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Abstract

Ascomycotathe most speciose phylum of fungi, is a complex entity, comprising three diverse
subphylaiPezizomycotingSaccharomycotinaandTaphrinomycotinaThe largest and most diverse
subphylum Pezizomycotinais a rich tapestry of 16 classes and @rders.Saccharomycotinahe

second largest subphylum, is a diverse collection of seven classes and 12 orders, while
Taphrinomycotinathe smallestis a unique assembly of six classes and six orders. Over the past
decade, numerous taxonorstadieshave focused on the generic, family, and class classifications of
Ascomycota These efforts, wellocumented across various databases, are crucial for a
comprehensive understanding of the classification. However, the study of taxonomy at the ordinal
level, a cucial tier in the taxonomic hierarchy, has been largely overlooked. In a global collaboration
with mycologists and lichenologists, this study presents the first comprehensive information on the
orders within Pezizomycotinaand Taphrinomycotina The recent taxonomic classification of
Saccharomycotinhas led to the exclusion of this subphylum from the present study, as an immediate
revision is not necessary. Each order is thoroughly discussed, highlighting its historical significance,
current status, key @htification characteristics, evolutionary relationships, ecological and economic
roles, future recommendations, and updated fatailgl classification. Teaching diagrams for the

life cycles of several ordersiz. AsterinalesHelotiales HypocrealesLaboulbenialesMeliolales
Mycosphaerellales Ophiostomatales Pezizales Pleosporales Phyllachorales Rhytismatales
Sordariales Venturiales Xylariales (Pezizomycotina  and Pneumocystidales
Schizosaccharomycetalend Taphrinales (Taphrinomycoting are provided Each diagram is
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explained with a representative genuséganf their sexual and asexual cycles of each oktféhin
PezizomycotinaDothideomycetegontains the highest number of orders, with followed by
Sordariomycetes2 orders),Lecanoromycete@1 orders),EurotiomycetesndLeotiomycete$12
orders each)l.aboulbeniomycete& orders), andArthoniomycetesand Xylonomycete$2 orders
each).CandelariomycetesConiocybomycete§eoglossomycetekichinomycetesOrbiliomycetes
Pezizomycetes Sareomycetes and Xylobotryomyceteseach contain a single order, while
Thelocarpalesand Vezdaealesre treated asncertae sediswithin PezizomycotinaNotably, the
classes Candelariomycetes Coniocybomycetes Geoglossomycetes Sareomycetes and
Xylonomycetesall recently grouped undéichinomycetesare treated as separate classes based on
phylogenetic analysis and current literatui®ithin Lecanoromycetesthe synonymization of
Sporastatialeswith Rhizocarpalesand Sarrameanalesvith Schaererialess not supportedn the
phylogenetic analysis. These orders are retained sepaeatdlthe justifications are provided under
eachsectionas well as in the discussidWithin Leotiomyceteshe ordeMedeolariales which was
once considered part bifelotiales is treated as a distinct ordesed omphylogenetic evidence. The
classification ofMedeolarialesmay change as more data becomes available from different gene
regions.Lahmiales(Leotiomycetesis not included in the phylogenetic analysis due to a lack of
molecular dataSareomyceteand Xylonomycetesire treated as separate clasSgmathulospora
mixed with Lulworthialesand the inclusion opathulosporalesvithin Lulworthiomycetidaes
supportedand extant molecular sampling is important to resolve the phylogdrmiindariesof
members of this subclasshe majority of theclasses oPezizomycotinand Taphrinomycotina
formedmonophyletic cladgin the phylogenetic analysis conducted based on §SU, 5.8S,TEF

and RPB2 sequence dataHowever, Arthoniomycetesnested with the basal lineage of
Dothideomyceteand formed a monophyletic clade also known assthperclassDothideomyceta.

In Taphrinomycotinaa single order is accepted within each class.

Keywords i Classificationi Morphologyi Pezizomycotind Phylogenyi Taphrinomycotinai
taxonomy
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NeophaeothecaleAbdollahz. & Croug Contributed by Elaheh Seifollahi

Oncopodiellalesy.R. Sun, Yong Wang bis & K.D. HydePlease refer Sun et al. 2025
ParmularialesD.Q. Dai & K.D. Hydei Contributed by DongQin Dai

PatellarialesD. Hawksw. & O.E. Erikss. Contributed by Vinodhini Thiyagaraja
Phaeosclerale$s.G. Barreto, SouzMotta, G.A. Silva, J.Z. Groenew., Crous & J.D.P. Bezérra
Contributed by Vinodhini Thiyagaraja

Phaeothecale#\bdollahz. & Croug Contributed by Jafar Abdollahzadeh

PhaeotrichalesAriyaw. Jian K. Liu & K.D. Hydei Contributed by Vinodhini Thiyagaraja
PleosporalesLuttrell ex M.E. Barri Contributed by Dhanushka N. Wanasinghe & Meike
Piepenbring

RacodialesAbdollahz. & Croug Contributed by Jafar Abdollahzadeh
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Stigmatodiscale¥oglmayr & Jaklitschi Contributed by Jia#iKui Liu
StrigulalesLticking, M.P. Nelsen & K.D. Hydé Contributed by ShiHua Jiang

Superstratomycetalee an Ni euwenh. Mi NdlI ., Ho u Eonaibkueedh , Ad
by Naruemon Huanraluek & Vinodhini Thiyagaraja

TrypethelialesLiicking, Aptroot & Sipmari Contributed by Vinodhini Thiyagaraja
TubeufialesBoonmee & K.D. Hydé Contributed by YongZhong Lu, Jian Ma & Saranyaphat
Boonmee

ValsarialesJaklitsch, K.D. Hyde & Voglmayi Contributed by Dongin Dai

VenturialesY. Zhang ter, C.L. Schoch & K.D. HydeContributed by Darbhe J. Bhat & Danushka

S. Tennakoon

ZeloasperisporialeHongsanan & K.D. Hydé Contributed by Sinang Hongsanan & Diana S.
Marasinghe

ClassEurotiomycetesTehler ex O.E. Eriksson & K. Winka

Arachnomycetalessibas, Sigler & Curral Contributed by Vinodhini Thiyagaraja

ChaetothyrialesVl.E. Barri Contributed by Yu Quan, Sybren de H&§Vu Dong

CorynelialesSeaver & Chardon Contributed by Andrei Tsurykau & Vinodhini Thiyagaraja
CryptocalicialesM. Prieto, Etayo & Olariaga Contributed by Vinodhini Thiyagaraja

EurotialesG.W. Martin ex Benny & Kimbri Contributed by Ajay Kumar Gautam, Shubhi Avasthi

& Rajnish Kumar Verma

MycocalicialesTibell & Wedin1 Contributed by Nuwan D. Kularathnage

Onygenale<Cif. ex Benny & Kimbr.i Contributed by ZhiYuan Zhang

Phaeomoniellalek.H. Chen, A.E. Arnold, Gueidan & LutzoniContributed by KeHsuan Chen
PyrenulalesFink ex D. Hawkswé& O.E. Erikss.i Contributed by André Aptroot

SclerococcalefRéblova Unter. & W. Gam$g Contributed by Ibai Olariaga

Tuberculiformaleszhi Yuan Zhang & Y.F. Hain Contributed by Vinodhini Thiyagaraja
VerrucarialesMattick ex D. Hawksw. & O.E. Eriks$. Contributed by Laura Selbmann & Claudia
Coleine

ClassGeoglossomycetegheng Wang, C.L. Schoch & Spatafora

GeoglossaleZheng Wang, C.L. Schoch & SpatafdraContributed by Disha Dasgupta, Aouali
Souhila, Eleni Martzoukou, Jorge Luiz Fortuna, Krishnendu Acharya & Nilanjan Chakraborty
ClassLaboulbeniomycete&ngler

Laboulbeniales Lindau i Contributed by Michiel D. de Groot, Aimée Blondelle, Jonathan
Cazabonne, Michag Gorczak & Danny Hael ewaters
Herpomycetale$laelew. & Pfistei Contributed by Michiel D. de Groot, Aimée Blondelle, Jonathan
Cazabonne, Michag Gorczak & Danny Hael ewaters
PyxidiophoralesP.F. Cannori Contributed by Michiel D. de Groot, Aimée Blondelle, Jonathan
Cazabonne, Michag Gorczak & Danny Hael ewaters

ClassLecanoromycete®.E. Erikss. & Winka

Acarosporales/. Reeb, Lutzoni & CIRouxi Contributed by Vinodhini Thiyagaraja & R.G. Udeni
Jayalal

Baeomycetalekumbsch, Huhndorf & Lutzorii Contributed by Vinodhini Thiyagaraja
CalicialesBesseyi Contributed by Vinodhini Thiyagaraja & Xin Yu Wang

GraphidalesBesseyi Contributed by Vinodhini Thiyagaraja & R.G. Udeni Jayalal
GyalectaledHenssen ex D. Hawksw. & O.E. Erik§Contributed by Vinodhini Thiyagaraja & R.G.
Udeni Jayalal

LecanoralesNannf.i Contributed by Vinodhini Thiyagaraja & R.G. Udeni Jayalal
Lecidealesvain.i Contributed by Vinodhini Thiyagaraja & R.G. Udeni Jayalal
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LeprocaulalesLendemer & B.P. Hodki Contributed by Vinodhini Thiyagaraja & R.G. Udeni
Jayalal

MicropeltidalesX.Y. Zeng, H.X. Wu & K.D. Hydd Contributed by HaXia Wu
Odontotrematales.iickingi Contributed by Vinodhini Thiyagaraja

OstropalesNannf.i Contributed by Vinodhini Thiyagaraja

PeltigeralesW. Watsoni Contributed by Vinodhini Thiyagaraja & R.G. Udeni Jayalal
PertusarialesM. Choisy ex D. Hawksw& O.E. Erikss.i Contributed by Vinodhini Thiyagaraja &
R.G. Udeni Jayalal

RhizocarpalesMi N d | 1 Coattibutedlby Vinodhini Thiyagaraj#yorthy R. Fiona &R.G. Udeni
Jayalal

SarrameanalesB.P. Hodk. & Lendemer Contributed by Vinodhini Thiyagaraja & R.G. Udeni
Jayalal

Schaererialed. umbsch & Leavitt Contributed by Gerhard Rambold

Sporastatialed.umbsch & Leaviti Contributed by Evgeny A. Davydov

TeloschistaleD. Hawksw. & O.E. Erikssi Contributed by Vinodhini Thiyagaraja, Xin Yu Wang
& R.G. Udeni Jayalal

