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Abstract 

Ascomycota, the most speciose phylum of fungi, is a complex entity, comprising three diverse 

subphyla: Pezizomycotina, Saccharomycotina, and Taphrinomycotina. The largest and most diverse 

subphylum, Pezizomycotina, is a rich tapestry of 16 classes and 171 orders. Saccharomycotina, the 

second largest subphylum, is a diverse collection of seven classes and 12 orders, while 

Taphrinomycotina, the smallest, is a unique assembly of six classes and six orders. Over the past 

decade, numerous taxonomic studies have focused on the generic, family, and class classifications of 

Ascomycota. These efforts, well-documented across various databases, are crucial for a 

comprehensive understanding of the classification. However, the study of taxonomy at the ordinal 

level, a crucial 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 Pezizomycotina and Taphrinomycotina. The recent taxonomic classification of 

Saccharomycotina has 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 identification characteristics, evolutionary relationships, ecological and economic 

roles, future recommendations, and updated family-level classification. Teaching diagrams for the 

life cycles of several orders, viz. Asterinales, Helotiales, Hypocreales, Laboulbeniales, Meliolales, 

Mycosphaerellales, Ophiostomatales, Pezizales, Pleosporales, Phyllachorales, Rhytismatales, 

Sordariales, Venturiales, Xylariales (Pezizomycotina) and Pneumocystidales, 

Schizosaccharomycetales and Taphrinales (Taphrinomycotina) are provided. Each diagram is 
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explained with a representative genus/genera of their sexual and asexual cycles of each order. Within 

Pezizomycotina, Dothideomycetes contains the highest number of orders, with 57, followed by 

Sordariomycetes (52 orders), Lecanoromycetes (21 orders), Eurotiomycetes and Leotiomycetes (12 

orders each), Laboulbeniomycetes (3 orders), and Arthoniomycetes and Xylonomycetes (2 orders 

each). Candelariomycetes, Coniocybomycetes, Geoglossomycetes, Lichinomycetes, Orbiliomycetes, 

Pezizomycetes, Sareomycetes, and Xylobotryomycetes each contain a single order, while 

Thelocarpales and Vezdaeales are treated as incertae sedis within Pezizomycotina. Notably, the 

classes Candelariomycetes, Coniocybomycetes, Geoglossomycetes, Sareomycetes, and 

Xylonomycetes, all recently grouped under Lichinomycetes, are treated as separate classes based on 

phylogenetic analysis and current literature. Within Lecanoromycetes, the synonymization of 

Sporastatiales with Rhizocarpales and Sarrameanales with Schaereriales is not supported in the 

phylogenetic analysis. These orders are retained separately, and the justifications are provided under 

each section as well as in the discussion. Within Leotiomycetes, the order Medeolariales, which was 

once considered part of Helotiales, is treated as a distinct order based on phylogenetic evidence. The 

classification of Medeolariales may change as more data becomes available from different gene 

regions. Lahmiales (Leotiomycetes) is not included in the phylogenetic analysis due to a lack of 

molecular data. Sareomycetes and Xylonomycetes are treated as separate classes. Spathulospora 

mixed with Lulworthiales and the inclusion of Spathulosporales within Lulworthiomycetidae is 

supported and extant molecular sampling is important to resolve the phylogenetic boundaries of 

members of this subclass. The majority of the classes of Pezizomycotina and Taphrinomycotina 

formed monophyletic clades in the phylogenetic analysis conducted based on SSU, LSU, 5.8S, TEF 

and RPB2 sequence data. However, Arthoniomycetes nested with the basal lineage of 

Dothideomycetes and formed a monophyletic clade also known as the superclass, Dothideomyceta. 

In Taphrinomycotina, a single order is accepted within each class.  
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Jahnulales K.L. Pang, Abdel-Wahab, El-Shar., E.B.G. Jones & Sivichai ï Contributed by Mark S. 

Calabon 

Kirschsteiniotheliales Hern.-Restr. R.F. Casta~neda, Gene & Crous ï Contributed by Zin H. Htet & 

Yee M. Htet 

Lembosinales Crous ï Contributed by Junfu Li 

Lineolatales Crous, Spatafora, Haridas & I.V. Grig. ï Contributed by Junfu Li 

Lichenotheliales K. Knudsen, Muggia & K.D. Hyde ï Contributed by Vinodhini Thiyagaraja 

Microthyriales G. Arnaud. ï Contributed by Diana S. Marasinghe 

Minutisphaerales Raja, Oberlies, Shearer & A.N. Mill. ï Contributed by Elaheh Seifollahi  

Monoblastiales Lücking, M.P. Nelsen & K.D. Hyde ï Contributed by Vinodhini Thiyagaraja 

Murramarangomycetales Crous. ï Contributed by Naruemon Huanraluek  

Muyocopronales Mapook, Boonmee & K.D. Hyde ï Contributed by Ashani D. Madagammana 

Mycosphaerellales P.F. Cannon, In: Kirk et al. ï Contributed by Pedro W. Crous, Johannes Z. 

