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Abstract 

The magnitude and understanding of the Kingdom Fungi are expanding with the application 

of DNA-based molecular approaches. Non-Dikarya fungi (sometimes referred to as óbasal fungiô, 

óearly divergent fungiô or ólower fungiô), a large group of fungi that are included in 16 different 

phyla, comprise approximately 5000 species to date. This paper compiles all existing information 

on the families of the non-Dikarya fungal phyla. Two phylogenomic analyses are provided 

separately to show the relationships of the phyla of non-Dikarya and families of Mucoromycota, 

respectively. A phylogenetic tree based on partial 45S or partial 28S sequences is provided to show 

the placements of families in Glomeromycota. We provide the descriptions of each family and its 

type genus, including an illustration of the type species or a well-established other genus in the 

family. All the genera included in the family are listed with their type species. Bulbosporaceae fam. 

nov. is introduced to accommodate Bulbospora in Gigasporales (Glomeromycetes, 

Glomeromycota). Densosporales Tedersoo, Densosporaceae Desirò et al., and 

Jimgerdemanniaceae Tedersoo are validated. Taxa in Rozellomycota (including Microsporidia) and 

Aphelidiomycota are currently accepted as groups of fungi. Still, most species names require further 

revision following the International Code of Nomenclature for algae, fungi, and plants. 

Caudosporina Y.S. Tokarev & I.V. Issi nom. nov. and Mesnilivella Frolova & Nassonova nom. 

nov. are provided to accommodate Caudospora J. Weiser (nom. illegit.) and Mesnilia Frolova et al. 

2023 (nom. illegit.), respectively. Taxa introduced based on eDNA (by Tedersoo et al. 2024) are 

listed separately, as currently these taxa are treated as invalid. Fossil non-Dikarya taxa are also 

provided separately.  

 

Keywords ï Aphelids ï óbasal fungiô ï Microsporidia ï Rozellomycota ï subkingdoms 
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INTRODUCTION  

The magnitude of the Kingdom Fungi and the ómega classificationô of the kingdom are two 

important topics among mycologists. A recent estimation predicted 2ï3 million species in the 

kingdom (Niskanen et al. 2023). Currently, only ca. 205,000 species are accepted in Species 

Fungorum (2025). However, most of these belong to Ascomycota and Basidiomycota in Dikarya. 

According to Species Fungorum, 2025 (accessed on 15 April 2025), approximately 5000 species 

have been accepted under 16 phyla of basal taxa, which share 0.02% of total species (Fig. 1, species 

number based on Species Fungorum 2025). Among the non-Dikarya fungi, a comparatively large 

number of species have been reported from Chytridiomycota, Mucoromycota, Glomeromycota and 

Rozellomycota.  

The classification of Fungi has been changing with the advancements of molecular 

techniques. For instance, Tedersoo et al. (2018) used rpb1 and rpb2 loci, Voigt et al. (2021) used 

LSU and SSU, Wijayawardene et al. (2020a) used LSU, SSU, rpb1 and rpb2, and Li et al. (2021), 

as well as Strassert & Monaghan (2022) used genomes and transcriptomes for phylogenetic tree 

inferences. Recently, Wijayawardene et al. (2024a) used a phylogenomic analysis and accepted 19 

phyla in the Kingdom Fungi viz., Aphelidiomycota, Ascomycota, Basidiomycota, 

Basidiobolomycota, Blastocladiomycota, Calcarisporiellomycota, Chytridiomycota 

(=Caulochytriomycota), Entomophthoromycota, Entorrhizomycota, Glomeromycota, 

Kickxellomycota, Monoblepharomycota, Mortierellomycota, Mucoromycota, 

Neocallimastigomycota, Olpidiomycota, Rozellomycota, Sanchytriomycota and Zoopagomycota.  

James & Rokas (2025) argued that the terms óearly divergent fungi, lower fungi and basal 

fungiô are not appropriate and suggested using formal taxonomic names. In this compilation, we do 

not argue against or support this suggestion. However, for the convenience of readers, we use ónon-

Dikarya fungiô as an umbrella term to refer to Aphelidiomycota, Basidiobolomycota, 

Blastocladiomycota, Calcarisporiellomycota, Chytridiomycota (= Caulochytriomycota), 

Entomophthoromycota, Glomeromycota, Kickxellomycota, Monoblepharomycota, 

Mortierellomycota, Mucoromycota, Neocallimastigomycota, Olpidiomycota, Rozellomycota, 

Sanchytriomycota and Zoopagomycota. 

 

 
 

Figure 1 ï Number of species in the phyla of non-Dikarya fungi 

 

Classification of the non-Dikarya fungi 

Wijayawardene et al. (2024) accepted 16 phyla that comprise non-Dikarya fungi, i.e., except 

three phyla in subkingdom Dikarya (viz., Ascomycota, Basidiomycota and Entorrhizomycota). 

These 16 phyla were accommodated in eight sub-kingdoms, namely Aphelidiomyceta, 

Basidiobolomyceta, Blastocladiomyceta, Chytridiomyceta, Mucoromyceta, Olpidiomyceta, 

Rozellomyceta and Zoopagomyceta (Tedersoo et al. 2018; Wijayawardene et al. 2024; Fig. 1). 
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Phylum Caulochytriomycota Doweld has been rejected as its lineages are nested within the phylum 

Chytridiomycota (Galindo et al. 2021, Strassert & Monaghan 2022, Wijayawardene et al. 2024). 

Table 1 summarises the classes, orders, and families of the phyla of non-Dikarya fungi.  

 

Table 1 The classes, orders, and families of the phyla of non-Dikarya fungi. The number of genera 

accepted in each family is provided in brackets. 

 

Phyla Classes Orders Families 

Aphelidiomycota Aphelidiomycetes Aphelidiales Aphelidiaceae (5) 

Basidiobolomycota Basidiobolomycetes Basidiobolales Basidiobolaceae (2) 

Blastocladiomycota Blastocladiomycetes Blastocladiales Blastocladiaceae (3) 

   Catenariaceae (2) 

   Paraphysodermataceae 

(1) 

   Sorochytriaceae (1) 

  Callimastigales Callimastigaceae (1) 

  Catenomycetales Catenomycetaceae (1) 

   Coelomomycetaceae (2) 

 Physodermatomycetes Physodermatales Physodermataceae (1) 

Calcarisporiellomycota Calcarisporiellomycetes Calcarisporiellales Calcarisporiellaceae 

Chytridiomycota Caulochytriomycetes Caulochytriales Caulochytriaceae 

 Chytridiomycetes Chytridiales Asterophlyctaceae (2) 

   Chytridiaceae (6) 

   Chytriomycetaceae (15) 

   Pseudorhizidiaceae (2) 

   Scherffeliomycetaceae 

(1) 

  Nephridiophagales Nephridiophagaceae (6) 

  Polyphagales Polyphagaceae (2) 

  Saccopodiales Saccopodiaceae (1) 

  Zygophlyctidales Zygophlyctidaceae (1) 

  families incertae 

sedis 

Amoebochytriaceae (1) 

   Sparrowiaceae (1) 

   Sphaeromonadaceae (1) 

   Tetrachytriaceae (2) 

   Thalassochytriaceae (1) 

 Cladochytriomycetes Cladochytriales Cladochytriaceae (1) 

Endochytriaceae (1) 

   Nowakowskiellaceae (1) 

   Septochytriaceae (7) 

 Lobulomycetes Lobulomycetales Lobulomycetaceae (7) 

 Mesochytriomycetes Gromochytriales Gromochytriaceae (2) 

  Mesochytriales Mesochytriaceae (1) 

 Polychytriomycetes Polychytriales Polychytriaceae (5) 

 Rhizophlyctidomycetes Rhizophlyctidales Arizonaphlyctidaceae (1) 

   Borealophlyctidaceae (1) 

   Rhizophlyctidaceae (1) 

   Sonoraphlyctidaceae (1) 

 Rhizophydiomycetes Rhizophydiales Alphamycetaceae (3) 

   Angulomycetaceae (1) 

   Aquamycetaceae (1) 
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Table 1 Continued 

 

Phyla Classes Orders Families 

   Batrachochytriaceae (1) 

   Collimycetaceae (1) 

   Coralloidiomycetaceae 

(1) 

   Dinomycetaceae (2) 

   Ericiomycetaceae (1) 

   Globomycetaceae (2) 

   Gorgonomycetaceae (1) 

   Halomycetaceae (4) 

   Kappamycetaceae (1) 

   Operculomycetaceae (1) 

   Pateramycetaceae (1) 

   Protrudomycetaceae (1) 

   Rhizophydiaceae (1) 

   Staurastromycetaceae (1) 

   Terramycetaceae (2) 

   Uebelmesseromycetaceae 

(1) 

 Spizellomycetes Spizellomycetales Powellomycetaceae (4) 

   Spizellomycetaceae (8) 

 Synchytriomycetes Synchytriales Synchytriaceae (6) 

Chytridiomycota 

family incertae sedis 

  Quaeritorhizaceae (1) 

Entomophthoromycota Entomophthoromycetes Entomophthorales Ancylistaceae (2) 

   Batkoaceae (1) 

   Capillidiaceae (1) 

   Completoriaceae (1) 

   Conidiobolaceae (3) 

   Entomophthoraceae (10) 

   Meristacraceae (2) 

   Neoconidiobolaceae (1) 

 Neozygitomycetes Neozygitales Neozygitaceae (3) 

Glomeromycota Archaeosporomycetes Archaeosporales Ambisporaceae (1) 

   Archaeosporaceae (2) 

   Geosiphonaceae (1) 

   Polonosporaceae (1) 

 Glomeromycetes Diversisporales Acaulosporaceae (1) 

   Diversisporaceae (5) 

   Pacisporaceae (1) 

   Sacculosporaceae (1) 

  Entrophosporales Entrophosporaceae (1) 

  Gigasporales Bulbosporaceae (1) 

   Dentiscutataceae (2) 

   Gigasporaceae (1) 

   Intraornatosporaceae (2) 

   Racocetraceae (2) 

   Scutellosporaceae (2) 

  Glomerales Glomeraceae (3) 

   Dominikiaceae (5) 
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Table 1 Continued 

 

Phyla Classes Orders Families 

   Kamienskiaceae (3) 

   Sclerocystaceae (6) 

Septoglomeraceae (5) 

 Paraglomeromycetes Paraglomerales Paraglomeraceae (2) 

Pervetustaceae (1) 

Kickxellomycota Asellariomycetes Asellariales Asellariaceae (1) 

 Barbatosporomycetes Barbatosporales Barbatosporaceae (1) 

 Dimargaritomycetes Dimargaritales Dimargaritaceae (3) 

 Harpellomycetes Harpellales Harpellaceae (6) 

   Legeriomycetaceae (36) 

 Kickxellomycetes Kickxellales Kickxellaceae (10) 

  Orphellales Orphellaceae (1) 

 Ramicandelaberomycetes Ramicandelaberales Ramicandelaberaceae 

(1) 

Monoblepharomycota Hyaloraphidiomycetes Hyaloraphidiales Hyaloraphidiaceae (1) 

 Monoblepharidomycetes Monoblepharidales Gonapodyaceae (2) 

   Harpochytriaceae (1) 

   Monoblepharidaceae (1) 

   Oedogoniomycetaceae 

(1) 

   Telasphaerulaceae (1) 

Mortierellomycota Mortierellomycetes Mortierellales Mortierellaceae (14) 

Mucoromycota Endogonomycetes Bifiguratales Bifigurataceae (1) 

  Densosporales Densosporaceae (1) 

  Endogonales Densosporaceae (1) 

   Endogonaceae (5) 

   Jimgerdemanniaceae (1) 

   Vinositunicaceae (1) 

 Mucoromycetes Mucorales Backusellaceae (1) 

   Circinellaceae (5) 

   Cunninghamellaceae (6) 

   Lentamycetaceae (1) 

   Lichtheimiaceae (2) 

   Mucoraceae (24) 

   Mycocladaceae (1) 

   Phycomycetaceae (2) 

   Pilobolaceae (2) 

   Protomycocladaceae (1) 

   Radiomycetaceae (1) 

   Rhizomucoraceae (1) 

   Rhizopodaceae (1) 

   Saksenaeaceae (2) 

   Syncephalastraceae (2) 

   Syzygitaceae (2) 

   Thermomucoraceae (1) 

 Umbelopsidomycetes Umbelopsidales Pygmaeomycetaceae (1) 

   Umbelopsidaceae (1) 

Neocallimastigomycota Neocallimastigomycetes Neocallimastigales Anaeromycetaceae (4) 

   Caecomycetaceae (2) 
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Table 1 Continued 

 

Phyla Classes Orders Families 

   Neocallimastigaceae (6) 

   Piromycetaceae (1) 

Olpidiomycota Olpidiomycetes Olpidiales Olpidiaceae (4) 

Rozellomycota Rozellidea Rozellida Rozellidae (1) 

 Chytridiopsea Chytridiopsida Buxtehudiidae (2) 

   Chytridiopsidae (5) 

   Hesseidae (1) 

Burkeidae (1) 

 Rudimicrosporea Metchnikovellida Amphiacanthidae (1) 

   Metchnikovellidae (4) 

 Microsporidea Amblyosporida Amblyosporidae (17) 

   Caudosporidae (10) 

   Gurleyidae (13) 

  Neopereziida Berwaldiidae (2) 

   Neopereziidae (5) 

   Tubulinosematidae (3) 

  Ovavesiculida Ovavesiculidae (3) 

  Glugeida Facilisporidae (1) 

   Glugeidae (9) 

   Myosporidae (1) 

   Pereziidae (4) 

   Pleistophoridae (7) 

   Spragueidae (8) 

   Thelohaniidae (15) 

   Unikaryonidae (4) 

  Nosematida Encephalitozoonidae (2) 

   Enterocytozoonidae (6) 

   Heterovesiculidae (1) 

   Mrazekiidae (9) 

   Nosematidae (2) 

   Ordosporidae (1) 

Microsporidia families 

incertae sedis 

  Abelsporidae (1) 

   Areosporiidae (1) 

   Burenellidae (3) 

   Cougourdellidae (1) 

   Cylindrosporidae (1) 

   Duboscqiidae (5) 

   Golbergiidae (3) 

   Microfilidae (1) 

   Neonosemoidiidae (1) 

   Pleistosporidiidae (1) 

   Pseudopleistophoridae 

(2) 

Striatosporidae (2) 

   Telomyxidae (1) 

   Toxoglugeidae (1) 

   Tuzetiidae (4) 



    4071 

Table 1 Continued 

 

Phyla Classes Orders Families 

 Rozellomycota orders 

incertae sedis 

Paramicrosporidiales Paramicrosporidiaceae 

(1) 

  Morellosporales Morellosporaceae (1) 

   Mitosporidiaceae (1) 

  Nucleophagales Nucleophagaceae (1) 

Sanchytriomycota Sanchytriomycetes Sanchytriales Sanchytriaceae (2) 

Zoopagomycota Zoopagomycetes Zoopagales Cochlonemataceae (6) 

   Helicocephalidaceae (4) 

   Piptocephalidaceae (3) 

   Sigmoideomycetaceae (4) 

   Zoopagaceae (7) 

 

Taxa registered under the Zoological Nomenclature 

Chapter F of the International Code of Nomenclature for Algae, Fungi, and Plants (ICNafp) 

or Shenzhen Code currently governs the registration of newly introduced fungal taxa. It is essential 

to register novel taxa (including fossil fungi and lichen-forming fungi) in a repository such as 

Fungal Names, Index Fungorum, and MycoBank before publishing and including citation of the 

identifier in the protologue (Redhead & Norvell 2013). The taxa described in Aphelidiomycota and 

Rozellomycota (including Microsporidia), which were traditionally regarded as protists, have, 

however, been governed by the Code of Zoological Nomenclature (see Article 1.1.1, ICZN). 

Nevertheless, Karpov et al. (2013) showed that óAmoeboaphelidium protococcarum, forms a 

monophyletic group with Rozella and microsporidia as a sister group to Fungi. Several subsequent 

studies confirmed the findings of Karpov et al. (2013) and confirmed that Aphelidiomycota and 

Rozellomycota reside in the Kingdom Fungi (Tedersoo et al. 2018, Voigt et al. 2021, 

Wijayawardene et al. 2024). Furthermore, novel species have been introduced with MycoBank 

numbers (e. g. Letcher et al. 2015b, Corsaro et al. 2016) but later listed in Index Fungorum or both 

MycoBank and ZooBank identifiers (Seto et al. 2020a, 2022).  

 

Taxa introduced with sequences as the type (or eDNA as the type) 

It is mandatory to follow the rules and guidelines provided by ICNafp when introducing new 

species. Designating type materials (Art. 40, Shenzhen Code) and indicating the identifiers obtained 

from a repository (i.e., Index Fungorum, MycoBank or Fungal Names) in the protologue (Art. 

F.5.1, San Juan Chapter F) are two important rules that are necessary to follow. However, currently, 

taxonomists and mycologists focus on Next Generation Sequencing and reveal dark taxa that lack 

any phenotypes. Hence, sequence-based nomenclature is being promoted for naming the dark taxa 

(Lücking et al. 2021); however, it is still not concluded as different opinions are prevailing among 

the mycology community.  

Tedersoo et al. (2024) is a recent study focused on the classification of Glomeromycota and 

Endogonomycetes (in Mucoromycota), based on combined SSU, ITS and LSU sequences. In this 

study, Tedersoo et al. (2024) introduced several taxa (including novel species and new 

combinations) based on eDNA samples and sequence data. However, ICNafp does not accept 

eDNA as the type material, thus all new species are invalid (see Index Fungorum 2025). 

Nevertheless, we list all genera and supra-generic ranks separately (not in the outline section) in 

this compilation to gather all prevailing data (Table 2). We regard it as necessary to adapt the use of 

eDNA samples and sequence data by the code and implement its use as a type material in the 

future.  
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Table 2 Invalid genera and super-generic ranks in Tedersoo et al. (2024)  

 

Classes  Orders Families Genera 

Glomeromycetes  Entrophosporales Pseudoentrophosporaceae 

Tedersoo & Magurno 

Pseudoentrophospora 

Tedersoo & Magurno 
 

Table 2 Continued 

 

Classes  Orders Families Genera 

Endogonomycetes Hoforsales 

Tedersoo 

Hoforsaceae Tedersoo Hoforsa Tedersoo 

 Kahvenales 

Tedersoo 

Kahvenaceae Tedersoo Kahvena Tedersoo 

 Kelottijaerviales 

Tedersoo 

Kelottijaerviaceae 

Tedersoo 

Kelottijaervia 

Tedersoo 

 Kungsaengenales 

Tedersoo 

Kungsaengenaceae 

Tedersoo 

Kungsaengena 

Tedersoo 

 Langduoales 

Tedersoo 

Langduoaceae Tedersoo Langduoa Tedersoo 

 Lehetuales 

Tedersoo 

Lehetuaceae Tedersoo Lehetua Tedersoo 

 Lokrumales 

Tedersoo 

Lokrumaceae Tedersoo Lokruma Tedersoo 

 Moosteales 

Tedersoo 

Moosteaceae Tedersoo Moostea Tedersoo 

 Nikkaluoktales 

Tedersoo 

Nikkaluoktaceae 

Tedersoo 

Nikkaluokta 

Tedersoo 

 Parniguales 

Tedersoo 

Parniguaceae Tedersoo Parnigua Tedersoo 

 Riederbergales 

Tedersoo 

Riederbergaceae 

Tedersoo 

Riederberga 

Tedersoo 

 Ruuales Tedersoo Ruuaceae Tedersoo Ruua Tedersoo 

 Tammsaareales 

Tedersoo 

Tammsaareaceae 

Tedersoo 

Tammsaarea 

Tedersoo 

 Unemaeeales 

Tedersoo 

Unemaeeaceae Tedersoo Unemaeea Tedersoo 

 Densosporales 

Tedersoo*  

Densosporaceae Desirò et 

al.* 

 

  Planticonsortiaceae 

Tedersoo 

 

 Endogonales Jacz. 

& P.A. Jacz.# 

Jimgerdemanniaceae 

Tedersoo*  

 

*Indicates taxa that are validated in this study and # indicates valid taxa that have been introduced 

previously. 

 

Fossil non-Dikarya fungi 

The lower fungi are frequently found as fossils in rocks of all ages. The most important 

fossil genera of this group are as follows. 

Chytridiomycota: Brijax M. Krings & C.J. Harper, Cultoraquaticus Strullu-Derr., 

Globicultrix M. Krings et al., Grilletia Renault & C.E. Bertrand, Guizhounema X. Mu, 

Illmanomyces M. Krings & T.N. Taylor, Krispiromyces T.N. Taylor et al., Lyonomyces T.N. Taylor 

et al., Milleromyces T.N. Taylor et al., Nimbosphaera C.J. Harper & M. Krings, Oochytrium 
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Renault, Palaeozoosporites Strullu-Derr., Perexiflasca M. Krings et al., Rhizophydites M. Krings & 

C.J. Harper and Trewinomyces M. Krings et al. 

Glomeromycota: Archaeosporites C. Walker et al., Gigasporites Carlie J. Phipps & T.N. 

Taylor, Glomites T.N. Taylor et al., Glomorphites Garcia Mass., Helmutella M. Krings & T.N. 

Taylor, Kryphiomyces M. Krings et al., Mycokidstonia D. Pons & Locq., Palaeogigaspora R. Kar 

et al., Palaeoglomus R. Redecker et al., Palaeomyces D. Ellis, Scutellosporites Dotzler, M. Krings, 

T.N. Taylor and Agerer, Udaria A. Gupta and Zwergimyces M. Krings & T.N. Taylor. 

Mucoromycota: Lithomucorites R. Kar et al. and Palaeomycites Mesch. 

We provide all the species belonging to the above-mentioned genera in the taxonomy section. 

 

Aim of the study 

In this study, we list the latest classification of non-Dikarya fungi based on recent 

publications and our phylogenetics and phylogenomic analyses. We provide descriptions for all 

families of non-Dikarya fungi, notes including life modes, distribution, important previous studies 

and descriptions and notes of the type genera. Moreover, we validate several taxa that have been 

introduced erroneously in the original protologues. We recognise that several taxa in Rozellomycota 

have not been registered in any of the fungal repositories, and therefore, we registered them in 

Index Fungorum (2025).  

 

MATERIALS AND METHODOLOGY  

 

Data collection and arrangements of the families  

We follow Wijayawardene et al. (2018, 2020, 2022) and Hyde et al. (2024) to gather the list 

of genera of non-Dikarya fungi and follow the same for higher-level rankings. Tedersoo et al. 

(2018), Galindo et al. (2021), Strassert & Monaghan (2022), Mikhailov et al. (2022a), Hyde et al. 

(2024) and Wijayawardene et al. (2024) are some of the studies that we follow to compare the 

arrangements of the classification of non-Dikarya fungi.  

The descriptions of the families and their type genera and illustrations (microscopic images or 

line drawings) are based on previous publications. The species number is based on Species 

Fungorum (2025). 

 

Registration of novel taxa and validation of invalid taxa (including proposing new names) 

We obtained Index Fungorum Identifiers for the novel taxa, invalid taxa and previously 

unregistered taxa such as Rozellomycota, including Microsporidia, which were regarded as protists 

following ICNafp.  

 

Phylogenomic tree of non-Dikarya fungi  

The dataset for phylogenomic analysis was assembled using 300 orthologous groups, which 

were used in an earlier study of fungal phylogeny (Wijayawardene et al. 2024). The original dataset 

was updated to include all families of non-dikaryan fungi with at least one representative with a 

sequenced genome. The genomic data were acquired from public repositories of the National 

Center for Biotechnology Information and Joint Genome Institute, utilizing the MycoCosm portal 

(Grigoriev et al. 2014) and the NCBI Taxonomy browser (Schoch et al. 2020) to survey the 

available fungal species. The protein datasets for Capillidium heterosporum, Cochlonema 

odontosperma, Thermomucor indicae-seudaticae, Protomycocladus faisalabadensis, and 

Densosporaceae sp. MVC-580 were prepared with the help of the protein-to-genome searches of 

the exonerate 2.2.0 program (Slater & Birney 2005) using a set of orthologous sequences from the 

related species. The genomes of Protomycocladus faisalabadensis, and Densosporaceae sp. MVC-

580 were assembled from the WGS data available in the NCBI Sequence Read Archive (SRA 

accessions: SRR10127521 and SRR17035067) with SPAdes 4.0.0 (Prjibelski et al. 2020). The 

proteome of Metchnikovella incurvata was obtained using ORF prediction of TransDecoder v5.7.1 

(https://github.com/TransDecoder/TransDecoder) with the genome assembly in GenBank 
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(GCA_003600395.1). Orthologous sequences were identified in the proteomes using HMMER 

searches (Eddy 2011) with the alignment profiles, and reciprocal BLAST searches (Altschul et al. 

1997). The orthologous sequences were aligned with MAFFT 7.525 using the localpair (L-INS-i) 

algorithm (Katoh & Standley 2013), and trimmed using the trimAl 1.5 program (Capella-Gutierrez 

et al. 2009) with a gap threshold of 0.1, followed by processing with a custom mask, designed to 

exclude ambiguously aligned and low-complexity regions. The trimmed alignments were 

concatenated using SCaFoS (Roure et al. 2007) into a matrix with 176 species and 120K amino 

acid sites. Maximum likelihood analysis with the concatenated alignment was performed with IQ-

TREE 1.6.12 (Nguyen et al. 2015). Tree reconstruction employed the LG+C60+F+G4 profile 

mixture model, and node support was evaluated using the ultrafast bootstrap approximation (Hoang 

et al. 2018) with 1000 replicates. The tree was visualized using the MEGA software (Kumar et al. 

2016). 

 

Phylogenomic analyses of Mucoromycota  

 

Genomes collected 

A total of 58 genomes were downloaded from the NCBI database, including 56 genomes 

from Mucoromycota and two genomes from Mortierella as outgroups. The 56 Mucoromycota 

genomes represented 19 families. However, no genome from the family Pygmaeomycetaceae was 

obtained in this study. 

