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Normandina pulchella is readily identified by
its distinctive blue-green colour and its ear-like
squamules, which have raised and strongly in-
rolled margins. It colonizes a range of substrata,
including rock, tree bark, moist humus, leaves, and
even other lichens, and it’s moderately tolerant of
air pollution. It often produces dense patches of
moss-green soredia on the surface and margins of
its squamules, but ascomata and conidiomata are
unknown. Occasional reports of perithecia have
mostly been dismissed as fruiting bodies produced
by Lauderlindsaya borreri or other lichenicolous
Ascomycetes. Often overlooked because of its small
size, it’s nearly cosmopolitan in its distribution.
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Abstract

Species of the genus Trapelia are notoriously variable and difficult to identify. Although
previous taxonomic studies have taken advantage of molecular data to confirm the placement
and delimitation of species, most Australian taxa, including the recently described 7. atrocarpa,
T. terrestris and T. rosettiformis, have not been the subject of molecular study. Here, ITS
sequences were generated for 11 species of Trapelia occurring in Australia and integrated
to a dataset of mostly European Trapelia taxa. As a result, due to poor phylogenetic and
morphological differentiations, synonymies are proposed for the three species 7. atrocarpa
(syn. T. terrestris), T. pruinosa (syn. T. rosettiformis) and T. placodioides (syns T. thieleana
and T occidentalis). Together with a few Welsh 7. elacista specimens, T. atrocarpa is found
to be closely related to 7. elacista. A key to the nine Trapelia species currently accepted from
Australia is provided.

Introduction

Trapelia M.Choisy is a small but widely distributed genus of crustose to squamulose
species occurring on various substrata (bark, rock and soil). Among other characters, it is
distinguishable by its hemiangiocarpic apothecia that rupture the upper cortex during their
development, aseptate ascospores, and crustose to squamulose or placodioid thalli (Kantvilas
et al. 2014). Trapelia belongs to the family Trapeliaceae, together with several other genera,
including Lambiella Hertel, Placopsis (Nyl.) Linds., Placynthiella Elenkin, Rimularia Nyl. and
Trapeliopsis Hertel & Gott.Schneid. (Resl et al. 2015). Trapelia is currently not monophyletic,
as the cephalodiate genus Placopsis has been shown to be nested within this genus (Kantvilas
et al. 2014; Resl et al. 2015; Schneider et al. 2016). The first molecular revisions of Trapelia
species focused on Australian taxa (Kantvilas et al. 2014) and those from Great Britain and
the Falkland Islands (Orange 2018). Those two studies showed that several inferred lineages
were unrecognized and that the diversity of Trapelia species had been underestimated. They
also highlighted the difficulties in circumscribing taxa with pronounced morphological and
anatomical variation.

Fourteen species of Trapelia have been described or reported from Australia (Kantvilas &
Elix 2007; Kantvilas et al. 2014; Elix & McCarthy 2019, 2020a, 2020b; McCarthy 2020),
including the widespread and probably cosmopolitan 7. coarctata (Sm.) M.Choisy and
T. placodioides Coppins & P.James, as well as the Australasian 7. macrospora Fryday and
eleven Australian endemics, viz. T. atrocarpa Elix & PM.McCarthy (Fig. 2), T. calvariana,
Kantvilas & Lumbsch (Fig. 3), T' concentrica Elix & PM.McCarthy (Fig. 4), T. crystallifera
Kantvilas & Elix (Fig. 5), T. kosciuszkoensis Elix (Fig. 6), T. lilacea Kantvilas & Elix (Fig.
7), T. occidentalis Elix, T. pruinosa Elix & PM.McCarthy (Fig. 10), T rosettiformis Elix
& PM.McCarthy (Fig. 11), T. terrestris Elix & PM.McCarthy and T. thieleana Kantvilas,
Lumbsch & Elix. In an effort to verify the integrity of the recently described species, we have
undertaken a molecular study of the available Australian material of Trapelia.
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Material and methods
Morphology and chemistry

For the most part this study is based on herbarium material in CANB. Observations and
measurements of photobiont cells, thallus and apothecium anatomy, asci, ascospores and
pycnidia were made on hand-cut sections mounted in water and 10% KOH (K). Asci were
also observed in Lugol’s Iodine (I), with and without pretreatment in K. Medullary sections
were treated with 10% sulfuric acid (H,SO,) and apothecial sections with 50% nitric acid
(N). Chemical constituents were identified 4by thin-layer chromatography (Elix 2022) and
comparison with authentic samples.