Groenewald, Jafar Abdollahzadeh & Uwe Braun 

Myriangiales Starbäck ï Contributed by Asha J. Dissanayake 

Mytilinidiales E.W.A. Boehm, C.L. Schoch & Spatafora ï Contributed by Tania Raymundo, Ricardo 

Valenzuela & Michelle Martínez Pineda 

Natipusillales Raja, Shearer, A.N. Mill. & K.D. Hyde ï Contributed by Mark S. Calabon & Lilcah 

Angelique D. Opiña 

Neodactylariales H. Zheng & Z.F. Yu ï Contributed by Vinodhini Thiyagaraja 

Neophaeothecales Abdollahz. & Crous ï Contributed by Elaheh Seifollahi  

Oncopodiellales Y.R. Sun, Yong Wang bis & K.D. Hyde ï Please refer Sun et al. 2025 

Parmulariales D.Q. Dai & K.D. Hyde ï Contributed by Dong-Qin Dai 

Patellariales D. Hawksw. & O.E. Erikss. ï Contributed by Vinodhini Thiyagaraja  

Phaeosclerales G.G. Barreto, Souza-Motta, G.A. Silva, J.Z. Groenew., Crous & J.D.P. Bezerra ï 

Contributed by Vinodhini Thiyagaraja  

Phaeothecales Abdollahz. & Crous ï Contributed by Jafar Abdollahzadeh 

Phaeotrichales Ariyaw. Jian K. Liu & K.D. Hyde ï Contributed by Vinodhini Thiyagaraja 

Pleosporales Luttrell ex M.E. Barr ï Contributed by Dhanushka N. Wanasinghe & Meike 

Piepenbring 

Racodiales Abdollahz. & Crous ï Contributed by Jafar Abdollahzadeh 
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Stigmatodiscales Voglmayr & Jaklitsch ï Contributed by Jian-Kui Liu 

Strigulales Lücking, M.P. Nelsen & K.D. Hyde ï Contributed by Shu-Hua Jiang 

Superstratomycetales van Nieuwenh., MiŃdl., Houbraken, Adan, Lutzoni & Samson ï Contributed 

by Naruemon Huanraluek & Vinodhini Thiyagaraja 

Trypetheliales Lücking, Aptroot & Sipman ï Contributed by Vinodhini Thiyagaraja 

Tubeufiales Boonmee & K.D. Hyde ï Contributed by Yong-Zhong Lu, Jian Ma & Saranyaphat 

Boonmee 

Valsariales Jaklitsch, K.D. Hyde & Voglmayr ï Contributed by Dong-Qin Dai 

Venturiales Y. Zhang ter, C.L. Schoch & K.D. Hyde ï Contributed by Darbhe J. Bhat & Danushka 

S. Tennakoon 

Zeloasperisporiales Hongsanan & K.D. Hyde ï Contributed by Sinang Hongsanan & Diana S. 

Marasinghe 

  

Class Eurotiomycetes Tehler ex O.E. Eriksson & K. Winka  

Arachnomycetales Gibas, Sigler & Currah ï Contributed by Vinodhini Thiyagaraja 

Chaetothyriales M.E. Barr ï Contributed by Yu Quan, Sybren de Hoog & Wu Dong 

Coryneliales Seaver & Chardon ï Contributed by Andrei Tsurykau & Vinodhini Thiyagaraja 

Cryptocaliciales M. Prieto, Etayo & Olariaga ï Contributed by Vinodhini Thiyagaraja 

Eurotiales G.W. Martin ex Benny & Kimbr. ï Contributed by Ajay Kumar Gautam, Shubhi Avasthi 

& Rajnish Kumar Verma 

Mycocaliciales Tibell & Wedin ï Contributed by Nuwan D. Kularathnage 

Onygenales Cif. ex Benny & Kimbr. ï Contributed by Zhi-Yuan Zhang 

Phaeomoniellales K.H. Chen, A.E. Arnold, Gueidan & Lutzoni ï Contributed by Ko-Hsuan Chen 

Pyrenulales Fink ex D. Hawksw. & O.E. Erikss. ï Contributed by André Aptroot 

Sclerococcales Réblová, Unter. & W. Gams ï Contributed by Ibai Olariaga 

Tuberculiformales Zhi Yuan Zhang & Y.F. Han ï Contributed by Vinodhini Thiyagaraja 

Verrucariales Mattick ex D. Hawksw. & O.E. Erikss. ï Contributed by Laura Selbmann & Claudia 

Coleine 

 

Class Geoglossomycetes Zheng Wang, C.L. Schoch & Spatafora 

Geoglossales Zheng Wang, C.L. Schoch & Spatafora ï Contributed by Disha Dasgupta, Aouali 

Souhila, Eleni Martzoukou, Jorge Luiz Fortuna, Krishnendu Acharya & Nilanjan Chakraborty  

 

Class Laboulbeniomycetes Engler  

Laboulbeniales Lindau ï Contributed by Michiel D. de Groot, Aimée Blondelle, Jonathan 

Cazabonne, Michağ Gorczak & Danny Haelewaters 

Herpomycetales Haelew. & Pfister ï Contributed by Michiel D. de Groot, Aimée Blondelle, Jonathan 

Cazabonne, Michağ Gorczak & Danny Haelewaters 

Pyxidiophorales P.F. Cannon ï Contributed by Michiel D. de Groot, Aimée Blondelle, Jonathan 

Cazabonne, Michağ Gorczak & Danny Haelewaters 

 

Class Lecanoromycetes O.E. Erikss. & Winka  

Acarosporales V. Reeb, Lutzoni & Cl. Roux ï Contributed by Vinodhini Thiyagaraja & R.G. Udeni 

Jayalal  

Baeomycetales Lumbsch, Huhndorf & Lutzoni ï Contributed by Vinodhini Thiyagaraja 

Caliciales Bessey ï Contributed by Vinodhini Thiyagaraja & Xin Yu Wang 

Graphidales Bessey ï Contributed by Vinodhini Thiyagaraja & R.G. Udeni Jayalal  

Gyalectales Henssen ex D. Hawksw. & O.E. Erikss. ï Contributed by Vinodhini Thiyagaraja & R.G. 