 

Phylogenomic analysis 

In this study, the phylogenomic relationships of Mucoromycota were reanalyzed following 

previous studies (Spatafora et al. 2016, Vandepol et al. 2020, Zhao et al. 2023). Briefly, 434 

clusters of orthologous proteins (COPs) were retrieved using HMMER v3.3.1 

(http://hmmer.org/download.html) and trimmed with Trimal v1.4.4 (Chimal-Sánchez et al. 2011) 

according to the methods of Spatafora et al. (2016). Phylogenetically informative protein markers 

followed those identified by Vandepol et al. (2020). Maximum likelihood (ML) phylogenomic 

analysis was performed using RAxML v8 (Ronquist et al. 2012), with the optimal model estimated 

by ModelTest-NG v0.1.7 (Darriba et al. 2020). For the ML analysis, 1,000 bootstrap replications 

were conducted under the best-fit model. The ML tree was visualized using Figtree v1.4.4 

(http://tree.bio.ed.ac.uk/software/figtree/), and nodes with ML bootstrap values below 50% were 

not considered. 

 

Phylogenetic analyses of the phylum Glomeromycota  

Maximum likelihood (ML) and Bayesian inference (BI) analyses were performed using a 

dataset including all the Glomeromycota species in possession of partial 45S or partial 28S 

sequences. Overall, the dataset included 235 species and 48 genera represented by 664 sequences. 

Sequence alignment was performed in three steps: a) for each order separately, sequences were 

aligned using MAFFT 7.243 (Katoh et al. 2019), strategy E-INS-i; b) after trimming the ITS, the 

alignments were aligned together using the MAFFT function 'Merge', preserving the ñintra-orderò 

alignments; c) for each order in the alignment, it's related ITS block was concatenated, not 

overlapping ITS blocks of other orders. In such a way, the information of ITS was preserved but 

used only to infer phylogenetic relationships among taxa in each order. In both ML and BI 

analyses, the alignment was divided into two partitions (18S+5.8S, 28S), plus additional partitions 

for ITS1 and ITS2 exclusive to each order. GTR+I+G was chosen in both BI and ML analyses as a 

nucleotide substitution model for each nucleotide partition (Abadi et al. 2019). The ML tree was 

estimated using RAxML-NG 1.0.1 (Kozlov et al. 2019), using a maximum likelihood/1000 

bootstrapping run, and ML estimated proportion of invariable sites and base frequencies. In the BI 

analysis, four Markov chains were run over fifteen million generations in MrBayes 3.2 (Ronquist et 

al. 2012), sampling every 1000 generations, with a burn-in at 25% sampled trees. The order 

Paraglomerales, as the earliest diverging lineage in Glomeromycota, was used to root the tree.  
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Results 

 

Phylogenomic tree of non-Dikarya fungi  

The phylogenomic analysis was carried out using a previously assembled 300-gene dataset 

(Wijayawardene et al. 2024), updated to include every family of non-Dikarya fungi with sequenced 

genomes. To properly sample the available data, we collected all genomic datasets for non-Dikarya 

fungi and reconstructed individual phylogenies for major fungal phyla or subkingdoms. In total, the 

current tally of nearly 400 non-dikaryan species with available genomes covers 85 families and 

several incertae sedis taxa, which is less than half of the registered families for these groups of 

fungi. Particularly poorly represented are groups such as Chytridiomycota and Rozellomycota, 

where 30 to 40 known families have no sequenced representatives. 

For the combined phylogeny, we reduced the initial dataset to 141 non-dikaryan species by 

excluding closely related species, while preserving one to several representatives per family. The 

ML tree reconstructed for this condensed dataset using the site-heterogeneous profile mixture 

model of IQ-TREE reproduces the earlier result of ML inference for fungal phyla (Wijayawardene 

et al. 2024), lending full support to many early nodes of fungal phylogeny, including the 

controversial grouping of Mucoromycota and Glomeromycota (Fig. 2). Relationships between 

families of non-Dikarya fungi likewise receive high support values. Notably, the improved 

sampling within Chytridiomycota provides better resolution for the positions of Caulochytrium and 

Polychytrium, which were conflicting in the previous analysis. Yet, several nodes of this new 

phylogeny remain poorly supported. The sister group position of Lentamyces to 

Cunninghamellaceae in Mucoromycota receives only 60% support ï the distinctly divergent 

sequences of Lentamyces likely impel its placement closer to the root in 40% of replicates, sister to 

the group that includes families Phycomycetaceae, Cunninghamellaceae and Mucoraceae. Among 

microsporidians, the early branching of Edhazardia (fam. Amblyosporidae) is not well supported, 

and the alternative position, sister to Astathelohania, is observed in 37% of replicates. The relative 

branching within Aphelidiomycota is uncertain, with the two Aphelidium species competing with 

Amoeboaphelidium protococcarum for the sister group position to other aphelids. The exact 

placement of Basidiobolomycota also remains ambiguous, with 79% of replicates supporting a 

sister relationship to a group uniting Entomophthoromycota and Kickxellomycota, 18% of replicates 

supporting a closer relationship to Zoopagomycota, and the remaining 3% placing 

Basidiobolomycota as the earliest branch of the subkingdom Zoopagomyceta. Among chytrids, the 

alternative placement of Nowakowskiellaceae and Cladochytrium replicatum closer to the root of 

the group is observed in 9% of replicates. 

Several families emerge as paraphyletic in the reconstruction. The family Cladochytriaceae, 

represented in the dataset by Cladochytrium replicatum and Cladochytrium tenue, is particularly 

problematic. The two Cladochytrium species are not closely related, with C. replicatum branching 

sister to Nowakowskiellaceae, while C. tenue branches with Cladochytrium polystomum that was 

redescribed as Zopfochytrium polystomum of family Chytridiaceae (Fig. 2). As pointed out in the 

study that introduced Zopfochytrium polystomum, family Cladochytriaceae is paraphyletic and 

requires revision following a clearer ultrastructural investigation of type species C. tenue (Powell et 

al. 2018a). The current phylogenomic reconstruction, however, also refutes the inclusion of 

Zopfochytrium in Chytridiaceae ï the group of Z. polystomum and C. tenue is close to the family 

Chytriomycetaceae and several incertae sedis chytrids, rendering the Chytridiaceae paraphyletic. 

Therefore, the taxonomic affinities of Z. polystomum and Cladochytrium species conflict with the 

phylogeny, and the delineations of both families, Cladochytriaceae and Chytridiaceae, need further 

reassessment.  

 

Phylogenomic tree of Mucoromycota 

In this study, phylogenomic analysis was performed on 58 genomes using the 

PROTGAMMALGX model. The resulting ML tree indicated strong support for 18 families within 

the Mucoromycota (Fig. 3). However, the family Densosporaceae did not form a clade with 
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Endogonaceae, as both families belong to the order Endogonales (Desirò et al. 2017, Zhao et al. 

2023). Within the family Mucoraceae, the genus Mucor was also found to be polyphyletic. 

Additionally, the family Pygmaeomycetaceae was classified under the order Umbelopsidales based 

on ITS sequences (Walsh et al. 2021). However, the taxonomic status of some groups could not be 

determined from the phylogenomic analysis due to the lack of published genome data. 

 

 
 

Figure 2 ï Phylogenomic analysis of relationships between families of non-Dikarya fungi. The 

phylogeny was reconstructed using the maximum likelihood approach of IQ-TREE with a 300-gene 

dataset, featuring representatives of all families of non-dikaryan fungi where sequenced genomes 

were available; the inference utilized the profile mixture evolutionary model LG+C60+F+G4, with 



    4077 

support values estimated by ultrafast bootstrap approximation; only nodes that fail to achieve full 

support have the support values shown ï indicated by a red circle and the corresponding bootstrap 

percentage; the branches of the microsporidian subtree were shortened to a third of their actual 

length for the illustration (the branches drawn in red); families that emerge as paraphyletic in the 

reconstruction have their names highlighted with a red colour. 

 
 

Figure 3 ï A maximum likelihood tree of 56 genomes of Mucoromycota, and two genomes of 

Mortierella as outgroups. The ML bootstrap values are shown at the branch nodes. The scale bar at 

the bottom left indicates the number of substitutions per site. 

 

Phylogenetic analyses of Glomeromycota 

Tree topology of the ML analysis at genus or higher taxonomic rank was mostly identical to 

the one recovered in the BI analysis, generally in agreement with previous phylogenies shown by 

recent phylogenetic analysis (da Silva et al. 2024), involving also data from environmental 
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sequences (Tedersoo et al. 2024). Among the 22 Glomeromycota families considered, 16 received 

full ML and BI support. All families included in the analysis were placed in the expected order 

clades, except for Pacisporaceae (Diversisporales sensu Oehl, G.A. Silva & Sieverd) that 

clustered, very weakly supported, with Gigasporales. The phylogenetic placement of this family, as 

proposed by Walker et al. (2004), is unlikely to be contentious, as its species are the only ones 

reported to form both intraradical vesicles and extraradical auxiliary cells, structures which are 

characteristic of Diversisporales and Gigasporales, respectively (Bğaszkowski 2012). The current 

affiliation of Pacisporaceae to Diversisporales sensu Oehl, G.A. Silva & Sieverd should be 

considered uncertain, requiring further investigation. 

Furthermore, the analysis showed the clade populated by Bulbospora minima sequences 

represents an independent clade at the family level. The previous inclusion of Bulbospora in 

Scutellosporaceae (Marinho et al. 2014) rendered this family unsupported. Based on the 

phylogenetic analyses presented here (Fig. 4) and in Tedersoo et al. (2024, Supplementary material 

2), Bulbospora does not show any sister relationship with either Scutellosporaceae clade or other 

family clades in Gigasporales. Therefore, considering also the morphology of Bulbospora minima, 

the new family Bulbosporaceae is erected to accommodate the monospecific genus. 

Among the families not fully supported, those with the weakest were Gigasporaceae and 

Scutellosporaceae, both in Gigasporales. Gigasporaceae ñsufferedò the introduction of Gigaspora 

siqueirae, recently added into the genus (Manawasinghe et al. 2025), occupying a sister position to 

the clade formed by the other Gigaspora species. The new species was retained as Gigaspora, 

based on the spore morphology, undoubtedly resembling those of the genus. Potential emendations 

of the Gigasporaceae-Intraornatosporaceae clade should be considered once additional molecular 

data become available, especially for Intraornatospora and Paradentiscutata genera, whose SSU-

ITS-LSU sequences are still lacking, as well as alternative molecular markers (as rpb1). 

 

Outline of non-Dikarya fungi (The number of species of each genus is given inside the brackets) 

APHELIDIOMYCOTA  Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov 

Aphelidiomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, 

M. Ryberg & Abarenkov 

Aphelidiales Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, M. 

Ryberg & Abarenkov 

Aphelidiaceae Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, M. 

Ryberg & Abarenkov 

Amoeboaphelidium Scherff. (5)  

Aphelidium Zopf (10) 

Paraphelidium Karpov, Moreira, López-García (2) 

Protaphelidium Seliuk & Karpov (1)  

Pseudaphelidium Schweikert & Schnepf (1) 

 

BASIDIOBOLOMYCOTA Doweld 

Basidiobolomycetes Doweld  

Basidiobolales Jacz. & P.A. Jacz.  

Basidiobolaceae Engl. & E. Gilg 

Basidiobolus Eidam (7) 

Schizangiella J. Dwyer, B. Burwell, Humber, C. Mcleod, M. Fleetwood & T. Johnson bis (1) 

 

BLASTOCLADIOMYCOTA T.Y. James  

Blastocladiomycetes Doweld 

Blastocladiales H.E. Petersen 

Blastocladiaceae H.E. Petersen 

Allomyces E.J. Butler (10)  
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Blastocladia Reinsch (30) 

Blastocladiopsis Sparrow (2) 

 

Catenariaceae Couch 

Catenophlyctis Karling (2) 

Nematoceromyces Doweld (3) 

 

Paraphysodermataceae Doweld 

Paraphysoderma Boussiba, Zarka & T.Y. James (1) 

 

Sorochytriaceae Dewel 

Sorochytrium Dewel (1) 

 

Callimastigales Doweld 

Callimastigaceae Fonseca 

Callimastix Weissenb. (2) 

 

Catenomycetales Doweld 

Catenomycetaceae Doweld 

Catenomyces A.M. Hanson (2) 

 

Coelomomycetaceae Couch 

Coelomomyces Keilin (66) 

Coelomycidium Debais. (2) 

 

Physodermatomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov 

Physodermatales Caval.-Sm. 

Physodermataceae Sparrow 

Physoderma Wallr. (99) 

 

CALCARISPORIELLOMYCOTA Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, 

Schigel, T.W. May, M. Ryberg & Abarenkov 

Calcarisporiellomycotina Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov 

Calcarisporiellomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov  

Calcarisporiellales Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, 

M. Ryberg & Abarenkov 

Calcarisporiellaceae Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov 

Calcarisporiella de Hoog (1) 

Echinochlamydosporium X.Z. Jiang, H.Y. Yu, M.C. Xiang, X.Y. Liu & Xing Z. Liu (1) 

 

CHYTRIDIOMYCOTA Doweld (= Caulochytriomycota Doweld) 

Caulochytriomycetes Doweld 

Caulochytriales Doweld 

Caulochytriaceae Subram. 

Caulochytrium Voos & L.S. Olive (2) 

 

Chytridiomycetes Caval.-Sm. 



    4080 

Chytridiales Cohn 

Asterophlyctaceae Doweld 

Asterophlyctis H.E. Petersen (2) 

Wheelerophlyctis P.M Letcher, M.J. Powell, W.J. Davis (2) 

Chytridiaceae Nowak. 

Chytridium A. Braun (143) 

Dendrochytridium Letcher, Longcore & M.J. Powell (1) 

Dinochytrium Lesham, Letcher & M.J. Powell (1) 

Irineochytrium Letcher, Longcore & M.J. Powell (1) 

Phlyctochytrium J. Schröt. (ca. 50) 

Polyphlyctis Karling (3)  

Zopfochytrium M.J. Powell, Longcore, Letcher (1) 

 

Chytriomycetaceae Letcher (= Phlyctorhizaceae Doweld) 

Avachytrium Vélez & Letcher (1) 

Chytriomyces Karling (33) 

Entophlyctis A. Fisch. (29)  

Fayochytriomyces W.J. Davis, Letcher, Longcore & M.J. Powell (1) 

Obelidium Nowak. (3) 

Odontochytrium Vélez & Letcher (1) 

Pendulichytrium K. Seto & Degawa (1) 

Phlyctorhiza A.M. Hanson (1) 

Physocladia Sparrow (1) 

Podochytrium Pfitzer (7) 

Rhopalophlyctis Karling (1) 

Rhizidium A. Braun (34) 

Rodmanochytrium M.J. Powell & Letcher (2) 

Rhizoclosmatium H.E. Petersen (4) 

Siphonaria H.E. Petersen (3) 

 

Pseudorhizidiaceae Doweld 

Delfinachytrium Vélez & Letcher (1) 

Pseudorhizidium M.J. Powell, Letcher & Longcore (1) 

 

Scherffeliomycetaceae Doweld 

Scherffeliomyces Sparrow (4) 

 

Nephridiophagales Doweld 

Nephridiophagaceae R. Radek, Letcher, Wijayaw., P.M. Kirk & K.D. Hyde 

Coleospora Gibbs (1) 

Malpighivinco Radek & Strassert (1) 

Nephridiophaga Ivaniĺ (12) 

Nephridiochytrium Radek & Strassert (1) 

Oryctospora Purrini & Weiser (1) 

Peltomyces Léger (1) 

 

Polyphagales Doweld 

Polyphagaceae F. Maekawa 

Polyphagus Nowak. (15) 

Volvorax Doweld (1) 
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Saccopodiales Doweld 

Saccopodiaceae Jacz. & P.A. Jacz.  

Saccopodium Sorokǭn (1) 

 

Zygophlyctidales K. Seto 

Zygophlyctidaceae K. Seto 

Zygophlyctis Doweld (3) 

 

Zygorhizidiales K. Seto 

Zygorhizidiaceae Doweld 

Zygorhizidium Löwenthal (9) 

 

Chytridiomycetes families incertae sedis 

Amoebochytriaceae Doweld 

Amoebochytrium Zopf (1) 

 

Sparrowiaceae Doweld 

Sparrowia Willoughby (2) 

 

Sphaeromonadaceae Doweld 

Sphaeromonas E. Liebet. (3) 

 

Tetrachytriaceae Doweld 

Tetrachytrium Sorokǭn (1) 

Zygochytrium Sorokǭn (1) 

 

Thalassochytriaceae Doweld 

Thalassochytrium Nyvall, M. Pedersén & Longcore (1) 

 

Cladochytriomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov 

Cladochytriales Mozl.-Standr. 

Cladochytriaceae J. Schröt. 

Cladochytrium Nowak. (51) 

Karlingiella (Karling) G.H. Jerônimo, A.L. Jesus & Pires-Zottar. (1) 

 

Endochytriaceae Sparrow ex D.J.S. Barr 

Endochytrium Sparrow (7) 

 

Nowakowskiellaceae Sparrow ex Mozl.-Standr. 

Nowakowskiella J. Schröt. (18) 

 

Septochytriaceae Mozl.-Standr. (= ?Catenochytridiaceae) 

Allochytridium D.J.S. Barr & Desauln (3) 

Catenochytridium Berdan (6) 

Cylindrochytridium Karling (2) 

Dogmamyces G.H. Jerônimo, C.L.A. Pires-Zottar., T.Y. James & J.E. Longcore (1) 

Nephrochytrium Karling (4) 

Phytochytrium Longcore & G.H. Jerônimo (1) 

Septochytrium Berdan (5) 

Sparrowiella Longcore & G.H. Jerônimo (1) 
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Cladochytriales genera incertae sedis 

?Diplophlyctis J. Schröt. (12) 

Thomasia G.H. Jerônimo (1) 

 

Lobulomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, M. 

Ryberg & Abarenkov 

Lobulomycetales D.R. Simmons 

Lobulomycetaceae D.R. Simmons (= Alogomycetaceae Doweld) 

Algochytrops Doweld (1) 

Algomyces Van den Wyngaert, K. Rojas & K. Seto (1) 

Alogomyces D.R. Simmons & Letcher (1) 

Clydaea D.R. Simmons (1) 

Cyclopsomyces K. Seto & Degawa (1) 

Lobulomyces D.R. Simmons (2) 

Maunachytrium D.R. Simmons (1) 

 

Mesochytriomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov 

Gromochytriales Karpov & Aleoshin 

Gromochytriaceae Karpov & Aleoshin 

Apiochytrium Karpov & D. Moreira (1) 

Gromochytrium Karpov & Aleoshin (1) 

 

Mesochytriales Doweld 

Mesochytriaceae Doweld 

Mesochytrium B.V. Gromov, Mamkaeva & Pljusch (1) 

 

Polychytriomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, 

M. Ryberg & Abarenkov  

Polychytriales Longcore & D.R. Simmons 

Polychytriaceae Doweld (= ?Arkayaceae Doweld) 

Arkaya Longcore & D.R. Simmons (2) 

Karlingiomyces Sparrow (8) 

Lacustromyces Longcore (1) 

Neokarlingia Longcore & D.R. Simmons (1) 

Polychytrium Ajello (1) 

 

Rhizophlyctidomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov 

Rhizophlyctidales Letcher 

Arizonaphlyctidaceae Letcher 

Arizonaphlyctis Letcher (1) 

 

Borealophlyctidaceae Letcher 

Borealophlyctis Letcher (2) 

 

Rhizophlyctidaceae H.E. Petersen 

Rhizophlyctis A. Fisch. (31) 

 

Sonoraphlyctidaceae Letcher 

Sonoraphlyctis Letcher (1) 
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Rhizophydiomycetes Tedersoo, Sánchez-Ramírez, Kõljalg, Bahram, Döring, Schigel, T. May, M. 

Ryberg & Abarenkov 

Rhizophydiales Letcher 

Alphamycetaceae Letcher 

Alphamyces Letcher (2) 

Betamyces Letcher (1) 

Gammamyces Letcher (1) 

 

Angulomycetaceae Letcher 

Angulomyces Letcher (1) 

 

Aquamycetaceae Letcher 

Aquamyces Letcher (1) 

 

Batrachochytriaceae Doweld 

Batrachochytrium Longcore, Pessier & D.K. Nichols (2) 

 

Collimycetaceae K. Seto & Degawa 

Collimyces K. Seto & Degawa (1) 

 

Coralloidiomycetaceae Doweld 

Coralloidiomyces Letcher (1) 

 

Dinomycetaceae Karpov & Guil lou 

Dinomyces Karpov & Guillou (2) 

Paradinomyces Reñé & Karpov (2) 

 

Ericiomycetaceae Karpov & Reñé 

Ericiomyces Karpov & Reñé (1) 

 

Globomycetaceae Letcher 

Globomyces Letcher (1) 

Urceomyces Letcher (1) 

 

Gorgonomycetaceae Letcher 

Gorgonomyces Letcher (5) 

 

Halomycetaceae Letcher & M.J. Powell 

Halomyces Letcher & M.J. Powell (1) 

Paludomyces Letcher & M.J. Powell (1) 

Paranamyces Letcher & M.J. Powell (1) 

Ulkenomyces Letcher & M.J. Powell (1) 

 

Kappamycetaceae Letcher 

Kappamyces Letcher & M.J. Powell (2) 

 

Operculomycetaceae Doweld 

Operculomyces M.J. Powell, Letcher & Longcore (1) 

 

Pateramycetaceae Letcher 

Pateramyces Letcher (2) 
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Protrudomycetaceae Letcher 

Protrudomyces Letcher (1) 

 

Rhizophydiaceae Letcher 

Rhizophydium Schenk ex Rabenh. (ca. 150) 

 

Staurastromycetaceae S. Van den Wyngaert, K. Seto & K. Rojas 

Staurastromyces Van den Wyngaert, K. Seto & K. Rojas (1) 

 

Terramycetaceae Letcher 

Boothiomyces Letcher (1) 

Terramyces Letcher (4) 

 

Uebelmesseromycetaceae M.J. Powell & Letcher 

Uebelmesseromyces M.J. Powell & Letcher (1) 

 

Rhizophydiales genera incertae sedis 

Homolaphlyctis Longcore, Letcher & T.Y. James (1) 

Polyrhizophydium Longcore & D.R. Simmons (1) 

 

Spizellomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, M. 

Ryberg & Abarenkov 

Spizellomycetales D.J.S. Barr 

Powellomycetaceae D.R. Simmons 

Fimicolochytrium D.R. Simmons & Longcore (2) 

Geranomyces D.R. Simmons (4) 

Powellomyces Longcore (1) 

Thoreauomyces D.R. Simmons & Longcore (1) 

 

Spizellomycetaceae D.J.S. Barr 

Barromyces M.J. Powell & Letcher (1) 

Brevicalcar Letcher & M.J. Powell (1) 

Bulbosomyces Letcher & Longcore (1) 

Gaertneriomyces D.J.S. Barr (4) 

Gallinipes Letcher & M.J. Powell (3) 

Kochiomyces D.J.S. Barr (1) 

Spizellomyces D.J.S. Barr (7) 

Triparticalcar D.J.S. Barr (1) 

 

Synchytriomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, 

M. Ryberg & Abarenkov 

Synchytriales Doweld 

Synchytriaceae J. Schröt. 

Carpenterophlyctis Doweld (2) 

Endodesmidium Canter (1) 

Johnkarlingia Pavgi & S.L. Singh (1) 

Micromyces P.A. Dang. (11) 

?Micromycopsis Scherff. (6) 

Synchytrium de Bary & Woronin (ca. 200) 
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Chytridiomycota family incertae sedis 

Quaeritorhizaceae Longcore, D.R. Simmons & T.Y. James 

Quaeritorhiza Longcore, D.R. Simmons & T.Y. James (1) 

 

ENTOMOPHTHOROMYCOTA Humber 

Entomophthoromycotina Humber 

Entomophthoromycetes Humber 

Entomophthorales G. Winter 

Ancylistaceae J. Schröt. 

Ancylistes Pfitzer (4) 

Macrobiotophthora Reukauf (1) 

 

Batkoaceae Gryganskyi, A.E. Hajek & Stajich 

Batkoa Humber (10) 

 

Capillidiaceae Y. Nie, Stajich & K.T. Hodge 

Capillidium B. Huang & Y. Nie (7) 

 

Completoriaceae Humber 

Completoria Lohde (1) 

 

Conidiobolaceae B. Huang, Stajich & K.T. Hodge  

Azygosporus B. Huang & Y. Nie (2) 

Conidiobolus Bref. (ca. 30) 

Microconidiobolus B. Huang & Y. Nie (3) 

 

Entomophthoraceae Nowak. 

Entomophaga A. Batko (22) 

Entomophthora Fresen. (63) 

Erynia (Nowak. ex A. Batko) Remaud. & Hennebert (27) 

Eryniopsis Humber (5) 

Furia (A. Batko) Humber (16) 

Massospora Peck (15) 

Orthomyces Steinkr., Humber & J.B. Oliv. (1) 

Strongwellsea A. Batko & J. Weiser (3) 

Tarichium Cohn sensu stricto (26) 

Zoophthora A. Batko (38) 

 

Meristacraceae Humber 

Meristacrum Drechsler (2) 

 

Neoconidiobolaceae X.Y. Liu, Stajich & K.T. Hodge 

Neoconidiobolus B. Huang & Y. Nie (13) 

 

Neozygitomycetes Humber 

Neozygitales Humber 

Neozygitaceae Ben-Ze'ev , R.G. Kenneth & Uziel 

Apterivorax S. Keller (2) 

Neozygites Witlaczil (22) 
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GLOMEROMYCOTA C. Walker & A. Schüßler 

Archaeosporomycetes Sieverd., G.A. Silva, B.T. Goto & Oehl 

Archaeosporales C. Walker & A. Schüssler 

Ambisporaceae C. Walker, Vestberg & A. Schüssler (= Appendicisporaceae C. Walker, Vestberg 

& A. Schüssler)  

Ambispora C. Walker, Vestberg & A. Schüssler (basionym Appendicispora Spain, Oehl & 

Sieverding) (11) 

 

Archaeosporaceae J.B. Morton & D. Redecker 

Archaeospora J.B. Morton & D. Redecker (6) 

Palaeospora Oehl, Palenz., Sánchez-Castro & G.A. Silva (1) 

 

Geosiphonaceae Engl. & E. Gilg 

Geosiphon F. Wettst. (1) 

 

Polonosporaceae Bğaszk., Niezgoda, B.T. Goto, Magurno 

Polonospora Bğaszk., Niezgoda, B.T. Goto, Magurno (1) 

 

Glomeromycetes Caval.-Sm. emend. Oehl, G.A. Silva, B.T. Goto & Sieverd. 