Molecular: taxon and gene sampling

Herbarium specimens of Australian Trapelia were used for molecular analysis (Table
1). The fungal DNA barcode ITS (the internal transcribed spacer region) was chosen as a
phylogenetic marker for this study. In total, sequences were generated from 44 Australian
specimens, including five type specimens. Sequence data available in GenBank for Trapelia
species and those from closely related genera (Lambiella, Orceolina, Placopsis, Placynthiella,
Rimularia and Trapeliopsis; Kantvilas et al. 2014; Resl et al. 2015; Orange 2018) were also
added to the dataset. The genera Lambiella and Rimularia were chosen as an outgroup based
on previous phylogenetic studies (Kantvilas et al. 2014; Resl et al. 2015). In total, the dataset
included 150 specimens, 112 of them from the genus Trapelia.

Molecular: DNA extractions, amplification and sequencing

Two methods were used to generate ITS sequences (Table 1). For 17 taxa, a long-read
amplicon sequencing approach as described in Gueidan et al. (2019) and Gueidan & Li (2022)
was used. In brief, specimens were extracted using the Invisorb Spin Plant Mini Kit (Stratec
Molecular, Berlin, Germany), ITS amplified with ITS1F and ITS4 (White ef al. 1990; Gardes
& Bruns 1993) tagged with a universal primer sequence, then reamplified with indexed
universal primers. The amplicon library was prepared and sequenced on a Sequel I platform
at Macrogen (Seoul, Republic of South Korea). For the other 27 taxa, genomic DNA was
obtained using a protocol modified from Zolan & Pukkila (1986), as described in Gueidan
et al. (2007). The primers ITS1F and ITS4 were used to amplify ITS. One micro-litre of a
1, 1/10, or 1/100 dilution of genomic DNA was added to the following PCR mix: 5 ul MyFi
buffer (Bioline, London, UK), 1 ul of each primer (10 uM), 1 ul MyFi DNA polymerase, and
water to a total volume of 25 pl. The PCR reactions were performed on a Mastercycler thermal
cycler (Eppendorf, Hamburg, Germany). The PCR program for ITS was as follows: 3 min at
95°C, followed by 35 cycles of the three steps 30 sec at 95°C (denaturation), 30 sec at 53°C
(annealing), 90 sec at 72°C (extension), and a final extension time of 10 min at 72°C. PCR
product clean-up and Sanger sequencing were carried out by Macrogen (Seoul, Republic of
South Korea).

Molecular: alignments and phylogenetic analyses

Sanger sequences were edited using Sequencher v. 5.4.6 (Gene Codes Corporation, Ann
Arbor, Michigan, USA). PacBio sequences were edited using SMRT Tools v. 7.0.1 (Pacific
Biosciences, Menlo Park, CA, USA) and denoised with DADA2 (Callahan et al. 2016), as
described in Gueidan & Li (2022). GenBank and newly obtained sequences were manually
aligned using Mesquite v. 3.61 (Maddison & Maddison 2011), and ambiguously aligned
regions were manually delimited and excluded as in Lutzoni et al. (2000). jModelTest2 v.
2.1.10 (Darriba et al. 2012) was used to infer the substitution model as implemented on the
CIPRES Web Portal (http://www.phylo.org; Miller et al. 2010). The dataset was then analyzed
using a Bayesian approach with MrBayes v. 3.2.6 (Ronquist e al. 2011), as implemented on the
CIPRES Web Portal. Two analyses of four chains were run for 5 million generations and trees
were sampled every 500 generations. For the two runs, parameter convergence and required
burn-in sample were checked using Tracer v. 1.6 (Rambaut et al. 2014). The remaining trees
were used to estimate the posterior probabilities with the “compute consensus” command
in PAUP* (Swofford 2002). The consensus tree was computed with the sumt command in
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MrBayes and visualized in PAUP*. Additional support values were obtained from a tree search
and a RAXML fast bootstrap analysis of 1,000 pseudoreplicates using the CIPRES Web Portal
(RAXML v. 8.2.12; Stamatakis et al. 2005, 2008). The tree figure was edited with Illustrator v.
26.0.3 (Adobe, San Jose, CA, USA).

