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Abstract
Ascochyta koolunga (Didymellaceae, Pleosporales) was first described in 2009 (as Phoma koolunga) and 
identified as the causal agent of Ascochyta blight of Pisum sativum (field pea) in South Australia. Since 
then A. koolunga has not been reported anywhere else in the world, and its origins and occurrence on other 
legume (Fabaceae) species remains unknown. Blight and leaf spot diseases of Australian native, pasture 
and naturalised legumes were studied to investigate a possible native origin of A. koolunga.

Ascochyta koolunga was not detected on native, naturalised or pasture legumes that had leaf spot 
symptoms, in any of the studied regions in southern Australia, and only one isolate was recovered from 
P. sativum. However, we isolated five novel species in the Didymellaceae from leaf spots of Australian native 
legumes from commercial field pea regions throughout southern Australia. The novel species were classified 
on the basis of morphology and phylogenetic analyses of the internal transcribed spacer region and part 
of the RNA polymerase II subunit B gene region. Three of these species, Nothophoma garlbiwalawarda 
sp. nov., Nothophoma naiawu sp. nov. and Nothophoma ngayawang sp. nov., were isolated from Senna arte-
misioides. The other species described here are Epicoccum djirangnandiri sp. nov. from Swainsona galegifolia 
and Neodidymelliopsis tinkyukuku sp. nov. from Hardenbergia violaceae. In addition, we report three new 
host-pathogen associations in Australia, namely Didymella pinodes on S. artemisioides and Vicia cracca, and 
D. lethalis on Lathyrus tingitanus. This is also the first report of Didymella prosopidis in Australia.
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Introduction

The Didymellaceae was established to accommodate Ascochyta, Didymella, and other 
allied Phoma-like genera (de Gruyter et al. 2009). To date, more than 5,400 species 
from 31 genera have been recorded, including recently established genera such 
as Dimorphoma and Macroascochyta (Hou et al. 2020). Species of Didymellaceae 
are cosmopolitan and occupy a broad range of environments. Many species are 
plant pathogens that cause leaf and stem lesions, often with a broad host range 
(Aveskamp et al. 2009; Aveskamp et al. 2010; Chen et al. 2015b). Multilocus 
phylogenetics and a polyphasic approach to classify species have helped to revise 
taxa and refine systematic relationships in the Didymellaceae (Aveskamp et al. 
2009, de Gruyter et al. 2009; Aveskamp et al. 2010; Chen et al. 2015a, de Gruyter 
2012; Hou et al. 2020).

In Australia, reports of taxa in the Didymellaceae mostly refer to plant pathogenic 
species, particularly on crop and pasture legumes (Fabaceae). In Australia, the disease 
Ascochyta blight of Pisum sativum (field pea) is typically caused by three fungal species, 
Ascochyta koolunga, Didymella pinodella, and D. pinodes. A fourth species, Ascochyta 
pisi, is very rarely isolated. One species in particular, A. koolunga, is an important part 
of the Ascochyta blight disease complex of field pea in South Australia (Davidson et al. 
2009a). First described in 2009, A. koolunga (syn. Phoma koolunga) had spread across 
southern Australia and had been detected in Victoria and Western Australia by 2015 
(Davidson et al. 2011; Tran et al. 2015a).

Molecular techniques are now routinely used to understand the genetic diversity 
and population structure of Didymellaceae (Aveskamp et al. 2010; Salam et al. 2011, 
de Gruyter 2012; Chen et al. 2015a, Hou et al. 2020). To date, there has not been a 
systematic inventory of leaf spot pathogens associated with Australian native legume 
species despite international reports from a diversity of countries on Ascochyta blight 
since 2009 (Le May et al. 2009; Mathew et al. 2010; Panicker and Ramraj 2010; 
Skoglund et al. 2011; Soylu and Dervis 2011; Gaurilcikiene and Viciene 2013; Liu 
et al. 2013; Ahmed et al. 2015; Liu et al. 2016). Ascochyta koolunga is only known to 
occur in Australia, which suggests an Australasian origin, with perhaps an association 
with native legume species. The aim of this study was to determine the species of 
Didymellaceae associated with leaf spot diseases, and to investigate possible native 
sources of A. koolunga. To this end we collected legume specimens from both cultivated 
and neighbouring natural ecosystems. In particular, we collected specimens from 
Australian native, pasture and naturalised legumes in the field pea growing regions of 
eastern and southern Australia.
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Materials and methods

Sample collection and culturing

Samples of leaf tissue displaying leaf spot disease symptoms on legumes were obtained 
from 22 field pea trial sites, from the immediate surrounds of experimental and com-
mercial crops and roadsides around crops in field pea growing regions of southern Aus-
tralia. In total, 124 samples (stems with multiple leaves and more rarely seed pods and 
flowers) were collected during four separate 4–5 day (d) periods in August, September 
and October 2017. In addition to trial sites, local agronomists were contacted to ob-
tain approval to allow access to growers’ properties in Eyre Peninsula (South Australia) 
and Horsham (Victoria).

The national parks, or conservation areas, nearest to the field pea sampling sites 
were identified prior to field trips and permits were obtained to enable collections 
of samples from native plants that exhibited leaf disease symptoms within these 
neighbouring natural ecosystems. Leaf disease samples were also collected from 
two botanic gardens, Adelaide Botanic Garden, Adelaide, South Australia and the 
Australian Botanic Garden, Mount Annan, New South Wales. Plants with leaf spots 
were photographed in the field with a Samsung galaxy S5 or S8 mobile phone camera 
and the GPS locations recorded. Representative leaf samples were placed in plastic 
bags, labelled and stored at 4 °C.

Within 5 d of collection, leaf specimens were surface disinfected by spraying 
with 70% v/v ethanol and blotted dry with fresh, non-sterilised tissue paper. Excised 
leaf pieces were placed on plates of potato dextrose agar (PDA) (Oxoid) acidified by 
supplementation with 1 ml of 85% v/v lactic acid per litre (APDA) to minimise bacterial 
contamination. Incubation was under a 12 hour (h) black and fluorescent light /12 h 
dark cycle at 22 °C for 7–10 d, when fungal colonies were examined microscopically 
for pycnidia and conidia. Representative isolates were subcultured onto PDA using 
hyphal tips and deposited in the culture collection of the Queensland Plant Pathology 
Herbarium (BRIP).

DNA extraction, PCR and sequencing

Genomic DNA was extracted from 7 d old mycelium grown on PDA from the 
subculture isolates using the FastDNA Kit (Q-biogene Inc. Irvine, California, 
USA) according to the manufacturer’s instructions. A section of DNA from the 
internal transcribed spacer (ITS) region was amplified with the primers ITS1 and 
ITS4 (White et al. 1990), and the partial region of the RNA polymerase II subunit 
B (rpb2) gene was amplified with the primers RPB2-5F2 (Sung et al. 2007) and 
RPB2-7cR (Liu et al. 1999). The PCR conditions were as described by White et al. 
(1990) for ITS and O’Donnell et al. (2007) for rpb2. All PCRs were undertaken 
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in 25 μl reaction volumes containing the final concentrations; 1 unit of PCR 5X 
buffer (Promega Corporation, Madison, Wisconsin, USA), 1.6 mM of 25 mM 
MgCl2 (Sigma-Aldrich Corporation, Louis, Missouri, USA), 0.025 U/μl of GoTaq™ 
(Promega), 0.6 mM of primer 1 and primer 2 and 1.6 mM of each dNTP (Promega). 
The PCR amplicons were purified using ExoSAP-IT (USB Corporation) following 
the manufacturer’s instructions. The purified amplicons were sent to the Ramaciotti 
Centre for Gene Function Analysis (University of New South Wales, Kensington, 
NSW), where DNA sequences were determined using an ABI PRISM 3700 DNA 
Analyser (Applied Biosystems Inc).

Phylogenetic analysis

Forward and reverse sequences were assembled using Geneious v. 11.1.5 (Biomatters 
Ltd) and deposited in GenBank (Table 1, in bold). The sequences were aligned with 
selected reference sequences of Didymellaceae (Table 1) using the multiple alignment 
MAFFT algorithm (Katoh et al. 2009) in Geneious. Neoascochyta desmazieri strain 
CBS 267.69 was included as the outgroup. The sequences of each locus were aligned 
separately and manually adjusted where necessary.

Maximum likelihood (ML) analysis was run using the RAxML v. 7.2.8 (Stamatakis 
and Alachiotis 2010) plug-in in Geneious v. 11.1.5 starting from a random tree topol-
ogy. The nucleotide substitution model used was general time-reversible (GTR) with 
a gamma-distributed rate variation. The Bayesian analysis was performed using the 
MrBayes v.3.2.1 (Ronquist and Huelsenbeck 2003) plug-in in Geneious v. 11.1.5. To 
remove the need for a priori model testing, the Markov chain Monte Carlo (MCMC) 
analysis was set to sample across the entire GTR model space with a gamma-distribut-
ed rate variation across the nucleotide sites. Ten million random trees were generated 
using the MCMC procedure with four chains. The sample frequency was set at 2000 
and the temperature of the heated chain was 0.1. “Burn-in” was set at 25%, after which 
the log-likelihood values were stationary.

Morphology

Fungal isolates were cultured on four media types; PDA, oatmeal agar (OA), malt 
extract agar (MEA) (Boerema et al. 2004; Chen et al. 2015a), and carnation leaf agar 
(CLA). The colonies were measured at 7 d, and morphology examined after 12–14 
d incubation in the same light and temperature conditions described above. Images 
of the colonies were captured by an Epson Perfection V700 scanner at a 300 dpi 
resolution. Colony colour was determined on surface and reverse using the colour 
charts of Rayner (1970). Isolates were characterised microscopically from the PDA 
plates. Lactic acid (100 % v/v) was used as the mounting fluid. Specimens were 
examined using a Leica DM5500B compound microscope with a Leica DFC 500 
camera fitted to capture images under Nomarski differential interference contrast 
illumination. Micromorphological measurements and descriptions of pycnidia, 
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pycnidial wall cells and conidia were taken from up to 20 samples, and septation and 
colour recorded. Images of pycnidia were taken from CLA plates using a Leica M165C 
stereo microscope and Lecia DFC 500 camera. The NaOH spot test on MEA culture 
plates helped distinguish taxa (Boerema et al. 2004).

Results

From 124 samples of legumes collected at 22 locations, 194 isolates were obtained of 
which 54 isolates were identified as Didymellaceae by ITS sequences. Of these, 36 iso-
lates were further sequenced (rpb2 locus). Duplicate isolates were excluded where they 
were from the same host species, which left 18 isolates for multilocus sequence analysis 
and inclusion in the phylogenetic analysis.

Phylogeny

A multilocus sequence analysis based on the ITS region and partial region of the rpb2 
gene was used to infer the relationship of the 18 isolates and recognised species in 
Didymellaceae (Table 1). The resulting concatenated aligned dataset comprised 124 

Table 1. Didymellaceae isolates examined in this study. Novel taxa and newly generated sequences are 
indicated in bold.

Species Strain 1 Host Locality 2 GenBank accessions 3

ITS rpb2
Ascochyta astragalina CBS 113797 Lathyrus vernus Sweden KT389482 MT018257
Ascochyta benningiorum CBS 144957 T Soil The Netherlands MN823581 MN824606
Ascochyta coronillae-emeri MFLUCC 13-0820 T Hippocrepis emerus Italy MH069661 MH069679
Ascochyta fabae CBS 524.77 Phaseolus vulgaris Belgium GU237880 MT018241
Ascochyta herbicola CBS 629.97 Water USA, Montana, Missoula GU237898 KP330421
Ascochyta koolunga  DAR 78535 T Pisum sativum Australia, SA, Minnipa EU338416 EU874849

BRIP 70265 Pisum sativum Australia, SA, Riverton MN567671 MN604922
BRIP 69590 Pisum sativum Australia, SA, Mundulla MN567672 MN604923

Ascochyta lentis CBS 370.84 Lens culinaris Unknown KT389474 MT018246 
Ascochyta medicaginicola CBS 112.53 T Medicago sativa USA GU237749 MT018251
Ascochyta nigripycnidia CBS 116.96 T Vicia cracca Russia GU237756 MT018253
Ascochyta phacae CBS 184.55 T Phaca alpine Switzerland KT389475 MT018255
Ascochyta pilosella CBS 583.97 T Clintonia uniflora Canada MN973590 MT018258
Ascochyta pisi CBS 122785 Pisum sativum The Netherlands GU237763 MT018244
Ascochyta rabiei CBS 237.37 T Cicer arietinum Bulgaria KT389479 MT018256
Ascochyta rosae MFLUCC 15-0063 T Rubus ulmifolius Italy KY496751 KY514409
Ascochyta syringae CBS 545.72 T Syringa vulgaris The Netherlands KT389483 MT018245
Ascochyta versabilis CBS 876.97 Silene sp. The Netherlands, 

Wageningen
GU237909 KT389561

Ascochyta viciae CBS 451.68 Vicia sepium The Netherlands, Baarn, 
Praamgracht

KT389484 KT389562

Ascochyta viciae-pannonicae CBS 254.92 Vicia pannonica Czechoslovakia KT389485 MT018250
Ascochyta viciae-villosae CBS 255.92 Vicia villosa Czechoslovakia MN973584 MT018249
Didymella americana CBS 185.85 Zea mays USA, Georgia FJ426972 KT389594
Didymella anserina CBS 253.80   Germany KT389498 KT389595
Didymella arachidicola CBS 333 .75 T Arachis hypogaea South Africa, Cape Province GU237833 KT389598
Didymella aurea CBS 269.93 T Medicago polymorpha New Zealand, Auckland GU237818 KT389599
Didymella chlamydospora YW23-14 T Soil South Korea MK836111 LC480708



Elizabeth C. Keirnan et al.  /  MycoKeys 78: 1–20 (2021)6

Species Strain 1 Host Locality 2 GenBank accessions 3

ITS rpb2
Didymella coffeae-arabicae CBS 123380 T Coffea Arabica Ethiopia FJ426993 KT389603
Didymella combreti CBS 137982 T Combretum 

mossambiciensis
Zambia MN973525 MT018139

Didymella curtisii CBS 251.92 Nerine sp. The Netherlands FJ427038 MT018131
Didymella degraaffiae CBS 144956 T Soil The Netherlands MN823444 MN824470
Didymella eucalyptica CBS 377.91 Eucalyptus sp. Australia, WA GU237846 KT389605
Didymella gardeniae CBS 626.68 T Gardenia jasminoides India FJ427003 KT389606
Didymella glomerata CBS 528.66 Chrysanthemum sp. The Netherlands FJ427013 GU371781
Didymella guttulata CBS 127976 T Soil Zimbabwe MN973524 MT018138
Didymella heteroderae CBS 109.92 T Undefined food 

material
The Netherlands FJ426983 KT389601

Didymella keratinophila UTHSC DI16-200 T Homo sapiens USA LT592901 LT593039
Didymella lethalis CBS 103.25 GU237729 KT389607

BRIP 69584 Lathyrus tingitanus Australia, SA, Brownhill 
Creek

MN567674 MN604925

Didymella magnoliae MFLUCC 18-1560 T Magnolia grandiflora China MK347814 MK434852
Didymella maydis CBS 588.96 T Zea mays USA, Wisconsin, Hancock FJ427086 GU371782
Didymella mitis CBS 443.72 T Soil South Africa MN973523 MT018137
Didymella musae CBS 463.69 Mangifera indica India FJ427026 MT018148
Didymella nigricans CBS 444.81 Acer palmatum Japan KY742075 KY742158
Didymella pinodella CBS 318.90 Pisum sativum The Netherlands FJ427051 MN983533

BRIP 69589 Pisum sativum Australia, VIC, Rainbow MN567675 MN604926
Didymella pinodes CBS 525.77 T Pisum sativum Belgium GU237883 KT389614

BRIP 69581 Senna artemisioides Australia, SA, Blanchetown MN567676 MN604927
BRIP 69593 Senna artemisioides Australia, SA, Blyth MN567677 MN604928
BRIP 69596 Senna artemisioides Australia, SA, Wudinna MN567678 MN604929
BRIP 69578 Vicia cracca Australia, NSW, Cowra MN567679 MN604930

Didymella pomorum CBS 539.66 Polygonum tataricum The Netherlands FJ427056 KT389618
Didymella prolaticolla CBS 126182 T Soil Namibia MN973533 MT018157
Didymella prosopidis CBS 136414 T Prosopis sp. South Africa KF777180 MT018149

BRIP 69579 Gastrolobium 
celsianum

Australia, SA, Adelaide MN5676780 MN604931

Didymella protuberans CBS 381.96 T Lycium halifolium The Netherlands GU237853 KT389620
Didymella sancta CBS 281.83 T Ailanthus altissima South Africa FJ427063 KT389623
 Didymella sinensis CGMCC 3.18348 T Cerasus pseudocerasus China KY742085 MT018127
Didymella subglobispora CBS 364.91 T Ananas sativus MN973531 MT018153
Didymella subglomerata CBS 110.92 Triticum sp. USA, North Dakota FJ427080 KT389626
Epicoccum brahmansense CBS 990.95 T Soil Papua New Guinea MN973513 MT018119
Epicoccum brasiliense CBS 120105 T Amaranthus sp. Brazil GU237760 KT389627
Epicoccum camelliae CGMCC 3.18343 T Camellia sinensis China KY742091 KY742170
Epicoccum catenisporum CBS 181.80 T Oryza sativa Guinea-Bissau FJ427069 LT623253
Epicoccum dendrobii CGMCC 3.18359 T Dendrobium 

fimbriatum
China KY742093  MT018084

Epicoccum dickmanii CBS 124671 T Acropora Formosa Australia MN973509 MT018113
Epicoccum djirangnandiri 
sp. nov.

BRIP 69585 T Swainsona galegifolia Australia, NSW, Mount 
Annan

MN567673 MN604924

Epicoccum draconis CBS 186.83 Dracaena sp. Rwanda GU237795 KT389628
Epicoccum duchesneae CGMCC 3.18345 T Duchesnea indica China KY742095  MT018115
Epicoccum henningsii CBS 104.80 Acacia mearnsii Kenya GU237731 KT389629
Epicoccum hordei CGMCC 3.18360 T Hordeum vulgare Australia KY742097 MT018102 
Epicoccum huancayense CBS 105.80 T Solanum sp. Peru GU237732 KT389630
Epicoccum italicum CGMCC 3.18361 T Acca sellowiana Italy KY742099 KY742172
Epicoccum keratinophilum UTHSC DI16-271 T Homo sapiens USA LT592930 LT593068
Epicoccum latusicollum CGMCC 3.18346 T Sorghum bicolor China KY742101 KY742174
Epicoccum longiostiolatum CBS 886.95 T Stellaria sp. Papua New Guinea FJ427074 MT018108
Epicoccum mackenziei MFLUCC 16-0335 T Ononis spinose Italy KX698039 KX698035
Epicoccum mezzettii CBS 173.38 T Populus pulp Italy MN973496 MT018095
Epicoccum nigrum CBS 173.73 T Dactylis glomerata USA FJ426996 KT389632
Epicoccum ovisporum CBS 180.80 T Zea mays South Africa FJ427068 LT623252
Epicoccum phragmospora CGMCC 3.19339 T Saccharum officinarum China MN215619 MN255460
Epicoccum pimprinum CBS 246.60 T Soil India FJ427049 MT018100
Epicoccum plurivorum CBS 558.81 T Setaria sp. New Zealand GU237888 KT389634
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Species Strain 1 Host Locality 2 GenBank accessions 3

ITS rpb2
Epicoccum pneumoniae UTHSC DI16-257 T Homo sapiens USA LT592927 LT593065
Epicoccum poaceicola MFLUCC 15-0448 T Poaceae Thailand KX965727 KX898365
Epicoccum poae CGMCC 3.18363 T Poa annua USA KY742113 KY742182
Epicoccum polychromum CBS 141502 T Paspalum dilinateum France MN973506 MT018109
Epicoccum proteae CBS 114179 T Protea compacta x 

Protea neriifolia
South Africa, Somerset West JQ044433 LT623251

Epicoccum 
pseudokeratinophilum

MFLUCC 18-1593 T Prunus avium China MH827002 MH853659

Epicoccum purpurascens CBS 128906 Soil USA MN973488 MT018083
Epicoccum sorghinum CBS 179.80 Sorghum bicolor Puerto Rico FJ427067 KT389635
Epicoccum tobaicum CBS 384.36 T Soil Indonesia MN973493 MT018092
Epicoccum variabile CBS 119733 T Coffea Arabica Brazil MN973501 MT018103
Epicoccum viticis CGMCC 3.18344 T Vitex negundo China KY742118 KY742186
Neoascochyta desmazieri 
(outgroup)

CBS 297.69 T Lolium perenne Germany, Hohenlieth KT389508 KT389644

Neodidymelliopsis achlydis CBS 256.77 T Achlys triphylla Canada, British Columbia, 
Vancouver Island

KT389531 MT018293 

Neodidymelliopsis cannabis CBS 234.37 Cannabis sativa Unknown GU237804 KP330403
Neodidymelliopsis 
farokhinejadii

CBS 142853 Conocarpus erectus Iran KY449009 KY464922

Neodidymelliopsis longicolla CBS 382.96 T Soil Israel, En Avdat, Negev desert KT389532 MT018298 
Neodidymelliopsis moricola MFLUCC 17-1063 Morus alba Russia KY684939 KY684943
Neodidymelliopsis negundinis JZB380011 Acer negundo Russia MG564165 MG564166
Neodidymelliopsis polemonii CBS 109181 T Polemonium 

caeruleum
The Netherlands GU237746 KP330427

Neodidymelliopsis ranunculi CBS 286.72 Citrus limonium Italy MN973612 MT018294
Neodidymelliopsis tillae CBS 519.95 T Tilia sp. Italy MN973610 MT018287
Neodidymelliopsis 
tinkyukuku sp. nov.

BRIP 69592 T Hardenbergia violacea Australia, SA, Clare MN5676781 MN604932

Neodidymelliopsis xanthina CBS 383.68 T Delphinium sp. The Netherlands, Baarn GU237855 KP330431
Nothophoma acaciae CBS 143404 T Acacia melanoxylon Australia MG386056 MG386144
Nothophoma anigozanthi CBS 381.91 T Anigozanthus 

maugleisii
The Netherlands GU237852 KT389655

Nothophoma arachidis-
hypogaeae

CBS 125.93 Arachis hypogaea India, Madras GU237771 KT389656

Nothophoma brennandiae CBS 145912 T Soil The Netherlands MN823579 MN824604
Nothophoma 
garlbiwalawarda sp. nov.

BRIP 69580 Senna artemisioides Australia, SA, Adelaide MN5676782 MN604933
BRIP 69586 Senna artemisioides Australia, SA, Berri MN5676783 MN604934

Nothophoma 
garlbiwalawarda sp. nov.

BRIP 69587 Senna artemisioides Australia, SA, Berri MN5676784 MN604935
BRIP 69594 Senna artemisioides Australia, SA, Kimba MN5676785 MN604936

BRIP 69595 T Senna artemisioides Australia, SA, Wudinna MN5676786 MN604937
Nothophoma eucalyptigena CBS 142535 T Eucalyptus sp. Australia KY979771 KY979852
Nothophoma gossypiicola CBS 377.67 Gossypium sp. USA, Texas GU237845 KT389658
Nothophoma infossa CBS 123395 T Fraxinus pennsylvanica Argentina, Buenos Aires 

Province, La Plata
FJ427025 KT389659

Nothophoma infuscata CBS 121931 T Acacia longifolia New Zealand MN973559 MN973559
Nothophoma macrospora UTHSC DI16-199 T Homo sapiens USA, Arizona LN880536 LT593073 
Nothophoma naiawu sp. 
nov.

BRIP 69583 T Senna artemisioides Australia, SA, Blanchetown MN5676787 MN604938
BRIP 69582 T Senna artemisioides Australia, SA, Blanchetown MN5676788 MN604939

Nothophoma nullicana CPC 32330 T Acacia falciformis Australia NR_156665 MG386143
Nothophoma pruni MFLUCC 18-1600 Prunus avium China MH827005 MH853662
Nothophoma quercina CBS 633.92 Microsphaera 

alphitoides from 
Quercus sp.

Ukraine GU237900 KT389657

Nothophoma variabilis UTHSC DI16-285 T Homo sapiens USA LT592939 LT593078
1 BRIP, Queensland Plant Pathology Herbarium, Brisbane, QLD, Australia; CBS, Westerdijk Fungal Biodiversity 
Institute, Utrecht, the Netherlands; CGMCC, China General Microbiological Culture Collection, Beijing, China; 
MFLUCC, Mae Fah Luang University Culture Collection, Chiang Rai, Thailand; UTHSC, Fungus Testing Laboratory 
at the University of Texas Health Science Center, San Antonio, Texas, USA.
2 NSW, New South Wales; SA, South Australia; VIC, Victoria; WA, Western Australia.
3 ITS, internal transcribed spacer region; rpb2, RNA polymerase II second subunit.
T ex-type strain.
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Figure 1. Phylogenetic tree based on maximum likelihood analysis of the combined multilocus (rpb2 
and ITS) alignment. RAxML bootstrap values (bs) greater than 70 % and Bayesian posterior probabili-
ties (pp) greater than 0.95 are given at the nodes (bs/pp). Genera are delimited in coloured boxes, with 
the genus name indicated to the right. Isolates identified in this study are in bold, and novel taxa are in 
red bold. Ex-type isolates are marked with T. The outgroup is Neoascochyta desmazieri (CBS 297.69).



Cryptic diversity found in Didymellaceae from Australian native legumes 9

Figure 1. Continued.

ingroup isolates from 111 taxa, and consisted of 1,090 characters (493 for ITS, and 
596 for rpb2, including alignment gaps). The ML tree based on the combined data-
set is presented, with bootstrap support values (BS) greater than 70% and Bayesian 
posterior probabilities (PP) greater than 0.95 indicating four well-supported clades, 
and limited support for Nothophoma (Fig. 1). The ITS phylogeny, using either ML or 
Bayesian analysis, provided poor resolution at the genus and species level (data not 
shown). The phylogenetic tree based on the concatenated alignment of ITS and rpb2 
indicates the placement of the 18 isolates (Fig. 1), five of which represent novel spe-
cies (Figs 2–6).

We identified three new host-pathogen associations, and one new record for Aus-
tralia Didymella pinodes (strains BRIP 69581, 69593, and 69596) was isolated from 
native S. artemisioides from three locations in South Australia separated by over 400 km. 
Didymella pinodes (strain BRIP 69578) was also isolated from naturalised Vicia cracca 
(tufted vetch) in New South Wales from an area which did not cultivate P. sativum. 
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Didymella lethalis (strain BRIP 69584) was isolated from the naturalised Lathyrus tingi-
tanus (tangier pea) from a recreational walking area within an urban environment. Didy-
mella prosopidis (strain BRIP 69579) was isolated from Gastrolobium celsianum from the 
botanic gardens in the capital city of South Australia, Adelaide.

Taxonomy

Multilocus sequence analysis and morphological comparisons classified nine fungal 
isolates from legumes in southern Australia into five novel species from three Didymel-
laceae genera. The novel species are described and illustrated in Figs 2–6. Nomenclatu-
ral novelties are registered in MycoBank.

The species epithets were derived from Indigenous Australian Peoples’ language 
groups to provide a uniquely Australian theme. Permission to use words from the local 
language of the area in which the fungi were collected was granted by elders or com-
munity representatives.

Epicoccum djirangnandiri E.C. Keirnan, M.H. Laurence, R.G. Shivas & Y.P. Tan, 
sp. nov.
MycoBank No: 833689
Fig. 2

Type. AUSTRALIA, New South Wales, Mount Annan, Swainsona galegifolia, 19 Jan. 
2017, E.C. Keirnan (holotype BRIP 69585, includes culture ex-type).

Description. Colonies on OA, 76–80 mm diam. after 7 d, covered in dense aerial 
mycelium, variable shades of grey, pale cinnamon towards centre; reverse dark vinaceous; 
on MEA, 70–72 mm after 7 d, margin entire, covered in low dense aerial mycelium, 
pale mouse grey with lighter patches; reverse olivaceous with radiating spokes; on PDA, 
73–80 mm after 7 d, margin entire, mycelia felty, mouse grey becoming vinaceous 
buff towards centre; reverse fuscous black. NaOH spot test: negative. Conidiomata on 
CLA, pycnidial, globose 100–200 μm diam., pale brown becoming black, solitary, 
glabrous, non-papillate; pycnidial wall composed of textura globulosa, pale brown, 
cells 5–15  μm diam. Conidiogenous cells phialidic, cylindral, thin-walled, hyaline, 
rounded ends. Conidia aseptate, 5–7 × 2–3 μm.

Etymology. From the language of the Indigenous Australian Dharawal people, 
meaning leaf spot. The Dharawal people are from the western Sydney region in New 
South Wales, which includes Mount Annan, where the holotype was collected.

Notes. Epicoccum djirangnandiri is phylogenetically close to E. pneumoniae ex-type 
strain UTHSC DI16-257 (Fig. 1) and is distinguished in rpb2 sequences with 99% 
identity. Morphological comparisons could not be made as E. pneumoniae was sterile 
in culture (Valenzuela-Lopez et al. 2018). Epicoccum djirangnandiri is only known 
from one specimen on Swainsona galegifolia.
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Figure 2. Epicoccum djirangnandiri: a leaf lesions on Swainsona galegifolia b 14-d old colonies on PDA, 
MEA, OA (left, top to bottom) and lower surface (right) c upper surface d pycnidia on CLA e conidia. 
Scale bars: 200 μm (d); 7 μm (e).

Neodidymelliopsis tinkyukuku E.C. Keirnan, M.H. Laurence, R.G. Shivas & Y.P. 
Tan, sp. nov.
MycoBank No: 833692
Fig. 3

Type. AUSTRALIA, South Australia, Clare, Hardenbergia violacea, 17 Sep. 2017, E.C. 
Keirnan (holotype BRIP 69592, includes culture ex-type).

Description. Colonies on OA, 26–28 mm diam. after 7 d, dense low aerial my-
celium, buff with numerous grey patches, darker with abundant pycnidia at cen-
tre; reverse buff to rosy buff with darker concentric rings towards centre; on MEA, 
28–30 mm after 7 d, margin entire, dense low aerial mycelium, vinaceous buff paler 
at margin; reverse rosy buff to buff at margin with abundant scattered pycnidia; on 
PDA, 35–38 mm after 7 d, margin entire, dense low aerial mycelium, pale mouse 
grey lighter at margin; reverse cinnamon with concentric dark rings, darker at centre. 
NaOH spot test: light yellow. Conidiomata on CLA pycnidial, globose to ampulliform, 
250–350 μm diam., brown becoming black, solitary, abundant in centre of colony, 
zonate, glabrous, non-papillate; ostiole c. 25 μm diam.; pycnidial wall composed of 
textura angularus, pale brown, cells 5–8 μm diam. Conidiogenous cells phialidic, cylin-
drical, thin-walled, hyaline. Conidia occasionally septate, 6–9 × 2–3 μm, cylindrical, 
hyaline, thin-walled.
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Figure 3. Neodidymelliopsis tinkyukuku: a leaf lesions on Hardenbergia violacea b 12-d old colonies top to 
bottom on PDA, MEA, OA (left, top to bottom) and lower surface (right) c upper surface d pycnidia on 
CLA e pycnidia f pycnidial wall g conidia. Scale bars: 300 μm (d, e); 10 μm (f); 7 μm (g).

Etymology. From the language of the Indigenous Australian Kaurna people, 
meaning leaf disease. The Kaurna people are from the Adelaide plains region, which 
includes Clare, the locality where the holotype was collected.

Notes. Neodidymelliopsis tinkyukuku (strain BRIP 69592) is sister to a clade that 
includes N. farokhinejadii (strain CBS 142853), N. longicolla (ex-type strain CBS 
382.96) and N. ranunculi (strain CBS 286.72) (Fig. 1). Neodidymelliopsis conidial 
dimensions are distinct from N. farokhinejadii (4.6–7.5 × 2.4–3.9 μm), N. longicolla 
(12–15 × 4–7 μm), and N. ranunculi (3–5 × 7.5–10 μm). Neodidymelliopsis tinky-
ukuku can be easily distinguished from these three species by DNA sequences of the 
rpb2 locus.

Nothophoma garlbiwalawarda E.C. Keirnan, M.H. Laurence, R.G. Shivas & Y.P. 
Tan, sp. nov.
MycoBank No: 833693
Fig. 4

Type. AUSTRALIA, South Australia, Wudinna, Senna artemisioides, 19 Aug. 2017, 
E.C. Keirnan (holotype BRIP 69595, includes culture ex-type).

Description. Colonies on OA, 27–30 mm diam. after 7 d, flat with scant aerial 
mycelia with a few zonate rings, vinaceous to dark vinaceous; vinaceous to dark 
vinaceous; on MEA, 23–25 mm after 7 d, margin entire, flat, scant aerial mycelium 
towards centre, amber with abundant pycnidia; reverse amber darker towards centre; 
on PDA, 28–30 mm after 7 d, margin irregular, flat with aerial mycelia tufted in 
centre, dark with abundant pycnidia in concentric rings, buff at margin; reverse dark 
becoming buff at margin. NaOH spot test: reddish. Conidiomata pycnidial, globose to 
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Figure 4. Nothophoma garlbiwalawarda: a pin-prick leaf spots on Senna artemisioides from Wudinna SA 
b 12-d old colonies top to bottom on PDA, MEA, OA (left, top to bottom) and lower surface (right) 
c upper surface d pycnidia on CLA e pycnidia and pycnidial ooze on OA f pycnidia on PDA g conidia. 
Scale bars: 300 μm (d, e, f); 7 μm (g).

subglobose, 130–320 μm diam., pale brown, scattered, abundant, zonate, glabrous, 
non-papillate; ostiole c. 25 μm diam.; pycnidial wall composed of textura angularus, 
pale to medium brown, cells 5–12 μm diam. Conidiogenous cells phialidic, cylindrical, 
thin-walled, hyaline 5–12 × 2–4 μm long, narrower at the apex. Conidia aseptate, 
5–7.0 × 2.0–3.0 μm, parallel to narrowly ellipsoidal, hyaline, wall c. 0.5 μm.

Etymology. From the native language of the Indigenous Australian Barngarla 
people, meaning leaf-fun-guy. The Barngarla people are from the Eyre Peninsula 
region, which includes Wudinna, the locality where the holotype was collected.

Additional material examined. AUSTRALIA, South Australia, Adelaide, Senna 
artemisioides, 26 Oct. 2016, E.C. Keirnan (BRIP 69580); Berri, Senna artemisioides, 
01 Jul. 2017, E.C. Keirnan (BRIP 69586); ibid, 01 Jul. 2017, E.C. Keirnan (BRIP 
69587); Kimba, Senna artemisioides, 17 Sep. 2017, E.C. Keirnan (BRIP 69594).

Notes. Nothophoma garlbiwalawarda is phylogenetically closest to No. anigozanthi 
and two novel species (see below for notes) (Fig. 2). Nothophoma garlbiwalawarda is 
distinguished from No. anigozanthi by its larger conidia (cf. 3.5–5 × 1.5–2.5 μm), 
rpb2 sequence (93% identity), and its reaction to NaOH spot test on MEA (dull green 
then black).

Nothophoma naiawu E.C. Keirnan, M.H. Laurence, R.G. Shivas & Y.P. Tan, sp. nov.
MycoBank No: 833694
Fig. 5

Type. AUSTRALIA, South Australia, Blanchetown, from Senna artemisioides, 22 Oct. 
2016, E.C. Keirnan, holotype BRIP 69583 (includes culture ex-type).
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Figure 5. Nothophoma naiawu: a pin-prick leaf spots on Senna artemisioides b 14-d old colonies top to 
bottom on PDA, MEA, OA (left, top to bottom) and lower surface (right) c upper surface d pycnidia on 
CLA e pycnidia f conidia. Scale bars: 300 μm (d, e); 10 μm (f).

Description. Colonies on OA, 21–25 mm diam. after 7 d, flat with scant aerial mycelia, 
rosy vinaceous, dark at centre; reverse rosy buff, dark at centre, with a few dark radiating 
fissures; on MEA, 27–30 mm after 7 d, margin entire, flat, with sparse aerial mycelium 
towards centre rosy vinaceous; reverse peach, darker at centre; on PDA, 27–30 mm after 
7 d, margin entire, flat felty, rosy buff; reverse peach, dark at centre. NaOH spot test: slightly 
yellow. Conidiomata pycnidial, globose to subglobose, 200–300 μm diam., pale brown 
becoming black, semi-immersed, confluent on MEA, glabrous, non-papillate; ostiole c. 
25 μm diam.; pycnidial wall composed of textura globulosa, pale brown, cells 5–8 μm 
diam.. Conidiogenous cells phialidic, cylindrical, very thin-walled, hyaline. Conidia aseptate 
or 1-septate, 8–12 × 4–6 μm, cylindrical to narrow ellipsoidal, pale yellow.

Etymology. A variation of the Indigenous Australian Ngayawang people’s language 
group, who lived in the Murray River region of South Australia, which includes 
Blanchetown, the locality where this specimen was collected.

Notes. Nothophoma naiawu is phylogenetically close to No. eucalyptigena and No. 
infuscata (Fig. 2). Nothophoma naiawu is easily distinguished from No. eucalyptigena and 
No. infuscata by the ITS region (98 % identity to both) and the rpb2 locus (95%, and 
94% identity, respectively). Nothophoma infuscata produce a pale red discolouration in 
response to NaOH spot test on MEA media, which is distinct from the slightly yellow 
response by No. naiawu.

Nothophoma ngayawang E.C. Keirnan, M.H. Laurence, R.G. Shivas & Y.P. Tan, 
sp. nov.
MycoBank No: 833695
Fig. 6

Type. AUSTRALIA, South Australia, Blanchetown, Senna artemisioides, 22 Oct. 
2016, E.C. Keirnan, holotype BRIP 69582 (includes culture ex-type).
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Figure 6. Nothophoma ngayawang: a leaf and pod lesions on Senna artemisioides b 14-d old colonies, top 
to bottom on PDA, MEA, OA (left, top to bottom) and lower surface (right) c upper surface d pycnidia 
e pycnidial wall f conidia. Scale bars: 250 μm (d); 8 μm (e); 3 μm (f).

Description. Colonies on OA, 18–20 mm diam. after 7 d, covered by scant 
tufted aerial mycelia at centre becoming abundant and floccose towards margin, 
rosy buff becoming darker towards centre; reverse salmon with centre and margins 
pale isabelline; on MEA, 15–20 mm after 7 d, margin irregular, felty buff becoming 
white towards the margin; reverse pale rosy buff, darker at centre becoming paler 
near margin; on PDA, 18–21 mm after 7 d, margin regular, aerial mycelia tufted in 
centre becoming floccose toward the margin, white to pale rosy buff; reverse pale rosy 
buff with few scattered vinaceous spots. NaOH spot test: slightly yellow. Conidiomata 
pycnidial, globose to subglobose, 200–300 μm diam., pale brown becoming black, 
solitary, abundant in centre of colony, glabrous, non-papillate; ostiole c. 25 μm 
diam.; pycnidial wall composed of textura globulosa, pale brown, cells 5–8 μm diam. 
Conidiogenous cells phialidic, cylindrical, thin-walled, hyaline. Conidia aseptate, 2.5–
4.0 × 1.0–2.0 μm, cylindrical to narrow ellipsoidal, hyaline, thin-walled.

Etymology. Named after the Indigenous Australian Ngayawang people’s language 
group, who existed in the Murray River region of South Australia, which includes 
Blanchetown, the locality where this specimen was collected.

Notes. Nothophoma ngayawang is phylogenetically close to No. anigozanthi ex-
type strain CBS 381.91 (Fig. 2). Nothophoma ngayawang is distinguished from No. 
variabilis by the ITS region (98 % identity) and the rpb2 locus (93% identity). The 
NaOH spot test of No. variabilis was negative on MEA, which is distinguished from the 
slightly yellow reaction of No. ngayawang.

Discussion

Our investigations did not identify A. koolunga from native Australian legumes. In 
fact, the incidence was low in that only one isolate (BRIP 69590) was collected from 
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P. sativum in South Australia. It is difficult to make an association between the low in-
cidence of A. koolunga on P. sativum and the absence of A. koolunga on other legumes. 
While the current evidence suggests that A. koolunga is unlikely to have originated 
from Australian native legumes, additional field surveys may be required to investigate 
the possible source of A. koolunga.

Our investigations instead uncovered five novel Didymellaceae species not yet 
known to science. Epicoccum djirangnandiri on S. galegifolia was collected from the 
botanic garden in New South Wales, where the host is endemic. Neodidymelliopsis 
tinkyukuku on H. violacea was collected from a public garden in South Australia. 
Growing in the same garden is V. sativa from which D. pinodes (strain BRIP 
69578), a known Ascochyta blight pathogen, was isolated. Hardenbergia violacea 
has a wide distribution in southern and eastern Australia. These three native 
Australian legume species were found in a cultivated environment rather than in a 
natural environment. Further studies are warranted to understand how widespread 
these fungal species may be in cultivated or natural environments, and if they are 
host specific.

Leaf spots were commonly seen on the native legume S. artemisioides throughout 
the regions sampled in South Australia. Three novel Nothophoma species were isolated 
from S. artemisioides. Nothophoma garlbiwalawarda was collected from five locations 
across South Australia, separated by over 400 km, in field pea and non-field pea 
growing regions. Nothophoma naiawu and No. ngayawang were collected from the 
South Australian Murray River region on the roadside of a main highway. The leaf spot 
symptoms for the three Nothophoma species were similar (small pin-prick lesions), with 
some larger spots on the seed pods caused by No. ngayawang.

Our investigations also identified new host-pathogen associations, namely 
D. pinodes on S. artemisioides and V. cracca, and D. lethalis on L. tingitanus. These 
hosts could be a reservoir of Ascochyta blight inoculum if found growing adjacent 
to field pea crops. The discovery of an alternative host has implications for disease 
epidemiology and management. The symptoms of D. pinodes on S. artemisioides 
are indistinguishable from the pin-prick leaf spot symptoms caused by the three 
Nothophoma species described in this study. Didymella pinodes was isolated from five 
locations. Four of these locations also yielded a novel Nothophoma species. Didymella 
prosopidis was isolated from the Australian native G. celsianum, a species first described 
as associated with stem disease of Prosopis sp. (also a member of the Fabaceae family) 
in South Africa (Crous et al. 2013). This is the first report of D. prosopidis outside of 
South Africa.

At the outset, our study sought to identify if any A. koolunga could be isolated 
from Australian native legumes causing leaf spot disease. This study uncovered five 
novel isolates in the Didymellaceae from Australian native legumes, and identified 
three new legume host-pathogen associations for Australia. Ascochyta koolunga was 
not isolated from hosts other than field pea, which might be an artefact of the low 
incidence of the fungus during the collection period. Further investigations using a 
longitudinal systematic survey are needed to identify any native hosts of A. koolunga 
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and to further investigate the diversity and prevalence of Didymellaceae species on 
Australian native, pasture and naturalised legumes, to classify novel isolates and to 
identify new Australian hosts for known species.
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Introduction

The genus Trochila Fr. (Ascomycota, Leotiomycetes) was erected by Fries (1849) to 
accommodate four species previously placed in Phacidium Fr., Sphaeria Haller, and 
Xyloma Pers. Trochila craterium (DC) Fr. was the first species listed by Fries, based 
on Sphaeria craterium DC., which was later selected by Clements and Shear (1931) 
as the type species of Trochila. The other three species included by Fries (1849) were: 
T.  ilicis (Fr.) Fr. [= Sphaeria ilicis Fr.], T. laurocesari (Desm.) Fr. [= Phacidium lau-
rocerasi Desm.], and T. taxi (Fr.) Fr. [= Xyloma taxi Fr.]. Only the genus and one spe-
cies (T. laurocerasi) were briefly described by Fries (1849). However, the type species, 
T. craterium, was well described macromorphologically by Lamarck and de Candolle 
(1805). The description can be translated loosely from French as “a fungus growing on 
the lower surface of ivy leaves, initially forming a flat white disc, then turning black-
ish and concave opening by a split along radial lines, the disc usually surrounded by a 
whitish membrane” (Lamarck and de Candolle 1805). Later, the generic concept was 
expanded to include other types of apothecial opening. Rehm (1896) remarked that 
the covering layer of the apothecia could also open completely like a lid depending on 
host characters such as cuticle thickness. After the inclusion of this new character de-
scribing the genus, Stegia ilicis (Chevall.) Gillet was transferred as Trochila ilicina (Nees 
ex Fr.) Courtec (Crouan and Crouan 1867; Rehm 1896).

In our current circumscription of the genus Trochila, apothecia are sunken in the 
host tissues and hymenia are exposed either by splitting along radial lines or by split-
ting into a number of lobes that roll outward exposing the hymenium. The excipu-
lum is composed of dark, globose-angular cells; asci contain eight ellipsoid, hyaline 
ascospores with oil guttules (except T. substictica Rehm and T. tetraspora E. Müll. & 
Gamundí, which both have asci containing four ascospores); and paraphyses possess 
yellowish guttules (Dennis 1978; Baral and Marson 2005). Thirty-three names have 
been applied in the genus (Index Fungorum 2021). Jaklitsch et al. (2016) suggest that 
only ca. 10 names should be accepted.

Fries (1849) included Trochila in “Patellariacei” (= Patellariaceae). Later, it was 
transferred to Dermateaceae, Helotiales (Fuckel 1869; Karsten 1869; Saccardo 1884; 
Lambotte 1888). Trochila remained in this family (Korf 1973; Dennis 1978) into the 
molecular era (Lumbsch and Huhndorf 2010). Jaklitsch et al. (2016) placed Trochila in 
the resurrected family Cenangiaceae based on morphological and molecular data. Lat-
er, the relationships among genera in this family were supported in another, 5–15-lo-
cus phylogeny of Leotiomycetes (Johnston et al. 2019).

Most species of Trochila have been described from their sexual morph. The asexual 
morph has the characteristics of the form-genus Cryptocline Petr. (Morgan-Jones 1973; 
Kiffer and Morelet 2000; Hyde et al. 2011). Two species of Trochila have been linked 
to their asexual morphs: T. craterium to C. paradoxa (De Not.) Arx and T. laurocerasi to 
C. phacidiella (Grove) Arx (von Arx 1957). The paucity of culture and molecular data 
of both Cryptocline and Trochila species has hindered the linkage of sexual and asexual 
morphs for most species. Trochila viburnicola Crous & Denman was the first species 
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of the genus to be described based on the combination of morphology and molecular 
data, but only its asexual morph is known (Crous et al. 2018). The species was named 
referring to its host, Viburnum sp. (Dipsacales, Adoxaceae). In addition to T. vibur-
nicola, two other species have been reported on this host genus, but only from their 
sexual morph, T. ramulorum Feltgen and T. tini (Duby) Quél. [currently Pyrenopeziza 
tini (Duby) Nannf.]. Due to the lack of sequences or cultures of these two species, a 
comparison with T. viburnicola is impossible (Feltgen 1903; Crous et al. 2018).

Most Trochila members have a restricted record of geographical distribution and 
ecological strategy. Trochila records typically originate from the Northern Hemisphere 
limited to temperate regions in Europe and North America (Ziolo et al. 2005; Stoykov 
and Assyov 2009; Crous et al. 2018; Stoykov 2019; Global Biodiversity Information 
Facility 2020). Nonetheless, a number of putative Trochila reports are known from 
the Southern hemisphere (Spegazzini 1888, 1910, 1921; Rehm 1909; Gamundí et al. 
1978). In addition, species of Trochila are typically recorded as saprotrophs on dead 
leaves and branches of both herbaceous plants and trees. However, a few species have 
been found infecting living plant tissues. Trochila ilicina is reported as both a weak 
parasite and a saprotroph because of its presence on living, decaying, and fallen leaves 
of Ilex aquifolium (Aquifoliales, Aquifoliaceae) (Ziolo et al. 2005), T. laurocerasi as a 
parasite of living leaves of Prunus laurocerasus (Rosales, Rosaceae) (Gregor 1936), and 
T. symploci as a pathogen of living leaves of Symplocos japonica (Ericales, Symplocaceae) 
(Hennings 1900; Stevenson 1926).

Here, we describe two new species, T. bostonensis and T. urediniophila, collected 
at the Boston Harbor Islands National Recreation Area, Massachusetts and at Port of 
Spain, Trinidad, respectively. We also make two new combinations in Trochila based on 
morphological studies and phylogenetic analyses. We reveal two new host plant families 
(Apocynaceae and Asparagaceae) and a new ecological strategy (fungicolous symbiont) 
for the genus. Finally, we provide a comparative table of characters, based on literature 
review, for all currently accepted species of Trochila (sensu Index Fungorum 2021).

Material and methods

Collected samples

Samples were collected in the field and from fungaria. One collection of Trochila was 
discovered during the Boston Harbor Islands (BHI) National Recreation Area fungal 
ATBI (Haelewaters et al. 2018a). In this project, above-ground, ephemeral fruiting bod-
ies of non-lichenized fungi were collected. In the field, specimens were placed in plastic 
containers or brown paper bags. BHI-F collection numbers were assigned. Date, specific 
locality when applicable, GPS coordinates, substrate, and habitat notes were recorded. 
Specimens were dried using a Presto Dehydro food dehydrator (National Presto Indus-
tries, Eau Claire, Wisconsin) set at 35 °C for 7–9 hours. Collections were packaged, 
labeled, and deposited at FH. A second Trochila collection came to our attention during 
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a survey for hyperparasites of rust fungi at PUR. The specimen was found on the uredinia 
of the rust fungus Cerotelium fici on the underside of Ficus maxima leaves. Fungarium 
acronyms follow Thiers (continuously updated).