ThelenellalesLumbsch & Leavitt Contributed by Vinodhini Thiyagaraja & R.G. Udeni Jayalal
Turquoiseomycetale€rousi Contributed by Vinodhini Thiyagaraja

UmbilicarialesJ.C. Wei & Q.M. Zhou, in Zhou & Wei Contributed by Evgeny A. Davydov

ClassLeotiomycete®©.E. Erikss. & Winka

ChaetomellaleCrous & Denmaii Contributed by Thiago Kossmann & Alisha C. Quandt
HelotialesNannf. ex Korf & Lizoni Contributed by Peter Johnston

LahmialesO. Erikssori Contributed by Anis S. Lestari & K. W. Thilini Chethana
LauriomycetaleHern-Restr. R.F. Castafieda & Guair@ontributed by Hongli Su & K. W. Thilini
Chethana

LeotialesK o r f  &i Qorntribuied by Vinodhini Thiyagaraja

Marthamycetaled”.R. Johnst. & Bardl Contributed by Cuijinyi Li & K. W. Thilini Chethana
MedeolarialesKorf i Contributed by Hongli Su & K. W. Thilini Chethana
MicraspidalesQuijada & Tanney Contributed by Anis S estari & K. W. Thilini Chethana
PhacidialesBesseyi Contributed by Vinodhini Thiyagaraja

Rhytismatalesvl.E. Barr ex Minteii Contributed by Chengin Hou & Meike Piepenbring
ThelebolaledHaeckeli Contributed by Yanfeng Han

UmbellidialesG.G. Barreto & Gusmab Contributed by Vinodhini Thiyagaraja

ClassLichinomycetesV. Reeb, Lutzoni & Cl. Roux
Lichinales Henssen & Budél Contributed by Matthias Schultz & Maria Prieto

ClassOrbiliomycete<0.E. Erikss. & Baral
Orbiliales Baral, O.E.Erikss. G.Marson & E.WelieContributed by Wei Deng & Xingzhong Liu

ClassPezizomycete®.E. Erikss. & Winka
Pezizaledl. Schroti Contributed by Vinodhini Thiyagaraja

ClassSareomyceteBeimforde, A.R. Schmidt, Rikkinen & J.K. Mitch.
SarealeBeimforde A.R. Schmidt, Rikkinen & J.K. Mitch. Contributed by Vinodhini Thiyagaraja

ClassSordariomycete®.E. Erikss. & Winka

AmphisphaerialedD. Hawksw. & O.E. Erikss. Contributed by Rekhari. Perera
AmplistromataledV.J. D'souza, Maharachc&i.K.D. Hydei Contributed by Vinodhini Thiyagaraja
& Ratchadawan Cheewangkoon

AnnulatascaledM.J. D'souza, Maharachc&.K.D. Hydei Contributed by Wei Dong
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AtractosporaledH. Zhang, K.D. Hyde & Maharachch.Contributed by Ye&Ru Sun, Yong Wang &
Ruvishika S. Jayawardena

Barbatosphaeriale&.D. Hyde & Hongsanain Contributed by Vinodhini Thiyagaraja

Boliniales P.F. Cannofi Contributed by Sahar Absalan & Ruvishika S. Jayawardena
Calosphaerialed/.E. Barri Contributed by Vinodhini Thiyagaraja & Ratchadawan Cheewangkoon
CancellidialesK.D. Hyde & HongsananCont r i but edBadby Dan Feng
CatabotryaleK.D. Hydei Contributed byindunil C.Senanayake

Cephalothecaleslubka & Réblovd Contributed byWwenhuiTian & Sajeewa S.N.
Maharachchikumbura

CeratolentaleK.D. Hyde & Hongsanai Contributed by Vinodhini Thiyagaraja
Chaetosphaerialesiuhndorf, A.N. Mill. & F.A. Fernander Contributed by Rekhani HPerera
Conlarialesk.D. Hyde & Hongsanai Contributed by Vinodhini Thiyagaraja
ConiochaetalesHuhndorf, A.N. Mill. & F.A. Fernander Contributed by Vinodhini Thiyagaraja
ConioscyphalefRéblova & Seiferi Contributed by Digvijayini Bundhun

CoronophoralesNannf.i Contributed by Digvijayini Bundhun

DelonicicolalesR.H. Perera, Maharachck. K.D. Hyde i Contributed by Deecksha Gomdola &
Ruvishika S. Jayawardena

DiaporthalesNannf.i Contributed byindunil C.Senanayake

DistoseptisporaleZ.L. Luo, K.D. Hyde & H.Y. Su Contributed by Zond.ong Luo & WenPeng
Wang

FalcocladialesR.H. Perera, MaharachcBomrith, Suetrong & K.D. Hyde Contributed by Rekhani
H. Perera

Fuscosporellalesling Yang, Bhat & K.D. Hydé Contributed by Fendling Yu & Qi Zhao
GlomerellalesChadef. ex Réblova, W. Gams & Seifei€ontributed by Nuwan D. Kularathnage &
Ruvishika S. Jayawardena

Hypocrealed.indaui Contributed by Peng Xingcan, Huang Shike, Wen Tingchi & Zeng Xiang
JobellisialesM.J. D'souza & K.D. Hydd Contributed by Deecksha Gomdola & Ruvishika S.
Jayawardena

KoralionastetalesKohim., Volkm-Kohim., J. Campb& Inderb. i Contributed by Vinodhini
Thiyagaraja

Lulworthiales Kohim., Spatafora & VolkmKohlim. i Contributed by E.B. Gareth Jones,-Kai
Pang, Sajeewa S.IMaharachchikumbura & Dhanushka N. Wanasinghe
MagnaporthalesThongk. Vijaykr. & K.D. Hydei Contributed by Dd?ing Wei

MeliolalesGaum. ex D. Hawksw& O.E. Erikss.i Contributed by Xiangru Zeng
MicroascalesLuttr. ex Benny & Kimbri Contributed by Lakmali S. Dissanayake
MyrmecridialesCrousi Contributed by Venkateswara V. Sarma

OphiostomataleBenny & Kimbri Contributed by Alireza Armand & Ruvishika S. Jayawardena
PararamichloridialesCrousi Contributed by Nattawut Boonyuen

PhomatosporaleSenan. Maharachch. & K.D. HydeContributed by Lijian Xu, Jian Wang & Yao
Liu

PinibarrenialesJ. Luo & N. Zhang Contributed by Vinodhini Thiyagaraja
PisorisporialesRéblova & J. Fourri. Contributed by Tian WH & Sajeewa S.N.
Maharachchikumbura

Planisphaeriales].F. Zhang, Jian K. Liu & K.D. Hydi Contributed by Vinodhini Thiyagaraja
PleurothecialeRéblova & Seiferi Contributed by Carlo Chris S. Apurillo
Pseudodactylariale€rousi Contributed by Chuaen Lin

PhyllachoralesM.E. Barri Contributed by Melissa Mardones

RhamphorialesK.D. Hyde & Hongsanai Contributed by Vinodhini Thiyagaraja
SavoryellalesBoonyuen, Suetrong, Sivichai, Pang & E.B.G. Joh&3ontributed by Shenfjan
Zhang

SordarialesChadef. ex D. Hawksw& O.E. Erikssi Contributed by MarirFelix Yasmina & Miller
AN
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Spathulosporale&kohlm.i Contributed by Vinodhini Thiyagaraja

Sporidesmiale€rousi Contributed by Zond.ong Luo & WenPeng Wang

ThyridialesR. Sugita & Kaz. Tanakia Contributed by Vinodhini Thiyagaraja
TirisporellalesSuetrong, E.B.G. Jones & K.L. Pan@ontributed by Vinodhini Thiyagaraja
TogninialesSenan. Maharachch. & K.D. HydeContributed by Li Ly Saowaluck Tibprommé&
Samantha C. Karunarathna

Torpedosporale€.B.G. Jones, Abdalvahab & K.L. Pang Contributed by Mohamed A. Abdel
Wahab

TracyllalalesCrousi Contributed by Nattawut Boonyuen

VermiculariopsiellalesHern-Rest. J. Mena, Gené & Crougontributed by Chuafen Lin
XenodactylarialedD.F. Bao, K.D. Hyde & Z.L. Lué Contributed by Vinodhini Thiyagaraja
Xenospadicoidaleslern-Restr. J. Mena & GerieContributed by Martina Réblova & Kunhiraman
C. Rajeshkumar

XylarialesNannti Contributed by Omid Karimi, Zoha Daroodi & K. W. Thilini Chethana

ClassXylobotryomycete¥oglmayr & Jaklitsch
XylobotryalesvVoglmayr & Jaklitschi Contributed by Naghmeh Afshari

ClassXylonomycete$sazis & P. Chaverri
SymbiotaphrinaleBaral & E. Webeii Contributed by Vinodhini Thiyagaraja
XylonalesGazis & P. Chaverii Contributed by Maryam Tavakol Noorabadi

Pezizomycotin@rder incertae sedis
Thelocarpaled.iicking & Lumbschi Contributed by Mubashar Raza & Waseem Abbasi
Vezdaealesumbsch & Lucking' Contributed by W.A. Erandi Yasanthika

Subphylum TaphrinomycotinaO.E. Erikss. & Winka
ClassArchaeorhizomyceteRosling & T.Y. James
ArchaeorhizomycetaleRosling & T. James Contributed by Anujani Gunarathne

ClassNeolectomycete®.E. Erikss. & Winka
Neolectaled_andvik, O.E. Erikss. Gargas & P. GustContributed by Nalin N. Wijayawardene &
Madhara K. Wimalasena

ClassNovakomycete®| auchy, P®ter & Ladeg
Novakomycetale® | auc hy, G. i eddtribeited b Vinpdhidi &hjyagaraja

ClassPneumocystomycetd3.E. Erikss. & Winka
Pneumocystidale®.E. Erikssi Contributed by Achala. $3ajanayake & Ruvishika S. Jayawardena

ClassSchizosaccharomyceté3.E. Erikss. & Winka
Schizosaccharomycetale®.E. Erikss.i Contributed by Achala.JGajanayake & Ruvishika S.
Jayawardena

ClassTaphrinomycete®©.E. Erikss. & Winka
Taphrinales Gaum. & CW. Dodgee Contri buted by G8bor P®t er ,
Groenewald

INTRODUCTION

Carl Linnaeus applied taxonomic rules consistently to the division of all three kingdoms of
nature in his Systema Naturae (1735, 1st. ed.). His taxonomic principles are used in the universal
system of scientific taxonomic nomenclature. In Linrfesxonomy, fungi were considered part of
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the ORegnum Vegetabil ed. Fungal "ecerus/swithi thec at i ¢
significant publications oPersoon(1794a, b, 1801, 1822828), Nees von Esenbeck (1817), Fries
(18211832, 1825, 1835, 1886838, 1849a, b), Link (1833) and Saccardo (B38&p Throughout

the 19th century, several classifications were proposed, primarily based on morphological features.
With the advent of molecular approaches, the classification has undergone numerous changes.
Presently19 Phyla, 83 classe$,220 families, 10,685 genera and ca 140,000 species are accepted
under Kingdom Fungi (Hyde et al. 2024Db).