Udeni Jayalal  

Lecanorales Nannf. ï Contributed by Vinodhini Thiyagaraja & R.G. Udeni Jayalal  

Lecideales Vain. ï Contributed by Vinodhini Thiyagaraja & R.G. Udeni Jayalal  
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Leprocaulales Lendemer & B.P. Hodk. ï Contributed by Vinodhini Thiyagaraja & R.G. Udeni 

Jayalal 

Micropeltidales X.Y. Zeng, H.X. Wu & K.D. Hyde ï Contributed by Hai-Xia Wu 

Odontotrematales Lücking ï Contributed by Vinodhini Thiyagaraja  

Ostropales Nannf. ï Contributed by Vinodhini Thiyagaraja  

Peltigerales W. Watson ï Contributed by Vinodhini Thiyagaraja & R.G. Udeni Jayalal  

Pertusariales M. Choisy ex D. Hawksw. & O.E. Erikss. ï Contributed by Vinodhini Thiyagaraja & 

R.G. Udeni Jayalal  

Rhizocarpales MiŃdl. et al. ï Contributed by Vinodhini Thiyagaraja, Worthy R. Fiona & R.G. Udeni 

Jayalal 

Sarrameanales B.P. Hodk. & Lendemer ï Contributed by Vinodhini Thiyagaraja & R.G. Udeni 

Jayalal 

Schaereriales Lumbsch & Leavitt ï Contributed by Gerhard Rambold 

Sporastatiales Lumbsch & Leavitt ï Contributed by Evgeny A. Davydov 

Teloschistales D. Hawksw. & O.E. Erikss. ï Contributed by Vinodhini Thiyagaraja, Xin Yu Wang 

& R.G. Udeni Jayalal 

Thelenellales Lumbsch & Leavitt ï Contributed by Vinodhini Thiyagaraja & R.G. Udeni Jayalal  

Turquoiseomycetales Crous ï Contributed by Vinodhini Thiyagaraja 

Umbilicariales J.C. Wei & Q.M. Zhou, in Zhou & Wei ï Contributed by Evgeny A. Davydov 

 

Class Leotiomycetes O.E. Erikss. & Winka  

Chaetomellales Crous & Denman ï Contributed by Thiago Kossmann & Alisha C. Quandt 

Helotiales Nannf. ex Korf & Lizon ï Contributed by Peter Johnston 

Lahmiales O. Eriksson ï Contributed by Anis S. Lestari & K. W. Thilini Chethana 

Lauriomycetales Hern.-Restr. R.F. Castañeda & Guarro ï Contributed by Hongli Su & K. W. Thilini 

Chethana 

Leotiales Korf & LizoŔ ï Contributed by Vinodhini Thiyagaraja  

Marthamycetales P.R. Johnst. & Baral ï Contributed by Cuijinyi Li & K. W. Thilini Chethana 

Medeolariales Korf ï Contributed by Hongli Su & K. W. Thilini Chethana 

Micraspidales Quijada & Tanney ï Contributed by Anis S. Lestari & K. W. Thilini Chethana  

Phacidiales Bessey ï Contributed by Vinodhini Thiyagaraja 

Rhytismatales M.E. Barr ex Minter ï Contributed by Cheng-Lin Hou & Meike Piepenbring 

Thelebolales Haeckel ï Contributed by Yanfeng Han 

Umbellidiales G.G. Barreto & Gusmão ï Contributed by Vinodhini Thiyagaraja 

 

Class Lichinomycetes V. Reeb, Lutzoni & Cl. Roux  

Lichinales Henssen & Büdel ï Contributed by Matthias Schultz & Maria Prieto 

 

Class Orbiliomycetes O.E. Erikss. & Baral  

Orbiliales Baral, O.E.Erikss. G.Marson & E.Weber ï Contributed by Wei Deng & Xingzhong Liu 

  

Class Pezizomycetes O.E. Erikss. & Winka 

Pezizales J. Schröt. ï Contributed by Vinodhini Thiyagaraja 

 

Class Sareomycetes Beimforde, A.R. Schmidt, Rikkinen & J.K. Mitch. 

Sareales Beimforde, A.R. Schmidt, Rikkinen & J.K. Mitch. ï Contributed by Vinodhini Thiyagaraja 

 

Class Sordariomycetes O.E. Erikss. & Winka  

Amphisphaeriales D. Hawksw. & O.E. Erikss. ï Contributed by Rekhani H. Perera 

Amplistromatales M.J. D'souza, Maharachch. & K.D. Hyde ï Contributed by Vinodhini Thiyagaraja 

& Ratchadawan Cheewangkoon 

Annulatascales M.J. D'souza, Maharachch. & K.D. Hyde ï Contributed by Wei Dong 
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Atractosporales H. Zhang, K.D. Hyde & Maharachch. ï Contributed by Ya-Ru Sun, Yong Wang & 

Ruvishika S. Jayawardena 

Barbatosphaeriales K.D. Hyde & Hongsanan ï Contributed by Vinodhini Thiyagaraja 

Boliniales P.F. Cannon ï Contributed by Sahar Absalan & Ruvishika S. Jayawardena 

Calosphaeriales M.E. Barr ï Contributed by Vinodhini Thiyagaraja & Ratchadawan Cheewangkoon 

Cancellidiales K.D. Hyde & Hongsanan ï Contributed by Dan Feng Bao  

Catabotryales K.D. Hyde ï Contributed by Indunil C. Senanayake  

Cephalothecales Hubka & Réblová ï Contributed by Wenhui Tian & Sajeewa S.N. 

