1-septate ones 9–18 × 5–8 µm, 2- and 
3-septate ones 14–20 × 6–8 µm, not or only slightly constricted 
at the septa, brown to dark brown, ornamentation of the wall 
as in the conidiophores, squamules up to 3 µm wide, wall 
thickened, up to 1 µm, apex rounded to attenuated in primary 
conidia, truncate in secondary ones, base truncate, hila truncate, 
unthickened, not darkened, 3–6 µm diam.

Holotype: Austria, Styria, Eastern Alps, Niedere Tauern, Triebener 
Tauern, Griesmoar Kogel SW von Wald am Schoberpaß, am 
N-Rücken halbwegs zwischen dem Sattel zum Himmeleck 
und dem Gipfel, 47°25'15" N, 14°36'10" E, alt. ca. 1950 m, GF 
8553/4, niedere Ausbisse aus Glimmerschiefer, stellenweise 
mit Ca-Spuren, in alpinen Matten, auf Neigungsflächen, on 

thallus of Tephromela atra, 20 Aug. 2002, J. Hafellner 59165 & J. 
Miadlikowska (GZU!). Isotypes: Hafellner, Lichenicolous Biota 9 
(BR, CANB, GZU!, NY, UPS, E).

Host range and distribution: On Tephromela atra; Austria 
(Hafellner 2007, 2008), Poland (Kukwa & Flakus 2009).

Additional specimens examined [all on Tephromela atra]: Austria, Styria, 
Eastern Alps, Niedere Tauern, Seckauer Tauern, Hämmerkogel N von 
Seckau, S-Abhänge oder der Goldlacke, 47°20'30" N, 14°45'05" E), alt. ca. 
2100 m, GF8654/4, niedere Schrofen in alpinen Rasen, an Neigungsflächen 
von Silikatschrofen, 20 Oct. 2001, J. Hafellner 64099 [distributed as 
Lichenicolous Biota no. 20] (BR, CANB, GZU!, NY, UPS); Steierisches 
Randgebirge, Koralpe, Weinofen, alt. 155 km WNW von Deutschlandsberg, 
kurz S über dem Pass Weinebene, 46°50'10" N 15°01'00" E, alt. ca. 1720 
m, GF 9156/3; niedere Ausbisse und Blöcke eines mürben Silikatschiefers 
an der aktuellen Waldgrenze, auf Neigungsflächen, 15 Sep. 2007,  

Fig. 5. Taeniolella atricerebrina [holotype]. A. Conidiophores arising from hyphae or swollen hyphal cells. B. Aggregated swollen hyphal cells.  
C. Conidia. Bar = 10 µm (B. Heuchert del.).
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J. Hafellner 70353 (GZU); Steierisches Randgebirge, Stubalpe, Größenberg 
S von Zeltweg, NW-Rücken gegen Eppenstein, etwa halbwegs zwischen 
Wetterkopf und dem Gipfel, 47°05'15" N. 14°47'35" E, alt. ca. 2020 m, 
GF 8954/2; niedere Gneisausbisse in Zwergstrauchheiden, 15 Aug. 2006, 
J. Hafellner 66587 (GZU); Steierisches Randgebirge, Stubalpe, W von 
Köflach, Peterer Riegel, im obersten Teil des N-Rückens, alt. ca. 1920 

m, 47°02'25" N, 14°50'30" E, GF 8955/3, niedere Schrofen und große 
Blöcke aus Granatglimmerschiefer in Zwergstrauchheiden, 20 Jul. 2002, 
J. Hafellner 59732 (GZU).

Notes: Taeniolella rolfii, described by Diederich & Zhurbenko 
(1997), is another cecidogenous Taeniolella species, widespread 

Fig. 6. Taeniolella atricerebrina [holotype]. A. Infection inducing the formation of blackish galls on Tephromela atra. B. SEM overview of a colony. C–F. 
Conidiophores with adhering conidia. G. Brown hyphae penetrating the galls. Bars: 5 mm (A), 100 µm (B), 20 µm (F), 10 µm (C–E, G).
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in north Europe and Canada on various species of Cetraria, 
which forms gall-like swellings, 0.2–1(–1.5) mm wide, but differs 
from T. atricerebrina in having longer conidiophores (12–122 × 
4–6.5 µm) and usually narrower conidia, 3.5–6(–7) µm wide. 

The hyphae of T. atricerebrina, penetrating the galls, are 4–10 
µm wide, brown to dark brown, irregularly rough-walled, 
verrucose to slightly rimulose, wall 0.5–1 µm thick. They are 
easily distinguishable from those of the host mycelium.

Fig. 7. Taeniolella cf. atricerebrina. [M-0043804]. A. Conidiophores arising from hyphae or stromatically aggregated swollen hyphal cells. B. Conidia. 
Bar = 10 µm (B. Heuchert del.).
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Colonies of the South American Taeniolella santessonii (Etayo 
2010) are rather variable, ranging from distinctly sporodochioid, 
convex to effuse and confluent. They are up to 0.75 mm diam 
and thus smaller than the galls of T. atricerebrina. Furthermore, 
the squamules of the outer wall in T. santessonii are somewhat 
wider (1–4 × 2–7 µm, up to 1.5 µm thick), and the conidiophores 
are narrower, 5–7 µm (vs. 5–9 µm, up to 12 µm at the very base 
in T. atricerebrina).

Conidiophores and conidia with a splitting outer wall layer are 
also known in some other Taeniolella species that do not induce 
any galls or gall-like swellings. The conidia of T. atricerebrina are 
mostly 0–1-septate, but in contrast to the original description, 
2–3-septate conidia have also been observed.

Muggia & Grube (2010) included the lichen Tephromela atra 
in their investigations and added an illustration of T. atricerebrina 
on this host. Furthermore, the lichen Tephromela atra, infected by 
T. atricerebrina, is included in the investigations of Fleischhacker 
et al. (2015) on community analyses of lichenicolous fungi in 
Alpine habitats by single-strand conformation polymorphism 
(SSCP).

A specimen on Tephromela sp. from Italy (M-0043804) is very 
similar to T. atricerebrina, but colonies are loosely caespitose, 
scattered over the thallus or marginally formed on apothecia. 
Galls are lacking, the mycelium is mostly superficial, subglobose 
hyphal cells form stromata, and conidiophores are often apically 
widened, i.e., clavate. Other features are within the range of 
variation of T. atricerebrina. Because of the absence of galls, this 
specimen is provisionally classified as T. cf. atricerebrina: Italy: 
Prov. di Livorno: Isola d´Elba, 1 km SW of Rio nell´Elba, Le Panche, 
NW-facing slopes of Cima del Monte Mountain near the walking 
trail to the summit, boulders in Macchia heath, 42°48' N, 10°24' 
E, alt. ca. 380 m, on Tephromela sp., 22 Apr. 1998, D. Triebel & 
G. Rambold 6191 (M-0043804) (see Fig. 7). This collection is 
characterised as follows: Colonies on lichen thalli or marginal on 
apothecia, scattered, loosely caespitose, dark brown to black. 
Mycelium mostly superficial and partly immersed, immersed 
hyphae inconspicuous, superficial hyphae easily visible with 
low magnification, flexuous, branched, 4–7 µm wide, septate, 
with constrictions at the septa, pale brown to brown, smooth 
to irregularly rough-walled, slightly rimulose, wall thickened, 
0.25–1 µm wide, hyphal cells below conidiophores stromatically 
aggregated, stromata subglobose 10–35 µm diam, cells 
subglobose, 4–7 µm diam, wall thickened, up to 1 µm wide, 
smooth, slightly rough-walled, ornamentation coarser in older 
conidia, brown. Conidiophores solitary or loosely aggregated 
in small tufts, up to 6, arising from hyphae or stroma cells, 
macronematous, mononematous, erect, sometimes decumbent, 
mostly flexuous, sometimes straight, mostly unbranched, rarely 
once branched in the lower part, subcylindrical to clavate, 
conidiophores with adhering conidia 9–40(–80) × 4–9 µm, 
4–7 µm wide at the base, apex sometimes swollen, 6–9 µm, 
2–15-septate, often constricted at the septa, dark brown, 
wall irregularly verrucose, later becoming rimulose with 
deep longitudinal to irregular cracks, rhagadiose-squamulose 
to squamous, squamules 1–4 µm wide, wall thickened, 
1.5–2.25 µm, distinctly multi-layered. Conidiogenous cells 
integrated, terminal, monoblastic to thalloblastic, monopodial, 
subcylindrical, doliiform, 3–5 µm long, loci truncate, 4.5 µm 
diam, unthickened. Conidia solitary or catenate, in unbranched, 
not easily disintegrating chains, straight, subcylindrical, ellipsoid, 
broad ellipsoid, clavate, 0–2(–3)-septate, aseptate conidia 6–6.5 
× 6 µm, 1-septate ones 7–10 × 5.5–7 µm, 2- and 3-septate ones 

11–16 × 5.5–7 µm, slightly or not constricted at the septa, dark 
brown, ornamentation of the wall as in the conidiophores, wall 
thickened, 1–2 µm wide, apex rounded in primary conidia, 
truncate in secondary ones, base slightly obconically truncate, 
hila truncate, unthickened, not darkened, 3–5.5 µm diam.

Taeniolella caespitosa M.S. Cole & D. Hawksw., Mycotaxon 77: 
332. 2001. Figs 8–9.

Illustration: Cole & Hawksworth (2001: 333, fig. 9).

Description: Colonies scattered over the whole thallus, effuse, 
punctate, in small tufts or larger groups, rounded, up to 0.5 
mm diam, or elongated, up to 1 mm long, confluent, densely 
caespitose, dark brown to black, occasionally spread into the 
adjacent cortex, without any discolorations of the lichen thallus. 
Mycelium immersed, dimorphic; 1) hyphae penetrating the 
host thallus: flexuous to tortuous, branched, 1.5–3 µm wide 
(4–6 µm wide on rock), septate, slightly constricted at the 
septa, smooth, walls thickened, pale brown, 2) hyphae entering 
the underlying bark cells, densely aggregated, 3–10 µm wide, 
septate, constricted at the septa, irregularly shaped, subhyaline 
to pale brown, unthickened, granulate (such hyphae are only 
developed around the base of conidiophores). True stromata 
lacking, but with stromatically aggregated cells below the 
conidiophores, cells subglobose, 4–9 µm diam or square, 3–6 × 
2–5 µm, brown to dark brown, smooth, walls thickened, up to 0.5 
µm. Conidiophores macronematous, mononematous, in small 
caespitose tufts or solitary, arising from procumbent hyphae or 
from stromatically aggregated cells, erect, ascending, straight 
to slightly flexuous, subcylindrical, apically swollen, clavate, 
unbranched or sometimes branched at the base or in the upper 
part, conidiophores with adhering conidia 7–71(–85) × (4–)5–8 
µm, 1–13(–19)-septate, not or slightly constricted at the septa, 
dark brown, paler towards the apex, tips of conidiophores and/or 
the adhering terminal conidium sometimes somewhat swollen, 
i.e., either entire terminal conidium or only conidial tip swollen, 
up to 9 µm wide, wall predominantly smooth, sometimes 
somewhat irregularly rough, without cracks and squamules, tips 
often verrucose, rarely with small cracks when swollen, outer 
wall thickened, 0.75–1.25 µm, cell plasma sometimes reduced, 
with a central vacuole-like cavity, frequently enteroblastically 
proliferating with obvious sheath-like wall remnants visible 
as irregular fringe. Conidiogenous cell integrated, terminal, 
monoblastic, subcylindrical or doliiform, 3–7 µm, loci truncate, 
unthickened, 2–4 µm diam. Conidia solitary or catenate, in 
unbranched chains, straight, rarely slightly curved, subcylindrical, 
ellipsoid, doliiform, clavate, conidiophores occasionally breaking 
off and acting as diaspores, than up to 40 µm long, conidia 
(0–)1–3(–4)-septate, aseptate conidia 6–12 × 5–7 µm, 1-septate 
ones 7–16 × 5–7(–9) µm, 2-septate ones 10–21 × 5–8 µm, 3- 
and 4-septate ones 14–23 × 5.5–8 µm, not or slightly constricted 
at the septa, brown to dark brown, predominantly smooth, 
sometimes somewhat irregularly rough, without cracks and 
squamules, wall thickened, 0.5–1 µm, apex rounded in primary 
conidia, frequently somewhat swollen, truncate in secondary 
ones, base truncate, rarely slightly obconically truncate, hila 
truncate, sometimes slightly convex, unthickened, not darkened, 
2–3.5(–5) µm diam.

Lectotype [designated here, MBT380026]: Canada, Quebec, 
Stoneham, Mont Wright, Parc de Conservation Municipale, 
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Fig. 8. Taeniolella caespitosa [Diederich 13599]. A. Conidiophores arising from hyphae entering the underlying bark cells. B. Conidiophores arising 
from hyphae or from stromatically aggregated cells. C. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 9. Taeniolella caespitosa [A, B, D, H: holotype; C, E–G: Diederich 13599]. A. Macroscopic overview of colony. B. SEM overview of colony. C, 
D, F. Conidiophores. E. Conidiophores arising from hyphae entering the underlying bark cells. G, H. Tips of conidiophores with verrucose surface 
ornamentation. Bars: 1 mm (A), 70 µm (B), 50 µm (C), 20 µm (D), 10 µm (E–G), 9 µm (H).



© 2018 Westerdijk Fungal Biodiversity Institute

A monograph of Taeniolella 
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

99

47°00'42" N, 71°20'45" W, alt. 230 m, on Acer saccharum, 
on Pertusaria sp., 7 Aug. 1997, M.S. Cole & I.M. Brodo 7038 
(MIN 870333!) [confined to the Taeniolella element, excluding 
Ellisembia lichenicola Heuchert & U. Braun found in the holotype 
collection].

Host range and distribution: On Pertusaria leioplaca, P. pertusa, 
Pertusaria sp.; Canada (Quebec) (Cole & Hawksworth 2001; 
Esslinger 2016, 2018), Denmark, Germany, Luxembourg, Poland, 
Sweden (first report, see specimens examined), USA (Diederich 
2003).

Additional specimens examined: Denmark, Bornholm, Østerlarsker, 
on Pertusaria leioplaca, on Carpinus betulus in the wood along the 
river Kobbeåen, between Stavehøl and the sea, 27 Jun. 1970, M.S. 
Christiansen (C, herb. Christiansen 6283). Germany, Hessen, Rhein-Main-
Tiefland, Messeler Hügelland, TK 6118-114, Eichen-Hainbuchenwald, 
Oppermanns-Wiesen-Schneise, alt. 165 m, on P. leioplaca, 9 Sep. 2007, 
R. Cezanne & M. Eichler 7385 (herb. Cezanne-Eichler). Luxembourg, 
Entre Berdorf et Mullerthal, versant droit de l’Ernz Noire, Schnellert, 
on P. leioplaca, 7 Mai 1998, P. Diederich 13599 (herb. Diederich); S 
Capellen, Jongeboesch, on P. leioplaca, on Carpinus, 26 Mar. 2005, P. 
Diederich 16042 (herb. Diederich); Vogelsmühle, vallon du Halerbaach, 
rive gauche, sur Fagus, dans une chênaie-hêtraie, on P. leioplaca, 9 
Dec. 2007, P. Diederich 16719 (herb. Diederich); Naturwaldreservat 
"Laangmuer" NO von Luxemburg, Südwestrand, alt. 44 m, on P. pertusa, 
16 Apr. 2008, R. Cezanne & M. Eichler 7503 (herb. Cezanne-Eichler). 
Poland, Rówinia Bielska, Białowieża Primeval Forest, Białowieski 
National Park, forest section no 256, plot D11, Tilio-Carpinetum, ATPOL 
grid square Cg-56, on P. pertusa, on C. betulus, 16 Aug. 2014, M. Kukwa 
17201, A. Łubek, ex UGDA L (HAL 3148F). Sweden, Härjedalen, Tännäs 
par., Tjölen (Kölen), W of the road between Funäsdalen and Mittådalen, 
ca. 9 km SSW of Mittådalen, alt. 810 m, 62°37' N, 12°37' E, on Pertusaria 
sp., on a rock, 10 Aug. 1987, R. Santesson 31944 (UPS).

Notes: Type material of Taeniolella caespitosa has been 
examined and proved to be heterogeneous, i.e., composed of 
two different elements, viz. conidia and conidiophores of the 
Taeniolella and a second hyphomycete that was described as 
Ellisembia lichenicola (Heuchert & Braun 2006).

The mycelium of T. caespitosa is immersed in the upper 
layer of the cortex (Cole & Hawksworth 2001), and in addition, 
as special distinguishing feature, dimorphic hyphae are formed 
(see description). Fagus, Carpinus and rock are known to be 
substrates of the host lichens. In corticolous populations, 
granulate, subhyaline to pale brown and unthickened hyphae 
entering the underlying bark cells are usually present, but they 
were not observed in the examined collection from Sweden 
(UPS) on rock, but hyphae within the lichen thallus in this 
specimen are wider (4–6 µm wide) compared with those from 
collections on wood. On the label of the examined sample from 
Denmark (C, herb. Christiansen 6283, deposited as Taeniolella 
sp.), M.S. Christiansen noted that the Taeniolella is possibly a 
bark-inhabiting fungus that is breaking through the thallus of 
Pertusaria leioplaca. In several collections of this species, the 
colonies are occasionally scattered on the adjacent bark. 

Taeniolella caespitosa is very similar to, but clearly different 
from T. punctata (see comments under the latter species). T. 
pertusariicola, another species known to inhabit Pertusaria 
spp., is easily distinguishable from T. caespitosa by having 
consistently verrucose to rimulose, later squamulose outer 
walls of conidiophores and conidia, discernable by light as well 

as scanning electron microscopy (Alstrup & Hawksworth 1990). 
The outer walls of conidiophores and conidia of T. caespitosa 
are usually smooth, sometimes somewhat irregularly rough or 
at the tips verrucose, but always without cracks.

Taeniolella christiansenii Alstrup & D. Hawksw., Meddel. 
Grønland, Biosci. 31: 67. 1990. Figs 10–12.

Literature: Zhurbenko (2010: 30).

Illustrations: Alstrup & Hawksworth (1990: 68–69, figs 40–41).

Description: Colonies on the surface of thalli and apothecia, 
spreading widely over the surface as chains of torulose hyphae 
with brown, subglobose cells mainly 5–8 × 4–6 µm, walls 
sometimes verrucose-striate, invaded part of the thallus becoming 
grey, colonies effuse, loosely caespitose, dark brown to black. 
Mycelium immersed, partly superficial; hyphae flexuous, tortuous 
branched, 2–7 µm wide, septate, with constrictions at the septa, 
cells ellipsoid to irregularly shaped, subhyaline to pale brown, 
between the conidiophores brown, walls slightly to distinctly 
thickened, 0.25–0.5(–1) µm, smooth, brown hyphae sometimes 
verrucose-striate, more deeply immersed hyphae subhyaline, 
3–4 µm wide, walls unthickened, smooth. Stromata lacking, 
swollen hyphal cells rarely aggregated. Conidiophores semi-
macronematous, mononematous, solitary or in small fascicles, 
arising from hyphae, lateral and terminal, erect, differentiated 
from hyphal cells by being darker brown, straight to slightly 
flexuous, doliiform, subcylindrical or broad ellipsoid, mostly 
unbranched, occasionally branched, conidiophores with adhering 
conidia 5–55 × 4–7(–9) µm, 0–7-septate, often constricted at 
the septa, brown to dark brown, paler towards the apex, thick-
walled, 0.5–1.5 µm, often thin-walled near the tips, smooth to 
rimulose, verruculose-striate, enteroblastically proliferating with 
up to 2 conspicuous sheath-like wall remnants visible as irregular 
fringe. Conidiogenous cell integrated, terminal, monoblastic 
or thalloblastic, occasionally polyblastic, monopodial, short 
cylindrical, 4–10 µm long, conidiogenous loci truncate to slightly 
convex, unthickened, 2.5–5.5 µm diam. Conidia catenate, mostly 
in unbranched, rarely in branched chains, easily disarticulating, 
straight, rarely slightly curved, doliiform, subcylindrical, ellipsoid, 
0–2(–3)-septate, aseptate conidia 4–12 × 3–6.5(–7) µm, 1-septate 
ones 8–16 × 4–6.5(–8) µm, 2-septate ones 11–14(–24) × 4–6(–7.5) 
µm, 3-septate ones 13–16 × 4.5–5 µm, mostly constricted at the 
septa, brown to dark brown, wall thickened, 0.5–1 µm, often 
thin-walled and pale brown near the apex, small conidia smooth, 
outermost wall layer longitudinally splitting, verruculose-striate, 
apex rounded to attenuated in primary conidia, truncate in 
secondary ones, base truncate to slightly convex, hila truncate, 
unthickened, not darkened, (1–)1.5–5 µm diam, in one case 
possibly with microcyclic conidiogenesis.

Holotype: Denmark, West Greenland, Itivdlinquad, midway 
in Sørde Strømfjord (Kangerdlugssuaq), at the northern shore 
of the fjord, on the ground, 66°30' N, alt. 50–150 m, parasitic 
on ascomata of Arthonia nephromiaria, on the surface of 
phyllocladia of Stereocaulon alpinum, 24 Jul. 1946, M.S. 
Christiansen (C, herb. Christiansen 5568!).

Host range and distribution: On Stereocaulon alpestre, S. alpinum, 
S. botryosum, S. depressum, S. glareosum, S. groenlandicum, S. 
intermedium, S. rivulorum, S. subcoralloides, S. symphycheilum; 



© 2018 Westerdijk Fungal Biodiversity Institute

Heuchert et al.
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

100

Fig. 10. Taeniolella christiansenii [holotype, bottom left; Zhurbenko 9678, right]. A. Conidiophores arising from hyphae. B. Conidia. Bar = 10 µm (B. 
Heuchert del.).

Fig. 11. Taeniolella christiansenii [LE 207693a]. A. Conidiophores arising from hyphae. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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also on lichenicolous Arthonia nephromiaria and A. stereocaulina 
over Stereocaulon; British Columbia (Zhurbenko 2010), Canadian 
Arctic [Ellesmere] (Zhurbenko & Daniëls 2003; Kristinsson et al. 
2006; Esslinger 2016, 2018), Greenland (Alstrup & Hawksworth 
1990; Alstrup 2005; Kristinsson et al. 2006), Norway (first report, 
see specimens examined), Russia [Chukotka East, Krasnoyarsk 
Territory, Severnaya Zemlya, Sakha-Yakutiya Republic, Taimyr 
Peninsula, Putorana Plateau, mainland Yakutiya, New Siberian 
Islands and Wrangel Island] (Andreev et al. 1996, Karatygin et 
al. 1999; Kristinsson et al. 2006, 2010; Zhurbenko 2010), USA 
(Zhurbenko 2010).

Additional specimens examined: Norway, Sör Trödelag, Opdal, Kongsvoll. 
Dovrefjell, on gravelly soil, alt. ca. 1150 m, on Stereocaulon glareosum, 
7 Jul. 1948, M.S. Christiansen 13.458 (C, herb. Christiansen 1636). 
Russia, Taimyr Pen., coast of Enesei Gulf, mouth of Ragozinka River, in 
tundra, 72°48' N, 80°53' E, alt. 50 m, on Stereocaulon alpinum, 18 Jul. 
1990, M.P. Zhurbenko 90370: a (LE 207693: a) [note: associated with 
Taeniolella rolfii on Cetraria odontella (lobe tips) (M.P. Zhurbenko 90370: 
b, LE 207693: b)]; Krasnoyarsk Territory, Severnaya Zemlya Archipelago, 
NW extremity of Bol’shevik Is., near Ostraya Mountain at the northern 
boundary of Mushketova Glacier, moist to mesic terrace slope along the 
glacier with alternating patches of stones and silt with gravel, in sparse 

Fig. 12. Taeniolella christiansenii [A, B, E, H: Zhurbenko 9678; C, D, F, G: holotype]. A. Macroscopic overview of colonies. B, C, E–G. Conidiophores 
arising from hyphae. D, H. Conidia. Bars: 1 mm (A) [photo taken by Paul Diederich], 10 µm (B–G), 6 µm (H).



© 2018 Westerdijk Fungal Biodiversity Institute

Heuchert et al.
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

102

bryophyte-lichen vegetation, 79°11' N, 102°09' E, alt. 200 m, on S. cf. 
alpinum (thallus), 11 Jul. 1996, M.P. Zhurbenko 9678 [note: species in 
early stage of development]; Chukotka, Tanyurer River, 64°50' N, 174°30' 
E, on S. alpinum (stem, phyllocladia), 5 Sep. 1943, M.N. Avramchik 76: 
a (LE 207579); Chukotka, Chukchi Pen., near Baran’e Lake, mountain 
foot, 66°54' N, 175°15' E, on S. groenlandicum, on stones (LE 207580: 
a) and S. subcoralloides (LE 207580: b), growing together, 22 Jul. 1980, 
I.I. Makarova (LE 207580 a, b); Sakha-Yakutiya Republic, New Siberian 
Islands, Bennett Is., coastal rocks, 76°40' N, 149°00' E, alt. 140 m, on S. 
groenlandicum, 9 Sep. 1989, M.P. Zhurbenko 8972 (LE 207677) [note: 
associated with Cercidospora stereocaulorum (Arnold) Hafellner].

Notes: When viewed under a stereo microscope, there are 
portions of the thallus infested by T. christiansenii but devoid of 
any conidiophores, in any case however readily discernible by the 
presence of torulose hyphae. Such thallus portions are unchanged, 
i.e., without any discolorations, whereas affected portions of the 
thalli with developed conidiophores turn grey, suggesting that 
this species might be pathogenic and that caused discolorations 
are probably associated with the formation of the asexual morph. 
Zhurbenko (2010) considered this species as a moderate pathogen, 
since the infected host tissues become darker.

In a single case, a possible microcyclic conidiogenesis has 
been observed. Two conidia were laterally formed from a two-
celled fragment, which can possibly be classified as secondary 
conidia.

Taeniolella christiansenii and T. arthoniae are two very 
similar species, which can mainly be differentiated on the 
basis of their surface structures of conidiophores and conidia: 
T. christiansenii with smooth to rimulose, verruculose-striate 
surface, and T. arthoniae with an irregularly verruculose to 
verrucose, rarely smooth surface. Furthermore, T. arthoniae is 
well-characterised by having frequently branched conidiophores 
and conidial chains. T. christiansenii is also comparable with T. 
pseudocyphellariae (see under the latter species).

Zhurbenko (2010) listed several new Stereocaulon species 
as hosts of T. christiansenii and supposed that this species is a 
true stereocaulicolous species, able to overgrow ascomata of 
Arthonia species lichenicolous on Stereocaulon.

Taeniolella chrysothricis Diederich, Mycotaxon 37: 323. 1990. 
Figs 13–15.

Literature: Clauzade et al. (1989: 120).

Fig. 13. Taeniolella chrysothricis [isotype]. A. Conidiophores arising from hyphae. B. Conidia. Bar = 10 µm (B. Heuchert del.).



© 2018 Westerdijk Fungal Biodiversity Institute

A monograph of Taeniolella 
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

103

Illustrations: Diederich (1990b: 324–325, figs 13–14, Diederich 
et al. 2017a).

Description: Colonies effuse, pale brown to olivaceous brown, 
caespitose to floccose, invaded part of the thallus turning 
brownish, sometimes damaged. Mycelium superficial and 
immersed; hyphae growing around soredia, composed of 
flexuous and tortuous hyphae, branched, 1.5–5 µm wide, 
septate, constricted at the septa, subhyaline to pale brown, 
smooth, walls unthickened or slightly thickened. Stromata 
lacking. Conidiophores semi-macronematous, mononematous, 
solitary or mostly in loose tufts, arising from hyphae, lateral and 
terminal, erect to decumbent, plagiotropous, mostly flexuous, 
partly straight, mostly unbranched, occasionally branched, 
mostly in the lower part, subcylindrical, 9–53(–70) × 3–5 µm, 
1–12-septate, often constricted at the septa, pale brown to 
brown, paler towards the apex, smooth, sometimes verruculose 
to verrucose, wall somewhat thickened, 0.5–1 µm, often 
thinner near the tips, with distinctly differentiated cell-plasma, 
occasionally enteroblastically proliferating with obvious sheath-
like wall remnants visible as irregular fringe. Conidiogenous 
cells integrated, terminal, occasionally intercalary, doliiform or 

subcylindrical, mostly monoblastic, rarely polyblastic, with two 
loci, mostly monopodial, rarely sympodial, 3–8 µm wide, loci 
truncate, unthickened, 1.5–3 µm diam. Conidia catenate, mostly 
in unbranched, rarely in branched chains, easily disintegrating, 
straight, rarely slightly curved, ellipsoid, subcylindrical, 
0–2(–3)-septate, aseptate conidia 5.5–10 × 2–4.5 µm, 1-septate 
ones 6–15 × (2.5–)3–5 µm, 2- and 3-septate ones 10–20 × 4–4.5 
µm, slightly or not constricted at the septa, subhyaline to pale 
brown, smooth or verruculose to rugose (according to the 
original description, wall finally spitting and breaking up into 
patches and stripes of 1–3 µm diam), wall thickened, 0.25–0.75 
µm, apex rounded to attenuated in primary conidia, truncate 
in secondary ones, base somewhat obconically truncate, hila 
truncate, unthickened, not darkened, 1–3 µm diam. 

Host range and distribution: On Chrysothrix candelaris; Chile 
(first report, see specimens examined), Germany (John 1990), 
Luxembourg (Diederich 1990a, b; Diederich et al. 2017a).

Holotype: Luxembourg, E Carelshaff (Ettelbruck), 10 Sep. 1986, 
on Chrysothrix candelaris, on Quercus, P. Diederich 7490 (K(M) 
IMI 335014). Isotypes: LG!, herb. Diederich!

Fig. 14. Taeniolella chrysothricis [Diederich 16059]. A. Conidiophores arising from hyphae. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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Additional specimens examined: Chile, Navarino, Puerto Eugenia, 
carretera Pto. Williams al E, bosque de lengas y coigües, entrada del 
terreno militar, 54°54'49.1" S, 67°50'51.8" W, 10 m, on C. candelaris, 

on Nothofagus pumilio, 11 Jan. 2005, J. Etayo 22717, Gómez & Rancho 
(herb. Etayo). Luxembourg, Berdorf, à 1 km au S de Vogelsmühle, rive 
droite de l’Ernz Noire, on C. candelaris, on Populus, 13 Sep. 2003, P. 

Fig. 15. Taeniolella chrysothricis [A: Diederich 15750; B–K: isotype]. A. Macroscopic overview of colony. B. SEM overview of colony. C, G–J. Conidia. 
D–F, K. Conidiophores arising from hyphae. Bars: 1 mm (A) [photo taken by Paul Diederich], 70 µm (B), 10 µm (C–G, J, K), 9 µm (I), 4 µm (H).
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Diederich 15750 (herb. Diederich); ibid. on C. candelaris, 13 Apr. 2005, 
P. Diederich 16059 (herb. Diederich). 

Notes: The disintegration of the outer wall of conidia, described 
by Diederich (1990b), has not been observed. The conidia are 
mostly smooth to slightly rough. Although the conidia are usually 
1-septate, aseptate and 2–3-septate ones have also been found.

The conidiogenous cells of Taeniolella species are usually 
integrated, terminal, unilocal, determinate or percurrently 
proliferating, but there are some exceptions. T. chrysothricis is 
one of the deviating Taeniolella species, in which conidiogenous 
cells with two loci may also be formed (other examples 
are T. arthoniae, T. christiansenii, T. rolfii and T. verrucosa). 
Intercalary conidiogenous cells were also found in T. rolfii and 
have been depicted by Diederich & Zhurbenko (1997: fig. 3). 
The conidiophores and conidia of T. arthoniae, T. christiansenii 
and T. verrucosa are usually wider than in T. chrysothricis. The 
verrucose-striate ornamentation of conidiophores and conidia 
in T. christiansenii and the striking surface structure (outer wall 
mostly transversely splitting and breaking off into pieces) in T. 
rolfii clearly differentiate these species from T. chrysothricis.

Taeniolella delicata is similar to T. chrysothricis, but the 
conidiophores and conidia in this common Taeniolella species 
are usually wider (3–7(–8) µm vs. 2–5 µm in T. chrysothricis), and 
conidiophores of T. delicata are always erect, in comparison to 
the frequently plagiotropous conidiophores of T. chrysothricis. 
Taeniolella friesii is another species with narrow conidia, but this 
species is clearly distinguished from T. chrysothricis by having 
micronematous to semi-macronematous, short, subcylindrical-
conical and always unbranched conidiophores (4–12(–15) × 
2–4.5 µm), which are reduced to conidiogenous cells.

The conidia in Talpapellis beschiana (formerly Taeniolella 
beschiana) are also delicate, narrow and pale, but the conspicuous 
annellations connected with the formation of conidiogenous 
cells and the conidiogenesis are striking characters in favour of 
Talpapellis and not characteristic for Taeniolella chrysothricis. 
Annellations may occur in the latter species, but they are rather 
a result of spontaneous rejuvenations, distantly formed and 
not connected with the formation of conidiogenous cells and 
conidiation. 

Based on the formation of a superficial mycelium with solitary 
conidiophores, sometimes with more than one conidiogenous 
locus and the rather small conidia, this species is atypical 
for Taeniolella and reminiscent of species of the Fusicladium 
(Venturia)/Pseudocladosporium complex (Venturiaceae). 
However, the true generic affinity of T. chrysothricis can only 
be clarified by means of cultures and analyses of molecular 
sequence data. For the interim, we prefer to maintain this 
species in Taeniolella s. lat.

Taeniolella cladinicola Alstrup, Graphis Scripta 5: 61. 1993. Figs 
16–18.

Literature: Kocourková (2000: 127), Suija (2005: 360).

Illustration: Alstrup (1993a: 62, fig. 2).

Exsiccatum: Hansen & Christensen, Lich. Dan. Exs. 57.

Description: Colonies on podetia of the host thallus, effuse, loose 
to rarely densely caespitose, sometimes conidiophores solitary, 
dark brown, in the first stage of infection without initiated 

formation of conidiophores the infected parts of the thallus 
turn reddish or purplish brown, later the host surface becomes 
dark brown by the beginning conidial formation. Mycelium 
immersed, usually developing inside host hyphae; hyphae 
clearly visible in lactophenol blue, branched, 2–5 µm wide, 
rarely swollen below the conidiophores, up to 7 µm, septate, 
mostly constricted at the septa, subhyaline to pale brown, 
slightly thickened, to 0.5 µm. Stromata lacking, Conidiophores 
macronematous, mononematous, mostly solitary, rarely in small 
tufts, arising from hyphae, often erumpent through the wall of 
host hyphae, erect or decumbent, straight or slightly flexuous, 
unbranched, subcylindrical, 14–72(–103) × 4.5–7 µm, narrowed 
at the apex, 1–8(–13)-septate, not or only slightly constricted 
at the septa, brown to dark brown, paler towards the apex, 
irregularly rugose, slightly rimulose, but not squamulose, often 
smooth at the apex, walls thickened, 1–1.5(–2) µm, cell plasma 
often reduced, with a central vacuole-like cavity, surrounding 
plasma giving the impression of very thick, three-layered walls, 
less thickened toward the apex, enteroblastically proliferating 
with obvious sheath-like wall remnants visible as irregular 
fringe. Conidiogenous cells integrated, terminal, monoblastic, 
monopodial, subcylindrical, doliiform, usually narrowed towards 
the tip, 6–17 µm long, little differentiated, loci truncate, slightly 
convex, unthickened, 2–3 µm diam. Conidia catenate, usually 
in unbranched, rarely in branched chains, easily disintegrating, 
straight, subcylindrical, ellipsoid, subglobose, obovoid, pyriform, 
0–1(–2)-septate, aseptate conidia 3–13 × 3–6 µm, 1-septate 
ones 9–19 × 4–6 µm, 2-septate ones 20–25 × 5 µm, not or 
slightly constricted at the septa, brown to dark brown, wall 
rarely smooth, young conidia verrucose, older conidia becoming 
irregularly rough, rimulose, walls thickened, 0.25–1 µm, apex 
rounded to attenuated in primary conidia, truncate in secondary 
ones, base truncate, sometimes narrowed, hila truncate, slightly 
convex, unthickened, 1–2.5 µm diam.

Holotype: Denmark, Northeast Zealand, Frederiksværk 
Kommune, Asserbo Plantage, Stængehus, on Cladonia arbuscula, 
Nov. 1991, U. Søchting (C!).

Host range and distribution: On Cladonia arbuscula, C. arbuscula 
ssp. squarrosa, C. mitis, C. portentosa, C. rangiferina, C. uncialis, 
C. uncialis ssp. biuncialis, C. zopfii; Austria (Hafellner et al. 2004), 
Czech Republik (Kocourková 2000), Denmark (Alstrup 1993a, 
b), Estonia (Suija 2005), Finland (first report, see specimens 
examined), France (first report, see specimens examined), Italy 
(Brackel 2013), Lithuania (Montijūnaitė 2015), Poland (first 
report, see specimens examined).

Additional specimens examined: Denmark, NE-Jutland, Nordøstjylland, 
Bunken Strand between Frederikshavn and Skagen, in sanddune, on 
old Cladonia arbuscula, 25 May 1992, V. Alstrup (C, herb. Christiansen 
605, 606); Vendsyssel, Skagen, Tornbakke Rimme near Hulsing, on 
the ground in a pine plantation, on C. arbuscula ssp. squarrosa, 5 Oct. 
1968, M.S. Christiansen 7303 (C, herb. Christiansen 5651); Bornholm, 
Dueodde, on dune slope in Pinus plantation, on C. mitis, 30 Oct. 1982, 
S.N. Christensen (C); Jylland, Thy, Hanstedreservatet, in dune heath, on 
C. portentosa, 12 Sep. 1992, V. Alstrup [Hansen & Christensen, Lich. Dan. 
Exs. 57] (H); Thy, Hanstedreservatet, between Hanstholm and Klitmøller, 
on dune sand, on C. uncialis, 2 Dec. 1992, V. Alstrup 7292 (C, herb. 
Christiansen 5647); Hanstedreservatet, on C. uncialis, 2 Dec. 1992, V. 
Alstrup (C); Hanstedreservatet, on C. zopfii, 2 Dec. 1992, V. Alstrup (C); 
N-Sylland, Simon Skrivens Klit, on Cladonia sp., 16 May 1992, V. Alstrup 
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(C). Finland, Uusimaa, Sipoo, south of Sipoonkpi National Park, Pinus 
sylvestris woodland, on granitic rock, on C. uncialis, 13 Nov. 2014, R. 
Pino Bodas (H 6060106); Uusimaa, Sipoo, Luukkaa Recreation Area, P. 
sylvestris woodland, on granitic rock, on C. arbuscula, 90 m alt., 19 Sep. 
2014, R. Pino Bodas (H 6060154). France, Moselle, A 12 km à l´Ede Bitche, 
Grosser Hundskopf [Réserve Naturelle des Rochers et Tourbières du Pay 

de Bitche: rocher 20], sur un rocher en grès bigarré, on C. uncialis ssp. 
biuncialis, 25 Jul. 2001, P. Diederich 14916 & J. Signoret (herb. Diederich). 
Poland, Półwysep Helski, E of Hel town, Jastarnia forest division, forest 
section no. 285, 54°36'21” N, 18°49'04” E, scrub vegetation with Pinus 
mugo and young P. silvestris, on C. uncialis, 8 Feb. 2007, M. Kukwa 5499 
(ex UGDA-L-14197, dupl. herb. Diederich). 

Fig. 16. Taeniolella cladinicola [holotype]. A. Conidiophores arising from hyphae usually developing inside host hyphae. B. Conidia. Bar = 10 µm (B. 
Heuchert del.).
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Notes: Taeniolella cladinicola is one of the few obviously 
parasitic Taeniolella species. It is the only Taeniolella species 
with hyphae of the immersed mycelium that usually develop 
inside host hyphae. Particularly noticeable is that in the first 
infection stadium the host thallus turns reddish or purplish 
brown, and later becomes dark brown caused by the beginning 
conidial formation. Suija (2005) also observed that infections are 
macroscopically visible because the infected part turns purplish 
brown before conidia appear.

Reddish brown or brownish discolorations are also caused 
by T. umbilicariae, known on Umbilicaria virginis from Sweden 
and Peru, as well as T. chrysothricis, known on Chrysothrix 
candelaris and C. chlorina from Austria, Germany, Luxembourg 
and Chile. In addition to their hosts and distribution, both 
species are clearly distinguished from T. cladinicola by some 
morphological features (dimensions of conidiophores and 
conidia). The thallus of Umbilicaria sp. in a Peruvian collection 
infested by T. umbilicariicola is occasionally discoloured and 
becomes grey. Conidia are usually larger (e.g., aseptate conidia 
5–9(–12) × 5–6(–7) µm in T. umbilicariicola vs. 3–13 × 3–6 µm in 
T. cladinicola), the conidial shape is distinct, and in T. cladinicola 
3- and 4-septate conidia have not been observed. Furthermore, 
thalli invaded by T. christiansenii commonly become grey. In 

this species, flexuous and tortuous hyphae are immersed and 
also superficial, spreading over the surface, but they are not 
formed within host hyphae. Thallus areas with torulose hyphae 
but without conidiophores do not show any grey discolorations. 
The conidial stage of this species seems to be parasitic and may 
damage the host. 

Taeniolella cladinicola has to be compared with the 
cladoniicolous species Talpapellis beschiana. Both species are 
morphologically very similar (Kocourková 2000). For a detailed 
comparison, see under Talpapellis beschiana. Taeniolella 
cladinicola is also similar to Taeniolella delicata, which has never 
been found on Cladonia species. The dimensions of conidia 
and conidiophores are similar in both species, but T. delicata 
has mostly smooth to irregularly verruculose, rarely slightly 
rhagadiose conidia. The tip of the conidiogenous cells and the 
base of the conidia are conspicuously narrowed in T. cladinicola, 
which is not the case in T. delicata, or at least less evidently. The 
loci are 2–3 µm diam vs. 1–4(–5) µm diam in T. delicata.

Taeniolella strictae, known only from the type collection on 
Cladonia stricta, is easily distinguishable from T. cladinicola by 
forming superficial hyphae, composed of subglobose or globose, 
monilioid cells with irregularly rough walls, usually with fine net-
like cracks or with squamules that are up to 2 µm wide.

Fig. 17. Taeniolella cladinicola [C, herb. Christiansen 606, right; C, herb. Christiansen 5651, left]. A. Conidiophores arising from hyphae usually 
developing inside host hyphae. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 18. Taeniolella cladinicola [A: Kukwa 5499; B–D, H, I: C, herb. Christiansen 606; E–G: C, Alstrup, on Cladonia zopfii]. A. Macroscopic overview of 
colony. B. SEM overview of colony. C, D, F, G. Conidiophores. E. Conidia. H. Tip of conidiophores with adhering conidia. I. Hila. Bars: 1 mm (A) [photo 
taken by Paul Diederich], 50 µm (B), 10 µm (C–G), 7 µm (H), 3 µm (I).
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During the re-examination of the material assigned to T. 
cladinicola, a new lichenicolous hyphomycete species has 
repeatedly been found on Cladonia stygia (Alstrup et al. 2004) 
and C. portentosa [V. Alstrup, Hansen & Christensen, Lich. 
Dan. Exs. 57 (H), mixed with T. cladinicola] and was eventually 
described as Ramichloridium cladoniicola (Braun et al. 2009).

Taeniolella delicata M.S. Christ. & D. Hawksw., Bull. Brit. Mus. 
(Nat. Hist.), Bot. 6: 253. 1979. Figs 19–21.

Literature: Clauzade et al. (1989: 121), Diederich (1989: 252), 
Boqueras (2000: 462), Suija & Jüriado (2002: 41), Tsurykau 
(2017: 156).

Illustrations: Hawksworth (1979: 254, fig. 35), Boqueras (2000: 
459, fig. 79g).

Exsiccatae: Santesson, Fungi Lichenicoli Exs. 74. Vĕzda, Lichenes 
Selecti Exsiccati 1898, 1900.

Fig. 19. Taeniolella delicata [holotype]. A. Conidiophores with adhering conidia. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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Description: Colonies effuse, brown to dark brown or almost 
black, slightly shiny, scattered over the infected tissue of the 
host and on the apothecia, rarely in small tufts, usually loosely 
to densely caespitose, sometimes velvety or floccose, confluent, 
1–10 mm diam, occasionally thallus completely overgrown, 
obviously pathogenic, usually destroying infected thalli and 
apothecia which become discoloured, grey or dark brown to 
black. Mycelium rather sparsely developed; hyphae immersed 
and superficial, flexuous, branched, (1–)2–6 µm wide, septate, 
mostly constricted at the septa, pale brown to brown, smooth, 
walls slightly thickened. Stromata lacking, hyphal cells below 
the conidiophores loosely aggregated, swollen, subglobose to 
irregularly formed, 3–9 µm diam, smooth, wall up to 0.5 µm 
thick. Conidiophores semi-macronematous, mononematous, 
solitary or usually in caespitose tufts, arising from hyphae, 

lateral and terminal, or arising from aggregated swollen hyphal 
cells, erect to decumbent, straight to slightly flexuous, mostly 
unbranched or occasionally branched, mostly in the lower part, 
subcylindrical, conidiophores (without adhering conidia) 8–56(–
90) × 3.5–7 µm, (0–)1–15-septate, often slightly constricted at 
the septa, sometimes yellowish brown, but usually brown to 
dark brown, paler towards the apex, wall smooth, especially in 
young conidiophores, in older ones often irregularly verruculose, 
slightly rimulose to rhagadiose, walls thickened, up to 1 µm, 
apically slightly thickened, enteroblastically proliferating with 
obvious sheath-like wall remnants visible as irregular fringe. 
Conidiogenous cell little differentiated, integrated, terminal, 
monoblastic, monopodial, subcylindrical, sometimes narrowed 
to the tip, (1.5–)3–9 µm wide, loci truncate, unthickened, (1–) 
1.5–4(–5) µm diam. Conidia catenate, mostly in unbranched, 

Fig. 20. Taeniolella delicata [1: C, herb. Christiansen 6373; 2: C, herb. Christiansen 5641; 3: Diederich 15720]. A. Conidiophores with adhering conidia. 
B. Conidia. Bar = 10 µm (B. Heuchert del.).
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rarely in branched chains, not easily disintegrating, often 
constricted at the septa which separate the conidia from the 

conidiogenous cells, straight, subcylindrical, doliiform, pyriform, 
ellipsoid, limoniform, (0–)1–2(–3)-septate, aseptate conidia 

Fig. 21. Taeniolella delicata [Diederich 15720]. A. Macroscopic overview of colony. B–G. Conidiophores with adhering conidia. H–J. Conidia. Bars: 1 
mm (A) [photo taken by Paul Diederich], 10 µm (C, D, F–J), 9 µm (B, E).
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4–11 × 3–7 µm, 1-septate ones 5–15 × 3–7 µm, 2-septate 
ones 8–14 × 4–6 µm, 3-septate ones 10–17 × 4–8 µm, non-
constricted or slightly constricted at the septa, pale brown to 
brown, sometimes slightly yellowish brown, mostly smooth to 
irregularly verruculose, rarely slightly rhagadiose, wall 0.25–1 
µm thick, apex rounded to attenuated in primary conidia, 
truncate and sometimes narrowed in secondary ones, base 
truncate, sometimes narrowed, hila truncate, unthickened, not 
darkened, 1–4.5 µm diam.

Holotype: UK, Buckinghamshire, Waddesdon Manor, on Fraxinus, 
on Lecanora cf. chlarotera, 20 Apr. 1977, D.L. Hawksworth 4457 
(K(M) IMI 214396!).

Host range and distribution: On Amandinea punctata, Bilimbia 
sabuletorum, Caloplaca obscurella, Candelariella vitellina, C. 
xanthostigma, Enterographa crassa, E. zonata, Fuscidea lygaea, 
Graphis scripta, Hyperphyscia adglutinata, Hypocenomyce 
scalaris, Hypogymnia physodes, Lecanactis abietina, Lecania 
cyrtella, Lecania sp., Lecanora albella, L. argentata, L. campestris 
ssp. campestris, L. carpinea, L. chlarotera, L. helicopis, L. 
intumescensL. polytropa f. polytropa, L. pulicaris, L. saligna, 
L. saligna var. sarcopis, Lecanora sp., Lecidella elaeochroma f. 
elaeochroma, L. euphorea, Lepra albescens, Loxospora elatina, 
Micarea denigrata, Myriolecis crenulata, M. dispersa agg., M. 
hagenii, Ocellomma picconianum, Opegrapha vermicellifera, 
O. vulgata var. vulgata, Pachnolepia pruinata, Parmelia 
sulcata, Pectenia plumbea, Pertusaria leioplaca, Phaeographis 
inconspicua, Phlyctis ludoviciensis, Physcia adscendens, P. stellaris, 
P. tenella ssp. tenella, Physconia distorta (= P. pulverulenta), 
Porpidia cinereoatra, Porpidia sp., Protoparmeliopsis muralis 
(≡ Lecanora muralis), Psilolechia lucida, Ramalina pollinaria, 
Ropalospora viridis, sterile crustose lichen with a whitish thallus; 
Austria (Hawksworth 1979, Wittmann & Türk 1990, Petutschnig 
1992, Türk & Poelt 1993, van den Boom et al. 1996, Hafellner 
2003), Belarus (Tsurykau 2017), Belgium (van den Boom et al. 
1998, Diederich & Sérusiaux 2000, Diederich et al. 2017a), Czech 
Republic (Kocourková 2000, Malíček & Palice 2013), Denmark 
(Hawksworth 1979, Alstrup et al. 2004), Estonia (Suija & Jüriado 
2002, Suija 2005), France (Roux et al. 2001, 2006, 2011, Roux 
et al. 2017), Germany (John 1990, Scholz 2000, Brackel 2007, 
2010a, Brackel & Feuerer 2007, Wirth et al. 2010, Cezanne 
& Eichler 2015), Greenland (Alstrup & Hawksworth 1990, 
Alstrup 2005, Alstrup et al. 2005, Kristinsson et al. 2006, 2010), 
Ireland (Fox 2001), Italy (first report, see specimens examined), 
Luxembourg (Diederich 1986, 1989, 1990a, van den Boom et al. 
1998, Diederich & Sérusiaux 2000, Diederich et al. 2004, 2017a), 
the Netherlands (Aptroot et al. 1999, Aptroot et al. 2004, 
www.verspreidingsatlas.nl), Papua New Guinea (Aptroot et al. 
1997, Aptroot 2009), Poland (Kukwa et al. 2008, Matwiejuk & 
Bohdan 2011), Russia (Zhurbenko 2007, Zhurbenko & Kobzeva 
2014), Spain (Etayo 1989, 2006, 2008, Giralt 1991, 1996, Giralt 
& Gómez-Bolea 1991, Boqueras 1993, 2000, Navarro-Rosinés et 
al. 1994, Llimona & Hladun 2001, Hladun & Llimona 2002–2007, 
Zamora et al. 2014), Sweden (Hawksworth 1979, Santesson 
1993, Santesson et al. 2004, Nordin et al. 2010), Ukraine 
(Kondratyuk & Kolomiets 1997), UK (Hawksworth 1979, 2003), 
USA (Diederich 2003, Esslinger 2016, 2018).

Additional specimens examined: Belarus, Gomel region, Gomel district, 
Chenki recreation area, 52°20' N, 30°57' E, on Ramalina pollinaria, 
growing on oak, 14 Jul. 2015, A. Tsurykau (GSU-2193). Belgium, De 

Panne, De Westhoek, NE border of nature reserve, in a dune, on Lecania 
cyrtella, on Sambucus, 4 Jan. 2008, P. Diederich 16726 (herb. Diederich); 
Prov. Luxembourg, W of Bouillon, 1 km W of Poupehan, E side of Rau du 
Moulin, small strong sloping wood with Acer, Carpinus and Quercus, alt. 
240 m, 4°59.1' E, 49°48.7' N, on Ropalospora viridis, 2 Apr. 1999, van 
den Boom 21881 (herb. Diederich); au nord de Gérouville, vallée de la 
Soûye à l’est de la route vers Bellefontaine, on R. viridis, on Carpinus, 6 
Sep. 2003, P. Diederich 15720 (herb. Diederich). Denmark, E-Jutland, 
Falling, E of Horsens, Amstrup, on Amandinea punctata, on the north 
side of the trunk on an old poplar along the road S of the village, alt. 
10–20 m, 2 Sep. 1984, M.S. Christiansen 84.158 (C, herb. Christiansen 
4451); Djursland, Nörager, on A. punctata, on Ulmus along the road 
from Nielstrup, alt. 20–25 m, 22 Aug. 1982, M.S. Christiansen 82.155 (C, 
herb. Christiansen 2281); Falster, Vaalse, on A. punctata, on the trunk of 
Acer campestre at the southern border of the wood Resle Skov, near 
the sea-shore, alt. 0–5 m, 12 Aug. 1980, M.S. Christiansen 80.159e (C, 
herb. Christiansen 1255); Fyn, Romsø, on A. punctata, on Quercus near 
farm, with Intralichenum lichenum, 29 Oct. 1994, V. Alstrup (C, herb. 
Christiansen 669); Langeland, Snöde, on the trunk of pollarded poplars 
in a boundary between fields, SE of Store Snöde, alt. 10–20 m, on A. 
punctata, 5 Oct. 1981, M.S. Christiansen 81.163 (C, herb. Christiansen 
1581, M-0043797, distributed in Santesson, Fungi Lichenicoli Exsiccati 
74, C, herb. Christiansen 1582); Snöde, ad septentriones et orientem 
versus a Stora Snöde, alt. 10–20 m, ad truncum Populi sp., on A. 
punctata, 12 Oct. 1982, M.S. Christisansen 82.357 (M-0043795, H, 
distributed in Vĕzda, Lichenes Selecti Exsiccati 1900); Stoense, on Ulmus 
glabra in the avenue to the farm Steensgaard, alt. ca. 20 m, on A. 
punctata, 5 Oct. 1981, M.S. Christiansen 81.182 (C, herb. Christiansen 
1667); Tranekær, in the avenue to the castel Tranekær Slot, on A. 
punctata on Tilia, 7 Oct. 1981, M.S. Christiansen 81.209 (C, herb. 
Christiansen 1692); Zealand, Tiköb. Nyrup, along the road in the village, 
on A. punctata on Ulmus, 19 Aug. 1965, M.S. Christiansen 65.207a (C, 
herb. Christiansen 2115); S-Zealand, Stevens Klint, at Højerup old 
church, on A. punctata on Sambucus, 1 Oct. 1994, V. Alstrup (C, herb. 
Christiansen 1284); SE-Zealand, Jungshoved, SE of Præstø, along a 
secondary road, on A. punctata on Populus canadensis 12 Aug. 1966, on 
A. punctata on P. canadensis (C, herb. Christiansen 6373); East Jutland, 
Gylling, E of Horsens, Gyllingnæs, at the fringes of the wood Kalsehoved, 
near the sea-shore, alt. 0–5 m, on Enterographa crassa, at the base of 
the trunk of Ulmus glabra, 11 Jul. 1985, M.S. Christiansen 85.043 (C, 
herb. Christiansen 4711); Funen, Horne, W of Fåborg. Horne Land, on 
vertical surface of siliceous boulder in a stone fence between Bøjden 
and Horne, northern exposure, alt. 45 m, on Enterographa zonata, 30 
Oct. 1970, M.S. Christiansen 70.758a (C, herb. Christiansen 6524); East 
Jutland, Helgenæs, on Candelariella vitellina, 10 Oct. 1976, M.S. 
Christiansen 76.814a (C, herb. Christiansen 555); the shore of Begtrup 
Vig, on boulder in littoral meadow, on C. vitellina, 10 Oct. 1976, M.S. 
Christiansen 419 (C, herb. Christiansen 5641); Falster, Vaeggerlöse, loco 
dicto "Bötö Plantage", alt. 0–2 m, ad truncum arboris (Pinus silvestris), 
on Hypocenomyce scalaris, 12 Oct. 1982, M.S. Christiansen 82.357 (H 
7038077, M-0043796, distributed in Vĕzda, Lichenes Selecti Exsiccati 
1898); Folkeuniversitetskursus i Kliim Nordøstjylland, Kliim Bjerg, on 
Lecania cyrtella, on Sambucus, 15 May 1988, V. Alstrup (C); Nordisk 
Lichenologisk Forening´s ekskursion på Bornholm: Christianso, on 
Lecanora carpinea, on Fraxinus, 2 Jul. 1987, V. Alstrup (C); Lolland, 
Vigsæs, N of Saksköbing, on granitic boulder at the sea-shore near 
Vestermark, on Lecanora helicopis, 19 Jul. 1984, M.S. Christiansen 
84.070 (C, herb. Christiansen 4296, 4300); Zealand, Hornsherred, Kirke 
Hyllinge, Vellerup Vig, on granitic boulder at the seashore, on 
Protoparmeliopsis muralis (≡ Lecanora muralis), 15 Oct. 1950, M.S. 
Christiansen 14.369a (C, herb. Christiansen 4210); W Zealand, Aarby, 
Asnæs, the protected common "Dyrehaven" W of Asnæsgaard, on the 
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top surface of a boulder of sandstone, 10–20 cm above the surface of 
the soil, 0–10 m, on Lecanora polytropa f. polytropa, 2 Sep. 1983, M.S. 
Christiansen 83.191 (C, herb. Christiansen 4260); East Jutland, Halling, 
SE of Odder, churchyard, on Lecidella elaeochroma f. elaeochroma, on 
the trunk of old Fraxinus, associated with Bispora christiansenii, alt. 
10–20 m, 22 Jul. 1987, M.S. Christiansen 87.025 (C, herb. Christiansen 
5266); N-Jutland, Himmerland, Vokslev, SE of Nibe, along the road 
through the village, on L. elaeochroma f. elaeochroma, on old Fraxinus 
excelsior, 28 May 1990, M.S. Christiansen 90.080 (C, herb. Christiansen 
6009); Zealand, Greve, Mosede Strand, on wood of a wicked to a garage, 
near the ground, on Micarea denigrate, 16 Aug. 1980, M.S. Christiansen 
80.160a (C, herb. Christiansen 1245) (deposited as T. verrucosa); East 
Jutland, Djursland, Nörager, along the road from Nielstrup, alt. 20–25 
m, on Myriolecis hagenii, on Ulmus, 22 Aug. 1982, M.S. Christiansen 
82.156 (C, herb. Christiansen 2282); the island Alrö in Horsens Fjörd, 
Alhale, on a fence post of oakwood along the see-shore E of the dam to 
Amstrup, on M. hagenii, 2 Sep. 1984, M.S. Christiansen 84.161 (C, herb. 
Christiansen 4454); Samsö, Nordby, churchyard, alt. 20–40 m, on M. 
hagenii and on the thallus of Amandinea punctata, on the trunk of an 
old Fraxinus 23 Jul. 1987, M.S. Christiansen 87.070a (C, herb. 
Christiansen 5304); Møn, Damsholte, Hjelms Mark, on the overanging 
side of old pollarded poplars in a boundary between fields, on 
Opegrapha vulgata var. vulgata, 10 Sep. 1966, M.S. Christiansen 
66.719a (C, herb. Christiansen 5716); Zealand, Kildebrønde, along a 
road, on Physconia distorta (= P. pulverulenta), on Fraxinus, 22 Sep. 
1940, M.S. Christiansen 5797 (C, herb. Christiansen 593); Vallö, in the 
avenue to the castel "Vallö Kloster", on P. distorta, on Tilia, 31 May 
1942, M.S. Christiansen 8084 (C, herb. Christiansen 609); Lolland, 
Vigsnæs, N of Saksköbing, in the wood Hildesvig Skov, on an 
unidentifiable crustaceous lichen thallus on the trunk of an old oak, 12 
Aug. 1984, M.S. Christiansen 84.050 (C, herb. Christiansen 4259); East 
Jutland, Gylling, E of Horsens, Gyllingnæs, at the fringes of the wood 
Kalsehoved, near the sea-shore, alt. 0–5 m, on decayed lichen thallus 
(i.a. Lepraria incana) converted into a finely granular, white substance, 
which recrystallize in lactophenol at the base of the trunk of Ulmus 
glabra, 11 Jul. 1985, M.S. Christiansen 85.050 (C, herb. Christiansen 
4718). France, Dep. Eure, les Andelys, in the outskirts of the town along 
the road to Val-St.-Martin, alt. 20–30 m, on pebbles among grasses on 
the ground, on Fuscidea lygaea, 7 May 1977, M.S. Christiansen 77.085 
(C, herb. Christiansen 556); Pyrénées-Atlantiques, au sud de St Jean-
Pied-de-Port, Forêt d´Iraty, à 0,5 km au sud de Chalet Pedro, alt. 1000m, 
on Lecidella elaeochroma f. elaeochroma, on Fagus, dans une hêtraie, 
27 Jul. 1990, P. Diederich 9203 (herb. Diederich). Germany, Bavaria: 
Oberbayern, München, Riem, alte Tribüne, Moosrasen auf Steinplatte, 
7836/3, alt. 530 m, on Bilimbia sambuletorum, 24 Nov. 2006, W. v. 
Backel (herb. Brackel 4212); Oberbayern, Kreis München, Kloster 
Schäflarn, an der Straße zur Isar, on Lepra albescens, on Tilia, alt. 545 m, 
12 Jun. 2008, W. v. Brackel (herb. Brackel 4852); Oberbayern, Stadt 
München, Lochhausen, Moor am Küchenmeisterbach, alt. 506 m, on 
dead branches of old Sambucus, on Physcia adscendens, 17 Jul. 2006, 
W. v. Brackel (herb. Brackel); Kreis Neustadt a.d. Aisch, Bad Windsheim, 
E Weigenheim S Marbacher See, Mittelwald, alt. 360 m, on Physcia 
stellaris, on Quercus robur, 9 Jan. 2008, W. v. Brackel (herb. Brackel 
4575). Italy: Tuscany, Prov. Siena, Siena, Bot. Garden, alt. 330 m, on 
Physcia tenella ssp. tenella, on Olea europaea, 13 Sep. 2007, W. v. 
Brackel (herb. Brackel 5811). Luxembourg, S Beiler, on Candelariella 
xanthostigma, on Populus, 21 Aug. 1986, P. Diederich 8969 (herb. 
Diederich); E Emerange, berge de la Gander, on Lecanora carpinea, L. 
saligna & Lecidella elaeochroma f. elaeochroma, on Salix, 31 Aug. 1987, 
P. Diederich 8616 (herb. Diederich); Berdorf, Vugelsmillen, bord du 
chemin vers Berdorf, on Opegrapha vermicellifera, on Quercus, 2 May 
1987, P. Diederich 8967 (herb. Diederich). The Netherlands, Heemskerk, 

in dune area N of Kruisberg, on Caloplaca obscurella, on Populus 
tremula, 1 Jun. 1986, A. Aptroot 16015 (herb. Diederich). Papua New 
Guinea, Madang province, Big pig island near Madang, alt. 1 m, 5°10' S, 
145°50' E, secondary forest on coral island, on a sterile crustose lichen 
with a whitish thallus on Cocos, 16 Aug. 1992, A. Aptroot 31870 (herb. 
Diederich). Poland, in Puszcza Bialowieska E of Hajnówka, ca 1 km S of 
Budy, most old forest with Fraxinus and Carpinus, on Lecidella euphorea, 
28 Jun 1993, V. Alstrup 9452D (C); Rówinia Bielska, Białowieża Primeval 
Forest, Białowieski National Park, forest section no 256, plot L07, Tilio-
Carpinetum, ATPOL grid square Cg-61, on Ropalospora viridis, on Alnus 
glutinosa, 29 Sep. 2015, M. Kukwa 17548, A. Łubek, ex UGDA L (HAL 
3145 F); plot A11, Circaeo-Alnetum, ATPOL grid square Cg-57, on R. 
viridis, on Alnus glutinosa, Aug. 2014, M. Kukwa 13342, A. Łubek, ex 
UGDA L (HAL 3146 F); plot C07, Carici elongatae-Alnetum, ATPOL grid 
square Cg-58, on R. viridis, on Alnus glutinosa, Aug. 2014, M. Kukwa 
13889, A. Łubek, ex UGDA L (HAL 3147 F); plot E08, Carici elongatae-
Alnetum, ATPOL grid square Cg-59, on R. viridis, on Alnus glutinosa, 18 
Aug. 2015, M. Kukwa 17250, A. Łubek, ex UGDA L (HAL 3149 F); plot 
D05, Pino-Quercetum, ATPOL grid square Cg-62, on R. viridis, on 
Carpinus betulus, 17 Aug. 2014, M. Kukwa 17229, A. Łubek, ex UGDA L 
(HAL 3151 F); plot K07, Querco-Piveetum, ATPOL grid square Cg-60, on 
R. viridis, 22 Aug. 2015, M. Kukwa 17378, A. Łubek, ex UGDA L (HAL 
3152 F). Spain, Navarra, Leiza, Leizalarrea, robledal en ladera, alt. ca. 
600 m, on Pectenia plumbea, 24 Mar. 1996, J. Etayo 24392 (herb. 
Etayo); Guipúzcoa, Peñas de Aia, Hirumugarrieta por castello del inglés, 
alt. 870 m, 43°17' N, 1°47' W, roquedo, on sterile Porpidia (?), 18 Aug. 
2008, J. Etayo 24764 (herb. Etayo); Canary Islands, Tenerife, Monte de 
la Orotava, Aguamansa, on the trunk of Ilex canariensis on the fringes 
of the pine forest, alt. ca. 100 m, on Lecanora aff. chlarotera, 3 Dec. 
1980, M.S. Christiansen 80.372 (C, herb. Christiansen 1303). Sweden, 
Småland, Aneboda, on Amandinea punctata, 19 Oct. 1990, V. Alstrup 
(C); Skåne, Brunnby k:n, Kullen, along the road E of Mölle, on Parmelia 
sulcata, on the trunk of old elms, 21 Aug. 1969, M.S. Christiansen 
69.221 (C, herb. Christiansen 5873); Skåne, Genarp, Häckeberga, on 
Pachnolepia pruinata, on Quercus, 24 Apr. 1946, M.S. Christiansen 
12.967 p.p. (C, herb. Christiansen 569); Skåne, Brunnby k:n, Kullen, on 
the trunk of old elms along the road E of Mölle, on Physconia distorta, 
21 Aug. 1969, M.S. Christiansen 69.230 (C, herb. Christiansen 5883, 
5882). UK, S end of Loch Lomond, Gartocharn, Claddochside, alt. ca. 30 
m, on Myriolecis dispersa agg., on old Acer pseudoplatanus, 3 Mar. 
1980, B.J. Coppins 4624 (E). USA, Florida, Hillsborough Co., Hillsborough 
River State Park, Florida Trail, 28°08.90' N, 82°14.01' W, on Phaeographis 
inconspicua, 26 Oct. 2011, R. Common 9244F (herb. Diederich); Gilchrist 
County, Waccasassa Flats, along Co. Rd. 232, ca. 3 mi E of US 129, ca. 7.5 
mi due N of Trenton, 29°44' N, 82°48' W, shrubby Taxodium samp 
carpeted with Sphagnum macrophyllum, on Phlyctis ludoviciensis, on 
Taxodium, 5 Dec. 1993, W.R. Buck 24414 (herb. Diederich); Levy County, 
black point Swamp, along Co. Rd. 326, 1,1 mi W of Co. Rd. 347, 29°13' 
N, 83°02' W, hardwood-Taxodium swamp forest, on a sterile lichen 
thallus with Trentepohlia on Nyssa, 30 Nov. 1992, R.C. Harris 29381 
(herb. Diederich).

Notes: Taeniolella delicata is able to infect numerous lichen 
species of various unrelated genera and is one of the most 
common Taeniolella species. The holotype of T. verrucosa 
(on Pachnolepia pruinata) is a mixed collection co-inhabited 
by T. delicata, but both species are easily distinguishable. 
The conidiophores of T. verrucosa form a densely branched 
sporogenous complex with usually wider conidiophores [7–
9(–10) µm broad, vs. 3.5–7 µm in T. delicata]. Conidia are also 
wider, e.g., 1-sepate conidia are 6–10 µm broad, vs. 3–7 µm in 
T. delicata. Walls of conidiophores and conidia are obviously 
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verruculose to rimulose and split up. Infections do not cause any 
discolorations of the thalli as in the similar T. arthoniae that also 
occurs on Pachnolepia pruinata. However, in T. arthoniae, the 
wall of the usually variously branched conidiophores is rarely 
smooth, but usually irregularly verruculose to verrucose and up 
to 2 µm thick (vs. up to 1 µm thick in T. delicata). In comparison to 
T. delicata, chains of conidia in T. arthoniae are often branched.

Taeniolella delicata is one of the obviously pathogenic 
Taeniolella species. The colonies are scattered over the host 
thallus, grow on apothecia, inhibit asci and ascospores (Suija & 
Jüriado 2002), and finally infections by T. delicata culminate in 
obvious damages of the host thallus. The host thallus becomes 
discoloured, ranging from grey or dark brown to black. The 
infestation by T. christiansenii also causes discolorations of the 
host thallus. This fungus is possibly parasitic and may damage 
the host, as invaded parts become grey. Inhabited portions of 
the thalli without conidiophores, but with torulose hyphae are 
usually not discoloured. The dimensions of conidiophores and 
conidia are similar to those of T. delicata. Walls of conidiophores 
and conidia are verruculose-striate with longitudinal splits. T. 
christiansenii occurs on different Stereocaulon species, which 
are not known as hosts for T. delicata.

In T. trapeliopseos and T. chrysothricis the invaded parts of 
the thallus turn brownish. Both species are easily distinguishable 
from T. delicata. The wall of conidiophores and conidia in T. 
trapeliopseos is characterised by having deep cracks, becoming 
squamulose with age. The conidia are usually wider and longer, 
e.g., 1-septate conidia 10–23 × 6–8 µm, vs. 5–15 × 3–7 µm in T. 
delicata. In T. chrysothricis, confined to Chrysothrix candelaris 
and C. chlorina as hosts, the conidiophores are occasionally 
pale brown to brown, the conidiogenous cells are sometimes 
polyblastic, the mycelium is usually superficial and grows around 
the soredia, and the conidia are usually narrower, e.g., 1-sepate 
conidia (2.5–)3–5 µm vs. 3–7 µm in T. delicata.

Taeniolella cladinicola and T. delicata share similar dimensions 
of conidia and conidiophores. Infestations by T. cladinicola, 
confined to different Cladonia species, cause reddish or purplish 
brown, finally dark brown discolorations. The mycelium is 
immersed and the hyphae are usually developing inside host 
hyphae. The tips of the conidiogenous cells and the bases of the 
conidia are conspicuously narrowed, more distinctly than in T. 
delicata, and the conidiogenous loci are 2–3 µm diam vs. 1–4(–5) 
µm diam in T. delicata.

Clauzade et al. (1989) include T. delicata in a key to 
lichenicolous fungi. The given dimensions of conidia fall 
within the variability of this species. The maximum length of 
conidiophores (up to 90 µm) was observed in collections from 
Luxembourg collected by Diederich (1989) who also observed 
not easily disintegrating catenate conidia constricted at the septa 
which separate individual conidia. Boqueras (2000) provided 
a detailed morphological description. Several authors, e.g., 
Hawksworth (1979), Diederich (1989) and Diederich & Sérusiaux 
(2000), presumed that collections deposited under the name T. 
delicata are most probably heterogeneous, but these authors 
emphasized that the differences between different collections 
of this species are too low for a separation into several species, 
which could be confirmed in the course of re-examinations of a 
large number of collections. 

Aptroot et al. (1997) supposed that his material collected 
in Papua New Guinea might belong to different taxa. A re-
examination of the material concerned confirmed this 
presumption. Specimen Aptroot 31870 is T. delicata, but the 

morphological features of the sample Aptroot 33033 [Papua 
New Guinea (Madang Province), Gogol valley, ca. 30 km W of 
Madang, Tgubi logging site, 5°8' S, 145°28' E, 2 km, alt. 125 
m, floodplain forest along Gogol river, on a sterile corticolous, 
whitish, crustose lichen, 13 Aug. 1992, A. Aptroot 33033 
(herb. Diederich)] turned out to be a member of the genus 
Sporidesmium s. lat. or of a related genus.

Taeniolella diederichiana Etayo & Calat., Lichenologist 37: 303. 
2005. Figs 22–23.

Literature: Brackel & Berger (2010: 203).

Illustration: Etayo & Calatayud (2005: 304, fig. 1).

Description: Colonies on the surface of thalli and margin of 
apothecia, punctiform, aggregated in tufts or loose groups, but 
not confluent, 30–50(–70) µm diam, hemispherical, convex, 
black. Mycelium immersed; hyphae branched, 2–4 µm wide, 
septate, with constrictions at the septa, cells ellipsoid, pale 
brown, not easily distinguishable from the cortex of the host, 
walls slightly thickened, up to 0.5 µm, smooth. Stromata 
lacking, but with solitary swollen brown hyphal cells, aggregated 
below conidiophores, subglobose or isodiametric, 4–8 µm 
diam. Conidiophores semi-macronematous, mononematous, 
aggregated in small tufts, arising from basal hyphal cells, 
densely caespitose, erect to decumbent, straight to flexuous, 
subcylindrical or broad ellipsoid, mostly unbranched, occasionally 
branched in the lower part, conidiophores with adhering conidia 
10–32(–68) × 4.5–8 µm, 0–5(–9)-septate, mostly constricted at the 
septa, brown to dark brown, sometimes paler towards the apex, 
wall irregularly rugose, verrucose to rimulose, later squamulose, 
squamules 0.5–3 µm wide, irregularly shaped, firm, not detached 
or only slightly so, wall thickened, 0.5–1 µm, often less thickened 
towards the apex, usually with 1–2 enteroblastically proliferating 
with obvious sheath-like wall remnants visible as irregular 
fringe. Conidiogenous cell integrated, terminal, monoblastic 
or thalloblastic, monopodial, short cylindrical, 5–12 µm long, 
conidiogenous loci truncate to slightly convex, unthickened, 
4.5–6 µm diam. Conidia catenate in unbranched chains, not 
easily disintegrating, forming larger fragments, chains of adhering 
conidia up to 60 µm long, straight, rarely slightly curved, doliiform, 
subcylindrical, ellipsoid, 0–1(–2)-septate, aseptate conidia 7–11 × 
5–7.5 µm, 1-septate ones 7–17 × 5–7 µm, 2-septate ones 21 × 
5.5 µm, slightly constricted at the septa, brown to dark brown, 
ornamentation of the outer wall similar as in conidiophores, wall 
thickened, 0.5–1 µm, apex rounded in primary conidia, truncate 
in secondary ones, base truncate to slightly convex, hila truncate, 
unthickened, not darkened, thick outer wall forming a small rim, 
4–6 µm diam.

Holotype: Peru, Prov. Huaraz, Cuzco, road Huaraz–Laguna Llaca, 
15–20 km NE of Huaraz, on Placopsis sp., 9°26' S, 77°30' W, 
alt. ca. 3800 m, 28 Feb. 1981, R. Santesson & R. Moberg P61:5 
(UPS!).

Host range and distribution: On Placopsis gelida, Placopsis 
sp.; Canary Islands (Etayo & Calatayud 2005; Hafellner 2008b), 
Columbia (Etayo & Calatayud 2005), French Southern Territories 
(Ile Amsterdam) (Aptroot et al. 2011), Iceland (Brackel 2010c), Peru 
(Etayo & Calatayud 2005, Etayo 2010), Russia (Zhurbenko 2009).
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Additional specimens examined: Iceland, W of Reyðarfjörður, lake 
Lagarfljót, SW of Hallormsstaður, Atlavík cove, W of Atlavík camping, 
siliceous rock outcrops in native Betula forest, on Placopsis gelida, 4 
Aug. 2013, P. Diederich 17512 (herb. Diederich). Peru, Prov. Urubamba, 
valley of Rio Piri, 30 km from NW of Ollantaytambo, 13°5' S, 72°22' W, 
alt. 3700 m, on Placopsis sp., 1981, R. Santesson, A. Tehler & G. Thor 
P89:28 (UPS).

Notes: T. diederichiana is the only Taeniolella species known 
on and confined to Placopsis. A key to the lichenicolous fungi 
currently known on Placopsis, including T. diederichiana, was 
published by Brackel & Berger (2010). Conidiophores of T. 
diederichiana are aggregated in small groups, arising from 
subglobose or isodiametric, stromatically aggregated hyphal 
cells, resembling those of T. punctata, which are also formed 
in punctiform aggregations. However, conidiophores with 
adhering conidia in T. punctata are mostly longer, 14–83(–95) 
× 5–8 µm, and the outer wall of conidiophores and conidia is 
rugose to verrucose, but neither rimulose nor squamulose. The 

preferred host of T. punctata is Graphis scripta, but this species 
is also known on numerous other lichens.

Taeniolella pertusariicola, widespread in Northern Europe, 
inhabits various hosts, e.g., Lecanora rupicola, Pertusaria 
bryontha and P. carneopallida. Conidiophores of this species, 
usually arising from hyphae, may also be aggregated in small 
tufts, but stromatically aggregated swollen hyphal cells are 
not formed. With regard to size and ornamentation of the 
outer wall of conidiophores and conidia, T. diederichiana and T. 
pertusariicola are morphologically very similar.

Taeniolella toruloides and T. arctoparmeliae are two 
additional morphologically similar species. In T. toruloides, 
known from France, Luxembourg, Poland, Spain and the Azores 
on Thelotrema antoninii and T. lepadinum, conidia are formed 
in adhering, not easily disarticulating, long chains, up to 100 
µm, which frequently contain oil-like droplets. The wall of 
conidiophores and young conidia is smooth, i.e., never rimulose 
to squamulose. T. arctoparmeliae is known from a single 
collection on Arctoparmelia separata in Arctic Russia on faded 

Fig. 22. Taeniolella diederichiana [holotype]. A. Conidiophores arising from basal hyphal cells. B. Conidial chain. C. Conidia. Bar = 10 µm (B. Heuchert 
del.).
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to necrotic basal parts of the host. The conidia are usually wider 
(up to 8 µm) and broad subcylindrical, ellipsoid to obovoid. 

Taeniolella friesii (Hepp) Hafellner, Herzogia 13: 140. 1998. Figs 
24–25.
Basionym: Abrothallus friesii Hepp, Die Flechten Europas: no. 
464. 1857 [as Abrothallus (?) Frisii; without location, “parasitisch 

auf der Kruste von Pyrenula muscorum (Fries)” (type material 
not preserved)].

Literature: Arnold (1874: 102, as A. friesii); Vouaux (1913: 471, 
as A. friesii); Keissler (1930: 217, as A. friesii).

Illustration: Hafellner (1998: 141, fig. 1, 143, fig. 2).

Fig. 23. Taeniolella diederichiana [A: Santesson P89:28; B–H: holotype]. A. Macroscopic overview of colonies. B–D. Conidiophores aggregated in small 
tufts. E–H. Conidia with conspicuous squamulose wall ornamentation. Bars: 1 mm (A), 50 µm (B), 20 µm (C), 10 µm (E–G), 9 µm (D), 6 µm (H) [A–C, 
E–G: photos taken by Paul Diederich].
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Description: Colonies on lichen thalli, sometimes on the margin 
of perithecia, in small speckles or effuse, forming larger patches, 
convex to hemispherical, 0.1–0.4 mm diam, or linear, up to 1 
mm long, densely caespitose, young colonies greyish black, 
older ones black or dark brown, without any discolorations of 
the lichen thalli. Mycelium immersed and sometimes superficial; 
hyphae flexuous, branched, 1–3 µm wide, septate, slightly 
constricted at the septa, pale brown, smooth, wall thin, up to 
0.5 µm, hyphal cells often swollen, 2–8 µm diam, subglobose to 
somewhat angular in outline, walls thickened, 0.5–1 µm thick, 
pale to medium dark brown, darker than unswollen hyphae, 
smooth or almost so, forming variously shaped aggregations, 
subglobose to irregular, 10–30 µm diam or confluent and larger, 
immersed to erumpent. Conidiophores semi-micronematous, 
usually reduced to conidiogenous cells, mononematous, 
solitary, arising from swollen hyphal cells, densely aggregated, 
erumpent, straight to slightly flexuous-sinuous, unbranched, 
short, subcylindrical-conical, doliiform or slightly enlarged 
towards the apex, 3–12(–15) × (1.5–)3–5 µm, mostly aseptate, 
rarely with a single septum, slightly constricted at the septum, 
pale to medium brown, smooth to somewhat rough-walled, wall 
somewhat thickened, sometimes less than 0.5 µm, but usually 
0.5–0.75 µm, enteroblastically proliferating conidiogenous 

cells with obvious sheath-like wall remnants visible as irregular 
fringe very rare. Conidiogenous cells unilocal, determinate, loci 
truncate or subtruncate-rounded, unthickened, 1–3 µm diam. 
Conidia solitary or in short chains, ellipsoid, broad ellipsoid-
ovoid, subcylindrical-doliiform, 0–1(–2)-septate, aseptate 
conidia 3–7 × 3–5 µm, 1-septate ones 5–9(–10) × 3–5 µm, 
2-septate ones 10–12 × 4–5 µm, slightly constricted at the 
septa, medium olivaceous brown to dark brown, almost smooth 
to verrucose, irregularly rough, sometimes rimulose, wall 0.5–
0.75(–1) µm thick, apex rounded in primary conidia, rounded 
to truncate in secondary ones, base rounded to truncate, hila 
convex to truncate, unthickened, not darkened, 1–2 µm diam, 
often with minute but conspicuous central pore.

Neotype (designated by Hafellner 1998): France, Salève, "Parasit 
auf Segestrella illinata" (host = Strigula stigmatella, according 
to Hafellner 1998), on Fagus, s.d. and without collector (UPS (L-
104398) 182988!). Isoneotype: UPS s.n.!

Host range and distribution: On Strigula stigmatella (= Pyrenula 
muscorum); Austria (Hafellner 1998, Hafellner & Komposch 
2007), France (Hafellner 1998), Italy (Hafellner 1998), the 
Netherlands (Aptroot et al. 2004 as Cladosporium arthoniae), 

Fig. 24. Taeniolella friesii [isoneotype]. A. Hyphae. B. Semi-micronematous conidiophores. C. Conidia in short chains. Bar = 10 µm (B. Heuchert del.).
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Slovenia (Hafellner 1998, Bilovitz et al. 2011), Ukraine, USA (first 
reports, see specimens examined).

Additional specimens examined [all on Strigula stigmatella]: Austria, 
Lower Austria, Northern Limestone Alps, Goeller Group, southern 

slopes of the Weißmäuer, E of Lahnsattel, alt. ca. 1000 m, 47°46'30" E, 
Fagus-Abies-Picea-forest, on bark of Fagus, 22 May 1998, J. Hafellner 
45422 (GZU 01-98); Gailtaler Alps, SE shore of White Lake, N-base of 
the mountain Laka, surroundings of Ghf Dolomitenblick, alt. ca. 940 
m, Fagus-Abies-Picea-forest, on the trunk base of Fagus, 7 Sep. 1998,  

Fig. 25. Taeniolella friesii [A: Kukwa et.al., herb. Diederich; B, D, H: Hafellner 39889; C, E–G: isoneotype.]. A. Macroscopic overview of colonies. B–H. 
Conidia in short chains. Bars: 1 mm (A) [photo taken by Paul Diederich], 20 µm (B), 10 µm (C, E–G), 7 µm (D), 4 µm (H).
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J. Hafellner 23988 (herb. Hafellner) (GZU). Italy, Prov. Udine, Carnic 
Alps, Paso del Pura NW of Ampezzo, surroundings of Refugio Tita Piaz, 
alt. ca. 1400 m, Fagus-Abies-Picea-forest with limestone blocks, on bark 
of Fagus, 24 Jul. 1993, J. Hafellner 39891 (herb. Hafellner) (GZU); Carnic 
Alps, N-exposed slopes S of the NW of Lake Sauris Ampezzo, Bosco della 
Stua, alt. ca. 1100 m, Fagus-Abies-Picea-forest, on bark of Fagus, 16 
Aug. 1994, J. Hafellner 39889 (herb. Hafellner) (GZU). Slovenia, Julian 
Alps, Krma valley at the NE foot of Triglav, S of Mojstrana, alt. ca. 900 
m, on Fagus sylvatica, 14 May 1978, J. Hafellner 3246 (herb. Hafellner) 
(GZU). Ukraine, Eastern Carpathians, vicinity of village Stuzhytzia, 
Zhyduvsky stream valley, at the base of Fagus sylvatica, 49°02’ N, 
22°36' E, 28 May 1998, M. Kukwa, J. Motiejūnaite & A. Zalewska (herb. 
P. Diederich). USA, New York, Essex County, Winch Pond Trail, south of 
NY Route 86, Wilmington Notch, Sentinal Ridge Wilderness Area, alt. 
500–550 ft. 44°20'07" N, 73°53'59" W, on the mossy base of a conifer, 
on a shaded east-facing slope forested with conifers and Betula, and 
with sunny openings and rock outcrops, 18 Sep. 2007, J.C. Lendemer et 
al. 2982 (herb. Diederich).

Notes: Hafellner (1998) discussed and reassessed the generic 
affinities and taxonomic status of Abrothallus friesii, assigned 
this species to Taeniolella, and, due to Hepp’s (1857) meagre 

original description and lacking type material, designated a 
neotype.

The recently described species Taeniolella hawksworthiana 
on Phaeographis sp. (Ostropales, Graphidaceae) is very similar 
to T. friesii on Strigula stigmatella (Strigulales, Strigulaceae) (for 
a detailed comparison, see under Taeniolella hawksworthiana).

Despite the strong heterogeneity and polyphyly of Taeniolella, 
T. friesii fits only roughly into the currently applied wide concept 
of this genus. Taeniolella friesii is one of the species with the 
smallest conidia within lichenicolous Taeniolella taxa and differs 
from other species of the genus in having conidia with relatively 
conspicuous hilar pores reminiscent of tretic conidiogenesis. 
However, cultures and results of molecular sequence analysis 
are needed to elucidate details of the conidiogenesis and 
phylogenetic position of T. friesii, which is probably not 
congeneric with most other lichenicolous Taeniolella species.

Two examined specimens of a lichenicolous hyphomycete 
on Dirina massiliensis resemble T. friesii superficially [the 
Netherlands, Prov. Geldern, Brummen, on wall of protestant 
church, 7 May 2000, A. Aptroot 47961 (BR); UK, Somerset, 
Kingsbury Episcopi, St Martin’s church, 27 Feb. 2003, A. Aptroot 
57602 (BR)]: on thalli of the host, effuse, caespitose, blackish; 

Fig. 26. Lichenicolous hyphomycete on Dirina massiliensis [BR, Aptroot 47961, 57602.]. A. Monilioid strands and aggregations of swollen hyphal cells. 
B. Semi-micronematous conidiophores. C. Tip of conidiophore. D. Conidia. Bar = 10 µm (U. Braun del.).
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mycelium immersed to erumpent, composed of hyphal filaments, 
mostly forming monilioid strands of swollen cells, constricted 
at septa, or small to moderately large aggregations of swollen 
hyphal cells, 10–30 µm diam, cells subglobose to angular-
irregular, 2–8 µm diam, pale to dark brown, wall thickened, 
smooth or almost so; conidiophores micronematous to semi-
macronematous, reduced to conidiogenous cells, solitary, arising 
from cells of hyphal strands, lateral, occasionally terminal, or 
arising from aggregated swollen hyphal cells, erect, straight 
to curved, subcylindrical, 5–15 × 2–3(–4) µm, pale to medium 
brown, wall thin to somewhat thickened, smooth or almost so, 
with a single terminal conidiogenous locus, truncate, not or only 
slightly attenuated, 2–2.5 µm wide, not darkened, unthickened 
or even thinner than the lateral wall of the conidiogenous cell, 
conidiogenesis holoblastic or holothallic; conidia solitary or in 
short chains, easily disintegrating, ellipsoid-ovoid, subcylindrical, 
occasionally somewhat irregularly shaped, (4–)5–8(–12) × 
2–4.5 µm, 0–1-septate, pale to medium olivaceous brown, wall 
somewhat thickened, almost smooth to verruculose-rugose, apex 
rounded in solitary conidia broad truncate in catenate conidia, 
base rounded to broad truncate, 1.5–3 µm wide, unthickened, 
not darkened (Fig. 26). The generic affinity of the Dirina fungus, 
which is barely consistent with Taeniolella, is unclear. The 
conidiogenesis, structure of conidiogenous loci, conidia and hila 
are reminiscent of asexual morphs of Venturia (Fusicladium). 
The Dirina fungus undoubtedly justifies a species of its own, 
but the generic affiliation requires cultures and phylogenetic 
data. Attempts to cultivate this fungus led to a culture which 

was the base for the introduction of the new genus and species 
Verrucocladosporium dirinae K. Schub. et al. (Schubert et al. 
2007). The latter species is, however, quite different from the 
described fusicladioid species and undoubtedly not congeneric.

Taeniolella hawksworthiana Heuchert et al., Fungal Biology 
120: 1429. 2016. Figs 27–28.

Illustration: Ertz et al. (2016: 1430, fig. 7; 1431, fig. 8).

Description: Colonies on lichen thalli, effuse, aggregated in 
tufts or loose groups, confluent, loosely to densely caespitose, 
dark brown to black, not causing any discoloration of the 
thallus. Mycelium inconspicuous, immersed; hyphae flexuous, 
branched, 3–6 µm wide, septate, slightly constricted at the septa, 
subhyaline to pale brown, wall thin, up to 0.25 µm, smooth. 
Stromata lacking; hyphal cells sometimes swollen, subglobose, 
4–7 × 5 µm, brown, smooth- walled, rarely aggregated at the 
base of conidiophores. Conidiophores semi-micronematous, 
usually reduced to conidiogenous cells, mononematous, 
solitary, arising from hyphae or swollen hyphal cells, loosely to 
densely aggregated, erect, straight, short, subcylindrical-conical, 
doliiform, unbranched, 8–15(–20) × 5–6 µm, 0–3(–4)-septate, 
not or slightly constricted at the septa, brown, smooth; wall 
somewhat thickened, usually 0.5 µm. Conidiogenous cells 
integrated, terminal, monoblastic, monopodial, doliiform, 
4–5 µm long; conidiogenous loci truncate, unthickened, 1–3 
µm diam. Conidia in long, usually unbranched to sometimes 

Fig. 27. Taeniolella hawksworthiana [holotype]. A. Semi-micronematous conidiophores with adhering conidial chains. B. Branched conidial chain.  
C. Conidia and fragments of conidial chains. Bar = 10 µm (B. Heuchert del.).
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Fig. 28. Taeniolella hawksworthiana [holotype]. A. Macroscopic overview of colony. B. Conidiophores with adhering conidial chains. C, E. Conidia.  
D, F–H. Conidia adhering in long chains. I. Semi-micronematous conidiophores arising from aggregated swollen hyphal cells. Bars: 200 µm (A) [photo 
taken by Paul Diederich], 10 µm (B–I).
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branched chains, not easily disarticulating, up to 60 µm long, 
finally disintegrating in fragments of different sizes, 3–5-septate, 
16–24 × 4–5 µm, conidia straight, ellipsoid, ovoid, subcylindrical, 
(0–)1–2(–3)-septate, aseptate conidia 5–6 × 4–5 µm, 1-septate 
ones 7–9 × 4–5.5 µm, 2-septate ones 10–13 × 4–5 µm, 3-septate 
ones 13 × 5 µm, constricted at the septa, brown to dark brown, 
smooth to irregularly verrucose, wall 0.25–1 µm thick, apex 
rounded in primary conidia, truncate in secondary ones, base 
truncate, hila truncate, unthickened, not darkened, 1–2 µm 
diam.

Holotype: USA, Florida, Hillsborough Co., Hillsborough River 
State Park, 28°08.60' N, 82°13.79' W, on Phaeographis cf. 
brasiliensis, 3 Sep. 2011, R. Common 9199B (BR!). Isotypes: HAL 
3031 F, 3186 F, herb. Diederich!

Host range and distribution: On Phaeographis cf. brasiliensis and 
Phaeographis sp.; USA (Ertz et al. 2016).

Additional specimen examined: USA, Florida, Hillsborough Co., 
Hillsborough River State Park, trail from parking area 2, 28°08.94' N, 
82°13.61', on Phaeographis sp., W, R. Common 9215N (BR, HAL 3187 
F, herb. Diederich).

Notes: The new species is very similar to Taeniolella friesii 
on Strigula stigmatella. The conidiophores are also semi-
micronematous, but usually somewhat wider, 8–15(–20) × 5–6 
µm, vs. 3–12(–15) × (1.5–)3–5 µm in T. friesii. The predominantly 
1-septate conidia (5–9(–10) × 3–5 µm) in T. friesii are formed 
singly or in very short disarticulating chains, whereas in T. 
hawksworthiana the usually 2-septate conidia (10–12 × 4–5 µm) 
adhere in long (up to 60 µm), not easily disintegrating chains. 
The conidial chains are sometimes disarticulating in fragments 
of different sizes. Unfortunately, molecular data for T. friesii 
are not available. Based on evident morphological differences 
and the different host-specificity of both species, we prefer to 
consider the species on Phaeographis as a separate species, 
namely T. hawksworthiana.

Taeniolella ionaspisicola Alstrup & E.S. Hansen, Graphis Scripta 
12: 48. 2001. Figs 29–30.

Illustration: Alstrup & Hansen (2001: 48, fig. 11).

Description: Colonies sparse, effuse, densely caespitose, dark 
brown to black, without discolorations of the lichen thallus. 
Mycelium immersed; hyphae branched, 1.5–4 µm wide, 
septate, constricted at the septa, subhyaline to pale greyish 
brown, smooth, thin-walled. Stromata lacking, but with some 
swollen, subglobose, rarely aggregated hyphal cells, 5–9 µm 
diam. Conidiophores semi-macronematous, mononematous, 
solitary or in small groups, arising from swollen hyphal cells, 
sometimes densely aggregated, erect to decumbent, mostly 
flexuous, partly straight, mostly unbranched, rarely with a single 
branch at the base, doliiform, clavate, obovoid, 8.5–40 × 4–10 
µm, 0–6-septate, often constricted at the septa, pale brown 
to greyish brown, paler towards the apex, sometimes smooth, 
irregularly rugose with age, rarely squamulose, walls thickened, 
0.5–1 µm, less thickened toward the apex, cell plasma sometimes 
reduced, with a central vacuole-like cavity, surrounding plasma 
giving the impression of a thick wall, occasionally with oil-like 
droplets, enteroblastically proliferating, up to three times, 

with obvious sheath-like wall remnants visible as irregular 
fringe. Conidiogenous cells integrated, terminal, monoblastic, 
monopodial, 5–10 × 5–6 µm, loci truncate to convex, 5.5–6.5 
µm diam, unthickened, lateral wall somewhat thicker, forming 
a small fringe. Conidia solitary or in short easily disintegrating 
chains, straight or curved, broad subcylindrical, pyriform, 
clavate, 0–3-septate, aseptate conidia 7–13 × 6–8 µm, 1-septate 
ones 13–17.5 × 7–9 µm, 2-septate ones 19–24 × 9 µm, 3-septate 
ones 24–31 × 8–9 µm, slightly constricted at the septa, brown to 
greyish brown, young conidia almost smooth, irregularly rugose 
with age, rarely squamulose, squamules 0.5–1.5 µm diam, wall 
thickened, 0.25–0.75 µm, less thickened toward the apex, apex 
rounded, often swollen, or truncate in secondary conidia, base 
frequently attenuated, hila truncate to convex, 4–6 µm diam, 
unthickened, not darkened, lateral wall somewhat thicker, 
forming a small fringe, conidia sometimes enteroblastically 
proliferating, cell lumen with one or more oil-like droplets.

Holotype: Greenland, Kronprins Christian Land, Græselvdal, 
80°03' N, 23°11' E, on Ionaspis odora, on sandstone fragment, 
11 Aug. 1995, E.S. Hansen (C, herb. Christiansen 14516!).

Host range and distribution: On Ionaspis odora; Greenland 
(Alstrup & Hansen 2001; Alstrup 2005).

Notes: Alstrup & Hansen (2001) described this species with 
dark greyish brown and smooth conidiophores and conidia. 
However, a re-examination of the holotype of T. ionaspisicola 
showed that these structures are conspicuously paler, which 
is remarkable and unusual since conidiophores and conidia 
are rather broad and thick-walled. None of the known 
Taeniolella species with comparably broad conidiophores and/
or conidia, as for instance T. atricerebrina, T. pertusariicola, 
T. phaeophysciae, T. punctata, T. santessonii, T. trapeliopseos 
and T. umbilicariae, have comparably pale conidiophores and 
conidia. Most of the species concerned are brown to dark 
brown, and all of them occur on various host species belonging 
to other families and, except for T. atricerebrina, also to other 
orders. T. pertusariicola, which is also common in Greenland, 
differs from T. ionaspisicola in having narrower conidiophores. 
Some of the other morphologically similar species are 
widespread in Europe or they have quite distinct geographical 
distributions (e.g., T. santessonii, T. umbilicariae known from 
Peru and T. atricerebrina from Austria).

The conidiophores and conidia of T. ionaspisicola are almost 
smooth when young, but become irregularly rugose to rarely 
squamulose with age, i.e., the outer wall may disintegrate. 
Consistently smooth or smooth to verruculose conidia were 
found in T. phaeophysciae and T. punctata. The conidiophores of 
the first species are usually obviously larger (almost up to 200 µm 
long) and the colonies of T. punctata are punctiform, scattered 
over the whole thallus, and the conidia usually narrower 
(rarely up to 8 µm) than in T. ionaspisicola. T. santessonii and 
T. umbilicariae are distinguished by a stronger disintegration of 
the outer wall and formation of larger squamules or patches 
(in T. santessonii 2–7 × 1–4 µm and in T. umbilicariae 0.5–3 µm, 
vs. 0.5–1.5 µm in T. ionaspisicola). Furthermore, T. santessonii 
forms sporodochial colonies, and the conidiophores are usually 
narrower. T. atricerebrina induces the formation of black galls 
(Hafellner 2007), mostly arising from the flanks of the areoles, 
and up to 4 mm diam when older. Gall formation was not 
observed in T. ionaspisicola.
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Fig. 29. Taeniolella ionaspisicola [holotype]. A. Hyphae. B. Semi-macronematous conidiophores with adhering conidia. C. Conidia. Bar = 10 µm (B. 
Heuchert del.).
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Fig. 30. Taeniolella ionaspisicola [holotype]. A. Macroscopic overview of colonies. B–E, H. Conidiophores with adhering conidia. F, G, J, K. Conidia.  
I. Conidiophores initial. Bars: 5 mm (A), 10 µm (B–I), 7 µm (J), 3 µm (K).
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In addition to consistently verrucose to squamulose 
outer walls, T. trapeliopseos is easily distinguishable from T. 
ionaspisicola by its conspicuously obconically narrowed (from 8 
to 4 µm) conidiogenous cells and bases of conidia.

Taeniolella lecanoricola Heuchert & Diederich, sp. nov. 
MycoBank MB819302. Figs 31–32.

Etymology: Epithet named after the genus of the type host, 
Lecanora.

Diagnosis: Morphologically comparable with T. umbilicariae, but 
walls of conidiophores and conidia inconspicuously squamulose 
and thick (to 2 µm), multi-layered, and T. umbilicariicola, which 
has narrower conidiophores and conidia with rimulose walls 
with longitudinal fissures.

Description: Colonies on the surface of the lichen thallus, 
5 mm diam, black, densely caespitose, thallus without 
discoloration. Mycelium immersed; hyphae branched, 4–7 µm 
wide, constricted at the septa, pale brown to brown, smooth, 
wall slightly thickened, up to 0.5 µm wide. Stromata lacking. 

Fig. 31. Taeniolella lecanoricola [holotype]. A. Conidiophores. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 32. Taeniolella lecanoricola [holotype]. A. Macroscopic overview of colony. B. SEM-overview of colony. C–G. Conidiophores. H. Conidiophore with 
single branch. I–M. Conidia. N. Conidiophore with conspicuous squamulose wall ornamentation. Bars: 1 mm (A) [photo taken by Paul Diederich], 30 
µm (B), 10 µm (C–L), 9 µm (M, N).
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Conidiophores solitary or in small groups, arising from hyphae, 
lateral and terminal, macronematous, mononematous, erect, 
straight, subcylindrical, unbranched or with single branches, 
20–52 × 7–11 µm, 3–11-septate, constricted at the septa, septa 
distinctly thickened, up to 2 µm, multi-layered, dark brown, wall 
rarely smooth, usually irregularly verrucose, without distinct 
fissures, becoming squamulose, but squamules inconspicuous, 
1–4 µm wide, irregularly shaped, squamules not detaching, 
wall thickened, 1–2 µm, distinctly multi-layered, cell plasma 
mostly reduced, with a central vacuole-like cavity, surrounding 
plasma giving the impression of very thick walls, sometimes 
with oil-like droplets, rarely enteroblastically proliferating with 
obvious sheath-like wall remnants visible as irregular fringe. 
Conidiogenous cells integrated, terminal, monoblastic or 
thalloblastic, monopodial, doliiform or conical, 4–7 µm wide, 
conidiogenous loci truncate, unthickened, 5 µm diam. Conidia 
solitary or catenate, straight, broad subcylindrical, 1-septate 
ones 10–16 × 7–10 µm, 2-septate ones 12–17 × 8–10 µm, 
3-septate ones 18–25 × 8–10 µm, slightly constricted at the 
septa, brown to dark brown, ornamentation of the outer wall 
as in conidiophores, squamules 1–3 µm wide, wall thickened, 
1–2 µm, distinctly multi-layered, cell plasma mostly reduced, 
with a central vacuole-like cavity, surrounding plasma giving the 
impression of very thick walls, sometimes with oil-like droplets, 
apex rounded to attenuated in primary conidia, truncate in 
secondary ones, base truncate, hila truncate to somewhat 
convex, unthickened, not darkened, 5–7(–8) µm diam.

Holotype: Germany, Rhineland-Palatinate, Thallichtenberg 
(Kusel), on Lecanora rupicola var. rupicola (= Lecanora sordida), 
7 Aug. 1984, P. Diederich 6153 (BR!). Isotype: herb. Diederich!

Host range and distribution: On Lecanora rupicola var. rupicola; 
Germany.

Notes: The single collection on Lecanora rupicola var. rupicola is 
comparable with the two new Taeniolella species on Umbilicaria. 
It differs from T. umbilicariae by the lack of conspicuous 
squamules on walls of conidiophores and conidia, and the 
presence of distinctly multi-layered and thickened septa (up to 2 
µm wide) of conidiophores. The conidiophores and conidia in T. 
umbilicariicola are narrower and have rimulose outer walls with 
longitudinal fissures.

Taeniolella pertusariicola D. Hawksw. & H. Mayrhofer, Meddel. 
Grønland, Biosci. 31: 72. 1990. Figs 33–35.

Literature: Vězda (1986: 7, as T. verrucosa), Alstrup et al. (2008: 
6), Brackel (2009: 42).

Illustration: Alstrup & Hawksworth (1990: 70–71, figs 42–43).

Exsiccatum: Vězda, Lich. Sel. Exs. 2125.