Diversisporales C. Walker & A. Schüssler emend. Oehl, G.A. Silva & Sieverd. 

Acaulosporaceae J.B. Morton & Benny 

Acaulospora Gerd. & Trappe (= Kuklospora Oehl & Sieverd.) (58) 

 

Diversisporaceae C. Walker & A. Schüessler 

Corymbiglomus Bğaszk. & Chwat (3) 

Desertispora Bğaszk., Kozğowska, Ryszka, Al-Yahyaôei & Symanczik (1) 

Diversispora C. Walker & A. Schüssler (21) 

Redeckera C. Walker & A. Schüssler (6) 

Sieverdingia Bğaszk., Niezgoda & B.T. Goto (1) 

 

Pacisporaceae C. Walker, Bğaszk., A. Schüssler & Schwarzott 

Pacispora Sieverd. & Oehl (7) 

 

Sacculosporaceae Oehl, Sieverd., G.A. Silva, B.T. Goto, Sánchez-Castro & Palenz. 

Sacculospora Oehl, Sieverd., G.A. Silva, B.T. Goto, I.C. Sánchez & Palenz. (2) 

 

Entrophosporales Bğaszk., S§nchez-Garc²a, B.T. Goto & Magurno 

Entrophosporaceae s. str. Oehl & Sieverd. 

Entrophospora R.N. Ames & R.W. Schneid. (2) 

 

Gigasporales S.P. Gautam & U.S. Patel (= Gigasporales Sieverd., G.A. Silva, B.T. Goto & Oehl) 

Bulbosporaceae Magurno, F.A. de Souza, N.V.L. Oliveira & B.T. Goto  

Bulbospora Oehl& G.A. Silva (1) 

 

Dentiscutataceae F.A. Souza, Oehl & Sieverd. 

Dentiscutata Sieverd., F.A. Souza & Oehl (9) 

Fuscutata Oehl, F.A. Souza & Sieverd. (7) 

 

Gigasporaceae J.B. Morton & Benny 

Gigaspora Gerd. & Trappe (7) 
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Intraornatosporaceae B.T. Goto & Oehl 

Intraornatospora B.T. Goto, Oehl & G.A. Silva (1) 

Paradentiscutata B.T. Goto, Oehl & G.A. Silva (2) 

 

Racocetraceae Oehl, Sieverd. & F.A. Souza 

Cetraspora Oehl, F. A. Souza & Sieverd. (9) 

Racocetra Oehl, F.A. Souza & Sieverd. (13) 

 

Scutellosporaceae Sieverd., F.A. Souza & Oehl 

Orbispora Oehl, G.A. Silva & D.K. Silva (2) 

Scutellospora C. Walker & F.E. Sanders (14) 

 

Glomerales J.B. Morton & Benny emend. Oehl, G.A. Silva, B.T. Goto & Sieverd. 

Glomeraceae Piroz. & Dalpé emend. Oehl, G.A. Silva & Sieverd. 

Complexispora Bğaszk., B.T. Goto, Niezgoda & Magurno (2) 

Glomus Tul. & C. Tul. emend. Oehl, G.A. Silva & Sieverd. (58) 

Sclerocarpum B.T. Goto, Bğaszk., Niezgoda, Kozğowska & Jobim (1) 

 

Dominikiaceae G.A. Silva, Sieverd. & Oehl 

Dominikia Bğaszk., Chwat &Kov§cs (14) 

Macrodominikia Oehl, Sieverd. & G.A. Silva (1) 

Microdominikia Oehl, Corazon-Guivin & G.A. Silva (1) 

Nanoglomus Corazon-Guivin, G.A. Silva & Oehl (1) 

Orientoglomus G.A. Silva, Oehl & Corazon-Guivin (1) 

 

Kamienskiaceae G.A. Silva, Sieverd. & Oehl 

Kamienskia Bğaszk., Chwat & Kovács (1) 

Epigeocarpum Bğaszk., B.T. Goto, Jobim, Niezgoda & Marguno (2) 

Microkamienskia Corazon-Guivin, G.A. Silva & Oehl (3) 

 

Sclerocystaceae Oehl, G.A. Silva, & Sieverd. 

Sclerocystis Berk. & Broome (13) 

Halonatospora Bğaszk., Niezgoda, B.T. Goto & Kozğowska (1) 

Oehlia Bğaszk., Kozğowska, Niezgoda, B.T. Goto & Dalp® (1) 

Rhizoglomus Sieverd., G.A. Silva & Oehl (23) 

Silvaspora Bğaszk., Niezgoda, B.T. Goto, Crossay & Magurno (1) 

Parvocarpum Magurno (1) 

 

Septoglomeraceae Oehl, G.A. Silva & Sieverd. 

Septoglomus Sieverd., G.A. Silva & Oehl (14) 

Blaszkowskia G.A. Silva & Oehl (1) 

Funneliformis C. Walker & A. Schüssler emend. Oehl, G.A. Silva & Sieverd. (13) 

Funneliglomus Corazon-Guivin, G.A. Silva & Oehl (1) 

Viscospora Sieverd., G.A. Silva & Oehl (3) 

 

Paraglomeromycetes Oehl, G.A. Silva, B.T. Goto & Sieverd. 

Paraglomerales C. Walker & A. Schüssler 

Paraglomeraceae J.B. Morton & D. Redecker 

Paraglomus J.B. Morton & D. Redecker (8) 

Innospora Bğaszk., Kov§cs, Chwat & Kozğowska (1) 
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Pervetustaceae Bğaszk., Chwat, Kozğowska, Symanczik & Al-Yahya'ei 

Pervetustus Bğaszk., Chwat, Kozğowska, Symanczik & Al-Yahya'ei (1) 

 

KICKXELLOMYCOTA Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov 

Asellariomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, 

M. Ryberg & Abarenkov 

Asellariales Manier ex Manier & Lichtw. 

Asellariaceae Manier ex Manier & Lichtw.  

Asellaria R.A. Poiss. (9) 

 

Asellariales genus incertae sedis 

Baltomyces Cafaro (1) 

 

Barbatosporomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov 

Barbatosporales Doweld 

Barbatosporaceae Doweld  

Barbatospora M.M. White, Siri & Lichtw. (1) 

 

Dimargaritomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov 

Dimargaritales R.K. Benj. 

Dimargaritaceae R.K. Benj. 

Dimargaris Tiegh. (7) 

Dispira Tiegh. (4) 

Tieghemiomyces R.K. Benj. (2) 

 

Harpellomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, 

M. Ryberg & Abarenkov  

Harpellales Lichtw. & Manier 

Harpellaceae L. Léger & Duboscq ex P.M. Kirk & P.F. Cannon  

Carouxella Manier, Rioux & Whisler (2) 

Harpella L. Léger & Duboscq (7) 

Harpellomyces Lichtw. & S.T. Moss (4) 

Klastostachys Lichtw., M.C. Williams & M.M. White (1) 

Stachylina L. Léger & M. Gauthier (40) 

Stachylinoides Lichtw. & López-Lastra (1) 

 

Legeriomycetaceae Pouzar 

Austrosmittium Lichtw. & M.C. Williams (Nom. Inval.) (6) 

Bactromyces William & Strongman (1) 

Baetimyces L.G. Valle & Santam. (1) 

Bojamyces Longcore (3) 

Capniomyces S.W. Peterson & Lichtw. (3) 

Caudomyces Lichtw., Kobayasi & Indoh (3) 

Coleopteromyces Ferrington, Lichtw. & López-Lastra (1) 

Dacryodiomyces Lichtw. (1) 

Ejectosporus S.W. Peterson, Lichtw. & M.C. Williams (1) 

Ephemerellomyces M.M. White & Lichtw. (1) 

Furculomyces Lichtw. & M.C. Williams (3) 
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Gauthieromyces Lichtw. (3) 

Genistelloides S.W. Peterson, Lichtw. & B.W. Horn (5) 

Genistellospora Lichtw. (6) 

Glotzia M. Gauthier ex Manier & Lichtw. (7) 

Graminella L. Léger & M. Gauthier ex Manier (3) 

Laculus William & Strongman (1) 

Lancisporomyces Santam. (5) 

Legerioides M.M. White (1) 

Legeriomyces Pouzar (14) 

Legeriosimilis M.C. Will iams, Lichtw., M.M. White & J.K. Misra (8) 

Pennella Manier (8) 

Plecopteromyces Lichtw., Ferrington & López-Lastra (3) 

Pseudoharpella Ferrington, M.M. White & Lichtw. (1) 

Pteromaktron Whisler (2) 

Simuliomyces Lichtw. (1) 

Sinotrichium Juan Wang (1) 

Smittium R.A. Poiss. (1) 

Spartiella Tuzet & Manier ex Manier (3) 

Stipella L. Léger & M. Gauthier (2) 

Stypomyces Doweld (2) 

Tectimyces L.G. Valle & Santam. (3) 

Trichozygospora Lichtw. (1) 

Trifoliellum Strongman & M.M. White (1) 

Zancudomyces Yan Wang, Tretter, Lichtw. & M.M. White (1) 

Zygopolaris S.T. Moss, Lichtw. & Manier (2) 

Zygopolaropsis Hirok. Sato & Degawa (1) 

 

Kickxellomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, 

M. Ryberg & Abarenkov 

Kickxellales Kreisel ex R.K. Benj. 

Kickxellaceae Linder 

Coemansia Tiegh. & G. Le Monn. (25) 

Dipsacomyces R.K. Benj. (1) 

Kickxella Coem. (1) 

Linderina Raper & Fennell (2) 

Martensella Coem. (1) 

Martensiomyces J.A. Mey. (1) 

Mycoemilia Kurihara, Degawa & Tokum. (1) 

Myconymphaea Kurihara, Degawa & Tokum. (1) 

Pinnaticoemansia Kurihara & Degawa (1) 

Unguispora T. Ri & Degawa (1) 

 

Kickxellales genus incertae sedis 

Spirodactylon R.K. Benj. (1) 

 

Orphellales Doweld 

Orphellaceae Doweld 

Orphella L. Léger & M. Gauthier (12) 

 

Kickxellomycetes genus incertae sedis 

Spiromyces R.K. Benj. (2) 
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Ramicandelaberomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov 

Ramicandelaberales Doweld 

Ramicandelaberaceae Doweld 

Ramicandelaber Y. Ogawa, S. Hayashi, Degawa & Yaguchi (4) 

 

MONOBLEPHAROMYCOTA Doweld  

Hyaloraphidiomycetes Doweld 

Hyaloraphidiales Doweld 

Hyaloraphidiaceae Doweld 

Hyaloraphidium Korshikov (1) 

 

Monoblepharidomycetes J.H. Schaffn. 

Monoblepharidales Sparrow 

Gonapodyaceae H.E. Petersen ex P.M. Kirk, P.F. Cannon & J.C. David 

Gonapodya A. Fisch. (5) 

Monoblepharella Sparrow (5) 

 

Harpochytriaceae Wille 

Harpochytrium Lagerh. (12) 

 

Monoblepharidaceae A. Fisch. 

Monoblepharis Cornu (13) 

 

Oedogoniomycetaceae D.J.S. Barr 

Oedogoniomyces Kobayasi & M. Ôkubo (1) 

 

Telasphaerulaceae Longcore & T.Y. James  

Telasphaerula Longcore & T.Y. James (1) 

 

MORTIERELLOMYCOTA Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, 

T.W. May, M. Ryberg & Abarenkov 

Mortierellomycotina Kerst. Hoffm., K. Voigt & P.M. Kirk 

Mortierellomycetes Doweld 

Mortierellales Caval.-Sm. 

Mortierellaceae A. Fisch. 

Actinomortierella Chalab. (5) 

Aquamortierella Embree & Indoh (1) 

Benniella Vandepol & Bonito (1) 

Dissophora Thaxt. (4) 

Entomortierella Vandepol & Bonito (10) 

Gamsiella (R.K. Benj.) Benny & M. Blackw. (2) 

Gryganskiella Vandepol & Bonito (2) 

Linnemannia Vandepol & Bonito (24) 

Lobosporangium M. Blackw. & Benny (1) 

Lunasporangiospora Vandepol & Bonito (2) 

Modicella Kanouse (4) 

Mortierella Coem. (112) 

Necromortierella Vandepol & Bonito (1) 

Podila Stajich, Vandepol & Bonito (7) 
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MUCOROMYCOTA Doweld 

Mucoromycotina Benny  

Endogonomycetes Doweld 

Bifiguratales Tedersoo 

Bifigurataceae Tedersoo 

Bifiguratus Torres Cruz & Porras Alfaro (1) 

 

Densosporales Tedersoo, ex Madrid, P.M. Kirk & Wijayaw. 

Densosporaceae Desirò, M.E. Sm., Bidartondo, Trappe & Bonito ex Madrid, Kirk & Wijayaw.  

Densospora McGee (9) 

 

Endogonales Jacz. & P.A. Jacz. 

Endogonaceae Paol. 

Endogone Link (26) 

Jimwhitea M. Krings &T.N. Taylor (1) 

Peridiospora C.G. Wu & Suh J. Lin (2) 

Sclerogone Warcup (1) 

 

Jimgerdemanniaceae Tedersoo ex Madrid, P.M. Kirk & Wijayaw. 

Jimgerdemannia Trappe, Desirò, M.E. Sm., Bonito & Bidartondo (2) 

 

Vinositunicaceae Tedersoo 

Vinositunica Koh. Yamam., Degawa & A. Yamada (2) 

 

Mucoromycetes Doweld 

Mucorales Fr. 

Backusellaceae K. Voigt & P.M. Kirk 

Backusella Hesselt. & J.J. Ellis (26) 

 

Circinellaceae H. Zhao, Y.C. Dai, B.K. Cui, F. Wu, Yuan Yuan & X.Y. Liu 

Circinella Tiegh. & G. Le Monn. (11) 

Fennellomyces Benny & R.K. Benj. (4) 

Phascolomyces Boedijn ex Benny & R.K. Benj. (1) 

Thamnostylum Arx & H.P. Upadhyay (4) 

Zychaea Benny & R.K. Benj. (1) 

 

Cunninghamellaceae Naumov ex R.K. Benj. 

Absidia Tiegh. (70) 

Chlamydoabsidia Hesselt. & J.J. Ellis (1) 

Cunninghamella Matr. (123) 

Gongronella Ribaldi (26) 

Halteromyces Shipton & Schipper (1) 

Hesseltinella H.P. Upadhyay (1) 

 

Lentamycetaceae K. Voigt & P.M. Kirk 

Lentamyces Kerst. Hoffm. & K. Voigt (4) 

 

Lichtheimiaceae Kerst. Hoffm., Walther & K. Voigt 

Dichotomocladium Benny & R.K. Benj. (5) 

Lichtheimia Vuill . (11) 
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Mucoraceae Dumort. 

Actinomucor Schostak. (1) 

Ambomucor R.Y. Zheng & X.Y. Liu (3) 

Benjaminiella Arx (3) 

Blakeslea Thaxt. (2) 

Chaetocladium Fresen. (2) 

Choanephora Curr. (2) 

Cokeromyces Shanor (1) 

Dicranophora J. Schröt. (1) 

Ellisomyces Benny & R.K. Benj. (1) 

Gilbertella Hesselt. (2) 

Helicostylum Corda (2) 

Hyphomucor Schipper & Lunn (1) 

Isomucor J.I. Souza, Pires-Zottar. & Harakava (2) 

Kirkiana L.S. Loh, Kuthub. & Nawawi (1) 

Kirkomyces Benny (1) 

Mucor Fresen. (98)  

Mycotypha Fenner (4) 

Nawawiella L.S. Loh & Kuthub. (1) 

Parasitella Bainier (1) 

Pilaira Tiegh. (10) 

Pirella Bainier (2) 

Poitrasia P.M. Kirk (1) 

Rhizopodopsis Boedijn (1) 

Thamnidium Link (1) 

Tortumyces L.S. Loh (2) 

 

Mycocladaceae Kerst. Hoffm. 

Mycocladus Beauverie (1) 

 

Mycotyphaceae Benny & R.K. Benj. 

Mycotypha Fenner (4) 

 

Phycomycetaceae Arx 

Phycomyces Kunze (3) 

Spinellus Tiegh. (5) 

 

Pilobolaceae Corda 

Pilobolus Tode (8) 

Utharomyces Boedijn ex P.M. Kirk & Benny (1 sp. and 1 subspecies) 

 

Protomycocladaceae H. Zhao, Y.C. Dai, B.K. Cui, F. Wu, Yuan Yuan & X.Y. Liu 

Protomycocladus Schipper & Samson (1) 

 

Radiomycetaceae Hesselt. & J.J. Ellis 

Radiomyces Embree (3) 

 

Rhizomucoraceae H. Zhao, Y.C. Dai, B.K. Cui, F. Wu, Yuan Yuan & X.Y. Liu 

Rhizomucor Lucet & Costantin (6) 
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Rhizopodaceae K. Schum. 

Rhizopus Ehrenb. (13) 

 

Saksenaeaceae Hesselt. & J.J. Ellis 

Apophysomyces P.C. Misra (6) 

Saksenaea S.B. Saksena (5) 

 

Syncephalastraceae Naumov ex R.K. Benj. 

Syncephalastrum J. Schröt. (3) 

Neofennellomyces Hyang B. Lee & T.T.T. Nguyen (1) 

 

Syzygitaceae H. Zhao, Y.C. Dai, B.K. Cui, F. Wu, Yuan Yuan & X.Y. Liu 

Sporodiniella Boedijn (1) 

Syzygites Ehrenb. (1) 

 

Thermomucoraceae H. Zhao, Y.C. Dai, B.K. Cui, F. Wu, Yuan Yuan & X.Y. Liu 

Thermomucor Subrahm., B.S. Mehrotra & Thirum. (1) 

 

Umbelopsidomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. 

May, M. Ryberg & Abarenkov  

Umbelopsidales Spatafora & Stajich 

Pygmaeomycetaceae E. Walsh & N. Zhang 

Pygmaeomyces E. Walsh & N. Zhang (2) 

 

Umbelopsidaceae W. Gams & W. Mey. 

Umbelopsis Amos & H.L. Barnett (17) 

 

NEOCALLIMASTIGOMYCOTA M.J. Powell  

Neocallimastigomycetes M.J. Powell 

Neocallimastigales J.L. Li, I.B. Heath & L. Packer 

Anaeromycetaceae Doweld 

Anaeromyces Breton, Bernalier, Dusser, Fonty, B. Gaillard & J. Guillot (4) 

Capellomyces Hanafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed & 

N.H. Youssef (2) 

Liebetanzomyces Joshi, G.W. Griff. & Dagar (1) 

Oontomyces Dagar (1) 

 

Caecomycetaceae R.A. Hanafy, Yan Wang, Stajich, C.J. Pratt, N.H. Youssef & Elshahed 

Caecomyces J.J. Gold (5) 

Cyllamyces Ozkose, B.J. Thomas, D.R. Davies, G.W. Griff. & Theodorou (1) 

 

Neocallimastigaceae I.B. Heath (= Piromonadaceae Doweld) 

Aestipascuomyces Stabel, R. Hanafy, Schweitzer, Greif, Aliyu, Flad, D. Young, Lebuhn, Elshahed, 

Ochsenreither & N.H. Youssef (1) 

Feramyces Radwa Hanafy, Mostafa Elshahed & Noha Youssef (1) 

Ghazallomyces Hanafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed & 

N.H. Youssef (1) 

Neocallimastix Vávra & Joyon ex I.B. Heath (7) 

Orpinomyces D.J.S. Barr, H. Kudo, Jakober & K.J. Cheng (2) 

Paucimyces R.A. Hanafy, N.H. Youssef & Elshahed (1) 

Pecoramyces Hanafy, N.H. Youssef, G.W. Griff. & Elshahed (1) 
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Piromycetaceae R.A. Hanafy, Yan Wang, Stajich, C.J. Pratt, N.H. Youssef & Elshahed 

Piromyces J.J. Gold, I.B. Heath & Bauchop 

 

Neocallimastigales genera incertae sedis 

Agriosomyces Hanafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed & 

N.H. Youssef (1) 

Aklioshbomyces Hanafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed & 

N.H. Youssef (1) 

Buwchfawromyces T.M. Callaghan & G.W. Griff. (1) 

Joblinomyces Hanafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed & 

N.H. Youssef (1) 

Khoyollomyces Hanafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed & 

N.H. Youssef (1) 

Tahromyces Hanafy, Lanjekar, Dhakephalkar, T.M. Callaghan, Dagar, G.W. Griff., Elshahed & 

N.H. Youssef (1)  

 

OLPIDIOMYCOTA Doweld 

Olpidiomycetes Doweld 

Olpidiales Caval.-Sm. 

Olpidiaceae J. Schröt. 

Chytridhaema Moniez (1) 

Cibdelia Juel (1) 

Leiolpidium Doweld (5) 

Olpidium (A. Braun) J. Schröt. (ca. 50) 

 

ROZELLOMYCOTA Doweld 

Rozellidea Cavalier-Smith 

Rozellida Cavalier-Smith  

Rozellidae Cavalier-Smith  

Rozella Cornu (ca 27) 

 

Chytridiopsea Weiser 

Chytridiopsida Weiser 

Burkeidae Sprague 

Burkea V. Sprague (2) 

 

Buxtehudiidae J.I.R. Larss.  

Jiroveciana J.I.R. Larss. (1) 

Buxtehudea J.I.R. Larss. (1) 

 

Chytridiopsidae R. Sprague, Ormières & Manier 

Acarispora R. Radek, M. Kariton, J. Dabert & G. Alberti (1)  

Chytridiopsis W.G. Schneid. (11) 

Intexta J.I.R. Larss., M.Y. Steiner & Bjørnson (1)  

Nolleria C.B. Beard, J.F. Butler & J.J. Becnel (1) 

Sheriffia J.I.R. Larss. (1) 

 

Hesseidae Ormières & R. Sprague 

Hessea Ormières & R. Sprague (1) 
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Rudimicrosporea V. Sprague 

Metchnikovellida Caullery & Mesnil 

Amphiacanthidae J.I.R. Larss.  

Amphiacantha Caullery & Mesnil (3) 

 

Metchnikovellidae Caullery & Mesnil emend. Larsson 

Amphiamblys Caullery & Mesnil (7) 

Caulleryetta V.A. Dogiel (8) 

Desportesia I.V. Issi & Voronin (1)  

Metchnikovella Caullery & Mesnil (8) 

 

Metchnikovellida genus incertae sedis 

Mesnilivella Frolova & Nassonova (1) 

 

Microsporidea Corliss & Levine 

Amblyosporida Y.S. Tokarev & Issi  

Amblyosporidae Weiser emend. Y.S. Tokarev & Issi 

Aedispora P.J. Kilochitskii (1) 

Amblyospora Hazard & Oldacre (90)  

Andreanna A.V. Simakova, C.R. Vossbrinck & Andreadis (1) 

Becnelia T. Tonka & J. Weiser (1) 

Crepidulospora A.V. Simakova, T.F. Pankova & I.V. Issi (1) 

Cristulospora L.F. Khodzhaeva & I.V. Issi (3) 

Culicospora Weiser (2) 

Culicosporella Weiser (1) 

Dimeiospora A.V. Simakova, T.F. Pankova & I.V. Issi (1)  

Edhazardia Becnel, V. Sprague & Fukuda (1) 

Hyalinocysta Hazard & Oldacre (1) 

Intrapredatorus Chen, Kuo & Wu (1) 

Novothelohania Andreadis, Simakova, Vossbrinck, Shepard & Yurchenko (1) 

Parastempellia Khodzhaeva (2) 

Parathelohania Codreanu (25) 

Trichoctosporea J.I.R. Larss. (1) 

Tricornia J.K. Pell & E.U. Canning (1) 

 

Caudosporidae Weiser emend. Y.S. Tokarev & I.V. Issi 

Binucleospora A.M. Bronnvall & J.I.R. Larss. (1) 

Caudosporina (J. Weiser) Y.S. Tokarev & I.V. Issi (1) 

Flabelliforma E.U. Canning, R. Killick-Kendrick & M. Killick-Kendrick (4) 

Myrmecomorba R.M. Plowes, J.J. Becnel, E.G. LeBrun, D.H. Oi, S.M. Valles, N.T. Jones & L.E. 