The phylumAscomycotas the largest and most speereh group of fungi. It encompasses a
wide range of taxa that exhibit diverse morphologiesluding filamentous, unicellular and more
complex cup fungi (Bennett & Turgeon 2016). They have a cosmopolitan distribution and occur in
various ecologies, with multiple lifestyles (Kirk et al. 2008a, Schoch et al. 2009a, Néndizj&
Gabaldon 2019)Ascomycotaspecies are frequently studied due to their beneficial and harmful
impacts on humans, plants, armbgystems (Hyde et al. 2019, Narafdiz & Gabaldon 2019).

The phyl vAstcomyamtme WASs | ni t Boddl(19%7) butswathebut & {atin
diagnosis. However, the name was validated by Cav@hath (1998). Eriksson (1982) notably
classified all lichen fungi at the generic level within the kingdom Fungi. Walker (1985) classified
three groups within the phylunmcluding Schizosaccharomycesd Protomyces budding yeasts
and ylamentous fungi based on the sequence d:
subsequent phylogenetic studiedto changes in the taxonomy of this group (Berbee & Taylor 1993,
Kurtzman & Robnett 1994). Notably, Caval®mith (1998) treated two subphyla under
Ascomycota Hemiascomycotina(classes Taphrinomycetes Geomycetes Endomycetgs and
EuascomycotingclassedDiscomycetesPyrenomyceted.oculomycetes However, with the advent
of molecular data, Hibbett et al. (2007) accepted three subpPhylaomycotingSaccharomycotina
andTaphrinomycotinavhich remain widely accepted to this day.

The concept -o0ned Gnaemefébunagusso resul ted i n sev
pleomorphic genera. In later studies, numerous changes were made to the ordinal to species level
classification, including ilrthoniomyceteéErtz et al. 2014)Coniocybomycetg®rieto et al. 2013),
DothideomycetefNelsen et al. 2011&jyde et al. 2013, Raja et al. 2015a, Schoch & Grube 2015,
Hongsanan et al. 2020a, b, Pem et al. 2@4ptiomycetegGueidan et al. 2014&hen et al. 2015a,

Geiser et al. 2015, Pt et al. 2021)Geoglossomycetd$iustad et al. 2013, Melie et al. 2023),
Laboulbeniomycete&oldmann & Weir 2018Haelewaters 2018, Haelewaters et al. 2019c, 2021a,
Blackwell et al. 2020)l.ecanoromycete@aloch et al. 2010, Miadlikowska et al. 2014, Resl et al.
2015, Lucking et al. 201'Kraichak et al. 2018H,ticking 2019),Leotiomycete¢Zhang & Wang
2015 Ekanayaka et al. 2019dphnston et al. 2019b, Karakehian et al. 2019, Prieto et al. 2019,
Quandt & Haelewaters 2021, Quijada et al. 20RR&hinomycetegKauff et al. 2018Prieto et al.
2024, Orbiliomycetes(Kumar et al. 2012, Zhang et al. 2023Pezizomycete¢Pfister 2015,
Ekanayaka et al. 2018, Murat et al. 2018, Pfister & Healy 20&grdariomycetes
(Maharachchikumbura et al. 2015, 2016, Senanayake et al.2&h3yakoon et al. 201idpngsanan

et d. 2017a,Samarakoon et al. 202Bao et al. 2023, Chen et al. 2023bXyJonomycetefGazis et

al. 2016, Hashimoto et al. 2024ndXylobotryomycete@/oglmayr et al. 20119).

The concept of an oO6order6 as a distinct re
by the German botanist Augustus Quirinus Rivinli85@ 1723 in his classification of plants.
Generally, the suffix-ales” is used to denote that the rank is an asdesubordeof the vascular
plants orfungi (McNeill et al. 2012). An order is a compilation of families, which may comprise a
single family or many families. The order should form a distinct and monophyletic lineage in which
families should be moflmlogically comparable and at least share common characteristics. Since
molecular methods have become available, the additional rule has been introduced that orders should
have stable statistical support in cladistics analyses, based on at least tw(_geatsal. 2016b,
2017b). Key orders in the ascomycetous series includedvifreangiales Dothideales and
Pseudosphaerialgt.uttrell 1955).

In the past decade, several studies have focused on familial (Hyde et al. 2013, Jones et al.
2015, Jaklitsch et al. 2016b, Maharachchikumbura et al. 2016, Hongsanan et al. 2020a, b) and generic
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concepts oAscomycotgWijayawardene et al. 2017a, Li et al. 20B@&m et al. 2024 with some

studies restricted to particular groups. No comprehensive studies have been conducted on the ordinal
level classification ofAscomycotasincethe classification oHibbett et & (2007). However, the

ordinal classification within each class and subphylum has undergone numerous changes, driven by
advancements in phylogenetic analysis, which has contributed to the expansion of recognized orders
over time. According to the phylogeretframework proposed by Hibbett et al. (2007),
Pezizomycotinancluded ten classes and 55 accepted orders, and four classes and four orders were
accepted Taphrinomycotina whereas the single order Saccharomycetalesand the class
Saccharomycetewere acceped underSaccharomycotinaln a recent study based on molecular
analysesSaccharomycotinanderwent higHevel classification, which resulted in the inclusion of
twelve orders in seven class&genewald et al. 2023vhichremainedvith asingle class and order
overtheyears until recently.

This paper provides an updated classification for all order&samomycota(subphyla
Pezizomycotinaand Taphrinomycoting including their taxonomic history, major changes in
classification, key morphological characteristics that are used to distinguish the order, and
phylogenetic studies. Ecology, economic applications and limitations of current research are also
discussedOne or moreuthorscontributed to the entries for each order. Due to the latest taxonomic
classification availablefor Saccharomycotinaimmediate further revision of the orders of
Saccharomycotinavould beredundantandSaccharomycotinhas been exclw from the present
study.

MATERIALS AND METHODS

Structure of entry: Pezizomycotinand Taphrinomycotina

We have updated the information on the accepted orders within each subphylum based on the
recent outline by Hyde et al. (2024b). Timroduction provides an overview of each orded
historical studies are detailed in a separate section. However, information on recently established and
poorly studied orders remains limitéthus,we have included comprehensive notes under the same
subtopic. Each order is discussed based on the available literature, though aspects such as evolution
and chemical diversity are lacking, limiting the documentation of certain subtdpitse accepted
orders are weltletailed and the morphological charastare represented in photoplates both
sexual antbr asexualmorphsbased on available informatioBue to the limited availability of
illustrations, especially for the asexual morphs of lichenized groups, the plates prieamdgent
sexual characteristicknages for each order have been included with authorization from the leading
authors of each entry or used with permission from the original author of the respective image, or
appropriate citations are provided where necessary. Line drawings have beeio ulkestrate
characters that are not available in color photographs or where image alitessibnited. The
descriptionsare providedo circumscribeéhe morphologicakharacteristics of the order basedtba
latest studies. However, farderswhich lack thelateststudieswere written based ocompiling
availableliterature The lifecycle diagrams angrovidedfor several ordersNe have also provided
the current phylogenetic status of the order$etizomycotinand Taphrinomycotingbased on
phylogenetic analysisThis manuscript is intended to serve as a comprehensive summary of the
available data. Accordingly, we have proposed potential taxonomic revisions to the orders based on
their phylogenetic relationships. A detailed discussion of the phylogenetic analpsegided at the
end of the discussion section.

Phylogeneticmethods

Phylogenetic analyses were conducted based on LSU, SSU, TEF, RPB2, and 5.8S sequence
data for orders oAscomycotausing 706 strains withBasidiomycotaand Chytridiomycotaare
selected as outgroups. All the dateere generated from Genbank and were incorporated for
phylogenetic analysisand the discussion for the phylogenetic analyses is summarized in the end
section.
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RESULTS

Pezizomycotin®.E. Erikss. & Winka, Myconet 1(1): 9 (1997)
Arthoniomycete<D.E. Erikss. & Winka, Myconet 1(1): 4 (1997)
ArthonialesHenssen ex D. Hawksw. & O.E. Erikss. Syst. Ascom. 5(1): 177 (1986)

Subphylum : Pezizomycotina
Class : Arthoniomycetes
Subclass : Arthoniomycetidae

Introduction

Arthoniomycetesvith two orders,Arthonialesand Lichenostigmatalesis one of the largest
groups of predominantly licheiorming fungi, sister tddothideomyceteSchoch et al. 2009a) in the
phylum Ascomycota and includes <ca. 133 genera and ca. 1161 species
(https://www.catalogueoflife.org/data/taxon)84but only 119 genera are accepted here for
Arthoniales Arthonialesis a very diverse order ranging from small lichenicolous taxa to large
conspicuous fruticose lichégorming taxa (Follmann 2001, Tehler & Irestedt 2007, Tehler et al.
2009a, 2009b, 2010). Arthonialean ascomata are usually apothecial with partially @wacoloc
development and bitunicate asci (Henssen & Jahns 1974, Eriksson & Winka 1997, Spatafora et al.
2006).

The Arthoniales reaches its highest diversity in subtropical coastal habitats with a
Mediterranean or desert type climate (Mediterranean area, Socotra Island, southern California,
Galapagos Islands, the central Chilean coast and southern Africa) (Tehler 1983, 199%nrF&lIm
Werner 2003, Aptroot & Sparrius 2008). In contrast to vascular plants and animals, endemism is low
in most cryptogamic groups, including lichBarming fungi, owing to their ability for longlistance
dispersal. HoweveArthonialesis amongst the few exceptions having a high percentage of endemic
taxa (Tehler 1990, Aptroot & Sparrius 2008). Endemism is common in the fRmdgellaceagein
which many monotypic genera were described with an often much reduced distribution area, and
particularly in the genef@occellaandRoccellina For example, the gen&occellacontains not less
than 13 endemic species, more than half of the currently recognised 24 species (Tehler et al. 2004,
2009a, 2009b, 2010).