Maharachchikumbura 

Ceratolentales K.D. Hyde & Hongsanan ï Contributed by Vinodhini Thiyagaraja 

Chaetosphaeriales Huhndorf, A.N. Mill. & F.A. Fernández ï Contributed by Rekhani H. Perera 

Conlariales K.D. Hyde & Hongsanan ï Contributed by Vinodhini Thiyagaraja 

Coniochaetales Huhndorf, A.N. Mill. & F.A. Fernández ï Contributed by Vinodhini Thiyagaraja 

Conioscyphales Réblová & Seifert ï Contributed by Digvijayini Bundhun  

Coronophorales Nannf. ï Contributed by Digvijayini Bundhun 

Delonicicolales R.H. Perera, Maharachch. & K.D. Hyde ï Contributed by Deecksha Gomdola & 

Ruvishika S. Jayawardena 

Diaporthales Nannf. ï Contributed by Indunil C. Senanayake  

Distoseptisporales Z.L. Luo, K.D. Hyde & H.Y. Su ï Contributed by Zong-Long Luo & Wen-Peng 

Wang 

Falcocladiales R.H. Perera, Maharachch. Somrith, Suetrong & K.D. Hyde ï Contributed by Rekhani 

H. Perera 

Fuscosporellales Jing Yang, Bhat & K.D. Hyde ï Contributed by Feng-Ming Yu & Qi Zhao  

Glomerellales Chadef. ex Réblová, W. Gams & Seifert ï Contributed by Nuwan D. Kularathnage & 

Ruvishika S. Jayawardena  

Hypocreales Lindau ï Contributed by Peng Xingcan, Huang Shike, Wen Tingchi & Zeng Xiang-Yu 

Jobellisiales M.J. D'souza & K.D. Hyde ï Contributed by Deecksha Gomdola & Ruvishika S. 

Jayawardena 

Koralionastetales Kohlm., Volkm.-Kohlm., J. Campb. & Inderb. ï Contributed by Vinodhini 

Thiyagaraja 

Lulworthiales Kohlm., Spatafora & Volkm.-Kohlm. ï Contributed by E.B. Gareth Jones, Ka-Lai 

Pang, Sajeewa S.N. Maharachchikumbura & Dhanushka N. Wanasinghe  

Magnaporthales Thongk. Vijaykr. & K.D. Hyde ï Contributed by De-Ping Wei  

Meliolales Gäum. ex D. Hawksw. & O.E. Erikss. ï Contributed by Xiang-Yu Zeng 

Microascales Luttr. ex Benny & Kimbr. ï Contributed by Lakmali S. Dissanayake 

Myrmecridiales Crous ï Contributed by Venkateswara V. Sarma 

Ophiostomatales Benny & Kimbr ï Contributed by Alireza Armand & Ruvishika S. Jayawardena 

Pararamichloridiales Crous ï Contributed by Nattawut Boonyuen  

Phomatosporales Senan. Maharachch. & K.D. Hyde ï Contributed by Lijian Xu, Jian Wang & Yao 

Liu  

Pinibarreniales J. Luo & N. Zhang ï Contributed by Vinodhini Thiyagaraja 

Pisorisporiales Réblová & J. Fourn. ï Contributed by Tian WH & Sajeewa S.N. 

Maharachchikumbura 

Planisphaeriales J.F. Zhang, Jian K. Liu & K.D. Hyde ï Contributed by Vinodhini Thiyagaraja 

Pleurotheciales Réblová & Seifert ï Contributed by Carlo Chris S. Apurillo 

Pseudodactylariales Crous ï Contributed by Chuan-Gen Lin 

Phyllachorales M.E. Barr ï Contributed by Melissa Mardones  

Rhamphoriales K.D. Hyde & Hongsanan ï Contributed by Vinodhini Thiyagaraja 

Savoryellales Boonyuen, Suetrong, Sivichai, Pang & E.B.G. Jones ï Contributed by Sheng-Nan 

Zhang 

Sordariales Chadef. ex D. Hawksw. & O.E. Erikss. ï Contributed by Marin-Felix Yasmina & Miller 

AN 

https://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=557981
https://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=557991
https://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=515429
https://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=90477
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Spathulosporales Kohlm. ï Contributed by Vinodhini Thiyagaraja 

Sporidesmiales Crous ï Contributed by Zong-Long Luo & Wen-Peng Wang 

Thyridiales R. Sugita & Kaz. Tanaka ï Contributed by Vinodhini Thiyagaraja 

Tirisporellales Suetrong, E.B.G. Jones & K.L. Pang ï Contributed by Vinodhini Thiyagaraja 

Togniniales Senan. Maharachch. & K.D. Hyde ï Contributed by Li Lu, Saowaluck Tibpromma & 