Gilbert (1) 

Neoflabelliforma D.J. Morris & M.A. Freeman (2) 

Octosporea Flu (18) 

Polydispyrenia E.U. Canning & E.I. Hazard (2) 

Ringueletium J.J. Garcia (1) 

Scipionospora E.K.C. Bylén & J.I.R. Larss. (1) 

Weiseria J.M. Doby & F. Saguez (3) 

 

Gurleyidae Sprague emend. Y.S. Tokarev & I.V. Issi 

Agglomerata J.I.R. Larss. & N.D. Yan (6) 

Binucleata D. Refardt, E. Decaestecker, P.T.J. Johnson & Vávra (1)  
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Conglomerata I. V§vra, P. Fiala, Krylov§, Petrusek & Hyliġ (1) 

Episeptum J.I.R. Larss. (6) 

Gurleya Doflein (10) 

Lanatospora Voronin (4)  

Larssonia S.S. Vidtmann & Y.Y. Sokolova (2) 

Marssoniella Lemmermann (1) 

Norlevinea Vávra (1) 

Paraepiseptum M. Hyliġ, Oborn²k, J. Nebes§Śov§ & V§vra (4) 

Pseudoberwaldia V§vra, I. Fiala, P. Krylov§, Petrusek & Hyliġ (1) 

Senoma A.V. Simakova, T.F. Pankova, Y.S. Y.S. Tokarev & I.V. Issi (1) 

Zelenkaia M. Hyliġ, Oborn²k, J. Nebes§Śov§ & V§vra (1) 

 

Neopereziida Y.S. Tokarev & I.V. Issi 

Berwaldiidae Simakova, Y.S. Tokarev & I.V. Issi  

Berwaldia Larsson (4) 

Fibrillanosema G.M.J. Slothouber Galbreath, J.E. Smith, R.S. Terry, J.J. Becnel & A.M. Dunn (1) 

 

Neopereziidae Voronin emend. I.V. Issi, Y.S. Tokarev, Seliverstova & Voronin  

Bryonosema E.U. Canning, D. Refardt, C.R. Vossbrinck, B. Okamura & A. Curry (2) 

Neoperezia I.V. Issi & Voronin (2) 

Pseudonosema E.U. Canning, D. Refardt, C.R. Vossbrinck, B. Okamura & A. Curry (1) 

Schroedera D.J. Morris & A. Adams (2) 

Trichonosema E.U. Canning, D. Refardt, C.R. Vossbrinck, B. Okamura & A. Curry (2) 

 

Tubulinosematidae C. Franzen, S. Fisch., Schröd., J. Schölmerich & S. Schneuwly emend. Y.S. 

Tokarev & I.V. Issi 

Anncaliia I.V. Issi, S.V. Krylova & V.M. Nikolaeva (6)  

Kneallhazia Sokolova & Fuxa (2) 

Tubulinosema C. Franzen, S. Fisch., Schröd., J. Schölmerich & S. Schneuwly (5) 

 

Ovavesiculida Y.S. Y.S. Tokarev & I.V. Issi 

Ovavesiculidae R. Sprague, J.J. Becnel & E.I. Hazard emend. Y.S. Tokarev & I.V. Issi 

Antonospora I. Fr., R.J. Paxton, J. Tengö, J.A. da Silva, S.B. Slemenda & N.J. Pieniazek (2) 

Ovavesicula Andreadis & Hanula (1) 

Paranosema Sokolova, Dolgikh, E.V. Morzhina, Nassonova, I.V. Issi, R.S. Terry, J.E. Ironside, 

J.E. Sm. & Vossbr. (4) 

 

Glugeida Gurley emend. Y.S. Tokarev & I.V. Issi 

Facilisporidae S.R.M. Jones, Prosperi-Porta & E. Kim 

Facilispora S.R.M. Jones, Prosperi-Porta & E. Kim (1) 

 

Glugeidae Gurley emend. Y.S. Tokarev & I.V. Issi 

Alloglugea I. Paperna & R. Lainson (1) 

Amazonspora C. Azevedo & E. Matos (1) 

Cambaraspora Bojko, C.E. Stratton, Moler, Stratton & Reisinger (1) 

Glugea Thélohan (41) 

Ichthyosporidium Caullery & Mesnil (5) 

Johenrea C.E. Lange, J.J. Becnel, E. Razafindratiana, J. Przybyszewski & H. Razafindrafara (1) 

Loma C.M. Morrison & R. Sprague (12) 

Parapleistophora I.V. Issi, Kadyrova, Pushkar, Khodzhaeva & S.V. Krylova (1) 
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Pseudoloma J.L. Matthews, A.M.V. Br., K. Larison, J.K. Bishop-Stewart, P. Rogers & M.L. Kent 

(6) 

 

Myosporidae G.D. Stentiford, K.S. Bateman, H.J. Small, J. Moss, Shields, Reece & I. Tuck  

Myospora G.D. Stentiford, K.S. Bateman, H.J. Small, J. Moss, Shields, Reece & I. Tuck (1) 

 

Pereziidae Loubes, Maurand, Comps & Campillo emend. Y.S. Tokarev & I.V. Issi 

Ameson V. Sprague (2) 

Nadelspora Olson, Tiekotter & Reno (1)  

Perezia L. Léger & Duboscq (12) 

Pernicivesicula E.K.C. Bylén & J.I.R. Larss. (1) 

 

Pleistophoridae Doflein emend. Y.S. Tokarev & I.V. Issi 

Dasyatispora A. Diamant, Goren, M.B. Yokeĸ, B.S. Galil, Y. Klopman, D. Huchon, A. Szitenberg 

& S.Ü. Karhan (1) 

Heterosporis G. Schub. (4) 

Myosporidium E. Baquero, M. Rubio, I.N.S. Moura, N.J. Pieniazek & R. Jordana (1) 

Ovipleistophora Pekkar., Lom & F. Nilsen (2) 

Pleistophora Gurley (10) 

Trachipleistophora W.S. Hollister, E.U. Canning, E. Weidner, A.S. Field, J. Kench & D.J. Marriott 

(4) 

Vavraia J. Weiser (10) 

 

Spragueidae Weissenberg emend. Y.S. Tokarev & I.V. Issi 

Apotaspora Sokolova & R.M. Overstreet (1) 

Inodosporus R.M. Overstreet & E. Weidner (2)  

Kabatana Lom, Dyková & Tonguthai (5) 

Microgemma J.R. Ralphs & R.A. Matthews (6) 

Potaspora G. Casal, E. Matos, M.L. Teles-Grilo & C. Azevedo (3) 

Pseudokabatana Xing H. Liu, G.D. Stentiford, V.N. Voronin, H. Sato, A.H. Li & Jin Y. Zhang (1) 

Spraguea R. Weissenb. (2) 

Tetramicra R.A. Matthews & A.B.F. Matthews (1) 

 

Thelohaniidae Hazard & Oldacre emend. Y.S. Tokarev & I.V. Issi 

Bohuslavia J.I.R. Larsson (1) 

Chapmanium E.I. Hazard & Oldacre (4)  

Coccospora R.R. Kudo (1) 

Cucumispora M.O. Ovcharenko, K. BŃcela-Spychalska, T. Wilkinson, J.E. Ironside, T. Rigaud & 

Wattier (2) 

Hyperspora G.D. Stentiford, Ramilo, E. Abollo, R. Kerr, K.S. Bateman, Feist, D. Bass & A. 

Villalba (1) 

Napamichum J.I.R. Larss. (3) 

Octotetraspora I.V. Issi, Kadyrova, Pushkar, Khodzhaeva & S.V. Krylova (1)  

Ormieresia C.P. Vivarès, Bouix & Manier (1) 

Orthothelohania Codreanu & Codreanu-Balcescu (1) 

Paradoxium G.D. Stentiford, S.H. Ross, R. Kerr, D. Bass & K.S. Bateman (1) 

Pegmatheca E.I. Hazard & Oldacre (2) 

Resiomeria J.I.R. Larss. (1) 

Spherospora J.J. Garcia (1) 

Systenostrema E.I. Hazard & Oldacre (5) 

https://www.indexfungorum.org/Names/Names.asp?strGenus=Kabatana
https://www.indexfungorum.org/Names/Names.asp?strGenus=Systenostrema
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Thelohania Henneguy (50) 

Unikaryonidae Sprague emend. Y.S. Tokarev & I.V. Issi 

Canningia Weiser, Wegensteiner & Ģiģka (2)  

Dictyocoela R.S. Terry, J.E. Sm., R.G. Sharpe, T. Rigaud, D. Littlew., J.E. Ironside, Rollinson, 

Bouchon, MacNeil, J.T.A. Dick & A.M. Dunn (8) 

Larssoniella J. Weiser & L. David (2)  

Unikaryon E.U. Canning, P.F. Lai & J.K. Lie (19) 

 

Nosematida Labbe emend. Y.S. Tokarev & I.V. Issi 

Encephalitozoonidae Voronin 

Encephalitozoon C. Levaditi, Nicolau & R. Schoen (12) 

Mockfordia Sokolova, I.M. Sokolov & C.E. Carlton (1) 

 

Enterocytozoonidae Cali & Owen emend. Y.S. Tokarev & I.V. Issi 

Desmozoon M.A. Freeman & C. Sommerville (3) 

Enterocytozoon I. Desp., Le Charpentier, Galian, F. Bernard, Cochand-Priollet, Lavergne, Ravisse 

& Modigliani (2) 

Enterospora Stentiford, K.S. Bateman, Longshaw & Feist (2) 

Hepatospora G.D. Stentiford, K.S. Bateman, Dubuffet, E. Chambers & D.M. Stone (1) 

Nucleospora R.P. Hedrick, J.M. Groff & D.V. Baxa (3) 

Obruspora A. Diamant, S.B.S. Rothman, Goren, B.S. Galil, M.B. Yokeĸ, A. Szitenberg & D. 

Huchon (1) 

 

Heterovesiculidae C.E. Lange, C.M. Macvean, J.E. Henry & D.A. Streett 

Heterovesicula C.E. Lange, C.M. Macvean, J.E. Henry & D.A. Streett (1) 

 

Mrazekiidae L. Léger & E. Hesse 

Agmasoma E.I. Hazard & Oldacre (3) 

Anostracospora N.O. Rode, J. Landes, E.J.P. Lievens, E. Flaven, A. Segard, R. Jabbour-Zahab, 

Michalakis, P. Agnew, C.P. Vivarès & T. Lenormand (1) 

Euplotespora Fokin, Di Giuseppe, Erra & Dini (1) 

Globosporidium Y. Yakovleva, Nassonova, N.A. Lebedeva, O. Lanzoni, G. Petroni, A. Potekhin & 

E. Sabaneyeva (5) 

Hrabyeia Lom & Dyková (1) 

Jirovecia J. Weiser (8) 

Mrazekia L. Léger & E. Hesse (17)  

Rectispora J.I.R. Larss. (1) 

 

Nosematidae Y.S. Tokarev, Huang, Solter, Malysh, Becnel & Vossbrinck 

Nosema Nägeli (20) 

Vairimorpha B.M. Pilley (15) 

 

Ordosporidae J.I.R. Larss., D. Ebert & Vávra 

Ordospora J.I.R. Larss., D. Ebert & Vávra (2) 

 

Microsporidia families incertae sedis  

Abelsporidae C. Azevedo 

Abelspora C. Azevedo (1) 
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Areosporiidae G.D. Stentiford, S. Bateman, Feist, S. Oyarzún, J.C. Uribe, Palacios Vargas & D.M. 

Stone 

Areospora G.D. Stentiford, S. Bateman, Feist, S. Oyarzún, J.C. Uribe, M. Palacios & D.M. Stone 

(1) 

 

Burenellidae Jouvenaz & E.I. Hazard 

Burenella Jouvenaz & E.I. Hazard (1) 

Pilosporella E.I. Hazard & Oldacre (2)  

Tabanispora H.I. Bykova, Sokolova & I.V. Issi (2) 

 

Cougourdellidae R.A. Poiss 

Cougourdella E. Hesse (7) 

 

Cylindrosporidae I.V. Issi & Voronin 

Cylindrospora I.V. Issi & Voronin (2)  

 

Duboscqiidae V. Sprague 

Duboscqia C. Pérez (11) 

Mitoplistophora Codreanu (1) 

Pulicispora Vedmed, S.V. Krylova & I.V. Issi (1) 

Tardivesicula J.I.R. Larss. & E.K.C. Bylén (1) 

Trichoduboscqia L. Léger (1) 

 

Golbergiidae I.V. Issi  

Golbergia J. Weiser (1) 

Krishtalia P.J. Kilochitskii (1) 

Simuliospora Khodzhaeva, S.V. Krylova & I.V. Issi (2) 

 

Microfilidae R. Sprague, J.J. Becnel & E.I. Hazard 

Microfilum N. Faye, B.S. Toguebaye & Bouix (1) 

 

Neonosemoidiidae N. Faye, B.S. Toguebaye & Bouix 

Neonosemoides N. Faye & B.S. Toguebaye (4) 

 

Pleistosporidiidae Codr.-Balc. & Codreanu 

Pleistosporidium Codr.-Balc. & Codreanu (1) 

 

Pseudopleistophoridae V. Spragu 

Pseudopleistophora V. Sprague (1) 

Steinhausia R. Sprague, Ormières & Manier (4) 

 

Striatosporidae I.V. Issi & Voronin 

Striatospora I.V. Issi & Voronin (1) 

Toxospora Voronin (2) 

 

Telomyxidae L. Léger & E. Hesse 

Telomyxa L. Léger & E. Hesse (4) 

 

Toxoglugeidae J.I.R. Larss. 

Toxoglugea L. Léger & E. Hesse (15)  
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Tuzetiidae V. Sprague, Tuzet & Maurand 

Nelliemelba J.I.R. Larss. (1) 

Pankovaia A.V. Simakova, Y.S. Y.S. Tokarev & I.V. Issi (1) 

Paratuzetia L.G. Poddubnaya, Y.S. Y.S. Tokarev & I.V. Issi (1)  

Tuzetia Maurand, Fize, Fenwick & R. Michel (7) 

 

Rozellomycota orders incertae sedis 

Paramicrosporidiales D. Corsaro  

Paramicrosporidiaceae D. Corsaro  

Paramicrosporidium D. Corsaro, J. Walochnik, D. Venditti, J. Steinmann, K.D. Müller & R. 

Michel (2) 

 

Morellosporales D. Corsaro  

Morellosporaceae D. Corsaro 

Morellospora D. Corsaro, J. Walochnik, D. Venditti, B. Hauröder & R. Michel (1) 

 

Mitosporidiaceae D. Corsaro 

Mitosporidium K.L. Haag, T.Y. James, Pombert, R. Larsson, T.M.M. Schaer, D. Refardt & D. 

Ebert (1) 

 

Nucleophagales D. Corsaro  

Nucleophagaceae D. Corsaro 

Nucleophaga Dangeard 1895, emend. D. Corsaro, J. Walochnik, D. Venditti, K.-D. Müller, B. 

Hauröder & R. Michel 2014 (8) 

 

Microsporidia genera incertae sedis 

Auraspora J. Weiser & K. Purrini (1) 

Baculea Loubès & Akbarieh (1) 

Burkea V. Sprague (2)  

Chytridioides Trégouboff (1) 

Ciliatosporidium I. Foissner & W. Foissner (1) 

Cryptosporina E.I. Hazard & Oldacre (1) 

Evlachovaia Voronin (1) 

Geusia V.H. Rühl & H. Korn (1) 

Gurleyides Voronin (1) 

Hamiltosporidium K.L. Haag, J.I.R. Larss., D. Refardt & D. Ebert (2) 

Hirsutosporos B.S. Batson (1) 

Holobispora Voronin (1) 

Issia Weiser (3) 

Kinorhynchospora Adrianov & Rybakov (1) 

Mariona Stempell (1)  

Merocinta Pell & Canning (1)  

Myxocystis Mrazek (1)  

Nematocenator Sapir, Dillman, Connon, Grupe, Ingels, Mundo-Ocampo, Levin, Bladwin, Orphan 

& Sternberg (1)  

Nosemoides Vinckier (5)  

Pyrotheca Hesse (4)  

Sheriffia Larsson (1)  

Spiroglugea Léger & Hesse (1)  

Stempellia Léger & Hesse (19)  
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Wittmannia Czaker (1) 
#Microsporidium is a collective genus which incorporates species with uncertain genus allocation 

 

SANCHYTRIOMYCOTA Galindo, López-García, Torruella, Karpov & Moreira 

Sanchytriomycetes Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, 

M. Ryberg & Abarenkov 

Sanchytriales Tedersoo, Sanchez-Ramirez, Kõljalg, Bahram, M. Döring, Schigel, T.W. May, M. 

Ryberg & Abarenkov  

Sanchytriaceae Karpov & Aleoshin 

Amoeboradix Karpov, López-García, Mamkaeva & Moreira (1) 

Sanchytrium Karpov & Aleoshin (1) 

 

ZOOPAGOMYCOTA Gryganskyi, M.E. Sm., Spatafora & Stajich 

Zoopagomycetes Doweld 

Zoopagales Bessey ex R.K. Benj. 

Cochlonemataceae Dudd. 

Amoebophilus P.A. Dang. (4) 

Aplectosoma Drechsler (1) 

Bdellospora Drechsler (1) 

Cochlonema Drechsler (11) 

Endocochlus Drechsler (4) 

Euryancale Drechsler (4) 

 

Helicocephalidaceae Boedijn 

Brachymyces G.L. Barron (1) 

Helicocephalum Thaxt. (6) 

Rhopalomyces Corda (11) 

Verrucocephalum Degawa (1) 

 

Piptocephalidaceae J. Schröt. 

Kuzuhaea R.K. Benj. (1) 

Piptocephalis de Bary (ca. 25) 

Syncephalis Tiegh. & G. Le Monn. (ca. 55) 

 

Sigmoideomycetaceae Benny, R.K. Benj. & P.M. Kirk 

Reticulocephalis Benny, R.K. Benj. & P.M. Kirk (2) 

Sigmoideomyces Thaxt. (1) 

Sphondylocephalum Stalpers (1) 

Thamnocephalis Blakeslee (3) 

 

Zoopagaceae Drechsler 

Acaulopage Drechsler (27) 

Cystopage Drechsler (9) 

Lecophagus M.W. Dick (2) 

Stylopage Drechsler (17) 

Tentaculophagus Doweld (1) 

Zoopage Drechsler (11) 

Zoophagus Sommerst. (4) 
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Figure 4 ï Phylogram generated from maximum likelihood and Bayesian inference analyses 

displaying the relationships among the 22 families described in Glomeromycota, including the 

newly introduced family Bulbosporaceae (*). The order Paraglomerales was used to root the tree. 

Standard ML bootstrap support values and posterior probabilities greater than 50% and 0.97, 

respectively, are indicated above or below the nodes. Clades were collapsed at genus rank for clear 

visualisation of the tree. For each genus, the number of species represented is indicated in brackets. 

Families are shown in coloured boxes. The bar indicates 0.2 expected change per site per branch.  

 

Validation of orders  

In this section, we validate orders and higher taxa that are regarded as invalid. However, 

validation of families and genera is included in the section ñfamilies of non-dikaryan fungiò.  

 

Densosporales Tedersoo ex Madrid, P.M. Kirk & Wijayaw.  

Index Fungorum Identifier IF903313 

= Densosporales Tedersoo, in Tedersoo, Magurno, Alkahtani & Mikryukov, MycoKeys 107: 

308 (2024) Nom. inval., Art. 38.1(a) (Shenzhen); Index Fungorum Identifier 853690 
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Chlamydospores one-celled, (sub)globose to ellipsoidal, produced directly from hyphae or 

inside sporophores. Sporophores, when produced, epigeous or hypogeous, usually (sub)globose, 

sometimes pubescent due to the presence of superficial hyphal clusters, with or without a peridium. 

Hyphae sometimes producing appressoria and arbuscules involved in symbiotic relationships with 

plants (McGee 1996, Yamamoto et al. 2015, Walker et al. 2018, Tedersoo et al. 2024). 

Type family ï Densosporaceae Desirò, M.E. Sm., Bidart., Trappe & Bonito ex Madrid, P.M. 

Kirk & Wijayaw.  

Type genus ï Densospora McGee Aust. Syst. Bot. 9(3): 330 (1996) 

 

Families of non-dikaryan fungi  

In this section, we list the families according to the above outline. Each family is provided 

with descriptions, illustrations, genera included and notes for the type genus.  

 

APHELIDIOMYCOTA  Tedersoo et al. 

Aphelidiomycetes Tedersoo et al. 

Aphelidiales Tedersoo et al. 

Aphelidiaceae Tedersoo, Sánchez-Ramírez, Kõljalg, Bahram, Döring, Schigel, T. May, M. Ryberg 

& Abarenkov, Fungal Diversity 90: 147 (2018) 

Index Fungorum Identifier 553993 

Amoeboid endobiotic parasitoids of algae. Dispersal amoeboid zoospores attach to a new host 

cell and encyst (either sessile on the substrate or producing a stalk; ñapophyseò; Gromov 2000). 

Amoeboid body penetrates the hostôs cell through a cyst stalk. The intracellular amoeba engulfs the 

contents of the hostôs cell, forming food vacuoles, which transport food into the central digestive 

vacuole. An excretory body is formed in the digestive vacuole. The amoeboid trophont grows into a 

plasmodium, which totally replaces the cytoplasm of a host cell; the multinuclear plasmodium 

develops into an unwalled sporangium and divides into uninucleate amoeboid zoospores. 

Intracellular resting spores present (Karpov et al. 2014a). 

Family type ï Aphelidium Zopf 

Ecology & life modes ï Intracellular parasitoids of algae in fresh water and marine. 

Notes ï The aphelids are a small group of intracellular parasitoids of algae, including three 

freshwater genera, Aphelidium (Zopf) Gromov, Amoeboaphelidium Scherff., Paraphelidium 

Karpov, Tcvetkova, Mamkaeva, Torruella, Timpano, Moreira, Mamanazarova & López-García 

(Karpov et al. 2017b), and two marine genera, Pseudaphelidium Schweikert & Schnepf, 

Protaphelidium Seliuk & Karpov (Gromov 2000, Karpov et al. 2017a, Seliuk & Karpov 2024).  

Only the asexual morph of the life cycle is known for aphelids: amoeboid zoospore attaches 

to the host algae, involves a flagellum and encysts. A cyst germinates and penetrates the host cell 

wall with an infection tube and uses the latter to inject the cyst contents into the host. The parasitoid 

becomes the intracellular phagotrophic amoeba, which engulfs the host cytoplasm with 

pseudopodia and forms a central digestive vacuole containing a red residual body. The parasitoid 

grows to form an endobiotic multinucleate plasmodium with the residual body in a large central 

vacuole while it consumes the cytoplasm of the host cell. The mature plasmodium then divides into 

several uninucleate cells. After maturation, the amoeboid zoospores release the empty host cell 

through the hole made previously by the infection tube and infect other algae.  

All known aphelids can cause multiple infections; thus, the trophonts from different 

strains/populations may fuse during the development of plasmodium, which can possess more than 

one sort of nuclei (Tcvetkova et al. 2023).  

A new genus and species Protaphelidium rhizoclonii were described as the marine parasite of 

green algae (Seliuk & Karpov 2024). Annotated genomes of three (Mikhailov et al. 2022a) and 

transcriptomes of four aphelid species (Torruella et al. 2018, Galindo et al. 2023) have been 

received, and the multigene phylogenies unambiguously showed a sister position of the Aphelida 

and Fungi. Genomic analyses of Holozoa and Holomycota revealed more differences between 

Fungi and Aphelidiomycota in the genes encoding proteins involved in osmotrophy and 
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phagotrophy, and in the development of multicellularity in Fungi and Metazoa (Mikhailov et al. 

2022a, Pozdnyakov et al. 2023, 2024). 

 

Aphelidium Zopf, Encyklop. Naturwiss. (Breslae): 30 (1885)          

Fig. 5 

Index Fungorum Identifier 13159 

Parasitoids of various species of algae. Forms rounded to oval zoospores, able to produce 

pseudopodia, with one posteriorly directed flagellum and one or several lipid globules (refractile 

granules). Vegetative development as described for the class. Resting spores rounded to oval with a 

thick smooth cell wall, and without an excretory body, which is ejected from the spore before spore 

wall synthesis.  

Type species ï Aphelidium deformans Zopf, Encyklop. Naturwiss. (Breslae): 30 (1885) 

Notes ï Aphelidium was described as Aphelidium deformans parasitizing green algae 

Coleochaete soluta and causing a deformation of the host cell (Zopf 1885). Later, Bruyne (1890) 

described Aph. lacerans, which has zoospores with an anterior flagellum and grains of chlorophyll, 

thus cannot be a parasitic opisthokont, and become a doubtful species (Gromov 2000, Letcher & 

Powell 2019). Several species of Aphelidium were described by Scherffel (1925), viz., Aph. 

melosirae, Aph. tribonematis and Aph. chaetophorae. The latter species is similar to Aph. 

deformans, however, neither the formation of a cyst nor penetration of the parasite into the host cell 

and the resting spores were observed. Subsequently, they observed the parasite plasmodium within 

the host, with multiple digestive vacuoles (Letcher & Powell 2019). We agree with the opinion of 

Letcher & Powell (2019) that Aph. chaetophorae is not a doubtful species as Gromov (2000) 

considered. It is a typical aphelid similar to Aph. deformans (the type species) accordingly zoospore 

dimensions and this infection also cause the host deformation (cell enlargement). It might be a 

younger synonym of Aph. deformans, but in the absence of essential information in Aph. 

chaetophorae description, we have to leave Aph. chaetophorae as valid. 

Fott (1957) described Aph. chlorococcorum, but Gromov & Mamkaeva (1970) found bigger 

zoospores studying similar species and established a new form Aph. chlorococcorum f. majus. 

Consequently, Fottôs species became Aph. chlorococcorum f. chlorococcorum (Letcher & Powell 

2019). 

Electron microscopic studies (Schnepf et al. 1971, Gromov & Mamkaeva 1975) revealed high 

similarity of Aphelidium spp. in the general structure of zoospores, cysts, young trophonts, and 

multinuclear plasmodium. Close attention to zoospore flagellar apparatus structure uncovered some 

interspecific differences in the root structure of kinetosome and centriole/kinetosome orientation 

(Karpov et al. 2014c, 2016a, 2019a, Letcher et al. 2017b, Seto et al. 2020a, 2022). Molecular 

phylogenetic investigations based on 18S rRNA gene sequences combined with light and electron 

microscopic studies showed a new species: Aph. occidentale (Letcher et al. 2017b), Aph. 

arduennense (Tcvetkova et al. 2019), Aph. insulamus (Karpov et al. 2020), Aph. collabens (Seto et 

al. 2020a), Aph. parallelum (Seto et al. 2022).  