Morphological studies

Methods to study the morphological characteristics of the Trochila specimens followed 
the process given in Baral (1992). Macro- and micromorphological features were ex-
amined on both fresh and dried apothecia for the specimen collected at the BHI and 
on dried apothecia for the specimen found at PUR. Apothecia from the BHI speci-
men were observed under an EZ4 stereomicroscope (Leica, Wetzlar, Germany) and 
studied under a B1 compound microscope (Motic, Barcelona, Spain). Apothecia from 
the PUR specimen were examined on an SZ2-ILTS dissecting microscope (Olympus, 
Center Valley, Pennsylvania) and studied using a BH2-RFCA compound microscope 
(Olympus). Sections of apothecia were cut free-hand and mounted in water or pre-
treated in 5% KOH. Sections were also mounted in Melzer’s reagent with and without 
KOH-pretreatment to determine dextrinoid or amyloid reactions. At least 10 measure-
ments were made for each structure at 400–1000× magnification. Measurements for 
each character are given as (a–)b–c(–d), with b–c indicating the 95% confidence inter-
val and a and d representing the smallest and large single measurement, respectively. 
Macro- and microphotographs were taken with a USB Moticam 2500 camera (Motic) 
(BHI specimen) or an Olympus SC30 camera (PUR specimen). Measurements were 
made using the following software suites: Motic Images Plus 2.0 and cellSens Standard 
1.18 Imaging Software (Olympus). Color coding refers to Kelly (1965). Abbreviations 
were adopted from Baral (1992) and Baral and Marson (2005) as follows:

* living state;
† dead state;
IKI Lugol’s solution;
KOH potassium hydroxide;

LBs lipid bodies;
MLZ Melzer’s reagent;
OCI oil content index;
VBs refractive vacuolar bodies.

DNA isolation, PCR amplifications, sequencing

Genomic DNA was isolated from 1–3 apothecia per specimen using the E.Z.N.A. 
HP Fungal DNA Kit (Omega Bio-Tek, Norcross, Georgia), QIAamp DNA Micro 
Kit (Qiagen, Valencia, California), following the manufacturer’s instructions, and 
the Extract-N-Amp Plant PCR Kit (Sigma-Aldrich, St. Louis, Missouri), following 
Haelewaters et al. (2018a). We amplified the following loci: nuclear small and large 
ribosomal subunits (SSU and LSU), internal transcribed spacer region of the riboso-
mal DNA (ITS), RNA polymerase II second largest subunit (rpb2), and translation 
elongation factor 1-α (tef1). Primer combinations were as follows: NS1/NS2 and NS1/
NS4 for SSU (White et al. 1990); LR0R/LR5 for LSU (Vilgalys and Hester 1990; 
Hopple 1994); ITS1F/ITS4, ITS9mun/ITS4A, and ITS5/ITS2 for ITS (White et al. 
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1990; Gardes and Bruns 1993; Egger 1995); RPB2-5F2/fRPB2-7cR for rpb2 (Liu et 
al. 1999; Sung et al. 2007); and EF1-983F/EF1-1567R and EF1-983F/EF1-2218R 
for tef1 (Rehner and Buckley 2005). All 25-μl PCR reactions were conducted on a 
Mastercycler ep gradient Thermal Cycler (Eppendorf model #5341, Hauppauge, New 
York) and consisted of 12.5 μl of 2× MyTaq Mix (Bioline, Swedesboro, New Jersey), 
1 μl of each 10 μM primer, and 10.5 μl of 1/10 diluted DNA extract. Amplifications 
of rDNA and rpb2 loci were run under the following conditions: initial denaturation 
at 95 °C for 5 min (94 °C for LSU); followed by 40 cycles of denaturation at 95 °C for 
30 sec (94 °C for LSU), annealing at 45 °C (ITS) / 50 °C (LSU) / 55 °C (SSU, rpb2) 
for 45 sec, and elongation at 72 °C for 45 sec (1 min for LSU); and final extension at 
72 °C for 7 min (1 min for SSU). Amplification of tef1 was done with a touchdown 
PCR as follows: initial denaturation at 95 °C for 10 min; followed by 30 cycles of 
95 °C for 1 min, 62 °C for 1 min (decreasing 1 °C every 3 cycles), 72 °C for 90 sec; 
then 30 cycles of 95 °C for 30 sec, 55 °C for 30 sec, and 72 °C for 1 min; and final 
extension at 72 °C for 7 min (Don et al. 1991; Haelewaters et al. 2018b). PCR prod-
ucts were visualized by gel electrophoresis. Purification of successful PCR products and 
subsequent sequencing in both directions were outsourced to Genewiz (South Plain-
field, New Jersey). Raw sequence reads were assembled and edited using Sequencher 
version 5.2.3 (Gene Codes Co., Ann Arbor, Michigan).

Sequence alignment and phylogenetic analysis

Edited sequences were blasted against the NCBI GenBank nucleotide database (http://
ncbi.nlm.nih.gov/blast/Blast.cgi) to search for closest relatives. For phylogenetic place-
ment of our isolates, we downloaded SSU, ITS, LSU, rpb1, rpb2, and tef1 sequences 
of Trochila from GenBank. We also downloaded sequence data of selected clades of 
Helotiales, mainly from Pärtel et al. (2017) but also other sources (details in Table 1), 
as a basis for our six-locus phylogenetic analysis. We selected representative taxa of 
Cenangiaceae, Cordieritidaceae, Rutstroemiaceae, and Sclerotiniaceae, with taxa in the 
family Chlorociboriaceae serving as outgroups (Johnston et al. 2019). Alignment of 
DNA sequences was done for each locus separately using MUSCLE version 3.7 (Edgar 
2004), available on the Cipres Science Gateway 3.3 (Miller et al. 2010). The aligned 
sequences for each locus were concatenated in MEGA7 (Kumar et al. 2016). Maxi-
mum likelihood (ML) inference was performed using IQ-TREE from the command 
line (Nguyen et al. 2015) under partitioned models (Chernomor et al. 2016). Nu-
cleotide substitution models were selected under Akaike’s information criterion cor-
rected for small sample size (AICc) with the help of the built-in program ModelFinder 
(Kalyaanamoorthy et al. 2017). Ultrafast bootstrap analysis was implemented with 
1000 replicates (Hoang et al. 2017).

For the purpose of species delimitation, we constructed a second dataset of ITS–
LSU consisting of isolates of Trochila and closely related taxa in the family Cenangiace-
ae. We included Trochila spp., Calycellinopsis xishuangbanna, and Pseudopeziza colensoi, 
with Cenangiopsis spp. serving as outgroup. In this analysis, we included T. ilicina, for 



Paula Andrea Gómez-Zapata et al.  /  MycoKeys 78: 21–47 (2021)26

Ta
bl

e 
1.

 S
eq

ue
nc

es
 u

se
d 

in
 p

hy
lo

ge
ne

tic
 a

na
ly

se
s. 

Ac
ce

ss
io

n 
nu

m
be

rs
 in

 b
ol

df
ac

e 
in

di
ca

te
 se

qu
en

ce
s t

ha
t w

er
e 

ge
ne

ra
te

d 
du

rin
g 

th
e 

co
ur

se
 o

f t
hi

s s
tu

dy
.

Is
ol

at
e

Sp
ec

ie
s

Fa
m

ily
SS

U
IT

S
LS

U
rp

b1
rp

b2
te

f1
R

ef
er

en
ce

K
L3

91
Am

eg
hi

ni
ell

a 
au

str
al

is
C

or
di

er
iti

da
ce

ae
K

X
09

08
93

K
X

09
08

41
K

X
09

07
87

K
X

09
06

90
Pä

rt
el

 e
t a

l. 
(2

01
7)

AD
28

35
31

T
An

na
be

lla
 a

us
tra

lie
ns

is
C

or
di

er
iti

da
ce

ae
M

K
32

84
75

M
K

32
84

76
Fr

ya
r e

t a
l. 

(2
01

9)
AF

TO
L-

ID
 5

9
Bo

tr
yo

tin
ia

 fu
ck

eli
an

a
Sc

le
ro

tin
ia

ce
ae

AY
54

46
95

AY
54

46
51

D
Q

47
11

16
D

Q
24

77
86

D
Q

47
10

45
Sp

at
af

or
a 

et
 a

l. 
(2

00
6)

H
M

AS
:1

87
06

3
C

al
yc

ell
in

op
sis

 x
ish

ua
ng

ba
nn

a
C

en
an

gi
ac

ea
e

G
U

93
61

24
K

R
09

41
63

M
H

72
93

38
M

H
72

93
45

W
.Y

. Z
hu

an
g 

et
 a

l. 
(u

np
ub

l.)
K

L3
75

C
en

an
gi

op
sis

 a
lp

est
ris

C
en

an
gi

ac
ea

e
K

X
09

08
37

K
X

09
07

84
K

X
09

07
36

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L3
78

C
en

an
gi

op
sis

 a
lp

est
ris

C
en

an
gi

ac
ea

e
K

X
09

08
91

LT
15

84
70

K
X

09
08

39
K

X
09

07
86

K
X

09
07

38
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L1

57
C

en
an

gi
op

sis
 a

lp
est

ris
C

en
an

gi
ac

ea
e

K
X

09
08

58
LT

15
84

21
K

X
09

08
06

K
X

09
07

09
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L1

74
C

en
an

gi
op

sis
 q

ue
rc

ico
la

C
en

an
gi

ac
ea

e
K

X
09

08
62

LT
15

84
25

K
X

09
08

11
K

X
09

07
60

K
X

09
07

13
K

X
09

06
63

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L3
77

C
en

an
gi

op
sis

 sp
.

C
en

an
gi

ac
ea

e
K

X
09

08
90

K
X

09
09

00
K

X
09

08
38

K
X

09
07

85
K

X
09

07
37

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L2
76

“C
en

an
gi

um
” 

ac
uu

m
Pi

ce
om

ph
al

e c
la

de
K

X
09

08
79

LT
15

84
45

K
X

09
08

28
K

X
09

07
27

K
X

09
06

80
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L2

43
“C

en
an

gi
um

” 
ac

uu
m

Pi
ce

om
ph

al
e c

la
de

K
X

09
08

73
LT

15
84

39
K

X
09

08
22

K
X

09
07

67
K

X
09

07
20

K
X

09
06

74
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L3

90
C

en
an

gi
um

 fe
rr

ug
in

os
um

C
en

an
gi

ac
ea

e
K

X
09

08
92

LT
15

84
71

K
X

09
08

40
K

X
09

07
39

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L1
67

C
hl

or
en

co
eli

a 
to

rt
a

C
en

an
gi

ac
ea

e
LT

15
84

24
K

X
09

08
10

K
X

09
07

59
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
P6

06
C

hl
or

en
co

eli
a 

ve
rsi

fo
rm

is
C

en
an

gi
ac

ea
e

K
X

09
08

94
K

X
09

07
88

K
X

09
07

40
K

X
09

06
92

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L2
1

C
hl

or
en

co
eli

a 
ve

rsi
fo

rm
is

C
en

an
gi

ac
ea

e
K

X
09

08
46

LT
15

84
27

K
X

09
07

95
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L1

52
C

hl
or

oc
ib

or
ia

 a
er

ug
in

as
ce

ns
C

hl
or

oc
ib

or
ia

ce
ae

LT
15

84
19

K
X

09
07

52
K

X
09

07
06

K
X

09
06

57
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L2

47
C

hl
or

oc
ib

or
ia

 a
er

ug
in

ell
a

C
hl

or
oc

ib
or

ia
ce

ae
K

X
09

08
75

K
X

09
07

69
K

X
09

07
22

K
X

09
06

76
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L2

38
C

hl
or

oc
ib

or
ia

 g
la

uc
a

C
hl

or
oc

ib
or

ia
ce

ae
K

X
09

08
72

LT
15

84
38

K
X

09
08

21
K

X
09

07
66

K
X

09
06

73
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L2

12
C

ib
or

ia
 v

iri
di

fu
sca

Sc
le

ro
tin

ia
ce

ae
K

X
09

08
63

LT
15

84
29

K
X

09
08

12
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L2

54
C

ru
m

en
ul

op
sis

 so
ro

ria
C

en
an

gi
ac

ea
e

LT
15

84
42

K
X

09
08

26
K

X
09

07
25

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L3
17

D
ip

lo
ca

rp
a 

bl
ox

am
ii

C
or

di
er

iti
da

ce
ae

K
X

09
08

85
K

X
09

08
34

K
X

09
07

78
K

X
09

07
45

K
X

09
06

88
Pä

rt
el

 e
t a

l. 
(2

01
7)

SK
80

D
ip

lo
la

ev
io

ps
is 

ra
nu

la
C

or
di

er
iti

da
ce

ae
K

X
09

08
96

K
P9

84
78

2
K

X
09

07
90

Et
ay

o 
et

 a
l. 

(2
01

5)
, P

är
te

l e
t a

l. 
(2

01
7)

T
U

:1
09

26
3

D
um

on
tin

ia
 tu

be
ro

sa
Sc

le
ro

tin
ia

ce
ae

K
X

09
08

97
LT

15
84

12
K

X
09

08
43

K
X

09
07

92
K

X
09

06
97

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L1
11

En
co

eli
a 

fim
br

ia
ta

C
en

an
gi

ac
ea

e
K

X
09

08
52

K
X

09
08

00
K

X
09

07
03

K
X

09
06

55
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L1

08
En

co
eli

a 
fu

rfu
ra

ce
a

C
en

an
gi

ac
ea

e
K

X
09

08
51

K
X

09
07

99
K

X
09

07
02

K
X

09
06

54
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L1

07
En

co
eli

a 
fu

rfu
ra

ce
a

C
en

an
gi

ac
ea

e
K

X
09

08
50

LT
15

84
16

K
X

09
07

98
K

X
09

07
49

K
X

09
07

01
K

X
09

06
53

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L1
06

En
co

eli
a 

fu
rfu

ra
ce

a
C

en
an

gi
ac

ea
e

K
X

09
08

49
LT

15
84

15
K

X
09

07
48

K
X

09
06

52
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L9

2
En

co
eli

a 
fu

rfu
ra

ce
a

C
en

an
gi

ac
ea

e
K

X
09

08
47

LT
15

84
82

K
X

09
07

96
K

X
09

06
51

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L1
64

En
co

eli
a 

he
te

ro
m

er
a

C
en

an
gi

ac
ea

e
K

X
09

08
61

K
X

09
08

09
K

X
09

07
58

K
X

09
07

12
K

X
09

06
62

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L3
04

En
co

eli
a 

he
te

ro
m

er
a

C
en

an
gi

ac
ea

e
K

X
13

84
04

K
X

13
84

00
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L2

44
H

el
ot

ia
le

s s
p.

C
en

an
gi

ac
ea

e
K

X
09

08
74

LT
15

84
40

K
X

09
08

23
K

X
09

07
68

K
X

09
07

21
K

X
09

06
75

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L2
0

H
ey

de
ria

 a
bi

et
is

C
en

an
gi

ac
ea

e
K

X
09

08
45

LT
15

84
26

K
X

09
07

47
K

X
09

06
99

K
X

09
06

50
Pä

rt
el

 e
t a

l. 
(2

01
7)

H
M

AS
:7

19
54

H
ey

de
ria

 a
bi

et
is

C
en

an
gi

ac
ea

e
AY

78
92

95
AY

78
92

97
AY

78
92

96
W

an
g 

et
 a

l. 
(2

00
5)

K
L2

16
H

ey
de

ria
 p

us
ill

a
C

en
an

gi
ac

ea
e

K
X

09
08

65
LT

15
84

30
K

X
09

07
62

K
X

09
07

15
K

X
09

06
65

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L2
99

Io
no

m
id

ot
is 

fro
nd

os
a

C
or

di
er

iti
da

ce
ae

K
X

09
08

82
K

X
09

07
75

K
X

09
06

85
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L2

31
Io

no
m

id
ot

is 
fu

lv
ot

in
ge

ns
C

or
di

er
iti

da
ce

ae
K

X
09

08
70

K
X

09
08

19
K

X
09

07
65

K
X

09
07

19
K

X
09

06
71

Pä
rt

el
 e

t a
l. 

(2
01

7)



Notes on Trochila 27

Is
ol

at
e

Sp
ec

ie
s

Fa
m

ily
SS

U
IT

S
LS

U
rp

b1
rp

b2
te

f1
R

ef
er

en
ce

K
L2

39
Io

no
m

id
ot

is 
fu

lv
ot

in
ge

ns
C

or
di

er
iti

da
ce

ae
K

X
13

84
03

K
X

13
84

07
K

X
13

83
99

K
X

13
84

01
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L1

54
Io

no
m

id
ot

is 
irr

eg
ul

ar
is

C
or

di
er

iti
da

ce
ae

K
X

09
08

56
K

X
09

08
04

K
X

09
07

54
K

X
09

06
58

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L3
01

Io
no

m
id

ot
is 

ol
iv

as
ce

ns
C

or
di

er
iti

da
ce

ae
K

X
09

08
83

K
X

09
08

33
K

X
09

07
76

K
X

09
07

32
K

X
09

06
86

Pä
rt

el
 e

t a
l. 

(2
01

7)
C

BS
:8

11
.8

5
La

m
be

rt
ell

a 
su

br
en

isp
or

a
Ru

tst
ro

em
ia

ce
ae

K
F5

45
41

6
AB

92
60

97
M

H
87

36
04

Z
ha

o 
et

 a
l. 

(2
01

6)
, P

är
te

l e
t a

l. 
(2

01
7)

, V
u 

et
 a

l. 
(2

01
9)

LL
95

Ll
im

on
iel

la
 te

rr
ico

la
C

or
di

er
iti

da
ce

ae
K

X
09

08
95

K
X

09
08

42
K

X
09

07
89

K
X

09
07

41
K

X
09

06
93

Pä
rt

el
 e

t a
l. 

(2
01

7)
AF

TO
L-

ID
 1

69
M

on
ili

ni
a 

la
xa

Sc
le

ro
tin

ia
ce

ae
AY

54
47

14
AY

54
46

70
FJ

23
84

25
D

Q
47

08
89

D
Q

47
10

57
Sp

at
af

or
a 

et
 a

l. 
(2

00
6)

K
L3

74
Pi

ce
om

ph
al

e b
ul

ga
rio

id
es

Pi
ce

om
ph

al
e 

cl
ad

e
K

X
09

08
89

LT
15

84
69

K
X

09
08

36
K

X
09

07
83

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L9
8

Pi
ce

om
ph

al
e b

ul
ga

rio
id

es
Pi

ce
om

ph
al

e 
cl

ad
e

K
X

09
08

48
LT

15
84

83
K

X
09

07
97

K
X

09
07

00
Pä

rt
el

 e
t a

l. 
(2

01
7)

PD
D

:1
12

24
0

Ps
eu

do
pe

zi
za

 co
len

so
i

C
en

an
gi

ac
ea

e
M

H
92

18
74

M
H

98
52

97
M

H
98

67
06

M
H

98
67

05
P.R

. J
oh

ns
to

n 
an

d 
D

. P
ar

k 
(u

np
ub

l.)
K

L2
67

Py
cn

op
ez

iz
a 

sej
ou

rn
ei

Sc
le

ro
tin

ia
ce

ae
K

X
09

08
78

LT
15

84
43

K
X

09
08

27
K

X
09

07
72

K
X

09
07

26
K

X
09

06
79

Pä
rt

el
 e

t a
l. 

(2
01

7)
AF

TO
L-

ID
 9

07
Rh

ab
do

cli
ne

 la
ric

is
C

en
an

gi
ac

ea
e

D
Q

47
10

02
D

Q
47

09
54

D
Q

47
11

46
D

Q
47

09
04

D
Q

47
10

73
Sp

at
af

or
a 

et
 a

l. 
(2

00
6)

K
L2

92
Ru

tst
ro

em
ia

 fi
rm

a
Ru

tst
ro

em
ia

ce
ae

K
X

09
08

81
LT

15
84

50
K

X
09

08
32

K
X

09
07

74
K

X
09

07
31

K
X

09
06

84
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L2

91
Ru

tst
ro

em
ia

 fi
rm

a
Ru

tst
ro

em
ia

ce
ae

LT
15

84
49

K
X

09
08

31
K

X
09

07
30

K
X

09
06

83
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L2

90
Ru

tst
ro

em
ia

 fi
rm

a
Ru

tst
ro

em
ia

ce
ae

K
X

09
08

30
K

X
09

07
29

K
X

09
06

82
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L2

22
Ru

tst
ro

em
ia

 fi
rm

a
Ru

tst
ro

em
ia

ce
ae

K
X

13
84

02
K

X
13

84
06

K
X

13
83

97
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L3

10
Ru

tst
ro

em
ia

 jo
hn

sto
ni

i
Ru

tst
ro

em
ia

ce
ae

K
X

09
08

84
LT

15
84

54
K

X
09

07
77

K
X

09
07

33
K

X
09

06
87

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L2
34

Ru
tst

ro
em

ia
 ju

ni
pe

ri
Ru

tst
ro

em
ia

ce
ae

K
X

09
08

71
K

X
09

08
20

K
X

09
06

72
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L2

17
Ru

tst
ro

em
ia

 lu
te

ov
ire

sce
ns

Ru
tst

ro
em

ia
ce

ae
LT

15
84

31
K

X
09

08
14

K
X

09
07

63
K

X
09

07
16

K
X

09
06

66
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L1

60
Ru

tst
ro

em
ia

 ti
lia

ce
a

Ru
tst

ro
em

ia
ce

ae
K

X
09

08
60

LT
15

84
23

K
X

09
08

08
K

X
09

07
57

K
X

09
07

11
K

X
09

06
61

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L3
93

Ru
tst

ro
em

ia
ce

ae
 sp

.
Ru

tst
ro

em
ia

ce
ae

K
X

13
84

05
LT

15
84

72
K

X
13

84
08

K
X

13
83

98
K

X
09

06
91

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L2
88

Ru
tst

ro
em

ia
ce

ae
 sp

.
Ru

tst
ro

em
ia

ce
ae

K
X

09
08

80
LT

15
84

46
K

X
09

08
29

K
X

09
07

73
K

X
09

07
28

K
X

09
06

81
Pä

rt
el

 e
t a

l. 
(2

01
7)

C
BS

:2
73

.7
4T

Sa
rc

ot
ro

ch
ila

 lo
ng

isp
or

a
C

en
an

gi
ac

ea
e

K
J6

63
83

6
K

J6
63

87
7

K
J6

63
91

8
C

ro
us

 e
t a

l. 
(2

01
4)

K
L3

47
Sc

ler
en

co
eli

a 
fa

sci
cu

la
ris

Sc
le

ro
tin

ia
ce

ae
K

X
09

07
82

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L1
56

Sc
ler

en
co

eli
a 

fra
xi

ni
co

la
Sc

le
ro

tin
ia

ce
ae

K
X

09
08

57
K

X
09

08
05

K
X

09
07

55
K

X
09

07
08

K
X

09
06

59
Pä

rt
el

 e
t a

l. 
(2

01
7)

K
L3

44
Sc

ler
en

co
eli

a 
pr

ui
no

sa
Sc

le
ro

tin
ia

ce
ae

K
X

09
08

88
K

X
09

07
81

K
X

09
07

35
Pä

rt
el

 e
t a

l. 
(2

01
7)

C
BS

:4
99

.5
0

Sc
ler

ot
in

ia
 sc

ler
ot

io
ru

m
Sc

le
ro

tin
ia

ce
ae

D
Q

47
10

13
D

Q
47

09
65

D
Q

47
09

16
Sp

at
af

or
a 

et
 a

l. 
(2

00
6)

N
Y:

01
23

12
76

Sk
yt

te
a 

ra
di

at
ili

s
C

or
di

er
iti

da
ce

ae
K

J5
59

53
8

K
J5

59
56

0
K

X
09

07
91

K
X

09
07

42
K

X
09

06
94

Su
ija

 e
t a

l. 
(2

01
5)

, P
är

te
l e

t a
l. 

(2
01

7)
T

H
90

Th
am

no
ga

lla
 cr

om
bi

ei
C

or
di

er
iti

da
ce

ae
K

J5
59

58
3

K
J5

59
53

5
K

J5
59

55
7

K
X

09
07

43
K

X
09

06
95

Pä
rt

el
 e

t a
l. 

(2
01

7)
BH

I-
F9

74
aT

Tr
oc

hi
la

 b
os

to
ne

ns
is

C
en

an
gi

ac
ea

e
M

T
87

39
49

M
T

87
39

47
M

T
87

39
52

M
T

86
11

81
M

T
86

11
83

Th
is 

stu
dy

BH
I-

F9
74

bT
Tr

oc
hi

la
 b

os
to

ne
ns

is
C

en
an

gi
ac

ea
e

M
T

87
39

50
M

T
87

39
48

M
T

87
39

48
M

T
86

11
82

M
T

86
11

84
Th

is 
stu

dy
K

L3
32

Tr
oc

hi
la

 cr
at

er
iu

m
C

en
an

gi
ac

ea
e

K
X

09
08

86
K

X
09

07
79

Pä
rt

el
 e

t a
l. 

(2
01

7)
K

L3
36

Tr
oc

hi
la

 la
ur

oc
er

as
i

C
en

an
gi

ac
ea

e
K

X
09

08
87

LT
15

84
60

K
X

09
08

35
K

X
09

07
80

K
X

09
07

34
K

X
09

06
89

Pä
rt

el
 e

t a
l. 

(2
01

7)
F1

83
16

T
Tr

oc
hi

la
 u

re
di

ni
op

hi
la

C
en

an
gi

ac
ea

e
M

T
87

39
46

M
T

87
39

51
Th

is 
stu

dy
C

BS
:1

44
20

6T
Tr

oc
hi

la
 v

ib
ur

ni
co

la
C

en
an

gi
ac

ea
e

M
H

10
79

21
M

H
10

79
67

M
H

10
80

11
M

H
10

80
31

C
ro

us
 e

t a
l. 

(2
01

8)
K

L2
53

Ve
lu

ta
rin

a 
ru

fo
-o

liv
ac

ea
C

en
an

gi
ac

ea
e

K
X

09
08

77
K

X
09

08
25

K
X

09
07

71
K

X
09

07
24

K
X

09
06

78
Pä

rt
el

 e
t a

l. 
(2

01
7)



Paula Andrea Gómez-Zapata et al.  /  MycoKeys 78: 21–47 (2021)28

which only a single ITS sequence is available. The same methods as above were applied: 
alignment using MUSCLE (Edgar 2004), selection of nucleotide substitution models 
with the help of ModelFinder (Kalyaanamoorthy et al. 2017), ML using IQ-TREE 
(Nguyen et al. 2015; Chernomor et al. 2016; Hoang et al. 2017). Phylogenetic recon-
structions with bootstrap values (BS) were visualized in FigTree version 1.4.3 (http://
tree.bio.ed.ac.uk/software/figtree/).

Results

Nucleotide alignment dataset and phylogenetic inferences

The concatenated six-locus dataset consisted of 11343 characters, of which 2655 were 
parsimony-informative. The percentage of parsimony-informative characters per locus 
was 9.3% for SSU, 48.1% for ITS, 21.4% for LSU, 48.9% for rpb1, 30.0% for rpb2, 
and 19.2% for tef1. A total of 71 isolates were included, of which Chlorociboria aerugina-
scens (Nyl.) Kanouse ex C.S. Ramamurthi, Korf & L.R. Batra, C. aeruginella (P. Karst.) 
Dennis, and C. glauca (Dennis) Baral & Pärtel (Helotiales, Chlorociboriaceae) served 
as outgroup taxa. The following models were selected by ModelFinder (AICc): TNe+R3 
(SSU, –lnL = 23478.796); GTR+F+I+G4 (ITS, –lnL = 18385.043); TN+F+R4 (LSU, 
–lnL = 28398.591); SYM+I+G4 (rpb1, –lnL = 41387.214); GTR+F+R10 (rpb2, –lnL 
= 57025.083); and GTR+F+R8 (tef1, –lnL = 35467.940). Our ML analysis reveals five 
high to maximum-supported clades (Fig. 1): Cenangiaceae, Cordieritidaceae, Rutstro-
emiaceae, Sclerotiniaceae, and a clade with Piceomphale bulgarioides (P. Karst.) Svrček 
and “Cenangium” acuum Cooke & Peck (Piceomphale clade sensu Pärtel et al. 2017). 
As previously reported (e.g., Pärtel et al. 2017; Johnston et al. 2019), several genera in 
their current circumscription are polyphyletic: Encoelia (Fr.) P. Karst. in Cenangiaceae 
and Rutstroemiaceae, Ionomidotis E.J. Durand ex Thaxt. in Cordieritidaceae, Rutstro-
emia P. Karst. in Rutstroemiaceae, and Trochila in Cenangiaceae. Trochila laurocerasi is 
placed as a sister taxon to Calycellinopsis xishuangbanna W.Y. Zhuang and Pseudopeziza 
colensoi (Berk.) Massee. The other species of Trochila, including the type species T. cra-
terium and the here described species, form a monophyletic clade (BS = 81).

The second two-locus dataset consisted of 2284 characters (ITS: 924, LSU: 1360), 
of which 2040 were parsimony-informative (ITS: 782, LSU: 1258). A total of 13 iso-
lates were included, of which Cenangiopsis alpestris (Baral & B. Perić) Baral, B. Perić & 
Pärtel, C. quercicola (Romell) Rehm, and Cenangiopsis sp. served as outgroup taxa. The 
following models were selected by ModelFinder (AICc): GTR+F+I+G4 (ITS, –lnL = 
5810.483) and TIM+F+R2 (LSU, –lnL = 5595.374). Calycellinopsis xishuangbanna, 
Pseudopeziza colensoi, and all Trochila species form a monophyletic clade with high 
support (BS = 96) (Fig. 2). Both new species of Trochila are distinct from previously 
described species. The undescribed Trochila species found on uredinia of Cerotelium fici 
is retrieved as sister to T. viburnicola (BS = 90).
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Figure 1. The best-scoring ML tree (-lnL = 87544.854) of Cenangiaceae, Cordieritidaceae, Rutstroemi-
aceae, Sclerotiniaceae, and the Piceomphale clade, reconstructed from a concatenated six-locus dataset 
(SSU, ITS, LSU, rpb1, rpb2, and tef1). For each node, the ML bootstrap value (if ≥ 70) is presented above 
or in front of the branch leading to that node. The arrow denotes the genus Trochila. Species with an 
asterisk (*) are treated in the Taxonomy section.
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Taxonomy

Leotiomycetes O.E. Erikss. & Winka
Helotiales Nannf. ex Korf & Lizoň
Cenangiaceae Rehm

Trochila bostonensis Quijada & Haelew, sp. nov.
Mycobank No: 836582
Fig. 3

Diagnosis. Differs from Trochila craterium and T. laurocerasi in its host (Apocynaceae), 
sizes of asci (57–65.5 × 5–6 μm) and ascospores (6.2–7.2 × 2.6–2.8 μm), and the ina-
myloidity of its ascus apex.

Type. Holotype: USA, Massachusetts, Boston Harbor Islands National Recrea-
tion Area, Plymouth County, Great Brewster Island, 42.3310722°N, 70.8977667°W, 
alt. 10 m a.s.l., 16 Oct 2017, leg. D. Haelewaters, J.K. Mitchell & L. Quijada, on 
hollow dead stem of Asclepias syriaca (Gentianales, Apocynaceae), FH:BHI-F0974. 
Ex-holotype sequences: isolates BHI-F0974a (1 apothecium, SSU: MT873949, 

Figure 2. The best-scoring ML tree (-lnL = 5225.551) of Cenangiaceae, reconstructed from a concat-
enated ITS–LSU dataset. For each node, the ML bootstrap value (if ≥ 70) is presented above the branch 
leading to that node. Species treated in the Taxonomy section are highlighted with gray shading.
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Figure 3. Morphological features of Trochila bostonensis (holotype collection FH:BHI-F0974) a1–3, 
a5  fresh apothecia a4 dried apothecia b1 excipular tissues in median section b2 cells at the base b3 
cells at the upper and lower flank c1, c2 paraphyses d1, d2 asci d3 ascus pore with inamyloid reaction 
d4 crozier at ascus base e1–e6 ascospores. Mounted in: Congo Red (c2, d2, d4, e3, e5), H2O (b1–b3, 
c1, d1, e1, e2), KOH (e4), MLZ (d3, e6). Scale bars: 500 μm (a1–a5); 50 μm (b1); 10 μm (b1, b2, 
c1, c2, d1–d4, e1–e6).
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ITS: MT873947, LSU: MT873952, rpb2: MT861181, tef1: MT861183) and BHI-
F0974b (1 apothecium, SSU: MT873950, ITS: MT873948, LSU: MT873953, rpb2: 
MT861182, tef1: MT861184).

Etymology. bostonensis – referring to Boston, Massachusetts, the locality of the 
type collection.

Description. Apothecia erumpent singly or in groups of 2–3, protruding from the bark 
by lifting and rolling outward the host periderm, sessile on a broad base, closed and barely 
visible when dry, rehydrated 0.4–1.1 mm diam., 0.1–0.2 mm thick; mature flat to slightly 
cupulate, dark grayish red brown (47.D.gy.r.Br) to black (267.Black). Margin toothed and 
lighter than the disc, apothecia star-shaped, with 3–6 teeth of 0.1–0.3 mm in length, 
each tooth deep yellowish brown (75.deepyBr). Asci *(46.5–)55.5–66.5(–73) × (5.5–)6.0–
6.5(–7.0) μm, †(50.5–)57–65.5(–66) × (4.5–)5.0–6.0 μm, 8-spored, cylindrical, pars 
sporifera *30–52 μm; apex rounded to subconical, inamyloid (IKI, KOH-pretreated or 
not), slightly thick-walled at apex, lateral walls thin; base slightly tapered and arising from 
croziers. Ascospores *(6.3–)6.7–7.7(–8.6) × 2.7–3.4 μm, †(5.8–)6.2–7.2 × 2.6–2.8 μm, el-
lipsoid-cuneate, inequilateral, ends rounded or subacute, aseptate, hyaline, smooth, thick-
walled, oligoguttulate, containing 2–5 grayish yellow (90.gy.Y) oil drops (LBs), 1–2.4 μm 
diam., OCI = (45–)60–75(–90)%. Paraphyses slightly to medium clavate, terminal cell 
*(17.5–)18–23(–29.5) × 3–4 μm, secondary cells *(8–)9–10(–11) × 2.5–3 μm, lower cells 
*(7.5–)8.5–10.5(–11.5) × 2.5–3 μm, unbranched, thin-walled, smooth, with one or sev-
eral cylindric to globose refractive drops (VBs, not present after KOH-pretreated), *3.5–14 
× 2–3.5 μm. Medullary excipulum 17.5–54 μm thick, grey yellowish brown (80.gy.yBr), 
upper part of textura porrecta, lower part dense textura intricata, cells with tiny globose deep 
yellow (85.deepY) refractive drops (VBs). Ectal excipulum of thin-walled textura globu-
losa–angularis at base and lower flanks, dark yellowish brown (78.d.yBr) to dark brown 
(59.d.Br), (40–)55–78 μm thick, cells *(7.0–)9.5–13(–15.5) × (3.0–)5.0–8.5(–10) μm; at 
upper flanks and margin of textura prismatica, 30–40 μm thick, cells *(5.5–)6.5–7.5(–8.5) 
× 2.5–3.5 μm, entirely without drops and slightly gelatinized, cells slightly thick-walled 
with irregular patches of dark brown exudates in areas of mutual contact, cortical cells in 
flanks covered by amorphous refractive deep yellow (88.d.Y) granular exudates, at margin 
some cells protruding like short hairs (*6.5–14 × 2.5–3.5 μm). Asexual state unknown.

Notes. Trochila bostonensis is the only species of the genus found on a member of 
Apocynaceae (Table 2). It was growing in the outer layer of a dead stem of Asclepias 
syriaca, which had fallen on the ground. The host was close to the shore in a shrub-
by thicket of Rhus. There are two similar species. Trochila laurocerasi has wider asci 
(6.0–8.0 μm vs. 4.5–6.0 μm) and larger ascospores (6.3–10 × 2.5–4.6 μm vs. 5.8–7.2 
× 2.6–2.8 μm) compared to T. bostonensis. Ascus and ascospore length are similar in 
T. bostonensis and T. craterium, although ascospores are slightly larger in T. craterium. 
The two species mostly differ in the width of their asci (7–12 μm in T. craterium vs. 
4.5–6.0 μm in T. bostonensis). We used the measurements in dead state to compare 
T. bostonensis with other species in the genus (see Table 2).
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Table 2. Comparative table of currently accepted species of Trochila (except T. viburnicola). For each spe-
cies, the following characters are presented: host plant, host family, measurements of asci and ascospores 
(dead state). The asterisk (*) indicates a fungal host.

Species Host Plant Host Family Asci (µm) Ascospores (µm) Reference
Length Width Length Width

T. andromedae Andromeda polifolia Ericaceae 80 12 15–18 4–5 Karsten (1871)
T. astragali Astragalus glycyphyllos Fabaceae 50–60 6–7 8 4 Rehm (1896)
T. atrosanguinea Carex rigida Cyperaceae 45–68 7–8 7–8 2–3 Rostrup (1885)

Carex vulgaris Cyperaceae
T. bostonensis Asclepias syriaca Apocynaceae (50.5)57–

65.5(66)
(4.5)5–6 (5.8)6.2–

7.2
2.6–2.8 This study

T. chilensis Lardizabala biternata Lardizabaleae 70–80 8–9 14–15 4 Spegazzini (1910)
T. cinerea Pyrola sp. Ericaceae no data no data 6–7 1.5 Patouillard (1886)
T. colensoi Cordyline sp. Asparagaceae 60–70 8–10 9–12.5 3.5–5 Dennis (1961)
T. conioselini Conioselinum sp. Apiaceae 38–40 6–7 10–13 3 Rostrup (1886)

Gmelina sp. Apiaceae
T. craterium Cassiope tetragona Araliaceae 50–60 8–12 6–8 4–5 Rehm (1896)

Hedera algeriensis Araliaceae no data 7 6–8.2 3–4.5 Greenhalgh and Morgan-
Jones (1964)

Hedera helix Araliaceae
T. epilobii Epilobium 

angustifolium
Onagraceae 75–95 17–20 15–17 8 Karsten (1871)

T. exigua Nardus stricta Poaceae 32 6 8–10 0.8 Rostrup (1888)
T. fallens Salix sp. Salicaceae 50–60 7–9 9–14 3.5–4.5 Karsten (1871)
T. ilicina Ilex aquifolia Aquifoliaceae 75–80 9–10 9–11 3.5–4.5 Rehm (1896)

Ilex aquifolium Aquifoliaceae 60–76 8.5–10 10–12.5 3.5–4.5 Greenhalgh and
Morgan-Jones (1964)Ilex colchica Aquifoliaceae

Ilex platyphylla Aquifoliaceae 57.6–93.4 6.6–9.6  9.8–15.9 2.7–5.1 Ziolo et al. (2005)
T. jaffuelii Lapageria rosea Philesiaceae 50–70 25 13–14 6–7 Spegazzini (1921)
T. juncicola Juncus compressus Juncaceae 40–45 5–6 8–9 1–1.5 Rostrup (1886)
T. laurocerasi Laurocerasus officinalis Rosaceae 45–60 8–9 7–10 3.5–4 Rehm (1896)

Photinia serrulata Rosaceae
Prunus laurocerasus Rosaceae 50–65 6–9 7.5–10 3–3.75 Greenhalgh and Morgan-

Jones (1964)Prunus lusitanica Rosaceae
T. leopoldina Nectandra rigida Lauracaee 45–50 7 8–9 3 Rehm (1909)
T. majalis Fagus sylvatica Fagaceae 38–45 7–8 7–9 3–3.5 Kirschstein (1944)
T. molluginea Galium molluginis Rubiaceae 55–60 7 10–12 2.5 Mouton (1900)
T. oleae Olea europaea Oleacae no data no data no data no data Fries (1849)
T. oxycoccos Vaccinium oxycoccos Ericaceae 60–70 11–14 14–18 5 Karsten (1871)
T. perexigua Hippophae rhamnoides Elaeagnaceae 80 15 14 7 Spegazzini (1881)
T. perseae Persea lingue Lauraceae 50–60 10 9–10 3 Spegazzini (1910)
T. plantaginea Plantago major Plantaginaceae 42–50 12–16 18–25 4–4.5 Karsten (1871)
T. prominula Juniperus sabina Cupressaceae 65–70 10–12 18–20 6 Saccardo (1878)
T. puccinioidea Carex sp. Cyperaceae no data no data no data no data De Notaris (1863)
T. ramulorum Viburnum opulus Viburnaceae 40–55 5.5–7 5–7 1.5–2 Feltgen (1903)
T. rhodiolae Rhodiola sp. Crassulaceae 40 5–6 10 1–1.5 Rostrup (1891)
T. staritziana Ailanthus glandulosa Simaroubaceae no data no data no data no data Kirschstein (1941)

Rhus glabra Anacardiaceae
T. substictica Solidago virgaurea Asteraceae 60 9 12–14 6 Rehm (1884)
T. symploci Symplocos japonica Symplocaeae 65–85 5–7 8–11 4–5 Hennings (1900)
T. tami Tamus communis Dioscoreaceae 40–55 6–7 5–8 2.5–4 Grelet and de Crozals (1928)
T. tetraspora Nothofagus dombeyi Nothofagaceae 58–72 7.7–9.6 12–15 3.4–4.8 Gamundí et al. (1978)
T. urediniophila Cerotelium fici* Phakopsoraceae* (86.4)102.4–

111.2(121.8)
(9.1)10.5–
11.6(13.1)

(7.6)9.0–
9.7(10.9)

(5.1)6.3–
7.1(8.1)

This study

T. xishuangbanna no data no data 55–60 3.5–4 8–11 1.2–1.7 Zhuang et al. (1990)
T. winteri Drymis Winteri Winteraceae 40–50 10–12 12–13 5 Spegazzini (1888)
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Trochila urediniophila Gomez-Zap., Haelew. & Aime, sp. nov.
Mycobank No: 836583
Fig. 4

Diagnosis. Differs from Trochila ilicina in ecological strategy (fungicolous symbiont); 
sizes of asci (102.4–111.2 × 10.5–11.6 μm), ascospores (9.0–9.7 × 6.3–7.1 μm), para-
physes (3.2–3.6 μm wide); and the inamyloidity of its ascus apex.

Type. Holotype: Reliquiae Farlowiana No. 723; Trinidad and Tobago, Port of 
Spain, Trinidad, Maraval Valley, ca. 10.5°N, 61.25°W, alt. ±301 m a.s.l., 1 Apr 1912, 
leg. R. Thaxter, on uredinia of Cerotelium fici [as Phakopsora nishidana] (Pucciniales, 
Phakopsoraceae) on the underside of Ficus maxima (Rosales, Moraceae) leaves, PUL 
F27668 (ex-PUR F18316). Ex-holotype sequences: isolate F18316 (3 apothecia, ITS: 
MT873946, LSU: MT873951).

Etymology. Referring to the intimate association of the fungus with the uredinia 
of Cerotelium fici.

Description. Apothecia protruding from uredinia of Cerotelium fici, gregarious 
in small groups or rarely solitary, discoid to irregular-ellipsoid when crowded, 0.4–
1.0 mm diam., subsessile on a broad base, flat to slightly concave at maturity, dark 
grayish yellow brown (81.d.gy.yBr) to dark grayish brown (62.d.gy.Br), margin marked 
and lighter than hymenium, light grayish yellow brown (79.l.gr.yBr) to medium yel-
low brown (77.m.yBr), receptacle concolor with margin and surface slightly pruinose. 
Asci †(86.4–)102.4–111.2(–121.8) × (9.1–)10.5–11.6(–13.1)  μm, 8-spored, cylin-
drical, †uniseriate; apex rounded to subconical, inamyloid (IKI, KOH-pretreated or 
not), base arising from croziers. Ascospores †(7.6–)9.0–9.7(–10.9) × (5.1–)6.3–7.1(–
8.1) μm, ovoid to ellipsoid, aseptate, hyaline, smooth-walled, guttulate, containing 
†one to two pale yellow (89.p.Y) to yellow gray (93.y Gray) oil drops (LBs), 2–5 μm 
diam., OCI = (40–)55.1–66.9(–81)%. Paraphyses cylindrical to slightly or medium 
clavate-spathulate, unbranched, smooth, septate, hyaline, †(2.3–)3.2–3.6(–4.1) μm 
wide, apex up to 6.8 μm wide. Medullary excipulum †17.4–79.4 μm thick, textura in-
tricata strong brown (55.s.Br) to deep brown (56.deepBr). Ectal excipulum of textura 
globulosa–angularis at base and lower flanks, strong yellow brown (74.s.yBr) to dark 
brown (59.d.Br), †32.8–93.5 μm thick, cells †(7.3–)9.0–10.8(–15.3) × (6.0–)7.5–
8.7(–11.5) μm; at upper flanks and margin cells vertically oriented of textura pris-
matica, 17–34 μm thick, at margin and upper flank cells protruding like short hairs, 
hyaline, aseptate, cylindrical, †(9.5–)16–20.6(–29.1) × (3.0–)3.9–4.5(–5.8)  μm. 
Asexual state unknown.

Notes. Trochila urediniophila is the first known fungicolous member of the genus. 
The specimen described here was discovered during a survey of hyperparasites of rust 
fungi at PUR. Apothecia of T. urediniophila were never observed in direct contact with 
the plant tissue; instead, they grew directly on the uredinia of Cerotelium fici on the 
underside of Ficus maxima leaves. Trochila ilicina is most similar to T. urediniophila, 
but T. urediniophila differs from T. ilicina in its distinctly wider ascospores, larger 
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Figure 4. Morphological features of Trochila urediniophila, holotype collection (PUL F27668) 
a1–a4 dried apothecia growing on uredinia of Cerotelium fici a2, a3 substrate (uredinia) on which the ap-
othecia grow (arrows) b1 transverse section of apothecia; arrow pointing out the substrate b2, b3 details 
of excipulum at margin and upper flanks b4 cells at base c1–c3 asci d1 paraphyses e1–e3 ascospores 
e2, e3 oil drops (LBs) inside ascospores. Mounted in: Congo Red (c1, e2), H2O (b2, c3, d1, e1, e3), 
KOH (b1, b3, b4, c2). Scale bars: 1 mm (a1–a3); 500 μm (a4); 200 μm (b1); 50 μm (b2); 20 μm (b3, 
b4, c2, c3, d1); 2 μm (c1, e1–e3).
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asci, inamyloid ascus apex, and wider apex of the paraphyses. The uredinia of the host 
fungus, C. fici, become a solidified mass that changes in color from dark orange yel-
low (72.d.OY) without apothecia of Trochila to brownish black (65.brBlack) where 
apothecia are present.

A second duplicate of the Reliquiae Farlowiana No. 723 is also deposited at PUR 
(accession PUR F1098). However, no apothecia were present on this specimen, nor 
could additional specimens of T. urediniophila be found on any of the other specimens 
of C. fici housed at PUR. At least eight other duplicates are housed at BPI, CINC, 
CUP, F, ISC, MICH, and UC (MyCoPortal 2020). It is unknown whether any of 
them may host T. urediniophila.

New combinations

Trochila colensoi (Berk.) Quijada, comb. nov.
Mycobank No: 836591

≡ Cenangium colensoi Berk., Hooker, Bot. Antarct. Voy. Erebus Terror 1839–1843, II, 
Fl. Nov.-Zeal.: 201 (1855). [Basionym]

= Pseudopeziza colensoi (Berk.) Massee, J. Linn. Soc., Bot. 31: 468 (1896)

Notes. Cenangium colensoi is described from dead leaves of Cordyline sp. (Aspara-
gales, Asparagaceae) in New Zealand (Hooker 1855). The host had been mistakenly 
reported as Phormium (Asparagales, Asphodelaceae) by Berkeley in Hooker (1855) 
and only recently corrected after re-study of the type collection (Landcare Research 
2020). Cenangium colensoi was later combined in Pseudopeziza and described in 
more detail by Massee (1896). Both authors commented on the watery-grey disc 
and brownish receptacle of the apothecia. The apothecia develop among the rigid 
vascular bundles of the epidermis, first covered by the cuticle, then erumpent and 
opening by a narrow slit, becoming discoid when mature (Hooker 1855; Massee 
1896). The habit of this fungus fits well with typical macromorphological features 
of the genus Trochila – a dark brown to black receptacle, which develops beneath 
the host tissues and eventually becomes erumpent to expose the hymenium by split-
ting along radial lines or by its splitting into lobes (von Höhnel 1917; Greenhalgh 
and Morgan-Jones 1964; Dennis 1978; Baral and Marson 2005). Microscopically, 
P. colensoi was described with a parenchymatous excipulum (angular-globose or iso-
diametric cells), hyaline under the hymenium and dark brown at the cortex (Berke-
ley in Hooker 1855; Massee 1896), which is also in agreement with the excipular 
features of Trochila species. Finally, the hymenium of P. colensoi was described as 
composed of inamyloid, 8-spored asci with elliptical hyaline ascospores and slender 
paraphyses (op. cit.).

In 2018, P.R. Johnston collected two specimens (PDD:112240, PDD:112242, 
Landcare Research 2020) on leaves of Cordyline australis (Asparagaceae). The 
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morphology, ecology (host), and locality of these new collections agree with P. colen-
soi. The photographs of both specimens reveal features such as guttules in ascospores 
and paraphyses, protruding hyaline cells in the cortical layer of the upper flank and 
margin, and hyaline gelatinized hyphae covering the dark globose-angular cells of the 
ectal excipulum at the base and lower flanks. The latter excipular feature of the recepta-
cle is reminiscent of Zhuang’s (1990) description of Calycellinopsis xishuangbanna. An 
ITS sequence of this species was generated from the recent material (PDD:112240) 
and included in the Leotiomycetes-wide ITS phylogeny of Johnston et al. (2019). 
Their results and those in this study (Figs 1, 2) show that P. colensoi is placed among 
species of Trochila.