Description: Colonies scattered or loosely aggregated on the 
surface of the lichen thallus, especially on apothecia, caespitose, 
dark brown to black, without any discolorations of the lichen 
thallus. Mycelium immersed; hyphae flexuous, branched, 2–7(–
9) µm wide, septate, cells rather short, 5–10 µm long, constricted 
at the septa, subhyaline or pale brown to brown, smooth, walls 
thickened, up to 1 µm. Stromata lacking, but with solitary 
swollen hyphal cells, rarely aggregated below conidiophores, 
oval, doliiform or subglobose, 4–7 µm diam. Conidiophores semi-
macronematous, mononematous, solitary or in small caespitose 
tufts, arising from hyphae, terminal or lateral, erect, sometimes 
decumbent, subcylindrical or doliiform, straight to slightly 
flexuous, unbranched or mostly branched at the base, forming 
branched complexes, conidiophores (with adhering conidia) 
7–50(–60) × 5–7(–8) µm, (0–)1–8(–9)-septate, constricted at 
the septa, brown to dark brown, paler towards the apex, outer 

Fig. 33. Taeniolella pertusariicola [holotype]. A. Conidiophores arising from hyphae. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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wall irregularly rugose, verrucose to rimulose, later squamulose, 
squamules 1–5 µm wide, irregularly shaped, firm, not detached 
or only slightly so, wall thickened, 0.5–1 µm, often less thickened 
towards the apex, frequently enteroblastically proliferating 
with obvious sheath-like wall remnants visible as irregular 
fringe. Conidiogenous cell integrated, terminal, monoblastic or 
thalloblastic, monopodial, subcylindrical or doliiform, 4–9 µm 
long, little differentiated, loci truncate, unthickened, (2–)3–
5(–6) µm diam. Conidia catenate, in unbranched chains, easily 
disintegrating, straight, rarely slightly curved, broad ellipsoid, 
doliiform or subcylindrical, (0–)1–3-septate, aseptate conidia 

5–13(–15.5) × 4–6 µm, 1-septate ones 7–17 × 4.5–7.5 µm, 
2-septate ones 10.5–19 × 5–8 µm, 3-septate ones 13–20.5 × 
5.5–7 µm, mostly constricted at the septa, brown to dark brown, 
paler near the apex, outer wall irregularly verrucose to rimulose, 
later squamulose, wall thickened, 0.25–1 µm, apex rounded in 
primary conidia, truncate in secondary ones, base truncate, hila 
truncate, sometimes slightly convex, unthickened, not darkened, 
(3–)4–6(–7) µm diam.

Holotype: Sweden, Torne Lappmark, Kiruna, Abisko, 1.5 km W of 
Jieorenjokkstugan, alt. 340–400 m, on Pertusaria carneopallida, 

Fig. 34. Taeniolella pertusariicola [M-0043803 – isotype]. A. Conidiophores arising from hyphae. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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on Alnus incana, 6 Aug. 1980, H. Mayrhofer (K(M) IMI 299417!, 
distributed in Vězda, Lich. Sel. Exs. 2125 [as T. verrucosa]). 
Isotypes: H 7038078!, M-0043803!

Host range and distribution: On Lecanora rupicola, Lepra 
albescens, L. amara, Ochrolechia androgyna, Ophioparma 
lapponica, Pertusaria bryontha, P. carneopallida, P. leioplaca, 

Pertusaria sp., Varicellaria lactea; Australia (first report, see 
specimens examined), Denmark (Søchting et al. 2007), Estonia 
(Suija et al. 2007a,b), Finland (Nordin et al. 2010), France (Roux et 
al. 2001), Germany (Brackel 2009; Wirth et al. 2010), Greenland 
(Alstrup & Hawksworth 1990, Alstrup 2005, Kristinsson et al. 
2006, 2010), Italy (Brackel 2011, 2015), Norway (Santesson 
1993, Alstrup et al. 2008), Poland (Kukwa & Czarnota 2006), 

Fig. 35. Taeniolella pertusariicola [M-0043803 – isotype]. A. Macroscopic overview of colonies. B–G. Conidiophores. H. Conidia. Bars: 1 mm (A), 10 
µm (B–G), 6 µm (H).
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Russia (Andreev et al. 1996, Karatygin et al. 1999, Zhurbenko 
1998, 2007, Zhurbenko & Davydov 2000, Zhurbenko et al. 2005, 
2012b), Svalbard (Zhurbenko & Brackel 2013), Sweden (Vězda 
1986 as T. verrucosa; Alstrup & Hawksworth 1990, Santesson 
1993), Turkey (Halici 2010).

Additional specimens examined: Australia, Victoria, Maffra, on 
Pertusaria sp., Mar. 1889, Rev. F.R.M. Wilson (NSW-L4335 p.p.). Estonia, 
Ida-Viru county, Agusalu Landscape Reserve, Kivinõmme forestry, forest 
square 164/4, drained swamp spruce forest, 59°07'19" N, 27°34'38" E, 
on Ochrolechia androgyna, on Picea abies, 2 Sep. 2006, A. Suija 138 
(TU-45015) [as T. cf. pertusariicola]. Finland, Enontekis, on Pertusaria 
carneopallida, 1867, J.P. Norrlin (H 6067557); Inari Lapland, Utsjoki, 
Kevo Subarctic Station, ca. 3 km SW, cliff Kotkapahta in Kevojkoki vallej, 
on Prunus padus, on P. carneopallida, 20 Aug. 1965, T. Ahti (H 6067534). 
Germany, Bavaria, Oberpfalz, Kreis Tirschenreuth, Wäldchen an der 
Herrmühle bei Erbendorf, an offenem Serpentinfels, 6138/3, alt. 500 
m, 49°50'12.6" N, 12°03'41.3" E, on Lecanora rupicola, 10 Oct. 2006, 
W. v. Brackel (herb. Brackel 4213). Greenland, Søndre Isortoq, head of 
Kangerdluk, 65°34' N, 51°57' W, alt. 25 m, on P. carneopallida, 20 Jul. 
1977, V. Alstrup 77562b (C); Godthaab distr., W Igassup qáqa, 64°52' 
N, 50°37' W, alt. 125 m, on P. carneopallida, on Alnus crispa, 27 Jul. 
1976, V. Astrup (C, herb. Christiansen 5652); ibid., V. Alstrup (C, herb. 
Christiansen 6107); Søndre Isortoq, Ivnarssuaq, 65°26' N, 52°11' W, alt. 
90 m, on Ophioparma lapponica, 31 Jul. 1977, V. Alstrup 771408 (C). 
Norway, Sör Tröndelag, Dovre, Kongsvold nedåt Driva, on Pertusaria 
bryontha, 22 Aug. 1863, Th.M. Fries (UPS); Troms, Tromsö, in monte 
Flöjfjeldet, on P. carneopallida, 21 Apr. 1864, Th.M. Fries (UPS); Troms, 
Målsehr, Svortfjellet, on Pertusaria sp., Aug. 1977, D.O. Øvstedal 
(K(M)192546). Russia, Krasnoyarsk Territory, north of Central Siberia, 
Taimyr Peninsula, near NW shore of Pyasino Lake, Nyapan hills, alt. ca. 
70°05' N, 87°40' E, alt. 40 m, Belyi Yar hill slope, on P. carneopallida, 
on Alnus, 18 Jul. 1983, M. Zhurbenko 83127 (LE 207581); “Lapponia 
orientalis”, on P. carneopallida, 1861, P.A. Karsten (H 6067556); Oblast 
Murmansk, sinus Kolaensis [Kola Peninsula], on P. carneopallida, 
1861, collector illegible (H 6067545); Murmansk, Vuorijärvi, on P. 
carneopallida (= P. protuberans), 5 Aug. 1937, M. Laurila (H 6067533). 
Sweden, Torne Lappmark, Vassitjåkko, NO-sidan, vindex-ponerad 
kalkhed, alt. 1000 m, on P. bryontha, 16 Aug. 1947, R. Santesson (UPS); 
Jukkasjärvi s:n, Paddos, on P. bryontha, 14 Aug. 1936, R. Santesson 
(UPS); Härjedalen, Tännäs par., the valley of the river Ljusnan, ca. 1 km 
SSE of Ramundberget Fjällgård, alt. 700–800 m, in subalpine forest, on 
P. carneopallida, on Betula (bases of trunks) 29 Jun. 1985, R. Santesson 
31244b (UPS, herb. Diederich). 

Notes: Santesson (1993) listed, in addition to Pertusaria 
carneopallida, the hosts Pertusaria bryontha and Varicellaria 
rhodocarpa. He noted, however, that the fungi on all host 
lichens are somewhat deviating from each other, and that they 
may represent different taxa. A re-examination of Santesson’s 
material deposited in C and UPS showed that the collections 
on P. bryontha, provisionally named T. bryonthae (unpublished 
herbarium name) by R. Santesson, are not sufficiently different 
from Taeniolella pertusariicola to warrant the introduction of 
a separate species. The collection on P. bryontha from Sweden 
[Torne Lappmark, Jukkasjärvi s:n, Paddos, 14 Aug. 1936, R. 
Santesson (UPS)] is probably a young, immature specimen 
characterised by proliferating conidiophores that are narrower, 
paler and almost smooth towards the apex, and hila with a 
somewhat smaller diameter, (2–)2.5–5 µm, vs. (3–)4–6(–7) µm 
in mature samples. In 1986, R. Santesson labelled a specimen 
on Varicellaria rhodocarpa provisionally as “Taeniolella 

varicellariae sp. nov. ined.”. However, this collection does not 
belong in Taeniolella, but can be assigned to Trimmatostroma 
s. lat. [Trimmatostroma varicellariae (Heuchert & Braun 2014)].

The ornamentation of conidiophores and conidia in T. 
pertusariicola is similar to that of T. verrucosa, described 
from thalli of Pachnolepia pruinata in Sweden, but the former 
species differs in having shorter and narrower conidiophores. 
Furthermore, conidia are usually narrower (Hawksworth in 
Vězda 1986: 7), and 2- or 3-septate conidia, common in T. 
pertusariicola, are rare in T. verrucosa.

Taeniolella punctata is another species that is also 
known from different Pertusaria species. The outer walls of 
conidiophores and conidia of T. punctata appear to be smooth 
by light microscopy, but they may occasionally be slightly rugose 
or verrucose. Scanning electron microscopical examinations 
showed that the outer walls are usually verruculose. Outer walls 
of conidiophores and conidia in T. pertusariicola are always 
verrucose to rimulose, later squamulose, easily discernable 
by light as well as scanning electron microscopy (Alstrup & 
Hawksworth 1990).

A re-examination of German material on Lepra albescens 
(Brackel 2009) has shown that it belongs to T. delicata. The 
specimen on Ochrolechia androgyna (TU-45015) differs 
according to Alstrup et al. (2008) from the original description in 
having longer, 1-septate conidia (22 × 5–7 µm). The material is, 
however, too poor for an accurate identification and can only be 
listed as T. cf. pertusariicola.

Taeniolella phaeophysciae D. Hawksw. Bull. Brit. Mus. (Nat. 
Hist.), Bot., 6: 255. 1979. Figs 36–38.

Literature: Diederich (1989: 253), Montijūnaitė & Anderson 
(2003: 82), Nash et al. (2004: 708), Clauzade et al. (1989: 121), 
Boqueras (2000: 462), Pirogov & Khodosovtsev (2013).

Illustrations: Hawksworth (1979: 256, fig. 36), Boqueras (2000: 
459, fig. 79h), Diederich et al. (2017a).

Exsiccatum: Santesson, Fungi Lichenicoli Exs. 342.

Description: Colonies scattered on the surface of the lichen 
thallus, caespitose, dark brown to black, often somewhat shiny, 
without any discolorations of the lichen thallus. Mycelium 
immersed; hyphae flexuous, branched, 2–5.5 µm wide, septate, 
mostly constricted at the septa, pale brown, smooth, thin-walled 
or somewhat thickened, sometimes irregularly lobate. Stromata 
lacking. Conidiophores macronematous, mononematous, solitary 
or in small caespitose tufts, arising from hyphae, erect, sometimes 
decumbent, subcylindrical, straight to slightly flexuous, usually 
unbranched, rarely branched at the base, conidiophores (with 
adhering conidia) (18–)20–216 × 7–13 µm, 1–20-septate, slightly 
constricted at the septa, dark brown or brown, paler towards 
the apex, smooth, wall thick, 1–2.5 µm, often less thickened 
towards the apex, frequently enteroblastically proliferating with 
obvious sheath-like wall remnants visible as irregular fringe, 
guttulate, often with one or up to five internal oil-like droplets, 
cell lumen coarsely granular. Conidiogenous cell integrated, 
terminal, monoblastic or thalloblastic, monopodial, subcylindrical 
or doliiform, 5–21 µm long, little differentiated, loci truncate, 
unthickened, 5–10 µm diam. Conidia catenate, in unbranched 
chains, not easily disintegrating, straight, doliiform, subcylindrical, 
clavate, 0–3-septate, aseptate conidia 9–32 × 9–11 µm, 1-septate 
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ones 14–39 × 7–11 µm, 2-septate ones 22–49 × 7–12 µm, 3-septate 
ones 34–60 × 7–10 µm, slightly constricted at the septa, brown to 
dark brown, primary conidia often paler at the apex, wall smooth, 
thick, 0.75–2 µm, apex rounded in primary conidia, truncate in 
secondary ones, base truncate, hila truncate, unthickened, not 
darkened, 4–10 µm diam, guttulate, often with one or up to five 
internal oil-like droplets, cell lumen coarsely granular.

Holotype: UK, England, Devon, Slapton, Slapton Ley, prope 
mare, on Phaeophyscia orbicularis, on Sambucus, 11 May 1975, 
D.L. Hawksworth 3999 (K(M) IMI 194016!).

Host range and distribution: On Hyperphyscia adglutinata, 
Pectenia gayana, Pertusaria pertusa, Phaeophyscia adiastola, 
P. cernohorskyi, P. ciliata, P. constipata, P. endophoenicea, P. 
exornatula, P. hirsuta, P. imbricata, P. limbata, P. orbicularis, P. 
cf. spinellosa, Physcia aipolia, Physconia distorta; Austria (Türk & 
Poelt 1993, Hafellner 1996, van den Boom et al. 1996), Belarus 
(Tsurykau et al. 2014), Belgium (Sérusiaux et al. 1983, Diederich 
& Sérusiaux 2000, van den Boom & van den Boom 2006), Chile, 
Denmark (first report, see specimens examined), Estonia (Suija 
2005), Finland (Vitikainen et al. 1997, Santesson et al. 2004), 
France (Diederich 1986, Santesson et al. 2004, Diederich et al. 
2006, Roux et al. 2011, 2017), Germany (John 1990, 1998, Scholz 

Fig. 36. Taeniolella phaeophysciae [holotype]. A. Conidiophores arising from hyphae. B. Conidia. C. Hyphae. Bar = 10 µm (B. Heuchert del.).
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Fig. 37. Taeniolella phaeophysciae [Diederich 15829]. A. Conidiophores arising from hyphae. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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2000, Kocourková & Brackel 2005, Brackel & Kocourková 2006, 
Brackel 2007, 2010a, Cezanne et al. 2008, Wirth et al. 2010, 
Cezanne & Eichler 2015), Greenland (first report, see specimens 
examined), Ireland (Hawksworth 1979, Fox 2001), Italy (Brackel 
2010b, 2011, 2013, 2015), Lithuania (Montijūnaitė & Anderson 

2003), Luxembourg (Diederich 1986, 1989, 1990a, Diederich 
& Sérusiaux 2000, Santesson 2001, 2008), the Netherlands 
(Aptroot et al. 1999, 2004; www.verspreidingsatlas.nl), Poland 
(Fałtynowicz 1993, Kukwa 2004), Russia (Zhurbenko et al. 
2012a), South Korea (Kondratyuk et al. 2013), Spain (Etayo & 

Fig. 38. Taeniolella phaeophysciae [A, B, E–G: Diederich 14697; C, D, H, I: Diederich 15829]. A. Macroscopic overview of colony. B–F. Conidiophores. 
G. Conidiogenous cell. H, I. Conidia. Bars: 1 mm (A) [photo taken by Paul Diederich], 90 µm (B), 20 µm (C, D, F), 10 µm (E, H, I), 4 µm (G).
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Blasco-Zumeta 1992, Navarro-Rosinés et al. 1994, Llimona et al. 
1998, Boqueras 2000, Llimona & Hladun 2001, Earland-Bennett 
et al. 2006, Burgaz 2006, Vondrák & Etayo 2007, Etayo 2010b, 
van den Boom & Etayo 2014), Switzerland (first report, see 
specimens examined), Ukraine (Pirogov & Khodosovtsev 2013, 
Khodosovtsev & Khodosvtseva 2014), UK (Hawksworth 1979), 
USA (Diederich 2003, Nash et al. 2004, Esslinger 2016, 2018, 
Kocourková et al. 2012).

Additional specimens examined: Belgium, De Panne, Westhoek, entre le 
château d’eau et la station de radar, dune au nord de la forêt à proximité 
des maisons, on Phaeophyscia orbicularis, 6 Jun. 2001, sur Quercus, 
dans une dune, P. Diederich 14697 (herb. Diederich); Lischert, sur 
Sambucus, dans un jardin, on P. orbicularis, 21 Dec. 2001, P. Diederich 
15116 & D. Thoen (herb. Diederich). Chile, Prov. Valdivia, Lago Rinihue, 
Enco, on Ugni molinae in dense scrub in the outskirt of a rain-forest on 
the shore of the lake, on Pectenia gayana, 26 Sep. 1940, R. Santesson S 
423 (UPS). Denmark, Zealand, Rye, between Roskilde and Holbæk, on 
Acer pseudoplatanus in the wood “Ryegaard Dyrehave”, on Pertusaria 
pertusa, 16 Aug. 1966, M.S. Christiansen 66.558a (C, herb. Christiansen 
4327) (with Lichenoconium erodes); Greenland, Qassiarsuk, N of the 
village, on rock, alt. 50 m, on Phaeophyscia constipata, 23 Jul. 2005, 
W. v. Brackel (herb. Brackel 4214) [as Taeniolella cf. phaeophysciae]; 
Anholt, on concrete of a wall along the road in the village Anholt By, on 
P. orbicularis, 4 Jul.1941, M.S. Christiansen 6358 (C, herb. Christiansen 
4067); Zealand, Jungshoved, along the road E of Mölle, on P. orbicularis, 
on Populus virgiana, 12 Aug. 1966, M.S. Christiansen (C, herb. 
Christiansen 558); Lolland, Majbölle, NE of Saksköbing, on the trunk of 
an old poplar along the road in the wood Færgemark, near Guldborg, 
alt. 0–10 m, on Physconia distorta, 19 Jul. 1984, M.S. Christiansen 
84.062 (C, herb. Christiansen 4283). Finland, Pudasjärvi, Hirvaskoski, 
pihapuulla, on Physcia dubia, 30 Oct. 1965, Kalevi Takala (H). France, 
Meuse, au sud-est de Montmédy, Marville, cimetière de St Hilaire, 
on P. orbicularis, on Fraxinus, 3 Sep. 2004, P. Diederich 15963 (herb. 
Diederich); Alpes-de-Haute-Provence, Au SW de Sisteron, Montagne 
de Lure, Notre-Dame de Lure, alt. 1240 m, on Physconia distorta, 
sur Fagus, dans une hêtraie, 27 May 1996, P. Diederich 12954 (herb. 
Diederich). Germany, Bavaria, Mittelfranken, Nordheimer Gipshügel, 
6428/1, alt. 350 m, on Phaeophyscia endophoenicea, on old Sambucus, 
26 Mai 2004, W. v. Brackel (herb. Brackel 2789); Oberbayern, Stadt 
München, Blumenau, Terofalstraße Ecke Silberdistelstraße, 7834/4, alt. 
540 m, on P. orbicularis, on Acer platanoides, 24 Sep. 2005, T. Feuerer 
(herb. Brackel 3623); Kreis München, NSG Echingerode, SE Ecke, am 
Waldrand, 48°17'55.5" N, 11°38'54.3" E, alt. 475 m, on P. orbicularis, 
on Fraxinus excelsior, 30 May 2006, W. v. Brackel (herb. Brackel 3811); 
Oberfranken, Kreis Bamberg, NSG Sandgrasheide Pettstadt, an Prunus 
spinosa, alt. 240 m, on P. orbicularis, 12 Apr. 2005, W. v. Brackel (herb. 
Brackel 2876); Schwaben, Stadt Augsburg, Wertachau w Inningen, 
7631/3, alt. 500 m, on P. orbicularis, on Sambucus nigra, 5 Apr. 2005, 
W. v. Brackel (herb. Brackel 3603); Kreis Lindau, Lindau, Uferpromenade 
w der Bahnschranke, 8424/1, alt. 400 m, on P. orbicularis, on Aesculus 
hippocastanum, 29 Apr. 2005, W. v. Brackel (herb. Brackel 3602); 
Hessen, Odenwald, Vorderer Odenwald, Ortslage von Darmstadt, 
Müller-Anlage, alt. 155 m, on P. orbicularis, 22 Apr. 2007, R. Cezanne 
& M. Eichler 10875 (herb. Eichler-Cezanne). Ireland, South Tipperary, 
Marlfield House, on Physconia distorta, on Fraxinus, 1 Jul. 1974, M.R.D. 
Seaward (E00204794). Italy, Lombardia, Brescia, Tre Capitelli, along 
the shore of the lake "Lago d´Idro", alt. 370 m, on P. orbicularis, on 
the trunk of poplars, 4 Sep. 1977, M.S. Christiansen 77.431 (C, herb. 
Christiansen 4607, 5644). Luxembourg, NE Bissen, an Fraxinus, alt. 215 
m, on P. orbicularis, 14 Sep. 1979, P. Diederich (M-0044790); Capellen, 
near the railway station, on P. orbicularis, on Sambucus, 22 Mar. 2000, 

P. Diederich 14017 (herb. Diederich, distributed in Santesson, Fungi 
Lichenicoli Exs. 342, M-0043794); ibid., 26 Mar. 2005, P. Diederich 
16039 (herb. Diederich); SE Lasauvage, Grand-bois, on P. orbicularis, 
8 Nov. 2003, P. Diederich 15829 (herb. Diederich); Au sud Bertrange, 
route entre Gréivelserhaff et Gréivelser-Barrière, on Physconia distorta, 
sur Tilia, 14 Sep. 2000, P. Diederich 14414 (herb. Diederich); ibid., 20 
Feb. 2007, P. Diederich 16363 (herb. Diederich). Spain, Catuluña, Prov. 
Tarragona, Els Ports, 10 km al S de l‘Horta de San Joan, Mas de Toni, alt. 
600 m, on P. orbicularis, 9 Feb. 1991, P. Diederich 9865 (herb. Diederich); 
Madrid, Mataelpino, in open woodland at junction, on P. orbicularis, 
on trunk of Fraxinus angustifolia, 29 Jan. 2006, P.A. Earland-Bennett 
(herb. Earland-Bennett); ibid., 31 Jan. 2006, P.A. Earland-Bennett (herb. 
Earland-Bennett). Sweden, Skåne, Brunnby k:n, Kullen, along the road 
E of Mölle, on Physconia distorta, on the trunk of old elms, 21 Aug. 
1969, M.S. Christiansen 69.230 (C, herb. Christiansen 5882, 5883). 
Switzerland, Bern, Entre Brienz et Oberried, on P. orbicularis, sur un 
vieux tombeau, 24 May 1994, P. Diederich 4956 (herb.Diederich). UK, 
Wiltshire, Burderop Park, on P. orbicularis, on Fraxinus, Dec. 1972, 
H.J.M. Bowen (K(M) IMI 224496); Huntingdonshire, Glatton, on P. 
orbicularis, 18 Mar. 1977, P.M. Earland-Bennett (K(M) IMI 224497). 
USA, California, San Luis Obispo Co., Santa Magarita Lake Recreation 
Area, E of San Luis Obispo, from Santa Margarita (town), take State Rd. 
58, right on Pozo Rd, about 8 min from Santa Margarita to entrance rd to 
Park, mixed Quercus agrifolia and Q. lobata on hillsides, with scattered 
mossy boulders, on P. orbicularis, 1996, Tucker 35125 p.p. (SBBG); Lake 
Co., Clear Lake State Park, on Soda Bay on S side of Clear Lake, on Soda 
Bay Rd E of Finley near Lakeport, open savanna forest of oak, madrone 
and Umbellularia on slopes around lake, and on large poplars at lake 
edge, on P. orbicularis, 1992, Tucker 31712 p.p. (SBBG). 

Notes: Taeniolella phaeophysciae is the only known lichenicolous 
Taeniolella species with extremely long, mostly unbranched 
and smooth conidiophores and thereby easily distinguishable 
from all other lichenicolous species of this genus. Hawksworth 
(1979) supposed that this fungus is pathogenic, based on his 
observation of infected lobes of the host tending to become 
bleached, which could, however, not be confirmed.

Measurements of conidiophores and conidia given in 
Clauzade et al. (1989), Diederich (1989), Boqueras (2000), 
Montijūnaitė & Anderson (2003) and Nash et al. (2004) are 
within the common range for this species. For one of the 
Lithuanian specimens, Montijūnaitė & Anderson (2003) 
mentioned that T. phaeophysciae was growing together with 
Tremella phaeophysciae on Phaeophyscia orbicularis, but only 
close to the galls and never on the galls themselves.

A re-examination of the Chilean material from R. Santesson 
(deposited in UPS) showed that the material on Pectenia 
gayana, provisionally named Taeniolella degeliana (unpublished 
herbarium name) by R. Santesson, are not sufficiently different 
from T. phaeophysciae to warrant the introduction of a separate 
species. The conidiophores in this specimen are only somewhat 
narrower [20–100 × 6–9(–10) µm].

The material from Greenland on Phaeophyscia constipata 
(herb. Brackel 4214) is in a poor condition and does not allow 
an accurate identification, thus can only be listed as T. cf. 
phaeophysciae.

Taeniolella pseudocyphellariae Etayo, Biblioth. Lichenol. 98: 
247. 2008. Figs 39–41.

Illustration: Etayo & Sancho (2008: figs 116–117).
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Description: Colonies scattered on the surface of thalli, loosely 
to densely caespitose, black, thallus becoming necrotic, turning 
dark brown or black. Mycelium immersed and superficial, 
forming a dense network; hyphae growing around and in algal 
cells, heterogeneous, hyphae inside algal cells (and sometimes 
also those outside) branched, 2–3 µm wide, septate, smooth, 
slightly thickened, 0.25–0.5 µm, subhyaline to pale brown, 
hyphae around algal cells superficial and forming an immersed 
network, 3–6 µm wide, branched, septate, with constrictions 
at the septa, smooth, wall thickened, 0.5–2 µm wide, brown to 
dark brown, fertile hyphae gradually becoming more pigmented. 
Stromata lacking. Conidiophores semi-macronematous to 
macronematous, mononematous, solitary or in small fascicles, 
loosely aggregated, arising from hyphal cells, terminal and 
lateral, erect, straight to slightly flexuous, subcylindrical, 
mostly unbranched, conidiophores with adhering conidia 
12–74 × (5–)6–8(–10) µm, somewhat attenuated towards 
the apex, 2–11-septate, not or only slightly constricted at the 
septa, dark brown, paler towards the apex, wall irregularly 
rough to verrucose, with conspicuous longitudinal splits, but 
without squamules, wall thickened, 0.75–2(–2.5) µm, cell 
plasma sometimes reduced, with a central vacuole-like cavity, 
surrounding plasma giving the impression of very thick, multi-
layered walls, rejuvenation monopodial by enteroblastic 
proliferation, leaving conspicuous annellations, often with 
more than two conspicuous sheath-like wall remnants visible 
as irregular fringe. Conidiogenous cells directly formed by 

enteroblastic proliferation, integrated, terminal, doliiform, 4–11 
µm long, monoblastic, monopodial, conidiogenous loci truncate, 
unthickened, 2–3.5 µm diam. Conidia catenate, in unbranched, 
rarely branched chains, straight to slightly curved, doliiform, 
subcylindrical, ellipsoid, 0–2(–3)-septate, aseptate conidia 8–13 
× 4.5–6 µm, 1-septate ones 10–15(–22) × 5–7 µm, 2-septate 
ones 15–22 × 5–6 µm, 3-septate ones (only a single conidium 
observed) 15 × 5 µm, slightly or not constricted at the septa, 
pale brown to brown, rarely dark brown, ornamentation of the 
outer wall less conspicuous as in conidiophores, wall thickened, 
0.5–1.25 µm, apex rounded to attenuated in primary conidia, 
truncate in secondary ones, base truncate, hila truncate, 
unthickened, not darkened, 2–3.5 µm diam.

Holotype: Chile, Navarino, parque etnobotánico Omora, 54°56'35.0" 
S, 67°39'26.4” W, alt. 20–30 m, sobre Pseudocyphellaria hillii en 
Nothofagus pumilio, 8 Jan. 2005, J. Etayo 22137, L.G. Sancho & A. 
Gómez-Bolea (MAF-Lich 15634-2!).

Host range and distribution: On Nephroma antarcticum, 
Pseudocyphellaria hillii; Argentina (first report, see specimens 
examined), Chile (Etayo & Sancho 2008).

Additional specimens examined: Argentina, Lago Argentino, Seno Mayo, 
alt. ca. 1000 m, on Nephroma antarcticum, Feb. 1959, P.W. James (BM). 
Chile, Navarino, bajada del Cerro Ukika por el rio Guanaco, bosque viejo 
de lengas en vallonata profonda, 54°57'34.0" S, 67°37'46.4" W, alt. 150 m, 

Fig. 39. Taeniolella pseudocyphellariae [holotype]. A. Conidiophores with monopodial rejuvenation. B. Branched conidiophore. C. Conidia. Bar = 10 
µm (B. Heuchert del.).
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Nothofagus pumilio, on N. antarcticum, 16 Jan. 2005, J. Etayo et al. 22570 
(herb. Etayo); Navarino, subida al Cerro Bandiera, desde la base hasta el 
mirador, bosque de lengas viejo con muchos troncos caidos, 54°57'36.0" S, 
67°37'37.5" W, alt. 80–300 m, on Nothofagus pumilio, on Pseudocyphellaria 
hillii, 9 Jan. 2005, J. Etayo 22176, Gómez & Rancho (herb. Etayo).

Notes: Based on the general habit and morphological traits such 
as rough-walled to verrucose conidiophores with percurrent 
monopodial rejuvenation, unthickened conidiogenous loci, 
holoblastic conidiogenesis, and rugose-verruculose conidia 
formed in chains, the South American species Taeniolella 

pseudocyphellariae strongly resembles species of the genus 
Talpapellis (Heuchert et al. 2014). However, percurrent 
proliferations are not uncommon in many Taeniolella species. 
In T. pseudocyphellariae, the terminal annellations seem to 
be connected with direct formation of conidial chains, and 
the conidia have broad truncate bases (not attenuated) as in 
holothallic conidiogenesis. Therefore, we prefer to maintain this 
species in Taeniolella s. lat.

Taeniolella pseudocyphellariae is easily distinguishable from 
all Talpapellis species by having wider conidiophores [12–74 × 
(5–)6–8(–10) µm vs. usually 3–5(–6) µm in other species]. 

Fig. 40. Taeniolella pseudocyphellariae [Etayo 22176]. A. Conidiophores with conspicuous annellation arising from hyphae growing around algal cells. 
B. Conidiophores with monopodial rejuvenation. C. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 41. Taeniolella pseudocyphellariae [A, C, D, G–I: Etayo 22176; B, E, F, J, K: holotype]. A. Macroscopic overview of colony. B. Microscopic overview 
of colony. C. SEM overview of colony. D, E, H–K. Conidiophores with monopodial rejuvenation. F. Conidial chain. G. Tip of conidiophore. Bars: 1 mm 
(A) [photo taken by Paul Diederich], 70 µm (C), 50 µm (B), 20 µm (D), 10 µm (E, F, J, K), 9 µm (H, I), 5 µm (G). 
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Taeniolella pseudocyphellariae is easily distinguishable 
from T. christiansenii, the other species with longitudinal splits 
in the wall of the conidiophores and conidia, by having darker 
superficial hyphae with thicker walls (0.5–2 µm, vs. 0.25–
0.5(–1) µm in T. christiansenii), as well as wider and longer 
conidiophores (12–74 × (5–)6–8(–10) µm vs. 5–55 × 4–7(–9) 
µm in T. christiansenii) with thicker walls (0.75–2(–2.5) µm vs. 
0.5–1.5 µm in T. christiansenii).

The Chilean collection on Nephroma antarcticum 
(Etayo 22570) is sparingly developed. It is very similar to T. 
pseudocyphellariae, but differs in its unusual localization of the 
colonies, which are confined to the lower side of the thallus, and 
in lacking mycelial networks. Other characteristics do not differ 
significantly.

Taeniolella punctata M.S. Christ. & D. Hawksw., Bull. Brit. Mus. 
(Nat. Hist.), Bot. 6: 257. 1979. Figs 42–43.

Literature: Diederich (1989: 253), Clauzade et al. (1989: 121), 
Montijūnaitė & Anderson (2003: 83), Kuznetsova et al. (2013), 
Ertz et al. (2016: 1431–1435).

Illustrations: Hawksworth (1979: 258, fig. 37), Diederich et al. 
(2017a), Ertz et al. (2016: 1432, fig. 9; 1433, fig. 10).

Exsiccatae: Santesson, Fungi Lichenicoli Exs. 371. Vĕzda, Lich. 
Sel. Exs. 1925.

Description: Colonies effuse, brown to black, scattered over the 
host thallus, sometimes in dead or dying portions with grey 
discolorations, loosely punctiform to densely caespitose, in small 
tufts, confluent, up to 0.1 mm, usually without any discoloration 
of the lichen thallus. Mycelium rather sparsely developed; 
hyphae immersed, flexuous, branched, 3–6 µm wide, septate, 
constricted at the septa, subhyaline to pale brown, smooth; 
walls slightly thickened, up to 0.5 µm. Stromata lacking, but with 
some swollen, subglobose rarely aggregated hyphal cells, up to 
6 µm diam. Conidiophores macronematous, mononematous, 
sometimes solitary, but usually 3–10 in small caespitose tufts, 
arising from swollen hyphal cells, straight to slightly flexuous, 
unbranched or mostly once branched at the base, rarely 
branched in the upper third, subcylindrical; conidiophores (with 
adhering conidia) 14–83(–95) × 5–8 µm, 2–25-septate; septa up 
to 0.75 µm thick, slightly constricted at the septa, brown to dark 

Fig. 42. Taeniolella punctata [isotype]. A. Hyphae. B. Conidiophores arising from hyphae or swollen hyphal cells. C. Conidia. Bar = 10 µm (B. Heuchert 
del.).
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brown, paler towards the apex; tips of conidiophores and/or the 
adhering terminal conidium sometimes somewhat swollen, i.e., 
either entire terminal conidium or only conidial tip swollen, up 
to 9 µm wide; wall light microscopically smooth, occasionally 
slightly rugose or verruculose, scanning electron microscopically 
usually verruculose; walls thickened, 1(–1.5) µm, thinner or 

not thickened toward the apex, enteroblastically proliferating 
with obvious sheath-like wall remnants visible as irregular 
collar. Conidiogenous cell integrated, terminal, monoblastic or 
thalloblastic, monopodial, subcylindrical, doliiform, 3–9 µm 
long, little differentiated, loci truncate, unthickened, 2.5–5 
µm diam. Conidia catenate, in unbranched chains, not easily 

Fig. 43. Taeniolella punctata [A: Diederich 16714; B, E, H, K: Diederich 12647; C, D, F, G, I, J: C, herb. Christiansen 5739]. A. Macroscopic overview of 
colonies. B. SEM overview of colony. C, F, H. Conidiophores, (arrows) tips of conidiophores and/or the adhering terminal conidium somewhat swollen. 
G, I, K. Conidia. Bars: 1 mm (A) [photo taken by Paul Diederich], 50 µm (B), 10 µm (C–K).
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disintegrating, conidiophores often breaking off at the base or 
separating into fragments of different sizes, conidia doliiform, 
broad subcylindrical, ellipsoid, (0–)1–3-septate, fragments up 
to 6-septate, aseptate conidia 7–10 × 5–6 µm, 1-septate ones 
8–18 × 5–7 µm, 2-septate ones 10–21 × 5–7 µm, 3-septate 
ones 13–21 × 5–8 µm, 4- to 6-septate fragments 12–28 × 5–7 
µm, mostly constricted at the septa, brown to dark brown, 
wall light microscopically smooth, occasionally slightly rugose 
or verruculose, scanning electron microscopically usually 
verruculose, walls thickened, 0.75–1 µm, apex rounded, 
sometimes swollen in primary conidia, truncate in secondary 
ones, base truncate, sometimes narrowed towards the base, 
hila truncate, unthickened, not darkened, 2–5 µm diam.

Holotype: Denmark, Lolland, Ryde, W of Maribo, in the wood 
Kristianssæde Skov, alt. 9–15 m, on Graphis scripta growing 
on Carpinus, 24 Jul. 1977, M.S. Christiansen 77.140 (K(M) IMI 
225002). Isotype: C, herb. Christiansen 6062!

Host range and distribution: On Arthonia atra, A. radiata, A. 
ruana, Fissurina dumastii, Graphis scripta s. lat., Graphis sp., 
Pertusaria leioplaca, Phaeographis dendritica; Austria (Hafellner 
& Maurer 1994, Berger & Türk 1994, 1995, Hafellner 2008a), 
Belgium (Diederich 1986, van den Boom et al. 1998, Diederich 
& Sérusiaux 2000, Diederich et al. 2017a), Czech Republic 
(Kocourková & van den Boom 2005), Denmark (Hawksworth 
1979, Alstrup et al. 2004), Estonia (Suija 2005, Suija et al. 2007b), 
France (Diederich & Roux 1991, Sparrius et al. 2002, Roux et al. 
2017, Diederich et al. 2017a), Germany (Diederich 1986, John 
1990, Scholz 2000, Bruyn 2001, Triebel & Scholz 2001, Rätzel 
et al. 2003, Eichler & Cezanne 2003, Cezanne & Eichler 2004, 
2015, Bruyn 2005, Kocourková & Brackel 2005, Otte et al. 2006, 
Cezanne et al. 2008, Bruyn et al. 2008, Brackel 2010a, Wirth et 
al. 2010, John et al. 2011, Schiefelbein 2013, Schiefelbein et al. 
2017), Ireland (Fox 2001), Italy (Brackel 2008a, b, 2015), Lithuania 
(Montijūnaitė & Andersson 2003), Luxembourg (Diederich 1986, 
1990a, van den Boom et al. 1998, Diederich & Sérusiaux 2000, 
Diederich et al. 2004, 2017a), the Netherlands (Sparrius 2000, 
Aptroot et al. 2004, www.verspreidingsatlas.nl), Poland (Jando 
& Kukwa 2003, Fałtynowicz 2003, Zalewska & Fałtynowicz 2004, 
Czyżewska et al. 2005, Kukwa 2005, Kukwa & Czarnota 2006, 
Czyżewska et al. 2008, Szymczyk & Zalewska 2008, Schiefelbein 
et al. 2012, Kukwa et al. 2013), Portugal (Azores) (Berger & 
Aptroot 2002, Hafellner 2005, Borges et al. 2010), Russia (Otte 
2004, Kukwa & Jabłońska 2008, Kuznetsova et al. 2013), Spain 
(Etayo 2002, 2006, 2010), Sweden (Santesson 1993), Ukraine 
(Bielczyk et al. 2005), UK (Hawksworth 1990). 

Additional specimens examined: Belgium, Wellin, à 4 km au sud de 
Chanly, ruisseau le Glan, alt. 260 m, tronc de Carpinus, on Arthonia 
atra, 29 Jan. 2012, D. Ertz 17390 (BR, sub A. atra); Prov. Luxembourg: 
St-Hubert, valley of the Masblette, near the Point Mauricy, alt. 320 m, 
ancient mixed woodland by the river, on Graphis scripta, on Fagus, 
5 Jun. 1997, P. Diederich 12647 (herb. Diederich). Denmark, Jutland, 
Yding, WSW of Skanderborg, near the brook "Bjergskov Bæk" in the 
wood "Yding Skov", alt. 100 m, on Arthonia ruana, on the loose bark of a 
young dead Fraxinus, 26 May 1983, M.S. Christiansen 83.020; 83.018 (C, 
herb. Christiansen 2702; 2704); Bornholm, Åkirkeby par., Almindingen, 
Ekkodalen at Fugelsangsrende, on Carpinus betulus in shaded position, 
55°06' N, 14°53' E, on G. scripta, 30 Jun. 1987, M. Wedin 537 (UPS); 
EJ, Østjylland, Ry Nørreskov, Ringhoved, on G. scripta, 13 May 1995, 
V. Alstrup (C, herb. Christiansen 1962); NJ, Himmerland, Ravnkilde, on 

beech in the wood Nörlund skov (Rold Skov), on G. scripta, 31 Oct. 1971, 
M.S. Christiansen (C, herb. Christiansen 2751); NMJ, Salling, Brigshøj, 
Krat, on G. scripta, 22 Oct. 2002, V. Alstrup (C, herb. Christiansen 
5739); Zealand, Nordrupöster, east of Ringsted, on the smooth bark of 
young oak in the woods around the manor house Giesegaard, on G. 
scripta, 14 Sep. 1966, M.S. Christiansen 66.750a (C, herb. Christiansen 
2886); Vemmetofte, in the wood “Vemmetofte Dyrehave”, alt. 5–10 
m, on G. scripta, on Corylus, 6 Aug. 1982, M.S. Christiansen 82.077 (H, 
C, herb. Christiansen 2470, C, herb. Christiansen 2471, M-0043798, 
duplicates distributed in Vĕzda, Lich. Sel. Exs. 1925). Estonia, Ida-Viru 
county, Puhatu Nature reserve, Kivinõmme forestry, deciduous forest, 
59°10’31” N, 27°38'26” E, on G. scripta, on Alnus incana, 2 Sep. 2006, 
A. Suija 123 (TU-45018). France, Pyrénées-Atlantiques, au sud de 
Tardets-Sorholus, Ste-Engrâce, vers Pierre-St-Martin, on G. scripta, 
on Fagus, 17 Jul. 1991, P. Diederich 9521 & J. Etayo (herb. Diederich); 
Pas-de-Calais, forêt domaniale de Desvres, parc. 22, coord. Lambert 
1 562.8/1332.3, alt. 50 m, on G. scripta, on Fraxinus, 10 Aug. 2000, 
P. Diederich 14297 & J. Signoret (herb. Diederich). Germany, Baden-
Württemberg, Nördliches Oberrheintiefland, Hainbuchen-Eschen-
Bestand im Kastenwört WSW von Karlsruhe, alt. 107 m, TK 7015-2, on 
G. scripta, 20 Feb. 2007, R. Cezanne & M. Eichler 7278 (herb. Cezanne-
Eichler); Bavaria, Menterschwaige, bei München, on G. scripta, on bark 
of Carpinus betulus, 1859, A. v. Krempelhuber (M-0043800); Schwaben, 
Günzburg/Donau, Donauauen "Leibi", alt. 446 m, on G. scripta on 
Tilia, 29 Mar. 1963, Doppelbauer (M-0043799); Schwaben, Kreis 
Oberallgäu, Kürnacher Wald W Kempten, Ulmertal, im Mischwald am 
Bach, 8226/4, alt. 820 m, on G. scripta on Fagus sylvatica, 9 Sep. 2004, 
J. Kocourková & W. v. Brackel (herb. Brackel 2983); Kreis Oberallgäu, 
Weißbachtal, SW Oberstaufen, 700 m SW Steinebach, 8425/4, alt. 700 
m, on G. scripta, on Corylus avellana, 10 Sep. 2004, J. Kocourková & 
W. v. Brackel (herb. Brackel 2862); Unterfranken, Kreis Haßberge, ehem. 
Standortübungsplatz Ebern, S Unterpreppach im Eichen-Hainbuchen-
Wald, 5930/2, alt. 300 m, on G. scripta, on Carpinus 19 Oct. 2008, W. v. 
Brackel (herb. Brackel 4803); Rheinland-Pfalz, S Manderscheid, vallée de 
la Kleine Kyll, on G. scripta, on Carpinus, 19 Jun. 1984, P. Diederich 5524 
(herb. Diederich); Baden-Württemberg, Nördliches Oberrheintiefland, 
alter Hainbuchen-Bestand im Kastenwört WSW von Karlsruhe, alt. 107 
m, TK 7015-2, on Pertusaria cf. leioplaca, 20 Feb. 2007, R. Cezanne & 
M. Eichler 7279 (herb. Cezanne-Eichler). Luxembourg, entre Mersch et 
Angelsberg, vallon du Bënzelterbaach, on G. scripta, on Carpinus, 1 Jul. 
1999, P. Diederich 13824 (herb. Diederich); S of Capellen, Jongebësch, 
26 Mar. 2005, on G. scripta, on Carpinus, P. Diederich 16040 (herb. 
Diederich, distributed in Santesson, Fungi Lichenicoli Exs. 371); 
Vogelsmühle, vallon du Halerbaach, rive gauche, on G. scripta, on Fagus, 
9 Dec. 2007, P. Diederich 16718 (herb. Diederich). Portugal, Azores, Pico, 
S of Sao Roque do Pico, forest remnants on the shore of Lagoa Capitao, 
alt. 780 m, 38°29'9" N, 28°18'58" E, on Fissurina dumastii, on Juniperus 
brevifolia, 24 Jul. 2010, P. Diederich 17044 (BR, herb. Diederich); N of 
Najes do Pico, near Lagoa do Paúl, alt. 790 m, 38°25'58" N, 28°13'58" 
W, on F. dumastii, on branches of J. brevifolia, 25 Jul. 2010, P. Diederich 
17027 (herb. Diederich) [Taeniolella cf. punctata]. Spain, Catuluña, 
Prov. Barcelona, km 32 de la carretera de Cantonigros a Olot, alt. 900 
m, on G. scripta, 12 Feb. 1991, P. Diederich 9855 (herb. Diederich). UK, 
Isle of Skye, S Broadford, Kilmore, churchyard and rocks near the sea, 
NG 66 07, on G. scripta, on Corylus, 30 May 1987, P. Diederich 8818 
(herb. Diederich). 

Notes: Hawksworth (1979) and Diederich (1989) considered 
Taeniolella punctata as a true lichenicolous species, which can 
be confirmed on the basis of the examination of numerous 
specimens. The colonies of this species do not penetrate into 
the adjacent bark tissue. The preferred host is Graphis scripta 
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s. lat., but there are additional collections on other hosts (see 
above), confirmed by our phylogenetic analyses for collections 
on Arthonia atra and Pertusaria leioplaca (Ertz et al. 2016: 1424, 
fig. 2). Taeniolella punctata is the only Taeniolella species known 
to occur on Graphis scripta s. lat. The collections on Thelotrema 
lepadinum reported by Diederich (1986) and Clauzade et al. 
(1989) as T. punctata were re-examined and identified as 
belonging to a similar new species, Taeniolella toruloides. 
Compared to Taeniolella punctata, T. toruloides has unbranched 
and shorter conidiophores (6–34 × 4–7 µm, 0-5-septate), lacks 
conspicuously thickened conidial septa, and has conidial chains 
that are not easily disintegrating, but usually toruloid. In our 
phylogenetic analyses (Ertz et al. 2016: 1424, fig. 2), Taeniolella 
punctata clusters with Buelliella minimula and Karschia cezannei 
in an unsupported polytomy. The species is clearly distinct from 
two strains of Taeniolella toruloides isolated from Thelotrema 
antoninii. Unfortunately, we were unable to obtain sequences 
from material on Thelotrema lepadinum for a comparative 
analysis.

We have examined two collections on Fissurina dumastii from 
the Azores with conidiophore and conidium measurements within 

the range of variability of Taeniolella punctata. The transition 
between hyphae and conidiophores is sometimes not very evident 
in this material. We observed brown to dark brown hyphae, in 
addition to the subhyaline to pale brown hyphae typical for T. 
punctata. Hyphal cells are densely aggregated, branched, and up 
to 8 µm wide; the septa are up to 1 µm thick and rarely oblique; 
the wall is smooth and thickened, up to 0.5 µm. The colonies 
sometimes developed on damaged portions of the thallus with 
a grey discoloration. As Fissurina is a recent segregate of Graphis, 
according to Lücking (2009) and Dal-Forno (2009), older records 
of T. punctata on Graphis sp. from the Azores (Berger & Aptroot 
2002, Hafellner 2005, Borges et al. 2010) might also refer to 
material on Fissurina. A specimen on Fissurina dumastii from the 
Azores (P. Diederich 17044) was successfully cultured and does 
not cluster with other sequences of Taeniolella punctata in our 
phylogenetic analyses. However, this specimen is placed close 
to the cluster of T. punctata in a lineage for which the internal 
relationships are poorly supported (Ertz et al. 2016: 1424, fig. 
2). For that reason, and owing to morphological similarities, the 
collections on Fissurina dumastii from the Azores are referred to 
as Taeniolella cf. punctata (Fig. 44).

Fig. 44. Taeniolella cf. punctata on Fissurina dumastii [Diederich 17044]. A. Hyphae. B. Conidiophores arising from hyphae or swollen hyphal cells. 
C. Conidia. Bar = 10 µm (B. Heuchert del.)
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The wall of conidiophores and conidia in Taeniolella punctata 
appears to be smooth by light microscopy, as described in 
Hawksworth (1979), Diederich (1989) and Montijūnaitė & 
Andersson (2003), but we occasionally observed slightly rugose 
or verrucose walls. Examination by scanning electron microscopy 
showed that the wall is usually finely verruculose.

Taeniolella caespitosa is very similar to T. punctata; the 
two species are barely distinguishable using dimensions of 
conidiophores and conidia. Conidiophores in T. punctata are 
slightly longer (14–83(–95) × 5–8 µm, vs. 7–71(–81) × (4.5–)5–8 
µm). In T. punctata the tips of the conidiophores and/or the 
adhering terminal conidium are also occasionally swollen up to 
9 µm wide (see arrows in Fig. 43). The wall of the conidiophores 
in the examined material of T. caespitosa is mostly smooth, 
occasionally somewhat irregularly rough, but without cracks and 
squamules, whereas in T. punctata the conidiophore wall can be 
smooth, slightly rugose or verruculose. The dimorphic mycelium 
of T. caespitosa is composed of pale brown, flexuous to tortuous, 
1.5–3 µm wide, smooth and thick-walled hyphae that penetrate 
the host thallus, as well as of subhyaline to pale brown, densely 
aggregated, 3–10 µm wide, irregularly shaped, thin-walled, 
hyphae with a granular surface entering the underlying cortex 
cells. In the latter case, the hyphae are developed only around 
the base of conidiophores. Such dimorphic hyphae are unknown 
in Taeniolella punctata. 

In addition to the discussed differences, T. punctata grows 
preferably on Graphis scripta and only rarely on other hosts 
such as Pertusaria leioplaca, whereas T. caespitosa is probably 
confined to Pertusaria spp. In our phylogenetic analysis (Ertz 
et al. 2016), a single specimen from Germany on Pertusaria 
leioplaca (CPS 14809 = Cezanne-Eichler 7279) proved to belong 
to T. punctata, which is in accordance with the morphology 
of this sample, above all the lacking formation of immersed 
dimorphic hyphae.

Taeniolella pyrenulae Heuchert & Diederich, Fungal Biology 
120: 1435. 2016. Figs 45–46.

Illustrations: Ertz et al. (2016: 1436, fig. 12; 1437, fig. 13).

Descriptions: Colonies on the surface of thalli and perithecia, in 
weak infections forming small tufts, effuse, confluent, loosely 
caespitose, in severe infections densely caespitose over the 
entire lichen thallus, black; thallus without any discoloration. 
Mycelium immersed; hyphae flexuous, branched, 2–7µm wide, 
septate, mostly constricted at the septa, pale brown to brown, 
more intensively pigmented below the conidiophores, smooth, 
walls thickened, 0.25–0.5 µm wide. Stromata lacking, but with 
swollen, rarely aggregated hyphal cells, subglobose, ellipsoid 
or square, 3–6 µm diam. Conidiophores semi-micronematous, 
usually reduced to conidiogenous cells, not easily distinguishable 
from swollen hyphal cells, mononematous, solitary or in small 
groups, erect, straight, unbranched, subcylindrical, ovoid, 
doliiform, 3–7 µm long and wide, aseptate, brown, thick-
walled, 0.25–0.5 µm wide, smooth. Conidiophores aseptate, 
i.e., reduced to conidiogenous cells, monoblastic, monopodial, 
conidiogenous loci truncate, unthickened, 2–4 µm diam. Conidia 
catenate, long-adhering in unbranched chains, not easily 
disarticulating, chains up to 100 µm long, but later disintegrating 
into fragments of different sizes, conidia usually easily discernible 
within the chain by obvious constrictions between individual 
conidia, enteroblastically proliferating with obvious sheath-

like wall remnants visible as irregular collar, straight, ellipsoid, 
subcylindrical to broad subcylindrical, doliiform, pyriform, 
ovoid, 1–4-septate, septa often conspicuously thickened, up to 
1.25 µm, 1-septate ones 6–14 × 5–8 µm, 2-septate ones 11–20 × 
5–8 µm, 3-septate ones 15–25 × 6–7 µm, 4-septate ones 18–33 
× 6–8(–9) µm, slightly or not constricted at the septa, brown to 
dark brown, wall thickened, 0.5–2 µm wide, sometimes distinctly 
multi-layered, usually clearly structured, verrucose-rugose, 
sometimes rimulose, apex rounded in primary conidia, truncate 
in secondary ones, base truncate, sometimes narrowed, hila 
truncate, unthickened, not darkened, 1.5–4(–5) µm diam.

Holotype: Portugal, Azores, Pico, between Lajes do Pico and Sao 
Roque do Pico, Bosque da Junqueira, 1 km S of crossing with 
road going to the east, 38°27'56" N, 28°17'57" W, on Pyrenula cf. 
hibernica, on Vaccinium cylindraceum, in laurisilva, 26 Jul. 2010, 
P. Diederich 17075 (BR!). Isotypes: HAL 3032 F, 3185 F, herb. 
Diederich!

Host range and distribution: On Pyrenula cf. hibernica, P. 
laevigata; Portugal (Azores) (Ertz et al. 2016), Russia (Ertz et al. 
2016). N.B.: Taeniolella pyrenulae does not colonize Pyrenula 
dermatodes, also present in the type specimen.

Additional specimens examined: Russia, Republic Adygeja, Majkopskij 
Rajon, Gebiet des Berges Bol. Tcvač, Talgrund beim Lagerplatz am 
oberen Nal-Sachrai, 44°06' N, 40°24' E, alt. ca. 950 m, on Pyrenula 
laevigata, on Alnus incana, 24 Aug. 2003, V. Otte (GLM-F23601); Gebiet 
des Berges Bol. Tcvač, Talgrund beim Bache Bol. Sachrai oberhalb der 
letzten Furt vor dem Zusammenfluss mit dem Nal-Sachrai, 44°05'30" 
N, 40°23' E, alt. ca. 920 m, an jungen noch glattrindigen Acer cf. 
trautvetteri/pseudoplatanus, on P. laevigata, 30 Aug. 2003, V. Otte 
(GLM-F23720); ibid., an totem jungen Ulmus, on P. laevigata, 30 Aug. 
2003, V. Otte (GLM-F23609). Portugal, Azores, Pico, NW of Lages, near 
Cabeço do Farrobo, 38°26'29" N, 28°16'17" W, alt. ca. 600 m, trunk in 
remnants of laurisilva along a road, on Pyrenula sp., 25 Aug. 2011, D. 
Ertz 16807 (BR).

Notes: All collections from Russia are less well-developed: the 
conidial chains are often shorter and the walls are less thickened 
and less structured. In specimen GLM-F23609 from Russia, 
aseptate, smooth conidia (7–8 × 4.5–5.5 µm) were occasionally 
observed. All other features agree with those of the other 
specimens. Therefore, the collections from Russia and from the 
Azores are assigned to the same species. 

Taeniolella friesii, currently known only on Strigula 
stigmatella, is similar to T. pyrenulae. Conidiophores are 
also micronematous and conidia are solitary or in short 
disarticulating chains. However, T. friesii is easily distinguishable 
from T. pyrenulae by having distinctly shorter and narrower 
conidia (e.g., 2-septate ones 10–12 × 4–5 µm, vs. 11–20 × 5–8 
µm in T. pyrenulae).

Taeniolella toruloides on Thelotrema is also similar to T. 
pyrenulae by having conidia that adhere in long firm chains 
up to 100 µm, but conidia are usually distinctly narrower 
(e.g., 2-septate ones 14–22 × 4.5–6 µm, vs. 11–20 × 5–8 µm 
in T. pyrenulae). Additionally, T. toruloides conidia are mostly 
smooth, excepting older ones that may be verrucose and with 
single cracks, compared to the textured conidia of T. pyrenulae.

The holotype of T. pyrenulae was successfully cultured 
and sequenced. It is the sister species to two unidentified 
lichenicolous Melaspilea s. lat. specimens from D.R. Congo 
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Fig. 45. Taeniolella pyrenulae [holotype]. A. Hyphae with semi-micronematous conidiophores and adhering conidia. B. Conidial chains. C. Conidia and 
fragments of conidial chains. Bar = 10 μm (B. Heuchert del.).
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Fig. 46. Taeniolella pyrenulae [holotype]. A. Macroscopic overview of colony. B. SEM overview of colony. C, D, G–J. Conidia and conidial chains. E–F. 
Semi-micronematous conidiophores (swollen hyphal cells) with adhering conidia. Bars: 1 mm (A) [photo taken by Paul Diederich], 70 μm (B), 20 μm 
(D, J), 10 μm (C, E–I).
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growing on Pyrenula. However, this relationship is only 
supported by the Bayesian analysis.

Taeniolella rolfii Diederich & Zhurb., Symb. Bot. Upsal. 32: 11. 
1997. Figs 47–50.

Literature: Diederich & Zhurbenko (2001: 37–40).

Illustrations: Diederich & Zhurbenko (1997: 12–15, figs 1–4).

Exsiccatum: Norrlin, Herb. Lich. Fenn. 365.

Description: Conidiophores aggregated in delimited, gall-like 
swellings, capitate, mainly apical on the lobes (typical habit 
in Cetraria odontella, C. muricata, C. nigricans), labriform, 
mainly marginal on the lobes (typical habit in C. islandica, C. 
aculeata, Cetrariella delisei), convex, ± rounded, broad ellipsoid 
or oblong, 0.2–1(–1.5) mm diam, greenish brown, olive-brown 
to dark brown, sometimes grey-brown, woolly to caespitose, 
gall-like swellings inside completely white or whitish due the 
naked host medulla, without any discolorations of the lichen 
thallus. Mycelium forming a dense network; hyphae, flexuous, 
differentiation between the hyphae of the host and those 
of T. rolfii not possible, hyphae distinct, branched, 2–8 µm 
wide, septate, sometimes slightly to clearly constricted at the 
septa, hyaline, subhyaline to pale brown, lumen with greenish 
granular pigmentation, wall sometimes smooth, but mostly 
conspicuously rough, verrucose, near conidiophores becoming 

rhagadiose-squamulose to squamose, squamules 1–5 µm 
wide, often detached, wall 0.5–3 µm thick, cell plasma mostly 
reduced, with a central vacuole-like cavity. Stromata lacking. 
Conidiophores semi-macronematous, mononematous, solitary 
or aggregated in dense caespituli, arising from hyphae, 
terminal and lateral, erect, sometimes curved, straight to 
slightly flexuous, usually unbranched or once branched in 
the lower or rarely upper part, subcylindrical, 9–122 × 4–6.5 
µm, (0–)1–16-septate, constricted at the septa, frequently 
every second septum more strongly constricted, transition 
between subhyaline hyphae and pigmented conidiophores 
more or less abrupt, conidiophores pale brown below, dark 
brown above, walls similar to those of hyphae, rarely almost 
smooth, but usually conspicuously rough, rugose or irregularly 
verrucose, rhagadiose-squamulose to squamose, squamules 
irregularly shaped, 1–8 µm wide, often detached, wall 0.5–2 
µm thick, with a granular inner pigmentation, frequently 1 to 
3 times enteroblastically proliferating with obvious sheath-
like wall remnants visible as irregular fringe. Conidiogenous 
cells integrated, terminal, rarely intercalary, doliiform or 
subcylindrical, mostly monoblastic or thalloblastic, rarely 
polyblastic with two loci, usually monopodial, 4–13 µm long, 
loci truncate to convex, unthickened, 2–4 µm wide. Conidia 
catenate, mostly in unbranched, sometimes in branched, rather 
persistent acropetal chains, distinction between conidiophores 
and long chains of conidia difficult, conidia straight or slightly 
curved, doliiform, ellipsoid, subcylindrical, 0–2(–3)-septate, 
aseptate conidia 5–10 × 3.5–6(–7) µm, 1-septate ones 7–18 

Fig. 47. Taeniolella rolfii [holotype]. A. Conidiophores arising from hyphae. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 48. Taeniolella rolfii [1: LE 207583; 2: LE 207585]. A. Conidiophores arising from hyphae. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 49. Taeniolella rolfii [H-NYL 36335]. A. Hyphae. B. Conidiophores arising from hyphae. C. Conidiophores. D. Conidia. Bar = 10 µm (B. Heuchert 
del.).
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Fig. 50. Taeniolella rolfii [A, E, I, J, L: isotype; B: holotype; C, F, K, H: H-NYL 36335; D, G: LE 207585]. A. Macroscopic overview of colonies. B. Microscopic 
overview. C–F, H. Conidiophores arising from hyphae. G. Surface ornamentation of conidiophores. I–L. Conidia. Bars: 1 mm (A) [photo taken by Paul 
Diederich], 50 µm (B), 20 µm (D), 10 µm (C, E–H).
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× 4–6 µm, 2-septate ones 10–19 × 4–6 µm, 3-septate ones 
16–22 × 5–5.5 µm, slightly to more conspicuously constricted 
at the septa, brown to dark brown, walls similar to those of 
the conidiophores, conspicuously rough, rugose or irregularly 
verrucose, rhagadiose-squamulose to squamose, squamules 
irregularly shaped, 1–8 µm wide, sometimes detached, wall 
0.5–1.5 µm thick, with a granular inner pigmentation, cell plasma 
sometimes reduced, with a central vacuole-like cavity, apex 
rounded in primary conidia, truncate in secondary ones, base 
truncate, hila truncate, unthickened, not darkened, 2–4 µm wide.

Holotype: Russia, near the coast of Severnaya Zemlya, on a small 
island in the Vil’kitskogo Strait, on Cetraria nigricans, Aug. 1951, 
A. Musina (LE 207586!). Isotype: herb. Diederich!

Host range and distribution: On Cetraria aculeata, C. islandica, 
C. muricata, C. nigricans, C. odontella, Cetrariella delisei; Canada 
(Diederich & Zhurbenko 2001, Zhurbenko 2013, Freebury 
2014), Finland (Kärnefelt 1979, Diederich & Zhurbenko 2001, 
Santesson et al. 2004, Nordin et al. 2010), Greenland (Diederich 
& Zhurbenko 2001), Mongolia (Diederich & Zhurbenko 2001), 
Norway (Santesson et al. 2004 (”Lynge 1921”), Nordin et al. 
2010), Poland (Kukwa et al. 2010), Russia (Andreev et al. 1996, 
Karatygin et al. 1999, Diederich & Zhurbenko 1997, 2001, 
Kristinsson et al. 2006, 2010, Zhurbenko 2001, 2007, 2008), 
Sweden (Diederich & Zhurbenko 2001, Santesson et al. 2004, 
Nordin et al. 2010), UK (Hawksworth 2003), USA (Diederich & 
Zhurbenko 2001, Zhurbenko 2009, Esslinger 2016, 2018).

Additional specimens examined: Canada, Nunavut, Cambridge Bay, 
Victoria Is., 69°12'13" N, 104°47'18" W, in wet low shrub-graminoid 
thicket, on Cetrariella delisei, 24 Jul. 1999, W. Gould (LE s.n.); Nunavut, 
Cambridge Bay, Victoria Is., 69°11'35" N, 104°45'40" W, in Cassiope 
heath, on Cetraria islandica, 25 Jul. 1999, W. Gould (LE 210241). Finland, 
in monte Pallastunturit Lapponiæ Kemensis, on Cetraria nigricans, 1877, 
Hj. Hjelt & R. Hult, Norrlin, Herb. Lich. Fenn. 365 (H) as C. nigricans var. 
spilomorphoroides; Lapponia, on C. nigricans, 1879, Silén 504e (H-NYL 
36335, lectotype of C. nigricans var. spilomorphoroides, designated by 
Kärnefelt 1979); Regio kuusamoënsis, Salla k:n, Pallatunturi, kalfjallet, 
på hallae, on C. nigricans, 19 Aug. 1936, Sten Ahlner (UPS) as C. nigricans 
var. spilomorphoroides; Tavastia australis, Luhanka, on Cetraria 
odontella, 1873, E. Lang (H-NYL 36319, isolectotype of C. odontella 
var. spilomophora, selected by Kärnefelt 1986). Mongolia, Khangai 
Upland, Arakhantai Region (“aimak”), Bulgan District (“somon”), pass 
through Khantai Range between the headwaters of Ured-Tamir and 
Tuin-gol Rivers, ca. 47° N, 100° E, alt. 2650 m, Kobrezia-meadow, on 
Cetraria aculeata, 23 Aug. 1977, L.G. Byazrov 7464 (LE 210244). Russia, 
Murmansk Region, Kola Peninsula, Khibiny Mts., 6 km N of Kirovsk, 
western slope of Mt. Kukisvumchorr, 67°40' N, 33°40' E, alt. 500 m, 
combination of mountain tundra with subalpine Betula-forest, on C. 
aculeata, 13 Aug. 1997, M. Zhurbenko 9710 (LE 207582, LE 207583); 
E Siberia, Sakha-Yakutiya Republic, Lena River delta, 3 km W of Cape 
Krest-Tumsa, Stolb (Ebe-Khaya) Is., 72°24' N, 126°40' E, alt. 50 m, tundra 
on steep rocky slope, on C. islandica, 12 Aug. 1998, M. Zhurbenko 9873 
(LE); Arkhangel’sk Region: Nenets Autonomous District ("Okrug"), NW 
of Malozemel'skaya Tundra, Timan coast, eastern bank of Peschanka-To 
Lake by the right bank of the Peschanka River, 68°46' N, 53°10' E, dwarf-
shrub-lichen tundra on sand terrace, on Cetraria muricata, 5 Jul. 1997, 
O.V. Lavrinenko 107 (LE 210245); Murmansk Region, Kola Peninsula, 17 
km N of Tumannyi settlement, 69°01' N, 35°46' E, alt. 100 m, Betula 
nana-dwarf shrub-moss-lichen tundra on high sandy terrace along the 
Voron’ya River, on C. muricata, 10 Sep. 1997, M. Zhurbenko 9728 (LE 

207584); Krasnoyarsk Territory, Izvestii TsIK Archipelago in Kara Sea, 
Troinoi Is., ca. 76°00' N, 82°50' E, alt. 20 m, on C. nigricans, 10 Jul. 1992, 
Y.P. Kozhevnikov (LE 207585; herb. Diederich); W Siberia, left bank of 
the Enisey River, near Zotino settlement, ca. 61° N, 89°50' E, alt. 100 
m, lichen Pinus forest, on Cetraria odontella, 16 Jun. 1992, V.B. Kuvajev 
1819 (LE 210243); Krasnoyarsk Territory, north of Central Siberia, 
Severnaya Zemlya Archipelago, NW extremity of Bol'shevik Is., unnamed 
peninsula with Cape Baranova at eastern coast of Shokal'skogo Strait, 
lichen-moss polygonal net on coastal terrace, 79°16' N, 101°40' E, alt. 10 
m, on Cetrariella delisei, 14 Jul. 1996, M. Zhurbenko 96342 (LE 210242).

Notes: Based on several collections on various Cetraria spp., 
Taeniolella rolfii was described by Diederich & Zhurbenko (1997). 
During the course of the examination of numerous collections, 
they lectotypified Cetraria odontella var. spilomorpha, C. 
odontella var. sorediata, C. nigricans var. spilomorphoides, C. 
nigricans ssp. capitata, C. capitata and Cornicularia racemose. 
These taxa were considered to be introduced due to symptoms 
caused by the occurrence of T. rolfii, on thalli of the hosts 
(Diederich & Zhurbenko 2001). 

Thus, C. odontella var. sorediata and C. odontella var. 
spilomorpha were reduced to synonymy with C. odontella, 
whereas C. capitata, C. nigricans ssp. capitata and C. nigricans 
var. spilomorphoides were considered to be synonyms of C. 
nigricans, and Cornicularia racemosa was assigned to Cetraria 
aculeata. The status of some additional older names, possibly 
also based on the occurrence of T. rolfii (e.g., C. islandica f. 
soralifera), is not yet clear since the type collections concerned 
have not been available to Diederich & Zhurbenko (2001).

The report of T. rolfii from Norway (Santesson et al. 2004) 
refers to Lynge (1921: 186), published as “Cetraria odontella, 
sometimes sorediate”.

Taeniolella rolfii resembles T. serusiauxii, but differs in having 
often longer and wider conidiophores (12–122 × 4–6.5 µm vs. 
9–61(–80) × 2.5–5(–5.5) µm in T. serusiauxii) with rimulose 
to squamulose outer walls forming deep cracks. In T. rolfii, 
conspicuous germ tubes as often seen in T. serusiauxii could 
not be observed. In contrast to statements in Diederich (1992) 
and Diederich & Zhurbenko (1997), dimensions of conidia in 
both species are rather similar. There are also similarities in the 
ornamentation of the outer walls of conidia, but T. rolfii is easily 
distinguishable by inducing convex gall-like swellings on the 
margin of the host thallus (Diederich & Zhurbenko 1997), and by 
forming dark brown colonies. The colonies of T. serusiauxii are dark 
reddish brown, scattered or circular (up to 1 mm diam) to linearly 
aggregated and confluent on the surface of the lichen thallus. 
Furthermore, hyphae of T. serusiauxii are significantly different 
from the host thallus and narrower and smoother than those of 
T. rolfii. Additionally, T. rolfii is widespread in northern Europe and 
Canada on different species of Cetraria and Cetrariella, which are 
unknown as hosts for T. serusiauxii. The latter species is known 
from Brazil, France, Papua New Guinea, and Tanzania.

Taeniolella atricerebrina (Hafellner 2007) is the only other 
Taeniolella species that causes galls. The black, sometimes 
glossy galls, mostly arising from flanks of areoles, are 0.5–1.2 
mm diam when young and up to 4 mm diam when old. Hyphae 
penetrating the galls are flexuous, toruloid, brown to dark brown, 
with walls 0.5–1 µm thick and slightly rimulose. Conidiophores 
in T. atricerebrina are shorter and wider (15–47 × 5–10 (–12) µm 
vs. 12–122 × 4–6.5 µm in T. rolfii) and its conidia are usually also 
wider. Taeniolella atricerebrina is only known on Tephromela 
atra from Austria and Poland.
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Taeniolella santessonii, known only from the type specimen 
collected in Peru, is another species that forms sporodochioid 
colonies, but its conidiophores are shorter (5–38 × 5–7 µm) and 
conidia are usually wider, 5–8 µm (in T. rolfii 3.5–6(–7) µm).

Function, status and habit of T. rolfii are still unclear 
and have to be verified by means of culture experiments or 
molecular methods. However, examinations of various samples 
assigned to this species led to the hypothesis that T. rolfii 
probably represents an asexual morph of the mycobionts of 
the particular “host species”, i.e., of the Cetraria or Cetrariella 
species involved. Several microscopic characters, such as 
a continuous, gradual development from colourless, well-
structured vegetative hyphae to pigmented conidiophores 
with a coarse surface structure and a lacking differentiation 
between vegetative hyphae of the mycobiont and the potential 
lichenicolous fungus (parasymbiont) are in favour of this 
assumption.

The formation of anamorphs by lichen mycobionts, mainly 
belonging to ascomycetes, is known and not unusual, above 
all the presence of pycnidia, which are, for instance, not 
uncommon in Cetraria (Kärnefelt et al. 1993), Gyalectidium 
and Gomphillus spp. (Ferraro 2004), as well as Inoderma (Frisch 
et al. 2015). Evidence for hyphomycetous asexual morphs 
of lichen-forming fungi is very limited (Vobis & Hawksworth 
1981). Hyphomycetous asexual morphs seem to be extremely 
rare among lichen-forming ascomycetes with known sexual 
morphs (Honegger 1985, Ertz et al. 2011). Hyphomycetous 
asexual morphs ascribed to lichen species have been reported 
and described by various authors, including Tschermak-Woess 
& Poelt (1976), Coppins (1987), Sérusiaux (1979), Hestmark 
(1990), Kirk et al. (2001), Aptroot et al. (2007), and Frisch et 
al. (2015). The term “diahypha” introduced by Vězda (1973) 
refers to the currently used term “hyphophore” (Ferrara 2004). 
These structures are synnematous or sporodochial conidiomata 
widespread within the Gomphillaceae. Kirk et al. (2001) defined 
hyphophores as “erect stalked peltate asexual sporophores in the 
Asterothyriaceae” (e.g., Echinoplaca, Gyalideopsis, Tricharia). In 
any case, such structures are undoubtedly not rare within the 
Gomphillaceae and have to be considered as asexual morphs of 
the mycobionts.

Coniocybe furfuracea is one of the few lichens with a sexual 
morph and a hyphomycetous asexual morph. Erect hyphae 
(conidiophores), mainly found in specimens collected in late 
winter or spring (March to April), produce a mass of conidia, 
often in chains. Honegger (1985) confirmed the connection 
between asexual and sexual morphs in culture experiments. 
Based on morphological and molecular evidence the genus 
Blarneya, known to produce only sporodochia, was synonymized 
with Tylophoron, a lichenized genus forming ascomata (Ertz et 
al. 2011).

Taeniolella santessonii Etayo & Heuchert, Bull. Soc. Linn. 
Provence 61: 38. 2010. Figs 51–52.

Illustration: Etayo (2010a: 39, figs 29–30).

Description: Colonies on the surface of the thallus, becoming 
black-gray and necrotic, colonies black, variable, ranging 
from sporodochioid, subglobose-oval, planate-convex, up 
to 0.75 mm diam, to effuse, confluent, pulverulent, sooty-
granular. Mycelium immersed; hyphae branched, 2–5 µm 
wide, septate, with slight constrictions at the septa, hyaline 

to subhyaline, rarely pale brown, fertile hyphae gradually 
becoming more pigmented, smooth, wall thickened, 0.5–1 
µm wide, lumina reduced. Stromata lacking. Conidiophores 
semi-macronematous, mononematous, solitary or in small 
fascicles, densely aggregated, arising from hyphal cells, 
erect, straight to slightly flexuous, doliiform, subcylindrical or 
cylindrical, mostly unbranched or occasionally once branched 
in the lower part, conidiophores (without adhering conidia) 
5–21 × 5–7 µm, 0–2-septate, slightly constricted at the septa, 
conidiophores with adhering conidia 25–38 × 5–7 µm or even 
longer, 4–7-septate, pale brown to brown, surface granular, 
outer wall irregularly rough-walled, soon becoming rimulose 
to strongly sculptured, rhagadiose-squamulose to squamous, 
squamules loose, 1–4 × 2–7 µm, up to 1.5 µm thick, wall 
thickened, 0.75–1.75 µm, cell plasma mostly reduced, with 
a central vacuole-like cavity, surrounding plasma giving the 
impression of thick walls, enteroblastically proliferating 
with obvious sheath-like wall remnants visible as irregular 
fringe. Conidiogenous cells little differentiated, integrated, 
terminal, doliiform, 5–10 µm long, thalloblastic, monopodial, 
conidiogenous loci truncate, unthickened, 2–3.5 µm diam. 
Conidia catenate, mostly in unbranched, rarely in branched 
chains, straight, doliiform, subglobose, subcylindrical, 
0–3-septate, aseptate conidia 7–11 × 5–7 µm, 1-septate 
ones 10–16 × 5–7.5 µm, 2-septate ones 16–17 × 7–8 µm, 
3-septate ones 17–21 × 7–7.5 µm, slightly or not constricted 
at the septa, dark brown, ornamentation of the wall as in 
conidiophores, wall thickened, 0.75–1.5 µm, lumen less 
reduced than in hyphae and conidiophores, apex rounded to 
attenuated in primary conidia, truncate in secondary ones, 
base truncate to slightly obconically truncate, hila truncate, 
unthickened, not darkened, (2–)2.5–4 µm diam.

Holotype: Peru, Prov. Cañete, dep. Lima, mountain 2–3 km NE 
of Cerro Azul, 13°2' S, 76°28' W, alt. ca. 300 m, on Roccellina 
cerebriformis f. sorediata (?), 9 Mar. 1981, R. Santesson & G. 
Thor P69:45 (UPS!).

Host range and distribution: On Roccellina cerebriformis f. 
sorediata (?); Peru (Etayo 2010a), known only from the type 
collection.

Notes: The transition between hyphae and conidiophores is 
more or less clearly discernable since the conidiophores are 
obviously pigmented (pale brown to brown), whereas the hyphae 
are subhyaline, and become only gradually more pigmented in 
fertile portions towards conidiophores. The transition between 
conidiophores and conidia is less obvious. The outer wall of the 
conidia is obviously more rhagadiose than in the conidiophores 
which become distinctly rhagadiose with age. The colonies are 
rather variable, ranging from distinctly sporodochioid, convex to 
effuse and confluent.

The South American Taeniolella santessonii is similar 
to the European T. pertusariicola, but the two species 
are geographically clearly separated, morphological 
differentiated, and ecologically distinct, viz., they occur 
on host species of two different unrelated families. T. 
pertusariicola is characterised by its consistently effuse 
colonies, pale brown to brown hyphae, and conidia with 
small squamules 1–3 µm diam (vs. colonies at least partly 
sporodochioid, hyphae hyaline or subhyaline and squamules 
larger, 2–7 × 1–4 µm in T. santessonii).
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There are several additional species that induce the 
formation of sporodochioid colonies or colonies on gall-like 
swellings. Taeniolella rolfii, widespread in northern Europe 
and Canada on different species of Cetraria, induce gall-like 
swellings, 0.2–1(–1.5) mm wide, but its conidiophores are 
obviously longer (9–122 × 4–6.5 µm) and the conidia are 
usually narrower, 3.5–6(–7) µm wide (in T. santessonii 5–8 µm). 
Furthermore, doliiform and subglobose conidia are lacking 
in T. rolfii. Infections by Taeniolella atricerebrina obviously 

induce the formation of galls on the host (Hafellner 2007). 
Young galls are 0.5–1.2 mm diam, older galls up 4 mm diam. 
The colonies are effuse on the surface of the galls. Pale brown 
vegetative hyphae distinguishable from host hyphae are only 
intramatrical. Furthermore, the squamules of the outer wall of 
T. atricerebrina are somewhat smaller, 1–4 µm wide, and the 
conidiophores are wider, 5–9 µm, up to 12 µm at the very base 
(vs. 5–7 µm in T. santessonii).

Fig. 51. Taeniolella santessonii [holotype]. A. Conidiophores arising from hyphae. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 52. Taeniolella santessonii [holotype]. A. Macroscopic overview of colonies. B. SEM overview of colony. C, E. Conidiophores arising from hyphae. 
D. Rhagadiose-squamulose surface of conidia. F–K. Conidia and conidial chains. Bars: 1 mm (A) [photo taken by Paul Diederich], 30 µm (B), 10 µm 
(C–K).
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Taeniolella serusiauxii Diederich, Bull. Soc. Nat. Luxemb. 93: 
158. 1992. Figs 53–54.

Illustration: Diederich (1992: 159–161, figs 3–5).

Exsiccatae: Santesson, Fungi Lichenicoli Exs. 175, 247.

Description: Colonies on the surface of the host thallus scattered 
or circular (up to 1 mm diam) to linearly aggregated, confluent, 
dark reddish brown, caespitose, without any discolorations 
of the lichen thallus. Mycelium inconspicuous, immersed and 
partly superficial; hyphae, flexuous, branched, 1–2.5 µm wide, 
rarely septate, without constrictions or slightly constricted at 
the septa, hyaline to subhyaline, smooth, walls unthickened 
or slightly thickened. Stromata lacking. Conidiophores semi-
macronematous, mononematous, solitary, arising from hyphae, 
lateral and terminal, erect, straight to slightly flexuous, mostly 
unbranched, occasionally branched, mostly in the lower part, 
subcylindrical, 9–61(–80) × 2.5–5(–5.5) µm, 0–5-septate, often 
constricted at the septa, subhyaline to pale brown, verruculose 
to verrucose, wall somewhat thickened, 0.5–0.75 µm, with a 
granular inner pigmentation, enteroblastical proliferation not 
observed. Conidiogenous cells integrated, terminal, doliiform or 
subcylindrical, monoblastic to thalloblastic, monopodial, 6–25 
µm long, loci truncate, unthickened, 1.5–3 µm diam. Conidia 
catenate, mostly in unbranched, sometimes in branched, rather 
persistent acropetal chains, not easily disintegrating, straight, 
ellipsoid, subcylindrical, 0–1(–2)-septate, aseptate conidia 5–14 × 
3.5–6 µm, 1-septate ones 7–22 × 4–6.5 µm, 2-septate ones 19 × 6 
µm, constricted at the septa, pale brown to brown, wall irregularly 
rough-walled, soon becoming rimulose to strongly sculptured, 
rhagadiose-squamulose to squamose, coarse ornamentation 
above all very evident in older conidia, squamules 0.5–5 µm 
wide, irregularly shaped, squamules firm, not detached, with a 
granular inner pigmentation, wall thickened, up to 1 µm, apex 
rounded in primary conidia, truncate in secondary ones, base 
somewhat obconically truncate, hila truncate, unthickened, not 
darkened, 2–3.5 µm diam, conidia often germinating, germ tubes 
subhyaline, up to 50 × 1.5–2 µm, smooth, unthickened.

Holotype: France, dép. Landes, Thétieu (E de Dax), vallée de 
l'Adour, alt. 10–15 m, chênaie riveraine établie au détriment 
d`une ormaie-frênaie, on Dendrographa decolorans, Jul.–Aug. 
1985, E. Sérusiaux 7461 (LG!). Isotype: herb. P. Diederich!

Host range and distribution: On Dendrographa decolorans, 
Tylophoron moderatum, T. protrudens, unidentified sterile 
corticolous, crustose lichens sometimes with Trentepohlia; 
Brazil, British Overseas Territories (first report, see specimens 
examined), France (Diederich 1992, Roux et al. 2017), Papua New 
Guinea (Aptroot et al. 1997, Aptroot 2009), Tanzania (Santesson 
1994a, b), USA (Diederich 2003, Esslinger 2016, 2018).

Additional specimens examined: Brazil, Minas Gerais, Catas Altas, Serra 
do Caraça, Parque Natural do Caraça near Gruta de Lourdes, alt. ca. 1450 
m, on sandstone, 20°06' S, 43°29' W, on Tylophoron moderatum, 19 Sep. 
1997, A. Aptroot 41554 (BR); São Paulo, Serra da Mantiqueira, Campos 
do Jordão, alt. ca. 1500 m, 22°40' S, 45°30' W, in Araucaria forest, on 
T. moderatum, on Araucaria, 25/26 Sep 1997, A. Aptroot 41742 (BR). 
British Overseas Territories, St. Helena, Peak Dale, near old Luffkins, 
slope with large basalt boulders and trees, 15°59.422' S, 5°44.719' W 
(AstroDos 71/4), alt. 600–700 m, on rock, on an unidentified sterile lichen 

thallus, 21 Oct. 2006, A. Aptroot 66494 (BR). France, dép. Landes, same 
locality as type, E. Sérusiaux 7462, 7463 (LG – topotypes). Papua New 
Guinea, Northern Province, Owen Stanley Range, Myola, surroundings of 
guesthouse, 9°09' S, 147°46' E, alt. 2100 m, scattered trees in grassland, 
fences, margin of forest, on wood, on Tylophoron sp., 14–19 Oct. 1995, 
A. Aptroot 37210 (BR); Central Province, ca. 22 km E of port Moresby, 
Varirata National Park, near Varirata Lookout, 9°26' S, 147°21' E, alt. 
ca. 800 m, dry secondary forest and conglomerate rock outcrops, on 
conglomerate rock, on Tylophoron sp., 23 Oct. 1995, A. Aptroot 39714 
(BR). Tanzania, Arusha Prov., Mt Meru, E slope, road to the crater, 
Jukukmia River, alt. 2100–2200 m, 3°14' S, 36°48' E, in a montane forest, 
on an unidentified sterile lichen thallus, on Podocarpus gracilior, 17 Jan. 
1970, R. Santesson 21576 (C, herb. Christiansen 7105, UPS); ibid., R. 
Santesson 21544 (M-0043801, distributed in Santesson, Fungi Lichenicoli 
Exs. 247); on an unidentified sterile lichen thallus, on Juniperus procera 
by a road in a montane forest, 17 Jan. 1970, R. Santesson 21572 (C, H 
7038055, herb. Diederich, M-0043802, distributed in Santesson, Fungi 
Lich. Exs. 175); Tanga Prov.: Usambara Mts, Amani, Karimi Estate (road 
towarts Monga), 5°7' S, 38° 37' E, alt. 800–900 m, on an unidentified 
sterile lichen thallus, on the trunk of a tree in a rather open secondary 
forest, 10 Jan. 1971, R. Santesson 23339 (UPS). USA, Hawaii, Oahu Island, 
Keaiwa Heiau state recr. area near Aiea, on tree in open forest, 21°22' 
N, 157°53' W, alt. 500 m, on Tylophoron protrudens, 8–13 June 1989, A. 
Aptroot 26402 (BR); Florida, Clay County, Gold Head Branch State Park, 
around Devil´s Washbasin (sinkhole lake), 29°50' N, 81°57' W, moist 
scrub with live oaks, Serenoa repens and Ericaceae, on Quercus, on an 
unidentified sterile lichen thallus with Trentepohlia, 28 Nov. 1992, R.C. 
Harris 29170 (herb. Diederich); ibid., along trail through ravine, 29°50' 
N, 81°57' W, humid hardwoods, on Ilex, on an unidentified sterile 
lichen thallus with Trentepohlia, 29 Nov. 1992, R.C. Harris 29211 (herb. 
Diederich); Florida, Sarasota County, Myakka River State Park, along Fla. 
Hwy 72 ca. 0.7 mi SE of park entrance, 0.1 mi SE of Myakka River, 27°14' 
N, 82°19' W, oak-Sabal hammock, on Quercus, on an unidentified sterile 
lichen thallus with Trentepohlia, 5 Dec. 1992, R.C. Harris 29859 (herb. 
Diederich); Florida, Wakulla County, Apalachicola National Forest, along 
Country Rd. 368, 3.6 mi. NW of junction of US 319 at Crawfordville, 30°12' 
N, 84°27' W, Taxodium depressions surrounded by mature live oak forest, 
very sandy, ABLS field trip, Site 5, on an unidentified sterile lichen thallus, 
31 Dec. 1990, S. Tucker 30279 (SBBG, herb. Diederich).

Notes: Hyphae, conidiophores and conidial chains are easily 
distinguishable due to clear differences in the ornamentation 
and pigmentation of the outer walls of these structures. 
Conidiophores observed in the collections examined were 
somewhat shorter than given in Diederich (1992) in the original 
description (9–61(–80) × 2.5–5(–5.5) µm). Conidia are usually 
adhering in long, unbranched, rather firm chains. Branched 
chains of conidia were frequently observed in a collection from 
Tanzania [R. Santesson 21576 (C, herb. Christiansen 7105)]. 
In some collections, conspicuous conidial germination was 
observed. The mass of conidia germinated with long, subhyaline 
and smooth germ tubes. By scanning electron microscopy the 
observed granular pigmentation of conidiophores and young 
conidia was not discernable, indicating an location of these 
structures inside the wall (Diederich 1992).

Taeniolella arthoniae is also known on Dendrographa 
decolorans (Diederich 1989), but is distinguishable from T. 
serusiauxii by having wider (8–80 × 2.5–6.5(–8) µm), often 
variously branched conidiophores, and verrucose to rugose, but 
never rimulose to squamulose conidia.

Taeniolella rolfii resembles T. serusiauxii. For a detailed 
discussion of the differences, see T. rolfii.



© 2018 Westerdijk Fungal Biodiversity Institute

Heuchert et al.
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

154

Fig. 53. Taeniolella serusiauxii [A–E: isotype; F: C, herb. Christiansen 7105]. A. Conidiophores, arising terminal from hyphae and incipient septation. 
B. Conidiophores with adhering conidia. C. Conidial chains. D. Conidia. E. Conidia with germination tubes. F. Branched conidial chains. Bar = 10 µm 
(B. Heuchert del.).
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Fig. 54. Taeniolella serusiauxii [A, G: Santesson 21572; B–F, H–L: isotype]. A. Macroscopic overview of colony. B–D. Conidiophores with adhering 
conidia. G. Branched conidial chain. E, F, I, L. Conidia or conidial chain with germination tube. H, J. Conidia. K. Conidial chain with rhagadiose-
squamulose surface ornamentation. Bars: 1 mm (A) [photo taken by Paul Diederich], 20 µm (G, I), 10 µm (B–F, H, J, K, L).
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Taeniolella strictae Alstrup, Symb. Bot. Upsal. 34: 489. 2004. 
Figs 55–56.

Illustration: Zhurbenko & Alstrup (2004: 489, fig. 6).

Description: Colonies on podetia, effuse, dark brown to black, 
densely caespitose, confluent, causing brownish discoloration 
of the thallus. Mycelium immersed; hyphae flexuous, branched, 
3.5–9 µm wide, septate, constricted at the septa, pale brown 
to brown, smooth, walls thin to slightly thickened; also with 
superficial hyphae composed of monilioid cells or forming 
subglobose or globose cells, sometimes aggregated, 5–7 µm 
diam, 0–1-septate, not constricted at these septa, brown, walls 
thickened, up to 0.75 µm, irregularly rough, usually with fine net-
like cracks or with squamules, up to 2 µm wide. Conidiophores 
semi-macronematous, mononematous, transition between 
superficial, subglobose hyphal cells and conidiophores often 
not very evident, solitary or loosely aggregated, arising from 
hyphae, lateral and terminal, erect, straight to slightly flexuous, 

unbranched, broad ellipsoid, obpyriform, subcylindrical or 
doliiform, 5.5–27.5(–50) × 5–7 µm, (0–)1–5-septate, usually 
constricted at the septa, brown to dark brown, paler towards 
the apex, wall verruculose or irregularly rough, usually with 
fine net-like cracks, sometimes squamulose, walls thickened, up 
to 1 µm, up to three times enteroblastically proliferating with 
obvious sheath-like wall remnants visible as irregular fringe. 
Conidiogenous cell little differentiated, integrated, terminal, 
monoblastic, monopodial, subcylindrical, 3–6 µm wide, loci 
truncate to slightly convex, 4–4.5 µm diam, unthickened, 
lateral wall somewhat thicker, forming a small fringe. Conidia 
catenate, disintegrating in fragments of variable size, straight, 
rarely slightly curved, subcylindrical, doliiform, 0–5-septate, 
aseptate conidia 6–8 × 6–7 µm, 1-septate ones 7–12 × 4–6.5 
µm, 2-septate ones 12–14.5 × 5–5.5 µm, 3–5-septate ones 
12–22 × 5–6 µm, not or occasionally constricted at the septa, 
brown to dark brown, young conidia pale brown, wall rarely 
smooth, usually verruculose or irregularly rough, usually with 
fine net-like cracks, less pronounced than in conidiophores or 

Fig. 55. Taeniolella strictae [holotype]. A. Superficial hyphae composed of monilioid, subglobose or globose cells. B. Hyphae. C. Conidiophores arising 
from immersed hyphae. D. Conidiophores arising from superficial subglobose hyphal cells. E. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 56. Taeniolella strictae [holotype]. A. Macroscopic overview of colony. B. SEM overview of colony. C, E–G. Conidiophores. H. Superficial hyphae 
composed of monilioid, subglobose or globose cells. D, I–M. Conidia and conidial chains. Bars: 1 mm (A), 30 µm (B), 10 µm (C, D, F, I, J, M), 9 µm (E, 
H), 4 µm (G, K, L).
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subglobose hyphal cells, wall up to 1 µm thick, apex rounded 
to attenuated in primary conidia, truncate in secondary ones, 
base truncate, hila truncate to slightly convex, 3–4.5(–5) µm 
diam, unthickened, lateral wall somewhat thicker, forming a 
small fringe, usually flat and inconspicuous, sometimes up to 1 
µm high, not darkened.

Holotype: Greenland, Qaanaaq District, Siorapaluk, 50 m, in 
dwarf shrub heath, on Cladonia stricta, 13 Aug. 1993, V. Alstrup 
(C, herb. Christiansen 6048!).

Host range and distribution: On Cladonia stricta; Greenland 
(Zhurbenko & Alstrup 2004, Alstrup 2005, Kristinsson et al. 
2006, 2010).

Notes: The name Taeniolella strictae (in Zhurbenko & Alstrup 
2004), introduced for a lichenicolous species, might be considered 
confusable with a very similar name for the saprophytic species, 
Taeniolella stricta (Hughes 1958), and according to ICN Art. 53.3 
they might be treated as homonyms. However, in phylogenetic 
analyses recently conducted by Ertz et al. (2016) the genus 
Taeniolella turned out to be polyphyletic, i.e., saprobic species 
hitherto phylogenetically examined cluster in two different 
classes (Dothideomycetes and Sordariomycetes), whereas all 
lichenicolous species investigated so far are phylogenetically 
dothideomycetous, but not monophyletic and not congeneric 
with the type species of Taeniolella. Available phylogenetic data 
are currently not sufficient to disentangle the confusing complex 
of taeniolelloid species. The phylogeny of lichenicolous species 
encompasses several fungal genera. A much larger sampling and 
more comprehensive phylogenetic analyses are necessary, but 
in any case we expect a generic splitting of lichenicolous and 
saprobic Taeniolella species in future based on monophyletic 
groups. The saprobic T. stricta and the lichenicolous T. strictae 
are undoubtedly not congeneric and as soon as sufficient 
supporting phylogenetic data will be available they have to be 
reallocated to different genera, i.e., the two names would not be 
confusable any longer when assigned to different genera (Art. 
53.3, Ex. 11). In anticipation of reallocations of the two species 
and since they are currently listed in Index Fungorum as well as 
MycoBank as valid names, we refrain from introducing a new 
name for T. strictae.

Taeniolella strictae, known only from the type collection 
on Cladonia stricta, is easily distinguishable from the other 
cladoniicolous species, Talpapellis beschiana and Taeniolella 
cladinicola. Taeniolella strictae causes brownish and T. cladinicola 
reddish or purplish brown discolorations on infected host thalli, 
whereas the host thallus is usually not discoloured by Talpapellis 
beschiana infections. A superficial mycelium, composed of 
subglobose or globose, monilioid cells with irregularly rough 
walls, usually with fine net-like cracks or with squamules, up to 
2 µm wide, is formed only in T. strictae. A mycelium developing 
internally in host hyphae is known only in T. cladinicola. In 
Talpapellis beschiana and Taeniolella cladinicola, conidia are 
usually aseptate, rarely 1–2-septate, and hila are 1–3 µm diam, 
whereas aseptate conidia are rare in T. strictae and hila are 
usually 3–4.5(–5) µm diam. 

Conidiophores of T. strictae form up to three enteroblastic 
proliferations with obvious sheath-like wall remnants visible 
as an irregular collar. Whether they are connected with the 
formation of conidiogenous cells and conidia, as in Talpapellis 
(detailed comparison between Taeniolella and Talpapellis see 

under Talpapellis beschiana), could not be unambiguously 
clarified. Taeniolella strictae is known only from the type 
collection. Further material is needed for a more detailed 
examination. For the interim we prefer to maintain T. strictae in 
Taeniolella.

Taeniolella thelotrematis Heuchert & Brackel, sp. nov. 
MycoBank MB819304. Figs 57–59.

Etymology: Epithet named after the host genus of the new 
species, Thelotrema.

Diagnosis: Morphologically close to Taeniolella toruloides, but 
conidia non-toruloid, chains easily disarticulating and mostly 
with branched conidiophores (9–65 × 4–7.5 µm, 1–9-septate).

Description: Colonies on the surface of thalli and apothecia, 
punctiform, up to 0.1 mm diam, effuse, confluent, loosely to 
densely caespitose, dark brown to black, host thallus without 
any discoloration or sometimes with grey discoloration. 
Mycelium immersed, inconspicuous; hyphae flexuous, 
branched, 2–6 µm wide, septate, sometimes constricted at the 
septa, pale to dark brown, smooth or irregularly verrucose, 
walls slightly to distinctly thickened, 0.25–1.5 µm. Stromata 
lacking, but with solitary swollen hyphal cells, sometimes 
aggregated below conidiophores, subglobose, 5–8 µm diam, 
wall irregularly verrucose to rimulose. Conidiophores semi-
macronematous, mononematous, in dense fascicles or forming 
linear aggregations, sometimes solitary, arising from hyphae, 
lateral and terminal, or arising from swollen hyphal cells, 
erect to decumbent, sometimes plagiotropous, straight to 
curved, sometimes unbranched, mostly with branches at the 
base and additionally with single branches in the upper part, 
subcylindrical, doliiform, 9–65 × 4–7.5 µm, wider at the base 
(up to 10 µm), 1–9-septate, mostly constricted at the septa, 
yellowish brown to dark brown, paler at the apex, wall 0.5–2 
µm thick, thinner near the apex, cell plasma mostly reduced, 
occasionally with oil-like droplets, with a central vacuole-
like cavity, surrounding plasma giving the impression of very 
thick, three-layered walls, smooth to irregularly verrucose, 
with age becoming rimulose-rugose and distinctly verrucose, 
frequently enteroblastically proliferating, with sheath-like 
wall remnants visible as irregular fringe. Conidiogenous cells 
integrated, terminal, monoblastic or thalloblastic, monopodial, 
subcylindrical, doliiform, 4–9 µm long, conidiogenous loci 
truncate to slightly convex, unthickened, 2–4 µm diam. Conidia 
catenate, in unbranched chains, easily disarticulating, straight, 
subcylindrical, ellipsoid, doliiform, pyriform, 0–2(–3)-septate, 
aseptate conidia 5–10 × 4–5(–6) µm, 1-septate ones 9–16 × 
4–6 (–7) µm, 2-septate ones 11–20 × 4.5–6 µm, 3-septate ones 
15–17 × 6 µm, constricted at the septa, brown or yellowish 
brown to dark brown, wall thickened, 0.25–1 µm, smooth or 
irregularly verrucose, apex rounded to attenuated in primary 
conidia, truncate in secondary ones, base also truncate, 
sometimes narrowed, hila truncate to slightly convex, 
unthickened, not darkened, 1.5–4(–4.5) µm diam.

Holotype: Germany, Bavaria, Berchtesgadener Land, Zauberwald 
at Hintersee near Ramsau, on fir tree in mixed forest, alt. 790 m, 
on Thelotrema lepadinum, W. v. Brackel 5411, 18 Jul. 2007 (HAL 
2487 F!). Isotype: herb. Brackel.
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Fig. 57. Taeniolella thelotrematis [holotype]. A. Conidiophores arising from hyphae. B. Conidiophores in dense fascicles arising from swollen hyphal 
cells. C. Conidia. Bar = 10 µm (B. Heuchert del.).

Fig. 58. Taeniolella thelotrematis [Santesson 3398b]. A. Hyphae. B. Conidiophores in dense fascicles. C. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 59. Taeniolella thelotrematis [A: Etayo 16479; B, D, F, G, I: Santesson 3398b; C, E: Etayo 27131; H, J: holotype]. A. Macroscopic overview of 
colonies. B. SEM overview of colony. C, E. Conidia. D, F, I, J. Branched conidiophores with adhering conidia. G, H. Conidia in chains with smooth or 
irregularly verrucose surface. Bars: 1 mm (A) [photo taken by Paul Diederich], 100 µm (B), 20 µm (D, F), 10 µm (C, E, G, J), 7 µm (I), 5 µm (H).
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Host range and distribution: On Thelotrema lepadinum, 
Thelotrema sp.; Chile, Columbia, Germany, Spain.

Additional specimens examined: Columbia, Dep. Nariño, Pasto, bosque 
de Daza, via Pasto-Buesaco, 1–12' N, 77.16' W, alt. 2750 m, bosque con 
Ficus, Brunellia, Palicourea, Ilex, Maytenus, etc. También talud pista, 
epifito, on Thelotrema sp., 28 Jul. 1998, J. Etayo 16479, J. Muñoz, B. 
Ramirez & X. Tivanta (herb. Etayo). Chile, prov. Valdivia, Lago Riñihue, 
Riñihue, on Aextoxicum punctatum at the edge of the forest on the 
shore of the lake, on Thelotrema lepadinum, 18 Sep. 1940, R. Santesson 
3378b (UPS); ibid., on T. lepadinum, on Drimys winteri, 18 Sep. 1940, 
R. Santesson 3398b (UPS). Spain, País Vasco, Álava, subida a Gorebea 
desde Murua (Zigoitia), senda Egillolarra, hayedo en limite del bosque, 
on Fagus sylvatica, 43°1'41" N, 2°45'31" W, alt. ca. 900–1100 m, on T. 
lepadinum, 1 Oct. 2011, J. Etayo 27131 (herb. Etayo).

Notes: Taeniolella thelotrematis and T. toruloides are two species 
on Thelotrema spp. with a very similar habit characterised by 
punctiform colonies, up to 0.1 mm diam. T. toruloides is well 
characterised by forming conidia in firm chains up to 100 µm long 
with distinct constrictions (torula-like) and shorter unbranched 
conidiophores (6–34 × 4–7 µm, 0–5-septate) compared to 

conidia in non-toruloid, easily disarticulating chains and mostly 
branched conidiophores (9–65 × 4–7.5 µm, and 1–9-septate) 
in T. thelotrematis. The common host of both species is the 
globally distributed Thelotrema lepadinum. It can be assumed 
that the distribution of both species, Taeniolella thelotrematis 
and T. toruloides, is much wider than hitherto known, which 
might be an explanation for the currently registered disjunct 
collection data.

Taeniolella toruloides Heuchert & Diederich, Fungal Biology 
120: 1439. 2016. Figs 60–61.

Illustrations: Ertz et al. (2016: 1440, fig. 16; 1441, fig. 17).

Description: Colonies on the surface of thalli and apothecia, 
punctiform, up to 0.1 mm diam, effuse, confluent, loosely to 
densely caespitose, black; thallus without any discoloration 
or sometimes with grey discoloration. Mycelium immersed, 
inconspicuous; hyphae flexuous, branched, 2–6 µm wide, 
septate, sometimes constricted at the septa, cells ellipsoid to 
irregularly shaped, subhyaline to pale brown, rarely brown, 
smooth, walls slightly to distinctly thickened, up to 1.5 µm wide; 

Fig. 60. Taeniolella toruloides [A–C: holotype; D: Diederich 18158]. A. Hyphae with micronematous or semi-macronematous conidiophores.  
B. Conidiophores with adhering long toruloid chains. C–D. Conidia and fragments of conidial chains. Bar = 10 µm (B. Heuchert del.).
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Fig. 61. Taeniolella toruloides [A: Diederich 18158; B–K: holotype]. A. Macroscopic overview of colony. B. SEM overview of colony. C–F. Conidiophores 
with adhering long, unbranched toruloid conidial chains. G, I–K. Parts of conidial chains with a smooth, occasionally irregularly rugose-verrucose 
surface. H. Conidia. Bars: 1 mm (A) [photo taken by Paul Diederich], 50 µm (B, C), 20 µm (E, F), 10 µm (D, H), 6 µm (G, J, K), 3 µm (I).
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cell lumen reduced. Stromata poorly developed, only with a few 
swollen, rarely aggregated hyphal cells, subglobose, 5–8 µm 
diam. Conidiophores micronematous or semi-macronematous, 
mononematous, solitary or in dense fascicles, arising from 
hyphae, lateral and terminal, or arising from swollen hyphal 
cells, erect, straight, unbranched, subcylindrical, doliiform, 6–34 
× 4–7 µm, 0–5-septate, non-constricted or slightly constricted 
at the septa, brown to dark brown, paler at the base, thick-
walled, 0.25–0.75(–1) µm wide, smooth, with age becoming 
rimulose-rugose or irregularly verrucose, rarely enteroblastically 
proliferating with obvious sheath-like wall remnants visible 
as irregular collar. Conidiogenous cell integrated, terminal, 
monoblastic, monopodial, short cylindrical, narrowed at the 
apex, 5–7 µm long; conidiogenous loci truncate, unthickened, 
2–3 µm diam. Conidia catenate, mostly in unbranched chains, 
adhering in long firm, toruloid chains, i.e., with distinct 
constrictions, not easily disarticulating, chains up to 100 µm 
long, straight, subcylindrical, doliiform, obovoid, 0–2-septate, 
aseptate conidia 4–11 × 3–6 µm, 1-septate ones 9–14(–20) 
× 4–7 µm, 2-septate ones 14–22 × 4.5–6 µm, chains later 
disintegrating in fragments of different sizes, mostly constricted 
at the septa, brown to olivaceous brown or grey, wall thickened, 
0.25–1 µm wide, cell-lumen frequently with oil-like droplets, 
smooth, occasionally irregularly rugose-verrucose, older conidia 
verrucose or with single cracks in the outer wall, apex rounded 
to attenuated in primary conidia, truncate in secondary ones, 
base truncate, sometimes narrowed, hila truncate, unthickened, 
not darkened, 2–3.5 µm diam.