History

Henssen & Jahns (1974) established the dkd@oniales(but without diagnosis) and included
the familiesArthoniaceae Opegraphaceaelecanactidacegeand RoccellaceaeArthonialeswas
later validated by Hawksworth & Eriksson (1986a) who attributed them to Henssen & Jahns (1974)
as ArthonialesHenssen & Jahns ex D. Hawksw. & O.E. Erikss. The order is based on the genus
Arthoniawhich was described by Acharius (1806) and the type spechethisniaradiata (Pers.)
Ach. (Acharius 1808b) [®Opegrapha radiataPers (Persoon 1791 #316) lectotypeABH 38].
Contrary to Henssen & Jahns (1974), Hawksworth & Eriksson (1986) separatefdehephales
into its own orde A few years later, Hafellner (1988) included the fan@lyrysotrichaceaénto
Arthoniales The family Arthoniaceae(Reichenbach 1841) was emended by Eriksson (1981) to
include also the generyptotheciaStirt. andStirtoniaA.L. Sm.

TodayOpegraphalefiave been shown to be an ingroup of the monophyletic artleoniales
and are now included as the fampegraphaceawgether with five other familieRoccellaceage
Roccellographacead.ecanographaceaérthoniaceaeandChrysotrichacea€Ertz & Tehler 2011,
Frisch et al. 2014)Arthonialesis well-supported and divided into two main lineages, the first one
corresponding to th€hrysotrichaceaevhich forms the sister group to the other, the second lineage,
which includes the rest of the order. Basedhallus and ascomata morphology and anatomy, the
families Arthoniaceae Celidiaceae Chiodectonacege Chrysotrichaceae Cryptotheciaceae
Dirinaceae LecanactidacegeOpegraphacea@nd Roccellaceaavere earlier distinguished in the
Arthoniales
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Figure 17 Phylogram generated from maximum likelihood analysis based on con®si¢d SU,
5.8S, TEF and RPB2 sequence d#t@06 taxa, which comprised 4083 characters. Thedwesing

98 Kazuakitanaka yuxienseyuxiensis HKAS122925 T

Murilentithecium clematidis MFLUCC 14-0562 T

Stemphylium vesicarium CBS 191.86 T
Neoangustimassarina sichuanensis CGMCC 3.20937 T
Amorocoelophoma camelliae NTuCC 18-097-1 T
Flammeascoma lignicola MFLUCC 10-0128 T
Aquasubmersa japonica HHUF 30469 T
Neoastrosphaeriella phoenicis MFLUCC 18-1477 T
Fusiformispora clematidis MFLUCC 17-2077 T
Oedohysterium insidens CBS 238.34 T
Hysterodifractum partisporum CCMB 252/2012 T
Hysterium barrianum ANM 1495 T
Rhytidhysteron neorufulum MFLUCC 13-0216 T
Hysterobrevium rosae MFUCC 14-0551 T
Psiloglonium multiseptatum MFLUCC 11-0164 T

100 Purpurepithecium murisporum MFLUCC 16-0611 T
m Purpurepithecium murisporum MFLUCC 17-0319
961 Mytilinidion resinicola CBS 304.34 T
78 Mytilinidion scolecosporum cBS 305.34 T
Lophium arboricola p99 T
Lophium arboricola CBs 758.71 T
Pseudocamaropycnis pini CBS 115589 T
Holmiella junipericola TASM 6136 T
Holmiella juniperi-semiglobosae MFLUCC 17-1955 T
Holmiella junipericola sQucc 15186
Holmiella sabina G.m. 2015-04-29.2

Holmiella sabina G.Mm. 2015-04-29.3
100| Homortomyces combreti CPC 19808 T
Homortomyces combreti CPC 19800
Homortomyces tamaricis MFLUCC 13-0441 T
Botryosphaeria dothidea CBS 115476 T
Macrophomina phaseolina cBs 227.33
Diplodia mutila CBs 431.82
99 Valsaria tectonae MFLU 23-0140 T
«{ _I: Valsaria rudis MFLU 17-0730
Myrmaecium fulvopruinatum CBs 139058 T
Bambusaria bambusae bbQoo254
100 | Patellaria atrata cBs 958.97 T
Patellaria atrata BCC 28877
Glyphium elatum e 0342 T
Hysteropatella clavispora CBs 247.34 T
1001 Minutisphaera japonica KiC 2736 T
Minutisphaera aspera G427 1a T
Acrogenospora thailandica MFLUCC 17-2396 T
Acrogenospora sphaerocephala MFLUCC 160179 T
70 Melaspilea enteroleuca farou sn-BR T
e Encephalographa elisae e 0347
Melaspilea costaricensis HTL1960
811 Melomastia winteri CGMCC 3.20621 T
56 M Melomastia fusispora UESTCC 21.0001
Melomastia fusispora CGMCC 3.20618 T
— Melomastia rhizophorae purD517 T

94— Stigmatodiscus labiatus CBS 144700 T
- 2 Stigmatodiscus pinicola CBs 144702 T
il Stigmatodiscus enigmaticus CBS 132036

100

93

L (64

100
100

Stigmatodiscus oculatus CBS 144701 T

Pseudochaetosphaeronema iregulare CGMCC 3.22461 T

Pleosporales

Hysteriales

Gloniales

Mytilinidiales

Holmiellales

Homortomycetales

Botryosphaeriales

Valsariales

Patellariales

Minutisphaerales

Eremithallales

Dyfrolomycetales

Stigmatodiscales

Dothideomycetes

RAXML tree with a final likelihood value 0f352873.165373 is presented. The matrix had 3780
distinct alignment patterns, with 50.45% of undetermined characters or gaps. Estimated base
frequendes were as follows: A = 0.255578, C = 0.235929, G = 0.279159, T = 0.229334; substitution
rates: AC = 1.297314, AG = 3.050069, AT = 1.083, CG = 1.153621, CT = 6.282873, GT = 1.0;

i bution shape parameter U

gamma
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(ML) equal to or greater than 60% are labelled ateachnode.fey e st rains are i ngc
the orders which have doubtful phylogenetic positions are indicated in purple font. The tree is rooted
to BasidiomycotandChytridiomycota.

75 Leptodiscella africana CBs 400.65 T
o Arxiella terrestris SGSF 957 Muyocopronales
Paramycoleptodiscus albizzioe cpc 27552 T
Muyocopron heveae MFLUCC 17-0066 T
97— Gonatophragmium mori Lws
Acrospermum maxonii voucher 3112
Acrospermum gramineum m1s2
Pseudoacrospermum goniomae CPC 37030 T
Strigula subtilissimoides HMAS-L0139255 T
Strigula acuticonidiarum HMASL 0138045 T Strigulales
Tenuitholiascus porinoides HMASL 0139638 T
1001 Helicohyalinum aquaticum MFLUCC 16-1131 T
Helicodochium aquaticum MFLUCC 17-2016 T
Dematiohelicomyces helicosporus MFLUCC 16-0213 T
95 Dematiohelicosporum guttulatum mFLUCC 17-2011 T Tubeufiales
Helicomyces roseus AFTOL-ID 1613
Kamalomyces mangrovei MFLUCC 17-0407 T
100 Kirschsteiniothelia aquatica MFLUCC 161685 T
100 Kirschsteiniothelia phoenicis MFLUCC 180216 T
14%|_—Kirschsfeinjofheffo cangshanensis MFLU 230358 T
Kirschsteiniothelia septemseptatum MFLU 210126 T
100— Ascominuta limonensis AF28é-1a T
- 100 Ascominufc ofec.orospora AF236-1a T Naflpusiicies
Ascominuta lighicola MFLUCC 24-0319
Ascominuta naponensis AF217-1a T
Ascominuta bellaspora PE91-1a T
x/_ Murramarangomyces corymbiae CPC 33000 T Murramarangomycetales
100 EMicrofhyn‘um propagulensis IFRD 9037 T
72 x2 Microthyrium chinense HKAs 92487 T Microthyriales
45— Pseudomicrothyrium thailandicum MFLU 14-0286 T
92 Pseudoanungitea vaccinii CBS 143164 1
63 Cylindrosympodium lauri CBS 24095 T
Lij Yunnanomyces mangrovei SN162 T
Sympoventuria eucalyptorum CPC 43332 T
100 r Zeloasperisporium eucalyptorum CBs 124809 T
Zeloasperisporium wrightiae MFLUCC 15-0225 T
X2 96[~ Zeloasperisporium searsiae CPC 25880 T
Zeloasperisporium pterocarpi MFLUCC 17-0910 T
100~ Phaeotrichum setosum CBS 151,77
%hceofﬁ'chum benjaminii CBs 541.72 T Phaeotrichales
Trichodelitschia bisporula CBS 262.69
Abrothallus subhalei JEIX-6 T Abrothallales
97 Asterina magnoliae MFLU 16-0072 T
Cirsosia mangiferae MFLU 21-0039 T
Oblongchyalospora macarangae NCYU19-0356 T
Morenoina sp. SNT302
Actinocladium aquaticum cs27-4 1
Morenoina calamicola MFLUCC 14-1162 T
100 Cladoriella paleospora CPC 34746
Cladoriella kinglakensis cpc 32730 T
Cladoriella xanthorrhoeae CBs 143398 T
Cladoriella eucalypti CPC 10953
Aureoconidiella folicola CBs 145943 T Aureoconidiellales
100 | Parmularia styracis VIC 42447 T
Parmularia styracis vic 42450
100 |Coniosporium uncinatum CBs 100212
: Coniosporium uncinatum CBS 100219 T

100 Lembosina aulographoides Ces 145946 T Lembosinales
100 Lembosina sp. VUL.é44
f&— Aulographum hederae cgs 113979 Aulographales

b6
Acrospermales

Kirschsteiniotheliales

x4

Venturiales

Ascomycota
Dothideomycetes

100
Zeloasperisporiales

Asterinales

Cladoriellales

Parmulariales

Coniosporiales

wy
Figure 11 Continued
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1

Neoheleiosa lincangensis HKAS 111911
Neoheleiosa lincangensis HKAS 111912
Neoheleiosa lincangensis HKAS 111913
Neoheleiosa lincangensis HKAS 111914 T
Acrocordia subglobosa HiL940
93 Collemopsidium cf. halodytes ma-LICH 18333
- L‘_L:Coliemopsidium cf. foveolatum MA-LICH 18341
Collemopsidium pelvetfiae MA-LICH 18370
Collemopsidium angermannicum MA-LICH 18373