Trochila xishuangbanna (W.Y. Zhuang) Quijada, comb. nov.
Mycobank No: 836592

≡ Calycellinopsis xishuangbanna W.Y. Zhuang, Mycotaxon 38: 121 (1990). [Basionym]

Notes. The genus Calycellinopsis was proposed with a single species, C. xishuangbanna, 
which is a petiole-inhabiting fungus (Zhuang 1990). The genus was placed in 
Dermateaceae because of its isodiametric dark brownish excipular cells (Zhuang 1990). 
In 2002, a second collection of the same species was sampled (HMAS:187063), which 
was sequenced (Zhuang et al. 2010). Additional morphological details were provided, 
and the genus was placed in Helotiaceae (Zhuang et al. 2010). Trochila was treated in 
Dermateaceae until recently because of its excipular features (Fuckel 1869; Karsten 
1869; Saccardo 1884; Lambotte 1888; Lumbsch and Huhndorf 2010). Collections 
of Calycellinopsis have a well-developed excipulum, with an outer layer of angular to 
isodiametric cells with brownish walls and cortical cells at flanks and margin with pro-
truding hyaline cells. The medullary excipulum is subhyaline and composed of textura 
angularis to textura intricata (Zhuang 1990; Zhuang et al. 2010).

Species in Trochila usually have a poorly developed excipulum. For example, 
T. bostonensis and T. craterium produce only a thin layer of globose to angular dark 
excipular cells (von Höhnel 1917; Greenhalgh and Morgan-Jones 1964; Baral and 
Marson 2005). However, other species, such as T. laurocerasi and T. urediniophila, 
have a well-developed excipulum (op. cit.). The excipulum of Calycellinopsis is very 
similar to those species of Trochila with a well-developed excipulum, composed of an 
outer layer of dark textura globulosa–angularis and an inner layer of hyaline medulla 
made of textura angularis–porrecta–intricata. At the flanks and margin of the excipu-
lum, Calycellinopsis has protruding hyaline cells similar to Trochila species with a well-
developed excipulum (Fig. 4). Although limited details about the living features can 
be obtained from the original description of Calycellinopsis, its hymenial features are 
consistent with Trochila. The ascospores of Calycellinopsis are described with several 
guttules, a feature that is also observed in species of Trochila.
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Discussion

Taxonomy of Trochila

This study represents the first attempt to investigate the systematics of Trochila us-
ing both morphological features and DNA sequences. We have added four species to 
Trochila, bringing the total number of species described in the genus to 37. Most Tro-
chila species have been delimited based on the size of asci and ascospores, but we find 
that amyloidity of ascus apex, excipular features, details of the paraphyses, and pres-
ence vs. absence of guttules are also diagnostic (Table 2). For this study, we also ap-
plied a two-dataset approach for phylogenetic analyses (e.g., Aime and Phillips-Mora 
2005; Haelewaters et al. 2019). Our phylogenetic reconstruction of a six-locus dataset 
resolved Trochila as polyphyletic with respect to C. xishuangbanna and P. colensoi (Fig. 
1). Because morphological data of these two taxa agree with Trochila, we recombined 
them in this genus. The second, two-locus dataset was used for species delimitation, 
which showed T. bostonensis and T. urediniophila as distinct from the other Trochila 
species. Our molecular phylogenetic results (Figs 1, 2) and morphological compari-
sons of Trochila species (Table 2) will facilitate future taxonomic studies in the genus.

Host associations

Thus far, members of Trochila have been reported from 31 families of both monocots 
and dicots (Table 2). In this study, we add two plant family hosts, Apocynaceae (for T. 
bostonensis) and Asparagaceae (for T. colensoi). In addition, we reveal a new ecological 
niche (for T. urediniophila) – a species that associates with uredinia of the rust species 
Cerotelium fici. This sample was collected in 1912 as a rust specimen and deposited in 
the Arthur Fungarium (PUR) at Purdue University. More than a century later, the ex-
siccatae sample was scanned for the presence of hyperparasites of rust fungi from South 
America. Apothecia of T. urediniophila were found exclusively on uredinia without 
any direct contact with the host plant. Due to the age and limited available material, 
ultrastructural examinations of the interaction between these two fungi could not be 
made. However, T. urediniophila is the first species in the genus that fruits exclusively 
from another fungus, hinting at more complex associations among Trochila species and 
other fungi on which they might act as mycoparasites.

Trochila in the Neotropics

South America is known to be one of the most biodiverse continents in the world 
(Dourojeanni 1990; Hawksworth 2001). However, its fungal communities are thought 
to be severely understudied (Mueller and Schmit 2007). Members of Trochila are no 
exception to this. Six species of Trochila have been described from South America. These 
are T. chilensis Speg., T. jaffuelii Speg., and T. perseae Speg. from Chile; T. leopoldina 
Rehm from Brazil; and T. tetraspora, and T. winteri Speg. from Argentina (Spegazzini 
1888, 1910, 1921; Rehm 1909; Gamundí et al. 1978). Their type collections need to be 
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re-examined to determine if these species are in fact members of Trochila. One of our new 
species, T. urediniophila, was collected in Port of Spain, Trinidad. Little data are available 
regarding the Funga (sensu Kuhar et al. 2018) of Trinidad and Tobago (Baker and Dale 
1951; Dennis 1954a, b). The most recent work on the fungal diversity from this country 
was published online (Jodhan and Minter 2006) derived from reference collections and 
data from scientific literature. Based on the available literature, no records of Trochila 
are known in Trinidad. As a result, T. urediniophila represents the first published report 
of the genus from Trinidad, and by extension from the Caribbean (Minter et al. 2001).

Trochila species are likely more broadly distributed than generally thought, and 
certainly not limited to the Northern Hemisphere. This is often the case for many 
fungi that are based on limited regional collecting and thus may not represent the full 
extent of their distributional ranges due to, for example, the lack of studies in sub-
tropical and tropical ecosystems (Groombridge 1992; Hawksworth and Mueller 2005; 
Mueller and Schmit 2007; Aime and Brearley 2012; Cheek et al. 2020).

The importance of biological collections

Our work emphasizes the importance of specimens preserved in biological collections 
– such as fungaria and herbaria – for studies of biodiversity and applied biological sci-
ences, and for climate change research (Hawksworth and Lücking 2017; Andrew et 
al. 2019; Lang et al. 2019; Ristaino 2020; Wijayawardene et al. 2020). Because of the 
well-preserved specimens deposited at PUR, the genus Trochila is now known to be 
present in Trinidad and to form fungicolous associations. Another interesting example 
of the use of collections is Trochila colensoi. Known only from the type specimen for 
more than 100 years, additional specimens were only reported following the correc-
tion of the host substrate (as Cordyline rather than Phormium), which was based on 
re-examination of the type specimen preserved at K. Biological collections are not only 
important for morphological studies, but also as sources of genetic and genomic infor-
mation (Bruns et al. 1990; Brock et al. 2009; Redchenko et al. 2012; Dentinger et al. 
2016; this study). The single-oldest fungal specimen used for DNA extraction and se-
quencing was the type of Hygrophorus cossus (Sowerby) Fr. (Agaricales, Hygrophorace-
ae), collected in 1794 and deposited at K (Larsson and Jacobsson 2004). Our material 
of T. urediniophila gathered by Roland Thaxter in 1912 proves again that old samples 
can be used successfully for modern molecular phylogenetic analyses.
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Abstract
Species of Diaporthe have often been reported as plant pathogens, endophytes or saprobes, commonly 
isolated from a wide range of plant hosts. Sixteen strains isolated from species of ten host genera in 
Yunnan Province, China, represented three new species of Diaporthe, D. chrysalidocarpi, D. machili and 
D. pometiae as well as five known species D. arecae, D. hongkongensis, D. middletonii, D. osmanthi and 
D. pandanicola. Morphological comparisons with known species and DNA-based phylogenies based on 
the analysis of a multigene (ITS, TUB, TEF, CAL and HIS) dataset support the establishment of the new 
species. This study reveals that a high species diversity of Diaporthe with wide host ranges occur in tropical 
rainforest in Yunnan Province, China.

Keywords
Diaporthaceae, Diaporthales, phylogeny, taxonomy, three taxa new to science

Introduction

The genus Diaporthe (Diaporthaceae Diaporthales) with asexual morphs previously 
known as Phomopsis spp. is based on the type species Diaporthe eres Nitschke (1870) 
from Ulmus sp. in Germany. Rossman et al. (2015) proposed to use the name Dia-
porthe over Phomopsis in the context of the one fungus – one name initiative, be-
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cause it was described first, is encountered commonly in literature and includes the 
majority of known species. The sexual morph of Diaporthe is characterised by im-
mersed ascomata and an erumpent pseudostroma with elongated perithecial necks; 
asci are unitunicate, clavate to cylindrical; and ascospores are fusoid, ellipsoid to 
cylindrical, hyaline, biseriate to uniseriate in the ascus, sometimes with appendages 
(Udayanga et al. 2011; Senanayake et al. 2017, 2018). The asexual morph is charac-
terised by ostiolate pycnidia with cylindrical phialides often producing three types 
of hyaline, aseptate conidia called α-conidia, β-conidia and γ-conidia (Udayanga et 
al. 2011; Gomes et al. 2013). The α-conidia and β-conidia are produced frequently, 
but the γ-conidia are rarely observed (Gomes et al. 2013; Guarnaccia and Crous 
2017; Guo et al. 2020).

Currently, more than 1100 epithets of Diaporthe are listed in Index Fungorum 
(http://www.indexfungorum.org/; accessed 1 Nov. 2020), but only one-fifth of these 
taxa have been well-studied with ex-type cultures and supplementary DNA barcodes 
(Guo et al. 2020; Yang et al. 2020; Zapata et al. 2020). Species of Diaporthe are widely 
distributed and have a broad range of hosts including economically significant agricul-
tural crops and ornamental plants such as species of Camellia, Castanea, Citrus, Gly-
cine, Helianthus, Juglans, Persea, Pyrus, Vaccinium, Vitis and many more (van Rensburg 
et al. 2006; Santos and Phillips 2009; Crous et al. 2011a, b, 2016; Santos et al. 2011; 
Thompson et al. 2011; Grasso et al. 2012; Huang et al. 2013; Lombard et al. 2014; 
Gao et al. 2015, 2016, 2017; Udayanga et al. 2012, 2015; Guarnaccia et al. 2016; 
Dissanayake et al. 2017; Guarnaccia and Crous 2017; Fan et al. 2018; Senanayake et 
al. 2018; Guo et al. 2020). Diaporthe species have been reported as destructive plant 
pathogens, harmless endophytes or saprobes (Murali et al. 2006; Udayanga et al. 2012; 
Gomes et al. 2013; Ménard et al. 2014; Guarnaccia et al. 2016; Torres et al. 2016; Se-
nanayake et al. 2018). However, the biology and lifestyle of some of these fungi remain 
unclear (Vilka and Volkova 2015).

In the past, methods of species identification of Diaporthe had previously been 
based only on host as well as morphological characters such as the size and shape of as-
comata and conidiomata. Nowadays, molecular phylogenetic studies demonstrate that 
determining species boundaries only by morphological characters is not possible due to 
lack of host specificity and their variability under changing environmental conditions 
(Gomes et al. 2013). Phylogenetic analysis using a five-locus dataset (ITS-TUB-TEF-
CAL-HIS) has been determined to be the optimal combination to identify species of 
Diaporthe species, as revealed by Santos et al. (2017). Many Diaporthe species are de-
scribed based on a polyphasic approach together with morphological characterisation 
(Rehner and Uecker 1994; Udayanga et al. 2011; Gao et al. 2017; Guarnaccia and 
Crous 2017; Yang et al. 2018a, 2020; Crous et al. 2020; Dayarathne et al. 2020; Guo 
et al. 2020; Hyde et al. 2020; Li et al. 2020; Zapata et al. 2020).

The aim of this study was to explore the diversity of Diaporthe species from symp-
tomatic leaves of plants in Yunnan Province. We present three novel species and five 
known species of Diaporthe, collected from species belonging to ten host genera, based 
on morphological characters and phylogenetic analysis.
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Materials and methods

Isolation and morphological studies

Leaves of samples were collected in Yunnan Province, China. Isolations from surface 
sterilized leaf tissues were conducted following the protocol of Gao et al. (2014). Tissue 
fragments (5 × 5 mm) were taken from the margin of leaf lesions and surface-sterilized 
by immersing them in 75% ethanol solution for 1 min, 5% sodium hypochlorite solu-
tion for 30 s, and then rinsing in sterile distilled water for 1 min. The pieces were dried 
with sterilized paper towels and placed on potato dextrose agar (PDA) (Cai et al. 2009). 
PDA plates (90 mm) were incubated in an incubator at 25 °C for 2–4 days, and hyphae 
were picked out of the periphery of the colonies and inoculated onto new PDA plates.

Following 2–3 weeks of incubation, photographs of colonies were taken at 7 days 
and 15 days using a Powershot G7X mark II digital camera. Colour notations was 
done using the colour charts of Rayner (1970). Micromorphological characters were 
observed using an Olympus SZX10 stereomicroscope and Olympus BX53 microscope, 
both fitted with Olympus DP80 high definition colour digital cameras to document 
fungal structures. All fungal strains were stored in 10% sterilized glycerin at 4 °C for 
further studies. Voucher and type specimens were deposited in the Herbarium of Plant 
Pathology, Shandong Agricultural University (HSAUP). Living cultures were deposit-
ed in the Shandong Agricultural University Culture Collection (SAUCC). Taxonomic 
information of the new taxa was submitted to MycoBank (http://www.mycobank.org).

DNA extraction and amplification

Genomic DNA was extracted from fungal mycelium on PDA, using a modified ce-
tyltrimethylammonium bromide (CTAB) protocol as described in Guo et al. (2000). 
The internal transcribed spacer regions with intervening 5.8S nrRNA gene (ITS), part 
of the beta-tubulin gene region (TUB), partial translation elongation factor 1-alpha 
(TEF), histone H3 (HIS) and calmodulin (CAL) genes were amplified and sequenced 
by using primers pairs ITS4/ITS5 (White et al. 1990), Bt2a/Bt2b (Glass and Donald-
son 1995), EF1-728F/EF1-986R (Carbone and Kohn 1999), CAL-228F/CAL-737R 
(Carbone and Kohn 1999) and CYLH3F/H3-1b (Glass and Donaldson 1995; Crous 
et al. 2004), respectively.

PCR was performed using an Eppendorf Master Thermocycler (Hamburg, Ger-
many). Amplification reactions were performed in a 25 μL reaction volume, which con-
tained 12.5 μL Green Taq Mix (Vazyme, Nanjing, China), 1 μL of each forward and 
reverse primer (10 μM) (Biosune, Shanghai, China), and 1 μL template genomic DNA 
in amplifier, and were adjusted with distilled deionized water to a total volume of 25 μL.

PCR parameters were as follows: 95 °C for 5 min, followed by 35 cycles of dena-
turation at 95 °C for 30 s, annealing at a suitable temperature for 30 s, extension at 
72 °C for 1 min and a final elongation step at 72 °C for 10 min. Annealing tempera-
ture for each gene were 55 °C for ITS, 60 °C for TUB, 52 °C for TEF, 54 °C for CAL 
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and 57 °C for HIS. The PCR products were visualised on 1% agarose electrophore-
sis gel. Sequencing was done bi-directionally, conducted by the Biosune Company 
Limited (Shanghai, China). Consensus sequences were obtained using MEGA 7.0 
(Kumar et al. 2016). All sequences generated in this study were deposited in Gen-
Bank (Table 1).

Phylogenetic analyses

Novel sequences generated from the sixteen strains in this study, and all reference 
sequences of Diaporthe species downloaded from GenBank, were used for phyloge-
netic analyses. Alignments of the individual locus were determined using MAFFT v. 
7.110 by default settings (Katoh et al. 2017) and manually corrected where necessary. 
To establish the identity of the isolates at species level, phylogenetic analyses were 
conducted first individually for each locus and then as combined analyses of five loci 
(ITS, TUB, TEF, CAL and HIS regions). Phylogenetic analyses were based on maxi-
mum likelihood (ML) and Bayesian inference (BI) for the multi-locus analyses. For 
BI, the best evolutionary model for each partition was determined using MrModeltest 
v. 2.3 (Nylander 2004) and incorporated into the analyses. ML and BI were run on 
the CIPRES Science Gateway portal (https://www.phylo.org/) (Miller et al. 2012) us-
ing RaxML-HPC2 on XSEDE (8.2.12) (Stamatakis 2014) and MrBayes on XSEDE 
(3.2.7a) (Huelsenbeck and Ronquist 2001; Ronquist and Huelsenbeck 2003; Ron-
quist et al. 2012), respectively. For ML analyses the default parameters were used and 
BI was carried out using the rapid bootstrapping algorithm with the automatic halt 
option. Bayesian analyses included five parallel runs of 5,000,000 generations, with the 
stop rule option and a sampling frequency of 500 generations. The burn-in fraction 
was set to 0.25 and posterior probabilities (PP) were determined from the remaining 
trees. The resulting trees were plotted using FigTree v. 1.4.2 (http://tree.bio.ed.ac.uk/
software/figtree) and edited with Adobe Illustrator CS5.1. New sequences generated 
in this study were deposited at GenBank (https://www.ncbi.nlm.nih.gov; Table 1) and 
the alignments and trees were deposited in TreeBASE: S27479 (http://treebase.org/
treebase-web/home.html).

Results

Phylogenetic analyses

Sixteen strains of Diaporthe isolated from plant hosts from Yunnan, China, were 
grown in culture and used for analyses of molecular sequence data. Diaporthe spp. 
were analysed by using multilocus data (ITS, TUB, TEF, CAL and HIS) from 115 
isolates of Diaporthe spp. and Diaporthella corylina (CBS 121124) as the outgroup 
taxon. A total of 3005 characters including gaps were obtained in the phylogenetic 
analysis, viz. ITS: 1–656, TUB: 657–1329, TEF: 1330–1860, CAL: 1861–2444, 
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Figure 1. Phylogram of Diaporthe spp. based on combined sequence data of ITS, TUB, TEF, CAL and 
HIS genes. The ML and BI bootstrap support values above 50% and 0.90 BYPP are shown at the first 
and second position, respectively. Strains marked with “*” are ex-type or ex-epitype. Codes referring to 
strains from the current study are written in red. Some branches were shortened to fit them to the page as 
indicated by two diagonal lines with the number of times a branch was shortened indicated.
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Figure 1. Continued.
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Figure 1. Continued.

HIS: 2445–3005. Of these characters, 1349 were constant, 453 were variable and 
parsimony-uninformative, and 1203 were parsimony-informative. For the BI and ML 
analyses, the substitution model GTR+I+G for ITS, TUB, TEF and HIS, HKY+I+G 
for and CAL were selected and incorporated into the analyses. The ML tree topology 
confirmed the tree topologies obtained from the BI analyses, and therefore, only the 
ML tree is presented (Fig. 1).

ML bootstrap support values (≥ 50%) and Bayesian posterior probability (≥ 0.90) 
are shown as first and second position above nodes, respectively. Based on the five-
locus phylogeny and morphology, nine isolates were assigned to five species, includ-
ing Diaporthe arecae (1), D. hongkongensis (2), D. middletonii (4), D. osmanthi (1) 
and D. pandanicola (1), whereas seven isolates formed distinct well supported clades, 
which refer to novel species named D. chrysalidocarpi (2), D. machili (2) and D. pome-
tiae (3), respectively.
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Taxonomy

Diaporthe arecae (H.C. Srivast., Zakia & Govindar.) R.R. Gomes, Glienke & 
Crous, Persoonia 31: 16. (2013)
Figure 2

Subramanella arecae H.C. Srivast., Zakia & Govindar., in Srivastava, Banu and Govin-
darajan (1962). Basionym.

Description. Asexual morph: Conidiomata pycnidial, several pycnidia grouped to-
gether, globose, black, erumpent, exuding creamy to yellowish conidial droplets from 
ostioles. Conidiophores hyaline, septate, branched, cylindrical, straight to sinuous, 
25.0–32.0 × 1.4–2.5 μm. Conidiogenous cells 10.5–20.7 × 1.4–2.0 μm, phialidic, 
cylindrical, swollen at base, tapering towards apex, slightly curved. Alpha conidia hya-
line, smooth, aseptate, ellipsoidal, guttulate, apex subobtuse, base subtruncate, 7.5–
10.0 × 1.8–3.0 μm (mean = 8.2 × 2.4 μm, n = 20). Beta conidia hyaline, aseptate, 
filiform, slightly curved, tapering towards base, 18.5–26.5 × 1.0–1.8 μm (mean = 24.3 
× 1.4  μm, n = 20). Gamma conidia not observed. Sexual morph not observed.

Culture characteristics. Cultures incubated on PDA at 25 °C in darkness, growth 
rate 11.2–13.3 mm diam/day. Aerial mycelium white, cottony, feathery, abundant in 
center, sparse in margin, white on surface, reverse yellowish to tan.

Specimen examined. China, Yunnan Province: Xishuangbanna Tropical Botanical 
Garden, Chinese Academy of Sciences, on diseased leaves of Persea americana (Laura-
ceae). 19 April 2019, S.T. Huang, HSAUP194.18, living culture SAUCC194.18.

Notes. Diaporthe arecae (CBS 161.64) was originally described as Subramanella 
arecae on fruit of Areca catechu in India (Srivastava et al. 1962) and placed in Diaporthe 
by Gomes et al. (2013). The Diaporthe isolate from fruits of Citrus sp. (CBS 535.75) 
in Suriname was also placed in D. arecae by Gomes et al. (2013). In the present study, 
strain (SAUCC194.18) from symptomatic leaves of Persea americana was congruent 
with D. arecae based on morphology and DNA sequences data (Fig. 1). We therefore 
consider the isolated strain as D. arecae.

Diaporthe chrysalidocarpi S.T. Huang, J.W. Xia, W.X. Sun, & X.G. Zhang, sp. nov.
MycoBank No: 837812
Figure 3

Etymology. Named after the host genus on which it was collected, Chrysalidocarpus 
lutescens.

Diagnosis. Diaporthe chrysalidocarpi can be distinguished from the phylogeneti-
cally most closely related species D. spinosa by longer beta conidia (28.0–32.5 × 1.2–
1.6 vs. 18.5–30.5 × 1.0–1.5 μm), and from other species D. fulvicolor by the types of 
conidia (D. chrysalidocarpi produces only beta conidia, while D. fulvicolor produces 
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Figure 2. Diaporthe arecae (SAUCC194.18) a infected leaf of Persea americana b, c surface and reverse of 
a colony after 15 days on PDA d conidiomata e–g conidiophores and conidiogenous cells h beta conidia 
i alpha conidia j alpha conidia and beta conidia. Scale bars: 10 μm (e–j).

only alpha conidia) and several loci (25/491 in the ITS region, 18/471 TUB, 4/298 
TEF, 28/458 CAL and 13/441 HIS).

Type. China, Yunnan Province: Xishuangbanna Tropical Botanical Garden, 
Chinese Academy of Sciences, on diseased leaves of Chrysalidocarpus lutescens (Pal-
mae). 19 April 2019, S.T. Huang, HSAUP194.35 holotype, ex-type living culture 
SAUCC194.35.

Description. Asexual morph: Leaf spots irregular, pale brown in center, brown to 
tan at margin. Conidiomata pycnidial, scattered or aggregated, black, erumpent, rais-
ing above surface of culture medium, subglobose, exuding white or yellowish creamy 
conidial droplets from central ostioles after 30 days in light at 25 °C; pycnidial wall 
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Figure 3. Diaporthe chrysalidocarpi (SAUCC194.35) a diseased leaf of Chrysalidocarpus lutescens b, c sur-
face and reverse of a colony after 15 days on PDA d, e conidiomata f, g conidiophores and conidiogenous 
cells h, i beta conidia. Scale bars: 10 μm (f–i).

consists of black to dark brown, thin-walled cells. Conidiophores 27.5–35.0 × 1.4–
2.0 μm, hyaline, slightly branched, swelling at base, subcylindrical, septate, smooth, 
straight or curved. Conidiogenous cells 10.5–23.0 × 1.4–1.8 μm, phialidic, cylindri-
cal, terminal, straight to sinuous, tapering towards apex. Beta conidia 28.0–32.5 × 
1.2–1.6 μm (mean = 30.3 × 1.3 μm, n = 20), filiform, hyaline, straight or slightly 
curved, aseptate, base subtruncate, tapering towards the base. Alpha conidia and gam-
ma conidia not observed. Sexual morph not observed.

Culture characteristics. Cultures incubated on PDA at 25 °C in darkness, growth 
rate 13.3–15.2 mm diam/day, initially white, becoming greyish, reverse pale brown, 
with concentric rings of dense, sparse hyphae, irregular margin, fluffy aerial mycelium 
at center, pycnidia forming after 15 days.
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Additional specimen examined. China, Yunnan Province: Xishuangbanna Tropi-
cal Botanical Garden, Chinese Academy of Sciences, on diseased leaves of Chrysalido-
carpus lutescens (Palmae). 19 April 2019, S.T. Huang, HSAUP194.33 paratype; living 
culture SAUCC194.33.

Notes. Phylogenetic analysis of a combined five gene showed that D. chrysali-
docarpi formed an independent clade (Fig. 1) and is phylogenetically distinct from 
D. spinosa and D. fulvicolor. This species can be distinguished from D. spinosa by 61 
different nucleotides in the concatenated alignment (13/492 in the ITS region, 17/471 
TUB, 4/298 TEF, 17/458 CAL and 10/441 HIS), and D. fulvicolor by 88 nucleotides 
(25/491 in the ITS region, 18/471 TUB, 4/298 TEF, 28/458 CAL and 13/441 HIS). 
Morphologically, D. chrysalidocarpi differs from D. spinosa in having longer beta co-
nidia (28.0–32.5 × 1.2–1.6 vs. 18.5–30.5 × 1.0–1.5 μm) (Guo et al. 2020). Further-
more, Diaporthe chrysalidocarpi produces only beta conidia, while D. spinosa produces 
alpha conidia and beta conidia and D. fulvicolor produces only alpha conidia (Guo et 
al. 2020). Therefore, we establish this fungus as a novel species.

Diaporthe hongkongensis R.R. Gomes, Glienke, Crous, Persoonia 31: 23. (2013)
Figure 4

Description. Asexual morph: Conidiomata pycnidial, subglobose or globose, solitary, 
black, erumpent, coated with white hyphae, thick-walled, exuding creamy conidial drop-
lets from central ostioles. Conidiophores hyaline, smooth, septate, unbranched, densely 
aggregated, cylindrical or clavate, straight to sinuous, swollen at base, tapering towards 
apex, 32.0–42.0 × 2.0–2.9 μm. Conidiogenous cells 20.0–24.2 × 1.3–2.3 μm, phialidic, 
cylindrical, terminal, slightly tapering towards apex. Alpha conidia, hyaline, smooth, 
aseptate, ellipsoidal or oval, 0–2 guttulate, apex subobtuse, base subtruncate, 5.5–7.0 
× 2.0–2.5 μm (mean = 6.2 × 2.2 μm, n = 20). Beta conidia hyaline, aseptate, filiform, 
hamate, tapering towards both ends, mostly J-shaped, 21.5–27.0 × 1.4–1.8 μm (mean = 
25.6 × 1.3 μm, n = 20). Gamma conidia not observed. Sexual morph not observed.

Culture characteristics. Cultures incubated on PDA at 25 °C in darkness, growth 
rate 19.0–21.5 mm diam/day, cottony, radial with abundant aerial mycelium, sparse at 
margin, with an obvious pale brown concentric ring of dense hyphae, white to grayish 
on surface with age, white to pale brown on the reverse side.

Specimens examined. China, Yunnan Province: Xishuangbanna Tropical Botanical 
Garden, Chinese Academy of Sciences, 19 April 2019, S.T. Huang. On diseased leaves of 
Millettia reticulata (Fabaceae) HSAUP194.81, living culture SAUCC194.81; on diseased 
leaves of Camellia sinensis (Theaceae) HSAUP194.87, living culture SAUCC194.87.

Notes. In the present study, two strains (SAUCC194.81 and SAUCC194.87) 
from symptomatic leaves of Millettia reticulata and Camellia sinensis were similar to 
Diaporthe hongkongensis (CGMCC 3.17102) (Gomes et al. 2013) and D. salinicola 
(MFLU 18-0553) (Dayarathne et al. 2020) based on DNA sequences data (Fig. 
1). Morphologically, our strains were similar to Diaporthe hongkongensis, which was 
originally described with an asexual morph on fruits of Dichroa febrifuga in China, 
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Figure 4. Diaporthe hongkongensis (SAUCC194.87) a diseased leaf of Camellia sinensis b, c surface and 
reverse of colony after 15 days on PDA d conidiomata e–g conidiophores and conidiogenous cells h beta 
conidia i alpha conidia. Scale bars: 10 μm (e–i).

but the asexual morph of D. salinicola was undetermined. We therefore identify our 
strains as D. hongkongensis.

Diaporthe machili S.T. Huang, J.W. Xia, W.X. Sun, & X.G. Zhang, sp. nov.
MycoBank No: 837814
Figure 5

Etymology. Named after the host genus on which it was collected, Machilus pingii.
Diagnosis. Diaporthe machili differs from D. caryae and D. sackstonii in the types 

of conidia (D. machili only produces beta conidia, while D. caryae produces alpha 
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conidia and beta conidia, and D. sackstonii only produces alpha conidia), and from 
D. caryae in longer beta conidia (29.0–39.0 × 1.3–1.5 vs. 15.5–34.0 × 1.1–1.4 μm).

Type. China, Yunnan Province: Xishuangbanna Tropical Botanical Garden, 
Chinese Academy of Sciences, on diseased leaves of Machilus pingii (Lauraceae). 
19 April 2019, S.T. Huang, HSAUP194.111 holotype, ex-holotype living culture 
SAUCC194.111.

Description. Asexual morph: Conidiomata pycnidial, aggregated, black, erumpent, 
subglobose to globose, exuding creamy conidial droplets from central ostioles after 30 

Figure 5. Diaporthe machili (SAUCC194.111) a infected leaf of Machilus pingii b, c surface and reverse 
of colony after 15 days on PDA d, e conidiomata f–h conidiophores and conidiogenous cells i–k beta 
conidia. Scale bars: 10 μm (f–k).
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days in light at 25 °C. Conidiophores 7.0–11.4 × 1.8–2.8 μm, hyaline, unbranched, 
densely aggregated, mostly ampulliform, cylindrical, guttulate, septate, straight or 
slightly curved, swelling at base, tapering towards apex. Beta conidia 29.0–39.0 × 1.3–
1.5 μm (mean = 32.5 × 1.4 μm, n = 20), filiform, hyaline, aseptate, mostly curved, 
J-shaped, swelling in middle, tapering towards both ends. Alpha and gamma conidia 
not observed. Sexual morph not observed.

Culture characteristics. Cultures incubated on PDA at 25 °C in darkness, growth 
rate 16.3–17.5 mm diam/day, aerial mycelium abundant, white on surface, reverse white 
to pale yellow, with an obvious concentric zonation, pycnidia forming after 15 days.

Additional specimen examined. China, Yunnan Province: Xishuangbanna Tropi-
cal Botanical Garden, Chinese Academy of Sciences, on diseased leaves of Pometia 
pinnata (Sapindaceae). 19 April 2019, S.T. Huang, HSAUP194. 69 paratype; living 
culture SAUCC194. 69.

Notes. In the phylogenetic tree, Diaporthe machili forms an independent clade 
and is phylogenetically distinct from D. caryae and D. sackstonii (Fig. 1). Diaporthe 
machili can be distinguished from D. caryae in ITS, TUB, TEF, CAL and HIS loci 
by 67 nucleotide differences in concatenated alignment (5/459 in ITS, 10/416 in 
TUB, 15/334 in TEF, 7/454 in CAL and 30/455 in HIS), and from D. sackstonii in 
ITS, TUB and TEF loci by 58 nucleotide differences (12/559 in ITS, 23/486 in TUB 
and 23/348 in TEF). Moreover, Diaporthe machili differs from D. caryae in having 
longer beta conidia (29.0–39.0 × 1.3–1.5 vs. 15.5–34.0 × 1.1–1.4 μm). Diaporthe 
machili only produces beta conidia, while D. caryae produces alpha conidia and beta 
conidia, and D. sackstonii only produces alpha conidia (Thompson et al. 2015; Yang 
et al. 2018b).

Diaporthe middletonii R.G. Shivas, L. Morin, S.M. Thomps. & Y.P. Tan, Persoo-
nia 35: 45. (2015)
Figure 6

Description. Asexual morph: Leaf spots discoid to irregular. Conidiomata pycnidial, 
scattered or aggregated in groups of 3–5 pycnidia, globose, black, erumpent, coated 
with white to greyish hyphae, thick-walled, exuding creamy translucent conidial drop-
lets from central ostioles. Conidiophores hyaline, smooth, septate, unbranched, dense-
ly aggregated, cylindrical, straight to sinuous, tapering towards apex, 10.0–14.0 × 1.3–
2.3 μm. Conidiogenous cells 5.0–9.5 × 1.3–1.7 μm, phialidic, cylindrical, terminal, 
slightly tapering towards apex. Alpha conidia hyaline, smooth, aseptate, biguttulate, 
ellipsoidal, oval, apex subobtuse, base subtruncate, 5.5–7.0 × 2.5–3.2 μm (mean = 6.3 
× 2.8 μm, n = 20). Beta conidia hyaline, aseptate, filiform, mostly curved by 90–180°, 
tapering towards both ends, 26.0–36.5 × 1.0–1.6 μm (mean = 21.5 × 1.2 μm, n = 20). 
Gamma conidia not observed. Sexual morph not observed.

Culture characteristics. Cultures incubated on PDA at 25 °C in darkness, growth 
rate 22.5–24.0 mm diam/day, fluffy with abundant aerial mycelium, margin fimbriate, 
white on surface, white to pale yellow on reverse.
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Figure 6. Diaporthe middletonii (SAUCC194.46) a infected leaf of Lithocarpus glaber b, c surface and 
reverse of colony after 15 days on PDA d, e conidiomata f–i conidiophores and conidiogenous cells j beta 
conidia k, l alpha conidia and beta conidia. Scale bars: 10 μm (f–l).

Specimens examined. China, Yunnan Province: Xishuangbanna Tropical Botani-
cal Garden, Chinese Academy of Sciences, 19 April 2019, S.T. Huang. On diseased 
leaves of Litchi chinensis (Sapindaceae), HSAUP194.27, living culture SAUCC194.27; 
on diseased leaves of Lithocarpus glaber (Fagaceae), HSAUP194.45, living culture 
SAUCC194.45; on diseased leaves of Lithocarpus glaber (Fagaceae), 19 April 2019, 
S.T. Huang, HSAUP194.46, living culture SAUCC194.46; on diseased leaves of 
Lithocarpus craibianus (Fagaceae), HSAUP194.48, living culture SAUCC194.48.

Notes. Diaporthe middletonii was originally described from the stem of Rapist-
rum rugosum (BRIP 54884e) (Brassicaceae) and Chrysanthemoides monilifera subsp. 
rotundata (BRIP 57329) (Asteraceae) in Australia (Thompson et al. 2015). In the 
present study, four strains (SAUCC194.27, SAUCC194.45, SAUCC194.46 and 
SAUCC194.48) are closely related to D. middletonii in the combined phylogenetic tree 
(Fig. 1). The differences between nucleotides in the concatenated alignment (17/565 
in ITS, 9/494 in TUB and 10/340 in TEF) were minor. Morphologically, our strains 
were similar to D. middletonii by slightly shorter and wider alpha conidia (5.0–7.0 × 
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2.5–3.2 vs. 6.0–7.5 × 2.0–2.5 μm), and longer beta conidia (26.0–36.5 × 1.0–1.6 vs. 
20.0–35.0 × 1.0–1.5 μm) (Thompson et al. 2015). We therefore identify our strains as 
Diaporthe middletonii.

Diaporthe osmanthi H. Long, K.D. Hyde, & Yong Wang bis, MycoKeys 57: 120. 
(2019)
Figure 7

Description. Conidiomata pycnidial, globose, 5–10 pycnidia grouped together, dark 
brown to black, exuding creamy to yellowish conidial droplets from central ostioles. Con-
idiophores hyaline, smooth, densely aggregated, branched, cylindric-clavate, 20.5–32.0 × 
1.8–2.4 μm. Conidiogenous cells phialidic, hyaline, terminal, cylindrical, straight, 14.0–
20.5 × 1.5–2.0 μm, tapered towards apex. Alpha conidia hyaline, aseptate, fusiform, ta-
pering towards both ends, guttulate, 7.3–9.3 × 1.8–2.3 μm (mean = 8.5 × 2.0 μm, n = 
20). Beta conidia hyaline, aseptate, filiform, curved, 22.0–28.5 × 1.0–2.0 μm (mean = 
27.2 × 1.3 μm, n = 20). Gamma conidia not observed. Sexual morph not observed.

Culture characteristics. Cultures incubated on PDA at 25 °C in darkness, growth 
rate 12.0–13.5 mm diam/day, cottony with abundant aerial mycelium, sparse at mar-
gin. With several concentric rings of dense hyphae, white on surface, white to pale 
brown on reverse.

Specimen examined. China, Yunnan Province: Xishuangbanna Tropical Botanical 
Garden, Chinese Academy of Sciences, 19 April 2019, S.T. Huang. On diseased leaves 
of Litchi chinensis (Sapindaceae) HSAUP194.21, living culture SAUCC194.21.

Notes. Diaporthe osmanthi was originally described from the leaves of Osmanthus 
fragrans (Oleaceae) in Guangxi province, China (Long et al. 2019). In the present study, 
phylogenetic analyses (Fig. 1) indicated that the strain SAUCC194.21 is closely related 
to Diaporthe osmanthi and D. podocarpi-macrophylli (Gao et al. 2017). Morphological 
comparison indicated that this strain was most similar to D. osmanthi by the size of alpha 
conidia and beta conidia. We therefore identify this strain as belonging to D. osmanthi.

Diaporthe pandanicola Tibpromma & K.D. Hyde, MycoKeys 33: 44 (2018)
Figure 8

Description. Asexual morph: Conidiomata pycnidial, 3–5 pycnidia grouped together, 
superficial to embedded on PDA, erumpent, thin-walled, dark brown to black, globose 
or subglobose, exuding white creamy conidial mass from ostioles. Conidiophores hya-
line, aseptate, cylindrical, smooth, straight to sinuous, unbranched, aggregated, 17.0–
26.5 × 2.0–3.0 μm. Conidiogenous cells phialidic, cylindrical, terminal, 10.0–20.0 
× 1.5–1.8 μm. Alpha conidia hyaline, smooth, aseptate, ellipsoidal, eguttulate, apex 
subobtuse, base subtruncate, 6.5–9.0 × 1.8–2.5 μm (mean = 7.5 × 2.0 μm, n = 20). 
Beta conidia hyaline, aseptate, filiform, curved, tapering towards apex, base truncate, 
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26.0–32.8 × 1.0–1.6 μm (mean = 29.0 × 1.3 μm, n = 20). Gamma conidia infrequent, 
aseptate, smooth, straight, hyaline, 12.5–14.5 × 1.3–1.8 μm (mean = 13.5 × 1.6 μm, 
n = 6). Sexual morph not observed.

Culture characteristics. Cultures incubated on PDA at 25 °C in darkness, growth 
rate 12.8–15.0 mm diam/day, flat, cottony in centre, with aerial mycelium sparse to-
ward margin, white on surface, white to pale yellow on reverse.

Specimen examined. China, Yunnan Province: Xishuangbanna Tropical Botanical 
Garden, Chinese Academy of Sciences, on diseased leaves of Millettia reticulata (Fa-
baceae). 19 April 2019, S.T. Huang, HSAUP194.82, living culture SAUCC194.82.

Figure 7. Diaporthe osmanthi (SAUCC194.21) a infected leaf of Litchi chinensis b, c surface and reverse 
of colony after 15 days on PDA d conidiomata e–g conidiophores and conidiogenous cells h, i beta co-
nidia j, k alpha conidia. Scale bars: 10 μm (e–k).
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Figure 8. Diaporthe pandanicola (SAUCC194.82) a infected leaf of Millettia reticulata b, c surface and 
reverse of colony after 15 days on PDA d conidiomata e–g conidiophores and conidiogenous cells h beta 
conidia i alpha conidia and gamma conidia j alpha conidia, beta conidia and gamma conidia. Scale bars: 
10 μm (e–j).

Notes. Diaporthe pandanicola was originally described by Tibpromma et al. 
(2018) on healthy leaves of Pandanus sp. (Pandanaceae) as an endophytic fungus. 
Our strain (SAUCC194.82) is closely related to Diaporthe pandanicola based on phy-
logenetic analyses (Fig. 1). The differences of nucleotides in the concatenated align-
ment (19/533 in the ITS region and 11/351 in the TUB region) are less than 3%. 
Morphologically, our strain produces alpha conidia, beta conidia and gamma conidia, 
while Diaporthe pandanicola did not sporulate. We therefore identify our strains as 
Diaporthe pandanicola.
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Diaporthe pometiae S.T. Huang, J.W. Xia, W.X. Sun, & X.G. Zhang, sp. nov.
MycoBank No: 837815
Figure 9

Etymology. Named after the host genus on which it was collected, Pometia pinnata.
Diagnosis. Diaporthe pometiae is similar to D. biconispora but differs in having 

smaller alpha conidia (5.7–8.3 × 2.2–3.0 vs. 6.0–10.5 × 2–3.5 μm) and types of co-
nidia (D. pometiae produces beta conidia unlike D. biconispora).

Type. China, Yunnan Province: Xishuangbanna Tropical Botanical Garden, Chi-
nese Academy of Sciences, on diseased leaves of Pometia pinnata (Sapindaceae). 19 April 
2019, S.T. Huang, HSAUP194.72 holotype, ex-type living culture SAUCC194.72.

Figure 9. Diaporthe pometiae (SAUCC194.72) a infected leaf of Pometia pinnata b, c surface and reverse 
of colony after 15 days on PDA d conidiomata e, f conidiophores and conidiogenous cells g beta conidia 
h alpha conidia and beta conidia. Scale bars: 10 μm (e–h).
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Description. Asexual morph: Leaf spots subcircular, fawn to dark brown. Con-
idiomata pycnidial, subglobose to globose, aggregated in groups, black, coated with 
white hyphae, thick-walled, exuding creamy droplets from ostioles. Conidiophores 
hyaline, smooth, slightly septate, branched, densely aggregated, cylindric-clavate, 
straight to slightly sinuous, 22.5–32.5 × 1.0–2.0 μm. Conidiogenous cells 15.0–22.5 × 
1.0–1.5 μm, phialidic, cylindrical, multi-guttulate, terminal, tapering towards apex. 
Alpha conidia abundant in culture, 2–4 guttulate, hyaline, smooth, aseptate, ellipsoi-
dal to oblong ellipsoidal, with both ends obtuse, 5.7–8.3 × 2.2–3.0 μm (mean = 6.7 × 
3.1  μm, n = 20). Beta conidia, hyaline, aseptate, filiform, multi-guttulate, slightly 
curved, tapering towards to apex, 27.8–34.5 × 1.0–1.7 μm (mean = 21.7 × 1.4 μm, 
n = 20). Gamma conidia not observed. Sexual morph not observed.

Culture characteristics. Cultures incubated on PDA at 25 °C in darkness, growth 
rate 11.5–13.0 mm diam/day, cottony with abundant aerial mycelium, with a concen-
tric zonation, white on surface, white to grayish on reverse.

Additional specimens examined. China, Yunnan Province: Xishuangbanna Trop-
ical Botanical Garden, Chinese Academy of Sciences, 19 April 2019, S.T. Huang. 
On diseased leaves of Persea americana (Lauraceae), HSAUP194.19 paratype, ex-
paratype culture SAUCC194.19; on diseased leaves of Heliconia metallica (Musaceae), 
HSAUP194.73 paratype, ex-paratype culture SAUCC194.73.

Notes. Diaporthe pometiae is introduced based on the multi-locus phylogenetic 
analysis, with three isolates clustering separately in a well-supported clade (ML/BI = 
100/1). Diaporthe pometiae is most closely related to D. biconispora, but distinguished 
based on ITS, TUB, TEF and HIS loci by 74 nucleotide differences in the concatenat-
ed alignment, in which 2/492 are distinct in the ITS region, 8/353 in the TUB region, 
49/370 in the TEF region and 15/471 in the HIS region. Morphologically, Diaporthe 
pometiae differs from D. biconispora in its smaller alpha conidia (5.7–8.3 × 2.2–3.0 vs. 
6.0–10.5 × 2–3.5 μm). Furthermore, Diaporthe pometiae produces beta conidia unlike 
D. biconispora (Huang et al. 2015).

Discussion

The Yunnan Province in southeastern China has a unique geography where three cli-
matic regions meet: the eastern Asia monsoon region, the Tibetan plateau region, and 
the tropical monsoon region of southern Asia and Indo-China. The environment is 
conducive to growth of unusual microbial species. Species diversity in Yunnan Prov-
ince is high compared to other parts of China.

Previously, species identification of Diaporthe relied on the assumption of host-
specificity, leading to the proliferation of names. The morphological characters of 
Diaporthe could be changeable, as most taxa in culture do not produce all spore states 
of the asexual (alpha, beta and gamma conidia) or the sexual morph (Gomes et al. 
2013). Based on a polyphasic approach and morphology, more than one species of 
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Diaporthe can colonize a single host, while one species can be associated with several 
hosts (Gomes et al. 2013; Gao et al. 2017; Guarnaccia and Crous 2017; Guarnaccia 
et al. 2018; Guo et al. 2020). These studies revealed a high diversity of Diaporthe 
species from different hosts. Our study supports this phenomenon. For example, 
Diaporthe arecae (SAUCC194.18) and D. pometiae (SAUCC194.19) were collected 
from Persea americana; In addition, isolates of D. middletonii were obtained from 
three hosts (Litchi chinensis, Lithocarpus craibianus, L. glaber). As for host specificity, 
in our study, four species of Diaporthe, D. machili (SAUCC194.69), D. middletonii 
(SAUCC194.27), D. osmanthi (SAUCC194.21), and D. pometiae (SAUCC194.72) 
were isolated from Litchi chinensis and Pometia pinnata belong to the Sapindaceae, 
and D. litchiicola also was reported from Litchi chinensis in Queensland (Tan et 
al. 2013); however, D. machili (SAUCC194.111) also was isolated from Machilus 
pingii (Lauraceae), D. middletonii (SAUCC194.45) from Lithocarpus glaber (Fagace-
ae), D. osmanthi (GUCC 9165) from leaves of Osmanthus fragrans (Oleaceae) (Long 
et al. 2019), and D. pometiae (SAUCC194.19 and SAUCC194.73) from Persea 
americana (Lauraceae) and Heliconia metallica (Musaceae). These results provide 
evidence that many species are able to colonise diverse hosts and several different 
species could co-occur on the same host. It seems obvious that specificity does not 
occur at the family level.

For the current study, sixteen strains isolated from ten host genera represented 
three new species and five known species, based on morphological characters and phy-
logenetic analyses of the five combined loci (ITS, TUB, TEF, CAL and HIS). The de-
scriptions and molecular data for species of Diaporthe represent an important resource 
for plant pathologists, plant quarantine officials and taxonomists.
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Abstract
Species of Cordyceps sensu lato (Hypocreales, Sordariomycetes) have always attracted much scientific at-
tention for their abundant species diversity, important medicinal values and biological control applica-
tions. The insect superfamilies Elateroidea and Tenebrionoidea are two large groups of Coleoptera and 
their larvae are generally called wireworms. Most wireworms inhabit humid soil or fallen wood and are 
often infected with Cordyceps s.l. However, the species diversity of Cordyceps s.l. on Elateroidea and Ten-
ebrionoidea is poorly known. In the present work, we summarise taxonomic information of 63 Cordyceps 
s.l. species that have been reported as pathogens of wireworms. We review their hosts and geographic 
distributions and provide taxonomic notes for species. Of those, 60 fungal species are accepted as natural 
pathogens of wireworms and three species (Cordyceps militaris, Ophiocordyceps ferruginosa and O. variabi-
lis) are excluded. Two new species, O. borealis from Russia (Primorsky Krai) and O. spicatus from China 
(Guizhou), are described and compared with their closest allies. Polycephalomyces formosus is also described 
because it is reported as a pathogen of wireworms for the first time. Phylogeny was reconstructed from a 
combined dataset, comprising SSU, LSU and TEF1-α gene sequences. The results, presented in this study, 
support the establishment of the new species and confirm the identification of P. formosus.
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Introduction

The superfamilies Elateroidea and Tenebrionoidea are two large groups of Coleoptera. 
Species within these superfamilies are phytophagous, xylophagous, saprophagous or 
omnivorous and most of them are important agricultural pests (Gullan and Cranston 
2010; Ren et al. 2016). Elateroidea larvae are the well-known wireworms, closely re-
sembling Tenebrionoidea larvae which are known as mealworms or pseudo-wireworms 
(Ren et al. 2016). As a result, in practice, larvae of both Elateroidea and Tenebrio-
noidea are generally referred to as wireworms. Most wireworms inhabit humid soil, 
humus layer or decayed wood and are, thus, easily encountered and infected with 
entomopathogenic fungi (Kabaluk et al. 2017; Rogge et al. 2017).