 

Other genera in Aphelidiaceae 

Amoeboaphelidium Scherff., Arch. Protistenk. 52: 52 (1925) 

Index Fungorum Identifier 20022; five epithets in Index Fungorum (2025); sequence data are 

available in GenBank 

Type species ï Amoeboaphelidium achnanthis Scherff. 

 

Paraphelidium Karpov, Moreira & López-García, Journal of Eukaryotic Microbiology. 64(2): 204-

212 (2017) 

Index Fungorum Identifier 92121; two epithets in Index Fungorum (2025); sequence data are 

available in GenBank  

Type species ï Paraphelidium tribonematis Karpov, Moreira & Lopez-Garcia 
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Protaphelidium Seliuk & Karpov, Mycol. Prog. 23(no. 57): 8 (2024) 

Index Fungorum Identifier: 902058; one epithet in Index Fungorum (2025); sequence data available 

in GenBank 

Type species ï Protaphelidium rhizoclonii Seliuk & Karpov 

 

Pseudaphelidium Schweik. & Schnepf, Arch. Protistenk. 147(1): 11-17 (1996)  

Index Fungorum Identifier 560205; one epithet in Index Fungorum (2025); no sequence data in 

GenBank 

Type species ï Pseudaphelidium drebesii Schweik. & Schnepf 

 

 
 

Figure 5 ï Light microscopic images of the life cycle of Aphelidium melosirae. a crawling 

zoospore in the alga (al) vicinity, with anterior filopodia (f) and posterior flagellum (fl). b resting 

spore (rs) and plasmodium with residual body (rb) in the host cell. c DAPI stained nuclei in 

plasmodium. d zoospores just appeared from mature plasmodium. e host cell with several 

zoospores (zo) and residual body (rb) left. Scale bars: a-e 5 µm.  

 

BASIDIOBOLOMYCOTA Doweld 

Basidiobolomycetes Doweld 

Basidiobolales Jacz. & P.A. Jacz  

Basidiobolaceae Engl. & E. Gilg, Syllabus, Edn 9 & 10 (Berlin): 45 (1924) 

Index Fungorum Identifier 80514 

Mycelium is widely distributed, thick, highly branched, and soon becomes divided by septa. 

Conidiophores are erect, undivided, and swollen in the upper part into a thick, elliptical club 

(basidium), on the top of which the conidium is formed. At maturity, the basidium tears from the 

fruiting body at its lower part and is propelled by the ejecting plasma together with the still-

attached conidium. Later, the conidium is separated from the basidium by the protrusion of a sharp 

column. Resting spores are formed on the mycelium by the copulation of two adjacent cells that 

initially grow up into beak-like projections on the common septum. The resting spores are crowned. 

The formation of a subsporangial vesicle, sporangiolar dehiscence resulting from rupture of the 

subsporangial vesicle, the presence of multispored sporangiola (and, in some species, vegetative 

cells) due to internal protoplast production, the formation of accessory cells on gametangia, the 

uninucleate nature of all cells, and the relatively large size of the nucleus which contains a 

nucleolus but no heterochromatin (Eidam 1886, Benjamin 1979, Humber 1981, Ben-Zeôev & 

Kenneth 1982a, b).  

Family Type ï Basidiobolus Eidam  
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Ecology & life modes ï Saprophytic in the intestines of vertebrates and amphibians 

(Nickerson et al. 1971, Coremans-Pelseneer 1973, Gugnani & Okafor 1980, Okafor et al. 1984, 

Dykstra & Bradley-Kerr 1994), in the intestinal contents of bat (Chaturvedi et al. 1984), kangaroos 

(Speare & Thomas 1985), spiders (Dykstra & Bradley-Kerr 1994), compost heaps, decaying plant 

material and soil (Drechsler 1956, 1958, Clark 1968), Pathogenic (Gugnani1999, Mendiratta et al. 

2012, Hamid et al. 2015, Mousavi et al. 2021) 

Notes ï Jensen et al. (1998) sequenced the nuclear small subunit of ribosomal DNA (18S 

rDNA) from seven species in the Entomophthorales, and excluding Basidiobolus ranarum, they 

formed a monophyletic group. Additionally, they discovered that B. ranarum was more closely 

related to chytrids from the Chytridiales and Neocallimasticales rather than the Entomophthorales. 

According to a phylogenetic analysis of Zygomycota using combined 18S, 28S, and 5.8S rDNA by 

White et al. (2006), Basidiobolus was found to be placed within the Zygomycota, but not within the 

Entomophthorales as previously shown (Hawksworth et al. 1995). White et al (2006) conducted a 

phylogenetic analysis of Zygomycota using 18S+28S+5.8S rDNA, and found that Basidiobolus was 

within the Zygomycota but not within the Entomophthorales as in Hawksworth et al. (1995). Using 

molecular data, Benny et al. (2012) developed a classification system for Basidiobolaceae, placing 

it as a member of the Entomophthorales within the ñZygomycotaò.  

 

Basidiobolus Eidam, Krypt.-Fl. Schlesien (Breslau) 3.1(9ï16): 225. 1886;         

Fig. 6 

Index Fungorum Identifier 20068 

Conidial structures are thread-like, about 15 ɛm wide, strongly heliotropic, undivided, and 

swollen at the upper end into an elliptical club approximately 60 ɛm long and 40 ɛm wide. Conidia 

are spherical or short-ellipsoid, up to 48 ɛm long and 46 ɛm wide, colourless, filled with uniform 

cytoplasm, and lacking oil droplets. Chlamydospores are spherical or elliptical, 23ï43 ɛm in 

diameter, with a thick, multi-layered, yellow-brown or colourless membrane of wavy surface, 

sometimes (in cultures in late autumn) covered with a thick, dark brown, brittle crust, and up to 50 

ɛm in diameter. The chlamydospores are crowned with a fairly long, pointed beak formed from two 

closely adjacent hyphal ends; each tip of the beak is divided by a cross-wall. No sexual morphs 

were observed (Saccardo 1886). 

Type species ï Basidiobolus ranarum Eidam 1886  

 

Other genera in Basidiobolaceae 

Schizangiella J. Dwyer, B. Burwell, Humber, C. Mcleod, M. Fleetwood & T. Johnson bis, Veter. 

Pathol. 43(5): 819 (2006)  

Index Fungorum Identifier 542002; Index Fungorum (2025) lists one epithet and Species Fungorum 

(2025) lists one species 

Type species ï Schizangiella serpentis J. Dwyer, B. Burwell, Humber, C. Mcleod, M. 

Fleetwood & T. Johnson bis (2006)  

 

BLASTOCLADIOMYCOTA T.Y. James  

Blastocladiomycetes Doweld 

Blastocladiales H.E. Petersen 

Blastocladiaceae Petersen, Botanisk Tidsskrift 29: 357 (1909)  

Index Fungorum Identifier 80521 

 

Thalli vary markedly in size and extent or degrees of complexity, with some monocentric and 

chytrid-like, usually a non-septate or septate stalked reproductive structure and radiating or basal 

branched rhizoids; while in others larger, more extended and distally branched as in Allomyces and 

Blastocladia, bearing reproductive structures, typically with a basal cell anchored to the substratum 

with branched rhizoids at its proximal end. Zoospores produced in thin-walled zoosporangia, 

emerging through one or more exit papilla or pores at times, either in an evanescent vesicle after 
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the deliquescence or individually. The resistant sporangia or resting spores are borne in thin-walled 

container cells, punctate, usually brown with thick, smooth or variously ornamented, distinctly 

pitted walls; germination by wall cracking open. Separate, equal or unequal gametophytic and 

sporophytic phases occur. Sexuality may be pronounced or lacking and may be anisogamous or 

isogamous. Fusion occurs between pairs of iso- or aniso-zoospores to form a biflagellate zygote; 

upon germination, it gives rise to the sporophyte. The sporophyte is diploid throughout, and 

meiosis occurs at the time of resistant sporangia germination. The resistant sporangia zoospores are 

haploid and give rise to gametophytes (Sparrow 1960, Emerson & Robertson 1974). 

Family type ï Blastocladia P.F. Reinsch 

Ecology & life modes ï This family is composed entirely of saprophytes in the aquatic and 

terrestrial ecosystem on a wide variety of animal and plant debris (Sparrow 1960). Representatives 

within the family may be monoecious or dioecious with a life history ranging from 

Brachyallomyces, Cystogenes or Euallomyces type (Emerson 1938, 1941).  

Notes ï This family is composed of three saprophytic genera living in water and soil on a 

variety of decaying animal and plant matter, with Blastocladia as the type genus. Blastocladiaceae 

currently includes three genera: Allomyces, Blastocladia, and Blastocladiopsis (Wijayawardene et 

al. 2018). It is the largest family in Blastocladiales with approximately 36 species (Calabon et al. 

2022). The motile zoospore ultrastructure characters from this family were extensively studied by 

numerous researchers (Reichle & Fuller 1967, Fuller & Olson 1971, Robertson 1972, Olson 1973, 

Lingle & Barstow 1983, Aliaga & Pommerville 1990). Porter et al. (2011) and James et al. (2014) 

showed that the members of this family are polyphyletic and thus need revision. 

 

Blastocladia Reinsch, Jahrbücher für Wissenschaftliche Botanik 11(2): 291 (1877). 

Index Fungorum Identifier 20077 

Thallus large tree-like, consisting of often irregular, cylindrical, short or long, more or less 

elongated, swollen trunk-like basal cell or central axis, bearing short or long branches at its apex on 

which reproductive organs borne, delimited by septa and the whole attached to the substratum 

through a system of branched rhizoids. The branches arising from a simple, lobed or branched basal 

cell, often with secondary axes; distal part expanded, short or clavate, slightly tapering, lacking 

pseudosepta, and not definitely constricted like in Allomyces, arranged in dichotomous to 

subdichotomous, or sympodial manner. In addition to the reproductive organs, simple, and 

branched sterile setae, generally bulbous at the base, may be present among the zoosporangia and 

resting spores. Zoosporangia irregularly clustered on the apical region or sympodially arranged, 

elongated, thin-walled, smooth, sessile with a broad, truncate base and a single apical exit papilla, 

often with an inwardly projecting refractive peglike plug; sometimes deciduous, disappearing after 

discharge, leaving a scar at the point of attachment or sometimes persistent. Zoospores posteriorly 

uniflagellate, with a clearly visible subtriangular nuclear cap, emerging at times in an evanescent 

vesicle after the deliquescence or individually. Resistant zoosporangia or resting bodies thick-

walled, minutely pitted or punctate, brown, predominantly ovoid, ellipsoid, fusiform, spherical to 

subspherical or broadly clavate with a rounded or beaked apex and narrowly or broadly truncate 

base, persistent or deciduous, terminal, filling the thin-walled case in which it is borne on the same 

or different thalli. Gametophyte not observed. Sexual reproduction unknown (Sparrow 1960). 

Type species ï Blastocladia pringsheimii P.F. Reinsch [as ñpringsheimiò], Jahrb¿cher für 

Wissenschaftliche Botanik 11(2): 367 (1877). 

Notes ï Blastocladia is the earliest known and established genus from which the order 

derives its name. According to Sparrow (1960), the genus differs from the other genera of its family 

in zoosporangia bearing an apical papilla or exit pore with a downwardly projecting peg, thallus 

with distally expanded lobes or short branches or without branches, and the absence of a sexual 

stage in the life cycle (Sparrow 1960). Blastocladia contain approximately twenty saprophytic 

species in water and soil habitats on a large variety of submerged plant substrates and found 

growing over other zoosporic fungi, specifically Gonapodya, in the form of pustules or crisp white 

tufts (Sparrow 1960, Wijayawardene et al. 2018). Representatives of this genus are cosmopolitan 
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and composed entirely of obligate fermenters that thrive in stagnant water with lower dissolved 

oxygen levels, functioning as facultative anaerobes (Whisler 1987, Gleason et al. 2002); less 

readily cultured than Allomyces and need B group vitamins for growth under laboratory conditions 

(Sparrow 1960, Emerson &  Natvig 1981). Zoospore ultrastructural character examined by Lingle 

and Barstow (1983) in the anaerobic genus Blastocladia, revealed that the internal contents of the 

spores contain sparse lipid globules and mitochondria, with the complete absence of the backing 

membrane and microbodies. In addition, the study also provided strong evidence for the presence 

of abundant stored visible glycogen granules in the zoospores of blastoclad anaerobic members 

(Lingle & Barstow 1983). Further, in contrast to obligatory anaerobic rumen fungi, it encompasses 

mitochondria and lacks hydrogenosomes (Lingle & Barstow 1983, Gleason et al. 2002). According 

to the molecular phylogeny of Porter et al. (2011), representatives of Blastocladia form a 

monophyletic sister group to the clade encompassing Allomyces and a well-supported clade in 

Blastocladiaceae. Cultures and sequences available (Porter et al. 2011).  
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Figure 6 ï Basidiobolus haptosporus. a Colony after 7 days of incubation at 28°C on MEA front. 

b-i hyphal elements with spore cells. Scale bars: b-i = 10 µm. 

 

Other genera in Blastocladiaceae 

Allomyces E.J. Butler, Ann. Bot., Lond. 25: 1027 (1911); Fig. 7 

Index Fungorum Identifier 20017; Index Fungorum (2025) lists 23 epithets however, Species 

Fungorum (2025) accepted only ten 

Type species ï Allomyces arbusculus E.J. Butler 1911 

 

Blastocladiopsis Sparrow, J. Wash. Acad. Sci. 40: 52 (1950) 

Index Fungorum Identifier 20080; two epithets are listed in Index Fungorum (2025) and both are 

accepted in Species Fungorum (2013). 

Type species ï Blastocladiopsis parva (Whiffen) Sparrow 1950 

 

Catenariaceae Couch, Mycologia 37(2): 187 (1945) 

Index Fungorum Identifier 80558 

Thallus predominantly polycentric, eucarpic, extra-intramatrical. Rhizomycelium extensive, 

composed of tubular or cylindrical catenulate swellings, unbranched or branched, bearing numerous 

rhizoids along its length, with sparingly developed septa/cross walls delimiting reproductive 

structures and sterile isthmi. Zoosporangia intercalary, formed from aforementioned swellings, 

arranged in a linear series in the rhizomycelium, separated by sterile isthmi, spherical or oval, 

occasionally irregular, smooth-walled, variable in size, dehiscing by the development of short or 

long exit papillae or release tube; formed as local enlargements in the rhizomycelium filaments and 

separated by short or long, narrow, rarely septate or non-septate isthmi. Zoospores are posteriorly 

uniflagellate, with a hyaline, clearly visible, distinctive nuclear cap; germinating directly to produce 

a new thallus (asexual plants) or encysting; the cyst serves as a gametangium discharging to release 

four uniflagellate isogamous gametes, fusing in pairs to produce a biflagellate zygote, which 

reestablishes the sporophytic thallus. Resting spores are sometimes formed in place of zoosporangia 

through enlargements in the filaments, connected by isthmi, usually, the content contracts and 

becomes enveloped by a pale brown, thick wall, which may be smooth or minutely pitted (Sparrow 

1960, Karling 1977). 

Family type ï Catenaria Sorokǭn, Revue mycologique (Toulouse) 11: 139 (1889); Fig. 8 

Ecology & life modes ï Catenariaceae is a ubiquitous family and contains many parasites of 

various soil-inhabiting small invertebrates and fungi. They are also saprobic on a variety of plant 

and animal substrates in water-logged soil or water. This family also includes two fungicolous 

(biotrophic) blastocladialean fungi, Catenaria anguillulae and C. allomyci (Sun et al. 2019a). Both 

representatives were reported as endobiotic fungal parasites of species associated with Allomyces or 

Blastocladiella in aquatic or terrestrial ecosystems (Couch 1945), however, can parasitize any 

saprolegnialean hosts under in vitro conditions (Whipps 1997). 

Notes ï Catenariaceae differs from Blastocladiaceae in having catenulate (chain-like) 

rhizomycelium. The Catenariaceae includes three genera: Catenaria, Catenophlyctis, and 

Nematoceromyces (Doweld 2014f, Wijayawardene et al. 2018). Several studies have described the 

ultrastructural organization of the zoospores of different taxa from this family and presented several 

new observations on their side body complex organization (Chong & Barr 1974, Olson & Reichle 

1978, Olson et al. 1978, Lange & Olson 1979). DNA sequence-based phylogenetic studies have 

shed light on establishing the species boundaries and relationships within the family (James et al. 

2006a, Porter et al. 2011). Molecular phylogeny studies suggested that representatives of the 

Catenariaceae group form a well-supported clade corresponding to lastocladiella, while 

representatives of Allomyces, Blastocladia and Microallomyces form a clade with representatives of 

Blastocladiaceae (Porter et al. 2011).  
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Figure 7 ï Microscopic features associated with Allomyces species. a, b Mature thallus of 

Allomyces neomoniliformis showing septate vegetative hyphae and numerous brown, thick-walled 

resistant sporangia/resting spores. c Developed thallus of Allomyces moniliformis d Young and 

empty zoosporangia of Allomyces moniliformis in chains e, f Septate vegetative hyphae of 

Allomyces moniliformis showing thin-walled zoosporangia with various sites of exit papillae/pores. 

Scale bars: a, c, d = 100 µm; b, e, f = 50 µm. 

 

Catenaria Sorokǭn, Annales des Sciences Naturelles; Botanique, sér. VI, 4: 67 (1876). 

Index Fungorum Identifier 213424 

Eucarpic, predominantly polycentric, endobiotic, intramatrical, branched or unbranched, 

septate thallus with septa or cross walls delimiting the reproductive structures (zoosporangia and 

resistance sporangia) or short sterile isthmuses at more or less regular intervals. Rhizomycelium 

branched, extensive. Zoosporangia variable in shape, spherical, or oval, occasionally irregular or 

spindle shaped, often intercalary, arranged in a linear series in the rhizomycelium (catenulated 

arrangement), typically separated from each other by alternating sterile isthmuses delimited through 

cross walls or septa; smooth walled, hyaline; usually with a single long curved or irregular tapering 

release/discharge tube, variable in size, help in the release of posteriorly uniflagellate zoospores 

with numerous globules fully formed within the zoosporangia. Resting spores or resistance 

sporangia borne like the zoosporangia, thick-walled, upon germination can give rise to either 

uniflagellate zoospores which directly establish the new asexual plants or encyst to represent the 

gametophytic thallus that function as gametangia, which produce posteriorly uniflagellate 

isogametes (haploid) that fuse in pairs forming biflagellate zygotes to reestablish the sporophytic 

thalli (Sparrow 1960, Milanez et al. 2003). 

Type species ï Catenaria anguillulae Sorokǭn, Annales des Sciences Naturelles; Botanique, 

sér. VI, 4: 67 (1876); Fig. 8 

Notes ï The presence of variable-shaped zoosporangia arranged in a series linear in the 

rhizomycelium with a long exit tube and blastocladiaceous zoospores with numerous globules 

readily serve as identifying unique characters for the genus (Sparrow 1960, Milanez et al. 2003). 

Several Catenaria spp. are common parasites or saprobes on amphibian eggs, small or microscopic 

animals like nematodes, rotifers, mites, liver flukes, flies and in other Chytridiomycetes and 

Blastocladiomycetes. In addition, they are saprobes in water algae and plant debris in freshwater or 

terrestrial ecosystems throughout the world (Sparrow 1960, Gleason et al. 2010, James et al. 2014, 

Powell 2017). One estuarine ecotype of Catenaria was also reported from marine ecosystems in 

New Zealand (Ulken 1977). Like the species of Allomyces, sexual reproduction also occurs in 
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certain species of Catenaria through the fusion of posteriorly uniflagellate isogamous gametes. 

This mode of the life cycle is known as cystogenes (with the dominant sporophytic stage and the 

restricted gametophyte stage represented by cysts and gametes). However, in some species, such as 

Catenaria anguillulae, the Brachyallomyces type of life cycle (no fusion of gametes) is also 

reported (Olson & Reichle 1978).  

 

Other genera in Catenariaceae  

Catenophlyctis Karling, American Journal of Botany, 52: 133ï138 (1965) 

Index Fungorum Identifier 20108; four epithets are listed in Index Fungorum (2025), however, only 

three species are accepted in Species Fungorum (2025) 

Type species ï Catenophlyctis variabilis (Karling) Karling 1965 

 

Nematoceromyces Doweld, Index Fungorum 48: 1 (2014) 

Index Fungorum Identifier 550338; three epithets are listed in Index Fungorum (2025), and all 

species are accepted in Species Fungorum (2025) 

Type species ï Nematoceromyces spinosus (W. Martin) Doweld 2013 

 

Paraphysodermataceae Doweld, Index Fungorum 52:1 (2014) 

Index Fungorum Identifier 550350 

Thallus monocentric, eucarpic, epibiotic. Rhizoidal system arising from a single axis at the 

base of the zoosporangium, apophysis inside the host. Zoosporangium inoperculate, sessile, varying 

in shape and size, smooth and thin-walled. Zoospore (flagellated spore) stage is absent. 

Aplanospores (aflagellate spores) or pseudopodiate spores, with several minute refractive lipid 

globules or bodies coalescing upon encystment, exiting through the collapse in the zoosporangium 

wall, crawl about actively in an amoeboid fashion on the host cell surface before encysting; 

germinating endogenously. Resting spores or dormant sporangia epibiotic, similar to the 

zoosporangia in size and shape, developing to discharge aplanospores by the crack opening of the 

wall (James et al. 2011, Doweld 2014h). 

Family type ï Paraphysoderma Boussiba, Zarka & T.Y. James, Mycotaxon 118: 178 (2011). 

Ecology & life modes ï Generally parasitic on green algae in nature.  

Notes ï Paraphysodermataceae was introduced by Doweld (2014h) based on DNA sequence 

data (Hoffman et al. 2008, Porter et al. 2011) and zoospore ultrastructure studies (Letcher et al. 

2016). According to Porter et al. (2011), Physodermataceae occupy the most basal branch in the 

Blastocladiomycota. Strittmatter et al. (2016) observed the rapidly swimming flagellated spores 

(uniflagellate zoospores), their dispersion stage and conjugation of amoeboid swarmer (aflagellate 

pseudopodiate spores). Paraphysodermataceae is a monotypic family which is typified by 

Paraphysoderma (James et al. 2011). 

 

Paraphysoderma Boussiba, Zarka & T.Y. James, Mycotaxon 118: 178 (2011). 

Index Fungorum Identifier 561750 

Thallus monocentric, eucarpic, epibiotic. Rhizoidal system is intracellular, with the apophysis 

inside the host. Zoosporangium inoperculate, sessile, apophysate, globular, smooth and thin-walled; 

occasionally with subsporangial swelling. Zoospore stage absent. Aplanospores (aflagellate spores), 

few to dozens per zoosporangium, swarming before release, emerging concurrently through a tear 

in the zoosporangium wall, crawl in an amoeboid fashion on the host cell surface before encysting; 

germinating and developing endogenously. Resting spores or dormant sporangia epibiotic, darker, 

thick-walled, similar to the thin-walled zoosporangia in size and shape, developing to release 

aplanospores (James et al. 2011, Letcher et al. 2016). 
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Figure 8 ï Catenaria anguillulae in Romanomermis culicivorax. a Maturing zoosporangia. b Exit 

tubes from zoosporangia. c Resting sporangia. Scale bars: a-c 100 µm (Redrawn from Stirling & 

Platzer 1978). 

 

Type species ï Paraphysoderma sedebokerense Boussiba, Zarka & T.Y. James, Mycotaxon 

118: 178 (2011); Fig. 9 

Notes ï Paraphysoderma was established with P. sedebokerense (James et al. 2011). The 18S 

ribosomal RNA gene phylogenetic analysis suggests that this species was closely related but basal 

to the obligately biotrophic plant parasitic zoosporic blastocladialean genus Physoderma (Hoffman 

et al. 2008). On the contrary, it differs morphologically and in host preference. In this sense, 

Letcher et al. (2016) examined the ultrastructure of P. sedebokerense for the first time and 

compared its ultrastructural characteristics with those of a sister taxon, Physoderma maydis. This 

study revealed the presence of synaptonemal complexes (SCs) in resting spores, indicating the site 

of meiosis. Moreover, both aflagellated and flagellated spores were observed in resting spores, thus, 

their role in the life history of this blastocladialean fungus remains to be elucidated. Asatryan et al. 

(2019) developed a method for the stimulation and isolation of P. sedebokerense propagules and 

their development under different conditions. The genus has only been reported from Asia, Europe 

and North America as a parasite on green algae in aquatic habitats (James et al. 2011, Letcher et al. 

2016, Alors et al. 2021), and little is known about their occurrence and abundance throughout the 

world. Cultures are available in the University of Alabama Chytrid Culture Collection (UACCC) 

and CZEUM (Collection of Zoosporic Eufungi at the University of Michigan). 

 

Sorochytriaceae Dewel, Joines & Bond, Canadian Journal of Botany 63(9): 1533 (1985) 

Index Fungorum Identifier 81385 

 

Thallus monocentric or polycentric, eucarpic, endobiotic and extra-intramatrical. In the 

colonial endobiotic phase, usually polysporangiate thallus with sequential septation, sorus generally 

transitory and cleaves into segmentsthat separate and round up to produce incipient zoosporangia. 
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Zoosporangium inoperculate, smooth, thin-walled, bearing branched rhizoids with short discharge 

tube or exit papilla. Zoospore ovoid, entirely formed within the zoosporangium, with a structure 

similar to a clearly visible, distinctive nuclear cap and peripheral granules; germinating 

intramatrically after encystment on the host to produce appressorium or penetration tube; otherwise, 

the cyst forms germ tube extramatrically in case of polycentric thallus. Polycentric phase 

extramatrical on the host with branched rhizomycelium consisting of sequential septation or 

constrictions, bearing rhizoids; usually form zoosporangia either from swelling in the rhizoid or 

enlargement of a segment of septate intercalary swelling. Zoosporangia and flagellated spores 

similar in shape and size to those in the colonial endobiotic phase (Dewel et al. 1985).  