100 ‘j Rhexothecium globosum cBs$55.73 T
Eremomyces bilateralis CBs781.70 T

93

99

Figure 11 Continued

Eremomyces langeronii CBs 203.78 T

100 Lichenothelia rugosa Diederich 17310
Lichenothelia rugosa Ertz 16065

100 Lineolata rhizophorae CBs 641.66
Lineolata rhizophorae CBs 118422
Jahnula dianchia Kumcc 17-0034 T
Brachiosphaera tropicalis $s2523
Jahnula aquatica Rés-1
Aliquandostipite khaoyaiensis CBs 118232 T
100 \Manglicola guatemalensis BCC20156
Manglicola guatemalensis BCc20157
Superstratomyces flavomucosus CBS 353.84
100 Superstratomyces albomucosus CBS 140270 T
Superstratomyces atroviridis CBS 140272

Superstratomyces tardicrescens FMR 13786
100 [ Cladosporium colombiae CBS 274.808 T

Cladosporium cladosporioides CBS 112388 T

10p| Toxicocladosporium irritans CBS 185.58 T

Toxicocladosporium strelitziae CBs 132535 T

Verrucocladosporium dirinae CBs 112794 T

Verrucocladosporium carpobrofi CBS 146784 T

Rachicladosporium cbholiae CBS 125424 T

Rachicladosporium americanum CBs 124774 T

100 Arthrocatena antalyensis CBs 150721

Arthrocatena antalyensis CBS 150720

Arthrocatena fenebrosa CCFEE 5413 T

1001~ Globoramichloridium indicum CBs 171.96

Dissoconium eucalypti CBS 120039 T

Zasmidium liboense Gucc 17202 T

Vermiconidia calcicola CCFEe 5770 T

Tripospermum myrti CBS 437.68

Xenoteratosphaeria jonkershoekensis CBs 122897

Teratosphaeria hortaea CBs 124156 T

99 Capnodium alfenasii CBs 146151 T

Chaetocapnodium indonesiacum CBS 202.30 T

Leptoxyphium citri CBS 451.66 T

Phaeoxyphiella australiana cBs 146169 T

Scorias aphidis CBS 325.33 T

Neoasbolisia phylicae CBS 146168 1

98 [ Racodium rupestre 1423

Racodium rupestre 1424

Racodium rupestre 1346

Comminutispora agavacearum CBS 619.95T

Phaeotheca fissurella CBs 520.89 T

Phaeotheca shathenatiana msx102094 T
9%|Neophaeotheca triangularis CBs 471.90 T

Lﬁ Neophaeotheca triangularis ExF-206

Neophaeotheca salicorniae CBS 141299 T

100

99

74

Monoblastiales

Collemopsidiales

Eremomycefales

Lichenotheliales

Lineolatales

Jahnulales

Supersfratomycetales

Cladosporiales

Arthrocatenales

Mycosphaerellales

Capnodiales

Racodiales

Comminutisporales

Phaeothecales

Neophaeothecales

Dothideomycetes
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AL A 99 Elsinoe protearum cBs 113618 T
Elsinoe euphorbiae CBs 401.63 T
Elsinoe citricola cpc 18535 T Myriangiales
Elsinoe rosarum cBs 212.3 T
Myriangium duriaei CBS 260.36
Myriangium hispanicum CBs 247.33
100 Endophytium cacti URM 8869
Endophytium cacti URM 8870 Endophytiales
Endophytium albocacti urm8s71
991 Endosporium aviarium UAMH 10531
Endosporium aviarium UAMH 10530 T Endosporiales
Endosporium populi-tremuloides UAMH 10529 T
Phaeosclera dematioides cBs 157.81 T Phaeosclerales
98— Dothiora pyrenophora CPC 30632 T
EIEDofhideo sambuci AFTOL-ID 274 T
- [%° Sydowia polyspora c8s 116.29
81 i{j Saccothecium sepincola MFLU 14-0276
3 Aureobasidium pullulans CBS 584.75T
Neocelosporium eucalypti CBS 145086 T
Zalaria obscura DAOMC250849 T

100 [ Catinella olivacea UAMH 10679 Calinallalas
Catinella olivacea HMAS 285310

87 Phaeococcomyces eucalypti CPC 17606 T
LEPhaeococcomyces mexicanus CBS 137164 T Lichenostigmatales
Phaeococcomyces rothmanniae CBS 137984 T
61 L(: Roccella fuciformis AFTOL-ID 126
} Roccellographa cretacea AFTOL-ID 93 Arthoniales
Arthonia caesia AFTOL-ID 775

130_: Clypeococcum lichenostigmoides A. Flakus 26078 T Tiypaiivalicie
x4 Polycoccum vermicularium Diederich 17545 T

98 I: Neodactylaria simaoensis YMF1.03984 T —
Neodactylaria obpyriformis FMR 14604 T
‘%L‘:Laboulbenia benjaminii DH3758a
x4 Laboulbenia pedicellata DH4173a
93 /— Rickia pachyiuli SR13s
100 )(‘4- Gloeandromyces diversiformis DH1831b T Laboulbeniales

98

71

Dothideomycetes

Dothideales

Arthoniomycetes

Ascomycota

75 81 x4 Q Stigmatomyces limnophorae DH1802d

x';— Nycteromyces streblidinus DH1324e
@L‘;Hesperomyces parexochomi DH1465¢ T

x4 Hesperomyces coccinelloides DH1428b

100 | Herpomyces spegazzinii LPS 491232 T

Herpomyces shelfordellae FH 00313669 T

Herpomyces periplanetae DH1187d

Herpomyces chaetophilus DH1097¢

Herpomyces stylopygae Bud Bori

Herpomyces leurolestis Debr Ppal

Vezdaea aestivalis PRA-Vondrak23667 Vezdaeales

95 I Pyxidiophora nyctalidis MG218A

Pyxidiophora arvernensis MG243

Pyxidiophora cf. microspora MG200  py idiophorales

Pleurocatena brevior CBs 100500 T

Pyxidiophora corallisetosa MG20sc

Pyxidiophora schoenoplecti NN047773

Candelariella reflexa AFTOL-ID 1271

Candelariella subsquamulosa Voucher 171419 T

Candelaria pacifica LD Westberg 953 T

Candelaria concolor AFToL 1706

1001~ Candelariella placodizans AFTOL-D 1367

Candelariella vitellina AFTOL-D 1816

Herpomycetales

Laboulbeniomycetes

90

76

Candelariomycetes

Candelariales

Figure 11 Continued
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A A 971 Symbiotaphrina buchneri CBS 420.63 T
23 Symbiotaphrina sanguinea CBS 406.52 T
Symbiotaphrina kochii cBs 250.77 T
Carneothele sphagnicola 11110 T Thelocarpales
] 93 - Geoglossum azoricum AMI-SPL1247 T
Geoglossum simile CORT 005220 T
Glutinoglossum proliferatum sAV F-11249 T
Hemileucoglossum kelabitense SAR Ms0684 T
Leucoglossum leucosporum SAV F-11517
Thelocarpon laureri Ladd 17881 T
90— Sarea resinae AH1164
Sarea difformis JrR6451
L Sarea resinae PDD117343
i‘ Trinosporium guianense CBS 132537 T Xylonomycetes
Xylona heveae cBs 132557 T Xylonales
Moristroma germanicum JKi-Feb0é T
Neophaeomoniella eucalypti cpc 25161 T
Celerioriella prunicola cBs 120876 T Phaeomoniellales
Phaeomoniella chlamydospora cBs 229.95 T
Aequabiliella effusa cBs 120883 T
Minutiella tardicola cBs 121757 T
76 Ceramothyrium chiangraiense MFLUCC 18-1354 T
- QE Chaetothyrium agathis MFLU 14-0749 T
Ceramothyrium fici MFLUCC 15-0228 T
Cyphellophora aestiva cBs 228.86 T
Epibryon turfosorum CBS 126587
Lithothelium immersum AA11919 T
Pyrenula aggregataspistea AA11216
Pyrgillus javanicus cG1840
Anthracothecium prasinum cG3035
Pyrenula sexlocularis RAMK17261
Lithothelium septemseptatum AFToL12
Granulopyrenis seawardii CBS109025 T
76~ Verrucaria placida orange 17212 T
Trimmatothele perquisita 1560 Verrucariales
Willeya laevigata BM CG1852 T
Placidium deosaiense LAH36819 T
Psoroglaena humidosilvae KBA-L-0002007 T
100| Arachnomyces minimus CBS 324.70
80| ' Arachnomyces minimus UAMH 7113 T
Arachnomyces jinanicus CGMCC3.15296 Arachnomycetales
Arachnomyces peruvianus CBs 112.54 T
Arachnomyces scleroticus CBs 201.92
Penicellium newtonturnerae BRIP 74909a T
Penicellium ezekielii DTO 065-D2 T Eurofiales
Aspergillus lentisci DTO426E9 T
Arthroderma flavescens CBs 473.78 T
Arthroderma chinense LC5824 T
Ctenomyces obovatus CGMCC 3.19225 T
Ctenomyces albus CGMCC 3.19232 T
— Nannizzia perplicata NCPF 5145 T
Cryptocalicium blascoi ARAN-Fungi 14723 T
Cryptocalicium blascoi Etayo 31798
100 [ Corynelia africana PREM 57242 T
ﬂE[ Corynelia fructigena PREM 57240 T
Lagenulopsis bispora PREM 57232 T
WYYy ~ Cdliciopsis valentina MA 18176 T

Xylonomycetes
Symbiotaphrinales

Geoglossomycetes

Geoglossales

Thelocarpales

93

Sareomycetes
Sareales

Chaetothyriales

Pyrenulales

94

Ascomycota

Eurotiomycetes

73

Onygenales

Cryptocaliciales

Coryneliales

Figure 17 Continued
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Figure 17 Continued

100 | Sclerococcum martynii b. Haelew. F-1567¢
Sclerococcum martynii D. Haelew. F-1577a
a9 Sclerococcum pseudobactrodesmium HKAS 128890 T
91 Rhopalophora clavispora cBs 637.73 T
Cylindroconidiis aquaticus MFLUCC 11-0294 T