Results and discussion

Although the overall thallus morphology of the Australian Trapelia species was highly
variable, the distinctly squamulose species (7. crystallifera and T. pruinosa) could be
reliably distinguished from the remaining crustose and areolate taxa. The most reliable
traditional taxonomic character was thallus chemistry, namely gyrophoric acid (major) versus
5-O-methylhiascic acid (major). Average ascospore size was also a useful distinguishing
character, but the presence or absence of calcium oxalate in the thallus and of surface pruina
proved of no consequence.

For the molecular analysis, the ITS alignment had a total of 1,155 characters. After introns
and ambiguous regions were excluded, 459 characters remained, including 273 distinct
alignment patterns. The proportion of missing data in the alignment was 10.48%. For the
Bayesian analysis, parameters and tree topology rapidly converged, and a burn-in of 10% of
the trees was removed from the tree sample. The Bayesian consensus tree is shown in Figure
1, with posterior probabilities (PP). Bootstrap support (BS) obtained with RAXML are also
reported on the tree. The resulting tree topology does not disagree with Resl et al. (2015),
with the clade including Placopsis, Placynthiella, Trapelia and Trapeliopsis supported as
monophyletic (98% PP, 88% BS). However, due to our limited data (ITS only), the relationships
among the four genera are not supported (Fig. 1). Placynthiella is supported as monophyletic
(100% PP and BS), and appears as sister to the three other genera, but with low support (100%
PP, 73% BS). Trapeliopsis and Placopsis are both resolved as monophyletic (99% PP and 63%
BS, and 100% PP and BS, respectively), but they are nested within Trapelia, although with no
support.

Within Trapelia, the placement and monophyly of species treated in Orange (2018) were
confirmed (Fig. 1). This included the non-Australian species 7. collaris, T. corticola, T.
elacista, T. glebulosa, T. involuta, T. obtegens, T. sitiens, T. stipitata and T. tristis. The two
newly sampled Australian species 7. concentrica and T. crystallifera are also supported as
monophyletic (100% PP and 95% BS, and 100% PP and BS, respectively). The cosmopolitan
and generitype species 7. coarctata is also monophyletic (99% PP, 85% BS), but none of the
Australian material sampled corresponded to that taxon. Moreover, no Australian material of
T. macrospora could be sourced, but the sister relationship between a specimen from New
Zealand and T sitiens is confirmed (Orange 2018). As in Orange (2018), specimens of T
placodioides and T. thieleana clustered in a single clade, although with low support (100%
PP, 68% BS). No clear delimitation can be drawn between those two species based on ITS.
Similarly, based on ITS, no clear delimitation can be drawn between the Australian species 7.
terrestris and T. atrocarpa (including three European specimens of 7. elacista), nor between
T. pruinosa and T. rosettiformis. The Australian species T. lilacea is well supported as sister to
the clade formed of 7. pruinosa and T. rosettiformis (100% PP, 97% BS). Australian specimens
of the species T calvariana cluster together with unidentified specimens of Trapelia from the
Falklands Islands (Orange 22381, 23379, 23172), although with no support.