Samantha C. Karunarathna 

Torpedosporales E.B.G. Jones, Abdel-Wahab & K.L. Pang ï Contributed by Mohamed A. Abdel-

Wahab 

Tracyllalales Crous ï Contributed by Nattawut Boonyuen 

Vermiculariopsiellales Hern.-Rest. J. Mena, Gené & Crous ï Contributed by Chuan-Gen Lin 

Xenodactylariales D.F. Bao, K.D. Hyde & Z.L. Luo ï Contributed by Vinodhini Thiyagaraja 

Xenospadicoidales Hern.-Restr. J. Mena & Gene ï Contributed by Martina Réblová & Kunhiraman 

C. Rajeshkumar 

Xylariales Nannt ï Contributed by Omid Karimi, Zoha Daroodi & K. W. Thilini Chethana 

 

Class Xylobotryomycetes Voglmayr & Jaklitsch  

Xylobotryales Voglmayr & Jaklitsch ï Contributed by Naghmeh Afshari  

 

Class Xylonomycetes Gazis & P. Chaverri  

Symbiotaphrinales Baral & E. Weber ï Contributed by Vinodhini Thiyagaraja 

Xylonales Gazis & P. Chaverri ï Contributed by Maryam Tavakol Noorabadi 

 

Pezizomycotina order incertae sedis  

Thelocarpales Lücking & Lumbsch ï Contributed by Mubashar Raza & Waseem Abbasi  

Vezdaeales Lumbsch & Lücking ï Contributed by W.A. Erandi Yasanthika 

  

Subphylum Taphrinomycotina O.E. Erikss. & Winka 

Class Archaeorhizomycetes Rosling & T.Y. James  

Archaeorhizomycetales Rosling & T. James ï Contributed by Anujani Gunarathne 

 

Class Neolectomycetes O.E. Erikss. & Winka 

Neolectales Landvik, O.E. Erikss. Gargas & P. Gust. ï Contributed by Nalin N. Wijayawardene & 

Madhara K. Wimalasena 

  

Class Novakomycetes Dlauchy, P®ter & Ļadeģ 

Novakomycetales Dlauchy, G. P®ter & Ļadeģ ï Contributed by Vinodhini Thiyagaraja 

 

Class Pneumocystomycetes O.E. Erikss. & Winka 

Pneumocystidales O.E. Erikss. ï Contributed by Achala J. Gajanayake & Ruvishika S. Jayawardena 

 

Class Schizosaccharomycetes O.E. Erikss. & Winka 

Schizosaccharomycetales O.E. Erikss. ï Contributed by Achala J. Gajanayake & Ruvishika S. 

Jayawardena 

 

Class Taphrinomycetes O.E. Erikss. & Winka 

Taphrinales Gäum. & C.W. Dodge ï Contributed by G§bor P®ter, Neģa Ļadeģ & Marizeth 

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 Linneanôs taxonomy, fungi were considered part of 

https://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=900274
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the óRegnum Vegetabileô. Fungal classification began to take shape in the 18th century, with the 

significant publications of Persoon (1794a, b, 1801, 1822ï1828), Nees von Esenbeck (1817), Fries 

(1821ï1832, 1825, 1835, 1836ï1838, 1849a, b), Link (1833) and Saccardo (1882a, b). 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. 

Presently, 19 Phyla, 83 classes, 1,220 families, 10,685 genera and ca 140,000 species are accepted 

under Kingdom Fungi (Hyde et al. 2024b).  

The phylum Ascomycota is the largest and most species-rich group of fungi. It encompasses a 

wide range of taxa that exhibit diverse morphologies, including 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, Naranjo-Ortiz & 

Gabaldón 2019). Ascomycota species are frequently studied due to their beneficial and harmful 

impacts on humans, plants, and ecosystems (Hyde et al. 2019, Naranjo-Ortiz & Gabaldón 2019).  

The phylum name ñAscomycotaò was initially used by Bold (1957) but without a Latin 

diagnosis. However, the name was validated by Cavalier-Smith (1998). Eriksson (1982) notably 

classified all lichen fungi at the generic level within the kingdom Fungi. Walker (1985) classified 

three groups within the phylum, including Schizosaccharomyces and Protomyces, budding yeasts 

and ýlamentous fungi based on the sequence data from 5S rRNA sequences of ascomycetes. The 

subsequent phylogenetic studies led to changes in the taxonomy of this group (Berbee & Taylor 1993, 

Kurtzman & Robnett 1994). Notably, Cavalier-Smith (1998) treated two subphyla under 

Ascomycota, Hemiascomycotina (classes Taphrinomycetes, Geomycetes, Endomycetes) and 

Euascomycotina (classes Discomycetes, Pyrenomycetes, Loculomycetes). However, with the advent 

of molecular data, Hibbett et al. (2007) accepted three subphyla Pezizomycotina, Saccharomycotina, 

and Taphrinomycotina which remain widely accepted to this day.  

The concept of óOne fungus - One nameô also resulted in several changes in the naming of 

pleomorphic genera. In later studies, numerous changes were made to the ordinal to species level 

classification, including in Arthoniomycetes (Ertz et al. 2014), Coniocybomycetes (Prieto et al. 2013), 

Dothideomycetes (Nelsen et al. 2011a, Hyde et al. 2013, Raja et al. 2015a, Schoch & Grube 2015, 

Hongsanan et al. 2020a, b, Pem et al. 2024), Eurotiomycetes (Gueidan et al. 2014a, Chen et al. 2015a, 

Geiser et al. 2015, Prieto et al. 2021), Geoglossomycetes (Hustad et al. 2013, Melie et al. 2023), 

Laboulbeniomycetes (Goldmann & Weir 2018, Haelewaters 2018, Haelewaters et al. 2019c, 2021a, 

Blackwell et al. 2020), Lecanoromycetes (Baloch et al. 2010, Miadlikowska et al. 2014, Resl et al. 