Cordyceps sensu lato (Hypocreales, Sordariomycetes) is a well-known group of en-
tomopathogenic fungi. Previously, most species of this group were assigned to the previ-
ous Cordyceps Fr. genus, so they had commonly been called ‘Cordyceps’. It was not until 
2007 that Sung et al. revised the classification system of this group, based on substantial 
molecular and morphological data. In the new classification system, all these fungi are 
assigned to three families (Cordycipitaceae, Ophiocordycipitaceae and, in part, Clavi-
cipitaceae) and only a few species were retained in the revised Cordyceps Fr. emend. G.H. 
Sung et al. genus (Sung et al. 2007). As a result, the concept of ‘Cordyceps’ has been 
extended from the previous genus Cordyceps Fr. to Cordyceps s.l. So far, more than 1000 
Cordyceps s.l. species have been reported (Wei et al. 2020) and these entomopathogenic 
hypocrealean fungi are widely distributed in all terrestrial regions (except Antarctica),  
especially tropics and subtropics (Kobayasi 1941; Sung et al. 2007).

Ophiocordyceps Petch and Polycephalomyces Kobayasi are two morphologically, phy-
logenetically and ecologically closely-related genera placed in Ophiocordycipitaceae. 
They produce rigid, pliant or wiry stipes that are usually darkly coloured; their asexual 
morphs are mainly Hirsutella-like, but phialides of Polycephalomyces lack the swollen 
base and are concentrated at the tips of synnemata; and they are typically found on 
hosts buried in soil or in rotting wood, especially wireworms (Sung et al. 2007; Kepler 
et al. 2013). Ophiocordyceps is the largest genus of Cordyceps s.l., with O. blattae (Petch) 
Petch as the type species, linking with Didymobotryopsis-, Hirsutella-, Hymenostilbe-, 
Sorosporella-, Synnematium- and Troglobiomyces-like asexual states (Quandt et al. 2014) 
and currently comprising approximately 200 species (Wei et al. 2020). Polycephalomy-
ces, with P. formosus Kobayasi as its type and linking with Acremonium-, Hirsutella- and 
Polycephalomyces-like asexual states, includes 19 known species thus far, some of which 
are found on stromata of Ophiocordyceps spp. (Kepler et al. 2013; Wang 2016; Index 
Fungorum 2021).

In nature, Cordyceps s.l. species develop mainly on insects, spiders, other Cordyceps 
s.l. species and hypogeous fungi of the genus Elaphomyces. These ascomycetes can re-
produce via ascospores, conidia and mycelia that generally inhabit soil, plants, inver-
tebrates, nematodes, mushrooms and other organisms (Zha et al. 2020). The ecology 
and habits of different host groups are generally different and this often determines the 
species specificity of Cordyceps s.l. on them. As a result, in practice, Cordyceps s.l. species 
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have commonly been classified according to their host groups. With respect to the tax-
onomy of Cordyceps s.l. on insects, early systematic work mainly came from Petch (e.g. 
1934), Kobayasi (e.g. 1941) and Shimizu (1997) who all classified Cordyceps s.l. species 
according to their host orders. Later, Shrestha et al. (2016, 2017) reviewed Cordyceps 
s.l. species on their Coleoptera, Lepidoptera, Hymenoptera and Hemiptera hosts. Re-
cently, Zha et al. (2020) systematically studied the Orthoptera hosts and investigated 
the relationships with their pathogens.

A diverse range of Cordyceps s.l. species have been reported as pathogens of wire-
worms. Due to the difficulities in identifying wireworms, hosts of these fungal species 
have generally been recorded as Elateridae larvae, Tenebrionidae larvae or Coleoptera 
larvae (e.g. Petch 1933, 1937; Kobayasi 1941; Kobayasi and Shimizu 1982b, 1983). 
Shimizu (1997) provided beautiful drawings for many Cordyceps s.l. species, which in-
cluded more than 30 species on wireworms and wireworm-like insects. A recent report 
for wireworm-infecting Cordyceps s.l. involved only 20 species (Shrestha et al. 2016), 
which is fewer than the number recorded by Shimizu (1997). It should be noticed that 
these fungi affect the populations of wireworms and have the potential to control these 
agricultural pests (Barsics et al. 2013; Rogge et al. 2017). Therefore, we need a deeper 
knowledge of species diversity, taxonomy, distribution and lifestyle of these wireworm-
infecting Cordyceps s.l.

In this study, the species diversity of wireworm-infecting Cordyceps s.l. (Elateroidea 
and Tenebrionoidea) is reviewed. We discuss their hosts and geographic distribution 
and provide taxonomic notes for species. In addition, we describe two new members 
of this group, Ophiocordyceps borealis sp. nov. and O. spicatus sp. nov. Polycephalomyces 
formosus Kobayasi is also described because it represents the first report of this species 
on wireworms (Elateroidea). We reconstructed a multilocus (SSU, LSU and TEF1-α) 
phylogeny to support morphological results.

Material and methods

Sample collections and morphological studies

Wireworm-infecting species of Cordyceps s.l. were collected from south-western China 
and the Russian Far East. Specimens were placed in plastic boxes and carried to the 
laboratory for further study. The macro-characteristics and ecology were photographed 
using a Nikon Coolpix P520 camera in the field. Specimens were examined and pho-
tographed using an Optec SZ660 stereo dissecting microscope and a Nikon Eclipse 
80i compound microscope connected with a Canon EOS 600D camera. Microscopic 
measurements were made using Tarosoft (R) Image Framework software. Images were 
processed using Adobe Photoshop CS v. 8.0.1 (Adobe Systems Incorporated, San Jose, 
California, USA). Voucher specimens are deposited in the Fungarium of the Centre 
of Excellence in Fungal Research, Mae Fah Luang University (MFLU), Chiang Rai, 
Thailand and the Herbarium of Guizhou University (GACP), Guiyang, China.
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DNA extraction, sequencing, sequence assembly and alignment

Total DNA was extracted from dried specimens using E.Z.N.A.TM Fungal DNA 
MiniKit (Omega Biotech, CA, USA). The ribosomal internal transcribed spacers (ITS), 
small and large subunits (SSU and LSU) and translation elongation factor 1α (TEF1-α) 
genes were amplified and sequenced using the PCR programmes and primer pairs listed 
in Table 1. PCR amplification reactions were performed in an ABI 2720 thermal cy-
cler (Applied Biosystems, Foster City, CA, USA). PCR products were purified using 
Bioteke’s Purification Kit (Bioteke Corporation, Beijing, China) and were sequenced 
using an ABI 3730 DNA analyser and an ABI BigDye 3.1 terminator cycle sequencing 
kit (Sangon Co., Shanghai, China). Sequences were aligned and assembled visually and 
manually using Clustalx1.81, Chromas230, ContigExpress and MEGA6 software.

Construction of molecular phylogenetic trees

BLAST searches were performed to reveal the closest matches in the GenBank data-
base that would allow the selection of appropriate taxa for phylogenetic analyses. Each 
gene region was independently aligned and improved manually, then the SSU, LSU and 
TEF1-α gene sequences were combined to form a concatenated dataset. The ITS region 
was not included in our multilocus analyses because of: 1) insufficient ITS sequence 
data (Table 2) which may lead to inaccurate phylogenetic results; 2) distinct different 
rate of evolution from SSU, LSU and TEF genes and with many irregular insertions and 
deletions of bases. Maximum Likelihood (ML), Maximum Parsimony (MP) and Bayes-
ian Inference (BI) analyses were performed using the concatenated sequence dataset. 
Sequence information of the three described species and their allies is listed in Table 2.

Maximum Likelihood (ML) analysis was done via the CIPRES Science Gate-
way platform (Miller et al. 2010) using RAxML-HPC2 on XSEDE (8.2.10) with the 
GTRGAMMA nucleotide substitution model and 1000 bootstrap iterations (Jeewon 
et al. 2003; Hongsanan et al. 2017). An MP tree was constructed with PAUP* 4.0b10 
(Swofford 2002) using the heuristic search option with TBR branch swapping and 
bootstrapping with 1,000 replicates (Cai et al. 2006; Tang et al. 2007). BI analysis 
was conducted using MrBayes v. 3.1.2 with Markov Chain Monte Carlo sampling to 

Table 1. Primers and PCR programmes used in this study (White et al. 1990, Spatafora et al. 2006, Ban 
et al. 2015).

Locus Primers PCR programs (optimised)
ITS ITS4: 5’-TCCTCCGCTTATTGATATGC-3’ (94 °C for 30 s, 51 °C for 50 s, 72 °C for 45 s) × 33 cycles

ITS5: 5’-GGAAGTAAAAGTCGTAACAAGG-3’
SSU NS1: 5’-GTAGTCATATGCTTGTCTC-3’ (94 °C for 30 s, 51 °C for 30 s, 72 °C for 2 min) × 33 cycles

NS4: 5’-CTTCCGTCAATTCCTTTAAG-3’
LSU LROR: 5’-ACCCGCTGAACTTAAGC-3’ (94 °C for 30 s, 55 °C for 30 s, 72 °C for 1 min) × 30 cycles

LR5: 5’-TCCTGAGGGAAACTTCG-3’
TEF1-α EF1-983F: 5’-GCYCCYGGHCAYCGTGAYTTYAT-3’ (94 °C for 1 min, 55 °C for 30 s, 72 °C for 2 min) × 35 cycles

EF1-2218R: 5’-ATGACACCRACRGCRACRGTYTG-3’
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calculate posterior probabilities (PP) (four simultaneous Markov chains running for 
1,000,000 generations; sampling every 100 generations, first 25% of sampled trees 
discarded) (Rannala and Yang 1996).

Results

Molecular phylogeny of the three described species

The combined concatenated dataset included 36 samples including 32 species of 
Ophiocordycipitaceae (Ophiocordyceps, Paraisaria and Polycephalomyces) as ingroups 
and Cordyceps militaris (L.) Fr. (strain OSC 93623, Kepler et al. 2012) as the outgroup. 
The aligned dataset was deposited in the TreeBASE database (http://purl.org/phylo/
treebase/phylows/study/TB2:S26977?x-access-code=cb3474ce0fd0327526b6fd2465
d6c53d&format=html). The aligned dataset was composed of 2,843/2,837 (includ-
ing/excluding outgroup) characters (including gaps), of which 740/681 were variable 
and 527/520 were parsimony-informative. ML, MP and BI analyses resulted in phy-
logenies with similar topologies and the best-scoring ML tree (–lnL= 15804.4393) is 
shown in Fig. 1.

According to the phylogenetic tree (Fig. 1), three Ophiocordyceps borealis sp. nov. 
samples (specimens MFLU 18-0163, GACP R16002 and GACP R1600) group to-
gether (100% ML/100% MP/1.00 PP) and are related to, but phylogenetically dis-
tinct from, O. purpureostromata (specimen TNS F18430). Ophiocordyceps spicatus sp. 
nov. (specimen MFLU 18-0164) constitutes a strongly supported independent lineage 
and is related to O. formosana. The two Polycephalomyces formosus samples (specimens 
MFLU 18-0162 and ARSEF 1424) group together and are related to P. sinensis (speci-
men CN 80-2) and P. tomentosus (specimen BL 4).

New species and new record of Cordyceps s.l. developing on wireworms

Ophiocordyceps borealis L.S. Zha & P. Chomnunti, sp. nov.
Index Fungorum number: IF558114
Facesoffungi number: FoF04101
Fig. 2

Etymology. Referring to the region (south of boreal zone of the Russian Far East) from 
where the species was collected.

Sexual morph. Parasitising Elateroidea larvae (Coleoptera) living in fallen wood. 
The larvae are cylindrical, 11 mm long and 1.1–1.3 mm thick, yellowish-brown; their 
body cavity stuffed with milky yellow mycelia and their intersegmental membranes 
covered with many milky yellow and flocculent funiculi. Stromata arising from any 
part of larval body, single or paired, unbranched. Stipe grey, slender and cylindrical, 
fibrous and flexible, curved more or less, 10–13 mm long and 0.25–0.6 mm thick, sur-
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Figure 1. Maximum Likelihood (ML) tree of Ophiocordyceps borealis sp. nov., O. spicatus sp. nov. and 
their allies inferred from a combined SSU, LSU and TEF1-α gene dataset. Bootstrap support values of 
ML and Maximum Parsimony (MP) > 60% and posterior probabilities (PP) of Bayesian Inference > 0.9, 
are indicated above the nodes and separated by ‘/’ (ML/MP/PP).

face relatively smooth but with many longitudinal wrinkles, apex pointed. Fertile part 
irregularly attached on one side of the surface of distal part of stipe, which resembles a 
mass of insect eggs that are clustered together or separated into several lumps; substrate 
layer milky white, surface milky yellow accompanied by lavender and dotted with 
numerous black ostioles. Perithecia immersed, densely arranged, obliquely or at right 
angles to the surface of stipe, pyriform, neck unconspicuous, 220–290 × 120–150 μm 
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Figure 2. Ophiocordyceps borealis a–c stromata arising from the different parts of larval bodies d apical 
ends of stromata e transverse section of fertile part, on which densely arranged perithecia are shown f asci 
g ascospores. Scale bars: 2 mm (a–c); 1 mm (d); 100 μm (e), 10 μm (f, g).
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and their tops obtuse; walls dark brown and 25–32 μm thick; ostioles slightly thick-
ened and slightly protruding over the surface of fertile part. Asci cylindrical, 6–8 μm 
in diameter; caps hemispherical, 5–6 (x– = 5.5, n = 30) μm wide and 3.5–5 (x– = 4.2, n 
= 30) μm high. Ascospores filiform and elongate, multi-septate (far more than 3), not 
easy to break into part-spores; part-spores cylindrical, truncated at both ends, 10–15 
(x– = 12.2, n = 30) × 2 μm. Asexual morph. Unknown.

Material examined. Russia, the Russian Far East, Primorskiy Krai, National Park 
Land of the Leopard, Natural Reserve Kedrovaya Pad, 43°05'53.8"N, 131°33'17.8"E, 
10 August 2016, Oksana Tomilova & Vadim Yu Kryukov (MFLU 18-0163, holotype; 
GACP R16002 and GACP R16003, paratypes).

Known distribution. Russia (Primorskiy Krai).
Hosts. Growing on Elateroidea larvae (Coleoptera) living in fallen wood in a de-

ciduous forest.
Notes. The new species is morphologically similar to O. purpureostromata (≡ C. 

purpureostromata), but their stipes and ascospores are distinct. In O. purpureostromata, 
stipe is thicker (0.6–1 mm in diameter) and has hairs (0.25–0.6 mm in diameter and 
without hair in O. borealis), ascospores are only 65–75 × 10 μm long and 3-septate 
(elongate and far more than 3-septate in O. borealis) and part-spores are 13–23 μm 
long (10–15 μm long in O. borealis) (Kobayasi and Shimizu 1980b).

Nucleotide sequences of O. borealis are most similar to those of O. purpureostro-
mata (specimen TNS F18430, Quandt et al. 2014), but there is 2.3% bp difference 
across the 804 bp in TEF1-α, 0.5% bp difference across the 845 bp in LSU and 0.1% 
bp difference across 1,061 bp in SSU. ITS of O. borealis is > 14.1% different to all 
ITS available in GenBank (ITS are not available for O. purpureostromata). On the 
phylogenetic tree, the new species is also nearest (100% ML/100% MP/1.00 PP) to O. 
purpureostromata, but they form into two distinct branches which support them being 
two separate species (Fig. 1).

Ophiocordyceps spicatus L.S. Zha & P. Chomnunti, sp. nov.
Index Fungorum number: IF558115
Facesoffungi number: FoF04102
Fig. 3

Etymology. Referring to the spicate fertile head.
Sexual morph. Parasitising a Tenebrionoidea larva (Coleoptera) living in humid 

and decayed wood. The larva is cylindrical, 7.5 mm long and 1.0–1.1 mm thick, yel-
lowish-brown. White mycelia stuff the body cavity, also partially cover the interseg-
mental membranes of the body surface. Stroma arising from the first quarter of the 
larval body, single, fleshy, 5 mm in length. Stipe yellow, cylindrical, 3.5 mm long and 
0.35–0.4 mm thick, surface rough and pubescent. Fertile head spicate, unbranched, 
orange, 1.5 mm long and 0.5–0.7 mm thick, obviously differentiated from stipe; its 
surface rugged and consisting of many humps (outer portions of perithecia), tops of 
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Figure 3. Ophiocordyceps spicatus (MFLU 18-0164) a infected larva in decayed wood b habitat environ-
ment c fertile head of stroma d transverse section of fertile head, on which sparse arranged perithecia are 
shown e Asci f Ascospores and part-spores. Scale bars: 200 μm (c); 100 μm (d) 10 μm (e, f).
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the humps obtuse and with opening ostioles, darker in colour. Perithecia partially im-
mersed and obliquely or at right angles to the surface of stipe, broadly pyriform, 200–
250 × 170–200 μm; walls 25–35 μm thick. Asci cylindrical, 5–9 μm thick, middle part 
wider than two terminal parts; caps hemispheric, 4.6–5.3 (x– = 4.9, n = 30) μm wide 
and 4.0–4.6 (x– = 4.3, n = 30) μm high. Ascospores filiform; part-spores cylindrical, trun-
cated at both ends, 3.5–6.5 (x– = 4.7, n = 30) μm long and 1.7–2.0 μm thick. Asexual 
morph. Unknown.

Material examined. China, Guizhou Province, Leishan County, Leigongshan 
Mountain, 26°22'18"N, 108°11'28"E, 1430 m alt., 2 August 2016, Ling-Sheng Zha 
(MFLU 18-0164, holotype).

Known distribution. China (Guizhou).
Host. Growing on a Tenebrionoidea larva (Coleoptera) living in humid and de-

cayed wood in a broad-leaved forest.
Notes. Ophiocordyceps spicatus is morphologically somewhat similar to O. for-

mosana (Kobayasi and Shimizu 1981; Li et al. 2016), but it has a much smaller stroma 
(stipes 6–10 (or 19–37) mm long and 1.5–1.7 (or 2–4) mm wide in O. formosana), a 
spicate and rugged fertile head (surface entire and flattened, never spicate or rugged in 
O. formosana) and partially immersed perithecia (immersed in O. formosana).

Nucleotide sequences of O. spicatus are most similar to those of O. formosana, 
but there is 5.2% bp difference in ITS, 2.0% bp difference in TEF1-α and 0.1% bp 
difference in SSU (LSU rDNA sequence unavailable for O. formosana). LSU of O. 
spicatus is > 5.6% bp different to all LSU available in GeneBank. Additionally, on the 
phylogenetic tree, O. spicatus is closely related (100% ML/100% MP/1.00 PP) to O. 
formosana, but they form into two distinct branches which also support them being 
two separate species (Fig. 1).

Polycephalomyces formosus Kobayasi
MycoBank No: 289806
Facesoffungi number: FoF04100
Fig. 4

Remarks. Polycephalomyces formosus was reported on Coleoptera larvae, stromata of 
Ophiocordyceps barnesii (Thwaites) G.H. Sung et al., O. falcata (Berk.) G.H. Sung et 
al. and O. cantharelloides (Samson & H.C. Evans) G.H. Sung et al. and distributed in 
Ecuador, Japan and Sri Lanka (Kobayasi 1941; Samson and Evans 1985; Wang 2016). 
We collected a P. formosus-like specimen on the stroma of Ophiocordyceps sp. on an 
Elateroidea larva from Guizhou, China. Morphological and phylogenetic data showed 
that it is P. formosus. This is the first report of P. formosus on wireworms.

Asexual morph. Growing on the stroma of Ophiocordyceps sp. on an Elateroidea 
larva. Stroma single, arising from the body end of the host larva, unbranched. The larva 
reddish-brown, cylindrical, 21 × 1.3–1.6 mm, intersegmental membranes conspicu-
ous. Stipe of the stroma shiny black, stiff, band-like, but twisted and deeply wrinkled 
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Figure 4. Polycephalomyces formosus (MFLU 18-0162) a collected on the ground in a bamboo forest 
b produced on the stroma of Ophiocordyceps sp. (the fertile head was missing) on an Elateroidea larva 
c, d synnemata e–g A-type phialides and A-type conidia h B-type phialides and B-type conidia. Scale 
bars: 20 μm (e); 5 μm (f); 10 μm (g, h).

(dry specimen), more than 20 mm long and 1.0–1.3 mm thick, surface smooth (the 
fertile head was missing). Synnemata solitary or caespitose, arising from the interseg-
mental membranes of the larva and the surface of the stroma, mostly unbranched, 
generally straight, capitate, 1–3.5 mm long and 50–600 μm thick. Stipe basally broad 
and compressed, then gradually cylindrical upwards, white, greyish-white to yellow-
ish-brown, surface smooth. Fertile head (including spore mass) abruptly expanded, 
ellipsoidal, 100–300 × 80–250 μm, located at the top of every synnema and distinctly 
separated from the stipe. Spore mass covers the surface of every fertile head, 15–25 μm 



Cordyceps species on wireworms 91

thick, yellowish-brown and composed of hymenia. Phialides of two types, A-phialides 
produced on fertile heads, B-phialides arising laterally along the entire stipe. A-phi-
alides 3–5 in terminal whorl on basal conidiophores, cylindrical to narrowly conical, 
straight or curved, non-uniform, 10–20 (x– = 15.1, n = 30) μm long and 1.5–2 μm 
(x– = 1.7, n = 30) wide, basally and terminally narrow, neck narrow to 0.5 μm, collar-
ettes and periclinal thickening not visible; A-conidia obovate to obpyriform, smooth-
walled, hyaline, 2.1–3.2 (x– = 2.6, n = 30) μm long and 1.5–2.2 (x– = 1.8, n = 30) μm 
wide. B-phialides single or in terminal whorls of 2–3 on basal conidiophores, straight, 
symmetrical or asymmetrical, hyaline, generally cylindrical, 10–25 (x– = 17, n = 30) μm 
long, 2–3.5 (x– = 2.8, n = 30) μm thick at the base, 0.5–0.8 (x– = 0.65, n =30) μm thick 
at the end, collarettes and periclinal thickening not visible; B-conidia fusiform, hyaline, 
smooth-walled, 3.2–6.0 (x– = 4.6, n = 30) μm long and 1–1.8 (x– = 1.4, n = 30) μm 
wide. Sexual morph. Not observed.

Material examined. CHINA, Guizhou, Tongzi County, Baiqing Natural Reserve, 
28°52'31"N, 107°9'10"E, about 1300 m alt., 13 July 2016, Ling-Sheng Zha (MFLU 
18-0162).

Notes. Polycephalomyces formosus was originally described from Japan as: growing on 
Coleoptera larvae; synnemata solitary or caespitose, 1–3.5 mm long and 100–250 μm 
thick; spore mass covering the surface of the fertile head, 15–25 μm thick; A-phialides 
3–4 in terminal whorl on basal conidiophores, cylindrical to narrowly conical, 10–20 
× 1.5–2 μm, neck 0.5 μm; A-conidia obovate to obpyriform, 2.0–2.8 × 1.6–2.0 μm; 
B-conidia fusiform, 3.2–4.8 × 0.8–1.6 μm (Kobayasi 1941; Wang 2016). These charac-
teristics are all consistent with our specimen. Sequences of SSU, ITS, LSU and TEF1-α 
are all identical to those of P. formosus (specimen ARSEF 1424); and in our phylogenetic 
tree, these two samples grouped together and have a same branch length (Fig. 1).

Host and ecology. On the stroma of Ophiocordyceps sp. on an Elateroidea larva on 
the ground in a humid bamboo (Chimonobambusa quadrangularis (Franceschi) Maki-
no) forest in Guizhou karst regions.

The larva might live in soil or decayed wood at first, but was then infected by 
Ophiocordyceps sp. and produced a sexual stroma. Following heavy rainfall, the host, 
together with the stroma of Ophiocordyceps sp., was washed away and exposed on the 
ground and at last, was parasitised by Polycephalomyces formosus. The fertile head of the 
stroma might have been lost during the floods.

Annotated list of recorded Cordyceps s.l. species developing on wireworms

Order Hypocreales Lindau
Family Cordycipitaceae Kreisel ex G.H. Sung, J.M. Sung, Hywel-Jones & Spatafora

Akanthomyces lecanii (Zimm.) Spatafora, Kepler & B. Shrestha

≡ Cephalosporium lecanii Zimm.
≡ Verticillium lecanii (Zimm.) Viégas
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≡ Lecanicillium lecanii (Zimm.) Zare & W. Gams
= Cephalosporium lecanii f. coccorum (Petch) Bałazy
= Sporotrichum lichenicola Berk. & Broome
= Hirsutella confragosa Mains
= Torrubiella confragosa Mains
= Cordyceps confragosa (Mains) G.H. Sung, J.M. Sung, Hywel-Jones & Spatafora
= Cephalosporium coccorum Petch
= Verticillium coccorum (Petch) Westerd.
= Cephalosporium coccorum var. uredinis U.P. Singh & Pavgi
= Cephalosporium subclavatum Petch
For further doubtful synonyms, see Zare and Gams (2001).

Hosts. Spiders, insects from various orders, including Coleoptera (e.g. Tenebrionidae: 
Alphitobius diaperinus); inhabiting phytopathogenic fungi and plant-parasitic nema-
todes (Humber and Hansen 2005; Shinya et al. 2008).

Distribution. Widely distributed in tropical and temperate regions, for example: 
Dominican Republic, Jamaica, Indonesia, Peru, Sri Lanka, the West Indies, Turkey 
and USA (Zare and Gams 2001).

Notes. The species was originally and frequently reported on scale insects (Hemip-
tera: Coccidae (syn. Lecaniidae)) (Zare and Gams 2001). Humber and Hansen (2005) 
listed its hosts involving spiders, many insect orders and found on the mushroom 
Puccinia striiformis (Pucciniaceae). The species was also found on phytopathogenic 
fungi and plant-parasitic nematodes (Shinya et al. 2008). Zare and Gams (2001) sys-
tematically studied the species and listed its synonyms. Kepler et al. (2017) rejected 
Torrubiella and Lecanicillium and transferred the species to Akanthomyces.

Beauveria bassiana sensu lato

Hosts. Many insect orders, including Coleoptera (e.g. Elateroidea and Tenebrionoidea 
spp., Humber and Hansen 2005; Reddy et al. 2014; Sufyan et al. 2017); inhabiting 
soil, plant surfaces and plant internal tissues (Bamisile et al. 2018).

Distribution. Widely distributed.
Note. Beauveria bassiana sensu lato includes a large complex of cryptic species with 

wide host ranges, including many Coleoptera families (Rehner et al. 2011; Imoulan 
et al. 2017).

Cordyceps aurantiaca Lohwag

Hosts. Elateridae larvae (Keissler and Lohwag 1937).
Known distribution. China (Keissler and Lohwag 1937).
Note. Taxonomically uncertain species which was described from the previous Cordyceps 

Fr. (differs from the current Cordyceps Fr. emend. G.H. Sung et al., same as below).
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Cordyceps chiangdaoensis Tasanathai, Thanakitpipattana, Khonsanit & Luangsa-ard

Hosts. Elateroidea or Tenebrionoidea larvae.
Known distribution. Thailand (Tasanathai et al. 2016).
Note. Hosts of the species were recorded as Coleoptera larvae (Tasanathai et al. 

2016). According to the picture provided, the hosts are wireworms.

Cordyceps chishuiensis Z.Q. Liang & A.Y. Liu

Host. Elateroidea or Tenebrionoidea larva.
Known distribution. China (Guizhou) (Liang 2007).
Notes. Taxonomically uncertain species from the previous Cordyceps. The species 

was originally reported on a wireworm (Liang 2007).

Cordyceps farinosa (Holmsk.) Kepler, B. Shrestha & Spatafora

≡ Ramaria farinosa Holmsk.
≡ Clavaria farinosa (Holmsk.) Dicks.
≡ Corynoides farinosa (Holmsk.) Gray
≡ Isaria farinosa (Holmsk.) Fr.
≡ Spicaria farinosa (Holmsk.) Vuill.
≡ Penicillium farinosum (Holmsk.) Biourge
≡ Paecilomyces farinosus (Holmsk.) A.H.S. Br. & G. Sm.
For further doubtful synonyms, see Index Fungorum (2021).

Hosts. Mites, spiders, insects from various orders, including Coleoptera (e.g. Tenebri-
onidae spp.); inhabiting soil, humus, plants, fungi and other organisms (Humber and 
Hansen 2005; Zimmermann 2008).

Distribution. Widely distributed (Zimmermann 2008).
Note. According to Domsch et al. (1980) and Zimmermann (2008), the species is 

ubiquitous in temperate and tropical zones.

Cordyceps fumosorosea (Wize) Kepler, B. Shrestha & Spatafora

≡ Isaria fumosorosea Wize
≡ Spicaria fumosorosea (Wize) Vassiljevsky
≡ Paecilomyces fumosoroseus (Wize) A.H.S. Br. & G. Sm.
= Paecilomyces fumosoroseus var. beijingensis Q.X. Fang & Q.T. Chen

Hosts. Mites, insects from various orders (e.g. Lagriidae and Tenebrionidae spp. in 
Tenebrionoidea) (Humber and Hansen 2005; Zimmermann 2008).
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Distribution. Widely distributed (Zimmermann 2008).
Note. The species was previously confused with C. farinosa or regarded as a com-

plex species (Zimmermann 2008).

Cordyceps huntii Giard [as ‘hunti’, ‘lunti’]

Host. Elateridae larva (Massee 1899).
Known distribution. Gaul (Massee 1899).
Notes. Taxonomically uncertain species from the previous Cordyceps. Sung et al. 

(2007) treated it as a synonym of Nigelia martiale (≡ C. martialis).

Cordyceps militaris (L.) Fr.

≡ Clavaria militaris L.
≡ Sphaeria militaris (L.) J.F. Gmel.
≡ Hypoxylon militare (L.) Mérat
≡ Xylaria militaris (L.) Gray
≡ Corynesphaera militaris (L.) Dumort.
≡ Torrubia militaris (L.) Tul. & C. Tul.
= Clavaria granulosa Bull.
= Sphaeria militaris var. sphaerocephala J.C. Schmidt
= Cordyceps militaris f. sphaerocephala (J.C. Schmidt) Sacc.
= Cordyceps militaris f. alba Kobayasi & Shimizu ex Y.J. Yao [as ‘albina’]

Hosts. Commonly on Lepidoptera larvae and pupae, infrequently on Hymenoptera 
(Kobayasi 1941; Kryukov et al. 2011).

Distribution. Widely distributed.
Note. Under laboratory conditions and injection of hyphal bodies into the haemo-

coel of insects, C. militaris can infect many insect orders (Shrestha et al. 2012), in-
cluding pupae of Tenebrio molitor (Tenebrionidae) (De Bary 1867; Sato and Shimazu 
2002). Therefore, the conclusion that wireworms (e.g. Tenebrio molitor) are the natural 
hosts of C. militaris is probably untenable and we temporarily reject it.

Cordyceps nanatakiensis Kobayasi & Shimizu

Host. Tenebrionidae larva (Shimizu 1997).
Known distribution. Japan (Kobayasi and Shimizu 1983).
Notes. Taxonomically uncertain species from the previous Cordyceps. Its host 

was originally recorded as a Coleoptera larva (Kobayasi and Shimizu 1983) and then 
Shimizu (1997) identified it as a Tenebrionidae larva.
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Cordyceps nirtolii Negi, Koranga, Ranj. Singh & Z. Ahmed

Host. Larva of Elateridae (Melanotus communis (Gyllenhal)).
Known distribution. India (Himalaya) (Negi et al. 2012).
Note. Host of the species was recorded as a larva of Melanotus communis (Negi et 

al. 2012). Melanotus communis (Gyllenhal) represents an Elateridae insect, while Mel-
anotus communis E. Horak is a mushroom (Agaricales: Strophariaceae).

Cordyceps roseostromata Kobayasi & Shimizu

Host. Tenebrionidae larva (Shimizu 1997).
Known distribution. Japan (Kobayasi and Shimizu 1983).
Note. Host of the species was originally recorded as a Coleoptera larva (Kobayasi 

and Shimizu 1983) and then Shimizu (1997) identified it as a Tenebrionidae larva.

Cordyceps rubiginosistipitata Kobayasi & Shimizu [as ‘rubiginosostipitata’]

Host. Tenebrionoidea or Elateroidea larva.
Known distribution. Japan (Kobayasi and Shimizu 1983).
Note. Taxonomically uncertain species from the previous Cordyceps. Its host was 

recorded as a Coleoptera larva (Kobayasi and Shimizu 1983; Shimizu 1997). Accord-
ing to the illustration by Shimizu (1997), the host is a wireworm.

Cordyceps rubra Möller

Host. Elateridae larva (Möller 1901).
Known distribution. Brazil (Möller 1901).
Note. Taxonomically uncertain species from the previous Cordyceps.

Cordyceps shanxiensis B. Liu, Rong & H.S. Jin

Hosts. Elateridae larvae (Melanotus caudex? and Pleonomus canaliculatus?) (Liu et al. 
1985).

Known distribution. China (Shanxi) (Liu et al. 1985).
Notes. Taxonomically uncertain species from the previous Cordyceps. According 

to the original description, the species is morphologically similar to Paraisaria gracilis 
(Grev.) Luangsa-ard et al. on Lepidoptera larvae. Notably, the two host names pro-
vided by Liu et al. (1985) cannot be retrieved in GBIF (2021).
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Cordyceps submilitaris Henn.

Hosts. Elateroidea or Tenebrionoidea larvae.
Known distribution. South America (Petch 1933).
Notes. Taxonomically uncertain species from the previous Cordyceps. Hosts of the 

species were recorded as beetle larvae in rotten wood (Petch 1933). Petch (1933) con-
sidered the species as a synonym of Nigelia martiale (≡ C. martialis). According to the 
information given by Petch (1933), hosts of the species are wireworms.

Cordyceps velutipes Massee

Hosts. Larvae of Elateridae and Scarabaeidae (Melolontha sp.) (Massee 1895; 
Moureau 1949).

Known distribution. Africa (Massee 1895).
Note. Taxonomically uncertain species from the previous Cordyceps.

Family Clavicipitaceae (Lindau) Earle ex Rogerson, emend. G.H. Sung, J.M. 
Sung, Hywel-Jones & Spatafora

Metarhizium anisopliae species complex

Hosts. More than seven insect orders, including Coleoptera (e.g. Elateridae and Ten-
ebrionidae spp., Kabaluk et al. 2005, 2017; Humber and Hansen 2005; Reddy et al. 
2014); inhabiting soil, plant surfaces and plant internal tissues (Hu et al. 2014; Bami-
sile et al. 2018; Brunner-Mendoza et al. 2019).

Distribution. Widely distributed.
Note. Metarhizium anisopliae species complex includes several cryptic species, for 

example, M. anisopliae (Metschn.) Sorokīn, M. brunneum Petch and M. robertsii J.F. 
Bisch., S.A. Rehner & Humber (Bischoff et al. 2009; Kepler et al. 2014; Mongkol-
samrit et al. 2020). Amongst them, M. brunneum was most often noted as a wireworm 
pathogen (e.g. Kabaluk et al. 2017).

Metarhizium atrovirens (Kobayasi & Shimizu) Kepler, S.A. Rehner & Humber

≡ Cordyceps atrovirens Kobayasi & Shimizu
≡ Metacordyceps atrovirens (Kobayasi & Shimizu) Kepler, G.H. Sung & Spatafora

Hosts. Tenebrionidae larvae (Shimizu 1997).
Known distribution. Japan (Kobayasi and Shimizu 1978; Shimizu 1997).
Note. Hosts of the species were originally recorded as Coleoptera larvae (Kobayasi 

and Shimizu 1978) and then Shimizu (1997) identified them as Tenebrionidae larvae.
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Metarhizium brachyspermum Koh. Yamam., Ohmae & Orihara

Hosts. Elateridae larvae and pupae (Yamamoto et al. 2020).
Known distribution. Japan (Yamamoto et al. 2020).

Metarhizium campsosterni (W.M. Zhang & T.H. Li) Kepler, S.A. Rehner & Humber

≡ Cordyceps campsosterni W.M. Zhang & T.H. Li [as ‘campsosterna’]
≡ Metacordyceps campsosterni (W.M. Zhang & T.H. Li) G.H. Sung, J.M. Sung, Hywel-

Jones & Spatafora

Hosts. Larva and adult of Campsosternus auratus (Elateridae) (Zhang et al. 2004).
Known distribution. China (Guangdong) (Zhang et al. 2004).

Metarhizium clavatum Luangsa-ard, Mongkolsamrit, Lamlertthon, Thanakitpi-
pattana & Samson

Hosts. Elateridae (Oxynopterus) larvae (Mongkolsamrit et al. 2020).
Known distribution. Thailand (Mongkolsamrit et al. 2020).

Metarhizium flavum Luangsa-ard, Mongkolsamrit, Thanakitpipattana & Samson

Hosts. Tenebrionoidea or Elateroidea larvae.
Known distribution. Thailand (Mongkolsamrit et al. 2020).
Note. Hosts of the species were originally recorded as Coleoptera larvae (Mong-

kolsamrit et al. 2020). According to the illustration and the information provided, the 
hosts are wireworms.

Metarhizium kalasinense Tasan., Khons., Thanakitp., Mongkols. & Luangsa-ard

Hosts. Elateroidea larvae.
Known distribution. Thailand (Luangsa-ard et al. 2017).
Note. Hosts of the species were originally recorded as elaterid larvae (Coleoptera) 

(Luangsa-ard et al. 2017).
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Metarhizium pseudoatrovirens (Kobayasi & Shimizu) Kepler, S.A. Rehner & 
Humber

≡ Cordyceps pseudoatrovirens Kobayasi & Shimizu
≡ Metacordyceps pseudoatrovirens (Kobayasi & Shimizu) Kepler, G.H. Sung & Spatafora

Hosts. Larvae of Tenebrionoidea and/or Elateroidea (Shimizu 1997; Liang 2007).
Known distribution. China (Guizhou), Japan (Kobayasi and Shimizu 1982b; Li-

ang 2007).
Notes. The host of the species was originally recorded as a Coleoptera larva (Kob-

ayasi and Shimizu 1982b), then Shimizu (1997) identified it as a Tenebrionidae larva. 
Liang (2007) recorded the species with pictures (four specimens) and wireworm hosts.

Metarhizium purpureonigrum Luangsa-ard, Tasanathai, Thanakitpipattana & 
Samson

Hosts. Elateridae larvae (Campsosternus sp.).
Known distribution. Thailand (Mongkolsamrit et al. 2020).
Notes. According to the description and pictures provided (Mongkolsamrit et al. 

2020), the species is probably a synonym of O. jiangxiensis, a traditional Chinese me-
dicinal mushroom (Zha et al. 2018, also see O. jiangxiensis below). Hosts of the species, 
which were recorded as Coleoptera larvae, are Elateridae larvae (Campsosternus sp.).

Metarhizium purpureum Luangsa-ard, Mongkolsamrit, Lamlertthon Thanakitpi-
pattana & Samson

Hosts. Elateridae (Oxynopterus) larvae (Mongkolsamrit et al. 2020).
Known distribution. Thailand (Mongkolsamrit et al. 2020).

Nigelia martiale (Speg.) Luangsa-ard & Thanakitp.

≡ Cordyceps martialis Speg.
≡ Metacordyceps martialis (Speg.) Kepler, G.H. Sung & Spatafora
≡ Metarhizium martiale (Speg.) Kepler, S.A. Rehner & Humber

Hosts. Larvae of Coleoptera (e.g. Elateridae, Shrestha et al. 2016; Cerambycidae, 
Spegazzini 1889) and Lepidoptera (Liang 2007; Kepler et al. 2012).

Known distribution. Brazil, China (Guangdong, Zhejiang, Taiwan), the West In-
dies (Kobayasi 1941; Liang 2007).
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Family Ophiocordycipitaceae G.H. Sung, J.M. Sung, Hywel-Jones & Spatafora

Ophiocordyceps acicularis (Ravenel) Petch

≡ Cordyceps acicularis Ravenel

Hosts. Elateridae larvae (Shimizu 1997).
Known distribution. China (Jiangsu, Guangdong, Guizhou, Hainan, Taiwan), 

Japan, Russia (Far East), U.S.A. (Carolina) (Massee 1895; Kobayasi and Shimizu 
1980a, Koval 1984; Liang 2007).

Note. Hosts of the species were generally identified as wireworms or Coleoptera 
larvae (Kobayasi and Shimizu 1980a, Liang 2007). Shimizu (1997) identified the hosts 
of the species from Japan and Taiwan as Elateridae larvae.

Ophiocordyceps agriotis (Kawam.) G.H. Sung, J.M. Sung, Hywel-Jones & Spata-
fora [as ‘agriotidis’]

≡ Cordyceps agriota Kawam. [as ‘agriotidis’ in Index Fungorum (2021) ]

Hosts. Elateridae (e.g. Agriotes) larvae (Kobayasi and Shimizu 1980a, Shimizu 1997).
Known distribution. China (Guizhou, Jilin), Japan (Kobayasi and Shimizu 

1980a, Yang 2004; Liang 2007).
Notes. The specific epithet of this species was adopted from the generic name of 

its host insect ‘Agriotes’ (Kobayasi and Shimizu 1980a). The epithet ‘agriotidis’, used in 
Index Fungorum (2021) and related literature (e.g. Sung et al. 2007), is incorrect. Yang 
(2004) and Liang (2007) also recorded its hosts as Elateridae larvae.

Ophiocordyceps annulata (Kobayasi & Shimizu) Spatafora, Kepler & C.A. Quan-
dt [as ‘annulata’ in Index Fungorum (2021)]

≡ Cordyceps annulata Kobayasi & Shimizu [as ‘annulata’ in Index Fungorum (2021)]

Host. Tenebrionoidea or Elateroidea larva.
Known distribution. Japan (Kobayasi and Shimizu 1982a).
Note. Host of the species was originally recorded as a Coleoptera larva (Kobayasi and 

Shimizu 1982a). According to the illustration by Shimizu (1997), the host is a wireworm.
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Ophiocordyceps appendiculata (Kobayasi & Shimizu) G.H. Sung, J.M. Sung, Hy-
wel-Jones & Spatafora

≡ Cordyceps appendiculata Kobayasi & Shimizu

Host. Tenebrionidae larva (Shimizu 1997).
Known distribution. Japan (Kobayasi and Shimizu 1983).
Note. Host of the species was originally recorded as a Coleoptera larva (Kobayasi 

and Shimizu 1983). Shimizu (1997) identified it as a Tenebrionidae larva.

Ophiocordyceps asyuensis (Kobayasi & Shimizu) G.H. Sung, J.M. Sung, Hywel-
Jones & Spatafora [as ‘asyuënsis’]

≡ Cordyceps asyuensis Kobayasi & Shimizu

Hosts. Elateroidea or Tenebrionoidea larva.
Known distribution. Japan (Kobayasi and Shimizu 1980b).
Note. Host of the species was originally recorded as a Coleoptera larva (Kobayasi 

and Shimizu 1980b). According to the illustration by Shimizu (1997), the host is a 
wireworm.

Ophiocordyceps brunneipunctata (Hywel-Jones) G.H. Sung, J.M. Sung, Hywel-
Jones & Spatafora

≡ Cordyceps brunneipunctata Hywel-Jones [as ‘brunneapunctata’]

Hosts. Elateridae larvae (Hywel-Jones 1995).
Known distribution. Thailand (Hywel-Jones 1995).

Ophiocordyceps clavata (Kobayasi & Shimizu) G.H. Sung, J.M. Sung, Hywel-
Jones & Spatafora

≡ Cordyceps clavata Kobayasi & Shimizu

Hosts. Tenebrionidae larvae (Shimizu 1997).
Known distribution. Japan (Shimizu 1997).
Note. The host of the species was originally recorded as a Coleoptera larva (Kob-

ayasi and Shimizu 1980b). Shimizu (1997) identified the hosts of the species as Ten-
ebrionidae larvae.
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Ophiocordyceps elateridicola (Kobayasi & Shimizu) G.H. Sung, J.M. Sung, Hyw-
el-Jones & Spatafora

≡ Cordyceps elateridicola Kobayasi & Shimizu

Host. Elateridae larvae (Kobayasi and Shimizu 1983; Shimizu 1997).
Known distribution. China (Taiwan), Japan (Shimizu 1997).

Ophiocordyceps entomorrhiza (Dicks.) G.H. Sung, J.M. Sung, Hywel-Jones & 
Spatafora

≡ Sphaeria entomorrhiza Dicks.
≡ Xylaria entomorrhiza (Dicks.) Gray
≡ Cordyceps entomorrhiza (Dicks.) Fr.
= Isaria eleutheratorum Nees
= Torrubia cinerea Tul. & C. Tul.
= Cordyceps cinerea (Tul. & C. Tul.) Sacc.
= Cordyceps meneristitis F. Muell. & Berk. [as ‘menesteridis’]
= Cordyceps entomorrhiza var. meneristitis (F. Muell. & Berk.) Cooke [as ‘mesenteridis’]
= Cordyceps carabi Quél.
= Tilachlidiopsis nigra Yakush. & Kumaz.
= Hirsutella eleutheratorum (Nees) Petch

Hosts. Larvae and adults of many Coleoptera families, for example, Tenebrionidae 
larva (Shrestha et al. 2016) and Lampyridae larvae.

Distribution. Widely distributed.
Note. According to the illustrations by Shimizu (1997), we identify the hosts of 

the species from Japan as Lampyridae larvae (Elateroidea).

Ophiocordyceps falcatoides (Kobayasi & Shimizu) G.H. Sung, J.M. Sung, Hywel-
Jones & Spatafora

≡ Cordyceps falcatoides Kobayasi & Shimizu

Host. Tenebrionoidea or Elateroidea larva.
Known distribution. Japan (Kobayasi and Shimizu 1980a).
Note. Host of the species was originally recorded as a Coleoptera larva (Kobayasi 

and Shimizu 1980a). According to the illustration by Shimizu (1997), the host is a 
wireworm.



Ling-Sheng Zha et al.  /  MycoKeys 78: 79–117 (2021)102

Ophiocordyceps ferruginosa (Kobayasi & Shimizu) G.H. Sung, J.M. Sung, Hywel-
Jones & Spatafora

≡ Cordyceps ferruginosa Kobayasi & Shimizu

Hosts. Xylophagidae larvae (Diptera).
Known distribution. Japan (Kobayasi and Shimizu 1980b).
Notes. Hosts of the species were originally identified as Coleoptera larvae living 

in decayed wood (Kobayasi and Shimizu 1980b, Shimizu 1997). According to the il-
lustrations by Shimizu (1997), the hosts are actually Diptera (Xylophagidae) larvae. 
Considering the very similar morphology and the same hosts between O. ferruginosa 
and O. variabilis, the former might be a synonym of the latter (see notes of O. variabilis 
below). As a result, O. ferruginosa is not a pathogen of wireworms.

Ophiocordyceps formosana (Kobayasi & Shimizu) Yen W. Wang, S.H. Tsai, Tzean 
& T.L. Shen

≡ Cordyceps formosana Kobayasi & Shimizu

Hosts. Tenebrionoidea larvae (Li et al. 2002, 2016).
Known distribution. China (Anhui, Fujian, Hunan, Taiwan) (Kobayasi and 

Shimizu 1981; Li et al. 2002, 2016).
Notes. The host of the species was originally recorded as a Coleoptera larva (Kob-

ayasi and Shimizu 1981). According to the illustration by Shimizu (1997), it appears 
to be a Tenebrionoidea larva. Li et al. (2002) identified the host of their collection as a 
Tenebrionidae larva. We cautiously identify these hosts as Tenebrionoidea larvae (used 
in Li et al. 2016).

Ophiocordyceps jiangxiensis (Z.Q. Liang, A.Y. Liu & Yong C. Jiang) G.H. Sung, 
J.M. Sung, Hywel-Jones & Spatafora

≡ Cordyceps jiangxiensis Z.Q. Liang, A.Y. Liu & Yong C. Jiang

Hosts. Elateridae larvae (Campsosternus sp.) (Liang et al. 2001; Zha et al. 2018).
Known distribution. China (Jiangxi, Fujian, Yunnan) (Zha et al. 2018).
Notes. The species was originally described by Liang et al. (2001) with specimens 

from Jiangxi, China. Sung et al. (2007) revised it to O. jiangxiensis only based on the 
original morphological description. The species is closely similar to Metarhizium pur-
pureonigrum, a recently-described species from Thailand (Mongkolsamrit et al. 2020). 
Future studies are warranted to clarify its taxonomic placement.
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Ophiocordyceps larvicola (Quél.) Van Vooren

≡ Cordyceps larvicola Quél.

Hosts. Larvae of Cerambycidae, Scarabaeidae and Tenebrionidae (e.g. Cylindronotus 
sp., Helops spp.) (Kobayasi 1941; Shrestha et al. 2016).

Known distribution. France (Kobayasi 1941), the European part of Russia (Koval 
1984).

Ophiocordyceps melolonthae (Tul. & C. Tul.) G.H. Sung, J.M. Sung, Hywel-Jones 
& Spatafora

≡ Torrubia melolonthae Tul. & C. Tul.
≡ Cordyceps melolonthae (Tul. & C. Tul.) Sacc.
= Cordyceps rickii Lloyd
= Cordyceps melolonthae var. rickii (Lloyd) Mains
= Ophiocordyceps melolonthae var. rickii (Lloyd) G.H. Sung, J.M. Sung, Hywel-Jones 

& Spatafora

Hosts. Scarabaeidae larvae (Shrestha et al. 2016), Elateridae larvae (Shimizu 1997).
Distribution. North, Central and South America, the West Indies (Kobayasi 1941; 

Mains 1958), Japan (Shimizu 1997), Belarus, the Russian Far East (Koval 1984).

Ophiocordyceps nigripoda (Kobayasi & Shimizu) G.H. Sung, J.M. Sung, Hywel-
Jones & Spatafora [as ‘nigripes’]

≡ Cordyceps nigripoda Kobayasi & Shimizu

Host. Elateroidea or Tenebrionoidea larva.
Known distribution. Japan (Kobayasi and Shimizu 1982b).
Note. Host of the species was originally recorded as a Coleoptera larva (Kobayasi and 

Shimizu 1982b). According to the illustration by Shimizu (1997), the host is a wireworm.