Holotype: Portugal, Azores, Pico, S of Sao Roque do Pico, forest 
remnants on the shore of Lagoa Capitao, alt. 780 m, 38°29'9" 
N, 28°18'58" E, on Thelotrema antoninii, on Juniperus brevifolia, 
24 Jul. 2010, P. Diederich 17047 (BR!). Isotype: herb. Diederich!

Host range and distribution: On Thelotrema antoninii, T. 
lepadinum; France, Luxembourg, Poland, Portugal (Azores), 
Spain (all records from Ertz et al. 2016).

Additional specimens examined: France, Pyrénées-Atlantiques, south 
of Tardets-Sorholus, Ste-Engrace, gorges de Kakouetta, on Thelotrema 
lepadinum, on Buxus, 17 Jul. 1991, P. Diederich 9576 (herb. Diederich); 
15 km south-southeast of Saint-Jean-de-Luz, south of Sare, forêt 
communale de Sare, near road D306 to Col de Lizarrieta, alt. 310–360 
m, 43.26115° N, 1.6089° W, on T. lepadinum, on very old trunks of 
Quercus, aged 300–400 years, 26 Aug. 2015, P. Diederich 18158 (HAL 
3033 F, 3188 F, herb. Diederich); 20 km southeast of Saint-Jean-Pied-
de-Port, forêt d'Iraty, 500 m south of Chalet Pedro, alt. 1000–1030 m, 
43.03126° N, 1.07961° W, on T. lepadinum, on Fagus, 3 Sep. 2015, P. 
Diederich 18139 (herb. Diederich). Luxembourg, Berdorf, Binzeltschlëff 
and Predigtstuhl, 49.81° N, 6.33° E, on T. lepadinum, on Acer, 15 Aug. 
1981, P. Diederich 3870 (herb. Diederich); Berdorf, Binzeltschlëff, on T. 
lepadinum, on Acer, 11 Jun. 1984, P. Diederich 5739 (herb. Diederich). 
Poland, Rówinia Bielska, Białowieża Primeval Forest, Białowieski 
National Park, forest section no 256, plot B05, Tilio-Carpinetum, ATPOL 
grid square Cg-63, on T. lepadinum, on Carpinus betulus, May 2014, M. 
Kukwa 13803, A. Łubek, ex UGDA L (HAL 3150F). Portugal, Azores, Pico, 
S of Sao Roque do Pico, forest remnants on the shore of Lagoa Capitao, 
alt. 780 m, 38°29'9" N, 28°18'58" E, on T. antoninii, on Juniperus 
brevifolia, 24 Jul. 2010, P. Diederich 17048 (herb. Diederich); ibid., 22 
Aug. 2011, D. Ertz 16593 (BR); Azores, Sao Miquel, N of Vila Franca do 
Campo, forest around Congro lake, alt. 470 m, 37°45'17" N, 25°24'30" 
W, on T. lepadinum, on bark of tree, 29 Jul. 2010, P. Diederich 17015 

(herb. Diederich). Spain, Navarra, au nord de Orbaiceta, au nord de la 
Fabrica de Orbaiceta, on T. lepadinum, 19 Jul. 1991, P. Diederich 9626 
(herb. Diederich).

Notes: The morphological traits of Taeniolella punctata, with 
Graphis scripta s. lat. (Graphidaceae) as preferred host, are 
very similar to those of T. toruloides on Thelotrema lepadinum, 
which also belongs to the Graphidaceae. However, T. punctata 
has conidiophores that are often branched at the base or rarely 
branched in the upper third, longer (14–83(–95) × 5–8 µm), 
and usually have numerous septa that can be up to 0.75 µm 
thick. The tips of conidiophores and/or the adhering terminal 
conidium in T. punctata are sometimes somewhat swollen up 
to 9 µm (see arrows in fig. 43). Conidial chains, even though not 
easily disintegrating as in T. toruloides, are not conspicuously 
toruloid. The lichenicolous Taeniolella friesii is similar to T. 
toruloides by forming conidia in chains with conspicuous 
constrictions between individual conidia, but T. friesii, known 
only on Strigula stigmatella, is distinguishable from T. toruloides 
by its shorter and narrower conidiophores (3–12(–15) × (1.5–)3–
5 µm, vs. 6–34 × 4–7 µm in T. toruloides). Furthermore, conidia, 
developed in very short disarticulating chains, are usually much 
shorter and often narrower (1-septate ones 5–9(–10) × 3–5 µm, 
vs. 1-septate ones 9–14(–20) × 4–7 µm in T. toruloides).

Collections of T. punctata and T. toruloides were successfully 
cultured. Taeniolella toruloides is phylogenetically clearly distinct 
from T. punctata in our mtSSU+nuLSU tree (Ertz et al. 2016: 
1424, fig. 2). It is the sister species to ‘Melaspilea sp. 18012’, a 
lichenicolous fungus belonging to Melaspilea s. lat. and forming 
black lirellae on the thallus of a Pyrenula.

Taeniolella trapeliopseos Diederich, Mycotaxon 37: 326. 1990. 
Figs 62–64.

Literature: Kukwa & Jabłońska (2008: 176).

Illustrations: Diederich (1990b: 327–328, figs 15, 16), Diederich 
et al. (2017a).

Description: Colonies effuse, dark brown, caespitose, infected 
thallus becoming brownish. Mycelium inconspicuous, 
immersed; hyphae branched, 2–8 µm wide, septate, sometimes 
constricted at the septa, almost subhyaline, pale brown to 
brown, smooth, thin-walled. Stromata lacking. Conidiophores 
solitary, arising from hyphae, erumpent, mononematous, 
macronematous, erect, mostly straight, partly flexuous, mostly 
unbranched, rarely with basal branches, subcylindrical, 14–55 
× 5–8(–9) µm, 0–9-septate, not or only slightly constricted 
at the septa, sometimes somewhat swollen between the 
septa, dark brown, paler towards the apex, mostly 1–4 times 
enteroblastically proliferating, proliferations common, in almost 
all conidiophores, with obvious sheath-like wall remnants visible 
as irregular collar, wall irregularly verrucose, becoming rimulose 
with deep cracks, squamulose with age, squamules 0.5–1.5 
µm wide, walls thickened, 0.75–1.25 µm, around proliferations 
up to 2 µm thick, thin-walled near the tips. Conidiogenous cell 
integrated, terminal, monoblastic, monopodial, subcylindrical, 
conspicuously obconically narrowed (from 8 to 4 µm), 9–13 × 
4–7 µm, loci truncate, 2.5–3.5 µm diam, unthickened, lateral 
wall somewhat thicker, forming a small fringe. Conidia solitary, 
straight, rarely slightly curved, broad ellipsoid, subcylindrical, 
pyriform, 0–4-septate, aseptate conidia 9–12 × 6–7 µm, 
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1-septate ones 10–23 × 6–8 µm, 2-septate ones 14–20 × 5.5–8 
µm, 3-septate ones 20–24 × 6–8 µm, 4-septate ones 22–26 × 
5–7 µm, rarely constricted at the septa, brown to dark brown, 
outer wall irregularly verrucose, becoming rimulose with deep 
cracks, later squamulose, squamules 0.5–1.5 µm wide, outer 
wall thickened, 0.5–1.5 µm, apex rounded, base conspicuously 
obconically narrowed, hila truncate, unthickened, lateral wall 
somewhat thicker, forming a small fringe, hila 2.5–4 µm diam.

Holotype: Luxembourg, SW of Gonderange, Kriipsweieren, on 
Pinus sylvestris, on Trapeliopsis flexuosa, 1 Mai 1986, P. Diederich 
8959 (LG!). Isotype: herb. Diederich!

Host range and distribution: On Trapeliopsis flexuosa, T. 
granulosa, T. pseudogranulosa; Czech Republic (Šoun et al. 2006), 
Denmark (first report, see specimens examined), Estonia (Suija 
et al. 2008), Luxembourg (Diederich 1989, 1990b, Diederich et 

al. 2017a), Poland (Kukwa & Czarnota 2006, Kukwa & Jabłońska 
2008, Kukwa et al. 2010).

Additional specimens examined: Denmark, Lolland, Vigsnæs, N of 
Saksköbing, on the wood of a dead oak, lying on the ground near 
Rendebjerg in the forest Storskov, Guldborgland, alt. 0–10 m, on 
an unidentified sterile, crustose lichen thallus, 14 Aug. 1984, M.S. 
Christiansen (C, herb. Christiansen 4356 as T. verrucosa). Luxembourg, 
E of Fouhren, Hinkelsbaach, on Trapeliopsis flexuosa, 18 Aug. 1986, P. 
Diederich 8960 (herb. Diederich).

Notes: Conidiogenous cells and conidia of this species are 
distinctly attenuated towards the conidiogenous loci and hila, 
respectively, a character which is very unusual for Taeniolella 
spp. and could not be observed in any other lichenicolous 
species of this genus. Conidia consistently formed singly were 
also observed in T. umbilicariae. The outer wall of conidiophores 

Fig. 62. Taeniolella trapeliopseos [isotype]. A. Conidiophores. B. Conidia. C. Detached conidiogenous cell possibly acting like conidia. Bar = 10 µm (B. 
Heuchert del.).
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and conidia in this species is also verrucose, rimulose and later 
squamulose, but conidiogenous cells are never obconically 
narrowed.

Diederich (1990b) described this species with conidiophores 
up to 90 µm long, which was not observed during the course 
of the re-examination of the type material; maximal measured 
length 55 µm. On the other hand, detached conidiogenous 

cells, possibly acting as diaspores (conidia), have been found. 
It is possible that these conidiogenous cells have been shed 
due to age or mechanical impacts. Separated fragments of 
conidiophores have also been observed. 

Measurements of conidia given in Kukwa & Jabłońska (2008) 
are within the common range of this species.

Fig. 63. Taeniolella trapeliopseos [C, herb. Christiansen 4356]. A. Conidiophores. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 64. Taeniolella trapeliopseos [isotype]. A. Macroscopic overview of colonies. B–G. Conidiophores with and without adhering conidia. H. Fragment 
of conidiophores, conidia. Bars: 1 mm (A) [photo taken by Paul Diederich], 10 µm (B, C, E–H), 8 µm (D).
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Taeniolella umbilicariae Heuchert & Etayo, sp. nov. MycoBank 
MB819305. Figs 65–66.

Etymology: Epithet named after the genus of the type host, 
Umbilicaria.

Diagnosis: Differs from Taeniolella umbilicariicola in having 
consistently wider conidiophores and conidia [(7–)8–11(–12) 

µm in T. umbilicariae, vs. 5–7(–8) µm in T. umbilicariicola], walls 
of conidiophores and conidia with conspicuous ornamentation, 
irregularly verrucose, rimulose, squamulose to squamose, 
squamules 0.2–6 µm wide, irregularly shaped, squamules firm, 
not detached or only slightly so.

Description: Colonies on the surface of the lichen thallus, black, in 
small circular groups, up to 3 mm diam, loose to dense, confluent, 

Fig. 65. Taeniolella umbilicariae [holotype]. A. Torulose hyphae. B. Conidiophores arising from stromata. C. Branched conidiophores. D. Conidiophores 
arising from hyphae. E. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 66. Taeniolella umbilicariae [A, B, D, I, M, N: F-511916; C, E, F–H, J–L: holotype]. A. Macroscopic overview of colony. B. SEM overview of colony. 
C–E, G–I, K, L. Conidiophores with adhering conidia. F, J. Conidia. M. Verrucose to squamose surface ornamentation. N. Tips of conidiophores. Bars: 
1 mm (A) [photo taken by Paul Diederich], 70 µm (B), 20 µm (E), 10 µm (C, F–H, J–L), 9 µm (D, N), 4 µm (M).
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covering entire portions of the thalli, caespitose, sometimes 
causing reddish brown discolorations. Mycelium immersed; 
hyphae torulose, branched, 2–7 µm wide, abundantly septate, 
cells sometimes torulose, subhyaline, pale brown to brown, 
smooth, wall slightly thickened, 0.25 µm wide, rarely up to 0.5 
µm. Stromata diffuse, loose or dense, composed of swollen 
hyphal cells, irregularly shaped to subglobose or subcylindrical, 
3–8(–10) × 4–7(–10) µm, brown to dark brown, smooth to 
irregularly verrucose, wall thickened, 0.5–2 µm, distinctly multi-
layered. Conidiophores solitary or usually in dense groups, arising 
from hyphae, hyphal aggregations or stromata, macronematous, 
mononematous, erect, ascendant, mostly straight, sometimes 
flexuous, broad clavate, subcylindrical, unbranched or with 
up to two branches, conidiophores with adhering conidia 12–
46(–55) × (7–)8–11(–12) µm, 0–9(–11)-septate, not or slightly 
constricted at the septa, dark brown, wall with conspicuous 
ornamentation, irregularly verrucose, rimulose, squamulose 
to squamose, squamules 0.2–6 µm wide, irregularly shaped, 
squamules firm, not detached or only slightly so, outer wall 
conspicuously thickened, 1–3.5 µm, distinctly multi-layered, 
enteroblastically proliferating with obvious sheath-like wall 
remnants visible as irregular fringe that increases the thickening 
in this portion of the wall. Conidiogenous cells integrated, 
terminal, monoblastic, monopodial, doliiform or conical, 5–8.5 
µm long, conidiogenous loci truncate, unthickened, 5–6.5 µm 
diam. Conidia solitary, straight, sometimes slightly curved, 
broad obovoid, clavate, subglobose, aseptate conidia rare, 9–11 
× (7–)8–10 µm, 1-septate ones 10–15 × (7–)8–10 µm, 2-septate 
ones 15–21 × (7–)8–11 µm, 3- and 4-septate ones 17–24 × (7–) 
8–10(–11) µm, conidiophores or fragments sometime breaking 
off at the basis and functioning as diaspores up to 55 µm long 
and up to 11-septate, not constricted at the septa, brown to 
dark brown, ornamentation of the wall as in conidiophores, 
verrucose, rimulose, squamulose to squamose, squamules 
irregularly shaped, 0.2–5(–6) µm wide, firm, not detached, 
wall thickened, 1–2.5(–3) µm, distinctly multi-layered, apex 
broad rounded, rarely somewhat attenuated, base truncate to 
slightly obconically truncate, hila truncate or somewhat convex, 
unthickened, not darkened, 3.5–6(–7) µm diam, germinating 
conidia observed.

Holotype: Sweden, Jämtland, Undersåker par., Sylfjällen, Mt 
Storsylen, at the summit, alt. 1760 m, on a high vertical rock, on 
Umbilicaria virginis, 31 Jul. 1950, R. Santesson (UPS!).

Host range and distribution: On Umbilicaria virginis, Umbilicaria 
sp.; Sweden, Peru.

Additional specimen examined: Peru, Prov. Dos de Mayo, Huanuco, 
valley of Río Marañón, ca. 58 km WNW of Huanuco, ca. 9°48' S, ca. 
76°40' W, 3900 m, on Umbilicaria sp., 24 Feb. 1981, R. Santesson & R. 
Moberg P50: 45 (UPS F-511916).

Notes: Taeniolella umbilicariae, known on Umbilicaria virginis 
from Sweden and on Umbilicaria sp. from Peru, is easily 
distinguishable from T. umbilicariicola, also known from Peru 
on Umbilicaria by its consistently wider conidiophores and 
conidia [(7–)8–11(–12) µm, vs. 5–7(–8) µm in T. umbilicariicola]. 
Furthermore, the ornamentation of the outer wall of 
conidiophores and conidia of the two species on Umbilicaria is 
different. In T. umbilicariicola the outer wall is almost verrucose, 
soon becoming rimulose with longitudinal fissures when young, 

but it becomes irregularly rugose or rarely squamulose with 
age. Both specimens, the holotype and the additional specimen, 
are listed in Etayo (2010) under Taeniolella sp. Taeniolella 
umbilicariae is also easily distinguishable from other species 
with similar conidiophores and conidia. All morphologically 
similar species occur on various host species belonging to other 
orders and families. T. atricerebrina has similar dimensions and 
ornamentation of conidiophores and conidia, but this species 
induces the formation of galls (Hafellner 2007), which are black, 
mostly arising from the flanks of the areoles, and are up to 4 
mm diam when older. Gall formation was not observed in T. 
umbilicariae. Taeniolella santessonii, another similar species, 
forms sporodochial colonies, and the conidiophores are usually 
narrower.

Conidiophores and conidia in T. ionaspisicola are sometimes 
smooth, only irregularly rugose or rarely squamulose with age. 
T. trapeliopseos, also a species with verrucose to squamulose 
conidial walls, is easily distinguishable from T. umbilicariae by 
conspicuously obconically narrowed conidiogenous cells and 
bases of conidia. Taeniolella arctoparmeliae on Arctoparmelia 
separata is comparable with T. umbilicariae, but differs in 
having narrower conidiophores and conidia (6–8 µm wide vs. 
(7–)8–11(–12) µm wide in T. umbilicariae) with obviously less 
thickened walls (0.5–1.25 µm vs. 1–2.5(–3) µm in T. umbilicariae) 
and by conspicuously obconically narrowed conidiogenous cells 
and bases of conidia.

Taeniolella umbilicariicola Heuchert & Etayo, sp. nov. MycoBank 
MB819306. Figs 67–68.

Etymology: Epithet named after the genus of the type host, 
Umbilicaria (dweller of Umbilicaria).

Literature: Etayo (2010a, as Taeniolella sp.).

Diagnosis: Differs from Taeniolella umbilicariae in having 
narrower conidiophores and conidia, 5–7(–8) µm, walls of 
conidiophores and conidia almost verrucose, soon becoming 
rimulose with longitudinal fissures when young, but becoming 
irregularly rugose or rarely squamulose with age. Morphologically 
similar to T. christiansenii which differs, however, in having 
conidiophores and conidia with smooth to rimulose, sometimes 
verruculose-striate walls, but without any squamules.

Description: Colonies on the surface of the lichen thallus, black, 
effuse, sometimes denser, forming circular spots, up to 1 cm 
diam, thallus occasionally discoloured, becoming grey. Mycelium 
immersed; hyphae tortuous, branched, 2–7 µm wide, septate, 
mostly constricted at the septa, pale brown to brown, rarely 
subhyaline, smooth to verruculose, rarely becoming rimulose, 
wall thickened, 0.5 µm wide. Stroma diffuse, immersed, 
dense, confluent, composed of swollen hyphal cells, irregularly 
shaped to subglobose, doliiform, obovoid or subcylindrical, 
2–8 × 2–6 µm, pale brown to brown, smooth, wall thickened, 
up to 0.5 µm. Conidiophores solitary or in small groups, arising 
from hyphae or swollen hyphal cells, semi-macronematous to 
macronematous, mononematous, erect to decumbent, mostly 
straight, partly flexuous, mostly unbranched or occasionally 
once branched in the upper part, doliiform, subcylindrical or 
cylindrical, vermicular, conidiophores with adhering conidia 
6–47 × 5–7(–8) µm, 0–10-septate, rarely and only slightly 
constricted at the septa, more constricted with age, brown to 
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dark brown, wall irregularly verrucose, soon becoming rimulose, 
with sparse longitudinal fissures, fissures and transverse cracks 
more abundant and pronounced with age, then rhagadiose-
squamulose to squamose, squamules (patches) 0.25–4 µm, 
irregularly shaped to subglobose or square, wall thickened, 

0.75–2 µm, 0.5 µm near the tip, distinctly multi-layered, rarely 
enteroblastically proliferating. Conidiogenous cells integrated, 
terminal, thalloblastic or monoblastic, monopodial, doliiform, 
4–6 µm long, conidiogenous loci truncate, unthickened, slightly 
convex, (3.5–)4–5.5 µm diam. Conidiophores disarticulating 

Fig. 67. Taeniolella umbilicariicola [holotype]. A. Stroma. B. Hyphae. C. Conidiophores arising from hyphae. D. Conidia. Bar = 10 µm (B. Heuchert del.).
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in irregular large conidia, straight, subcylindrical, doliiform, 
aseptate conidia 5–9(–12) × 5–6(–7) µm, 1-septate ones 
10–13(–15) × 5–7(–8) µm, 2-septate ones 11–17 × 5–7 µm, 

3-septate ones 16–22 × 5.5–7 µm, 4-septate ones 21–22 × 6–7 
µm, conidiophores sometimes breaking off at the basis and 
functioning as diaspores, up to 55 µm long and 11-septate, 

Fig. 68. Taeniolella umbilicariicola [A, G, H, J: F-511912; B–F, I: holotype]. A. Macroscopic overview of colony. C–F. Conidiophores arising from hyphae. 
B, I. Conidia. G, H, J. Verrucose to rimulose surface ornamentation with longitudinal fissures and transverse cracks. Bars: 1 mm (A) [photo taken by 
Paul Diederich], 20 µm (D), 10 µm (B, C, E, F, I), 9 µm (G, H), 4 µm (J).
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not or only slightly constricted at the septa, more constricted 
with age, brown to dark brown, ornamentation of the wall as in 
conidiophores, wall thickened, 0.25–1.5 µm, apex rounded to 
attenuated in primary conidia, truncate in secondary ones, base 
truncate, hila truncate to somewhat convex, unthickened, not 
darkened, (2.5–)3–6 µm diam, germinating conidia observed.

Holotype: Peru, Prov. Dos de Mayo, Huanuco, valley of Río 
Marañón, ca. 58 km WNW of Huanuco, ca. 9°48' S, ca. 76°40' W, 
alt. 3900 m, 24 Feb. 1981, on Umbilicaria sp., R. Santesson & R. 
Moberg P50:25 bis (UPS!).

Host range and distribution: On Umbilicaria sp.; Peru (Etayo 
2010a).

Additional specimens examined: Peru, Prov. Yungay, Ancash, road 
Yungay-Llanganuco, ca. 22 km NE of Yungay, 9°5' S, 77°43' W, alt. ca. 
3500 m, on Umbilicaria sp., 26 Feb. 1981, R. Santesson & R. Moberg 
P55: 54 bis (UPS F-511912); Prov. Dos de Mayo, Huanuco, valley of Río 
Marañón, ca. 58 km WNW of Huanuco, ca. 9°48' S, ca. 76°40' W, alt. 
3900 m, on Umbilicaria sp., 24. Feb. 1981, R. Santesson & R. Moberg 
P50: 26 (UPS F-511922); Prov. Tarma, Junin, ca. 3 km ENE of Acobamba, 
11°22' S, 75°41' W, ca. 3000 m, 7 Feb. 1981, on Umbilicaria sp., R. 
Santesson & R. Moberg P13: 34 bis (UPS F-511914).

Notes: Taeniolella umbilicariicola is similar to T. christiansenii, 
widespread in Arctic regions (Canadian Arctic, Greenland, 
Norway, Russian Arctic) on hosts of Stereocaulaceae and some 
of their lichenicolous Arthoniaceae. However, the outer wall 
of conidiophores and conidia in the latter species is smooth 
to rimulose, sometimes verruculose-striate, but without any 
squamules. Taeniolella pseudocyphellariae, another species 
with longitudinal fissures is easily distinguishable from T. 
umbilicariicola by having darker superficial hyphae with 
thicker walls (0.5–2 µm, vs. up to 0.5 µm in T. umbilicariicola), 
conidiophores with annellations, and its hyphae are able to 
penetrate into algal cells.

Taeniolella verrucosa M.S. Christ. & D. Hawksw., Bull. Brit. Mus. 
(Nat. Hist.), Bot. 6: 258. 1979. Figs 69–70.

Literature: Clauzade et al. (1989: 120), Brackel (2009: 43).

Illustration: Hawksworth (1979: 259, fig. 38).

Exsiccatum: Vězda, Lich. Sel. Exs. 2125.

Description: Colonies on the surface of thalli, dark brown or 
almost black, effuse, caespitose, composed of conidiophores 
or fertile hyphae forming a dense hyphal network, obviously 
decumbent, sometimes denser, forming small aggregations, 
0.25–1.5 mm, without discoloration of the thallus. Mycelium 
immersed or superficial; hyphae torulose, branched, 2–9 µm wide 
septate, with constrictions at the septa, pale brown to brown, 
walls thickened, 0.25–0.5 µm, sometimes up to 1 µm wide, 
smooth to slightly verrucose. Stromata lacking. Conidiophores 
semi-macronematous, mononematous, aggregated in small tufts, 
arising from basal hyphal cells, loosely caespitose, erect or almost 
prostrate, decumbent, forming a densely branched sporogenous 
complex, distinction between conidiophores and superficial 
hyphae difficult, conidiophores straight to flexuous, subcylindrical, 
often 1–2 times branched at the base, conidiophores with 

adhering conidia 9–104 × 7–9(–10) µm, 1–12-septate, mostly 
constricted at the septa, occasionally with oblique or longitudinal 
septa, sometimes with intercalary swellings, brown to dark 
brown, outer wall verruculose to rimulose, wall splitting, not 
detached or only slightly so, wall thickened, 0.5–1.5 µm, often less 
thickened towards the apex, usually 1–2 times enteroblastically 
proliferating with obvious sheath-like wall remnants visible 
as irregular fringe. Conidiogenous cells integrated, terminal, 
monoblastic, rarely polyblastic, monopodial, subcylindrical, 
poorly differentiated, doliiform, 3–10 µm long, conidiogenous loci 
truncate to slightly convex, unthickened, 3–5 µm diam. Conidia 
catenate in unbranched chains, not easily disintegrating, straight, 
doliiform, subcylindrical, obovoid, 0–1(–3)-septate, aseptate 
conidia 6–12 × 6–7 µm, 1-septate ones 8–14 × 6–10 µm, 2- and 
3-septate ones 17–19 × 6–7 µm, mostly constricted at the septa, 
brown to dark brown, ornamentation of the outer wall similar 
as in conidiophores, wall thickened, 0.25–1 µm, rarely slightly 
detached, apex rounded in primary conidia, truncate in secondary 
ones, base truncate to slightly convex, hila truncate, unthickened, 
not darkened, thick outer wall forming a small rim, 3–5 µm diam.

Holotype: Sweden, Skåne, Genarp, Häckeberga, on Quercus, 
on thalli of Pachnolepia pruinata (≡ Arthonia pruinata), 24 Apr. 
1946, M.S. Christiansen 12.967 p.p. (C, herb. Christiansen 569!).

Host range and distribution: On Aspicilia caesiocinerea, Micarea 
denigrata, Pachnolepia pruinata, Rhizocarpon geographicum; 
Denmark (Alstrup et al. 2004, Santesson 2008), Germany 
(Brackel 2009, 2010a, Wirth et al. 2010), Greenland (Alstrup et 
al. 2009), Sweden (Hawksworth 1979, Santesson 1993, Nordin 
et al. 2010).

Additional specimens examined: Denmark, Bornholm 47, Christiansø, 
on Aspicilia caesiocinerea, 2 Jul. 1987, V. Alstrup (C, herb. Christiansen 
5936); Zealand, Greve, Mosede Strand, on decaying wood of the roof of 
a house near the sea-shore, on Micarea denigrata, 29 Aug. 1980, M.S. 
Christiansen 80.410 (C, herb. Christiansen 1322); Karlstrup, Karlstrup 
Strandpark, on the horizontal surface of a wooden rail on the parking 
ground of the public park “Trylleskoven”, near the sea-shore, on M. 
denigrata, 2 Jan. 1981, M.S. Christiansen 81.001 (C, herb. Christiansen 
1326, 1325). Sweden, Skåne, Häckeberga, on old oaks at the lake, on 
Pachnolepia pruinata, 24 Apr. 1946, M.S. Christiansen 12.967b (C, herb. 
Christiansen 571).

Notes: A re-examination of Taeniolella verrucosa was rather 
difficult. The existing collections, including type material, are 
sparingly developed and/or mixed with T. delicata, as already 
observed by Hawksworth (1979). A few fragments seen in the 
scanty collections on Micarea denigrata (C, herb. Christiansen 
1322, 1326, 1325) may belong to T. verrucosa. These samples 
are tentatively referred to as T. verrucosa. In another collection 
on Micarea denigrata [Denmark, Zealand, Greve, Mosede 
Strand, on wood of a wicked to a garage, near the ground, 16 
Aug. 1980, M. S. Christiansen 80.160a (C, herb. Christiansen 
1245)] only T. delicata was found. A collection on Enterographa 
zonata and Chrysothrix candelaris [on old Quercus, Denmark 
44: NEZ, Jægerspris, Nordskoven, Store Eskemose, 25 Jun. 1988, 
V. Alstrup (C, herb. Christiansen 6041)], published in Alstrup 
(1993b), proved to be a misidentification and represents the 
first record of Trimmatostroma quercicola Diederich, U. Braun 
& Heuchert (published in Diederich et al. 2010) from Denmark. 
Material on Pertusaria carneopallida (Sweden, Torne Lappmark, 
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Kiruna, Abisko, 1.5 km W of Jieorenjokkstugan, alt. 340–400 m, 
on Alnus incana, 6 Aug. 1980, H. Mayrhofer, Vězda, Lich. Sel. Exs. 
2125), distributed as T. verrucosa, has later been re-identified 
as T. pertusariicola by D. Hawksworth and H. Mayrhofer (in 
Alstrup & Hawksworth 1990). The ornamentation of the 
conidiophores and conidia in T. pertusariicola is similar to that 
of T. verrucosa, but the former species differs in having shorter 
and narrower conidiophores. Furthermore, conidia are usually 
narrower (Hawksworth in Vězda 1986: 7), and 2- or 3-septate 
conidia, predominant in T. pertusariicola, are rarely formed in 
T. verrucosa.

Taeniolella verrucosa is characterised by conidiophores and 
fertile hyphae forming a densely branched sporogenous complex. 
The distinction between conidiophores and superficial hyphae 
is, however, rather difficult. Hawksworth (1979) described the 
conidiophores as erect or almost prostrate. Superficial hyphae 
and conidiophores form at times an irregularly branched net 
overgrowing the substrate, which is easily visible, even at a 
magnification of ×40. A similar network could be observed in 
Trimmatostroma umbilicariicola (Heuchert & Braun 2014).

Oblique or longitudinal septa, as depicted in Hawksworth 
(1979: 259, fig. 38), are rarely formed in Taeniolella verrucosa. 
This type of septation is unusual for Taeniolella, but common in 

Trimmatostroma s. lat. However, species of Taeniolella, including 
T. verrucosa, are easily distinguished from Trimmatostroma 
by having superficial, semi-macronematous conidiophores, 
and conidia are formed in acropetal chains. Multicellular 
aggregations of conidial cells, characteristic for Trimmatostroma 
species, are lacking in Taeniolella (Diederich et al. 2010). 
Otherwise, T. verrucosa does not share any common traits with 
Trimmatostroma spp. 

Taeniolella christiansenii, known on some Stereocaulon 
species and some of their lichenicolous Arthonia species, is 
characterised by forming areas on the host thalli with torulose 
hyphae. The ornamentation of the outer wall of conidiophores 
and conidia is similar to that in T. verrucosa, but conidiophores 
and conidia in the latter species are usually wider (conidiophores 
9–104 × 7–9(–10) µm vs. 5–55 × 4–7(–9) µm in T. christiansenii).

Taeniolella umbilicariicola is another Taeniolella species with 
verrucose to rimulose outer walls of conidiophores and conidia, 
but its mycelium is immersed, i.e., a superficial hyphal network 
is lacking. The mostly unbranched conidiophores of Taeniolella 
umbilicariicola do not form densely branched sporogenous 
complexes. In addition, walls of older conidiophores turn 
rhagadiose-squamulose to squamose, conidiophores disarticulate 
in irregular, large conidia up to 55 µm long and 11-septate, and 

Fig. 69. Taeniolella verrucosa [holotype]. A. Superficial hyphae and conidiophores forming densely branched sporogenous complex with adhering 
conidia. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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conidiophores and conidia are rarely and only slightly constricted 
at the septa.

Taeniolella arthoniae is also known on Pachnolepia pruinata, 
but distinguished from T. verrucosa by having usually narrower 

conidiophores (8–80 × 2.5–6.5(–8) µm in T. arthoniae), and 
the frequently branched conidiophores do not form any 
sporogenous complexes.

Fig. 70. Taeniolella verrucosa [holotype]. A. Macroscopic overview of colony. B–F. Superficial hyphae and conidiophores forming densely branched 
sporogenous complex with adhering conidia. Bars: 1 mm (A), 30 µm (B), 20 µm (C, D), 10 µm (E, F).
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Taeniolella weberi Heuchert & Sparrius, sp. nov. MycoBank 
MB819307. Figs 71–72.

Etymology: Name derived from the epithet of the type host, 
(Thelotrema) weberi.

Diagnosis: Differs from all lichenicolous Taeniolella species in 
having conidiophores arranged in well-developed sporodochia 
and broad conidia (6–8 µm) with conspicuously thickened 
(0.75–2 µm) and darkened, distinctly multilayered septa.

Fig. 71. Taeniolella weberi [holotype]. A. Hyphae. B. Conidiophores arising from hyphae with adhering conidia. C. Bar = 10 µm (B. Heuchert del.).
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Description: Colonies on the surface of thalli and at the 
margin of apothecia, punctiform, up to 0.2 mm diam, effuse, 

confluent, caespitose, black, thallus without discoloration. 
Mycelium immersed and superficial; hyphae flexuous, 

Fig. 72. Taeniolella weberi [holotype]. A. Macroscopic overview of colonies. B. SEM overview of colony. C, D, F. Conidiophores with adhering conidia. 
E. Conidiophores in sporodochial conidiomata. G–K. Conidia with irregular verrucose surface and conspicuous thickened and darkened septa. Bars: 1 
mm (A) [photo taken by Paul Diederich], 70 µm (B), 20 µm (E), 10 µm (C, D, F, I, K), 9 µm (G, J), 5 µm (H).
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branched, 2–5 µm wide, septate, slightly constricted at the 
septa, pale brown, smooth, thick-walled, 0.25–0.5 µm wide. 
Hyphal cells below fascicles of conidiophores stromatically 
aggregated, swollen, subglobose, brown, smooth to 
irregularly verrucose, 4–7 µm diam. Conidiophores semi-
macronematous, mononematous, mostly densely fasciculate, 
in sporodochial conidiomata, up to 100 µm diam, rarely 
solitary, arising from hyphae or swollen hyphal cells, erect, 
straight to slightly curved, broad subcylindrical, unbranched, 
12–70 × 5–8 µm, 2–5-septate, slightly to distinctly constricted 
at the septa, septa conspicuously thickened, 0.75–2 µm, 
darkened, distinctly multi-layered, conidiophores dark brown, 
paler towards the apex, wall thickened, 0.5–1.5 µm wide, 
irregularly verrucose, somewhat rimulose, rarely smooth. 
Conidiogenous cell integrated, terminal, monoblastic, 
monopodial, doliiform, short cylindrical, narrowed at the 
apex, 4–6 µm long, conidiogenous loci truncate to slightly 
convex, unthickened, 2–3 µm diam. Conidia catenate, 
in unbranched, easily disarticulating chains, straight or 
slightly curved, broad subcylindrical, obovoid to ellipsoid, 
0–3-septate, aseptate conidia 6–8 × 5–5.5 µm, 1-septate ones 
9–12 × 5–7 µm, 2-septate ones 10–15 × 5.5–8 µm, 3-septate 
ones 15–16 × 7 µm, slightly constricted at the septa, brown 
to dark brown, wall thickened, 0.5–1.5 µm wide, septa 
conspicuously thickened and darkened, distinctly multi-
layered, 0.5–1.25 µm wide, irregularly verrucose, rimulose, 
rarely smooth, apex rounded in primary conidia, truncate in 
secondary ones, base truncate, sometimes narrowed, hila 
truncate, unthickened, not darkened, 1.5–3 µm diam.

Holotype: Taiwan, Hualien Country, Taroko National Park, 
Hohuan Shan, Pseudotsuga forest, 2950 m alt., 13 Oct. 2001, 
24°07'12" N, 121°15'35" E, on Pseudotsuga, on Thelotrema 
weberi, L.B. Sparrius 6364 (HAL 3140 F!).

Host range and distribution: On Thelotrema weberi; Taiwan, 
known only from the type collection.

Notes: Taeniolella weberi, known only from Taiwan on 
Thelotrema weberi, is readily distinguished from T. toruloides and 
T. thelotrematis, two other species growing on Thelotrema, by its 
unbranched conidiophores in large sporodochial conidiomata. 
Furthermore, T. weberi is an unusual species of Taeniolella, 
unique within this genus by its rather broad (6–8 µm) conidia and 
conspicuously thickened (0.75–2 µm) and darkened, distinctly 
multi-layered septa that distinguish it from all other Taeniolella 
spp. The arrangement of conidiophores in well-developed 
sporodochia is reminiscent of conidiomata of Spilodochium. 
However, the latter genus is clearly distinct from Taeniolella by 
its conidia formed in branched acropetal chains directly arising 
from particular outer stroma cells, i.e., separate, multicellular 
conidiophores are not differentiated (Ellis 1971, 1976). The 
formation of conidiophores in sporodochial conidiomata is of 
little relevance on generic level within hyphomycete genera, 
as demonstrated within Fusicladium (see Schubert et al. 2003), 
Pseudocercospora and other genera of the Mycosphaerellaceae 
with hyphomycetous asexual morphs (see Braun 1995, Crous 
& Braun 2003). Therefore, T. weberi cannot be excluded from 
Taeniolella s. lat. just based on differences in the arrangement 
of conidiophores. The generic affinity of this species needs to be 
verified by means of molecular sequence analyses.

Taeniolella sp. (putative asexual morph of Sphaerellothecium 
thamnoliae Zhurb.). Figs 73–74.

Description: Colonies spreading widely over the surface of 
podetia, on old decaying parts as well as on undamaged 
portions, punctiform, aggregated in tufts or loose groups, 
confluent, loosely caespitose, rarely with superficial hyphae, 
dark brown to black, not causing any discolorations of the 
thallus. Mycelium immersed, partly superficial; hyphae flexuous, 
branched, 2–3 µm wide, older parts 5–6 µm wide, septate, with 
constrictions at the septa, cells ellipsoid, sometimes swollen, 
sinuous, pale brown to brown, walls slightly thickened, up 
to 0.5 µm, smooth. Stromata lacking, swollen hyphal cells 
rarely aggregated below conidiophores. Conidia formed on 
micronematous conidiophores seemingly “sessile”, i.e., formed 
on conidiophores reduced to conidiogenous cells, integrated 
in hyphae, intercalary and terminal, solitary or in small groups, 
unbranched, straight, broad ellipsoid, doliiform, subcylindrical, 
4–5 × 3–4 µm, aseptate, pale brown, distinctly paler than 
conidia and semi-macronematous conidiophores, smooth, 
wall slightly thickened, up to 0.5 µm, monoblastic, mostly with 
peg-like lateral protuberances giving rise to conidia. Semi-
macronematous conidiophores mononematous, solitary or 
in small tufts, mostly 3–5, arising from plagiotropous hyphae, 
lateral and terminal, densely caespitose, erect, straight to 
slightly flexuous at the tip, subcylindrical, obovoid or broad 
ellipsoid, mostly unbranched, occasionally branched at the 
base or in the lower part, conidiophores with adhering conidia 
15–32 × 5–6 µm, 3–9-septate, not or slightly constricted at the 
septa, brown to dark brown, sometimes paler towards the apex, 
wall verruculose or irregularly rough, usually with fine net-
like cracks, sometimes squamulose, thick-walled, up to 1 µm, 
rarely enteroblastically proliferating with obvious sheath-like 
wall remnants visible as irregular fringe. Conidiogenous cells 
integrated, terminal, monoblastic or thalloblastic, monopodial, 
doliiform, 4–5 µm long, conidiogenous loci truncate to slightly 
convex, unthickened, 2–4 µm diam. Conidia usually single, 
rarely catenate or conidiophores disintegrating in fragments, 
straight, rarely slightly curved, subcylindrical, obovoid, 
ellipsoid, 1–5-septate, 1-septate ones 6–10 × 5–6 µm, 2-septate 
ones 8–13.5 × 5–5.5 µm, 3-septate ones 12–15 × 5–5.5 µm, 
4–5-septate ones 15–20 × 5–6 µm, not or only occasionally 
slightly constricted at the septa, brown to dark brown, wall 
slightly thickened, 0.25–0.5 µm, wall of young conidia smooth, 
later verruculose or irregularly rough, usually with fine net-like 
cracks, sometimes squamulose, apex rounded, base truncate to 
slightly convex, hila truncate, unthickened, not darkened, 2–4 
µm diam.

Specimens examined: Norway, Troms County, Storfjord Municipality, 
Skibotndalen River valley, Skibotnelva, 500 m NW of Kavelnes, rocks 
and boulders on forested slope, 69°19' N, 20°21' E, alt. 100 m, on 
Thamnolia vermicularis var. vermicularis, 6 Aug. 2003, M.P. Zhurbenko 
03457 (LE 309433). Russia, Krasnoyarsk Territory, Taimyr Peninsula, 
Byrranga Mts., northern coast of Levinson-Lessing Lake, mountain slope 
with arctic tundra, 74°32’ N, 98°33' E, alt. 300 m, on T. vermicularis var. 
vermicularis, 29 Jul. 1994, M.P. Zhurbenko 94132 (LE 309431); Chukotka 
Autonomous Area, lower Kymyneiveem River, arctic tundra, 67°26' N, 
175°25’ W, on T. vermicularis var. vermicularis, 23 Jul. 1989, A.E. Katenin 
(LE 309432); Krasnodar Territory, Greater Caucasus Range, Caucasian 
Biosphere Reserve, northern slope of Armovka Mt., alpine vegetation, 
43°52'28" N, 40°39'20" E, alt. 2250 m, on old decaying part of podetium 
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of T. vermicularis var. subiliformis, 30 Aug. 2014, M. Zhurbenko 14154 
(HAL 3138 F).

Notes: Taeniolella-like asexual fructifications have frequently 
been found on Thamnolia vermicularis, including the collections 
cited above, as well as numerous additional specimens examined 
by M. Zhurbenko. In some of the collections, the taeniolella-
like asexual morphs are associated with typical colonies 
assignable to Sphaerellothecium thamnoliae (Zhurbenko 
2012), characterised by forming reticulate mycelial mats and 
ascomata. In other collections, reticulate mycelial colonies 
are lacking or less evident, and ascomata are not developed. 
Sphaerellothecium thamnoliae is very common and widespread 
on Thamnolia vermicularis. The taeniolella-like asexual morph 
described above has been found on T. vermicularis several 
times. It might be the putative asexual morph of the latter 
species, although a definitive proof is still lacking and requires 
cultures and molecular sequence analyses on the basis of data 
retrieved from the asexual and sexual morphs independently 
of each other. In most of the specimens on Thamnolia with 
taeniolella-like asexual morphs, characteristic symptoms with 
a reticulate mycelial coating are not or only rudimentarily 

developed. However, superficial reticulate mycelial covers may 
not always be present in S. thamnoliae, e.g., in S. thamnoliae 
var. taimyrica Zhurb. (Zhurbenko 2012) the hyphae are usually 
immersed. Sphaerellothecium is traditionally assigned to 
the capnodialean family Mycosphaerellaceae (Lumbsch & 
Huhndorf 2009), but the phylogeny of Sphaerellothecium in 
general and S. thamnoliae in particular is still unconfirmed. 
In the event that the two morphs found on Thamnolia 
vermicularis belong to a single species, as currently thought, 
and if the mycosphaerellaceous affinity of Sphaerellothecium 
will prove to be correct, this would be the first case of a 
Taeniolella (s. lat.) connected with an ascomycete belonging to 
the Mycosphaerellaceae.

With regards to biometric data and the structure of outer 
walls of conidiophores and conidia, the present taeniolella-
like asexual morph on Thamnolia is very similar to Taeniolella 
strictae, which is hitherto known only from the type collection 
on Cladonia stricta from Greenland. T. strictae is distinguished 
from the species on Thamnolia by forming a superficial 
mycelium, composed of subglobose or globose, monilioid cells 
with irregularly rough walls, usually with fine net-like cracks 
or with squamules up to 2 µm wide. In addition, obovoid and 

Fig. 73. Taeniolella sp. (putative asexual morph of Sphaerellothecium thamnoliae) [HAL 3138 F]. A. Hyphae. B. Conidia formed on micronematous 
conidiophores. C. Semi-macronematous conidiophores in small tufts with adhering conidia. D. Conidia. Bar = 10 µm (B. Heuchert del.).
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ellipsoid conidia, which are characteristic for the asexual morph 
on Thamnolia, have not been observed in T. strictae.

Taeniolella diederichiana, probably confined to Placopsis in 
Columbia, Canary Islands, French Southern Territories, Iceland, 
Peru and Russia, as well as T. pertusariicola, widespread in 
Northern Europe on various hosts, e.g., Lecanora rupicola, 
Pertusaria bryontha and P. carneopallida, are both with regard 

to size and formation of semi-macronematous conidiophores 
arising from plagiotropous hyphae morphologically very similar 
to the putative asexual morph of S. thamnoliae, but they differ 
significantly in having wider conidiophores and conidia (up to 
8 µm broad in T. diederichiana and T. pertusariicola vs. up to 
6 µm in the fungus on Thamnolia vermicularis) and walls with 
irregularly shaped squamules, 0.5–3 µm wide. In the present 

Fig. 74. Taeniolella sp. (putative asexual morph of Sphaerellothecium thamnoliae) [HAL 3138 F]. A. Macroscopic overview of colony. B–E. Conidia 
formed on micronematous conidiophores. F, G. Semi-macronematous conidiophores in small tufts with adhering conidia. Bars: 1 mm (A), 10 µm 
(B–G).
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asexual morph on Thamnolia, the wall of conidiophores and 
conidia is verruculose or irregularly rough, usually with fine net-
like cracks. The stereocaulicolous species T. christiansenii, known 
from British Columbia, the Canadian Arctic, Greenland, Norway, 
Russia, and USA, is another comparable species, but small, 
aseptate conidia formed in T. christiansenii (4–12 × 3–6.5(–7) 
µm) are lacking in the asexual morph on Thamnolia, 1–3-septate 
conidia are usually wider (up to 7.5 µm) in T. christiansenii, 
and the outermost wall layer of conidiophores and conidia are 
longitudinally splitting and form a verruculose-striate surface 
that is easily distinguishable from walls with fine net-like cracks 
in the taeniolella-like morph on Thamnolia vermicularis.

Saprobic Taeniolella species

Taeniolella alta (Ehrenb.) S. Hughes, Canad. J. Bot. 36: 817. 
1958. Figs 75–76.
Basionym: Hormiscium altum Ehrenb., Sylv. mycol. Berol.: 10, 22. 
1818.
Synonyms: Torula alta (Ehrenb.) Pers., Mycol. Europ. 1: 22. 1822.
Monilia alta (Ehrenb.) Link, in Willd., Sp. pl., Ed. 4, 6: 126. 1824.
Taeniola alta (Ehrenb.) Bonord., Handb. Mykol.: 36. 1851.
Torula alnea Peck, Rep. (Annual) New York State Mus. Nat. Hist. 
25: 89. 1873 [lectotype (designated here, MycoBank MBT380027: 
USA, New York, North Elba, Adirondrack Mts., on dead branches 

Fig. 75. Taeniolella alta [BP 77867]. A. Conidiophores arising from hyphae with adhering conidia. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 76. Taeniolella alta [BP 77867]. A–D, G. Conidiophores arising from hyphae with adhering conidia. E, F, H, I. Conidia. Bars: 50 µm (A), 20 µm (B–D, 
G, H), 10 µm (E, F, I).
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of Alnus sp., July, C.H. Peck (NYS-F-197!); syntypes: NYS-F-198, 
199].
Septonema dichaenoides Peck & Clinton in Peck, Rep. (Annual) 
New York State Mus. Nat. Hist. 30: 53. 1878 [holotype: USA, 
New York, Cattaraugus, Olean, on Alnus sp., May, G.W. Clinton 
(NYS-F-1005!)].
Septonema nitidum P. Karst., Meddeland. Soc. Fauna Fl. Fenn. 
16: 44. 1888 [holotype: Finland, Tammela, Mustiala, on bark of 
Alnus glutinosa, Oct. (“In cortice Alni ad Mustiala, m. Oct.”) (H 
6052525)].

Literature: Ellis (1976: 59), Hughes (1980b: 1–2), Révay (1985: 
69), Ellis & Ellis (1997: 91), Mel’nik (2000: 306), Yurchenko 
(2001: 47–49), Cruz & Gusmão (2009: 1138), Wang (2010: 191), 
Bülbül et al. (2011: 164), Hayova (2011: 868).

Illustrations: Ellis (1976: 60, fig. B), Hughes (1980b: 1, figs 1–4), 
Révay (1985: pl. IV, fig. 1), Ellis & Ellis (1997: pl. 38, fig. 365), 
Mel’nik (2000: 305, fig. 213), Yurchenko (2001: 48, fig. 15), Cruz 
& Gusmão (2009: 1139, figs 18–19), Hayova (2011: 866, fig. 1, C).

Description: Colonies scattered over the substrate, effuse, 
loosely caespitose or in small tufts, slightly shiny, dark 
brown to black, long chains of conidia often visible even by 
stereomicroscopy. Mycelium superficial, partly immersed; 
hyphae straight to flexuous, branched, 1.5–5 µm wide, septate, 
not constricted at the septa, pale brown to brown, smooth, 
wall slightly thickened, 0.5–0.75 µm. Stromata lacking. 
Conidiophores semi-macronematous, mononematous, arising 
from hyphae, terminal or lateral, solitary, unbranched or with 
one basal branchlet, erect, straight, subcylindrical, doliiform, 
8–30 × 5–10 µm, usually aseptate, rarely 1–2-septate, not or 
slightly constricted at the septa, rarely smooth, usually distinctly 
irregularly verruculose to verrucose, above all the basal wall of 
young conidiophores and the wall of involved hyphal cell giving 
rise to them distinctly verruculose or verrucose, in the upper 
part of older conidiophores less roughened, wall thickened, 0.5–
0.75 µm, dark brown, distinctly more pigmented than hyphal 
cells, cell plasma mostly reduced, with a central vacuole-like 
cavity, surrounding plasma giving the impression of very thick, 
three-layered walls. Conidiogenous cells integrated, terminal, 
conidiophores often reduced to conidiogenous cells, usually 
monoblastic, rarely polyblastic, with two loci, monopodial, 
subcylindrical or doliiform, 8–12 × 5–10 µm, little differentiated, 
loci truncate, unthickened, 3–5 µm diam. Conidia in unbranched 
chains, up to six, not easily disintegrating, adhering for a long 
time, 2–4 µm wide in constricted or narrow segments between 
individual conidia, straight or slightly flexuous, cylindrical, 
ellipsoid, somewhat obclavate, 0–12-septate, not or slightly 
constricted at the septa, aseptate conidia 9–10 × 7–9 µm, 
1-septate ones 16–28 × 9–13 µm, 2-septate ones 19–38 × 8–14 
µm, 3-septate ones 30–38(–45) × (7.5–)9–14 µm, 4-septate 
ones 30–51 × (8–)10–13 µm, 5-septate ones 40–65 × 10–14 µm, 
6-septate ones 60–67 × 12–13 µm, 7–12-septate ones 44–107 
× 10–15 µm, dark brown, olivaceous brown, young conidia at 
the tip of conidial chains distinctly paler, wall in older conidia 
often roughened by disintegration of the outer wall layer, wall 
of younger conidia usually smooth, thickened, 0.5–0.75 µm, 
cell plasma mostly reduced, with a central vacuole-like cavity, 
surrounding plasma giving the impression of very thick, three-
layered walls, up to 1–2 µm thick, lumen distinctly structured 
and slightly greenish brown, the wall at the apex often less 

thickened and the cell lumen slightly reduced, apex rounded in 
primary conidia, slightly conically truncate in secondary ones, 
base truncate, sometimes slightly obconically truncate, hila 
truncate, unthickened, not darkened, (1–)2–5(–6) µm diam.

Holotype: [Germany, Berlin], on Alnus sp., labelled as 
‘Hormiscium altum’ by Ehrenberg (L-90.0.H.No. 910, 267-936).

Host range and distribution: On corticated branches and roots 
of Acacia cornigera, Alnus barbata, A. glutinosa, A. incana, 
A. rugosa, Alnus sp., Betula?, Berberis sp., Carpinus betulus, 
Fraxinus sp., Picea sp., Quercus sp. and on decaying wood of 
conifers; Belarus (Yurchenko 2001), Brazil (Cruz & Gusmão 
2009), Canada (Bisby et al. 1938, Conners 1967, Hughes 1980b, 
Ginns 1986), Finland (Karsten 1888), Georgia (Svanidze 1984), 
Germany (Link 1824), Hungary (Révay 1985, 1998), Lithuania 
(Treigien & Markovskaja 2007), Mexico (Ale-Agha et al. 2007), 
Russia (Mel’nik & Popushoi 1992, Andreev et al. 1996, Karatygin 
et al. 1999, Mel’nik 2000, Popov et al. 2013 as T. stilbospora and 
T. stricta), Turkey (Bülbül et al. 2011, Selçuk et al. 2014), Ukraine 
(Hayova 2011), UK (Ellis 1976), USA (Peck 1873 as Torula alnea, 
Peck 1878, as Septonema dichaenoides; Hughes 1980b, Wang 
2010).

Additional specimens examined: Hungary, in Mts. Börzsöny-hegység 
pr. pag. Verőcemaros, on Alnus glutinosa, 15 Jun. 1984, Á. Révay & 
J. Gönczöl (BP 77725); montes Börzsöny-hegység in mte Morgó-hegy 
pr. pag. Verőcemaros, on Alnus glutinosa, 14 Sep. 1984, Á. Révay & J. 
Gönczöl (BP 77867); Com. Borsod-Abauj-Zemplén, pr. pag. Szinpetri, 
in valley Kecskekut-völgy, on rotten wood, 28 Oct. 1988, Á. Révay & 
J. Gönczöl (BP 84379). Russia, Novgorod Oblast, Okulovsky District, 
vicinity of Zarechnaya, on Alnus incana, 3 Jun. 2006, D.A. Shabunin 
(LE 246872); ibid., 3 Jun. 2006, D.A. Shabunin (LE 246876); environs 
of Zarechnaja village, 6 May 2015, D.A. Shabunin (LE 256918). Turkey, 
Kirklareli Prov., Demirköy Distr., Karanhkköy village, 41°53'170" N, 
27°33'730" E, alt. 275 m, on Carpinus betulus, 18 Jun. 2005, E. Hüseyin 
(Mycological Collection of the Arts and Sciences Faculty, Ahi Evran 
University, Kırşehir, Turkey, no. 51).

Notes: Taeniolella alta usually occurs on corticated branches and 
roots of different species of Alnus. Hughes (1980b) detected this 
fungus on Quercus and re-examined one of the collections of 
“Torula alnea” from Canada (Bisby et al. 1938), which proved to 
be a Trimmatostroma. The collection reported on Betula? could 
not be examined by him. Bülbül et al. (2011) observed T. alta 
on Carpinus betulus. Yurchenko (2001) reported that in Belarus 
T. alta is commonly found in association with the hyphomycete 
Excipularia fusispora and with basidiomata of Hyphoderma 
setigerum which may be penetrated by this fungus and bear 
conidiophores and conidia.

Hughes (1980b) provided a detailed and comprehensive 
description of T. alta. The common characteristics of this species 
fully coincide with the current circumscription of Taeniolella. 
Data given in literature suggest a wide range of the length 
of conidiophores and conidia. Hughes (1980b) described 
conidiophores 15–160 µm long and conidia up to 135 µm in 
length with up to 14 septa. Révay (1985) and Yurchenko (2001) 
observed conidiophores 120–150 µm long, but the conidia only 
up to 45 µm. Other authors, e.g., Cruz & Gusmão (2009) and 
Bülbül et al. (2011), described much shorter conidiophores 
and conidia (conidiophores up to 75 µm and conidia up to 
60 µm). Shorter conidia with a smaller number of septa 
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[(2–)3(–5)-septate, 20–50 × 10–13 µm] were described by Ellis 
(1976) and Mel’nik (2000), reflecting the general difficulty to 
distinguish conidiophores and conidia. The widest conidia (up to 
15 µm) were observed by Hayova (2011). 

The conidiogenous cells in T. alta are usually monoblastic but 
may occasionally be polyblastic with two loci. Hughes (1980b) 
and Yurchenko (2001) described the conidiophores as usually 
unbranched or seldom branched near at the base.

The description and illustration of the Chinese T. hunanensis 
is very similar to T. alta, and the illustration indicates that the 
conidiogenous cells might be polyblastic as well, but T. alta is 
easily distinguishable from T. hunanensis by its often rough-
walled, sometimes even verrucose conidiophores and conidia. 
T. stricta, another similar saprophytic Taeniolella species, 
occurring on wood of several trees (e.g., Bruguiera gymnorrhiza, 
Leucadendron sp., Palmae sp., Rhizophora mucronata) is 
easily distinguishable from T. alta by its always smooth-
walled conidiophores and conidia and usually monoblastic 
conidiogenous cells without basal branchlets.

The phylogeny of Taeniolella alta is still unresolved. The 
phylogenetic placement of this species in a lineage with Phomopsis 
sp. and species of Diaporthe was assumed in previous studies 
(Crous et al. 2006, Damm et al. 2007, Crous et al. 2011) using the 
nuLSU sequence originally published by Masclaux et al. (1995). 
Taeniolella alta is known from corticated branches of various tree 
genera (e.g., Alnus, Quercus) and from decaying wood of conifers 
(Hughes 1980b). Species of Diaporthe-Phomopsis represent 
a large group of plant-inhabiting fungi, which are commonly 
encountered as endophytes of woody plants and are often 
responsible for plant diseases (e.g., Uecker 1988, Rossman et al. 
2007). The published nuLSU sequence of T. alta was obtained 
from a specimen growing on Carpinus betulus in Switzerland. Its 
reliability is questioned here because the related culture was non-
sporulating and could thus not be identified by one of us (B.H.). 
Moreover, morphological features of Taeniolella alta agree with 
common characteristics of the genus Taeniolella and strongly 
differ from species of Diaporthe (sexual) and Phomopsis (asexual), 
the asexual state Phomopsis being characterised by pycnidia 
producing hyaline, simple conidia.

Taeniolella breviuscula (Berk. & M.A. Curtis) S. Hughes, Canad. 
J. Bot. 36: 817. 1958. Figs 77–78
Basionym: Septonema breviusculum Berk. & M.A. Curtis, 
Grevillea 3(25): 15. 1874.
Synonym: Torula opaca Cooke, Syll. Fung. 10: 574. 1892 
[syntypes: USA, New Jersey, Newfield, ‘on bark of various dead 
and living shrubs’, Nov. 1881, J.B. Ellis, Ellis, N. Am. Fungi, 759 
(e.g., BPI 421738, 421739; ILL 97937; ILLS 885; PH 311520, 
323875; WIS-F-86706)].

Literature: Ellis (1976: 59), Hawksworth (1979: 253), Kirk (1982: 
73), Ellis & Ellis (1997: 64), Clauzade et al. (1989: 120).

Illustrations: Ellis (1976: 60, fig. 42A), Ellis & Ellis (1997: pl. 25, 
fig. 254).

Description: Colonies effuse, black, thin [according to Ellis & 
Ellis (1976)]. Mycelium superficial and immersed; two different 
hyphal types present, 1) flexuous, sometimes irregularly 
aggregated, branched, 3–7(–10) µm wide, septate, also with 
longitudinal septa, slightly to distinctly constricted at the septa, 
yellowish brown to brown, smooth, obviously paler than conidia, 

wall slightly thickened, up to 0.25 µm, 2) straight to flexuous, 
branched, 4–9 µm, septate, without longitudinal septa, slightly 
constricted at the septa, dark brown as the conidia, smooth, 
wall thick, up to 1 µm. Stromata lacking. Conidiophores 
micronematous to semi-macronematous, distinction between 
conidiophores and adhering conidia difficult, solitary to 
densely aggregated, arising from hyphae of the second type, 
terminal, erect, straight, unbranched, subcylindrical to broad 
subcylindrical, conidiophores (with adhering conidia) 21–120 × 
9–11 µm, 2–17-septate, septa distinctly thickened, up to 2 µm, not 
or slightly constricted at the septa, sometimes with longitudinal 
distosepta, dark brown, smooth, 1–2 µm thick, enteroblastically 
proliferating with obvious sheath-like wall remnants visible 
as irregular fringe. Conidiogenous cell integrated, terminal, 
monoblastic, little differentiated, 6–7 µm long, loci truncate, 
unthickened, 4–8 µm diam. Conidia catenate, in unbranched 
chains, not easily disintegrating, conidia long adhering, straight, 
broad ellipsoid, broad obovoid, subcylindrical, 1–3(–5)-septate, 
septa strongly thickened, up to 2 µm, not constricted at the 
septa, sometimes with longitudinal distosepta, 1-septate ones 
14–19 × 8–11 µm, 2-septate ones 17–21 × 9–11 µm, 3-septate 
ones 22–25 × 9–11 µm, 4- and 5-septate fragments 25–32 × 
11–13 µm, dark brown, smooth, wall thickened, up to 2 µm, 
portions with proliferation, i.e., with conidium initials, pale 
yellowish brown, wall not or only slightly thickened, apex 
rounded in primary conidia, truncate in secondary ones, base 
truncate, sometimes narrowed towards the base, hila truncate, 
unthickened, not darkened, 2.5–7 µm diam, within the acropetal 
chain, between individual conidia, sometimes with very distinct 
wall remnants caused by enteroblastic proliferations resembling 
broad collarettes, up to 15 µm long, thin and pale brown.

Holotype: USA, South Carolina, on living trunk of Acer sp., M.A. 
Curtis 4956 (K(M) 166400!).

Host range and distribution: On Acer sp., Castanea sativa, Pinus 
sylvestris; France (Clauzade et al. 1989, Roux et al. 2001, Roux 
et al. 2017), Turkey (Selçuk et al. 2014), UK (Kirk 1982), USA 
(Berkeley 1874).

Notes: Only a preparation (slide) made from holotype material 
deposited at K has been examined. Therefore, the description of 
colonies is based on Ellis (1976). This author, Hawksworth (1979), 
Kirk (1982) and Clauzade et al. (1989) described longer conidia 
(up to 45 µm), which may be influenced by conidia adhering to 
conidiophores or shed conidial chains. The distinction between 
conidiophores and adhering conidia is often difficult. Distinctly 
visible wall remnants, resembling broad collarettes, as results of 
proliferations are well illustrated in Ellis (1976: 60, fig. 42A). Such 
distal proliferations within conidial chains prove the acropetal 
conidial formation in Taeniolella species, which separate them 
from confusable genera with basipetal conidial formation, as 
e.g., Trimmatostroma. T. breviuscula is easily distinguishable 
from other Taeniolella species by conspicuous, broad collarettes 
and the presence of longitudinal distosepta. Hawksworth 
(1979) classified this primarily saprobic species as a fortuitously 
lichenicolous fungus, based on Torula opaca, originally described 
by Cooke (in Saccardo 1892) on lichen thalli on various dead and 
living shrubs, which he reduced to synonymy with T. breviuscula. 
Clauzade et al. (1989) recorded this species on thalli of Lecanora 
and Pertusaria, and Brackel (2015) reported it on a thallus of 
Caloplaca ferruginea in Italy.
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Fig. 77. Taeniolella breviuscula [holotype]. A. First hyphal type, one hypha with longitudinal septa. B. Second hyphal type, without longitudinal 
septa. C. Conidiophores arising from hyphae. D. Conidial chains. E. Conidial chain with wall remnants resembling broad collarettes. F. Conidia with 
longitudinal distosepta. G. Conidia. Bar = 10 µm (B. Heuchert del.).
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Taeniolella curvata (Peck) S. Hughes, Canad. J. Bot. 36: 817. 
1958. Figs 79–80.
Basionym: Torula curvata Peck, Rep. (Annual) New York State 
Mus. Nat. Hist. 30: 53. 1878.
Synonym: Hormiscium curvatum (Peck) Sacc., Syll. fung. 4: 265. 
1886.

Description: Colonies scattered on bark, effuse, visible as 
reticular coat when using a stereomicroscope, formed by 
curved and branched conidial chains, erect or decumbent, dark 
brown to black. Mycelium superficial, sometimes immersed; 
hyphae straight to flexuous, branched, 2–6 µm, septate, not 
or only slightly constricted at the septa, pale brown, smooth, 
sometimes verruculose in the region of the transition between 
hyphae and conidiophores or conidiophores and conidia, wall 
slightly thickened, up to 0.5 µm. Stromata lacking. Conidiophores 
micronematous to semi-macronematous, often reduced to 
conidiogenous cells, distinction between conidiophores and 
adhering conidia difficult, transition gradual, solitary, arising from 
superficial or immersed hyphae, lateral or terminal, erect, straight, 
unbranched, doliiform, subcylindrical, sometimes peg- or stalk-
like, 5–20 × 3–5 µm, aseptate, pale brown to brown, smooth or 
often verruculose to verrucose, wall slightly thickened, up to 0.5 
µm, monoblastic or thalloblastic, loci truncate, unthickened, up 
to 5 µm diam. Conidia solitary, branched, or in branched chains, 
forming branched complexes (propagules), adhering for a long 
time, distinction of individual conidia within the chain difficult or 
even impossible, chains probably only breaking off during gross 

preparations or in nature by violent mechanic impacts, forming 
fragments of different sizes, conidia or conidial chains rarely 
straight, usually falcate to sigmoid, subcylindrical, vermicular, 10–
210 × 5–7 µm, 1–48-septate, not or only slightly constricted at the 
septa, dark brown, basal cell sometimes somewhat paler, rarely 
almost smooth, usually conspicuously verrucose, sometimes 
rimulose, wall thickened, 0.5–1 µm, cell plasma reduced, with a 
central vacuole-like cavity, giving the impression of thicker, two-
layered walls, up to 1.5 µm thick, apex rounded in primary conidia, 
sometimes ruptured at the apex, possibly due to mechanical 
impacts, base more or less truncate, 5–7 µm diam.

Holotype: USA, New York, Adirondack Mts., on dead branches 
of Myrica gale, Aug., C.H. Peck (NYS-F-922!). Isotype: ILLS 807.

Host range and distribution: On dead branches of Myrica gale; 
USA (Peck 1878), known only from the type collection.

Notes: Taeniolella curvata is easily distinguishable from all 
other saprobic Taeniolella species by its conspicuously falcate 
to sigmoid, branched conidia. The distinction of individual 
conidia within the chain is difficult or even impossible, because 
constrictions between individual conidia are not evident. Only the 
aquatic T. caffra is very similar to T. curvata. The conidial chains in 
both species are falcate to sigmoid, but the smooth conidia in T. 
caffra are usually wider than the conspicuously verrucose conidia 
in T. curvata (10–210 × 5–7 µm vs., 35–155 × 7–11 µm in T. caffra). 
Additionally, both species differ in their habitats.

Fig. 78. Taeniolella breviuscula [holotype]. A–C. Conidial chains. Bars: 10 µm (A–C).
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Taeniolella stilbospora is rather similar to T. curvata. Conidia 
or conidial chains of both species are adhering for a long time 
and form branched complexes (propagules). Single branches 
in T. curvata are longer than in T. stilbospora (10–210 × 5–7 
µm, 1–48-septate vs., 25–160 × 6–10 µm, up to 40 septa in T. 

stilbospora) and the distinction between the individual conidia 
in T. stilbospora is also difficult or even impossible. However, the 
conidia or conidial chains in T. stilbospora are usually straight to 
flexuous but never falcate or sigmoid.

Fig. 79. Taeniolella curvata [holotype]. A. Conidiophores arising from hyphae with adhering conidia. B. Falcate to sigmoid conidia or conidial chains. 
Bar = 10 µm (B. Heuchert del.).
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Taeniolella exilis (P. Karst.) S. Hughes, Canad. J. Bot. 36: 817. 
1958. Figs 81–83.
Basionym: Septonema exile P. Karst., Meddeland. Soc. Fauna Fl. 
Fennica 14: 98. 1887.

Literature: Karsten (1892: 439), Saccardo (1892: 609), Migula 
(1934: 324), Ellis (1971: 93), Hughes (1980a: 1–2), Mel’nik (2000: 
307), Ertz et al. (2016: 1426–1429).

Illustration: Ellis (1971: 92, fig. 55), Hughes (1980a: 1, figs 1–10), 
Mel’nik (2000: 307, fig. 214), Ertz et al. (2016: 1427, fig. 5; 1428, 
fig. 6).

Description: Colonies scattered on bark, effuse or more or less 
restricted to lenticels, reticular, caespitose to velvety, sometimes 
scattered in small tufts or sometimes dense and narrowly oval, 
somewhat sooty, confluent, black, 1–17 × 0.5–2 mm; bark rarely 
discoloured, reddish brown. Mycelium immersed and partly 

superficial; composed of flexuous hyphae, branched, (2–)3-
10 µm wide, septate, not constricted at the septa in narrow 
hyphae, sparingly to distinctly constricted at the septa in wider 
hyphae, subhyaline to dark brown, smooth, wall somewhat 
thickened, 0.25–0.5 µm. Hyphae sometimes aggregated in 
scattered, immersed to sometimes superficial, flattened cell 
layers 1 to 4 cells thick, forming stromata, 150–320 × 30–60 µm; 
or penetrating deeply into the tissue and forming a continuous 
or interrupted, superficial or partly immersed, crust-like 
stroma composed of brown to dark brown irregularly shaped 
cells, 3–20 × 2–10 µm. Conidiophores seldom micronematous, 
reduced to conidiogenous cells, usually semi-macronematous 
to macronematous, mononematous, arising from hyphae, 
terminal or lateral, or from stroma cells, mostly in small 
caespitose tufts of 3–10 conidiophores, sometimes solitary, 
erect, straight, unbranched, subcylindrical, conidiophores with 
attached conidia (11–)30–140(–200) × 8–14 µm, 1–11-septate, 
slightly or distinctly constricted at the septa, dark brown, 

Fig. 80. Taeniolella curvata [holotype]. A. Colony. B, E. Conidiophores arising from hyphae with adhering conidia. C, D. Falcate to sigmoid conidia. 
Bars: 100 µm (A), 20 µm (B, D, E), 10 µm (C).
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paler towards the apex, smooth; wall thickened, up to 0.75 
µm wide, often thinner towards the apex; granular cell plasma 
mostly reduced, with a central vacuole-like cavity, surrounding 
plasma giving the impression of very thick, three-layered walls, 
up to 3 µm wide, frequently enteroblastically proliferating 
with obvious sheath-like wall remnants visible as an irregular 
collar. Conidiogenous cell integrated, terminal, monoblastic, 
monopodial, determinate, subcylindrical, doliiform, attenuated 

at the tip, 9.5–18 µm long; loci truncate to convex, 4–8 µm 
diam, unthickened, lateral wall thickened, forming a small rim. 
Distinction between conidiophores and conidial chains difficult. 
Conidia catenate, usually in unbranched chains, up to five conidia 
per chain, straight to slightly curved, doliiform, subcylindrical 
to nearly obclavate, (0–)1–7(–13)-euseptate, sometimes also 
with 1–2 intermixed distosepta, aseptate conidia 19–21 × 11 
µm, 1-septate ones 20–32(–45) × 8–15 µm, 2-septate ones 

Fig 81. Taeniolella exilis [A–B: ex DAOM 59235; C–E: ex DAOM 173671]. A. Conidiophores arising from hyphae or crust-like stroma. B. Conidial chain. 
C. Conidia. D. Conidiophores arising from hyphae. E. Conidiophores with enteroblastical proliferations with obvious sheath-like wall remnants visible 
as an irregular collar. Bars = 10 μm (B. Heuchert del.).
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30–42(–56) × 10–15 µm, 3-septate ones 39–49(–68) × 10–17 
µm, 4–11-septate ones 50–108(–180) × 10–14(–17) µm, mostly 
constricted at the septa, brown to dark brown, paler near 
the apex in secondary conidia, outer wall smooth or seldom 
roughened, slightly thickened, up to 0.75 µm wide, granular 
cell plasma mostly reduced, with a central vacuole-like cavity, 
surrounding plasma giving the impression of very thick, three-
layered walls, 1.5–3 µm thick, apex rounded in primary conidia, 
truncate or often slightly obconically truncate in secondary 
ones, base truncate, sometimes narrowed towards the base, 
hila truncate to convex, 3–6.5 µm diam, thickened lateral wall 
sometimes visible as conspicuous rim, in one case microcyclic 
conidiogenesis observed.

Holotype: Finland, Naantali, Merimasku, on bark of living Betula 
sp., P.A. Karsten 4022 (H 6040714!).

Host range and distribution: On bark of Betula alleghaniensis, 
B. papyrifera, B. pendula, B. platyphylla ssp. mandshurica, 
Betula sp., Carpinus betulus, Corylus avellana, Quercus robur; 
Austria (Migula 1934), Canada (Hughes 1980a, Ginns 1986), 
Finland (Karsten 1887, 1892), Georgia (Svanidze 1984, www.

cybertruffle.org.uk), Poland (Borowska 1987, Chlebicki & Chmiel 
2006), Russia (Mel’nik 2000).

Additional specimens examined: Canada, Quebec, Lake Bernard, 
Masham Township, Gatineau Co., on felled trunk of Betula papyrifera, 
13 Jul. 1958, S.J. Hughes, ex DAOM 59235 (a) (H 7035653, K(M) IMI 
76361); Gatineau Park, Church Hill Area, 106 m east of Eardley Rd., 
45°34'51.7" N, 76°05'25.7" W, alt. 217 m, on standing Betula papyrifera, 
4 Apr. 2013, C.E. Freebury 1968 (CANL); Outaouaia Region, Pontiac, 
Eardley Escarment, Luskville Falls Trail, Quercus rubra-Q. alba-Ostrya 
virginiana forest on steep hillside, alt. 325 to 350 m, 45°32'24" N, 
75°59'17" W, T. Ahti 74177 & C. Freebury (H); Ontario, Pembroke, in 
backyard wood pile, on Betula papyrifera, 4 Nov. 1979, G.P. White, ex 
DAOM 173671 (H). Poland, Warsaw, Reserve Bielański, on the damaged 
trunk of a living tree of Carpinus betulus, 5 Jan. 1975, A. Borowska (WA 
27758).

Notes: Hughes (1958) had previously seen type material and 
compared it (Hughes 1980a) with collections deposited in 
DAOM. The descriptions of morphological features of this 
species in Karsten (1887), Migula (1934), Ellis (1971), Hughes 
(1980a) and Mel’nik (2000) are largely in agreement.

Fig. 82. Taeniolella exilis [holotype]. A, B. Conidiophores with adhering conidia. C, D. Conidia. E. Conidium detached from the conidiogenous cell. Bars: 
20 μm (A–B), 10 μm (C–E).
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The identification of T. exilis recorded on Corylus avellana 
in Georgia (Svanidze 1984) could not be confirmed. Borowska 
(1987) published observations of T. exilis in Poland on 
Betula pendula, Carpinus betulus and Quercus robur. The re-
examination of a sample on Carpinus betulus (WA 27758) 

confirmed the original identification and the occurrence of 
this species in Central Europe. Previous authors reported the 
species from Austria (Migula 1934), Canada (Hughes 1980a) 
and Finland (original description). Senthilkumar et al. (1993) 
mentioned a species that he identified as T. exilis during a study 

Fig. 83. Taeniolella exilis [A, I: Freebury 1968; B, C, E, G, H: ex DAOM 59235; D, F: ex DAOM 173671]. A. Macroscopic overview of colony. B, C, E, F. 
Conidiophores with adhering conidia arising from hyphae or crust-like stroma. D. Conidial chain. G, H. Conidia. I. Germinating conidium in culture 
after three days. Bars: 1 mm (A) [photo taken by Paul Diederich], 200 μm (I) [photo taken by Damien Ertz], 50 μm (B–C), 20 μm (F), 10 μm (D–E, G–H).
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about the successional pattern of the mycoflora associated with 
litter degradation in a Cymbopogon caesius-dominated tropical 
grassland in South India; the correctness of the identification of 
this collection is, however, doubtful and not verifiable.

A sequence erroneously referred to as “Taeniolella exilis” 
(IP2199.93) was included in a phylogenetic analysis based on 
partial LSU rRNA sequences by Masclaux et al. (1995). The 
sequenced material was isolated from a human skin lesion, 
whereas genuine T. exilis is usually found on bark, which raised 
doubts about the correct identification of this strain. In the 
tree published by Masclaux et al. (1995), the sequences based 
on this culture isolated from human skin clustered adjacent 
to the type strain (CBS 146.33) of Cladosporium elatum (now 
Ochrocladosporium elatum), which phylogenetically belongs to 
Pleosporales, incertae sedis (Crous et al. 2007), which is in severe 
conflict with the recently confirmed phylogenetic position of 
true T. exilis within the Kirschsteiniotheliaceae (Ertz et al. 2016). 

In a paper dealing with the morphology of T. rudis, Jones 
et al. (2002) listed several examined specimens of Taeniolella 
species, including one collection of T. exilis (IMI 76361). The type 
material of T. exilis was not examined. Jones et al. (2002) noted 
that the examined material of T. exilis ‘did possess a penicillate 
head’ comparable to similar structures in the aquatic species 
dealt with in this paper (T. rudis). Several collections of T. exilis 
have been examined in the course of a revision of the genus 
Taeniolella, but no trace of any synanamorph has been found, 
which implies that the observations of Jones et al. (2002) are 
unclear and doubtful. The molecular data and morphological 
peculiarities of the synanamorphs (penicillately branched heads 
and colourless conidia) formed by T. rudis justify the reallocation 
of this species to the genus Sterigmatobotrys.

The colonies of Taeniolella exilis are effuse or more or less 
restricted to lenticels, usually dense, narrowly oval, somewhat 
sooty and 1–17 × 0.5–2 mm. These distinctive characteristics 
and the presence of well-developed stromata facilitate the 
differentiation from other saprophytic Taeniolella species. 
Taeniolella alta, a similar saprobic species, mainly occurs on bark 
of branches or roots of Alnus spp., whereas T. exilis mainly inhabits 
Betula spp., Carpinus betulus and Quercus robur. The mycelium of 
T. alta grows superficially and is sometimes immersed, and the 
hyphae are narrower (1.5–5 µm wide, vs. (2–)3–10 µm in T. exilis). 
Taeniolella alta lacks true stromata, which are frequently formed 
in T. exilis (150–320 × 30–60 µm). Furthermore, the conidiophores 
of T. alta are usually irregularly verruculose to verrucose and only 
rarely smooth; specifically the basal wall of young conidiophores 
and the walls of supporting hyphal cells are usually distinctly 
verruculose or verrucose, while the upper part of older 
conidiophores is less roughened. In contrast, the conidiophores of 
T. exilis are usually smooth. Conidia in both species are doliiform, 
subcylindrical to nearly obclavate and of similar in size [(19–108(–
180) × 8–14(–17) µm, 0–13-euseptate in T. exilis, vs. 0–12-septate, 
9–107 × 7–14 µm in T. alta]. 

Taeniolella subsessilis, a similar saprobic species mainly 
occurring on bark of Smilax hispida, often forms stromatically 
aggregated cells at the base of conidiophores, but these 
aggregations are less pronounced than the crust-like stromata, 
composed of flattened cell layers 1 to 4 cells thick, in T. exilis. 
Furthermore, conidiophores of T. subsessilis are usually distinctly 
shorter (8–28 × 6–8 µm, vs. (11–)30–140(–200) × 8–14 µm in T. 
exilis) and conidia are usually narrower (15–60 × 7–11 µm, vs. 
19–108(–180) × 8–17 µm in T. exilis).

Taeniolella faginea (Fuckel) S. Hughes, Canad. J. Bot. 36: 817. 
1958. Figs 84–85.
Basionym: Torula faginea Fuckel, Hedwigia 5: 30. 1866.
Synonym: Septonema radians Berk. & Ravenel, Grevillea 3: 15. 
1874 [syntypes: USA, South Carolina, on Fagus sylvatica, H.W. 
Ravenel, Car. Inf. Ravenel. 1399 (K); Ravenel, Fungi Carolin. Exs. 
Fasc. ii. 87 (e.g., BPI 428197, 428198)].

Literature: Fuckel (1870: 349), Saccardo (1886: 251), Ellis (1976: 
56), Kirk (1982: 73), Ellis & Ellis (1997: 135).

Illustrations: Fuckel (1870: tab. 1, fig. 3), Ellis (1976: 58, fig. 40 
A), Ellis & Ellis (1997: pl. 60, fig. 590).

Exsiccatae: Fuckel, Fungi Rhen. Exs. 1620.

Description: Colonies scattered on host bark, caespitose-floccose, 
effuse, dark brown to black. Mycelium immersed; hyphae straight, 
slightly flexuous, branched, 2–5(–7) µm, septate, sometimes 
slightly constricted at the septa, pale brown, smooth, thin-
walled or somewhat thickened, up to 0.25 µm. Stromata lacking. 
Conidiophores semi-macronematous, mononematous, solitary, 
often densely aggregated, arising from hyphae, terminal or 
lateral, erect, often decumbent, subcylindrical, straight to slightly 
flexuous, usually with several branches at different points of the 
conidiophores, forming branched complexes, rarely unbranched, 
conidiophores (with adhering conidia) (5–)15–57 × 4–7(–9) 
µm, 0–13-septate, mostly constricted at the septa, dark brown, 
wall verrucose, somewhat irregularly rough, often with cracks, 
wall thickened, up to 1 µm, guttulate, often with one or up to 
three internal oil-like droplets, cell lumen granular, with distinct 
cytoplasm, not enteroblastically proliferating. Conidiogenous cells 
integrated, terminal and intercalary, monoblastic or thalloblastic, 
monopodial, subcylindrical or doliiform, sometimes somewhat 
narrowed at the tip, up to 7 µm long, little differentiated, loci 
truncate, slightly thickened, somewhat protuberant, 2–3 µm 
diam. Conidia catenate, in simple or branched chains, up to 
105 µm long, disarticulating or often adhering in chains for a 
longer time, chain fragments often persistent (confusable with 
pluriseptate conidia), conidia straight, broad ellipsoid, doliiform, 
subcylindrical, 0–2(–3)-septate, at the tip of conidial chains 
with one to three subglobose, aseptate conidia, 7–10 × 6–9 µm, 
1-septate ones 10–18 × 5–9 µm, 2-septate ones 15–20 × 6–9(–
10) µm, 3-septate ones 20 × 6 µm, slightly to clearly constricted 
at the septa, brown to dark brown, wall verrucose, somewhat 
irregularly rough, often with cracks, wall thickened, up to 1 µm, 
apex rounded in primary conidia, truncate and sometimes slightly 
conically truncate in secondary ones, base truncate or often 
slightly obconically truncate, hila truncate, sometimes slightly 
thickened, not darkened, somewhat protuberant, 3–10 µm diam, 
guttulate, often with one or up to three internal oil-like droplets, 
cell lumen granular, with distinct cytoplasm.

Lectotype (designated here, MycoBank MBT373910): Germany, 
Baden-Württemberg, Weinheim, on bark of Fagus sylvatica, 
Fuckel, Fungi Rhen. Exs. No. 1620 (HAL!). Isolectotypes: Fuckel, 
Fungi Rhen. Exs. 1620 (e.g., BPI 421627, FH, G, K, ILLS 38642, 
36957; S-F267607).

Host range and distribution: On bark of Fagus sylvatica; Denmark 
(Lind & Rostrup 1913), France (Brunaud 1888), Germany (Fuckel 
1866, 1870), UK (Kirk 1982).
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Notes: Fuckel (1870) provided the following detailed type 
data [on the cortex of still green trunks of Fagus sylvatica, 

very rare, in spring. Near Weinheim, on the mountain road 
in the Korksheimer Thal (Gorxheimertal)] and illustrated two 

Fig. 84. Taeniolella faginea [lectotype]. A. Conidiophores arising from hyphae. B. Conidiophores with adhering conidia forming branched complexes. 
C. Conidial chain. D. Conidia. Bars = 10 μm (B. Heuchert del.).
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chains of conidia with two different conidial shapes. The first 
corresponds to the 1–2-septate conidia which represent the 
most common conidial type in the re-examined authentic 
material. The subglobose, aseptate conidia, which are illustrated 
in Fuckel’s second conidial chain, could not be observed as a 
separate chain, but frequently at the tip of common chains. 
Ellis (1976) and Ellis & Ellis (1997) described up to 5-septate 
conidia, probably referring to more or less persistent chain 
fragments that are easily confusable with pluriseptate conidia. 
Ellis (1976) described pale to mid brown conidiophores, 2–5 
µm thick, perhaps based on the assumption that they are 
micronemate as illustrated in his work (Ellis l.c.: 56, fig. 40 
A). Conidia in the material from Devon (UK) described by Kirk 
(1982) are noticeably wider than those described in Ellis (1976) 
[9–12 µm vs. 6–9 µm] as well as in the examined material from 
HAL [6–9(–10) µm].

The verrucose ornamentation with cracks of the outer wall is 
less known in saprobic Taeniolella species than in lichenicolous 
ones. The outer conidial wall of T. muricata is coarsely verrucose 
to vesicle-like and thus clearly distinguishable from T. faginea. 
Additionally, T. muricata is characterised by longer conidia, 15–
118 µm, with up to 3 eusepta and 1–20 distosepta. 

Taeniolella faginea is similar to the lichenicolous species 
Taeniolella arthoniae, usually growing on Pachnolepia pruinata 
on Quercus sp. Conidiophores of T. arthoniae are also often 
branched and the outer wall is irregularly verruculose to 
verrucose, but conidia are narrower than in T. faginea [3–6.5(–
7.5) µm vs. 6–9(–10) µm, in the key of Ellis (1976) even cited to 
be up to 13 µm broad].

According to ‘JSTOR Plants’ (http://plants.jstor.org) and 
‘Mycology collections portal’ (http://mycoportal.org) there 
are two collections of Torula faginea in ILLS (ILLS 38642, 

Fig. 85. Taeniolella faginea [lectotype]. A. Macroscopic overview of colony. B, D, E. Conidiophores with adhering conidia forming branched complexes. 
C. Conidial chain. F–H. Conidia. Bars: 5 mm (A), 20 μm (B, D), 10 μm (C, F–H).
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36957) labelled as isolectotypes (see also Crane & Tazik 1992). 
Unfortunately, this ‘Catalog of Types of the Illinois Natural 
History Survey Mycological Collections (ILLS)’ does not contain 
any information about the types of T. faginea. According to our 
knowledge, a lectotypification of this species has not yet been 
validly published. Therefore, a formal lectotypification is hereby 
done in this paper.

Taeniolella filamentosa Heuchert, sp. nov. MycoBank 
MB819308. Figs 86–87.

Etymology: Derived from filum = filament, referring to the long 
filamentous, often simple superficial hyphae in vivo.

Diagnosis: Resembling T. stilbospora but forming long 
filamentous, often simple superficial hyphae even visible by 
stereomicroscopy; conidial chains often branched, long, up to 
245 µm, composed of up to 12 conidia.

Literature: Ellis (1971: 94, as T. stilbospora), Ellis & Ellis (1997: 
65, 252, as T. stilbospora).

Illustration: Ellis (1971: 93, fig. 56 A). 

Exsiccatae: Karsten, Fungi Fenn. Exs. 191.

Description: Colonies scattered on bark, effuse, caespitose, 
fuliginous, black to red-brown, somewhat shiny, superficial, with 
long, filamentous hyphae, even visible by stereomicroscopy. 
Mycelium superficial, rarely immersed; aerial hyphae long, 
filiform, straight to slightly flexuous, mostly unbranched, rarely 
branched, 2–5(–7) µm wide, septate, not or slightly constricted 
at the septa, pale brown to brown, smooth, thick-walled, mostly 
0.25–0.5 µm thick, sometimes cell plasma reduced, with a 
central vacuole-like cavity, giving the impression of thicker walls, 
up to 1 µm. Stromata lacking. Conidiophores micronematous 
to semi-macronematous, transition between fertile hyphae 
and barely differentiated conidiophores gradual, conidiophores 
often reduced to conidiogenous cell, distinction between 
conidiophores and adhering conidia difficult, solitary, erect, 
straight, unbranched, doliiform, subcylindrical, 15 × 5–7.5 µm, 
1–2-septate, not constricted at the septa, brown, smooth, wall 
slightly thickened, to 0.5 µm, conidiogenous cells monoblastic, 
4–6 µm long, loci truncate, unthickened, 3–4 µm diam. Conidia 
usually in long, often repeatedly branched chains, mostly in 
the upper part, sometimes unbranched or almost so, conidia 
adhering for a long time, often to 12 conidia in one chain, chains 
to 245 µm long, distinction between individual conidia within the 
chain sometimes difficult, usually 3–5 µm wide at the points of 
attachment between individual conidia in chains, but sometimes 
without distinct constrictions, disintegrating chains forming 
fragments of different sizes, individual conidia very variable, 
subcylindrical, doliiform, ellipsoid, broad ellipsoid, 0–7-septate, 
sometimes with one or two distosepta, aseptate conidia 
10–13 × 7–8 µm, 1-septate ones 14–22 × 7–10 µm, 2-septate 
ones 12–22 × 7–10(–11) µm, 3-septate ones 18–26 × 6–9 µm, 
4–7-septate ones 22–41 × 6–10 µm, not or slightly constricted 
at the septa, brown, young conidia pale brown, smooth, 
sometimes irregularly rough or granulose, wall thickened, to 
1.25 µm, cell plasma reduced, with a central vacuole-like cavity, 
giving the impression of thicker, two-layered walls, up to 2 µm 
thick, the wall of younger conidia mostly only slightly thickened, 

apex rounded in primary conidia, slightly conically truncate in 
secondary ones, base truncate or sometimes slightly obconically 
truncate, hila 2–5 µm diam.

Holotype: Russia, Murmansk Oblast, Kola Peninsula, on bark of 
Salix sp., 2 Jul. 1861, P.A. Karsten (H 4957).

Host range and distribution: On wood of Salix sp., Sorbus 
aucuparia (?); Finland, UK, Russia.

Additional specimens examined: Finland, Nylandia, Borgå, på Salix, Apr. 
1927, W. Nyberg (H). Russia, Murmansk Oblast [Vid Kola på Salix], Kola, 
h. o. d., on Salix sp., Juli, Karsten, Fungi Fenn. Exs. 191 (H); Leningrad 
Oblast’, Kirovk Rajon, vicinities of village Vasil’kovo, valley of river Lava, 
on a dead twig of Sorbus aucuparia (?), 13 May 2009, E.S. Popov (HAL 
2534 F). UK, on wood, A. Bloxam (H, herb. W. Nylander).

Notes: Ellis (1971) described and illustrated Taeniolella 
stilbospora s. lat. but his drawings showed a wider range of 
morphological types indicating that possibly various taxa were 
involved. Unfortunately, it is not known which collections Ellis 
had examined. The illustration on the left can be interpreted 
to represent the new species Taeniolella filamentosa, which is 
based on several collections originally deposited as Taeniolella 
stilbospora, but easily distinguishable from all other Taeniolella 
species by the formation of well-developed, conspicuous, 
superficial, filiform, often unbranched hyphae that are even 
visible by stereomicroscopy.

The frequently and variously branched, long conidial chains, 
often with pleurogenous conidia, adhering for a long time, 
often to 12 per chain and up to 245 µm long, are additional 
characters relevant for T. filamentosa. The conidia of other 
saprobic Taeniolella species are mostly formed in unbranched or 
only rarely branched chains. In T. stilbospora, the conidial chains 
may be branched at the base, often with additional branches in 
the upper part, but this species is easily distinguishable from T. 
filamentosa by the absence of aerial hyphae and a characteristic 
outer conidial wall composed of a subhyaline to pale brown outer 
layer, 0.5–1 µm wide, and a darker inner layer. The combined 
two-layered wall is up to 2 µm thick, the cell plasma is mostly 
reduced, with a central vacuole-like cavity, and the surrounding 
plasma gives the impression of very thick, three-layered walls. In 
T. filamentosa, thin, subhyaline outer wall layers are not present.

Ellis (1976) introduced the genus Taeniolina for taeniolella-
like hyphomycetes characterised by semi-macronematous 
conidiophores producing much branched, septate conidia. The 
branched conidial chains in Taeniolina species are often breaking 
off at the base, functioning as propagules, which is quite distinct 
from the type of ramification in T. filamentosa. Conidiophores or 
conidial chains of some lichenicolous Taeniolella species (e.g., 
T. arthoniae or T. caespitosa) are occasionally branched, but 
never as frequently as in Taeniolina and Taeniolella filamentosa. 
The phylogeny of Taeniolina and its relationship to Taeniolella 
are still unclear and unconfirmed. In the interim, we prefer to 
maintain Taeniolina as a separate genus. The placement of the 
new species T. filamentosa in the genus Taeniolella, based on 
morphological features, is also tentative until molecular data 
will be available.

The branched conidial chains are reminiscent of members 
of the genus Septonema, but in the latter genus conidiophores 
are usually macronematous, whereas in Taeniolella, especially 
in saprobic members, conidiophores are usually micronematous 
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Fig. 86. Taeniolella filamentosa [holotype]. A. Micronematous to semi-macronematous conidiophores with adhering conidial chains arising from 
hyphae. B. Branched conidial chains. C. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 87. Taeniolella filamentosa [A: HAL 2534 F; B–F: holotype]. A. Macroscopic overview of colonies. B. Microscopic overview. C–F. Branched conidial 
chains. Bars: 5 mm (A), 100 µm (B), 50 µm (D), 20 µm (C, E, F).
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to semi-macronematous, and the transition between fertile 
hyphae and barely differentiated conidiophores is gradual. 
Conidiophores are often reduced to conidiogenous cell and 
the distinction between conidiophores and adhering conidia is 
difficult.

Taeniolella multiplex (Berk. & M.A. Curtis) S. Hughes, Canad. J. 
Bot. 36: 817. 1958. Figs 88–90.
Basionym: Septonema multiplex Berk. & M.A. Curtis, Grevillea 
3: 16. 1874.

Literature: Lohman (1934: 314–327).

Illustration: Lohman (1934: 325, pl. 1, figs 1–3).

Description: Colonies scattered over the substrate, effuse, 
dense, up to 1 × 2 cm, dark brown to black, long chains of conidia 
often visible even by stereomicroscopy. Mycelium immersed 
and sometimes superficial; hyphae straight to flexuous, 
branched, 4–6 µm wide, septate, not constricted at the septa, 
brown, smooth, wall thickened, up to 1 µm. Stromata lacking. 
Conidiophores semi-macronematous, distinction between 
conidiophores and adhering conidia difficult, transition 
gradual, mononematous, arising from hyphae, terminal or 
lateral, solitary, unbranched, erect, straight, subcylindrical, 
ellipsoid, 15–40 × 5–7 µm, 2–7-septate, not constricted at the 
septa, light microscopically smooth, brown to dark brown, wall 
thickened, multilayered, cell lumen reduced, forming a second 
inner wall layer, 0.5–2 µm thick, sometimes enteroblastically 
proliferating with obvious sheath-like wall remnants visible as 
irregular fringe, up to 3 times. Conidiogenous cells integrated, 
terminal, monoblastic, subcylindrical or doliiform, 5–6 µm 
long, conidiogenous loci truncate, unthickened, 2–4 µm 
diam. Conidia in unbranched acropetal chains, not easily 
disintegrating, adhering for a long time, distinction between 
individual conidia within the chain sometimes difficult or even 
impossible, chains probably only breaking off during gross 
preparations or in nature by violent mechanic impacts, forming 
fragments of different sizes, conidia or conidial chains straight 
or slightly flexuous, chains subcylindrical, 35–135(–215) × 
5–8(–9) µm, 6–26(–)40-septate, single conidia subcylindrical, 
ellipsoid, 12–47 × 7–8 µm, 2–9-septate, eu- and distoseptate, 
slightly constricted at the septa, septa thickened, up to 2 
µm, dark brown, sometimes paler at the tip, wall thickened, 
multilayered, cell lumen reduced, forming a second inner 
wall layer, 0.5–2 µm thick, wall of young conidia thinner, light 
microscopically smooth, apex rounded in primary conidia, 
slightly conically truncate in secondary ones, base truncate, 
sometimes slightly obconically truncate, hila truncate, 
unthickened, not darkened, 3–5 µm diam, sometimes with 
a marked porus, up to 1 µm diam, still attached conidia 
occasionally enteroblastically proliferating.

Lectotype (designated here, MycoBank MBT373911): USA, 
South Carolina, Society Hill, “lign. Nyssa” (on weathered wood, 
Nyssa sp.), 1853, M.A. Curtis, Car. Inf. 4033 (FH 00458308!). 
Isolectotype: K(M) 187576.

Host range and distribution: On Nyssa sp., Quercus alba, 
[Eucalyptus?]; USA (Curtis 1867, Berkeley 1874, [Cooke & 
Harkness 1881], Lohman 1934).

Additional specimens examined: USA, South Carolina, Society Hill, “intra 
trunc. cav. Q. alba: dej.” (occurring within cavity of decaying trunk, 
Quercus alba), Oct. 1849, M.A. Curtis, Car. Inf. 2751 (FH 00458307!, 
K(M) 187580, K(M) 187581 – syntypes of S. multiplex); [Septonema 
multiplex B. & C., trunco cavo Quercus albus, Soc. Hill, ex Curtis, 1563] 
(K(M) 187578).

Notes: The re-examination of the three syntype collections of 
Taeniolella multiplex cited in Berkeley (1874) showed that they 
are heterogeneous. The original description of T. multiplex 
by Berkeley and Curtis (in Berkeley 1874) is very meagre and 
without any information about the dimensions of conidiophores 
and conidia as well as the surface ornamentation. One syntype 
(H.W. Ravenel 1563) is easily distinguishable from the other 
two syntype collections (Curtis 2751, 4033) by the dimensions 
of the conidial chains (55–170 × 7–14 µm vs. 35–135(–215) × 
5–8(–9) µm, 6–26(–)40-septate) and the surface ornamentation 
of conidia, which is very variable, viz. irregularly verrucose or 
coarsely verrucose with verrucae up to 1 µm high and wide, 
hemispherical with rounded apex to conical and pointed, 
sometimes with elongated projections, linear or rod-shaped, 
projections and verrucae hyaline, older walls sometimes cracked, 
rimulose. The conidial wall of the other two syntypes collected 
by Curtis (2751, 4033) is smooth by light microscopy. These 
obvious morphological differences reflect the heterogeneity 
of the syntypes of S. multiplex and suggest the involvement of 
two different species. Therefore, we introduce the new species 
Taeniolella ravenelii for the specimen collected by H.W. Ravenel 
[1563] (for more details see under T. ravenelii).

A label with a number is attached to the collection deposit 
at K (K(M) 187578) [“Septonema multiplex B. & C., trunco cavo 
Quercus albus, Soc. Hill, ex Curtis, 1563]. This number [1563] 
belongs to the collections of Ravenel. The re-examination of this 
collection revealed that it was not, as presumed, the new species 
Taeniolella ravenelii, but Taeniolella multiplex. The colonies of 
Taeniolella ravenelii are rather scattered over the substrate, 
undoubtedly over bark of Quercus sp. But in the mentioned 
collection, the colonies are scattered over wood, comparable to 
the lectotype and examined syntypes of T. multiplex. Possibly, 
the label with this number of Ravenel was erroneously attached 
to this collection.

There are some other saprobic Taeniolella species with 
similar dimensions of conidiophores and/or conidial chains, but 
they are distinguishable by the following features. Conidia of 
Taeniolella curvata are often arranged in long, branched chains 
(10–210 × 5–7 µm, 1–48-septate), adhering for a long time 
and forming branched complexes (propagules). Conidia and/or 
chains of conidia are rarely straight, but usually falcate to sigmoid 
and the conidial wall is less thickened (0.5–1 µm in T. curvata vs. 
0.5–2 µm in T. multiplex). Conidia of the European Taeniolella 
faginea, known on bark of Fagus sylvatica, are also often formed 
in long adhering chains, but single conidia are shorter and have 
fewer septa (7–20 × 5–9(–10) µm, 0–2(–3)-septate vs. 12–47 × 
7–8 µm, 2–9-septate in T. multiplex), the wall is less thickened 
(up to 1 µm in T. faginea vs. 0.5–2 µm in T. multiplex) and usually 
verrucose, somewhat irregularly rough, often with cracks, 
whereas the conidial wall in T. multiplex is smooth by light 
microscopy. Conidia of other saprobic Taeniolella species are 
also often formed in long chains adhering for long time, e.g., in 
T. plantaginis and T. stricta, but distinguishable by having usually 
wider conidia (7–10(–13) µm wide in T. plantaginis, 7–13 µm 
wide in T. stricta vs. 5–8(–9) µm in T. multiplex).



© 2018 Westerdijk Fungal Biodiversity Institute

Heuchert et al.
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

198

Fig. 88. Taeniolella multiplex [lectotype]. A. Conidiophores arising from hyphae. B. Conidiophore arising from hyphae with adhering conidial chain.  
C. Conidiophore with enteroblastical proliferations with obvious sheath-like wall remnants visible as an irregular collar. D. Conidial chains and conidia. 
Bar = 10 µm (B. Heuchert del.).
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Fig. 89. Taeniolella multiplex [FH 00458307]. A. Conidial chains. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 90. Taeniolella multiplex [A: K(M) 187581; B, D, F–L: lectotype; C, E: FH 00458307]. A. Macroscopic overview of colony, label with original 
drawings. B–E, G, H, L. Conidial chains. F. Conidia. I–K. Conidiophores arising from hyphae. Bars: 1 cm (A), 50 µm (C), 10 µm (B, D–L).
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Lohman (1934) studied Taeniolella multiplex in vivo 
(syntypes and other collections) and in vitro (based on mono-
ascospore cultures) and discussed the connection between 
Septonema multiplex and Lophiosphaera velata (Ellis & Everh.) 
M.L. Lohman. She re-examined the cited syntype collections 
(Curtis 2751, 4033), but the third syntype (H.W. Ravenel 1563), 
now distinguished and here described as Taeniolella ravenelii) 
was not seen by Lohman. The description of conidia of T. 
multiplex in Lohmann (1934) agrees with our own observation 
based on lectotype material. Lohmann (1934) postulated an 
asexual/sexual connection between Septonema multiplex and 
Lophiosphaera velata, but without examination by means of 
modern molecular methods this connection is unconfirmed and 
remains doubtful.

According to Lohman (1934), the report on bark of Eucalyptus 
in California by Cooke and Harkness (1881) needs verification.

Taeniolella muricata (Ellis & Everh.) S. Hughes, Canad. J. Bot. 36: 
817. 1958. Figs 91–92.
Basionym: Dendryphion [as ‘Dendryphium’] muricatum Ellis & 
Everh., Proc. Acad. Nat. Sci. Philadelphia 43: 92. 1891.
Synonyms: Septonema hormiscium Sacc. var. padinum P. 
Karst., Meddeland. Soc. Fauna Fl. Fenn. 14: 98. 1887 [lectotype 
(designated here, MycoBank MBT373912): Finland, Tammela, 
Mustiala, on bark of Prunus padus, 22 Dec. 1865, P.A. Karsten 
(H 4956!)].
Helminthosporium repens Dearn. & Barthol. [as ‘repente’], 
Mycologia 9: 363. 1917 [syntypes: USA, Utah, Red Butte Canyon, 
on bark of dead Acer grandidentatum, Jun. 1913, E. Bartholomew 
5826 (DAOM, NY 3021301)].
Dendryphion brunneum Dearn. & Barthol., in Dearn., Mycologia 
21: 330. 1929 [type: USA, Wyoming, Jenny Lake, on bark of dead, 
firm branches of Sorbus scopulina, 12 Juli 1924, E. Bartholomew 
8788 [D. 5712] (DAOM)].