Family type ï Sorochytrium Dewel Canadian Journal of Botany 63(9): 1533 (1985).  

Ecology & life modes ï Parasitizes the moss-inhabiting small carnivorous invertebrate 

tardigrade, Milnesium tardigradum (Dewel et al. 1985). Known only from the USA.  

Notes ï Sorochytriaceae is generally known to produce two thallus forms. The parasitic 

endobiotic colonial phase formed under the host cells, consisting of a sorus with several 

zoosporangia that scatter throughout the living host body cavity. The polycentric phase occurs 

epibiotically as a saprotroph with rhizomycelium upon the dead host cells (Dewel et al. 1985). 

 

Sorochytrium Dewel, Canadian Journal of Botany 63:1525ï1534. 1985 

Index Fungorum Identifier 25736 

In an endobiotic colonial cycle, the thallus spherical, holocarpic (until host death), generally 

polysporangiate, cleaves sequentially into a persistent or transitory sorus; incipient zoosporangium 

inoperculate, smooth, thin-walled, spherical, bearing branched and delicate rhizoids with short 

discharge papillae. Zoospore ovoid, completely formed within the zoosporangium, with 

prominently visible nuclear cap-like structure, occasionally with sluggish movement, or amoeboid; 

germinating intramatrically to develop appressorium inside the host after encystment; otherwise in 

polycentric thallus, extramatrically form germ tube. Polycentric phase on a dead host extrametrical, 

with numerous zoosporangia and branched rhizomycelium consisting of sequential septation, 

bearing rhizoids; zoospores relatively larger and multiflagellate (Dewel 1985).  

Type species ï Sorochytrium milnesiophthora Dewel, Canadian Journal of Botany 63(9): 

1533 (1985); Fig. 10 

Notes ï Sorochytrium is a monotypic genus with Sorochytrium milnesiophthora growing 

endobiotically as a parasite within the tardigrade Milnesium tardigradum and exhibits unusual 

morphological variability in development by forming a polycentric thallus with rhizomycelium. No 

molecular phylogeny studies on the genus have been published. Dewel & Dewel (1990) examined 

the ultrastructure features of the zoospore and supported their taxonomic inclusion in the 

Blastocladiales based on a number of notable differences from those in other members. There are 

no recent information, cultures and sequences are available for this genus. 

 

Callimastigales Doweld 

Callimastigaceae Fonseca, Estudos sobre os flagellados parasitos dos Mammiferos do Brazil: 104 

(1915) 

Index Fungorum Identifier 816546 

Protoplasmic body is globular. The protoplasm is of coarsely granulated creation and closes 

on the outside with a fine membrane. The rest of the body has no appendages. The pole pointing 

backwards when swimming wears a crest of long flagella, up to nine, that arise from basal bodies 

that are close together, stand at equal intervals, and a single straight or form a slightly curved row. 

Family type ï Callimastix Weissenb. 

Ecology & life modes ï Terrestrial and parasitic in crustaceans.  

Notes ï Fonseca (1915) introduced this family to accommodate Callimastix, a monotypic 

genus (fide Species Fungorum 2025).  

 

Callimastix Weissenb., Sber. Gesellschaft naturf. Freunde Berlin 5: 299 (1912) 
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Type species ï Callimastix cyclopis Weissenb., Sber. Gesellschaft naturf. Freunde Berlin 5: 299 

(1912) 

Protoplasmic body globular, 8 12 ɛm in diameter. The protoplasm is of coarsely granulated 

creation and closes on the outside with a fine membrane. The rest of the body has no appendages, 

and the pole, pointing backwards when swimming, wears a crest of long flagella. Flagella 24 30 

ɛm long, up to nine, arise from basal bodies that are close together and stand at equal intervals, 

with a single straight or slightly curved row. 

Notes ï Callimastix contains only one species, C. cyclopis, which was originally described as 

a parasite in Cyclops (Weissenberg 1912). Braune (1913) introduced the second species, C. 

frontalis R.A. Braune, which is transferred to a new genus as Neocallimastix frontalis (R.A. 

Braune) Vávra & Joyon ex I.B. Heath (Heath et al. 1983).  

 

Catenomycetales Doweld 

Catenomycetaceae Doweld 2014, Index Fungorum 81: 1 (2014) 

Index Fungorum Identifier 550388 

Thallus polycentric to rarely monocentric, diffusely organized, intra- and extramatrical; 

intramatrical portion branched or unbranched, septate; septa delimiting the rudiments of the 

sporangia or sterile isthmuses; extramatrical portion branched, aseptate and sterile. Zoosporangia 

intercalary, smooth, pyriform, with strongly developed discharge tubes with endoopercula. 

Zoospores spherical, with multiple golden lipid globules, a single flagellum, forming a temporary 

group near the orifice, intermittently amoeboid; zoospore germination bipolar.  

Family type ï Catenomyces A.M. Hanson, Torreya 44: 30 (1944) 

Ecology & life modes ï Saprophyte on cellulosic substrates and also found in the human 

gastrointestinal tract (Hanson 1945, Kirk et al. 2013, Hillman et al. 2017) 

Notes ï Phylogenetic analyses based on 18S rRNA, 5.8S and 28S sequence data, James et al. 

(2006b) and Porter et al. (2011) accommodated Catenomyces in Chytridiomycota. However, 

phylogenetic analysis of Wijayawardene et al. (2018) and Galindo et al. (2021) placed this family 

in order Catenomycetales of Blastocladiomycota. 

 

Catenomyces A.M. Hanson, Torreya 44: 30 (1944) 

Index Fungorum Identifier 20107 

Sporangia variable in size and shape; uteriform, pyriform, ovoid, cylindrical, spherical, 

elliptical, rectangular, triangular, or irregular, up to 8 exit tubes. Zoospore spherical, 3.7 4.5 ɛm in 

diameter, contains 5 18 golden refractive globules which may be nearly uniform or variable in size, 

flattened; 1 6, up to 30 ɛm long. Zoospores germinate and produce a germ tube that penetrates the 

substrate or grows on the surface. Germ tube thick, blunt, branched and developed to sporangia.  

Notes ï Catenomyces is a monotypic genus and Ca. persicinus was originally described as a 

saprophyte in cellophane, bleached corn and grass leaves, and dried onion skin suspended in 

samples of water (Hanson 1945). 

Type species ï Catenomyces persicinus A.M. Hanson, Torreya 44: 30 (1944); Fig. 11 

 

Coelomomycetaceae Couch, Journal of the Elisha Mitchell Scientific Society 78: 135.1962 

Index Fungorum Identifier 80619  

Thallus endobiotic. Mycelium aseptate, coenocytic, usually naked (lack demonstrable walls 

or unwalled), well developed, thick, dichotomously branched and without the rhizoids, breaking up 

into hyphal bodies which develop into resting spores ingeniously utilizing the reproductive system 

of the host (mosquito). The sporophytic phase primarily consists of resting spore or resistant 

sporangia, developed from hyphal bodies and serving as reproductive structures, numerous, 

consisting of two distinct layers: the inner thin-walled and smooth whereas the outer thick-walled 

with smooth or outer wall variously ornamented with vast numbers of minute anastomosing pits 

and a longitudinal slit; the entire mycelial network generally used up in resting spore formation in 

the insect's hemocoel; releasing in the environment after insect host death followed by meiosis to 
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discharge numerous uniflagellate zoospores, capable of infecting the alternate host (other than 

insects). In this alternate host, the gametophytic phase ingeniously develops to produce 

uniflagellate male and female gametes for dispersion inside the host environment, upon fusion of 

compatible gametes (plasmogamy) leading to the formation of biflagellate zygotes, capable of 

encysting in an aquatic dipteran host (Sparrow 1960, Karling 1977). 

Family type ï Coelomomyces Keilin 

Ecology & life modes ï The members of Coelomomycetacea are entomopathogenic and 

distributed in freshwater ecosystems worldwide. The family comprise a highly specialized group of 

obligate parasites that occur commonly within the body cavity (coelom) of aquatic dipteran larvae, 

especially larvae of mosquitoes, midges and black flies. Many of its members exhibit an 

Euallomyces type of complex life cycle, especially within the genus Coelomomyces with 

sporophyte and gametophyte generations alternating between the mosquito and copepod host 

(crustacean), respectively, to complete its reproduction cycle (Sparrow 1960, Karling 1977, Powell 

2017, Wijayawardene et al. 2018, Shen et al. 2020).  

Notes ï Compared to the Blastocladiaceae, in a broader context, the members of this family 

are accompanied by striking structural changes in their naked, branched, coenocytic, vegetative 

thallus, such as a lack of hyphal walls and specialized food-absorbing structures called rhizoids. 

This family includes two entomopathogenic genera: Coelomomyces and Coelomycidium, covering 

about 76 species pathogenic to specific groups of insects, such as flies and mosquitoes, with life 

histories that usually include alternation of haploid (gametophyte) sexual generation with a diploid 

(sporophyte) asexual generation or life stage in their life cycle (Powell 2017, Wijayawardene et al. 

2018, Shen et al. 2020). Because they are parasites of medically important haematophagous 

Diptera (arthropods), there has been considerable interest in the last few decades in developing 

them for use as biocontrol or biological control agents, specifically in mosquito-control operations. 

However, the use of their members seems impractical since no species known from this 

blastocladiaceous family has been successfully cultivated in vitro, and the situation is furthermore 

complicated because of the presence of heteroecious life cycle complexity. Nevertheless, 

encouraging results have been obtained with a few field trials and experiments that have been 

conducted in the past. Porter et al. (2011) examined the molecular phylogeny of phylum 

Blastocladiomycota based on nuclear rDNA sequences, and the results revealed the monophyly of 

Physodermataceae and Coelomomycetaceae lineages. On the other hand, two invertebrate 

pathogenic genera of the family, Coelomycidium and Coelomomyces are reciprocally monophyletic 

sister clades (James et al. 2014).  

 

Coelomomyces Keilin, emend. Couch, Journal of the Elisha Mitchell Scientific Society 61: 128 

(1945).  

Index Fungorum Identifier 20136 

Thallus endobiotic comprising of coenocytic, aseptate, poorly developed, irregularly or 

dichotomously branched, anastomosing mycelium, without cell walls and rhizoids, enclosed by a 

plasma membrane to absorb the nutrients directly through its entire surface from the mosquito 

larvae hemocoel. Thin-walled zoosporangia apparently lacking. Sporophytic thalli reproduce 

asexually in the insect host (mosquitoes or chironomids) via smooth or variously sculptured, thick-

walled resting spores or resistant sporangia formed from the hyphal bodies or segments, behaving 

as zoosporangia after a period of rest; splitting apart from the mycelium before the maturation of a 

definite wall to complete the development and filling the body cavity inside the insect's hemocoel; 

enclosed by an exceedingly thin, smooth outer membrane developed from the old plasma 

membrane; wall two layered; a smooth inner thin layer and the outer thicker, smooth or pitted or 

elaborately sculptured, ridged or ornamented wall; dehiscing by a preformed longitudinal slit to 

discharge posteriorly uniflagellate zoospores capable of infecting only the alternate host, 

particularly copepods or ostracods. Gametophytic thalli develop within these alternate hosts (small 

crustaceans) and produce uniflagellate male and female gametes. The resulting biflagellate zygotes 

(kariogamy= 2n) formed, capable of infecting mosquito larval cuticle via a germinating penetration 
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tube to re-establish the sporophytic thalli. Overall, it follows the Euallomyces mode of the life cycle 

with the heterothallic gametophyte (haploid) and sporophyte (diploid) bearing resting sporangia 

stages alternating between an intermediate host (crustacean) and a definitive host (dipteran) 

(Sparrow 1960, Travland 1979, Whisler 1985, Couch & Bland 1985).  

Type species ï Coelomomyces stegomyiae Keilin, Parasitology 13: 225 (1921); Fig. 12 

Notes ï Coelomomyces is essentially worldwide in distribution and comprises over 75 highly 

fastidious aquatic species. These species are obligately parasitize aquatic (freshwater) dipteran 

insects (Chironomidae, Psychodidae, Tabanidae and Simuliidae), primarily mosquitoesô larvae 

(more rarely chironomids) and require an essential alternate microcrustacean host consisting of 

either cyclopoid copepods, ostracods or harpacticoid copepods to complete its complex alternating 

life cycle (Wijayawardene et al. 2018, Shen et al. 2020, Ettinger et al. 2023). Although the species 

probably do not display host-specificity, they are relatively restricted in their host range (Federici 

1981). Over the past hundred years, the obligate fatal parasites of this genus are generally found 

infecting all major medically important genera of mosquitoes, like Aedes, Anopheles and Culex and 

are easily recognized by the yellow to golden-brown colour of the relatively large resting sporangia 

which may fill the hemocoel and other body parts of the insect host (Federici & Lucarotti 1986, 

Whisler et al. 2009). The genus has attracted considerable interest because of its significant 

potential use in the biological control of vector mosquitoes (Shen et al. 2020), which transmit 

medically important human diseases such as Zika fever, West Nile fever, Chikungunya, yellow 

fever, filariasis, dengue fever, hemorrhagic dengue, malaria and various viral encephalitides all 

over the world causing millions of deaths every year. Presently, the generic characters primarily 

host specificity, ornamentation, unique wall structure, placement of the dehiscence slit and size and 

structure of their resting spores as viewed by light microscopy are largely used in the taxonomy of 

Coelomomyces. Recently, Ettinger et al. (2023) reported the genomes and transcriptomes of C. 

lativittatus as a valuable genomic resource that can be leveraged toward providing a comprehensive 

insight for understanding the biology of this blastoclad fungus and other important and unique, 

largely understudied early diverging zoosporic (flagellated) fungal lineages. Within the 

Blastocladiomycota, molecular phylogeny based on nuclear ribosomal DNA suggests that the 

branches leading to Coelomycidium and Coelomomyces taxa were relatively long and further 

molecular phylogenetic estimation with both groups is warranted to break up these long branches 

and improve the accuracy of analyses by including the sample of many additional taxa (Porter et al. 

2011). This study also pointed out that numerous Coelomomyces spp. have many unique large 

insertions in their sequences of the rDNA that could be used reliably as a tool to facilitate rapid 

species identification based on rDNA sequence data. Several investigators observed and described 

the ultrastructure of Coelomomyces spp. (Martin 1971, Lucarotti & Federici 1984, Federici & 

Lucarotti 1986). Nevertheless, Madelin & Beckett (1972) studied the thin-wall sporangia of 

Coelomomyces indicus at the ultrastructural level, while Couch & Bland (1985) provided scanning 

electron micrographs (SEM) of resistant sporangia of Coelomomyces iliensis var. iliensis. Despite 

these reports, a survey of the literature suggests that we know remarkably little about the biology, 

biochemistry and genomics of this very large group of fungi. These lacunae in the existing 

knowledge are largely due to the failure, despite numerous attempts, to axenically obtain the culture 

of any species of Coelomomyces for detailed investigations. Nevertheless, this potential has not 

been realised or even accurately evaluated due to the lack of a cell wall for growing hyphae in the 

vegetative stages on their definitive (mosquito) and intermediate (copepod) hosts. Cultures are 

unavailable, but sequences are available on DDBJ/ENA/GenBank. 

 

Other genus in Coelomomycetaceae 

Coelomycidium Debais., C. r. Séanc. Mém. Soc. Biol. 82: 899 (1919) 

Index Fungorum Identifier 20138; Index Fungorum (2025) lists two epithets; however, Species 

Fungorum (2025) accepted only one. 

Type species ï Coelomycidium simulii Debais. 1919 

 



    4117 

 
 

Figure 9 ï A putative life cycle of Paraphysoderma sedebokerense based on the hypothesis of 

Hoffman et al. (2008) and Strittmatter et al. (2016). a. A haploid amoeboid swarmer contacts algal 

host. b. Swarmer encysts on the host surface, producing a thin-walled vegetative sporangium and a 

rhizoid, which invades the host. c. Mitosis produces multiple nuclei in the developing sporangium. 

d. Cytoplasmic cleavage into amoeboid swarmers. e. Amoeboid swarmers discharged from a thin-

walled vegetative sporangium and continue the asexual life cycle (A). f. Two amoeboid swarmers 

approach each other. g. Conjugation between amoeboid swarmers results in a diploid zygote. h. 

Zygote encysts on the host surface. i. Zygote develops into a thick-walled resting sporangium, 

which invades the host with a rhizoid; meiosis occurs in the resting sporangium. j. Haploid nuclei 

as a product of meiosis. k. Cytoplasmic cleavage into either flagellated zoospores or amoeboid 

swarmers. l. Flagellated zoospores discharged from resting sporangium. m. Amoeboid swarmers 

discharged from resting sporangium (modified drawing from Letcher et al. 2016).  
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Figure 10 ï Summary of endobiotic, colonial phase (solid arrows), and extrametrical, polycentric 

phase (broken arrows). a Initial infection stage of the endobiotic cycle. x, host cuticle; y, host 

epidermis. b Cleavage of thallus into segments. If the host dies prematurely, the sporangia 

developing from early cleavage stages will remain opposed (*). c Breakup of the cleavage 

segments. d Maturing sporangia. e Formation of exit papilla and zoospores. f Polycentric phase. 

The origin of the extramatrical growth from spores encysted within sporangia and the infectivity of 

motile spores from this phase is tentative. matrical growth from spores encysted within sporangia 

and the infectivity of motile spores from this phase is tentative (Redrawn from Dewel et al. 1985). 
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Figure 11 ï Catenomyces persicinus. a Zoospores. b Germinating of zoospores. c Germinating of 

zoospores and developing of extrametrical hypgae. d Sporangium and zoospores (modified from 

Hanson 1945). 

 

Physodermatomycetes Tedersoo et al. 

Physodermatales Caval.-Sm. 

Physodermataceae Sparrow, Mycologia 44(6): 768 (1952)  

Index Fungorum Identifier 81168 

Thallus two-forms, first a monocentric system of endobiotic and epibiotic sporangium clothed 

in a thin membrane standing; other polycentric, completely endobiotic, numerous persistent spores 
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and cells carrying turbines. Spores persist in the germination of individual zoosporangia forming a 

thinly clad membrane.  

 

 
 

Figure 12 ï Coelomomyces stegomyiae. a Zoospores in copepod. b Sporangium. c Zoospores in 

mosquito larva (Redrawn from Whisler et al. (1974) and Kalmakoff & Longworth (1980)). 

 

Family type ï Physoderma Wallr. 1833 

Ecology & life modes ï Plant parasite and saprophyte (Thirumalachar & Pavgi 1954, Farr et 

al. 1989, James et al. 2006b, Czeczuga et al. 2007a, Özaslan et al. 2015) 

Notes ï Sparrow (1952) introduced this family to accommodate Physoderma. However, 

Sparrow (1942) used Physodermataceae without a proper description, thus invalid (Art. 32.1(c), 

Art. 36.1). Phylogenetic analyses of rRNA gene (18S rRNA, 5.8S and 28S sequence data) of James 

et al. (2006b) accommodated this family in Blastocladiomycota. 

 

Physoderma Wallr., Fl. crypt. Germ. (Norimbergae) 2: 192 (1833) 

Index Fungorum Identifier 20415 

Resting sporangia amphigenous, mostly hypophyllous and on leaf petioles, concentrated on 

leaves along the veins, scattered, covered by the unbroken epidermis, ellipsoid, ovoid, sometimes 

punctiform, 1ï2 mm in diameter, chestnut brown. Resting spores chestnut brown, globoid, ovoid to 

ellipsoid, content granular with more refractive globules, (23.5)25.5ï32 × 21.5ï29 µm; with two 

distinct walls, the inner wall thin and hyaline, the outer wall chestnut brown, 1ï2 µm thick, smooth. 

Type species ï Physoderma maculare Wallr., Fl. crypt. Germ. (Norimbergae) 2: 192 (1833) 

Notes ï Physoderma was introduced by Wallroth (1833) with P. maculare as the type 

species. Index Fungorum lists 112 species epithets however, Species Fungorum (2025) accepted 
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only 78 records. The species have been mainly reported as pathogens of a broad range of plants (e. 

g. You et al. 2021).  

 

CALCARISPORIELLOMYCOTA Tedersoo et al. 

Calcarisporiellomycetes Tedersoo et al.  

Calcarisporiellales Tedersoo et al. 

Calcarisporiellaceae Tedersoo, Sánchez-Ramírez, Kõljalg, Bahram, Döring, Schigel, T. May, M. 

Ryberg & Abarenkov, Fungal Diversity 90: 152 (2018) 

Index Fungorum Identifier 554022 

Thallus branched, with septate hyphae; vegetative hyphae hyaline, smooth, thin-walled; 

cultures with no distinctive smell; sporangiophores (if present) simple, hyaline, smooth, arising 

from undifferentiated hyphae; sporangia unispored, ellipsoid, with or without a small columella; 

spores uninucleate, hyaline, smooth, thin-walled, ovoid to ellipsoid, with a rounded base; 

chlamydospores (if present) born laterally on short hyphae, 1-celled, elongate to globose, thick-

walled, spiny; sexual cycle not known; saprobic in soil, non-nematophagous (Jiang et al. 2011, 

Hirose et al. 2012). 

Family type ï Calcarisporiella de Hoog  

Ecology & life modes ï Thermophilic (Evans 1971), mesophilic (Hirose et al. 2012), 

saprobic in soil (Jiang et al. 2011, Hirose et al. 2012), cosmopolitan. 

Notes ï While proposing the higher-level classification of the fungi and a tool for 

evolutionary ecological analyses, Tedersoo et al. (2018) elevated the taxa from lower taxonomic 

levels to phylum rank, Calcarisporiellomycota, by confirming the findings of Hirose et al. (2012). 

The type species of the phylum Calcarisporiella de Hoog was introduced under Mucoromycotina, 

as an independent clade separated from the other known orders of this subphylum based on SSU 

phylogeny (Hirose et al. 2012). The second member of the family Echinochlamydosporium was 

earlier classified under Mortierellaceae, Mortierellales, Zygomycota. However, 

Echinochlamydosporium was distant from all other genera in Mortierellaceae based on 

phylogenetic analysis of LSU and SSU (Jiang et al. 2011). Tedersoo et al. (2018) introduced a new 

phylum under Mucoromyceta to accommodate these two taxa C. thermophila and E. variabile.  

 

Calcarisporiella de Hoog, Studies in Mycology 7:68. 1974  

Index Fungorum Identifier 7464 

Colonies growing moderately rapidly, appearing thinly floccose, white. Vegetative hyphae 

hyaline, smooth and thin-walled, delicate, very loose, often flexuous. Conidiogenous cells scattered 

or in small groups, arising from undifferentiated hyphae, consisting of a somewhat inflated basal 

part with a narrow neck and a small apical group of cylindrical conidium bearing denticles. Conidia 

are single celled, hyaline, smooth and thin-walled, ovoid to ellipsoidal with a rounded base. No 

sexual state was observed (de Hoog 1974). 

Descriptions are based on colonies growing on potato carrot agar at 30ºC. 

Type species ï Calcarisporiella thermophila (H.C. Evans) de Hoog 

 

Other genus in Calcarisporiellaceae 

Echinochlamydosporium X.Z. Jiang, H.Y. Yu, M.C. Xiang, X.Y. Liu & Xing Z. Liu, Fungal 

Diversity 46(1): 46 (2011); Index Fungorum Identifier 511829;  

Index Fungorum (2025) and Species Fungorum (2025) accepted one species; DNA sequences are 

unavailable. 

Type species ï Echinochlamydosporium variabile X.Z. Jiang, H.Y. Yu, M.C. Xiang, X.Y. 

Liu & Xing Z. Liu (2011); Fig. 13 

Notes ï Jiang et al. (2011) introduced this genus from dead juveniles of Heterodera glycines 

in the soil of soybean land, China.  
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Figure 13 ï Echinochlamydosporium variabile. a, b Colony on PDA. c-e Hyphae bearing different 

forms of chlamydospores and sporangia. Scale bars a, b = 10 cm, c-e = 10 ɛm. 

 

CHYTRIDIOMYCOTA Doweld (= Caulochytriomycota Doweld) 

Caulochytriomycetes Doweld 

Caulochytriales Doweld 

Caulochytriaceae Subram., Curr. Sci. 43: 723 (1974)  

Index Fungorum Identifier 80561 

Thallus eucarpic with endogenous development; monocentric; parasitic, penetrating the host 

by a haustorium. Zoosporangia inoperculate, with one to several papillae; sessile or hollow-stalked 

aerial. Zoospores are posteriorly uniflagellate. Planonts from sporangia of haploid thallus 

functioning as zoospores and perpetuating the haploid phase, or fusing in pairs to produce a diploid 

zygote (Subramanian 1974, Karling 1977, Doweld 2014b).  

Family type ï Caulochytrium Voos & L.S. Olive, Mycologia 60: 731 (1968) 
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Ecology & life modes ï Parasitize hyphal fungi in association with plant tissues (Voos & 

Olive 1968, Olive 1980, 1983). 

Notes ï Caulochytriaceae was established by Subramanian (1974) to include the single genus 

Caulochytrium, and Voos & Olive (1968) accommodated it in Chytridiales. Subsequently, Hibbett 

et al. (2007) did not regard Caulochytrium in any higher-level taxa. Considering especially the 

morphological distinctiveness of this genus, as the production of both sessile zoosporangia, as well 

as aerial sporangiocarps, Doweld (2014b) erected Caulochytriomycota/Caulochytriomycetes/ 

Caulochytriales to accommodate Caulochytriaceae. However, Caulochytriomycota is regarded as a 

synonym of Chytridiomycota (Wijayawardene et al. 2024).  