Ophiocordyceps purpureostromata (Kobayasi) G.H. Sung, J.M. Sung, Hywel-
Jones & Spatafora

≡ Cordyceps purpureostromata Kobayasi
= Cordyceps purpureostromata f. recurvata Kobayasi
= Ophiocordyceps purpureostromata f. recurvata (Kobayasi) G.H. Sung, J.M. Sung, Hy-

wel-Jones & Spatafora
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Hosts. Elateridae larvae (Shimizu 1997).
Known distribution. Japan (Kobayasi and Shimizu 1980b).

Ophiocordyceps rubiginosiperitheciata (Kobayasi & Shimizu) G.H. Sung, J.M. 
Sung, Hywel-Jones & Spatafora

≡ Cordyceps rubiginosiperitheciata Kobayasi & Shimizu [as ‘rubiginosoperitheciata’]

Hosts. Elateroidea or Tenebrionoidea larvae.
Known distribution. Japan (Shimizu 1997).
Note. The host of the species was originally recorded as a Coleoptera larva (Kob-

ayasi and Shimizu 1983). According to the illustration by Shimizu (1997), hosts of the 
species are wireworms.

Ophiocordyceps rubripunctata (Moreau) G.H. Sung, J.M. Sung, Hywel-Jones & 
Spatafora

≡ Cordyceps rubripunctata Moreau
= Hirsutella rubripunctata Samson, H.C. Evans & Hoekstra

Hosts. Elateridae larvae (Samson et al. 1982).
Known distribution. Congo, Ghana (Samson et al. 1982).

Ophiocordyceps salebrosa (Mains) G.H. Sung, J.M. Sung, Hywel-Jones & Spatafora

≡ Cordyceps salebrosa Mains

Host. Elateridae adult (Mains 1947).
Known distribution. Panama Canal Zone (Barro Colorado Island) (Mains 1947). 

Note. Notably, the host of the species is an adult.

Ophiocordyceps sporangifera Y.P. Xiao, T.C. Wen & K.D. Hyde

Host. Elateroidea or Tenebrionoidea larva.
Known distribution. Thailand (Xiao et al. 2019).
Note. The host of the species was originally identified as an Elateridae larva (Xiao 

et al. 2019).
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Ophiocordyceps stylophora (Berk. & Broome) G.H. Sung, J.M. Sung, Hywel-Jones 
& Spatafora

≡ Cordyceps stylophora Berk. & Broome
= Hirsutella stylophora Mains

Hosts. Larvae of Coleoptera (Cerambycidae, Elateridae, Scarabaeidae) (Shrestha et 
al. 2016).

Known distribution. Canada (Nova Scotia), China (Guangxi, Jilin, Zhejiang), 
Japan, Russia (Far East), U.S.A. (Carolina) (Kobayasi 1941; Mains 1941; Koval 1984; 
Liang 2007).

Note. Liang (2007) recorded the hosts of the species as Lepidoptera larvae, but his 
provided picture (a specimen collected from Jilin, China) appears to be a wireworm host.

Ophiocordyceps subflavida (Mains) G.H. Sung, J.M. Sung, Hywel-Jones & Spatafora

≡ Cordyceps albida Pat. & Gaillard
≡ Cordyceps subflavida Mains

Hosts. Elateridae larvae (Shimizu 1997).
Known distribution. Japan (Shimizu 1997), Venezuela (Mains 1959).
Note. The species was originally reported from Venezuela and its host was recorded 

as an insect larva (Mains 1959). Shimizu (1997) identified the host of a specimen from 
Japan as an Elateridae larva.

Ophiocordyceps variabilis (Petch) G.H. Sung, J.M. Sung, Hywel-Jones & Spatafora

≡ Cordyceps variabilis Petch
= Cordyceps viperina Mains

Hosts. Xylophagidae larvae (Diptera) (Hodge et al. 1998; Yaroslavtseva et al. 2019).
Known distribution. China (Shaanxi),Europe, Russia (Far East, Western Siberia), 

North America (Petch 1937; Liang 2007; Hodge et al. 1998; Yaroslavtseva et al. 2019).
Notes. In early literature, O. variabilis was recorded on Coleoptera (e.g. Elateridae) and 

Diptera larvae in rotten wood (Petch 1937; Mains 1958; Liang 2007). Hodge et al. (1998) 
checked many samples and confirmed the hosts to be Xylophagidae larvae (Diptera). More 
than 40 samples of O. variabilis were collected in Russia (Far East, Western Siberia) and 
all of them developed on Xylophagidae larvae (Yaroslavtseva et al. 2019; Kryukov et al., 
unpublished). Ecological habits and morphology of Xylophagidae larvae and wireworms 
are closely similar, but their last abdominal segments are distinctly different. As with O. 
ferruginosa listed above, we conclude that O. variabilis is not a pathogen of wireworms.
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Paraisaria gracilioides (Kobayasi) C.R. Li, M.Z. Fan & Z.Z. Li

≡ Isaria gracilioides Kobayasi
= Cordyceps gracilioides Kobayasi
= Ophiocordyceps gracilioides (Kobayasi) G.H. Sung, J.M. Sung, Hywel-Jones & Spatafora
= Paraisaria gracilioides (Kobayasi) Luangsa-ard, Mongkolsamrit & Samson, syn. nov.

Hosts. Elateridae larvae (Shimizu 1997; Yahagi 2008).
Known distribution. China (Anhui, Fujian), Japan, Russia (Far East) (Kobayasi 

1941; Koval 1984; Liang 2007).
Notes. The species is similar to Paraisaria gracilis (Grev.) Luangsa-ard et al., but the 

former grows on Coleoptera larvae (Elateridae), while the latter on Lepidoptera larvae 
(Kobayasi 1941; Yahagi 2008). Hosts of the sexual C. gracilioides and its asexual Isaria 
gracilioides were both originally mistakenly identified as Cossidae larvae (Lepidoptera 
instead of Coleoptera) (Kobayasi 1941). Fan et al. (2001) collected a sexual specimen 
of the species on a Coleoptera larva (wireworm); Li et al. (2004) successfully isolated 
its asexual morph and revised the asexual Isaria gracilioides to the asexual Paraisaria 
gracilioides (Kobayasi) C.R. Li et al., linked with the sexual C. gracilioides. Later, the 
sexual C. gracilioides has been revised in an orderly manner to O. gracilioides (Sung et 
al. 2007) and Paraisaria gracilioides (Kobayasi) Luangsa-ard et al. (Mongkolsamrit et 
al. 2019). Considering the rules of priority and one fungus, one name (Kepler et al. 
2013), we combine Paraisaria gracilioides (Kobayasi) Luangsa-ard et al. with Paraisaria 
gracilioides (Kobayasi) C.R. Li et al.

Paraisaria phuwiangensis Mongkolsamrit, Noisripoom, Himaman, Jangsantear 
& Luangsa-ard

Hosts. Elateridae larvae (Mongkolsamrit et al. 2019).
Known distribution. Thailand (Mongkolsamrit et al. 2019).

Paraisaria yodhathaii Mongkolsamrit, Noisripoom, Lamlertthon & Luangsa-ard

Hosts. Elateridae larva (Mongkolsamrit et al. 2019).
Known distribution. Thailand (Mongkolsamrit et al. 2019).

Perennicordyceps cuboidea (Kobayasi & Shimizu) Matočec & I. Kušan

≡ Cordyceps cuboidea Kobayasi & Shimizu
≡ Ophiocordyceps cuboidea (Kobayasi & Shimizu) S. Ban, Sakane & Nakagiri
≡ Polycephalomyces cuboideus (Kobayasi & Shimizu) Kepler & Spatafora
= Cordyceps alboperitheciata Kobayasi & Shimizu
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Hosts. Tenebrionoidea and/or Elateroidea larvae (Shimizu 1997; Ban et al. 2009); 
stroma of O. stylophora (Ban et al. 2009).

Known distribution. Japan (Kobayasi and Shimizu 1980b).
Note. The host of the species was originally recorded as a Coleoptera larva (Kob-

ayasi and Shimizu 1980b). According to the illustrations by Shimizu (1997) and Ban 
et al. (2009), hosts of the species are wireworms.

Perennicordyceps ryogamiensis (Kobayasi & Shimizu) Matočec & I. Kušan

≡ Cordyceps ryogamiensis Kobayasi & Shimizu
≡ Ophiocordyceps ryogamiensis (Kobayasi & Shimizu) G.H. Sung, J.M. Sung, Hywel-

Jones & Spatafora
≡ Polycephalomyces ryogamiensis (Kobayasi & Shimizu) Kepler & Spatafora

Host. Tenebrionoidea larva.
Known distribution. Japan (Kobayasi and Shimizu 1983).
Note. Host of the species was originally recorded as a Coleoptera larva (Kobayasi 

and Shimizu 1983). According to the illustration by Shimizu (1997), the host is a 
Tenebrionoidea larva.

Polycephalomyces phaothaiensis Mongkols., Noisrip., Lamlertthon & Luangsa-ard

Hosts. Tenebrionoidea or Elateroidea larvae.
Known distribution. Thailand (Crous et al. 2017).
Note. Hosts of the species were recorded as Coleoptera larvae (Crous et al. 2017). 

According to the picture provided, the hosts are wireworms.

Tolypocladium cylindrosporum W. Gams

≡ Beauveria cylindrospora (W. Gams) Arx

Hosts. Coleoptera (e.g. Elateridae sp.), Diptera, Hymenoptera and Lepidoptera 
(Humber and Hansen 2005); inhabit soil (Scorsetti et al. 2012).

Distribution. Widely distributed.

Tolypocladium inflatum W. Gams

= Pachybasium niveum O. Rostr.
= Tolypocladium niveum (O. Rostr.) Bissett
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= Cordyceps subsessilis Petch
= Elaphocordyceps subsessilis (Petch) G.H. Sung, J.M. Sung & Spatafora
= Cordyceps facis Kobayasi & Shimizu [as ‘Codyceps’]

Hosts. Tenebrionidae larvae (Shimizu 1997).
Distribution. Widely distributed (Petch 1937; Kobayasi 1982; Sung et al. 2007).
Note. Hosts of the species were previously recorded as Coleoptera larvae (Petch 

1937; Kobayasi 1982). Shimizu (1997) identified them as Tenebrionidae larvae.

Discussion

The superfamilies Elateroidea and Tenebrionoidea are two very large groups of beetles 
and comprise more than 50 families of Coleoptera (Catalogue of Life 2021). These 
include Lampyridae (fireflies), Elateridae (click beetles), Phengodidae (glowworm bee-
tles), Cantharidae (soldier beetles) and their relatives in Elateroidea; and Meloidae 
(blister beetles), Anthicidae (ant-like flower beetles), Mordellidae (tumbling flower 
beetles), Tenebrionidae (darkling beetle), Ciidae (the minute tree-fungus beetles), Zo-
pheridae (ironclad beetles) and their relatives in Tenebrionoidea. Most of Elateroidea 
and Tenebrionoidea larvae (wireworms) are closely similar and morphology alone could 
hardly distinguish them. In practice, hosts of many wireworm-infecting Cordyceps s.l. 
species are commonly identified as Elateridae (mainly) or Tenebrionidae larvae. Con-
sidering the difficulties in identifying wireworms, we suggest to use the superfamily 
names (Elateroidea or Tenebrionoidea) to record the hosts of the fungi, unless we can 
definitely know the species identity (e.g. by barcoding techniques).

In present paper, we summarised the data of wireworm-infecting species of 
Cordyceps s.l. To date, a total of 63 species have been reported, including 17 species 
(Akanthomyces, Beauveria and Cordyceps) in Cordycipitaceae, 11 species (Metarhizium 
and Nigelia) in Clavicipitaceae and 35 species (Ophiocordyceps, Paraisaria, Perenni-
cordyceps, Polycephalomyces and Tolypocladium) in Ophiocordycipitaceae. Amongst 
these, C. militaris, O. ferruginosa and O. variabilis are rejected; the remaining 60 spe-
cies are accepted as natural pathogens of wireworms. It is likely that a significant por-
tion of fungi, associated with wireworms, is represented by specialised forms. Thirteen 
of the reported species (20%) have broad host ranges, that is, they can infect different 
arthropod taxa and may also parasitise fungi and nematodes. The other 47 species 
(80%) have, thus far, been registered on wireworms only. Generalist fungi are mostly 
widespread, whereas specialised fungi are generally reported from warm and humid en-
vironments of Southeast Asia (Japan, south-western China and Thailand), the Amazon 
of South America and the Russian Far East. It should be noted that many animal-as-
sociated fungi are awaiting description, especially in groups, such as Hypocreales (An-
tonelli et al. 2020; Cheek et al. 2020) and many taxonomically-uncertain Cordyceps s.l. 
species infecting Elateroidea and Tenebrionoidea remain to be studied. Apart from the 
description of novel taxa, further studies should focus on revisions of these uncertain 
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species and further information of wireworm hosts. Limited by lack of information 
and taxonomic knowledge of larvae, species diversity of wireworm-infecting Cordyceps 
s.l. may not have been completely accounted for and many wireworm hosts cannot be 
or are incorrectly assigned to their families.

This is the first study summarising species diversity of wireworm-infecting Cordyceps 
s.l. A checklist of 60 species is provided and two novel species are described. Our work 
provides basic information for future research on species diversity of Cordyceps s.l. as-
sociated with wireworms, management and biocontrol of wireworm populations, as 
well as on edible and medicinal insects and fungi.
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Abstract
The botanical exploration of the Majella National Park has a long tradition dating back to the eighteenth 
century. However, the lichen biota of this area is still poorly investigated. To provide a baseline for future 
investigations, in this annotated checklist, we summarised all available information on the occurrence of 
lichens in the Majella National Park, retrieved from previous literature, herbarium material and original 
data produced by recent research.

The checklist includes 342 infrageneric taxa. However, seven taxa are considered as dubious, thus 
setting the number of accepted taxa at 335, i.e. 45.8% of those currently known to occur in the Abruzzo 
Region. This checklist provides a baseline of the lichens known to occur in the Majella National Park, 
highlighting the potential of this area as a hotspot of lichen biodiversity, especially from a biogeographical 
point of view as indicated by the occurrence of several arctic-alpine species that form disjunct populations 
in the summit area of the massif.
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Introduction

The botanical exploration of the Majella National Park has a long tradition dating back 
to the eighteenth century, which has provided the basis for the compilation of a recent 
checklist of vascular plants including 2286 infrageneric taxa (Conti et al. 2019). This 
massif clearly is a hotspot of plant diversity due to the interaction of physical, climatic 
and biogeographic factors. In particular, the flora of high-elevation habitats consists of 
many endemic taxa of high phytogeographic relevance.

On the other hand, the lichen biota of this area is still poorly investigated. Historical 
data are scanty, the main contribution being that by Nimis and Tretiach (1999), who car-
ried out intensive lichen collections along the eastern part of the Italian peninsula. These 
authors collected several specimens, currently stored in the TSB herbarium, in at least 
five localities distributed along a steep elevational gradient, from 500 to 2500 m, in the 
Majella National Park. Ten years later, Cucchi et al. (2009) studied the microtopography 
of carbonatic rocks, reporting several endolithic taxa. Overall, these collections revealed 
several interesting species that were either new to the Abruzzo region or indicative of the 
biogeographic importance of the Majella massif also for lichens. For example, several 
arctic-alpine lichens occur there in small and disjunct areas at the southernmost limit 
of their European distribution, the nearest populations being in the Alps (Nimis 2016).

In 2017, a scientific collaboration started between the administration of the Majella 
National Park (with its botanical office) and the University of Bologna, under the project 
“Lichen biodiversity in the Majella National Park”, with the aim of contributing to fill this 
knowledge gap. Besides pure floristic explorations (e.g. Nascimbene et al. 2019), the research 
project also included ecological investigations, mainly focused on high elevation areas, for 
example, a lichen survey on the four GLORIA summits (Di Cecco et al. 2019) and along 
an elevational transect across the whole main ridge of the massif (Di Nuzzo et al. 2021).

To provide a baseline for future investigations, in this annotated checklist, we have 
summarised all available information on the occurrence of lichens in the Majella Na-
tional Park, retrieved from previous literature, herbarium material and original data 
produced by our research. In this checklist, very few lichenicolous fungi are included. 
To be treated exhaustively, this component would require specific investigations.

Materials and methods

Study area

The Majella National Park (MNP) is located in the central Apennines, Italy, and 
was established in 1995 by National Law 1991, n. 394, to preserve, protect and 
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enhance the high value of the inherent natural, historical and cultural resources 
of the area. The Park consists mainly of carbonate mountains, separated by valleys 
and karst high plateaus, with a broad altitudinal range (130–2,793 m a.s.l.). The 
Majella massif has more than 60 peaks, with half of them rising above 2,000 m 
and includes the second highest peak in the Apennines, Mount Amaro (2,793 m). 
From a bioclimatic point of view, the study area is included in the alpine bio-
geographical region (Cervellini et al. 2020) and the climate corresponds to the 
subalpine-alpine humid type as far as the lower summit is concerned, whereas 
the other summits belong to the alpine humid type (Blasi et al. 2005). The Park’s 
territories are part of the Natura 2000 network. The boundaries coincide with a 
Special Protection Area (SPA) for the conservation of wild birds (established by the 
Birds Directive 79/409/EEC). Furthermore, within the Park, there are four Special 
Areas of Conservation (SAC), established by the Habitats Directive 92/43/EEC 
(Di Cecco et al. 2020).

The data

Occurrence data were retrieved from multiple sources, for a total of 1625 records:

1) critical evaluation of literature records (463 records from 10 publications);
2) 217 records stored in on-line available herbaria, mainly from TSB (Herbarium 

of the University of Trieste);
3) reliable field observations related to our research project (e.g. only in the case 

of easily-identifiable species) recorded between 2017 and 2019 (100 records);
4) 845 herbarium records (personal herbarium of JN and GG) related to our 

research project collected between 2017 and 2019.

All these records were georeferenced and stored in a database.
The following abbreviations were used for the sources of occurrence data: C09 

(Cucchi et al. 2009), C73 (Cesati 1873), C86 (Coassini Lokar et al. 1986), GG 
(personal herbarium and field observations by Gabriele Gheza), J74 (Jatta 1874), 
J11 (Jatta 1909–1911), JN (personal herbarium and field observations by Juri Nas-
cimbene and collaborators), N19 (Nascimbene et al. 2019), NAP (Herbarium of 
the University of Naples), NT99 (Nimis and Tretiach 1999), R20 (Ravera et al. 
2020), RV96 (Recchia and Villa 1996), T15 (Tretiach 2015), TSB (Herbarium of 
the University of Trieste).

The specimens collected during our project were identified in the laboratory using 
a dissecting and a compound microscope. Routine chemical spot tests were performed 
for most specimens. The identification of sterile crustose lichens (e.g. Lepraria-species) 
was based on standardised thin-layer chromatography (TLC), following the protocols 
of Orange et al. (2001).

Lichen nomenclature, as well as synonymisation of old records, follow ITALIC 
6.0 – The information system on Italian Lichens (Nimis and Martellos 2020), which is 
mainly based on the checklist of the Italian lichens by Nimis (2016). This source was 
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used also for retrieving information on biological traits, ecological requirements and 
geographic distribution for each taxon.

Taxa are listed alphabetically. For each taxon, the accepted name, all available re-
cords, the altitudinal distribution, habitat preference and/or substrate are reported, 
whenever information is available. A short note (on ecology, distribution and/or taxon-
omy) is associated with each noteworthy taxon (e.g. taxa which are new to the region 
and/or of particular biogeographic or conservation importance). Dubious records are 
reported at the end of the checklist. For each record, a critical note accounting for the 
“dubious status” is reported.

Results

General overview

The checklist includes 342 infrageneric taxa. However, seven taxa are considered as 
dubious, thus setting the number of accepted taxa at 335, i.e. 45.8% of the those cur-
rently known to occur in the Abruzzo Region. In the following, the main traits of the 
lichen biota are detailed:

1) growth forms: five taxa (1.5%) are leprose, 199 (59.4%) are crustose (161 
crustose, 13 placodiomorph, 25 endolithic), 16 (4.9%) are squamulose, 80 (23.9%) 
are foliose (52 broad-lobed, 25 narrow-lobed, three umbilicate) and 34 (10.2%) are 
fruticose (31 fruticose, three filamentous). Only four taxa (1.2%) are non-lichenised, 
lichenicolous fungi: Arthonia galactinaria, Carbonea vitellinaria, Merismatium decol-
orans and Opegrapha rupestris.

2) photobionts (only lichenised taxa): 296 taxa (88.6%) are chlorolichens (282 
with a chlorococcoid photobiont and 16 with a trentepohlioid photobiont), 37 taxa 
(11.2%) are cyanolichens (35 with a filamentous cyanobacterium and two with a 
coccaceous cyanobacterium), and one species (0.2%), Peltigera leucophlebia, is a 
cephalolichen with both a chlorococcoid and a cyanobacterial (in external cephalo-
dia) photobiont.

3) main reproductive strategies: 257 taxa (76.8%) mainly disperse by sexual 
reproduction, forming ascospores in apothecia or perithecia, while 77 taxa (23.2%) 
disperse by asexual reproduction (22 by means of isidia or isidia-like structures, 47 
by means of soredia or soredia-like structures and seven mainly by means of thallus 
fragmentation).

4) substrates: 122 taxa (36.6%) are mainly epiphytic, four (1.2%) mainly ligni-
colous, 126 (38.1%) mainly saxicolous, 78 (22.8%) mainly terricolous and five (1.3%) 
are lichenicolous on saxicolous lichens: Placocarpus schaereri on Protoparmeliopsis ver-
sicolor, Placopyrenium canellum on Circinaria calcarea, Verrucula biatorinaria on Calo-
gaya biatorina, Verrucula coccinearia on Caloplaca coccinea and Verrucula granulosaria 
on Flavoplaca granulosa. Some species can occur on more than one substrate.
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Noteworthy taxa

The checklist includes several noteworthy taxa, expecially from a biogeographical perspec-
tive. Twenty taxa are new to the Abruzzo Region: Arthrorhaphis citrinella, Biatorella hemi-
sphaerica, Blastenia ammiospila, Blastenia subathallina, Calogaya bryochrysion, Circinaria 
hispida, Cladonia cariosa, Gyalolechia bracteata, Heppia adglutinata, Myriolecis perpruinosa, 
Peltigera elisabethae, Peltigera lepidophora, Ramonia luteola, Rinodina roscida, Rostania cera-
nisca, Scytinium imbricatum, Solorina bispora subsp. macrospora, Toninia subnitida, Tonini-
opsis coelestina and Trapeliopsis gelatinosa. Additionally, Scoliciosporum umbrinum var. cor-
ticicolum is formally new to Italy (see note below), while Halecania lecanorina is formally 
new to Abruzzo on the basis of an old literature record that is accepted here (see note).

One taxon is known to occur in Italy only for the record reported here (Thelidium 
dionantense), while 16 taxa are the only records for both peninsular and central Italy (Ago-
nimia gelatinosa, Caloplaca cacuminum, Circinaria hispida, Cladonia polycarpoides, Lecidea 
speirodes, Parabagliettoa disjuncta, Polyblastia dermatodes, Polyblastia verrucosa, Rhizocarpon 
atroflavescens, Rinodina roscida, Rostania ceranisca, Scytinium imbricatum, Solorina bispora 
subsp. macrospora, Thelidium dionantense, Toniniopsis coelestina and Verrucula coccinearia).

Twenty-six taxa (Allocetraria madreporiformis, Arthrorhaphis citrinella, Aspicilia ver-
rucosa var. verrucosa, Athallia saxifragarum, Bilimbia microcarpa, Blastenia ammiospila, 
Caloplaca cacuminum, Caloplaca stillicidiorum, Candelariella commutata, Cetraria erice-
torum, Farnoldia hypocrita, Farnoldia micropsis, Flavocetraria nivalis, Lecanora epibryon 
var. epibryon, Lecidella wulfenii, Myriolecis zosterae var. palanderi, Ochrolechia upsali-
ensis, Ophioparma ventosa, Parvoplaca tiroliensis, Phaeorrhiza nimbosa, Physconia mus-
cigena var. muscigena, Rhizocarpon umbilicatum, Rinodina roscida, Rostania ceranisca, 
Rusavskia sorediata and Solorina bispora subsp. bispora) have an arctic-alpine distribu-
tion, several of them being at their southernmost distribution limit in Italy, or even in 
Europe, as in the case of Allocetraria madreporiformis and Caloplaca cacuminum.

The record of the steppic lichen Circinaria hispida provides a connection between 
the main area of distribution of this taxon (Eastern Europe and Central Asia) and its 
scattered Western European populations (Northern Italy, Spain).

Finally, thirteen epiphytic taxa are of conservation interest, being included in 
the Red List of epiphytic lichens of Italy (Nascimbene et al. 2013): Calogaya lobu-
lata (VU), Cetrelia olivetorum (NT), Enchylium ligerinum (NT), Eopyrenula leucoplaca 
(NT), Gyalecta ulmi (NT), Heterodermia speciosa (NT), Leptogium hildenbrandii (NT), 
Lobaria pulmonaria (LC), Melaspilea enteroleuca (NT), Nephroma resupinatum (NT), 
Parmeliella triptophylla (NT), Ramonia luteola (VU) and Sclerophora pallida (VU).

Annotated checklist

Acarospora cervina A. Massal.
Roccacaramanico (NT99); Anticima Femmina Morta (JN: 2017). – From the mon-
tane (1000 m: NT99) to the alpine (2420 m: JN) belt. On rock (JN).
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Acarospora glaucocarpa (Ach.) Körb.
Valle dell’Orfento (J74). – This record is the only one available from Abruzzo (Nimis 
1993, 2016); despite the fact that it was not confirmed by recent exploration, it is con-
sidered as reliable, since this is a widespread, common species (Nimis 2016).

Acarospora macrospora (Hepp) Bagl.
M. Focalone, near Bivacco Fusco (NT99). – In the alpine belt (2500 m: NT99). – Pre-
viously reported from Abruzzo only by Grillo and Romano (1987) from the Abruzzo 
National Park.

Acrocordia conoidea (Fr.) Körb. var. conoidea
Pretoro, Colle dell’Angelo (NT99); below the Maielletta (TSB: 2005); road between 
Lettomanoppello and Passo Lanciano (TSB: 2005). – In the montane belt (1080–
1350 m: TSB). In a beech forest (TSB). On calcareous rock (TSB).

Acrocordia gemmata (Ach.) A. Massal. var. gemmata
Valico della Forchetta (TSB: 1996); Val di Foro (JN: 2018). – From the lower (970 m: 
JN) to the upper montane belt (1360 m: TSB). On bark of Fagus (TSB; JN).

Agonimia gelatinosa (Ach.) M. Brand & Diederich
Trail between Blockhaus and M. Focalone (T15; TSB: 2005); Femmina Morta (JN: 
2017). – In the subalpine belt (2300–2420 m: T15; TSB; JN). In calcareous grass-
lands (T15; TSB; JN). On organic soil (T15; TSB; JN). – These are the only known 
records for Abruzzo and peninsular Italy and, thus, also the southernmost ones in Italy 
(Nimis 2016).

Agonimia tristicula (Nyl.) Zahlbr.
Roccacaramanico (NT99); at 20 sites along the main ridge of the Majella massif be-
tween 2139 and 2664 m (JN: 2018, 2019). – From the montane (1000 m: NT99) to 
the alpine (2664 m: JN) belt. In high-altitude open habitats (JN). On soil (JN).

Allocetraria madreporiformis (Ach.) Kärnefelt & A. Thell
M. Amaro (C73; J11); Tavola Rotonda (JN: 2017); Vetta Femmina Morta (JN: 2017); 
Colle d’Acquaviva (JN: 2017); Anticima M. Acquaviva (JN: 2016); M. Macellaro 
(JN: 2017, 2018); between Iaccione and Piano Amaro (JN: 2017); Piano Amaro (JN: 
2017); Grotta Canosa (JN: 2017); Sella di Grotta Canosa (JN: 2017); between Grotta 
Canosa and M. Amaro (JN: 2017); M. Amaro (JN: 2017); between M. Acquaviva 
and M. Focalone (JN: 2017); Cima dell’Altare (JN: 2017); at five sites along the main 
ridge of Majella between 2322 and 2664 m (JN: 2018, 2019). – From the subalpine 
(2207 m: JN) to the alpine (2750 m: JN) belt. In high-altitude open habitats (JN). 
On soil (JN). – These records are the southernmost ones in Europe (cf. Nimis 2016) 
and confirm the old record by Cesati (1873) from M. Amaro (Jatta 1909–1911, Nimis 
1993). According to Nimis (1993), the other old record from Majella by Jatta (1874) 
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from pine bark probably refers to another species. Widespread in the Alps, this species 
is known from the Apennines only for Abruzzo (Campo Imperatore, in the Gran Sasso 
massif, Nimis and Tretiach 1999).

Alyxoria varia (Pers.) Ertz & Tehler
Guesthouse of Lama dei Peligni (JN: 2017); Pescocostanzo, Bosco di S. Antonio (N19; 
JN: 2018). – From the colline (650 m: JN) to the montane (1350 m: JN) belt. On 
bark of Acer campestre (N19; JN), Fagus (N19; JN) and Quercus pubescens (JN).

Amandinea punctata (Hoffm.) Coppins & Scheid.
Majella (C73); at two sites along the main ridge of Majella between 1825 and 2091 m 
(JN: 2019). – In the subalpine belt (1825–2091 m: JN). In high-altitude open habitats 
(JN). On plant debris (JN).

Anaptychia ciliaris (L.) A. Massal.
Majella (C73; J74); Valico della Forchetta (TSB: 1996); Monti Pizzi near S. Domenico 
(JN: 2017); Lama dei Peligni (JN: 2017); along the highway Strada Statale 164 (JN: 
2018); Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018); Valle di Mario (JN: 
2018); Piano Cerreto near Campo di Giove (JN: 2018); Cansano (JN: 2018). – From 
the colline (650 m: JN) to the montane (1434 m: JN) belt. On bark of Acer campestre 
(N19), Acer pseudoplatanus (N19; JN), Fagus (N19; JN) and Quercus cerris (JN).

Arthonia apatetica (A. Massal.) Th. Fr.
Hermitage of M. Morrone (NT99; TSB: 1997). – In the colline belt (500 m: NT99; 
TSB). On bark of Fraxinus ornus (TSB). – This is the only known record for Abruzzo 
(Nimis 2016).

Arthonia atra (Pers.) A. Schneid.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt (1350 m: 
JN). On bark of Fagus (N19; JN).

Arthonia calcarea (Sm.) Ertz & Diederich
Pretoro, Colle dell’Angelo (NT99). – In the montane belt (1200 m: NT99). – This is 
the only known record for Abruzzo (Nimis 2016).

Arthonia calcicola Nyl.
Trail between Lettomanoppello and Passo Lanciano (T15; TSB: 2005). – In the mon-
tane belt (1080 m: T15). On calcareous rock (T15). – This is the only known record 
for Abruzzo (Nimis 2016).

Arthonia fusca (A. Massal.) Hepp
Anticima M. Acquaviva (JN: 2017). – In the alpine belt (2700 m: JN). On calcareous 
rock (JN).
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Arthonia galactinaria Leight.

Roccacaramanico (NT99). – In the montane belt (1000 m: NT99). Parasite on Myrio-
lecis dispersa (NT99). – This record was reported under Arthonia clemens (Tul.) Th. Fr. 
by Nimis and Tretiach (1999), but later Nimis (2016) moved it under A. galactinaria, 
since A. clemens is recognised to parasitise only species of Rhizoplaca.

Arthonia mediella Nyl.
Pescocostanzo, Bosco di S. Antonio (J19; JN: 2018). – In the montane belt (1350 m: 
JN). On bark of Acer campestre (N19; JN) and Fagus (N19).

Arthonia radiata (Pers.) Ach.
Pretoro, Colle dell’Angelo (NT99); Valico della Forchetta (TSB: 2016); Pescocos-
tanzo, Bosco di S. Antonio (N19; JN: 2018); along the highway Strada Statale 164 
(JN: 2018); Centiata, Villaggio Mirastelle (JN: 2018). – In the montane belt (1200–
1420 m: JN). On bark of Fagus (N19; JN).

Arthrorhaphis citrinella (Ach.) Poelt
At two sites along the main ridge of Majella between 2582 and 2592 m (JN: 2019). 
– In the alpine belt (2582–2592 m: JN). In high-altitude open habitats (JN). On soil 
(JN). – New to Abruzzo. These records are located between the main Italian range of 
the species on the Alps and the disjunct populations occurring on the highest moun-
tains of Calabria and Sicily (Nimis 2016).

Aspicilia verrucosa (Ach.) Körb. subsp. verrucosa
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996); near Bivacco Fusco (JN: 
2016); Anticima M. Acquaviva (JN: 2016); Sella di Grotta Canosa (JN: 2017); An-
ticima Femmina Morta (JN: 2017); Femmina Morta (JN: 2017); at 13 sites along the 
main ridge of Majella between 1997 and 2664 m (JN: 2018, 2019). – From the sub-
montane (1997 m: JN) to the alpine (2664 m: JN) belt. In high-altitude open habitats 
(JN). On bryophytes and plant debris (JN).

Aspicilia verrucosa (Ach.) Körb. subsp. mutabilis (Ach.) Cl. Roux
Caramanico (TSB). – In the lower montane belt (820 m: TSB). On bark of deciduous 
Quercus sp. (TSB).

Athallia holocarpa (Hoffm.) Arup, Frödén & Søchting
Majella (C73; J74). – On calcareous rock (J74). – The historical records were not 
confirmed recently, but the record is considered as reliable, since this is a widespread 
species (Nimis 2016).

Athallia inconnexa (Nylander) S.Y. Kondr. & L. Lökös
Roccacaramanico (NT99; TSB: 1996); near Martellose (JN: 2017). – From the montane 
(1000 m: NT99; TSB) to the subalpine (2065 m: JN) belt. On calcareous rock (TSB; JN).
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Athallia pyracea (Ach.) Arup, Frödén & Søchting
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt (1350 m: 
JN). On bark of Fagus (N19; JN).

Athallia saxifragarum (Poelt) Arup, Frödén & Søchting
M. Focalone near Bivacco Fusco (NT99); Grotte di Celano near M. Blockhaus 
(NT99); Anticima M. Acquaviva (JN: 2016); Anticima Femmina Morta (JN: 2017); 
Femmina Morta (JN: 2017); at five sites along the main ridge of Majella between 2322 
and 2634 m (JN: 2018, 2019). – From the subalpine (2150 m: NT99) to the alpine 
(2634 m: JN) belt. On plant debris (JN).

Bacidia igniarii (Nyl.) Oxner
Vallone Grascito (R20). – In the colline belt (568 m: R20). On bark of Quercus 
pubescens (R20). – This record is the only one available from Abruzzo (Nimis and 
Martellos 2020).

Bacidia rubella (Hoffm.) A. Massal.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt (1350 m: 
JN). On bark of Acer campestre (N19), Fagus (N19; JN).

Bacidina arnoldiana (Körb.) V. Wirth & Vězda
Pretoro, Colle dell’Angelo (NT99; TSB: 1996). – In the montane belt (1200 m: NT99; 
TSB: 1996). On calcareous rock (NT99; TSB: 1996).

Bagliettoa calciseda (DC.) Gueidan & Cl. Roux
Passo S. Leonardo (C09); Passo Lanciano (C09); Caramanico (C09); Lettomanop-
pello (C09); M. Blockhaus (C09). – From the colline (570 m: C09) to the subalpine 
(2170 m: C09) belt. In open shrublands (C09) and pastures (C09). On calcareous 
rock (C09).

Bagliettoa marmorea (Scop.) Gueidan & Cl. Roux
Majella (C73; J74); Roccacaramanico (NT99); Passo S. Leonardo (C09); Caramanico 
(C09). – From the colline (570 m: C09) to the montane (1200 m: C09) belt. In pas-
tures (C09) and open shrublands (C09). On calcareous rock (C09).

Bagliettoa parmigera (J. Steiner) Vězda & Poelt
Roccacaramanico (NT99). – In the montane belt (1000 m: NT99).

Bagliettoa parmigerella (Zahlbr.) Vězda & Poelt
Pretoro, Colle dell’Angelo (NT99). – In the montane belt (1200 m: NT99).

Biatora beckhausii (Körb.) Tuck.
Val di Foro (JN: 2018). – In the montane belt (1200 m: JN). On bark of Fagus (JN).



Gabriele Gheza et al.  /  MycoKeys 78: 119–168 (2021)128

Biatorella hemisphaerica Anzi
Anticima M. Acquaviva (JN: 2016). – In the alpine belt (2600 m: JN). In high-alti-
tude open habitats (JN). On soil (JN). – New to Abruzzo. This is the southernmost 
record in Italy (Nimis 2016).

Bilimbia lobulata (Sommerf.) Hafellner & Coppins
M. Focalone near Bivacco Fusco (NT99); at three sites along the main ridge of Majella 
between 2073 and 2664 m (JN: 2018, 2019). – From the subalpine (2073 m: JN) to 
the alpine (2664 m: JN) belt. In high-altitude open habitats (JN). On soil (JN).

Bilimbia microcarpa (Th. Fr.) Th. Fr.
At one site along the main ridge of Majella (JN: 2019). – In the alpine belt (2634 m: 
JN). In high-altitude open habitats (JN). On soil (JN).

Bilimbia sabuletorum (Schreb.) Arnold
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996). – In the subalpine belt 
(2150 m: NT99; TSB). On calcareous soil (TSB).

Blastenia ammiospila (Ach.) Arup, Søchting & Frödén
Tavola Rotonda (JN: 2017). – In the alpine belt (2400 m: JN). In high-altitude open 
habitats (JN). On plant debris with Ochrolechia androgyna and Lecidella wulfenii (JN). 
This is a mainly arctic-alpine to boreal-montane, bipolar lichen and the record re-
ported here is the southernmost in Italy. New to Abruzzo.

Blastenia ferruginea (Huds.) A. Massal.
Hermitage of M. Morrone (NT99; TSB: 1997). – In the colline belt (500 m: NT99; 
TSB). On bark of Fraxinus ornus (TSB).

Blastenia subathallina (H. Magn.) Arup & Vondrák
At two sites along the main ridge of Majella between 2025 and 2085 m (JN: 2019). 
– In the subalpine belt (2025–2028 m: JN). In high-altitude open habitats (JN). On 
plant debris (JN). – New to Abruzzo. These are the first records from the Apennines 
and from peninsular Italy (cf. Nimis 2016).

Blennothallia crispa (Huds.) Otálora, P.M. Jørg. & Wedin
Above Bivacco Fusco (JN: 2016); at one site along the main ridge of Majella (JN: 
2018). – In the alpine belt (2490–2579 m: JN). In high-altitude open habitats (JN). 
On soil (JN).

Bryoplaca sinapisperma (DC.) Søchting, Frödén & Arup
Majella (C73); Campo di Giove (J74); at four sites along the main ridge of Majella 
between 2560 and 2640 m (JN: 2019). – In the alpine belt (2560–2640 m: JN). In 
high-altitude open habitats (JN). On soil (JN). – These records from the Majella mas-
sif are the southernmost in Italy (cf. Nimis 2016).
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Bryoria fuscescens (Gyeln.) Brodo & D. Hawksw.
Majella (C73); Bosco di Pacentro (J74). – On bark (J74). – The historical record was 
not confirmed recently, but it is considered as reliable, since the ecological require-
ments of this species (Nimis 2016) occur within the study area.

Buellia griseovirens (Sm.) Almb.
Val di Foro (JN: 2018). – In the montane belt (1200 m: JN). On bark of Fagus (JN).

Buellia spuria (Schaer.) Anzi
Majella (C73); Campo di Giove (J74). – This is a silicicolous lichen (Nimis 2016) that 
likely meets its substrate requirements in the Majella massif on flint limestone.

Calicium salicinum Pers.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt (1350 m: 
JN). On bark of Fagus (N19; JN).

Calogaya biatorina (A. Massal.) Arup, Frödén & Søchting
Roccacaramanico (NT99; TSB: 1996); Anticima Femmina Morta (JN: 2017). – From 
the montane (1000 m: NT99; TSB) to the alpine (2420 m: JN) belt. On calcareous 
rock (TSB).

Calogaya bryochrysion (Poelt) Vondrák
Above Bivacco Fusco (JN: 2016). – In the alpine belt (2490: JN). On soil (JN). – New 
to Abruzzo. This species is currently known from the Alps and this is the southernmost 
record in Italy (Nimis 2016).

Calogaya lobulata (Flörke) Arup, Frödén & Søchting
Majella (C73). – The historical record was not confirmed recently, but it is considered 
as reliable since the ecological requirements of this species (Nimis 2016) occur within 
the study area. This old record is the only one from the Majella massif. The other 
records from Abruzzo were collected elsewhere (Nimis 2016). The species is included 
in the Italian Red List of epiphytic lichens as “vulnerable” (Nascimbene et al. 2013).

Calogaya pusilla (A. Massal.) Arup, Frödén & Søchting
Majella (C73; J74). – The historical records were not confirmed recently, but they are 
considered as reliable, since this is a widespread species (Nimis 2016).

Calogaya rouxii (Gaya, Nav.-Ros. & Llimona) – provisionally placed here, ICN 
Art. 36.1b
M. Focalone near Bivacco Fusco (NT99; TSB: 1996); Grotte di Celano near M. Block-
haus (NT99; TSB: 1996). – From the subalpine (2150 m: NT99; TSB) to the alpine 
(2500 m: NT99; TSB) belt. On calcareous rock (TSB). – These records were reported 
under Caloplaca arnoldii subsp. arnoldii by Nimis and Tretiach (1999), but later Nimis 
(in Nimis and Martellos 2020) revised the material, which proved to belong to C. rouxii.
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Calogaya schistidii (Anzi) Arup, Frödén & Søchting
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On saxicolous mosses (TSB).

Caloplaca cacuminum Poelt
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996). – In the subalpine belt 
(1250 m: NT99; TSB). On calcareous rock (TSB). – This is the only known record for 
Abruzzo and peninsular Italy (Nimis 2016) and the southernmost in Europe (Nimis 
and Tretiach 1999; Nimis 2016).

Caloplaca cerina (Hedw.) Th. Fr. s.lat.
Roccacaramanico (NT99; TSB: 1996); Valico della Forchetta (TSB: 1996); hermit-
age of M. Morrone (NT99; TSB: 1997); Lama dei Peligni (JN: 2017); Pescocostanzo, 
Bosco di S. Antonio (N19; JN: 2018); Campo di Giove, Piano Cerreto (JN: 2018); 
along the highway Strada Statale 164 (JN: 2018). – From the colline (500 m: NT99; 
TSB) to the montane (1420 m: JN) belt. On bark of Fagus (N19; TSB; JN), Fraxinus 
ornus (TSB), Quercus cerris (JN) and Ulmus minor (JN). – Caloplaca cerina s. str. is an 
epiphytic species; the record from M. Blockhaus by Nimis and Tretiach (1999) could 
refer to C. stillicidiorum (see) and is not reported here.

Caloplaca coccinea (Müll. Arg.) Poelt
M. Focalone near Bivacco Fusco (NT99; TSB: 1996); Grotte di Celano near M. Block-
haus (NT99; TSB: 1996); above Bivacco Fusco (JN: 2016); M. d’Ugni (JN: 2017); 
Anticima Femmina Morta (JN: 2017); M. Macellaro (JN: 2018). – From the subal-
pine (1770 m: JN) to the alpine (2635 m: JN) belt. On calcareous rock (TSB; JN).

Caloplaca erythrocarpa (Pers.) Zwackh
Majella (C73; J74); Roccacaramanico (NT99); Lama dei Peligni (JN: 2019). – From 
the colline (635 m: JN) to the montane (1000 m: NT99) belt. On concrete (JN).

Caloplaca haematites (Chaub.) Zwackh
Hermitage of M. Morrone (NT99; TSB: 1997). – In the colline belt (500 m: NT99; 
TSB). On bark of Fraxinus ornus (TSB).

Caloplaca nubigena (Kremp.) Dalla Torre & Sarnth. var. keissleri (Servít) Clau-
zade & Cl. Roux
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996). – In the subalpine belt 
(2150 m: NT99; TSB). On calcareous rock (TSB).

Caloplaca stillicidiorum (Vahl) Lynge
M. Focalone near Bivacco Fusco (NT99; TSB: 1996); Grotte di Celano near M. 
Blockhaus (NT99; TSB: 1996); Anticima M. Acquaviva (JN: 2016); above Bivacco 
Fusco (JN: 2016); Sella di Grotta Canosa (JN: 2017); Anticima Femmina Morta (JN: 
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2017); at 30 sites along the main ridge of Majella between 1958 and 2681 m (JN: 
2018, 2019). – From the subalpine (1958 m: JN) to the alpine (2681 m: JN) belt. 
In high-altitude open habitats (JN). On plant debris (JN) and calcareous soil (TSB).

Caloplaca teicholyta (Ach.) J. Steiner
Lama dei Peligni (JN: 2019). – In the colline belt (635 m: JN). On concrete (JN).

Candelaria concolor (Dicks.) Stein
Majella (C73; J74). – The historical records were not confirmed recently, but they are 
considered as reliable, since this is a very widespread species (Nimis 2016), which is 
probably common in the study area at low elevations.

Candelariella aurella (Hoffm.) Zahlbr.
Majella (C73); Roccacaramanico (NT99; TSB: 1996); M. Focalone near Bivacco 
Fusco (NT99; TSB: 1996); Anticima Femmina Morta (JN: 2017). – From the mon-
tane (1000 m: NT99; TSB) to the alpine (2500 m: NT99; TSB) belt. On calcareous 
rock (TSB).

Candelariella commutata Otte & M. Westb.
At two sites along the main ridge of Majella between 2634 and 2664 m (JN: 2019). 
– In the alpine belt (2634–2664 m: JN). In high-altitude open habitats (JN). On soil 
(JN). – This species was previously reported from Abruzzo, as C. unilocularis, only 
from the Gran Sasso massif by Nimis and Tretiach (1999).

Candelariella faginea Nimis, Poelt & Puntillo
Along the Strada Statale 164 (JN: 2018); Pescocostanzo, Bosco di S. Antonio (N19; JN: 
2018). – In the montane belt (1350–1420 m: JN) belt. On bark of Fagus (N19; JN).

Candelariella medians (Nyl.) A.L. Sm.
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On calcareous rock (TSB).

Candelariella reflexa (Nyl.) Lettau
Tocco da Casauria, Osservanza (RV96). – In the colline belt (370 m: RV96). On bark 
of Quercus pubescens (RV96).

Candelariella vitellina (Hoffm.) Müll. Arg.
M. Focalone near Bivacco Fusco (NT99; TSB: 1996). – In the alpine belt (2500 m: 
NT99; TSB). On decalcified calcareous rock (TSB).

Candelariella xanthostigma (Ach.) Lettau
Valico della Forchetta (TSB: 1996); Valle di Mario (JN: 2018); at three sites along the 
main ridge of Majella between 1825 and 2350 m (JN: 2019). – From the montane 
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(1360 m: TSB) to the alpine (2350 m: JN) belt. In high-altitude open habitats (JN). 
On bark of Acer pseudoplatanus (JN), Fagus (TSB) and on plant debris (JN).

Carbonea vitellinaria (Nyl.) Hertel
M. Focalone near Bivacco Fusco (NT99; TSB: 1996). – In the alpine belt (2500 m: 
NT99; TSB). On decalcified calcareous rock (TSB). – A lichenicolous fungus growing 
on Candelariella vitellina (Nimis 2016).

Catapyrenium cinereum (Pers.) Körb.
Anticima M. Acquaviva (JN: 2016); Sella di Grotta Canosa (JN: 2017); Grotta Canosa 
(JN: 2017); Cima dell’Altare (JN: 2017); at 20 sites along the main ridge of Majella 
between 2001 and 2660 m (JN: 2018, 2019). – From the upper montane (1535 m: 
JN) to the alpine (2660 m: JN) belt. In high-altitude open habitats (JN). On soil (JN).

Catapyrenium daedaleum (Kremp.) Stein
At two sites along the main ridge of Majella between 2018 and 2119 m (JN: 2019). – 
In the subalpine belt (2018–2119 m: JN). In high-altitude open habitats (JN). On soil 
(JN). – This species was previously reported from Abruzzo only from the Gran Sasso 
massif by Nimis and Tretiach (1999).

Catillaria lenticularis (Ach.) Th. Fr.
Pretoro, Colle dell’Angelo (NT99; TSB: 1996). – In the montane belt (1200 m: NT99; 
TSB). On calcareous rock (TSB).

Catillaria nigroclavata (Nyl.) J. Steiner
Hermitage of M. Morrone (NT99; TSB: 1997). – In the colline belt (500 m: NT99; 
TSB). On bark of Fraxinus ornus (TSB).

Cerothallia luteoalba (Turner) Arup, Frödén & Søchting
Vallone Grascito (R20). – In the colline belt (564 m: R20). On bark of Quercus pube-
scens (R20). – This record is the only one available from Abruzzo (Nimis and Martellos 
2020).

Cetraria aculeata (Schreb.) Fr.
At one site along the main ridge of Majella (JN: 2019). – In the alpine belt (2322 m: 
JN). In high-altitude open habitats (JN). On soil (JN).

Cetraria ericetorum Opiz
Femmina Morta (J74); M. Rapina (JN: 2017); Iaccione (JN: 2017); near Campo di 
Giove (JN: 2018); at two sites along the main ridge of Majella between 1995 and 
2020 m (JN: 2018, 2019). – From the montane (1250 m: JN) to the alpine (2367 m: 
JN) belt. In dry grasslands (JN) and high-altitude open habitats (JN). On soil (JN).