Based on these phylogenetic results, morpho-anatomical observations were carried out
on Australian material. Due to absence of unambiguous diagnostic characters for several
species, four synonymies were proposed (see Taxonomy section). As mentioned above, the
overall thallus morphology of the Australian Trapelia species is highly variable, both within
the distinctly squamulose species (7. crystallifera [Fig. 5] and T. pruinosa [Figs 10 and 11])
as well as among the crustose and areolate taxa. The most reliable traditional taxonomic
character was thallus chemistry, namely the occurrence of gyrophoric acid (major) or
5-O-methylhiascic acid (major), as well as the average ascospore size. More particularly, the
squamulose 7. pruinosa and T. rosettiformis were found to be synonymous even though the
type of the former has a dense, coarsely crystalline surface pruina and relatively small, more
or less flat squamules to 1.2 mm wide, whereas the latter has an epruinose upper surface and
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large, elevated, rosette-forming squamules up to 4 mm wide (compare Figs 10 and 11). The
crustose or microareolate 7. atrocarpa and T. terrestris were primarily differentiated by the
presence of large quantities of calcium oxalate in the former. However, molecular studies
confirmed that this was of no taxonomic significance. The morphological variation within 7.
placodioides was particularly variable, from subsquamulose-areolate and esorediate (as in 7.
occidentalis, Fig. 9), to continuous-crustose and esorediate or with sparse surface granules (as
in T thieleana) to continuous-crustose with definite soralia (Fig. 8).

A previous molecular taxonomic investigation of Trapelia (Orange 2018) had inferred,
based on ITS, a highly supported clade for Trapelia elacista (100% maximum likelihood
bootstrap). This clade was divided into two relatively well-supported groups, one of which
contained, among others, the Welsh specimens Orange 23623, 22891 and 23456. Those two
clades were considered as a single species, because no morphological and few phylogenetic
divergences could be found (Orange 2018). In our phylogeny (Fig. 1), those three specimens
cluster together with all specimens of 7. atrocarpa and T. terrestris (now T. atrocarpa, because
the two species are synonymized below), although with moderate support (72% BS). The close
relationship between T. elacista and T. atrocarpa is supported by their chemistry (gyrophoric
acid major) and their morphology (growth form, ascocarp development and ascospore
size). Because those two species are phylogenetically distinct and have disjunct geographic
distributions, they were not synonymized. Further work with broader taxon and gene sampling
will be necessary to further test their delimitation.

Nine species of Trapelia are currently accepted from Australia, eight of which are
represented in our tree (7. atrocarpa, T. coarctata, T. concentrica, T. crystallifera, T. lilacea, T.
macrospora, T. placodioides and T. pruinosa). No sequences from 7. kosciuszkoensis could be
obtained as part of this study. Whether or not T. coarctata actually occurs in Australia remains
to be determined; no recent collections of it were encountered in the present study. A key to
the Australian Trapelia species is provided below.

Taxonomy

New synonyms

Trapelia atrocarpa Elix & PM.McCarthy, Australas. Lichenol. 86, 102 (2020)

Syn. nov. Trapelia terrestris Elix & P.M.McCarthy, Australas. Lichenol. 87, 43 (2020)

Trapelia pruinosa Elix & P.M.McCarthy, Australas. Lichenol. 86, 105 (2020)
Syn. nov. Trapelia rosettiformis Elix & P.M.McCarthy, Australas. Lichenol. 87, 41 (2020)

Trapelia placodioides Coppins & P.James, Lichenologist 16, 257 (1984)

Syn. nov. Trapelia thieleana Kantvilas, Lumbsch & Elix, Austral. Syst. Bot. 27, 400 (2015)
Syn. nov. Trapelia occidentalis Elix, in J.A. Elix & P.M. McCarthy, Australas. Lichenol. 87,
40 (2020)

Key to Trapelia in Australia
) T3 ¢ 1 L I o) (L] <) 1 S PSP UURRRRRN 2
12 S0ralia @DSENLT.....uiiiiiiiiiiiie it 3

2 Thallus squamulose or subsquamulose...........ccccuuvvvriiiiieiiierereennninns T. pruinosa’
2: Thallus crustose, coherent, CONtINUOUS............covuueeeiiiiieeeeiiieeeeennnn. T. placodioides

3 Thallus SQUAMUIOSE ...cceeeeeeieiiiiiiiiiie et e e e e e e e e e e e ee ettt e eeereeeeeeeeesesassnnsnsnsnrneens
3: Thallus crustose; surface continuous, rimose or areolate