Literature: Saccardo (1892: 663), Sydow (1897: 179), Ellis (1976: 
56), Wang (2010: 191).

Illustration: Ellis (1976: 57, fig. 39).

Description: Colonies effuse or aggregated in small groups, 
later confluent, larger parts of the bark completely overgrown 
by fungal colonies, densely caespitose, dark brown, slightly 
shiny, chains of conidia easily discernable by means of a stereo-
microscope. Mycelium immersed; hyphae straight to flexuous, 
2–5 µm wide, septate, slightly constricted at the septa, pale 
brown, yellowish brown, smooth, wall slightly thickened, up to 
0.25 µm; below conidiophores sometimes with stromatically 
aggregated cells, subglobose, square or irregularly shaped, 
3–6 × 5–10 µm, pale brown to medium brown, smooth, 
outer wall slightly thickened, cell lumen reduced, wall thick, 
0.5–2 µm, conspicuously multilayered. Conidiophores semi-
macronematous, mononematous, distinction between 
conidiophores and adhering conidia difficult, solitary to densely 
aggregated, arising from stromatic cells, decumbent to erect, 
straight to slightly flexuous, unbranched, seldom with a single 
branch, subcylindrical, 20–82 × 5.5–8 µm, 2–11-septate, slightly 
or non-constricted at the septa, pale brown to brown, smooth, 
wall slightly thickened, cell lumen reduced, forming a second 
inner wall layer, wall up to 1.5 µm thick, rarely enteroblastically 
proliferating with obvious sheath-like wall remnants visible 
as irregular fringe. Conidiogenous cells integrated, terminal, 

monoblastic, monopodial, little differentiated, 5–10 µm long, 
loci truncate, sometimes somewhat concave, unthickened, 
2.5–7 µm diam. Conidia catenate, in unbranched chains, 
not easily disintegrating, conidia long adhering, chains at 
least up to 130 µm long, conidia straight, broad ellipsoid, 
subcylindrical, phragmosporous, often (0–)1–3-euseptate and 
additionally 1–20-distoseptate, distosepta often not easily 
discernable in conidia with strongly structured cell lumen, 
15–118 × 7–11 µm, distinction between individual conidia 
within the chain sometimes difficult, yellowish brown to dark 
brown, paler at the tip, wall thickened, up to 1 µm, cell plasma 
mostly reduced, with a central vacuole-like cavity, surrounding 
plasma giving the impression of very thick walls, up to 1.5 µm 
thick, cells filled with up to 5 oil-like droplets, often attached 
at distosepta, outer wall of young conidia sometimes smooth, 
and with unstructured or less structured cell plasma, wall later 
usually irregularly verrucose to coarsely verrucose, verrucae 
vesicle-like, 0.5–4 µm diam, up to 1.5(–2) µm high, thick-
walled, sometimes irregularly formed, apex rounded in primary 
conidia, truncate and narrowed in secondary ones, base 
truncate, sometimes narrowed towards the base, occasionally 
with a somewhat narrower, peg- to stalk-like base, doliiform, 
3.5 × 4 µm, hila truncate, sometimes somewhat concave, 
unthickened, thickened wall sometimes visible as conspicuous 
rim, not darkened, 2–5.5 µm diam, germinated conidia 
observed, germ tubes subhyaline, smooth, unthickened, about 
2 µm wide.

Lectotype (designated here, MycoBank MBT373913): USA, 
Montana, Sand Coulee, Pascade Rd., on dead bark of Prunus 
virginiana, 28 May 1889, F.W. Anderson [Parasitic fungi of 
Montana 492] (NY 00883700!). Isolectotype: NY 00883699!

Host range and distribution: On wood and bark of Acer 
grandidentatum, Prunus virginiana, P. padus, Tectona grandis; 
Finland (Karsten 1877), India (Agarwal et al. 1993), Russia, USA 
(Saccardo 1892, Sydow 1897, Cash 1952, Shaw 1973, Ellis 1976, 
Wang 2010, Glawe 2014).

Additional specimens examined: Finland, Tammela, Mustiala, on bark 
of Prunus padus, 28 Dec. 1865, P.A. Karsten (H 4960) [syntype of 
Septonema hormiscium Sacc. var. padinum P. Karst.]. Russia, Sakhalin 
region, Sakhalin Island, Makarovskij District, sea shore on the left of 
mouth of river Tikhaya, on twig of an unidentified tree, 20 Aug. 2003, 
A.V. Bogacheva (HAL 2687 F). USA, Utah, Salt Lake County, Red Butte 
Canyon, on bark of Acer grandidentatum, 26 Jun. 1917, A.O. Garrett 
2288 (NY 3021301); Montana, Sand Coulee, on Prunus virginiana, Nov. 
1889, F.W. Anderson & F.D. Kelsey (NY 3021298).

Notes: This species is easily distinguishable from all other 
saprophytic Taeniolella species, except for T. multiplex, by its 
characteristic ornamentation of the outer conidial wall. The 
irregularly arranged, coarse verrucae are often vesicle-like, 
rather large, 0.5–4 µm diam, up to 1.5(–2) µm high and thick-
walled. Taeniolella multiplex has a similar conspicuous wall 
structure but linear or rod-shaped elongated projections as in T. 
multiplex are, however, not formed in T. muricata.

The synonymy follows Hughes (1958). Two syntype 
collections of Septonema hormiscium var. padinum deposited 
in the herbarium of the University of Helsinki (H) have been 
examined and one of them is designated here as lectotype.
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Fig. 91. Taeniolella muricata [A–D: lectotype, E: Garrett 2288]. A. Hyphae. B. Conidiophores arising from stromatic cells. C. Conidial chains.  
D. Germinated conidium. E. Conidia with vesicle-like verrucae. Bar = 10 µm (B. Heuchert del.).
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Fig. 92. Taeniolella muricata [A, I–L: NY 3021301; B, E, H, M: NY 3021298; C, D, F, G: lectotype]. A. Macroscopic overview of colony. B. Conidiophore. 
C. Conidiophore with adhering conidial chain. D, F, G. Conidiophores arising from stromatic cells. E, H–M. Conidia with vesicle-like verrucae (SEM- and 
light microscopy). Bars: 1 mm (A), 20 µm (B, C), 10 µm (D–G, I–L), 9 µm (E, H, M).
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Taeniolella plantaginis (Corda) S. Hughes, Canad. J. Bot. 36: 
817. 1958. Figs 93–95.
Basionym: Torula plantaginis Corda, Icon. Fung. 3: 5. 1839.
Synonyms: Gyrocerus plantaginis (Corda) Sacc., Syll. Fung. 4: 
267. 1886.
Helicoceras plantaginis (Corda) Linder, Ann. Mo. Bot. Garden 18: 
5. 1931.

Literature: Lindau (1909: 605), Ellis (1971: 94), Ellis & Ellis (1997: 
402).

Illustrations: Corda (1839: tab. 1, fig. 14), Saccardo (1881: fig. 
794), Lindau (1909: 605, fig. 2), Linder (1931: 8, pl. 1, figs 17–20), 
Ellis (1971: 93, fig. 56B), Ellis & Ellis (1997: pl. 155, fig. 1616).

Description: Colonies scattered on the lower surface of 
senescent leaves of Plantago ssp., effuse, in small tufts, 
sooty, dark brown to black. Mycelium superficial, sometimes 
penetrating the substrate; hyphae straight to flexuous, 
branched, 1.5–5 µm wide, septate, not or slightly constricted 
at the septa, pale brown to brown, smooth, wall up to 0.25 
µm thick. Stromata lacking. Conidiophores micronematous 
to semi-macronematous, often reduced to conidiogenous 
cells, distinction between conidiophores and adhering 
conidia difficult, scattered, solitary or usually aggregated in 
small caespitose tufts with up to six conidiophores, arising 
from hyphae, lateral or terminal, erect, straight, unbranched, 
doliiform, subcylindrical, sometimes peg-like, 5–15(–20) 
× 4–8(–10) µm, 0–2-septate, not constricted at the septa, 
dark brown, smooth, wall slightly thickened, up to 0.5 µm, 
monoblastic to thalloblastic, loci truncate, unthickened, up 
to 5 µm diam. Conidia in branched chains, usually branched 
at the base or in the upper part, conidia adhering for a long 
time, distinction between individual conidia within the chain 
sometimes difficult or even impossible, chains probably only 
breaking off during gross preparations or in nature by violent 
mechanic impacts, usually flexuous, sometimes straight, 
erect to decumbent, vermicular, subcylindrical, 15–230 × 
7–10(–13) µm, 3–35-septate, not or slightly constricted at 
the septa, dark brown, paler towards the apex, smooth when 
young, sometimes irregularly verrucose when mature, wall 
thickened, 0.5–1 µm, the wall at the apex often only slightly 
thickened, cell lumen reduced, sometimes granular, rarely 
enteroblastically proliferating with obvious sheath-like wall 
remnants visible as irregular fringe, disintegrating chains 
forming fragments of different sizes, doliiform, vermicular, 
subcylindrical, 17–50 × 8–11 µm, 1–8-septate, wall irregularly 
verrucose, rarely smooth, apex rounded in primary conidia, 
truncate in secondary ones, base truncate, hila 5–10 µm 
diam.

Lectotype (designated here, MycoBank MBT373914): Czech 
Republic, Prague, Marienschanze, Reichsthor, on the underside 
of leaves of Plantago spp., 1836, A.C.J. Corda (PRM 155695!); 
Czech Republic, Bubeneč near Prague, 1838, Dr. Hoser (syntype, 
not examined).

Host range and distribution: On underside of old leaves of 
Plantago major, P. media; Austria (Lindau 1909), Belgium 
(Lindau 1909), Czech Republic (Corda 1839, Saccardo 1878, 
1886, Lindau 1909), France (Linder 1931), Germany (Lindau 
1909, Linder 1931), Hungary (Révay 1998), Italy (Saccardo 1878, 

1881, 1886, Lindau 1909), Switzerland (Lindau 1909, Linder 
1931), UK (Saccardo 1886).

Additional specimens examined: Austria, Steiermark, Voitsberg, 
on Plantago media, Nees v. Esenbeck?, herb. P.A. Karsten 4953 
(H). Germany, Bavaria, München, Wiesen zwischen Solln und der 
Staatsbahn, on P. media, 4 Nov. 1898, J.N. Schnabl 1398 (H); München, 
a. d. Theresienwiese, Feb. 1881, J.N. Schnabl 792 (H).

Notes: This species was placed by Saccardo (1886) in the genus 
Gyrocerus, introduced by Corda (1837) for hyphomycetes 
with spirally coiled conidial chains based on the original 
description and illustration in Corda (1837). Linder (1931) 
considered the introduction of this genus founded on a 
misinterpretation of its morphological structures. He reduced 
Gyrocerus to synonymy with Sarcopodium and reallocated 
G. ammonis, its type species, to the latter genus. In order 
to accommodate the remaining species, Linder (1931) 
introduced for Gyrocerus sensu Saccardo (1886) the new 
genus Helicoceras (classified in the original description as 
“n. nom.” = new name, but as a matter of fact a new genus 
accompanied by a Latin description) and designated H. 
celtidis as type species. This species was later placed by Ellis 
(1963) in Sirosporium, a genus widened and broadly defined 
by Ellis to accommodate various plant pathogenic species 
characterised by short conidiophores arising from superficial 
hyphae, sometimes also in fascicles, and with conspicuous, 
thickened and darkened conidiogenous loci (Ellis 1971, 1976). 
Therefore, the name Helicoceras has to be considered a 
facultative (heterotypic) synonym of Sirosporium and does not 
threaten the genus Taeniolella. Hughes (1958) regarded the 
phylogenetic position of the genus Gyrocerus as unresolved 
and placed Torula plantaginis in the genus Taeniolella. Various 
descriptions and illustrations of T. plantaginis, e.g., in Lindau 
(1909), Linder (1931), and Ellis (1971), are rather uniform and 
in agreement with the type material.

Taeniolella stricta, a European saprobic species known from 
wood, is very similar to T. plantaginis. Conidia or conidial chains, 
composed of conidia adhering for a long time, are in both 
species very long and multiseptate (2–40-septate, (12–)25–277 
× 7–13 µm in T. stricta vs. 3–35-septate, 15–230 × 7–10(–13) µm 
in T. plantaginis), but in T. stricta conidial chains are unbranched, 
usually straight or only rarely curved. The distinction between 
individual conidia within the chain is sometimes difficult or 
even impossible in T. stricta and above all in T. plantaginis, in 
which constrictions at points of attachments between individual 
conidia are absent or almost so. 

Zelski et al. (2011) described the new freshwater 
ascomycete Chaetorostrum quincemilensis and its taeniolella-
like anamorph, which superficially resembles T. plantaginis and 
T. typhoides. According to Zelski et al. (2011), the cylindrical 
phragmospores (20–280 × 7–13 µm, 2–40-septate) are 
unbranched, paler near the apex and produced on terminal ends 
of hyaline vegetative hyphae. Based on morphological features, 
Zelski et al. (2011) placed Chaetorostrum quincemilensis in 
the Sordariomycetes. The genus Stanjehughesia, to which 
Taeniolella lignicola is reallocated in this work, is also a member 
of the Sordariomycetes suggesting that taeniolelloid asexual 
morphs may also be formed in the latter ascomycete class, 
although not yet proven on the basis of molecular sequence 
analyses.
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Fig. 93. Taeniolella plantaginis [H, Schnabl 1398]. A. Hyphae. B. Micronematous conidiophores arising from hyphae with adhering conidia. C. Conidial 
chains. D. Branched conidial chain. E. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 94. Taeniolella plantaginis [lectotype]. A. Hyphae. B. Micronematous conidiophore arising from hyphae with adhering conidium. C. Conidial 
chains. D. Branched conidial chain. Bar = 10 µm (B. Heuchert del.).
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Fig. 95. Taeniolella plantaginis [A: lectotype; B, D, F, G, I, J: H, Schnabl 792; C, E, H: H, Schnabl 1398]. A. Macroscopic overview of colony. B. Microscopic 
overview.. C, F, G. Conidia. D, E, H, J. Micronematous conidiophores arising from hyphae with adhering conidia. I. Branched conidial chain. Bars: 5 
mm (A), 50 µm (B), 10 µm (C–J).
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Taeniolella pulvillus (Berk. & Broome) M.B. Ellis, More 
Dematiaceous Hyphomycetes: 57. 1976. Figs 96–97.
Basionym: Torula pulvillus Berk. & Broome, Ann. Mag. Nat. Hist. 
2, 5: 460. 1850.

Literature: Ellis & Ellis (1997: 219), Mel’nik (2000: 309), Bülbül 
et al. (2011: 164).

Illustrations: Ellis (1976: 58, fig. 40, B), Ellis & Ellis (1997: pl. 94, 
fig. 988), Mel’nik (2000: 307, fig. 215).

Description: On bark of a dead stem inhabited by three different 
lichen thalli belonging to lecanorine and lecideine lichens. 
Colonies primarily on the lichen thalli, often on apothecia, rarely 
radiating on the surrounding bark, pulvinate, circular, clearly 
delimited, compact, caespitose-floccose, up to 1 mm diam, 
dark brown to black. Mycelium immersed, rarely superficial; 
hyphae usually straight, rarely flexuous, branched, 3–6 µm 
wide, sparingly septate, slightly constricted at the septa, pale 
brown to brown, smooth, walls slightly thickened, up to 0.25 
µm. Stromata lacking. Conidiophores semi-macronematous to 
macronematous, mononematous, solitary or in small to densely 

Fig. 96. Taeniolella pulvillus [holotype]. A. Hyphae. B. Conidiophores arising from hyphae. C. Conidiophores forming branched complexes in dense 
tufts. D. Germinated conidium. E. Conidia. Bar = 10 µm (B. Heuchert del.).
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caespitose tufts, arising from hyphae, terminal or lateral, erect, 
straight to slightly flexuous, subcylindrical, usually distinctly 
branched, often several times, rarely unbranched, often 
branched at the base, forming branched complexes in dense 
tufts, conidiophores 32–99 × 5–8 µm, basal cells enlarged, 8–12 
× 8–16 µm, and often darker, narrower towards the apex, swollen 
or even vesicular at the base of branches in the upper part of 
conidiophores, up to 10 µm wide and parts of the wall paler 
and cracked, conidiophores 3–14-septate, not or only slightly 
constricted at the septa, wall thickened, 0.5–1 µm, brown to 
dark brown, smooth, sometimes irregularly rugose, verrucose 

to rimulose near the base or in older portions of conidiophores, 
frequently enteroblastically proliferating with obvious sheath-
like wall remnants visible as irregular fringe, often rimulose. 
Conidiogenous cells integrated, terminal, monoblastic or 
thalloblastic, monopodial, subcylindrical, narrower at the 
very apex, 8–12 µm long, little differentiated, loci truncate, 
unthickened, 2–5 µm diam. Conidia solitary or catenate, in 
unbranched chains, more or less easily disintegrating, forming 
larger fragments, straight to slightly curved, subcylindrical, 
ellipsoid, doliiform, (0–)1–4(–5)-septate, aseptate conidia 10 × 
7 µm, 1-septate ones 16–17 × 6.5–7 µm, 2-septate ones 23–26 × 

Fig. 97. Taeniolella pulvillus [holotype]. A. Microscopic overview of colony. B, C, E, F. Conidiophores arising from hyphae. D. Conidial chains.  
G. Germinated conidium. H. Conidia. Bars: 50 µm (A), 10 µm (B–H).
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6–8 µm, 3-septate ones 27–32 × 7–9 µm, 4-septate ones 32–40 
× 7–9 µm, 5-septate ones 48 × 10 µm, slightly constricted at the 
septa, brown to dark brown, outer wall smooth to irregularly 
verrucose, wall thickened, 0.5–1 µm, apex rounded in primary 
conidia, slightly conically truncate in secondary ones, base 
truncate, sometimes slightly obconically truncate, hila truncate, 
unthickened, not darkened, 2–5 µm diam, one conidium with 
germ tube observed, up to 4 µm wide.

Holotype: UK, Norfolk, King’s Cliff, on Quercus sp., on bark [“on 
dead stem”], 29 Mar. 1841, M.J. Berkeley (K(M) 166243!).

Host range and distribution: On bark of dead stems of Fraxinus 
excelsior, Quercus pubescens, Q. robur; Hungary (Révay 1998), 
Russia (Mel’nik 2000), Ukraine (Taran 1992, 2002), UK (Berkeley 
& Broome 1850).

Notes: The re-examination of the type material showed that 
the bark of the dead stem is inhabited by three different lichen 
thalli, which belong to lecanorine and lecideine lichens. The 
colonies are primarily formed on the lichen thalli and only rarely 
spread into the surrounding bark, suggesting that T. pulvillus 
is a facultative lichenicolous hyphomycete. Unfortunately, this 
assumption could not be confirmed by correctly identified 
additional collections since only the type material was available. 
Ellis (1976) did not provide any evidence for an association of T. 
pulvillus with lichen thalli in his collections.

A re-examination of the Turkish material (Mycological 
Collection of the Arts and Sciences Faculty, Ahi Evran University, 
Kırşehir, Turkey, no. 175), identified and described by Bülbül et 
al. (2011) as T. pulvillus, showed that the Turkish fungus on bark 
of Sorbus domestica belongs to Trimmatostroma sp. 

The colonies of T. pulvillus are conspicuously cushion-shaped, 
clearly limited and compact, which is unique among saprobic 
Taeniolella species. The dimensions of conidiophores and 
conidia remind one of those of T. faginea, described on Fagus 
sylvatica, but in the latter species the outer wall of conidiophores 
and conidia is clearly verrucose, somewhat irregularly rough-
walled and often cracked, but never smooth-walled. In addition, 
enlarged (8–12 × 8–16 µm) basal cells of branched conidiophores 
are not formed in T. faginea. In contrast to T. pulvillus, conidia in 
T. faginea adhere in long, sometimes branched chains, up to 105 
µm, with usually one to three subglobose, aseptate conidia at 
the tip. In T. pulvillus, all conidia are slightly obconically truncate 
at the base and conically truncate at the apex.

The irregularly rugose, verrucose to rimulose conidiophore 
walls of T. pulvillus are reminiscent of those of some lichenicolous 
Taeniolella species. Conidiophores of T. verrucosa, described from 
Pachnolepia pruinata, also form a densely branched sporogenous 
complex, and the distinction between conidiophores and 
superficial hyphae is difficult. Conidiophores of T. pulvillus are 
somewhat narrower (32–99 × 5–8 µm, 3–14-septate vs. 9–104 
× 7–9(–10) µm, 1–12-septate in T. verrucosa) and conidia are 
longer (10–48 × 6–9 µm, (0–)1–4(–5)-septate vs. 6–19 × 6–10 
µm, 0–1(–3)-septate in T. verrucosa). Colonies of T. verrucosa 
are effuse, caespitose and composed of conidiophores or fertile 
hyphae forming a dense hyphal network. They are sometimes 
denser but never cushion-shaped, clearly limited and compact. 
T. christiansenii, another lichenicolous species with smooth or 
rimulose to verruculose-striate walls of conidiophores, is clearly 
distinguishable by its colonies, which are spreading widely over 
the surface as chains of torulose hyphae. Conidiophores are 

shorter and slightly narrower (5–55 × 4–7(–9) µm, 0-7-septate 
vs. 32–99 × 5–8 µm, 3–14-septate in T. pulvillus) and conidia are 
shorter and narrower (4–14(–24) × 3–7(–8) µm, 0–2(–3)-septate 
vs. 10–48 × 6–9 µm, (0–)1–4(–5)-septate in T. pulvillus).

Taeniolella ravenelii Heuchert & U. Braun, sp. nov. MycoBank 
MB819310. Figs 98–99.

Etymology: The epithet is dedicated to the American botanist 
and mycologist Henry William Ravenel, collector of the holotype 
material.

Literature: Berkeley (1874: 16, as Septonema multiplex).

Diagnosis: Distinguishable from Taeniolella multiplex by having 
usually wider conidia (7–14 µm in T. ravenelii vs. 5–8(–9) 
µm) and conspicuous conidial wall ornamentation (vs. light 
microscopically smooth conidia in T. multiplex).

Description: Colonies scattered over the substrate, effuse, dense, 
up to 1 × 2 cm, dark brown to black, long chains of conidia often 
visible even by stereomicroscopy, rarely subglobose, up to 1 mm 
diam, slightly shiny, dark brown to black sclerotium-like hyphal 
aggregations. Mycelium immersed; hyphae straight to flexuous, 
branched, 3–5 µm wide, septate, not or only slightly constricted at 
the septa, pale brown to brown, smooth, wall slightly thickened, 
up to 0.25 µm. Stromata lacking. Conidiophores (rarely observed) 
micronematous to semi-macronematous, sometimes reduced 
to conidiogenous cells, distinction between conidiophores and 
adhering conidia difficult, transition gradual, mononematous, 
arising from hyphae, terminal, or arising from subglobose hyphal 
cells, solitary, unbranched, erect, straight, subcylindrical, doliiform, 
6–17 × 5–7 µm, 0–3-septate, usually irregularly verrucose, rarely 
smooth, brown, wall thickened, up to 0.5 µm. Conidiogenous 
cells integrated, terminal or conidiophores often reduced to 
conidiogenous cells, monoblastic, subcylindrical or doliiform, 5–7 
µm long, conidiogenous loci truncate, unthickened, 3.5–5 µm diam. 
Conidia in unbranched chains, not easily disintegrating, adhering 
for a long time, distinction between individual conidia within the 
chain sometimes difficult or even impossible, chains probably 
only breaking off during gross preparations or in nature by violent 
mechanic impacts, forming fragments of different sizes, conidia or 
conidial chains straight or slightly flexuous, chains subcylindrical, 
sometimes somewhat attenuated at the tip, 55–170 × 7–14 µm, 
4–22-septate, single conidia subcylindrical, doliiform, ellipsoid, 
10–21 × 7–11 µm, 0–1-septate, slightly to distinctly constricted at 
the septa, dark brown, sometimes paler at the tip, wall thickened, 
up to 0.5 µm, wall of young conidia sometimes smooth, later 
usually with conspicuous ornamentation, very variable, irregularly 
verrucose or coarsely verrucose, verrucae up to 1 µm high and 
wide, hemispherical with rounded apex to conical and pointed, 
sometimes with elongated projections, linear or rod-shaped, 
projections and verrucae hyaline, older walls sometimes cracked, 
rimulose, cell plasma often reduced, with one or two vacuole-like 
cavities, apex rounded in primary conidia, slightly conically truncate 
in secondary ones, base truncate, sometimes slightly obconically 
truncate, hila truncate, unthickened, not darkened, 3.5–6 µm diam.

Holotype: USA, South Carolina, on Quercus sp. (“on fallen 
oak limbs”), H.W. Ravenel 1563 [ex herb. M.J. Berkeley] (K(M) 
187573!). Isotypes: K(M) 187574, K(M) 187575, K(M) 187578, 
K(M) 187579.
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Fig. 98. Taeniolella ravenelii [holotype]. A. Conidiophores. B. Conidial chain. C. Conspicuous ornamentation of conidia. D. Conidia and fragments of 
conidial chains. Bar = 10 µm (B. Heuchert del.).
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Host range and distribution: On Quercus sp.; USA (Berkeley 
1874).

Notes: The re-examination of the three syntype collections of 
Taeniolella multiplex showed that they are heterogeneous. 
The description of T. multiplex by Berkeley and Curtis (in 
Berkeley 1874) is very meagre and without any information 
about the dimensions of conidiophores and conidia as well as 
the wall surface ornamentation. One syntype (H.W. Ravenel 
1563) is easily distinguishable from the other two syntype 
collections (Curtis 2751, 4033) by the dimensions of conidia 
in chains (55–170 × 7–14 µm vs. 35–135(–215) × 5–8(–9) µm, 
6–26(–40)-septate) and the surface ornamentation of conidia. 
The wall of conidia in the specimens collected by Curtis (2751, 
4033) is usually light microscopically smooth, whereas in 

Ravenel’s specimen (1563) the wall of conidia is characterised 
by a very variable conspicuous ornamentation (detailed 
description see above). Due to its characteristic conidial wall 
ornamentation, this specimen (H.W. Ravenel 1563) is easily 
distinguishable from other saprobic Taeniolella species, 
except for T. muricata, which has a similar wall structure, 
characterised by having irregularly arranged, coarse verrucae, 
often vesicle-like, rather large, 0.5–4 µm diam, up to 1.5(–2) 
µm high, and thick walls. Linear or rod-shaped elongated 
projections as in Ravenel’s specimen (1563) are, however, not 
formed in T. muricata. For these reasons, we introduce the 
new name Taeniolella ravenelii for the specimen collected by 
H.W. Ravenel (1563).

Fig. 99. Taeniolella ravenelii [A: K(M) 187575; B–H: holotype]. A. Macroscopic overview of colony. B–I. Conidial chains, fragments of conidial chains 
and conidia. Bars: 1 cm (A), 20 µm (B), 10 µm (C–H).
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Taeniolella stilbospora (Corda) S. Hughes, Canad. J. Bot. 36: 
817. 1958. Figs 100–102.
Basionym: Torula stilbospora Corda, Deuschl. Fl., Abt. III (Pilze 
Deutschl.) 2: 99. 1829.
Synonyms: Taeniola stilbospora (Corda) Bonord., Handb. Mykol.: 
36. 1851.
Torula salicis Fuckel, Fungi Rhen. Exs. 1622. 1866 and Hedwigia 
5(2): 30. 1866 [lectotype (designated here, MycoBank 
MBT373915): Germany, Oestrich-Winkel, on Salix caprea 
[Fuckel, Fungi Rhen. Exs. 1622, “Ad Salicis Capreae ramulos 
aridos, raro. Vere. In sylva Hostrichiensi”] (HAL!). Isolectotypes: 
Fuckel, Fungi Rhen. Exs. 1622, e.g., FH, G, L, ILLS 915, 916, 
S-F267609.].
Septonema atrum Sacc., Michelia 2: 559. 1882 [holotype: Italy, 
Selva (Treviso), in ligno salicino putri, Oct. 1874 (PAD)].
Hormiscium stilbosporum (Corda) Sacc., Syll. fung. (Abellini) 4: 
264. 1886.
Cheirospora stilbospora (Corda) Kuntze, Revis. gen. pl. (Leipzig) 
3(2): 457. 1898.

Literature: Saccardo (1886: 398, as Septonema atrum), Lindau 
(1910: 27, as Septonema atrum), Migula (1934: 324, as 
Septonema atrum), Ellis (1971: 94), Ellis & Ellis (1997: 65, 252), 

de Hoog et al. (2000: 934), Mel’nik (2000: 309), Wang (2010: 
191).

Illustrations: Corda (1842: 50, tab. 2, fig. 13, as Torula 
stilbospora), Saccardo (1881: tab. 926, as Septonema atrum), 
Lindau (1910: 27, fig. 2, as Septonema atrum), Migula (1934: 
tab. 140, fig. 7, as Septonema atrum), Ellis (1971: 93, fig. 56 A), 
Ellis & Ellis (1997: pl. 108, fig. 1139), de Hoog et al. (2000: 934, 
937), Mel’nik (2000: 310, fig. 217).

Exsiccatum: Fuckel, Fungi Rhen. Exs. 1622.

Description: Colonies scattered on bark, effuse, caespitose, 
fuliginous, dark brown to black. Mycelium immersed, sometimes 
superficial; hyphae flexuous, branched, 3–5 µm, septate, slightly 
constricted at the septa, subhyaline to pale brown, smooth, cell 
plasma slightly reduced, i.e., with a central cavity, wall barely 
thickened, up to 0.25 µm. True stromata lacking, but sometimes 
with densely aggregated hyphal cells just below arising conidial 
chains, elongated, subcylindrical to subglobose, 3–11 × 3–5 µm, 
pale brown to brown, smooth, wall slightly thickened, up to 0.5 
µm. Conidiophores micronematous to semi-macronematous, 
reduced to conidiogenous cells, distinction between 

Fig. 100. Taeniolella stilbospora [PRM 155698 – typ. cons.]. A. Hyphae with micronematous or semi-macronematous conidiophores. B. Fragments of 
conidiophores and conidial chains. C. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 101. Taeniolella stilbospora [lectotype of Torula salicis]. A. Hyphae. B. Densely aggregated hyphal cells and micronematous conidiophores with 
adhering branched conidial chain. C. Frequently branched conidial chains forming propagules. D. Tip of conidial chains. Bar = 10 µm (B. Heuchert del.).
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conidiophores and adhering conidia difficult, transition gradual, 
solitary or usually aggregated in small caespitose tufts, arising 
from hyphae, lateral or terminal, erect, straight, unbranched, 
doliiform, subcylindrical, sometimes peg-like, 5–12 × 5–6 µm, 
0–1-septate, not constricted at the septa, brown, smooth, wall 
barely thickened, up to 0.25 µm, monoblastic or thalloblastic, 
loci truncate, unthickened, 3–5 µm diam. Conidia in branched 
chains, usually branched at the base, frequently with up to 
three long branches, often also branched in the upper part, 
conidia adhering for a long time, forming branched complexes 
(propagules), distinction between individual conidia within 
the chain sometimes difficult or even impossible, straight to 
flexuous, erect, subcylindrical, 25–160 × 6–10 µm, multiseptate, 
to 40 septa, slightly to distinctly constricted at the septa, septa 
dark brown, to 2 µm wide, conidia brown to dark brown, paler 
towards the apex, subhyaline to pale brown, smooth when young, 
sometimes irregularly verrucose or rimulous when mature, wall 
thickened, wall at the tip often only slightly thickened, one- to 
distinctly two-layered, outer layer subhyaline to pale brown, 
0.5–1 µm wide, inner layer darker, combined two-layered wall 
up to 2 µm thick, cell plasma mostly reduced, with a central 
vacuole-like cavity, surrounding plasma giving the impression 
of very thick, three-layered walls, disintegrating chains forming 
fragments of different sizes, doliiform, subcylindrical, broad 
ellipsoid, 10–43 × 6–10 µm, 1–6-septate, wall usually smooth, 

sometimes irregularly verrucose or rimulous, apex rounded in 
primary conidia, truncate in secondary ones, base truncate, hila 
3–7 µm diam.

Type (typ. cons., May 2017a, b): Central Europe [country 
unclear], Neustadtel, on Salix sp., A.C.J. Corda (PRM 155698!).

Host range and distribution: On bark of Alnus incana, Alnus sp., 
Corylus sp., Nothofagus dombeyi, Padus avium, Pinus mungo, P. 
sylvestris, Populus sp., Protea burchellii, Salix caprea, Salix sp.; 
Canada (Conners 1967, Ginns 1986), Chile (www.cybertruffle.
org.uk), Czech Republic (Corda 1842), Finland (first report, see 
specimens examined), Germany (Fuckel 1866), Lithuania (Butkus 
et al. 2007, Treigien & Markovskaja 2007), Russia (Mel’nik & 
Popushoj 1992, Karatygin et al. 1999, Mel’nik 2000), South Africa 
(Lee et al. 2004), Tajikistan (Mel’nik 2000), Ukraine (Zhdanova 
et al. 1990, www.cybertruffle.org. as Septonema atrum), USA 
(Wang 2010), North America (Shaw 1973, Glawe 2014), Central 
Europe [country unknown] (Corda 1842).

Additional specimens examined: Finland, Nylandia, Borgå, Grid 27° 
E, on Salix sp., 2 Nov. 1930, W. Nyberg (H, herb. W. Nyberg); Regio 
Aboensis, Karjalohja, Tammisto, on cf. Pinus mungo [host cultivated in 
the Arboretum founded by Prof. G. Komppa], 2 Sep. 1975, P. Alanko 
(H 28572). South Africa, Western Cape Province, Helderberg Nature 

Fig. 102. Taeniolella stilbospora [A: PRM 155698 – typ. cons.; B–D: lectotype of Torula salicis]. A. Macroscopic overview of colony. B–D. Micronematous 
to semi-macronematous conidiophores with adhering frequently branched conidial chains. Bars: 1 mm (A), 10 µm (B–D).
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Reserve, on dead twigs of Protea burchellii, 14 Aug. 2000, S. Lee SL216 
(PREM 58102).

Notes: The name Torula stilbospora (Corda in Sturm 1829) 
was confused with a fungus nowadays known as “Taeniolella 
stilbospora”. Corda’s (1842) illustration of “T. stilbospora” is 
quite distinct from his original drawing, which was already 
stated by Saccardo (1886: 264, as Hormiscium stilbosporum). 
Corda’s (in Sturm 1829) original drawing shows a fungus 
with a more granular conidial structure quite distinct from 
Taeniolella. Among original collections deposited in Corda’s 
herbarium (PRM) as Torula stilbospora, there is a single 
collection without any location and date but with a small 
pencil drawing on the envelop agreeing with the original 
illustration [on wood, A.C.J. Corda (PRM 155699)]. This 
specimen represents true type material, was designated as 
lectotype in Braun & Heuchert (2013), and a re-examination 
proved its identity with Trimmatostroma betulinum. Hence, 
Torula stilbospora is conspecific with the latter species, i.e., it is 
an older heterotypic synonym of Trimmatostroma betulinum. 
However, Torula stilbospora is older than Coniothecium 
betulinum, the basionym of Trimmatostroma betulinum, 
and would pose a threat to the latter well established name. 
Therefore, Braun & Heuchert (2013) proposed to conserve the 
name Coniothecium betulinum against Torula stilbospora. All 
combinations and treatments based on Torula stilbospora, e.g., 
Bonorden (1851: 36, as Taeniola stilbospora), Saccardo (1886: 
264, as Hormiscium stilbosporum) and Kuntze (1898: 457, as 
Cheirospora stilbospora), seem to relate to the description and 
illustration in Corda (1842) and hence to the true Taeniolella 
which is now referred to as T. stilbospora.

Corda (1842) cited collections from Neustadtel [locality 
unclear as at least four towns with this German name are 
known, two in the Czech Republic (now Dolny Bělá and Jezvé, 
part of Stružnice), one in Poland (now Nowe Miasteczko) and 
one in Germany (Saxony)], Senftenberg (Germany) and Prague 
(Czech Republic). The original material from “Neustadtel” 
collected by Corda (PRM 155698) is preserved and was also 
re-examined. This material is very sparse, but quite different 
from the lectotype of Torula stilbospora (Corda in Sturm 
1829). Maintained fragments of conidial chains agree well 
with Corda’s (1842) illustration which represents a genuine 
Taeniolella. On the basis of its lectotype, T. stilbospora has 
to be considered a misapplied name, i.e., the true Taeniolella 
would need another name. However, T. stilbospora remains 
a name in current use based on Corda’s (1842) later 
misapplication of his original Torula stilbospora. However, a 
renaming of the widely used name T. stilbospora would not 
be desirable. Therefore, the original proposal submitted by 
Braun & Heuchert (2013) was altered in agreement between 
the proposers and the Nomenclature Committee for Fungi 
to conserve T. stilbospora with a conserved type that locks 
in the interpretation of this name in the sense of Corda 
(1842) and removes it from the synonymy of Coniothecium 
betulinum, thus rendering both Trimmatostroma betulinum 
and Taeniolella stilbospora available. The altered proposal 
was supported by the Nomenclature Committee for Fungi 
(May 2017a, b). The original collection of Torula stilbospora 
sensu Corda (1842) from “Neustadtel” (PRM 155698), now 
designated as conserved type of this species (May 2017a, b), is 
very sparse and represents possibly young material. Branched 
conidial chains with conidia adhering for a long time, forming 

branched complexes (propagules), are missing in the material 
of Corda. The chains are disintegrated in fragments and conidia 
of various sizes. Oil-like drops in each conidial cell, as described 
by Corda (1842), were not observed.

Hughes (1958) cited Torula salicis Fuckel as a heterotypic 
synonym of Taeniolella stilbospora. The re-examination of type 
material of T. salicis, deposited in HAL, confirmed that this 
species agrees well with the fungus illustrated in Corda (1842), 
which represents a true Taeniolella. 

Fuckel (1870: 302) introduced the illegitimate name Tapesia 
torulae (nom. superfl., Art. 52.1, based on Peziza torulicola Fuckel, 
Fungi Rhen Exs., Fasc. 15–16, no. 1596, 1865) and cited Torula 
stilbospora as asexual morph. However, the relation between P. 
torulicola and T. stilbospora is quite unclear, unconfirmed, and a 
conspecificity of the two morphs and taxa is very doubtful. The 
name P. torulicola is currently quite unresolved.

Hughes (1958) cited Septonema atrum Sacc. as an additional 
heterotypic synonym of “T. stilbospora”. The type material, 
deposit in PAD, is currently not available for re-examination. 
Based on the description (Saccardo 1882) and illustration 
(Saccardo 1881, Lindau 1910), it is not possible to prove the 
taxonomic position of S. atrum. At present we can only follow 
Hughes’ (1958) conclusion, who had probably examined type 
material of this species. Septonema atrum has been recorded 
from various European countries, e.g., Italy (Saccardo 1882, 
Carestia 1897–98), Denmark (Rostrup 1916) and Austria (Straßer 
1916), but these records are unconfirmed as well.

All combinations and treatments based on Torula stilbospora, 
e.g., Bonorden (1851), Saccardo (1886) and Kuntze (1898), are 
undoubtedly to be ascribable to the description and illustration 
in Corda (1842) and hence refer to the Taeniolella stilbospora.

Ellis (1971) described and illustrated Taeniolella stilbospora, 
but his drawings show a wider range of morphological types 
indicating that possibly various taxa were involved. Unfortunately, 
it is not known which collections Ellis had examined. The 
illustration on the right below corresponds to Taeniolella 
stilbospora, whereas the drawing on the right above is similar 
to the new species Taeniolella stilbosporoides. The illustration 
on the left can be interpreted to represent the new species 
Taeniolella filamentosa, which is based on several collections 
originally deposited as T. stilbospora, but easily distinguishable 
from all other Taeniolella species by the formation of well-
developed, conspicuous, superficial, filiform, often unbranched 
hyphae that are even visible by stereomicroscopy.

Numerous collections deposited in H (Herbarium University 
of Helsinki) as Hormiscium stilbosporum from Finland and 
Russia have been examined and proved to be Trimmatostroma 
betulinum, which underlines apparent difficulties to 
distinguishing Taeniolella stilbospora and Trimmatostroma 
betulinum, although the latter species forms sporodochial 
conidiomata, and conidia are formed in basipetal chains. 
Taeniolella stilbospora does not form any sporodochial 
conidiomata, and conidia develop in acropetal chains. Oblique 
to vertical septa are often present in Trimmatostroma, but very 
rare in Taeniolella.

Rippon (1987) cited T. stilbospora under phaeomycotic 
dermatomycosis, and de Hoog et al. (2000) listed an isolate 
from a cutaneous skin lesion of a human patient, determined 
as Taeniolella stilbospora, with the lowest biosafety level (BSL-
1). The description and illustrations in de Hoog et al. (2000: 
934, 937) are similar to Taeniolella stilbospora. The identity 
of material listed in Lee et al. (2004) on Protea burchellii in 
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South Africa as Taeniolella stilbospora could be confirmed. Re-
examined collections of “T. stilbospora" from Hungary (Révay 
1998) belong to the Sporidesmium complex. 

The saprobic Taeniolella stricta resembles T. stilbospora, but 
the long, multiseptate conidia or conidial chains in T. stricta are 
wider [(12–)25–277 × 7–13 µm vs. 25–160 × 6–10 µm], always 
unbranched, the walls are usually smooth, thick, but never with 
a characteristically two-layered wall structure as in T. stilbospora. 
Furthermore, the combined two-layered wall is to 2 µm thick, 
the cell plasma is mostly reduced, with a central vacuole-like 
cavity surrounded by plasma giving the impression of very thick, 
three-layered walls.

Numerous records of T. stilbospora refer to cultures based 
on isolates from soil, litter and other substrates (e.g., Cwalina-
Ambroziak & Bowszys 2009, isolated from soil; Mačkinaitė 
2010, isolated from seeds of Carum carvi; Dynowska et al. 2013, 
isolated from Anas platyrhynchos; Sizonenko et al. 2009, isolated 
from litter). They are unconfirmed and doubtful. A record from 
Brazil (Batista et al. 1967, on lime mortar) is also unclear and 
very doubtful.

Taeniolella stilbosporoides Heuchert & U. Braun, sp. nov. 
MycoBank MB819313. Figs 103–104.

Etymology: The epithet refers to the similarity of the new species 
to Taeniolella stilbospora.

Literature: Ellis (1971: 94, as T. stilbospora), Ellis & Ellis (1997: 
65, 252, as T. stilbospora), Muntañola-Cvetković et al. (1997: 
206, as T. stilbospora).

Illustrations: Ellis (1971: 93, fig. 56 A), Muntañola-Cvetković et 
al. (1997: 207, fig. 20).

Diagnosis: Differs from Taeniolella stilbospora in having much 
shorter conidia and conidial chains, respectively, 15–70 × 8–10 
µm, conidia formed singly or only in very short chains, mostly 
unbranched, wall less differentiated.

Description: Colonies scattered on bark, effuse, caespitose-
floccose, fuliginous, dark brown to black. Mycelium superficial, 
sometimes immersed; hyphae flexuous, branched, 2–4 µm, 

Fig. 103. Taeniolella stilbosporoides [holotype]. A. Micronematous conidiophores with adhering conidia. B. Short chains of two conidia. Bar = 10 µm 
(B. Heuchert del.).
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septate, slightly constricted at the septa, subhyaline to pale 
brown, smooth, unthickened or only slightly thickened, to 0.5 
µm. Stromata lacking. Conidiophores micronematous, reduced 
to conidiogenous cells, distinction between conidiophores and 
adhering conidia difficult, transition gradual, solitary or usually 
aggregated in small caespitose tufts, arising from hyphae, lateral 
or terminal, erect, straight, unbranched, doliiform, subcylindrical, 
sometimes peg-like, 4–7 × 5–6 µm, aseptate, pale brown to 
brown, smooth, wall slightly thickened, to 1 µm, cell plasma 
reduced, with a central vacuole-like cavity, giving the impression 
of thicker walls, up to 1.5 µm, monoblastic or thalloblastic, loci 
truncate, unthickened, 5–7 µm diam. Conidia solitary, sometimes 
in short chain of two conidia, rarely unbranched, and then 
densely aggregated, but usually with 2–4 basal branches, forming 
branched complexes (propagules), adhering for a long time, single 
branches or individual conidia straight, rarely slightly flexuous, 
broad ellipsoid, subcylindrical, 2–11-euseptate, not or slightly 
constricted at the septa, 15–70 × 8–10 µm, brown to dark brown, 
basal cell sometimes somewhat paler, wall smooth, thickened, 
to 1 µm, cell plasma reduced, with a central vacuole-like cavity, 
giving the impression of thicker, two-layered walls, to 1.5 µm 
thick, apex rounded in primary conidia, sometimes ruptured at 
the apex, possibly due to mechanical impacts, 5–8 µm diam.

Holotype: UK, Somerset, on wood, s. d., C.E. Broome (H, herb. 
Nylander!).

Host range and distribution: On wood of Salix caprea; UK (see 
type collection), Spain (Muntañola-Cvetković et al. 1997, as T. 
stilbospora).

Notes: The illustration of T. stilbospora s. lat. in Ellis (1971, fig. 
56 A) was undoubtedly based on heterogeneous elements, 
but, unfortunately, it is unknown which collections had been 
used by Ellis. The illustration on the right below agrees with 
Taeniolella stilbospora (for more details see discussion under T. 
stilbospora). The illustration on the right above is similar to the 
taxon here described as T. stilbosporoides, which is distinguished 
from T. stilbospora by its usually short, mostly unbranched 
conidia or conidial chains (15–70 × 8–10 µm in T. stilbosporoides 
vs. 25–160 × 6–10 µm in T. stilbospora). The conidial chains 
in T. stilbospora are often branched and have numerous long 
branchlets adhering for a long time, whereas conidial chains in T. 
stilbosporoides are usually unbranched or only branched at the 
base. The conidial walls of T. stilbospora are one- to distinctly 
two-layered, outer layer subhyaline to pale brown, 0.5–1 µm 
wide, inner layer darker, combined two-layered wall up to 2 µm 
thick, cell plasma mostly reduced, with a central vacuole-like 
cavity, surrounding plasma giving the impression of very thick, 
three-layered walls. Such conspicuous wall structures are not 
formed in T. stilbosporoides. The description and illustration of T. 
stilbospora in Muntañola-Cvetković et al. (1997) agree well with 
the new species.

Taeniolella stricta (Corda) S. Hughes, Canad. J. Bot. 36: 817. 
1958. Figs 105–107.
Basionym: Septonema strictum Corda, Icon. fung. 6: 6, pl. 1, fig. 
22. 1854.

Literature: Schulzer v. Müggenburg (1872: 406, as Septonema 
strictum), Schulzer v. Müggenburg & Saccardo (1884: 127, as 

Fig. 104. Taeniolella stilbosporoides [holotype]. A. Macroscopic overview of colony. B–D. Micronematous conidiophores with adhering conidia. Bars: 
5 mm (A), 20 µm (B), 10 µm (C, D).
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Fig. 105. Taeniolella stricta [lectotype]. A. Hyphae with micronematous to semi-macronematous conidiophores. B. Conidial chains. C. Conidia. Bar = 
10 µm (B. Heuchert del.).
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Fig. 106. Taeniolella stricta [BP 103708]. A. Hyphae with micronematous to semi-macronematous conidiophores. B. Conidial chains. C. Conidia. Bar 
= 10 µm (B. Heuchert del.).
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Septonema strictum), Ellis (1976: 57), Butin (1991: 236), Mel’nik 
(2000: 309).

Illustrations: Corda (1854: pl. 1, fig. 22, as Septonema strictum), 
Ellis (1976: 59, fig. 41), Butin (1991: 237, fig. 2), Mel’nik (2000: 
311, fig. 218).

Description: Colonies on dead wood, scattered, loosely to 
densely caespitose, slightly shiny, black, long chains of conidia 
often visible even by stereomicroscopy. Mycelium superficial 
and immersed; hyphae straight to flexuous, branched, 2.5–5 µm 
wide, septate, not constricted or slightly to distinctly constricted 
at the septa, pale brown, smooth, slightly thickened, 0.25–0.5 
µm. Stromata lacking. Conidiophores micronematous to semi-

macronematous, usually reduced to conidiogenous cells, 
terminal or lateral, solitary, unbranched, straight, doliiform, 
subcylindrical, sometimes peg-like, 5–14 × 4–7 µm, 0–1-septate, 
pale brown, slightly darker than hyphae, smooth, wall slightly 
thickened, up to 0.5 µm, monoblastic to thalloblastic, loci 
truncate, unthickened, up to 5 µm diam. Conidia in unbranched 
chains, adhering for a long time, distinction between individual 
conidia within the chain sometimes difficult or even impossible, 
2–6 µm wide in constricted or narrow segments between 
individual conidia, chains probably only breaking off during gross 
preparations, straight, rarely slightly flexuous, subcylindrical, 
sometimes somewhat attenuated at the tip, (12–)25–277 × 7–13 
µm, 2–40-septate, not or only slightly constricted to distinctly 
constricted at the septa, brown, reddish brown, sometimes 

Fig. 107 Taeniolella stricta [lectotype]. A, B. Semi-macronematous conidiophores arising from hyphae. C, D. Conidia and conidial chains. Bars: 50 µm 
(C), 20 µm (A, B, D).



© 2018 Westerdijk Fungal Biodiversity Institute

Heuchert et al.
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

222

olivaceous brown or greenish brown, paler at the tip, smooth, 
wall thickened, up to 0.5 µm, cell plasma mostly reduced, with 
a central vacuole-like cavity, surrounding plasma giving the 
impression of very thick, three-layered walls, up to 1–2 µm thick, 
often with one to two internal oil-like droplets, the wall at the 
apex often unthickened and the cell plasma then not reduced, 
apex rounded in primary conidia, slightly conically truncate in 
secondary ones, base truncate, sometimes slightly obconically 
truncate, hila truncate, unthickened, not darkened, (1.5–)2–5(–
9) µm diam.

Lectotype (designated here, MycoBank MBT373916): On wood, 
A.C.J. Corda, herb. Corda [“Lubkowitz’scher Garten 1844”] (PRM 
155626!).

Host range and distribution: On wood of Bruguiera gymnorrhiza, 
Palmae sp., Rhizophora mucronata; Austria (Butin 1991), Cuba 
(www.cybertruffle.org.uk), Czech Republic (Corda 1854), 
Hungary (first report, see specimens examined), India (Maria & 
Sridhar 2003, Sridhar 2009), Russia (Mel’nik 2000).

Additional specimens examined: Hungary, ad ripam rivuli Nagyvasfazék-
patak, pr. pag. Királyrét, on dead wood, 12 Oct. 2005, Á. Révay & J. 
Gönczöl (BP 99300); Kismaros, in the steam Morgó-patak, 26 Sep. 2012, 
Á. Révay & J. Gönczöl (BP 103708).

Notes: This fungus was described by Corda (1854) as Septonema 
strictum from wood collected in the Czech Republic. Records 
about distribution and substrates outside of Europe are very 
diverse. Maria & Sridhar (2003) described T. stricta on mangrove 
trees (Rhizophora mucronata and Bruguiera gymnorrhiza), 
and in Cuba the fungus was detected on an unidentified palm. 
However, these records and substrates are unusual and require 
verification by re-examinations of the collections concerned. 
The record from South Africa (Lee et al. 2004) on Leucadendron 
sp. is wrong. The re-examination of this material showed that a 
dematiaceous hyphomycete with pigmented monilioid hyphae 
and dictyosporous conidia was involved. It is even not certain 
whether the conidia belong to the hyphae. The identity of the 
fungus concerned is quite unclear.

Schulzer v. Müggenburg (1872) and Schulzer v. Müggenburg 
& Saccardo (1884) described the co-occurrence of Septonema 
strictum and Stysanus strictus. Schulzer v. Müggenburg (1872) 
supposed that both species are two different morphs of a single 
fungus, but there is no evidence or experimental proof for a true 
connection, which is quite doubtful.

The re-examined material from PRM (Prague, herb. Corda) 
agrees well with the description and illustration in Ellis (1976). 
The conidia are formed in chains adhering for a long time and 
more or less constricted at points of attachment between 
individual conidia (3–5 µm). The illustration of Corda (1854) 
shows chains of conidia with evident constrictions at points 
of attachment between individual conidia, and he described 
conidial chains composed of conidia of very unequal length. 
Corresponding features have been particularly observed in 
the material from Hungary. The constrictions at points of 
attachment between the individual conidia are here much 
stronger (up to 2 µm) and in the collection BP 99300 conidia 
are (12–)15–226 × 7–10 µm. The re-examined collections of T. 
stricta are very variable in pigmentation, ranging from reddish 
brown, sometimes olivaceous brown to greenish brown. The 
youngest conidia at the tip of the chain are often paler brown or 

even subhyaline, the wall is unthickened and the cell plasma is 
obviously less reduced (especially in BP 103708).

Butin (1991) detected this species during an investigation of 
grey discolorations of wood surfaces and stated that T. stricta 
has peroxidase activity and is thus able to degrade lignin.

Taeniolella hunanensis, a Chinese species isolated from soil, 
is very similar to T. strica. The conidia and conidial chains in both 
species are very long and multiseptate (2–40-septate, (12–)25–
277 × 7–13 µm in T. stricta vs. 2–42-septate, 27–296 × 9–14 
µm in T. hunanensis), but the conidiophores of T. hunanensis, 
compared to T. stricta, are described as macronematous, 19–78 
× 6–8 µm. However, the illustration in Zhang & Zhang (2007: 
193, fig. 1) shows that the distinction between hyphae and 
conidiophores is rather difficult. Unfortunately, type material of 
T. hunanensis could not be examined. Therefore, the status of T. 
hunanensis and its relation to T. stricta remain unclear.

Taeniolella alta, another similar saprobic species mainly 
occurring on Alnus, is easily distinguishable from T. stricta by 
its often somewhat rough-walled to even verrucose conidia, 
semi-macronematous conidiophores sometimes with a basal 
branchlet and usually monoblastic but occasionally also 
polyblastic conidiogenous cells with two loci.

Taeniolella subsessilis (Ellis & Everh.) S. Hughes, Canad. J. Bot. 
36: 817. 1958. Figs 108–109.
Basionym: Dendryphion [as ‘Dendryphium’] subsessile Ellis & 
Everh., J. Mycol. 3: 128. 1887.

Literature: Saccardo (1892: 664, as Dendryphion subsessile), 
Ellis (1976: 56), Heredia Abarca & Mercado Sierra (1998: 141), 
Gharizadeh et al. (2007: 107).

Illustrations: Ellis (1976: 58, fig. 40C), Gharizadeh et al. (2007: 
107, fig. 11).

Exsiccatae: Ellis & Everhart, N. Amer. Fungi. Ser. II 2191; 
Kellerman & Swingle, Kansas Fungi s.n., 37.

Description: Colonies on dead stems, irregularly breaking 
through the bark, punctiform, spread around stems, effuse, 
confluent, densely caespitose, covering the entire stem, dark 
brown to black, slightly shiny. Mycelium immersed; hyphae 
straight to flexuous, branched, 1–5 µm wide, septate, not or only 
slightly constricted at the septa, pale brown to brown, smooth, 
wall to 0.5 µm thick; at the base of conidiophores often with 
stromatically aggregated cells, subglobose, square or irregularly 
shaped, 5–7 × 5–10 µm, brown, smooth, wall thickened, to 
0.5 µm. Conidiophores semi-macronematous, sometimes 
reduced to conidiogenous cells, solitary or usually aggregated 
in caespitose tufts, arising from hyphae, lateral or terminal, 
or arising from stromatic cells, erect, straight, unbranched, 
doliiform, subcylindrical, 8–28 × 6–8 µm, 0–2-septate, not 
constricted at the septa, brown to dark brown, smooth, wall 
thickened, 0.25–0.75 µm, cells usually filled with up to 3 small 
oil-like droplets or with one larger oil-like droplet filling the 
whole cell, cells sometimes with less structured cell lumen, not 
enteroblastically proliferating. Conidiogenous cell integrated, 
terminal, monoblastic, monopodial, little differentiated, 
doliiform, 7–11 µm long, loci truncate, unthickened, 3.5–5(–6) 
µm diam. Conidia catenate, in unbranched chains, usually easily 
disintegrating, not adhering for a long time, often up to three 
conidia adhering in a chain, chains to 90 µm long, distinction 
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between individual conidia within the chain sometimes difficult, 
usually straight, sometimes flexuous, obclavate, subcylindrical, 
obovoid, 1–7-septate, not or slightly constricted at the septa, 
1-septate ones 15–19 × 7–10 µm, 2–4-septate ones 25–45 × 
7–11 µm, 5–7-septate ones 47–60 × 7–10 µm, often narrowed 

at the apex, 5 µm wide, brown to dark brown, young conidia 
at the tip of conidial chains distinctly paler, subhyaline to pale 
brown, smooth, thickened, 0.5–0.75 µm, wall of younger conidia 
at the tip usually unthickened, cells with oil-like droplets just like 
in conidiophores, apex rounded in primary conidia, truncate in 

Fig. 108. Taeniolella subsessilis [NY 03021306]. A. Hyphae with semi-macronematous conidiophores. B. Short conidial chains. C. Conidia. Bar = 10 µm 
(B. Heuchert del.).



© 2018 Westerdijk Fungal Biodiversity Institute

Heuchert et al.
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

224

Fig. 109. Taeniolella subsessilis [NY 03021306]. A–C. Semi-macronematous conidiophores arising from hyphae. D, E, H, I. Conidia. F, G. Conidial chains. 
Bars: 10 µm (A–I).
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secondary ones, base truncate, hila truncate, unthickened, not 
darkened, 3–5(–6) µm diam.

Holotype: USA, Kansas, Manhattan, on dead stems of Smilax 
hispida, Jul. 1887, W.T. Swingle 947 [NY 883704 (slide ex holotype 
NY 883703!)].

Host range and distribution: On dead stems of Mespilus sp., 
Rubus sp., Salix havanensis, Smilax hispida, Smilax sp.; Cuba 
(Mercado Sierra & Mena-Portales 1995), India (Sharma & 
Munjal 1979, Bilgrami et al. 1991), Iran (Gharizadeh et al. 2007), 
Mexico (Heredia Abarca & Mercado Sierra 1998), USA (Ellis & 
Everhart 1887).

Additional specimens examined: USA, Florida, Monroe County, Layton 
Trail, Layton, UTM Zone 17, on stems of Salix havanensis, 18 May 
1998, J.L. Crane & J.D. Schoknecht 98-467, accession no. 54462 (NY 
461477); Kansas, Manhattan, on dead stems of Smilax hispida, Sep. 
1887, W.T. Swingle [Ellis & Everhart, N. Amer. Fungi. Ser. II 2191] (NY 
3021302, 3021303, 3021309); Manhattan, Riley Co., 4 Aug. 1887, 
Kellerman, & Swingle [Kansas Fungi s.n.] (NY 3021307); Manhattan, 
14 Aug. 1887, Kellerman, & Swingle [Kansas Fungi 37] (NY 3021304); 
Oklahoma, Ripley Bliffs, 1 mi. N. of Ripley Payne Co., on Smilax sp., 
16 Aug. 1979, M.E. Barr, Bigelow M.E.B.B. 6731 (with Kalmusia cf. 
6730) (NY 3021305); Payne County, Ripley Bluffs along Cimarron River, 
1 mile north of Ripley, on Smilax sp., 16 Aug. 1979, C.T. Rogerson (NY 
3021306).

Notes: The re-examination of the type material showed that 
this species is morphologically a typical member of the genus 
Taeniolella. Various descriptions and illustrations of T. subsessilis, 
e.g., in Ellis (1976), Heredia Abarca & Mercado Sierra (1998) and 
Gharizadeh et al. (2007), are rather uniform and in agreement 
with the type material. 

It is one of the smooth-walled Taeniolella species. The 
European T. stricta is another smooth-walled species, but readily 
distinguishable by having much longer, pluriseptate and usually 
wider conidia [(12–)25–277 × 7–13 µm, 2–40-septate].

Taeniolella vermicularis (Corda) S. Hughes, Canad. J. Bot. 36: 
818. 1958. Figs 110–111.
Basionym: Torula vermicularis Corda, Icon. Fung. 1: 8. 1837.
Synonyms: Taeniola lata Bonord., Handb. Allgem. Mykol. 36. 
1851, nom. illeg. (Art. 52.1).
Hormiscium vermiculare (Corda) Sacc., Syll. Fung. 4: 264. 1886.

Illustration: Corda (1837: pl. 2, fig. 138).

Description: Colonies on dead wood, effuse, velvety-tomentose, 
conidiophores decumbent, forming a dense, filamentous 
network, slightly shiny, dark brown to black. Mycelium 
immersed; hyphae penetrating the substrate, within tracheas 
and tracheids, straight to flexuous, branched, hyphal cells 
long, straight or subglobose, monilioid, 2–7 µm wide, septate, 
slightly to distinctly constricted at the septa, pale brown, 
smooth, wall sometimes thin, but usually slightly thickened, 
0.25–0.5 µm. Stromata lacking. Conidiophores micronematous 
to semi-macronematous, sometimes reduced to conidiogenous 
cells, distinction between conidiophores and adhering conidia 
often difficult, transition gradual, integrated in or arising from 
hyphae, terminal and intercalary, solitary, erumpent through 
the substrate, decumbent, straight, doliiform, subcylindrical, 

subglobose, sometimes peg-like, 5–10 × 5 µm, aseptate, 
pale brown, smooth, wall slightly thickened, up to 0.5 µm, 
monoblastic or thalloblastic, loci (rarely observed) truncate, 
unthickened, 3–6 µm diam. Conidia catenate, in simple or 
branched chains, up to 285 µm long, adhering for a long time, 
chains probably only breaking off during gross preparations, 
chain fragments often persistent, distinction between individual 
conidia within the chain sometimes difficult or even impossible, 
conidia straight, filiform, subcylindrical, decumbent, rarely 
1-septate, subcylindrical or doliiform, 13–15 × 6–10 µm, 
young conidia, adhering on conidiophores, 14–22 × 6–7 µm, 
1–2-septate, not constricted at the septa, pale brown to brown, 
smooth, wall slightly thickened, cell plasma mostly reduced, 
with a central vacuole-like cavity, surrounding plasma giving the 
impression of thick, three-layered walls, older conidial chains 
long, 55–285 × 6–10(–12) µm, multiseptate, up to 40, rarely 
with additionally distosepta, not or slightly constricted at the 
septa, brown to dark brown, paler at the tip, smooth, outer wall 
thickened, 1–2 µm, cell plasma mostly reduced, with a central 
vacuole-like cavity, irregularly structured, surrounding plasma 
giving the impression of thick, three-layered walls, up to 3 µm 
thick, tips of conidiophores wider, up to 13.5 µm, outer wall thin, 
up to about 0.25 µm, seemingly dissolving, smooth, sometimes 
somewhat cracked at the very tip, older parts of conidial chains 
with internal hyphal structures of unknown and unclear origin 
and genesis, straight to flexuous, sometimes monilioid, usually 
unbranched, rarely branched, 1–6 µm wide, septate, mostly 
constricted at the septa, pale brown to brown, smooth, thin 
walled, cell plasma reduced, wall seemingly thickened, up to 1 
µm, wall of the conidia becoming thinner when such internal 
hyphal structures are formed, 0.75–2 µm, apex rounded in 
primary conidia, truncate in secondary ones, base truncate, hila 
5–7 µm diam.

Lectotype (designated here, MycoBank MBT373917): Czech 
Republic, Liberec (Reichenberg), on wood of Rosa canina, A.C.J. 
Corda [herb. Corda] (PRM 155702!).

Host range and distribution: On wood of Rosa canina; Czech 
Republic (Corda 1837).

Notes: The type locality of this species is not quite clear. 
“Reichenberg” [today Czech Republic, Liberec] is cited on the 
label of the type specimen and in the original description, but 
later someone had deleted “Reichenberg” on the label and 
added “Prague” with a question mark.

Unfortunately this species is known only from the type 
collection. Therefore, it was not possible to clarify origin and 
genesis of the unusual formation of distinct internal hyphal 
structures in the conidia of T. vermicularis and if these structures 
are common, a singularity or an artefact. In any case they may 
break through the conidial apex and leave the conidium, but it 
remains unclear if these hyphal structures are an unusual kind 
of “internal germination” or inner development of secondary 
hyphae, and it can even not be excluded that hyphae of another, 
possibly hyperparasitic fungus are involved. This phenomenon 
has been discussed with several leading mycologists with 
comprehensive experiences around hyphomycetes, but nobody 
had observed similar structures.

Taeniolella stricta, a European saprobic Taeniolella species 
known from wood, is comparable with T. vermicularis. The 
conidia or conidial chains, composed of conidia adhering for 
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Fig. 110. Taeniolella vermicularis [lectotype]. A. Hyphae penetrating the host substrate. B. Hyphae with micronematous to semi-macronematous 
conidiophores. C. Conidial chains. D. Conidial chains with unusual distinct internal hyphal structures. Bar = 10 µm (B. Heuchert del.).
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a long time, are in both species very long and multiseptate 
(2–40-septate, (12–)25–277 × 7–13 µm in T. stricta vs. up to 
40-septate, 55–285 × 6–10(–12) µm in T. vermicularis) but in T. 
stricta conidial chains are unbranched. The distinction between 
individual conidia within the chain is sometimes difficult or even 
impossible in T. stricta and nearly always so in T. vermicularis in 
which constrictions at points of attachments between individual 
conidia are absent or almost so. 

The differentiation between the similar species T. plantaginis 
and T. vermicularis is difficult, morphologically barely possible 
and mainly based on different host preferences. T. plantaginis 
grows on the lower surface of senescent leaves of Plantago ssp. 
and T. vermicularis is only known from the type specimen on 
wood of Rosa canina.

Doubtful, excluded and insufficiently known species of 
Taeniolella s. lat.

The following list encompasses species assigned to Taeniolella 
s. lat. with unknown or unclear generic affinity. The affinity and 
identity of some species could not be verified since the type 
material could not be traced and any other collections were 
also not available. However, re-examination of the types and 
other specimens, cultures and phylogenetic data of the species 
concerned are usually needed for reliable generic reallocations. 
In these cases, original descriptions are reproduced. Other cases 
refer to examined species that proved to be non-congeneric 
with Taeniolella s. lat. They are comprehensively described 
conforming to the pattern and structure used for lichenicolous 
and saprobic Taeniolella species. As far as known, the currently 
accepted names are specified and highlighted in bold. Some 

Fig. 111. Taeniolella vermicularis [lectotype]. A. Macroscopic overview of colony. B–E. Conidial chains with unusual distinct internal hyphal structures. 
F. Hyphae with micronematous to semi-macronematous conidiophore. Bars: 1 mm (A), 10 µm (B–F).
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reallocations (new combinations) are made to reflect proper 
affinities of the species concerned. Examined type collections 
are highlighted by adding an exclamation mark as in the lists of 
lichenicolous and saprobic Taeniolella species.

Taeniolella americana J.L. Crane & Schokn., Canad. J. Bot. 60: 
372. 1982.

Illustration: Crane & Schoknecht (1982: 375, figs 5–10).

Original description (Crane & Schoknecht 1982): Colonies on 
natural substrate appressed, effuse. Mycelium immersed, 
composed of branched, septate, subhyaline to light brown 
hyphae. Conidiophores semi-macronematous, mononematous, 
short, caespitose or scattered, simple, brown, septate, smooth, 
7–9 µm wide. Conidiogenous cells monoblastic, rarely polyblastic, 
integrated, terminal, determinate, cylindrical. Conidia in long, 
simple or branched acropetal chains, cylindrical, 7–15-septate, 
uniformly brown, slightly roughened, 134–230 µm long, 15–20(–
25) µm wide at median, tapering to 8–13(–15) µm wide at end cells.

Holotype: USA, Illinois, Johnson County, Goose Pond, on 
submerged, decayed ament of Liquidambar styraciflua, 28 Jan. 
1974, J.L. Crane (ILLS 41016).

Host range and distribution: On decaying catkins of Liquidambar 
styraciflua; USA (Crane & Schoknecht 1982), known only from 
the type collection.

Notes: The type material of T. americana was not available. 
Crane & Schoknecht (1982) compared the species with 
Taeniolella dichotoma and T. lignicola. Based on dichotomously 
branched conidia, Descals & Sutton (1976) reduced T. dichotoma 
to synonymy with Anavirga laxa. The type material of T. 
lignicola has been re-examined. The morphological characters 
of this species, especially the formation of micronematous 
conidiophores, conidia formed singly or in short chains, and 
the vesicle-like apices of the conidia, which are thinner and 
paler than the conidial body, support the affinity to the genus 
Stanjehughesia.

Taeniolella americana is similar to the saprobic T. stricta. 
The conidia or conidial chains in both species are very long and 
multiseptate (2–40-septate, (12–)25–277 × 7–13 µm in T. stricta 
vs. T. americana with conidia 7–15-septate, 134–230 × 15–20(–
25) µm), but the conidial chains in T. stricta are unbranched and 
the walls of the conidia are smooth. Conidia up to 25 µm wide, 
as described for T. americana, are unusual for Taeniolella. The 
illustration of the conidia in Crane & Schoknecht (1982) with 
a kind of remnants at the base suggests a rhexolytic secession 
of conidia, which would be in conflict with the concept of the 
schizolytic genus Taeniolella. Taeniolella americana is probably 
not a member of the genus Taeniolella, but a final conclusion is 
only possible on the basis of a re-examination of type material.

Taeniolella americana is one of the five known Taeniolella 
species with aquatic habitat. The affinity of all aquatic species to 
the genus Taeniolella is either unclear or uncertain, or the species 
concerned are excluded and reallocated, e.g., T. longissima and 
T. rudis. Molecular data (Réblová et al. 2012) and morphological 
peculiarities of a synasexual morph justify the reallocation of T. 
rudis to the genus Sterigmatobotrys (Ertz et al. 2016) [further 
details and discussion see under T. rudis and T. longissima]. A 
comparison of T. americana with similar dematiaceous aquatic 

genera suggests that T. americana is possibly a member of an 
undescribed aquatic hyphomycete genus.

Taeniolella andropogonis Yadav & Lal, J. Indian Bot. Soc. 44: 405. 
“1965” 1966. Figs 112–113.

Literature: Varghese & Rao (1980: 51).

Illustration: Lal & Yadav (1966: 405, fig. 2).

Description: Colonies scattered, effuse, sooty, crumbly, in small 
tufts, dark brown. Mycelium immersed, sometimes superficial; 
hyphae straight to flexuous, branched, 2–5 µm wide, septate, 
not or slightly constricted at the septa, pale brown, smooth, 
wall to 0.25 µm thick. Stromata within the substrate effuse to 
strand-like, monilioid, stroma cells subglobose, 4–6 µm diam, 
brown to dark brown, smooth, wall slightly thickened, to 0.5 µm. 
Conidiophores micronematous, integrated in hyphae, distinction 
between hyphae or stroma cell and conidiogenous cells barely 
possible. Conidia single or rarely in short acropetal chains, usually 
unbranched, almost sessile, i.e., arising terminally or laterally from 
hyphae or stroma cells, usually flexuous, variously curved, rarely 
straight, very variable in shape and size, vermicular, subcylindrical, 
ellipsoid, doliiform, 11–53 × 6–11 µm, 2–13-sepate, often 
dictyosporous, sometimes slightly constricted at the septa, brown 
to dark brown, usually paler at the elongating apex, smooth, wall 
thickened, 0.5–1 µm, wall at the apex often less thickened, apex 
rounded, base truncate, hila 4–5 µm diam. 

Holotype: India, Bihar, Patna, on decaying stems of Sorghum 
bicolor (= Andropogon sorghum), 7 Jan. 1963, S.P. Lal & A.S. 
Yadav (K(M) IMI 100044!).

Host range and distribution: On Sorghum bicolor; India (Lal & 
Yadav 1964, 1966; Bilgrami et al. 1991).

Notes: The original description and the illustration in Lal & 
Yadav (1966) reflect a realistic impression of this species. The 
morphological features, e.g., the frequently dictyosporous and 
extremely variable conidia suggest that T. andropogonis is very 
probably not a genuine member of the genus Taeniolella. At first 
glance T. andropogonis looks like a species of Trimmatostroma, 
but the formation of conidia in acropetal chains is not in 
agreement with the latter genus which is, as already pointed 
out by Ellis (1976), characterised by the formation of conidia 
in basipetal chains. The conidia are somewhat reminiscent of 
those of some Sirosporium species, which are, however, quite 
distinct by forming pigmented, thickened conidiogenous loci 
and conidial hila. In short it can be said that T. andropogonis is 
characterised by having trimmatosporioid conidia, but formed 
singly or in acropetal chains as in Taeniolella. An appropriate 
genus with this combination of traits is not available. Cultures 
and phylogenetic information about this fungus are needed for 
a reliable generic reallocation.

Varghese & Rao (1980) compared this species in a table with 
different published and non-effectively published Indian species.

Taeniolella aquatilis (Woron.) Milko, Novosti Sist. Nizsh. Rast. 22: 
132. 1985.
Basionym: Septonema aquatile Woron., Trudy Saratovsk. 
Obshch. Estestvoisp. 10: 62. 1925 [Raboty Volzhsk. Biol. Stantsii 
8: 62. 1925].
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Illustrations: Woronichin (1925: 62, fig. 4), Milko (1985: 132, 
fig.).

Original description (Woronichin 1925): Mycelio nullo, 
conidiophoris brevissimis, 1–2-septatis, pallide brunneis, 4.8 
µm cassis, conidiis obscure-brunneis, oblongis, utrinque leviter 
angustatis, interdum sursum valde attenuates, 50–100 × 8–12 
µm, 8–20-septatis, saepe catenulas breves formantibus.

Description (Milko 1985): Colonies on wort agar at 18–20°C, 
slow-growing, dark or black-olivaceous, velvety, velvety-
caespitose, about 0.2 cm high, well sporulating. Hyphae 
filamentous, 2.5–3.5 µm diam, branched, smooth, uncoloured 
or pale olivaceous. Conidiophores solitary, 10–20 × 3–5 µm, 
single-celled or 1–2(–3)-septate, constricted at the septa, 
usually unbranched, pale olivaceous, smooth; conidiogenous 

cells monoblastic. Conidia filamentous or cylindrical-fusiform, at 
the apex truncate or rounded, at the base often with papilla, 
(40–)50–100(–180) × 8–10(–12) µm, straight, oblique or slightly 
curved, (3–)6–14(–20)-septate, smooth, olivaceous, often with 
oil-like drops, holoblastic, catenate, 3–5(–7) usually in simple 
apical chains, formed at the tip of conidiophores, rarely on 
hyphae or sessile.

Type: Russia, in stratis Phormidii mollis [Phormidium molle] 
in radiis rotae navis “Petrus Czaikowski”, qui in flumine Wolga 
navigat, 25 Jul. 1924, F. Djakonoff (not preserved). Neotype 
(designated by Milko 1985): Russia, Yaroslavl Oblast, Volga 
(shallow waters of the Rybinsk Reservoir), water, undated, A.A. 
Milko [IIWB 4590] (VKM No.F-2212).

Host range and distribution: In water; Russia (Milko 1985).

Fig. 112. Taeniolella andropogonis [holotype]. A. Stromata. B. Micronematous conidiophores arising from hyphae or stroma cell with adhering 
conidia. C. Curved conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 113. Taeniolella andropogonis [holotype]. A–G. Micronematous conidiophores arising from hyphae or stroma cell with adhering conidia. Bars: 
10 µm (A–G).
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Notes: According to Milko (1985), the neotype of Septonema 
aquatile has been deposited at VKM under VKMF-2528, but this 
is undoubtedly a mistake as a culture of Scopulariopsis brevicaulis 
is stored under this number whereas the neotype of Septonema 
aquatile has the accession number VKMF-2212 (see http://
www.vkm.ru/). A subculture was available, has been deposited 
at the Westerdijk Institute, Utrecht, and recently sequenced. 
Both ITS and LSU sequences of Taeniolella aquatilis clustered 
close to species of Articulospora, Tricladium, and Varicosporium, 
which are also aquatic hyphomycete genera, but they are 
morphologically quite distinct from Taeniolella aquatilis by 
having hyaline stauroconidia (Seifert et al. 2011). A comparison 
of T. aquatilis with other pigmented aquatic hyphomycete 
genera and species suggests that this species possibly belongs 
to an undescribed genus of aquatic hyphomycetes. Further 
morphological and molecular studies are needed to clarify 
possible connections between T. aquatilis and other aquatic 
Taeniolella species, which are undoubtedly not congeneric with 
Taeniolella s. lat. Further discussions and comparisons are given 
under T. americana, T. caffra, T. longissima and T. typhoides, and 
also under the excluded aquatic species T. rudis.

Taeniolella atra Varghese & V.G. Rao, J. Univ. Bombay 48–49: 50. 
“1979/80” 1980.

Illustration: Varghese & Rao (1980: 55, fig. 4).

Original description (Varghese & Rao 1980): Colonies effuse, 
dark brown to blackish brown. Mycelium mostly immersed 
in the substratum. Conidiophores semi-macronematous, 
mononematous, scattered, short, pale olivaceous brown, 
smooth, rarely branched, up to 35 µm long, 4.5–7 µm thick. 
Conidia dry, catenate, mostly branched, septate, cylindrical, 
rounded at the apex, often truncate at the base, smooth, dark 
brown to blackish brown, 5–14-septate (usually 10-septate), 
measure 30–76.5 µm long, 15–17 µm thick.

Holotype: India, Kerala, Devikulam, on fallen twigs of Mimusops 
elengi, 23 Jan. 1976, K.I.M. Varghese (AMH 3904).

Host range and distribution: Microcos paniculata [Grewia 
microcos], Mimusops elengi; India (Varghese & Rao 1980, Patil 
& Rao 1981).

Notes: The type material deposited at AMH was not available. 
Varghese & Rao (1980) compared this species in a table with 
different published and non-effectively published Indian species, 
viz., T. andropogonis, T. lignicola and T. indica. The description 
and illustration of conidiophores and conidia of T. atra remind 
one of T. lignicola which has been reallocated to Stanjehughesia. 
For further discussion see under T. lignicola. A final clarification 
of the position of this species is only possible on the basis of a 
re-examination of type material.

Talpapellis beschiana (Diederich) Zhurb., U. Braun, Diederich & 
Heuchert, comb. nov. Figs 114–115.
MycoBank MB819315.

Basionym: Taeniolella beschiana Diederich, Bull. Soc. Naturalistes 
Luxemb. 93: 156. 1992.
Synonym: Ameroconium cladoniae U. Braun & Zhurb., 
Lichenologist 45: 584. 2013 [holotype: Russia, Irkutsk Region, 

Siberia, near Erbogachen, 60°59'15. 40" N, 108°28'55.×30” E, on 
Cladonia rangiferina, 10 Sep. 2008, K.E. Vershinin (LE 260838!)].

Literature: Jando et al. (2000: 530), Kocourková (2000: 127), 
Montijūnaitė & Andersson (2003: 82), Zhurbenko & Alstrup 
(2004: 489), Suija (2005: 360), Ihlen & Wedin (2006: 39), 
Tsurykau et al. (2013: 4).

Illustrations: Diederich (1992: 156–157, figs 1–2), Diederich 
et al. (2017a), Tsurykau et al. (2013: 3, figs E–F), Zhurbenko & 
Braun (2013: 584, fig. 1, as Ameroconium cladoniae).

Description: Colonies effuse, dark brown to black, on podetia 
and on both sides of squamules, mainly marginal, densely 
short caespitose, aggregated or effuse, thallus usually without 
discolorations. Mycelium immersed; hyphae flexuous, 
branched, 2-5 µm wide, septate, sometimes constricted at the 
septa, hyaline to brown, smooth, walls unthickened to slightly 
thickened. Stromata lacking, but with solitary swollen, brown 
hyphal cells, aggregated below conidiophores, subglobose or 
isodiametric, 3–7 µm diam. Conidiophores macronematous, 
mononematous, solitary or in small aggregations, solitary 
conidiophores densely caespitose, arising from hyphae or 
basal hyphal cells, lateral and terminal, erect, straight to 
slightly flexuous, mostly unbranched or occasionally branched, 
mostly in the lower part or a few conidiophores arising from 
a single basal cell, subcylindrical, 11–70 × 3–6 µm, narrowed 
towards the apex, (0–)1–8-septate, slightly constricted at 
the septa, brown to dark brown, paler towards the apex, wall 
smooth to irregularly verruculose, rarely slightly rhagadiose, 
walls thickened, up to 1.5 µm, several times enteroblastically 
proliferating with obvious sheath-like wall remnants visible 
as irregular fringe. Conidiogenous cell integrated, terminal, 
monoblastic, monopodial, rarely sympodial, proliferation 
enteroblastic, percurrent, with several conspicuous, coarse, 
often flaring annellations, subcylindrical, (3.5–)4–)18(–)21) µm 
wide, conidiogenesis holoblastic, loci truncate, unthickened, 
1.5–3(–3.5) µm diam. Conidia catenate, mostly in unbranched, 
very rarely in branched chains, easily disintegrating into mostly 
solitary conidia, occasionally two conidia permanently adhering, 
straight, rarely slightly curved, ellipsoid, subcylindrical, doliiform 
to lemon-shaped, 0(–1)-septate, aseptate conidia 4–13(–15) 
× 2–5(–5.5) µm, rarely 1-septate ones 7.5–11 × 3–5 µm, non-
constricted at the septa, pale brown to brown, smooth to 
irregularly verruculose, wall up to 0.5 µm thick, apex rounded to 
attenuated in primary conidia, truncate in secondary ones, base 
truncate, sometimes narrowed, hila truncate, unthickened, not 
darkened, (0.75–)1–3 µm diam.

Holotype: Luxembourg, Fischbach, route vers Plankenhof, 
près des étangs, on Cladonia cyathomorpha, 15 Nov. 1980, P. 
Diederich 3480 (LG!). Isotype: herb. Diederich!

Host range and distribution: On Cladonia arbuscula, C. botrytes, C. 
cariosa, C. cenotea, C. cervicornis, C. chlorophaea, C. coccifera, C. 
coniocraea, C. cornuta, C. cryptochlorophaea, C. cyathomorpha, 
C. digitata, C. fimbriata, C. floerkeana, C. foliacea, C. grayi, C. 
humilis, C. incrassata, C. merochlorophaea, C. monomorpha, C. 
novochlorophaea, C. ochrochlora, C. phyllophora, C. pleurota, 
C. pocillum, C. polydactyla, C. pyxidata, C. rangiferina, C. 
rei, C. scabriuscula, C. stricta, C. subturgida, C. subulata, C. 
symphycarpia, C. trassii, C. uncialis, C. zopfii, Cladonia sp.; 
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Austria (Berger & Türk 1993, 1995, Türk & Berger 1999), Belarus 
(Tsurykau et al. 2013), Belgium (Sérusiaux et al. 2003), Canada 
(Zhurbenko & Braun 2013), Czech Republic (Kocourková 2000), 
Denmark (Alstrup 1993b), Estonia (Randlane & Saag 2004, Suija 
2005, Aptroot et al. 2005, Suija et al. 2007b, 2008, 2010), France 

(Roux et al. 2017, Diederich et al. 2017a), Germany (Kocourková 
& Brackel 2005, Brackel 2007, 2009, 2010a, Cezanne & Eichler 
2015, Schiefelbein et al. 2017), Ireland (Fox 2001), Italy (Brackel 
2008a, b, 2015), Lithuania (Montijūnaitė & Andersson 2003, 
Montijūnaitė 2009), Luxembourg (Diederich 1992, Diederich 

Fig. 114. Talpapellis beschiana [isotype]. A. Conidiophores with several conspicuous, flaring annellations. B. Conidia. Bar = 10 µm (B. Heuchert del.).
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Fig. 115. Talpapellis beschiana [A: Diederich 16058; B–M: isotype]. A. Macroscopic overview of colonies. B. SEM overview of colony. C, D, G–K. 
Conidiophores with several conspicuous, flaring annellations and verruculose or slightly rhagadiose surface. E. Conidia. F. Stromatically aggregated 
hyphal cells. L. Conidiogenous cells with truncate loci. M. Tips of conidiophores. Bars: 1 mm (A) [photo taken by Paul Diederich], 70 µm (B), 50 µm (C), 
20 µm (J), 10 µm (D, I), 9 µm (K), 4 µm (L, M).
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& Sérusiaux 2000), Norway (Ihlen & Wedin 2006, Nordin et al. 
2010), Poland (Jando et al. 2000, Kukwa et al. 2002, Fałtynowicz 
2003, Czyżewska 2003a, b, Kukwa 2004, Kukwa & Czarnota 
2006, Kukwa & Kowalewska 2007, Kukwa & Jabłońska 2008, 
Czyżewska et al. 2008, Kukwa & Flakus 2009, Kukwa et al. 
2010), Russia [Franz Josef Land, Kola Peninsula, Murmansk area, 
Siberia, Taimyr Peninsula, Wrangel Island] (Andreev et al. 1996, 
Karatygin et al. 1999, Zhurbenko 1998, 2001, 2007, Zhurbenko 
& Alstrup 2004, Zhurbenko & Himelbrant 2002, Zhurbenko & 
Santesson 1996, Zhurbenko & Otnyukova 2001, Kristinsson et 
al. 2006, 2010, Zhurbenko & Braun 2013, Zhurbenko & Kobzeva 
2014), Spain (Etayo 2002, van den Boom & Etayo 2014), Svalbard 
(Zhurbenko & Alstrup 2004, Kristinsson et al. 2006, Zhurbenko & 
Brackel 2013), Sweden (Santesson 1993, Alstrup 2004, Nordin et 
al. 2010), Turkey, UK (Lambley 2000), USA [Alaska] (Zhurbenko & 
Alstrup 2004, Kristinsson et al. 2006, Spribille et al. 2010).

Additional specimens examined: Belgium: ENE of Zonhoven, nature 
reserve ‘De Teut’, on Cladonia chlorophaea, 9 Nov. 2001, terricolous 
in heathland, P. Diederich 15020 (herb. Diederich). Canada, British 
Columbia, Mount Revelstocke National Park, Giant Cedars trail, Interior 
Cedar-Hemlock Zone, 51°05' N, 117°55' W, alt. 900 m, corticolous 
on branch of Pseudotsuga menziesii in open oldgrowth forests, on 
Cladonia sp., 18 Jul. 2002, T. Goward 02-508 (UBC) & M. Zhurbenko 
(herb. Diederich). Estonia, Ida-Viru county, Agusalu Landscape Reserve, 
Kivinõmme forestry, forest square 164/3 & 6, 59°07'42" N, 27°36'22" 
E, Oxalis-Myrtillus site type spruce forest, on Cladonia sp., on Betula 
pendula, 2 Aug. 2006, A. Suija 22 (TU-45016); Remniku forest, forest 
square 117/14, 59°02'20" N, 27°30'26" E, drained swamp spruce forest, 
on Cladonia sp., growing on stump, 3 Aug. 2006, A. Suija 53 (TU-45017). 
France, Deville, bord de la route au nord du village, sur la rive gauche 
de la Meuse, on C. cyathomorpha, 1 May 1999, P. Diederich 16110 
(herb. Diederich); ibid., on C. scabriuscula, 1 May 1999, P. Diederich 
16106 (herb. Diederich). Germany, Bavaria, Oberpfalz, Koppeter Brühl, 
Schwarzenbach/Pessarth, Rohhumus an sandiger Böschung im lichten 
Kiefernwald, 6238/3, alt. 440 m, on C. chlorophaea, 12 Dec. 2004, 
W. v. Brackel (herb. Brackel 2845); Baden-Württemberg, Odenwald, 
Sandsteinodenwald, TK 6420-1, Friedhof von Schöllenbach, alt. 290 m, 
on C. pyxidata s. lat., 13 Jun. 2006, R. Cezanne 7382 (herb. Cezanne-
Eichler); Baden-Württemberg, Odenwald, Sandsteinodenwald, TK 
6420-1, Friedhof von Schöllenbach, alt. 290 m, on C. pyxidata s. 
lat., 13 Jun. 2006, R. Cezanne 7382 (herb. Cezanne-Eichler); Baden-
Württemberg, Odenwald, NSG "Morsklinge" N von Moosbrunn, alt. 
300 m, Sandstein-Odenwald, on C. uncialis, 18 Sep. 1998, R. Cezanne 
& M. Eichler 7177 (herb. Cezanne-Eichler). Luxembourg, same locality 
as type, 13 Apr. 2005, P. Diederich 16058 (herb. Diederich); Moulin de 
Bigonville, Hochfels, sur des rochers siliceux, on C. floerkeana, 8 May 
2007, F. Kuborn (herb. Diederich); Bockholtz (près de Goesdorf), crête 
rocheuse au nord du village, alt. 400 m, sur de la terre siliceuse, sur 
une crête, on C. pyxidata ssp. pyxidata, 24 May 1995, P. Diederich 
12265 (herb. Diederich); Berdorf, Binzeltschlëff, alt. 340 m, sur un 
rocher en grès, on Cladonia sp., 30 Apr. 1992, P. Diederich 4801 (herb. 
Diederich). Russia, Murmansk Region, Kola Peninsula, Khibiny Mts., 
Kukisvumchorr Mt., 67°40' N, 33°41' E, alt. 350 m, sparse birch forest, 
on C. coccifera, 15 Aug. 1997, M. Zhurbenko 9718 (LE 207578); Karelia 
Keretina, Kandalaksha Gulf, Medyanka Is., 66°18' N, 33°51' E, elev. 5 
m, open tundra-like vegetation (luda), on C. coccifera, 7 Nov. 2000, D. 
Himelbrant (LE); Tuva Republic, Todzhinskaya Depression, Akademika 
Obrucheva Range, Big Yenisey River basin, upper stream of Dugdu River, 
52°07' N, 98°02' E, alt. 1880 m, mountain tundra, on C. pleurota, 23 
Jul. 1999, N.I. Molokova (LE 210260); Arkhangel'sk Region, Franz Josef 
Land, Hooker Is., Cape Sedov, ca. 80°20' N, 53°00' E, alt. 100 m, on C. 

stricta, 2 Aug. 1930, V.P. Savicz 6 b (LE 207577); Krasnoyarsk Territory, 
north of Central Siberia, Taimyr Peninsula, near NW shore of Pyasino 
Lake, Nyapan hills, 70°05' N, 87°40' E, alt. 80 m, slope of Ladanakh Lake 
depression, stone field with dwarf shrub-lichen-moss tundra patches, 
on Cladonia sp., 24 Jul. 1983, M. Zhurbenko 83143 (LE 207575). 
Sweden, Härjedalen, Tännäs par., Mt. Ramundberget, eastern slope, 
ca. 1 km S of hotel Ramundberget, alt. 800–900 m, on a decaying stump 
in the subalpine birch forest, on C. digitata, 4 Sep. 1970, R. Santesson 
22688 (UPS). Spain, País Vasco, Gipuzkoa, Leitzaran, frontiera Leiza-
Berasategi, área recreativa Urtoko Zubieta, vallonata con alisos, fresnos, 
Robinia y viejos y decorticados castaños, 43°05'54" N, 1°56'56" W, alt. 
410 m, on C. parasitica, on Castanea, 30 May 2010, J. Etayo 26043 
(herb. Etayo); Cáceres, near Losar de la Vera, 40°5'40.40" N, 5°33'13.8" 
O, Cistus ladanifer, on C. subturgida, 14 Dec. 2014, R. Pino Bodas (H 
7032438); Toledo, road between Sevilleja de la Jara and Puerto Rey, 
100 m before deviation from Minas de Santa Quiteria, 39°28'42" N, 
5°0'12" E, 900 m alt., Quercus ilex ssp. ballota and Quercus suber with 
reafforestation of Pinus pinaster, quartzite rocks, on C. humilis s. lat., 20 
Dec. 2014, R. Pino Bodas (H 7032447, 7032470). Turkey, Kastamonu, 
Senpazar, Senpazar’ın güeydoğusu, 41°49‘493”N, 33°14‘999”E, 460 m 
alt., Pinus nigra, on Cladonia sp., M. Kocakaya 807b (H 7032264). UK, 
East Sutherland, ca. 6 km WSW of Dornoch, Cuthill Links, on C. uncialis, 
21 Aug. 1983, B.J. Coppins et al. 9850 (E); ca. 6 km WSW of Dornoch, 
Cuthill Links, on C. zopfii, 21 Aug. 1983, B.J. Coppins et al. 9851 (E). USA, 
California, SW of Monterey, 17-Mile Drive, Crocker Grove, alt. 15 m, 
36°34'40" N, 121°58'20" E, on Cladonia sp., on Cupressus macrocarpa, 
19 Jul. 2008, P. Diederich 16793 & D. Ertz (herb. Diederich).

Notes: Already in the original description of Taeniolella beschiana, 
Diederich (1992) raised doubts about the true affinity of this 
species to the genus Taeniolella, but placed it nevertheless in 
the latter genus in the absence of an alternative genus. Re-
examinations of numerous collections and recent reassessments 
of the genera Ameroconium (Zhurbenko & Braun 2013) as 
well as Talpapellis (Alstrup & Cole 1998) led to the conclusion 
that Ameroconium cladoniae and Taeniolella beschiana are 
conspecific, and that this species has to be reallocated to 
Talpapellis in its current, revised sense. Ameroconium was 
introduced for a dematiaceous hyphomycete characterised by 
having conidiophores with numerous, conspicuous annellations 
connected with the formation of conidiogenous cells and 
conidia. These features clearly distinguish Ameroconium from 
Taeniolella and justify two separate genera. However, detailed 
morphological re-examination of type material of A. cladoniae 
and of type material and numerous additional collections of T. 
beschiana revealed that A. cladoniae falls within the variation of 
T. beschiana and has to be considered a heterotypic synonym. 
On the other hand, Talpapellis has been a neglected and 
misinterpreted genus until its recent revision and reassessment 
by Heuchert et al. (2014). Obvious annellations connected 
with the formation of conidiogenous cells and the conidiation 
are striking characters of Talpapellis that represent significant 
differences in comparison with Taeniolella. But just this type of 
proliferation and conidiation agrees with the original concept 
of Ameroconium, so that Ameroconium is better reduced 
to synonym with Talpapellis, and T. beschiana accordingly 
reallocated to the latter genus.

Taeniolella beschiana is confined to hosts of the genus 
Cladonia (Lecanorales), whereas all other species assigned to 
Talpapellis have hosts of other genera (T. peltigerae var. peltigerae, 
T. peltigerae var. rossica, T. solorinae on hosts belonging to the 
Peltigerales). Taeniolella beschiana and T. peltigerae are two 
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similar species, but conidiophores of T. beschiana are usually 
unbranched or only occasionally branched, mostly in the lower 
part, or a few conidiophores may arise from a single basal cell, 
conidiogenous cells have usually a single conidiogenous locus, 
ramoconidia are lacking, and the conidia are usually aseptate, 
4–13(–15) × 2–5(–5.5) µm, width on average < 4 µm [vs. 
conidiophores usually unbranched, conidiogenous cells with a 
single or up to four conidiogenous loci; ramoconidia present, 
and aseptate conidia very similar in shape and size, (3–)5.5–7(–
8) × (2–)2.5–4(–4.5) µm in T. peltigerae].

Annellations may occasionally occur in some lichenicolous 
species of the genus Taeniolella, e.g., T. diederichiana, T. 
punctata, and T. phaeophysciae, but they are rather results of 
spontaneous rejuvenations, distantly formed and not connected 
with formations of conidiogenous cells and conidiation.

The host species in the type collection of Taeniolella 
beschiana is Cladonia cyathomorpha and not C. chlorophaea as 
stated in the original paper.

Talpapellis beschiana is rather common and widespread, but 
possibly often overlooked due to its little size (Kukwa & Czarnota 
2006, Kukwa & Kowalewska 2007). According to Montijūnaitė & 
Andersson (2003), it is one of the most common cladoniicolous 
fungi, which is confined to Cladonia in general, but undoubtedly 
not to particular species. In a single collection from Estonia, 
Suija (2005) observed solitary, scattered conidiophores on 
basidiomata of Tremella cladoniae growing on C. cariosa. 
Tremella cladoniae causes galls on various Cladonia species. 
Thus, it is likely that T. beschiana was able to grow on the 
Cladonia as well as the galls caused by the Tremella. In one case, 
Montijūnaitė & Andersson (2003) found this fungus together 
with an undescribed pyrenomycete, probably belonging to 
the genus Trichosphaeria. The fungus was found on Cladonia 
botrytes about 1000 m a. s. l. growing on a decaying stump of 
Pinus sylvestris by Ihlen & Wedin (2006) who provided a brief 
morphological description with dimensions of conidiophores 
and conidia within the variability of the species. Jando et al. 
(2000) observed only aseptate conidia.

According to Diederich (1992), T. beschiana is parasymbiotic 
or weakly parasitic. The host thallus is usually not discoloured 
by this fungus, which may develop on podetia as well as 
mainly marginally on both sides of squamules (Diederich 1992, 
Diederich & Sérusiaux 2000, Zhurbenko & Otnyukova 2001, 
Montijūnaitė & Andersson 2003, Zhurbenko & Alstrup 2004, 
Suija 2005, Brackel 2007), and in the basal part of podetia and 
their old, nearly destroyed, sorediate portions (Kocourková 
2000). The maximum length of conidiophores (up to 70 µm) was 
observed in a collection from the Czech Republic by Kocourková 
(2000).

Taeniolella cladinicola is another cladoniicolous species that 
is also confined to Cladonia in general, but undoubtedly not 
to particular species. T. cladinicola and Talpapellis beschiana 
have only C. uncialis as common host species. Both species 
are morphologically very similar (Kocourková 2000). The 
conidiophores and conidia in T. beschiana are often somewhat 
narrower (conidiophores 11–70 × 3–6 µm vs. 14–72(–103) × 5–7 
µm in Taeniolella cladinicola; 1-septate conidia 7.5–11 × 3–5 µm 
vs. 9–19 × 4–6 µm in T. cladinicola). Two-septate conidia, which 
are occasionally formed in T. cladinicola, were not observed in 
Talpapellis beschiana. However, the main feature distinguishing 
T. cladinicola and Talpapellis beschiana, in addition to the lack 
of flaring annellations directly connected with the holoblastic 
conidiogenesis in Taeniolella cladinicola, is that the infected 

parts of T. cladinicola turn reddish or purplish brown, and the 
host surface becomes dark brown and necrotic by the initiated 
conidial formation. In Talpapellis beschiana the thallus is usually 
not discoloured. In the latter species, the colonies are usually 
densely caespitose, whereas in T. cladinicola the conidiophores 
are formed singly or the colonies are loosely caespitose.

Taeniolella strictae, known only from the type collection 
on Cladonia stricta, is easily distinguishable from Talpapellis 
beschiana by forming a superficial mycelium, composed of 
subglobose or globose, monilioid cells with irregularly rough 
walls, usually with fine net-like cracks or with squamules which 
are up to 2 µm wide.

Taeniolella bhagavatiense B.S. Reddy et al., J. Indian Bot. Soc. 
76: 173. 1997.

Illustrations: Reddy et al. (1997: 174, fig. 2).

Original description (Reddy et al. 1997): Colonies effuse, 
punctiform, velvety, reddish. Mycelium superficial composed 
of reddish, branched, septate, smooth, 3–4 µm thick hyphae. 
Conidiophores semi-macronematous, mononematous, short, 
pale brown, sometimes indistinguishable from the hyphae, 
1–2-celled, 5–10 µm long, 3–5 µm broad. Conidiogenous cells 
monoblastic, integrated, terminal, pale to dark reddish brown. 
Conidia cylindrical or doliiform, smooth, dark reddish brown, 
in simple or rarely branched chains, 9–16-septate, euseptate, 
branches arising from any terminal cell of the conidium. The 
basal and apical cell sub-hyaline or less pigmented, 30–90 µm 
long, 7–15 µm broad.

Holotype: India, Karnataka, Bhagavati, on unidentified wood, 26 
Nov. 1987, B.S. Reddy (V.M.R.L. 1130) [according to the original 
description, type material (isotype) has also been deposited at 
HCIO].

Host range and distribution: On wood; India (Reddy et al. 1997).

Notes: The type material from “V.M.R.L.” and HCIO was not 
available. The description and illustration of conidiophores 
and conidia of T. bhagavatiense in Reddy et al. (1997) remind 
one of Taeniolella lignicola, which has been reallocated to 
Stanjehughesia. Type material of S. lignicola has been re-
examined. The morphological characters of this species, 
especially the formation of micronematous conidiophores, 
conidia formed singly or in short chains and the vesicle-like 
apices of the conidia, which are thinner and paler than the 
conidial body, support the affinity to the genus Stanjehughesia. 
The original description and illustration of the conidiophores 
and conidia of T. bhagavatiense exclude this species from 
Taeniolella and suggest relations to Stanjehughesia as well, but 
a final clarification of the position of this species is only possible 
on the basis of a re-examination of type material.

Reddy et al. (1997) compared this species with T. rudis 
and T. pulvillus. However, T. rudis has been reallocated to 
Sterigmatobotrys and is morphologically clearly distinguishable 
from T. bhagavatiense by its synanamorph with penicillately 
branched heads and colourless conidia, which were not 
described or illustrated in T. bhagavatiense. T. pulvillus is also 
quite distinct by its semi-macronematous to macronematous 
conidiophores, often several times branched, forming branched 
complexes in dense tufts.
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Taeniolella bilgramii S.S. Reddy & S.M. Reddy, Mycotaxon 6: 508. 
1978 = Polydesmus elegans Durieu & Mont., Ann. Sci. Nat., Bot., 
sér. 3, 4: 365. 1845. Fig. 116.

Literature: Shoemaker & Hambleton (2001: 596).

Illustration: Reddy & Reddy (1978: 509, 510, figs 1–2).

Holotype: India, Osmansagar, Hyderabad, on phyllodes of Agave 
americana, 23 Oct. 1976, S.S. Reddy (in the herbarium of the 
Botany Department, Kakatiya Univerity, Warangal as KUMH 
697).

Material examined: India, [“Osmansagar, Hyderabad, on 
phyllodes of Agave americana”], on bark of Agave americana 
13 Dec. 1976, S.S. Reddy H697”] (K(M) 166399! = IMI 209947, 
paratype [as “isotype”]).

Notes: The details on the label of the collection cited by Reddy 
& Reddy (1978) as ‘isotype’ (IMI 209947) differ from the 
protologue data given for the holotype collection. Therefore, 
the designation of this collection as “isotype” was probably a 
mistake and refers to another specimen that may be considered 
a paratype.

According to Shoemaker & Hambleton (2001), who examined 
and re-described Polydesmus elegans, Taeniolella bilgramii is a 
heterotypic synonym of the latter species. The morphological 
characteristics of T. bilgramii agree well with those of P. elegans, 
e.g., conidia separated by a thin isthmus (Hernández-Gutiérrez 
& Sutton 1997), but they do not fit to the features of the genus 
Taeniolella. The synonymy given in Shoemaker & Hambleton 
(2001) could be fully confirmed on our part on the basis of the 
examination of authentic material.

Cladophialophora boppii (Borelli) de Hoog et al., J. Med. Vet. 
Mycol. 33: 345. 1995.

Basionym: Taeniolella boppii Borelli [as ‘boppi’], Med. Cutan. 
Ibero Lat. Amer. Venez. 11: 232. 1983.

Literature: de Hoog et al. (1995: 345–346), de Hoog et al. (2000: 
567), Badali et al. (2008: 175–191).

Illustration: de Hoog et al. (1995: 346, fig. 7), de Hoog et al. 
(2000: 567, ill. 1–2).

Type: from lesions of chromomycosis in the inferior limb of a 
woman, isolated by Prof. Clovis Bopp (Porto Alegre, Rio Grande 
do Sul, Brasil) (mycological collection of the medical faculty, 
Caracas: FMC 292).

Notes: Based on the morphological characteristics (de Hoog et al. 
1995) and confirmed by molecular phylogeny (Badali et al. 2008), 
the generic affinity of Taeniolella boppii to Cladophialophora is 
unequivocal.

Taeniolella caffra Matsush. [as ‘caffera’], Matsushima Mycol. 
Mem. 9: 27. 1996.