 

Caulochytrium Voos & L.S. Olive, Mycologia 60: 731 (1968) 

Index Fungorum Identifier 20109 

Thallus eucarpic parasiting the host by a peg-like or knob-like haustorium, monocentric, 

rhizoids absent or present. Inoperculate zoosporangia with one to several papillae discharging one 

to many zoospores; sessile or hollow-stalked aerial. Zoospores are posteriorly uniflagellate. 

Planonts from sporangia of a haploid thallus function as zoospores and perpetuating the haploid 

phase or fuse in pairs to produce a diploid zygote. 

Type species ï Caulochytrium gloeosporii Voos & L.S. Olive, Mycologia 60: 731 (1968) 

Notes ï Caulochytrium is characterized by the production of both sessile zoosporangia and 

aerial sporangiocarps. The genus comprised two species C. gloeosporii, the type species, which is 

an obligate parasite of Colletotrichum gloesporioides, and isolated in Florida (Voos & Olive 1968). 

Caulochytrium protostelioides, an obligate parasite of Cladosporium cladosporioides and Sordaria 

fimicola, isolated from the British West Indies and North Carolina (Olive 1980, 1983). Cultures are 

available on ATCC (American Type Culture Collection) and sequences on GenBank. 

 

Chytridiomycetes Caval.-Sm. 

Chytridiales Cohn 

Asterophlyctaceae Doweld, Index Fungorum 91: 1 (2014), emend Letcher & M.J. Powell (Turland 

et al. 2018, Art. 47). 

Index Fungorum Identifier 550401 

Thallus eucarpic, monocentric. Zoosporangium inoperculate with a spherical apophysis and 

branched rhizoids, irregularly stellate, angular, lobed, spherical to sub-spherical, sometimes 

possessing tapering, peg-like projections; zoosporangium formed either endogenously from the 

zoospore cyst or exogenously from a swelling of the germ tube. Zoospores are posteriorly 

uniflagellate, with a single lipid globule and multiple vacuoles. Resting spores borne like the 

zoosporangium, thick-walled, stellate or spherical, asexually formed or sexually formed after 

conjugation of thalli by means of rhizoidal anastomosis; upon germination, functioning as a 

prosporangium (Sparrow 1960, Letcher et al. 2018). 

Family type ï Asterophlyctis H.E. Petersen, Journal de Botanique (Paris) 17: 218 (1903) 

Ecology & life modes ï Asterophlyctaceae species are usually baited with insect exuviae and 

chitin bait from the aquatic and terrestrial ecosystem (Sparrow 1960, Karling 1977, Milanez et al. 

2007, Letcher et al. 2018).  

Notes ï Asterophlyctaceae was introduced by Doweld (2014n) and emended by Letcher et al. 

(2018) based on DNA sequence data and zoospore ultrastructure of the species within 

Asterophlyctis and Wheelerophlyctis. Letcher et al. (2018) described a new species, A. 

michiganensis, as well as the new genus Wheelerophlyctis, with two species. Based on the 

molecular phylogenetic placements and zoospore ultrastructure of these two genera, they 

hypothesised that Asterophlyctis and Wheelerophlyctis represent a bridge between 

Chytriomycetaceae and Chytridiaceae. 

 

Asterophlyctis H.E. Petersen, Journal de Botanique (Paris) 17: 218 (1903). 

Index Fungorum Identifier 20062 
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Thallus eucarpic, monocentric, epibiotic. Zoosporangium inoperculate, angular to stellate, 

with a rhizoidal system composed of an apophysis with fine rhizoids. Thallus developed 

endogenously or exogenously from the encysted zoospore. Resting spores formed asexually or 

sexually by conjugation of thalli (Sparrow 1960, Letcher et al. 2018). 

Type species ï Asterophlyctis sarcoptoides H.E. Petersen, Journal de Botanique (Paris) 17: 

218 (1903), emend Letcher & M.J. Powell; Fig. 14 

Notes ï Asterophlyctis comprises two species, typified with A. sarcoptoides (Petersen 1903, 

Letcher et al. 2018) and A. michiganensis (Letcher et al. 2018). Asterophlyctis was regarded as a 

synonym of Diplophlyctis by Dogma (1974). However, based on morphology, zoospore 

ultrastructure and molecular data, this synonymy was rejected (Letcher et al. 2018). This genus has 

been reported in Asia, Europe, North and South America and Oceania (Sparrow 1960, Milanez et 

al. 2007, Letcher et al. 2018). Cultures are available on the Alabama Chytrid Culture Collection 

(UACCC) and CZEUM (Collection of Zoosporic Eufungi at the University of Michigan).  

 

Other genus in Asterophlyctaceae 

Wheelerophlyctis Letcher & M.J. Powell, Fungal Biology 122(11): 1116 (2018) 

Index Fungorum Identifier 826904; Index Fungorum (2025) and Species Fungorum (2025) 

accepted two species; DNA sequences are available. 

Type specie ï: Wheelerophlyctis interior Letcher & M.J. Powell 2018 

Notes ï Both species are reported as saprobes only known from the USA (Letcher et al. 

2018). Cultures are available on the Alabama Chytrid Culture Collection (UACCC). 

 

Chytridiaceae Nowak., Akad. umiejetnosci Krakowie. Wydzíat mat.-przyród.: 174, 191 (1878), 

emend Vélez et al. (2011) (= Phlyctochytriaceae Doweld) 

Index Fungorum Identifier 816372 

Thallus eucarpic, monocentric. Zoosporangium endogenous or exogenous to the zoospore 

cyst, inoperculate or operculate, apophysate or non-apophysate. Zoospores are posteriorly 

uniflagellate and are produced into the zoosporangium. Resting spores are endogenous or 

exogenous. Members of the Chytridiaceae have a Group II-type zoospore (Vélez et al. 2011, 

Powell & Letcher 2014a).  

Family type ï Chytridium A. Braun, Betracht. Erschein. Verjüng. Natur., Ed. 2 (Leipzig): 

198 (1851) 

Ecology & life modes ï Members of this family are common in aquatic and terrestrial 

ecosystems, acting as saprobic, with many facultative and obligate parasites of algae (Powell & 

Letcher 2014a, b).  

Notes ï Chytridiaceae is composed of seven genera based on morphological, ultrastructural 

and molecular studies (Letcher et al. 2012, 2014a, b, Vélez et al. 2011, Powell et al. 2018a, Letcher 

& Powell 2018a, b, Jesus et al. 2021). The ultrastructural and molecular studies of Vélez et al. 

(2011), with members of Chytridiales, especially with a purified culture of Chytridium olla (type 

species) isolated from Argentina, were fundamental for the definition of the limits of the 

Chytridiales/Chytridiaceae (Powell & Letcher 2014a). Chytridiaceae was emended by Vélez et al. 

(2011) and considered as a monophyletic family in Chytridiales.  

 

Chytridium A. Braun, Betracht. Erschein. Verjüng. Natur., Ed. 2 (Leipzig): 198. 1851 

Index Fungorum Identifier 20128  

Thallus eucarpic, monocentric, epi- and endobiotic, the epibiotic part forming the rudiment of 

the zoosporangium, the endobiotic part producing the vegetative system and resting spore. 

Zoosporangium epibiotic, sessile, operculate, formed from all or part of the zoospore cyst, 

apophysate or non-apophysate, smooth or ornamented. Zoospores are posteriorly uniflagellate and 

are produced in the zoosporangium, usually with a single globule. Resting spores are endobiotic, 

thick-walled, and sexually or asexually formed (Sparrow 1960, Karling 1977). 
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Figure 14 ï Asterophlyctis sarcoptoides, strain WJD 209. a. Longitudinal section, with nucleus 

within ribosomal aggregation, multiple vacuoles, multiple mitochondria, a posterior flagellum with 

a narrow flagellar plug and a kinetosome-associated structure, a shield adjacent to and anterior to 

the kinetosome. b. Transverse section with nucleus within ribosomal aggregation, multiple 

vacuoles, multiple mitochondria, and a paracrystalline inclusion (PCI). c. LS of PCI. d. TS of PCI. 

e. TS through kinetosome, adjacent to which is a lipid globule, to which is appressed a fenestrated 

MLC cisterna (FC). f. LS of fenestrated cisterna appressed to the lipid globule; a cell coat (CC) 

surrounds the body of the zoospore. g. LS; A microbody (MB) is appressed to the lipid globule; 

flagellar props (Pr) connect kinetosome to plasma membrane. Scale bar in a, b = 1.0 µm; c, d = 0.5 

µm; eïg = 0.25 µm (Letcher et al. 2018). 

 

Type species ï Chytridium olla A. Braun, Betracht. Erschein. Verjüng. Natur., Ed. 2 

(Leipzig): 198. 1851 emend Vélez et al. (2011) 

Notes ï Chytridium has over 140 epithets (Index Fungorum 2025), with most members 

parasites or saprobic on freshwater and marine algae worldwide (Sparrow 1960, Milanez et al. 

2007, Vélez et al. 2011, Steciow et al. 2012). Chytridium olla is the type species of Chytridiaceae, 

and it was first isolated as a parasite on the oospore of Oedogonium by A. Braun in 1851 (Powell & 

Letcher 2014a). Cultures are available on ATCC (American Type Culture Collection), UACCC 

(University of Alabama Chytrid Culture Collection) and CZEUM (Collection of Zoosporic Eufungi 

at the University of Michigan), and sequences are available in GenBank. 

 

Dinochytrium Leshem, Letcher & M.J. Powell, Mycologia 108(4): 735 (2016) 

Index Fungorum Identifier 813312; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Dinochytrium kinnereticum Lesham, Letcher & M.J. Powell 2016 

Notes ï The genus is monotypic and a facultative parasite on the dinoflagellate Peridinium 

gatunense, and saprobic, with occurrence in Israel (Leshem et al. 2016).  

 

Irineochytrium Letcher, Longcore & M.J. Powell, in Letcher, Index Fungorum 175: 1 (2014) 

 = Irineochytrium Letcher, Longcore & M.J. Powell, in Letcher, Index Fungorum 151: 1 (2014) 

(Nom. inval., Art. 40.1 (Melbourne)) 

Index Fungorum Identifier 550670; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Irineochytrium annulatum (Dogma) Letcher, Longcore & M.J. Powell 2014 
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Notes ï This genus was reported as a saprobic taxon, with occurrences in North and South 

America, and Poland (Dogma 1969, Booth & Barrett 1976, Booth 1979, Letcher & Powell 2002, 

Letcher et al. 2014b). Cultures are available on UACCC (the University of Alabama Chytrid 

Culture Collection) and CZEUM (Collection of Zoosporic Eufungi at the University of Michigan), 

and sequences are available in GenBank. 

 

Phlyctochytrium J. Schröt., in Engler & Prantl, Nat. Pflanzenfam., Teil. I (Leipzig) 1(1): 78 (1897); 

Fig. 33a-c 

Index Fungorum Identifier 20409; Index Fungorum (2025) lists 73 epithets, and Species Fungorum 

(2025) accepts 49 species. 

Type species ï not indicated. 

Notes ï Members of the genus have been reported as parasites of freshwater and marine 

algae, eggs of microscopic animals, and saprobic, with worldwide distribution (Karling 1977). 

Cultures are available on CZEUM (Collection of Zoosporic Eufungi at the University of Michigan), 

and sequences on GenBank. Phlyctochytrium hydrodictyi has been isolated as an obligate parasite 

of the green alga Hydrodictyon reticulatum (Letcher et al. 2012a). The genus is well-established 

and accommodated in Chytridiaceae (Letcher & Powell 2005b, Vélez et al. 2011, Letcher et al. 

2012a, 2018, Leshem et al. 2016, Powell et al. 2018a, Jesus et al. 2021). 

 

Polyphlyctis Karling, Sydowia 20: 86 (1968) [1966] 

Index Fungorum Identifier 20437; Index Fungorum (2025) lists three species, and Species 

Fungorum (2025) accepts three species. 

Type species ï Polyphlyctis unispina (R.A. Paterson) Karling 1968 

Notes ï Members of the genus have been reported as saprophytic, with occurrences in Europe 

and North America (Letcher & Powell 2018a). Cultures are available on CZEUM (Collection of 

Zoosporic Eufungi at the University of Michigan) and UACCC (the University of Alabama Chytrid 

Culture Collection), and sequences are available in GenBank. 

 

Zopfochytrium M.J. Powell, Longcore & Letcher, Fungal Biology 122(11): 1045 (2018) 

Index Fungorum Identifier 825642; Index Fungorum (2025) lists one species, and Species 

Fungorum (2025) accepts one species. 

Type species ï Zopfochytrium polystomum (Zopf) M.J. Powell, Longcore & Letcher 2018 

Notes ï The genus has been reported from Europe and North America (Powell et al. 2018a). 

Cultures are available on CZEUM (Collection of Zoosporic Eufungi at the University of Michigan) 

and UACCC (the University of Alabama Chytrid Culture Collection), and sequences are available 

in GenBank. 

 

Chytriomycetaceae Letcher, Mycologia 103(1): 127 (2011) 

Index Fungorum Identifier 512387 

Thallus eucarpic, monocentric or polycentric, sporangium endogenous or exogenous to the 

zoospore cyst. With operculate or inoperculate zoosporangium; rhizoids endobiotic or interbiotic. 

Resting spores are endogenous or exogenous. The spherical zoospore has a single or two lipid 

globules. Zoospore ultrastructure belonging to group I-type (Barr 1980, Picard et al. 2009), with a 

simple or fenestrated MLC cisterna and with or without a microtubular root and allied structures 

(Vélez et al. 2011, Jesus et al. 2021).  

Ecology & life modes ï More common in aquatic habitats than soil, degrade a wide array of 

substrates. Saprobic in exuviae of mayflies, on chitin, keratin, and cellulose, parasitic in a wide 

variety of algae species, dinoflagellates, chytrids, heliozoan, Pythium, Aphanomyces and plants 

(Sparrow 1937, Karling 1977, Longcore 1992a, Letcher & Powell 2002, Vélez et al. 2013a, Davis 

et al. 2015, Seto & Degawa 2018a, Powell et al. 2019a, Jesus et al. 2021). 

Family type ï Chytriomyces Karling, Am. J. Bot. 32(7): 363 (1945) 
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Notes ï The family was proposed by Vélez et al (2011); it is composed of 15 genera, 

including the chytrid species with a Group I-type zoospore (Barr 1980, Picard et al. 2009). 

Considering the structures of zoospores and molecular analyses, the LSU combined dataset of 

partial SSU, partial LSU and ITS5.8S-ITS2 rDNA sequences. However, Chytriomycetaceae does 

not have a clear phylogenetic position, as many representatives are obligate parasites that have not 

yet been sequenced (Vélez et al. 2011, Seto et al. 2020b). The most complete and recent systematic 

studies related to the family were by Seto et al. (2018b) and Jesus et al. (2021), using North 

American isolates and a few South American strains (Vélez et al. 2011, 2013, Davis et al. 2015, 

Letcher et al. 2018, Powell et al. 2018a, 2019a, Jesus et al. 2021). 

 

Chytriomyces Karling, Am. J. Bot. 32(7): 363 (1945) 

Index Fungorum Identifier 20125 

Thallus epibiotic; zoosporangium with one rhizoidal axis (rarely more than one), apical or 

subapical operculum present. Zoospore with a single lipid globule (rarely many). Zoospore 

ultrastructure described by Longcore (1992a). Resting spore epibiotic or endobiotic, spherical, 

ovoid, or angular, thick-walled, smooth, reticulate, tuberculate or ornamented, hyaline or yellowish. 

Type species ï Chytriomyces hyalinus Karling, Am. J. Bot. 32: 363 (1945); Figs. 15 & 33d 

Index Fungorum Identifier 285191 

Notes ï The characteristics of the genus were succinctly described by Karling (1945b) to 

accommodate C. hyalinus and C. aureus. Since then, new species have been described, 

substantially changing the original description. Letcher & Powell (2002) redescribed the genus, 

including all described species and designated the lectotype. Chytriomyces has 28 species recorded 

having a cosmopolitan distribution (Letcher & Powell 2002, Davis et al. 2019a, Jerônimo & Pires-

Zottarelli 2019, Species Fungorum 2025), being reported as saprobes and/or parasites (see Letcher 

& Powell 2002). Most of the cultures of Chytriomyces are maintained in CZEUM (Collection of 

Zoosporic Eufungi at the University of Michigan) and the American Type Culture Collection 

(ATCC). Only three species have sequences available for access; however, GenBank has 4,106 

sequences, mostly at the genus level. 

 

Other genera in Chytriomycetaceae 

Avachytrium Vélez & Letcher, Mycologia 105(5): 1257 (2013) 

Index Fungorum Identifier 801481; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species.  

Type speciesï Avachytrium platense Vélez & Letcher 2013 

Notes ï The genus was reported as saprobic from pollen grains in Argentina (Vélez et al. 

2013b). Culture was deposited at the Culture Collection of the Facultad de Ciencias Exactas y 

Naturales, University of Buenos Aires, ARG 053 and GenBank sequences JX905509 and 

JX905536. This species was also reported in Brazil (Jesus & Pires-Zottarelli 2020). 

 

Entophlyctis A. Fisch., in Winter, Rabenh. Krypt.-Fl., Edn 2 (Leipzig) 1(4): 114 (1892); Fig. 33e & 

f 

Index Fungorum Identifier 20222; listed 34 epithets, but Species Fungorum (2025) accepted 21 

species.  

Lectotype species ï Entophlyctis cienkowskiana (Zopf) A. Fisch. 1892  

Notes ï Members of the genus are mainly reported as saprobic and parasitic on 

Chlamydomonas species and show cosmopolitan distribution. Cultures and sequences of ex-type 

are unavailable. However, there are cultures of other species maintained in CBS (CBS-KNAW 

Fungal Biodiversity Centre), ATCC (American Type Culture Collection) and CZEUM (Collection 

of Zoosporic Eufungi at the University of Michigan).  

 

Fayochytriomyces W.J. Davis, Letcher, Longcore & M.J. Powell, Mycologia 107(2): 435 (2015) 
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Index Fungorum Identifier 810999; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species.  

Type species ï Fayochytriomyces spinosus (Fay) W.J. Davis, Letcher, Longcore & M.J. 

Powell 2015; Fig. 33g 

Notes ï The genus is monotypic and reported as saprobic, isolated on cellulose, New Jersey 

(Davis et al. 2015). The culture of epitype is maintained at CZEUM (Collection of Zoosporic 

Eufungi at the University of Michigan), UACCC WJD186. Distribution is cosmopolitan. 

 

 
 

Figure 15 ï a-c Contributing thalli, C. hyalinus. a Six-hour-old, uninucleate contributing thallus 

illustrating peripheral zone of glycogen-like particles (g), nucleus, nucleolus (n), mitochondria (m), 

dictyosomes (d), two centrioles (arrows) in L-section, and cell wall (w). b Empty contributing 

thallus with a remaining zone of glycogen-like particles (g). c Contributing thalli (ct) and part of 

connecting rhizoidal system (arrows). d-f Nuclear and cytoplasmic migration, C. hyalinus. d Intact 

centriole (arrow) and nucleus entering rhizoidal system near junction of contributing thallus body 

and rhizoid. Note enlarging cytoplasmic free space (s) of body of contributing thallus. e Nucleus 

passing into rhizoidal system; nuclear envelope (arrows), nucleolus (n). f Fusion body with two 

irregularly shaped pre-karyogamous nuclei, nucleoli (n) and mitochondria (m). g-l Pre-and post-

karyogamy and developing resting body, C. hyalinus. g Nucleoplasmic bridges (arrow). h Post-

karyogamous nucleus prior to nucleolar coalescence. i Post-karyogamous nucleus containing the 

elongated product of nucleolar coalescence. j Resting body (24 hr) and the associated rhizoidal 

system. Note the numerous lipid globules (L) and aggregations of glycogen-like particles (arrows). 

k Uninucleate (N) resting body containing lipid globules (L) and aggregations of glycogen-like 

particles. l Uninucleate (N) resting body (47 days old) with lipid globules (L). Note a thickened cell 

wall (arrows) (redrawn from Miller & Dylewski 1981). 
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Obelidium Nowak., in Cohn, Beitr. Biol. Pfl. 2: 86 (1877) [1876] 

Index Fungorum Identifier 20375; Index Fungorum (2025) and Species Fungorum (2025) accepted 

three species.  

Type species ï Obelidium mucronatum Nowak. 1877  

Notes ï Members of the genus are saprobic on chitin (Nowakowski 1876, Sparrow 1937, 

Willoughby 1961). Ex-type cultures are unavailable; however, three cultures are maintained at 

CZEUM (Collection of Zoosporic Eufungi at the University of Michigan). Distribution is 

cosmopolitan. 

 

Odontochytrium Vélez & Letcher, Mycologia 105(5): 1259 (2013) 

Index Fungorum Identifier 801483; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species.  

Type species ï Odontochytrium milleri Vélez & Letcher 2013 

Notes ï The type species was reported as a saprobe and isolated from pollen grains, 

Argentina (Vélez et al. 2013b). Cultures were deposited at the Culture Collection of the Facultad de 

Ciencias Exactas y Naturales, University of Buenos Aires, ARG 095. 

 

Pendulichytrium K. Seto & Degawa, Mycoscience 59(1): 62 (2017) 

Index Fungorum Identifier 821132; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species.  

Type species ï Pendulichytrium sphaericum K. Seto & Degawa 2017 

Notes ï This genus was reported as a parasite on the diatom Aulacoseira granulata, Japan 

(Seto & Degawa 2018b). The ex-type culture is maintained at the Department of Environmental 

Science, Faculty of Science, Toho University. 
 

Phlyctorhiza A.M. Hanson, Am. J. Bot. 33: 732 (1946) 

Index Fungorum Identifier 20410; Index Fungorum (2025) has three epithets, but Species 

Fungorum (2025) has accepted one species.  

Type species ï Phlyctorhiza endogena A.M. Hanson 1946 

Notes ï The genus/species was initially accommodated in Entophlyctaceae because it has a 

similar appearance to Rhizophlyctis (Hanson 1946). Doweld (2014e) introduced Phlyctorhizaceae 

to accommodate this genus. However, other important studies did not accept this placement and 

regarded it as a member of Chytriomycetaceae (based on the phylogeny and ultrastructure of 

zoospores), along with Obelidium, Siphonaria and Podochytrium (James et al. 2006b, Vélez et al. 

2011, Powell et al. 2018a, Jesus et al. 2021). 
 

Physocladia Sparrow, Mycologia 24(3): 285 (1932) 

Index Fungorum Identifier 20414; Index Fungorum (2025) and Species Fungorum (2025) accepted 

one species.  

Type species ï Physocladia obscura (Sparrow) Sparrow 1932 

 

Podochytrium Pfitzer, Verh. naturh. Ver. preuss. Rheinl. Westphalens 27(Sitzungsber): 62 (1870) 

Index Fungorum Identifier 20434; Index Fungorum (2025) and Species Fungorum (2025) accepted 

seven species.  

Type species ï Podochytrium clavatum Pfitzer 1870 

Notes ï Members of the genus are reported as saprobic on chitin and parasites of diatoms 

(Sparrow 1933a, 1951, Sparrow & Peterson 1955, Willoughby 1961, 1963, Pfitzer 1870, Longcore 

1992b). The ex-type culture is maintained at CZEUM (Collection of Zoosporic Eufungi at the 

University of Michigan). The distribution of the species is cosmopolitan. 

 

Rhopalophlyctis Karling, Am. J. Bot. 32: 363 (1945) 

Index Fungorum Identifier 20491; Index Fungorum (2025) and Species Fungorum (2025) accepted 

one species.  
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Type species ï Rhopalophlyctis sarcoptoides Karling 1945 

Notes ï The type species was reported as saprobic on insect exuviae in Brazil (Karling 

1945b). 

 

Rhizidium A. Braun, Monatsber. Königl. Preuss. Akad. Wiss. Berlin: 591 (1856) 

Index Fungorum Identifier 20478; Index Fungorum (2025) 55 epithets, but Species Fungorum 

(2025) accepted 18 species.  

Type species ï Rhizidium mycophilum A. Braun 1856 

Notes ï Members of the genus were reported as saprobic on chitin and cellulose and/or 

parasites on diatoms and green algae (Sparrow 1960, Karling 1977, Picard et al. 2009, Jesus et al. 

2021). Distribution is cosmopolitan. 

 

Rodmanochytrium M.J. Powell & Letcher, Phytologia 101(3): 176 (2019) 

Index Fungorum Identifier 830008; Index Fungorum (2025) and Species Fungorum (2025) 

accepted two species.  

Type species ï Rodmanochytrium pyriforme M.J. Powell & Letcher 2019 

Notes ï Members of the genus were reported as saprobes on chitin (Powell et al. 2019a). Ex-

type culture is maintained in CZEUM (Collection of Zoosporic Eufungi at the University of 

Michigan). Distribution is cosmopolitan. 

 

Rhizoclosmatium H.E. Petersen, J. Bot., Paris 17: 216 (1903) 

Index Fungorum Identifier 20480; Index Fungorum (2025) and Species Fungorum (2025) accepted 

8 species.  

Type species ï Rhizoclosmatium globosum H.E. Petersen 1909 

Notes ï The species are reported as saprobes on chitin and cellulose (Petersen 1903, Powell 

et al. 2019b). Distribution is cosmopolitan. 

 

Siphonaria H.E. Petersen, J. Bot., Paris 17: 220 (1903) 

Index Fungorum Identifier 20523; Index Fungorum (2025) and Species Fungorum (2025) accepted 

four species.  

Type species ï Siphonaria variabilis H.E. Petersen 1909 

Notes ï Members of the genus are reported as saprobic on chitin (Petersen 1903, Jesus et. al. 

2021). Cultures are maintained at CZEUM (Collection of Zoosporic Eufungi at the University of 

Michigan), UACCC (University of Alabama Chytrid Culture Collection). However, ex-type 

cultures are unavailable. Reported from the American continents and Great Britain. 