4 Thallus containing 5-O-methylhiascic acid (Major)..........ccccevveeeeeeennnnnnn. T. pruinosa
4: Thallus containing gyrophoric acid (mMajor)........cccccuvvvverrereeeeeeenennn. T. crystallifera
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5 Ascospores 17-34 x 12-20 um; apothecia persistently immersed; alpine.............. 6
5: Ascospores 9-30 x 4—15 um; apothecia immersed at first, then adnate to sessile...7

6 Ascospores 25-34 um long; hypothecium 150-180 pum thick; gyrophoric acid

(Major); TaSMANIA ...eeeviiiiieiiieiiiiiiiiiieee et e e e e e e e e s T. macrospora
6: Ascospores 17-30 um long; hypothecium 70-100 um thick; 5-O-methylhiascic acid
(MAJOr); NS W, e T. kosciuszkoensis

7: Thallus surface scabrid, mealy, coarsely crystalline; disc pruinose at least in part ...
............................................................................................................ T. concentrica

7: Thallus surface smooth to rugulose, not crystalline; disc epruinose..........cccc......... 8
8 Thallus containing 5-O-methylhiascic acid (MaJOr)........uuvveviiiierereeeereriiiiiiiiiiiienes 9
8: Thallus containing gyrophoric acid (Major)........cceeeuuiiiiiiiiriiiiereeeeeee e 10

9 Ascospores 16-23 x 9—15 um; conidia 10-17 pm long; thallus containing additional

5-methoxylecanoric aCid........ccuueiieriiiiiiie e T. lilacea
9: Ascospores 11-19 x 5—11 um; conidia 13-30 pum long; thallus lacking 5-methoxy-
1ecanoric aCid ........ooviiiiiiiiiiiii i T. calvariana
10 Thallus micro-areolate; ascospores 15-30 pm long.........cc.ceocuveeeeenne T. atrocarpa

10: Thallus forming extensive patches; ascospores 14-21 pm long.... T. placodioides