Tuberculiforma sinensis CGMCC 3.25512 T

&| Tuberculiforma sinensis 7Y22.048
Tuberculiforma sinensis 7Y22.047

Brunneocarpos banksiae CPC 29841 T

Chaenothecopsis diabolica H Tuovila 06-035 T

Mycocalicium hyaloparvicellulum MFLUCC 140169 T

100 Sphinctrina turbinata AFTOLID 1721
Phaeocalicium praecedens Tuovila 09-240
Chaenothecopsis neocaledonica Rikkinen 010179 T

98

[: Turquoiseomyces eucalypti CBS 145126 T
79

Cirrosporium novae-zelandiae CBs 125236

100 [ Xylobotryum portentosum wu 33543

Xylobotryum andinum CBs 144327
Buellia alpina KUN 16-53720 T
Diplotomma alboatrum KUN 18-60034
Acolium yunnanense MFLU 19-0725 T
Violella wangii KUN Goffinet 10029 T
Gypsoplaca rosulata KUN 55251 T
Parmelia serrana MAF 9756
Leprocaulon quisquiliare AFTOLID 4989
Catillaria flexuosa p. van den Boom 58587 T
Leprocaulon beechingii NY1113 T
Leprocaulon knudsenii NY702
Lathagrium fuscovirens Tibell 23588
Pseudocyphellaria holarctica McCune et al. 24838 T
Sporastatia testudinea AFTOL 396
Sporastatia polyspora AFTOL 395
Lecidea laboriosa AFTOL 1388
Koerberiella wimmeriana J. Buschbom 25.8.2001-9
Rhizocarpon smaragdulum LYF 14 56 T
Poeltinula cerebrina Mayrhofer et al. 12838
Epilichen scabrosus O-1-164936
Rhizocarpon sp. SDNU20221918
Teloschistes flavicans Tflav103
Xanthomendoza mendozae Usesé2
Megaloblastenia marginiflexa Gaya 69
78 [~ Aspidothelium scutellicarpum MpN787
- 7i|£ Aspidothelium geminiparum MpPN535
Chromatochlamys sp. MPN786
Thelenella antarctica Lumbsch 19006a
7 Odontotrema phacidioides EB168
Coccomycetella richardsonii EB74
Platythecium grammitis AFTOL-ID 2095
Diploschistes scruposus AFTOL-ID 4813
Graphis sp. MFLU 19-0013
Sagiolechia monoseptata Tonsberg 47117
Gyalecta amsterdamensis Ertz 21404 T
Sphaeropezia leucocheila PpD 98299 T
Geisleria sychnogonioides 70627
100 Micropeltis goniothalamicola MFLUCC 20-0194 T
Micropeltis ficina NCYU19-0337
Scolecopeltidium wangtianshuiense IFRD 9302 T
Wawea fruticulosa Kantvilas
Steinera molybdoplaca Ertz 21001
Protothelenella santessonii RP206

Sclerococcales

Tuberculiformales

Mycocaliciales

Turquoiseomycetales

Xylobotryomycetes
Xylobotryales

Cadliciales

Lecanorales

Leprocaulales

Peltigerales
Sporastatiales

Lecideales

Rhizocarpales

Teloschistales

Thelenellales

Odontofrematales

Graphidales

Gyalectales

Ostropales

Micropeltidales

Baeomycetales

Eurotiomycetes

Lecanoromycetes
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97 _|Siphula ceratites AFTOL-D 849

AMA
%L Dibaeis jingdongensis HKAS 125549 T

Icmadophila ericetorum AFTOL-ID 875

Loxospora chloropolia L chioropolias
Loxospora ochrophaea AFIOL 879
Loxospora elatina L elatina26
Loxospora elatina L elatina27
Xylopsora friesii acpED467

Lasallia pustulata AFTOL554

100 | Schaereria dolodes Lendemer 19748
Schaereria dolodes 11290
Schaereria cinereorufa 11292

Trimmatothelopsis gordensis CR22826 T

Acarospora ryanii Ryan 18921 T
Acarospora fusca Schiefelbein 4446 T

Chaenotheca gracillima 1037

93

Chaenotheca biesboschii 1380

Chaenotheca gracillima 1055

Chaenotheca ftrichialis CBS 113986
95 Sclerophora peronella sc3s2

Sclerophora farinacea sc406

Ascomycota

Figure 11 Continued

100 Lemmopsis lutophila 3834
24 Lichina intermedia 3926

Lempholemma polyanthes prieto 3052

96

Heppia despreauxii HEDE1046

1001 Atractospora decumbens CBS 139032 T
Atractospora terrestris Gzcc 19-0351 T
Afractospora aquatica MFLU 182322 T
Rubellisphaeria abscondita cBs 132078 T
Conlarium muriforme GZCC 20-0442 T

Conlarium duplumascospora CGMCC 3.14938 T
Conlarium sp. DLUCC 2131

99| Bullimyces costaricensis AF317-1b
Bullimyces costaricensis AF317-1a
Bullimyces aurisporus AF316-1b
Bullimyces communis AF281-4

100 | Ceratolenta caudata CBs 125234

Ceratolenta caudata PRM 899855
Cancellidium cinereum MFLUCC 180424 T
Cancellidium applanatum cBs 337.76
Cancellidium afrobrunneum MFLUCC 200100 T
Cancellidium griseonigrum MFLUCC 172117 T
Obliquiminima hyalina MFLUCC 18-1235 T
100 | Distoseptispora suae CGMCC3.24262 T
Distoseptispora fluminicola MFLUCC 150417 T
Distoseptispora bambusae MFLUCC 200091 T
Distoseptispora xingpingensis KUNCC 2212667 T

99

100

98 Ascitendus aquaticus MR 150 T
& Annulusmagnus triseptatus MFLUCC 17-0469

Submersisphaeria aquatica A354-1C
Myrmecridium montsegurinum PRM934684 T
Myrmecridium schulzeri CBs134.68
Neomyrmecridium sorbicola CBS143433 T
Neomyrmecridium aquaticum MFLUCC150366 T
Thyridium flavostromatum KT 3891 T
Thyridium punctulatum KT 3905 T
Thyridium ripperae BRIP 74958a T
100— Sporidesmium lageniforme MFLU 18-1594 T
Sporidesmium dulongense MFLUCC 170116 T
100| Sporidesmium pyriformatum MFLUCC 15-0620 T
Sporidesmium pyriformatum MFLUCC 150627

Pertusariales

Sarrameanales

Umbilicariales

Schaereriales

Acarosporales

Lecanoromycetes

Coniocybomycetes

Coniocybales

Lichinomycetes

Lichinales

Atractosporales

Conlariales

Ceratolentales

Cancellidiales

Distoseptisporales

Annvulatascales

Myrmecridiales

Thyridiales

Sporidesmiales

Sordariomycetes

555



Ascomycota

69

b
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70

100 Rhamphoria pyriformis CBs 139024

Rhamphoria pyriformis CBS 139033
100 - Rhamphoriopsis aquimicrospora cs43-2 T
Rhamphoriopsis sympodialis Ds 2-38 T

96 Lentomitella cirrhosa ICMP 15131 E

Calyptosphaeria tenebrosa PRA-12740 T
Spadicoides bina CBs 137794
100~ Neospadicoides lignicola MFLUCC 17-2444 T
Gangliostilbe indica NFccCl 4882
Torrentispora fibrosa ICMP 15147

100 - Barbatosphaeria varioseptata cBs 137797 T

Barbatosphaeria arboricola cBs 127689 T
Barbatosphaeria hippocrepida ICMP 17630 T
Xylomelasma sordida CBs 116000 T
Ceratostomella pyrenaica cBs 117116 T
Ophiostoma bacillisporum MuCL45378 T
Ophiostoma sparsiannulatum cBs 122815 T
Sporothrix guttuliformis CBs 437.76 T
Leptographium sinoprocerum MUCL46532 T
93 [~ Phomatospora striatigera cBs 133932 T

85|~ Phomatospora viticola MFLU 161973 T

97 T Phomatospora uniseriata MFLU 171476 T
Phomatospora biseriata MFLUCC 14-0832 T
Lanspora cylindrospora NFCCI-4391 T
Tenuimurus clematidis MFLUCC14-0833 T

100 Pararamichloridium caricicola CBs 145069 T

Pararamichloridium aquisubtropicum Gzcc 21-0668 T
Pararamichloridium verrucosum css 128.86 T
Diaporthe eres CBS 138594 T
Cytospora ceratosperma AR 3426 T
Pseudoplagiostoma eucalypti CPC14161 T
Lamproconium desmazieri MFLUCC 15-0870
Cryphonectria parasitica AFTOL-ID 2123 T
Coniella koreana CBS 143.97 T
Tubakia hallii cBs 129013 T
921" Tirisporella beccariana BCC38300
Tirisporella beccariana Bcc3as3i2
Tirisporella beccariana sNT1203
100 - Jattaea bruguierae MFLUCC 15-1277 T
Jattaea mucronata MFLUCC 16-0534 T
Flabellascus tenuirostris CBS 138680 T
Togniniella acerosa CBs 113726 T
Jobellisia fraterna smH2863
Jobellisia guangdongensis HMAS 251240 T
Jobellisia luteola sMH2753
97— Togninia fraxinopennsylvanica CBs 128920
Togninia minima CBs 111015
Phaeoacremonium chinensis ZHKUCC 220149 T
Togninia vibratilis cBs 117115
80— Gaeumannomycella caricis cBs 388.81 T
8¢ | ifusisporella sorghi URM 7442 T
Slopeiomyces cylindrosporus CBS 609.75 T
Falciphoriella solaniterrestris CBs 117.83 T
Bussabanomyces longisporus CBS 125232 T

99

Magnaporthiopsis maydis CBS 662.82A T
— Pseudopyricularia kyllingae CBs 133597 T

100 Amplistroma carolinianum BEO9923 T
e Amplistroma erinaceum AH 43902 T

Acidothrix acidophila cBs 136259 T

100 [Cofoborrys deciduum MFLU 18-1072

Catabotrys deciduum MFLUCC 18-0463

Rhamphoriales

Xenospadicoidales

Barbatosphaeriales

Ophiostomatales

Phomatosporales

Pararamichloridiales

Diaporthales

Tirisporellales

Calosphaeriales

Jobellisiales

Togniniales

Magnaporthales

Amplistromatales

Catabotryales

Sordariomycetes
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A A A 891 Camaropella pugillus cBs 128346
Camarops microspora AFTOL-ID 1361
Endoxyla mallochii UAMH 11087 T
Camarops rogersii RBG7261
Apiorhynchostoma curreyi UAMH 11088 R
Pseudovalsaria ferruginea UAMH 11490
Cornipulvina ellipsoides sMH1378 T