Literature: Gulis & Marvanová (1999: 249).

Illustrations: Matsushima (1996: figs F878, F879, P1616, P1617).

Original description (Matsushima 1996): In CMA – Coloniae tarde 
crescentes, regione centrali fuliginea fertili, circumferentia lata 
alba leviter breviter floccosa. Hyphae vegetativae non propiae, 
ramosae, septatae, 1.0–3.5 µm latae, incoloratae, albae in massa. 
Conidiophora mononematica macronematica, dense dispersa, 
cylindrica, simplica, 10–65 µm longa 6–8 µm lata, 0–7-septata, 
distantia inter septa 6–12.5 µm, laevia brunnea, prope apicem 
non vel leviter angustata, apice truncata, 1–4 conidia in catena 
blastogena producentia. Cellulae conidiogenae sunt terminales 
cellulae conidiophorum. Conidia cylindrica, recta vel valde curva, 
prope basim et prope apicem leviter angustata, 35–155 µm longa, 
circa medium (parte crassissima) 7–11 µm lata, 3–15-euseptata, 
distantia inter septa 6–12.5 µm, laevia, brunnea; conidia in catena 
potius persistentia; liberatio conidialis schizolytica.

Holotype: South Africa, Mpumalanga Province, Nelspruit, 
Sudwala Lodge, wood in Uitsoek hiking trail, on decaying twig in 
a stream, 18 Sep. 1995, T. Matsushima (CMA cultura exsiccata, 
MFC-5A196).

Host range and distribution: On decaying twig in a stream; South 
Africa (Matsushima 1996).

Notes: The type material of T. caffra was not available. Gulis & 
Marvanová (1999) compared T. typhoides in the discussion of 
hitherto known aquatic Taeniolella species, viz. T. americana, 
T. aquatilis, T. caffra, and T. rudis. T. longissima is also known 
from aquatic habitats, but belongs possibly to the genus 
Sterigmatobotrys (further details and discussion see under T. 
longissima). Taeniolella caffra is morphologically very close to T. 
typhoides, since both produce persistent or tardily disintegrating 
chains of conidia, but the conidia and/or conidial chains of T. 
caffra are more curved (Gulis & Marvanová 1999) and the 
conidial wall is always smooth.

The saprobic Taeniolella curvata is also very similar to T. 
caffra. The conidial chains in both species are falcate to sigmoid 

Fig. 116. Taeniolella bilgramii [paratype]. A, B. Conidia. Bars: 10 µm (A, 
B).
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but the smooth conidia in T. caffra are usually wider than the 
conspicuously verrucose conidia in T. curvata (10–210 × 5–7 µm 
in T. curvata vs. 35–155 × 7–11 µm in T. caffra). Additionally, 
both species differ in their habitats.

According to the drawings and illustrations of conidiophores 
and conidia in Matsushima (1996), it is assumed that T. caffra is 
a genuine species of Taeniolella s. lat., but a final clarification of 
the position of this species is only possible on the basis of a re-
examination of type material.

Taeniolella dichotoma Borowska, Acta Mycol. 11: 63. 1975.  
= Anavirga laxa B. Sutton, Trans. Brit. Mycol. Soc. 64: 407. 1975.

Literature: Descals & Sutton (1976: 272), Hughes (1980a: 2).

Illustration: Borowska (1975: 64, fig. 4).

Holotype: Poland, Kampinoski Park Narodowy, Zamczysko, on 
Quercus robur, A. Borowska, 29 Apr. 1971 (WA 20597).

Notes: The dichotomously branched conidia, described by 
Borowska (1975), are the most striking character of Taeniolella 
dichotoma and are unknown in any other Taeniolella species. 
Triradiate and Y-shape or tetraradiate conidia are typical for 
the genus Anavirga (Sutton 1975) with which T. dichotoma is 
congeneric. However, Descals & Sutton (1976) reduced the 
latter species to synonymy with Anavirga laxa, which was 
also accepted by Hughes (1980a), although there are some 
differences in the width of conidia [11–14 µm according to 
Descals & Sutton (1976), but 7.5–11 µm according to Borowska’s 
(1975) original description].

Taeniolella hunanensis Y.L. Zhang & T.Y. Zhang, Mycosystema 26: 
192. 2007.

Illustration: Zhang & Zhang (2007: 193, fig. 1).

Original description (Zhang & Zhang 2007): Colonies on PDA 
at 25 °C in 7 d, effuse, pulvinate, dark brown to black, 5–6 
cm diameter. Mycelium mostly superficial. Hyphae pale 
brown, smooth, branched, 2–3 µm thick. Conidiophores 
macronematous, mononematous, unbranched, erect or 
flexuous, pale brown, smooth, 0–7-septate, 19–78 µm long, 
6–8 µm thick. Conidiogenous cells pale brown, monoblastic, 
integrated. Conidia solitary but more commonly in simple (or 
rarely branched) acropetal chains, cylindrical, long-fusoidal, 
ellipsoidal or obclavate, straight or flexuous, brown to dark 
brown, smooth, with 2–42 transverse septa which are relatively 
thick and dark, often truncate at the ends, 27–296 × 9–14 µm, 
often seceding with difficulty.

Holotype: China, Hunan Province, Zhangjiajie National Silvan 
Park, isolated from soil, 1 Dec. 2004, Y. L. Zhang, (HSAUP051799).

Host range and distribution: Isolated from soil; China (Zhang & 
Zhang 2007).

Notes: The type material from HSAUP was not available. The 
description and illustration of conidiophores and conidia of T. 
hunanensis in Zhang & Zhang (2007) remind one of other saprobic 
Taeniolella species, especially T. stricta. The conidiophores of 
the latter species are micronematous to semi-macronematous 

and reduced to conidiogenous cells. The conidiophores of T. 
hunanensis seem to be macronematous, 19–78 × 6–8 µm. The 
distinction between hyphae and conidiophores is probably 
difficult, as suggested by the illustration. The long conidia or 
conidial chains resemble those of T. stricta (2–40-septate, 26–
277 × 8–13 µm in T. stricta vs. 2–42-septate, 27–296 × 9–14 µm 
in T. hunanensis). Information about the wall thickness and the 
structure of the cell lumen in conidia are not given in Zhang & 
Zhang (2007). Both species are distinguishable by substrate and 
distribution. T. hunanensis was isolated from soil in China, and T. 
strica was described from wood collected in the Czech Republic. 

The illustration of the basal part of the conidial chain is 
reminiscent of T. alta, another similar saprophytic Taeniolella 
species mainly occurring on Alnus. It seems that semi-
macronematous conidiophores of T. hunanensis are sometimes 
possibly polyblastic as in T. alta. The longest conidia in T. 
hunanensis are up to 296 µm [vs. 120 µm in T. alta, see Yurchenko 
(2001)], but a comparison is difficult as T. hunanensis is known 
only in vitro on potato dextrose agar, and under these conditions 
conidiophores and conidia of hyphomycetes are often longer 
than in vivo (e.g., in Cladosporium, see Morgan-Jones & McKemy 
1990, Bensch et al. 2012). T. alta is easily distinguishable from T. 
hunanensis by its often rough-walled, sometimes even verrucose 
conidiophores and conidia.

Taeniolella hunanensis is probably a genuine saprobic species 
of Taeniolella s. lat., but a final clarification of the generic affinity 
of this species is only possible on the basis of a re-examination 
of type material.

Taeniolella indica Desai, Doctoral Thesis, University of Poona. 
1974 (not effectively published).

Literature: Varghese & Rao (1980: 51).

Type: unclear.

Notes: The name Taeniolella indica was cited by Varghese & Rao 
(1980) within a table comparing Indian Taeniolella species. As 
literature reference they cited “Desai, Doctoral Thesis, University 
of Poona, 1974”, which refers to an unpublished thesis. The 
name is, according ICN Art. 29, not effectively published. Desai’s 
thesis was not available and has never been published.

According to Varghese & Rao (1980), the conidiophores of 
T. indica are 4–10.5 × 3–5 µm, and the conidia are unbranched, 
40–71.5 × 15–21 µm, and 4–11-septate.

Taeniolella jasminicola Subhedar & V.G. Rao, Biovigyanam 1: 
195. 1975, nom. nud. 

Literature: Varghese & Rao (1980: 51).

Holotype: India, Maharashtra, Bhimashankar, on stems of 
Jasminum malabaricum, 2 Dec. 1973, A.W. Subhedar (AMH 
2742).

Host range and distribution: On Jasminium malabaricum; India 
(Bilgrami et al. 1991).

Notes: Subhedar & Rao (1975) listed the results of a mycological 
survey, undertaken between 1971 and 1974 at various 
localities in Maharashtra and Karnataka, in an annotated list. 
However, Latin diagnoses for all new species are missing in this 
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publication, while the authors mentioned that they should be 
provided elsewhere, possibly referring to Subhedar (1977) 
[unpublished doctoral thesis], which, according to ICN Art. 29, 
does not constitute an effective publication. The type material 
of T. jasminicola was not available.

Varghese & Rao (1980) listed the fungus within a table 
and compared it with other Indian Taeniolella species. The 
conidiophores were described to be 8–16 × 4–6 µm, and the 
conidia 24–68 × 12–16 µm and 1–13-septate. In comparison 
with other genuine Taeniolella species, the very broad conidia of 
T. jasminicola are unusual. In Taeniolella the conidia are usually 
up to 10 µm wide, only in the saprobic species T. plantaginis and 
T. stricta conidia may be up to 13 µm wide, suggesting that T. 
jasminicola is not a true member of the genus Taeniolella, but 
a final clarification of the generic affinity of this species is only 
possible on the basis of a re-examination of type material.

Corynespora laevistipitata (M.S. Cole & D. Hawksw.) Heuchert 
& U. Braun, Herzogia 19: 13. 2006.
Basionym: Taeniolella laevistipitata M.S. Cole & D. Hawksw., 
Mycotaxon 77: 334. 2001.

Literature: Zhurbenko et al. (2015: 587).

Illustrations: Cole & Hawksworth (2001: 335, fig. 10), Heuchert 
& Braun (2006: 14, fig. 2; 18, fig. 5G–J), Zhurbenko et al. (2015: 
588–589, fig. 3–4).

Holotype: USA, Minnesota, St. Louis Co., Voyageurs National 
Park, N side of small bay S of Mukooda lake, Sand point Lake 
area, on Pertusaria ophthalmiza, on Acer rubrum, 15 Jul. 1997, 
C.M. Wetmore 40239B (MIN!).

Host range and distribution: On Amandinea punctata, Graphis 
scripta, Lecanora chlarotera, Lecanora sp., Lepra ophthalmiza, 
Pertusaria pertusa, Phaeophyscia orbicularis, Variolaria 
hemisphaerica; Germany (Brackel 2007, 2009, Cezanne et al. 
2008, Eichler et al. 2010, www.flechten-deutschland.de), Japan 
(Zhurbenko et al. 2015), Spain (first report, see specimens 
examined), USA (Cole & Hawksworth 2001 as Taeniolella 
laevistipitata).

Additional specimens examined: Germany, Bavaria, Unterfranken, 
Kreis Aschaffenburg, E Rohrbrunn im Spessart, NSG Rohrberg, an alter 
Buche im Buchen-Eichen-Wald, alt. 520 m, 49°53'39.1" N, 09°25'28.0" 
E, on Graphis scripta, 17 Jun. 2006, W. v. Brackel (herb. Brackel 4211); 
Bavaria, Oberpfalz, Hohenfels, Training Area, Wüstung Phillipshof, 
alt. 430 m, on Lecanora chlarotera, on Juglans regia, 12 Mai 2004, 
W. v. Brackel (herb. Brackel 2790); Baden-Württemberg, Odenwald, 
Bannwald "Schnapsried" im Röderwald, alt. 260 m, Sandsteinodenwald, 
on Carpinus betulus, 15 Feb. 2002, R. Cezanne & M. Eichler 6153 (herb. 
Cezanne-Eichler); Hessen, Südlicher Sandstein-Spessart, Laubwald am 
Happels-Graben nordöstlich vom Happel, westlich von Seidenroth, alt. 
230 m, on Pertusaria pertusa, 19 Aug. 2003, R. Cezanne & M. Eichler 
7178 (herb. Cezanne-Eichler); Bavaria, Oberfranken, Kreis Bamberg, 
NSG Sandgrasheide Pettstadt, alt. 240 m, 49°50'02,0" N. 10°56'52,8" 
E, on Phaeophyscia orbicularis, on Prunus spinosa, 1 May 2005, W. v. 
Brackel (herb. Brackel 4210); ibid., on Phaeophyscia orbicularis, on 
Prunus padus, 1 May 2005, W. v. Brackel (herb. Brackel 2882); Baden-
Württemberg, Odenwald, Park von Schloss Waldleiningen, alt. 390 m, 
Sandsteinodenwald, on Variolaria hemisphaerica, 15 Aug. 2004, R. 
Cezanne & M. Eichler 6696 (herb. Cezanne-Eichler). Spain, Cataluna, 

Tarragona, Baix Camp, Mola de Valls, alt. 280 m, on Amandinea 
punctata, on Quercus coccifera, 13 Nov. 1987, M. Guzalt (K(M) IMI 
328720).

Stanjehughesia lignicola (Panwar & Chouhan) Heuchert & U. 
Braun, comb. nov. MycoBank MB819316. Figs 117–118.
Basionym: Taeniolella lignicola Panwar & Chouhan, Curr. Sci. 46: 
786. 1977.

Illustration: Panwar & Chouhan (1977: 786, fig. 2).

Colonies on dead wood, scattered, conidiophores solitary, 
inconspicuous, dark brown to black. Mycelium superficial and 
immersed; hyphae flexuous, branched, 2–7 µm wide, septate, 
slightly constricted at the septa, yellowish brown to brown, 
smooth, slightly to conspicuously thickened, 0.25–0.5(–
0.75) µm. Stromata lacking. Conidiophores micronematous, 
reduced to conidiogenous cells, integrated in hyphae, solitary, 
unbranched, straight, broad ellipsoid, doliiform, subcylindrical, 
2–8 × 4–6 µm, aseptate, brown, smooth, wall slightly thickened, 
to 0.5 µm, monoblastic, mostly with peg-like protuberances 
giving rise to conidia, loci truncate, unthickened, 2–3 µm 
diam. Conidia usually solitary, seldom in short, unbranched 
chain of two conidia, straight, rarely slightly flexuous, broad 
ellipsoid, subcylindrical, broad obclavate, sometimes somewhat 
attenuated at the tip, 6–11-euseptate, not constricted at the 
septa, 35–62 × (10–)13.5–18 µm, yellowish brown to dark 
brown, paler at the apex, smooth, wall thickened, distinctly 
multilayered, 1–2.5 µm thick, apex rounded to slightly narrowed, 
frequently vesicle-like, sometimes inconspicuous, but often very 
evident, thin-walled, pale brown to subhyaline, 5–7 × 6–7 µm, 
at the base of the vesicle-like structures outer wall seemingly 
cracked and with obvious sheath-like wall remnants visible as 
irregular fringe, vesicles may collapse, base of conidia truncate, 
slightly narrowed, hila truncate, unthickened, not darkened, 
5–8(–10) µm diam.

Holotype: India, Rajasthan, Mount Abu, on dead wood, Sep. 
1974, K.S. Panwar & J.S. Chouhan JU/Bot/427 (K(M) 166407 = 
IMI 189377!). Isotype: University of Jodhpur, Dept. of Botany, 
Herbarium.

Host range and distribution: On dead wood; India (Panwar & 
Chouhan 1977, Varghese & Rao 1980, Bilgrami et al. 1991); 
known only from the type specimen. 

Notes: Panwar & Chouhan (1977) described conidia with up to 22 
transverse septa, formed in short simple or branched chains and 
placed this species in Taeniolella. The latter genus is characterised 
by its semi-macronematous to macronematous, seldom semi-
micronematous conidiophores (e.g., in Taeniolella friesii). 
Micronematous conidiophores reduced to conidiogenous cells, 
integrated in plagiotropous hyphae with peg-like conidiogenous 
protuberances are unknown in Taeniolella species. However, 
such micronematous conidiophores are known from species of 
several other genera, e.g., Lylea, Linkosia and also Henicospora, 
but in these genera the conidia are distoseptate (Seifert et al. 
2011). Conidia of the present species are, however, euseptate 
and usually formed singly, only occasionally in short, unbranched 
chains. Absent or reduced conidiophores and euseptate conidia 
are characteristic for species of the genus Stanjehughesia, in 
which ‘discrete’ conidiogenous cells are mostly lageniform, 
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Fig. 117. Stanjehughesia lignicola [holotype]. A. Micronematous conidiophores integrated in hyphae with adhering conidia. B. Conidia. C. Short 
conidial chain. D. Vesicle-like apex of conidia with cracked wall. Bar = 10 µm (B. Heuchert del.).
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ampulliform, doliiform or cylindrical. Conidiogenous cells in T. 
lignicola are integrated (intercalary) in plagiotropous hyphae 

with peg-like protuberances giving rise to conidia. Similar 
structures have been illustrated for Stanjehughesia minima (Wu 

Fig. 118. Stanjehughesia lignicola [holotype]. A–C. Micronematous conidiophores integrated in hyphae with adhering conidia. D. Vesicle-like apex of 
conidia. Bars: 10 µm (A–D).
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& Zhuang 2005). Very similar intercalary conidiogenous cells 
have been described in the recently introduced genus Houjia 
(Yang et al. 2010). However, the latter genus is characterised 
by having variable conidiogenesis, holoblastic to phialidic, and 
conidia with dark brown hila. Stanjehughesia is characterised by 
conidia formed singly. Panwar & Chouhan (1977) described the 
conidia of T. lignicola to be formed in short, simple or occasionally 
branched chains. However, re-examination of type material 
showed that conidia of this species are usually formed singly 
and only very rarely in short (up to two conidia) unbranched 
chains. The description of usually catenate conidia in Panwar 
& Chouhan (1977) may be influenced by their assumption that 
the species concerned might belong in Taeniolella, a genus 
characterised by forming conidia in acropetal chains. Conidia 
occasionally formed in short chains in species with usually 
solitary conidia or particular species with catenate conidia in 
genera characterised by species with predominantly solitary 
conidia are not uncommon, e.g., in Corynespora and Exosporium 
(Ellis 1971) or in several cercosporoid genera such as Cercospora 
and Pseudocercospora (Braun 1995, Crous et al. 2012). The 
conidial shape in Stanjehughesia spp. is variable, ranging from 
cylindrical to subcylindrical in St. larvata, fusiform to ellipsoidal 
in St. minima, to obclavate-rostrate in St. vermiculata (see Wu 
& Zhuang 2005). The apex of the conidia in T. lignicola shows a 
peculiarity. Conidia have frequently a vesicle-like apex, 5–7 × 6–7 
µm, thinner and paler than the conidial body. These structures 
are sometimes inconspicuous, but mostly evident. At the base of 
vesicle-like structures the outer wall seems to be cracked, with 
obvious sheath-like wall remnants visible as irregular fringe, and 
the vesicles may collapse. Similar vesicle-like structures at the 
apex of conidia are also known in Stanjehughesia hormiscioides, 
the type species of the genus, and illustrated in Seifert et 
al. (2011: 722, pl. 240D). In other species of the genus, such 
structures at the conidial apex are not formed, but the tips 
may be more or less pronounced, often with sometimes paler 
terminal cell, as for instance in St. floridensis (Delgado 2008) 
and St. larvata (Hughes 1974, Wu & Zhuang 2005). Hence, the 
differences discussed do not constitute any sound basis for a 
separation of T. lignicola and Stanjehughesia species at generic 
rank. Taeniolella lignicola does not perfectly fit in the latter 
genus, but less integrated (intercalary) conidiogenous cells and 
conidia occasionally formed in very short chains are not in serious 
conflict with an allocation of this species to Stanjehughesia.

Two Stanjehughesia species are similar to St. lignicola. The 
ampulliform to obclavate, (0–)1–3(–4)-septate conidiophores of 
St. larvata are often crowded in clusters of up to 25, and they 
are usually longer and wider than in St. lignicola (according to 
Hughes 1974: 5–25 × 7–9 µm vs. Wu & Zhuang 2005: 8–12.5 
× 2.5–3.5 µm). The conidia are similar to those of St. lignicola, 
but somewhat longer, usually slightly narrower and have more 
septa [(7–)12–21-septate, (35–)60–110 × (9–)11–12(–15) µm vs. 
6–11-septate, 35–62 × (10–)13.5–17(–18) µm in St. lignicola]. 
Stanjehughesia minima is another similar species, with 
ampulliform conidiogenous cells, 8–11 × 2–3.5 µm (6–8 µm wide 
at the base), i.e., somewhat longer and wider at the base than in 
St. lignicola (2–8 × 4–6 µm). The fusiform or ellipsoid conidia are 
usually narrower (34–48 × 8.5–10 µm) (see Wu & Zhuang 2005). 
Only three Stanjehughesia species have conidia to 17(–20) µm 
wide, viz. St. caespitulosa with cylindrical to subfusiform, to 150 
µm long conidia, St. decorosa with obclavate, 170–200 µm long 
conidia, and St. ventricosa with obclavate, 108–117(–132.5) µm 
long conidia (see Delgado 2008 and Marincowitz et al. 2008).

The generic concept of Sporidesmium and segregated 
genera has been controversially discussed by Réblová (1999), 
who preferred to reduce Stanjehughesia to a synonym of the 
latter genus. Wu & Zhuang (2005) and Seifert et al. (2011) 
accepted all segregated genera, including Stanjehughesia, which 
are useful for identification purposes, although Shenoy et al. 
(2006) and Yang et al. (2010) showed with molecular analyses 
that Sporidesmium s. lat. and most of these segregated genera 
are phylogenetically heterogeneous. We prefer to follow the 
concept of Wu & Zhuang (2005) and Seifert et al. (2011) until 
a more satisfying taxonomic and phylogenetic concept will be 
available.

Taeniolella longissima R.A. Eaton & E.B.G. Jones, Mycoscience 
43: 202. 2002.

Illustration: Jones et al. (2002: 203, figs 5–8; 204, figs 11–19).

Original description: Colonies on wood forming black shining 
patches. Acropetal chains of conidia 151–238 µm in length, 
4–4.5 µm wide in the constricted region, 9–11.5 µm wide in 
the broadest region, simple, erect, straight or slightly curved, 
dark brown, thick-walled, smooth, composed of 3–5 fusoid 
segments. Macroconidia initially aseptate, forming 3–5 fusoid 
segments but later becoming septate. Macroconidia born in 
a single, simple, acropetal chain, fusoid, 6–11-septate, dark 
brown, 42–59 × 4–11.5 µm. "Metulae" are produced at the tip 
of the macroconidia, hyaline, 9–11 µm long. Conidiogenous cells 
subtended by the "metulae", 20–32 × 2 µm. Conidia 42–60 × 2.5–
4 µm, hyaline, falcate, fusiform, 2-septate, not constricted at the 
septa, thin-walled, smooth, apically rounded, basally truncate, 
forming slimy heads when incubated in damp chambers.

Colonies (from T. longissima conidia) on corn meal agar growing 
slowly, dark gray to brown, forming dark brown chains of 
macroconidia (Jones et al. 2002).

Holotype: UK, North Wales, on Pinus sylvestris (scots pine) test 
block exposed for 64 weeks in the pond of a water-cooling tower 
at Connah’s Quay power station, 1963, R.E. Eaton (K(M) 166309 
= IMI 386835!).

Host range and distribution: On Pinus sylvestris; UK (Jones et al. 
2002).

Notes: Holotype material of Taeniolella longissima deposited at 
K (Kew) has been examined but proved to be morphologically 
indistinguishable from Sterigmatobotrys rudis, which is a 
reallocation of Taeniolella rudis proposed by Ertz et al. (2016). 
Additional material of T. longissima was unfortunately not 
available. The problems around the type material of T. longissima 
are unresolved and unclear. On the other hand, the description, 
drawing and original micrographs of this species in Jones et al. 
(2002) are detailed and clearly support that a separate species 
was involved. The macroconidia of St. rudis and T. longissima 
are hardly distinguishable, except for narrower constricted 
regions of conidial chains in T. longissima (4–6 µm in St. rudis vs. 
4–4.5 µm in T. longissima). However, the two species can easily 
be discriminated by differences in the sterigmatobotrys-like 
synanamorphs, which are also formed in St. rudis. Conidiophores 
of this morph in St. rudis are shorter and wider (8–15 × 4–5 µm, 
vs. 20–32 × 2 µm in T. longissima) and conidia in T. longissima 
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are significantly longer and narrower (42–60 × 2.5–4 µm, vs. 15–
25 × 4–5(–6.5) µm in St. rudis). Therefore, we prefer to maintain 
T. longissima tentatively as a separate species. It can be assumed 
that the species originally described as Taeniolella longissima 
also belongs to Sterigmatobotrys. However, T. longissimima is 
in need of being verified as existing species by new specimens 
that could serve as basis for a neotypification. For the interim, a 
reallocation of T. longissima to Sterigmatobotrys is not possible 
and not justified, so that this species is tentatively listed as 
doubtful and unclear.

Taeniolella phialosperma Ts. Watan., Mycologia 84: 478. 1992.

Literature: Watanabe (2002: 420; 2010: 216).

Illustrations: Watanabe (1992: 479, fig. 1; 480, figs 2–8; 482, figs 
9–16; 2002: 420, figs; 2010: 360, figs DT1 a–h; 368, fig. DT9 a).

Original description (Watanabe 1992): Colony diam on PDA 
after incubation for 2 d at 34 °C, 66–70 mm; at 25 °C, 48–55 
mm, at first dark yellowish green, soon becoming dark grey, 
often covered with golden yellow aerial hyphae, reverse dark 
green to black. Mycelium superficial or immersed, composed of 
branched, septate, pale brown or brown, smooth, rough, often 
verrucose, 3.7–8 µm hyphae.

Taeniolella morph: Conidiophores semi-macronematous, 
solitary, hyaline, subhyaline to brown, erect, simple, up to 375 
µm tall, sometimes proliferating percurrently. Phragmospores 
produced holoblastically, brown to dark brown, clavate, 
ellipsoidal, or cylindrical, often with an apical hyaline or 
subhyaline papillate or blastic cell, truncate basally occasionally 
pedicellate, 1- to 32-septate transversely but very rarely 1-septate 
longitudinally, 35–315 × 9–26 µm, single or catenulate, extruded 
in long chains of up to nine conidia, simple or branched, often 
surrounded with hyaline or subhyaline membranous sheath-like 
structure which is complete, partially broken or lacking. 

Phialophora morph: Conidiophores simple or branched, 
often verticillate, hyaline or subhyaline, up to 97.2 µm tall, 
produced directly from hyphae or phragmospores, terminating 
in a phialide with spore masses; phialides constricting of 
cylindrical venter and tapering apex, 6.2–17.5 × 2–3.8 µm; 
collarette conspicuous, obconical, 0.2–1.3 µm deep, 2–4.5 
µm wide at margin, occasionally proliferated percurrently. 
Phialoconidia hyaline or subhyaline, globose, smooth, 1-celled, 
often apiculate, usually 1-guttulate, 2–3 µm in diam.

Holotype: Japan, Kurayoshi, Tottori, culture from rhizosphere 
soil of Fragaria ×ananassas (≡ F. chiloensis var. ananassa), 1 Nov. 
1973, T. Watanabe [TW 73-466] (TFM).

Host range and distribution: Japan.

Notes: Watanabe (2010) listed an additional collection [Japan, 
Hachijo-jima, Tokyo, culture from paddy field soil, 12 Nov. 1970, 
T. Watanabe, TW 70-1070 (TFM)] as Taeniolella sp., i.e., it was no 
longer referred to as T. phialosperma. 

Ertz et al. (2016) mentioned that Taeniolella phialosperma 
was isolated from strawberry rhizosphere soil in Japan (Watanabe 
1992), but the nuLSU sequence does not seem to have been 
included in a phylogenetic analysis in the past. The species was 
included in the Sordariales based on an ITS sequence in the 
framework of a phylogenetic study of thermotolerant fungi 

(Liang et al. 2011). It was placed in a polytomy with Sordaria 
fimicola, Thielavia intermedia and a clade including Corynascus 
div. spp., Chaetomium div. spp., Thielavia div. spp. and Humicola 
fuscoatra. A similar ITS sequence was obtained from an isolate 
of orchid roots in southwestern China (Huang & Zhang 2015). 

The descriptions and illustrations in Watanabe (2002, 2010) 
are consistent with the original description in Watanabe (1992). 
The type material from TFM (Watanabe TW 73-466, culture) 
was not available for a re-examination. The combination of 
morphological features (e.g., phialophora-like synasexual 
morph; clavate, ellipsoidal or cylindrical large phragmospores 
often with an apical hyaline papillate or blastic cell) is unusual 
for Taeniolella s. str. and, along with the phylogenetic results, 
justifies the exclusion of this species from Taeniolella. However, 
the true generic affinity remains unclear and a re-examination of 
type material with more detailed molecular analyses and using a 
larger dataset of taxa of the Sordariales is required.

Taeniolella ramagiriensis V.G. Rao (unpublished?)

Type: unknown.

Notes: The name T. ramagiriensis is listed in Global Names 
Index (http://gni.globalnames.org), but without any further 
information.

Taeniolella robusta Mercado, Acta Bot. Cub. 21: 5. 1984.

Literature: Mercado Sierra (1984b: 37), Holubová-Jechová & 
Mercado Sierra (1984: 118), Heredia Abarca et al. (2013: 79).

Illustrations: Mercado Sierra (1984a: 7, fig. 4; 1984b: fig. 3), 
Heredia Abarca et al. (2013: 78, figs 15, 15a).

Original description (Mercado Sierra 1984a): Coloniae effusae, 
atro-brunneae, velutinae. Mycelium in substrato immersum. 
Conidiophora semi-magnifilamentosa, unifilamentosa, 
caespitosa vel solitaria, simplicia, brevia, crassa, atro-brunnea, 
laevia, 9–15.5 µm ad basim crassa. Cellulae conidiogenae 
monoblasticae, integrae, terminales, cylindricae vel doliiformia. 
Conidia catenulata (2–4), recta vel flexuosa, cylindrica, cum apice 
rotundato, ad basim truncata, ellipsoidea vel obclaviformia, atro-
brunnea, laevia; cellulis extremis pallidioribus, 3–12 septatis 
cum septis transversalibus fuscatis et constrictis, 20–88 (31–56) 
× 7.5–12.7 (9–11) µm.

Holotype: Cuba, Pinar del Rio, Loma El Salón, Sierra del Rosario, 
on dead branches, 18 Mai 1977, A. Mercado 2498 (HAC).

Host range and distribution: On dead branches; Cuba (Holubová-
Jechová & Mercado Sierra 1984, Mercado Sierra 1984a, b, 
Mercado Sierra & Mena Portales 1995, www.cybertruffle.org.
uk), Mexico (Heredia Abarca et al. 2013).

Notes: The type material of T. robusta was not available. The 
original description and illustration of the conidiophores 
and conidia in Mercado Sierra (1984a) and the description of 
material from Mexico in Heredia Abarca et al. (2013) exclude 
this species from Taeniolella and rather suggest a relation to 
the Sporidesmium complex, but a final conclusion requires a re-
examination of the type material.
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Sterigmatobotrys rudis (Sacc.) Heuchert et al., Fungal Biology 
120: 1423. 2016. Figs 119–120.
Basionym: Septonema rude Sacc., Michelia 1: 270. 1878.
Synonyms: Dendryphion curtipes Ellis & Barthol., Erythea 4: 82. 
1896, as ‘Dendryphium’ [syntypes: USA, Kansas, Rooks Co., on the 
underside of an old hog trough, 20 Dec. 1894, E. Bartholomew 
1612 (NY 313420, 883692, 883693, 883694; ILLS 34804)].
Brachycladium curtipes (Ell. & Barth.) A.L. Smith, J. Bot. 41: 259. 
1903.
Taeniolella rudis (Sacc.) S. Hughes, Canad. J. Bot. 36: 817. 1958.

Misapplied name: Septonema hormiscium Sacc. sensu Hughes 
(1952).

Literature: Hughes (1952: 11, 1980c: 1–2), Matsushima (1975: 
132 as Septonema hormiscium), Ellis (1976: 60), Révay (1988: 
98), Ellis & Ellis (1997: 64), Kalgutkar (1997: 304), Mel’nik (2000: 
309), Jones et al. (2002: 201), Catania & Romero (2009: 46), 
Wang (2010: 191), Simón (2011: 326).

Illustrations: Saccardo (1881: tab. 921), Hughes (1952: 11, fig. 
3), Matsushima (1975: F837, P1317 as Septonema hormiscium), 
Ellis (1976: 60, fig. 42C), Hughes (1980c: 1, figs 1–7), Révay 
(1988: pl. 3, fig. 2), Caretta et al. (1992: 337, fig. 17), Ellis & Ellis 
(1997, fig. 225), Kalgutkar (1997: 208, pl. 2, fig. 9), Mel’nik (2000: 
308, fig. 216), Jones et al. (2002: 202, figs 1–4; 204, figs 9–15), 
Catania & Romero (2009: 46, fig. 2A), Esquivel (2009: figs 1–2), 
Chavarria et al. (2010: 737, figs 11–12), Simón (2011: 327, fig. 
116 A–C), Ertz et al. (2016: 1425; fig. 3, 1426, fig. 4).

Description: Colonies scattered over the substrate, thin to 
densely caespitose, effuse, black, slightly shiny, long chains of 
conidia visible when using a stereomicroscope, erect, in small 
tufts or procumbent on the substrate. Mycelium immersed, 
sometimes superficial; hyphae straight to flexuous, branched, 
1–4.5 µm wide, rarely septate, not constricted at the septa, 
subhyaline to pale brown, smooth, wall unthickened. Stromata 
lacking. Conidiophores macronematous, mononematous, 
solitary or aggregated in groups of up to 14, arising from hyphae, 
terminal or lateral, or from more or less isodiametric hyphal 
cells, often not very evident, erect, straight, ovoid, obclavate 
to ellipsoidal with a bulbous or rounded base, unbranched, 
(27–)30–45 × (8–)10–13 µm, 4–6(–8)-septate, not constricted at 
the septa, smooth, wall thickened, up to 1 µm, dark brown, not 
enteroblastically proliferating, in morphology and pigmentation 
the conidiophores are almost indistinguishable from conidia 
but the conidiophores are usually attached to the substrate and 
only rarely detached. Conidiogenous cells integrated, terminal, 
monoblastic, monopodial, subcylindrical or doliiform, 4–10 
µm long, little differentiated; loci truncate, 4–5(–6) µm diam. 
Conidia catenate, in unbranched chains, not easily disintegrating, 
conidia long-adhering, up to five, chains at least up to 250 µm 
long, 4–6 µm wide in constricted or narrow segments between 
single conidia, maximum width (6–)7–13 µm, straight or slightly 
flexuous, individual conidia obclavate, ellipsoid, fusiform, 28–61 
× 7–12(–14.4) µm, 3–12-septate, non-constricted at the septa, 
septa conspicuously thickened, 1–2.5 µm, distinctly multilayered, 
(rarely with a longitudinal septum in one of the cells [Hughes 
1980c]), dark brown, somewhat paler at the apex, smooth, wall 
thickened, 1–1.5 µm, apex rounded in primary conidia, conically 
truncate in secondary ones, base obconically truncate, hila 
truncate, unthickened, not darkened, 4–6 µm diam.

Synasexual morph: Terminal conidium frequently extended, 
long, becoming dichotomously branched at the tip, forming 
hyaline “metulae” in a penicillate head on which conidiogenous 
cells are formed; “metulae” erect, straight, subcylindrical, 8–15 
× 4–5 µm, aseptate, paler brown than the tips of the conidia, 
smooth, wall slightly thickened, 2–3 conidiophores at the tip 
of “metulae”, doliiform, subcylindrical, 5–13 × (1.5–)2–4.5 µm, 
aseptate, subhyaline or hyaline, smooth, wall unthickened. 
Conidia solitary, straight, subcylindrical, ellipsoid, 15–25 × 
4–5(–6.5) µm, 0–2(–3)-septate, not constricted at the septum, 
subhyaline, smooth, wall unthickened, plasma slightly granulose, 
apex rounded, base rounded or slightly truncate, hila neither 
thickened nor darkened.

Holotype: Italy, hab. in lingo putrescente pyrino a Selva, Sep. 
1874 (PAD).

Host range and distribution: On Abies balsamea, Bambusa 
vulgaris, Chamaecyparis lawsoniana ‘Ellwoodii’, Comarum 
palustre, Phragmites australis, Picea glauca, Podocarpus 
parlatorei, Thuja occidentalis, on wood of unidentified conifers 
and on rotten wood; Argentina (Catania & Romero 2009), Canada 
(Hughes 1980c, Ginns 1986), China (Luo et al. 2004), Estonia 
(Voronin 1992), Hungary (Révay 1988, 1993), Italy (Caretta et 
al. 1992), Kazakhstan (Mel’nik 2000), Mexico (Chavarria et al. 
2010), Panama (Esquivel 2009), Spain (Simón 2011), UK (Ellis 
1976, Jones et al. 2002), USA (Hughes 1980c, Wang 2010).

Additional specimens examined: Hungary, Comit. Pest, pr. pag. Kismaros, 
ad ripam rivulis Morgó-patak, on rotten wood, 14 Jan. 1991, Á. Révay 
& J. Gönczöl (BP 85790); Comit. Borsod-Abauj-Zemplén, pr. pag. Trizs in 
valley Hidegviz-völgy, on rotten wood, 19 Mar. 1991, Á. Révay (BP 87662); 
Comit. Borsod-Abauj-Zemplén, pr. pag. Perkupa in valley Henc-völgy, 
on rotten wood, 20 Mar. 1991, Á. Révay (BP 87663); montes Börzsöny-
hegység, ad ripam rivulis Morgó-patak, on rotten wood, 26 Jun. 1991, 
Á. Révay (BP 87661); Comit. Zala, pr. pag. Budafa, on rotten wood, 25 
Jul. 2001, Á. Révay (BP 96761); Comit. Pest, in opp. Gödöllő/Hortus 
Botanicus Univ. Sci. Agr., on a pine board lying on the ground, 28 Dec. 
1993, S. Tóth (BP 90896). UK, Cambridgeshire, Cambridge (Botany Field 
Station), on conifer plank (on the ground), 16 Jul. 1948, S.J. Hughes (K(M): 
180130 = IMI 31196) (as Septonema hormiscium); East Kent, Dungeness, 
on hardwood plank, 8 Oct. 1963, B. Sutton & K. Pirozynski (K(M): 180132 
= IMI 102586) (as S. hormiscium); South-west Yorkshire, Sheffield, 
Taptonville Road [illegible], on wood, 7 Feb. 1957, J. Webster [ex herb. 
Sheffield 1918] (K(M): 180131 = IMI 69401) (as S. hormiscium); South 
Hampshire, Portsmouth, Dep. Biological Sciences, on wood, 28 Jan. 
1966, G. Jones (K(M): 180135 = IMI 117214) (as S. hormiscium); South 
Hampshire, Portsmouth, Dep. Biological Sciences, on wood, 28 Jan. 1966, 
G. Jones (K(M): 180133 = IMI 117213) (as S. hormiscium); Cambridgeshire, 
Cambridge MAFF, on Chamaecyparis lawsoniana ‘Ellwoodii’, Mar. 1978, 
P. Gladders PC78/0225 (K(M): 180129 = IMI 225745b); Bedfordshire-
Cambridgeshire, Little Barford cooling water power station, on test block 
(Pinus sylvestris), 24 Jan. 1962, R.A. Eaton (K(M): 180128 = IMI 386834).

Notes: Taeniolella rudis and Septonema hormiscium are 
two previously confused names, e.g., by Hughes (1952) 
and Matsushima (1975). Later, Hughes (1958) reallocated 
Septonema rude to Taeniolella, and Hughes (1980c) reported 
that an examination of the type collection of S. hormiscium in 
herb. PAD proved that this species belongs to Sporidesmium.

Even though descriptions and illustrations of conidia of 
T. rudis in Matsushima (1975), Ellis (1976), Ellis & Ellis (1997), 
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Fig. 119. Sterigmatobotrys rudis [BP 96761; BP 87661]. A. Conidiophores with adhering conidia. B. Synanamorph on extension of conidium. Bar = 10 
µm (B. Heuchert del.).

Révay (1988), Caretta et al. (1992), Jones et al. (2002), Catania 
& Romero (2009), Esquivel (2009) and Chavarria et al. (2010) 
are in agreement with the original description of Saccardo 
(1878), conidiophores have been described differently. The 

illustration of conidiophores in Matsushima (1975) shows the 
base of conidiophores with short branches, which is, however, 
barely interpretable since the base of conidiophores is usually 
attached to the substrate and not easily discernible. Detached 
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Fig. 120. Sterigmatobotrys rudis [A: BP 96761; B–D: BP 87661]. A. Conidiophores with adhering conidia. B–D. Synasexual morph on extension of 
conidium. Bars: 50 µm (A), 20 µm (B, C), 10 µm (D).
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conidiophores have usually a rounded base. Ellis (1976), Mel’nik 
(2000) and Simón (2011) described the conidiophores as short, 
pale to mid brown and 1–5 µm thick, which may be interpreted 
as micronematous, whereas Catania & Romero (2009) described 
them as macronematous, usually short, unbranched, dark brown, 
thick-walled, smooth, 30–40 × 3–5.5 µm, but the given width 
disagrees with the associated illustration. Re-examinations of 
several collections confirmed that the conidiophores are indeed 
macronematous as described in Matsushima (1975), Hughes 
(1980c) and Jones et al. (2002).

Kalgutkar (1997) described the fossil taxon Diporicellaespo-
rites taeniolelloides with taeniolella-like, catenate conidia but 
generally with coarsely rough wall. Type material of this taxon 
could not be examined, and its identity and affinity remain un-
clear.

The occurrence of a synasexual morph with penicillately 
branched heads and colourless conidia was first described and 
illustrated by Hughes (1980c). Strangely, numerous authors 
who dealt with this species in the following 30 years failed to 
observe this feature. More recently, however, Jones et al. (2002) 
provided a second detailed description, drawing and micrograph 
of the synasexual morphs that they had frequently observed in 
the material from England and Hungary (including specimens 
that were re-examined in the course of the present study). 
The authors discussed the similarity between the synasexual 
morphs of T. rudis and Sterigmatobotrys macrocarpa. Both 
S. macrocarpa and T. rudis grow in ecologically similar 
circumstances, on often water-logged wood, and in rather cool 
temperatures (K. Seifert, pers. comm.). Based on the features 
and dimensions of metulae, conidiogenous cells and conidia 
(Réblová & Seifert 2011), there are hardly any differences 
between the two taxa. Taeniolella rudis has somewhat wider 
metulae (8–15 × 4–5 µm, compared to 6.5–13.5 × (2.5–)3 µm) 
and conidiogenous cells (5–13 × (1.5–)2–4.5 µm, compared to 
5–22 × 1.5–3.5 µm), whereas Sterigmatobotrys macrocarpa 
has somewhat shorter conidia (17–20.5 × 4.5–5.5, compared 
to 15–25 × 4–5(–6.5) µm). Distinctly fusiform macroconidia in 
long-adhering chains, characteristic for T. rudis, are absent in S. 
macrocarpa, and the conidiophores are straight, stout, up to 325 
µm long and 10–13 µm wide. Both species have been included in 
molecular analyses of Pleurothecium and Pleurotheciella, based 
on nuclear ribosomal and protein-coding genes (Réblová et al. 
2012), in which Pleurotheciella was shown to be sister of a clade 
containing Sterigmatobotrys, including T. rudis. Pleurotheciella, 
Pleurothecium, Sterigmatobotrys and T. rudis grouped in 
phylogenetic trees as a sister clade to the Savoryellales (Réblová 
et al. 2012). Taeniolella exilis, the type species of Taeniolella, 
and T. rudis do not cluster together within the available nuLSU 
phylogenetic tree (Ertz et al. 2016: 1424, fig. 2). They are not 
closely allied and in any case not congeneric, i.e., the latter 
species must be excluded from Taeniolella. The molecular data 
and morphological peculiarities of the synanamorph justify the 
reallocation of T. rudis to the genus Sterigmatobotrys. Following 
the new rules of Art. F.8.1 of the ICN (one name for one fungus, 
i.e., one name for all morphs of a single fungus), T. rudis has been 
assigned to the genus Sterigmatobotrys in Ertz et al. (2016).

Taeniolella sabalicola G. Delgado & A.N. Mill., Nova Hedwigia 
105: 4. 2017.

Illustration: Delgado & Miller (2017: 6, fig. 2).

Original description (Delgado & Miller 2017): Colonies on 
natural substrate effuse, black, forming a cottony, dense, grey 
aerial mycelium after incubation in moist chamber. Mycelium 
partly immersed and partly superficial, composed of smooth 
or finely roughened, septate, cylindrical or inflated, subhyaline 
to light brown or brown, branched hyphae, 2–4(–7) µm wide. 
Conidiophores semi-macronematous or micronematous, 
mononematous, arising terminally or laterally from the 
hyphae, solitary or caespitose, erect or ascending, straight or 
flexuous, cylindrical, unbranched, septate, smooth or finely 
roughened, light brown to brown, up to 530 mm long, 2–3(–5) 
µm wide. Conidiogenous cells monoblastic, integrated, terminal, 
determinate, cylindrical or subcylindrical, sometimes inflated or 
doliiform, 5–11(–15) × 2.5–6 µm, often arising directly on the 
hyphae. Conidia holoblastic, acrogenous, narrowly clavate to 
clavate or long clavate, ellipsoidal, narrowly cylindrical, cylindrical 
to subcylindrical or long cylindrical, straight to flexuous, 
euseptate, with 4–23(–29) transverse septa, 0–4 longitudinal 
septa and 0–3 oblique septa, sometimes slightly constricted at 
1–2 transverse septa, smooth or verruculose, brown to blackish 
brown, sometimes reddish brown, often partially surrounded 
by a subhyaline mucilaginous sheath, solitary or catenate and 
forming simple, acropetal chains of 2–3(–5) conidia or branching 
laterally, each branch producing also short conidial chains, 
occasionally also bifurcating 1–2 times, 31–164(–185) × 6–11(–
14) µm; apex often rounded, truncate or spatulate and paler, 
base truncate.

In vitro: Colonies on MEA slow growing, reaching 6–11 mm 
diam after 28 d at 25 °C, black, compact, raised at centre 1–3 
mm, sometimes slightly sulcate, often with a small amount of 
grey aerial mycelium in the centre, margin entire, submerged 
and cracking the medium or more or less irregular and diffuse, 
reverse black. Colonies on PDA similar to MEA, slow growing, 
reaching 9–11 mm diam after 28 d at 25 °C, black, circular, flat 
or slightly raising in the centre, also with a small amount of grey 
or black aerial mycelium, margin diffuse, reverse black. Colonies 
on MCA reaching 25–48 mm diam after 2 mo at 25 °C, irregular, 
loosely cottony, grey, reverse not visible. Conidiophores similar 
to those on natural substrate, subhyaline to light brown or 
brown, up to 190 µm long on MEA and PDA, up to 780 µm long 
on MCA, 1–3(–4) µm wide. Conidia also similar to those on 
natural substrate, brown to dark brown on MEA and PDA, brown 
to blackish brown on MCA, 21–128(–140) × 5–11(–14) µm, (3–) 
6–21(–25) transverse septa, 0–2 longitudinal septa, 0–1(–3) 
oblique septa, forming longer chains of up to 10 conidia, also 
surrounded by a subhyaline to brown mucilaginous sheath more 
often as a spherical blob up to 45 µm diam. Sclerotial bodies 
produced on MEA and MCA cultures 2 mo or older, consisting 
of compact masses of hyphae, spherical, light brown to blackish 
brown, 36–103 µm diam.

Holotype: USA, Florida, Broward County, Fort Lauderdale, 
26°12'20.5"N, 80°09'50.6"W, 2.9 m alt, on petioles of a dead 
leaf of Sabal palmetto, 25 Jan. 2014, J.M. Perez (BPI 892972A). 
Isotype: ILLS 80642. Ex-type culture: CBS 140346. Ex-type 
sequences: KX828179 (ITS), KX828178 (LSU).

Host range and distribution: On Sabal palmetto; USA (Delgado 
& Miller 2017).

Notes: Taeniolella sabalicola has recently been assigned to 
Taeniolella sensu latissimo due to a rough morphological match 
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with other Taeniolella species. However, results of sequence 
analyses revealed a phylogenetic position of this species within 
Sordariomycetidae (incertae sedis). Furthermore, T. sabalicola 
does ecologically and morphologically not agree with saprobic 
xylophilous core species of Taeniolella. It differs above all in 
having conidia with mucilaginous sheaths or spherical blobs, 
often formed in branched chains, and often “subsessile”, i.e., 
arising from micronematous conidiophores (“formed directly 
on hyphae”). These morphological traits rather point to certain 
sordariomycete genera and species, including the Sporidesmium 
complex (Wu & Zhuang 2005). Conidia with mucilaginous 
sheaths or capped with slimy blobs are not uncommon within 
the Sporidesmium complex. Subsessile conidia arising from very 
short micronematous conidiophores are characteristic for the 
sporidesmioid genus Stanjehughesia, including Stanjehughesia 
lignicola (≡ Taeniolella lignicola). Taeniolella laevistipitata, now 
Corynespora laevistipitata, is another hyphomycete reallocated 
to a sordariomycete genus. Owing to its phylogenetic affiliation 
and clear ecological and morphological differences, we 
prefer to exclude T. sabalicola from Taeniolella in its current 
circumscription, although polyphyletic, and treat this species 
under “Doubtful, excluded and insufficiently known species 
of Taeniolella s. lat.” It cannot be excluded that T. sabalicola 
requires a genus of its own, but it might also pertain to one 
of the numerous Sordariomycetes genera which have not yet 
been phylogenetically analysed, including the whole complex of 
sporidemium-like genera. Therefore, this species is tentatively 
retained under Taeniolella sensu latissimo, pending sufficient 
phylogenetic data of genera belonging to Sordariomycetidae.

Taeniolella sapindi Sh. Kumar et al., Indian Phytopathol. 60: 535. 
2007.

Illustration: Kumar et al. (2007: 354, fig. 3).

Original description (Kumar et al. 2007): Infection spots 
hyphogenous, effuse, irregular, spreading on entire leaf surface. 
Colonies hyphophyllous, brown to black. Mycelium external 
to internal, unbranched, septate, brown. Stromata absent. 
Conidiophores singular, erect, straight, macronematous to semi-
macronematous, mononematous, unbranched, 1–3 transversely 
septa, smooth, olivaceous brown, 25–55 µm long and 3–7 µm 
wide. Conidiogenous cells integrated, terminal, monoblastic, 
unthickened. Conidia solitary to catenate, dry, erect, flexuous, 
smooth, 0–10 transversely septate, circular, cylindrical to 
vermiform, olivaceous brown, apex obtuse to rounded, base 
rounded, 5–50 × 5–10 µm. Germinating conidium present.

Holotype: India, Uttar Pradesh, Gorakhur, University Botanical 
Garden, on leaves of Sapindus emarginatus, 24 Sep. 2007, 
Shambhu Kumar (GPU Herb. No. KSR 110). Isotype: HCIO 47980.

Host range and distribution: On Sapindus emarginatus; India 
(Kumar et al. 2007).

Notes: Type material of Taeniolella sapindi was not available, 
but based on the description and drawing in Kumar et al. 
(2007) it is very probable that this species must be excluded 
from Taeniolella. Kumar et al. (2007) compared this species 
with Taeniolella scripta, which was placed by Kirk (1981) in the 
genus Taeniolina. The illustration of strongly branched chains 
of conidia (Kumar et al. 2007: 354, fig. 3) suggests a possible 

affinity of T. sapindi to the genus Taeniolina, introduced by Ellis 
(1976) for taeniolella-like hyphomycetes characterised by semi-
macronematous conidiophores producing much-branched, 
septate conidia. However, a reallocation of this species has to be 
based on re-examination of type material.

Taeniolina scripta (P. Karst.) P.M. Kirk, Trans. Brit. Mycol. Soc. 76: 
84. 1981. Figs 121–122.
Basionym: Hormiscium scriptum P. Karst., Meddeland. Soc. 
Fauna Fl. Fenn. 14: 90. 1887.
Synonyms: Hormiscium curvatum var. betulinum P. Karst., 
Meddeland. Soc. Fauna Fl. Fenn. 14: 97. 1887 [type: Russia, 
in cortice vetusto Betularum ad Mustiala et lumen Lapponiae 
Rossicae, Tuloma, m. Jan. et Jul. (H)].
Hormiscium septonema var. betulinum (P. Karst.) P. Karst., 
Meddeland. Soc. Fauna Fl. Fenn. 16: 25. 1888.
Taeniolella scripta (P. Karst.) Hughes, Canad. J. Bot. 36: 817. 
1958.

Literature: Saccardo (1892: 576), Ellis (1976: 55), Rèvay (1988: 
98), Mel'nik & Popushoj (1992: 197), Ellis & Ellis (1997: 65), 
Mel’nik (2000: 311), Yurchenko (2001: 49), Simón (2011: 327).

Illustrations: Ellis (1976: 56, fig. 38), Kirk (1981: 85, fig. 9), 
Mel’nik & Popushoj (1992: 198, fig. 148), Ellis & Ellis (1997: pl. 
25, fig. 256), Mel’nik (2000: 312, fig. 219), Yurchenko (2001: 50, 
fig. 17, 18), Simón (2011: 327, fig. 116 D–F).

Description: Saprobic on wood of numerous trees and shrubs, 
rarely collected of dead herbaceous plants, as well as fungi and 
lichens on bark. Colonies effuse, scattered over the substrate, 
often covering large areas, pulvinate, sooty, colonies on Fomes 
fomentarius oblong sinuous, black. Mycelium immersed, 
often longitudinally running within wood fibres, sometimes 
superficial; hyphae straight to slightly flexuous, branched, (1.7–) 
2–5(–7) µm wide, septate, distance between septa 5–13.5 µm, 
mostly constricted at the septa, usually pale brown to brown, 
sometimes subhyaline, smooth, wall usually thickened, to 1 
µm, rarely unthickened. Hyphal cells sometimes stromatically 
aggregated, subglobose to globose, 6–8 µm diam, smooth, 
brown to dark brown, wall thickened, to 1 µm. Conidiophores 
micronematous to semi-macronematous, arising from hyphae, 
terminal or lateral, sometimes arising from stromatic cells, 
breaking through the substrate, caespitose, densely aggregated, 
straight, erect, doliiform, subcylindrical, unbranched, (1.7–)5–
7(–12.5) × (1.7–)3–5 µm, aseptate, dark brown, wall thickened, 
to 1.25 µm, conidiophores reduced to conidiogenous cells 
or integrated, terminal, monoblastic to thalloblastic. Conidia 
catenate, rarely in unbranched chains, mostly strongly branched, 
not easily disintegrating, adhering for a long time, chains often 
breaking off at the base and functioning as propagules, individual 
branches straight to flexuous, subcylindrical, 21–95(–162) × 4.5–
6(–7.5) µm, (1–)4–25(–39)-septate, distinctly constricted at the 
septa, dark brown, paler at the tip, smooth, wall thickened, up 
to 1 µm, less thickened at the tip, single conidia or chains of 
different length sometimes detached, subcylindrical, ellipsoid, 
obovoid, doliiform, aseptate conidia 5 × 5 µm, 1-septate 
ones 7–10 × 5–6 µm, 2- and 3-septate ones 9–17 × 5–6.5 µm, 
4-septate ones 17–23.5 × 5.5–6 µm, 5- to 7-septate ones 23–34 
× 5–6.5 µm, constricted at the septa, dark brown, paler at the 
apex, smooth, wall thickened, up to 1 µm, the wall at the apex 
often less thickened, apex rounded in primary conidia, truncate 
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in secondary ones, sometimes slightly conically truncate, base 
truncate, often obconically truncate, hila truncate, unthickened, 
not darkened, 1–5(–6) µm diam.

Lectotype (designated here, MycoBank MBT373918): Finland, 
Tavastia australis, Tammela, Mustiala, [on Polyporus igniarius] 
(annotated by T. Niemelä 1994: "on Fomes fomentarius"), 10 Jul. 
1865, P.A. Karsten (H 1184).

Host range and distribution: On Acer platanoides, A. 
pseudoplatanus, Alnus glutinosa, A. incana, Amorpha fruticosa, 
Betula pendula, Betula sp., Carpinus betulus, Corylus avellana, 
Crataegus monogyna, C. popovii, Fagus sylvatica, Fomes 
fomentarius, Ilex aquifolium, Lepraria incana, Phaeophyscia 
orbicularis, Pinus sylvestris, Plantago media, Populus nigra 
var. italica, Quercus robur, Rhododendron ponticum, Salix sp., 

Sorbus aucuparia, and on unidentified plants, including conifers; 
Austria (www.mushroomobserver.org), Belarus (Yurchenko 
2001, Tsurykau et al. 2016), Finland (Kirk 1981), France (Roux 
et al. 2001, Roux 2012, Roux et al. 2017), Germany (John 1990, 
Triebel & Scholz 2001, Wirth et al. 2010, Brackel 2010a), Hungary 
(Rèvay 1988, 1998), Italy (Brackel 2015), Lithuania (Treigien & 
Markovskaja 2007), Luxembourg (Diederich 1990a, Diederich et 
al. 1991, Diederich & Sérusiaux 2000), Poland (Chlebicki & Chmiel 
2006), Scotland (Farr et al. 1996), Russia (Mel’nik & Popushoj 
1992, Mel’nik 2000), Spain (Simón 2011), Ukraine (Taran 2002), 
UK (Clark 1980, Kirk 1981, www.fieldmycology.net).

Additional specimens examined: Hungary, montes Bükk-hegység pr. 
pag. Rejtek, in ligno putrido [rotten wood], 24 Jun. 1987, Á. Révay & 
J. Gönczöl (BP 83048). Luxembourg, NW of Dalheim, Kinneksbierg, 
on Lepraria incana, on Quercus, 6 Sep. 1987, Diederich 8968 (herb. 

Fig. 121. Taeniolina scripta [BP 83048]. A. Hyphae with micronematous or semi-macronematous conidiophores and adhering conidial chain.  
B. Conidia in strongly branched conidial chains. C. Conidia. Bar = 10 µm (B. Heuchert del.).
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Diederich); E of Welfrange, on Lepraria incana, 6 Sep. 1987, Diederich 
8631 (herb. Diederich). 

Notes: Hormiscium scriptum was placed in the genus Taeniolella 
by Hughes (1958) and later by Kirk (1981) in the genus Taeniolina, 
introduced by Ellis (1976) for taeniolella-like hyphomycetes 
characterised by semi-macronematous conidiophores producing 
much-branched, septate conidia. 

Fig. 122. Taeniolina scripta [lectotype]. A–C, E, F, H. Micronematous or semi-macronematous conidiophores with adhering strongly branched conidial 
chains. D. Branched conidial chain. G, I. Conidia. Bars: 20 µm (A), 10 µm (B–I).
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Taeniolella scripta was found on different substrates, 
in addition to wood of several trees also on the lichens 
Lepraria incana, Phaeophyscia orbicularis and the fungus 
Fomes fomentarius. Morphological descriptions, drawings 
and measurements in literature [e.g., Rèvay (1988), Mel'nik 
& Popushoj (1992), Mel’nik (2000), Yurchenko (2001), Simón 
(2011)] are rather uniform.

In some obligately lichenicolous Taeniolella species (e.g., 
Taeniolella atricerebrina or T. caespitosa) and in the facultatively 
lichenicolous species T. pulvillus, branched conidiophores or 
branched conidial chains have occasionally been observed, but 
never as frequently branched as in Taeniolina. Conidiophores 
and/or conidial chains of most saprobic members of Taeniolella 
(e.g., T. rudis and T. strica) are usually unbranched. The 
relationship of both genera has to be studied on the basis of 
molecular data that are not yet available. In the interim, we 
prefer to maintain Taeniolina as a separate genus.

Taeniolella typhoides Gulis & Marvanová, Mycotaxon 72: 246. 
1999.

Literature: Shearer et al. (2009: 148, 150–151).

Illustration: Gulis & Marvanová (1999, pl. II. 4–6, figs 3–4).

Original description (Gulis & Marvanová 1999): Mitosporic 
fungi, dematiaceous hyphomycete. Sexual morph unknown. 
Colonies (MA 2 %) 23–26 mm diam in 14 d at 15 °C, lavender 
grey to pale olivaceous grey, aerial mycelium cottony, reverse 
dark olivaceous grey. After several months incubation 
under water, minute sclerotial bodies ca. 100 µm diam with 
radiating hyphae at the margin appear at the bottom of Petri 
dish. Sporulation underwater, in stationary cultures or after 
a several-day aeration followed by submerged incubation 
in standing distilled water. Conidiophores micro- or semi-
macronematous, intercalary, lateral or apical and then 
sometimes extremely long, scattered or aggregate, simple, 
glabrous or verrucose in the proximal part. Conidiogenous 
cells integrated with supporting structures, proliferation not 
seen. Conidia single or sometimes in short acropetal chains, 
straight or somewhat curved, cylindrical, (35–) 118–243 × 8–11 
µm, up to 40-septate (in nature up to 470 × 9–14 µm, up to 
60-septate), rounded at the apex, truncate or convex at the 
base, sometimes with a thinner hilum on one or both ends, 
rarely with an excentric basal extension. Cells slightly inflated, 
walls thick, brown, glabrous or sometimes verrucose, few-
celled segments occasionally dark brown, the uppermost cell 
typically paler. Thin secondary (?) septa may be present, but 
not regularly. Secession schizolytic, tardy in stationary culture, 
after several months of submergence.

Holotype: Belarus, in the slow-flowing river Ptich near the village 
Voronichi, on submerged decaying leaves of Nuphar lutea, 22 
Apr. 1997 (K(M) IMI 380382 [ex VG-126a]).

Host range and distribution: Nuphar lutea; Belarus (Gulis & 
Marvanová 1999; Gulis 2001).

Notes: Gulis & Marvanová (1999) introduced the new aquatic 
species T. typhoides and provided a survey of Taeniolella species 
from aquatic habitats. T. longissima is an additional species 
known from an aquatic habitat (further details and discussion 

see under T. longissima and T. rudis). Taeniolella typhoides 
is very similar to T. caffra. According to the drawings in Gulis 
& Marvanová (1999) and Matsushima (1996), the conidia or 
conidial chains of T. caffra are, however, more curved and the 
conidial wall is always smooth. Taeniolella caffra is probably a 
genuine species of Taeniolella s. lat., but the true taxonomic 
position of this species requires a re-examination of type 
material. Taeniolella americana is also an aquatic species, but its 
affinity to the genus Taeniolella is still unclear. A comparison of 
T. typhoides with other pigmented aquatic hyphomycete genera 
and species suggests that this species possibly belongs to an 
undescribed genus of aquatic hyphomycetes.

In molecular studies of freshwater Dothideomycetes 
published by Shearer et al. (2009), the aquatic T. typhoides 
clustered within a well-supported clade composed of 
species of Lindgomyces K. Hirayama, Kaz. Tanaka & Shearer 
(Lindgomycetaceae, currently assigned to the Pleosporales 
s. lat.). This relation is undoubtedly reliable since the used 
sequence was derived from the type culture, and it supports the 
exclusion of T. typhoides from Taeniolella.

Zelski et al. (2011) described the new freshwater 
ascomycete Chaetorostrum quincemilensis and its taeniolella-
like anamorph, which superficially resembles T. plantaginis and 
T. typhoides. According to Zelski et al. (2011), the cylindrical 
phragmospores (20–280 × 7–13 µm, 2–40-septate) are 
unbranched, paler near the apex and produced on terminal ends 
of hyaline vegetative hyphae. Based on morphological features, 
Zelski et al. (2011) placed Chaetorostrum quincemilensis in 
the Sordariomycetes. The genus Stanjehughesia, to which 
Taeniolella lignicola has been reallocated in this work, is also a 
member of the Sordariomycetes, suggesting that taeniolelloid 
asexual morphs may also be formed in the latter ascomycete 
class, although this has not yet been confirmed by molecular 
sequence analyses.
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INTRODUCTION

The kingdom Fungi is comprised of a diverse range of organisms 
engaged in parasitic, saprophytic, symbiotic, endoparasitic and 
endophytic lifestyles (Mueller et al. 2004, Crespo et al. 2014). 
Current estimates for the global number of fungal species 
have risen from 2.2 million to as many as 3.8 million species 
(Hawksworth & Lucking 2017). Fungal endophytes are an 
ecologically diverse group, residing within plant tissues without 
causing any apparent symptoms of infection (Petrini 1991, 
Wilson 1995, Zhang et al. 2013). While most studies of fungal 
endophytes have focused on those species that live in vascular 
plants, endophytes also live in nonvascular plants including 
bryophytes (i.e., mosses, liverworts, and hornworts), which are 
functionally important (Upson et al. 2007, Hoshino et al. 2009, 
U’Ren et al., 2010, Siciŉski et al. 2011, Zhang et al. 2013). These 
fungi affect the host in diverse ways: promoting greater tolerance 
to extreme pH, vegetative growth and resistance to pathogens 

(Narisawa et al. 2002, Davey and Currah, 2006). The habitat range 
of these fungi is also broad; they have been isolated from many 
different land plants from all terrestrial ecosystems ranging from 
the tropics to the Polar Regions (Arnold et al. 2009, Zhang et al. 
2013, Yu et al. 2014). Lichen thalli can also harbour endolichenic 
fungi that are typically found as endophytes in plants (Girlanda 
et al. 1997, Li et al. 2007, Arnold et al. 2009, Kannangara et al. 
2009, U’Ren et al. 2010). These fungi also live in close association 
with algal photobionts inside apparently healthy lichen thalli, 
forming persistent and symptomless infections.

The importance of these endolichenic fungi remains unknown. 
However, abundant endolichenic fungi are present within lichen 
thalli, and their presence is presumed to play an important ecological 
role, such as assisting lichen formation, growth and protecting 
against insect herbivores by producing bioactive substances (Li et 
al. 2007, Paranagama et al. 2007). In addition, fungal endophytes 
are a phylogenetically diverse group. The vast majority of known 
endophytic and endolichenic fungi belong to the phylum Ascomycota, 
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and their evolutionary position among Dikarya 
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Abstract: Fungal endophytes comprise one of the most ubiquitous groups of plant symbionts. They live 
asymptomatically within vascular plants, bryophytes and also in close association with algal photobionts 
inside lichen thalli. While endophytic diversity in land plants has been well studied, their diversity in 
lichens and bryophytes are poorly understood. Here, we compare the endolichenic and endophytic fungal 
communities isolated from lichens and bryophytes in the Barton Peninsula, King George Island, Antarctica. A 
total of 93 fungal isolates were collected from lichens and bryophytes. In order to determine their identities 
and evolutionary relationships, DNA sequences of the nuclear internal transcribed spacer (ITS), nuclear 
ribosomal small subunit (nuSSU), nuclear large subunit (nuLSU), and mitochondrial SSU (mtSSU) rDNA were 
obtained and protein coding markers of the two largest subunit of RNA polymerase II (RPB1 and RPB2) were 
generated. Multilocus phylogenetic analyses revealed that most of the fungal isolates were distributed in 
the following six classes in the phylum Ascomycota: Dothideomycetes, Eurotiomycetes, Lecanoromycetes, 
Leotiomycetes, Pezizomycetes and Sordariomycetes. For the first time we report the presence of subphylum 
Mortierellomycotina that may belong to an undescribed order in endophytic fungi. Taken together, our 
results imply that lichens and bryophytes provide similar niches and harbour a selection of these fungi, 
indicating generalists within the framework of evolutionary adaptation. 
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distributed among the Arthoniomycetes, Sordariomycetes, 
Dothideomycetes, Lecanoromycetes, Leotiomycetes, Pezizomycetes, 
and Eurotiomycetes (Arnold et al. 2009, Park et al. 2015).

King George Island is the largest island in the South Shetland 
Islands belonging to the maritime Antarctic zone where the 
climate is milder due to oceanic influences (Kanda & Komárková 
1997, Sancho & Pintado 2004, Li et al. 2007). While invasive 
plant species have increased recently (Chown et al. 2012), 
only two native species of flowering plants, Antarctic hair grass 
(Deschampsia antarctica) and Antarctic pearlwort (Colobanthus 
quitensis), are found so far. Vegetation is predominantly made 
up of lichens and bryophytes, which are specially adapted 
to survive in this area. Furthermore, several performance 
indicators show that this region is an excellent habitat for 
lichens and bryophytes (Øvstedal & Lewis-Smith 2001, Kim et al. 
2006, Green et al. 2012). In addition, several black meristematic 
fungi were reported in Antarctic lichens (Selbmann et al. 2013).  
Thus, we selected King George Island as a model to explore the 
diversity of endophytic and endolichenic fungal communities 
associated with lichens and bryophytes. Since they lack visible 
reproductive structures and other distinctive phenotypic traits 
for classification, DNA sequence-based sample identification is 
prerequisite for objective exploration of the species diversity. 
We gathered DNA sequences of the nuclear internal transcribed 
region (ITS), nuclear ribosomal short subunit (nuSSU) and large 
subunit (nuLSU), mitochondrial ribosomal short subunit (mtSSU) 
rDNA, and the two largest subunits of RNA polymerase II (RPB1 
and RPB2). Endolichenic fungi resemble fungal endophytes 
of plants in taxonomy, mode of transmission procedure, and 
evolutionary history (U’Ren et al. 2010). Then we pose the 

question: are endolichenic and endophytic fungal communities 
in Barton Peninsula, King George Island different from each other 
or overlapping, forming flexible symbiotic relationships in both 
bryophytes and lichens? And lastly, do these fungal communities 
flourish through a host-specific evolutionary process? 

Here we compare the endolichenic fungi with endophytic 
fungal communities isolated from lichens and bryophytes at 
the same location on the Barton Peninsula, King George Island.  
Furthermore, in order to resolve the evolutionary relationships, 
we prepared a five-locus dataset (nuSSU, nuLSU, mtSSU, RPB1 
and RPB2) of selected taxa in phylum Ascomycota.

MATERIALS AND METHODS

Study site and lichen sample collection

Sixty-one lichen samples growing on soil, rock and moss 
were collected from the Barton Peninsula, King George Island 
located in the Antarctic (Fig. 1) and preserved at -20 °C in sterile 
polyethylene tubes to prevent contamination from airborne 
fungal species (Supplementary Table S1). Lichen samples were 
identified by macro- and micro-morphological characteristics 
and chemical contents according to the species definition as 
described by Øvstedal & Lewis-Smith (2001). 

Isolation of endolichenic fungi

Isolation of the internal fungi was performed as previously 
described by Li et al. (2007). The surface of the lichen thalli was 

Fig. 1. Study area on Barton and Weaver Peninsula, King George Island in Antarctica (marked by red arrow).
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cut into 0.5 cm2 and the lichen thalli fragments were washed for 
3 h in streaming water, then immersed in 75 % ethanol for 1 min, 
in 2 % sodium hypochlorite for 3 min and then in 75 % ethanol for  
30 s. Finally, each fragment was gently rinsed with sterilised 
distilled water and the water was subsequently analysed by PCR 
to check for fungal contamination of the thalli surface. Sterilised 
samples were then dried with sterile paper towels and then plated 
on PDA with 0.01 % streptomycin and incubated at 15 °C. Fungi 
growing from each fragment were isolated into pure cultures on 
2 % malt extract broth (ME, Difco, Sparks, USA) solid medium. 
All endolichenic fungi were grouped into different morphotypes 
based on the following culture phenotypic characteristics: colony 
colour, texture, growth rates and cell shape on ME solid medium. 
This is because endolichenic fungi rarely produce spores, therefore 
morphological features for identification is very limited (Choi et 
al. 1999). All fungal isolates were deposited at the Korea Lichen 
and Allied Bioresources Center (KOLABIC) at the Korea Lichen 
Research Institute (KoLRI) of Sunchon National University. 

DNA extraction, amplification and sequencing

Fungal DNA extraction was performed using a DNeasy Plant 
Mini Kit according to the manufacturer’s protocols (Qiagen, 
Hilden, Germany). We amplified and sequenced the following 
six markers: nuSSU using primers NS1 (White et al. 1990) and 
NS24 (Gargas & Taylor 1992), nuLSU using primers LR0R (Rehner 
& Samuels 1994) and LR7 (Vilgalys & Hester 1990), mtSSU using 
mrSSU1 and mrSSU3R (Zoller et al. 1999), RPB1 using RPB1-AFasc 
and RPB1-6R1asc2 (Hofstetter et al. 2007), RPB2 using fRPB2-
7cF and fRPB2-11aR (Liu et al. 1999), and ITS using ITS4 and ITS5 
(White et al. 1990). In the case of endophytic fungal isolates 
from bryophytes living in King George Island, ITS sequences 
were used for analysis as described by Yu et al. (2014).

Sequence assembly and multiple sequence alignments

Sequences were assembled and edited using the software 
CodonCode Aligner (CodonCode Corp., Dedham, MA, USA). 
Sequence identity was assessed using the mega-BLAST search 
function in GenBank (Sayers et al. 2011). We used the program 
MAFFT v. 7 (Katoh & Toh 2008) to align DNA sequences 
of 418 samples (Supplementary Table S1 and S3) for each 
gene region. For all six loci, we applied the G-INS-I alignment 
algorithm (recommended for sequences with global homology), 
‘200PAM/K = 2’ scoring matrix, and offset value = 0.0, with 
the remaining parameters set to default values. To improve 
the accuracy of the ITS and RPB2 alignments for downstream 
OTU (operational taxonomic units) delimitation, only the newly 
generated sequences of endophytic and endolichenic fungi 
isolated from bryophytes and lichens on the King George Island 
were included. Multiple sequence alignments were performed 
in MAFFT using the same parameters as described above. The 
program Gblocks v. 0.91b (Talavera & Castresana 2007) was used 
to remove ambiguously aligned regions, using options for a “less 
stringent” selection on the Gblocks web server (http://molevol.
cmima.csic.es/castresana/Gblocks_server.html) for subsequent 
phylogenetic analyses.

OTU delimitation analyses

Since endophytic and endolichenic fungi lack visible reproductive 
structures and other distinctive phenotypic traits, and moreover, 

because morphology-based species circumscriptions have 
been shown to be inadequate for characterisation of species-
level diversity (Arnold et al. 2009), we used the Automatic 
Barcode Gap Discovery method (ABGD; Puillandre et al. 2012) 
to circumscribe OTUs representing candidate species. ABGD 
employs a genetic distance-based approach to detect a ‘barcode 
gap’, separating OTUs based on non-overlapping values of 
intra- and interspecific genetic distances and is independent of 
any topology (Hebert et al. 2003, Puillandre et al. 2012). This 
method infers a model-based confidence limit for intraspecific 
divergence and then detects the barcode gap as a first significant 
gap beyond this limit to infer primary partitions. The primary 
data partitions are then recursively split to obtain finer partitions 
using the same approach until no further gaps can be detected 
(Puillandre et al. 2012). We used the ABGD web server (http://
wwwabi.snv.jussieu.fr/public/abgd/abgdweb.html) to identify 
barcode gaps in the ITS of endophytic and endolichenic fungi as 
well as the RPB1 data matrix. Puillandre et al. (2012) suggested 
that implementing a Pmax value of 0.01 provides the most 
accurate estimate for the number of groups based on empirical 
comparisons of groupings inferred using ABGD with data from 
previous studies where species groups are well-characterised. 
Genetic distances were calculated using the JC69 model (default 
parameter), and other model parameters were set using default 
parameter values as follows, with the exception of the Pmax 
value: Pmin = 0.001, Pmax = 0.01, steps = 10and Nb bins = 20. We 
implemented a range of values for the gap width (X) between 
0.1 and 1.5, to assess the consistency of the inferred groups 
under varying gap width values.

Phylogenetic analyses

Individual gene topologies were reconstructed using the 
program RAxML v. 8.1.11 (Stamatakis 2006, Stamatakis et al. 
2008), as implemented on the CIPRES Web Portal, with the 
GTR-GAMMA model as described below. Support values were 
assessed using the “rapid bootstrapping” option with 1 000 
replicates. We compared individual gene topologies to identify 
conflicting nodes, statistically supported (i.e. ≥ 70 % bootstrap). 
Incongruence among clades with bootstrap values < 70 % was 
considered statistically insignificant (Divakar et al. 2012, Wiens 
1998). Without evidence of conflicting evolutionary histories, 
independent markers were combined to achieve maximum 
phylogenetic resolution and support. Two concatenated datasets 
were prepared: a two-gene (nuSSU and nuLSU) dataset of 362 
samples representing Dikarya and member of Mortierellales, 
and a five-gene (nuSSU, nuLSU, mtSSU, RPB1 and RPB2) dataset 
of 150 samples representing major groups of Ascomycota. As ITS 
data were impossible to align across Dikarya and Zygomycota, 
this locus was excluded from the concatenated dataset. In 
order to evaluate the phylogenetic relation of two samples 
(EFOMIA09 and EFOMIA10) grouping with Mortierellomycotina 
an additional two gene larger dataset published in Wagner et al. 
(2013) was used.

The ML analyses of all the three concatenated data sets 
were performed in RAxML with the GTR-GAMMA model, a 
parameter (Γ) for rate heterogeneity among sites and without a 
parameter for estimating the proportion of invariable sites. We 
used locus-specific model partitions treating all loci as separate 
partitions, and evaluated nodal support using 1 000 bootstrap 
pseudoreplicates. An alternative partition strategy was inferred 
via PartitionFinder v. 1.1.1 (Lanfear et al. 2012). The best-
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Fig. 2. A total of 32 representative endophytic fungal cultures from 32 OTUs based on the RBP2 gene sequences. The OTU number is in the upper left 
corner and the name of the fungus is on the bottom centre of the photographs. The endophytic fungi were cultured on potato dextrose agar media 
or malt-yeast extract media. The three endophytic fungi, EFOMIA09, EFOMIA10, and EFOMIA16, were cultured on PDA supplemented with 30 µg/mL 
of Rose Bengal to prohibit bacterial contamination. 
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fitting partition scheme was selected from a total of 16 initial 
pre-defined partitions, corresponding to the complete nuSSU 
region, the complete nuLSU region, the complete mtSSU region, 
the first, second and third codon positions of two coding region 
in the RPB1, two introns in the RPB1, two intronic regions in the 
RPB1, the first, second and third codon positions of the coding 
region in the RPB2, and an intron in the RPB2.

In order to validate the ability of ABGD to infer evolutionarily 
independent species-level lineages from ITS and RPB2 sequences, 
we analysed sequence data from the nuclear and mitochondrial 
genomes within a phylogenetic framework to identify OTUs that 
exhibited genealogical exclusivity across independent loci (Avise 
& Ball 1990).

RESULTS

Endolichenic fungal isolation and OTU delimitation

A total of 61 endolichenic fungal isolates were collected from 45 
Antarctic lichen samples. Among these, 21 lichen species were 
identified, belonging to 10 families: Candelariaceae, Cladoniaceae, 
Lecanoraceae, Parmeliaceae, Physciaceae, Pilocarpaceae, 
Ramalinaceae, Sphaerophoraceae, Stereocaulaceae, and 
Teloschistaceae (Supplementary Table S1). In addition, 32 
endophytic fungal isolates were obtained, including 16 that have 
been previously described (Yu et al. 2014), were isolated from 
13 bryophytes (Supplementary Table S1). Representatives of 
endolichenic and endophytic fungal isolates are shown in Fig. 2. 
The sample identities were confirmed by analyses of the ITS1-5.8S 
and ITS2 rDNA region (ITS region) sequences.

Sequences: Endolichenic and endophytic isolates were grouped 
into 33 OTU in ABGD analyses of the ITS region and 34 OTUs from 
analysing a single copy gene RPB2 (Fig. 3 and Supplementary 
Table S1). Since results of both datasets were similar, only the 
cluster of the RPB2 marker is shown in Fig. 3. Of these, only 
seven OTUs were closely related to known fungal species with 
higher than 97 % sequence similarity. They were identified as 
Anthostomella leucospermi, Chaetomium globosum, Peziza 
varia, Phoma herbarum, and Phoma violacea with 98 % sequence 
similarity cut-off (Supplementary Table S2), ABGD clustering and 
monophyletic relationship. For OTU validation, nuSSU, nuLSU 
and mtSSU loci exhibited significantly less variability than the 
ITS region, and the two protein coding markers RPB1 and RPB2. 
The comparison between OTUs inferred from the ITS and RPB2 
sequences revealed high levels of genealogical concordance 
between the ITS and the protein coding markers. Relationships 
among OTUs are shown in maximum likelihood (ML) topology in 
Fig. 4 and Supplementary Fig. S1.

Molecular phylogeny

A total of 508 sequences were newly generated for this study, 
including 73 ITS, 92 nuSSU, 92 nuLSU, 91 mtSSU, 72 RPB1 and 
88 RPB2 sequences (Supplementary Table S1). The two gene 
(nuSSU and nuLSU) data matrix contained 362 taxa with 2 185 
unambiguously aligned nucleotide positions (Supplementary 
Table S1 and S3). The five gene data matrix contained 150 
taxa with 4 643 unambiguously aligned nucleotide positions 
(Supplementary Table S3). Topologies of single-locus analyses 
did not conflict and hence combined analyses were performed. 

The ML phylogeny estimated from the concatenated two-
gene and five-gene data matrixes are depicted as a cartoon 
tree in Fig. 4 (full tree in Supplementary Fig. S1) and Fig. 5, 
respectively. Of the 93 isolates from the studied area, almost 
all were in phylum Ascomycota, two were in Basidiomycota and 
another two belonged to Mortierellales (Mortierellomycotina). 
In Basidiomycota, isolates clustered only in the order Boletales 
of Agaricomycetes. However, in Ascomycota they were 
spread throughout the tree. Within Ascomycota, the largest 
number of isolates grouped with Leotiomycetes, followed by 
Sordariomycetes and Dothideomycetes. Three isolates belonged 
to Eurotiomycetes whereas one isolate each were assigned to 
Lecanoromycetes and Pezizomycetes. All the OTUs discovered 
in ABGD analysis were found to be monophyletic in multilocus 
phylogenies. 

DISCUSSION

Lichens and bryophytes are important components of current 
ecosystems, particularly in the Antarctic King George Island. 
Many genera of fungi commonly found as endophytes also occur 
within asymptomatic lichens and bryophytes (Kannangara et al. 
2009, U’Ren et al. 2010, U’Ren et al. 2012, Zhang et al. 2013, Yu 
et al. 2014). Endophytic fungi largely lack reproductive structures 
and other visible phenotypic features, therefore traditional 
morphology-based species circumscriptions have shown to be 
inadequate to objectively characterise species-level diversity in 
this group of fungi (Arnold et al. 2009, Wagner et al. 2013, Oono 
et al. 2014, Chen et al. 2015). Here we used multilocus DNA 
sequence data for accurate sample identification and applied 
the barcode gap detection approach (Puillandre et al. 2012) to 
objectively circumscribe candidate species of endophytic fungi.

In this study, we reveal the endolichenic and endophytic 
fungal diversity in dominant lichen and bryophyte species in the 
Barton Peninsula of King George Island. Sixty-one endolichenic 
fungal isolates (numbered ELXXXXXX) were successfully 
obtained from 44 lichen samples belonging to 21 lichen species. 
The isolation frequency and diversity of 61 endolichenic fungi 
were compared with their host lichen family. Interestingly, 
endolichenic fungal isolation frequency was not related with the 
diversity of host lichen species. Namely, the number of lichen 
species in Parmeliaceae and Stereocaulaceae was higher than in 
other families but the isolation frequency of endolichenic fungi 
was not significantly different among the families.

In ABGD analyses, we circumscribed 34 candidate species 
(OTUs) for the 93 samples isolated from common lichen and 
bryophytes species of Antarctic King George Island. The results 
of endophytic fungi isolated from bryophytes species have 
been published in our previous study and here we focus on the 
endolichenic fungi (Yu et al. 2014). Since the obtained sequences 
are from axenic cultures of isolated fungi, these could be used as 
reference sequences for identification of environmental and soil 
fungi and also for detection of cryptic species. The species-level 
OTUs detected in this study were numbered OTU1 to OTU34 
(Fig. 3). It is interesting to note that most of the OTUs from the 
isolates of Antarctic King George Island represent undescribed 
species. Candidate species level OTU9 was the most common 
taxon in Antarctic King George Island, followed by OTU26 and 
OTU29 (Fig. 3). 

Moreover, the candidate species-level OTUs numbers 1, 2, 
15 and 19 were present in both lichen and bryophyte samples 
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Fig. 3. Candidate species-level OTUs inferred from Automatic Barcode Gap Discovery (ABGD) analysis of the RPB2 dataset. OTUs are numbered from 
1 to 34 and the numbers in parentheses represents isolates clustered in each OTU. Endolichenic fungi isolated from lichen thalli are indicated in black, 
and endophytic fungi isolated from bryophytes are marked in blue. 

collected from the same area, indicating generalists in the 
same ecological niches. Judging from the estimated total 
of 1.5 million (Hawksworth 1991) to as many as 5.1 million 
fungal species (Blackwell 2011, Rosling et al. 2011), our results 

demonstrate that also in the Antarctic, a high percentage of 
endophytic (endolichenic) fungal species remain undescribed. 
Similar results have been reported in tropical endophytes 
(Arnold & Lutzoni 2007). A detailed morphological study of the 
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Fig. 4. Maximum Likelihood analysis based on concatenated five-locus dataset of small and large subunit (nuSSU and nuLSU) rDNA, mitochondrial 
small subunit (mtSSU) rDNA, and protein coding RPB1 and RPB2 markers of 62 taxa representing major lineages of Ascomycota. Two taxa of 
Saccharomycetes are used as outgroup. Node support ≥ 70 % is given on the branches. Taxon labels starting with “EL” in red represents endolichenic 
fungal isolates from lichen, and endophytic fungal isolates from bryophytes are labelled starting with “EF” or “EM” in blue.
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cultures may aid in the formal description of these taxa in an 
integrative framework. However, developing robust hypotheses 
of species identification continues to be a ‘work-in-progress’ 
for examining species diversity in an unexplored area. Here, we 
assessed evolutionary independence of OTUs inferred from the 
ITS and RPB2 markers, using mitochondrial and protein coding 
loci. Results from independent and concatenated datasets 
supported to large extent monophyly of OTUs inferred from 
ITS and RPB2 sequences (Fig. 4 and Supplementary Fig. S1). 
This validation approach suggests that species level diversity 
assessed in the ABGD program likely provides a reasonable 
estimate of species diversity in the studied area. Moreover, 
the method implemented in our study for discovering species-
level diversity based on OTUs is routinely used for organisms 
where morphological features are scarce or absent, such as 
bacteria (reviewed in Yarza et al. 2014). Similar to the previous 
studies (Arnold et al. 2009, U’Ren et al. 2012, Chen et al. 2015), 
our results demonstrate that most of the endophytic and 
endolichenic fungal isolates from the Antarctic King George 
Island belonged to classes Dothideomycetes, Eurotiomycetes, 
Lecanoromycetes, Leotiomycetes, Pezizomycetes and 
Sordariomycetes of Ascomycota. Only two samples belonged 
to Basidiomycota and another two to Mortierellomycotina 
(Fig. 4 and Supplementary Fig. S1). A detailed analysis of 
Mortierellomycotina including a larger dataset revealed that the 
two isolates EFOMIA09 and EFOMIA10, belong to a sister clade 
of Mortierellales (Supplementary Fig. S1, 2). This relationship 
was strongly supported (bootstrap 90 %). Currently with six 
genera belonging to the Mortierellaceae family, they are 
accepted members of Mortierellomycotina, and these fungi 
are commonly found as soil inhabiting saprobic organisms on 
decaying organic matter (Wagner et al. 2013). This is the first 
report of endophytic fungi in Mortierellomycotina and the sister 
relation of our two isolates to the order Mortierellales suggest 
that these samples may belong to an undescribed order within 
this group. A detailed morphological study of the cultures is 
needed to formally describe this lineage as a new order within 
Mortierellomycotina.

Using a five-locus dataset phylogeny, we establish the 
evolutionary relation of 89 Ascomycete endophytic and 
endolichenic fungi isolated from common bryophytes and 
lichen species of Antarctic King George Island. Our results 
demonstrate that these fungi were distributed in 10 orders in 
Pezizomycotina (Fig. 4). In accordance with previous studies, 
endophytic fungi isolated from different hosts and geographic 
regions such as arctic, boreal, temperate and tropical, were 
mostly grouped with Pezizomycotina (Arnold et al. 2009, 
Gazis et al. 2012, U’Ren et al. 2012, Chen et al. 2015). While 
Leotiomycetes and Sordariomycetes predominated the 
studied area, the Pezizomycetes and Lecanoromycetes were 
the least common, with only a single isolate each. Although, 
Antarctic endophyte (including endolichenic) assemblages 
were especially dominated by species belonging to the order 
Helotiales (Leotiomycetes), orders Sordariales and Xylariales 
(Sordariomycetes), these were least common in tropical and 
temperate areas (see e.g. Arnold & Lutzoni 2007). Indeed, 
Lecanoromycetes included the major lineages of lichen forming 
fungi (Miadlikowska et al. 2014, Jaklitsch et al. 2016). Our 
results demonstrate that of the 61 endolichenic fungal isolates 
from lichen thalli just one was grouped as Umbilicariales 
(Lecanoromycetes), suggesting no host specificity. These 
data are in agreement with a recent metabarcoding study, in 

which authors showed low specificity of endolichenic fungi 
segregated from lichen taxa growing in an alpine habitat 
(Fernández-Mendoza et al. 2017). While we establish the 
phylogenetic relations of most of the isolates in different orders 
of Pezizomycotina, the relationship of the isolates EL001127 
and EL001121 in Eurotiomycetes, and EL003489 and EL003490 
in Dothideomycetes remains unclear. These may belong to 
undescribed orders and a detailed study focusing especially 
on these two classes is needed in order to fix their systematic 
positions.

The host lichens are Usnia antarctica, Cladonia borealis, 
and Psilolechia lucida, mainly growing on moss mats in the 
island. Therefore, it is highly possible that some endophytes can 
facultatively select their hosts between lichens and bryophytes 
at a given location. This result is consistent with a previous study 
(Furbino et al. 2014). If it is true, we might rule out the hypothesis 
that in Antarctica, these endophytes colonise lichen thalli to 
obtain their carbon sources from photobionts (symbiotic algae). 
Rather, lichens could be serving a more important function as a 
shelter for the endophytes in extreme environmental conditions. 
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INTRODUCTION

The family Sporocadaceae (Xylariales, Sordariomycetes) was 
recently revived by Jaklitsch et al. (2016) to accommodate 
Seimatosporium and allied appendaged coelomycetous fungi. In 
his treatment of the genus Seimatosporium (based on S. rosae; 
sexual morph: Discostroma, based on Disc. rehmii), Sutton 
(1980) chose a broad circumscription. Thus, numerous genera 
as such as Diploceras (based on Dip. hypericinum; sexual morph 
Discostromopsis based on Dis. callistemonis) and Allelochaeta 
(based on A. gaubae) were listed as synonyms. The genus 
Vermisporium (based on V. walkeri) was subsequently introduced 
to accommodate a commonly occurring group of leaf-spotting 
fungi found on Eucalyptus (Swart & Williamson 1983), several 
of which were previously accommodated in Seimatosporium 
(Shoemaker 1964, Swart 1982). Nag Raj (1993) reviewed the 
assemblage of species included in Seimatosporium and placed 
them into five genera based on conidial characteristics such 
as shape, pigmentation, septa, and appendages. These genera 
included Diploceras, Sarcostroma (based on Sa. berkeleyi), 
Seimatosporium, Sporocadus (based on Sp. herbarum), and 
Vermisporium.

Nag Raj (1993) restricted Seimatosporium s. str. to taxa 
with acervuli and pigmented, appendaged or non-appendaged 
conidia. Seimatosporium was seen as having conidia with 
cellular, filiform apical appendages and an excentric basal 
appendage, while Vermisporium was circumscribed as having 
falcate to elongate-fusiform, hyaline to pigmented conidia, with 
a beak-like apical cell (continuous appendage), and a cuneiform 
to podiform, tubular, unbranched, excentric basal appendage. 
Nag Raj (1993) also treated Diploceras as having acervuli that 
give rise to conidia with pigmented central and hyaline end cells, 
and cellular, branched or unbranched appendages, with the 
basal appendages being excentric.

Barber et al. (2011) produced the first phylogenetic 
treatment of Vermisporium using DNA sequence data of ITS and 
28S nrDNA (LSU). They concluded that Vermisporium clustered 
within the larger genus Seimatosporium, and suggested that 
it should be treated as a synonym of that genus. At that time, 
the circumscription of Allelochaeta and Diploceras remained 
unclear due to a lack of isolates for study. In a subsequent 
investigation, Tanaka et al. (2011) distinguished Discosia and 
Truncatella from Seimatosporium. But based on LSU sequence 
data, taxa identified as Sarcostroma and Sporocadus clustered 
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Abstract: The appendaged coelomycete genus Seimatosporium (Sporocadaceae, Sordariomycetes) and some of its 
purported synonyms Allelochaeta, Diploceras and Vermisporium are re-evaluated. Based on DNA data for five loci 
(ITS, LSU, rpb2, tub2 and tef1), Seimatosporium is shown to be paraphyletic. The ex-type species of Allelochaeta, 
Discostromopsis and Vermisporium represent a distinct sister clade to which the oldest name Allelochaeta is applied. 
These genera were traditionally separated based on a combination of conidial pigmentation, septation, and the nature 
of their conidial appendages. Allelochaeta is revealed to include taxa with both branched or solitary appendages, 
that could be cellular or continuous, with conidia being (2–)3(–5)-septate, hyaline, or pigmented, concolourous or 
versicolourous. This suggests that these characters should be applied at species, and not at the generic level. Conidial 
pigmentation appears to have been lost or gained several times during the evolution of species within Allelochaeta. In 
total, 25 new species, 15 new combinations, and 10 new epitypifications are proposed. 
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within the larger Seimatosporium complex.
In an attempt to resolve the taxonomy of Seimatosporium, 

we have in the present study recollected the type species as 
well as several additional isolates of Allelochaeta, Diploceras, 
Discostromopsis, Seimatosporium and Vermisporium. The aim 
of this study was thus to generate a multi-gene DNA phylogeny, 
to compare the morphology of the various type species of these 
genera and to resolve their taxonomy.

MATERIAL AND METHODS

Isolates

Symptomatic leaves were collected from various hosts and 
locations (Table 1). These were placed in paper bags, and 
transferred to the laboratory for further study. Leaf samples 
were incubated in moist chambers for 3–7 d, and inspected 
daily for appendaged Coelomycetes. Single conidial colonies 
were established on 2 % malt extract agar (MEA; Crous et al. 
1991). Colonies were subcultured onto 2 % potato-dextrose agar 
(PDA), oatmeal agar (OA), or synthetic nutrient-poor agar (SNA; 
Crous et al. 2009), supplemented with pieces of sterile banana 
leaf (BLA), or autoclaved pine needles (PNA), and incubated 
under continuous near-ultraviolet light at 25 °C to induce 
sporulation. Reference strains and specimens are maintained 
at the Westerdijk Fungal Biodiversity Institute in Utrecht, the 
Netherlands (CBS).

DNA isolation, amplification and analyses 

Fungal mycelium of strains (Table 1) was harvested with a sterile 
scalpel and the genomic DNA was isolated using the Wizard® 
Genomic DNA Purification Kit (Promega Corporation, WI, USA) 
following the manufacturers’ protocols. Four partial nuclear 
genes were subjected to PCR amplification and sequencing. 
These included the 28S nrRNA gene (LSU), internal transcribed 
spacer regions and intervening 5.8S nrRNA gene (ITS) of the 
nrDNA operon, DNA-directed RNA polymerase II second 
largest subunit gene (rpb2), beta-tubulin (tub2) and translation 
elongation factor 1-alpha (tef1) using the primers and conditions 
explained in Braun et al. (2018). The resulting fragments 
were sequenced in both directions using the respective PCR 
primers and the BigDye Terminator Cycle Sequencing Kit v. 3.1 
(Applied Biosystems Life Technologies, Carlsbad, CA, USA). DNA 
sequencing amplicons were purified through Sephadex G-50 
Superfine columns (Sigma-Aldrich, St. Louis, MO) in MultiScreen 
HV plates (Millipore, Billerica, MA). Purified sequence reactions 
were analysed on an Applied Biosystems 3730xl DNA Analyzer 
(Life Technologies, Carlsbad, CA, USA). The DNA sequences 
were analysed and consensus sequences were computed using 
SeqMan Pro v. 13 (DNASTAR, Madison, WI, USA). All novel 
sequences in this study were deposited in GenBank (Table 1).

The sequences for each gene region were subjected to 
megablast searches (Zhang et al. 2000) to identify closely related 
sequences in the NCBI GenBank nucleotide database. Loci were 
aligned with the online version of MAFFT v. 7 (Katoh & Standley 
2013) after which the alignments were manually checked and 
improved where necessary using MEGA v. 7 (Kumar et al. 2016). 

The phylogenetic methods used in this study included 
Bayesian analyses performed with MrBayes v. 3.2.6 (Ronquist 
et al. 2012) and Maximum Parsimony analyses performed with 

PAUP v. 4.0b10 (Swofford 2003) as explained in Videira et al. 
(2017). For the Bayesian analyses, trees were sampled every 
100 generations, the temperature parameter was set to 0.2 
and the stop value to 0.01. MrModelTest v. 2.2 (Nylander 2004) 
was used to determine the best nucleotide substitution model 
settings for each data partition. All resulting trees were printed 
with Geneious v. 11.0.3 (http://www.geneious.com, Kearse et al. 
2012) and the layout of the trees was done in Adobe Illustrator 
v. CC 2017. 

Morphology 

All descriptions published in this study were derived from 
isolates incubated at 25 °C under near-ultraviolet light to 
promote sporulation. Structures were removed with a needle 
and mounted on microscope slides in water, lactic acid glycerol, 
and lactic acid cotton blue, respectively. In this generic complex, 
conidia are either hyaline or pigmented, and conidia are septate. 
All species have a basal and apical appendage, which can be single 
or branched. The measured length of the apical cell included the 
apical appendage if present; the measured length of the basal 
cell excluded the basal appendage, from the abrupt narrowing 
(locus of attachment) of the basal cell. Observations were made 
with a Nikon SMZ25 dissecting microscope, and with a Zeiss Axio 
Imager 2 light microscope using differential interference contrast 
(DIC) illumination and a Nikon DS-Ri2 camera and software. 
Colony characters and pigment production were noted after 2–4 
wk of growth on MEA, PDA and OA (Crous et al. 2009) incubated 
at 25 °C. Colony colours (surface and reverse) were scored using 
the colour charts of Rayner (1970). Sequences derived in this 
study were deposited in GenBank, the alignment in TreeBASE 
(www.treebase.org; study number 23257), and taxonomic 
novelties in MycoBank (www.MycoBank.org; Crous et al. 2004).

RESULTS

Phylogenetic analyses

It was not possible to generate sequences for all loci for all isolates 
included in this study. This was mainly due to the fact that some 
loci failed to amplify for some isolates, even though several 
attempts were made to obtain a product suitable for sequencing. 
Missing or partial data were, therefore, treated as missing 
data in the alignments and subsequent phylogenetic analyses. 
The combined ITS/LSU/rpb2/tef1/tub2 alignment contained 
82 isolates including the outgroup strain of Neopestalotiopsis 
protearum (CBS 114178; GenBank JN712498.1, JN712564.1, 
LT853151.1, KM199542.1 and KM199463.1, respectively). 
The final alignment contained a total of 3 826 characters used 
for the phylogenetic analyses, including alignment gaps. The 
Maximum Parsimony (MP) analysis generated 179 equally 
most parsimonious trees, the first of which is shown in Fig. 1 
(Tree Length = 6 214, CI = 0.482, RI = 0.764, RC = 0.368), and 
the bootstrap support values (MP-BS) >74 % were mapped on 
the tree as the first value. From the analysed characters, 2 230 
were constant, 316 were variable and parsimony-uninformative 
and 1 280 were parsimony-informative. A strict consensus tree 
was calculated from the equally most parsimonious trees and 
the strict consensus branches were mapped with a thicker 
line on the presented phylogenetic tree (Fig. 1). MrModelTest 
recommended that the Bayesian analysis should use Dirichlet 
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Allelochaeta biseptata, comb. nov.

Allelochaeta samuelii, comb. nov.

Allelochaeta dilophospora, comb. nov.
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Fig. 1. The first of 180 equally most parsimonious trees obtained from the combined ITS/LSU/rpb2/tef1/tub2 sequence alignment. Bayesian posterior 
probabilities (PP) >0.84 and maximum parsimony bootstrap support values (MP-BS) >74 % are shown at the nodes (MP-BS / PP) and thickened 
lines represent those branches present in the strict consensus maximum parsimony tree. An asterisk denotes fully-supported branches (MP-BS = 
100 % / PP = 1.0). The scale bar represents the number of changes per site. Species of Allelochaeta are indicated with coloured blocks on the tree. 
Culture numbers and type status (T: ex-type; ET: ex-epitype; IT: ex-isotype; REF: reference culture) are indicated for each strain. The tree is rooted 
to Neopestalotiopsis protearum (culture CBS 114178). Pigmentation (empty square: hyaline; filled square: pigmented), presence of chlamydospores 
(present indicated with filled star), the average septation and the type of appendage (Co: continuous; Ce: cellular) of the Allelochaeta species are 
plotted to the right of the tree.

base frequencies for all data partitions. The GTR+I+G model was 
proposed for LSU and rpb2 and the HKY+I+G model for ITS, tef1 
and tub2. The Bayesian analysis generated 38 202 trees from 
which 28 652 trees were sampled after 25 % of the trees were 
discarded as burn-in. The posterior probability values (PP) were 
calculated from the 9 528 trees (Fig. 1; second value: PP >0.84 
shown). The alignment contained a total of 1 662 unique site 
patterns (ITS: 218, LSU: 90, rpb2: 399, tef1: 414, tub2: 541).

The Bayesian phylogeny generally supported the same 
clades as those presented in the phylogeny based on parsimony 
analysis (Fig. 1; see TreeBASE for individual trees), especially with 
regard to the order of the basal lineages. The only exception was 

a tight clade containing Seimatosporium vitis / Seimatosporium 
physocarpi that represented two distinct lineages within 
Seimatosporium. This could be explained by the lack of the 
protein-coding gene sequence data for Seimatosporium vitis. 
Interestingly, Seimatosporium pistaciae and Seimatosporium 
rosae differed at 11 nucleotides (including two alignment gaps) 
in 3 576 alignment positions. In the most terminal part, the 
order of Allelochaeta sp. / Allelochaeta acuta / Allelochaeta 
falcata changed in the Bayesian tree. In addition, Allelochaeta 
neoacuta strain CPC 25494 splits off from the remainder of 
the Allelochaeta neoacuta clade, but this isolate was only 
represented by ITS and LSU sequences in the alignment. 
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Fig. 1. (Continued).
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Overall, the same species clades/lineages were observed in 
the individual gene trees (data not shown, see TreeBASE). The ITS 
phylogeny could not clearly resolve Allelochaeta dilophospora / 
Allelochaeta neodilophospora, Allelochaeta acuta / Allelochaeta 
falcata, Allelochaeta minor / Allelochaeta pseudowalkeri and 
Allelochaeta neoacuta / Allelochaeta neoorbicularis. The 
LSU phylogeny could resolve only the broader lineages and 
not most of the closely related species. The rpb2 phylogeny 
could not clearly resolve Allelochaeta obliquae / Allelochaeta 
sparsifoliae and Allelochaeta acuta / Allelochaeta pseudoacuta / 
Allelochaeta pseudoobtusa. The tef1 phylogeny could not clearly 
resolve the complex of Allelochaeta acuta / Allelochaeta falcata / 
Allelochaeta pseudoacuta / Allelochaeta sp. The tub2 phylogeny 
could not clearly resolve the complex of Allelochaeta acuta / 
Allelochaeta falcata / Allelochaeta pseudoacuta / Allelochaeta 
pseudoobtusa / Allelochaeta sp.