Lichens of the Majella National Park 133

Cetraria islandica (L.) Ach. subsp. islandica
Majella (C73); M. Amaro (J74; JN: 2017); Femmina Morta (J74; JN: 2017); M. 
Focalone near Bivacco Fusco (NT99); above Bivacco Fusco (JN: 2016); Anticima M. 
Acquaviva (JN: 2016); Anfiteatro Murelle (JN: 2017); Guado di Coccia (JN: 2017); 
Tavola Rotonda (JN: 2017); Valle di Taranta (JN: 2017); Fondo di Femmina Mor-
ta (JN: 2017); trail “Sentiero P1” (JN: 2017); M. Macellaro (JN: 2017); between 
Iaccione and Piano Amaro (JN: 2017); between M. Amaro and Grotta Canosa (JN: 
2017); Sella di Grotta Canosa (JN: 2017); Cima dell’Altare (JN: 2017); Valle Cannella 
(JN: 2017); Rava del Ferro (JN: 2017); M. Focalone (JN: 2017); M. Pescofalcone 
(JN: 2017); between M. Pescofalcone and M. Rapina (JN: 2017); M. Rapina (JN: 
2017); La Carozza (JN: 2017); Cima Murelle (JN: 2017); Bivacco Fusco (JN: 2017); 
Martellese (JN: 2017); M. Blockhaus (JN: 2017); at 19 sites along the main ridge of 
Majella between 1847 and 2765 m (JN: 2018, 2019). – From the subalpine (1623 m: 
JN) to the alpine (2765 m: JN) belt. In high-altitude open habitats (JN). On soil (JN) 
and plant debris (JN).

Cetraria muricata (Ach.) Eckfeldt
Anticima M. Acquaviva (JN: 2016); near Campo di Giove (JN: 2018). – From the 
montane (1250 m: JN) to the alpine (2600 m: JN) belt. In a dry grassland (JN). On 
soil (JN).

Cetrelia olivetorum (Nyl.) W. L. Culb. & C. F. Culb.
M. Morrone, Impianezza (RV96). – In the colline belt (630 m: RV96). On bark of 
Quercus pubescens (RV96). – One of the few confirmed records from central Italy (Ni-
mis 2016). The species is included in the Italian Red List of epiphytic lichens as “near-
threatened” (Nascimbene et al. 2013).

Circinaria calcarea (L.) A. Nordin, Savić & Tibell
Majella (J74); Roccacaramanico (NT99; TSB: 1996); hermitage of M. Morrone 
(NT99; TSB: 1997). – From the colline (500 m: NT99; TSB) to the montane (1000 m: 
NT99; TSB) belt. On calcareous rock (TSB).

Circinaria hispida (Mereschk.) A. Nordin, Savić & Tibell
At one site along the main ridge of Majella (JN: 2019). – In the subalpine belt 
(1997 m: JN). In open habitats (JN). On soil (JN). – New to Abruzzo and to pen-
insular Italy (cf. Nimis 2016). The only other known Italian record is from Alpi 
Cozie (Piedmont), not far from the only known French locality in the Maritime Alps 
(Hafellner et al. 2004; Roux et al. 2017). This is a species typical of cold steppes and 
deserts which occurs in Eastern Europe, Near Asia, Central Asia and North America; 
it is found also in Juniperus steppes of Central Spain and the scattered occurrences 
in Italy, France and Greece represent natural connections between the two European 
disjunctions (Hafellner et al. 2004).
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Circinaria hoffmanniana (S. Ekman & Fröberg ex R. Sant.) A. Nordin
Roccacaramanico (NT99; TSB: 1996); Anticima Femmina Morta (JN: 2017). – From 
the montane (1000 m: NT99; TSB) to the alpine (2420 m: JN) belt. On calcareous 
rock (TSB).

Circinaria viridescens (A. Massal.) – provisionally placed here, ICN Art. 36.1b
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On decalcified calcareous rock (TSB).

Cladonia cariosa (Ach.) Spreng.
At one site along the main ridge of Majella (JN: 2019). – In the subalpine belt (1847 m: 
JN). In open grasslands (JN). On calcareous soil (JN). – New to Abruzzo.

Cladonia chlorophaea (Sommerf.) Spreng.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt (1350 m: 
JN). In a beech forest (JN). On bark of Fagus (N19; JN).

Cladonia coniocraea (Flörke) Spreng.
Valico della Forchetta (TSB: 1996). – In the montane belt (1360 m: TSB). On dead 
wood (TSB).

Cladonia fimbriata (L.) Fr.
Pretoro, Colle dell’Angelo (NT99); summit ridge of M. Majella (JN: 2019). – From 
the montane (1200 m: NT99) to the subalpine (2091 m: JN) belt. On soil (JN).

Cladonia foliacea (Huds.) Willd.
Roccacaramanico (NT99; TSB: 1996); Valle di Fara (JN: 2017); Capo Le Macchie 
(JN: 2017); Campo di Giove (JN: 2018); Cansano (JN: 2018); Palena (GG: 2018). – 
From the lower (800 m: JN) to the upper montane (1250 m: JN) belt. In dry grasslands 
(NT99; JN; GG). On calcareous soil (NT99; JN; GG). – The calciphilous ecotype, 
which occurs in the study area, has been considered for long as a separate species, Cla-
donia convoluta (Lam.) Anders, but recent studies proved that it belongs to the same 
species as the acidophilous ecotype (Pino Bodas et al. 2018).

Cladonia furcata (Huds.) Schrad. subsp. furcata
Near Campo Giove (JN); at two sites along the main ridge of Majella between 1995 
and 2322 m (JN: 2019). – From the montane (1250 m: JN) to the subalpine (2322 m: 
JN) belt. In dry grasslands (JN) and high-altitude open habitats (JN). On soil (JN).

Cladonia furcata (Huds.) Schrad. subsp. subrangiformis (L. Scriba ex Sandst.) 
Pišút
Roccacaramanico (NT99; TSB: 1996); Capo Le Macchie (JN: 2017). – In the mon-
tane belt (875–1000 m: NT99; JN). In calcareous dry grasslands (JN). On calcareous 
soil (NT99; JN).
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Cladonia humilis (With.) J.R. Laundon
Maiellone (C86; NAP: 1872). – This is the only known record for Abruzzo (Ni-
mis 2016).

Cladonia ochrochlora Flörke
Valle dell’Orfento (J74). – On soil (J74).

Cladonia pocillum (Ach.) Grognot
Blockhaus, Grotte di Celano (NT99; TSB: 1996); near Bivacco Fusco (JN: 2016); 
near Femmina Morta (JN: 2017); Anticima Femmina Morta (JN: 2017); Tavola Ro-
tonda (JN: 2017); trail between Rifugio Pomilio and M. Blockhaus (GG: 2018); at 
seven sites along the main ridge of Majella between 2025 and 2640 m (JN: 2018, 
2019). – From the subalpine (1499 m: JN) to the alpine (2640 m: JN) belt. In open 
habitats, for example, grasslands (JN; GG). On calcareous soil (TSB; JN; GG).

Cladonia polycarpoides Nyl.
Blockhaus, Grotte di Celano (NT99; TSB: 1996). – In the subalpine belt (2150 m: 
NT99; TSB). On calcareous soil (NT99; TSB). – This is the only known record for 
Abruzzo and peninsular Italy (Nimis 2016).

Cladonia pyxidata (L.) Hoffm.
Majella (J74); Campo di Giove (JN: 2017, 2018); at 13 sites along the main ridge of 
Majella between 1812 and 2645 m (JN: 2018, 2019). – From the montane (1250 m: 
JN) to the alpine (2645 m: JN) belt. In open habitats, for example, grasslands (JN). 
On soil (JN).

Cladonia rangiformis Hoffm.
Capo Le Macchie (JN: 2017); trail between Lama dei Peligni and Rifugio Fonte Tarì (JN: 
2017); Cansano (JN: 2018); Campo di Giove (JN: 2018). – From the lower (875 m: 
JN) to the upper montane (1250 m: JN) belt. In dry grasslands (JN). On soil (JN).

Cladonia symphycarpa (Flörke) Fr.
Fara San Martino, Vallone di Santo Spirito (RV96); Anticima Femmina Morta (JN: 
2017); Grotta Canosa (JN: 2017); Sella di Grotta Canosa (JN: 2017); Valle di Taranta 
(JN: 2017); M. Blockhaus (GG: 2018); at 38 sites along the main ridge of Majella be-
tween 1847 and 2640 m (JN: 2018, 2019). – From the subalpine (1650 m: JN) to the 
alpine (2640 m: JN) belt. In calcareous grasslands (JN; GG) and high-altitude open 
habitats (JN). On calcareous soil (JN; GG).

Clauzadea metzleri (Körb.) D. Hawksw.
Pretoro, Colle dell’Angelo (NT99; TSB: 1996); Roccacaramanico (NT99; TSB: 1996). 
– In the montane belt (1000–1200 m: NT99; TSB). On calcareous rock (TSB).
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Clauzadea monticola (Schaer.) Hafellner & Bellem.
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On calcareous rock (TSB). – The only other record of this common species from Abru-
zzo is from the Gran Sasso massif (Nimis and Tretiach 1999).

Collema flaccidum (Ach.) Ach.
Valico della Forchetta (TSB: 1996); Pescocostanzo, Bosco di S. Antonio (N19; JN: 
2016); Val di Foro (JN: 2018). – In the montane belt (1200–1350: JN). On bark of 
Acer campestre (N19) and Fagus (N19; TSB; JN).

Collema furfuraceum Du Rietz
Lama dei Peligni (JN: 2017); Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). 
– From the colline (650 m: JN) to the montane (1350 m: JN) belt. On bark of Acer 
campestre (N19; JN), Acer pseudoplatanus (N19) and Fagus (N19; JN).

Collema nigrescens (Huds.) DC.
Caramanico, S. Tommaso (TSB). – In the colline belt (468 m: TSB). On bark of 
Quercus sp. (TSB).

Collema subflaccidum Degel.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt (1350 m: 
JN). On bark of Acer campestre (N19) and Fagus (N19; JN).

Collema subnigrescens Degel.
Lama dei Peligni (JN: 2017); Pescocostanzo, Bosco di S. Antonio (N19; JN: 2016, 
2018). – From the colline (650 m: JN) to the montane (1350 m: JN) belt. On bark of 
Acer campestre (N19) and Fagus (N19; JN).

Dacampia hookeri (Borrer) A. Massal.
Trail between Blockhaus and M. Focalone (T15; TSB: 2005); Majella, Bivacco Fusco (JN: 
2016). – In the subalpine belt (2290–2300 m: T15; TSB; JN). On organic soil (T15; 
TSB; JN). – This is the only known record for Abruzzo and central Italy (Nimis 2016).

Dermatocarpon miniatum (L.) W. Mann
Majella (C73); ford of S. Antonio (J74); M. Focalone near Bivacco Fusco (NT99); 
Grotte di Celano near M. Blockhaus (NT99); between Grotta Canosa and M. Amaro 
(JN: 2017); M. Amaro (JN: 2017). – From the subalpine (2150 m: NT99) to the 
alpine (2700 m: JN) belt. On rock (JN).

Diploschistes gypsaceus (Ach.) Zahlbr.
Majella (C73; J74). – The historical records were not confirmed recently, but they are 
considered as reliable, since the ecological conditions required by this species (Nimis 
2016) occur within the study area.



Lichens of the Majella National Park 137

Diplotomma alboatrum (Hoffm.) Flot.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt (1350 m: 
JN). On bark of Acer campestre (N19), Fagus (JN).

Diplotomma hedinii (H. Magn.) P. Clerc & Cl. Roux
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996); Anticima Femmina Morta 
(JN: 2017). – From the subalpine (2150 m: NT99; TSB) to the alpine (2420 m: JN) 
belt. On calcareous rock (TSB; JN).

Diplotomma venustum (Körb.) Körb.
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On calcareous rock (NT99; TSB).

Enchylium ligerinum (Hy) Otálora, P.M. Jørg. & Wedin
Lama dei Peligni (JN: 2017). – In the colline belt (600 m: JN). On bark of Quercus 
pubescens (JN). – The species is included in the Italian Red List of epiphytic lichens as 
“near-threatened” (Nascimbene et al. 2013).

Enchylium limosum (Ach.) Otálora, P.M. Jørg. & Wedin
Majella (C73); Valle dell’Orfento (J74). – The historical records were not confirmed 
recently, but they are considered as reliable, since the ecological conditions required by 
this species (Nimis 2016) occur within the study area.

Enchylium polycarpon (Hoffm.) Otálora, P.M. Jørg. & Wedin subsp. polycarpon
Anticima M. Acquaviva (JN: 2016); Cima dell’Altare (JN: 2017). – From the subal-
pine (1535 m: JN) to the alpine (2600 m: JN) belt. On calcareous rock (JN).

Enchylium tenax (Sw.) Gray
Majella (C73); Valle dell’Orfento (J74); M. Focalone near Bivacco Fusco (NT99; TSB: 
1996); hermitage of M. Morrone (NT99; TSB: 1997); Anticima Femmina Morta (JN: 
2017); M. Macellaro (JN: 2018); at 17 sites along the main ridge of Majella between 
1812 and 2664 m (JN: 2018, 2019). – From the colline (500 m: NT99; TSB) to the 
alpine (2664 m: JN) belt. In high-altitude open habitats (JN). On soil (TSB; JN).

Eopyrenula leucoplaca (Wallr.) R.C. Harris
Lama dei Peligni (JN: 2017). – In the colline belt (650 m: JN). On bark of Quercus 
pubescens (JN). – The species is included in the Italian Red List of epiphytic lichens as 
“near-threatened” (Nascimbene et al. 2013).

Evernia divaricata (L.) Ach.
Ridge beneath Cima Macirenelle (JN: 2020). – In the subalpine belt (1825 m: JN). In 
a rocky high-altitude habitat (JN). On soil (JN). – This is the only known record for 
the Majella massif. The species has a scattered distribution on the highest mountains 
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of the Apennines (Nimis 2016) and was reported previously from Abruzzo only by 
Recchia and Villa (1996).

Evernia prunastri (L.) Ach.
Monti Pizzi near S. Domenico (JN: 2017); Pescocostanzo, Bosco di S. Antonio (N19; 
JN: 2018); Valle di Mario (JN: 2018); Piano Cerreto near Campo di Giove (JN: 
2018); along the Strada Statale 164 (JN: 2018). – In the montane belt (1350–1434 m: 
JN). On bark of Acer campestre (N19), Acer pseudoplatanus (JN), Fagus (N19; JN) and 
Quercus cerris (JN).

Farnoldia hypocrita (A. Massal.) Fröberg var. hypocrita
Anticima M. Acquaviva (JN: 2016). – In the alpine belt (2600 m: JN). On calcareous 
rock (JN). – Previously reported from Abruzzo only by Jatta (1889).

Farnoldia jurana (Schaer.) Hertel subsp. jurana
M. Focalone near Bivacco Fusco (NT99; TSB: 1996); Anticima Femmina Morta (JN: 
2017); M. Macellaro (JN: 2018). – In the alpine belt (2420–2635 m: JN). On calcare-
ous rock (TSB; JN).

Farnoldia micropsis (A. Massal.) Hertel
M. Focalone near Bivacco Fusco (NT99; TSB: 1996); Anticima M. Acquaviva (JN: 
2017); M. Macellaro (JN: 2018). – In the alpine belt (2500–2700 m: NT99; TSB; 
JN). On calcareous rock (TSB; JN). – Previously reported from Abruzzo only by Her-
tel (1967) from the Majella and the Gran Sasso massifs, where it was recorded also by 
Nimis and Tretiach (1999).

Flavocetraria nivalis (L.) Kärnefelt & A. Thell
Femmina morta (J74; JN: 2017); ridge beneath Cima Macirenelle (JN: 2020). – From 
the subalpine (1825 m: JN) to the alpine (2408 m: JN) belt. In open habitats (JN). On 
soil (J74; JN). – These are the only known records for the Majella massif. Common in 
the Alps, this species occurs only in a few sites of the central Apennines (Nimis 2016); 
it was previously reported from Abruzzo only from the Gran Sasso massif by Nimis 
and Tretiach (1999).

Flavoparmelia caperata (L.) Hale
Majella (C73; J74); Pretoro, Colle dell’Angelo (NT99; TSB: 1996). – In the montane 
belt (1200 m: NT99; TSB). On bark of broadleaved trees (TSB).

Flavoparmelia soredians (Nyl.) Hale
M. Morrone, Impianezza (RV96). – In the colline belt (630 m: RV96). On bark of 
Quercus pubescens (RV96).
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Flavoplaca granulosa (Müll. Arg.) Arup, Frödén & Søchting
Roccacaramanico (NT99; TSB: 1996); hermitage of M. Morrone (NT99; TSB: 1997). 
– From the colline (500 m: NT99; TSB) to the montane (1000 m: NT99; TSB) belt. 
On calcareous rock (NT99; TSB).

Gyalecta jenensis (Batsch) Zahlbr.
Pretoro, Colle dell’Angelo (NT99; TSB: 1996; S: 1996); below the Majelletta (TSB: 
2005). – In the montane belt (1200–1350 m: NT99; TSB). On calcareous rock (TSB).

Gyalecta ulmi (Sw.) Zahlbr.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt (1350 m: 
JN). On bark of Acer campestre (N19; JN) and Acer pseudoplatanus (N19). – The spe-
cies is included in the Italian Red List of epiphytic lichens as “near-threatened” (Nas-
cimbene et al. 2013).

Gyalolechia aurea (Schaer.) A. Massal.
Majella (C73); Grotte di Celano near M. Blockhaus (NT99; TSB: 1996). – In the sub-
alpine belt (2150 m: NT99; TSB). On soil (TSB). – This species has been previously 
reported from other localities in the Apennines only from Abruzzo (Gran Sasso massif ) 
by Nimis and Tretiach (1999). The record from M. Blockhaus is the southernmost in 
Europe (Nimis 2016).

Gyalolechia bracteata (Hoffm.) A. Massal.
Campo di Giove (JN: 2018); at one site along the main ridge of Majella (JN: 2019). 
– From the montane (1200 m: JN) to the alpine (2634 m: JN) belt. In high-altitude 
open habitats (JN). On soil (JN). – New to Abruzzo. This is the southernmost record 
in Italy (Nimis 2016).

Gyalolechia flavorubescens (Huds.) Søchting, Frödén & Arup var. flavorubescens
Lama dei Peligni (JN: 2017); Grotta di S. Angelo (JN: 2018). – From the colline 
(650  m: JN) to the lower montane (850 m: JN) belt. On bark of Fagus (JN) and 
Quercus pubescens (JN).

Gyalolechia flavorubescens (Huds.) Søchting, Frödén & Arup var. quercina 
(Flagey) Nimis
Caramanico, S. Tommaso (TSB: 1990). – In the colline belt (468 m: TSB). On bark 
of Quercus sp. (TSB).

Gyalolechia fulgens (Sw.) Søchting, Frödén & Arup
Majella (C73); Valle di Fara (JN: 2017). – In the lower montane belt (800 m: JN). On 
soil (JN).
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Gyalolechia subbracteata (Nyl.) Søchting, Frödén & Arup
Near Bivacco Fusco (JN: 2016); Sella di Grotta Canosa (JN: 2017). – In the alpine belt 
(2290–2552 m: JN). On soil (JN).

Halecania lecanorina (Anzi) M. Mayrhofer & Poelt
Majella (C73). – This is the only record from Abruzzo, Apennines and peninsular Italy 
and the southernmost in Italy (Nimis 2016).

Heppia adglutinata (Kremp.) A. Massal.
Femmina Morta (JN: 2019). – In the alpine belt (2330 m: JN). On calciferous soil 
(JN). New to Abruzzo. This is a cool-temperate to boreal-montane, circumpolar, 
ephemeral lichen growing in dry, open grasslands.

Hertelidea botryosa (Fr.) Printzen & Kantvilas
Bolognano, Madonna del M. (RV96). – In the colline belt (330 m: RV96). On bark 
of Quercus pubescens (RV96). – This is the only record from Abruzzo and the southern-
most for Italy (Nimis 2016).

Heterodermia speciosa (Wulfen) Trevis.
Majella (C73). – The historical record was not confirmed recently, but it is considered 
as reliable, since the ecological conditions required by this species (Nimis 2016) occur 
within the study area. It is included in the Italian Red List of epiphytic lichens as “near-
threatened” (Nascimbene et al. 2013).

Heteroplacidium fusculum (Nyl.) Gueidan & Cl. Roux
Roccacaramanico (NT99). – In the montane belt (1000 m: NT99). On calcareous 
rock, lichenicolous on Circinaria calcarea (NT99).

Hyperphyscia adglutinata (Flörke) H. Mayrhofer & Poelt
Lama dei Peligni (JN: 2017). – In the colline belt (650 m: JN). On bark of Ulmus 
minor (JN).

Lathagrium auriforme (With.) Otálora, P.M. Jørg. & Wedin
Majella (C73); Caramanico (J74); Roccacaramanico (NT99; TSB: 1996); at three sites 
in Val di Foro (JN: 2018); below Villaggio Mirastelle (JN: 2018). – From the lower 
(970 m: JN) to the upper montane (1250 m: JN) belt. On calcareous rock (TSB), ter-
ricolous mosses (J74; JN).

Lathagrium cristatum (L.) Otálora, P.M. Jørg. & Wedin
Majella (C73); Caramanico (J74); Roccacaramanico (NT99; TSB: 1996); hermitage 
of M. Morrone (NT99; TSB: 1996); at one site along the main ridge of Majella (JN: 
2019). – From the montane (1000 m: NT99; TSB) to the subalpine (2081 m: JN) 
belt. In high-altitude open habitats (JN). On calcareous rock (TSB), soil (JN).
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Lathagrium fuscovirens (With.) Otálora, P.M. Jørg. & Wedin
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On calcareous rock (TSB).

Lathagrium undulatum (Flot.) Poetsch
Majella (C73); at five sites along the main ridge of Majella between 2380 and 2664 m 
(JN: 2019). – In the alpine belt (2380–2664 m: JN). In high-altitude open habitats 
(JN). On calcareous rock (JN).

Lecania cyrtella (Ach.) Th. Fr.
Roccacaramanico (NT99; TSB: 1996); at three sites along the main ridge of Majella 
between 2210 and 2461 m (JN: 2018, 2019). – From the montane (1000 m: NT99; 
TSB) to the alpine (2461 m: JN) belt. In high-altitude open habitats (JN). On bark of 
broadleaved trees (TSB) and on small shrubs (JN).

Lecanora allophana (Ach.) Nyl. f. allophana
Majella (C73); Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the mon-
tane belt (1350 m: JN). On bark of Acer campestre (N19; JN).

Lecanora argentata (Ach.) Malme
Pretoro, Colle dell’Angelo (NT99; TSB: 1996); Valico della Forchetta (TSB: 1996); 
Monti Pizzi near S. Domenico (JN: 2017). – In the montane belt (1200–1434 m: 
NT99; TSB; JN). On bark of Fagus (TSB; JN).

Lecanora carpinea (L.) Vain.
Roccacaramanico (NT99; TSB: 1996); Pretoro, Colle dell’Angelo (NT99; TSB: 
1996); Piano Cerreto near Campo di Giove (JN: 2018); below Villaggio Mirastelle 
(JN: 2018); along the Strada Statale 164 (JN: 2018). – In the montane belt (1000–
1420 m: NT99; TSB; JN). On bark of Fagus (TSB; JN), Quercus cerris (JN).

Lecanora chlarotera Nyl. subsp. chlarotera
Pretoro, Colle dell’Angelo (NT99; TSB: 1996); Lama dei Peligni (JN: 2017); Monti 
Pizzi near S. Domenico (JN: 2017); Pescocostanzo, Bosco di S. Antonio (N19; JN: 
2018); Valle di Mario (JN: 2018); Piano Cerreto near Campo di Giove (JN: 2018); at 
one site along the main ridge of Majella (JN: 2019). – From the colline (650 m: JN) to 
the alpine (2350 m: JN) belt. On bark of Acer pseudoplatanus (JN), Fagus (N19; TSB; 
JN) and Quercus cerris (JN)

Lecanora epibryon (Ach.) Ach. var. epibryon
M. Focalone near Bivacco Fusco (NT99; TSB: 1996); Grotte di Celano near M. 
Blockhaus (NT99; TSB: 1996); near Bivacco Fusco (JN: 2016); Tavola Rotonda (JN: 
2017); Femmina Morta (JN: 2017); at one site along the main ridge of Majella (JN: 
2019). – From the subalpine (2150 m: NT99; TSB) to the alpine (2634 m: JN) belt. 
In high-altitude open habitats (JN). On plant debris (TSB; JN).
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Lecanora horiza (Ach.) Linds.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt (1350 m: 
JN). On bark of Fagus (N19; JN).

Lecanora intumescens (Rebent.) Rabenh.
Valico della Forchetta (TSB: 1996); Monti Pizzi near S. Domenico (JN: 2017); Valle 
di Mario (JN: 2018); Val di Foro (JN: 2018). – From the lower (970 m: JN) to the 
upper montane (1434 m: JN) belt. On bark of Fagus (TSB; JN).

Lecanora leptyrodes (Nyl.) Degel.
Pretoro, Colle dell’Angelo (NT99; TSB: 1996); Lama dei Peligni (JN: 2017); Monti 
Pizzi near S. Domenico (JN: 2017); Valle di Mario (JN: 2018). – From the lower 
(650 m: JN) to the upper montane (1434 m: JN) belt. On bark of Fagus (TSB; JN).

Lecanora pulicaris (Pers.) Ach.
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996). – In the subalpine belt 
(2150 m: NT99; TSB). On bark of conifers (TSB).

Lecanora rouxii S. Ekman & Tønsberg
Hermitage of M. Morrone (NT99; TSB: 1997). – In the colline belt (500 m: NT99; 
TSB). On calcareous soil (TSB). – This is the only known record for Abruzzo and the 
southernmost in Italy (Nimis 2016).

Lecanora subcarpinea Szatala
Roccacaramanico (NT99; TSB: 1996); Valico della Forchetta (TSB: 1996); Pescocos-
tanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt (1000–1360 m: 
NT99; TSB). On bark of Fagus (N19; TSB; JN).

Lecanora varia (Hoffm.) Ach.
Majella (C73; J74). This old record was not confirmed by recent surveys, but it can be 
considered reliable since this cool-temperate to circumboreal-montane lichen is com-
mon on hard lignum in upland areas, including Mediterranean mountains (Nimis 
2016).

Lecidea berengeriana (A. Massal.) Nyl.
M. Focalone near Bivacco Fusco (NT99; TSB: 1996). – In the alpine belt (2500 m: 
NT99; TSB). On bryophytes and plant debris (TSB).

Lecidea confluens (Weber) Ach.
Majella (C73); Monte Amaro (J74). – This is a silicicolous lichen (Nimis 2016) that 
likely meets its substrate requirements in the Majella massif on flint limestone.
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Lecidea speirodes Nyl.
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996). – In the subalpine belt 
(2150 m: NT99; TSB). On calcareous rock (TSB). – This is the only known record for 
Abruzzo and peninsular Italy and the southernmost in Europe (Nimis 2016).

Lecidella carpathica Körb.
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On calcareous rock (TSB).

Lecidella elaeochroma (Ach.) M. Choisy var. elaeochroma f. elaeochroma
Majella (C73); Roccacaramanico (NT99; TSB: 1996); Pretoro, Colle dell’Angelo 
(NT99; TSB: 1996); Grotte di Celano near M. Blockhaus (NT99; TSB: 1996); Valico 
della Forchetta (TSB: 1996); hermitage of M. Morrone (NT99; TSB 1997); Lama dei 
Peligni (JN: 2017); Monti Pizzi near S. Domenico (JN: 2017); Pescocostanzo, Bosco 
di S. Antonio (N19; JN: 2018); Valle di Mario (JN: 2018); Piano Cerreto near Campo 
di Giove (JN: 2018); below Villaggio Mirastelle (JN: 2018); along Strada Statale 164 
(JN: 2018); at 9 sites along the main ridge of Majella between 2001 and 2533 m (JN: 
2018, 2019). – From the colline (500 m: NT99; TSB) to the alpine (2533 m: JN) belt. 
In high-altitude open habitats (JN). On bark of Acer pseudoplatanus (JN), Fagus (N19; 
TSB; JN), Fraxinus ornus (TSB), Quercus cerris (JN) and on plant debris (JN).

Lecidella euphorea (Flörke) Hertel
At twenty sites along the main ridge of Majella between 1812 and 2350 m (JN: 2019). 
– From the subalpine (1812 m: JN) to the alpine (2350 m: JN) belt. In high-altitude 
open habitats (JN). On Juniperus twigs (JN). – It was previously reported from Abru-
zzo only by Grillo and Romano (1987) from the Abruzzo National Park.

Lecidella patavina (A. Massal.) Knoph & Leuckert
Pretoro, Colle dell’Angelo (NT99; TSB: 1996); M. Focalone near Bivacco Fusco 
(NT99; TSB: 1996); Grotte di Celano near M. Blockhaus (NT99; TSB: 1996); An-
ticima Femmina Morta (JN: 2017); Anticima M. Acquaviva (JN: 2017); M. Macellaro 
(JN: 2018). – From the montane (1200 m: NT99; TSB) to the alpine (2700 m: JN) 
belt. On calcareous rock (TSB; JN).

Lecidella wulfenii (Hepp) Körb.
Tavola Rotonda (JN: 2017); at one site along the main ridge of Majella (JN: 2019). – 
In the alpine belt (2322–2398 m: JN). In high-altitude open habitats (JN). On plant 
debris (JN). – This species was previously reported from Abruzzo only from the Gran 
Sasso massif by Nimis and Tretiach (1999).

Lepra albescens (Huds.) Hafellner
Lama dei Peligni (JN: 2017); Monti Pizzi near S. Domenico (JN: 2017); Grotta di S. 
Angelo (JN: 2018); Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – From the 
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colline (650 m: JN) to the montane (1440 m: JN) belt. On bark of Fagus (N19; JN), 
Quercus cerris (N19) and Quercus pubescens (JN).

Lepraria eburnea J.R. Laundon
At one site along the main ridge of Majella (JN: 2019). – In the alpine belt (2573 m: 
JN). In high-altitude open habitats (JN). On soil (JN).

Lepraria nivalis J.R. Laundon
Lettomanoppello, Fontana del Papa (TSB: 2005). – In the colline belt (500 m: TSB). 
On calcareous rock (TSB).

Lepraria vouauxii (Hue) R.C. Harris
Anticima M. Acquaviva (JN: 2016). – In the alpine belt (2600 m: JN). On soil (JN).

Leproplaca xantholyta (Nyl.) Hue
Pretoro, Colle dell’Angelo (NT99; TSB: 1996); Valle di Fara (JN: 2017). – In the 
montane belt (800–1200 m: NT99; TSB; JN). On calcareous rock (TSB; JN).

Leptogium hildenbrandii (Garov.) Nyl.
Majella (C73); Piano dei Mulini (J74); Lama dei Peligni (JN: 2017). – In the colline 
belt (650 m: JN). On bark of Quercus pubescens (JN). – The species is included in the 
Italian Red List of epiphytic lichens as “near-threatened” (Nascimbene et al. 2013).

Leptogium saturninum (Dicks.) Nyl.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2016, 2018); Valle di Mario (JN: 2018); 
at one site along the main ridge of Majella (JN: 2018). – In montane belt (1350 m: 
JN). In beech-dominatedforests (JN). On bark of Acer pseudoplatanus (JN) and Fagus 
(N19; JN).

Lobaria pulmonaria (L.) Hoffm.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2016, 2018). – In the montane belt 
(1350 m: JN). On bark of Fagus (N19; JN) and Quercus cerris (N19). – The species is 
included in the Italian Red List of epiphytic lichens as “least concern” (Nascimbene et 
al. 2013).

Lobothallia controversa Cl. Roux & A. Nordin
Majella (C73). This old record was not confirmed by recent survey, but it seems reliable 
since this is a mainly southern species in Europe, found on hard rocks with optimum 
in the montane belt (Nimis 2016).

Lobothallia radiosa (Hoffm.) Hafellner
Majella (C73); Valle dell’Orfento (J74); Roccacaramanico (NT99; TSB: 1996). – In 
the montane belt (1000 m: NT99; TSB). On calcareous rock (TSB).
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Melanelixia glabra (Schaer.) O. Blanco, A. Crespo, Divakar, Essl., D. Hawksw. & 
Lumbsch
Roccacaramanico (NT99; TSB: 1996); Lama dei Peligni (JN: 2017); Pescocostanzo, 
Bosco di S. Antonio (N19; JN: 2018). – From the colline (650 m: JN) to the montane 
(1350 m: JN) belt. On bark of Acer campestre (N19), Fagus (N19; JN) and Ulmus 
minor (JN).

Melanelixia glabratula (Lamy) Sandler & Arup
Valico della Forchetta (TSB: 1996); Lama dei Peligni (JN: 2017); Pescocostanzo, Bosco 
di S. Antonio (N19; JN: 2018); Valle di Mario (JN: 2018); Piano Cerreto near Campo 
di Giove (JN: 2018); below Villaggio Mirastelle (JN: 2018); along the highway Strada 
Statale 164 (JN: 2018). – From the colline (650 m: JN) to the montane (1420 m: JN) 
belt. On bark of Acer campestre (N19), Acer pseudoplatanus (JN), Fagus (N19; TSB; 
JN), Quercus cerris (JN) and Ulmus minor (JN).

Melanelixia subargentifera (Nyl.) O. Blanco, A. Crespo, Divakar, Essl., D. Hawk-
sw. & Lumbsch
Lama dei Peligni (JN: 2017); Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). 
– From the colline (650 m: JN) to the montane (1350 m: JN) belt. On bark of Acer 
campestre (N19; JN), Fagus (N19; JN) and Ulmus minor (JN).

Melanelixia subaurifera (Nyl.) O. Blanco, A. Crespo, Divakar, Essl., D. Hawksw. 
& Lumbsch
Bosco di S. Antonio (RV96); San Domenico, Monti Pizzi (JN: 2017); Valle di Mario 
(JN: 2018); along the highway Strada Statale 164 (JN: 2018). – In the montane belt 
(1340–1434 m: RV96; JN). On bark of Acer pseudoplatanus (JN) and Fagus (RV96; JN).

Melanohalea elegantula (Zahlbr.) O. Blanco, A. Crespo, Divakar, Essl., D. Hawk-
sw. & Lumbsch
Lama dei Peligni (JN: 2017); Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). 
– From the colline (650 m: JN) to the montane (1350 m: JN) belt. On bark of Acer 
campestre (N19), Fagus (N19; JN) and Quercus pubescens (JN).

Melanohalea exasperata (De Not.) O. Blanco, A. Crespo, Divakar, Essl., D. Hawk-
sw. & Lumbsch
Roccacaramanico (NT99; TSB: 1996); Pretoro, Colle dell’Angelo (NT99; TSB: 1996); 
Piano Cerreto near Campo di Giove (JN: 2018). – In the montane belt (1000–1200 
m: NT99; TSB). On bark of Quercus cerris (JN).

Melaspilea enteroleuca (Ach.) Ertz & Diederich
Guesthouse of Lama dei Peligni (JN: 2017). – In the colline belt (650 m: JN). On bark 
of Quercus pubescens (JN). – The species is included in the Italian Red List of epiphytic 
lichens as “near-threatened” (Nascimbene et al. 2013).
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Merismatium decolorans (Rehm) Triebel
Anticima Femmina Morta (JN: 2017). – In the alpine belt (2420 m: JN). In open 
high-altitude habitat (JN). – A lichenicolous fungus growing on Cladonia symphycarpa 
(JN).

Micarea lignaria (Ach.) Hedl. var. lignaria
Bosco di Pacentro (J74). – On bark of Fagus (J74). – The historical record was not con-
firmed recently, but it is considered as reliable, since the ecological conditions required 
by this species (Nimis 2016) occur within the study area.

Mycobilimbia pilularis (Körb.) Hafellner & Türk
Majella, S. Antonino (J74). – On mosses (J74). – The historical record was not con-
firmed recently, but is considered as reliable, since the ecological conditions required 
by this species (Nimis 2016) occur within the study area.

Myriolecis agardhiana (Ach.) Sliwa, Zhao Xin & Lumbsch subsp. agardhiana
M. Focalone near Bivacco Fusco (NT99; TSB: 1996); Anticima Femmina Morta (JN: 
2017); Anticima M. Acquaviva (JN: 2017); M. Macellaro (JN: 2018). – In the alpine 
belt (2420–2700 m: JN). On calcareous rock (TSB; JN).

Myriolecis agardhiana (Ach.) Sliwa, Zhao Xin & Lumbsch subsp. sapaudica (Cl. 
Roux) Nimis & Cl. Roux
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996); Anticima Femmina Morta 
(JN: 2017). – From the subalpine (2150 m: NT99; TSB) to the alpine (2420 m: JN) 
belt. On calcareous rock (TSB; JN). – The only other record of this taxon from Abru-
zzo is from the Gran Sasso massif (Nimis and Tretiach 1999). Those from Majella are 
the southernmost records for Italy (Nimis 2016).

Myriolecis dispersa (Pers.) Sliwa, Zhao Xin & Lumbsch
Majella (C73); Roccacaramanico (NT99). – In the montane belt (1000 m: NT99).

Myriolecis hagenii (Ach.) Sliwa, Zhao Xin & Lumbsch
Popoli, Impianezza (RV96); Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018); 
Campo di Giove, Piano Cerreto (JN: 2018). – From the colline (630 m: RV96) to 
the montane (1350 m: JN) belt. On bark of Acer campestre (N19), Fagus (N19; JN), 
Quercus cerris (JN) and Quercus pubescens (RV96).

Myriolecis perpruinosa (Fröberg) Sliwa, Zhao Xin & Lumbsch
Anticima Femmina Morta (JN: 2017). – In the alpine belt (2420 m: JN). On calcare-
ous rock (JN). – New to Abruzzo. This is the southernmost record of the species in 
Italy (Nimis 2016).
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Myriolecis reuteri (Schaer.) Sliwa, Zhao Xin & Lumbsch
M. Focalone near Bivacco Fusco (NT99; TSB: 1996); Grotte di Celano near M. Block-
haus (NT99; TSB: 1996); M. d’Ugni (JN: 2017). – From the subalpine (1770 m: JN) 
to the alpine (2500 m: NT99; TSB) belt. On calcareous rock (TSB; JN).

Myriolecis semipallida (H. Magn.) Sliwa, Zhao Xin & Lumbsch
Majella (C73); M. Focalone near Bivacco Fusco (NT99; TSB: 1996); Grotte di Celano 
near M. Blockhaus (NT99; TSB: 1996); Anticima M. Acquaviva (JN: 2017). – From 
the subalpine (2150 m: NT99; TSB) to the alpine (2700 m: JN) belt. On calcareous 
rock (TSB; JN).

Myriolecis zosterae (Ach.) Śliwa, Zhao Xin & Lumbsch var. palanderi (Vain.) Śliwa
M. Focalone near Bivacco Fusco (NT99); Bivacco Fusco (JN: 2016); Anticima M. 
Acquaviva (JN: 2016); Anticima Femmina Morta (JN: 2017); Sella di Grotta Canosa 
(JN: 2017); at 11 sites along the main ridge of Majella between 1997 and 2681 m (JN: 
2018, 2019). – From the subalpine (1997 m: JN) to the alpine (2681 m: JN) belt. In 
high-altitude open habitats (JN). On plant debris (JN).

Nephroma resupinatum (L.) Ach.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2016, 2018); Monti Pizzi, Valle del Sole 
(JN: 2017). – In the montane belt (1350–1455 m: JN). On bark of Fagus (N19; JN). – 
The species is included in the Italian Red List of epiphytic lichens as “near-threatened” 
(Nascimbene et al. 2013).

Ochrolechia arborea (Kreyer) Almb.
Majella (J74). – On bark of Fagus (J74). – The historical record was not confirmed 
recently, but it is considered as reliable, since this is a widespread species (Nimis 2016).

Ochrolechia pallescens (L.) A. Massal.
Majella (C73); Monti Pizzi near S. Domenico (JN: 2017); Pescocostanzo, Bosco di 
S. Antonio (N19; JN: 2018). – In the montane belt (1350–1434 m: JN). On bark of 
Fagus (N19; J74) and Quercus cerris (N19).

Ochrolechia upsaliensis (L.) A. Massal.
Tavola Rotonda (JN: 2017). – In the alpine belt (2398 m: JN). On soil (JN). – The 
only other record of this taxon from Abruzzo is from the Gran Sasso massif (Nimis 
and Tretiach 1999). Those from Majella are the southernmost records of this taxon for 
Italy (Nimis 2016).

Opegrapha rupestris Pers.
Majella (C73; J74). – The historical records were not confirmed recently, but they are 
considered as reliable, since this is a widespread species. Lichenicolous in various ver-
rucarialean crustose lichens (Nimis 2016).
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Ophioparma ventosa (L.) Norman
Majella (C73); Campo di Giove (J74). – This is a silicicolous, arctic-alpine circumpolar 
lichen (Nimis 2016) that likely meets its substrate requirements in the Majella massif on 
flint limestone. The southernmost records in Italy are those of Calabria (Nimis 2016).

Parabagliettoa disjuncta (Arnold) Krzewicka
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996). – In the subalpine belt 
(2150 m: NT99; TSB). On calcareous rock (TSB). – This is the only known record of 
the species from Abruzzo, peninsular Italy and the Apennines and the southernmost 
in Italy (Nimis 2016).

Parabagliettoa dufourii (DC.) Gueidan & Cl. Roux
M. Focalone near Bivacco Fusco (NT99; TSB: 1996). – In the alpine belt (2500 m: 
NT99; TSB). On calcareous rock (TSB). – This is the only known record of the species 
from Abruzzo (Nimis 2016).

Parmelia saxatilis (L.) Ach.
Majella (C73); S. Antonio (J74). – The historical records were not confirmed recently, 
but they are considered as reliable, since this is a widespread species (Nimis 2016). How-
ever, different cryptic species may occur in the group of P. saxatilis (e.g. Molina et al. 
2004) and further research is required to clarify which of them occurs in the study area.

Parmelia submontana Hale
Monti Pizzi near S. Domenico (JN: 2017); below Villaggio Mirastelle (JN: 2018); 
along the highway Strada Statale 164 (JN: 2018). – In the montane belt (1230–1434 
m: JN). On bark of Fagus (JN).

Parmelia sulcata Taylor
Pretoro, Colle dell’Angelo (NT99; TSB: 1996); Valico della Forchetta (TSB: 1996); 
Pescocostanzo (TSB); Monti Pizzi near S. Domenico (JN: 2017); Pescocostanzo, Bosco 
di S. Antonio (N19; JN: 2018); Valle di Mario (JN: 2018); Piano Cerreto near Campo 
di Giove (JN: 2018); below Villaggio Mirastelle (JN: 2018); along the highway Strada 
Statale 164 (JN: 2018). – In the montane belt (1200–1434 m: NT99; TSB; JN). On 
bark of Acer campestre (N19), Acer pseudoplatanus (N19; JN), Fagus (N19; TSB; JN) 
and Quercus cerris (N19; JN).

Parmeliella triptophylla (Ach.) Müll. Arg.
Majella (C73). – The historical record was not confirmed recently, but it is considered 
as reliable, since the ecological conditions required by this species (Nimis 2016) occur 
within the study area. It is included in the Italian Red List of epiphytic lichens as “near-
threatened” (Nascimbene et al. 2013).
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Parmelina carporrhizans (Taylor) Poelt & Vězda
Cerro, Popoli (RV96). – In the colline belt (350 m: RV96). On bark of Quercus pube-
scens (RV96). – This is the only known record from Abruzzi (Nimis 2016).

Parmelina pastillifera (Harm.) Hale
Monti Pizzi near S. Domenico (JN: 2017); Grotta di S. Angelo near Lama dei Peligni 
(JN: 2018). – From the lower (850 m: JN) to the upper montane (1440 m: JN) belt. 
On bark of Fagus (JN).

Parmelina quercina (Willd.) Hale
Valico della Forchetta (TSB: 1996); Lama dei Peligni (JN: 2017); Piano Cerreto near 
Campo di Giove (JN: 2018). – From the colline (650 m: JN) to the montane (1350 m: 
TSB) belt. On bark of Fagus (TSB), Quercus cerris (JN) and Ulmus minor (JN).

Parmelina tiliacea (Hoffm.) Hale
Majella (J74); Lama dei Peligni (JN: 2017); Monti Pizzi near S. Domenico (JN: 2017); 
Grotta di S. Angelo near Lama dei Peligni (JN: 2018); Valle di Mario (JN: 2018); 
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – From the colline (650 m: JN) 
to the montane (1434 m: JN) belt. On bark of Acer campestre (N19), Acer pseudopla-
tanus (N19; JN), Fagus (N19; JN), Quercus cerris (N19) and Quercus pubescens (JN).

Parmotrema perlatum (Huds.) M. Choisy
Majella (C73; J74). – The historical records were not confirmed recently, but they are 
considered as reliable, since this is a widespread species (Nimis 2016).

Parvoplaca tiroliensis (Zahlbr.) Arup, Søchting & Frödén
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996); near Bivacco Fusco (JN: 
2016); Anticima M. Acquaviva (JN: 2016); Anticima Femmina Morta (JN: 2017); at 
11 sites along the main ridge of Majella between 2322 and 2664 m (JN: 2018, 2019). 
– From the subalpine (2150 m: NT99; TSB) to the alpine (2664 m: JN) belt. In high-
altitude open habitats (JN). On plant debris (TSB; JN). – The only other record of this 
taxon from Abruzzo is from the Gran Sasso massif (Nimis and Tretiach 1999). Those 
from Majella are the southernmost records for Italy (Nimis 2016).

Peccania coralloides (A. Massal.) Arnold
Guado di S. Antonio (J74). – On rock (J74). – The historical record was not confirmed 
recently, but it is considered as reliable, since this is a widespread species (Nimis 2016).

Peltigera canina (L.) Willd.
Majella (C73; J74). – The historical record was not confirmed recently, but it is con-
sidered as reliable, since this is a widespread species (Nimis 2016).
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Peltigera collina (Ach.) Schrad.
Pescocostanzo (TSB); Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the 
montane belt (1350 m: JN). On bark of Fagus (N19; TSB; JN).

Peltigera elisabethae Gyeln.
M. Rapina (JN: 2017); Val di Foro (JN: 2018). – From the montane (970 m: JN) to 
the subalpine (1920 m: JN) belt. On soil (JN) and terricolous mosses (JN). – New to 
Abruzzo.

Peltigera horizontalis (Hudson) Baumg.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2016); near Campo di Giove (JN: 
2018); Val di Foro (JN: 2018). – In the montane belt (1200–1450 m: JN). In beech 
woods (JN). On soil (JN), terricolous mosses (JN) and epiphytic mosses on Fagus 
(N19; JN).

Peltigera lepidophora (Vain.) Bitter
Above Bivacco Fusco (JN: 2016). – In the alpine belt (2490 m: JN). On soil (JN). – 
New to Abruzzo.

Peltigera leucophlebia (Nyl.) Gyeln.
Fara San Martino, Vallone di Santo Spirito (RV96); Blockhaus, Grotte di Celano 
(NT99). – From the montane (1100 m: RV96) to the subalpine (2150 m: NT99) 
belt. On soil above calcareous rock (RV96). – These are the only known records for 
Abruzzo (Nimis 2016).

Peltigera neckeri Müll.Arg.
Valle dell’Orfento (RV96); near Passo Lanciano (JN: 2017); Val di Foro (JN: 2018); 
at one site along the main ridge of Majella (JN: 2019). – From the colline (530 m: 
RV96) to the subalpine (2119 m: JN) belt. In high-altitude open habitats (JN). On 
soil (JN), mosses (RV96).

Peltigera polydactylon (Neck.) Hoffm.
Above Bivacco Fusco (JN: 2016). – In the alpine belt (2490 m: JN). On soil (JN).

Peltigera praetextata (Sommerf.) Zopf
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2016, 2018); Monti Pizzi near S. Do-
menico (JN: 2017); near Campo di Giove (JN: 2018); Val di Foro (JN: 2018); below 
Villaggio Mirastelle (JN: 2018). – In the montane belt (970–1450 m: JN). In beech 
woods (JN). On soil (JN), terricolous mosses (JN), epiphytic mosses on Fagus (JN) 
and bark of Fagus (N19; JN).

Peltigera rufescens (Weiss) Humb.
M. Focalone near Bivacco Fusco (NT99; TSB: 1996); near Bivacco Fusco (JN: 2016); 
Anticima M. Acquaviva (JN: 2016); Campo di Giove (JN: 2017); Colle d’Acquaviva 
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(JN: 2017); Sella di Grotta Canosa (JN: 2017); Campo di Giove (JN: 2018); near 
Campo di Giove (JN: 2018); trail between Rifugio Pomilio and M. Blockhaus (GG); 
M. Blockhaus (GG); at nine sites along the main ridge of Majella between 2149 and 
2637 m (JN: 2018, 2019). – From the subalpine (1715 m: JN) to the alpine (2637 
m: JN) belt. In dry grasslands (JN; GG) and high-altitude open habitats (JN). On soil 
(TSB; JN; GG).

Pertusaria coronata (Ach.) Th. Fr.
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt (1350 m: 
JN). On bark of Fagus (N19; JN).

Petractis clausa (Hoffm.) Kremp.
Roccacaramanico (NT99; TSB: 1996); below the Maielletta (TSB: 2005). – In the 
montane belt (1000 m: NT99; TSB). On calcareous rock (TSB). – These records from 
Majella are the only recent ones from Abruzzo, the others date back to the 19th Cen-
tury (see literature cited by Nimis 1993).