2015, Lücking et al. 2017, Kraichak et al. 2018b, Lücking 2019), Leotiomycetes (Zhang & Wang 

2015, Ekanayaka et al. 2019a, Johnston et al. 2019b, Karakehian et al. 2019, Prieto et al. 2019, 

Quandt & Haelewaters 2021, Quijada et al. 2022), Lichinomycetes (Kauff et al. 2018, Prieto et al. 

2024), Orbiliomycetes (Kumar et al. 2012, Zhang et al. 2023b), Pezizomycetes (Pfister 2015, 

Ekanayaka et al. 2018, Murat et al. 2018, Pfister & Healy 2021), Sordariomycetes 

(Maharachchikumbura et al. 2015, 2016, Senanayake et al. 2015, Samarakoon et al. 2016, Hongsanan 

et al. 2017a, Samarakoon et al. 2022, Bao et al. 2023, Chen et al. 2023b, ), Xylonomycetes (Gazis et 

al. 2016, Hashimoto et al. 2021) and Xylobotryomycetes (Voglmayr et al. 2019b).  

The concept of an óorderô as a distinct rank of biological classification was first introduced 

by the German botanist Augustus Quirinus Rivinus (1652ï1723) in his classification of plants. 

Generally, the suffix "-ales" is used to denote that the rank is an order or suborder of the vascular 

plants or fungi (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 morphologically 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 two genes (Liu et al. 2016b, 

2017b). Key orders in the ascomycetous series included the Myriangiales, Dothideales, and 

Pseudosphaeriales (Luttrell 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 of Ascomycota (Wijayawardene et al. 2017a, Li et al. 2020, Pem et al. 2024), with some 

studies restricted to particular groups. No comprehensive studies have been conducted on the ordinal-

level classification of Ascomycota since the classification of Hibbett et al. (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 phylogenetic framework proposed by Hibbett et al. (2007), 

Pezizomycotina included ten classes and 55 accepted orders, and four classes and four orders were 

accepted Taphrinomycotina, whereas the single order Saccharomycetales and the class 

Saccharomycetes were accepted under Saccharomycotina. In a recent study based on molecular 

analyses, Saccharomycotina underwent high-level classification, which resulted in the inclusion of 

twelve orders in seven classes (Groenewald et al. 2023), which remained with a single class and order 

over the years until recently.  

This paper provides an updated classification for all orders of Ascomycota (subphyla 

Pezizomycotina and Taphrinomycotina), 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 

discussed. One or more authors contributed to the entries for each order. Due to the latest taxonomic 

classification available for Saccharomycotina, immediate further revision of the orders of 

Saccharomycotina would be redundant, and Saccharomycotina has been excluded from the present 

study.  

 

MATERIALS AND METHODS  

Structure of entry: Pezizomycotina and Taphrinomycotina 

We have updated the information on the accepted orders within each subphylum based on the 

recent outline by Hyde et al. (2024b). The introduction provides an overview of each order and 

historical studies are detailed in a separate section. However, information on recently established and 

poorly studied orders remains limited. Thus, 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 subtopics. All the accepted 

orders are well-detailed and the morphological characters are represented in photoplates for both 

sexual and/or asexual morphs based on available information. Due to the limited availability of 

illustrations, especially for the asexual morphs of lichenized groups, the plates primarily represent 

sexual characteristics. Images 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 been used to illustrate 

characters that are not available in color photographs or where image accessibility is limited. The 

descriptions are provided to circumscribe the morphological characteristics of the order based on the 

latest studies. However, for orders which lack the latest studies were written based on compiling 

available literature. The lifecycle diagrams are provided for several orders. We have also provided 

the current phylogenetic status of the orders of Pezizomycotina and Taphrinomycotina based on 

phylogenetic analysis. This 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 analyses is provided at the 

end of the discussion section. 

Phylogenetic methods 

Phylogenetic analyses were conducted based on LSU, SSU, TEF, RPB2, and 5.8S sequence 

data for orders of Ascomycota, using 706 strains with Basidiomycota and Chytridiomycota are 

selected as outgroups. All the data were generated from Genbank and were incorporated for 

phylogenetic analysis, and the discussion for the phylogenetic analyses is summarized in the end 

section. 
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RESULTS 

 

Pezizomycotina O.E. Erikss. & Winka, Myconet 1(1): 9 (1997) 

Arthoniomycetes O.E. Erikss. & Winka, Myconet 1(1): 4 (1997) 

Arthoniales Henssen ex D. Hawksw. & O.E. Erikss. Syst. Ascom. 5(1): 177 (1986) 

Subphylum : Pezizomycotina 

Class  : Arthoniomycetes 

Subclass  : Arthoniomycetidae 

Introduction  

Arthoniomycetes with two orders, Arthoniales and Lichenostigmatales, is one of the largest 

groups of predominantly lichen-forming fungi, sister to Dothideomycetes (Schoch et al. 2009a) in the 

phylum Ascomycota and includes ca. 133 genera and ca. 1161 species 

(https://www.catalogueoflife.org/data/taxon/84), but only 119 genera are accepted here for 

Arthoniales. Arthoniales is a very diverse order ranging from small lichenicolous taxa to large 

conspicuous fruticose lichen-forming taxa (Follmann 2001, Tehler & Irestedt 2007, Tehler et al. 