Taxonomy

Nine of the 13 species known in the genus Vermisporium were 
included in the present study, along with three species of 
Diploceras, and seven of Seimatosporium. Characters used to 
distinguish species include the relative cell lengths of conidia, 
appendage morphology, and the presence or absence of conidial 
pigmentation. Based on support from phylogenetic analyses in 
this study, an additional 25 species are described as new below: 

Classification: Sporocadaceae, Amphisphaeriales, Xylariomyceti-
dae, Sordariomycetes.

Allelochaeta Petr., Sydowia 9(1–6): 464. 1955.
Synonyms: Vermisporium H.J. Swart & M.A. Will., Trans. Brit. 
Mycol. Soc. 81: 491. 1983. (Type species: Vermisporium walkeri 
H.J. Swart & M.A. Will.).
Discostromopsis H.J. Swart, Trans. Brit. Mycol. Soc. 73: 217. 
1979. (Type species: Discostromopsis callistemonis H.J. Swart).

Foliicolous. Conidiomata stromatic and acervular, erumpent, 
unilocular to plurilocular, glabrous, dark brown to black; 
basal stroma of textura angularis; dehiscing via an irregular 
split in the overlying host tissue. Conidiophores arising from 
the upper cells of the basal stroma or lining the cavity of the 
conidioma, reduced to conidiogenous cells or branched and 
septate, hyaline or pale brown at base, smooth, invested in 
mucus. Conidiogenous cells discrete or integrated, ampulliform, 
lageniform, cylindrical, subcylindrical, mostly hyaline, or pale 
brown below, smooth, proliferating percurrently. Conidia 
fusoid, naviculate, subcylindrical or acerose, straight or curved, 
euseptate, wall thin and with or without slight constrictions at 
the septa, smooth; median cells hyaline to medium brown; end 
cells hyaline, bearing mostly a single appendage at each end, 
which could be branched; appendages continuous with the 
conidium body or cellular, not separated from the conidium 
body by septa, branched or unbranched, branches filiform or 
attenuated and flexuous; basal appendage excentric, narrowly 
cuneiform to spike-like, podiform or cellular. Microconidia 
present in some species, acerose, unicellular, hyaline, smooth. 
Ascomata perithecial, immersed in host tissue, solitary or 
aggregated in cultures, covered by a small clypeus, obpyriform; 
wall composed of several layers of thin-walled, brown cells. 
Asci basal, intermingled among paraphyses that degenerate 
at maturity, long elliptical, unitunicate with thickened apex 

and indistinct apical structures. Ascospores biseriate, hyaline, 
3-septate, ellipsoid, straight to inaequilateral.

Type species: Allelochaeta gaubae Petr. [= A. dilophospora 
(Cooke) Crous]

Notes: Swart (1979) introduced the genus Discostromopsis to 
accommodate the sexual morphs of several “Seimatosporium” 
spp. Nag Raj (1993) applied a much narrower definition of 
Seimatosporium than Sutton (1980), and later resurrected 
Diploceras (pigmented, fusiform to naviculate 3–5-septate 
conidia with mostly singular, cellular, apical and excentric basal 
appendages) to accommodate these taxa. Although the ex-
type strains of Allelochaeta, Discostromopsis and Vermisporium 
cluster together in the present study, the type of Diploceras, 
D. hypericinum, clusters distant to this complex (F. Liu et al. in 
prep.). Furthermore, all other species of Diploceras collected 
in this study clustered among the species of Allelochaeta/
Vermisporium. 

Although Nag Raj (1993) applied a much narrower definition 
of Seimatosporium than Sutton (1980), he regarded the genus 
Allelochaeta (based on A. gaubae, holotype BPI 407171A, 
annotated by T.R. Nag Raj and H.J. Swart as “Seimatosporium” 
dilophosporum) as synonym of Diploceras. Because the type 
species of Diploceras clustered distant from this clade, the oldest 
available generic name for this genus becomes Allelochaeta 
(Petrak 1955), which is resurrected here.

Allelochaeta acuta (H.J. Swart & M.A. Will.) Crous, comb. nov. 
MycoBank MB827138. Figs 2, 3.
Basionym: Vermisporium acutum H.J. Swart & M.A. Will., Trans. 
Brit. Mycol. Soc. 81: 495. 1983. 
Synonym: Seimatosporium acutum (H.J. Swart & M.A. Will.) P.A. 
Barber & Crous, Persoonia 27: 93. 2011.

Morphological description on natural substratum: See Barber et 
al. (2011). 

Diagnosis: Conidia narrowly fusiform, straight or curved, 
(2–)3(–4)-septate, hyaline, orange in mass, slightly or not 
constricted at septa, (39–)45–61(–66) × 3–4.5(–5) µm; apical 
cell narrowly conical, attenuated to an acute apex, (11–)13–22 
µm long; second cell from apex cylindrical to sub-cylindrical, 
(10–)11–17 µm long; third cell from apex cylindrical to sub-
cylindrical, 9–15 (av. = 11.7) µm long; basal cell with a truncate 
base, (7–)9–12(–13) µm long; basal appendage excentric, single, 
narrowly cuneiform, 2–7 µm long.

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and feathery margins, reaching 50 
mm diam after 2 wk. Colonies salmon on MEA, OA and PDA, 
with orange spore masses.

Specimens examined: Australia, Victoria, Victoria Valley, Grampians 
National Park, on E. camaldulensis, 6 Oct. 1999, P.A. Barber, GR0.05; 
Victoria, Rutherglen, on Eucalyptus sp., 1903, G.H. Robinson (holotype 
VPRI 2156); Victoria, Frankston, 33.27.17.1 150.13.50.8, on E. 
resinifera, 10 May 2011, P.W. Crous, CPC 19289; New South Wales, 
Wollemi National Park, on Eucalyptus sp., 9 Feb. 2006, B.A. Summerell, 
CPC 12703; Victoria, Woorndoo, S37°53’29.3” E 142°47’51.1”, on 
E. viminalis, 21 Oct. 2009, P.W. Crous (epitype designated here CBS 
H-23434, MBT382765, culture ex-epitype CPC 17646 = CBS 144168); 



© 2018 Westerdijk Fungal Biodiversity Institute

Allelochaeta
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

283

New South Wales, Paddys River, S34°38’20.2” E 150°07’48.2”, on 
E. dives, 27 Mar. 2009, B.A. Summerell, CPC 16629. New Zealand, 
Wellington, Botanic Gardens, on Eucalyptus sp., 31 October 1996, B.J. 
Rogan, NZFRI-M 3644.

Notes: Allelochaeta acuta can be distinguished from A. 
cylindrospora and A. eucalypti by its completely hyaline conidia, 
and the absence of an apical appendage. Isolate CPC 16629 
appears somewhat different and could represent a closely related 
cryptic species, but additional isolates are required to resolve its 
status. Phylogenetically, it is not possible to distinguish A. acuta, 
A. falcata, A. pseudoacuta, A. pseudoobtusa and Allelochaeta 
sp. based on any of the individual loci and additional markers 
and more isolates are needed to more accurately delimit the 
species boundaries.

Allelochaeta biseptata (H.J. Swart & M.A. Will.) Crous, comb. 
nov. MycoBank MB827139. Figs 4, 5.
Basionym: Vermisporium biseptatum H.J. Swart & M.A. Will., 
Trans. Brit. Mycol. Soc. 81: 492. 1983.
Synonym: Seimatosporium biseptatum (H.J. Swart & M.A. Will.) 
P.A. Barber & Crous, Persoonia 27: 94. 2011.

Morphological description on natural substratum: See Barber et 
al. (2011). 

CPC 13584: Conidiomata acervular, 250–400 µm diam, exuding 
an orange conidial mass. Conidiophores subcylindrical, hyaline, 

smooth, reduced to conidiogenous cells, or with a supporting 
cell. Conidiogenous cells subcylindrical, smooth, hyaline, 15–20 
× (2.5–)3(–3.5) µm; proliferating percurrently near apex. Conidia 
subcylindrical, hyaline, smooth, 2-septate (but with age, up to 5 
septa can develop in culture), straight to curved, not constricted 
at septa, guttulate, (45–)52–60(–70) × 2.5(–3) µm; apical cell 
subcylindrical, tapering to a truncate apex, 22–27 µm long; 
median cell cylindrical, 10–12 µm long; basal cell with a small 
truncate base, 19–22 µm; basal appendage single, excentric, 
podiform, 2–3 µm long.

Culture characteristics: Colonies erumpent, spreading, with 
sparse to moderate aerial mycelium and feathery margins, 
reaching 45 mm diam after 2 wk. Colonies salmon on MEA, OA 
and PDA.

Materials examined: Australia, Victoria, Melbourne, Box Hill, on E. 
melliodora, 11 Oct. 1903, C. French Jr. (holotype VPRI 2168); Victoria, 
Tennyson, on E. camaldulensis, 26 Oct. 1999, P.A. Barber, PAB99.01; 
South Australia, Mundulla, on E. camaldulensis, 27 Aug. 1999, P.A. 
Barber, PAB 99.12; New South Wales, Northern Tablelands, 7.5 km E 
of Nundle on road to Hanging Rock (c. 100 m E of Hanging Rock track 
turnoff), S31°28’31” E151°10’59”, alt. 1 090 m, 20 Jul. 2006, A.E. Orme 
& R. Johnstone 732739, on E. oresbia (epitype designated here CBS 
H-20743, MBT382766, culture CPC 13584–13586 = CBS 131116 = CPC 
13584); ditto, cultures CPC 13585–13586; New South Wales, on leaves 
of E. malacoxylon, Jan. 2006, B.A. Summerell, CBS H-23464, culture CPC 
13587 = CBS 144190.

Fig. 2. Allelochaeta acuta (CPC 17646). A. Conidiomata on OA. B. Conidiophores. C, D. Conidia. Scale bars = 10 µm.

Fig. 3. Allelochaeta acuta (CPC 12703). A, B. Conidiophores in vivo. C, D. Conidia. Scale bars = 10 µm.
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Note: Conidia of A. biseptata closely match the present collection 
[conidia 45–59(–70) × (1.5–)2–2.5 µm, basal cell 14–26(–29) µm 
long, median cell 7–12(–13) µm long, apical cell (17–)20–26 µm 
long, podiform appendage 1–3 µm long; Nag Raj 1993]. This 
species can easily be distinguished from its closest phylogenetic 
neighbours based on ITS, rpb2, tef1 and tub2.

Allelochaeta brevicentra (H.J. Swart & M.A. Will.) Crous, comb. 
nov. MycoBank MB827140. 
Basionym: Vermisporium brevicentrum H.J. Swart & M.A. Will., 
Trans. Brit. Mycol. Soc. 81: 493. 1983.
Synonym: Seimatosporium brevicentrum (H.J. Swart & M.A. 
Will.) P.A. Barber & Crous, Persoonia 27: 96. 2011.

Morphological description on natural substratum: See Barber et 
al. (2011). 

Materials examined: Australia, Victoria, Whittlesea, on E. ovata, 11 
Oct. 1999, P.A. Barber, PAB99.11; Mt. Burchell, Grampians National 
Park, on E. serraensis, 12 Aug. 2000, P.A. Barber, GR0.02. New Zealand, 
Wellington, Karori Cemetery, on Eucalyptus sp., 14 Nov. 1996, B. Rogan, 
NZFRI-M 3645; Catchpool Forest, on E. fastigata, 16 Oct. 1997, B.J. 
Rogan, NZFRI-M 3756.

Note: This species is not known from culture and needs to be 
recollected.

Allelochaeta cylindrospora (H.J. Swart) Crous, comb. nov. 
MycoBank MB827141. Fig. 6.
Basionym: Seimatosporium cylindrosporum H.J. Swart, Trans. 
Brit. Mycol. Soc. 78: 267. 1982.
Synonym: Vermisporium cylindrosporum (H.J. Swart) Nag Raj, in 
Nag Raj, Coelomycetous anamorphs with appendage-bearing 
conidia (Ontario): 965. 1993.

Morphological description on natural substratum: See Barber et 
al. (2011). 

CPC 28302 = VPRI 15692: Conidiomata stromatic, acervuloid, 
scattered, oval, 150–200 µm diam, exuding a brown conidial 
mass. Conidiophores lining the basal cavity, subcylindrical, 
branched, 1–4-septate, pale brown at base, 20–40 × 2–3 µm. 
Conidiogenous cells hyaline, smooth, subcylindrical, terminal 
and intercalary, proliferating percurrently near apex, 5–12 × 
2–3 µm. Conidia falcate, fusoid, 3-septate, slightly constricted 
at septa, median cells pale brown, end cells hyaline, smooth-
walled, (28–)35–45(–50) × (3.5–)4(–5) µm; apical cell narrowly 
conical, attenuating toward apex with tubular appendage, 
13–15(–19) µm long; second cell from apex cylindrical to 
subcylindrical, (7–)8–10(–12) µm long; third cell from apex 
cylindrical to subcylindrical, (7–)8–9 µm long; basal cell with 
narrowly truncate base, 6–7 µm long; basal appendage excentric, 
single, tubular to cuneiform, (7–)8–12(–17) µm long. 

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and feathery margins, reaching 50 
mm diam after 2 wk. Colonies salmon on MEA, OA and PDA, 
with brown spore masses.

Materials examined: Australia, Victoria, Kamarooka State Forest, on E. 
behriana, 26 Oct. 1999, P.A. Barber (PAB 99.06); Victoria, Melton, on E. 
behriana, 19 Mar. 1977, I. Pascoe (isotype MELU 2002-5-3); Victoria, 
Djerriwarrh Creek, on E. behriana, 12 May 1972, H.J. Swart (epitype 
designated here CBS H-23435, MBT382767, culture ex-epitype CPC 
28302 = VPRI 15692 = CBS 144169). New Zealand, Tokoroa, Kinleith 
Forest, on E. radiata ssp. radiata, Oct. 1986, collector unknown, 
NZFRI-M 3167; Tokoroa, Kinleith Forest, on E. regnans, July 1985, 
collector unknown, NZFRI-M 3156; Tokoroa, Kinleith Forest, on E. 
saligna, May 1988, collector unknown, NZFRI-M 3259; Tokoroa, Kinleith 
Forest, on Eucalyptus sp., Nov. 1982, collector unknown, NZFRI-M 3155.

Fig. 4. Allelochaeta biseptata (CPC 13584). A. Conidiomata on OA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.

Fig. 5. Allelochaeta biseptata (CPC 13584). A. Conidiophores. B. Conidia. 
Scale bars = 10 µm.
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Notes: The type specimen was collected by I. Pascoe in Victoria, 
Djerriwarrh Creek, on E. behriana on 19 Mar. 1977 (holotype 
DAR 37065), and the present collection comes from the same 
area, collected on the same host as in 1972. Morphologically, 
it closely matches the descriptions provided by Nag Raj (1993) 
and Barber et al. (2011), and is therefore designated as epitype. 
Conidial cells of A. cylindrospora consistently increase in length 
from the base to the apex and the second cell from the base is 
approximately only 10 % longer than the basal cell, compared 
with A. falcatum and A. eucalypti where it is always more than 20 
% longer than the basal cell (Barber et al. 2011). This species can 
easily be distinguished from its closest phylogenetic neighbours 
based on ITS, LSU, rpb2, tef1 and tub2.

Allelochaeta dilophospora (Cooke) Crous, comb. nov. MycoBank 
MB827142. Fig. 7.
Basionym: Hyaloceras dilophosporum Cooke, Grevillea 19(no. 
89): 5. 1890.
Synonyms: Diploceras dilophosporum (Cooke) Sacc., Syll. fung. 
(Abellini) 10: 484. 1892.
Seimatosporium dilophosporum (Cooke) B. Sutton, Mycol. Pap. 
97: 35. 1964.
Sarcostroma dilophospora (Cooke) M. Morelet [as ‘dilophospho-
ra’], Ann. Soc. Sci. Nat. Arch. Toulon et du Var 37(4): 233. 1985.
Allelochaeta gaubae Petr., Sydowia 9: 464. 1955.
Discostromopsis stoneae H.J. Swart, Trans. Brit. Mycol. Soc. 73: 
217. 1979.
Discostroma stoneae (H.J. Swart) Sivan., Fungal Diversity 11: 
152. 2002.

Conidiomata stromatic, acervuloid, scattered, irregular in 
outline, 250–500 µm diam, exuding a brown conidial mass. 

Conidiophores lining the basal cavity, subcylindrical, branched, 
1–3-septate, hyaline, 12–20 × 2.5–4 µm. Conidiogenous cells 
hyaline, smooth, subcylindrical, terminal and intercalary, 
proliferating percurrently near apex, 8–10 × 2.5–3 µm. 
Conidia fusoid, straight to curved, 4(–5)-septate, pale brown, 
smooth-walled, slightly constricted at septa, (23–)26–35(–40) 
× (4–)4.5(–5) µm; apical cell long conical, attenuating toward 
apex, subhyaline, (4–)5–6 µm long; median cells cylindrical to 
subcylindrical, pale brown, together 15–25 µm long; basal cell 
obconical with narrowly truncate base, subhyaline, 4–8 µm 
long; appendages tubular, attenuated, branched close to base; 
apical branches 10–15(–20 µm long; basal appendage excentric, 
branches, 8–15(–20) µm long. 

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and feathery margins, reaching 40 
mm diam after 2 wk. Colonies on MEA dirty white to lavender 
grey on surface, iron-grey in reverse; on OA salmon with brown 
spore masses; on PDA surface and reverse salmon, with brown 
spore masses.

Materials examined: Australia, Victoria, Wilsons Promontory, on 
Melaleuca squarrosa, 13 Aug. 1968, H.J. Swart, CPC 28301 = VPRI 15691; 
Victoria, Waratah Bay, dead leaf of Melaleuca squarrosa, 1 Nov. 1966, 
H.J. Swart (epitype designated here CBS H-17990, MBT382768, culture 
ex-epitype CBS 161.67, received as Seimatosporium dilophosporum); 
Tasmania, Arboretum, on Betula pendula, Dec. 2011, W. Quaedvlieg, 
CPC 20124; Victoria, Port Philip, on Melaleuca squarrosa, May 1890, 
C. French (holotype of Hyaloceras dilophosporum, IMI 58841 ex K – 
not seen); New South Wales, near Rylstone, on leaves of Callistemon 
citrinus, 7 Mar. 1954, E. gauba (holotype of Allelochaeta gaubae, BPI 
407171A).

Fig. 6. Allelochaeta cylindrospora (CPC 28302). A. Conidiomata on OA. B. Conidiophores. C, D. Conidia. Scale bars = 10 µm.

Fig. 7. Allelochaeta dilophospora (CBS 161.67). A. Conidiomata on OA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.
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Notes: The present collection closely matches the morphology 
of this species and is herewith designated as epitype. This 
species can easily be distinguished from its closest phylogenetic 
neighbours based on LSU, rpb2, tef1 and tub2. On ITS, it cannot 
be distinguished from A. neodilophospora. Discostromopsis 
stoneae (syn.: Discostroma stoneae) was described from a 
specimen with the same collection details as the culture chosen 
here to serve as ex-epitype for A. dilophospora (Victoria, Waratah 
Bay, dead leaf of Melaleuca squarrosa, 1 Nov. 1966, H.J. Swart, 
DAR 31945). Although the culture studied here was received 
from H.J. Swart as Seimatosporium dilophosporum, it suggests 
that the sexual and asexual morphs probably occurred on the 
same leaf material. Unfortunately, it is not known if this culture 
was derived from a single ascospore or conidium. This link is also 
discussed by Swart (1979), who referred to the asexual morph as 
A. gaubae, stating that the type preserved in BPI was identical to 
the asexual morph of D. stoneae. 

Allelochaeta elegans (H.J. Swart) Crous, comb. nov. MycoBank 
MB827143. Fig. 8.
Basionym: Seimatosporium elegans H.J. Swart, Trans. Brit. 
Mycol. Soc. 73: 213. 1979.
Synonyms: Discostromopsis elegans H.J. Swart, Trans. Brit. 
Mycol. Soc. 73: 217. 1979.
Diploceras elegans (H.J. Swart) Nag Raj, in Nag Raj, Coelomycetous 
Anamorphs with Appendage-bearing Conidia (Ontario): 286. 
1993.
Discostroma elegans (H.J. Swart) Sivan., Fungal Diversity 11: 
152. 2002.

Conidiomata stromatic, acervuloid, scattered, round to 
irregular, 250–500 µm diam, exuding a brown conidial mass. 
Conidiophores lining the basal cavity, subcylindrical, branched, 
0–2-septate, hyaline to pale brown, 20–40 × 2.5–3.5 µm. 
Conidiogenous cells hyaline, smooth, subcylindrical, terminal 
and intercalary, proliferating percurrently near apex, 8–20 × 2.5–
3 µm. Conidia acerose, falcate, 4-septate, pale brown, smooth-
walled, slightly constricted at septa, (50–)55–60(–70) × (3.5–)–
4(–4.5) µm; apical cell long conical, attenuating toward apex, 
subhyaline, (25–)30–35(–40) µm long; median cells cylindrical to 
subcylindrical, together 17–25 µm long; basal cell obconical with 
narrowly truncate base, 5–6 µm long; basal appendage excentric, 
single, tubular, flexuous, (15–)20–25 µm long. Chlamydospores 
developing in agar, solitary, globose, brown, thick-walled, 12–17 
µm diam.

Culture characteristics: Colonies flat, spreading, with sparse 
aerial mycelium and feathery margins, covering dish after 2 wk. 
Colonies on MEA surface and reverse ochreous; on OA chestnut 
due to brown spore masses; on PDA surface and reverse 
isabelline.

Materials examined: Australia, Victoria, Mallee, near Djerriwarrh Creek, 
leaf spot on Melaleuca lanceolata, 24 Aug. 1976, H.J. Swart No. 76-28 
(epitype designated here CBS H-17992, MBT382769, culture ex-epitype 
CBS 187.81), deposited as Seimatosporium elegans, and appears to be 
a duplicate of culture CPC 28306 = VPRI 15697, collected on the same 
host and location, 24 Aug. 1976; Victoria, East Gippsland, on Melaleuca 
ericifolia, 29 May 1967, H.J. Swart (holotype IMI 144633).

Notes: Nag Raj (1993) reported conidia from the type as being 
48–78 × 2.5–3.5 µm, median cells 17–32 µm long, apical cell 18–
40 µm long, basal cell 15–23 µm long, thus closely matching this 
culture, which H.J. Swart also deposited as “Diploceras elegans”. 
It is therefore designated as epitype. This species can easily be 
distinguished from its closest phylogenetic neighbours based on 
ITS, rpb2, tef1 and tub2.

Allelochaeta euabalongensis Crous, sp. nov. MycoBank 
MB827144. Fig. 9.

Etymology: Name reflects the town Euabalong, where this 
species was collected.

Conidiomata stromatic, acervuloid, scattered, oval, 150–250 µm 
diam, exuding an orange conidial mass. Conidiophores lining 
the basal cavity, reduced to conidiogenous cells. Conidiogenous 
cells hyaline, smooth, subcylindrical, proliferating percurrently 
near apex, 8–16 × 2.5–3.5 µm. Conidia subcylindrical to 
narrowly fusoid, hyaline, smooth, guttulate, flexuous, 3-septate, 
constricted at septa or not, with prominent taper in apical cell 
to flexuous appendage, (55–)60–70(–75) × (3–)3.5(–4) µm; 
apical cell attenuating toward a long thin apical appendage with 
subobtuse apex, (17–)20–26(–30) µm long; second cell from 
apex cylindrical to subcylindrical, (12–)13–15(–17) µm long; 
third cell from apex cylindrical to subcylindrical, (10–)11–12(–13) 
µm long; basal cell cylindrical to narrowly obconic with narrowly 
truncate base, (10–)11–12 µm long; basal appendage excentric, 
single, cuneiform with subobtuse tip, (7–)10–13 µm long. 

Culture characteristics: Colonies flat, spreading, with sparse aerial 
mycelium and feathery margins, covering dish after 2 wk. Colonies 
salmon on MEA, OA and PDA, with orange spore masses.

Fig. 8. Allelochaeta elegans (CBS 187.81). A. Conidiomata on PDA. B. Chlamydospores. C. Conidia. Scale bars = 10 µm.
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Material examined: Australia, New South Wales, Euabalong, on leaves 
of Eucalyptus sp., 1999, unknown collector (holotype CBS H-23436, 
cultures ex-type CBS 112504 = CPC 3777); ditto, culture CBS 112332 = 
CPC 3776.

Notes: Allelochaeta euabalongensis is a cryptic species in the A. 
walkeri complex but is phylogenetically distinct from that species 
(see discussion under A. walkeri). This species can easily be 
distinguished from its closest phylogenetic neighbours based on 
ITS, LSU and tef1; both isolates failed to amplify for rpb2 and tub2.

Allelochaeta eucalypti (McAlpine) Crous, comb. nov. MycoBank 
MB827145. Fig. 10.
Basionym: Cylindrosporium eucalypti McAlpine, Proc. Linn. Soc. 
N.S.W. 28: 97. 1903.
Synonyms: Seimatosporium eucalypti (McAlpine) H.J. Swart, 
Trans. Brit. Mycol. Soc. 78: 268. 1982.
Vermisporium eucalypti (McAlpine) Nag Raj, in Nag Raj, 
Coelomycetous anamorphs with appendage-bearing conidia 
(Ontario): 966. 1993.

Morphological description on natural substratum: See Barber et 
al. (2011). 

CPC 12458: Leaf spots brown, subcircular, up to 15 mm diam. 
Conidiomata acervular, amphigenous, subepidermal, up to 
200 µm diam; stroma pale brown, 15–30 µm thick textura 
angularis. Conidiophores subcylindrical, hyaline, mostly reduced 
to conidiogenous cells, or a single supporting cell, 10–20 × 3–5 
µm. Conidiogenous cells subcylindrical to ampulliform, smooth, 
hyaline, 10–15 × 3–4 µm; proliferating percurrently near apex. 
Conidia falcate, fusoid to sigmoid, 3-septate, slightly constricted 
at septa, guttulate, median cells pale brown, smooth, (43–)55–
65(–70) × (4–)4.5–5(–6) µm; apical cell cuneiform, tapering 
prominently to a tubular apical appendage, up to 20 µm long; 
apical cell including appendage (16–)20–26(–30) µm; second 
cell cylindrical, hyaline to pale brown, (10–)11–14(–16) µm long; 
third cell cylindrical, hyaline to pale brown, (10–)11–13 µm long; 
basal cell subcylindrical to elongate-obconical, with a small 
truncate base, 8–10(–12) µm; basal appendage single, excentric, 
tubular and flexuous, attenuating to a rounded apex, 10–20 µm 
long.

Culture characteristics: Colonies flat, spreading, with sparse 
aerial mycelium and smooth, feathery margins, reaching 45 mm 
diam in 2 wk at 25 ºC. Colonies salmon on MEA, OA and PDA.

Specimens examined: Australia, Victoria, Dandenong Creek, on E. 
melliodora, 16 Nov. 1902, C. French Jr. (holotype VPRI 5927a); Victoria, 
Benalla, on E. cinerea, 29 Oct. 2001, P. Sebire, VPRI 30218; Victoria, Mt 
Buffalo, on E. delegatensis, 8 May 2000, P.J. Keane, MB0.02; Victoria, Mt 
Buffalo, on E. delegatensis, 8 May 2000, P.J. Keane, MB0.06, MB 0.29, 
MB 0.33, MB 0.35, MB 0.36, MB 0.38, MB 0.39; Victoria, Mt Buffalo, 
on E. pauciflora, 8 May 2000, P.J. Keane, MB 0.14b; unknown, on E. 
nitens, 22 Nov. 1996, P.W. Crous, CBS 111386 = CPC 1542; Tasmania, 
Lake St. Claire, on E. delegatensis, Mar. 2011, C. Mohammed (epitype 
designated here CBS H-23439, MBT382771, culture ex-epitype CPC 
12458 = CBS 144170). New Zealand, Rotoehu Forest, on E. saligna, 12 
Aug. 1997, K. Dobbie, NZFRI-M 3740; Waimea Forest, on E. delegatensis, 
11 Aug. 1998, P. Bradbury, NZFRI-M 3867. 

Notes: Conidial pigmentation varies considerably between 
specimens of this species. Allelochaeta eucalypti is most similar 
to A. cylindrospora, A. falcata and A. verrucispora that all have 
pigmented conidia. The major differences between A. eucalypti 
and A. falcata include the overall length of the conidia and 
the degree of verrucosity. Conidia of A. eucalypti are generally 
longer, although there does appear to be a degree of overlap 
between the two species (See Barber et al. 2011). Furthermore, 
A. eucalypti appears to represent a species complex, but 

Fig. 9. Allelochaeta euabalongensis (CPC 3777). Conidia. Scale bar = 10 
µm.

Fig. 10. Allelochaeta eucalypti (CPC 12458). A–C. Conidiophores in vivo. D. Conidia. Scale bars = 10 µm.
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additional collections would be required to adequately resolve 
these cryptic taxa. This species can easily be distinguished from 
its closest phylogenetic neighbours based on ITS, tef1, tub2 and 
rpb2. Some cultures identified as Seimatosporium eucalypti in 
Barber et al. (2011), have been re-identified as A. neoacuta (see 
below).

Allelochaeta falcata (B. Sutton) Crous, comb. nov. MycoBank 
MB827147. Figs 11, 12.
Basionym: Cryptostictis falcata B. Sutton, Mycol. Pap. 88: 25. 
1963.
Synonyms: Seimatosporium falcatum (B. Sutton) Shoemaker, 
Canad. J. Bot. 42: 416. 1964.
Vermisporium falcatum (B. Sutton) Nag Raj, in Nag Raj, 
Coelomycetous anamorphs with appendage-bearing conidia 
(Ontario): 969. 1993.

Morphological description on natural substratum: See Barber et 
al. (2011). 

Diagnosis: Conidia falcate, fusiform or sigmoid, 3(–4)-septate, 
rarely 5-septate, distinct, slightly to strongly constricted at the 
septa, guttulate or not guttulate, median cells brown to pale 
brown, apical and basal cells pale brown to almost hyaline to 
hyaline, periclinal wall verruculose or minutely verruculose, 
slightly thicker in the median cells, pale brown to dark brown in 
mass, (31–)34–51(–59) × 4–6 µm; apical cell sub-cylindrical to 
narrowly conic, pale brown to almost hyaline, upper half hyaline, 
attenuated into a discernible conical or tubular appendage up 
to 25 µm, total length including the appendage, (9–)11–24(–31) 
µm long; second cell from apex cylindrical to sub-cylindrical, 
brown to pale brown, (6–)7–12(–13) µm long; third cell from 
apex cylindrical to sub-cylindrical, brown to pale brown, (5–)7–
12(–13) µm long; basal cell obconic with a truncate base and 
basal appendage, pale brown to almost hyaline, lower half 

hyaline, 5–9(–10) µm long; basal appendage single, excentric, 
plectronoid to tubular and flexuous, attenuated to a point, (3–) 
4–14(–17) µm long.  

Culture characteristics: Colonies erumpent, spreading, with 
sparse aerial mycelium and smooth, lobate margins, reaching 
55 mm diam after 2 wk. Colonies salmon on MEA, OA and PDA.

Specimens examined: Australia, Victoria, Kinglake West, on E. obliqua, 
7 Nov. 2001, P.A. Barber, PAB01.03; Victoria, Hoddles Creek, ‘Andrews 
Farm’, on E. nicholii, 7 July 2002, P.A. Barber, VPRI 30233a; Victoria, on E. 
radiata, 1975, MELU 2002-4-1 (HJS 75.07); Victoria, on Eucalyptus sp., 
1963, collector unknown (holotype K(M) 142957); New South Wales, 
Central Tablelands, ca. 200 metres WSW of ‘Coomber’ homestead, on 
Coomber property, ca. 8 km SW of Rylstone, S32°50’04” E149°56’13”, 
alt. 600 ± 10 m, 17 Aug. 2006, R. Johnstone & A.E. Orme, 734259, on E. 
alligatrix (epitype designated here CBS H-20744, MBT382772, cultures 
ex-epitype CPC 13578 = CBS 131117); ditto, cultures CPC 13579–CPC 
13580; New South Wales, Bago State Forest, Eucalyptus sp., Feb. 
2006, A.J. Carnegie, CPC 12992; Tasmania, Lovershill, Eucalyptus sp., 
4 Jan. 2012, W. Quaedvlieg, CPC 20142; Tasmania, E. nitens, 2007, C. 
Mohammed, CPC 12464. New Zealand, Westland, Hochstetter Forest, 
on E. delegatensis, 18 Dec. 1981, A. Holloway, NZFRI-M 3158; Westland, 
Mawhero Forest, on E. delegatensis, 1 Jan. 1985, A. Holloway, NZFRI-M 
3209; Tokoroa, Kinleith Forest, on E. regnans, Sep. 1982, collector 
unknown, NZFRI-M 3153.

Notes: Conidial width varied between specimens but was 
generally between 4 and 6 µm, as described by Nag Raj (1993). 
Conidia from most collections examined in the present study had 
either smooth to minutely verruculose walls. This species can 
easily be distinguished from its closest phylogenetic neighbours 
based on ITS, LSU and rpb2; on tef1 and tub2 it cannot be 
resolved from Allelochaeta sp.

Fig. 11. Allelochaeta falcata (CPC 13578). A. Conidiomata on PDA. B, C. Conidiophores in vivo. D–F. Conidia. Scale bars = 10 µm.
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Allelochaeta flexuosa Crous, sp. nov. MycoBank MB827148. Fig. 
13.

Etymology: Name refers to its conidia with long, thin, flexuous 
apical cells. 

Conidiomata stromatic, acervuloid, scattered, oval, up to 
250–450 µm diam, exuding a dirty orange conidial mass. 
Conidiophores lining the basal cavity, subcylindrical, branched, 
septate, 10–30 × 2.5–3.5 µm. Conidiogenous cells hyaline, 
smooth, subcylindrical, terminal and intercalary, proliferating 
percurrently near apex, 10–15 × 2.5–3 µm. Conidia acerose, 
straight to curved, 3-septate, hyaline, slightly constricted at 
septa, (70–)75–80(–85) × (3.5–)4 µm; apical cell long conical, 
attenuating toward apex, (25–)30–36 µm long; second cell from 
apex cylindrical to subcylindrical, (15–)17–19(–20) µm long; 
third cell from apex cylindrical to subcylindrical, 15–16 µm long; 
basal cell with narrowly truncate base, (9–)10–12 µm long; basal 
appendage excentric, single, tubular with acute apex, (12–)15–
18(–25) µm long. 

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and feathery margins, reaching 50 
mm diam after 2 wk. Colonies on MEA surface isabelline, reverse 
sepia, with diffuse brown pigment; on OA surface cinnamon 
with diffuse cinnamon pigment; on PDA surface honey, reverse 
brick, with diffuse brown pigment.

Material examined: Australia, South Australia, Kangaroo Island, Ravine 
des Casours Walk, on E. rugosa, Dec. 2011, W. Quaedvlieg (holotype 
CBS H-23440, culture ex-type CPC 20173 = CBS 144171).

Notes: Allelochaeta flexuosa can be distinguished from other 
species in the genus based on its distinct conidial shape. This 
species can easily be distinguished from its closest phylogenetic 
neighbours based on ITS, LSU, rpb2, tef1 and tub2.

Allelochaeta fusispora (H.J. Swart & D.A. Griffiths) Crous, comb. 
nov. MycoBank MB827149. Fig. 14.
Basionym: Seimatosporium fusisporum H.J. Swart & D.A. 
Griffiths, Trans. Brit. Mycol. Soc. 62: 360. 1974.

CPC 17616: Leaf spots amphigenous, circular to subcircular, 2–10 
mm diam, medium brown, frequently with darker central region 
and lobate border. Conidiomata black on leaf, amphigenous, 
stromatic, subepidermal, becoming erumpent, up to 300 µm diam; 
wall of 3–4 layers of brown textura angularis. Conidiophores lining 
the inner cavity, hyaline, smooth, septate, irregularly branched, 
10–40 × 1.5–2.5 µm. Conidiogenous cells subcylindrical, 7–15 × 
1.5–2 µm, hyaline, smooth, with up to three apical percurrent 
proliferations. Conidia fusoid, 3-septate, brown, central cells 
verruculose, constricted at septa, (18–)20–22(–26) × 5(–6) µm; 
basal cell obconical, with truncate base, hyaline, smooth, 3–4 µm 
long; two central cells thick-walled, medium brown, verruculose, 
12–17 µm long; apical cell short-conical, 3–4 µm long, with acute 
apex extending into apical tubular appendage, 10–20 µm long; 
basal appendage excentric, tubular, 15–20 µm long.

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and even, lobate margins, covering 

Fig. 12. Allelochaeta falcata (CPC 12992). A. Leaf spot. B–E. Conidiophores in vivo. F. Conidia. Scale bars = 10 µm.

Fig. 13. Allelochaeta flexuosa (CPC 20173). A. Conidiomata on PDA. B. 
Conidia. Scale bar = 10 µm.
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dish in 2 wk at 25 °C. Colonies on MEA, OA and PDA salmon 
surface and reverse, with black spore masses.

Materials examined: Australia, Victoria, near Lake Merrimu, on leaf of 
E. polyanthemos, 30 Aug. 1973, H.J. Swart (isotype of Seimatosporium 
fusisporum, CBS 810.73 (specimen CBS H-17996) = ATCC 26928 = IMI 
163446 (culture and specimen), culture C 73.22; Victoria, Melbourne, 
Wardinary Sanctuary, Eucalyptus sp., 14 Oct. 2009, P.W. Crous, CBS 
H-23442, culture CPC 17616 = CBS 144172.

Notes: Conidia were described as 3-septate, (13–)14(–16) × 5 mm, 
apical appendage (7–)10.4(–14) mm, basal appendage (6–)8.5(–
13) mm (Swart & Griffiths 1974), thus matching the morphology 
of the new collection (CPC 17616), which also clusters in the 
same clade. This species can easily be distinguished from its 
closest phylogenetic neighbours based on ITS, rpb2, tef1 and 
tub2.

Allelochaeta kriegeriana (Bres.) Crous, comb. nov. MycoBank 
MB827150. Fig. 15.
Basionym: Pestalotia kriegeriana Bres., Hedwigia 33: 209. 1894.
Synonyms: Hyaloceras kriegerianum (Bres.) Died., in 
Roumeguère, Mycoth. Univ., cent. 4: no. 324. 1899.
Monochaetia kriegeriana (Bres.) Sacc., Rabenh. Krypt.-Fl., Edn 2 
(Leipzig) 1.7(7): 669. 1902.
Monoceras kriegerianum (Bres.) Guba, Monograph of 
Monochaetia and Pestalotia: 290. 1961.
Seimatosporium kriegerianum (Bres.) Morgan-Jones & B. Sutton, 
Mycol. Pap. 97: 37. 1964.
Diploceras kriegerianum (Bres.) Nag Raj, Coelomycetous 
Anamorphs with Appendage-bearing Conidia (Ontario): 289. 
1993.
Discostromopsis callistemonis H.J. Swart, Trans. Brit. Mycol. Soc. 
73: 217. 1979.
Discostroma callistemonis (H.J. Swart) Sivan., Fungal Diversity 
11: 152. 2002.

Conidiomata stromatic, acervuloid, scattered, round in outline, 
200–400 µm diam, exuding an orange conidial mass on MEA, 
but brown on OA. Conidiophores lining the basal cavity, 
subcylindrical, branched, septate, hyaline, 15–50 × 2.5–3.5 
µm. Conidiogenous cells hyaline, smooth, subcylindrical, 
terminal and intercalary, proliferating percurrently near apex, 
10–16 × 2.5–3 µm. Conidia subcylindrical, straight to curved, 
3(–5)-septate, pale brown, smooth-walled, constricted at 
septa, 23–30(–35) × (3.5–)4 µm; apical cell long conical, 
attenuating toward apex, hyaline, 3–8 µm long; median cells 
cylindrical to subcylindrical, pale brown, together 11–20 
µm long; basal cell obconical with narrowly truncate base, 
subhyaline, 4–8 µm long; appendages tubular, unbranched, 
flexuous; apical appendage single, 3–10 µm long; basal 
appendage excentric, single, 5–10 µm long; occasionally and 
apical or basal appendage can be forked. 

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and feathery margins, reaching 50 
mm diam after 2 wk. Colonies salmon on MEA and PDA, but 
greenish grey on OA with salmon border, with brown spore 
masses.

Materials examined: Australia, Victoria, Djerriwarrah Creek, on leaf 
spot of Callistemon seiberi (= C. paludosus), 12 May 1972, H.J. Swart 
No. 72-23, CBS 188.81 = NBRC 32679; culture received as VPRI 15693 
= CPC 28303 = CBS 144173, with exact collection details, appears to be 
a duplicate strain.

Notes: The isolates examined here were sufficiently similar to 
the type, and can be accommodated in this species. Allelochaeta 
kriegeriana can easily be distinguished from its closest 
phylogenetic neighbours based on ITS and tub2; on rpb2 and 
tef1 it only differs with 1 and 3 nts from A. neodilophospora.

Fig. 14. Allelochaeta fusispora (CPC 17616). A. Leaf spots. B. Conidiomata on PDA. C–F. Conidiophores. G. Conidia. Scale bars = 10 µm.
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Allelochaeta melaleucae Crous, sp. nov. MycoBank MB827151. 
Fig. 16.

Etymology: Name reflects the host genus Melaleuca, on which 
this species occurs.

Conidiomata stromatic, acervuloid, scattered, irregular in 
outline, 200–250 µm diam, exuding a brown conidial mass. 
Conidiophores lining the basal cavity, subcylindrical, branched, 
1–3-septate, hyaline, 15–30 × 2.5–3.5 µm. Conidiogenous 
cells hyaline, smooth, subcylindrical, terminal and intercalary, 
proliferating percurrently near apex, 10–20 × 2.5–3.5 µm. 
Conidia fusoid, straight to curved, (3–)4-septate, pale brown, 
smooth-walled, constricted at septa, (25–)26–28(–32) × 6(–6.5) 
µm; apical cell long conical, attenuating toward apex, subhyaline, 
6–7 µm long; median cells cylindrical to subcylindrical, pale 
brown, together 15–20 µm long; basal cell obconical with 
narrowly truncate base, subhyaline, 5–6 µm long; appendages 
tubular, attenuated, branched close to base; apical branches 
(18–)27–30(–35) µm long; basal appendage excentric, branches, 
(30–)35–40(–50) µm long. Chlamydospores forming in culture 
in superficial mycelium, solitary, dark brown, globose, smooth, 
thick-walled, 10–15 µm diam.

Culture characteristics: Colonies flat, spreading, with sparse 
aerial mycelium and feathery margins, covering dish after 2 wk. 
Colonies on MEA surface isabelline to hazel, reverse hazel; on 
OA surface salmon with brown spore masses; on PDA surface 
and reverse honey, with brown spore masses.

Material examined: Australia, Victoria, Rushworth, on Melaleuca 
decussata, 9 Oct. 1973, I.G. Stone (holotype CBS H-23445, culture ex-
type CPC 28305 = VPRI 15695 = CBS 144174). 

Notes: Allelochaeta melaleucae appears distinct from taxa 
presently known in the Diploceras complex (Nag Raj 1993). 
Furthermore, it can be distinguished from A. dilophospora (also 
on Melaleuca) based on its smaller conidia, with unbranched 
conidial appendages. This species can easily be distinguished 
from its closest phylogenetic neighbours based on ITS, LSU, 
rpb2, tef1 and tub2.

Allelochaeta minor Crous, sp. nov. MycoBank MB827152. Fig. 17.

Etymology: Name reflects the small conidia of this species.

Conidiomata stromatic, acervuloid, scattered, oval, 150–250 µm 
diam, exuding an orange conidial mass. Conidiophores lining 
the basal cavity, subcylindrical, branched, 0–2-septate, 8–17 × 
2.5–4 µm. Conidiogenous cells hyaline, smooth, subcylindrical 
to doliiform, terminal and intercalary, proliferating percurrently 
near apex, 8–12 × 2.5–3.5 µm. Conidia acerose, straight to 
curved, 3-septate, hyaline, slightly constricted at septa, (25–) 
29–32(–35) × (3–)3.5(–4) µm; apical cell narrowly conical, 
attenuating toward apex, (10–)12–13(–16) µm long; second cell 
from apex cylindrical to subcylindrical, 6–7 µm long; third cell 
from apex cylindrical to subcylindrical, (6–)7(–8) µm long; basal 
cell with narrowly truncate base, 6–7 µm long; basal appendage 
excentric, single, cuneiform, (4–)5–6(–7) µm long. 

Fig. 15. Allelochaeta kriegeriana (CPC 28303). A. Conidiomata on PNA. B. Conidiophores. C, D. Conidia. Scale bars = 10 µm.

Fig. 16. Allelochaeta melaleucae (CPC 28305). A. Conidiomata on PDA. B. Conidiophores and conidia. C. Chlamydospores. D. Conidia. Scale bars = 10 
µm.
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Culture characteristics: Colonies flat, spreading, with sparse 
aerial mycelium and even, lobate margins, covering dish in 2 
wk at 25 °C. Colonies on MEA, OA and PDA salmon surface and 
reverse, with orange spore masses.

Materials examined: New Zealand, Auckland, Warkworth, Kaipara 
coast road, Eucalyptus sp., 2015, R. Thangavel (holotype CBS H-23446, 
culture ex-type MPI T15_06344A = CPC 29354 = CBS 144175); ditto, CPC 
29353.

Notes: Allelochaeta minor resembles A. eucalypti in general 
morphology, except that its conidia are hyaline, and much 
smaller. This species can easily be distinguished from its closest 
phylogenetic neighbours based on rpb2, tef1 and tub2; on ITS it 
only differs with 2 nt from Allelochaeta pseudowalkeri.

Allelochaeta neoacuta Crous, sp. nov. MycoBank MB827153. 
Fig. 18.

Etymology: Name reflects a morphological similarity to A. acuta.

Conidiomata stromatic, acervular, amphigenous, mainly 
epiphyllous, scattered, sub-epidermal to intra-epidermal, oval 
in outline, 200–250 µm diam, exuding an orange conidial mass.  
Conidiophores reduced to conidiogenous cells. Conidiogenous 

cells lageniform, hyaline, annellidic, 5–16 µm long. Conidia 
fusoid, falcate, (2–)3(–5)-septate, hyaline, orange in mass, 
slightly or not constricted at septa, (43–)49–55(–65) × 3(–4) (av. 
= 50 × 3) µm; apical cell narrowly conical, attenuated to an acute 
apex, (11–)16–19(–22) µm long; second cell from apex cylindrical 
to sub-cylindrical, (11–)12–14(–16) µm long; third cell from apex 
cylindrical to sub-cylindrical, (8–)10–12 µm long; basal cell with 
a truncate base, 8–10(–11) µm long; basal appendage excentric, 
single, cuneiform, (3–)6–8(–10) µm long.

Culture characteristics: Colonies flat, spreading, with moderate 
aerial mycelium and even, lobate margins, covering dish in 2 
wk at 25 °C. Colonies on MEA, OA and PDA salmon surface and 
reverse, with orange spore masses.

Materials examined: South Africa, Mpumalanga, Sabie, Sabie Forest 
Station, on leaves of E. smithii, 28 Sep. 1989, P.W. Crous (holotype 
PREM 50457, isotype CBS H-23448, culture ex-type CBS 115131 = CPC 
156); ditto, CBS 110733 = CPC 157, CBS 110734 = CPC 158, CBS 114876 
= CPC 159.

Notes: Allelochaeta neoacuta was originally reported from 
South Africa as “Seimatosporium” eucalypti (Crous et al. 
1990). However, as shown here, it is clearly distinct from A. 
eucalypti, having hyaline conidia, and no clearly delimited apical 
appendage. It is morphologically more similar to A. acuta, from 
which it can be distinguished because the type specimen of A. 
acuta (VPRI 2156) has longer conidia [52–75 × 3–4 (av. = 63 × 
3.5) µm] (Nag Raj 1993). This species can easily be distinguished 
from its closest phylogenetic neighbours based on ITS, LSU, 
rpb2, tef1 and tub2.

Allelochaeta neocylindrospora Crous, sp. nov. MycoBank 
MB827154. Fig. 19.

Etymology: Name reflects a morphological similarity to A. 
cylindrospora.

Conidiomata stromatic, acervuloid, scattered, oval, 250–350 
µm diam, exuding an orange conidial mass. Conidiophores 
lining the basal cavity, subcylindrical, reduced to conidiogenous 
cells. Conidiogenous cells hyaline, smooth, subcylindrical, 
proliferating percurrently near apex, 10–15 × 3–4 µm. Conidia 
narrowly fusoid, straight to curved, 3-septate, hyaline, orange 

Fig. 17. Allelochaeta minor (CPC 29354). A. Conidiomata on OA. B, C. Conidiophores in vivo. D. Conidia. Scale bars = 10 µm.

Fig. 18. Allelochaeta neoacuta (CBS 115131). A. Conidiomata on OA. B. 
Conidia. Scale bars: A = 250 µm, B = 10 µm.
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in mass, not to slightly constricted at septa, (42–)50–55(–60) × 
(3–)3.5(–4) µm; apical cell narrowly conical, attenuating toward 
apex, (15–)20–22 µm long; second cell from apex cylindrical 
to subcylindrical, 10–13(–16) µm long; third cell from apex 
cylindrical to subcylindrical, 10–12(–15) µm long; basal cell with 
narrowly truncate base, 8–9(–10) µm long; basal appendage 
excentric, single, narrowly cuneiform with subobtuse tip, (7–)9–
10(–15) µm long. 

Culture characteristics: Colonies flat, spreading, with moderate 
aerial mycelium and even, lobate margins, covering dish in 2 wk 
at 25 °C. Colonies on MEA, OA and PDA dirty white to salmon 
surface and reverse, with orange masses.

Material examined: Australia, South Australia, Kangaroo Island, Ravine 
des Casours Walk, on E. rugosa, Dec. 2011, W. Quaedvlieg (holotype 
CBS H-23447, culture ex-type CPC 20115 = CBS 144176).

Notes: Mean conidial dimensions of A. neocylindrospora 
[(42–)50–55(–60) × (3–)3.5(–4) µm] are longer than those of 
A. paracylindrospora [(34–)38–45(–50) × 3(–3.5) µm], and A. 
cylindrospora [(40–)43–56(–58) × 2.5–4(–5) µm]. This species 
can easily be distinguished from its closest phylogenetic 
neighbours based on ITS, LSU, rpb2, tef1 and tub2.

Allelochaeta neodilophospora Crous, sp. nov. MycoBank 
MB827155. Fig. 20.

Etymology: Name reflects a morphological similarity to A. 
dilophospora.

Foliicolous, associated with small (1–3 mm diam) leaf spots, 
indistinct, red-purple, predominantly epiphyllous. Conidiomata 
stromatic, acervular, subepidermal, becoming erumpent, up to 
700 µm diam; black, glabrous, opening by irregular split in host 
tissue. Conidiophores lining the cavity, unbranched to branched, 
septate, smooth, hyaline, 10–20 × 3–4 µm. Conidiogenous 
cells subcylindrical, hyaline, smooth, 5–8 × 2–3 µm, with up to 
three apical percurrent proliferations. Conidia narrowly fusoid, 
straight to slightly curved, 3-euseptate, pale brown, smooth, 
at times constricted at septa, (17–)27–35(–40) × (3.5–)4–5 
µm; apical cell conical, pale brown to hyaline, 4–6 µm long, 
appendages tubular, attenuated, branched close to point of 
origin, branches 7–15 µm long; median cells cylindrical, medium 
brown, guttulate, granular, 8–10 µm long; basal cell obconical 
with truncate base with minute marginal frill, 4–7 µm long; basal 
appendage excentric, hyaline, smooth, tubular, branched close 
to point of origin, branches 9–18(–15) µm long.

Culture characteristics: Colonies flat, spreading, with sparse 
aerial mycelium and smooth, lobate margins, reaching 40 mm 
diam in 2 wk at 25 ºC. Colonies on MEA salmon with patches 
of pale luteous, reverse dark mouse grey in middle, salmon in 
outer region; on OA dirty white in middle, dark mouse grey in 
outer region; on PDA salmon surface and reverse.

Fig. 19. Allelochaeta neocylindrospora (CPC 20115). A. Conidiomata on PNA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.

Fig. 20. Allelochaeta neodilophospora (CPC 17161). A. Conidiomata on PNA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm. 
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Material examined: Australia, Queensland, Slaughter Falls, S27°28’35” 
E152°77’48.9”, on Callistemon pinifolius, 16 Jul. 2009, P.W. Crous 
(holotype CBS H-23449, culture ex-type CPC 17161 = CBS 144177).

Notes: In culture, conidia of A. neodilophospora [3-septate, 
(17–)27–35(–40) × (3.5–)4–5 µm] are similar in size to those of 
A. dilophospora [4(–5)-septate, (23–)26–35(–40) × (4–)4.5(–5) 
µm], but tend to have fewer septa. This species can easily be 
distinguished from its closest phylogenetic neighbours based on 
tub2. On ITS, it cannot be distinguished from A. dilophospora 
and A. neodilophospora, and on rpb2 and tef1 it differs 1 and 3 
nts from A. kriegeriana.

Allelochaeta neofalcata Crous, sp. nov. MycoBank MB827156. 
Fig. 21.

Etymology: Name reflects a morphological similarity to A. 
falcata.

Leaf spots amphigenous, medium brown, circular to irregular, 
up to 15 mm diam, with raised, dark brown border. Conidiomata 
stromatic, acervuloid, scattered, oval, 200–350 µm diam, 
exuding a black conidial mass. Conidiophores lining the basal 
cavity, subcylindrical, branched, 0–3-septate, 10–25 × 2–3 
µm. Conidiogenous cells hyaline, smooth, subcylindrical or 
ampulliform, terminal and intercalary, proliferating percurrently 
near apex, 10–18 × 2–3 µm. Conidia falcate, fusoid, 3-septate, 
pale brown, end cells subhyaline, finely roughened, constricted 
at septa, (46–)48–55(–60) × 4–5 µm; apical cell subcylindrical 
to narrowly conical, subhyaline, attenuating toward conical or 
tubular appendage, 20–22(–23) µm long; second cell from apex 
cylindrical to subcylindrical, subhyaline, (11–)12–13(–14) µm 
long; third cell from apex cylindrical to subcylindrical, (12–)13–
14(–16) µm long; basal cell obconical with narrowly truncate 
base, subhyaline, (7–)8–9(–10) µm long; basal appendage 
excentric, single, tubular, flexuous, (10–)11–13(–15) µm long. 

Culture characteristics: Colonies flat, spreading, with moderate 
aerial mycelium and even, lobate margins, covering dish in 2 
wk at 25 °C. Colonies on MEA, OA and PDA salmon surface and 
reverse, with black spore masses.

Material examined: Australia, Western Australia, Gerby, on E. radiata, 
7 Nov. 2014, P.W. Crous (holotype CBS H-23450, culture ex-type CPC 
25455 = CBS 144178).

Notes: On average, conidia of A. neofalcata are longer [(46–)48–
55(–60) × 4–5 µm] than those of A. falcata [(31–)34–51(–59) × 
4–6 (av. 42 × 5) µm]. This species can easily be distinguished 
from its closest phylogenetic neighbours based on rpb2, tef1 
and tub2; on ITS it is almost identical to A. neoorbicularis.

Allelochaeta neoorbicularis Crous, sp. nov. MycoBank 
MB827157. Fig. 22.

Etymology: Name reflects a morphological similarity to A. 
orbicularis.

Conidiomata stromatic, acervuloid, scattered, oval, 150–250 µm 
diam, exuding an orange conidial mass. Conidiophores lining 
the basal cavity, subcylindrical, branched, 1–3-septate, 10–25 × 
2.5–3.5 µm. Conidiogenous cells hyaline, smooth, subcylindrical, 

terminal and intercalary, proliferating percurrently near apex, 
7–10 × 2.5–3 µm. Conidia acerose, curved, 3-septate, hyaline, 
smooth, constricted at septa, (45–)48–52(–55) × (4–)4.5(–5) µm; 
apical cell attenuating toward conical, acute apex, (15–)16–17(–
18) µm long; second cell from apex cylindrical to subcylindrical, 
(11–)12–13(–14) µm long; third cell from apex cylindrical to 
subcylindrical, (9–)10–11(–12) µm long; basal cell with narrowly 
truncate base, (7–)8–9 µm long; basal appendage excentric, 
single, cuneiform, (5–)6–7(–8) µm long. 

Culture characteristics: Colonies flat, spreading, with moderate 
aerial mycelium and even, lobate margins, reaching 50 mm diam 
2 wk at 25 °. Colonies on MEA, OA and PDA salmon surface and 
reverse, with orange spore masses.

Materials examined: Australia, Tasmania, Rosenberg, Eucalyptus sp., 
Dec. 2011, W. Quaedvlieg (holotype CBS H-23451, culture ex-type CPC 
20140 = CBS 144179); Tasmania, Russell Falls walk, Mt Field National 
Park, S42°40’42.9” E146°42’47.9”, E. regnans, 10 Oct. 2006, B.A. 
Summerell, CPC 13581; Victoria, on E. radiata, 2 Nov. 2014, P.W. Crous, 
HPC 88, CPC 25494.

Notes: Allelochaeta neoorbicularis differs from A. orbicularis 
[(49–)53–66 × 4–4.5 (av. = 57.6 × 4.2) µm] in having shorter 
conidia [(45–)48–52(–55) × (4–)4.5(–5) µm], with a distinctly 
tapered apical appendage (more cylindrical in A. orbicularis), 
and narrower basal appendage (slightly swollen apical part in 
A. orbicularis). This species can easily be distinguished from its 
closest phylogenetic neighbours based on rpb2, tef1 and tub2; 
on ITS it is almost identical to A. neofalcata. Isolate CPC 25494 is 
similar, but has 3(–4)-septate, longer conidia, (43–)55–65(–72) 
× (4–)4.5(–5) µm. It is therefore possible that this isolate could 
represent a distinct species, but further collections are needed 
to clarify the species boundaries of CPC 25455.

Allelochaeta neowalkeri Crous, sp. nov. MycoBank MB827159. 
Fig. 23.

Etymology: Name reflects a morphological similarity to A. 
walkeri.

Conidiomata stromatic, acervuloid, scattered, oval, 150–250 µm 
diam, exuding an orange conidial mass. Conidiophores lining 
the basal cavity, subcylindrical, branched, 1–3-septate, 20–40 × 
2.5–3.5 µm. Conidiogenous cells hyaline, smooth, subcylindrical, 
terminal and intercalary, proliferating percurrently near apex, 
12–17 × 2–3 µm. Conidia acerose, hyaline, smooth, slightly 
curved, 3-septate, constricted at septa, (50–)55–60(–65) × (3–) 
3.5(–4) µm; apical cell narrowly conical, attenuating toward 
apex, (16–)20–22 µm long; second cell from apex cylindrical to 
subcylindrical, (13–)15–16(–17) µm long; third cell from apex 
cylindrical to subcylindrical, (12–)13–14(–15) µm long; basal cell 
with narrowly truncate base, 10–12 µm long; basal appendage 
excentric, single, cuneiform, (4–)6–7 µm long. 

Culture characteristics: Colonies flat, spreading, with sparse 
aerial mycelium and even, lobate margins, reaching 50 mm 
diam after 2 wk at 25 °C. Colonies on MEA, OA and PDA salmon 
surface and reverse, with orange spore masses.

Materials examined: Australia, Tasmania, Lovershill, on E. regnans, 
Dec. 2011, W. Quaedvlieg (holotype CBS H-23453, culture ex-type CPC 
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20144 = CBS 144181); Tasmania, Lovershill, on Eucalyptus sp., Dec. 
2011, W. Quaedvlieg, CPC 20128.

Notes: Typical characters of this species include the apical 
taper and acerose conidial shape. These characters are less 
pronounced in other subclades in this larger clade, e.g. in A. 
oblique, A. sparsifoliae and A. polycarpae. This species can easily 
be distinguished from its closest phylogenetic neighbours based 
on ITS, rpb2, tef1 and tub2.

Allelochaeta obliquae Crous, sp. nov. MycoBank MB827160. 
Fig. 24.

Etymology: Name refers to the host species Eucalyptus obliqua, 
from which this species was isolated.

Conidiomata stromatic, acervuloid, scattered, oval, 300–
350 µm diam, exuding an orange to pale brown conidial 
mass. Conidiophores lining the basal cavity, subcylindrical, 
branched, 0–3-septate, 15–25 × 2.5–3.5 µm. Conidiogenous 
cells hyaline, smooth, subcylindrical, terminal and intercalary, 

Fig. 21. Allelochaeta neofalcata (CPC 25455). A. Leaf spot. B. Conidiomata on PDA. C. Conidiophores. D. Conidia. Scale bars = 10 µm.

Fig. 22. Allelochaeta neoorbicularis (CPC 20140). A. Conidiomata on OA. B, C. Conidiophores. D, E. Conidia. Scale bars = 10 µm.

Fig. 23. Allelochaeta neowalkeri (CPC 20144). A. Conidiomata on OA. B. Conidiophores. C. Conidia. Scale bars = 10 µm.
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proliferating percurrently near apex, 8–12 × 2.5–3 µm. Conidia 
subcylindrical, hyaline, smooth, guttulate, slightly curved, 
3-septate, constricted at septa or not, (43–)45–50(–55) × (3–)4 
µm; apical cell narrowly conical, attenuating toward a knob-like 
apex, (13–)15–17 µm long; second cell from apex cylindrical to 
subcylindrical, (12–)13–14(–15) µm long; third cell from apex 
cylindrical to subcylindrical, (10–)11–12(–14) µm long; basal 
cell with narrowly truncate base, (9–)10–11 µm long; basal 
appendage excentric, single, cuneiform with obtuse apex, 2–3 
µm long. 

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and even, lobate margins, covering 
dish in 2 wk at 25 °C. Colonies on MEA, OA and PDA salmon 
to rosy buff surface, and cinnamon reverse, with orange to pale 
brown spore masses.

Material examined: Australia, South Australia, Cape Jervis, on E. 
obliqua, 25 Nov. 2011, W. Quaedvlieg (holotype CBS H-23454, culture 
ex-type CPC 20191 = CBS 144182).

Notes: Allelochaeta obliquae is morphologically intermediate 
between A. acuta and A. walkeri, differing based on conidial 
dimensions, the shape of the apex, and basal appendage. This 
species can easily be distinguished from its closest phylogenetic 
neighbours based on ITS, rpb2, tef1 and tub2.

Allelochaeta obtusa (H.J. Swart & M.A. Will.) Crous, comb. nov. 
MycoBank MB827161. 
Basionym: Vermisporium obtusum H.J. Swart & M.A. Will., Trans. 
Brit. Mycol. Soc. 81: 499. 1983.
Synonym: Seimatosporium obtusum (H.J. Swart & M.A. Will.) 
P.A. Barber & Crous, Persoonia 27: 107. 2011.

Morphological description on natural substratum: See Barber et 
al. (2011). 

Materials examined: Australia, Victoria, Toolangi, on E. regnans, 16 July 
1999, P.A. Barber, PAB99.13; Victoria, Gellibrand, Otway State Forest, 
on E. obliqua, 1 May 2002, P.A. Barber, PAB02.31.

Note: This species is not known from culture and needs to be 
recollected to resolve its phylogenetic position.

Allelochaeta orbicularis (Cooke) Crous, comb. nov. MycoBank 
MB827162. Fig. 25.
Basionym: Stagonospora orbicularis Cooke, Grevillea 20: 6. 1891.
Synonyms: Seimatosporium orbiculare (Cooke) P.A. Barber & 
Crous, Persoonia 27: 109. 2011.
Vermisporium orbiculare (Cooke) H.J. Swart & M.A. Will., Trans. 
Brit. Mycol. Soc. 81: 497. 1983.

Morphological description on natural substratum: See Barber et 
al. (2011). 

Fig. 24. Allelochaeta obliquae (CPC 20191). A. Conidiomata on MEA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.

Fig. 25. Allelochaeta orbicularis (CPC 12935). A–D. Conidiophores. E. Conidia. Scale bars = 10 µm.
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CPC 12935 = CBS 131118: Leaf spots pale brown, subcircular, up 
to 15 mm diam, with amphigenous conidiomata. Conidiomata 
stromatic, acervular, amphigenous, with orange spore masses 
on leaves, scattered, subepidermal, round in outline, up to 500 
µm diam. Conidiophores subcylindrical, hyaline to pale brown 
and verruculose at base, subcylindrical, tightly aggregated, 
reduced to conidiogenous cells, or 1–3-septate, branched, 15–
30 × 3–4 µm. Conidiogenous cells subcylindrical, hyaline or pale 
brown, smooth to verruculose, 10–16 × 2–3 µm; proliferating 
percurrently near apex. Conidia solitary, ellipsoid-fusoid to 
subcylindrical, gently curved or sigmoid, guttulate, 3-septate, 
hyaline, smooth (orange in mass on leaves and in culture), 
(40–)50–55(–60) × (3–)3.5–4 µm; apical cell subcylindrical, 
tapering toward an acutely rounded apex, 15–18(–23) µm 
long; second cell from apex cylindrical, (11–)12–14(–15) µm 
long; third cell from apex cylindrical, (10–)11–13 µm long; basal 
cell subcylindrical with narrow, truncate base, (8–)10–11(–12) 
µm; basal appendage tubular, single, excentric, cuneiform to 
podiform, tapering towards a subobtuse apex, (2–)3–5(–6) µm 
long. 

Culture characteristics: Colonies flat, spreading, with moderate, 
fluffy aerial mycelium and even, lobate margins, reaching 60 
mm diam in 2 wk at 25 °C. Colonies on MEA dirty white, salmon 
in reverse; on OA dirty white to salmon; on PDA salmon surface 
and reverse.

Materials examined: Australia: Victoria, on Eucalyptus sp., 24 May 
1886, F.M.C. (holotype K (M) 104759); New South Wales, Australian 
Botanic Garden, Mount Annan, on Corymbia henryi, 3 Mar. 2006, B.A. 
Summerell (epitype designated here CBS H-20745, MBT382786, culture 
ex-type CPC 12935 = CBS 131118) (treated as Seimatosporium obtusum 
in Barber et al. 2011).

Notes: Isolate CBS 131118 is morphologically similar to A. 
orbicularis in conidium dimensions and taper of the apical 
conidium cell. Allelochaeta orbicularis is most similar to A. 
acuta and A. obtusa.  However, A. orbicularis differs from both 
these species in having median cells that are somewhat equal 
in length.  Allelochaeta orbicularis also differs from A. obtusa by 
having an apical cell and basal appendage with a slightly acute 
tip.  This species can easily be distinguished from its closest 
phylogenetic neighbours based on ITS, LSU, rpb2, tef1 and tub2.

Allelochaeta paracylindrospora Crous, sp. nov. MycoBank 
MB827163. Fig. 26.

Etymology: Name reflects a morphological similarity to A. 
cylindrospora.

Conidiomata stromatic, acervuloid, scattered, oval, 250–350 
µm diam, exuding a brown conidial mass. Conidiophores lining 
the basal cavity, subcylindrical, branched, 0–3-septate, pale 
brown at base, 10–25 × 2.5–3.5 µm. Conidiogenous cells hyaline, 
smooth, subcylindrical, terminal and intercalary, proliferating 
percurrently near apex, 8–12 × 2.5–3 µm. Conidia cylindrical to 
acerose, straight to curved, 3-septate, not or slightly constricted 
at septa, pale brown in mass, smooth-walled, (34–)38–45(–50) 
× 3(–3.5) µm; apical cell narrowly conical, attenuating toward 
apex with tubular appendage, (12–)13–14(–15) µm long; second 
cell from apex cylindrical to subcylindrical, (8–)9–10 µm long; 
third cell from apex cylindrical to subcylindrical, 8–9(–10) µm 
long; basal cell with narrowly truncate base, 8–9 µm long; 
basal appendage excentric, single, tubular to cuneiform with 
subobtuse apex, 3–4 µm long. 

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and even, lobate margins, covering 
dish in 2 wk at 25 °C. Colonies on MEA, OA and PDA salmon 
surface and reverse, with black spore masses.

Material examined: Australia, South Australia, Cape Jervis, on 
Eucalyptus sp., 25 Nov. 2011, W. Quaedvlieg (holotype CBS H-23457, 
culture ex-type CPC 20189 = CBS 144184).

Notes: The apical cell of A. paracylindrospora conidia is longest, 
with second, third and basal cells becoming progressively 
shorter. Conidia of A. paracylindrospora are shorter than those 
of A. cylindrospora [(40–)43–56(–58) × 2.5–4(–5) µm]. This 
species can easily be distinguished from its closest phylogenetic 
neighbours based on ITS, rpb2, tef1 and tub2.

Allelochaeta paraelegans Crous, sp. nov. MycoBank MB827164. 
Fig. 27.

Etymology: Name reflects a morphological similarity to A. 
elegans.

Conidiomata stromatic, acervuloid, scattered, round to 
irregular, 250–500 µm diam, exuding a brown conidial mass. 
Conidiophores lining the basal cavity, subcylindrical, branched, 
0–2-septate, hyaline to pale brown, 20–40 × 2.5–3.5 µm. 
Conidiogenous cells hyaline, smooth, subcylindrical, terminal 

Fig. 26. Allelochaeta paracylindrospora (CPC 20189). A. Conidiomata on OA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.
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and intercalary, proliferating percurrently near apex, 8–20 × 
2.5–3 µm. Conidia acerose, falcate, (1–)3(–4)-septate, pale 
brown, smooth-walled, slightly constricted at septa, (50–)60–
90(–105) × (3.5–)4(–6) µm; apical cell long conical, attenuating 
toward apex, subhyaline, 35–45(–90) µm long; median cells 
cylindrical to subcylindrical, together 15–22 µm long; basal cell 
obconical with narrowly truncate base, 6–12 µm long; basal 
appendage excentric, single, tubular, flexuous, (25–)32–60 
(–80) µm long. 

Culture characteristics: Colonies flat, spreading, with sparse 
aerial mycelium and even, lobate margins, reaching 50 mm diam 
after 2 wk at 25 ºC. Colonies on MEA surface and reverse sepia; 
on OA sepia in middle, salmon in outer region; on PDA apricot 
surface and reverse, with black spore masses.

Material examined: Australia, Victoria, Bairnsdale, on leaf of Melaleuca 
ericifolia, deposited 1971 as Seimatosporium elegans, H.J. Swart No. 
67-15 (holotype CBS H-23459, culture ex-type CBS 150.71 = NBRC 
32674).

Notes: Allelochaeta paraelegans [conidia (1–)3(–4)-septate, 
(50–)60–90(–105) × (3.5–)4(–6) µm] has smaller conidia than 
A. pseudoelegans [conidia 3(–4)-septate, (75–)80–100(–120) × 
3–4 µm], but larger than those of A. elegans [conidia 4-septate, 

(50–)55–60(–70) × (3.5–)–4(–4.5) µm]. This species can easily be 
distinguished from its closest phylogenetic neighbours based on 
ITS, rpb2, tef1 and tub2.

Allelochaeta parafalcata Crous, sp. nov. MycoBank MB827165. 
Fig. 28.

Etymology: Name reflects a morphological similarity to A. 
falcata.

Conidiomata stromatic, acervuloid, scattered, oval, up to 200–
300 µm diam, exuding a dirty orange to pale brown conidial 
mass. Conidiophores lining the basal cavity, subcylindrical, 
branched, 1–2-septate, 15–30 × 2–3 µm. Conidiogenous cells 
hyaline, smooth, subcylindrical, terminal and intercalary, 
proliferating percurrently near apex, 7–15 × 2–2.5 µm. Conidia 
subcylindrical to fusoid, straight to curved, subhyaline to pale 
brown, finely verruculose, 3(–4)-septate, slightly constricted at 
septa, (42–)45–55(–70) × (3–)3.5(–4) µm; apical cell narrowly 
conical, attenuating toward apex, (11–)14–15(–17) µm long; 
second cell from apex cylindrical to subcylindrical, (10–)11–12(–
13) µm long; third cell from apex cylindrical to subcylindrical, 
(10–)11–12 µm long; basal cell with narrowly truncate base, (5–
)6–7(–8) µm long; basal appendage excentric, single, cuneiform, 
(3–)6–7(–8) µm long. 

Fig. 27. Allelochaeta paraelegans (CBS 150.71). A. Conidiomata on OA. B. Conidiophores. C, D. Conidia. Scale bars = 10 µm.

Fig. 28. Allelochaeta parafalcata (CPC 19840). A. Conidiomata on PDA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.
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Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and even, lobate margins, covering 
dish in 2 wk at 25 °C. Colonies on MEA, OA and PDA salmon 
surface and reverse, with black spore masses.

Material examined: Australia, Western Australia, Wandoo National 
Park, on Corymbia sp., 13 Jul. 2011, W. Gams (holotype CBS H-23458, 
culture ex-type CPC 19840 = CBS 144185).

Notes: Allelochaeta parafalcata [conidia (42–)45–55(–70) × 
(3–)3.5(–4) µm] resembles A. falcata [conidia (31–)34–51(–59) 
× 4–6 (av. = 42.4 × 5) µm], but can be distinguished from that 
species based on its somewhat longer, thinner conidia. This 
species can easily be distinguished from its closest phylogenetic 
neighbours based on ITS, rpb2, tef1 and tub2.

Allelochaeta paraleptospermi Crous, sp. nov. MycoBank 
MB827166. Fig. 29.

Etymology: Name reflects a morphological similarity to 
Seimatosporium leptospermi.

Conidiomata stromatic, acervuloid, scattered, round in 
outline, 300–500 µm diam, exuding a brown conidial mass. 
Conidiophores lining the basal cavity, subcylindrical, branched 
below or not, 0–2-septate, hyaline or pale brown, 15–35 × 
2.5–4 µm. Conidiogenous cells hyaline, smooth, subcylindrical, 
terminal and intercalary, proliferating percurrently near apex, 
10–15 × 2.5–3 µm. Conidia acerose, curved, 5-septate, pale 

brown, smooth-walled, slightly constricted at septa, (90–)100–
120(–130) × (3–)4(–5) µm; apical cell long conical, attenuating 
toward flexuous appendage, 35–50 µm long; median cells 
cylindrical to subcylindrical, pale brown, together 40–60 µm 
long; basal cell obconical with narrowly truncate base, 6–9 µm 
long; basal appendage excentric, tubular, unbranched, flexuous, 
6–25 µm long.

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and even, lobate margins, reaching 
40 mm diam 2 wk at 25 °C. Colonies on MEA, OA and PDA salmon 
surface and reverse, with brown spore masses.

Material examined: Australia, Victoria, Wyperfeld National Park, 
on Leptospermum coriaceum, 20 Jun. 1985, L. Jobe (holotype CBS 
H-23460, isotypes VPRI 12797, BRIP 45876, culture ex-type CPC 28294 
= VPRI 12797 = CBS 144186).

Notes: The isolate on which Allelochaeta paraleptospermi is 
based, was originally identified as “Seimatosporium leptospermi”. 
However, the latter fungus has shorter conidia (44–73 × 3–4 
mm), and shorter appendages as reported by Sutton (1980), and 
probably also belongs to Allelochaeta as suspected by Nag Raj 
(1993). Allelochaeta paraleptospermi can easily be distinguished 
from its closest phylogenetic neighbours based on ITS, LSU, 
rpb2, tef1 and tub2.

Allelochaeta paramelaleucae Crous, sp. nov. MycoBank 
MB827167. Fig. 30.

Fig. 29. Allelochaeta paraleptospermi (CPC 28294). A. Conidiomata on OA. B–D. Conidiophores. E. Conidia. Scale bars = 10 µm.

Fig. 30. Allelochaeta paramelaleucae (CPC 29542). A. Leaf spot. B. Conidiomata on OA. C. Chlamydospores. D. Conidia. Scale bars = 10 µm.
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Etymology: Name reflects a morphological similarity to A. 
melaleucae, which also occurs on Melaleuca.

Conidiomata acervular, 300–500 µm diam, exuding a brown 
conidial mass. Conidiophores subcylindrical, hyaline, smooth, 
branched, 1–3-septate, 15–30 × 2.5–3 µm. Conidiogenous cells 
subcylindrical, smooth, hyaline, 10–15 × 2.5–3 µm; proliferating 
percurrently near apex. Conidia falcate, fusoid, 4-septate, slightly 
constricted at septa, guttulate, median cells pale brown, smooth, 
(50–)65–75(–80) × 4(–5) µm; apical cell subhyaline, cuneiform, 
tapering prominently to a tubular apical appendage, 26–32 
µm long; median cells cylindrical, pale brown, (22–)25–30 µm 
long; basal cell subcylindrical to obconical, with a small truncate 
base, 6–7 µm; basal appendage single, excentric, tubular and 
flexuous, attenuating to a rounded apex, (15–)20–23 µm long. 
Chlamydospores forming in agar and aerial mycelium, solitary, 
globose, dark brown, thick-walled, 12–28 µm diam.

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and even, lobate margins, covering 
dish in 2 wk at 25 °C. Colonies on MEA surface and reverse 
isabelline; on OA rosy buff with patches of isabelline; on PDA 
surface and reverse honey, with black spore masses.

Material examined: Australia, Western Australia, Williams, Williams 
Nature Reserve, on Melaleuca sp., 18 Sep. 2015, P.W. Crous (holotype 
CBS H-23461, culture ex-type CPC 29542 = CBS 144187). 

Notes: Allelochaeta paramelaleucae [conidia 4-septate, 
(50–)65–75(–80) × 4(–5) µm] can be distinguished from A. 
melaleucae [conidia (3–)4-septate, (25–)26–28(–32) × 6(–6.5) 
µm] by its longer, flexuous, conidia. This species can easily be 
distinguished from its closest phylogenetic neighbours based on 
ITS, rpb2, tef1 and tub2.

Allelochaeta paraorbicularis Crous, sp. nov. MycoBank 
MB827158. Fig. 31.

Etymology: Name reflects a morphological similarity to A. 
orbicularis.

Conidiomata stromatic, acervuloid, scattered, oval, 200–300 µm 
diam, exuding an orange conidial mass. Conidiophores lining 
the basal cavity, subcylindrical, branched, 0–2-septate, 8–20 × 

2.5–3.5 µm. Conidiogenous cells hyaline, smooth, subcylindrical, 
terminal and intercalary, proliferating percurrently near apex, 
8–12 × 2.5–3 µm. Conidia cylindrical to acerose, straight to 
curved, 3-septate, hyaline, slightly constricted at septa, (35–) 
42–47(–52) × (3–)3.5(–4) µm; apical cell narrowly conical, 
attenuating toward apex, (11–)12–13(–15) µm long; second cell 
from apex cylindrical to subcylindrical, (6–)10–12(–14) µm long; 
third cell from apex cylindrical to subcylindrical, (9–)10–12(–13) 
µm long; basal cell with narrowly truncate base, (8–)9–10(–
11) µm long; basal appendage excentric, single, cuneiform to 
podiform, (3–)4–5(–6) µm long. 

Culture characteristics: Colonies flat, spreading, with sparse 
aerial mycelium and even, lobate margins, covering dish in 2 
wk at 25 °C. Colonies on MEA, OA and PDA salmon surface and 
reverse, with orange spore masses.

Material examined: New Zealand, Auckland, Warkworth, Kaipara 
coast road, Eucalyptus sp., 2015, R. Thangavel (holotype CBS H-23452, 
culture ex-type MPI T15_06344B = CPC 29356 = CBS 144180).

Notes: Allelochaeta paraorbicularis is similar to A. orbicularis 
[conidia (49–)53–66 × 4–4.5 mm] in conidium shape, but distinct 
from that species in having shorter conidia with an apical cell 
that tapers more abruptly from the septum towards the apex. 
It differs from A. neoorbicularis [(45–)48–52(–55) × (4–)4.5(–5) 
µm] in having slightly shorter conidia. This species can easily be 
distinguished from its closest phylogenetic neighbours based on 
ITS, rpb2, tef1 and tub2.

Allelochaeta polycarpae Crous, sp. nov. MycoBank MB827168. 
Fig. 32.

Etymology: Name reflects one of the host species, Eucalyptus 
polycarpa, from which this species was isolated.

Leaf spots amphigenous, medium brown, large blotches 
associated with leaf margins or tips up to 25 mm diam. 
Conidiomata stromatic, acervuloid, scattered, oval, 250–400 
µm diam, exuding an orange conidial mass. Conidiophores lining 
the basal cavity, reduced to conidiogenous cells. Conidiogenous 
cells hyaline, smooth, subcylindrical, proliferating percurrently 
near apex, 8–16 × 2.5–3.5 µm. Conidia subcylindrical, hyaline, 
smooth, guttulate, flexuous, 3-septate, constricted at septa 

Fig. 31. Allelochaeta paraorbicularis (CPC 29356). A. Conidiomata on PNA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.
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or not, with prominent taper in apical cell, (57–)60–70(–80) 
× (3–)4 µm; apical cell attenuating toward a long thin apical 
appendage with subobtuse apex, (25–)30–35 µm long; second 
cell from apex cylindrical to subcylindrical, (13–)15–17 µm 
long; third cell from apex cylindrical to subcylindrical, (13–) 
15–17 µm long; basal cell cylindrical to narrowly obconic with 
narrowly truncate base, (9–)10–15 µm long; basal appendage 
excentric, single, cuneiform with subobtuse tip, (12–)15–19 
µm long. 

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and even, lobate margins, covering 
dish in 2 wk at 25 °C. Colonies on MEA, OA and PDA salmon 
surface and reverse, with orange spore masses.

Materials examined: Australia, Western Australia, Cape Riche, 
Wellstead, on E. polycarpa, 21 Sep. 2015, P.W. Crous (holotype CBS 
H-23462, culture ex-type CPC 28916 = CBS 144188); South Australia, 
Kangaroo Island, Yukka Trail, on E. diversifolia, Dec. 2011, W. Quaedvlieg, 
CPC 20119.

Notes: Allelochaeta polycarpae is characterised by having a very 
long apical appendage, second and third cell of equal length, and 
long basal appendage. It is reminiscent of A. walkeri, which is a 
species complex (see treatment of A. walkeri elsewhere in this 
paper). This species can easily be distinguished from its closest 
phylogenetic neighbours based on ITS, rpb2, tef1 and tub2.

Allelochaeta pseudoacuta Crous, sp. nov. MycoBank MB827169. 
Fig. 33.

Etymology: Name reflects a morphological similarity to A. acuta.

Conidiomata stromatic, acervuloid, scattered, oval, up to 250 
µm diam, exuding an orange conidial mass. Conidiophores lining 
the basal cavity, subcylindrical, branched, 1–3-septate, 10–50 × 
2.5–3.5 µm. Conidiogenous cells hyaline, smooth, subcylindrical, 
terminal and intercalary, proliferating percurrently near apex, 
10–20 × 2.5–3 µm. Conidia narrowly fusoid, straight to curved, 
3(–4)-septate, hyaline, orange in mass, not to slightly constricted 
at septa, (50–)57–65(–70) × (3.5–)4(–4.5) µm; apical cell narrowly 
conical, attenuating toward apex, (15–)19–21(–24) µm long; 
second cell from apex cylindrical to subcylindrical, (13–)15–16(–
17) µm long; third cell from apex cylindrical to subcylindrical, 
(11–)12–13(–14) µm long; basal cell with narrowly truncate 
base, (9–)11–12(–17) µm long; basal appendage excentric, 
single, narrowly cuneiform, (2–)4–6(–8) µm long. 

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and even, lobate margins, covering 
dish in 2 wk at 25 °C. Colonies on MEA, OA and PDA dirty white 
to salmon surface and reverse, with orange spore masses.

Materials examined: Australia, Tasmania, Lovershill, Eucalyptus sp., 4 
Jan. 2012, W. Quaedvlieg (holotype CBS H-23463, culture ex-type CPC 
20130 = CBS 144189).

Fig. 32. Allelochaeta polycarpae (CPC 28916). A. Conidiomata on MEA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.

Fig. 33. Allelochaeta pseudoacuta (CPC 20130). A. Conidiomata on OA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.
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Notes: Allelochaeta pseudoacuta is reminiscent of A. acuta 
[conidia (39–)45–61(–66) × 3–4.5(–6) µm], but has longer 
conidia. This species can easily be distinguished from its closest 
phylogenetic neighbours based on ITS and rpb2; on tef1 and 
tub2 it only differs with 2 and 5 nts from A. acuta.

Allelochaeta pseudoelegans Crous, sp. nov. MycoBank 
MB827170. Fig. 34.

Etymology: Name reflects a morphological similarity to A. 
elegans.

Plant pathogenic, causing prominent defoliation on Melaleuca 
sp. Conidiomata stromatic, acervuloid, scattered, round to 
irregular, 250–500 µm diam, exuding a brown conidial mass. 
Conidiophores lining the basal cavity, subcylindrical, branched, 
0–2-septate, hyaline to pale brown, 20–40 × 2.5–3.5 µm. 
Conidiogenous cells hyaline, smooth, subcylindrical, terminal 
and intercalary, proliferating percurrently near apex, 8–20 × 
2.5–3 µm. Conidia acerose, falcate, 3(–4)-septate, pale brown, 
smooth-walled, slightly constricted at septa, (75–)80–100(–
120) × 3–4 µm; apical cell long conical, attenuating toward 
apex, subhyaline, 35–50 µm long; median cells cylindrical to 
subcylindrical, together 30–40 µm long; basal cell obconical 
with narrowly truncate base, 8–10 µm long; basal appendage 
excentric, single, tubular, flexuous, 25–30 µm long. 

Culture characteristics: Colonies flat, spreading, with sparse 
aerial mycelium and feathery, lobate margins, covering dish in 
2 wk at 25 °C. Colonies on MEA surface dirty white to honey, 
isabelline in reverse; on OA pale mouse grey in middle, salmon 
in outer region; on PDA isabelline surface and reverse, with 
brown spore masses.

Material examined: Australia, Victoria, Phillip Island, Conservation 
Hill, on Melaleuca sp., 8 Nov. 2014, P.W. Crous (holotype CBS H-23465, 
culture ex-type CPC 25411 = CBS 144191).

Notes: Vermisporium pseudoelegans is morphologically similar to 
A. elegans (conidia 48–78 × 2.5–3.5 µm; Nag Raj 1993), although 
it has much longer conidia. Allelochaeta pseudoelegans was 
found to be associated with significant defoliation on the tree 
from which it was collected. However, Koch’s postulates have not 
been tested, and its pathogenicity remains unconfirmed. This 
species can easily be distinguished from its closest phylogenetic 
neighbours based on ITS and rpb2; on tub2 it differs 7 bp with 
A. paraelegans.

Allelochaeta pseudofalcata Crous, sp. nov. MycoBank 827171. 
Fig. 35.

Etymology: Name reflects a morphological similarity to A. 
falcata.

Conidiomata stromatic, acervuloid, scattered, oval, 150–300 
µm diam, exuding a black conidial mass. Conidiophores lining 
the basal cavity, subcylindrical, branched, 1–3-septate, 20–40 
× 3–4 µm. Conidiogenous cells hyaline, smooth, subcylindrical, 
terminal and intercalary, proliferating percurrently near apex, 
8–17 × 2.5–3 µm. Conidia falcate, fusoid, 3-septate, pale brown, 
end cells subhyaline, smooth, slightly constricted at septa, 
(40–)45–50(–55) × (3–)3.5(–4) µm; apical cell subcylindrical 

to narrowly conical, subhyaline, attenuating toward conical or 
tubular appendage, (16–)17–18 µm long; second cell from apex 
cylindrical to subcylindrical, subhyaline, (10–)11–12 µm long; 
third cell from apex cylindrical to subcylindrical, (11–)12–14 
µm long; basal cell obconical with narrowly truncate base, 
subhyaline, 8–9 µm long; basal appendage excentric, single, 
tubular, flexuous, (7–)9–10 µm long. 

Culture characteristics: Colonies flat, spreading, with sparse 
aerial mycelium and even, lobate margins, covering dish in 2 wk 
at 25 °C. Colonies on MEA salmon on surface and reverse, on OA 
salmon, on PDA buff surface and buff to salmon in reverse, with 
black spore masses.

Materials examined: Australia, Queensland, Mt. Crosby, on Eucalyptus 
crebra, 6 Aug. 1973, J. Alcorn J.L. 73-133a, deposited as “Seimatosporium 
falcatum” (holotype CBS H-23466, isotypes BRIP 5731, IMI 179066, 
culture ex-type BRIP 5731 = VPRI 15701 = CPC 28308 = CBS 144192).

Notes: Average conidial lengths of A. pseudofalcata [(40–)45–
50(–55) ×(3–)3.5(–4) µm] are shorter than those of A. neofalcata 
[(46–)48–55(–60) × 4–5 µm], and A. parafalcata [(42–)45–55(–
70) × (3–)3.5(–4) µm], and longer than those of A. falcata [(31–) 
34–51(–59) × 4–6 (av. = 42 × 5) mm]. This species can easily be 
distinguished from its closest phylogenetic neighbours based on 
ITS, rpb2, tef1 and tub2.

Allelochaeta pseudoobtusa Crous, sp. nov. MycoBank 827172. 
Fig. 36.

Etymology: Name reflects a morphological similarity to A. 
obtusa.

Conidiomata stromatic, acervuloid, scattered, oval, up to 400 
µm diam, exuding an orange conidial mass. Conidiophores lining 
the basal cavity, subcylindrical, branched, 1–4-septate, 10–40 × 
2.5–3.5 µm. Conidiogenous cells hyaline, smooth, subcylindrical, 
terminal and intercalary, proliferating percurrently near apex, 7–12 
× 2.5–3.5 µm. Conidia subcylindrical to ellipsoid-fusoid, straight to 
gently curved, 3-septate, hyaline, smooth, orange in mass, not to 
slightly constricted at septa, (48–)54–60(–65) × (3–)3.5(–4) µm; 
apical cell subcylindrical, tip subobtuse, (14–)18–20(–21) µm 
long; second cell from apex cylindrical to subcylindrical, (14–)15–
16(–17) µm long; third cell from apex cylindrical to subcylindrical, 
(11–)13–14(–17) µm long; basal cell with narrowly truncate base, 
(10–)11–12(–13) µm long; basal appendage excentric, single, 
cuneiform to podiform, (3–)5–7(–10) µm long. 

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and even, lobate margins, covering 
dish in 2 wk at 25 °C. Colonies on MEA, OA and PDA salmon 
surface and reverse, with orange spore masses.

Material examined: Australia, Tasmania, Tasman Peninsula, 
43°11’29.7”S 147°51’00.7”E, on leaves of E. viminalis, 14 Oct. 2006, 
B.A. Summerell (holotype CBS H-23467, culture ex-type CPC 13590 = 
CBS 144193).

Notes: Conidia of A. pseudoobtusa resemble those of A. obtusa 
[(49–)54–92(–103) × (2.5–)3–4(–4.5) (av. = 70.6 × 3.3) µm], but 
are shorter that those of that species. This species can easily 
be distinguished from its closest phylogenetic neighbours 
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based on rpb2, tef1 and tub2; on ITS it differs with 2 nts from A. 
pseudoacuta and A. fusispora.

Allelochaeta pseudosamuelii Crous, sp. nov. MycoBank 827173. 
Fig. 37.

Etymology: Name reflects a morphological similarity to A. 
samuelii.

Leaf spots circular, mostly not extending through the leaf 
lamina, dark red-purple to dark brown, 1–3(–5) mm diam, with 
erumpent acervuli. Conidiomata stromatic, acervular, scattered 
to gregarious, oval in outline, 200–350 µm diam, exuding an 
orange conidial mass. Conidiophores arising from the upper 
layer of the stroma, subcylindrical, hyaline, smooth, 0–3-septate, 
10–25 × 2.5–3.5 µm. Conidiogenous cells subcylindrical, hyaline, 
annellidic, 8–15 × 2.5–3 mm. Conidia subcylindrical, hyaline, 

Fig. 34. Allelochaeta pseudoelegans (CPC 25411). A. Conidiomata on SNA. B, C. Conidia. Scale bars = 10 µm.

Fig. 35. Allelochaeta pseudofalcata (CPC 28308). A, B. Conidia. Scale bars = 10 µm.

Fig. 36. Allelochaeta pseudoobtusa (CPC 13590). A. Conidiomata on OA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.
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smooth, curved, 3-septate, constricted or not at septa, (45–)55–
65(–70) × 3(–4) µm; apical cell subcylindrical, tapering to a knob-
like apex, (18–)20–25 µm long; second cell cylindrical, (8–)10–
12(–15) µm long; third cell cylindrical, (8–)9–10(–11) µm long; 
basal cell obconical with a truncate base, (10–)13–15(–18) µm 
long; basal appendage excentric, single, cuneiform to podiform 
with obtuse tip, (2–)3–5 µm long. Chlamydospores formed in 
culture, solitary or in short chains, ellipsoid to globose, brown, 
thick-walled, 8–17 µm diam.

Culture characteristics: Colonies flat, spreading, with sparse 
to moderate aerial mycelium and feathery, lobate margins, 
covering dish in 2 wk at 25 °C. Colonies on MEA, OA and PDA 
salmon surface and reverse, with orange spore masses.

Material examined: Australia, South Australia, Kangaroo Island, Seal 
Bay, on Melaleuca lanceolata, Dec. 2011, W. Quaedvlieg (holotype CBS 
H-23468, culture ex-type CPC 20205 = CBS 144194).

Notes: Conidia of A. pseudosamuelii, (45–)55–65(–70) × 3(–4) 
µm, are slightly shorter than those of A. samuelii, (45–)50–
70(–75) × 3(–4) µm. The apical and basal cells are longer than 
the median cells, which are more or less equal in length. This 
species can easily be distinguished from its closest phylogenetic 
neighbours based on ITS, LSU, rpb2, tef1 and tub2.

Allelochaeta pseudowalkeri Crous, sp. nov. MycoBank 827174. 
Fig. 38.

Etymology: Name reflects a morphological similarity to A. 
walkeri.

Leaf spots circular, brown, up to 10 mm diam, associated with 
infections of Plectosphaeria eucalypti, which is suspected to be 
the primary pathogen. Conidiomata hypophyllous on leaves, 
subepidermal, round with orange conidial masses on PNA, 
forming orange conidial masses that turn pale brown with age, 
acervular, up to 400 µm diam; stroma 20–30 µm of thick textura 
angularis, pale brown. Conidiophores reduced to conidiogenous 
cells or a supporting cell, 0–1-septate, hyaline, smooth, 
subcylindrical, branched above, 15–25 × 3–4 µm. Conidiogenous 
cells subcylindrical, smooth, 8–17 ×  3–4 µm; proliferating several 
times percurrently near apex. Conidia narrowly fusoid, straight 
to curved, guttulate, hyaline, smooth, becoming pale brown 
with age, 3-septate, becoming slightly constricted at septa,  
(45–)48–55(–60) × (3–)3.5–4 µm; apical cell tapering prominently 
to an acutely rounded apex, (18–)20–22(–25) µm long; second 
cell cylindrical, (10–)11–13(–14) µm long; third cell cylindrical, 
(8–)10–12(–13) µm long; basal cell cylindrical with narrowly 
truncate base, (6–)7–8 µm long; basal appendage excentric, 
narrowly cuneiform, (8–)10–12(–13) µm long, tapering toward 
an acutely rounded apex.

Culture characteristics: Colonies flat, spreading, with sparse 
aerial mycelium and smooth, lobate margins, reaching 45 mm 
diam in 2 wk at 25 °C. Colonies salmon on MEA, OA and PDA, 
with orange spore masses.

Material examined: Australia, Queensland, on Eucalyptus sp., 12 Jul. 
2009, P.W. Crous (holotype CBS H-23469, culture ex-type CPC 17043 = 
CBS 144195).

Notes: Allelochaeta pseudowalkeri is similar to A. walkeri 
[conidia (43–)48–82(–87) × 3–4.5(–5) (av. = 61.9 × 3.5) µm] 

Fig. 37. Allelochaeta pseudosamuelii (CPC 20205). A. Leaf spot. B. Conidioma on PDA. C. Conidia. Scale bars = 10 µm.

Fig. 38. Allelochaeta pseudowalkeri (CPC 17043). A. Conidiomata on PNA. B. Conidiophores. C. Conidia. Scale bars = 10 µm.
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in conidial shape, but distinct in having shorter conidia. This 
species can easily be distinguished from its closest phylogenetic 
neighbours based on rpb2, tef1 and tub2; it differs with 2 nt on 
ITS from A. minor.

Allelochaeta samuelii (Hansf.) Crous, comb. nov. MycoBank 
827175. Fig. 39.
Basionym: Cylindrosporium samuelii Hansf., Proc. Linn. Soc. 
N.S.W. 81: 46. 1956.
Synonyms: Seimatosporium samuelii (Hansf.) J. Walker & H.J. 
Swart, Trans. Brit. Mycol. Soc. 90: 287. 1988.
Vermisporium samuelii (Hansf.) J.A. Simpson & Grgur., Muelleria 
9: 239. 1996.

Morphological description on natural substratum: See Barber et 
al. (2011). 

CPC 28912: Leaf spots amphigenous, subcircular, 5–10 
mm diam, medium brown with thin, dark brown border. 
Conidiomata acervular, 200–250 µm diam, exuding an orange 
conidial mass. Conidiophores subcylindrical, hyaline, smooth, 
reduced to conidiogenous cells, or with a supporting cell. 
Conidiogenous cells subcylindrical, smooth, hyaline, 15–20 × 
(2.5–)3(–3.5) µm; proliferating percurrently near apex. Conidia 
subcylindrical, hyaline, smooth, 3-septate, straight to curved, 
slightly constricted at septa, guttulate, (45–)50–70(–75) × 3(–4) 
µm; apical cell subcylindrical, tapering to a distinct knob-like 
apex, 18–27 µm long; median cells cylindrical, 13–24 µm long; 
basal cell obconical with a small truncate base, 16–24 µm; basal 

appendage single, excentric, cuneiform to podiform, attenuating 
to an obtuse or truncate tip, 2–4 µm long.

Culture characteristics: Colonies flat, spreading, with sparse to 
moderate aerial mycelium and even, lobate margins, covering 
dish in 2 wk at 25 °C. Colonies on MEA, OA and PDA salmon 
surface and reverse, with orange spore masses.

Materials examined: Australia, South Australia, on Eucalyptus sp., Sept. 
1924, G. Samuel (holotype ADW 3840); Western Australia, Cape Riche, 
Wellstead, on E. angulosa, 21 Sep. 2015, P.W. Crous (epitype specimen 
here designated CBS H-23470, MBT382799, culture ex-type CPC 28912 
= CBS 144196); Western Australia, Gull Cove, Albany, on E. angulosa, 20 
Sep. 2015, P.W. Crous, specimen HPC 723B, culture CPC 29046.

Notes: Allelochaeta samuelii has hitherto only been known 
based on its type collection. It has conidia with a distinct knob-
like appendage on the apical cell and a basal appendage.  The 
median cells, like those of A. brevicentra and A. walkeri, are 
much shorter than both the apical and basal cells, the apical cell 
being the longest.  This species can easily be distinguished from 
its closest phylogenetic neighbours based on ITS, rpb2, tef1 and 
tub2.

Allelochaeta sparsifoliae Crous, sp. nov. MycoBank 827176. Fig. 
40.

Etymology: Name reflects the host species, Eucalyptus 
sparsifolia, from which it was isolated.

Fig. 39. Allelochaeta samuelii (CPC 28912). A. Conidiomata on OA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.

Fig. 40. Allelochaeta sparsifoliae (CPC 14529). A. Conidiomata on OA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.
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Conidiomata stromatic, acervuloid, scattered, oval, 300–400 µm 
diam, exuding an orange conidial mass. Conidiophores lining 
the basal cavity, subcylindrical, branched, 0–2-septate, 10–20 × 
2.5–3.5 µm. Conidiogenous cells hyaline, smooth, subcylindrical, 
terminal and intercalary, proliferating percurrently near apex, 
8–12 × 2.5–3 µm. Conidia subcylindrical to acerose, hyaline, 
smooth, guttulate, slightly curved, 3-septate, constricted at 
septa or not, (45–)48–57(–60) × (3.5–)4 µm; apical cell narrowly 
conical, attenuating toward an apical appendage with blunt 
apex, (15–)17–21 µm long; second cell from apex cylindrical 
to subcylindrical, (15–)16–17 µm long; third cell from apex 
cylindrical to subcylindrical, (12–)13–15 µm long; basal cell 
cylindrical to narrowly obconic with narrowly truncate base, 
(9–)10–12(–14) µm long; basal appendage excentric, single, 
cuneiform to podiform, 5–6 µm long. 

Culture characteristics: Colonies flat, spreading, with moderate 
aerial mycelium and even, lobate margins, covering dish in 2 
wk at 25 °C. Colonies on MEA, OA and PDA salmon surface and 
reverse, with orange spore masses.

Materials examined: Australia, New South Wales, Wyong, on E. 
sparsifolia (= E. oblonga), 23 Sep. 2007, B.A. Summerell (holotype CBS 
H-23455, culture ex-type CPC 14529 = CBS 144183); New South Wales, 
Forresters Beach, on E. sparsifolia, 1 Jan. 2007, B.A. Summerell, CPC 
14502.

Notes: Allelochaeta sparsifoliae is morphologically somewhat 
reminiscent of A. obliquae, having a blunt apex, and a basal 
appendage that is again reminiscent of A. walkeri. This species 
can easily be distinguished from its closest phylogenetic 
neighbours based on ITS, LSU, rpb2, tef1 and tub2.

Allelochaeta verrucispora (Nag Raj) Crous, comb. nov. 
MycoBank 827177. 
Basionym: Vermisporium verrucisporum Nag Raj, in Nag Raj, 
Coelomycetous anamorphs with appendage-bearing conidia 
(Ontario): 972. 1993.
Synonym: Seimatosporium verrucisporum (Nag Raj) P.A. Barber 
& Crous, Persoonia 27: 111. 2011.

Morphological description on natural substratum: See Barber et 
al. (2011). 

Materials examined: Australia, Victoria, Miles Creek, on Eucalyptus 
regnans, 1915, C. French Jr. (Isotype VPRI 1932b). New Zealand, Taupo, 

Kaingaroa Forest: on E. delegatensis, 6 Oct. 2000, R.F. Thum NZFRI-M 
4047; Taupo, Kaingaroa Forest, on E. delegatensis, 6 Oct. 2000, J.A. 
Bartram NZFRI-M 4315.

Note: Allelochaeta verrucispora is presently not known from 
culture and its phylogenetic position remains uncertain.

Allelochaeta walkeri (H.J. Swart & M.A. Will.) Crous, comb. nov. 
MycoBank 827178. Fig. 41.
Basionym: Vermisporium walkeri H.J. Swart & M.A. Will., Trans. 
Brit. Mycol. Soc. 81: 495. 1983.
Synonym: Seimatosporium walkeri (H.J. Swart & M.A. Will.) P.A. 
Barber & Crous, Persoonia 27: 113. 2011.

Morphological description on natural substratum: See Barber et 
al. (2011). 

CPC 25405: Conidiomata acervular, 250–400 µm diam, 
exuding an orange conidial mass. Conidiophores subcylindrical, 
hyaline, smooth, branched, 1–3-septate, 15–30 × 2.5–3.5 µm. 
Conidiogenous cells subcylindrical, smooth, hyaline, 9–15 × 2.5–
3 µm; proliferating percurrently near apex. Conidia subcylindrical 
to fusoid, falcate, hyaline, smooth, 3(–4)-septate, slightly 
constricted at septa, guttulate, (52–)55–62(–67) × 3(–3.5) µm; 
apical cell conical, tapering to an obtuse apex, 18–27 µm long; 
second cell cylindrical, 10–15 µm long; third cell cylindrical, 10–
13 µm long; basal cell with a small truncate base, 10–15 µm; 
basal appendage single, excentric, cuneiform to podiform, 6–12 
µm long.

Culture characteristics: Colonies erumpent, spreading, fluffy, 
with moderate aerial mycelium and smooth, lobate margins, 
reaching 50 mm diam after 2 wk. Colonies salmon on MEA and 
OA, but pale luteous on PDA.