Phaeophyscia ciliata (Hoffm.) Moberg
Roccacaramanico (NT99; TSB: 1996); Lama dei Peligni (JN: 2017). – From the colline 
(650 m: JN) to the montane (1000 m: NT99; TSB) belt. On bark of Ulmus minor (JN).

Phaeophyscia orbicularis (Neck.) Moberg
Majella (C73); S. Antonio (J74); Caramanico S. Tommaso (TSB: 1990); Roccaca-
ramanico (NT99; TSB: 1996); Lama dei Peligni (JN: 2017); Pescocostanzo, Bosco 
di S. Antonio (N19; JN: 2018); Piano Cerreto near Campo di Giove (JN: 2018). 
– From the colline (468 m: TSB) to the montane (1350 m: JN) belt. On bark of 
Acer campestre (JN), Acer pseudoplatanus (N19), Fagus (N19), Quercus cerris (JN) and 
Quercus sp. (TSB).

Phaeophyscia sciastra (Ach.) Moberg
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On calcareous rock (TSB).

Phaeorrhiza nimbosa (Fr.) H. Mayrhofer & Poelt
M. Focalone near Bivacco Fusco (NT99; TSB: 1996; JN: 2016). – In the alpine belt 
(2490–2500 m: NT99; TSB; JN). On calcareous soil (NT99; TSB; JN). – The only 
other records from Abruzzo are from the Gran Sasso massif (Nimis and Tretiach 1999). 
Those from Majella are the southernmost records for Italy (Nimis 2016).

Phlyctis argena (Spreng.) Flot.
Lama dei Peligni (JN: 2017); Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018); 
below Villaggio Mirastelle (JN: 2018). – From the colline (650 m: JN) to the montane 
(1350 m: JN) belt. On bark of Acer campestre (N19), Acer pseudoplatanus (N19), Fagus 
(N19; JN), Quercus cerris (N19) and Quercus pubescens (JN).



Gabriele Gheza et al.  /  MycoKeys 78: 119–168 (2021)152

Physcia adscendens H. Olivier
Lama dei Peligni (JN: 2017); Monti Pizzi near S. Domenico (JN: 2017); Piano Cer-
reto near Campo di Giove (JN: 2018); Pescocostanzo, Bosco di S. Antonio (N19; JN: 
2018); Valle di Mario (JN: 2018); along the highway Strada Statale 164 (JN: 2018). 
– From the colline (650 m: JN) to the montane (1434 m: JN) belt. On bark of Acer 
campestre (N19), Acer pseudoplatanus (N19; JN), Fagus (N19; JN), Quercus cerris (JN) 
and Ulmus minor (JN).

Physcia aipolia (Humb.) Fürnr.
Roccacaramanico (NT99; TSB: 1996); Lama dei Peligni (JN: 2017); Monti Pizzi near 
S. Domenico (JN: 2017); Piano Cerreto near Campo di Giove (JN: 2018); Pescocos-
tanzo, Bosco di S. Antonio (N19; JN: 2018); Valle di Mario (JN: 2018); along the 
highway Strada Statale 164 (JN: 2018). – From the colline (650 m: JN) to the mon-
tane (1434 m: JN) belt. On bark of Acer campestre (N19), Acer pseudoplatanus (JN), 
Fagus (N19; JN), Quercus cerris (JN) and Ulmus minor (JN).

Physcia biziana (A. Massal.) Zahlbr. var. biziana
Roccacaramanico (NT99; TSB: 1996); Lama dei Peligni (JN: 2017). – From the colline 
(650 m: JN) to the montane (1000 m: NT99; TSB) belt. On bark of Ulmus minor (JN).

Physcia dubia (Hoffm.) Lettau
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On calcareous rock (TSB).

Physcia leptalea (Ach.) DC.
Roccacaramanico (NT; TSB: 1996); Pretoro, Colle dell’Angelo (NT99; TSB: 1996); 
Lama dei Peligni (JN: 2017); Piano Cerreto near Campo di Giove (JN: 2018). – From 
the colline (650 m: JN) to the montane (1200 m: NT99; TSB) belt. On bark of Fagus 
(TSB), Quercus cerris (JN) and Ulmus minor (JN).

Physcia stellaris (L.) Nyl.
Majella (C73); Pretoro, Colle dell’Angelo (TSB: 1996); Piano Cerreto near Campo 
di Giove (JN: 2018); along the highway Strada Statale 164 (JN: 2018). – In the 
montane belt (1200–1420 m: NT99; TSB; JN). On bark of Fagus (TSB; JN) and 
Quercus cerris (JN).

Physcia tenella (Scop.) DC.
Caramanico S. Tommaso (TSB: 1990). – In the colline belt (468 m: TSB). On bark 
of Quercus sp. (TSB).

Physconia detersa (Nyl.) Poelt
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt (1350 m: 
JN). On bark of Fagus (N19; JN).
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Physconia distorta (With.) J.R. Laundon
Majella (C73); Roccacaramanico (NT99; TSB: 1996); Lama dei Peligni (JN: 2017); 
Piano Cerreto near Campo di Giove (JN: 2018); Valle di Mario (JN: 2018); along the 
highway Strada Statale 164 (JN: 2018); Pescocostanzo, Bosco di S. Antonio (N19). – 
From the colline (650 m: NT99; TSB) to the montane (1420 m: JN) belt. On bark of 
Acer campestre (N19), Acer pseudoplatanus (N19; JN), Fagus (N19; JN), Quercus cerris 
(JN) and Ulmus minor (JN).

Physconia enteroxantha (Nyl.) Poelt
Monti Pizzi near S. Domenico (JN: 2017); Pescocostanzo, Bosco di S. Antonio (N19; 
JN: 2018). – In the montane belt (1350–1434 m: JN). On bark of Acer campestre 
(N19) and Fagus (N19; JN).

Physconia muscigena (Ach.) Poelt var. muscigena
M. Focalone near Bivacco Fusco (TSB: 1996; JN: 2016); Anticima M. Acquaviva (JN: 
2016). – In the alpine belt (2490–2600 m: JN). On soil (TSB; JN).

Physconia perisidiosa (Erichsen) Moberg
Caramanico, S. Tommaso (TSB: 1990); Valico della Forchetta (TSB: 1996); Lama dei 
Peligni (JN: 2017); Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – From the 
colline (468 m: TSB) to the montane (1360 m: JN) belt. On bark of Acer campestre 
(N19; JN), Fagus (N19; TSB; JN), deciduous Quercus sp. (TSB) and Ulmus minor (JN).

Physconia servitii (Nádv.) Poelt
S. Tommaso (TSB: 1990). – In the colline belt (580 m: TSB). On bark of deciduous 
Quercus sp. (TSB).

Physconia venusta (Ach.) Poelt
S. Tommaso (TSB: 1990); Valico della Forchetta (TSB: 1996); Lama dei Peligni (JN: 
2017); Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – From the colline 
(580 m: TSB) to the montane (1360 m: JN) belt. On bark of Fagus (N19; TSB; JN), 
Quercus cerris (N19) and deciduous Quercus sp. (TSB).

Placidium lachneum (Ach.) B. de Lesd.
At six sites along the main ridge of Majella between 2018 and 2620 m (JN: 2019). – 
From the subalpine (2018 m: JN) to the alpine (2620 m: JN) belt. In high-altitude 
open habitats (JN). On soil (JN). – The only other records of this taxon from Abruzzo 
are from the Gran Sasso massif (Nimis and Tretiach 1999). Those from Majella are the 
southernmost records for Italy (Nimis 2016).

Placidium squamulosum (Ach.) Breuss
Anticima Femmina Morta (JN: 2017); near Campo di Giove (JN: 2018); at 12 sites 
along the main ridge of Majella between 1812 and 2640 m (JN: 2018, 2019). – From 
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the montane (1250 m: JN) to the alpine (2640 m: JN) belt. In dry grasslands (JN) and 
high-altitude open habitats (JN). On soil (JN).

Placocarpus schaereri (Fr.) Breuss
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). On 
calcareous rock (TSB). – A lichenicolous lichen occurring on Protoparmeliopsis versicolor.

Placopyrenium canellum (Nyl.) Gueidan & Cl. Roux
Roccacaramanico (NT99). – In the montane belt (1000 m: NT99). – A lichenicolous 
lichen occurring on Circinaria calcarea.

Placopyrenium fuscellum (Turner) Gueidan & Cl. Roux
Roccacaramanico (NT99; TSB: 1996); hermitage of M. Morrone (NT99; TSB: 1997). 
– From the colline (500 m: NT99; TSB) to the montane (1000 m: NT99; TSB) belt. 
On calcareous rock (TSB).

Placynthiella icmalea (Ach.) Coppins & P. James
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2016); at one site along the main ridge 
of Majella (JN: 2018). – From the montane (1350: JN) to the alpine (2595 m: JN) 
belt. In high-altitude open habitats (JN). On soil (JN), dead wood (JN) and bark of 
Fagus (N19).

Placynthium nigrum (Hudson) Gray
M. d’Ugni (JN: 2017). – In the subalpine belt (1770 m). On calcareous rock (JN).

Pleurosticta acetabulum (Neck.) Elix & Lumbsch
Majella (C73); Bosco di Pacentro (J74); Pretoro, Colle dell’Angelo (NT99; TSB: 
1996); Valico della Forchetta (TSB: 1996); Monti Pizzi near S. Domenico (JN: 2017); 
Pescocostanzo, Bosco di S. Domenico (N19; JN: 2018); Piano Cerreto near Campo 
di Giove (JN: 2018); Valle di Mario (JN: 2018); along the highway Strada Statale 164 
(JN: 2018). – In the montane belt (1200–1434 m: NT99; TSB; JN). On bark of Acer 
campestre (N19), Acer pseudoplatanus (N19; JN), Fagus (N19; TSB; JN) and Quercus 
cerris (N19; JN).

Polyblastia albida Arnold
M. Blockhaus (C09). – In the subalpine belt (2170 m: C09). In a pasture (C09). On 
calcareous rock (C09).

Polyblastia dermatodes A. Massal.
Majelletta (C09); M. Blockhaus (C09); Lettomanoppello (C09). – From the colline 
(750 m: C09) to the subalpine (2170 m: C09) belt. In open shrublands (C09) and 
pastures (C09). On calcareous rock (C09). – These records from Majella are the only 
ones for Abruzzo and peninsular Italy and the southernmost in Italy (Nimis 2016).
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Polyblastia nidulans (Stenh.) Arnold
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996); Majelletta (C09). – In the 
subalpine belt (1850–2150 m: NT99; C09; TSB). On calcareous rock (C09; TSB). – 
Those from the Majella massif are the only records from Abruzzo (Nimis 2016).

Polyblastia sendtneri Kremp.
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996); above Bivacco Fusco (JN: 
2016). – From the subalpine (2150 m: NT99; TSB) to the alpine (2490 m: JN) belt. 
On calcareous soil (TSB; JN). – Those from the Majella massif are the southernmost 
records in Italy (Nimis 2016).

Polyblastia sepulta A. Massal.
Pretoro, Colle dell’Angelo (NT99; TSB: 1996); Grotte di Celano near M. Blockhaus 
(NT99; TSB: 1996); Passo S. Leonardo (C09); Lettomanoppello (C09); Passo Lan-
ciano (C09). – From the colline (750 m: C09) to the subalpine (2150 m: NT99; TSB) 
belt. In open shrublands (C09) and pastures (C09). On calcareous rock (C09; TSB). 
– Records from Majella are the only ones from Abruzzo (Nimis 2016).

Polyblastia verrucosa (Ach.) Lönnr.
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996). – In the subalpine belt 
(2150 m: NT99; TSB). On calcareous rock (TSB). – Records from Majella are the 
only one for Abruzzo, Apennines and peninsular Italy and the southernmost in Italy 
(Nimis 2016).

Polycauliona polycarpa (Hoffm.) Frödén, Arup & Søchting
Pretoro, Colle dell’Angelo (NT99; TSB: 1996). – In the montane belt (1200 m: NT99; 
TSB). On bark of broad-leaved trees (TSB).

Polysporina urceolata (Anzi) Brodo
M. Focalone near Bivacco Fusco (NT99; TSB: 1996); Anticima M. Acquaviva (JN: 
2017); M. Macellaro (JN: 2018). – In the alpine belt (2500–2700 m: NT99; TSB; 
JN). On calcareous rock (TSB; JN).

Porina oleriana (A. Massal.) Lettau
Below the Majelletta (T15; TSB: 2005). – In the montane belt (1350 m: T15; TSB). 
In a beech forest (T15; TSB). On limestone (T15; TSB). – These are the only known 
records for Abruzzo (Nimis 2016).

Porpidia cinereoatra (Ach.) Hertel & Knoph
Majella (C73). – This is a silicicolous lichen (Nimis 2016) that likely meets its sub-
strate requirements in the Majella massif on flint limestone.
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Protoblastenia cyclospora (Körb.) Poelt
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On calcareous rock (TSB).

Protoblastenia incrustans (DC.) J. Steiner var. incrustans
Roccacaramanico (NT99; TSB: 1996); Grotte di Celano near M. Blockahus (NT99; 
TSB: 1996); Anticima Femmina Morta (JN: 2017); M. Macellaro (JN: 2018). – From 
the montane (1000 m: NT99; TSB) to the alpine (2635 m: JN) belt. On calcareous 
rock (TSB; JN).

Protoblastenia rupestris (Scop.) J. Steiner
Roccacaramanico (NT99; TSB: 1996); Pretoro, Colle dell’Angelo (NT99; TSB: 
1996; S: 1996). – In the montane belt (1000–1200 m: NT99; TSB). On calcareous 
rock (TSB).

Protoparmeliopsis admontensis (Zahlbr.) Hafellner
M. d’Ugni (JN: 2017). – In the subalpine belt (1770 m: JN). On calcareous rock (JN). 
– The only other records of this taxon from Abruzzo come from the Gran Sasso massif 
(Poelt 1958; Poelt and Leuckert 1976).

Protoparmeliopsis versicolor (Pers.) M. Choisy
Roccacaramanico (NT99; TSB: 1996); Anticima Femmina Morta (JN: 2017). – From 
the montane (1000 m: NT99; TSB) to the alpine (2420 m: JN) belt. On calcareous 
rock (TSB; JN).

Pseudevernia furfuracea (L.) Zopf var. furfuracea
Majella (C73); Bosco di Pacentro (J74); Popoli (TSB: 1986); Macchialunga (JN: 
2017). – In the montane belt (1100–1249 m: TSB; JN). On bark of Fagus (JN).

Pseudosagedia aenea (Körb.) Hafellner & Kalb
Pretoro, Colle dell’Angelo (NT99; TSB: 1996); Val di Foro (JN: 2018). – In the mon-
tane belt (1200 m: NT99; TSB; JN). On bark of Fagus (NT99; TSB; JN).

Psora decipiens (Hedw.) Hoffm.
Majella (C73); Majellone (J74); near Bivacco Fusco (JN: 2016); between Grotta Ca-
nosa and M. Amaro (JN: 2017); at two sites along the main ridge of Majella between 
2560 and 2620 m (JN: 2019). – In the alpine belt (2290–2622 m: JN). In high-
altitude open habitats (JN). On soil (JN).

Punctelia borreri (Sm.) Krog
M. Morrone, Osservanza (RV96). – In the colline belt (335 m: RV96). On bark of 
Quercus pubescens (RV96).
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Pyrenodesmia albopruinosa (Arnold) S.Y. Kondr.
Roccacaramanico (NT99; TSB: 1996); M. Focalone near Bivacco Fusco (NT99; TSB: 
1996). – From the montane (1000 m: NT99; TSB) to the alpine (2500 m: NT99; 
TSB) belt. On calcareous rock (TSB).

Pyrenodesmia alociza (A. Massal.) Arnold
Roccacaramanico (NT99; TSB: 1996); Anticima M. Acquaviva (JN: 2016); Anticima 
Femmina Morta (JN: 2017); M. Macellaro (JN: 2018). – From the montane (1000 m: 
NT99; TSB) to the alpine (2635 m: JN) belt. On calcareous rock (TSB; JN).

Pyrenodesmia chalybaea (Fr.) A. Massal.
Roccacaramanico (NT99; TSB: 1996); Eremo di M. Morrone (NT99; TSB: 1997); 
between Lettomanoppello and Passo Lanciano (TSB: 2005). – From the colline 
(500 m: NT99; TSB) to the montane (1080 m: TSB) belt. On calcareous rock (TSB).

Pyrenodesmia erodens (Tretiach, Pinna & Grube) Søchting, Arup & Frödén
Anticima M. Acquaviva (JN: 2016); Anticima Femmina Morta (JN: 2017). – In the 
alpine belt (2420–2600 m: JN). On calcareous rock (JN).

Pyrenodesmia variabilis (Pers.) A. Massal.
Hermitage of M. Morrone (NT99; TSB: 1997); near Martellose (JN: 2017). – From 
the colline (500 m: NT99; TSB) to the alpine (2065 m: JN) belt. On calcareous rock 
(TSB; JN).

Pyrenula nitida (Weigel) Ach.
Valle di Mario (JN: 2018); Val di Foro (JN: 2018); below Villaggio Mirastelle (JN: 
2018). – In the montane belt (1200–1230 m: JN). On bark of Fagus (JN).

Ramalina farinacea (L.) Ach.
Majella (J74); Monti Pizzi near S. Domenico (JN: 2017); Valle di Mario (JN: 2018); 
Piano Cerreto near Campo di Giove (JN: 2018); along the highway Strada Statale 164 
(JN: 2018). – In the montane belt (1420–1440 m: JN). On bark of Acer pseudoplata-
nus (JN), Fagus (JN) and Quercus cerris (JN).

Ramalina fastigiata (Pers.) Ach.
Popoli (TSB: 1986); Monti Pizzi near S. Domenico (JN: 2017); Pescocostanzo, Bosco 
di S. Antonio (N19; JN: 2018). – In the montane belt (1350–1440 m). On bark of 
Fagus (N19; JN).

Ramalina fraxinea (L.) Ach.
Majella (C73; J74); Popoli (TSB: 1986); Pretoro, Colle dell’Angelo (NT99; TSB: 
1996); Valico della Forchetta (TSB: 1996); Monti Pizzi near S. Domenico (JN: 2017); 
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Palena, Fontana delle Rose (JN: 2018); Cansano (JN: 2018); Pescocostanzo, Bosco 
di S. Antonio (N19; JN: 2018); Valle di Mario (JN: 2018); along the highway Strada 
Statale 164 (JN: 2018). – In the montane belt (1100–1440 m: JN). On bark of Acer 
pseudoplatanus (JN), Fagus (N19; JN) and Quercus cerris (N19).

Ramonia luteola Vězda
Sella di Grotta Canosa (JN: 2018). – In the montane belt (1200 m: JN). On bark of 
Fagus (JN). – First record for Abruzzo and southernmost record in Italy (cf. Nimis 
2016). The species is included in the Italian Red List of epiphytic lichens as “vulner-
able” (Nascimbene et al. 2013).

Rhizocarpon atroflavescens Lynge
Grotte di Celano (NT99; TSB: 1996). – In the subalpine belt (2150 m: NT99; 
TSB). On calcareous rock (TSB). – This is the only record for Abruzzo and pen-
insular Italy and the southernmost one in Europe (Nimis 2016). This is a slightly 
silicicolous lichen (Nimis 2016) that meets its substrate requirements in the Majella 
massif on flint limestone.

Rhizocarpon badioatrum (Spreng.) Th. Fr.
Majella (C73); Valle dell’Orfento (J74). – This is a silicicolous lichen (Nimis 2016) 
that likely meets its substrate requirements in the Majella massif on flint limestone.

Rhizocarpon umbilicatum (Ramond) Flagey
Majella (C73); Valle dell’Orfento (J74); trail between Blockhaus and M. Focalone 
(TSB: 2005). – In the alpine belt (2300 m: TSB). On calcareous rock (TSB).

Rinodina bischoffii (Hepp) A. Massal.
Roccacaramanico (NT99; TSB: 1996); hermitage of M. Morrone (NT99; TSB: 1997). 
– From the colline (500 m: NT99; TSB) to the montane (1000 m: NT99; TSB) belt. 
On calcareous rock (TSB).

Rinodina guzzinii Jatta
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On calcareous rock (TSB).

Rinodina immersa (Körb.) J. Steiner
Roccacaramanico (NT99; TSB: 1996); Passo San Leonardo (C09); Majelletta (C09); 
Anticima M. Acquaviva (JN: 2017); M. Macellaro (JN: 2018). – From the montane 
(1000 m: NT99; TSB) to the alpine (2635 m: JN) belt. On calcareous rock (TSB; JN).

Rinodina lecanorina (A. Massal.) A. Massal.
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On calcareous rock (TSB).
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Rinodina roscida (Sommerf.) Arnold
At ten sites along the main ridge of Majella between 2250 and 2664 m (JN: 2018, 
2019). – From the subalpine (2250 m: JN) to the alpine (2664 m: JN) belt. In high-
altitude open habitats (JN). On bryophytes and plant debris (JN). – New to Abruzzo. 
These are the only records for Apennines and peninsular Italy and the southernmost 
in Italy (Nimis 2016).

Rinodina sophodes (Ach.) A. Massal.
Roccacaramanico (NT99; TSB: 1996); Pretoro, Colle dell’Angelo (NT99; TSB: 1996); 
hermitage of M. Morrone (NT99; TSB: 1997); Pescocostanzo, Bosco di S. Antonio 
(N19; JN: 2018). – From the colline (500 m: NT99; TSB) to the montane (1350 m: 
JN) belt. On bark of Fagus (N19; TSB; JN) and Fraxinus ornus (TSB).

Romjularia lurida (Ach.) Timdal
Majella (C73); Majellone (J74); Roccacaramanico (NT99; TSB: 1996); at one site 
along the main ridge of Majella (JN: 2019). – From the montane (1000 m: NT99; 
TSB) to the subalpine (1958 m: JN) belt. In high-altitude open habitats (JN). On 
calcareous soil (TSB; JN).

Rostania ceranisca (Nyl.) Otálora, P.M. Jørg. & Wedin
At one site along the main ridge of Majella (JN: 2019). – In the alpine belt (2662 
m: JN). In high-altitude open habitats (JN). On soil (JN). – New to Abruzzo. This 
is the only record for Apennines and peninsular Italy and the southernmost in Italy 
(Nimis 2016).

Rusavskia elegans (Link) S.Y. Kondr. & Kärnefelt subsp. elegans
Femmina Morta (J74; JN: 2017); Roccacaramanico (NT99; TSB: 1996); M. Focalone 
near Bivacco Fusco (NT99; TSB: 1996); Anticima M. Acquaviva (JN: 2017); Sella 
di Grotta Canosa (JN: 2017); at one site along the main ridge of Majella (JN: 2018). 
– From the montane (1000 m: NT99; TSB) to the alpine (2669 m: JN) belt. In high-
altitude open habitats (JN). On calcareous rock (TSB; JN).

Rusavskia sorediata (Vain.) S.Y. Kondr. & Kärnefelt
M. Focalone near Bivacco Fusco (NT99; TSB: 1996); Grotta Canosa (JN: 2017). – In 
the alpine belt (2500–2559 m: TSB; JN). On calcareous rock (TSB; JN).

Sarcogyne hypophaea (Nyl.) Arnold
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On calcareous rock (TSB).

Sarcogyne regularis Körb. var. regularis
Hermitage of M. Morrone (NT99; TSB: 1997). – In the colline belt (500 m: NT99; 
TSB). On calcareous rock (TSB).
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Sclerophora pallida (Pers.) Y.J. Yao & Spooner
Pescocostanzo, Bosco di S. Antonio (N19; JN: 2018). – In the montane belt 
(1350 m: JN). On bark of Acer campestre (N19; JN) and Fagus (N19; JN). – The 
species is included in the Italian Red List of epiphytic lichens as “vulnerable” (Nas-
cimbene et al. 2013).

Scoliciosporum umbrinum (Ach.) Arnold var. corticicolum
Pretoro, Colle dell’Angelo (NT99; TSB: 1996); Valico della Forchetta (TSB: 1996). – 
In the montane belt (1200–1360 m: NT99; TSB). On bark of Fagus (TSB).
This name, whose taxonomic value is uncertain, is applied to corticolous populations 
of a Scoliciosporum with the hymenial characters of S. umbrinum (Nimis et al. 2018). 
In Nimis (2016) this taxon is not reported and therefore it is formally new to Italy.

Scytinium gelatinosum (With.) Otálora, P.M. Jørg. & Wedin
Hermitage of M. Morrone (NT99; TSB: 1997); Val di Foro (JN: 2018). – From the 
colline (500 m: NT99; TSB) to the montane (1250 m: JN) belt. On calcareous soil 
(TSB) and terricolous mosses (JN).

Scytinium imbricatum (P.M. Jørg.) Otálora, P.M. Jørg. & Wedin
Near Campo di Giove (JN: 2018); at 23 sites along the main ridge of Majella between 
1990 and 2664 m (JN: 2018, 2019). – From the montane (1250 m: JN) to the alpine 
(2664 m: JN) belt. In dry grasslands (JN) and high-altitude open habitats (JN). On 
soil (JN). – New to Abruzzo. These are the only records for Apennines and peninsular 
Italy and the southernmost in Italy (Nimis 2016).

Scytinium lichenoides (L.) Otálora, P.M. Jørg. & Wedin
Majella (C73; J74); Roccacaramanico (NT99; TSB: 1996); Pescocostanzo, Bosco di S. 
Antonio (N19; JN: 2016, 2018); Lama dei Peligni (JN: 2017); Val di Foro (JN: 2018); 
Centiata, Villaggio Mirastelle (JN: 2018). – From the colline (650 m: JN) to the mon-
tane (1350 m: JN) belt. On bark of Fagus (N19; JN) and calcareous soil (TSB).

Scytinium schraderi (Ach.) Otálora, P.M. Jørg. & Wedin
At four sites along the main ridge of Majella (JN: 2019). – From the subalpine 
(2081 m: JN) to the alpine (2300 m: JN) belt. In high-altitude open habitats (JN). 
On soil (JN).

Seirophora contortuplicata (Ach.) Frödén
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996); Anticima Femmina Morta 
(JN: 2017). – From the subalpine (2150 m: NT99; TSB) to the alpine (2420 m: JN) 
belt. On calcareous rock (TSB; JN).

Solorina bispora Nyl. subsp. bispora
Anticima M. Acquaviva (JN: 2016). – In the alpine belt (2600 m: JN). On soil (JN).
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Solorina bispora subsp. macrospora (Harm.) Burgaz & I. Martínez
Near Bivacco Fusco (JN: 2016); at one site along the main ridge of Majella (JN: 2019). 
– In the subalpine belt (2230–2290 m: JN). In high-altitude open habitats (JN). On 
soil (JN). – New to Abruzzo. These are the only records for Apennines and peninsular 
Italy and the southernmost in Italy (Nimis 2016).

Squamarina cartilaginea (With.) P. James var. cartilaginea
Majella (C73; J74); hermitage of M. Morrone (NT99; TSB: 1997); Valle di Fara (JN: 
2017); trail between Lama dei Peligni and Rifugio Fonte Tarì (JN: 2017). – From the 
colline (500 m: NT99; TSB) to the montane (1135 m: JN) belt. On calcareous soil 
(TSB) and rock (JN).

Squamarina gypsacea (Sm.) Poelt
Near Martellose (JN: 2017). – In the subalpine belt (2065 m: JN). On calcareous rock (JN).

Squamarina lentigera (Weber) Poelt
Campo di Giove (JN: 2018); near Campo di Giove (JN: 2018). – In the montane belt 
(1200–1250 m: JN). In dry grasslands (JN). On soil (JN).

Squamarina stella-petraea Poelt
Roccacaramanico (NT99; TSB: 1996); hermitage of M. Morrone (NT99; TSB: 1997). 
– From the colline (500 m: NT99; TSB) to the montane (1000 m: NT99; TSB) belt. 
On calcareous rock (TSB) and soil (TSB).

Staurothele orbicularis (A. Massal.) Th. Fr.
Caramanico (C09). – In the colline belt (570 m: C09). In a pasture with scattered 
shrubs (C09). On calcareous rock (C09).

Synalissa ramulosa (Bernh.) Fr.
Roccacaramanico (NT99; TSB: 1996). – In the montane belt (1000 m: NT99; TSB). 
On calcareous rock (TSB).

Tephromela atra (Huds.) Hafellner var. torulosa (Flot.) Hafellner
Monti Pizzi near S. Domenico (JN: 2017). – In the montane belt (1434 m: JN). On 
bark of Fagus (JN).

Tetramelas geophilus (Sommerf.) Norman
Majella (C73). – The historical record was not confirmed recently, but is considered as 
reliable, since this is a widespread species (Nimis 2016).

Thalloidima candidum (Weber) A. Massal.
Majella (C73; J74); Grotte di Celano near M. Blockhaus (NT99). – In the subalpine 
belt (2150 m: NT99).
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Thalloidima diffractum (A. Massal.) A. Massal.
Grotte di Celano near M. Blockhaus (TSB: 1996); near Bivacco Fusco (JN: 2016); 
Sella di Grotta Canosa (JN: 2017); Rava della Vespa (JN: 2017). – From the subalpine 
(2150 m: TSB) to the alpine (2643 m: JN) belt. On calcareous rock (TSB; JN) and 
soil (JN).

Thalloidima sedifolium (Scop.) Kistenich, Timdal, Bendiksby & S. Ekman
Majella (C73; J74); near Bivacco Fusco (JN: 2016); Cima dell’Altare (JN: 2017); 
Campo di Giove (JN: 2018); near Campo di Giove (JN: 2018); at one site along the 
main ridge of Majella (JN: 2019). – From the montane (1250 m: JN) to the alpine 
(2490 m: JN) belt. In dry grasslands (JN) and high-altitude open habitats (JN). On 
calcareous soil (JN).

Thelidium decipiens (Nyl.) Kremp.
Anticima M. Acquaviva (JN: 2017); M. Macellaro (JN: 2018). – In the alpine belt 
(2635–2700 m: JN). On calcareous rock (JN).

Thelidium dionantense (Hue) Zschacke
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996). – In the subalpine belt 
(2150 m: NT99; TSB). On calcareous rock (TSB). – This is the only known record 
from Italy (Nimis 2016).

Thelidium incavatum Mudd
M. Focalone (C09). – In the alpine belt (2600 m: C09). On calcareous rock (C09). – 
This is the only record from Abruzzo (Nimis 2016).

Thelidium papulare (Fr.) Arnold
Pretoro, Colle dell’Angelo (NT99; TSB: 1996); Anticima M. Acquaviva (JN: 2017). 
– From the montane (1200 m: NT99; TSB) to the alpine (2700 m: JN) belt. On cal-
careous rock (TSB; JN).

Toninia subnitida (Hellb.) Hafellner & Türk
Anticima Femmina Morta (JN: 2017). – In the alpine belt (2420 m: JN). On rock 
(JN). – New to Abruzzo. This is the only record for central Italy (Nimis 2016).

Toniniopsis coelestina (Anzi) Kistenich, Timdal, Bendiksby & S. Ekman
Below Bivacco Fusco (JN: 2016). – In the subalpine belt (2290 m: JN). On soil (JN). 
– New to Abruzzo. This is the only record for peninsular Italy and the Apennines and 
the southernmost record in Italy (Nimis 2016).

Trapeliopsis gelatinosa (Flörke) Coppins & P. James
At two sites along the main ridge of Majella between 2579 and 2634 m (JN: 2019). 
– In the alpine belt (2579–2634 m: JN). In high-altitude open habitats (JN). On soil 
(JN). – New to Abruzzo. This is the southernmost record in Italy (Nimis 2016).
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Umbilicaria cylindrica (L.) Delise
Majella (J74). – This is a silicicolous lichen (Nimis 2016) that likely meets its substrate 
requirements in the Majella massif on flint limestone. This is the only record from 
Abruzzo (Nimis 2016).

Usnea barbata (L.) F.H. Wigg.
Majella (C73). – Most Italian records of the genus Usnea would require accurate revi-
sion and this historical record was not confirmed recently. However, we considered it 
as reliable, since the ecological conditions required by this species (Nimis 2016) occur 
within the study area.

Usnea dasopoga (Ach.) Nyl.
Bosco di Pacentro (J74). – Most Italian records of the genus Usnea would require ac-
curate revision, and this historical record was not confirmed recently. However, we 
considered it as reliable, since the ecological conditions required by this species (Nimis 
2016) occur within the study area.

Variospora aurantia (Pers.) Arup, Frödén & Søchting
Majella (C73). – The historical record was not confirmed recently, but is considered as 
reliable, since this is a widespread species (Nimis 2016).

Variospora velana (A. Massal.) Arup, Søchting & Frödén
Roccacaramanico (NT99; TSB: 1996); hermitage of M. Morrone (NT99; TSB: 1997). 
– From the colline (500 m: NT99; TSB) to the montane (1000 m: NT99; TSB) belt. 
On calcareous rock (TSB).

Verrucaria hochstetteri Fr.
M. Focalone (C09); M. d’Ugni (JN: 2017); M. Macellaro (JN: 2018). – From the sub-
alpine (1770 m: JN) to the alpine (2635 m: JN) belt. On calcareous rock (C09; JN).

Verrucaria nigrescens Pers. f. nigrescens
Pretoro, Colle dell’Angelo (NT99; TSB: 1996); hermitage of M. Morrone (NT99; 
TSB: 1997). – From the colline (500 m: NT99; TSB) to the montane (1200 m: NT99; 
TSB) belt. On calcareous rock (TSB).

Verrucula biatorinaria (Zehetl.) Nav.-Ros. & Cl. Roux
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996). – In the subalpine belt 
(2150 m: NT99; TSB). On calcareous rock (TSB). – A lichenicolous lichen occurring 
on Calogaya biatorina.

Verrucula coccinearia (Zehetl.) Nav.-Ros. & Cl. Roux
Grotte di Celano near M. Blockhaus (NT99; TSB: 1996); Anticima Femmina Morta 
(JN: 2017). – From the subalpine (2150 m: NT99; TSB) to the alpine (2420 m: JN) 
belt. On calcareous rock (TSB; JN). – A lichenicolous lichen occurring on Caloplaca 
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coccinea. Those from Majella are the only records for Abruzzo, Apennines and penin-
sular Italy and the southernmost in Italy (Nimis 2016).

Verrucula granulosaria (Clauzade & Zehetl.) Nav.-Ros. & Cl. Roux
Roccacaramanico (NT99). – In the montane belt (1000 m: NT99). – This is a licheni-
colous lichen occurring on Flavoplaca granulosa. In Nimis and Tretiach (1999), it was 
reported under Verrucula latericola.

Vulpicida pinastri (Scop.) J.-E. Mattsson & M.J. Lai
Majella (C73); M. Amaro (J74). – On bark of Pinus sp. (J74). – The historical records 
were not confirmed recently, but are considered as reliable, since the ecological condi-
tions required by this species (Nimis 2016) occur within the study area.

Xanthocarpia lactea (A. Massal.) A. Massal.
Hermitage of M. Morrone (NT99; TSB: 1997); Anticima M. Acquaviva (JN: 2017); 
M. Macellaro (JN: 2018). – From the colline (500 m: NT99; TSB) to the alpine 
(2700 m: JN) belt. On calcareous rock (TSB; JN).

Xanthocarpia marmorata auct.
Hermitage of M. Morrone (NT99; TSB: 1997). – In the colline belt (500 m: NT99; 
TSB). On calcareous rock (TSB).

Xanthoria parietina (L.) Th. Fr.
Majella (C73; J74); Roccacaramanico (NT99; TSB: 1996); Pretoro, Colle dell’Angelo 
(NT99; TSB: 1996); Lama dei Peligni (JN: 2017); Pescocostanzo, Bosco di S. Antonio 
(N19; JN: 2018); Piano Cerreto near Campo di Giove (JN: 2018); Valle di Mario (JN: 
2018); along the highway Strada Statale 164 (JN: 2018). – From the colline (650 m: 
JN) to the montane (1420 m: JN) belt. On bark of Acer campestre (N19), Acer pseudo-
platanus (N19; JN), Fagus (N19; TSB; JN), Quercus cerris (JN) and Ulmus minor (JN).

Dubious records

Caloplaca subochracea auct.
Femmina Morta (J74). – This is a mainly coastal species (Nimis 2016) whose occur-
rence in the study area is dubious.

Cladonia scabriuscula (Delise) Nyl.
Majella (C73). – This is a rare species in Italy and is not reported by other sources in 
central-southern Apennines. The record would require confirmation.

Dermatocarpon complicatum (Lightf.) W. Mann
Majella (C73); Femmina Morta (J74). – This is a critical taxon mainly growing on 
periodically inundated siliceous rocks (Nimis 2016) and it would need to be confirmed 
in the study area. This would be the only record for Abruzzo.
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Leptogium brebissonii Mont.
Valle dell’Orfento (RV96). – In the colline belt (570 m: RV96). On sandstone 
(RV96). This species is usually epiphytic (Nimis 2016) and therefore this record 
would require confirmation.

Lichina confinis (O.F. Müll.) C. Agardh
Majella (C73); Valle dell’Orfento (J74). – This is a coastal species occurring on rocks at 
the interface between the littoral and the mesic supralittoral belts (Nimis 2016) whose 
occurrence in the study area is very dubious. The record was reported by Jatta under 
the name Lichina elisabethae A. Massal.

Lobaria linita (Ach.) Rabenh.
Majella (C73); Bosco di Pacentro (J74). – This record reported by Jatta was collected 
“ad terram inter muscos in sylva Pacentri”. According to Nimis (1993), old records 
from central-southern Italy should be referred to L. pulmonaria, since L. linita is re-
stricted to the Alps in Italy.

Rinodina oxydata (A. Massal.) A. Massal.
Valle dell’Orfento (J74). – This is a silicicolus taxon whose occurrence in the Majella 
massif would be related to flint limestoine. Since this would be the only record for 
Abruzzo, it requires confirmation.

Discussion

This checklist provides a baseline of the lichens known to occur in the Majella Na-
tional Park, highlighting the potential of this area as a hotspot of lichen biodiversity, 
especially from a biogeographical point of view. On one hand, the high number of 
regionally-new taxa discovered during our recent investigations suggests that further 
research is needed to reach a more exhaustive picture of the lichen biota of Abruzzo, as 
well as of the Majella massif. In particular, a more intensive collection in rocky and for-
est habitats, as well as in high elevation ranges, is likely to produce a relevant increase 
in the number of species.

On the other hand, the occurence of many arctic-alpine taxa (see Nimis 1997; 
Nimis and Tretiach 1995) that reach here their southernmost Italian or European dis-
tribution limit and the occurence of steppic chorotypes, as in the case of Circinaria his-
pida, confirm the phytogeographical peculiarity of this area also for lichens (see Conti 
et al. 2019 for vascular plants; Nimis 2016 for lichens). In the core of the Mediter-
ranean Region, small, disjunct populations of artic-alpine taxa that are disjunct from 
those of the Alps are currently restricted to the highest 200 m of the Majella massif. In 
a global change perspective, this cold-adapted, disjunct component of the lichen biota 
is strongly exposed to the impact of warming conditions, as in the emblematic case 
of Allocetraria madreporiformis whose main local populations almost exclusively occur 
within Salix retusa islands in the Macellaro summit. The past establishment and cur-
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rent persistence of these cold-adapted taxa are likely related to the great extension of 
the high altitude area characterised by vast plateaus that may provide microrefugia (e.g. 
small-scale cold refugia) suitable for these small-sized organisms (Conti et al. 2019).

In addition, the epiphytic lichen biota is noteworthy, including several species of 
conservation concern that are Red-listed in Italy (Nascimbene et al. 2013; a national Red 
List is currently available only for epiphytic species). This indicates that the forests of the 
Majella National Park effectively contribute to the conservation of endangered epiphytic 
species of the Italian lichen biota. The best conserved part of the “Bosco di S. Antonio” 
forest is an emblematic example of this situation, hosting species sensitive to human 
disturbance as Lobaria pulmonaria or rare calicioid lichens (Nascimbene et al. 2019).
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Abstract
Two new wood-inhabiting fungi, Mycorrhaphium subadustum sp. nov. and Trullella conifericola sp. nov., 
are proposed and described from Asia based on ITS, nrLSU and tef1 molecular phylogeny and morpho-
logical characteristics. Mycorrhaphium subadustum is characterized by a stipitate basidiocarp, velutinate 
pileal surface concentrically zoned, hydnoid hymenophore, a dimitic hyphal system in spine trama and 
monomitic in context, absence of gloeocystidia, presence of cystidioles and the non-amyloid, cylindrical 
to ellipsoid basidiospores. Trullella conifericola is characterized by a laterally stipitate basidiocarp with 
flabelliform to semicircular pileus, hirtellous pileal surface with appressed coarse hair and concentrically 
zoned and sulcate, tiny pores (10–12 per mm), a dimitic hyphal system, absence of any type of cystidia, 
short clavate basidia and thin-walled, smooth, cylindrical to allantoid basidiospores. Phylogenetic analy-
ses based on a three-marker dataset were performed using maximum likelihood and Bayesian inference 
methods. The two new species formed isolated lineages with full support in Steccherinaceae. The distin-
guishing characters of the two new species as well as allied species are discussed, and a key to species of 
Mycorrhaphium is provided.
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Introduction

Steccherinaceae Parmasto was typified by the genus Steccherinum Gray (1968). It be-
longs to the residual polyporoid clade of the Polyporales Gäum. (Basidiomycota). It is a 
distinct and well-defined group based on phylogenetic evidence (Miettinen et al. 2012; 
Binder et al. 2013). Steccherinaceae includes around 23 genera according to Zmitrovich 
(2018). The taxa in this family show highly variable morphological and anatomical 
features. For instance, the basidiocarps range from resupinate (e.g. Junghuhnia Corda.) 
to pileate (e.g. Austeria Miettinen and Flabellophora G. Cunn.), and the hymenophore 
can be poroid (e.g. Citripora Miettinen) or hydnoid (e.g. Mycorrhaphium Maas Geest. 
and Steccherinum Gray). The hyphal system ranges from monomitic (e.g. Caudicicola 
Miettinen, M. Kulju & Kotir. and Elaphroporia Z.Q. Wu & C.L. Zhao), dimitic (e.g. 
Antrodiella Ryvarden & I. Johans.) to trimitic (e.g. Metuloidea G. Cunn.). Any type 
of cystidia can be absent (e.g. Frantisekia Spirin & Zmitr.) or take the form of gloeo-
cystidia (e.g. Antella Miettinen and Butyrea Miettinen) or encrusted cystidia (e.g. Fla-
viporus Murrill). The basidiospores are typically cylindrical, allantoid (e.g. Nigroporus 
Murrill and Trullella Zmitr.) or ellipsoid (e.g. Steccherinum Gray). Nevertheless, the 
members of the family also share several characters including the white-rot nutritional 
mode, small pores or densely arranged spines, smooth and relatively small basidiospores, 
and mainly cyanophilic but inamyloid hyphae (Gray 1821; Corda 1842; Murrill 1905; 
Maas Geesteranus 1962; Cunningham 1965; Ryvarden and Johansen 1980; Spirin et al. 
2007; Yuan and Dai 2009; Yuan and Wu 2012; Yuan et al. 2012; Yuan 2014; Miettinen 
and Ryvarden 2016; Kotiranta et al. 2017; Wu et al. 2018; Zmitrovich 2018).

Morphological and phylogenetic analyses have provided more accurate identifica-
tion and contributed to the definition of the taxonomic status of the genera in Stec-
cherinaceae. In recent years, phylogenetic analysis based on multi-marker data has been 
widely used in the taxonomy of these fungi (He and Dai 2012; Miettinen et al. 2012; 
Binder et al. 2013; Dai et al. 2014; Miettinen and Ryvarden 2016; Justo et al. 2017; 
Kotiranta et al. 2017; Westphalen et al. 2018; Yuan et al. 2018; Yuan et al. 2020).

The species of the Steccherinaceae are widely distributed all over the world. During 
the investigation of specimens in Steccherinaceae from Asia, several specimens which 
represent two undescribed species were found. The morphological and molecular fea-
tures showed that they belong to the genus Mycorrhaphium and Trullella. In this study, 
we describe them as two new species based on morphological characteristics and three-
marker phylogenetic analyses.

Material and methods

Morphological studies

The studied specimens were deposited at the herbarium of the Institute of Applied 
Ecology, Chinese Academy of Sciences (IFP). Microscopic procedures followed Yuan 
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and Qin (2018). Microscopic observations were made on tissue sections mounted in 
cotton blue and Melzer’s reagent to test for any amyloid and/or dextrinoid reactions 
(cotton blue: 0.1 mg Methyl blue (SIGMA, PCode: 1001545602) dissolved in 60 g 
pure lactic acid; Melzer’s reagent: 1.5 g KI (potassium iodide), 0.5 g I (crystalline 
iodine), 22 g chloral hydrate, distilled water 20 mL). The following abbreviations 
are used in the text: KOH = 2.5% potassium hydroxide; CB = cotton blue; CB+/– = 
cyanophilous/acyanophilous; IKI = Melzer’s reagent; IKI– = neither amyloid nor dex-
trinoid; Lm = mean spore length (arithmetic average of all spores); Wm = mean spore 
width (arithmetic average of all spores); Q = variation in the ratios of Lm/Wm between 
specimens studied, and n = total number of spores measured from a given number of 
specimens. Sections were studied at magnifications up to ×1000 using a Nikon Eclipse 
E600 microscope (Tokyo, Japan) with phase-contrast illumination, and dimensions 
were estimated subjectively with an accuracy of 0.1 μm. Microscopic drawings were 
made with the aid of a drawing tube. The spores’ measurements excluded the apiculus, 
and 5% of the measurements at each end of the range are given in parentheses. The 
spores’ measurements were made with a Nikon SMZ 645 stereomicroscope. Special 
colour terms are from Kornerup and Wanscher (1981).

Molecular procedures and phylogenetic analyses

DNA was extracted from dried herbarium specimens with a Thermo Scientific Phire 
Plant Direct PCR kit (Thermo Fisher Scientific, Waltham, Massachusetts, USA) ac-
cording to the manufacturer’s instructions and was used for the polymerase chain reac-
tion (PCR). Nuclear ribosomal RNA markers were used to determine the phylogenetic 
position of the new species. The internal transcribed spacer (ITS) was amplified with 
the primers ITS4 (5' TCCTCCGCTTATTGATATGC 3') and ITS5 (5' GGAAG-
TAAAAGTCGTAACAAGG 3'); LR0R (5' ACCCGCTGAACTTAAGC 3') and LR7 
(5' TACTACCACCAAGATCT 3') for partial nrLSU; 983F (5' GCYCCYGGHCAY-
CGTGAYTTYAT 3') and 2218R (5' ATGACACCRACRGCRACRGTYTG 3') for 
tef1 (White et al.1990; Gardes and Bruns 1993; Rehner and Buckley 2005; Matheny 
et al. 2007).

PCR reactions were performed in 30 μL reaction mixtures containing 15 μL of 
2×Phire Plant PCR buffer, 0.6 μL Phire Hot Start II DNA Polymerase, 1.5 μL of each 
PCR primer (10 μM), 10.5 μL double deionized H2O (ddH2O), and 0.9 μL template 
DNA. The PCR thermal cycling program condition was set as follows: initial dena-
turation at 95 °C for 5 min, followed by 34 cycles at 95 °C for 30 s, the annealing 
temperatures were as follows: 58.9 °C for ITS4/ITS5, 47.2 °C for LR0R/LR7, 57.6 °C 
for 983F/2218R, then 72 °C for 20 s, and a final extension at 72 °C for 7 min. PCR 
amplification was confirmed on 1% agarose electrophoresis gel stained with ethidium 
bromide (Stöger et al. 2006) and sequenced at the Beijing Genomics Institute (BGI) 
with the same primers as used in PCR. The newly generated DNA sequences were 
assembled and manually modified with the software DNAMAN8 (Lynnon Biosoft, 
Quebec, Canada). The sequences quality control followed the guidelines by Nilsson 
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et al. (2012). All newly obtained sequences were submitted to GenBank (Sayers et 
al. 2020). Sequences from allied genera were based on the studies of Miettinen et 
al. (2012), Yuan (2014) and Westphalen et al. (2019) or found in GenBank (http://
www.ncbi.nlm.gov) using the BLAST option and downloaded (Table 1). DNA align-
ments were performed using the MAFFT v.7.471 online service (https://mafft.cbrc.jp/
alignment/server/index.html; Katoh et al. 2019). Intron regions of tef1 as well as low-
homology regions of ITS1 and ITS2 were removed before phylogenetic analyses, and 
the sequence datasets were combined using BioEdit v 7.2.6 (Hall 2005).

Bayesian analysis and Maximum likelihood were applied to the ITS + nrLSU + tef1 
dataset. All characters were weighted, and gaps were treated as missing data. Bayesian 
analysis with MrBayes 3.2.7 (Ronquist et al. 2012) implemented the Markov Chain 
Monte Carlo (MCMC) technique. The combined dataset was divided into seven par-
titions: ITS1, 5.8S, ITS2, nrLSU and tef1 1st, 2nd as well as 3rd codon positions. The 
best-fit models selected were K80+G for ITS1, GTR+I+G for 5.8S, JC+G for ITS2, 
GTR+I+G for nrLSU, JC for tef1 1st, TrNef+G for tef1 2nd and GTR+I+G tef1 3rd 
which were determined by the jModelTest 2.1.10 (Darriba et al. 2012) based on the 
Corrected Akaike Information Criterion (AICc). Four simultaneous Markov chains 
were run with 10 million generations and starting from random trees and keeping one 
tree every 100th generation until the average standard deviation of split frequencies 
was below 0.01. The value of burn-in was set to discard 25% of trees when calculating 
the posterior probabilities. Bayesian posterior probabilities were obtained from the 
50% majority rule consensus of the trees kept. A Maximum Likelihood (ML) analysis 
uses the seven-partitions’ database which is the same as Bayesian analysis and per-
formed in RAxML v8.2.4 (Stamatakis 2014). The best tree was obtained by perform-
ing 1000 rapid bootstrap inferences followed by a thorough search for the most likely 
tree (Stamatakis et al. 2008). Phylogenetic trees were checked and modified in FigTree 
1.4 (Rambaut 2012). The combined dataset and trees were deposited in TreeBASE 
(No. S27633).