2009a, 2009b, 2010). Arthonialean ascomata are usually apothecial with partially ascolocular 

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, 1990, Follmann & 

Werner 2003, Aptroot & Sparrius 2008). In contrast to vascular plants and animals, endemism is low 

in most cryptogamic groups, including lichen-forming fungi, owing to their ability for long-distance 

dispersal. However, Arthoniales is amongst the few exceptions having a high percentage of endemic 

taxa (Tehler 1990, Aptroot & Sparrius 2008). Endemism is common in the family Roccellaceae, in 

which many monotypic genera were described with an often much reduced distribution area, and 

particularly in the genera Roccella and Roccellina. For example, the genus Roccella contains 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 order Arthoniales (but without diagnosis) and included 

the families Arthoniaceae, Opegraphaceae, Lecanactidaceae, and Roccellaceae. Arthoniales was 

later validated by Hawksworth & Eriksson (1986a) who attributed them to Henssen & Jahns (1974) 

as Arthoniales Henssen & Jahns ex D. Hawksw. & O.E. Erikss. The order is based on the genus 

Arthonia which was described by Acharius (1806) and the type species is Arthonia radiata (Pers.) 

Ach. (Acharius 1808b) [= Opegrapha radiata Pers (Persoon 1791 #316) lectotype H-ACH 38]. 

Contrary to Henssen & Jahns (1974), Hawksworth & Eriksson (1986) separated the Opegraphales 

into its own order. A few years later, Hafellner (1988) included the family Chrysotrichaceae into 

Arthoniales. The family Arthoniaceae (Reichenbach 1841) was emended by Eriksson (1981) to 

include also the genera Cryptothecia Stirt. and Stirtonia A.L. Sm. 

Today Opegraphales have been shown to be an ingroup of the monophyletic order Arthoniales 

and are now included as the family Opegraphaceae together with five other families: Roccellaceae, 

Roccellographaceae, Lecanographaceae, Arthoniaceae and Chrysotrichaceae (Ertz & Tehler 2011, 

Frisch et al. 2014). Arthoniales is well-supported and divided into two main lineages, the first one 

corresponding to the Chrysotrichaceae which forms the sister group to the other, the second lineage, 

which includes the rest of the order. Based on thallus and ascomata morphology and anatomy, the 

families Arthoniaceae, Celidiaceae, Chiodectonaceae, Chrysotrichaceae, Cryptotheciaceae, 

Dirinaceae, Lecanactidaceae, Opegraphaceae and Roccellaceae were earlier distinguished in the 

Arthoniales. 

 

https://www.catalogueoflife.org/data/taxon/84
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Figure 1 ï Phylogram generated from maximum likelihood analysis based on combined SSU, LSU, 

5.8S, TEF and RPB2 sequence data of 706 taxa, which comprised 4083 characters. The best-scoring 

RAxML tree with a final likelihood value of -352873.165373 is presented. The matrix had 3780 

distinct alignment patterns, with 50.45% of undetermined characters or gaps. Estimated base 

frequencies were as follows: A = 0.255578, C = 0.235929, G = 0.279159, T = 0.229334; substitution 

rates: AC = 1.297314, AG = 3.050069, AT = 1.285077, CG = 1.153621, CT = 6.282873, GT = 1.0; 

gamma distribution shape parameter Ŭ = 0.532586. Bootstrap support values for maximum likelihood 
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(ML) equal to or greater than 60% are labelled at each node. Ex-type strains are indicated by ñTò and 

the orders which have doubtful phylogenetic positions are indicated in purple font. The tree is rooted 

to Basidiomycota and Chytridiomycota. 

 

 
 

Figure 1 ï Continued. 
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Figure 1 ï Continued. 
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Figure 1 ï Continued. 
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Figure 1 ï Continued. 
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Figure 1 ï Continued. 
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Figure 1 ï Continued. 
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Figure 1 ï Continued. 
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Figure 1 ï Continued. 
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Figure 1 ï Continued. 

 

Chiodectonaceae was established on account of the aggregation of the ascomata in the stroma 

(Zahlbruckner 1905 (ô1907ô)). Watson (1929) rejected Chiodectonaceae as an autonomous family 

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

value. The family Celidiaceae was considered as being part of the Arthoniaceae because the 

distinction with the Arthoniaceae was based on the biology of its species, i.e. non-lichenized versus 

lichenized (Nannfeldt 1932). 



    559 

 
 

Figure 1 ï Continued. 
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Figure 1 ï Continued. 

 

The family Cryptotheciaceae was established by Smith (1926) for the genera Cryptothecia and 

Stirtonia having the asci loosely scattered in the thallus or in distinct ± white thallus patches of 

hydrophobic plectenchyma. Arthoniaceae differs from Cryptotheciaceae by asci more densely 

aggregated into black or variously colored ascomata with paraphysoids. Santesson (1945, 1952), one 



    561 

of the first workers to arrange lichens with reference to the fungus system, suggested uniting the 

Cryptotheciaceae with the Arthoniaceae because several species of both families have intermediate 

ascomata as showed by Groenhart (1938). 