Materials examined: Australia, Victoria, Hume Highway, N. of Wallen, 
on leaves of E. obliqua, 29 Aug. 1980, H.J. Swart (holotype DAR 43109); 
Victoria, Yanakie, on E. obliqua, 7 Mar. 2000, P.A. Barber, PAB00.03; 
Victoria, Wilson’s Promontory, Squeaky Beach Lookout, on E. sieberi, 
7 Mar. 2000, P.A. Barber, PAB00.04; Victoria, Kinglake West, on E. 
obliqua, 7 Nov. 2001, P.A. Barber, PAB01.05; Victoria, Kinglake West, 
on E. obliqua, 7 Nov. 2001, P.A. Barber, PAB01.07; Victoria, Melbourne, 
‘Lamatina’s Farm’, S38°24’26.2”, E144°55’9”, on Eucalyptus sp., 12 Oct. 
2009, P.W. Crous (epitype designated here CBS H-20746, MBT382801, 
culture ex-epitype CPC 17644 = CBS 131119); ditto, CPC 17645; New 
South Wales, Kurrajong Heights, on Corymbia gummifera, Apr. 2011, 

Fig. 41. Allelochaeta walkeri (CPC 17644). A. Conidiomata on PNA. B, C. Conidiophores. D. Conidia. Scale bars = 10 µm.
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B.A. Summerell, CPC 19274; New South Wales, Neunes Plateau, on E. 
gregsoniana, Apr. 2011, B.A. Summerell, CPC 19291; Northern Territory, 
Darwin, on E. oreades, Apr. 2011, P.W. Crous, CPC 19275; Victoria, The 
Gurdies, Gurdies Winery, on Eucalyptus sp., 7 Nov. 2011, P.W. Crous, 
HPC 109, CPC 25409; Victoria, Victoria, The Gurdies, Gurdies Winery, 
Dunbaladin Rd, on Eucalyptus sp., 7 Nov. 2014, P.W. Crous, HPC 105, CPC 
25405; Victoria, Toolangi Forest, on Eucalyptus sp., 9 Nov. 2014, P.W. 
Crous, HPC 102, CPC 25453; New South Wales, Neunes Plateau, on E. 
gregsoniana, Apr. 2011, B.A. Summerell, CPC 19443; Victoria, Gardies, 
Dunbaladin Rd, on Eucalyptus sp., 7 Nov. 2014, P.W. Crous, HPC 105, 
CPC 25391; New South Wales, Mount Tomah, on E. fastigata, 1 Jan. 
2005, B.A. Summerell, CPC 13024. New Zealand, Wellington, Catchpool 
Forest, on E. fastigata, 16 Oct. 1997, B.J. Rogan, NZFRI-M 3756.

Notes: Allelochaeta walkeri and A. brevicentra are distinctly 
different from all other Allelochaeta species in having the 
median cells shorter than both the apical and basal cells.  
Although we presently choose to recognise all isolates in this 
clade as A. walkeri, there is some morphological and genetic 
variation among them. Isolate CPC 25453 has longer conidia, 
(52–)60–70(–80) × 3(–3.5) µm, basal appendages 6–17 µm long, 
similar to those in isolate CPC 13024, [conidia (55–)60–75(–80) 
× 3(–3.5) µm, basal appendages 6–10 µm long]. This species can 
easily be distinguished from its closest phylogenetic neighbours 
based on ITS, rpb2, tef1 and tub2.

DISCUSSION

The family Sporocadaceae (Xylariales, Sordariomycetes) was 
resurrected to accommodate Seimatosporium and allied 
appendaged coelomycetous fungi (Jaklitsch et al. 2016). 
Seimatosporium accommodates saprobic and plant pathogenic 
species and has sexual morphs in Discostroma (Tanaka et al. 
2011). Their taxonomy has long been a subject of serious 
debate. It is interesting to note that the two major treatments 
on coelomycetous fungi, respectively by Sutton (1980), and 
Nag Raj (1993), were in disagreement as how to treat species 
in Seimatosporium. Sutton (1980) chose a broad definition 
for Seimatosporium, whereas Nag Raj (1993) divided the 
complex into five genera, namely Diploceras, Sarcostroma, 
Seimatosporium, Sporocadus and Vermisporium. Takana et al. 
(2011) did not accept the subdivision of Seimatosporium, while 
Barber et al. (2011) also recommended that Vermisporium be 
regarded as synonym of Seimatosporium. 

Species of Seimatosporium are morphologically very similar to 
various genera that have appendaged conidia. Other secondary 
characteristics that have been used to distinguish between 
seimatosporium-like genera include conidial pigmentation, 
septation, and the nature of the conidial appendages 
(presence/absence, branched/unbranched). Studies treating 
these appendaged fungi to date have lacked the power of DNA 
sequence data, commonly due to the lack of cultures on which 
such investigations must rely, and also because they have largely 
employed nuclear ribosomal RNA gene data, which tend to be 
quite conservative in this generic complex. 

In the present study the generic type species, as well as 
several additional species of the genera Allelochaeta, Diploceras, 
Discostromopsis, Seimatosporium and Vermisporium were 
subjected to DNA analysis and morphological comparisons. 
These genera had previously been separated based on a 
combination of conidial pigmentation, septation, and the nature 

of their conidial appendages. The overall phylogeny presented 
in this study and based on an analysis of five gene regions 
(ITS, LSU, rpb2, tub2 and tef1) (Fig. 1), showed that these taxa 
clustered in a well-defined clade, sister to Seimatosporium. 
Although it was originally suspected that Vermisporium would 
be the generic name to apply to this genus, it became clear that 
there were even older names to be considered. For example, 
several species of Diploceras clustered in this clade, although 
the type, D. hypericinum, clusters distant to this clade (F. Liu 
et al. in prep.). One species of Diploceras, D. dilophospora, has 
Allelochaeta gaubae as synonym, and the latter is the type 
species of the genus Allelochaeta (1955).  Allelochaeta is older 
than Vermisporium (type species: V. walkeri; 1983), and the 
genus Discostromopsis (type species: D. callistemonis; 1979), 
which is a synonym of Diploceras kriegerianum. Other than 
their asexual morphs, species of Seimatosporium also differ 
from Allelochaeta in having Discostroma sexual morphs, while 
those of Allelochaeta are placed in Discostromopsis (J- apical 
ascal ring versus J+ apical ring in Discostroma, and irregularly 
biseriate ascospores, vs. uniseriate ascospores in Discostroma; 
see Tanaka et al. 2011). Finally, these two genera also appear to 
differ ecologically, as species of Seimatosporium are commonly 
associated with twigs and branches, while species of Allelochaeta 
are foliicolous.

Allelochaeta appears to be the most appropriate name 
to apply to the genus that clusters sister to Seimatosporium. 
In doing so, the fact that there is considerable morphological 
diversity in this genus must be confronted. This diversity 
includes characteristics such as the number of conidial septa, 
the nature and the presence/absence of conidial appendages. 
Most strikingly, however, is the fact that conidial pigmentation 
appears to have been gained or lost in several subclades of 
Allelochaeta (see Fig. 1). This raises the interesting question if 
this is known only from genera of Sporocadaceae, or whether 
this is a common feature in other coelomycetous Ascomycota.  
This question is consequently considered below for a number of 
genera with conidial appendages that have been considered in 
recent studies.

Alpakesa/Kellermania/Piptarthron

Based on their distinct conidial appendages (number and origin), 
Sutton (1980) regarded Alpakesa, Kellermania, and Piptarthron 
as separate genera. However, in the first phylogenetic revision 
of the group, these genera, as well as their sexual morphs, 
Planistroma and Planistromella, were reduced to synonymy 
under Kellermania (Minnis et al. 2012). In the latter study, 
conidial appendages proved insufficiently robust characters 
to justify the separation of otherwise morphologically similar 
genera of coelomycetes. 

Coniella/Pilidiella

Coniella and Pilidiella were regarded as separate genera by von 
Arx (1973, 1981), based on the dark brown conidia of Coniella, 
in contrast to the hyaline conidia of Pilidiella. However, conidial 
pigmentation was rejected as a distinguishing characteristic by 
Sutton (1980) and Nag Raj (1993) who used the older name, 
Coniella. Although early studies based on ITS and LSU sequence 
data supported their separation (Castlebury et al. 2002, Van 
Niekerk et al. 2004), a multigene study incorporating numerous 
species and isolates showed that Pilidiella and Schizoparme 
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(sexual morphs linked to taxa with hyaline or brown conidia) 
should be considered as synonyms of the older generic name, 
Coniella (Alvarez et al. 2016, Marin-Felix et al. 2017).

Dinemasporium/Stauronema and Pseudolachnea/
Pseudolachnella

In a recent study evaluating the taxonomic value of conidial ap-
pendages in Dinemasporium and allied genera (Chaetosphaeri-
aceae), Crous et al. (2012) showed that Stauronema (lateral 
conidial appendages) should be reduced to synonymy with 
Dinemasporium. Furthermore, that lateral conidial appendages 
should not be used as character for generic separation, while 
Pseudolachnea (1-septate conidia), was again shown as distinct 
from Dinemasporium (aseptate conidia). In a subsequent study 
Hashimoto et al. (2015) found that Pseudolachnea and Pseudol-
achnella were distinct, and that differences observed in the co-
nidiomatal structure, such as thickness of basal stroma and the 
excipulum, were more reliable characters at generic level than 
conidial septation. Saccardoan characters relating to conidial 
morphology, such as colour and septation, were thus concluded 
to be uninformative in many fungal genera (Hirayama & Tanaka 
2011).

Pestalotiopsis/Neopestalotiopsis/Pseudopestalotiopsis

Maharachchikumbura et al. (2014) distinguished Neopestalo-
tiopsis from Pseudopestalotiopsis and Pestalotiopsis by its ver-
sicolourous median cells and indistinct conidiophores. Likewise, 
Pseudopestalotiopsis was distinguished from Pestalotiopsis by 
generally dark coloured concolourous median cells with indis-
tinct conidiophores. However, Liu et al. (2017) found that there 
were exceptions, and that some taxa clustering within Neopesta-
lotiopsis produced concolourous median cells, suggesting that 
conidial pigmentation is more plastic among these genera than 
originally proposed by Maharachchikumbura et al. (2014).

CONCLUSIONS

Conidial septation, pigmentation and appendages have been 
used extensively in the past to separate genera of coelomycetous 
fungi (Sutton 1980, Nag Raj 1993). However, it is clear that 
in many genera of Ascomycota, and also specifically in the 
Sporocadaceae, the presence or absence of appendages, and 
even the nature of these appendages, can vary greatly within 
the same genus. Likewise, conidial pigmentation has also been 
gained or lost several times during the evolution of Allelochaeta, 
with some species having hyaline or subhyaline conidia, smooth, 
or verruculose, or with pale brown or dark brown central cells. 

The common denominator for species of Allelochaeta 
appears to be the acervular conidiomata, and a basal stroma 
of textura angularis that gives rise to percurrently proliferating 
conidiogenous cells. Conidia are fusoid, naviculate, subcylindrical 
or acerose, straight or curved, euseptate, with or without apical 
appendages, and with a single excentric basal appendage, that 
can be branched in some cases. Where known, ascomata of the 
sexual morph are immersed in host tissue, and covered by a small 
clypeus, and ascospores are ellipsoid, hyaline, and 3-septate. 
Further collections may eventually show that more uniform 
generic characters exist among the sexual morphs of species of 
Allelochaeta. But for the present, the asexual morphs appear 

highly variable, and the characters on which their taxonomy has 
been based in the past (Sutton 1980, Nag Raj 1993), appear to 
represent a continuum, with several features developing more 
than once within the genus.
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INTRODUCTION

The Atractiellomycetes is a class among the rust fungi 
(Pucciniomycotina), with about 50 species (Aime et al. 2014, 
Toome-Heller 2016). The presence of saccate probasidia and 
unique ultrastructural elements (atractosomes), as well as 
absence of a yeast stage are the main diagnostic features of 
this group. The Atractiellomycetes encompasses representatives 
with pycnidioid (Basidiopycnis, Basidiopycnides), gasteroid 
(Atractiella, Phleogena) and corticioid (Helicogloea, 
Saccoblastia) fructifications, as well as a number of asexual 
taxa (Hobsonia, Infundibura, Leucogloea, Proceropycnis) (Bauer 
et al. 2006, Oberwinkler et al. 2006, Aime et al. 2014, 2018). 
For now, most of them are considered saprotrophic, inhabiting 
plant remnants or beetle galleries in decaying wood (Bauer et 
al. 2006, Oberwinkler et al. 2006), with a few taxa detected in 
orchid mycorrhiza (Kottke et al. 2010) or associated with tree 
roots (Bonito et al. 2017). However, the genus- and species-level 
taxonomy of the class remains extremely poorly resolved, and 
DNA data available in public repositories are fragmentary. In this 
paper, we revise the taxonomy of the Atractiellomycetes species 
producing effused, crust-like (corticioid) basidiocarps currently 
addressed to the genus Helicogloea s. lat., using morphological 
and DNA methods.

The genus Helicogloea was described by Patouillard 
(in Patouillard & Lagerheim 1892) with a single species, H. 
lagerheimii, based on Lagerheim’s collection from Ecuador. 
In the protologue, Patouillard compared the new genus with 

Platygloea and Helicobasidium; however, he overlooked saccate 
probasidia characteristic for this species and the genus as a 
whole. This seems to have been a reason to abandon Helicogloea 
in favour of Saccoblastia, another genus described three years 
later from Brazil (Möller 1895). Möller introduced his genus for 
two new species, S. ovispora and S. sphaerospora, with excellent 
descriptions and illustrations of basidial morphology. He 
emphasized the importance of saccate probasidia as the main 
generic feature. Four new species were added to Saccoblastia by 
Bourdot & Galzin (1909), Coker (1928) and Linder (1929). Bourdot 
& Galzin (1928) assumed that Möller's generic description refers 
to species with floccose basidiocarps, and therefore separated 
Saccoblastia sebacea, having gelatinous fructifications, to a 
newly introduced section Saccogloea.

Baker’s study (1936) was a crucial moment in the taxonomic 
history of the genus. She conducted cytological investigations 
of all species then addressed to Saccoblastia and showed that 
they all are microscopically similar. Baker studied the original 
specimen of H. lagerheimii, the type species of Helicogloea, 
and proved that it possesses saccate probasidia. Therefore, the 
genus name Saccoblastia was replaced by the older epithet 
Helicogloea. Donk (1966) raised objections to such a wide genus 
concept and proposed to limit Helicogloea to gelatinous species 
only (i.e. section Saccogloea) while species with floccose, non-
hygroscopic basidiocarps were retained in Saccoblastia. Donk's 
arguments were accepted by Jülich (1976), Wojewoda (1982) 
and Kisimova-Horovitz et al. (2000). Phylogenetic studies by 
Aime et al. (2006) and Bauer et al. (2006) demonstrated that 
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Helicogloea and Saccoblastia sensu Donk are not congeneric 
and belong to different lineages within Atractiellomycetes. In the 
latter study, Platygloea vestita was detected as closely related 
to Saccoblastia. Finally, Aime et al. (2018) introduced two new 
monotypic genera, Neogloea (typified with Helicogloa variabilis) 
and Bourdotigloea (typified with P. vestita).

Here we reinstate Helicogloea s. str. with 25 accepted species 
closely related to the type species, H. lagerheimii, and describe 
11 of them as new. Identity of the generic type of Saccoblastia, 
S. ovispora, is clarified, and this species is transferred to 
Helicogloea s. str. As a consequence, a new genus, Saccosoma, is 
introduced to encompass Saccoblastia sensu Donk, i.e. species 
with arid basidiocarps. Identity of Bourdotigloea vestita and 
eight related species is discussed, and six of them are described 
as new to science.

MATERIAL AND METHODS

Specimens

Types and specimens from fungaria H, O, LE, TU, TAAM, CWU, 
PC, HBG, K, C, S, NY, CFMR, BPI, FH, TENN, TRH, PDD, as well 
as from private collections of Gérard Trichies (GT), Nicolas 
Küffer (NK) and Ilya Viner (IV), were studied. Microscopic 
routine follows Miettinen et al. (2018). All measurements and 
line drawings were made from microscopic slides prepared in 
Cotton Blue, using oil immersion and phase contrast illumination 
(× 1250 magnification). In almost all cases, 20 subhymenial 
and 20 subicular (if differentiated) hyphae, 20 basidia and 30 
basidiospores per specimen were measured. For presenting 
basidiospore and basidial measurements, 5 % extreme values 
from both ends of variation are given in parentheses. For hyphal 
diameter measurements, the 20 % tails are put in parentheses. 
The following abbreviations are used in descriptions below: L – 
mean basidiospore length, W – mean basidiospore width, Q’ – 
length / width ratio, Q – mean length / width ratio.

Specimens examined (sequenced collections are marked by 
an asterisk):
Bourdotigloea cerea. Norway, Oppland, Sel, Sagåa Nat. Res., 

Picea abies, 13 Sep. 2016, Spirin 11057* (O, holotype).
B. concisa. France, Moselle, Fontoy, dead Stereum rugosum on 

Alnus glutinosa, 27 Feb. 2011, Trichies 11015* (H, holotype), 
Ottange, dead Hymenochaete tabacina on rotten wood, 7 
May 2001, Trichies 01096 (GT, H). UK, England, East Sussex, 
Buckhurst Park, Fagus sylvatica, 20 Feb. 1923, Pearson (herb. 
Bourdot 35590) (PC 0706701).

B. dura. Norway, Oppland, Nord-Fron, Liadalane Nat. Res., 
Betula pubescens, 12 Sep. 2016, Spirin 11054* (O, holotype), 
Alnus incana, 29 Sep. 2017, Spirin 11645* (O).

B. grisea. Norway, Møre og Romsdal, Nesset, Eikesdalen, 
A. incana, 28 Sep. 2017, Spirin 11624* (O), 11629* (O, 
holotype).

B. lanea. Norway, Østfold, Aremark, P. abies, 25 Oct. 2011, J. 
Nordén 9962* (O, holotype).

B. longispora. Russia, Leningrad Reg., Boksitogorsk Dist., 
Chagoda, Pinus sylvestris, 19 Aug. 2018 Spirin 12192 (H). 
USA, North Carolina, Macon Co., Highlands, decorticated 
pine (?) wood, together with Tulasnella allantospora, 23 Jun. 
1953, Olive (NY); Oregon: Lane Co., Lorane, Pseudotsuga 
menziesii, 22 Oct. 1938 Doty 522 (NY, lectotype).

B. multifurcata. Norway, Aust-Agder, Grimstad, Sæveli Nat. Res., 
Quercus robur (fallen branch) and dead Fuscoporia ferrea, 2 
Nov. 2017, Spirin 11785* (O, holotype).

B. sebacinoidea. USA, Louisiana, Caddo Parish, Shreveport, dead 
Exidia glandulosa on branch of Quercus sp., 4 Jul. 1947, Olive 
(NY, lectotype).

B. vestita. France, Aveyron, Bouisson, Vuilleminia comedens 
on Alnus sp., 19 Feb. 1914, Galzin 19039 (PC 0706695), 
Genista tinctoria, 24 Dec. 1916, Galzin 21380 (PC, lectotype); 
Moselle: Neufchef, fallen log (conifer?), 7 Mar. 2009, Trichies 
09017* (GT, H).

Bourdotigloea sp. USA, Iowa, Iowa City, drift wood, 8 Jul. 1934, 
Rogers 305 (FH 00486509), without host indication, 19 May 
1936, Martin (FH 00486507, TENN 010594).

Helicobasidium inconspicuum. Austria, Niederösterreich, 
Wienerwald, Quercus sp., 18 Aug. 1907, Höhnel (FH, 
lectotype).

Helicogloea angustispora. USA, North Carolina: Macon Co., 
Highlands, on very rotten frondose stump, 29 Aug. 1950, 
Olive (TENN, lectotype).

H. aquilonia. Finland, Etelä-Häme, Nokia, Pitkäniemi, Sorbus 
aucuparia, 10 Aug. 2010, Söderholm 4241* (H). Germany, 
Niedersachsen, Lüchow-Dannenberg, Quercus sp., 12 Oct. 
2003, Hechler A3.050 (HBG); Sachsen-Anhalt, Sangerhausen, 
Grillenberg, Fagus sylvatica, 8 Sep. 1995, Hechler 95.066 
(HBG). Norway, Vest-Agder, Lyngdal, Fladstad, Q. robur, 
1 Nov. 2017, Spirin 11755 (O); Hedmark, Løten, Korpreiret 
i Øksna, hardwood, 26 Sep. 1997, Høgholen 56/97* (O 
F87681); Oppland, Nord-Fron, Liadalane Nat. Res., Ulmus 
glabra (with Heteroradulum deglubens), 29 Sep. 2017, Spirin 
11655 (O), Sel, Sagåa Nat. Res., Salix caprea, 13 Sep. 2016, 
Spirin 11072 (O) (infected by Achroomyces chlamydospora); 
Rogaland: Sokndal, Tilia cordata (?), 22–25 Jul. 1971, 
Ryvarden 7377 (O F104774); Nordland, Vega, Sundsvoll, on 
Ulota phyllantha and underlying wood, 2 Jul. 1972, Degelius* 
(O). Russia, Leningrad Reg., Boksitogorsk Dist., Vozhani, 
Populus tremula, 1–2 Oct. 2016, Spirin 11163* (H, holotype), 
11179 (H), Podporozhie Dist., Oksozero, S. aucuparia, 16 Sep. 
2017, Spirin 11457 (H); Nizhny Novgorod Reg.: Lukoyanov 
Dist., Razino, P. tremula, 22 Jul. 2018, Spirin 11966 (H).

H. burdsallii. USA, Arizona, Santa Cruz Co., Coronado Nat. Forest, 
Fraxinus velutina, 12 Aug. 1971, Burdsall 6017* (CFMR, 
holotype), 6026 (CFMR); California, Napa Co., Sage Creek, 
Umbellularia californica (?), 25 Nov. 1979, Wells 2803 (BPI).

H. caroliniana. USA, North Carolina, Orange Co., Chapel Hill, 
Quercus sp., 4 Feb. 1920, Couch 4078 (BPI, lectotype).

H. compressa. Russia, St. Petersburg, Primorsky Dist., North 
Coast of Neva Mouth Nat. Res., P. tremula (?), 8 Oct. 
2013, Arslanov (LE 313253*). USA, Tennessee, Sevier Co., 
Greenbrier, decayed log, 30 Sep. 2015, Põldmaa (TU119718B, 
culture strain TFC202060*).

H. crassitexta. Russia, Krasnoyarsk Reg., Ermakovskoe Dist., 
Sayano-Shushensky Nat. Res., Pinus sibirica, 17 Aug. 2015 
Malysheva (LE 312773*, holotype).

H. dryina. Finland, Perä-Pohjanmaa, Rovaniemi, Pisavaara, 
P. abies, 1 Sep. 1960, Kujala & J. Eriksson (H). Norway, 
Akershus, Nannestad, P. abies, 8 Oct. 2011, Svantesson 
786* (O, holotype), P. abies, 9 Oct. 2011, Svantesson 802 
(O), Botryobasidium subcoronatum on P. abies, 9 Oct. 2011, 
Svantesson 808 (O); Oppland, Jevnaker, P. abies, 6 Oct. 2011, 
J. Nordén 9729 (O); Østfold, Aremark, P. abies, 24 Oct. 2011, 
Svantesson 1005 (O), B. subcoronatum on P. abies, 25 Oct. 
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2011, J. Nordén 9966 (O); Telemark, Nome, P. abies, 20 Oct. 
2011, J. Nordén 9934 (O), 25 Oct. 2016, Spirin 11197 (O); 
Møre og Romsdal, Sunndal, 20 Aug. 1991, Torkelsen 313/91 
(O); Sør-Trøndelag, Meldal, Urvatn, P. abies, 27 Sep. 1991, 
Bendiksen & Høiland 11a-46 (O F149951). Sweden, Jämtland, 
Krokom, B. subcoronatum on P. abies, 12 Sep. 2011, J. 
Nordén 9108 (O); Småland, Vetlanda, P. abies, 3 Nov. 2010, J. 
Nordén 7745* (O), Botryobasidium sp. on P. abies, 2–3 Nov. 
2010, J. Nordén 7740, 7746 (O), 3 Nov. 2010, Botryobasidium 
obtusisporum on P. abies, 3 Nov. 2010, J. Nordén 7749, 8001 
(O, H), Vimmerby, P. abies, 4 Nov. 2010, J. Nordén 7909 (O), 
Sistotrema coroniferum and Botryohypochnus isabellinus on 
P. abies, 4 Nov. 2010, J. Nordén 7911 (O), Botryobasidium sp. 
on P. abies, 5 Nov. 2010, J. Nordén 8029 (O).

H. eburnea. Kenya, Taita-Tavet, Taita Hills, Chawia, decayed 
hardwood log, 17 Nov. 2017, Savchenko 171127/1127A* (H, 
holotype).

H. exigua. Canada, Ontario, Toronto, Holland River Marsh, 
Populus sp., 6 May 1936, Linder (FH 00486504). France, 
Moselle, Moyeuvre-Petite, vallée du Conroy, Betula pendula, 
25 Aug. 2002, Trichies 02123 (GT, H). USA, Michigan, 
Marquette Co., Big Bay, Acer saccharum, 6 Aug. 1974, 
Burdsall 8162* (CFMR, holotype).

H. irregularis. French Polynesia, Tahiti, Papeari, Harrison 
Smith Estate, old stem of bamboo, 13 Jun. 1956, Olive (NY 
00834140, holotype).

H. intermedia. Panama, Chiriquí Prov, Rio Chiriquí, 3 Jul. 1935, 
Martin 2423 (FH 00304773).

H. lagerheimii. Ecuador, Baños, Chorrera de Agoyan, rotten 
branch, Jan.1892 Lagerheim (FH, lectotype). USA, California, 
Napa Co., Robert L. Stevenson Memorial State Park, 
hardwood, 19 Dec. 1965, Wells 1711-2* (BPI 719891).

H. lunula. New Zealand, Wairarapa, Pigeon Bush Res., 
decorticated branch, 1 Jan. 2006, Paulus & Steer (PDD 
88360*, holotype).

H. microsaccata. Russia, Primorie, Ussuriisk Dist., Ussuri Nat. 
Res., deciduous tree (fallen branch), 15 Aug. 2011, Malysheva 
(LE 262936*, holotype).

H. ovispora. Brazil, Santa Catharina, Blumenau, rotten wood, 
Möller 767 (HBG, lectotype).

H. pellucida. Canada, Ontario, Nipissing, Temagami, Fraxinus 
sp., 7 Aug. 1936, Jackson (FH 00486502 ex TRTC 10518). 
Norway, Møre og Romsdal, Nesset, Eikesdalen, U. glabra, 28 
Sep. 2017, Spirin 11617 (O). Russia, Nizhny Novgorod Reg., 
Lukoyanov Dist., Razino, A. glutinosa, 10 Aug. 2016, Spirin 
10610* (H, holotype), U. glabra, 24 Jul. 2018, Spirin 12025 
(H). Ukraine, Donetsk Reg., Slovyansk Dist., Svyati Gori 
Nat. Res., P. tremula, 19–20 Oct. 2009, Ordynets & Akulov 
(CWU 4000*, 4186). USA, Massachusetts, Middlesex Co., 
Wakefield, Malus sp., 5 Nov. 1941, Linder (FH 00486501); 
North Carolina, Macon Co., Highlands, hardwood, 20 Aug. 
1952, Olive (TENN 43239).

H. sebacea. Denmark, Nørrejylland, Aalborg, Solbjerg Enge, 
Betula sp., 24 Aug. 2011, Heilmann-Clausen 11-066* (C). 
Estonia, Viljandimaa, Pääsma, U. glabra, 18 Sep. 2018, 
Spirin 12372, 12379, 12383 (H, TU). France, Allier, St. Priest, 
Cerasus (?) (very rotten wood), 26 Nov. 1908, Bourdot 5882 
(PC, lectotype); Meurthe-et-Moselle, Val de Briey, Fraxinus 
excelsior, 23 Jan. 2003, Trichies 03004 (GT, H); Moselle, 
Thionville, Beuvange-sous-Saint-Michel, hardwood (Populus 
nigra or Salix fragilis), 9 Jan. 2007, Trichies 07024* (GT, H). 
Germany, Niedersachsen, Rotenburg, Freetz, F. sylvatica, 11 

Nov. 1989, Hechler 89.130 (HBG). Russia, Nizhny Novgorod 
Reg., Lukoyanov Dist., Razino, T. cordata, 23 Jul 2018, Spirin 
12005 (H); Primorie Reg., Ussuriisk Dist., Ussuri Nat. Res., 
hardwood, 15 Aug. 2011, Malysheva (LE 262888, 262946). 
Ukraine, Ivano-Frankivsk Reg., Nadrivna Dist., Gorgany, Acer 
platanoides, 18 Jul. 2012, Savchenko (CWU 6331*). USA, 
Ohio, Huron Co., Wakeman, Quercus sp., Sept.1933, Rogers 
(FH 00486503); South Carolina, Pickens Co., Eastatoee River, 
very rotten wood, 16 Jul. 1951, Olive (TENN 43192), 25 Jul. 
1951, Olive (TENN 43191); Tennessee, Sevier Co., Gatlinburg, 
on remnants of old resupinate fungus, 29 Jul. 1953, Olive 
(TENN 43224).

H. septifera. Norway, Oppland, Nord-Fron, Liadalane Nat. Res., S. 
aucuparia, 12 Sep. 2016, Spirin 11035 (O), Ulmus glabra, 12 
Sep. 2016, Spirin 11036 (O) (infected by A. chlamydospora), 
P. tremula, 12 Sep. 2016, Spirin 11043* (O, H, LE) (infected by 
Tulasnella pallida), 29 Sep. 2017, Spirin 11654 (O) (infected 
by A. chlamydospora); Sogn og Fjordane, Luster, Loi, Ulmus 
glabra, 8 Sep. 2000, Roberts (O F300013, infected by A. 
chlamydospora – isotype of the latter species); Møre og 
Romsdal, Nesset, Eikesdalen, A. incana, 27 Sep. 2017, Spirin 
11593, 11605 (O); Nord-Trøndelag, Grong, Sanddøla, Ulmus 
sp., 13 Jul. 1977, Holten & Siversten* (H, holotype, TRH, 
isotype and paratypes); Troms, Storfjord, Skibotndalen, 
hardwood, 19 Aug. 1992, Torkelsen (O F295518). Russia, 
Karachay-Cherkessia, Karachaevsk Dist., Teberda Nat. 
Res., hardwood, 10 Aug. 2009, Malysheva (LE 253866*); 
Leningrad Reg., Boksitogorsk Dist., Efimovskoe, B. pubescens, 
18.VIII.2018 Spirin 12172 (H), Tosno Dist., Lisino, Betula sp., 
3 Sep. 1960, Bondartseva (LE 260*). USA, Iowa, Johnson Co., 
North Liberty, 11 Jun. 1934, Martin 1381 (FH 00486500).

H. sputum. Norway, Vestfold, Larvik, Jordstøyp i Kvelde, P. 
tremula, 19 Oct. 1995, Andersen* (O, holotype).

H. subardosiaca. Finland, Uusimaa, Inkoo, Prästholmen, P. 
sylvestris, 20 Nov. 2017, Pennanen 3668* (H). France, 
Aveyron, Causse Noir, P. sylvestris, 9 Dec. 1910, Galzin 7868 
(PC, lectotype), Galzin 7896 (PC); Meuse, Vacherauville, 
P. sylvestris, 22 Apr. 2002, Trichies 02038 (GT, H); Moselle, 
Neufchef, P. abies / P. sylvestris, 4 Dec. 2002, Trichies 02234, 
02235 (GT, H), 24 Nov. 2006, Trichies 06239 (GT, H), P. 
sylvestris, 30 Jan. 2002, Trichies 02005 (GT, H), Ottange, P. 
sylvestris, 14 Jan. 2004, Trichies 04013 (GT, H), Roussy-le-
Village, P. sylvestris, 8 Dec. 2004, Trichies 04276 (GT, H).

H. terminalis. USA, North Carolina, Macon Co., Highlands, Betula 
sp., 14 Aug. 1952, Olive (NY, holotype).

Helicogloea sp. 1. Canada, British Columbia, Squamish, 
hardwood, 1 Jul. 1983, Wells 3141* (BPI 883188), Wells 
3142, 3143 (BPI 883189, 883187). USA, California, Solano 
Co., Green Valley, hardwood, 7 Jan. 1961, Wells 720-2 (BPI 
719890).

Helicogloea sp. 2. Brazil, Rio Grande do Sul, Saõ Leopoldo, Rick 
(FH 00304771), 1931, Rick (FH 00304772).

Saccosoma contortum. USA, Florida, Alachua Co., Devil’s 
Millhopper, Liquidambar styraciflua, 13 Jul. 1972, Burdsall 
6540 (CFMR), Highlands Co., Highlands Hammok State Park, 
Sabal palmetto, 29 Jul. 1970, Burdsall 4815 (CFMR).

S. farinaceum. Canada, Ontario, Temagami, Corylus rostrata, 
31 Aug. 1936, Biggs (BPI 719908). Denmark, Midtjylland, 
Skive, Tastum Plantage, Pinus sylvestris (bark), 29 Dec. 2012, 
Boertmann 2012-493835* (C). Estonia, Valgamaa, Otepää, 
Trommi, P. tremula (fallen log), 12 Sep. 2012, Pecoraro* (TU 
115541, H). Finland, Varsinaissuomi, Karjalohja, Tammisto, 
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Acer pseudoplatanus, 8 Oct. 1985, Alanko 54286c (H). 
France, Aveyron, Millau, Causse Noir, P. sylvestris (fallen 
branches), 10 Nov. 1908, Galzin (S, lectotype of Saccoblastia 
pinicola). Germany, Bayern, Passau, Pinus sp. (manufactured 
wood), Sep. 1919, Killermann (BPI, lectotype of Stypinella 
killermannii). Norway, Vestfold, Tønsberg, Gullkronene, 
F. excelsior, 15 Sep. 2016, Spirin 11092* (O); Hordaland, 
Granvin, F. excelsior (fallen branches), 11 Sep. 1951, Stordal & 
Eriksson 6036 (O); Oppland, Gausdal, Benndalen, P. tremula, 
2 Sep. 2007, Klepsland JK07-S181 (O, H), Lunner, Flåtaseter, 
S. caprea, 23 Sep. 1982, Ryvarden 20391 (O, H). Russia, 
Moscow, Losinyi Ostrov Nat. Res., P. sylvestris (fallen log), 
13 Oct. 2016, Viner 2655* (IV, dupl. H); Nizhny Novgorod 
Reg., Lukoyanov Dist., Sanki, Corylus avellana (dry branch), 
4 Aug. 2017, Spirin 11365*, 11370 (H), U. glabra, 20 Aug. 
2015, Spirin 9730* (H), Lyskovo Dist., Makarievo, Salix sp. 
(dry branch), 11 Aug. 2015, Spirin 9099* (H, neotype), Valki, 
Quercus robur, 11 Aug. 2015, Spirin 9103 (H). Sweden, Skåne, 
Dalby Söderskog, F. excelsior, 7 Oct. 1951, Eriksson 6532 (FH 
00304777); Småland, Vimmerby, P. abies, 27 Oct. 2010, J. 
Nordén 7859* (O, H). Ukraine, Donetsk Reg., Slovyansk Dist., 
Svyati Hory Nat. Park, F. excelsior (fallen branch), 18 Oct. 
2009, Ordynets (CWU 4009*). UK, Surrey, Godalming, Witley 
Common, P. sylvestris, 8 Feb. 1997, Legon (K(M) 49091*). 
USA, Connecticut, Union, Prunus virginiana, 4 Aug. 1937, 
Hansbrough (BPI 719911); Massachusetts, Worcester Co., 
Worcester, Quercus sp., 10 Nov. 2013, Miettinen 17547* (H); 
Washington, Pend Oreille Co., Muskegon Lake, Abies grandis 
(dry branch) and living Aleurodiscus grantii, 16 Oct. 2014, 
Spirin 8601a* (TU 119510). 

S. farinaceum f. alniviridis. Italy, South Tyrol, Bolzano, 
Vipiteno, Alnus viridis, 10 Sep. 1997, Kotiranta 13179* (H). 
Russia, Chukotka, Anadyr, Alnus fruticosa, 27 Aug. 2009, 
Kotiranta 27168 (H); Magadan Reg., Severo-Evensky Dist., 
A. fruticosa, 21 Aug. 1973, Järva (TAAM 49708), Tenkinsky 
Dist., Madaun, Salix arbutifolia, 14 Aug. 1995, Corfixen (C, 
holotype of Achroomyces sibiricus). Switzerland, Bern, 
Axalp, Hinterburgseeli, A. viridis, 16 Sep. 1997, Küffer (N.K.); 
Uri, Schächental, Sittisalp, A. viridis, 24 Jun. 1998 Senn-Irlet 
(N.K.). USA, Washington, Pend Oreille Co., Gypsy Meadows, 
A. fruticosa (dry branch), 17 Oct. 2014, Spirin 8721* (H).

S. floccosum. Russia, Lipetsk Reg., Krasnoe Dist., Olenii Nat. Park, 
Quercus robur (fallen branches), 30 Sep. 2016, Volobuev 
(LE 313308*, holotype); Nizhny Novgorod Reg., Lukoyanov 
Dist., Panzelka, P. abies (fallen branches), 9 Aug. 2016, Spirin 
10595 (H).

S. medium. St. Helena, Scotland Research Station, hardwood, 3 
Feb. 2014, Ryvarden 49436 (K, holotype).

S. sphaerosporum. Mexico, Vera Cruz, Los Tuxtlas, corticated 
wood, 10 Jul. 1978, Welden 4462 (BPI 883935), Barranca de 
Pescado, hardwood, 26 Sep. 1985, Ryvarden 23431*, 23458 
(O). USA, Florida, Dade Co., Pine Island Research Area, 
strangle fig, 11 Aug. 1972, Burdsall 7082 (CFMR).

DNA extraction, amplification (PCR) and phylogeny 

Extraction of genomic DNA was carried out using the NucleoSpin 
Plant II Kit (Macherey-Nagel GmbH & Co. KG), according to the 
manufacturer’s instructions. ITS regions were amplified and 
sequencing with primers ITS1F-ITS4 (Gardes & Bruns 1993, 
White et al. 1990) and the nrLSU with primers JS1and LR5 
(Landvik 1996; http://www.biology.duke.edu/fungi/mycolab/

primers.htm). PCR products were purified applying the GeneJET 
Gel Extraction Kit (Thermo Scientific, Thermo Fisher Scientific 
Inc., MA, USA). Sequencing was performed with an ABI model 
3130 Genetic Analyzer (Applied Biosystems, CA, USA). Raw data 
were edited and assembled in MEGA v. 6 (Tamura et al. 2013). 
All steps of molecular studies were carried out at the Center for 
collective use of scientific equipment "Cellular and molecular 
technology of studying plants and fungi" (Komarov Botanical 
Institute, Russian Academy of Sciences, St. Petersburg). In case 
of specimens processed at the molecular lab of the mycology 
chair in the University of Tartu, the protocols described in Pärtel 
et al. (2016), were followed.

Phylogenetic analyses:
For this study, 51 nrITS and 34 nrLSU sequences were generated 
(Table 1). The new sequences were aligned with additional 
related sequences downloaded from GenBank (Table 1) using 
MAFFT v. 7 web tool (http://mafft.cbrc.jp/alignment/server/) 
under the Q-INS-i option for both markers; the alignments were 
manually adjusted in MEGA v. 6.

Phylogenetic reconstructions were performed with 
Maximum likelihood (ML) and Bayesian (BA) analyses for two 
datasets (nrITS+nrLSU and nrITS). Before the analyses, the best-
fit substitution model for the alignment was estimated based 
on the Akaike Information Criterion (AIC) using FindModel web 
server (http://www.hiv.lanl.gov/content/sequence/findmodel/
findmodel.html). GTR model was chosen for all datasets.

Maximum likelihood analysis (ML) was run on PhyML server 
(http://www.atgc-montpellier.fr/phyml/), under one hundred 
rapid bootstrap replicates. Bayesian analysis (BA) was performed 
with MrBayes v. 3.1 software (Ronquist & Huelsenbeck 2003), 
for two independent runs, each with 3 million generations with 
sampling every 100 generations, under described model and 
four chains. To quickly diagnose convergence of MCMC analyses 
and to get estimates of the posterior distribution of parameter 
values Tracer v. 1.6 was used (Rambaut et al. 2014). 

Newly generated sequences have been deposited in GenBank 
with accession numbers listed in Table 1. The alignments have 
been deposited in TreeBASE (S22969 – nrITS + nrLSU and S22760 
– nrITS dataset dataset).

RESULTS

Phylogeny

The phylogenetic analyses resulted in two trees for nrITS+nrLSU 
and nrITS datasets (Figs 1, 2). The phylogeny derived from the 
nrITS+nrLSU dataset (1 675 characters, including gaps) (Fig. 1) 
shows that members of Helicogloea s. lato (as advocated by 
Baker 1936) are spread among three lineages within the class. 
In general, these phylogenetic reconstructions follow the results 
of earlier studies (in particular, Aime et al. 2006, 2018, Bauer 
et al. 2006) demonstrating that Helicogloea is polyphyletic 
and Platygloea vestita (= Helicogloea vestita) belongs to the 
Atractiellomycetes. Most species of Helicogloea s. lat. included 
in the analyses form a strongly supported clade with a reference 
specimen of H. lagerheimii, the generic type (Fig. 1, pp = 0.99, 
bs = 75 %), thus constituting Helicogloea s. str. The single 
representatives of Leucogloea (L. compressa) and Neogloea 
(N. variabilis) belong to Helicogloea, too, and therefore we 
consider these generic names taxonomic synonyms. The second 
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Table 1. Sequences used in the present study.

Species Specimen / fungarium Geographic 
origin (ISO 
code)

Host nrLSU GenBank 
number

ITS GenBank / 
Unite number

Atractidochium hillariae cas001(65b) - Pinus taeda MF461291 KM519195

cas012(72a) - Pinus taeda MF461292 KM519202

caw001(1.1.6b) - Pinus taeda MF461293 MF461287

Atractiella rhizophila CBS 137288 USA Populus deltoides JX243797 JX243797

A. solani Strain TUB F107 - - AY512831 DQ198781

Atractiella sp. P30 - - KX812533 -

Basidiopycnis hyalina TUB FO44664 - - DQ363322 DQ198779

Bourdotigloea cerea VS 11057 (O) NO Picea abies MH304455 MH304504

B. concisa GT 11015 (H) FR Alnus glutinosa MH304456 MH304505

B. dura VS 11054 (O) NO Betula pubescens MH304457 MH304506

VS 11645 (O) NO Alnus incana MH304458 MH304507

B. grisea VS 11624 (O) NO A. incana MH304459 MH304508

VS 11629 (O) NO A. incana MH304460 MH304509

B. lanea JN 9962 (O) NO P. abies MH304461 MH304510

B. multifurcata VS 11785 (O) NO Quercus robur - MH304511

B. vestita GT 09017 (H) FR conifer? - MH304512

Helicogloea aquilonia Söderholm 4241 (H) FI Sorbus aucuparia - MH304476

Høgholen 56/97 (O) NO hardwood - MH304477

Degelius w/n (O) NO Ulota phyllantha, wood MH304439 MH304478

VS 11163 (H) RU-LEN Populus tremula MH304440 MH304479

H. burdsallii CFMR HHB-6017 US-AZ Fraxinus velutina - MH304484

H. compressa LE 313253 RU-SPE P. tremula? MH304442 MH304482

TU119718 US-NC decayed wood MH304441 MH304481

OM 19493 (H) US-NC hardwood - MH304480

H. crassitexta LE 312773 RU-KYA Pinus sibirica MH304443 MH304483

H. dryina JN 7745 (O) SE P. abies MH304444 MH304486

SS 786 (O) NO P. abies - MH304485

H. eburnea AS 171127/1127A (H) KE hardwood MH304445 MH304487

H. exigua CFMR HHB-8162 US-MI Acer saccharum MH304446 MH304488

H. lagerheimii KW 1711-2 (BPI) US-CA hardwood - MH304489

H. ‘lagerheimii’ TUB FO36341 DE - AY512849 -

H. lunula PDD 88360 NZ hardwood - MH304490

H. microsaccata LE 262936 RU-PRI hardwood - MH304491

H. pellucida VS 10610 (H) RU-NIZ A. glutinosa MH304448 MH304493

CWU 4000 UA P. tremula MH304447 MH304492

H. sebacea JHC 11-066 (C) DK Betula sp. - MH304495

GT 07024 (H) FR hardwood - MH304494

CWU 6331 UA Acer platanoides - MH304502

H. septifera VS 11043 (O) NO P. tremula MH304452 MH304499

Holten w/n (H) NO Ulmus sp. MH304451 MH304498

LE 260 RU-LEN Betula sp. MH304450 MH304497

LE 253866 RU-KC hardwood MH304449 MH304496

H. sputum Andersen (O F90728) NO P. tremula MH304453 MH304500
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Table 1. (Continued).

Species Specimen / fungarium Geographic 
origin (ISO 
code)

Host nrLSU GenBank 
number

ITS GenBank / 
Unite number

H. subardosiaca JP 3668 (H) FI Pinus sylvestris MH304454 MH304501

H. variabilis KW 1540 BR hardwood L20282 -

Helicogloea sp. KW 3141 (BPI) CA-BC hardwood - MH304503

TUB FO42773 DE - AY512847 -

TUB Chen1178 TW - AY512848 -

TUB 020325 USA roots of Baccharis sp. KF061297 -

RJB 6478-5 - - KX812536 MF476085

Infundibura adhaerens TUB 020326 EC stems of Bambus sp. KF061296 -

I. adhaerens F029224 - - AJ406404 -

Leucogloea sp. JAC13103 NZ - KP191766 KP191965

‘Platygloea vestita’ TUB FO39734 DE - AY512872 -

Phleogena faginea TUB FO30201 - - AY512869 -

P. faginea AFTOL-ID 1889 GB - DQ831021 -

Proceropycnis hameedii PMI 927 USA Populus trichocarpa - KF428609

P. pinicola AH33906 - - DQ363323 DQ198780

‘Saccoblastia farinacea’ GEL 4771 - - AJ406401 -

Saccosoma album PDD 91620 NZ - - GQ411522

S. farinaceum DB 2012-493835 (C) DK P. sylvestris MH304435 MH304469

TU115541 EE P. tremula - UDB016397

K(M) 49091 GB P. sylvestris MH304430 MH304465

VS 11092 (O) NO Fraxinus excelsior MH304432 MH304471

IV 2655 (H) RU-MOW P. sylvestris MH304431 MH304470

VS 9099 (H) RU-NIZ Salix sp. - MH304467

VS 11365 (H) RU-NIZ Corylus avellana MH304433 MH304472

VS 9730 (H) RU-NIZ Ulmus glabra - MH304464

JN 7859 (O) SE P. abies - MH304463

CWU 4009 UA F. excelsior MH304434 MH304468

OM 17547 (H) US-MA Quercus sp. MH304462 MH304462

TU119510 US-WA Abies grandis MH304429 MH304466

S. farinaceum f. alniviridis HK 13179 (H) IT Alnus viridis MH304436 MH304474

VS 8721 (H) US-WA Alnus fruticosa - MH304473

S. floccosum LE 313308 RU-LIP Q. robur MH304437 MH304475

S. sphaerosporum LR 23431 (O) MX-VC hardwood MH304438 -

Symmetrospora symmetrica P118 USA Pinus nigra KJ701211 KJ701210

Uncultured Atractiellales Clone 1EC2-1 EC Epidendroideae GU079580 GU079580

Clone 1ED2-11 EC Epidendroideae GU079581 GU079581

Clone 3TC2-2 EC Maxillaria GU079597 GU079597

clade is represented by Helicogloea farinacea and its closest 
relatives (Fig. 1, pp = 1, bs = 100 %). Traditionally, this group 
was associated with the generic name Saccoblastia. However, 
we argue below that the latter generic epithet is not applicable 
to the H. farinacea complex, and a new genus Saccosoma is 
described to encompass it. Helicogloea vestita and its siblings 
form a third lineage in the phylogeny (Fig. 1, pp = 1, bs = 100 %) 

only distantly related to both Helicogloea s. str. and Saccosoma. 
As a consequence, they are separated into the recently described 
genus, Bourdotigloea.

ITS dataset for the corticioid Atractiellomycetes (972 
characters, including gaps) included sequences from 54 
fungal samples (Fig. 2). The three major clades (Saccosoma, 
Bourdotigloea, Helicogloea) are highly supported and the 
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Fig. 1. Combined nrITS + nrLSU topology from Bayesian analysis showing major lineages of the Atractiellomycetes. Collection numbers are given for 
all specimens. Support values (Bayesian posterior probability / Maximum likelihood Bootstrap values) are given above the branches. Scale bar shows 
expected changes per site.
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Fig. 2. Bayesian phylogram for the nrITS dataset. Collection numbers are given for newly sequenced specimens and accession numbers for additional 
sequences retrieved from GenBank. Support values (Bayesian posterior probability / Maximum likelihood Bootstrap values) are given above the 
branches. Scale bar shows expected changes per site.

internal topology of these clades is well resolved and support 
the distinction of 26 accepted species.

DNA data obtained in the present study correspond well 
to the morphological evidence. All species of Helicogloea s. 
str. and all but one of Bourdotigloea spp. possess gelatinous, 
semitranslucent basidiocarps that turn to a vernicose crust after 

drying, while Saccosoma spp. have sturdier, arid fructifications, 
unchanged in dry condition (Fig. 3). In microscopic terms, 
presence of clamps and shape of basidia are of crucial value 
for recognizing crust-like genera of the Atractiellomycetes. 
Both Helicogloea and Bourdotigloea spp. are totally devoid of 
clamps; basidia are variably curved, with a terminal cell bearing 
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Fig. 3. Fructifications of the Atractiellomycetes. A. Helicogloea crassitexta (holotype). B. H. eburnea (holotype). C. H. microsaccata (holotype).  
D. H. septifera (Spirin 11043). E. H. ovispora (lectotype). F. Bourdotigloea cerea (holotype). G. B. multifurcata (holotype). H. Saccosoma farinaceum 
(Miettinen 17547). Scale bar = 10 mm.
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a laterally arranged sterigma (Figs 4, 5). However, almost 
all Bourdotigloea species treated below have differentiated 
cystidia and distinctly coloured (brownish), very thick-walled 
subicular hyphae, whereas Helicogloea lacks cystidia and hyphal 
colouration (subicular hyphae are in general less differentiated 
from subhymenial ones). In contrast, all hyphae in Saccosoma 
spp. are clamped, basidia are straight (not curved) and their 
terminal cell bears an apical sterigma (Fig. 6). Sporodochial 
asexual morphs (Leucogloea, Infundibura) have been so far 
detected in Helicogloea s. str. only (see Kirschner 2004 for a 
detailed discussion).

Even when Bourdotigloea and Saccosoma are separated from 
Helicogloea, the latter genus shows rather high morphological 
diversity and divergency of nrITS and LSU sequences. Therefore, 

we do not exclude that further splitting may become necessary. 
Fulfilling this task, however, implies much wider sampling of 
the Atractiellomycetes, especially of asexual taxa, and use of 
additional genetic markers.

TAXONOMY

Bourdotigloea Aime, Mycologia 110: 144. 2018.

Basidiocarps resupinate, very thin, at first pruinose, then waxy 
to ceraceous. Hyphae clampless, in many cases rather short-
celled and variably inflated. Basal hyphae coloured (brownish), 
in a few species hyaline, slightly to very thick-walled, 7–19 μm 

Fig. 4. Bourdotigloea lanea (holotype). A. Basidia, subicular and subhymenial hyphae, hymenial cells. B. Cystidia. C. Basidiospores. Scale bar = 10 μm.

Fig. 5. Helicogloea subardosiaca (Pennanen 3668). Subicular hyphae, hymenium, basidiospores. Scale bar = 10 μm.

A

B

C
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diam, strongly cyanophilous. Subhymenial hyphae hyaline, 
thin- to slightly thick-walled, often easily collapsing, 3.5–8 μm 
diam, slightly to moderately cyanophilous. Basidia four-celled, 
tubular-clavate, straight or somewhat curved, with sharp-
pointed, thick sterigmata; probasidia saccate. Cystidia as a rule 
present, tubular, more or less straight to somewhat sinuous or 
moniliform, decumbent but often with ascending apical part. 
Basidiospores cylindrical, fusiform or sigmoid, 12–36 × 4–10 μm, 
germinating by repetition.

On decayed wood, dead fructifications of other basidiomycetes 
and plant debris.

Type species: Bourdotigloea vestita (Bourdot & Galzin) Aime.

Notes: This genus is re-introduced here to embrace P. vestita 
and its closest relatives. The species of Bourdotigloea are 
morphologically most similar to Helicogloea spp. The latter 
ones differ in having narrower and not inflated, colourless 
hyphae, and their basidia bear more slender sterigmata. No 
differentiated cystidia are detected among Helicogloea species. 
Moreover, basidiospores of all known Helicogloea spp. (except 
H. angustispora) are ellipsoid/subglobose or broadly cylindrical, 
not fusiform.

Nine species are accepted below as belonging to 
Bourdotigloea. However, actual species diversity in this genus 
seems to be much higher. According to the protologue (Olive 
1953) and later redescription by Bandoni (1956), Platygloea 
subvestita may also belong to Bourdotigloea, although a 
presence of gloeocystidia looks confusing. Olive’s description of 
P. vestita specimens from the southern Appalachians (Olive 1953) 
does not fit to any species we currently accept. Moreover, two 
collections from Iowa labelled by G.W. Martin as H. lagerheimii, 
certainly represent one more species in this complex (treated 

as Bourdotigloea sp. under Specimens examined). However, we 
decided to limit our study to existing species names or newly 
collected and sequenced material. Therefore, we leave these 
problems until we find new collections of the aforementioned 
problematic taxa.

Bourdotigloea cerea Spirin & V. Malysheva, sp. nov. MycoBank 
MB825588. Figs 3, 7.

Etymology: Cereus (Lat., adj.) – waxy.

Holotype: Norway, Oppland, Sel, Sagåa Nat. Res., Picea abies, 13 
Sep. 2016, Spirin 11057 (O).

Basidiocarps resupinate, 0.03–0.05 mm thick, first pruinose, then 
semitranslucent, greyish, waxy. Basal hyphae hyaline, slightly to 
distinctly thick-walled, easily collapsing, (7.2–)8.0–11.0(–11.2) 
μm diam (n = 20/1). Subhymenial hyphae thin-walled, easily 
collapsing, (3.3–)3.7–7.0(–7.8) μm diam (n = 20/1). Basidia 
tubular-clavate, straight or somewhat curved, 53–63 × (5.4–) 
5.6–7.0(–8.1) μm (n = 20/1), with sharp-pointed sterigmata up 
to 8 × 4 μm; probasidia saccate, 26–33 × 10–12.5 μm. Cystidia 
rare, tubular, more or less straight to somewhat sinuous, 44–121 
× 5–6 μm. Basidiospores narrowly fusiform, some more or less 
sigmoid, (18.0–)18.6–32.8(–36.2) × (4.0–)4.2–7.0(–7.2) μm (n = 
32/1), L = 23.53, W = 5.39, Q’ = (3.1–)3.4–5.7(–6.1), Q = 4.41.

Distribution and ecology: Europe (Norway); fallen, decorticated 
but hard branch of Picea abies.

Notes: Bourdotigloea cerea differs from other species of the 
genus in having narrow basidiospores and non-constricted 
cystidia.

Fig. 6. Saccosoma farinaceum (neotype). Hyphae and basidia. Scale bar = 10 μm.
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Bourdotigloea concisa Spirin & Trichies, sp. nov. MycoBank 
MB825589. Fig. 8.

Etymology: Concisus (Lat., adj.) – concise, brief.

Holotype: France, Moselle, Fontoy, dead Stereum rugosum on 
Alnus glutinosa, 27 Feb. 2011, Trichies 11015 (H, isotype – GT).

Basidiocarps resupinate, 0.03–0.05 mm thick, first pruinose, 
greyish, then pale ochraceous, semitranslucent to opaque, 
rather tough. Basal hyphae hyaline to brownish, slightly to 
distinctly thick-walled, sturdy, (6.7–)7.7–11.9(–12.0) μm diam (n 
= 30/2). Subhymenial hyphae thin- to slightly thick-walled, easily 
collapsing, some irregularly inflated, (4.1–)4.3–7.3(–7.0) μm 
diam (n = 40/2). Basidia tubular-clavate, straight or somewhat 
curved, 61–87 × (6.2–)6.4–8.2(–8.8) μm (n = 20/2), with sharp-
pointed sterigmata up to 11 × 7 μm; probasidia saccate, 25–66 

× 11–13 μm. Cystidia abundant, distinctly moniliform, 80–121 × 
7.5–12.5 μm. Basidiospores mostly fusiform, (14.1–)15.2–27.2(–
27.8) × (5.0–)5.7–8.2(–9.2) μm (n = 90/3), L = 18.67–20.42, W = 
6.39–6.86, Q’ = (2.1–)2.2–4.2(–4.6), Q = 2.74–3.15.

Distribution and ecology: Europe (France, UK); fallen branches 
and logs of deciduous trees (Alnus, Fagus, Salix), occasionally also 
dead basidiocarps of corticioid fungi (Hymenochaete, Stereum).

Notes: Bourdotigloea concisa is most similar to B. grisea, B. dura 
and B. vestita. It differs from the two latter species in having 
distinctly moniliform (bearing multiple, rather regular and 
pronounced constrictions) cystidia. Moreover, basidiospores 
of B. vestita are wider. Differences between B. concisa and B. 
grisea are more subtle: the species can mainly be distinguished 
due to differently looking subicular hyphae, as well as maximal 
length of basidia and basidiospores.

Fig. 7. Bourdotigloea cerea (holotype). Cystidia and basidiospores. Scale bar = 10 μm.

Fig. 8. Bourdotigloea concisa (holotype): cystidia and basidiospores. Scale bar = 10 μm.
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Bourdotigloea dura Spirin & V. Malysheva, sp. nov. MycoBank 
MB825590. Fig. 9.

Etymology: Durus (Lat., adj.) – hard, tough.

Holotype: Norway, Oppland: Nord-Fron, Liadalane Nat. Res., 
Betula pubescens, 12 Sep. 2016, Spirin 11054 (O).

Basidiocarps resupinate, 0.03–0.05 mm thick, first pruinose, 
greyish, then strongly gelatinized, tough, almost invisible in 
dry condition. Basal hyphae hyaline to brownish, slightly to 
distinctly thick-walled, sturdy, (7.6–)7.8–13.8(–17.0) μm diam (n 
= 30/2). Subhymenial hyphae thin- to slightly thick-walled, some 
irregularly inflated, (4.0–)4.2–8.0(–8.2) μm diam (n = 30/2). 
Basidia tubular-clavate, straight or somewhat curved, 52.5–80 × 
(6.1–)6.2–7.6(–7.7) μm (n = 25/2), with sharp-pointed sterigmata 
up to 6 × 5 μm; probasidia saccate, 23.5–39 × 7–12 μm. Cystidia 
abundant, tubular-clavate, often sinuose and with several slight 
constrictions, 80–121 × 7.5–12.5 μm. Basidiospores cylindrical 
to fusiform, (15.1–)16.7–27.7(–32.3) × (5.6–)5.7–7.4(–10.4) μm 
(n = 60/2), L = 20.90–21.69, W = 6.16–6.55, Q’ = (2.3–)2.8–4.4(–
4.9), Q = 3.34–3.39.

Distribution and ecology: Europe (Norway); rather rotten 
decorticated logs of deciduous trees (Alnus, Betula).

Notes: Morphologically, Bourdotigloea dura is most similar to B. 
concisa but it differs in having only slightly constricted cystidia. 
Bourdotigloea vestita with similarly looking cystidia possesses 
wider basidiospores.

Bourdotigloea grisea Spirin & V. Malysheva, sp. nov. MycoBank 
MB825591. Fig. 10.

Etymology: Griseus (Lat., adj.) – grey.

Holotype: Norway, Møre og Romsdal, Nesset, Eikesdalen, Alnus 
incana, 28 Sep. 2017, Spirin 11629 (O).

Basidiocarps resupinate, 0.03–0.05 mm thick, pruinose, greyish. 
Basal hyphae hyaline to brownish, slightly thick-walled, sparse, 
(6.2–)6.3–10.7(–10.8) μm diam (n = 20/2). Subhymenial hyphae 
thin- or only slightly thick-walled, easily collapsing, some 
irregularly inflated, (3.8–)4.2–7.7(–7.8) μm diam (n = 20/2). 
Basidia tubular-clavate, straight or somewhat curved, 61.5–
108 × (5.8–)6.0–8.1(–8.2) μm (n = 48/2), with sharp-pointed 
sterigmata up to 11 × 3.5 μm; probasidia saccate, 28–48 × 10–14 
μm. Cystidia abundant, distinctly moniliform, 80–163 × 8–10.5 
μm. Basidiospores fusiform, the longest ones sigmoid, (17.2–) 
17.8–34.8(–36.6) × (4.7–)5.0–8.2 μm (n = 60/2), L = 21.73–23.93, 
W = 5.98–6.99, Q’ = (2.2–)2.4–4.8(–5.7), Q = 3.13–3.98.

Distribution and ecology: Europe (Norway); fallen branches and 
logs of deciduous trees (Alnus incana).

Notes: Bourdotigloea grisea differs from other European species 
of the genus in having rather poorly differentiated subicular 
hyphae which are only slightly wider than subhymenial ones. 
The species is detected twice in an isolated mountain valley 
in Norway, occurring on alder wood remnants in inundated 
habitats.

Bourdotigloea lanea Spirin & V. Malysheva, sp. nov. MycoBank 
MB825592. Fig. 4.

Etymology: Laneus (Lat., adj.) – soft.

Holotype: Norway, Østfold, Aremark, Picea abies, 25 Oct. 2011, 
J. Nordén 9962 (O).

Basidiocarps resupinate, 0.03–0.06 mm thick, first pruinose, 
then compact floccose, greyish. Basal hyphae hyaline to 
brownish, slightly to distinctly thick-walled, easily collapsing, 
(7.0–)7.4–14.0(–14.2) μm diam (n = 20/1). Subhymenial hyphae 
thin- to slightly thick-walled, easily collapsing, (4.0–)4.1–6.0(–
6.2) μm diam (n = 20/1). Basidia tubular-clavate, straight or 
somewhat curved, 69–88.5 × (6.0–)6.2–8.2(–8.3) μm (n = 20/1), 

Fig. 9. Bourdotigloea dura (holotype). Cystidia and basidiospores. Scale 
bar = 10 μm.

Fig. 10. Bourdotigloea grisea (holotype). Hyphae, hymenial structures 
and basidiospores. Scale bar = 10 μm.
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with sharp-pointed sterigmata up to 11 × 4.5 μm; probasidia 
saccate, 24–37 × 8–11.5 μm. Cystidia rare, tubular, more or less 
straight to somewhat sinuous, rarely with several inconspicuous 
constrictions, 34–86 × 6.5–10 μm. Basidiospores fusiform, some 
cylindrical, very rarely narrowly ellipsoid, (11.3–)12.4–19.2(–
19.4) × (5.0–)5.1–9.1(–10.2) μm (n = 30/1), L = 15.98, W = 7.22, 
Q’ = (1.6–)1.8–3.1(–3.5), Q = 2.26.

Distribution and ecology: Europe (Norway); fallen, decorticated 
log of Picea abies.

Notes: Basidiocarps of Bourdotigloea lanea are floccose, while 
they are gelatinized and of more compact structure in other 
species of the genus. However, anatomical features and DNA 
data indicate it is a member of Bourdotigloea. Microscopically, 
B. lanea is most similar to the North American B. longispora. The 
latter species has shorter cystidia, smaller basidia and narrower 
basidiospores.

Bourdotigloea longispora (G.E. Baker) Spirin, comb. nov. 
MycoBank MB825593. Fig. 11.
Basionym: Helicogloea longispora G.E. Baker, Mycologia 38: 634. 
1946. Lectotype. USA, Oregon, Lane Co., Lorane, Pseudotsuga 
menziesii, 22 Oct. 1938 Doty 522 (NY00834142, selected here) 
(MycoBank MBT 383604).

Basidiocarps resupinate, 0.02–0.04 mm thick, semitranslucent or 
not macroscopically visible, developing as hyphae with basidia 
inside or under basidiocarps of corticioid fungi. Basal hyphae 
hyaline to pale brownish, slightly to distinctly thick-walled, sturdy, 
sparse, 6–12 μm diam. Subhymenial hyphae thin- to slightly thick-
walled, (3.0–)3.7–7.3(–8.3) μm diam (n = 20/1). Basidia tubular-
clavate, straight or somewhat curved, 41–63 × (5.2–)5.8–7.0(–7.6) 
μm (n = 20/1), with sharp-pointed sterigmata up to 6 × 3 μm; 
probasidia saccate, 35–50 × 8–11 μm. Cystidia infrequent, tubular, 
more or less straight to somewhat sinuous, 34–52 × 6–8 μm. 
Basidiospores cylindrical-fusiform, some more or less sigmoid, 
(12.0–)12.8–18.3(–19.1) × (4.9–)5.1–7.3(–7.6) μm (n = 30/1), L = 
15.00, W = 5.73, Q’ = (1.7–)2.1–3.1(–3.2), Q = 2.64.

Distribution and ecology: Europe (Russia), North America (USA 
– North Carolina, Oregon); rotten logs of Pseudotsuga menziesii 
and Pinus spp.

Notes: Rather wide and clearly thick-walled, occasionally 
coloured basal hyphae, inflated subhymenial hyphae, cystidia 
and fusiform basidiospores of H. longispora support its transfer 
to Bourdotigloea. Evidently, the species has been overlooked due 
to tiny basidiocarps often hidden among or under fructifications 
of other fungi. One recent collection from North-West Russia 
(Spirin 12192) agrees with the North American material, except 
slightly shorter basidiospores, (10.7–)10.8–15.6(–17.7) × (5.0–) 
5.3–7.4(–7.6) μm (n = 30/1), L = 13.42, W = 6.22, Q’ = (1.7–)1.8–
2.6(–3.1), Q = 2.17. For now, we treat it as B. longispora.

Bourdotigloea multifurcata Spirin & V. Malysheva, sp. nov. 
MycoBank MB825594. Figs 3, 12.

Etymology: Multifurcatus (Lat., adj.) – intensively branched in a 
fork-like manner.

Holotype: Norway, Aust-Agder, Grimstad, Sæveli Nat. Res., 
Quercus robur (fallen branch) and dead Fuscoporia ferrea, 2 Nov. 
2017, Spirin 11785 (O).

Basidiocarps resupinate, 0.03–0.05 mm thick, pruinose, greyish. 
Basal hyphae hyaline to brownish, slightly to distinctly thick-
walled, (9.1–)9.2–18.8(–19.3) μm diam (n = 20/1). Subhymenial 
hyphae thin- to slightly thick-walled, often distinctly inflated, 
(4.2–)4.3–7.9(–8.1) μm diam (n = 20/1). Basidia tubular-clavate, 
straight to clearly twisted, 61.5–85 × (6.2–)6.3–8.3(–9.0) μm (n 
= 20/1), with sharp-pointed, often bi- or trifurcate and randomly 
arranged sterigmata up to 15 × 5 μm; probasidia saccate, often 
twisted, 28–48 × 10.5–16 μm. Cystidia abundant, distinctly 
moniliform, 60–153 × 6–12.5 μm. Basidiospores cylindrical to 
broadly fusiform, (15.3–)16.2–32.2(–35.6) × (5.1–)5.2–9.6(–9.7) 
μm (n = 30/1), L = 22.64, W = 6.51, Q’ = (2.6–)2.7–4.5(–4.7), Q = 
3.50, often germinating by bi-trifurcate sterigmata.

Fig. 11. Bourdotigloea longispora (lectotype). Cystidia, basidia and basidiospores. Scale bar = 10 μm.
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Distribution and ecology: Europe (Norway); fallen branches of 
deciduous trees (Quercus) and dead basidiocarps of polypores 
(Phellinus s.l.).

Notes: Moniliform cystidia and rather wide basidiospores place 
B. multifurcata in the difficult B. vestita complex, alongside B. 
concisa, B. dura, B. grisea and B. vestita s. str. The most striking 
feature of B. multifurcata is the highly irregular shape and 
number of sterigmata: they are usually furcate, and up to three 
separate sterigmata may occur at one basidial cell. This might 
explain a high variability of basidiospores, also showing multiple 
germination by fork-like sterigmata.

Bourdotigloea sebacinoidea (L.S. Olive) Spirin, comb. nov. 
MycoBank MB825595. Fig. 13.
Basionym: Helicogloea sebacinoidea L.S. Olive, Mycologia 40: 
588. 1948. Lectotype: USA, Louisiana, Caddo Parish, Shreveport, 
dead Exidia glandulosa on branch of Quercus sp., 4 Jul. 1947, 
Olive (NY00834143, selected here) (MycoBank MBT383605).
Synonym: Helicogloea parasitica L.S. Olive, Mycologia 43: 677. 
1951 (nomen superfluum).

Basidiocarps resupinate, hypochnoid, almost invisible by a naked 
eye. Basal hyphae hyaline to pale brownish, slightly to distinctly 
thick-walled, easily collapsing, (6.2–)7.0–12.3(–12.7) μm diam 
(n = 20/1). Subhymenial hyphae thin- to slightly thick-walled, 
(4.0–)4.2–6.9(–7.2) μm diam (n = 20/1). Basidia tubular-clavate, 
straight or somewhat curved, ca. 94 × 6–8 μm, with sharp-
pointed sterigmata up to 6 × 2 μm; probasidia saccate, 30–46 
× 9–11 μm. Cystidia not detected. Basidiospores cylindrical-
fusiform, some slightly or moderately curved, 13–23.2 × 4.8–7.3 
μm (n = 14/1), L = 17.54, W = 5.86, Q’ = (2.0–)2.1–3.9(–4.3), Q 
= 3.03.

Distribution and ecology: North America (USA – Louisiana); 
corticated oak branch and dead Exidia glandulosa.

Notes: The original material of H. sebacinoidea is very scanty 
although hyphal shape and width, as well as basidia and 

basidiospores agree with the current generic concept of 
Bourdotigloea. Hence a new combination. However, cystidia 
have not been detected in B. sebacinoidea, and it is still uncertain 
if they are absent or just not properly developed in the single 
existing specimen. The species deserves further study.

Bourdotigloea vestita (Bourdot & Galzin) Aime, Mycologia 110: 
144. 2018. Fig. 14.
Basionym: Platygloea vestita Bourdot & Galzin, Bull. Soc. Mycol. 
France 39: 261, 1924. Lectotype: France, Aveyron, Bouissou, 
Genista tinctoria, 24 Dec. 1916, Galzin 21380 (herb. Bourdot 
19240) (PC 0706699, selected here) (MycoBank MBT383606).

Basidiocarps resupinate, 0.03–0.06 mm thick, first pruinose, 
greyish, then pale ochraceous, opaque, ceraceous. Basal 
hyphae hyaline to brownish, slightly to distinctly thick-walled, 
sturdy, (6.7–)7.1–11.8(–13.0) μm diam (n = 50/3). Subhymenial 
hyphae thin- to slightly thick-walled, (3.4–)3.7–7.7(–7.8) μm 
diam (n = 50/3). Basidia tubular-clavate, straight or somewhat 
curved, 61–81 × (6.8–)7.0–10.3(–11.6) μm (n = 20/1), with 
sharp-pointed sterigmata up to 21 × 5.5 μm; probasidia 
saccate, 25–48 × 9–16 μm. Cystidia rather numerous, tubular, 
irregularly constricted, 45–109 × 6.5–12 μm. Basidiospores 
fusiform, rarely long cylindrical and then moderately curved, 
(14.6–)15.2–30.4(–31.3) × (6.0–)6.1–9.8(–10.3) μm (n = 85/3), 
L = 21.96–22.55, W = 7.29–7.89, Q’ = (2.1–)2.2–3.9(–4.1), Q = 
2.95–3.05.

Distribution and ecology: Europe (France); fallen branches and 
rotten wood of angiosperms (Alnus, Erica, Genista) and possibly 
also gymnosperms.

Notes: Bourdot & Galzin (1924) introduced P. vestita based 
on numerous collections from France and England. Our study 
shows that they belong to two different species. Therefore, a 
lectotype is designated here to settle the species identity of P. 
vestita. Another species present among the authentic material is 
described above as B. concisa. From other species of the genus, 
B. vestita differs by wider basidia and basidiospores. Cystidia 

Fig. 12. Bourdotigloea multifurcata (holotype). Hyphae, hymenial structures and basidiospores. Scale bar = 10 μm.
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of B. vestita possess occasional constrictions although they are 
much less regular and pronounced than in B. concisa, B. grisea 
and B. multifurcata.

Helicogloea Pat., Bull. Soc. Mycol. France 8: 121. 1892.
Synonyms: Saccoblastia Möller, Botanische Mittheilungen aus 
den Tropen 8: 16. 1895. Lectotype: Saccoblastia ovispora Möller 
(selected by Clements & Shear 1931).
Infundibura Nag Raj & Kendrick, Canad. J. Bot. 59: 544. 1981. 
Type species: Infundibura adhaerens Nag Raj & Kendrick 
(asexual).
Leucogloea R. Kirschner in Agerer et al., Frontiers in Basidiomycete 
Mycology: 177. 2004. Type species: Dendrodochium compressum 
Ellis & Everh. (asexual).

Neogloea Aime, Mycologia 110: 143. 2018. Type species: 
Helicogloea variabilis K. Wells.

Basidiocarps resupinate, normally thin, rarely addpressed-
pulvinate, semitranslucent, waxy to gelatinous. Hyphae clampless, 
short- or long-celled, usually not inflated, slightly to moderately 
cyanophilous. Basal hyphae hyaline, slightly to distinctly thick-
walled, 2–7 μm diam. Subhymenial hyphae thin- to slightly thick-
walled, 2–5 μm diam, slightly cyanophilous. Basidia four-celled, 
tubular-clavate, straight or curved / twisted, with sharp-pointed, 
slender sterigmata; probasidia clavate or saccate. Cystidia absent. 
Basidiospores cylindrical to broadly ellipsoid / subglobose (except 
H. angustispora with narrowly fusiform basidiospores), 7–30 × 
4–15 μm, germinating by repetition.

Fig. 13. Bourdotigloea sebacinoidea (lectotype). Hyphae and basidiospores. Scale bar = 10 μm.

Fig. 14. Bourdotigloea vestita (Trichies 09017). Cystidia and basidiospores. Scale bar = 10 μm.
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On decayed wood of deciduous trees and conifers, rarely on 
other plant remnants (fallen cones or dead palm stems), as well 
as in or under other corticioid fungi.

Type species: Helicogloea lagerheimii Pat. (selected by Clements 
& Shear 1931).

Notes: As defined here, Helicogloea embraces 25 species with 
waxy or gelatinous, semitranslucent basidiocarps and clampless 
hyphae. Basal hyphae of almost all Helicogloea species treated 
here are wider than subhymenial ones, and they possess thicker 
walls. They are, however, colourless, and this feature, as well as 
absence of differentiated cystidia, differtiates Helicogloea from 
Bourdotigloea. Saccosoma species have floccose or dense, arid 
(non-gelatinized) basidiocarps and clamped hyphae, as well as 
straight (not curved) basidia.

Four species earlier ascribed to Helicogloea have been 
excluded from the present treatment. According to Baker (1936), 
H. graminicola (Bres.) G.E. Baker is similar to other species of 
Helicogloea s. str. but it has clamped hyphae. Moreover, its 
occurrence on herbaceous stems is untypical for the genus 
because all species so far known inhabit wood remnants. 
Helicogloea musaispora Chee J. Chen & Oberw. (2000) from 
Taiwan have fusiform basidiospores and swollen, rather wide 
hyphae (7–12 μm diam), and thus it may belong to Bourdotigloea. 
No pigmentation of basal hyphae nor cystidia were mentioned 
in the protologue, however, and we feel this species deserves 
further study. The type material of H. irregularis by Olive (1958) 
from Tahiti consists of undifferentiated, irregularly thick-walled, 
partly swollen and somewhat winding but rather narrow 
hyphae. A hyphal structure of this kind looks different from 
other Helicogloea species although basidia and basidiospores of 
H. irregularis are more or less typical for this genus. For now, 
we exclude this species from Helicogloea. Finally, Helicogloea 
indica Boedijn (1937) was described as having lunate (strongly 
curved, tapering to both ends) basidiospores and exceptionally 
narrow hyphae. These features do not fit the generic concept of 
Helicogloea accepted here.

Bourdot & Galzin (1928) and Bresadola (in Coker 1928) 
believed that S. ovispora, the type of Saccoblastia, is a species 
with floccose fructifications, i.e. it belongs to the vicinities of 
S. farinacea and its relatives. Donk (1958, 1966) provided a 
detailed argumentation for this viewpoint. However, we cannot 
accept it for the following reasons. First, the protologue of S. 
ovispora (Möller 1895: 16) certainly refers to a species with 
hygroscopic, gelatinized basidiocarps almost disappearing in 
dry condition ("Bei sehr feuchtem Wetter sieht dieser Ueberzug 
fast schleimig , bei trockenem Wetter dagegen bemerkt man 
nur einen lockeren Hyphenfilz, der bei vollständigem Trockenen 
zur Unsichtbarkeit zusammenfällt"). This description is not 
applicable to S. farinacea and closely related species with 
arid basidiocaps almost unchanging in herbarium. Second, S. 
ovispora was described and illustrated as a clampless species 
(“keine Schnallen besitzen” – ibid., p. 16) but all hitherto known 
species with floccose basidiocarps have clamped hyphae. Third, 
basidia of S. ovispora are characterized as irregularly curved 
("unregelmässig hin und hergebogen" ibid., p. 17). To summarize, 
gelatinous basidiocarps, clampless hyphae and curved basidia 
of S. ovispora indicate that it belongs to Helicogloea s. str. The 
species is typified below with the only authentic specimen so 
labelled and it is transferred to Helicogloea. Kizimova-Horovitz 
et al. (2000) proposed to select another of Möller's species, S. 

sphaerospora, as a lectotype of the genus. This opportunity is 
precluded by Art. 10.5 of the Code because the lectotypification 
by Clements & Shear (1931) has priority. Moreover, as Donk 
(1958) correctly noted, S. ovispora was the main element of 
Möller's generic concept.

Diagnostic features of sexual Helicogloea spp. distributed in 
temperate Northern Hemisphere are summarized in Table 2.

Helicogloea angustispora L.S. Olive, Bull. Torrey Bot. Club 78: 
107. 1951.

Lectotype: USA, North Carolina, Macon Co., Highlands, on very 
rotten frondose stump in a rhododendron thicket, 29 Aug. 1950 
Olive (TENN 43272, selected here) (MycoBank MBT383607).
Synonym: Infundibura adhaerens Nag Raj & Kendrick, Canad. J. 
Bot. 59: 544. 1981 (fide Kirschner 2004).

Notes: Helicogloea angustispora is the only known representative 
of the genus with fusiform basidiospores strongly reminiscent 
of Bourdotigloea. However, all other structures (in particular, 
hyaline, only faintly cyanophilous basal hyphae and rather 
narrow, curved basidia with regularly arranged sterigmata) 
are typical for Helicogloea s. str. Kirschner (2004) proved that 
Infundibura adhaerens is an asexual morph of H. angustispora.

Helicogloea aquilonia Spirin & V. Malysheva, sp. nov. MycoBank 
MB825597. Fig. 15.

Etymology: Aquilonius (Lat., adj.) – northern.

Holotype: Russia, Leningrad Reg., Boksitogorsk Dist., Vozhani, 
Populus tremula, 1 Oct. 2016, Spirin 11163 (H, isotype LE).

Basidiocarps resupinate, 0.05–0.1 mm thick, in fresh condition 
semitranslucent, waxy, in herbarium specimens covered by 
greyish pruina or almost invisible. Basal hyphae slightly to 
distinctly thick-walled, (3.2–)3.6–6.0(–6.2) μm in diam (n = 
30/2). Subhymenial hyphae thin-walled, rarely slightly thick-
walled, easily collapsing, (1.8–)2.2–3.3(–3.5) μm in diam (n = 
30/2). Basidia tubular-clavate, straight or curved, 43–74 × (5.1–) 
5.2–7.6(–8.1) μm (n = 30/3), with sharp-pointed sterigmata up 
to 4 × 1.5 μm; probasidia saccate or clavate, 16–37 × 6.5–11.5 
μm. Basidiospores broadly cylindrical to broadly ellipsoid, rarely 
subglobose, ventral side as a rule flat or convex, (8.2–)8.3–12.8(–
13.4) × (5.2–)5.5–9.3(–10.3) μm (n = 160/5), L = 9.91–10.93, W = 
6.50–8.03, Q’ = (1.1–)1.2–1.9(–2.0), Q = 1.34–1.63.

Distribution and ecology: Europe (Finland, Germany, Norway, 
North-West Russia); fallen logs and branches of deciduous trees 
(Fagus, Populus, Quercus, Salix, Sorbus, Tilia).

Notes: Helicogloea aquilonia is morphologically most similar to 
H. dryina and H. sebacea, and it differs from those species in 
having wider basidia and basidiospores. Moreover, H. dryina 
is so far detected exclusively on Picea abies, while H. sebacea 
certainly has a more southern distribution.

Helicogloea aurea G.E. Baker, Mycologia 38: 635. 1946.

This species was described from Panama (Baker 1946) and 
recently reported from Costa Rica (Kisimova-Horovitz et al. 
2000). According to descriptions, it is a typical Helicogloea 
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Table 2. Sexual members of Helicogloea distributed in temperate Northern Hemisphere.

Species Distribution / 
hosts

Subicular / tramal 
hyphae

Basidia (μm) Basidiospores 
(μm)

Other characters

Lo
ng

-s
po

re
d 

sp
ec

ie
s (

m
ea

n 
sp

or
e 

le
ng

th
 e

xc
ee

di
ng

 1
2 

μm
)

angustispora North America, 
Europe / various 
plant remnants

thin to slightly thick-
walled, 3–4.5 μm 
diam / distinctly 
thick-walled, 4.5–
7.5 μm diam

30–40 × 3.5–5 subfusiform, 
straight or slightly 
curved,

L = 16.52,

W = 3.70,

Q = 4.46

caroliniana North America / 
Quercus

slightly to distinctly 
thick-walled, 3–5 
μm diam / thin- to 
distinctly thick-
walled, sturdy, 2–4 
μm diam

80 × 6.5–9 cylindrical 
to broadly 
cylindrical,

exidioid basidiocarps consisting 
of extensive gelatinose matrix 
and embedded, scattered 
hyphae and basidiaL = 14.81,

W = 6.51,

Q = 2.30

crassitexta Asia / conifers slightly to very 
thick-walled, 4.5–7 
μm diam / thin- to 
slightly thick-walled, 
3–4.5 μm diam

70–87 × 5.5–7 broadly cylindrical 
to narrowly ovoid,

L = 13.75,

W = 7.37,

Q = 1.88

lagerheimii North America, 
South America / 
deciduous trees

slightly to distinctly 
thick-walled, 4–6 
μm diam / thin- to 
slightly thick-walled, 
3–4 μm diam

75–114 × 7.5–8 narrowly ellipsoid 
to broadly 
cylindrical,

basidiocarps up to 1 mm thick, 
basidiospores occasionally 
1-septate

L = 15.33,

W = 8.23,

Q = 1.88

microsaccata East Asia / 
deciduous trees

thin- to slightly 
thick-walled, 3–5.5 
μm diam / thin- or 
slightly thick-walled, 
2.5–4 μm diam

53–73 × 6–8 cylindrical 
to broadly 
cylindrical,

L = 13.08,

W = 7.42,

Q = 1.77

septifera Europe, North 
America / 
deciduous trees

slightly to 
moderately thick-
walled, 4–6 μm 
diam / thin- to 
slightly thick-walled, 
2.5–4.5 μm diam

56–101 × 7–9 broadly cylindrical 
to narrowly 
ellipsoid,

basidiospores occasionally 
1–2-septate

L = 13.09–14.67,

W = 7.14–7.92,

Q = 1.84–1.94

sputum Europe / 
deciduous trees

thin- to slightly 
thick-walled, 3.5–6 
μm diam / thin-
walled, 2.5–4 μm 
diam

52.5–71 × 6–9 broadly cylindrical 
to ellipsoid, more 
rarely ovoid,

basidia occasionally bearing bi-
trifurcate sterigmata

L = 13.82,

W = 7.17,

Q = 1.94

subardosiaca Europe / 
conifers

slightly thick-walled, 
4–5 μm diam / thin- 
to slightly thick-
walled, 2.5–4.5 μm 
diam

60–110 × 
5.5–7.5 

cylindrical to 
narrowly ellipsoid,

basidiocarps appearing very late 
in the season

L = 12.22–14.71,

W = 6.50–7.11,

Q = 1.76–2.19

terminalis North America / 
deciduous trees

3–4 μm diam 40 × 5–7 broadly 
cylindrical,

L = 13.82,

W = 6.06,

Q = 2.30
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Table 2. (Continued).

Species Distribution / 
hosts

Subicular / tramal 
hyphae

Basidia (μm) Basidiospores 
(μm)

Other characters

Sh
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μm

)

aquilonia Europe / 
deciduous trees

slightly to distinctly 
thick-walled, 
3.5–6 μm diam / 
thin-walled, rarely 
slightly thick-walled, 
easily collapsing, 
2–3.5 μm diam

43–74 × 5–7.5 broadly cylindrical 
to broadly 
ellipsoid,

L = 9.91–10.93,

W = 6.50–8.03,

Q = 1.34–1.63

burdsallii North America / 
deciduous trees

slightly to distinctly 
thick-walled, 3–5 
μm diam / thin-
walled, 2.5–3.5 μm 
diam

32–50 × 5–6 ellipsoid to 
broadly ellipsoid,

L = 9.00–10.02,

W = 6.75–6.78,

Q = 1.33–1.49

dryina Europe / 
conifers

thin- or slightly 
thick-walled, 2–3.5 
μm diam

25–68 × 4–5.5 broadly ellipsoid 
to subglobose,

basidia clearly curved, 
often found inside or under 
basidiocarps of some corticioid 
fungi, mostly Botryobasidium 
spp.

L = 8.38–9.19,

W = 6.60–7.11,

Q = 1.18–1.30

exigua Europe, North 
America / 
deciduous trees

slightly to distinctly 
thick-walled, 3–5.5 
μm diam / thin- to 
slightly thick-walled, 
2–3.5 μm diam

29–38 × 3.5–5 cylindrical, often 
slightly curved,

L = 7.94–8.99,

W = 4.23–4.76,

Q = 1.73–2.02

pellucida Europe, North 
America / 
deciduous trees

thin-walled, 3.5–4.5 
μm diam / thin-
walled, 2–3.5 μm 
diam

31–40 × 4–5.5 broadly cylindrical 
to narrowly 
ellipsoid, 
sometimes 
lacrymoid,

probasidia occasionally 
1–2-septate

L = 8.58–9.24,

W = 5.19–5.51,

Q = 1.56–1.75

sebacea Europe, Asia, 
North America / 
deciduous trees

slightly to distinctly 
thick-walled, 4.0–5.5 
μm diam / thin- or 
slightly thick-walled, 
2–4.5 μm diam

27–48 × 5–7 broadly cylindrical 
to narrowly 
ellipsoid,

L = 8.95–11.39,

W = 5.78–6.26,

Q = 1.54–1.83

species having gelatinous basidiocarps, clampless, narrow 
hyphae, and rather large, ovoid basidiospores. However, it 
is the only species in the genus producing conidia directly in 
basidiocarps (Kisimova-Horovitz et al. 2000) seemingly causing 
a golden-yellow colouration of its dry fructifications.

Helicogloea burdsallii Spirin & V. Malysheva, sp. nov. MycoBank 
MB825598. Fig. 15.

Etymology: After H.H. Burdsall, the eminent North American 
mycologist.

Holotype: USA, Arizona, Santa Cruz Co., Coronado Nat. Forest, 
Fraxinus velutina, 12 Aug. 1971, Burdsall 6017 (CFMR, isotype 
H).

Basidiocarps resupinate, 0.03–0.1 mm thick, in fresh condition 
semitranslucent, waxy, in herbarium turning to hardly visible 
greyish bloom. Basal hyphae slightly to distinctly thick-walled, 
(3.1–)3.2–4.8(–4.9) μm diam (n = 20/1). Subhymenial hyphae 
thin-walled, (2.2–)2.3–3.3(–3.4) μm diam (n = 20/1). Basidia 
tubular-clavate, straight or curved, 32–50 × (4.8–)5.0–6.0(–6.1) 
μm (n = 20/1), with sharp-pointed sterigmata up to 8 × 2 μm; 
probasidia saccate, 21–26 × 7–8 μm. Basidiospores ellipsoid 
to broadly ellipsoid, ventral side as a rule flat or convex, rarely 
slightly concave, (7.3–)8.2–11.6(–12.1) × (5.8–)5.9–7.8(–8.2) μm 
(n = 60/2), L = 9.00–10.02, W = 6.75–6.78, Q’ = (1.1–)1.2–1.9(–
2.0), Q = 1.33–1.49.

Distribution and ecology: North America (USA – Arizona, 
California); fallen logs of deciduous trees (Fraxinus, possibly 
Umbellularia).
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Notes: Helicogloea burdsallii is morphologically most similar to 
H. aquilonia, and differs mainly by its shorter basidia. According 
to DNA data, these species are closely related (Figs 1, 2). 
However, ITS sequences of H. aquilonia are different in about 
40 bp from that one of H. burdsallii. According to our current 
knowledge, distribution areas of these species do not overlap.

Helicogloea caroliniana (Coker) G.E. Baker, Ann. Missouri Bot. 
Gdn. 23: 92. 1936. Fig. 16.
Basionym: Saccoblastia ovispora var. caroliniana Coker, J. Elisa 
Mitchell Sci. Soc. 35: 121. 1920. Lectotype: USA, North Carolina, 
Orange Co., Chapel Hill, Quercus sp. (in the hollow of a living 
tree), 4 Feb. 1920, Couch 4078 (BPI 726596, selected here) 
(MycoBank MBT383609).

Basidiocarps adpressed-pulvinate, easily detaching from the 
substrate, up to 2 mm thick in dry condition, amber-coloured, 
semitransluscent, tuberculate. Basal hyphae slightly to 
distinctly thick-walled, 3–5 μm diam, strongly swelling in KOH. 
Subhymenial hyphae scattered in extensive gelatinous matter, 
thin- to distinctly thick-walled, sturdy, (2.0–)2.2–3.8(–4.1) μm 
diam (n = 20/1). Basidia tubular-clavate, straight or curved, ca. 
80 × 6.6–8.8 μm, with sharp-pointed sterigmata up to 6 × 2 μm; 
probasidia saccate or clavate, 31–50 × 10–14 μm. Basidiospores 
cylindrical to broadly cylindrical, often slightly curved, (13.0–) 
13.2–16.7(–17.7) × (5.2–)5.7–7.5(–8.7) μm (n = 30/1), L = 14.81, 
W = 6.51, Q’ = (1.8–)2.0–2.7(–2.8), Q = 2.30.

Distribution and ecology: North America (USA – North Carolina); 
on Quercus sp.

Notes: This remarkable species is so far known only from 
the type material. It produces large, hygroscopic, exidioid 
basidiocarps consisting of an extensive gelatinose matrix and 
embedded, scattered hyphae and basidia. Helicogloea septifera 
is most similar to H. caroliniana but it does not produce 
abundant gelatinous matter detectable in microscopic slides 
and its hyphae are glued together in a dense tissue. Moreover, 
basidiospores of H. septifera are wider and occasionally septate.

Helicogloea compressa (Ellis & Everh.) V. Malysheva & K. 
Põldmaa, comb. nov. MycoBank MB825599.
Basionym: Dendrodochium compressum Ellis & Everh., Bull. 
Torrey Bot. Club 24: 475. 1897.
Synonym: Helicogloea pauciseptata R. Kirschner & Chee J. Chen, 
Frontiers in Basidiomycote Mycology: 175. 2004.

Notes: Kirschner (2004) proved a connection of this asexual 
fungus with a Helicogloea species described as H. pauciseptata. 
He also proposed a new generic name, Leucogloea, for its 
asexual morph. Our data confirm that L. compressa is a member 
of Helicogloea as outlined in this study.

Helicogloea crassitexta V. Malysheva & Spirin, sp. nov. 
MycoBank MB825600. Figs 3, 15.

Fig. 15. Basidiospores of Helicogloea spp. A. H. sebacea (lectotype). B. H. crassitexta (holotype). C.  H. exigua (holotype). D. H. dryina (holotype).  
E.  H. pellucida (holotype). F. H. subardosiaca (lectotype). G. H. aquilonia (holotype). H. H. burdsalii (holotype). Scale bar = 10 μm.
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Etymology: Crassitextus (Lat., adj.) – possessing distinct tissue.

Holotype: Russia, Krasnoyarsk Reg., Ermakovskoe Dist., Sayano-
Shushensky Nat. Res., Pinus sibirica, 17 Aug. 2015 Malysheva (LE 
312773, isotype H).

Basidiocarps resupinate, 0.3–0.5 mm thick, in fresh condition 
semitranslucent, gelatinous, tuberculate, in herbarium 
specimens turning to a smooth vernicose crust. Basal hyphae 
slightly to very thick-walled, (4.2–)4.4–7.1(–7.2) μm diam (n = 
20/1). Subhymenial hyphae thin- to slightly thick-walled, (2.7–) 
3.0–4.6(–4.8) μm diam (n = 20/1). Basidia tubular-clavate, often 
slightly curved, 70–87 × (5.4–)5.8–7.2(–7.3) μm (n = 20/1), with 
sharp-pointed sterigmata up to 5 × 2.5 μm; probasidia clavate, 
17–26 × 6–8 μm. Basidiospores broadly cylindrical to narrowly 
ovoid, ventral side slightly concave or convex, (12.2–)12.3–
15.2(–16.2) × (6.1–)6.3–9.3(–9.5) μm (n = 30/1), L = 13.75, W = 
7.37, Q’ = (1.5–)1.6–2.2(–2.3), Q = 1.88.

Distribution and ecology: Asia (Russia – Siberia); fallen 
decorticated log of Pinus sibirica.

Notes: Helicogloea crassitexta is morphologically similar to 
three other long-spored Helicogloea species, distributed in 
temperate-boreal Eurasia – H. microsaccata, H. subardosiaca 
and H. septifera. First two species possess thinner basidiocarps, 
almost invisible in dry condition, and distinctly narrower, thin- 
or only slightly thick-walled basal hyphae. Helicogloea septifera 
is seemingly restricted to angiosperm trees in Europe, and its 
basidiospores are occasionally septate. One specimen from 
British Columbia (Wells 3141) sequenced during our study 
shows a 7 bp difference from H. crassitexta. Morphologically, 
this collection is identical to three other specimens from 
British Columbia and California (listed as Helicogloea sp. 1 
under Specimens examined). These North-American specimens 
have much thinner basidiocarps than H. crassitexta, and their 
basidiospores are clearly narrower than in the latter species, 
(9.7–)10.0–14.3(–14.8) × (5.1–)5.2–7.3(–7.9) μm (n = 120/4), L = 

Fig. 16. Basidiospores of Helicogloea spp. A. H. terminalis (holotype). B. H. microsaccata (holotype). C. H. sputum (holotype). D. H. lunula (holotype). 
E. H. lagerheimii (lectotype). F. H. septifera (holotype). G. H. caroliniana (lectotype). H. H. ovispora (lectotype). Scale bar = 10 μm. 

A

C

E

G

B

D

F

H



© 2018 Westerdijk Fungal Biodiversity Institute

Spirin et al.
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

332

11.03–12.22, W = 5.78–6.14, Q’ = (1.6–)1.7–2.6(–2.7), Q = 1.80–
2.12. Therefore, we refrain from considering them conspecific. 
This problem should be solved based on other DNA markers.

Helicogloea dryina Spirin & Miettinen, sp. nov. MycoBank 
MB825601. Fig. 15.

Etymology: Dryinus (Lat., adj.) – wood-inhabiting.

Holotype: Norway, Akershus, Nannestad, Picea abies, 8 Oct. 
2011, Svantesson 786 (O, isotype H).

Basidiocarps resupinate, 0.02–0.1 mm thick, whitish or greyish, 
waxy, sometimes not macroscopically visible, developing as 
hyphae with basidia inside or under basidiocarps of corticioid 
fungi. Hyphae thin- or slightly thick-walled, (2.2–)2.3–3.4(–3.8) μm 
diam (n = 20/1), not differentiated. Basidia tubular-clavate, often 
clearly curved, 25–68 × (3.1–)4.2–5.5(–5.6) μm (n = 32/3), with 
sharp-pointed sterigmata up to 5 × 2.5 μm; probasidia clavate, 
occasionally constricted at the middle part, 23–37 × 5–9 μm (n = 
20/2), sometimes strongly reduced and thus difficult to observe. 
Basidiospores broadly ellipsoid to subglobose, occasionally 
lacrymoid, some spores distinctly arcuate near apiculus, (7.2–) 
7.3–10.2(–10.7) × (6.0–)6.1–7.9(–8.2) μm (n = 120/4), L = 8.38–
9.19, W = 6.60–7.11, Q’ = 1.1–1.4(–1.5), Q = 1.18–1.30.

Distribution and ecology: Europe (Finland, Germany, Norway, 
Sweden); fallen logs of Picea abies.

Notes: Helicogloea dryina is a distinct species due to clearly 
curved basidia and relatively large, broadly ellipsoid spores. It 
has often been found inside or under basidiocarps of corticioid 
fungi, mostly Botryobasidium spp., but no haustorial cells 
connected with hyphae of the host species were detected. 
Moreover, H. dryina is able to produce its own, sometimes 
rather extensive and well-visible basidiocarps. It seems that 
it is a saprotrophic species using the host tree and that it 
is facilitated by Botryobasidium and some other corticioid 
fungi. No parasites are so far recognised among the corticioid 
members of the Atractiellales. All our records of H. dryina come 
from coarse spruce logs at an advanced decay stage, and from 
old natural-like spruce forests. The specimens were collected 
from September to November.

Helicogloea eburnea A. Savchenko & V. Malysheva, sp. nov. 
MycoBank MB825602. Figs 3, 17.

Etymology: Eburneus (Lat., adj.) – ivory.

Holotype: Kenya, Taita-Taveta, Taita Hills, Chawia, decayed 
hardwood log, 17 Nov. 2017, Savchenko 171127/1127A 
(H7008830, isotypes LE and EA).

Sporodochia pustulate, gelatinous and soft, white 
semitranslucent; separate pustules up to 1 mm diam and 400 
µm thick, partly coalescing, in herbarium shrinking to a thin, 
waxy, yellowish film. Internal hyphae with thickened (up to 
0.3–0.5 µm) walls, 1.5–2.5(–3) µm diam. Surface hyphae thin- 
to slightly thick-walled (wall 0.1–0.3 µm thick), 1.5–2 µm diam. 
Conidiophores irregularly branched, branches generally parallel 
to the main axis. Conidiogenous cells cylindrical to slightly 
obclavate, straight or curved, tapering to the apex, with multiple 

indistinct annellation scars at the top, 12–34 × 1.5–2.6 µm. 
Conidia subglobose to ellipsoid, smooth, hyaline, slightly thick-
walled, (2.8–)2.9–3.7(–4) × (2–)2–2.6(–2.7) µm (n = 30/1).

Distribution and ecology: Africa (Kenya); well-decayed 
decorticated angiosperm log.

Notes: Helicogloea eburnea is closely related to another asexual 
species of the genus, H. compressa (see above). Morphologically, 
they are evidently indistinguishable but differ in their DNA 
sequences and geographic distribution.

Helicogloea exigua Spirin & V. Malysheva, sp. nov. MycoBank 
MB825603. Fig. 15.

Etymology: Exiguus (Lat., adj.) – thin.

Fig. 17. Helicogloea eburnea (holotype). Hyphae, conidiophores (scale 
bar = 10 μm) and conidia (scale bar = 5 μm).
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Holotype: USA, Michigan, Marquette Co., Big Bay, Acer 
saccharum, 6 Aug. 1974, Burdsall 8162 (CFMR FP-8162, isotype 
H).

Basidiocarps resupinate, 0.02–0.04 mm thick, in fresh condition 
semitranslucent, waxy, in herbarium specimens covered by greyish 
pruina, almost invisible. Basal hyphae slightly to distinctly thick-
walled (walls unevenly thickened, up to 1 μm thick), (3.0–)3.2–
5.3(–5.6) μm diam (n = 40/2), occasionally inflated up to 6–6.5 μm 
diam, sturdy. Subhymenial hyphae thin- to slightly thick-walled, 
(2.0–)2.2–3.3(–3.7) μm diam (n = 20/1). Basidia tubular-clavate, 
often curved, 29–38 × (3.4–)3.9–5.0(–5.2) μm (n = 22/2), with 
sharp-pointed sterigmata up to 5 × 1.5 μm; probasidia clavate, 
12–33 × 4–5 μm. Basidiospores cylindrical, often slightly curved, 
occasionally ovoid to narrowly ellipsoid, (6.8–)7.0–10.6(–10.8) × 
(3.8–)3.9–5.6(–5.8) μm (n = 90/3), L = 7.94–8.99, W = 4.23–4.76, 
Q’ = (1.4–)1.5–2.4(–2.5), Q = 1.73–2.02.

Distribution and ecology: Europe (France), North America 
(Canada – Ontario, USA – Michigan); fallen logs of deciduous 
trees (Acer, Betula, Populus).

Notes: Helicogloea exigua is most similar to H. pellucida and H. 
sebacea but it possesses distinctly narrower basidiospores and 
basidia. It seemingly prefers well-decayed wood of deciduous 
trees although data on its ecology and distribution are still 
insufficient.

Helicogloea globosa Chee J. Chen & Oberw., Mycotaxon 76: 
280. 2000.

Notes: This species was described based on one specimen 
collected on an unidentified deciduous host in Taiwan (Chen 
& Oberwinkler 2000). The protologue of H. globosa points 
towards H. aquilonia. However, the basidiospores of H. globosa 
were described and illustrated as globose to subglobose, 8–10 
× 7–9 μm while they are predominantly broadly cylindrical to 
broadly ellipsoid in all collections of H. aquilonia studied by us. 
Moreover, there are no records of the latter species outside of 
North Europe. Another similar species from Europe, H. dryina, 
has on average narrower basidiospores and strongly curved 
basidia, and it occurs exclusively on fallen spruce logs.

Helicogloea inconspicua G.E. Baker, Mycologia 38: 635. 1946.

Notes: This species was described based on a single collection 
from Columbia (Baker 1946). It was differentiated from 
H. intermedia due to regularly 1–2-septate basidiospores. 
However, the reliability of this feature is vague because all other 
characters fit well to H. intermedia. Further studies are needed 
to re-confirm the status of H. inconspicua.

Helicogloea incrustans Kobayasi, Misc. Rep. Res. Institute Nat. 
Resources 17–18: 45. 1950.

Notes: So far, this species is known only from the type locality 
in Japan (Kobayashi 1950). Rather thick, extensive, gelatinous 
fructifications, as well as large, 1–3-septate basidiospores point 
towards possible affinities to H. septifera from Europe. However, 
basidiospores of H. incrustans are certainly longer and wider 
than in the latter species. The identity of H. incrustans deserves 
further study.

Helicogloea intermedia (Linder) G.E. Baker, Ann. Missouri Bot. 
Gdn. 23: 91. 1936.
Basionym: Saccoblastia intermedia Linder, Ann. Missouri Bot. 
Gdn. 16: 487. 1929. Lectotype: Cuba, Pinar del Río, Soledad, 
on moist decaying stump, Sep. 1924, Linder (MO, not studied) 
(selected by Baker 1936: 92).