!in older, markedly pruinose specimens, the pruina often erodes, and such specimens can
appear sorediate.
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Species Collection number, Herbarium Collection site ITS accession
1 Trapelia atrocarpa Elix 46640 (CANE) ACT, Australia OM955152*
2 Trapelia atrocarpa McCarthy 4784 (CANB) ACT, Australia OM955153 53 Trapelia involuta Orange 22873 (HMW) Wales KX961321
3 Trapelia atrocarpa McCarthy 4791 (CANB) ACT, Australia OM955154 34 Trapelia inveluta Orange 23443 (NMW) ‘Wales KX961354
4 Trapelia calvariana Kantvilas 129/12 (HO) - TYPE TAS, Australia KU6T2613 55 Trapelia involuta Orange 22861 (NMW) Wales KX961318
5 Trapelia cf. calvariana  Gueidan 2433e (CANB) ACT, Australia OM955156* 56  Trapelia lilacea Kantvilas 245/11 (HO) TAS, Australia KU&T2611
6  Trapelia cf. calvariana  Elix 47096 (CANB) ACT, Australia OM955155 57 Trapelia lilacea Kantvilas 355/05 (HO) TAS, Australia KUB72612
T Trapelia coarctata Rest 1154 (GIU) Austria KRO17098 58  Trapelia lilacea Elix 38737 (CANB) WA, Australia OM955165*
&  Trapelia coarctata Resl .0, (cultured mycobiont: GZU)  Austria KRO17092 59 Trapelia lilacea Elix 38738 (CANB) WA, Australia OM955166°
9 Trapelia coarctata Hafellner 68443 (GZU) Austria KRO17097 60 Trapelia macrospora Muggia NZ-4 (GZU) Morth Istand. New Zealand KRO17102
10 Trapelia coarctata Orange 22518 (NMW) Falkland Islands KX961313 61 Trapelia obtegens Orange 16214 (NMW) England HXG61306
1 Trapelia coarctata Orange 22599 (NMW) Falkland lslands  Kx961314 61 Tropelio obtegens “Orange 22878 (Nwwi) Wales KN961325
12 Trapelia coarctata Orange 23148 (NMW) Falkland Islands KXG61335 63 Trapelia obtegens Orange 22861b (NMW) Wales KXO61317
13 Trapelia collaris Orange 17512 (NMW) - TYPE Wales KX961309 64 Trapelia obtegens Orange 23338 (NMW) Wales KX961339
14 Tmperi:a collaris Orange 23420 (NMW) Wales KX961344 65 Tropelia occidentali: Lumbsch 10819F (CANB} WA, Australia OM955167
15 'I"rapeh_a “7'”9“_’ Orange 23434 (NMW) Wales KX961350 66 Trapelia placodioides Orange 23507 (NMW) England KX961374
16 Trapelia collaris Orange 22886 (NMW) Wales KX961331 67 Trapelia placedioides Orange 22872 (HMW) Wales KX961320
17 Trapelia coflaris Orange 12890 (NiW) Viales Kx961333 68 Trapelia placodioides Orange 22880 (NMW) Wales HX961327
18 Trapelia colaris Orange 22844 (NMW) Wales KX961316 9 Trapelia placodioides Orange 23418 (NMW)  Wales  Kx961343
19 Trapelia collaris Orange 23436 (NMW) Wales KX961351 70 Trapelia placodioid T Knight 64381 (OTA) South lsland, New Zealand KUB44758
20 Trapelia concentrica McCarthy 4891 (CANB) NSW, Australia ~ OM955157* 71 Trapelia cf. plac Knight 61767 (OTA) South Island, New Zealand KUB72615
11 Trapelia concentrica Gueidan 2434b (CANE) ACT, Australia OM955158* 71 Trapelia cf. placodioides Elix 44693 (CANB) QLD, Australia OM955168
11 Trapelia concentrica MecCarthy 4693 (CANE) _NSW, Australia  OM955159 73 Trapelia cf. placodioides Elix 45309 (CANB) NSW, Australia OM955169
13 Trapelia concentrica McCarthy 4813 (CANB) ACT, Australia OM955160 74 Trapelia pruinosa Gueidan 2505a (CANB) ACT, Australia OM955170*
24 Trapelia concentrica Elix 46713 ({CANB) - TYPE ACT, Australia OM955161 7% Trapelia pruinesa Gueidan 2433b (CANB) ACT, Australia OM955171*
15 Trapelia corticola Orange 23618 (NMW) Wales KYT97788 76 Trapelia pruinosa Elix 46743 (CANB) MSW, Australia OM955172%
26 Trapelia corticola Spribille 30032 (GZU) Idaho, USA KRO17135 " 77 Trapelia pruinosa Elix 46962 (CANB) ACT, Australia OM955173
27 Trapelia crystallifera Gueidan 2414 (CANB) ACT, Australia OM55162* 78 Trapelic pruinosa Elix 46785 (CANB) - TYPE ACT, Australia OMI55174
28 Trapelia crystallifera  Elix 46666 (CANB) ACT, Australia  OM955163* 79 Trapeliapruinosa  Elix 46843 (CANB) NSW, Australia OM955175
19 Trapelia crystallifera  Elix 46871 (CANB) NSW, Australia  OM955164 a0  Trapelia pruinosa Elix 47071 (CANB) NSW, Australia OM955176