The family Roccellaceae first included only fruticose lichens. Santesson (1949) suggested 

including Dirinaceae within Roccellaceae, the two families differing only by the thallus type being 

crustose in the former and fruticose in the latter. Later, several crustose genera have been transferred 

to Roccellaceae (Tehler 1990, 1993, Hawksworth et al. 1995, Grube 1998). According to Poelt 

(1973) the Lecanactidaceae should not be segregated from the Opegraphaceae, a family including 

species with a crustose, ecorticate thallus and lecideine ascomata. Roccellaceae sensu Tehler (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 Grube (1998) expanded the 

Roccellaceae to include the Opegraphaceae and other genera, such as Chiodecton, Schismatomma, 

and Syncesia, considered of uncertain family affiliation by Tehler (1993). During the last decade, the 

Arthoniales was thus only divided into three families: Arthoniaceae, Chrysotrichaceae and 

Roccellaceae, but phylogenetic studies highlighted a more complex situation, with two more families 

recognized, Andreiomycetaceae and Lecanographaceae, and several main lineages of uncertain 

family affiliation (Ertz & Tehler 2011, Hodkinson & Lendemer 2013, Frisch et al. 2014). 

General description 

Sexual morph: Ascolocular, multi-ascal 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, ascospores strictly transseptate, 

photobiont frequently filamentous, green algae, commonly trentepohlioid, rarely chlorococcoid. 

Mainly lichen-forming fungi. Asexual morphs normally propagate with soredia, rarely isidia. Conidia 

are probably also important for asexual dispersion (e.g., Tehler 1988). 

Arthoniaceae Rchb. (Reichenbach 1841: 13). Thallus crustose, usually thin without cortex, 

photobiont trentepohlioid, rarely chlorococcoid. Ascomata circular 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 several genera (e.g., Bryostigma, Diarthonis) remains uncertain, because they form 

distinct main lineages with species of Arthonia sensu lato.  

Chrysotrichaceae Zahlbr. (Zahlbruckner 1905 (ó1907ô): 117). Thallus crustose, leprose to 

byssoid (cotton-like) bright yellow, ascomata immersed and eventually becoming embedded in 

thallus, asci clavate, mostly on bark.  

Lecanographaceae Ertz, Tehler, G. Thor & Frisch (in Frisch et al. 2014: 740). Thallus crustose, 

ecorticate, rarely corticate and placodioid, photobiont trentepohlioid, rarely chlorococcoid. Ascomata 

lirelliform to rounded, thalline margin absent, hymenial disc often exposed, often pruinose, 

excipulum conspicuous, dark brown. Asci cylindrical to clavate. Spores hyaline, fusiform, septate, 

with gelatinous sheath.  

Opegraphaceae Stizenb. (Stizenberger 1862). Thallus crustose to fruticose, rarely with cortex, 

ascomata lecideine, rarely with thalline margin, asci clavate, on bark or rocks.  

Roccellaceae Chevall. (Chevallier 1826). Thallus crustose to fruticose, usually with cortex, 

ascomata usually with a well-developed 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.  

Roccellographaceae Ertz & Tehler (Ertz & Tehler 2011). Thallus crustose to suffruticose, 

ascomata immersed lirelliform or dendroid, dot-like dispersed in radiating lines, hypothecium hyaline 

to pale brownish, ascospores hyaline or brown (Fig. 2). 
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Figure 2 ï Diversity of Arthoniales. a Arthonia radiata (Ertz 10094). b Ascospores of Arthonia 

cinnabarina (Ertz 8783). c Lecanographa dialeuca (Ertz 10569). d Roccellographa cretacea (Tehler 

9381). e Fulvophyton rostratum (van den Boom 25114). f Cross section through an ascoma of 

Fulvophyton rostratum (van den Boom 25114). g Dictyographa arabica (Ertz 11537). h Cross 

section through an ascoma of Dictyographa arabica (Ertz 11537). i Pentagenella fragillima (Tehler 

8381). j Paraingaderia placodioidea (Tehler 9344). k Paralecanographa grumulosa (Ertz 13565). l 

Dirina ceratoniae (Tehler 9047). m Roccella tinctoria (Tehler 8309). n Lecanactis borbonica (Ertz 

4780). o Cross section through an apothecium of Lecanactis borbonica (4780), p Chrysothrix 

candelaris (Ertz 2651). q Syncesia myrticola (Ertz 10555). r Ascospore of Syncesia myrticola (Ertz 

10555). s Dendrographa decolorans (holotype of Schismatomma hafellneri). t Plectocarpon 

serusiauxii (Ertz 4609). Scale bars: a = 500 ɛm, b, r = 10 ɛm, c, p, q, s, t = 2 mm, d = 2 cm, e, g, j, k, 

n = 1 mm, l = 5 mm, f, h, o = 100 ɛm, i, m = 1 cm. 

Families included in Arthoniales 

Andreiomycetaceae B.P. Hodk. & Lendemer 

Arthoniaceae Reichenb. ex Reichenb. 

Chrysotrichaceae Zahlbr. 

Lecanographaceae Ertz, Tehler, G. Thor & Frisch 

Opegraphaceae Körb. ex Stizenb. 

http://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=805806
http://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=80472
http://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=82083
http://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=808776
http://www.indexfungorum.org/Names/NamesRecord.asp?RecordID=81088