Notes: We studied one collection from Panama (FH 00304773) 
which agrees in all essential aspects with the protologue of H. 
intermedia (Linder 1929). It has thin, gelatinous basidiocarps, 
four-celled, slightly curved basidia 60–70 × 8–10 μm, and 
narrowly ellipsoid or broadly cylindrical, occasionally one-septate 
basidiospores, (15.0–)15.1–19.8(–21.6) × (7.4–)7.7–9.2(–9.3) μm 
(n = 30/1), L = 17.54, W = 8.39, Q’ = (1.7–)1.8–2.4(–2.6), Q = 2.09. 
If our identification is correct, H. intermedia belongs in the vicinity 
of H. lagerheimii. The latter species, however, produces more 
extensive fructifications and shorter basidiospores but longer 
basidia. Identity of H. intermedia versus H. inconspicua must be 
re-checked based on newly collected and sequenced material.

Helicogloea lagerheimii Pat., Bull. Soc. Mycol. France 8: 121. 
1892. Fig. 16.

Lectotype: Ecuador, Baños, Chorrera de Agoyan, rotten branch, 
Jan. 1892, Lagerheim (FH 00304791, selected by Baker 1936: 
93).

Basidiocarps resupinate, up to 1 mm thick, in fresh condition 
semitranslucent, waxy, greyish, tuberculate, in herbarium 
specimens turning to brownish vernicose crust. Basal hyphae 
slightly to distinctly thick-walled, (3.6–)3.9–6.2(–6.7) μm diam (n 
= 20/1). Subhymenial hyphae thin- to slightly thick-walled, easily 
collapsing, (2.7–)2.8–4.1(–4.2) μm diam (n = 20/1). Basidia 
tubular-clavate, straight or curved, 75–114 × 7.5–8 μm, with 
sharp-pointed sterigmata up to 5 × 2 μm; probasidia saccate or 
clavate, 29–43 × 8.5–11.5 μm. Basidiospores narrowly ellipsoid 
to broadly cylindrical, ventral side flat or slightly concave, rarely 
slightly convex, occasionally 1-septate, (13.1–)13.3–18.2(–19.0) 
× (6.3–)6.4–9.3(–9.4) μm (n = 32/1), L = 15.33, W = 8.23, Q’ = 
(1.5–)1.6–2.2(–2.3), Q = 1.88.

Distribution and ecology: North America (USA – California), 
South America (Ecuador); rotten wood of deciduous trees.

Notes: The description above is based on the type specimen only. 
Helicogloea lagerheimii is undoubtedly congeneric with other 
species treated here under Helicogloea s. str. A specimen from 
California (BPI 719891) used in DNA studies is morphologically 
almost identical to the type material, having basidiospores 
(13.1–)13.7–16.9(–17.2) × (7.2–)7.6–9.1(–9.2) μm (n = 30/1), L 
= 15.49, W = 8.33, Q’ = (1.6–)1.7–2.0(–2.1), Q = 1.86, although it 
possesses shorter basidia, up to 80 μm long. Newly collected and 
sequenced specimens from Ecuador are needed to designate an 
epitype for H. lagerheimii.

Helicogloea lunula Spirin & V. Malysheva, sp. nov. MB825604. 
Fig. 16.

Etymology: Lunulus (Lat., adj.) – lunate.

Holotype: New Zealand, Wairarapa, Pigeon Bush Res., 
decorticated branch, 1 Jan. 2006, Paulus & Steer (PDD 88360).
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Basidiocarps resupinate, extensive (covering several cm), 0.1–
0.2 mm thick, waxy-gelatinous, whitish-greyish, opaque. Basal 
hyphae slightly to distinctly thick-walled, (4.8–)5.1–9.2(–9.7) 
μm diam (n = 20/1), often rather short-celled and sometimes 
constricted at septa. Subhymenial hyphae thin- to slightly thick-
walled, (3.2–)3.4–5.3(–5.4) μm diam (n = 20/1), mostly rather 
short-celled, some bearing several constrictions at the terminal 
part (moniliform). Oil droplets abundant in slides made in CB. 
Basidia tubular-clavate, often curved, 39–62 × (5.0–)5.1–6.7(–7.2) 
μm (n = 22/2), with sharp-pointed sterigmata up to 6 × 3 μm; 
probasidia saccate or clavate, 16–21 × 6.5–9 μm. Basidiospores 
cylindrical, often distinctly curved, (12.0–)12.6–15.7(–16.0) × 
(4.8–)4.9–6.1(–6.2) μm (n = 30/1), L = 13.95, W = 5.32, Q’ = (2.2–) 
2.3–2.9(–3.0), Q = 2.63.

Distribution and ecology: New Zealand; fallen decorticated 
branch.

Notes: Helicogloea lunula produces rather extensive basidiocarps 
with opaque (not semitranslucent) hymenial surface. They are 
gelatinized, however, as in other species of Helicolgoea s. str. 
Distinctly curved basidiospores and a presence of moniliform 
hyphal ends in hymenium are good diagnostic features of this 
species.

Helicogloea microsaccata V. Malysheva & Spirin, sp. nov. 
MycoBank MB825605. Figs 3, 16.

Etymology: Microsaccatus (Lat., adj.) – bearing small-sized 
probasidial sacs.

Holotype: Russia, Primorie, Ussuriisk Dist., Ussuri Nat. Res., 
deciduous tree (fallen branch), 15 Aug. 2011, Malysheva (LE 
262936, isotype H).

Basidiocarps resupinate, 0.03–0.06 mm thick, in fresh condition 
semitranslucent, waxy, in herbarium specimens almost invisible. 
Basal hyphae thin- to slightly thick-walled, (3.1–)3.3–5.2(–6.2) 
μm diam (n = 20/1), easily collapsing. Subhymenial hyphae thin- 
or slightly thick-walled, (2.3–)2.4–3.9(–4.0) μm diam (n = 20/1). 
Basidia tubular-clavate, often curved, 53–73 × (6.1–)6.2–8.2(–8.3) 
μm (n = 21/1), with sharp-pointed sterigmata up to 6.5 × 2.5 μm; 
probasidia saccate or clavate, 15–27 × 7–11 μm. Basidiospores 
cylindrical to broadly cylindrical, often slightly curved, more rarely 
ovoid, (10.4–)10.8–15.2 × (6.1–)6.2–9.3(–9.5) μm (n = 30/1), L = 
13.08, W = 7.42, Q’ = (1.5–)1.6–2.0(–2.2), Q = 1.77.

Distribution and ecology: East Asia (Russia – Primorie); fallen 
hardwood branch.

Notes: Helicogloea microsaccata is morphologically most similar 
to H. subardosiaca, and it differs from the latter primarily by 
its shorter basidia and smaller probasidial sacs. Moreover, H. 
subardosiaca is a European species known exclusively from 
coniferous hosts while H. microsaccata has been detected in 
East Asia on hardwood. DNA data show that these species are 
not closely related.

Helicogloea ovispora (A. Möller) Spirin, comb. nov. MycoBank 
MB825606. Figs 3, 16.
Basionym: Saccoblastia ovispora A. Möller, Botanische 
Mittheilungen aus den Tropen 8: 16. 1895. 

Lectotype: Brazil, Santa Catharina, Blumenau, rotten wood, 
Möller 767 (HBG, selected here) (MycoBank MBT 383610).

Basidiocarps resupinate, up to 1 mm thick, semitranslucent, 
waxy, well visible in dry condition. Basal hyphae slightly to 
distinctly thick-walled, (5.0–)5.1–7.2(–8.2) μm diam (n = 20/1). 
Subhymenial hyphae thin- to slightly thick-walled, (2.8–)2.9–
4.1(–4.2) μm diam (n = 20/1). Basidia tubular-clavate, straight 
or curved, 79–100 × 8–10.5 μm, with sharp-pointed sterigmata 
up to 5 × 2 μm; probasidia saccate or clavate, 23–56 × 10–12 
μm. Basidiospores cylindrical to broadly cylindrical, often slightly 
curved, occasionally 1–3-septate, (14.8–)15.0–20.2(–23.8) × 
(7.9–)8.0–11.1(–11.8) μm (n = 30/1), L = 17.29, W = 9.30, Q’ = 
(1.5–)1.6–2.1(–2.2), Q = 1.87.

Distribution and ecology: South America (Brazil – Santa Catarina); 
still corticated logs and branches.

Notes: The only authentic specimen of Saccoblastia ovispora 
collected and labelled by Möller survived in herbarium HBG 
(Friedrichsen 1977). It was studied by us and served as a 
source of the description above. Möller (1895) presented the 
basidiospore dimensions of S. ovispora in a somewhat confusing 
manner, and this probably was a reason for Baker (1936) and 
Lowy (1971) to consider it conspecific with H. lagerheimii. In 
the protologue, Möller (1895: 18) stated that basidiospores of 
S. ovispora still attached to sterigmata have dimensions 13 × 7–8 
μm, while mature, detached spores reach up to 26 × 10 μm. The 
concise diagnosis provided in the end of his book (ibid., p. 162) 
refers to juvenile basidiospores only. Our measurements given 
above are based exclusively on mature basidiospores.

Later records of S. ovispora were published by Rick (1933, 
1958). We studied duplicates of his collections kept in FH 
(treated as Helicogloea sp. 2 in Specimens examined). They are 
thinner than the lectotype, 0.02–0.05 mm thick, almost invisible 
in dry condition, and they possess distinctly narrower basal 
hyphae, (3.6–)3.8–5.2(–5.7) μm diam (n = 20/1). Basidiospores 
in Rick’s collections are not septate, (14.7–)15.3–22.2(–22.6) 
× (6.3–)7.0–10.0(–10.1) μm (n = 40/2), L = 19.78–20.01, W = 
7.77–8.49, Q’ = (1.8–)1.9–3.1(–3.5), Q = 2.39–2.56, i.e. they are 
somewhat narrower than in H. ovispora sensu typi. This indicates 
that Rick’s material belongs to yet another, seemingly unnamed 
Helicogloea species. We leave this problem for later study.

Helicogloea pellucida Spirin & V. Malysheva, sp. nov. MycoBank 
MB825607. Fig. 15.

Etymology: Pellucidus (Lat., adj.) – semitranslucent.

Holotype: Russia, Nizhny Novgorod Reg., Lukoyanov Dist., 
Razino, Alnus glutinosa (fallen log), 10 Aug. 2016, Spirin 10610 
(H, isotype LE).

Basidiocarps resupinate, 0.05–0.1 mm thick, in fresh condition 
semitranslucent, waxy, in herbarium specimens covered by greyish 
pruina, almost invisible. Basal hyphae thin-walled, (3.2–)3.8–4.6(–
4.9) μm diam (n = 20/1), easily collapsing. Subhymenial hyphae 
similar, (2.0–)2.2–3.7(–3.8) μm diam (n = 20/1). Basidia tubular-
clavate, slightly curved or twisted, 31–40 × (3.8–)4.2–5.4(–5.8) 
μm (n = 20/3), with sharp-pointed sterigmata up to 4 × 1.5 μm; 
probasidia clavate, 15–20 × 5–7 μm, occasionally 1–2-septate. 
Basidiospores broadly cylindrical to narrowly ellipsoid, sometimes 
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lacrymoid, ventral side as a rule flat or slightly concave, (7.2–)7.3–
10.8(–12.0) × (4.1–)4.6–6.4(–6.6) μm (n = 140/5), L = 8.58–9.24, 
W = 5.19–5.51, Q’ = (1.3–)1.4–2.0(–2.1), Q = 1.56–1.75.

Distribution and ecology: Europe (Norway, Russia, Ukraine), 
North America (Canada – Ontario, USA – Massachusetts, North 
Carolina); fallen logs of deciduous trees (Alnus, Fraxinus, Malus, 
Populus).

Notes: Thin-walled hyphae throughout the basidiocarp and 
rather narrow basidiospores make H. pellucida differ from the 
similarly looking H. sebacea and H. aquilonia. Basidiospores of 
H. exigua are cylindrical, often more distinctly curved, and they 
are even narrower than in H. pellucida. Basidial width can also 
help in identification of these four species although its value is 
limited to fresh or recent material.

Helicogloea sebacea (Bourdot & Galzin) Spirin & Trichies, comb. 
nov. MycoBank MB825608. Fig. 15.
Basionym: Saccoblastia sebacea Bourdot & Galzin, Bull. Soc. 
Mycol. France 25: 15. 1909.

Lectotype: France, Allier, St. Priest, Cerasus (?) (very rotten 
wood), 26 Nov. 1908, Bourdot 5882 (PC 0706732, isolectotype S 
F21004, selected here) (MycoBank MBT383611).

Basidiocarps resupinate, 0.05–0.1 mm thick, whitish or greyish, 
waxy. Basal hyphae slightly to distinctly thick-walled, (4.1–)4.2–
5.4(–6.1) μm diam (n = 20/2). Subhymenial hyphae thin- or 
slightly thick-walled, (2.1–)2.2–4.3(–4.7) μm diam (n = 22/2). 
Basidia tubular-clavate, often moderately curved or twisted, 
27–48 × (5.1–)5.2–6.8(–7.3) μm (n = 33/3), with sharp-pointed 
sterigmata up to 9 × 2.5 μm; probasidia clavate to saccate, 
19–30 × 6–9 μm. Basidiospores broadly cylindrical to narrowly 
ellipsoid, ventral side as a rule concave or flat, (7.3–)7.6–12.8(–
13.2) × (5.0–)5.1–7.3(–7.5) μm (n = 210/7), L = 8.95–11.39, W = 
5.78–6.26, Q’ = (1.3–)1.4–2.2(–2.3), Q = 1.54–1.83.

Distribution and ecology: Europe (Denmark, Estonia, France, 
Germany, Russia, Ukraine), Asia (Russian Far East), North 
America (USA – Ohio, South Carolina, Tennessee); fallen and 
rather rotten logs of deciduous trees (Acer, Betula, Fagus, 
Fraxinus, Quercus etc.).

Notes: Helicogloea sebacea was described from the southern 
part of France based on several collections (Bourdot & Galzin 
1909). The best-preserved specimen is selected here as a 
lectotype. Later Bourdot & Galzin (1927) also introduced a 
subspecies subardosiaca which we consider a separate species 
(see below). The type material of Helicobasidium inconspicuum 
(described from Austria – Höhnel 1908) fits our concept of H. 
sebacea although it possesses distinctly thick-walled hyphae 
throughout. The identity of this taxon deserves further study; 
however, even if it proves to be a good species, H. inconspicuum 
cannot be combined to Helicogloea, due to the existence of 
another species with the same epithet (see above).

Helicogloea septifera Spirin & V. Malysheva, sp. nov. MycoBank 
MB825609. Figs 3, 16.

Etymology: Septiferum (Lat., adj.) – bearing septa (referring to a 
presence of septate basidiospores).

Holotype: Norway, Nord-Trøndelag, Grong, Sanddøla, Ulmus sp., 
13 Jul. 1977, Holten & Siversten (H, isotype TRH 22196, paratypes 
with the same collecting data – TRH 9167, TRH F16554).

Basidiocarps resupinate, 0.5–2 (3) mm thick, in fresh condition 
semitranslucent, whitish or greyish, gelatinous, in herbarium 
turning to perceptible, pale ochraceous or brownish vernicose 
film, hymenial surface often tuberculate. Basal hyphae slightly 
to moderately thick-walled, (3.4–)4.1–6.1(–6.4) μm diam (n = 
30/2). Subhymenial hyphae thin- to slightly thick-walled, (2.6–) 
2.7–4.4(–5.0) μm diam (n = 40/2). Basidia tubular-clavate, 
slightly or distinctly curved, 56–101 × (6.7–)6.8–9.0(–9.2) μm 
(n = 40/2), with sharp-pointed sterigmata up to 10 × 5 μm; 
probasidia saccate or clavate, 18–52 × 6.5–10 μm. Basidiospores 
broadly cylindrical to narrowly ellipsoid, ventral side as a rule 
concave or flat, occasionally 1–2-septate, (10.8–)11.1–16.2 × 
(5.8–)6.2–9.1(–9.5) μm (n = 110/4), L = 13.09–14.67, W = 7.14–
7.92, Q’ = (1.4–)1.5–2.3(–2.6), Q = 1.84–1.94.

Distribution and ecology: Europe (Norway, Russia), North 
America (USA – Iowa); recently fallen logs and thick branches of 
deciduous trees (Alnus, Betula, Populus, Sorbus, Ulmus).

Notes: Roberts (2002) reported and described this species 
from Norway as H. caroliniana. We studied the type material 
of the latter species and found it distinctly different from our 
specimens from Europe (see remarks under H. caroliniana). 
Basidiocarps of H. septifera are normally rather thin (0.5–1 
mm) and look the same as in many other species of the genus. 
Pulvinate and abnormally thick basidiocarps are infected by a 
pucciniomycete Achroomyces chlamydospora (Roberts 2002) 
whose presence most probably causes this unusual fructification 
growth. The same phenomenon occurs in some Botryobasidium 
species infected by Spiculogloea spp. (Spirin et al. 2016). So 
far, A. chlamydospora was known only from the type locality 
in Norway. Here it is reported from two new localities in the 
country; in one case, the host species was H. aquilonia.

Helicogloea sputum Spirin & V. Malysheva, sp. nov. MycoBank 
MB825610. Fig. 16.

Etymology: Sputum (Lat., noun) – spittle; in metaphoric sense, 
“sputum” also refers to a thin layer of some substance.

Holotype: Norway, Vestfold, Larvik, Jordstøyp i Kvelde, Populus 
tremula, 19 Oct. 1995, Andersen (O F-90728).

Basidiocarps resupinate, 0.05–0.07 mm thick, in fresh condition 
semitranslucent, waxy, in herbarium specimens almost invisible. 
Basal hyphae thin- to slightly thick-walled, (3.4–)3.6–5.8(–6.0) 
μm diam (n = 20/1). Subhymenial hyphae thin-walled, (2.3–) 
2.4–4.2(–4.7) μm diam (n = 20/1). Basidia tubular-clavate, often 
curved, 52.5–71 × (5.6–)6.0–8.7(–9.2) μm (n = 20/1), with sharp-
pointed, occasionally bi- or trifuracte sterigmata up to 12 × 3.5 
μm; probasidia clavate, 34–47 × 7–10 μm. Basidiospores broadly 
cylindrical to ellipsoid, more rarely ovoid, (12.1–)12.2–15.6(–
16.2) × (6.2–)6.3–8.3(–8.8) μm (n = 30/1), L = 13.82, W = 7.17, 
Q’ = (1.5–)1.6–2.3(–2.6), Q = 1.94, occasionally germinating by 
bifurcate sterigmata.

Distribution and ecology: Europe (Norway); fallen decorticated 
log (Populus).
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Notes: Very thin basidiocarps and rather short basidia 
occasionally bearing bi- to trifurcate sterigmata help to separate 
this species from other European long-spored species, i.e. H. 
septifera and H. subardosiaca.

Helicogloea subardosiaca (Bourdot & Galzin) Donk, Persoonia 
4: 213. 1966. Figs 5, 15.
Basionym: Saccoblastia sebacea ssp. subardosiaca Bourdot & 
Galzin, Hyménomycètes de France: 5. 1927.

Lectotype: France, Aveyron, Causse Noir, Pinus sylvestris, 9 
Dec. 1910, Galzin 7868 (PC 0706709, selected here) (MycoBank 
MBT383612).

Basidiocarps resupinate, 0.05–0.2 mm thick, in fresh condition 
semitranslucent, greyish, waxy, in herbarium turning to almost 
invisible vernicose film. Basal hyphae slightly thick-walled, 
(3.7–)3.8–5.2(–5.3) μm diam (n = 40/4). Subhymenial hyphae 
thin- to slightly thick-walled, (2.3–)2.7–4.4(–4.7) μm diam (n = 
80/4). Basidia tubular-clavate, slightly twisted or curved, 60–
110 × (5.2–)5.7–7.6(–7.9) μm (n = 30/3), with sharp-pointed 
sterigmata up to 15 × 3.5 μm; probasidia clavate, 20–43 × 6–9.5 
μm. Basidiospores cylindrical to narrowly ellipsoid, ventral side 
as a rule concave (especially in longest spores), more rarely flat, 
(10.7–)10.8–18.0(–18.4) × (5.2–)5.7–8.5(–9.0) μm (n = 140/5), 
L = 12.22–14.71, W = 6.50–7.11, Q’ = (1.5–)1.6–2.5(–2.6), Q = 
1.76–2.19.

Distribution and ecology: Europe (Finland, France); fallen 
decorticated conifer logs (Pinus sylvestris, possibly also Picea 
abies).

Notes: Helicogloea subardosiaca is a long-spored, conifer-
dwelling species distributed in Europe, appearing very late 
in the season. Morphological differences of H. subardosiaca 
from other similarly looking species are discussed under H. 
crassitexta. While restoring H. subardosiaca as a species, Donk 
(1966) claimed he studied collections of this species from 
Sweden although he did not specify in which herbarium they 
were being kept.

Helicogloea terminalis L.S. Olive, Bull. Torrey Bot. Club 81: 331. 
1954. Fig. 16.

Holotype: USA, North Carolina, Macon Co., Highlands, Betula 
sp., 14 Aug. 1952, Olive (NY 00834144, studied).

Notes: The species is known so far from the type specimen 
collected in North Carolina (Olive 1954). Basidiocarps are very 
thin, inconspicuous, consisting of a few, parallel, terminally 
ascending hyphae (2.8–)3–4.0(–4.4) μm diam and bearing 
saccate probasidia 33–54 × 6–9 μm. Basidia four-celled, 
about 40 × 5–7 μm, arising both laterally or terminally from 
probasidia. Chen & Oberwinkler (2000) argued that terminal 
origin of basidia from probasidial cells precludes an affinity of H. 
terminalis to other Helicogloea species. After studying the type 
specimen, we conclude that this is an artefact most probably 
caused by extreme thinness of the basidiocarps. A presence of 
“normal” basidia developing from probasidia laterally in the 
type of H. terminalis supports our idea. Basidiospores of H. 
terminalis are broadly cylindrical, often slighlty curved, (11.6–) 
12.0–15.3(–16.0) × (5.0–)5.1–7.1(–7.2) μm (n = 30/1), L = 13.82, 

W = 6.06, Q’ = (1.9–)2.0–2.7(–2.8), Q = 2.30. Thin basidiocarps 
and basidiospore shape and dimensions place H. terminalis 
in a difficult species complex containing also H. microsaccata 
and H. subardosiaca. However, none of these species possess 
terminally arising basidia, and they all have well-differentiated 
subicular hyphae. New, sequenced specimens are needed to 
define a proper place for H. terminalis within the genus.

Helicogloea variabilis K. Wells, Mycol. Res. 94: 835. 1990.

Notes: This species was described from Brazil based on single 
collection (Wells 1990). Morphology as well as DNA data confirm 
that it belongs to the genus Helicogloea s. str.

Saccosoma Spirin, gen. nov. MycoBank MB825611.

Basidiocarps resupinate, thin to rather thick, arid, floccose to 
dense, white to cream-coloured. Hyphae clamped, thin-walled 
to distinctly thick-walled, 3–8 μm diam, slightly cyanophilous. 
Poorly differentiated cystidia present in one species. Basidia 
four-celled, tubular-clavate, straight; probasidia narrowly 
saccate to clavate, simple or bifurcate. Basidiospores narrowly 
ellipsoid to subglobose, 6–23 × 5–15 μm, with blunt, prominent 
apiculus.

Type species: Saccosoma farinaceum (Höhn.) Spirin & K. Põldmaa.

Notes: The genus is introduced here to replace Saccoblastia 
sensu Donk (1966). Morphologically, it differs from both 
Bourdotigloea and Helicogloea s. str. in having non-gelatinised, 
arid, perceptible basidiocarps consisting of rather loosely 
interwoven, clamped hyphae. Hyphae are more or less uniform, 
not differentiated between subhymenium and subiculum as in 
Bourdotigloea and Helicogloea, except S. contortum. In contrast 
to Helicogloea spp., basidia in Saccosoma are straight, not 
curved, with a terminal cell bearing an apical (but occasionally 
somewhat asymmetric) sterigma.

Saccosoma album (Burt) Spirin, comb. nov. MycoBank 
MB825612.
Basionym: Septobasidium album Burt, Ann. Missouri Bot. Gdn. 
13: 332. 1926.

Notes: Couch (1949) re-described and illustrated this species 
and moved it to Helicogloea s. lat. Morphological features and 
DNA data confirm that it is a member of Saccosoma. It is so far 
known only from New Zealand.

Saccosoma contortum (G.E. Baker) Spirin, comb. nov. MycoBank 
MB825613.
Basionym: Helicogloea contorta G.E. Baker, Mycologia 38: 634. 
1946.

Basidiocarps resupinate, appearing as small, cream-coloured, 
soft, floccose patches, later fusing together and reaching up 
to 3 cm in diam, adnate, densely floccose, 0.07–0.1 mm thick; 
margin arachnoid. Hyphae thick-walled, 3–5 μm in diam in basal 
part, strongly coiled and 1.5–2.5 μm diam in subhymenium. 
Basidia 40–50 × 7–9 μm; probasidia narrowly saccate to clavate, 
thin-walled, 30–40 × 7–9 μm. Basidiospores ovoid to broadly 
ellipsoid, (10.3–)10.9–14.0(–14.7) × (8.1–)8.2–10.2(–11.0) μm (n 
= 30/1), L = 12.35, W = 8.90, Q’ = (1.2–)1.3–1.5(–1.6), Q = 1.39.
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Distribution and ecology: North America (USA – Iowa, Florida); 
wood remnants of deciduous trees (Liquidambar, Quercus) and 
palms.

Notes: Coiled hyphae and rather short basidia differentiate S. 
contortum from other species in the genus. No DNA sequences 
have been available for this species so far.

Saccosoma farinaceum (Höhn.) Spirin & K. Põldmaa, comb. nov. 
MycoBank MB825614. Figs 3, 6, 18.
Basionym: Helicobasidium farinaceum Höhn., Sitzungsb. Kaiserl. 
Akad. Wissenschaften Math.-Naturwiss. Klasse Abt. I 116: 84. 
1907.

Neotype: Russia, Nizhny Novgorod Reg., Lyskovo Dist., 
Makarievo, dry branches of Salix sp., 11 Aug. 2015, Spirin 9099 
(H, selected here) (MycoBank MBT383613).

Synonyms: Saccoblastia pinicola Bourdot & Galzin, Bourdot & 
Galzin, Bull. Soc. Mycol. France 25: 15. 1909. Lectotype: France, 
Aveyron, Millau, Causse Noir, Pinus sylvestris (fallen branches), 
10 Nov. 1908, Galzin (herb. Bourdot 6939) (S F-21016, selected 
here) (MycoBank MBT383614).
Stypinella killermannii Bres. in Killermann, Denkschr. Baierischen 
Bot. Gesellsch. Regensburg 15: 34. 1922. Lectotype: Germany, 
Bayern, Passau, Pinus sp. (manufactured wood), Sep. 1919, 
Killermann (BPI 726593, selected here) (MycoBank MBT383615).

Basidiocarps orbicular, adnate, appearing as small, cream-
colored, rather dense, farinaceous patches, a few mm diam, 
later fusing together and covering several cm, up to 0.5 mm 

thick; margin floccose-pruinose, gradually thinning-out. Hyphae 
thin-walled or with distinct walls (wall up to 0.5 μm thick), (2.8–) 
3.0–6.3(–7.2) μm diam (n = 200/10). Basidia 71–140 × (7.3–) 
7.8–13.2(–13.8) μm (n = 190/11); probasidia narrowly saccate 
to clavate, occasionally furcate, thin- to slightly thick-walled, 
28.5–81 × 10–17.5 μm, occasionally with 1–3 adventive septa. 
Basidiospores broadly to narrowly ellipsoid, rarely ovoid, (11.6–) 
12.0–20.1(–20.6) × (8.1–)8.2–14.5(–15.8) μm (n = 377/12), L 
= 14.46–17.92, W = 9.56–13.08, Q’ = (1.1–)1.2–1.7(–1.8), Q = 
1.31–1.58.

Distribution and ecology: Europe (Austria, Denmark, Estonia, 
Finland, France, Germany, Norway, Russia, Sweden, Ukraine, 
United Kingdom), North America (Canada, USA); still attached 
thin branches, rarely recently fallen logs of deciduous trees 
(Acer, Corylus, Fagus, Fraxinus, Populus, Quercus, Salix, Ulmus) 
and more rarely conifers (Abies, Picea, Pinus).

Notes: Höhnel (1907) described this species as Helicobasidium 
farinaceum based on single collection from Austria. It was almost 
forgotten until D.P. Rogers (in Martin 1944) studied the type 
and concluded it is the same species as Saccoblastia pinicola. 
Rogers moved H. farinaceum to Helicogloea, in accordance with 
the genus concept introduced by Baker (1936). It seems that 
Höhnel's original specimen does not exist anymore: it could not 
be located in FH and our request to W remained unanswered. 
Therefore, the only source for judging H. farinaceum sensu 
orig. is its protologue. Höhnel's description referred to a pale-
coloured, non-gelatinized, resupinate fungus of fine-granular, 
mealy consistence ("feinkörnig-mehlig") and possessing 
clamped hyphae. These statements preclude Helicogloea s. 

Fig. 18. Basidiospores of Saccosoma spp. A. 
S. farinaceum f. alniviridis (Kotiranta 13179). 
B. S. farinaceum (neotype). C. S. floccosum 
(holotype). Scale bar = 10 μm.

A

B

C
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str. Basidiocarps of H. farinaceum were described as initially 
patch-like, then fusing together and gradually thinning-out in 
marginal areas ("fleckenartig, dann zu ausgebreiten Überzügen 
zusammenfliessend, dünn , gegen den Rand ganz allmählig 
verlaufend"). These features, together with microscopic 
characters (diameter of hyphae, width of basidia and dimensions 
of basidiospores) are crucial for our understanding of this 
species, and they correspond to recent collections used in the 
present phylogenetic studies. One of them is designated here as 
a neotype of H. farinaceum.

Morphological study reveals a considerable variation 
of S. farinaceum. In particular, specimens collected from 
coniferous hosts produce abundant bifurcate probasidia and 
on average larger basidiospores. However, ITS sequences show 
only negligible differences between collections from various 
host trees and geographic regions. Therefore, S. farinaceum 
is accepted here in a wide sense, i.e. including S. pinicola, 
although we cannot preclude that it contains several cryptic 
species.

The protologue of Platygloea laplata (Lindsey 1986) and its 
redescription by Hauerslev (1999) suggest it may be a synonym 
of S. farinaceum. Lindsey described P. laplata as growing on living 
basidiocarps of Peniophora nuda and supposed it was parasitic. 
One of our collections of S. farinaceum came from living and 
sporulating fruitbodies of Aleurodiscus grantii. However, no 
specific cells (haustoria or appressoria), characteristic for 
parasitic heterobasidiomycetes, were detected in this collection, 
and they were not mentioned in descriptions of P. laplata. 
Therefore, we consider their growth on other fungi merely 
coincidental.

Specimens macroscopically identical to S. farinaceum but 
having wider hyphae and larger basidia and basidiospores than 
S. pinicola were collected in subalpine forests of Eurasia and 
North America. They all came from branches of shrub-like alders 
(Alnus viridis group). No certain differences were detected in ITS 
region between them and S. farinaceum s. str., and therefore 
these specimens are redescribed here under an older name 
(forma alniviridis) introduced by Bourdot (1932).

Saccosoma farinaceum f. alniviridis Bourdot, Bull. Soc. Mycol. 
France 48: 204. 1932. Fig. 18.
Synonym: Achroomyces sibiricus Hauerslev, Mycotaxon 72: 467. 
1999. Holotype: Russia, Magadan Reg., Tenkinsky Dist., Madaun, 
Salix arbutifolia, 14 Aug. 1995, Corfixen (C 31369, studied).

Basidiocarps resupinate, appearing as small, cream-colored, 
soft, floccose patches, later fusing together and reaching up 
to 1 cm diam, adnate, densely floccose, 0.1–0.2 mm thick; 
margin arachnoid. Hyphae thin-walled, easily collapsing, some 
twisted, (3.5–)4.1–7.3(–7.8) μm diam (n = 60/3). Basidia 100–
150 × (9.4–)9.5–13.4(–15.3) μm (n = 40/2); probasidia narrowly 
saccate to clavate, often tortuous or constricted, many bi- or 
trifurcate, thin- or slightly thick-walled, 42.5–76 × 10.5–15.5 
μm. Basidiospores ovoid to broadly ellipsoid, (14.6–)15.4–23.6(–
26.8) × (10.2–)10.4–15.7(–17.0) μm (n = 110/4), L = 17.15–19.66, 
W = 12.44–13.30, Q’ = (1.1–)1.2–1.7(–1.8), Q = 1.36–1.53.

Distribution and ecology: Europe (Austria, France, Italy, 
Switzerland), Asia (Russian Far East), North America (US – 
Washington); still attached dry branches of shrub-like alders 
(Alnus viridis group, one record on Salix arbutifolia).

Notes: Further phylogenetic studies with other genes should 
clarify the taxonomic status of this ‘form’. Morphologically, it is 
very distinctive if compared with S. farinaceum.

Saccosoma floccosum V. Malysheva & Spirin, sp. nov. MycoBank 
MB825615. Fig. 18.

Etymology: Floccosus (Lat., adj.) – floccose.

Holotype: Russia, Lipetsk Reg., Krasnoe Dist., Olenii Nat. Park, 
Quercus robur (fallen branches), 30 Sep. 2016, Volobuev (LE 
313308, isotype H).

Basidiocarps very soft, floccose, easily detaching from the 
substrate, cream-colored, covering a few cm, up to 0.2 mm thick; 
margin arachnoid. Subicular hyphae differentiated, sparse, slightly 
thick-walled, 5–7 μm diam. Subhymenial hyphae thin-walled, 
easily collapsing, (3.0–) 3.2–5.0 (–5.1) μm diam (n = 40/2). Basidia 
54–79 × (6.0–)6.1–7.4(–7.8) μm (n = 26/2); probasidia saccate to 
clavate, not furcate, thin-walled, 13–30 × 7–10 μm. Basidiospores 
narrowly lacrymoid to subfusiform, (8.8–)9.0–13.8(–14.2) × (5.1–) 
5.2–8.0(–8.2) μm (n = 60/2), L = 10.47–11.97, W = 6.64–6.71, Q’ = 
(1.4–)1.5–2.0(–2.1), Q = 1.56–1.81.

Distribution and ecology: Europe (Russia); thin fallen branches 
of conifers (Picea) and deciduous trees (Quercus).

Notes: Soft, detaching basidiocarps, as well as narrow 
basidiospores help in identification of this species.

Saccosoma globisporum (S.H. Wu & Z.C. Chen) Spirin, comb. 
nov. MycoBank MB825616.
Basionym: Helicogloea globispora S.H. Wu & Z.C. Chen, Karstenia 
45: 195. 2000.

Notes: Saccosoma globisporum was described from Taiwan (Wu 
& Chen 2000). According to the description, it is most similar to 
S. sphaerosporum and differs from the latter species in having 
larger basidiospores.

Saccosoma medium (Spirin et al.) Spirin, comb. nov. MycoBank 
MB825617.
Basionym: Saccoblastia media Spirin et al., Synopsis Fungorum 
33: 28. 2015. Holotype: St. Helena, Scotland Research Station, 
on hardwood, 3 Feb. 2014 Ryvarden 49436 (K, isotype – H).

Notes: This species was described in Spirin et al. (2015). 
Saccosoma medium is the only species of the genus having 
cystidia although they are infrequent and rather poorly 
differentiated.

Saccosoma sphaerosporum (Möller) Spirin, comb. nov. 
MycoBank MB825618.
Basionym: Saccoblastia sphaerospora Möller, Botanische 
Mittheilungen aus den Tropen 8: 20. 1895. 

Neotype: Costa Rica, Puntarenas, Coto Brus, Las Alturas, 2 
Dec. 1996, Kisimova-Horovitz 222-vi (USJ 55489, not studied) 
(selected and illustrated by Kisimova-Horovitz et al. 2000: 551).

Basidiocarps effused, corticioid, cream-colored, rather dense, 
covering a few cm, up to 0.3 mm thick; margin pruinose. Hyphae 
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slightly to distinctly thick-walled, 3–5 μm diam. Basidia 36–62 × 
4.4–5.4 μm (n = 20/2); probasidia saccate, thin-walled, 13.5–20 
× 6–8 μm. Basidiospores subglobose to globose, (5.3–)5.8–7.2(–
7.7) × (5.0–)5.2–6.7(–7.4) μm (n = 60/3), L = 6.32–6.67, W = 
5.85–6.27, Q = 1.07–1.08.

Distribution and ecology: South and North America (Brazil, Costa 
Rica, Mexico, USA – Florida); still attached or fallen, mostly 
corticated branches of deciduous trees.

Notes: This species is described, illustrated and discussed in 
detail as Saccoblastia sphaerospora by Kisimova-Horovitz et al. 
(2000). The latter authors reported basidiospores of the Costa 
Rican specimens as globose, 8–10 μm diam, whereas they are 
distinctly smaller in collections from Mexico and Florida studied 
by us. These differences may indicate that S. sphaerosporum is 
a species complex.
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INTRODUCTION

Phylloporus is a genus of lamellate fungi in the family Boletaceae 
that is primarily distributed throughout the tropics (Kirk et 
al. 2008, Neves & Halling 2010, Neves et al. 2012, Zeng et al. 
2013). Singer (1945b) moved Phylloporus to the subfamily 
Xerocomoideae due to its Phylloporus-type hymenophoral 
trama and olive-brown spore print. Bresinsky & Besl (2003) 
synonymised Phylloporus with Xerocomus based on molecular 
data, though only a few taxa were sampled in that study. Recent 
molecular phylogenetic analyses with more extensive sampling 
support the monophyly of Phylloporus, showing that Xerocomus 
is highly polyphyletic (Binder & Hibbett 2006, Šutara 2008, Nuhn 
et al. 2013, Wu et al. 2014, 2016) and inferring the placement 
of Phylloporus in an expanded Xerocomoideae that now also 
includes taxa with Boletus-type hymenophoral trama and pale 
yellow to brown spore prints (Šutara 2008, Wu et al. 2014, 2016). 

Neves & Halling (2010) estimated the genus Phylloporus to 
include about 70 species, but several subsequent studies have 
described a number of additional taxa (Neves et al. 2010, 2012, 
García-Jiménez 2013, Zeng et al. 2013, Ye et al. 2014, Hosen & Li 

2015, 2017). Species of Phylloporus form ectomycorrhizal (ECM) 
associations with plants in the Casuarinaceae, Dipterocarpaceae, 
Fabaceae, Fagaceae, Myrtaceae, and Pinaceae (Heinemann 
1951, Corner 1970, Heinemann & Rammeloo 1987, Singer 1986, 
Watling 2008, Neves & Halling 2010, Neves et al. 2012, García-
Jiménez 2013, Zeng et al. 2013, Ye et al. 2014, Hosen & Li 2015, 
2017). Five species of Phylloporus have been described from 
North America (Neves 2007, Neves et al. 2010). 

Phylloporus boletinoides is a lamellate to subporoid bolete 
that was formerly described based on material collected by Harry 
D. Thiers from Alachua Co., northern Florida (Smith & Thiers 1964) 
and subsequently reported from all along the Atlantic Coast of 
eastern and south-eastern USA south to the Gulf Coast (Singer et 
al. 1990, Singer & Williams 1992, Both 1993, Bessette et al. 2000, 
2016, Justice 2008), down into Central America (Ortiz-Santana et 
al. 2007, Neves & Halling 2010), although not reported by Ortiz-
Santana et al. (2007) as occurring in the Dominican Republic.  It 
is a putative ECM partner of several American pine trees (Pinus 
spp., Pinaceae), but is also found in mixed pine and oak (Quercus 
spp., Fagaceae) forests (Smith & Thiers 1964, Singer et al. 1990, 
Both 1993, Bessette et al. 2000, 2016, Neves & Halling 2010). 
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Singer et al. (1990) re-described the type collection and placed 
the species in Phylloporus sect. Fibulati. The species was originally 
assumed to represent an intermediate taxon between Suillus and 
Boletinus (Smith & Thiers 1964). Singer et al. (1990) tentatively 
placed P. boletinoides in Phylloporus sect. Manausenses but later 
argued that it belonged to a new section that was never formally 
established (Singer & Williams 1992). As a matter of fact, this 
species has always been regarded as retaining an isolated position 
within the genus because of its peculiar morphological features 
with special reference to the pallid-coloured hymenophore and 
unusual macro-chemical reactions.

Several collections of P. boletinoides from Belize, the 
Dominican Republic and Florida were carefully examined 
using morphological and molecular approaches. Outcomes 
revealed strong morphological affinities with other members 
of Phylloporus, however, phylogenetic analysis of fungal DNA 
sequences from four gene regions (ITS, 28S, TEF1-α, and RPB1) 
indicate they are distantly related and support the recognition of 
Phylloporopsis as a unique and as yet monotypic generic lineage 
in the Boletaceae, in phylogenetic sister inference to the poroid 
genus Bothia and the sequestrate genus Solioccasus.

This study also widens the geographical extension of P. 
boletinoides to the Dominican Republic, where it is reported for 
the first time and is found in association with Pinus occidentalis, 
although several specimens have been spotted directly growing 
on decayed wood or even on trunks of living trees, determining 
some uncertainty relative to its trophic status.

MATERIALS AND METHODS

Collection site and sampling

Specimens from Belize, Dominican Republic, and the USA were 
examined from several public herbaria (CFMR, F, FLAS, JBSD, 
MICH, USF), as well as private herbaria [personal herbaria of 
Claudio Angelini (ANGE) and Matteo Gelardi (MG)]. Acronyms 
of the public herbaria follow Thiers (2018), Herbarium 
numbers are cited for all collections from which morphological 
features were examined. Author citations follow the Index 
Fungorum, Authors of Fungal Names (www.indexfungorum.org/
authorsoffungalnames.htm).

Morphological studies

Macroscopic descriptions, macro-chemical reactions (30 % NH4OH, 
30 % KOH, FeSO4·7H2O) and ecological information, such as habitat, 
time of fruiting and associated plant communities accompanied 
the detailed field notes of the fresh basidiomata. Colour terms in 
capital letters (e.g. Light Buff, Plate XV) are from Ridgway (1912). 
Microscopic anatomical features were observed and recorded 
from revived dried material. Sections were rehydrated in water, 
5 % potassium hydroxide (KOH), or in anionic solution saturated 
with Congo Red. All anatomical structures were measured from 
preparations in anionic Congo Red. Colours and pigments were 
described after examination in water and 5 % KOH. Measurements 
were made at 1000 × using an ocular micrometer. Basidiospores 
were measured directly from the hymenium of mature basidiomata, 
dimensions are given as (minimum) average ± standard deviation 
(maximum), Q = length/width ratio with the extreme values 
in parentheses, Qm = average quotient (length/width ratio) ± 
standard deviation and average spore volume was approximated 

as a rotation ellipsoid [V = (π.L.W2)/6  ± standard deviation]. The 
notation [n/m/p] indicates that measurements were made on “n” 
randomly selected basidiospores from “m” basidiomata of “p” 
collections. The width of each basidium was measured at the widest 
part, and the length was measured from the apex (sterigmata 
excluded) to the basal septum. Metachromatic, cyanophilic and 
iodine reactions were tested by staining the basidiospores in 
Brilliant Cresyl blue, Cotton blue and Melzer’s reagent, respectively. 
Line drawings of microstructures were traced free hand based on 
digital photomicrographs of rehydrated material. Scanning electron 
micrographs have been obtained using a JEOL JSM IT300LV (High 
Vacuum – Low Vacuum 10/650 Pa - 0.3-30kV) Scanning Electron 
Microscope (SEM) operating at 10 kV. Selected air dried lamellae 
from the hymenophore were fixed on pin stubs using a Carbon 
Conductive Cement glue and then sputter-coated with carbon to a 
thickness of 400 Å. 

DNA extraction, PCR amplification and DNA sequencing
 
DNA extraction and PCR amplification were performed from 
dried basidiomata (Table 1) or from tissues preserved in CTAB 
buffer as described by Alvarado et al. (2015). Primers ITS1F and 
ITS4 (White et al. 1990, Gardes & Bruns 1993) were used for 
the ITS region; primers LR0R and LR5 (Vilgalys & Hester 1990, 
Rehner & Samuels 1994) were used for the 28S rDNA, EF1-983F 
and EF1-1567R (Rehner & Buckley 2005) for the translation 
elongation factor 1-α (TEF1-α) gene. Amplifications of DNA-
directed RNA polymerase II subunit 1 region (RPB1) were 
attempted using the fungal primer pair RPB1-Af/RPB1-Cr and 
the bolete-specific primer pair RPB1-B-F/RPB1-B-R (Wu et al. 
2014) but were unsuccessful. To increase amplification success, 
RPB1-primers specific to the Bothia clade were developed 
(Table 2). A touchdown PCR was used to amplify the RPB1 
region with the newly developed primer pairs RPB1-32-F/RPB1-
835-R, RPB1-147-F/RPB1-1091-R. The cycle parameters were as 
follows: (1) 94 oC for 2 min, (2) 94 °C for 40 s, (3) 66 °C for 40 s, 
minus 1 °C every cycle, (4) 72 °C 90 s, (5) repeat steps 2–4 for 
nine additional cycles, (6) 94 °C for 45 s, (7) 56 °C for 90 s, (8) 
72 °C for 90 s, (9) repeat steps 6–8 for 35 cycles, (10) 72 °C for 
300 s. The PCR products were purified with the Wizard SV Gel 
and PCR Clean-Up System (Promega) following manufacturer’s 
instructions and sequenced forward and reverse by MACROGEN 
Inc. (Seoul, Republic of Korea). 

Sequence alignment, data set assembly and phylogenetic 
analyses

The sequences obtained in this study were checked and 
assembled using Geneious v. 11.1.4 (Kearse et al. 2012) and 
compared to those available in GenBank database by using the 
Blastn algorithm (Altschul et al. 1990). Chromatograms were 
examined and manually edited for accuracy. Sequences were 
submitted to GenBank (http://www.ncbi.nlm.nih.gov/genbank/) 
and accession numbers are reported in Table 1. Homologous 
sequences from vouchered specimens and from environmental 
samples were selected and retrieved from Halling et al. (2007), 
Trappe et al. (2013), Zeng et al. (2013), Zhu et al. (2015) and 
Orihara & Smith (2017). A general combined Maximum 
likelihood tree including all the Boletaceae sequences deposited 
in GenBank and UNITE (http://unite.ut.ee/) databases was 
generated to detect the phylogenetic position of our collections 
in the major clades of Boletaceae as circumscribed by Wu et al.   
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Table 1. Specimens and sequences used for the molecular phylogenetic analyses (i.e., the ITS dataset and the 28S + TEF1-α and 28S + RPB1 
combined datasets). Sequences newly generated for this study are highlighted in bold. 

Taxon Voucher No. Locality ITS 28S TEF1-α RPB1

Afroboletus luteolus 00-436 Africa - KF030238 KF030397 -

Afrocastellanoa ivoryana Arora 126 Mukuvisi, Zimbabwe - KX685721 KX685715 -

Australopilus palumanus REH 6791 Queensland, Australia - JX889650 JX889691 -

Austroboletus fusisporus HKAS75207 China - JX889720 JX889718 -

Austroboletus gracilis 112/96 MA, USA - DQ534624 KF030425 KF030358

Austroboletus mutabilis BRI AQ0795793 Queensland, Australia - KP242263 - KP242078

Austroboletus subvirens BRI AQ0794171 Queensland, Australia - KP242227 - KP242045

Baorangia bicolor MB07-001 NY, USA - KF030246 - KF030370

Baorangia pseudocalopus HKAS 63607 China - KY418895 - KJ184564

HKAS 75739 China - KJ184558 - KF030369

HKAS 75081 Nanhua County, Yunnan Prov., 
China

- KF112356 KF112168 -

Boletus aereus REH 8721 Humboldt County, California, 
USA

- KF030339 - KF030377

Boletus edulis Be3 Bavaria, Germany - KF030282 GU187682 -

BD380 Colorado, USA - HQ161848 - -

Boletus pulchriceps DS4514 Chiricahua Mnts, AZ, USA - KF030261 KF030409 -

Boletus rufomaculatus 4414 Chestnut Ridge Park, NY, USA - KF030248 KF030406 KF030369

Boletus semigastroideus PBM3076 Auckland, New Zealand - KF030352 KF030430 -

Boletus variipes var. fagicola A.H. Smith 4249 Cheboygan Co, Michigan, USA - JQ327014 JQ327017 -

Borofutus dhakanus HKAS 73792 Bangladesh - JQ928617 JQ928575 -

Bothia castanella MB 03-053 MA, USA DQ867110 DQ867117 KF030421 KF030382

NY28003 NY, USA DQ867111 - - -

NY8669 NY, USA DQ867112 - - -

NY28002 NY, USA DQ867113 - - -

MB 03-067 MA, USA DQ867114 - - -

Bothia fujianensis HKAS 82693 Fujian Prov., China KM269196 - - -

HKAS 82694 Fujian Prov., China KM269195 KM269193 KM272860 -

Buchwaldoboletus lignicola HKAS 76674 Yichun, Heilongjiang Prov., 
China

- KF112350 KF112277 KF112642

Butyriboletus appendiculatus Bap1 Bavaria, Germany - AF456837 JQ327025 -

Butyriboletus roseoflavus HKAS 54099 China - JX290184 - KF739741

Caloboletus firmus MB 06-060 Chestnut Ridge Park, NY, USA - KF030278 KF030408 KF030368

Caloboletus inedulis MB 06-044 Erie Co., NY, USA - JQ327013 JQ327020 KF030362

Chalciporus piperatus MB 04-001 Rutland State Park, MA, USA - DQ534648 GU187690 GU187453

Fistulinella prunicolor REH 9502 Fraser Island, Queensland, 
Australia

- JX889648 JX889690 -

Gymnogaster boletoides REH 9455 Cooloola, Queensland, 
Australia

- JX889673 JX889683 -

Gyrodon lividus Gl1 Bavaria, Germany - AF098378 GU187701 -

Harrya chromapes HKAS 50527 Dêqên, Yunnan Prov., China - KF112437 KF112270 -

Heliogaster columellifer KPM-NC 23012 Odawara, Kanagawa Pref., 
Japan

- KX685724 KX685718 -

Hourangia cheoi HKAS 52269 China - KF112385 KF112286 -

Hourangia microcarpa HKAS 83763 
(Wu1324)

China - KP136945 KP136923 -

Hourangia nigropunctata HKAS 76657 China - KF112388 KF112287 -

Hourangia sp. HKAS 68178 China - KF112453 KF112301 -

Imleria badia xb2 Bavaria, Germany - KF030357 KF030422 -
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Table 1. (Continued). 

Taxon Voucher No. Locality ITS 28S TEF1-α RPB1

S-F119691 Sweden - KJ806971 KJ806969 -

Imleria obscurebrunnea HKAS 52557 Ning’er, Yunnan Prov., China - KF112374 KF112190 KC215225

Lanmaoa angustispora HKAS 74759 China - KM605140 - KM605167

Lanmaoa asiatica HKAS 63592 Heqing, Yunnan Prov., China - KM605142 KM605152 KM605163

Lanmaoa carminipes MB 06-061 Erie Co., NY, USA - JQ327001 JQ327022 -

Leccinellum aff. griseum KPM-NC 17831 Hyogo Pref., Japan - JN378508 JN378449 -

Leccinellum cremeum HKAS 90639 China - - - KT990936

Leccinellum crocipodium KPM-NC 18041 Yazu-cho, Tottori Pref., Japan - KC552053 KC552094 -

Leccinum monticola HKAS 76669 China - KF112443 - KF112592

Leccinum scabrum KPM-NC 17840 Burn O’ Vat, Scotland, UK - JN378515 JN378455 -

Leccinum versipelle KPM-NC 17833 Scotland, UK - JN378514 JN378454 -

Neoboletus magnificus HKAS 74939 Baoshan, Yunnan Prov., China - KF112320 KF112148 -

Nigroboletus roseonigrescens GDGM 43238 Guangdong Prov., China - KT220588 KT220595 -

Octaviania decimae KPM-NC 17763 Mt. Hiei, Kyoto Pref., Japan - JN378465 JN378409 -

Octaviania kobayasii KPM-NC 17785 Mt. Kasuga, Nara Pref., Japan - JN378478 JN378420 -

Octaviania nonae KPM-NC 17748 Amami-oshima, Kagoshima  
Pref., Japan

- JN378459 JN378403 -

Octaviania tasmanica MEL2341996 Tasmania, Australia - JN378495 JN378436 -

Octaviania yaeyamaensis KPM-NC 17819 Ishigaki Isl., Okinawa Pref., 
Japan

- JN378491 JN378432 -

Paragyrodon sphaerosporus MB06-066 Iowa, USA - GU187593 - -

Paxillus vernalis MB062 (CUW) China - AY645059 - -

Phylloboletellus chloephorus XAL3388 Veracruz, Municipio Coatepec, 
El Grande, Mexico

- DQ534658 - -

Phylloporopsis boletinoides JBSD127411 Jarabacoa, Dominican 
Republic

MH571675 MH571711 MH588312 -

JBSD127412 Jarabacoa, Dominican 
Republic

MH571676 MH571712 MH588313 -

JBSD127413 Jarabacoa, Dominican 
Republic

MH571677 MH571713 MH588314 -

JBSD127414 Jarabacoa, Dominican 
Republic

MH571678 MH571714 MH588315 -

FLAS-F-60407 Putnam County,  Florida, USA MG845193 - - -

FLAS-F-60413 Putnam County,  Florida, USA MG845194 - - -

FLAS-F-61158 Putnam County, Florida, USA MH211774 - - -

Farid 617 (USF 
296126) 

Tampa, Florida, USA MG817716 MG817715 - MG820263

CORT014483 Mountain Pine Ridge, Belize MH571679 MH571715 MH588316 -

CORT010991 Kountze, Texas, USA - MH571716 MH588317 -

F1118420 Sarasota, Florida, USA MH571680 MH571717 - -

Phylloporus attenuatus HKAS 76168 
(holotype)

Tangail, Bangladesh - NG_059569 KR094791 -

Phylloporus bellus HKAS 56763 Yunnan, SW China - JQ967196 JQ967153 -

Phylloporus brunneiceps HKAS 56903 Yunnan, SW China - JQ967198 JQ967155 -

Phylloporus catenulatus HKAS 76157 Bangladesh - KR094779 KR094789 -

Phylloporus gajari HKAS 76158 Gazipur, Bangladesh - KR231697 KR231695 -

Phylloporus imbricatus HKAS 54647 Yunnan, SW China - JQ967202 JQ967159 -

HKAS 68642 China - KF112398 KF112299 -

Phylloporus leucomycelinus HKAS 74678 eastern USA - JQ967206 JQ967163 -

Phylloporus luxiensis HKAS 57036 Yunnan, SW China - JQ967207 JQ967164 -

HKAS 75077 China - KF112490 KF112298 KF112636
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Table 1. (Continued). 

Taxon Voucher No. Locality ITS 28S TEF1-α RPB1

Phylloporus maculatus HKAS 56683 Yunnan, SW China - JQ967210 JQ967167 -

Phylloporus pachycystidiatus HKAS 54540 Yunnan, SW China - JQ967211 JQ967168 -

Phylloporus parvisporus HKAS 54768 Yunnan SW China - JQ967214 JQ967171 -

Phylloporus pelletieri Pp1 Austria - AF456818 JQ327036 KF030390

Phylloporus pelletieri Q7199c Slovakia - JQ003668 - -

K 128205 England, UK - JQ967215 - -

Phylloporus rhodoxanthus SAR 89.457 eastern USA - U11925 - -

MAN075 eastern USA - JQ003674 - -

REH8714 eastern USA - JQ003675 - -

MAN099 eastern USA - JQ003676 - -

JLM1808 eastern USA - JQ003688 - -

BD374 - HQ161851 - HQ161820

Phylloporus rubeolus HKAS 52573 Yunnan, SW China - JQ967216 JQ967172 -

Phylloporus rubrosquamosus HKAS 54542 Yunnan, SW China - JQ967217 JQ967173 -

HKAS 52552 China - KF112391 KF112289 -

Phylloporus rufescens HKAS 59722 Hainan, southern China - JQ967220 JQ967176 -

Phylloporus yunnanensis HKAS 52225 Yunnan, SW China - JQ967222 JQ967178 -

Phylloporus sp. HKAS 74679 Hunan, central China - JQ967228 JQ967184 -

HKAS 74680 Fujian, SE China - JQ967229 JQ967185 -

HKAS 74681 Hainan, southern China - JQ967227 JQ967183 -

HKAS 74682 Yunnan, SW China - JQ967230 JQ967186 -

HKAS 74683 Yunnan, SW China - JQ967231 JQ967187 -

HKAS 74684 Fujian, SE China - JQ967232 JQ967188 -

HKAS 74685 Yunnan, SW China - JQ967233 JQ967189 -

HKAS 74687 Yunnan, SW China - JQ967235 JQ967190 -

HKAS 74688 Yunnan, SW China - JQ967236 JQ967191 -

HKAS 74689 Hainan, southern China - JQ967237 JQ967192 -

Porphyrellus brunneus REH 9527 Fraser Island, QLD, Australia - JX889647 JX889689 -

Porphyrellus porphyrosporus KPM-NC 22667 Mt. Tarumae, Hokkaido, Japan KX685713 KX685722 KX685716 -

KPM-NC 25017 Rishiri Island, Hokkaido, Japan KX685714 KX685723 KX685717 -

MB 97-023 Walhalla, Bavaria, Germany DQ534563 DQ534643 GU187734 -

HKAS 76771 Yanbian, Jilin Prov., China - KF112482 KF112243 -

Porphyrellus sp. HKAS 53366 Sanming, Fujian Prov., China - KF112480 KF112241 -

HKAS 75078 Chuxiong, Yunnan Prov., China - KF112481 KF112242 -

Pseudoboletus parasiticus Xps1 Bavaria, Germany - AF050646 KF030443 -

Retiboletus fuscus HKAS59460 Yunnan Prov., China - JQ928626 JQ928580 -

Retiboletus griseus Both sn NY, USA - KF030308 KF030414 KF030373

Rossbeevera griseovelutina TNS-F-36989 Hyogo, Japan - KC552031 KC552076 -

Rossbeevera vittatispora MEL2128491 NSW, Australia - KX685725 KX685719 -

Royoungia boletoides Trappe 27456 NSW, Australia - JX889655 JX889696 -

Rubroboletus rhodosanguineus 4252 Chestnut Ridge Park, NY, USA - KF030252 KF030412 -

Solioccasus polychromus J. Trappe 15399 Australia JX888459 - - -

REH 9417 Queensland, Australia - JQ287642 JQ287644 -

Spongiforma thailandica DED 7873 Thailand - EU685108 KF030436 -

Strobilomyces strobilaceus (as 
S. floccopus)

Sf1 Bavaria, Germany - DQ534626 JQ327037 -

Suillellus amygdalinus 112605ba Mendocino Co., CA, USA - JQ326996 JQ327024 -

Sutorius aff. eximius HKAS 52672 Kunming, Yunnan Prov. CHINA - KF112399 KF112207 -

Sutorius eximius REH 8594 Jardin de Dota, Costa Rica - JQ327008 JQ327027 -
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(2014) (data not shown). Consequently, phylogenetic analyses 
were restricted to the major clade including P. boletinoides 
sequences and to selected genera in the Boletaceae. 

Three phylogenetic analyses were performed: two large 
phylogenetic analysis using a 28S/TEF1-α dataset and a 28S/RPB1 
dataset were focused on the generic position of P. boletinoides 
in the Boletaceae. According to the results by Orihara & Smith 
(2017), species of Paxillaceae were chosen as outgroup taxa for 
the combined datasets. The third phylogenetic analysis based 
only on an ITS dataset was restricted to the taxa closely related 
to P. boletinoides; Tylopilus felleus was used as outgroup taxon 
Alignments were generated for the ITS, 28S, TEF1-α, and RPB1 
datasets with MAFFT (Katoh et al. 2002) with default conditions for 
gap openings and gap extension penalties. Alignments were then 

manually adjusted using Geneious v. 11.1.4 (Kearse et al. 2012). We 
estimated the best fit substitution model for each single alignment 
using the Bayesian information criterion (BIC) with jModelTest 2 
(Darriba et al. 2012) and therefore selected the GTR+G model for 
all alignments. The ITS dataset was not partitioned.

Phylogenetic hypotheses were constructed with Bayesian 
inference (BI) and Maximum likelihood (ML) criteria. The BI was 
performed with MrBayes v. 3.2.6 (Ronquist et al. 2012) with 
one cold and three incrementally heated simultaneous Monte 
Carlo Markov chains (MCMC) run for 10 M generations, under 
the selected evolutionary model. Two simultaneous runs were 
performed independently. Trees were sampled every 1 000 
generations, resulting in sampling of 10 001 trees per single run 
with the first 2 500 trees (25 %) discarded as burn-in. For the 
remaining trees of the two independent runs, a majority rule 
consensus tree showing all compatible partitions was computed 
to obtain estimates for Bayesian posterior probabilities (BPP).

ML analysis was performed using RAxML v. 7.3.2 (Stamatakis 
2006) with 1 000 bootstrap replicates (Felsenstein 1985) and the 
GTRGAMMA algorithm. Support values from bootstrapping runs 
(MLB) were mapped on the best ML tree using the “-f a” option 
of RAxML and “-x 12345” as a random seed to invoke the novel 
rapid bootstrapping algorithm. BI and ML analyses were run on 
the CIPRES Science Gateway (Miller et al. 2010). Only BPP values 

Table 1. (Continued). 

Taxon Voucher No. Locality ITS 28S TEF1-α RPB1

Turmalinea persicina KPM-NC 18001 Iwakura Kyoto Pref., Japan - KC552038 KC552082 -

Tylopilus alpinus HKAS 55438 China - KF112404 - KF112538

Tylopilus ballouii Osmundson 
1198

Thailand - EU430740 - EU434340

REH 9467 Fraser Island, Queensland, 
Australia

- JX889676 JX889686 -

Tylopilus felleus AT2001011 Uppsala, Sweden - JQ326993 JQ327015

HKAS 90203 China - KT990545 - KT990913

MCVE98230 Italy JF908787 - - -

Tylopilus ferrugineus MB 06-053 Erie Co., NY, USA - JQ326994 JQ327016 -

Tylopilus microsporus (T. 
neofelleus)

HKAS 59661 Yunnan Prov., China - KF112450 KF112225 -

Tylopilus otsuensis HKAS 53401 Chenzhou, Hunan, China - KF112449 KF112224 -

Tylopilus plumbeoviolaceus MB06-056 NY, USA - KF030350 KF030439 -

Veloporphyrellus alpinus HKAS 57490 Yunnan Prov., China - KF112380 KF112209 KF112555

Xerocomellus chrysenteron Xch1 Bavaria, Germany - AF050647 KF030415 -

Xerocomellus zelleri REH 8724 Humbolt Co., CA, USA - KF030271 KF030416 KF030366

Xerocomus magniporus HKAS 59820 Yunnan, SW China - JQ678699 JQ967195 -

Xerocomus perplexus MB00-005 USA - JQ003702 KF030438 -

Xerocomus subtomentosus KM167686 England, U.K. - KC215222 - -

Xs1 Bavaria, Germany - AF139716 JQ327035 KF030391

Zangia citrina HKAS 52684 China - HQ326941 - -

Zangia erythrocephala HKAS 75046 Nujiang, Yunnan, Prov., China - KF112414 KF112269 -

Zangia roseola HKAS 52661 China - JQ928623 - JQ928595

Uncultured Boletaceae clone 47C_G1_
H9

Jonathan Dickinson State Park, 
Hobe Sound, Florida, USA

KX899732 - - -

clone 4C_G2_C3 Big Lagoon Start Park, 
Pensacola, FL, USA

KX899785 - - -

Table 2. Newly designed RPB1-primers specific for the Bothia clade. 

Primer name Sequence (5’ → 3’)

RPB1-32-F AGGCYGATATCGTGAGTCGC

RPB1-147-F CTCGAGYTATCGAGGCGT

RPB1-835-R ACCCTCRTCYTCRTCCTTGGG

RPB1-1091-R CCATCYACYGCTATACTCGG
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Fig. 1. Phylogeny of the Boletaceae based on a Bayesian and Maximum likelihood inference analysis of a combined matrix of two nuclear gene regions 
(28S and TEF1-α). Bayesian posterior probability (BPP) values (in bold) ≥ 0.95 and Maximum likelihood bootstrap (MLB) values ≥ 70 % are shown on 
the branches. Newly sequenced collections are in bold.
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≥ 0.95 and MLB values ≥ 70 %, are reported in the resulting trees 
(Figs 1–3). Branch lengths were estimated as mean values over 
the sampled trees. Pairwise percent identity values (P %IV) of the 
ITS sequences were calculated using Geneious v. 11.1.4 (Kearse 
et al. 2012). Alignments and phylogenetic trees are available at 
TreeBASE (www.treebase.org) under ID S22978.

RESULTS

Molecular analysis

Both Bayesian and Maximum Likelihood analyses produced 
comparable topologies and therefore only Bayesian trees with 
BPP and MLB values are shown (Figs 1–3). The combined 28S/
TEF1-α and 28S/RPB1 dataset comprised 123 and 45 taxa, 
respectively. The ITS dataset comprised 21 taxa. 

In the 28S/TEF- α dataset (Fig. 1), all the P. boletinoides 
collections (from Dominican Republic, Belize, Florida and Texas) 
form a strongly supported clade (BPP = 1.0, MLB = 100 %) which 
is part of a larger clade that includes Bothia and Solioccasus 

(BPP = 1.0, MLB = 100 %). We hereafter refer to this clade that 
includes Bothia, Solioccasus and P. boletinoides as the Bothia 
clade. Phylloporus clusters with Xerocomus and Hourangia 
in a strongly supported clade (BPP = 1.0, MLB = 100 %) that 
is distantly related to the Bothia clade. In the combined 28S/
RPB1 dataset (Fig. 2), P. boletinoides was strongly supported in 
the Bothia clade (BPP = 1.0, MLB = 99 %). Phylloporus clusters 
with Xerocomus in a strongly supported clade (BPP = 1.0, MLB 
= 100 %). The other boletoid genus characterized by a lamellate 
hymenophore, Phylloboletellus, is resolved in an isolated and 
uncertain position within the Boletaceae (Figs 1, 2). In the ITS 
analysis (Fig. 3), the newly generated sequences of P. boletinoides 
(BPP = 1, MLB = 100 %) are closely related to two environmental 
sequences: KX899732 (clone 47C_G1_H9), an environmental 
sequence from Jonathan Dickinson State Park, Hobe Sound, 
FL, USA, and KX899785 (clone 4C_G2_C3), an environmental 
sequence from Big Lagoon State Park, Pensacola, FL, USA. Both 
sequences were obtained from ectomycorrhizal samples on 
Pinus clausa (Sand Pine). The pairwise % identity values (P %IV) 
of the ITS sequences of the Phylloporopsis clade is 98 %.

Fig. 2. Phylogeny of the Boletaceae based on a Bayesian and Maximum likelihood inference analysis of a combined matrix of two nuclear gene regions 
(28S and RPB1). Bayesian posterior probability (BPP) values (in bold) ≥ 0.95 and Maximum likelihood bootstrap (MLB) values ≥ 70 % are shown on the 
branches. Newly sequenced collections are in bold.
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TAXONOMY

Phylloporopsis Angelini, A. Farid, Gelardi, M.E. Smith, Costanzo, 
& Vizzini, gen. nov. MycoBank MB828149.

Etymology: the generic epithet refers to the morphological 
affinities shared with Phylloporus.

Basidiomata pileate-stipitate with lamellate to subporoid 
hymenophore, epigeal, evelate, medium-small sized; 
pileus convex to applanate, velvety-tomentose to fibrillose; 
hymenophore lamellate to subporoid with anastomosing and 
interveined gills, strongly decurrent, beige to olive-cream or olive-
buff; stipe solid to sometimes hollow at maturity, dry, pruinose 

to longitudinally fibrillose, reticulation absent; basal mycelium 
whitish to yellowish, context firm, whitish but cream-yellowish in 
the stipe; tissues unchangeable or turning light blue especially on 
hymenophore and pileus context when injured or exposed; taste 
mild to slightly bitter; olive-brown spore print; purplish-pink or 
reddish reaction with ammonia on pileus cuticle; basidiospores 
smooth, ellipsoid-fusiform, spore wall cyanophilic; pleuro-, cheilo- 
and caulocystidia present; trichodermal pileipellis; hymenophoral 
trama bilateral-divergent of the “Phylloporus-type”; lateral 
stipe stratum absent; clamp connections absent; ontogenetic 
development gymnocarpic. According with the phylogenetic 
analysis of the combined ITS, 28S, TEF1-α, and RPB1 sequences 
the genus is unrelated to Phylloporus and close but separated 
from Bothia and Solioccasus.
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Fig. 3. Bayesian ITS phylogeny restricted to the clade including Phylloporopsis (Bothia clade). BPP values (in bold) ≥ 0.95 and MLB values ≥ 70 % are 
shown on the branches. Newly sequenced collections are in bold.
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Typus generis: Phylloporopsis boletinoides (A.H. Smith & Thiers) 
Vizzini, Angelini, A. Farid, Gelardi, Costanzo, & M.E. Smith

Phylloporopsis boletinoides (A.H. Smith & Thiers) Vizzini, 
Angelini, A. Farid, Gelardi, Costanzo & M.E. Smith comb. nov. 
MycoBank MB828150. Figs 4–6. 
Basionym: Phylloporus boletinoides A.H. Smith & Thiers, Contr. 
Monogr. North Amer. Species Suillus: 105. 1964.

Typus: USA, Florida, Alachua Co., Alachua, west side of Newnan’s 
Lake, east of Gainesville, solitary in deep sandy humus under 
pines (Pinus spp.), low hammock, 31 Jul. 1958, H.D. Thiers 4960 
[MICH 11740 (holotype), SFSU 000741 (isotype)].

Basidiomata medium-small. Ontogenetic development 
gymnocarpic. Pileus (2.4–)2.7–7.3(–7.5) cm broad, at first 
hemispherical then persistently convex and finally broadly 
pulvinate-flattened, never depressed at centre, regularly to 
hardly unevenly shaped, moderate fleshy, firm at the beginning 
but progressively softer with age; margin steady to faintly wavy-
lobed, initially involute then curved downwards and finally 
completely plane or even uplifted, not or only a little extending 
beyond the hymenophore; surface matt, dry, velvety-tomentose 
to finely fibrillose in all developmental stages, not cracked; 
cuticle at first deep orange then garnet red, carmin red, dull red, 
dark red to reddish-brown (Light Coral Red to Hay’s Maroon, 
Plate XIII; Light Corinthian Red to Prussian Red, Plate XXVII), 
gradually fading with age and becoming beige-ochraceous to 
pale brownish-pink (Light Buff, Plate XV; Pale Salmon Pink, Plate 
XIV), especially on the peripheral surface; slowly darkening on 
handling or when injured; subcuticular layer white (White, Plate 
LIII). Hymenophore lamellate to sub-boletinoid, gills distinctly 
arcuate-decurrent, somewhat distant, undulate, shorter than 
pileus context thickness (up to 0.5 cm high), distinctly intervenose 
with low anastomosing transversal or furcate veins connecting 
the primary gills, suggesting a subporoid appearance particularly 
in young specimens, concolourous edges entire (Fig. 4G); at first 
beige to pale cream-beige (Marguerite Yellow, Primrose Yellow, 
Plate XXX), in age fading to olive-cream (Light Yellowish Olive, 
Plate XXX; Deep Olive Buff, Plate XL; Greysh Olive, Plate XLVI) 
due to mature spores, staining light blue (Pale Green-Blue Grey, 
Plate XLVIII) on bruising or exposure. Stipe (2.5–)2.7–4.5(–5.0) 
× 0.4–0.7 cm, shorter than or as long as the pileus diameter at 
maturity, central to slightly off–centre, solid, firm, dry, straight 
or curved, cylindrical but slightly swollen towards the base, not 
rooting; surface very finely pruinose to longitudinally fibrillose, 
devoid of reticulum, evelate; pale orange (Light Salmon Orange, 
Plate II) in the upper third, concolourous with the pileus to 
slightly paler elsewhere (Light Coral Red to Hay’s Maroon, Plate 
XIII; Light Corinthian Red to Prussian Red, Plate XXVII), usually 
with a conspicuous whitish to pale yellowish basal tomentum 
(White, Plate LIII; Sea-Foam Yellow, Plate XXXI), unchangeable 
when pressed; rhizomorphs not observed. Context firm and 
tough when young, later soft textured and eventually flabby in 
the pileus (up to 1.1 cm thick in the central zone), a little more 
fibrous in the stipe, whitish in the pileus and upper third of the 
stipe but yellowish (Maize Yellow, Plate IV; Cream Colour, Plate 

XVI) in the remaining part of the stipe and increasingly deeper 
towards the base (Buff Yellow, Plate IV); turning light blue (Pale 
Green-Blue Grey, Plate XLVIII) in the pileus and the connection 
zone with the stipe after a couple of minutes when exposed to 
air (Fig. 4H), especially above the tubes and eventually fading to 
drab whitish, nearly unchangeable elsewhere; subhymenophoral 
layer whitish; exsiccate brownish. Odour indistinct. Taste mild 
but slightly bitter after prolonged mastication. Spore-print not 
obtained. Macrochemical reactions: 30 % KOH: brownish-grey 
to dark brown on context and hymenophore, golden yellow on 
pileus. 30 % NH4OH: staining purple-pink on pileus. FeSO4: slowly 
pale yellowish-green to olive green on context, none elsewhere. 

Basidiospores [619/36/19] (8.9–)12.3 ± 1.40(–18.0) × 
(3.5–)5.1 ± 0.68(–8.2) μm, Q = (1.73) 1.80–3.65(–4.13), Qm 
= 2.4 ± 0.24, V = 231 ± 68 μm3, inequilateral, very variable in 
dimensions and versiform, cylindrical to fusiform or more 
frequently ellipsoid-fusiform to broadly ellipsoid in side view, 
ellipsoid to broadly ellipsoid in face view, smooth, apex rounded, 
with a short apiculus and usually with an indistinct to shallow 
suprahilar depression although in some spores the depression 
appears quite pronounced (Figs 5E, F and 6D), thick-walled 
(0.5–0.7 μm), straw yellow in water, ochraceous-yellow coloured 
in 5 % KOH, having one or more rarely two to three large oil 
droplets, occasionally pluri-guttulate when mature, inamyloid 
to very weakly dextrinoid, cyanophilic (Fig. 5E) and with a 
very faint metachromatic reaction. Basidia (27–)33–54(–58) 
× 8–14 μm (n = 24), long, subcylindrical, cylindrical-clavate to 
clavate, moderately thick-walled (0.6–0.9 μm), predominantly 
4-spored but also 1-, 2- or 3-spored, usually bearing relatively 
long sterigmata (2–7 μm), very pale yellowish and containing 
straw-yellow oil guttules in water and 5 % KOH, bright yellow 
(inamyloid) in Melzer’s, without basal clamps (Figs 5D, 6C); 
basidioles subcylindrical, cylindrical-clavate to clavate, similar 
in size to basidia. Cheilocystidia (42–)45–108(–118) × (8–)10–
22 μm (n = 26), very common, decidedly slender, projecting 
straight to sometimes flexuous, cylindrical-fusiform, fusiform, 
ventricose-fusiform to sublageniform, less frequently cylindrical 
to irregularly cylindrical, subclavate, sausage-like or peanut-like, 
rarely mucronate or subcapitate, with rounded to subacute 
tip, smooth, thick-walled (0.8–1.2 μm), very pale yellowish 
in water and 5 % KOH, bright yellow (inamyloid) in Melzer’s, 
orthochromatic, without epiparietal encrustations (Figs 5D, 6B). 
Pleurocystidia (63–)65–117 × 9–26(–28) μm (n = 29), decidedly 
frequent, shape, size, colour and chemical reactions similar to 
cheilocystidia (Fig. 6B). Pseudocystidia not recorded. Pileipellis 
a trichoderm consisting of moderately to strongly interwoven, 
elongated, filamentous and sinuous, frequently branched hyphae 
tending to be repent in the outermost layer and thus turning 
into a cutis not or only partially embedded in gelatinous matter 
at maturity (Figs 5C, 6A); terminal elements 25–88 × 3–14 μm, 
long and slender, cylindrical to cystidioid, apex rounded-obtuse 
to sometimes pointed, moderately thick-walled (up to 1 μm), 
yellowish to pale brownish-yellow in water and 5 % KOH, bright 
yellow to yellowish-orange (inamyloid to weakly dextrinoid) in 
Melzer’s, smooth; subterminal elements similar in shape, size 
and colour to terminal elements, all hyphae lacking encrusting 
pigments. Stipitipellis a layer of slender, parallel to subparallel 

Fig. 4. Phylloporopsis boletinoides. A–F. Fresh basidiomata (A: JBSD127411, B: JBSD127412, C: JBSD127413, D: JBSD127414, E: CORT014483, F: 
CORT010991). G. Detail of the lamellate hymenophore (JBSD127411). H. Detail of the context turning blue on exposure (JBSD127415). Bars = 1 cm. 
Pictures: A–D, G–H by C. Angelini; E–F by T.J. Baroni.
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Fig. 5. Phylloporopsis boletinoides. A–B. Lignicolous basidiomata (A: JBSD127414, B: JBSD127414). C. Elements of the pileipellis (JBSD127412). D. Basidia 
and cheilocystidium (JBSD127411). E. Cyanophilic basidiospores under optical microscopy (JBSD127412). F. Basidiospores under SEM (JBSD127411). C–D 
in anionic Congo red; E in Cotton blue. Bars C–D = 20 μm; E–F = 10 μm. Pictures: A–B by C. Angelini; C–E by M. Gelardi; F by A. Vizzini.

and longitudinally running, smooth walled, adpressed hyphae, 
2–5 μm wide, hyaline to pale yellowish in water and 5 % KOH; 
the stipe apex covered by a well-developed caulohymenial layer 

consisting of sterile caulobasidioles, extremely rare, 2-spored, 
fertile caulobasidia 54 × 10 μm, sterigmata 5 μm long (only 
one observed in several mounts!) and abundant projecting, 



© 2018 Westerdijk Fungal Biodiversity Institute

Phylloporopsis gen. nov. 
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

353

fusiform, ventricose-fusiform, irregular cylindrical to subclavate 
or occasionally diverticulate caulocystidia similar in colour to 
hymenial cystidia but decidedly shorter and narrower, 30–60(–
63) × 6–15 μm (n = 13), having a wall up to 0.8 μm thick. Lateral 
stipe stratum under the caulohymenium absent. Stipe trama 
composed of confusedly and densely arranged, subparallel 
to moderately interwoven, filamentous, smooth, hyaline to 
yellowish in water, inamyloid hyphae, 5–15(–20) μm broad. 
Hymenophoral trama bilateral divergent of the “Phylloporus-
type”, with very slightly divergent to nearly subparallel and 
tightly arranged, non-gelatinous hyphae (lateral strata hyphae 
in transversal section touching or almost touching each other, 
0–3 μm apart, 3–12 μm broad), hyaline to very pale yellowish 
in water and 5 % KOH, inamyloid in Melzer’s; lateral strata 
(20–)30–40(–50) μm thick, mediostratum 10–20(–30) µm 
thick, axially arranged, consisting of a tightly adpressed, non-
gelatinous bundle of hyphae, 3–9 µm broad; in Congo Red the 
mediostratum is concolorous with the lateral strata. Oleiferous 
hyphae very common. Clamp connections absent in all tissues. 
Hyphal system monomitic.

Ecology: usually under Pinus spp., occasionally in mixed Pinus 
and Quercus forests, solitary to gregarious or less frequently 

subcaespitose, growing on soil among debris or on rotting wood 
but also on logs or living trunks of pine trees.
Edibility: unknown.

Materials examined: Dominican Republic, La Vega Province, Jarabacoa, 
19°11’12.5’’N 70°35’25.5’’E, 660 m, half dozen young to middle aged 
specimens growing on soil under Pinus occidentalis, 21 Dec. 2013, 
C. Angelini (JBSD127411, ANGE120 and MG709); ibid., five mature 
specimens growing on soil under P. occidentalis, 22 Dec. 2013, C. 
Angelini (JBSD127412, ANGE121 and MG710); ibid., a single mature 
specimen growing on soil under P. occidentalis, 10 Jan. 2016, C. 
Angelini (JBSD127413, ANGE551); ibid., several basidiomata in all 
developmental stages growing on rotting wood and on a living trunk 
of P. occidentalis, 28 Nov. 2017, C. Angelini (JBSD127414, ANGE1007 
and MG711); ibid., several basidiomata in all developmental stages 
growing on soil and on rotting wood of P. occidentalis, 23 Nov. 2017, 
C. Angelini (JBSD127415, ANGE1013 and MG712). Belize, Cayo District, 
Mountain Pine Ridge, Hidden Valley Inn property, near Lake Lolly Folly, 
17°03’13.3’’N 88°54’14.0’’W, 565 m, seven mostly mature specimens, 7 
Jan. 2002, T.J. Baroni (9195 TJB = BZ745) (CORT014483). USA, Alabama, 
Baldwin Co., Orange Beach, solitary in a sandy area with oaks nearby, 
21 Jul. 1982, D.P. Lewis 3196 (F C0235181F); Florida, Alachua Co., W 
side of Newnan’s Lake, solitary in deep sandy humus under pines, low 

Fig. 6. Phylloporopsis boletinoides. Drawings of the anatomical features (JBSD127412). A. Elements of the pileipellis. B. Cheilo- and pleurocystidia. C. 
Basidia. D. Basidiospores. Bars A–B = 20 μm; C–D = 10 μm (F. Costanzo del.).
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hammock, 31 Jul. 1958, H.D. Thiers 4960 (SFSU-F-000741 holotype); 
Austin Cary Memorial Forest, NE of Gainesville, widely scattered under 
Pinus sp., 11 Aug. 1985, N.S. Weber 6007 (MICH 65224); Glades Co., 
Fish eating Creek Wildlife Management Area, 1.2 km S of Highlands Co. 
line, 1.3 km E of C-731, 9 Sep. 2012, A.R. Franck 3125 (USF 273159); 
Hillsborough Co., Violet Cury Nature Preserve, under Quercus sp. and 
Pinus sp., 15 Jun. 2017, A. Farid 617 (USF 296126); Putnam Co., Ordway-
Swisher Biological Station, Pinus sp. dominated habitat, 23 Oct. 2016, 
N. Kraisitudomsook NAT-033 (FLAS 60407); ibid., under Quercus sp. and 
Pinus sp., 10 Oct. 2016, M.E. Smith s.n. (FLAS 60413); ibid., 19 Oct. 2017, 
M.E. Smith s.n. (USF 298023); Sarasota Co., Myakka Valley Ranches, on 
soil near Pinus sp. and Quercus sp., 29 Dec. 1986, R.S. Williams 326 
(F C0224863); Myakka Valley Ranches-residence, under Pinus sp., 12 
Jan. 1991, R. Singer (F3912) (F 1118420); Mississippi, Harrison Co., 
National Cemetery, Biloxi, scattered under Pinus sp., 10 Sep. 1981, D. 
Guravich 1390 (MICH 65225); Texas, Hardin Co., N of Silsbee, Gore 
Cemetery, solitary in Pinus sp. woodland, 16 Aug. 1982, D.P. Lewis 3324 
(F 1087286); Orange Co., Vidor, near residence, scattered on Pinus sp. 
stump, 5 Jul. 1976, D.P. Lewis 351 (F 1086387); ibid., solitary on well-
decayed Pinus taeda stump, 13 Sep. 1979, D.P. Lewis 1982 (F 1089019); 
Tyler Co., near Kountze, Big Thicket National Preserve, Turkey Creek 
Unit, along Turkey Creek Trail, 30°31’19.0’’N 94°20’44.7’’W, 60 m, 6 
Sep. 1996, T.J. Baroni (TJB 8172) (CORT010991).

Known distribution: Eastern and south-eastern USA (Maine, 
Delaware, New Jersey, Georgia, Florida, Mississippi, Alabama, 
Texas) (Mycology Collections Portal, MyCoPortal: http://
mycoportal.org/portal/index.php. Accessed on June 29, 2018), 
in Central America reported from Belize and in the Greater 
Antilles Islands of the Caribbean from the Dominican Republic, 
more frequently collected in subtropical and at higher altitudes 
in tropical areas, western and southern limits yet to be 
established.

DISCUSSION

Taxonomic circumscription of P. boletinoides

There are several reliable and essential macro-morphological 
features that characterize P. boletinoides. The pileus is initially 
reddish-orange then deep red or cinnamon-brown to cocoa brown 
and becomes pale ochraceous-brown with age. The strongly 
decurrent lamellate to sub-boletinoid hymenophore showing 
distinctly anastomosing and interveined lamellae that are beige 
to olive-cream or olive-buff coloured (becoming dull ochraceous-
brown when dried) and sometimes faintly bluing upon handling. 
The context is whitish but cream-yellowish in the lower quarter 
of the stipe, unchanging or turning light blue only in the pileus 
and the connection zone with the stipe. The pileus surface 
turns purplish-pink or reddish with ammonia. Anatomical traits 
include the ellipsoid-fusiform, cyanophilic, smooth basidiospores, 
trichodermal pileipellis, hymenophoral trama of the “Phylloporus-
type” and absence of lateral stipe stratum (Smith & Thiers 1964, 
Singer et al. 1990, Bessette et al. 2000, 2016, Ortiz-Santana et al. 
2007, Neves & Halling 2010, this study). The Dominican material 
exhibits predominant reddish hues on the pileus and stipe, 
larger hymenial cystidia (up to 118 × 28 μm) and slightly larger 
basidiospores, (11.1–)13.4 ± 1.27(–18.0) × (4.7–)5.8 ± 0.59(–8.2) 
μm, Q = 2.3 [136/9/5] than those reported in literature (11–13 × 
5–6 µm in Smith & Thiers 1964; 10.5–14.5 × 3.5–6.5 µm, Qm = 
2.7 in Singer et al. 1990; 12–14.4 × 4.8–6.8 µm, Qm = 2.4 in Ortiz-

Santana et al. 2007; 10.5–11.9 × 4.2–4.9 µm, Qm = 2.4 in Neves 
& Halling 2010). This morphological variability likely represents a 
phenotypic continuum along a geographic gradient of the same 
species (Fig. 3).

The original species description states that the context does 
not change on exposure (Smith & Thiers 1964). The description 
was updated by Singer et al. (1990) to point out the inconsistent 
bluing that is present in some collections. Our observations from 
samples found in Alachua County, Florida, near the type locality 
and from Dominican collections often show evidence of this 
bluing. A recent treatment on the boletes from eastern North 
America (Bessette et al. 2016) also notes the inconsistency of the 
bluing context. Consequently, the occurrence of a blue oxidation 
in P. boletinoides is variable and consistent with Singer’s re-
description of the species (Singer et al. 1990). 

Data obtained from top BLASTn results on GenBank and ITS 
phylogenetic analysis (Fig. 3) provide molecular confirmation of 
the ectomycorrhizal association of P. boletinoides with Pinus. 
GenBank sequences KX899732 (clone 47C_G1_H9) and KX899785 
(clone 4C_G2_C3) were obtained from ectomycorrhizal root 
samples from Pinus clausa. Florida material is typically found 
under stands of Pinus spp., though occasionally in mixed Pinus 
and Quercus forests. In the Dominican Republic P. boletinoides 
was found with Hispaniolan pine (Pinus occidentalis) at high 
elevations with no other ectomycorrhizal hosts (no endemic 
Fagaceae occur in the Dominican Republic), despite several 
specimens were collected on stumps or debris of rotting wood, 
sometimes on the outer bark (periderm) at the base of living 
trees (Figs 4D, 5A, B). The occurrence of the Belizean material 
of P. boletinoides on a dead tree (Ortiz-Santana et al. 2007) 
further confirms a lignicolous growth preference, at least at 
some neotropical sites. Previous studies have shown that 
some confirmed ECM fungi produce basidiomata in elevated 
positions on woody substrata (Rayner et al. 1985, Henkel et al. 
2000). Examples of lignicolous growth of ECM Boletaceae have 
been reported from the Americas, Europe, southeast Asia and 
Australasia and include taxa such as those of the Boletellus 
ananas complex and several Tylopilus species (Singer 1945a, 
Corner 1972, Alessio 1985, Rayner et al. 1985, Henkel 1999, 
Watling 2008). This fruiting behaviour could be explained as a 
strategy for enhancing spore dispersal, for selective foraging 
of N in rotting wood, or otherwise as a strategy to preserve 
basidiomata from becoming water-soaked under wet conditions 
(Weber & Sundman 1986, Jurgensen et al. 1987, Henkel et al. 
2000, 2012, Lindahl & Tunlid 2015).

Outside of the USA, P. boletinoides has a known distribution 
restricted to Belize and the Dominican Republic but given its 
ability to adapt to different climatic conditions and to form 
symbiosis with different pine trees, it is most likely to be expected 
throughout the neotropical mainland and the Caribbean where 
pines occur. 

Taxonomic and phylogenetic relationships of 
Phylloporopsis to Bothia, Phylloporus, Phylloboletellus 
and Phyllobolites

Our phylogenetic analyses provide evidence that Phylloporopsis 
is a monophyletic genus sister to the poroid Bothia (typified with 
Boletinus castanellus) and the sequestrate Solioccasus (typified 
with S. polychromus) and confirm that it is not related to 
Phylloporus sensu stricto (Figs 1–2). Based on the available data 
there are no obvious shared morphological or ecological features 
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among these three genera, with exception of the cyanophily of 
the spore wall (Trappe et al. 2013 and personal observations of 
TJB on B. castanella collections), which appears to be the sole 
synapomorphy known to date, though this feature has been only 
randomly tested and with contrasting results in the Boletaceae 
(Singer 1986, Watling 2008). Trappe et al. (2013) established the 
genus Solioccasus as a sister clade with Bothia, although they 
did not address the shared morphological character between 
the two genera. More extensive sampling is needed to elucidate 
the taxonomic boundaries of the Bothia clade. 

Though Phylloporopsis is phylogenetically related to Bothia, 
the two genera are morphologically quite distinct based on 
the differently shaped and arranged hymenophore. In Bothia 
the hymenophore is truly boletinoid with compound angular 
and radially stretched pores that are only slightly decurrent 
or depressed around stipe apex and always brownish (Halling 
et al. 2007). Conversely, in Phylloporopsis the basic structure 
of the hymenophore is lamellate though anastomosing, 
always deeply decurrent along the stipe in all developmental 
stages and olive-cream to olive-buff at maturity. Moreover, 
the tissues stain brown in Bothia and blue in Phylloporopsis 
and the spore print is pale brownish-yellow in Bothia while in 
Phylloporopsis it has a distinct olive tinge (Singer et al. 1990, 
Bessette et al. 2000, 2016). The two genera are also ecologically 
different; Bothia is associated with Fagaceae (mostly Quercus 
spp.) whereas Phylloporopsis forms ECM with pine trees (see 
below). Finally, the geographic range of Bothia is only partially 
overlapping with that of Phylloporopsis, since B. castanella (= 
Boletinus squarrososides according to Halling et al. 2007) is 
only found in eastern and south-eastern North America [Peck 
1900, Murrill 1909, 1914, Snell 1936 (as “B. squarrososides”), 
Singer 1938 (also as “Phylloporus squarrosoides”), 1945b (as 
“Xerocomus squarrosoides”), Coker & Beers 1943 (also as “B. 
squarrososides”), Snell & Dick 1958 (also as “B. squarrososides”), 
1970, Smith & Thiers 1964, Both 1993, Bessette et al. 2000, 2016; 
Roody 2003, Watling 2008, Halling et al. 2007]. The only other 
known representative of the genus, viz. B. fujanensis is restricted 
to south-eastern China (Fujian and probably Taiwan) (Chen et al. 
1997, Zeng et al. 2015). These characters are a sound basis for a 
clear-cut distinction between the two genera. Bothia castanella 
also differs from P. boletinoides in the sometimes coarsely 
reticulate stipe surface, smaller, ovate to broadly ellipsoid spores 
[(7–)8–11(–12) × (3.5–)4.5–5.5(–6) µm in B. castanella] and the 
presence of dark brown encrustations on pileus surface hyphae 
(Halling et al. 2007, Watling 2008, Bessette et al. 2000, 2016).

Our phylogenetic placement of Phylloporopsis suggests that 
the lamellate hymenophore has evolved at least three times in 
the Boletaceae from poroid ancestors, viz. in Phylloporopsis, 
Phylloporus and Phylloboletellus.

Phylloporopsis is morphologically similar to species of 
Phylloporus despite their distant phylogenetic relationship. 
However, Phylloporus is easily distinguished by the yellow to 
golden-yellow lamellate hymenophore with the bright yellow 
colours remaining so even after drying, by the bacillate surface 
ornamentation of the basidiospores under scanning electron 
microscope (SEM) (although a number of tropical species have 
smooth or finely rugulose spores) and the occurrence of clamp 
connections in some tropical and subtropical species (Singer 
1945b, 1946 1978, 1986, Corner 1970, Heinemann & Rammeloo 
1987, Šutara 2008, Watling 2008, Neves & Halling 2010, Neves et 
al. 2010, 2012, Zeng et al. 2013). Another noticeable distinguishing 
trait that was considered unifying in Phylloporus is the pileus 

surface that stains vivid blue to bluish-green with ammonia 
(Singer 1945b, 1986, Watling 2008) as opposed to the reddish 
to purple-pink reaction observed in Phylloporopsis. However, it 
should be noted that this macrochemical reaction has not been 
tested on species described from tropical Africa (Heinemann 
1951), Malaysia (Corner 1970, 1974), China (Zeng et al. 2013, Ye 
at al. 2014) or Bangladesh (Hosen & Li 2015, 2017). In addition, 
a few taxa from tropical Central and South America, India and 
Thailand (e.g. P. fibulatus, P. manausensis, P. septocystidiatus, P. 
castanopsidis, etc.) are reported to have negative or non-bluing 
reaction with both NH3 and NH4OH (Singer 1986, Neves & Halling 
2010, Neves et al. 2012, Pradeep et al. 2015). Accordingly, the 
bluing of the pileus surface with ammonia cannot be considered 
a synapomorphy within Phylloporus. Phylloporus is a large 
assemblage encompassing nearly one hundred species so far as 
known worldwide (comprising phylogenetic species that have not 
yet been formally described), it appears to be widespread being 
best represented throughout temperate and pantropical regions 
of both hemispheres and is apparently most diverse in Australasia 
(Corner 1970, 1974, Singer 1978, 1986, Singer & Gómez 1984, 
Montoya & Bandala 1991, 2011, Halling et al. 1999, Watling & Li 
1999, Ortiz-Santana et al. 2007, Neves & Halling 2010, Neves et 
al. 2012, García-Jiménez 2013, Ye et al. 2014, Hosen & Li 2015, 
2017, Pradeep et al. 2015). The neotropical P. centroamericanus 
is somewhat chromatically similar to P. boletinoides but diverges, 
apart from the generic discrepancies cited above, in the smaller 
size (pileus 2–3 cm broad), pileus surface tending to become 
areolate with age, context whitish but pinkish-brown in middle 
part of the stipe, white basal mycelium, encrusted hymenial 
cystidia and hymeniform pileipellis with 5–24 µm wide end cells 
(Singer & Gómez 1984, Montoya & Bandala 1991, Halling & 
Mueller 2005, Neves & Halling 2010). Affinities can also be found 
with some eastern Asian species such as P. rubiginosus and P. 
pachycystidiatus; the former is separated by the bright yellow 
to orangish-yellow lamellae, context evenly yellowish and slowly 
discolouring blue throughout, blue staining reaction on pileus 
surface with ammonia, smaller spores [9.8–11.2(–13) × 3.5–4.9 
µm, Qm = 2.5], thick-walled cystidia (walls up to 2 µm wide) and 
the occurrence under Castanopsis and Dipterocarpus in Thailand 
and south-western China (Yunnan Province) (Neves et al. 2012, 
Ye et al. 2014), whereas the latter differs in the slightly smaller 
size (pileus 3–5 cm in diameter), yellow hymenophore, cream-
yellowish context, whitish basal mycelium, bacillate basidiospores 
under SEM, thick-walled hymenial cystidia (walls 2–4 µm wide), 
association with Lithocarpus spp. and distribution restricted to 
southern and south-western China (Hainan and Yunnan Provinces) 
(Zeng et al. 2013, Ye et al. 2014). There appears to exist a minor 
affinity between P. boletinoides and the type species of the genus 
Phylloporus, P. pelletieri, which is separated from the former by 
the bright yellow to golden yellow hymenophore, bright yellow 
basal mycelium, unchangeable tissues, blue-green reaction with 
ammonia on pileus surface, bacillate basidiospores under SEM 
and the occurrence in temperate Europe (Pilát & Dermek 1974, 
Breitenbach & Kränzlin 1991, Lannoy & Estadès 2001, Ladurner 
& Simonini 2003, Watling & Hills 2005, Klofac 2007, Muñoz et al. 
2008, Šutara 2008, Knudsen & Taylor 2012). 

Another known lamellate representative in the Boletaceae 
is Phylloboletellus, a monotypic genus based on P. chloephorus. 
This taxon was described from subtropical to tropical montane 
forests in Argentina (Singer & Digilio 1952) but has an apparent 
disjunct distribution having later repeatedly been reported from 
Mexico (García-Jiménez et al. 1986, Singer 1988, Singer et al. 



© 2018 Westerdijk Fungal Biodiversity Institute

Farid et al.
 

 
Editor-in-Chief	
Prof.	 dr	 P.W.	 Crous,	 Westerdijk	 Fungal	 Biodiversity	 Institute,	 P.O.	 Box	 85167,	 3508	 AD	 Utrecht,	 The	 Netherlands.	
E-mail:	p.crous@westerdijkinstitute.nl	
 

 
 

 

356

1992, Bandala et al. 2004, García-Jiménez 2013). This species, 
however, differs from P. boletinoides by the subumbonate pileus, 
yellowish basal mycelium, evenly yellow context discolouring 
blue on exposure, blue-green reaction with ammonia on pileus 
surface, hymenophoral trama of the “Boletus-type”, presence 
of false or incomplete clamp connections and most of all by the 
short, broadly ellipsoid, longitudinally winged basidiospores 
[(9–)9.5–11.7(–12.5) × (7.2–)8–9.5(–10.5) µm, Q = 1.2)] (Singer & 
Digilio 1952, Singer 1964, 1970, 1981, 1986, 1988, Horak 1968, 
Petersen 1974, Pegler & Young 1981, Singer et al. 1992, Bandala 
et al. 2004, Watling 2008). Moreover, the original material of 
P. chloephorus was collected under Lauraceae, Myrtaceae, 
Sapindaceae, Ulmaceae, etc., but the authors were unable to 
ascertain its nutritional mode (Singer & Digilio 1952). Later on, 
the species was thought to be presumably saprotrophic (Singer 
1970, 1986, Watling 2008), even though Singer (1981) and 
subsequently Bandala et al. (2004), Binder & Hibbett (2006) and 
Tedersoo et al. (2010) considered it as potentially ectomycorrhizal. 
Phylloboletellus chloephorus var. mexicanus ad interim was 
informally proposed by Singer et al. (1992) to circumscribe the 
Mexican population but the authors themselves were not fully 
convinced about the separation of the two taxa and claimed 
that the differences of var. mexicanus with respect to the type 
species were nearly inconsistent, thus it has never been validated 
thereafter. Previous studies (Binder & Hibbett 2006, Li et al. 2011, 
2014, Zeng et al. 2012) and our own observations (Figs 1–2) have 
yet to resolve the phylogenetic position of P. chloephorus. 

It is also worth nothing here the existence of the poorly 
known genus Phyllobolites, which some authors have argued 
may belong to the Boletaceae (Kirk et al. 2008, Magnago 2014). 
Phyllobolites was erected based on Phyllobolites miniatus 
from tropical northern South America (Guyana, Suriname, 
Brazil) (Singer 1964, 1986, Singer et al. 1983, Henkel et al. 
2012, Sulzbacher et al. 2013). This taxon has been originally 
assigned to the broadly conceived family Paxillaceae, along with 
unrelated agaricoid genera such as Omphalotus, Lampteromyces, 
Hygrophoropsis, Neopaxillus and Ripartites (Singer 1946, 1986). It 
is easily delimited by the presence of a membranous ring deriving 
from a partial veil, ochraceous spore print, fusiform, verrucose 
basidiospores, abundant pseudocystidia, ixotrichoderm to 
ixocutis pileipellis, hymenophoral trama subparallel to slightly 
divergent with gelatinized hyphae and the occurrence under 
cesalpinoid legumes (Rick 1906, 1961, Singer 1942, 1964, 1986, 
Singer et al. 1983, Watling 2008). Since it has not been possible to 
locate and re-examine the type specimen of P. miniatus from the 
Brazilian Amazon and since additional material authenticated by 
Rick was found by Singer to be referred to either Lentinus (Singer 
1946), Tapinella or Pleurotus, the assignment of Phyllobolites to 
the Boletaceae (Kirk et al. 2008, Magnago 2014) or Paxillaceae 
(Singer 1942, 1946, 1953, 1964, 1986, Singer et al. 1983, Neves & 
Capelari 2007, Henkel et al. 2012) or even to the order Boletales 
is currently doubtful and it has been suggested that Phyllobolites 
might belong in the order Gomphales near the genus Linderomyces 
(a later synonym of Gloeocantharellus) (Watling, 2008). A modern 
re-description and inclusive molecular investigation is needed to 
resolve its phylogenetic placement.
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Abstract: Two corrections are needed to our revision of sequestrate Russula nomenclature (Elliott & Trappe 2018). 
Decisions are based on the International Code of Nomenclature for algae, fungi, and plants (Turland et al. 2018), 
hereafter referred to as the “Shenzhen Code”. We present them in the same format as the original publication to facilitate 
comparison of the corrections with the previous publication.
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REVISED NAMES

Russula lauradomingueziae Trappe & T.F. Elliott nom. nov. 
MycoBank MB827346.
Replaced synonym: Cystangium domingueziae Nouhra & Trierv.-
Per., Mycologia 107: 94. 2014; competing synonym Russula 
dominguezii (see below)
Synonym: Russula laurae Trappe & T.F. Elliott, Fungal Syst. Evol. 
1: 233. 2018, nom. illegit., Art. 52.1

Notes: The new (replacement) name Russula laurae was coined 
to honor Argentinian Prof. Laura Dominguez, and was published 
as a new name to avoid the publication of a confusable binomial 
that could be considered to be a homonym (Shenzhen Code 
Art. 53.2), specifically Russula dominguezii (see below), even if 
neither would be strict illegitimate homonyms. However, when 
we published the replacement name, R. laurae, we failed to 
fulfill the requirements for valid publication of the name Russula 
dominguezii, which removed the reason for coining a replacement 
name that unfortunately is validly published but illegitimate. 
Here we validate the name Russula dominguezii (see below) and 
coin a replacement name for Cystangium domingueziae to avoid 
publication of two names which are likely to be confused and are 
thus treated as homonyms (see Shenzhen Code Art. 53.2).
 
Russula dominguezii (Mor.-Arr., et al.) Trappe & T.F. Elliott, 
comb. nov. MycoBank MB827347.
Basionym: Gymnomyces dominguezii Mor.-Arr., et al., Bol. Soc. 
Micol. Madrid 25: 301. 2000.
Synonyms: Gymnomyces dominguezii Mor.-Arr., et al., Mycol. 
Res. 103(2): 215. 1999; nom. inval.
Russula dominguezii (Mor.-Arr., et al.) Trappe & T.F. Elliot, Fung. 
Syst. Evol. 1: 233. 2018; comb. inval.

Notes: When Moreno-Arroyo et al. (1999) first proposed 
Gymnomyces dominguezii they cited more than one fungarium 
(collection, institution) for the holotype in contravention of Art. 
40.7 (Shenzhen Code) and therefore the name was not validly 
published. Unfortunately, we cited the invalid name and its 
place of publication as a basionym. The name Gymnomyces 
dominguezii was validated by Calonge (2000), and should be 
cited from that 2000 publication as the basionym for a new 
combination, which we do here. 
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