Results

Phylogenetic analyses

Multiple-marker analyses provide an advantage of accurately and promptly discover-
ing a new species or genus (Taylor et al. 2000). Therefore, we used three markers in 
our dataset which included 75 ITS, 68 nrLSU and 20 tef1. The combined dataset 
includes two species belonging to the genera Mycorrhaphium and Trullella respectively, 
and other 69 samples from 23 allied genera. Climacocystis borealis (Fr.) Kotl. & Pou-
zar was used as the outgroup. The data matrix comprised 163 sequences and had an 
aligned length of 2121 bases. Bayesian analysis resulted in an average standard devia-
tion of split frequencies = 0.004878. The maximum likelihood and Bayesian analyses 
produced similar topologies and therefore, only the ML tree is shown in Figure 1.
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Table 1. Specimens and sequences used in this study. Type specimens are indicated as superscript T and 
the newly generated sequences in this study are in bold.

Species GenBank No. Specimen/culture 
voucher

Locality References
ITS nrLSU tef1

Antella americana (Ryvarden & 
Gilb.) Ryvarden

JN710509 JN710509 JN710711 KHL 11949 Sweden Miettinen et al. 2012

A. americana EU232186 EU232270 – HHB 4100-Sp USA GenBank Database
A. chinensis (H.S. Yuan) Miettinen JX110844 KC485542 – Dai 9019T China Yuan 2013
A. chinensis JX110843 KC485541 – Dai 8874T China Yuan 2013
A. niemelaei (Vampola & Vlasák) 
Miettinen

AF126876 – – Renvall 3218 Finland Johannesson et al. 
2000

A. niemelaei AF126877 – – Haikonen 14727 Finland Johannesson et al. 
2000

A. lactea H.S. Yuan KC485530 KC485548 – Yuan 5720T China Yuan 2014
A. lacteal KC485532 KC485550 – Yuan 5757T China Yuan 2014
A. semisupina (Berk. & M.A. 
Curtis) Ryvarden

JN710521 JN710521 – X242 Canada Miettinen et al. 2012

Antrodiella sp. JN710523 JN710523 – Núñez 1040 Japan Miettinen et al. 2012
A. stipitata H.S. Yuan & Y.C. Dai KC485525 KC485544 – Yuan 5640 China Yuan 2014
Atraporiella neotropica Ryvarden HQ659221 HQ659221 – Miettinen X1021 Belize Miettinen et al. 2012
Austeria citrea (Berk.) Miettinen JN710511 JN710511 – X1171 New 

Zealand
Miettinen et al. 2012

Butyrea luteoalba (P. Karst.) 
Miettinen

JN710558 JN710558 JN710719 isolate 5403 Estonia Miettinen et al. 2012

B. japonica (Núñez & Ryvarden) 
Miettinen & Ryvarden

JN710556 JN710556 JN710718 isolate 10202T Japan Miettinen et al. 2012

B. japonica KC485536 KC485553 – Li 1648 China Yuan 2014
Cabalodontia queletii (Bourdot & 
Galzin) Piątek

AF141626 AF141626 – FCUG 722 Sweden GenBank Database

Citripora bannaensis Miettinen JN710526 JN710526 – OM9999T China Miettinen et al. 2012
Climacocystis borealis (Fr.) Kotl. & 
Pouzar

JN710527 JN710527 – KHL 13318  Estonia Miettinen et al. 2012

Elaphroporia ailaoshanensis Z.Q. 
Wu & C.L. Zhao

MG231568 MG748854 – CLZhao 595T China Wu et al. 2018

E. ailaoshanensis MG231572 MG748855 – CLZhao 596 China Wu et al. 2018
Etheirodon fimbriatum (Pers.) 
Banker

JN710530 JN710530 – KHL 11905 Sweden Miettinen et al. 2012

Flabellophora sp1 JN710533 JN710533 – Miettinen 14305 Indonesia Miettinen et al. 2012
Flabellophora sp2 JN710534 JN710534 – Miettinen 11443 Indonesia Miettinen et al. 2012
Flabellophora sp3 JN710535 JN710535 – Syamsi NOM677 Indonesia Miettinen et al. 2012
Flabellophora sp4 JN710536 JN710536 – Ryvarden 34508 USA Miettinen et al. 2012
Flabellophora sp. MT269765 MT259330 MT793111 Yuan 12794 China This study
F. sp. MT269766 MT259331 MT793112 Yuan 12796 China This study
Flaviporus brownii (Humb.) Donk KY175008 KY175008 KY175022 MCW 362/12 Ecuador Westphalen et al. 2018
F. brownie JN710538 JN710538 – X462 Australia Miettinen et al. 2012
F. liebmannii (Fr.) Ginns JN710539 JN710539 – X249 China Miettinen et al. 2012
F. liebmannii KC502914 – – Yuan 1766 China Yuan 2014
Frantisekia mentschulensis (Pilát ex 
Pilát) Spirin

FJ496670 FJ496728 – BRNM 710170 Czech 
Republic

Tomšovský et al. 2010

F. mentschulensis JN710544 JN710544 – isolate 1377 Australia Miettinen et al. 2012
F. ussurii Y.C. Dai & Niemelä KC485526 – – Dai 8249 China Yuan 2014
F. ussurii KC485527 KC485545 – Wei 3081 China Yuan 2014
Junghuhnia crustacea (Jungh.) 
Ryvarden

JN710553 JN710553 – X626 Indonesia Miettinen et al. 2012

J. micropora Spirin, Zmitr. & 
Malysheva

JN710559  JN710559 JN710720 Spirin 2652 Russia Miettinen et al. 2012

Lamelloporus americanus JN710567 JN710567 Læssœ 10119 Ecuador Miettinen et al. 2012
Loweomyces fractipes (Berk. & M.A. 
Curtis) Jülich

KX378866 KX378866 – MT 13/2012 Brazil Westphalen et al. 2016
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Species GenBank No. Specimen/culture 
voucher

Locality References
ITS nrLSU tef1

L. spissus Westph., Tomšovský & 
Rajchenb.

KX378869 KX378869 – MCW 488/14 Brazil Westphalen et al. 2016

L. tomentosus Westph., Tomšovský 
& Rajchenb.

KX378870 KX378870 – MCW 366/12T Brazil Westphalen et al. 2016

L. wynneae (Berk. & Broome) 
Jülich

JN710604 JN710604 – X1215 Denmark Miettinen et al. 2012

Metuloidea cinnamomea (Iturr. & 
Ryvarden) Miettinen & Ryvarden

KU926963 – – X1228T Venezuela Miettinen and 
Ryvarden 2016

M. fragrans (A. David & Tortic) 
Miettinen

KC858281 – – LE295277 Russia GenBank Database

M. murashkinskyi (Burt) Miettinen 
& Spirin

JN710588 JN710588 – X449 Russia Miettinen et al. 2012

M. rhinocephala (Berk.) Miettinen JN710562 JN710562 – X460 Australia Miettinen et al. 2012
Mycorrhaphium adustum (Schwein.) 
Maas Geest.

JN710573 JN710573 JN710727 KHL12255 USA Miettinen et al. 2012

M. hispidum Westph. & Miettinen MH475306 MH475306 MH475317 MCW 363/12T Brazil Westphalen et al. 2019
M. hispidum MH475307 MH475307 MH475318 MCW 429/13 Brazil Westphalen et al. 2019
M. subadustum KC485537 KC485554 – Dai 10173T China Yuan 2014
M. subadustum MW491378 MW488040 MW495253 Yuan 12976T China This study
Nigroporus vinosus (Berk.) Murrill JX109857 JX109857 JX109914 BHS2008-100 USA Binder et al. 2013
N. vinosus JN710575 JN710575 – X839 Indonesia Miettinen et al. 2012
N. cf. vinosus MT681923 MT675108 MT793113 Yuan 12916 China This study
N. stipitatus Douanla-Meli & 
Ryvarden

JN710574 JN710574 – X546T Cameroon Miettinen et al. 2012

Skeletocutis novae-zelandiae (G. 
Cunn.)P.K. Buchanan & Ryvarden

JN710582 JN710582 – Ryvarden 38641 New 
Zealand

Miettinen et al. 2012

Steccherinum aridum Svrček JN710583 JN710583 – Bureid 110510 Norway Miettinen et al. 2012
S. cf. ciliolatum JN710585  JN710585 – Ryvarden 47033  Estonia Miettinen et al. 2012
S. meridionale (Rajchenb.) 
Westphalen, Tomšovský & 
Rajchenberg

KY174992 KY174992 KY175019 MR 284 Chile Westphalen et al. 2018

S. neonitidum Westphalen & 
Tomšovský

KY174990 KY174990 KY175017 MCW 371/12T Brazil Westphalen et al. 2018

S. ochraceum (Pers. ex J.F. Gmel.) 
Gray

JN710590 JN710590 JN710730 KHL 11902 Brazil Miettinen et al. 2012

S. robustius (J. Erikss. & S. Lundell) 
J. Erikss.

JN710591 JN710591 – G1195 Sweden Miettinen et al. 2012

S. straminellum (Bres.) Melo JN710597 JN710597 – KH Larsson 13849  France Miettinen et al. 2012
Trullella conifericola MT269764 – – Cui 2851T China This study
T. conifericola MT269760 MT259326 MT793109 Yuan 12655T Vietnam This study
T. conifericola MT269761 MT259327 MT793110 Yuan 12657T Vietnam This study
T. dentipora (Ryvarden & Iturr.) 
Zmitr.

JN710512 JN710512 – X200T Venezuela Miettinen et al. 2012

T. duracina (Pat.) Zmitr. MH475309 MH475309 – MCW 410/13 Brazil Westphalen et al. 2019
T. duracina MH475310 MH475310 – RP 96 Brazil Westphalen et al. 2019
T. meridae (Miettinen & Ryvarden) 
Zmitr.

KY980668 KY980676 – AS 2150 Brazil GenBank Database

T. meridae JN710513 JN710513 – X290T Venezuela Miettinen et al. 2012
T. polyporoides (Ryvarden & Iturr.) 
Zmitr.

JN710602 JN710602 – X510T Venezuela Miettinen et al. 2012

Xanthoporus syringae (Parmasto) 
Audet

JN710607 JN710607 – Jeppson 2264 Sweden Miettinen et al. 2012

X. syringae AY789078 AY684166 DQ059049 AFTOL-ID 774 China Miettinen et al. 2012

The two new species Mycorrhaphium subadustum and Trullella conifericola were 
both defined with three markers and they form full-support (100% ML and 1.00 
BPP) isolated lineages respectively in this study. The new species M. subadustum 
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Figure 1. Maximum likelihood tree based on the combined ITS + nrLSU + tef1 sequence dataset 
illustrating the phylogeny of Mycorrhaphium subadustum and Trullella conifericola and related taxa in 
Steccherinaceae. The new species are in bold. Branches are labelled with maximum likelihood bootstrap 
higher than 50% and Bayesian posterior probabilities more than 0.95.

clustered together with Mycorrhaphium spp. and form a subclade with American M. 
adustum. In case of another new species T. conifericola, although the material of T. 
conifericola Cui 2851 was only provided with ITS sequences, it showed a high simi-
larity of ITS to the other two samples (Yuan 12657 and Yuan 12655) with 99.59% 
and 98.77% respectively. Furthermore, the morphological and anatomical features, 
distribution and the coniferous-saprophytic habit suggested it represented an indi-
vidual which belongs to T. conifericola. Three samples of T. conifericola get together 
with another six samples from the Trullella clade with support 92% in ML and 1.00 
BPP. The phylogenetic tree obtained in this study is similar to that of Miettinen et 
al. (2012). All the species were divided into 23 main clades which include Antella, 
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Antrodiella, Atraporiella, Austeria, Butyrea, Cabalodontia, Citripora, Elaphroporia, 
Etheirodon, Flabellophora, Flaviporus, Frantisekia, ‘Glaesia’, Junghuhnia, Lamelloporus, 
Loweomyces, Metuloidae, Mycorrhaphium, Nigroporus, ‘Scetum’, Steccherinum, Trullella 
and Xanthoporus. It is notable that the genera Austeria, Flabellophora, Mycorrhaphium, 
Nigroporus and Trullella formed a large clade in Steccherinaceae with a strong support 
(85% ML and 1.00 BPP).

Taxonomy

Mycorrhaphium subadustum T. Cao & H.S. Yuan, sp. nov.
MycoBank No: 838509
Figures 2, 3

Diagnosis. Basidiocarps stipitate; pileus semicircular to dimidiate; pileal surface velu-
tinate, concentrically zonate, pileal margin yellowish white; hymenophore hydnoid. 
Hyphal system dimitic in spine trama and monomitic in context; generative hyphae 
with clamp connections; cystidia and gloeocystidia absent, cystidiols present. Basidi-
ospores cylindrical to allantoid, CB–, IKI–.

Holotype. China. Liaoning Province, Huanren County, Laotudingzi Nature Re-
serve, on fallen branch of angiosperm, 4.VIII.2018, Yuan 12976 (holotype IFP 019374).

Etymology. Subadustum (Lat.), referring to the affinity with M. adustum.
Description. Basidiocarps annual, stipitate, solitary or imbricate, corky to soft 

fibrous, without odor and taste when fresh, light in weight when dry. Pilei semicircular 
to dimidiate, 2.5–4.5 cm wide and 0.3 cm thick. Pileal surface velutinate, smooth, 
concentrically zonate, yellowish white to greyish orange (4A2–5B4); margin acute, yel-
lowish white (4A2). Hymenophore hydnoid; spines crowded, evenly distributed, grey-
ish orange (5B4), fibrous, subulate to terete, straight to somewhat flexuous, solitary or 
confluent, up to 1 mm long, 5–7 per mm; sterile margin smooth, yellowish grey (4B2), 
up to 2 mm wide. Context yellowish white (3A2), leathery, azonate, homogeneous, up 
to 0.5 mm thick. Stipe up to 3 cm long, 1 cm wide, straight and base inflated, surface 
tomentum eventually glabrous, brownish orange (5C4).

Hyphal structure. Hyphal system monomitic in context, dimitic in spine trama; 
generative hyphae often with clamp connections and simple septate occasionally pre-
sent; skeletal hyphae thick-walled to subsolid, CB+, IKI–; tissues pale yellow in KOH.

Context. Generative hyphae with clamp connections, colorless, thin- to slightly 
thick-walled, frequently branched, 3–5 μm diam; skeletal hyphae absent.

Spines. Generative hyphae often with clamp connections, simple-septate occa-
sionally present, colorless, thin- to slightly thick-walled, moderately branched, 2.5–
4 μm diam; skeletal hyphae thick-walled to subsolid, unbranched, subparallel along 
the spine, 3–5 μm diam. Gloeocystidia absent; cystidioles present among the basidia, 
fusiform, 8–12 × 1.5–3 μm. Basidia clavate, with a basal clamp and four sterigmata, 
8–13.5 × 2–3.5 μm; basidioles in shape similar to basidia, but slightly smaller.
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Figure 2. Basidiocarps of Mycorrhaphium subadustum (IFP 019374, holotype). Scale bar: 10 mm.

Basidiospores cylindrical to ellipsoid, colorless, thin-walled, smooth, CB–, IKI–, 
(3.5–)3.8–4.0(4.2) × (1.5–)1.8–1.9(–2.0) μm, Lm = 3.89 μm, Wm = 1.83 μm, Q = 
2.13–2.17 (n = 60/2).

Type of rot. White rot.
Distribution. In temperate zones.
Additional specimen examined. China. Jilin Province, Antu Country, Chang-

bai Mountain Nature Reserve, Huangsongpu, on fallen branch of angiosperm, 
2.VIII.2008, Dai 10173 (IFP 008336).

Trullella conifericola T. Cao & H.S. Yuan, sp. nov.
MycoBank No: 836287
Figures 4, 5

Diagnosis. Basidiocarps annual, sessile or laterally stipitate; pileus flabelliform to semi-
circular; pileal surface hirtellous, with appressed coarse hair, concentrically zonate and sul-
cate; pores round to angular. Hyphal system dimitic; generative hyphae with clamp con-
nections; skeletal hyphae CB+, IKI–. Basidiospores cylindrical to allantoid, thin-walled.
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Figure 3. Microscopic structures of Mycorrhaphium subadustum (IFP 019374, holotype) a Basidiospores 
b Basidia and basidioles c cystidioles d Hyphae from spine trama e Hyphae from context.

Holotype. Vietnam. Lam dong Province, Lac Duong District, Lac Duong Dis-
trict, Bidoup Nui Ba National Park, on fallen branch of Pinus kesiya, 15.X.2017, Yuan 
12655 (holotype IFP 019372).

Etymology. Conifericola (Lat.), referring to growth on the coniferous substrate.
Description. Basidiocarps annual, sessile or laterally stipitate, solitary to imbri-

cate, without special odor or taste, leathery when fresh, shrinking, hard corky and 
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Figure 4. Basidiocarps of Trullella conifericola (IFP 019372, holotype). Scale bar: 10 mm.

light in weight upon drying. Pileus flabelliform to semi-circular, applanate, projecting 
4–10 cm and 1 cm thick at the base; pileal surface hirtellous, with appressed coarse 
hair, concentrically zonate and sulcate, alternating white and greyish orange (6A1–
6B3) when fresh, yellowish white (2A2/3A2/4A2) and nearly azonate when dry; mar-
gin acute, drying involute and wavy. Pore surface light orange (5A4), shiny; pores round 
to angular, tiny, 10–12 per mm, hardly visible to the naked eye; dissepiments entire; 
sterile margin ca. 1 mm wide. Context color paler than pores and upper surface, yellow-
ish white (2A2–3A2), soft corky, azonate, 0.5–1.5 mm thick. Tubes non-stratified, con-
colorous with pore surface, dense, ca. 1.5 mm thick when dry. Stipe round, glabrous 
and smooth, light yellow to greyish yellow (4A4–4B5), 0.5–2 cm long and 2–4 mm in 
diam, dense and homogenous.

Hyphal structure. Hyphal system dimitic: generative hyphae bearing clamp con-
nections, skeletal hyphae CB+, IKI–; tissues unchanged in KOH.

Context. Dominated by generative hyphae, interwoven; generative hyphae hyaline, 
thin- to slightly thick-walled, clamp connections abundant, frequently branched, 2.5–
5.5 μm diam; skeletal hyphae hyaline, thick-walled with a wide lumen, unbranched, 
1.5–5 μm diam.
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Figure 5. Microscopic structures of Trullella conifericola (IFP 019372, holotype) a basidiospores b ba-
sidia and basidioles c hyphae from trama d hyphae from context.

Tubes. Dominated by skeletal hyphae, interwoven; generative hyphae hyaline, 
thin- to slightly thick-walled, moderately branched, 2–4 μm diam; skeletal hyphae 
hyaline, thick-walled to semisolid, straight to flexuous, unbranched, 1.5–3.5 μm diam. 
Cystidia or other sterile hymenial elements absent. Basidia short 8–15 × 4–5.5 μm, 
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clavate, 4-sterigmata of 0.5–1 μm in length, with a clamp connection at base; basidi-
oles similar to basidia in shape, but slightly smaller.

Basidiospores. Cylindrical to allantoid, slightly curved, hyaline, thin-walled, 
smooth, CB–, IKI–, (4.0–)4.1–5.5(–5.8) × (1.6–)1.8–2.3(–2.5) μm, Lm = 4.94 μm, 
Wm = 2.09 μm, Q = 2.36–2.45 (n = 60/2).

Ecology. On fallen gymnosperm branch, causing a white rot.
Distribution. In high altitude area of subtropical to tropical zones.
Additional specimens examined. China. Fujian Prov., Wuyishan Forest Park, on 

fallen trunk of Pinus kesiya, 16.IX.2005, Cui 2851 (IFP 000645). Vietnam. Lam dong 
Province, Lac Duong District, Bidoup Nui Ba National Park, on fallen branch of Pinus 
kesiya, 15.X.2017, Yuan 12657 (IFP 019373).

Discussion

The phylogenetic profiling showed that the new species Mycorrhaphium subadustum 
as well as Trullella conifericola are nested in the Steccherinaceae which belongs to the 
residual polyporoid clade (Miettinen et al. 2012; Binder et al. 2013; Zmitrovich 2018; 
Westphalen et al. 2019) where they emerge robustly supported isolated lineages. Fur-
thermore, these lineages are supported by morphological characteristics.

Mycorrhaphium was recommended by Maas Geesteranus (1962) and typified by 
M. adustum. The two samples of the new species M. subadustum (Yuan 12976 and 
Dai 10173) clustered in Mycorrhaphium clade, were both collected on fallen branches 
of angiosperm from northeast of China. The similarity of ITS and nrLSU sequences 
between the two samples of M. subadustum are 99.00% as well as 99.64% respectively, 
and they form a full-support isolated lineage which is closely related to M. adustum, 
the type species of the genus. The type material of M. subadustum Yuan 12976 have 
a 95.56% similarity of ITS sequences with the American M. adustum KHL12255. 
Morphologically, M. subadustum is similar to M. adustum in having the velutinate 
and concentrically zonate pileal surface, presence of clamps and simple septa, a dim-
itic hyphae system in spine trama and monomitic in context, absence of cystidia as 
well as gloeocystidia and the non-amyloid basidiospores. However, M. adustum often 
have a dark-colored pileal margin, which is distinctly different from the yellowish 
white ones of M. subadustum. Anatomically, the new species can be differentiated 
from M. adustum by the slender generative hyphae in context (3–5 μm vs. 4–6.3 μm), 
cyanophilous hyphae and presence of cystidiols (Maas Geesteranus 1962; Ryvarden 
1989; Westphalen et al. 2019).

Mycorrhaphium embraced nine species (http://www.indexfungorum.org, 2020) 
and among which there are others two species described from Asia: Mycorrhaphium 
sessile H.S. Yuan & Y.C and M. stereoides Maas Geest. M. sessile is a species described 
from China, but the characteristics such as the sessile basidiocarps and presence of 
gloeocystidia can differentiate it from M. subadustum (Yuan and Dai 2009). Mycor-
rhaphium stereoides is related to M. subadustum in having stipitate basidiocarps, hyd-
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noid hymenophore, a monomitic hyphal system in context and dimitic in spines, but 
differs from it by the presence of gloeocystidia and the larger basidiospores (4–6.3 × 
2.5–3.8 μm) (Maas Geesteranus 1971). The North Europe Mycorrhaphium pusillum 
(Brot.) Maas Geest. is closely related to M. subadustum in having the stipitate basidi-
ocarps as well as pale colored and zonate pileal surface, but differs it by the presence of 
gloeocystidia, absence of clamps and the broader basidiospores (Q = 1.52 in M. pusil-
lum vs. 2.13–2.17 in M. subadustum) (Tervonen et al. 2015). Mycorrhaphium ursinum 
Decock & Ryvarden is a new species from African; its habit of growing on the soil 
can be distinguished from M. subadustum. Ryvarden (1989) as well as Mossebo and 
Ryvarden (2003) have provided keys to a part of species in Mycorrhaphium and after 
which several new taxa have been described. We provide a new key to the whole de-
scribed species (except M. ursinum) of the genus in this study.

In the phylogenetic tree, nine samples of Trullella species which include the new 
species T. conifericola form the clade with strong support (92% ML and 1.00 BPP). 
Trullella is agenus which was originally proposed as ‘Trulla’ by Miettinen and Ry-
varden (2016) and renamed by Zmitrovich (2018). Trullella conifericola is quite an 
extraordinary species in the genus because of its coniferous-saprophytic habit. The type 
species of Trullella, T. dentipora (Ryvarden & Iturr.) Zmitr., was described from South 
America. Trullella dentipora, together with the other species of the genus, inhabits dead 
angiosperm trees (e.g. Quercus and Cecropia peltata) (Patouillard 1902; Murrill 1907; 
Miettinen and Ryvarden 2016). Morphologically and anatomically, T. conifericola re-
sembles others Trullella spp. in having sessile or laterally stipitate basidiocarps, mostly 
small and regular pores, a dimitic hyphal structure, nearly monomitic in the context, 
and curved cylindrical spores. However, the new species can be distinctly differenti-
ated from others species by having a hirtellous pileal surface with appressed coarse hair, 
larger spores than those of previous Trullella species (Lm = 4.94 μm and Wm = 2.09 μm 
in T. conifericola vs Lm = 4.00–4.77 μm and Wm = 1.39–1.91 μm in others Trullella 
spp.), and inhabiting fallen gymnosperm branches. Trullella composed of six species as 
of now, and the key to these species was provided by Miettinen and Ryvarden (2016).

Besides, the genera Mycorrhaphium and Trullella together with Austeria, Flabel-
lophora and Nigroporus form a large clade in the phylogenetic tree with strong support 
(85% ML and 1.00 BPP), and share similar morphological features, including zonate 
or sulcate pileal surfaces, tiny pores or dense spines and a context that is entirely or 
almost monomitic. They form a distinct subgroup in the Steccherinaceae.

Key to species of worldwide Mycorrhaphium

1 Hymenophore hydnoid ..............................................................................2
– Hymenophore poroid ...........................M. hispidum Westph. & Miettinen
2 Spores less than 3.5 μm long .......................................................................3
– Spores more than 3.5 μm long ....................................................................4
3 Stipe present, spines less than 2 mm long ....M. adustulum (Banker) Ryvarden
– Stipe absent, spines up to 4 mm long .............................................M. sessile
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4 Spines less than 5 mm long, spores less than 5 μm long ..............................5
– Spines up to 10 mm long, spores up to 6.3 μm long ................M. stereoides
5 Pileal less than 2 cm wide, gloeocystidia present ...........................................

 .................................................................M. pusillum (Brot.) Maas Geest.
– Pileal more than 2 cm wide, gloeocystidia absent ........................................6
6 Habit on the ground ...................................................................................7
– Habit on the fallen branch of hard wood ....................................................8
7 Spines more than 3 mm long ............. M. africanum Mossebo & Ryvarden
– Spines less than 3 mm long .......................................M. citrinum Ryvarden
8 Pileal margin black, hyphae acyanophilous ............................... M. adustum
– Pileal margin yellowish white, hyphae cyanophilous ............M. subadustum
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Abstract
The fungal genus Alternaria was distributed widely and found in different habitats such as plant or indoor 
environment. During an investigation into this genus in China, two new Alternaria species, Alternaria 
vulgarae and A. divaricatae were respectively isolated from diseased leaves of Foeniculum vulgare and Sa-
poshnikovia divaricata, which both belonged to Umbelliferae. Phylogenetically, they were determined as 
new species belonging in the section Radicina of Alternaria based on the combined  four gene fragments 
of ITS, TEF1, GAPDH and RPB2. Morphologically, the two species were illustrated and compared with 
other relevant Alternaria species in section Radicina.

Keywords
Alternaria, new taxon, phylogeny, Pleosporaceae, taxonomy

Introduction

Alternaria Nees (1816) was typified by Alternaria tenuis (the synonym of A. alternata), 
a species with muriform and catenulate conidia. Since then, hundreds of new spe-
cies were proposed in the genus. Meanwhile, because of unstable taxonomic standards 
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(morphological characteristics, host and growing environment, etc.), the controversies 
about species boundary started and never stopped (Elliott 1917; Fries 1832; Neergaard 
1945; Joly 1964; Wiltshire 1933; Simmons 1967, 1992). In 1992, Simmons intro-
duced reasonable standards to get unified taxonomic concepts on Alternaria species 
based on colony and conidial morphology. At the same time, the concept of species-
group was introduced, the small-spored, catenulate taxa of Alternaria were divided into 
six morphological groups by Simmons and Roberts (1993). More recently, around 300 
Alternaria morphospecies have been accepted based on the shape, size, septation of 
conidia, as well as sporulation patterns. Small-spored Alternaria species were also rede-
fined and divided into 10 subsections characterized by short (>50(–60) μm) or medium 
(50–100(–105) μm) conidia produced in various patterns of branched and unbranched 
chains or solitary (Simmons 2007). However, the identification remained challenging 
due to the impact of environmental conditions and other unknown factors.

On the other hand, multigene phylogenetic analyses have provided strong support 
for the re-definition of the Alternaria genus. Many sequences of gene regions such as 
the internal transcribed spacer region of rDNA (ITS), large subunit ribosomal DNA 
(LSU), mitochondrial small subunit (mtSSU), Alternaria major allergen (ALT), glyc-
eraldehydes-3-phosphate dehydrogenase (GAPDH), translation elongation factor 1-al-
pha (TEF1), RNA polymerase second largest subunit (RPB2), and ATPase etc. were 
applied to delimit the genus (Pryor and Gilbertson 2000; Hong et al. 2005; Lawrence 
et al. 2012, 2013; Woudenberg et al. 2013, 2014; Poursafar et al. 2018). In recent 
studies, both morphological and molecular analyses were used for the delimitation of 
the genus Alternaria, which has been divided into 28 sections and eight monotypic 
lineages (Woudenberg et al. 2013; Lawrence et al. 2016; Ghafri et al. 2019; Marin-
Felix et al. 2019). The number of Alternaria species has been continuously growing 
after re-descriptions and new discovery (Deng et al. 2018; Ahmadpour 2019: Liu et 
al. 2019; Tao et al. 2019; Bessadat et al. 2020; He et al. 2020). Coincidentally, several 
phylogenetic lineages have strongly supported morphology-based sections but others 
not (Simmons 2007; Woudenberg et al. 2015).

During the investigation into Alternaria species in China, two new taxa were iso-
lated from umbelliferous plants, Foeniculum vulgare and Saposhnikovia divaricata. The 
study was designed to determine them based on a polyphasic approach including mor-
phology and phylogenetic analyses.

Materials and methods

Isolation and morphological studies

Leaves of Foeniculum vulgare and Saposhnikovia divaricata with necrotic spots were 
respectively collected from Wenjiang district (Chengdu, Sichuan in June, 2015) and 
Badong county (Yichang, Hubei in July, 2016) in China. For fungal isolation, the 
samples were stored in sterile plastic bags and transported to the laboratory. The tissues 
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were cut into small segments and placed on moist filter papers within Petri dishes then 
incubated at 25 °C to stimulate sporulation. After 24 h, the samples were examined 
under a stereomicroscope. Alternaria-like spores were picked up and inoculated to po-
tato dextrose agar (PDA: Difco, Montreal, Canada) using sterilized glass needles. All 
isolated pure cultures were inoculated to test-tube slants and stored at 4 °C. Dried cul-
tures from the single spore and ex-type strains were deposited in the Fungi Herbarium 
of Yangtze University (YZU), Jingzhou, Hubei, China.

To determine colonial characteristics (size, color and texture of colony), the strains 
were cultured on PDA at 25 °C for 7 days in darkness. To analyze the morphological 
features of conidia (conidial size, shape, sporulation, etc.), fresh mycelia were trans-
ferred on potato carrot agar (PCA) and V8 juice agar (V8A) then incubated at 22 °C 
under an 8 hour photoperiod for 7 days (Simmons 2007). Conidia were mounted into 
a lactophenol picric acid solution and digital images were captured under a Nikon 
ECLIPSE Ni-U microscope system (Nikon, Japan). Conidia (n = 50) were randomly 
selected for determining the morphology and sporulation patterns were also photo-
graphed at the same time.

DNA extraction, PCR amplification and sequencing

Genomic DNA was extracted from fresh mycelia growing on PDA after 3–5 days of 
growth following the CTAB method described in Watanabe et al. (2010). For am-
plification of the ITS, TEF1, GAPDH and RPB2 gene fragments, the primer pairs 
ITS5/ITS4 (White et al. 1990), EF1-728F/EF1-986R (Carbone and Kohn 1999), 
gpd1/gpd2 (Berbee et al. 1999) and RPB2-5F/RPB2-7cR (Liu et al. 1999) were used, 
respectively. A total of 25 μL of a PCR reaction mixture containing 21μL of 1.1×Taq 
PCR Star Mix (TSINGKE, Beijing, China), 2 μL template DNA and 1μL of each 
primer was prepared and the PCR was performed in an Eppendorf Mastercycler fol-
lowing the protocols described by Woudenberg et al. (2013). Successful products were 
purified and sequenced by TSINGKE company (Beijing, China). All sequences were 
assembled with BioEdit (Hall 1999) and deposited at GenBank (https://www.ncbi.
nlm.nih.gov/) (Table 1).

Phylogenetic analyses

Preliminary BLAST searches in GenBank with ITS and TEF1 sequences of the present 
isolates indicated that they had a close phylogenetic relationship with species from sec-
tion Radicina of Alternaria. Subsequently, sequence data of 19 Alternaria species and 
Stemphylium herbarum CBS 191.86 (outgroup) were retrieved from National Center 
for Biotechnology Information (NCBI), mostly published in Marin-Felix et al. (2019), 
Woudenberg et al. (2013), and Tao et al. (2019) (Table 1). The gene sequences were 
concatenated and edited manually according to ITS+TEF1+GAPDH+RPB2 for YZU 
161234 and YZU 161235 and ITS+TEF1+RPB2 for YZU 151055 and YZU 151059 
with equal weight in MEGA v.7.0.26 (Kumar et al. 2016). Maximum parsimony (MP) 
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Table 1. Alternaria strains and their accession numbers used in the phylogenetic analysis.

Section Species Strain Host/Substrate Country GenBank accession numbers
ITS GAPDH TEF1 RPB2

Alternaria A. alternata CBS 916.96 T Arachis hypogaea India AF347031 AY278808 KC584634 KC584375
A. tenuissima CBS 918.96 R Dianthus sp. UK AF347032 AY278809 KC584693 KC584435

Althernantherae A. alternantherae CBS 124392 Solanum 
melongena

China KC584179 KC584096 KC584633 KC584374

A. perpunctulata CBS 115267 T Alternanthera 
philoxeroides

USA KC584210 KC584129 KC584676 KC584418

Gypsophilae A. gypsophilae CBS 107.41 T Gypsophila 
elegans

USA KC584199 KC584118 KC584660 KC584401

A. nobilis CBS 116490 R Dianthus 
caryophyllus

New 
Zealand

KC584208 KC584127 KC584673 KC584415

A. vaccariae CBS 116533 R Vaccaria 
hispanica

USA KC584223 KC584146 KC584696 KC584438

A. vaccariicola CBS 118714 T Vaccaria 
hispanica

USA KC584224 KC584147 KC584697 KC584439

Radicina A. carotiincultae CBS 109381 T Daucus carota USA KC584188 KC584106 KC584645 KC584386
A. chlamydosporifera FMR 17360 T Rabbit dung Spain LR133924 LR133927 LR133929 LR133926
A. divaricatae sp. 

nov.
YZU 151055 T Saposhnikovia 

divaricata
China MW541932 – MW579314 MW579316

YZU 151059 Saposhnikovia 
divaricata

China MW541933 – MW579315 MW579317

A. glehniae YZU 161149 T Glehnia littoralis China MK279385 – MK279392 MK279394
A. petroselini CBS 112.41 T Petroselinum 

sativum
Unknown KC584211 KC584130 KC584677 KC584419

A. radicina CBS 245.67 T Daucus carota USA KC584213 KC584133 KC584681 KC584423
A. selini CBS 109382 T Petroselinum 

crispum
Saudi 
Arabia

AF229455 AY278800 KC584684 KC584426

A. smyrnii CBS 109380 R Smyrnium 
olusatrum

UK AF229456 KC584138 KC584687 KC584429

A. vulgarae 
sp. nov.

YZU 161234 T Foeniculum 
vulgare

China MW541936 MW579308 MW579310 MW579312

YZU 161235 Foeniculum 
vulgare

China MW541937 MW579309 MW579311 MW579313

Porri A. dauci CBS 117097 R Daucus carota USA KC584192 KC584111 KC584651 KC584392
A. porri CBS 116698 R Allium cepa USA DQ323700 KC584132 KC584679 KC584421

Sonchi A. cinerariae CBS 116495 R Ligularia sp. USA KC584190 KC584109 KC584648 KC584389
A. sonchi CBS 119675 R Sonchus asper Canada KC584220 KC584142 KC584691 KC584433

Out-group Stemphylium 
herbarum

CBS 191.86 T Medicago sativa India KC584239 AF443884 KC584731 KC584471

Notes: Alternaria strains of the present study are marked in bold. Type strains are marked ‘T’. Representative strains are marked ‘R’.

analysis was performed in PAUP 4.0 (Swofford 2002) using the heuristic search option 
of 1000 random-addition sequences and tree bisection and reconnection (TBR) as the 
branch-swapping algorithm. Gaps were treated as missing data. The bootstrap values 
(BS) with 1000 replicates were performed to determine branch support. Parsimony 
scores of tree length (TL), consistency index (CI), retention index (RI) and rescaled 
consistency (RC) were calculated for each generated tree. The Bayesian inference (BI) 
analysis was performed with a Markov Chain Monte Carlo (MCMC) algorithm with 
Bayesian posterior probabilities in MrBayes v. 3.2.1 (Ronquist et al. 2012). The best-
fit evolutionary models (GTR+I+G) were determined in MrModel-test v. 2.3 (Posada 
and Crandall 1998) using the Akaike Information Criterion (AIC). Two independ-
ent analyses with four chains each were run for 10,000,000 generations. Trees were 
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sampled every 100th generation. The run was stopped until the standard deviation 
of split frequencies reaches < 0.01 and the initial 25 % of the trees were discarded 
as the burn-in phase of each analysis. Maximum likelihood (ML) analysis was per-
formed using RAxML v.7.2.8 (Stamatakis 2006), implementing GTRCAT model and 
executing 1000 rapid ML bootstrap replications. Branch support equal to or above 
0.70/70%/70% for PP (posterior probability of BI analysis) and BS (bootstrap for ML 
and MP analyses) values were shown at the nodes in the phylogram.

Results

Phylogenetic analyses

The combined dataset of twenty-four strains (including 20 references and present four 
strains) had a length of 2166 characters with gaps after alignment, 536 characters for 
ITS, 247 for TEF1, 537 for GAPDH and 846 for RPB2. Of these characters, 1555 
were constant and 198 were variable and parsimony-uninformative. MP analysis of the 
remaining 413 parsimony-informative characters resulted in one parsimonious tree of 
995 lengths (CI = 0.739, RI = 0.815, RC = 0.602); Tree topologies computed from 
the MP, BI, and ML analysis were similar and the ML tree was shown in Fig. 1. The 
results indicated that all strains in the present study fell into the section Radicina with 
PP/BS (BI/ML/MP) values of 1/100%/100%. The strains YZU 161234 and YZU 
161235 were clustered with A. petroselini and A. selini in a clade supported by values 
of 1.0/91%/90% (BI/ML/MP). This clade was sister to a separate clade containing the 
other two strains (YZU 151055, YZU 151059) supported by PP value of 0.95 and BS 
values of 77%/70% (ML/MP) (Fig. 1).

Taxonomy

Alternaria divaricatae L. He & J.X. Deng, sp. nov.
MycoBank No: 838893
Figure 2

Type. China, Sichuan Province, Chengdu City, Wenjiang District, Herb Garden of Cheng-
du University of Traditional Chinese Medicine, from leaf spot of Saposhnikovia divaricata. 
17 June, 2015, J.X Deng, (YZU-H-0029, holotype), ex-type culture YZU 151055.

Etymology. In reference to the host species name, divaricata.
Description. Colonies on PDA (Fig. 2A) vinaceous buff, hazel in the center, vel-

vety, cottony, dark mouse grey to pale mouse grey in reverse, 56‒64 mm in diam.; On 
PCA, conidiophores arising directly from lateral or apical of aerial hyphae or medium, 
lightly flexuous, sometimes geniculate at apex, smooth-walled, 9–36 × 3.5–6 μm, 1–3 
transverse septa, the aerial hyphae sometimes up to 82–400 × 4–6 μm; conidia solitary 
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Figure 1. Phylogenetic tree based on the combined gene sequences of ITS, TEF1, GAPDH, and RPB2. 
The Bayesian posterior probabilities >0.70 (PP), maximum likelihood and maximum parsimony boot-
strap support values >70 (BS) are given at the nodes (PP/BS). Examined strains are in bold.

Figure 2. Morphological characteristics of Alternaria divaricatae (strain: YZU 151055). Colony on PDA 
for 7 days at 25 °C (A); Conidia on PCA and V8A (B, C); Sporulation patterns from PCA and V8A 
(D–G: D, E from PCA F, G from V8A); Scale bars: 25 μm (B, C); 2 μm (D, F); 50 μm (E); 100 μm (G).

from apex or geniculate loci, short-ovoid, subglobose, ellipsoid, 21–38 × 12–26 μm, 
with 1–4 transverse septa and 1‒4 longitudinal septa (Fig. 2B, D, E); On V8A, conidi-
ophores 10–26 (–53) × 3–4 μm, 1‒7 transverse septa, conidia 22–39 × 13–24 μm, 1‒4 
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transverse septa, 1‒3 longitudinal or oblique between septa (Fig. 2C, F, G). There was 
no secondary conidium production observed on PCA and V8A medium.

Additional isolate examined. China, Sichuan Province, Chengdu City, Wenjiang 
District, Herb Garden of Chengdu University of Traditional Chinese Medicine, from 
leaf spot of Saposhnikovia divaricata. 17 June, 2015, L He, living culture YZU 151059.

Notes. Phylogenetically, Alternaria divaricatae forms a distinct clade in section 
Radicina, which appears to be sister to a clade including A. petroselini, A. selini and A. 
vulgarae (Fig. 1). Morphologically, A. divaricatae was different from A. petroselini, A. 
selini and A. vulgarae by producing smaller conidia (Table 2) and special sporulation 
from apex or geniculate loci of lateral or apical of aerial hyphae. Moreover, A. chla-
mydosporifera, A. glehniae and A. smyrnii grouped together and clustered as a sister 
clade with A. divaricatae, A. petroselini, A. selini and A. vulgarae (Fig. 1). Obviously, the 
conidia of A. divaricatae was smaller than A. smyrnii (Table 2) and A. divaricatae could 
be also easily differentiated from A. chlamydosporifera by the lack of chlamydospores 
in culture (Marin-Felix et al. 2019). Meanwhile, A. glehniae was distinguished from 
A. divaricatae by its single conidium on apex of conidiophore (there was no geniculate 
sporulation loci) and production of secondary conidium (Tao et al. 2019). In addition, 
A. radicina and A. carotiincultae were distinguished from present species by distant 
phylogenetic relationship in section Radicina.

Alternaria vulgarae L. He & J.X. Deng, sp. nov.
MycoBank No: 838892
Figure 3

Type. China, Hubei Province, Yichang city, Badong county on infected leaves of 
Foeniculum vulgare. 19 July, 2016, J.X Deng, (YZU-H-0040, holotype), ex-type cul-
ture YZU 161234.

Etymology. In reference to the host species name, vulgare.
Description. Colonies on PDA (Fig. 3A) hazel in center and vinaceous buff at the 

edge, greenish black to mouse gray in reverse, surface velvety or floccose, 79‒82 mm 
in diam.; On PCA, conidiophores straight or curved, 12–80 × 4–6 μm, 1‒4 transverse 
septa; conidia solitary arising from the apex or near the apex of the conidiophores or 
terminal hyphae, rare from lateral of wire-like hyphae, ovoid, short-ovoid or ellip-
soid, 25–50 (–70) × 16–27 μm, with 1–5 transverse septa and 1‒4 longitudinal septa 
(Fig. 3B, C, F); On V8A, conidiophores 24–93 × 4–7 μm, 1‒4 transverse septa, wire-
like hyphae up to 200–400 × 4–6 μm; conidia short-ovoid, ovoid, ellipsoid or long-
ellipsoid, 24–55 (–77) × 13–26 μm, 1‒8 transverse septa, 1‒4 longitudinal or oblique 
between septa (Fig. 3D, E, G). There was no secondary conidium production observed 
on PCA and V8A medium.

Additional isolate examined. China, Hubei Province, Yichang city, Badong 
county on infected leaves of Foeniculum vulgare. 19 July, 2016, L He, living culture 
YZU 161235.
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Table 2. Morphological comparison of the present species and other Altenraria species in section Radicina

Species Conidia Conidia per chain Medium
Shape Size (µm) Septa

A. atrocariis Ovoid, ellipsoid 50–100×25–38 3–12 1–2 Hosta

A. divaricatae 
sp. nov.

Short-ovoid,subglobose, ellipsoid 21–38×12–26 1–4 1 PCAd

22–39×13–24 1–4 V8Ad

A. carotiincultae Long ovoid or ellipsoid 40–80×15–23 5–7 (–11) 1–3 PCAa

A. chlamydosporifera ellipsoidal or ovoid, occasionally, subglobose 12–41×7–20 1–3(–4) 1, occasionally 2 PCAb

A. glehniae Long ovoid, ellipsoid 20‒40 (–48)×10‒20 3–7 1, occasionally 2 PCAc

A. petroselini Short-ovoid to subsphaeroid 35–62(‒66)×20–26 6–8 1, rarely to 2 PCAa

A. radicina Short-broad or long-narrow ellipsoid and ovoid 42–63×15–20 4–8 1, seldom up to 2 PCAa

A. selini Short-ovoid 32–42(–50)×22–27 3–5 1–3 PCAa

Long-ellipsoid 48–65(–50)×15–20 Up to 7
A. smyrnii Ovoid, obovoid 40–58×18–22 7–8(–10) 1–2 PCAa

Narrower ellipsoid 67–96×13–16
A. vulgarae sp. nov. Short-ovoid, ovoid or long-ellipsoid  25–50 (–70)×16–27 1–5 1 PCAd

24–55 (–77)×13–26 1–8 V8Ad

a referenced from Simmons (2007); b referenced from Marin-Felix et al. (2019); c referenced from Tao et al. (2019); d determined in the present study.

Figure 3. Morphological characteristics of Alternaria vulgarae (strain: YZU 161234). Colony on PDA 
for 7 days at 25 °C (A); Sporulation patterns on PCA and V8A (B–E: B, C from V8A D, E from PCA); 
Conidia from PCA and V8A (F–G). Scale bars: 25 μm (B, C, D, F, G); 50 μm (E).

Notes. Phylogenetic analysis based on combining four gene fragments indicated 
that Alternaria vulgarae fell in an individual branch in section Radicina of Alternaria and 
displayed a close relationship with A. petroselini and A. selini with high supported values 
(Fig. 1). Morphologically, A. vulgarae could be easily distinguished from A. petroselini 
and A. selini by their sporulation and length of conidiophores. Conidia of A. petroselini 
were solitary or cluster a small clump with 2‒4 spores near the tips or lateral of con-
idiophores. Occasionally, the secondary conidium could be observed. Meanwhile, the 
single conidium or conidial chains (1–3) of A. selini grew from numerous lateral conidi-
ophores, which produced from wire-like hyphae (Simmons 2007). Differently, conidia 
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of A. vulgarae were erected from apex of conidiophores or terminal hyphae. There were 
no small conidial clumps and secondary conidium formed (Fig. 3B, C, D, E). Moreo-
ver, the conidiophores of A. vulgarae (12–80 × 4–6 μm) was longer than A. petroselini 
(30–60 × 5–6.5 μm) and shorter than A. selini (200–400 × 4–6 μm) (Simmons 2007). 
Besides, A. vulgarae differed from A. petroselini in conidial shape. Conidium popula-
tions of A. petroselini were dominated by shot-ovoid to subsphaerical spores though, the 
shapes of A. vulgarae were mainly ovoid, ellipsoid or long-ellipsoid (Simmons 2007).

Discussion

Morphologically, Alternaria radicina species-group was one of the 10 subsections 
(A–1) and comprised 8 species described by Simmons (2007): A. atrocariis, A. caroti-
incultae, A. japonica, A. petroselini, A. radicina, A. selini, A. smyrnii and A. soliaridae. 
With the development of molecular studies, the species-group was re-defined and the 
section Radicina was introduced and perfected (Pryor and Gilbertson 2000; Lawrence 
et. al 2013; Woudenberg et al. 2013). Uniformly, species in this section had some 
similar morphological characters, such as conidiophores, sporulation, conidial shape 
and etc. The phylogenetic analysis showed that only five species were clustered in sec-
tion Radicina. Except for A. atrocariis, which had no published sequence data, the two 
other species were shown to belong to other sections: A. japonica felled in the section 
Japonicae and A. soliaridae formed a separate monophyletic lineage (Woudenberg et al. 
2013). Recently, two more species A. chlamydosporifera and A. glehniae were reported 
in the section Radicina (Marin-Felix et al. 2019; Tao et al. 2019).

In the current study, two new Alternaria species belonged to the section Radicina 
based on morphological and phylogenetic analysis. Alternaria divaricatae was identi-
fied as a novel species based on unique morphological and well-supported phylogenetic 
analysis (Fig. 2 and Table 2). Phylogenetically, A. vulgarae clustered with A. petroselini 
and A. selini. Although its phylogenetic position was not well-supported, A. vulgarae 
can be distinguished from these two species in section Radicina by morphological 
characteristics (Table 2). Except the length of conidiophores, A. vulgarae was char-
acterized by its sporulation. Meanwhile, A. vulgarae won’t form secondary conidium 
(Table 2). These characters were important standards to identify Alternaria species 
(Simmons 2007). And, according to Jeewon and Hyde (2016), a fungal species can be 
defined based on the distinctive morphological characters even though the phylogenies 
were not well-supported, because the phylogeny cannot really reflect all morphologies.
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