62| Pinibarrenia chlamydospora PB23.R23 T
Pinibarrenia chlamydospora PB23.R41 Pinibarreniales
Pinibarrenia chlamydospora pe23.R32

100 Planisphaeria reniformispora czaas 20-4004 1
B} i . Planisphaeriales
Planisphaeria karsti GZAAS 20-4008 T

ﬂ{— Telimena picramniae MM-05T
3 Coccodiella toledoi Mm-165
74 47— Neopolystigma pusillum mm-113
ta—— Phyllachora graminis MM-166
Ramophialophora vesiculosa CBs 110629 T
Naviculispora terrestris CBS 137295 T
Rinaldiella pentagonospora CBs 132344 T
Sordaria tomentoalba cBs 569.72 Sordariales
Sordaria clematidis MFLU 16-2138 T
Cercophora samala cBs 307.81 T
Achaetomium aegilopis IRAN 3453C T
61 Pseudodactylaria fusiformis MFLUCC 20-0085 T
E|—l‘7F’seudodocfylorio uniseptata Y2921 Pseudodactylariales
Pseudodactylaria uniseptata MFLUCC 17-2395 T
991 Stilbochaeta aquatica MFLU 15-2691 T

Menispora ciliata CBs 122131
Tainosphaeriella thailandensis MFLUCC 18-1282 T

Boliniales

Phyllachorales

X N Chaetosphaeriales
Paragaeumannomyces garethjonesii MFLUCC 15-1012T

Chaetosphaeria innumera MR 1175
Chaetosphaeria mangrovei MCD 069 T
100| Tracylla aristata CBS 141404
Tracylla aristata cpC 25500 T Tracyllalales
Tracylla eucalypti CBS 144429
93 Irenopsis crotonicola MFLU 14-0078 T
100 Asteridiella combreticola MFLU 17-1041 T
. o < Meliolales
x4 Meliola citri-maximae MFLU 14-0288 T
Meliola tamarindi MFLU 14-0080
100 Cephalotheca sulfurea cBs 135.34
3 |bs Cephalotheca foveolata UAMH11631
H Albertiniella polyporicola cBs 457.88 Cephalothecales
Cryptendoxyla hypophloia cBs 508.70 T
100| Coniochaeta coluteae MFLUCC 17-2299 T
Coniochaeta caraganae MFLUCC 18-0780 T
Barrina polyspora AWR9560A Coniochaetales
Coniochaeta arenariae MFLUCC 18-0409 T
Coniochaeta aurantiaca CGMCC 3.22339 T
100 Tubulicolla cylindrospora MUCL 39171
Vermiculariopsiella acaciae CBs 110672
100 Brocchiosphaera bulbiformis NBRC 109748 T
Achroceratosphaeria potamia CBs 125414 T Piserisporiales
Pisorisporium cymbiforme PRM 924377 T
90— Parasympodiella elongata cBs 522.93 T
Parasympodiella lauri cgs 138108 T
Parasympodiella hyphenata cBs 583.82 T
x4 [T Parasympodiella cryptomeriae HKAS 131274 T
Parasympodiella cryptomeriae HUEST 23.0250
% /4= Nitschkia meniscoidea sMH1523 T

/—2 Fracchiaea myricoides IFRD 9201 T
X

Ascomycota
Sordariomycetes

Vermiculariopsiellales

100

Coronophorales

Bertia ngongensis ckmi239 T

Figure 17 Continued
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951~ Falcocladium thailandicum cBs 121717 T

100

Falcocladium africanum CBS 145045 T
Falcocladium heteropyxidicola CBs 146974 T
Falcocladium sphaeropedunculatum cBs 111294 T
Falcocladium eucalypti cpc 38019 T
Falcocladium multivesiculatum CBs 120386
Marinokulati chaetosa BCRC FU30271
Khaleijomyces marinus CBS H-22564 T
Juncigena adarca JK5548A
Fulvocentrum aegyptiacum cy2973 T
Elbamycella rosea Mut5443 T
Xenodactylaria thailandica cBs145074 T

97|

67 Ophiocordyceps ovatospora YHH 2206001 T
Paraisaria pseudoheteropoda 0sc-M-052022 T

Pleurocordyceps aurantiaca mrucc 1721131

IOOE Metarhizium ellipsoideum BCC49285 T

Metarhizium megapomponiae BCC25100 T

XT Ophiocordyceps aphrophoridarum MFLU 200641 T

Cordyceps amoene-rosea CBs 107.73 T
Flavocillium bifurcatum YFCc 6101 T

100~ Cephalotrichum brunneisporum Gucc 18602 T
100 Cephalotrichum brevistipitatum cBs 157.57 T
100 Acaulium acremonium CBs 290.38 T
10 Microascus brunneosporus CBs 138276 T
89

Microascus ampulliformis Gucc 18631 T

100 [~ Triadelphia heterospora cBs 222.83 T

77

100

Figure 11 Continued

Chiodectonaceawas established on account of the aggregation of the ascomata in the stroma
( 6 1 Chigdécjonaceaad/ant agt@anomoys Tatnil/ 9 )

(Zahl bruckner

value. The familyCelidiaceaewas considered as being part of tAghoniaceaebecause the
distinction with theArthoniaceaavas based on the biology of its species, i.e-liatrenized versus

lichenized (Nannfeldt 1932).

100

1

8

00
X2

1905
already in 1929 since the aggregation of the ascomata is not a character of such a high taxonomic

Triadelphia mukdahanensis MFLUCC 23-0049 T
Synnematotriadelphia stilboidea cBs 221.85 T

alaysiasca phaii CBS 141321 T
Colletotrichum lineola CBs 125337 T
Monilochaetes infuscans CBS 869.96 T
Cylindrotrichum submersum MFLU 18-2320 T
Ascocodinaea stereicola GJs9s-184

76 Canalisporium pallidum ss 00498 T
Savoryella lignicola NF 00204
Aquabispora sefosa GICC 200492 T
Dematiosporium aquaticum CBS 144793
_:hcfrodesmium abruptum CBS 144404
Ascotaiwania lignicola NiL 00005
86 Pleurotheciella rivularia cBs 125238 T
2 Adelosphaeria catenata cBs 138679 T
Pleurothecium recurvatum cas 138747
b Saprodesmium dematiosporum Kumcc 18-0059 T
Melanotrigonum ovale CBS 138743 T
100 [~ Conioscypha yunnanensis KUNCC 2313319 T
Conioscypha tenebrosa MFLU 190688 T
Conioscypha verrucosa Mrucc 18-0419 T
Conioscypha nakagirii BCC77658 T
1001~ Parafuscosporella garethii BBH 40839 T
Parafuscosporella moniliformis mruce 1506261

100

1001~ Fuscosporella pyriformis mMrucc 160570 T

100 Fuscosporella guizhouensis CGMCC 3.20884 T
Mucispora aquatica CGMCC 3.20882 T

Plagiascoma frondosum CBs 139031 T

Falcocladiales

Torpedosporales

Xenodactylariales

Hypocreales

Microascales

Glomerellales

Savoryellales

Pleurotheciales

Conioscyphales

Fuscosporellales

Sordariomycetes
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Figure 11 Continued

A 'oﬁE:',’J Spathulospora adelpha J. 5599
x8 X';— Spathulospora adelpha Jx. 3530
sz— Kohlmeyeriella crassa NBRC 32133
XT Matsusporium fropicale NBRC32499
Hydea pygmea NBRC33069
Lulworthia lignoarenaria AFTOL-ID 5013
Lulworthia fundyensis AW2347 T
99— Koralionastes ellipticus Jk5771
Mrolioncsfes ellipticus Jk5769
Pontogeneia microdictyi JK5748 T

92 Xylaria hypoxylon CBS122620 T
Rosellinia corticium MUCL 51693
Biscogniauxia mangiferae MrLU 18-0827 T
Graphostroma platystoma cgs 270.87 T
Requienella fraxini CBS 140475 T
Requienella seminuda CBs 140502 T
Phlogicylindrium eucalyptorum cBs111689 T
Bartdlinia robillardoides cgs 122705 T
Beltfraniella endiandrae CBs 137976 T
Amphisphaeria umbrina AFTOL-ID 1229
1001 Furfurella luteostiolata cBs 143620 T
Furfurella stromatica CBS 144409 T
Delonicicola siamense MFLUCC 150670 T
Leptosillia cordylines MFLU 20-0056 T

x2

98 Lauriomyces basifruncatus BCC 33398
100 Lauriomyces cylindricus SFC 01649

Lauriomyces ellipticus SFC 00424

Umbellidion radulans cCLAMIC 3520

Umbellidion radulans CCLAMIC 0520
100 Tl

Umbellidion radulans cCLAMIC 0820

Umbellidion radulans ccLAMIC 9019
96 Thelebolus globosus CBs 113940
Leuconeurospora pulcherrima CBs 343.76 T
Pseudeurotium zonatum CBS 329.36 T
Geomyces auratus CBS 108.14T
Potebniamyces pyri AFTOL-ID 744
Phacidium lacerum cBs 130.30
Bulgaria inquinans cBs 118.31

96 Micraspis acicola DAOM 252164
10 Micraspis acicola DAOM 252165

Micraspis acicola DAOMC 251614

|: Asperopilum juncicola PbD 99993

Urceolella crispula cBs 608.77
Leptodontidium elatius CBS 329.53 IST

100 Leotia lubrica AFTOL ID-1
90 : :
Microglossum olivaceum 1u 101778

Lichinodium sirosiphoideum Fé1611 s

Medeolaria farlowii FH 07-637
Sphaerographium nyssicola CBS 128284 T
Pilidium acerinum CBS 736.68 IST
Synchaetomella acerina DAOM 242271 T
Chaetomella oblonga BpI 843552
Xeropilidium dennisii TFC 201986 T
Propolis farinosus ICMP 17354
Cyclaneusma minus CBs 496.73 T
Lophodermium arundinaceum Lantz 323 T
Rhytisma acerinum Hou 1198
Coccomyces australis Hou 656
Triblidium caliciiforme FH-18080101 T
Cudonia circinans Lantz 402 T