30 Trapelia elacista Orange 23417 (NMW) Wales _Kx961342 81 Trapelia pruinosa Elix 46927 (CANB) ACT, Australia OM955177
31 Trapelia elacista Orange 22865 (NMW) Wales KX961319 82  Trapelia pruinasa Elix 46987 (CANB) ACT, Australia 0M955178
31 Trapelia elacista Orange 23449 (NMW) Wales KX961357 83 Trapelia pruinosa Elix 47102a (CANB) ACT, Australia OM955179
33 Trapelia elacista Orange 23437 (NMW) Wales KX961352 84 Trapelia rosettiformis Elix 46746 (CANB) - TYPE NSW, Australia OM355180
34 Trapelio elacista Orange 23444 [NMW) Wales KX941355 85  Trapelia rosettiformis Elix 46936 (CANB) ACT, Australia 0M955181
35 Trapelia elacista Orange 22884 (NMW) Wales KX961330 86 Trapelia rosettiformis Elix 47023 (CAME) ACT, Australia OM955182
36 Trapelia elocista Qrange 23446 [NMW) ‘Wales KX961356 B7  Trapelia sitiens Orange 23162 (MMW) - TYPE Falkland Islands KX%961336
37 Trapelia elacista Orange 23455 (NMW) Wales Kx961360 88  Trapelia sitiens Orange 22708 (HMW) Falkland Islands KYBOO0909
38 Trapelio elacista QOrange 16634 (NMW) - EPITYPE England KX961308 89 Trapelia sitiens Orange 23261 (NMW) Falkland Islands KY800910
39 Trapelia elacista Orange 20436 (NMW} Wales KX961311 90 Trapelia sitiens Orange 20276 (NMW) Falkland Islands KX961310
40 Trapelia elacista Qrange 23551 (NMW} Germany KX561382 91 Trapelia stipitata Lend: 18687 (GIU) Pennsylvania, USA KRN T0%
41 Trapelio elacista Orange 23628 (NMW) Wales KYT97791 91 Trapelia terrestris Elix 46688 (CANB) ACT, Australia 0OM955183
41 Trapelia elacista Orange 13456 (NMW) Wales KX961361 93 Trapelia terrestris Elix 46922 (CANB) NSW, Australia OMI55184
431 Trapelio elacista Orange 22891 (NMW) Wales KX961334 94 Trapelia terrestris Elix 46819 (CANB) - TYPE ACT, Australia OM955185
44 Trapelia elacista Orange 23494 (NMW) England KX961372 95 Trapelia terrestris McCarthy 4882 (CANB) ACT, Australia OMI55186
45  Trapelia elacista Orange 23623 (NMW) Wales KY797790 96 Trapelia terrestris McCarthy 4898 (CANB) NSW, Australia OMS55187
46 Trapelia elebul Orange 23427 (NMW) Wales KX961348 97 Trapelia terrestris “Gueidan 2434a (CANB} ACT, Australia OM955188"
47 Trapelia glebulosa Orange 22874 (NMW) Wales KX961322 98 Trapelia terrestris McCarthy 4807 (CANB) ACT, Australia OM§55189"
48 Trapelia glebulosa Orange 23441 (NMW) Wales KX961353 99 Trapelia terrestris Elix 47104 (CANB) ACT, Australia OM355190
49 Trapelia glebul Orange 23428 [NMW) Wales KX961349 100 Trapelia thieleana Elix 38127 (CANB) WA, Australia KUb71616
50  Trapelia involuta Oranze 22879 (HMW) Wales HX561326 101 Trapelia thieleana Kantvilas 439/11 {HO) - TYPE WA, Australia KU672614
51 Trapello Involuta Orange 22876 (NKW) ales Lk 102 Trapelia thiel Gueidan 2447a (CANB)____ ACT, Australia OM955191*
52 Trapelia involuta Orange 23425 (NMW) Wales KX961347 103 Trapelia thieleana Gueidan 2434d (CANB) ACT, Australia OMI55192*
104 Trapelio thieleana Gueidan 2428a (CANB) ACT, Australia OM355193*
Table 1. List of taxa included in the molecular phylogeny, with collection numbers, herbaria, :gs Jrapetia thieleana Gusidan 2445h (CANE) ACT. bustralla iirlia
. . . A . 6 Trapelia thieleana Elix 38126 (CANB) W, Australia OM955195
countries of collection and ITS accession numbers. Accession numbers in bold correspond to 107 Trapelia tristis Orange 23171 (NMW) Falkland Islands 1961337

sequences generated as part of this study. Sequences generated with the long read amplicon
sequencing protocol are indicated by a star. These sequences correspond to material collected
and/or sequenced as part of a BushBlitz Taxonomy Research project.
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Figure 5. Trapelia crystallifera (Elix 47058 in CANB). Scale: 2 mm.
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. Trapelia placodioides, areolate form (Lumbsch 10819F in CANB). Scale: 2 mm.
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Figure 9
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