Spathulosporales

Lulworthiales

Koralionastetales

Xylariales

Amphisphaeriales

Delonicicolales

Lauriomycetales

Umbellidiales

Thelebolales

Phacidiales

Micraspidales

Helotiales

Leotiales

Medeolariales

Chaetomellales

Marthamycetales

Rhytismatales

Sordariomycetes

Leotiomycetes
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A A Arthrobotrys botfryosporus CBs 321.83 T orbil .
I rbiliomycetes
Orbilia jesu-laurae FH Quilada LQH-59¢ T - y
e e Orbiliales
Orbilia sarraziniana CBS 116219 T
99| Peziza montirivicola m 0274465 T .
= X 2 D_ CoC 2 Pezizomycetes
Peziza vesiculosa Jv 95-652 .
) i Pezizales
Peziza ligni CPC 39110 T
100 Metschnikowia gr i NRRL Y-17809 T
—H'—i it 2 .CI g l.JeSS i = Serinales
X2 Metschnikowia australis NRRL Y-17414 T
" Peterozyma toletana CBS 2504 T 4
. L
Nakazawaea holstii CBs 4140 T Alaninales g
. >
Pachysolen tannophilus CBS 4044 T £
. . . . o
100 Pichia membranifaciens css 107 T =
. . B
Saturnispora dispora cgs 794 T hicl a
. Pichiales
99 C Komagatella pastoris CBs 704 T
N Ogataea minuta CBs 1708 T
i Ascoidea asiatica NRRL Y-174632 T Ascoideales
75 | 100 Saccharomycodes ludwigii CBS 821 T 8
100 — Barnettozyma xylosica NBRC 111558 T Phaffomycetales g
Cyberlindnera xishuangbannaensis NYNU 16752 T E
N o
o 1 81" Sporopachydermia cereana NRRL Y-7798 T £
. o2
-6 190 Sporopachydermia lactatfivora NRRL Y-11591 T Sporopachydermiales §
0 Sporopachydermia quercuum CBS 8070 T
> 91 IiAHooscofdeo hylecoeti NRRL Y-17634 Alloascoideomycetes
S — 5] Alloascoidea africana NRRL Y-6762 T Alloascoideales
100 - -
8 p I_i Dipodascus geniculatus NRRL Y-17628 T Dipodascomycetes
(2] o x2 Dipodascus albidus CBs 766.85T Dipodascales
< 100 Babjevia hyphasca NBRC 112965 T
100 . - i Lipomycefes
Babjevia hyphoforaminiformans NBRC 111233 T Lipomycelales
Lipomyces tetrasporus UCDFST 78-28
o 0 alail Trigonopsidomycetes
Trigonopsis variabilis CBS 1040 T Trigonopsidates
99 Neolecta vitellina osc 119159
97 e
- Neolecta vitellina MCVE 28969 Neolecfomycetes
Neolecta vitellina mcve 28701 T Neolectates
100 67 — Neolecta irregularis AFTOL-ID 1343
100 Taphrina populina CBS 337.55 T .
100 _ Taphrinomycetes
Taphrina deformans cBs 356.35 T Taphrinales
Profomyces inouyei |1Am 14512 T
100 — Archaeorhizomyces finlayi CBs 128710 T Archaeorhizomycetes
Archaeorhizomyces borealis CBS 138755 T Archaeorhizomycetales
92 [ Pneumocystis murina ATCC PRA-111 T Pneumocysfomyceles
Pneumocystis canis au Pneumocystales
100 Schizosaccharomyces cryophilus CBS 11777 T
100 .
- Schizosaccharomyces ocfosporus CBs 371 T Schizosaccharomycetes
0 Schizosaccharomyces pombe NRRL Y-12796 T Schizosoccharomycetalgs
_ ~ Schizosaccharomyces japonicus CBS 354 T
. Novak fi
Novakomyces olei NCAIM Y.02187 Novakomyoetales
Cyptotrama asprata zrL2015093
Marasmius oreades ZrL2015086
- Lepiota cristata zrRL20151133
Coniophora arida FpP 104367 Basidiomycota
ool [l ——lLactifluus deceptivus PBm2462
Exobasidium rhododendri CBs 101457
Sterigmatomyces hyphaenes cgs 7811
s Synchyfrium macrosporum AFTOL-ID 635
. Batrachochytrium dendrobatidis JEL1$7 T
Cladochytrium replicatum AFToLID 27 Chytridiomycota
Polychytrium aggregatum JEL109 T
0.3

Figure 11 Continued

The familyCryptotheciaceawas established ymith (1926) for the gener@ryptotheciaand
Stirtonia having the asci loosely scattered in the thallus or in distinct + white thallus patches of
hydrophobic plectenchymaArthoniaceaediffers from Cryptotheciaceaeby asci more densely
aggregated into black or variously colored ascomata with paraphysoids. Santesson (1945, 1952), one
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of the first workers to arrange lichens with reference to the fungus system, suggested uniting the
Cryptotheciaceavith the Arthoniaceadbecause several species of both families have intermediate
ascomata as showed by Groenhart (1938).

The family Roccellaceadirst included only fruticose lichens. Santesson (1949) suggested
including Dirinaceaewithin Roccellaceagthe two families differing only by the thallus type being
crustose in the former and fruticose in the lattater, several crustose genera have been transferred
to RoccellaceagTehler 1990, 1993, Hawksworth et al. 1995, Grube 1998). According to Poelt
(1973) theLecanactidaceashould not be segregated from tBpegraphaceaea family including
species with a crustose, ecorticate thallus and lecideine asc&uetallaceasensulehler (1990,

1993) included species with a crustose or fruticose, usually corticated thallus and ascomata with a
well-developed thalline margin. Hawksworth et al. (1995) and Grube8j189panded the
Roccellacea¢o include theDpegraphaceaand other genera, such @siodecton Schismatomma
andSyncesiaconsidered of uncertain family affiliation by Tehler (1993). During the last decade, the
Arthoniales was thus only divided into three familiegrthoniaceae Chrysotrichaceaeand
Roccellaceagbut phylogenetic studies highlighted a more complex situation, with two more families
recognized,Andreiomycetaceaand Lecanographaceaeand several main lineages of uncertain
family affiliation (Ertz & Tehler 2011Hodkinson & Lendemer 2018risch et al. 2014)

General description

Sexual morph: Ascolocular, multiscal ascomata, hypothecium tissue distinct and usually dark
brown or carbonaceous, paraphysoids present, branched, often anastomosing, asci bitunicate with
apical pore apparatus with hemiamyloid layer in endotunica, as@ssstrictly transseptate,
photobiont frequently filamentous, green algae, commonly trentepohlioid, rarely chlorococcoid.
Mainly lichenforming fungi. Asexual morphs normally propagate with soredia, rarely isidia. Conidia
are probably also important fosexual dispersion (e.g., Tehler 1988).

ArthoniaceaeRchb. (Reichenbach 1841: 13)hallus crustose, usually thin without cortex,
photobiont trentepohlioid, rarely chlorococcoidscomatacircular in outline although often
irregularly-shaped, rarely lirelliform, asci usually globose to clavate with a strongly thickened apical
wall, mostly on bark and often endophloeodal, i.e. growing inside the host cortex. The family
affiliation of severadgenera (e.g.Bryostigma Diarthonis) remains uncertain, because they form
distinct main lineages with spes of Arthoniasensu lato

Chrysotrichaceaezahlbr. (Zahlbruckner 19054 9 Q:71&7). Thallus crustose, leprose to
byssoid (cottodike) bright yellow, ascomata immersed and eventually becoming embedded in
thallus, asci clavate, mostly on bark.

Lecanographaceagrtz, Tehler, G. Thor & Frisch (in Frisch et al. 2014: 74®Wglluscrustose,
ecorticate, rarely corticate and placodioid, photobiont trentepohlioid, rarely chlorocdtsmamata
lirelliform to rounded, thalline margin absent, hymenial disc often exposed, often pruinose,
excipulum conspicuous, dark browAscicylindrical to clavateSporeshyaline, fusiform, septate,
with gelatinous sheath.

Opegraphacea$tizenb. (Stizenberger 1862halluscrustose to fruticose, rarely with cortex,
ascomata lecideine, rarely with thalline margin, asci clavate, on bark or rocks.

RoccellaceaeChevall. (Chevallier 1826)Thallus crustose to fruticose, usually with cortex,
ascomata usually with a wealkeveloped thalline margin, asci clavate, on bark or rocks. The members
of this family are mostly restricted to the dry coastlines, mostly in climates of the Mediterranean type.

Roccellographacea&rtz & Tehler (Ertz & Tehler 2011)Thallus crustose to suffruticose,
ascomata immersed lirelliform or dendroid,-tlké dispersed in radiating lines, hypothecium hyaline
to pale brownish, ascospores hyaline or brokig.(2.
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Figure 2 1 Diversity of Arthoniales a Arthonia radiata(Ertz 10094). b Ascospores éfthonia
cinnabarina(Ertz 8783). d_ecanographa dialeucgertz 10569). dRoccellographa cretace@ehler
9381). eFulvophyton rostratun{van den Boon25114). f Cross section through an ascasha
Fulvophyton rostratum(van den Boom 25114). Bictyographa arabica(Ertz 11537). hCross
section through an ascomaittyographa arabicgErtz 11537). Pentagenella fragillimgTehler
8381). jParaingaderia placodioideéTehler 9344). KParalecanographa grumulog&rtz 13565). |
Dirina ceratoniae(Tehler 9047). nRoccella tinctoria(Tehler 8309). rLecanactis borbonicéErtz
4780). oCross section through an apotheciumlLetanactis borbonicg4780), p Chrysohrix
candelaris(Ertz 2651). gSyncesia myrticol@Ertz 10555). r Ascospore &yncesia myrticoléErtz
10555). sDendrographa decolorangholotype of Schismatomma hafellngrit Plectocarpon
serusiauxii(Ertz 4609).Scale bars: a =50, b,r=1km, c,p,q,s,t=2mm,d=2cm, e, g, |, k,
n=1mm,|=5mm,f, h,o=100m, i, m = 1lcm.

Families included in Arthoniales
Andreiomycetaceal®.P. Hodk. & Lendemer
ArthoniaceaeReichenb. ex Reichenb.
Chrysotrichacea&abhlbr.

Lecanographaceakrtz, Tehler, G. Thor & Frisch
Opegraphacea&orb. ex Stizenb.
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