 

Pseudorhizidiaceae Doweld, Index Fungorum 82:1 (2014) 

Index Fungorum Identifier 550390 

Thallus eucarpic, monocentric, endogenous, interbiotic. Zoosporangia with multiple 

inoperculate discharge pores, oval to spherical, with a single rhizoidal axis and finely divided tips. 

Zoospores are posteriorly uniflagellate, with solitary to multiple lipid globules. Resting spores 

spherical, epibiotic (Doweld 2014c). 

Family type ï Pseudorhizidium M.J. Powell, Letcher & Longcore, Mycologia 105: 501 

(2013) 

Ecology & life modes ï Pseudorhizidiaceae comprises two genera, Pseudorhizidium (Powell 

et al. 2013, Doweld 2014c), and Delfinachytrium (Vélez et al. 2013b). These two saprophytic 

genera were isolated from aquatic and terrestrial ecosystems on pollen grains.  

Notes ï Pseudorhizidiaceae was proposed by Doweld (2014c) to include the genus 

Pseudorhizidium. The single species, P. endosporangium, described by Karling (1968) as 

Rhizidium endosporangium, was considered as incertae sedis by Powell et al. (2013) and Vélez et 

al. (2013b), who described the sister genus Delfinachytrium. Seto & Degawa (2018b) and Jesus et 

al. (2021) considered the clade composed of these two genera as incertae sedis. 
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Pseudorhizidium MJ Powell, Letcher & Longcore, Mycologia 105: 501. 2013 

Index Fungorum Identifier 801458 

Thallus eucarpic, monocentric, endogenous, exhibiting interbiotic tendencies when grown with 

pollen in water cultures. Zoosporangia inoperculate with multiple discharge pores, oval to 

spherical, with a single main rhizoidal axis with finely divided tips. Zoospores are posteriorly 

uniflagellate, typically containing one large lipid globule, sometimes multiple lipid globules. 

Resting spores are spherical and epibiotic (Powell et al. 2013). 

Type species ï Pseudorhizidium endosporangiatum (Karling) MJ Powell, Letcher & 

Longcore, Mycologia 105: 501 (2013) 

Notes ï Pseudorhizidium was described by Powell et al. (2013) based on its thallus 

morphology, molecular phylogenetic placement and unique zoospore ultrastructure. 

Pseudorhizidium endosporangium, the type species, was described by Karling (1968) as Rhizidium 

endosporangium. This genus/species has occurrences in Oceania and the USA (Powell et al. 2013). 

Cultures are available on the University of Alabama Cryoculture Collection and CZEUM 

(Collection of Zoosporic Eufungi at the University of Michigan), and sequences are available on 

GenBank. 

 

Other genus in Pseudorhizidiaceae 

Delfinachytrium Vélez & Letcher, Mycologia 105(5): 1261 (2013) 

Index Fungorum Identifier 801577; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Delfinachytrium mesopotamicum Vélez & Letcher 2013 

Notes ï The type species was reported as saprobic in Argentina (Vélez et al. 2013b). Cultures 

are available in the Culture Collection of the Facultad de Ciencias Exactas y Naturales, University 

of Buenos Aires, and CZEUM (Collection of Zoosporic Eufungi at the University of Michigan). 

 

Scherffeliomycetaceae Doweld, Index Fungorum 122: 1. 2014 

Index Fungorum Identifier 550469 

Thallus eucarpic, monocentric, extramatrical, epi- and endobiotic, consisting of an 

extramatrical persistent cyst of the zoospore, the proximal part of the germ tube, an epibiotic 

expanded rudiment of the sporangium and an endobiotic vegetative system, which may be rhizoidal 

or haustorial, sometimes with an apophysis. Zoosporangia inoperculate. Zoospores are posteriorly 

uniflagellate, with a single orange lipid globule. Resting spore thick-walled, epibiotic (Doweld 

2014a). 

Family type ï Scherffeliomyces Sparrow, Mycologia 26: 377. 1934 

Ecology & life modes ï Scherffeliomyces, the single genus of the family, was isolated as a 

parasite of freshwater green algae. 

Note ï Sparrow (1934) introduced Scherffeliomyces and accommodated it in Phlyctidiaceae 

(Sparrow 1960). Doweld (2014a) introduced the family Scherffeliomycetaceae to accommodate 

Scherffeliomyces. These species lack sequences, and the classification and molecular position can 

be considered uncertain in the Chytridiales.  

 

Scherffeliomyces Sparrow, Mycologia 26: 377. 1934. 

Index Fungorum Identifier 20508 

Thallus eucarpic, monocentric, extramatrical, epi- and endobiotic, consisting of an 

extramatrical persistent cyst of the zoospore, the proximal part of the germ tube, an epibiotic 

expanded rudiment of the sporangium and an endobiotic vegetative system. Zoosporangia 

inoperculate. Zoospores are posteriorly uniflagellate, with a single lipid globule. Resting spore 

thick-walled, borne like the zoosporangium, epibiotic; germination not observed (Sparrow 1960). 

Type species ï Scherffeliomyces parasitans (Sparrow) Sparrow, Bot. J. Linn. Soc. 50: 446 

(1936) 
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Notes ï Sparrow (1933a) introduced the genus Scherffelia Sparrow (1933a), but it was 

illegitimate (non Scherffelia Pascher 1911 (Algae)). Thus, Sparrow (1936) established the new 

name, Scherffeliomyces, to replace Scherffelia. Studies are necessary to confirm the classification 

and molecular position of this genus/species in Chytridiales.  

 

Nephridiophagales Doweld 

Nephridiophagaceae R. Radek, Letcher, Wijayaw., P.M. Kirk & K.D. Hyde, Fungal Diversity 92: 

45 (2018) 

Index Fungorum Identifier 550099 

Nephridiophagids multiply in the lumen of the Malpighian tubules of insects, but 

occasionally individuals may also occur in their epithelial cells (Ivaniĺ 1937, Gibbs 1959, 

Woolever 1966, Radek & Herth 1999). Life stages comprise vegetative merogonial plasmodia and 

sporogenic plasmodia with endogenous spore formation and residual somatic nuclei. Flagellated 

forms have not been found. Nuclear division takes place via cryptomitosis (closed mitosis with an 

intranuclear spindle). Transmission is ensured by oral uptake of spores released with the host 

faeces. 

Family type ï Nephridiophaga Ivaniĺ, Cellule 45: 291ï324 (1937) 

Life modes and distribution ï No free-living representatives of nephridiophagids have been 

documented. Their typical habitats are the Malpighian tubules of insects. Most luminal plasmodia 

adhere to the microvilli of the tubule cells by tiny protrusions. During the vegetative multiplication 

cycle, multinucleate merogonial plasmodia divide into oligo- or uninucleate stages. Other 

plasmodia enter sporogony and form spores endogenously: sporogenic cytoplasm surrounding a 

generative nucleus is delimited by cisterns of the endoplasmic reticulum, and spore wall material is 

subsequently deposited between the resulting membranes (Radek & Herth 1999). The spore wall 

contains chitin (Radek et al. 2002). Residual somatic nuclei always remain in the cytoplasm of the 

mother plasmodium. During spore formation bi- or tetranuclear sporoblasts have been observed, 

which implies that sexual stages (formed by meiosis) exist (Ivaniĺ 1937). Mature spores are mostly 

uninucleate and have a flattened oval form.  

Notes ï Nephridiophaga was introduced by Ivaniĺ (1937) for the unicellular spore-forming 

parasite of the honeybee, Nephridiophaga apis. The parasite lives in the Malpighian tubules of its 

host and partially destroys the epithelial cells. The systematic position of Nephridiophaga and 

morphologically similar spore-forming protists of arthropods has long been discussed (see Radek & 

Herth 1999, Voigt et al. 2021). In the first report published by Lutz & Splendore (1903), the so-

called ónephridiophagidsô detected in the American cockroach Periplaneta americana were 

misclassified as microsporidia and described as Plistophora periplanetae. The poor morphological 

characteristics of the nephridiophagids led to further contested affiliations, for instance with the 

haplosporidia (Woolever 1966, Purrini & Weiser 1990) or mycetozoa (Léger 1909). In 1970, 

Sprague created the family Nephridiophagidae within the class Haplosporea. Other genera of 

spore-formers were included in the family by several authors (Sprague 1970, Toguebaye et al. 

1986, Lange 1993). Purrini & Weiser (1990) transferred all species of Nephridiophaga to 

Coelosporidium and even rejected the family name Nephridiophagidae in favour of the name 

Coelosporidiidae. Like in previous reports, the authors assumed that the spore-formers in the 

Malpighian tubules belong to the haplosporids and therefore referred to the first-named species, i.e., 

Coelosporidium blattellae (Crawley 1905a, b). However, Coelosporidium chydoricola, the type 

species of Coelosporidium, was from a cladocere (Mesnil & Marchoux 1897), and has been 

confirmed to be a member of the haplosporida, thus, the tubule parasites from insects do not belong 

to that group. Thus, the family name Coelosporidiidae and the genus name Coelosporidium must 

be rejected for members of the nephridiophagids. The systematic affiliation of the nephridiophagids 

to the fungi could only be clarified by molecular phylogenetic analyses of the SSU rRNA gene 

(Wylezich et al. 2004, Radek et al. 2017). Accepting the fungal nature of the group, Wijayawardene 

et al. (2018) introduced the new family Nephridiophagaceae as an early-branching fungal clade 

within the order Nephridiophagales Doweld. Recently, an extended molecular phylogenetic 
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analysis using long rDNA amplicons of several species revealed an affiliation of these parasites to 

the Chytridiomycota (Strassert et al. 2021). rDNA sequences are available for Nephridiophaga 

isolates from eight cockroach species and for nephridiophagids isolated from the European earwig 

and a mallow beetle (Radek et al. 2023). 

Radek & Herth (1999) discussed the validity of genera included in the Nephridiophagidae 

and accepted four genera, Coleospora, Nephridiophaga, Peltomyces, and Oryctospora as true 

members. Most reports of these genera are from cockroaches (ten species) and beetles (six species). 

The only nephridiophagids from other insect orders are N. apis from the honey bee (Hymenoptera) 

and Nephridiochytrium forficulae (Radek et al. 2023) from the European earwig (Dermaptera). 

 

Nephridiophaga Ivaniĺ, Cellule 45, 291ï324 (1937) 

Index Fungorum Identifier 29112 

The characteristics of Nephridiophaga correspond to the family description of 

Nephridiophagaceae. Mature spores are always uninucleate and have a flattened oval form with a 

central spore opening on one side. The spore sizes of the species vary between 4.5ï8 × 2ï4 µm. 

Original type species ï Nephridiophaga apis Ivaniĺ, Cellule 45: 291ï324 (1937). 

New type species ï Nephridiophaga blattellae, Radek et al., Taxon 71(2): 471ï472 (2022); 

Fig. 16 

Notes ï Ivaniĺ (1937) established the genus Nephridiophaga for a honey bee pathogen and 

introduced N. apis as the type species. Meanwhile, many further species of Nephridiophaga have 

been described, mainly from cockroaches. Their closer relationship to N. apis, however, remains 

enigmatic due to the lack of preserved specimens. Also, N. apis has never been isolated again. Only 

the published drawings by Ivaniĺ (1937) survived. While new molecular data show that cockroach 

nephridiophagids are closely related to each other (Strassert et al. 2021), clearly supporting their 

affiliation to the same genus, the only existing sequences from non-cockroach nephridiophagids, 

i.e., from the European earwig pathogen and the mallow beetle pathogen, are in sister-group 

positions (Radek et al. 2023). Thus, it is highly probable that the nephridiophagid from the honey 

bee, which is likewise phylogenetically only distantly related to cockroaches, is also more loosely 

related to the Nephridiophaga species from cockroaches. To maintain stability in the naming of the 

majority of nephridiophagid species, Nephridiophaga blattellae, the best-investigated cockroach 

nephridiophagid, was chosen as a new conserved type (Voigt et al. 2021, Radek et al. 2022). The 

former type Nephridiophaga apis should therefore receive a new generic name. The same may be 

necessary for the Nephridiophaga species described from beetles, i.e., N. meloidorum (Purrini & 

Rhode 1988, Lange 1993), N. ormieresi (Toguebaye et al. 1986, Purrini & Weiser 1990), N. tangae 

(Purrini et al. 1988, Lange 1993), and N. schalleri (Purrini & Rhode 1988, Lange 1993). The 

following species infecting cockroaches are true members of the genus Nephridiophaga: N. 

archimandrita (Radek et al. 2011), N. blaberi (Fabel et al. 2000), N. blattellae (Crawley 1905a,b, 

Woolever 1966), N. javanicae (Strassert et al. 2021), N. lucihormetica (Radek et al. 2011), N. 

maderae (Radek et al. 2017), N. periplanetae (Lutz & Splendore 1903, Lange 1993), and N. postici 

(Strassert et al. 2021). 

Nephridiophaga blattellae is the new conserved type which lives in the Malpighian tubules of 

the German cockroach Blattella germanica (Fig. 16). Recently, it was shown that infected hosts 

have an overall reduced fitness (Strassert et al. 2022). The animals had lower fat reserves, showed 

reduced mobility, produced less progeny, and the ability to detoxify pesticides decreased. The life 

cycle of N. blattellae is well known (Crawley 1905a, Woolever 1966, Radek & Herth 1999). 

Experimental oral infection of parasite-free hosts revealed intracellular plasmodia as the first 

detectable stages after 15ï17 days (Woolever 1966). The author hypothesized that the sporoplasms 

hatch in the gut, pass through the gut wall into the hemocoel and then enter the tissue of Malpighian 

tubules, which lie upon and near the gut surface. Parasite-bearing tubule cells grow and protrude 

into the lumen before they break open and release numerous parasite cells. Further development of 

vegetative and sporogenic plasmodia takes place in the tubule lumen (Figs. 1ï6). Sporogenic 

plasmodia mostly contain 10ï30 spores and residual somatic nuclei (Figs. 3, 6). Native mature 
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spores are flattened oval (about 2.5 ɛm thick) and measure 5.5 (5.0ï6.0) µm in length and 3.2 (2.5ï

3.5) ɛm in width (Radek & Herth 1999). A central spore opening through which the infectious 

sporoplasm hatches could be detected on a flat side of the spore (Radek et al. 2002). Cytochemical 

and fluorescence labelling indicate the presence of chitin, protein, and calcium as components of 

the spore wall (Radek et al. 2002). 

 

Other genera in Nephridiophagaceae 

Coleospora Gibbs, Parasitology 49: 552ï558 (1959) 

Index Fungorum Identifier 22092; Index Fungorum (2025) and Species Fungorum (2025) accepted 

one species. 

Type species ï Coleospora binucleata Gibbs 

Notes ï Coleospora binucleata infects the Malpighian tubules of the tenebrionid beetle 

Gonocephalum arenarium (Gibbs 1959). No further species of this genus have been described to 

date. Life cycle and morphology of the stages resemble those of Nephridiophaga. In addition to the 

typical development in the lumen of the tubules, intracellular plasmodia infecting the tubular 

epithelium are common. The numerous intracellular plasmodia form projections into the tubule 

lumen during growth before they are released. Big multinucleate plasmodia in the lumen start spore 

formation. Within the sporogenic plasmodia, gametes are formed and fuse to form binucleate cells. 

After the formation of a synkaryon, the resulting sporoblasts secrete a spore wall. When the wall is 

fairly well developed, the nucleus undergoes a further division. Thus, the mature spores possess 

two nuclei, each located about one-third from the ends. The elongated spores measure about 10.5 × 

2.5 µm. In saline solutions, they possess two elevated marginal ridges and a central longitudinal 

depression and ends, which are slightly curved in opposite directions. During experimentally 

induced hatching of the sporoplasm, a central spore opening allows the emergence of an elongated, 

binucleate cell. 

 

 
 

Figure 16 ï Nephridiophaga blattellae from the German cockroach Blattella germanica. a Spores 

(s) in the lumen of a heavily infected Malpighian tubule. Differential interference contrast (DIC). b 

Paraffin section of infected Malpighian tubules stained with hemalaun eosin. Sporogenic plasmodia 

(sp) and vegetative plasmodia (vp) attach to the tubule epithelium. Arrow = uninucleate stages. c 

Released sporogenic plasmodia of different sizes. DIC. d Single spores. DIC. e Sporogenic 

plasmodium; spore-walls stained with fluorescent dye calcofluor. f Ultrathin section of an infected 

Malpighian tubule. Vegetative plasmodia (vp) with numerous nuclei (n), sporogenic plasmodia (sp) 

containing sporoblasts (sb), mature spores (s), and residual somatic nuclei (sn). Inset: Sporoblast 
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with thin spore-wall, nucleus and aggregation of endoplasmic reticulum (er). Transmission electron 

microscopy. Scale bars: aïd = 20 µm, e, f = 10 µm, f inset = 1 µm. © 2022 Renate Radek, all rights 

reserved. 

 

Malpighivinco Radek & Strassert, MycoKeys 100: 255 (2023) 

Index Fungorum Identifier 850002; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Malpighivinco podagricae Radek & Strassert 2023, MycoKeys 100: 255 

(2023) 

Notes ï This nephridiophagid has recently been described from the mallow beetle Podagrica 

malvae (Radek et al. 2023). A similar infection has already been found in a closely related host, 

Podagrica fuscicornis, and was originally classified as a haplosporidium (Coelosporidium 

schalleri) by Purrini & Rhode (1988). Lange (1993) later assigned it to the genus Nephridiophaga 

as Nephridiophaga schalleri. The new nephridiophagid from P. malvae has sporogenic plasmodia 

with considerably fewer and shorter spores than those from P. fuscicornis. Molecular data of the 

nephridiophagid from P. malvae revealed a branching in the phylogenetic tree as sister to all other 

nephridiophagids from cockroaches and the earwig, justifying the assignment to the new genus 

Malpighivinco (Radek et al. 2023). The name Malpighivinco refers to the Malpighian tubules as 

habitat, and the Latin word ñvincoò (verb ñvincereò) for ñI conquerò, reflects that the pathogen 

infects the tubules. The species epithet podagricae refers to the mallow beetle host of the genus 

Podagrica. Probably, the nephridiophagid from P. fuscicornis belongs to the same genus and not to 

Nephridiophaga. 

There are no obvious differences in morphology and life cycle from other nephridiophagid 

genera. In addition to oligo- and multinucleated vegetative plasmodia, sporogenic plasmodia are 

present, which internally form spores (7ï36, mean 21.5 spores per plasmodium). The oval, 

flattened spores measure 4.2 (3.6ï4.7) × 2.3 (2.1ï2.5) ɛm and possess a central capped spore-

opening at one side of the mature spores. Presently, Malpighivinco is a monotypic genus. 

 

Nephridiochytrium Radek & Strassert, MycoKeys 100: 254 (2023) 

Index Fungorum Identifier 850000; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Nephridiochytrium forficulae Radek & Strassert 2023, MycoKeys 100: 254 

(2023) 

Notes ï This pathogen was described by Léger (1909) as a species of Peltomyces from the 

European earwig Forficulae auricularia, and was named Peltomyces forficulae (MycoBank 

147059). Later, this pathogen was investigated in more detail and renamed Nephridiophaga 

forficulae (Ormières & Manier 1973). In contrast to the only safely assigned species of the genus 

Peltomyces (Peltomyces hyalinus), the mature spore of the earwig pathogen contains only one 

nucleus. In a recent study, it was shown that the SSU rRNA gene sequence of the earwig 

nephridiophagid is more distantly related to the Nephridiophaga sequences from cockroaches and 

branches as a sister to them (Strassert et al. 2021). Based on these data and additional 

morphological studies, the earwig nephridiophagid was classified as a new genus, 

Nephridiochytrium, and renamed Nephridiochytrium forficulae (Radek et al. 2023). ñNephridioò 

refers to the site of infection, the nephridia (Malpighian tubules) and ñchytriumò refers to the 

assignment to the Chytridiomycota. 

The life cycle with the oligo- and multinucleated vegetative plasmodia and sporogenic 

generative plasmodia is similar to other genera of Nephridiophagaceae. A sporogenic plasmodium 

contains 13ï37 (mean 19) flattened oval spores, which measure 6.3 (5.8ï6.9) × 3.2 (2.9ï3.5) ɛm. A 

central capped spore opening is present at one side of mature spores. Nephridiochytrium is a 

monotypic genus. 

 

Oryctospora Purrini & Weiser, Zoologische Beiträge 33, 209ï220 (1990). 
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Index Fungorum Identifier 92046; Index Fungorum (2025) and Species Fungorum (2025) accepted 

one species. 

Type species ï Oryctospora alata Purrini & Weiser 1990 

Notes ï Oryctospora alata was described to infect the Malpighian tubules of the rhinoceros 

beetle Oryctes monoceros (Purrini & Weiser 1990). Only adult beetles carried the infection, 

became lethargic, and died after 20ï30 days. Their Malpighian tubules became partially 

hypertrophic. 

Merogony and sporogony processes of Oryctospora are very similar to those of 

Nephridiophaga, but the mature spores are oval, measuring 7.0ï7.5 × 3.0ï3.5 µm, with up to 2.5 

µm wide lateral protrusions (alae) on both sides. One to 13 uninucleate spores are formed within a 

sporogenic plasmodium. Currently, Oryctospora is a monotypic genus. 

 

Peltomyces Léger, Comptes Rendues de lôAcad®mie des Sciences [III] 149, 239ï241 (1909). 

Index Fungorum Identifier 12172; Index Fungorum (2025) listed three epithets, but Species 

Fungorum (2025) transferred two species to Nephridiophaga. 

Type species ï Peltomyces hyalinus Léger, Comptes Rendues de lôAcad®mie des Sciences [III] 

149, 239ï241 (1909) 

Notes ï Peltomyces hyalinus infects the Malpighian tubules of the tenebrionid beetle Olocrates 

abbreviatus. The life cycles of Peltomyces and Nepridiophaga are similar, but there are some 

differences in spore formation (Léger 1909). The generative and somatic nuclei have a typical 

position in the sporogenic plasmodia. While the big generative nuclei accumulate in the centre of 

their mother cell, the small somatic nuclei move to the periphery. The generative nuclei seem to be 

able to undergo sexual processes with the formation of gamete nuclei and fusion to a synkaryon. 

The formation of a wall around the synkaryon and its surrounding cytoplasm leads to the 

production of spores. Mature spores have a cylindrical form with rounded ends (9 × 3 µm) and 

contain two nuclei since the original nucleus divides by mitosis. Occasionally, some gametes within 

the sporont do not copulate but form parthenogenetic spores directly that are only half the size of 

the sexual spores (Léger 1909). 

Léger (1909) named a second species, P. forficulae (MycoBank 147059) from the European 

earwig Forficulae auricularia. Later, this pathogen was renamed as Nephridiophaga forficulae 

(Ormières & Manier 1973). The mature spore contains only one nucleus. In a recent study, it was 

shown that the SSU rRNA gene sequence of the earwig nephridiophagid is more distantly related to 

the Nephridiphaga sequences from cockroaches and branches as a sister to them (Strassert et al. 

2021, Radek et al. 2023). Thus, the earwig nephridiophagid received the new genus name, 

Nephridiochytrium. 

 

Polyphagales Doweld 

Polyphagaceae F. Maekawa, J. Jap. Bot. 21: 119. 1948  

Index Fungorum Identifier 816487 

Thallus eucarpic, monocentric, interbiotic. Reproductive rudiment formed as an outgrowth 

from the body of the encysted zoospore, with radially oriented rhizoids. Zoospores posteriorly 

uniflagellate. Resting spores sexually formed in conjugation tube produced by 1 of 2 conjugating 

thalli (Sparrow 1960, Karling 1977, Doweld 2014d). 

Family type ï Polyphagus Nowak., in Cohn, Beitr. Biol. Pfl. 2(2): 203. (1877) [1876] 

Ecology & life modes ï This family is composed of two genera, Polyphagus, the type genus, 

and Volvorax (= Endocoenobium), whose species were found as parasites of freshwater algae.  

Notes ï The phylogenetic analyses based on 18S rRNA sequences of Polyphagus parasiticus 

corroborated the erection of the Polyphagales by Doweld (2014d), an order that formed a clade 

sister to Gromochytriales and Mesochytriales (Karpov et al. 2016b). Posteriorly, phylogenetic 

analyses based on 18S and 28S rDNA sequences showed that Endocoenobium eudorinae (= 

Volvorax ingoldii) clustered together with Polyphagus parasiticus, which was further confirmed by 

Van der Wyngaert et al. (2018).  
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Polyphagus Nowak., Beitr. Biol. Pfl. 2(2): 203. (1877) [1876] 

Index Fungorum Identifier 20436  

Thallus eucarpic, monocentric, consisting of an expand central part, the rudiment of the 

prosporangium, with two or more rhizoids, much branched, strongly polyphagous, only the tips 

endobiotic. Zoosporangia inoperculate, formed as an outgrowth from the prosporangium. 

Zoospores posteriorly uniflagellate, completely formed into zoosporangium, with a single globule, 

discharged by one pore. Resting spore thick-walled, with a large globule, formed in conjugation 

tube produced by 1 of 2 conjugating thalli; upon germination functioning as a prosporangium 

(Sparrow 1960). 

Type species ï Polyphagus euglenae (Bail) Nowak., in Cohn, Beitr. Biol. Pfl. 2(2): 203. 

(1877) [1876] 

Notes ï Polyphagus comprises eleven epithets (Species Fungorum 2025). These species are 

parasitizing susceptible algae around the world. It was first placed into the Chytridiales based on 

morphology and ultrastructure data (Sparrow 1960, Karling 1977, Powell 1981). However, 

molecular studies included this genus in Polyphagales (Karpov et al. 2016b, Van der Wyngaert et 

al. 2018). Cultures are available on the Culture Collection of Parasitic Protista at the Zoological 

Institute RAS (CCPP ZIN RAS) and sequences on GenBank. 

 

Other genus in Polyphagaceae 

Volvorax Doweld, Index Fungorum 37: 1 (2013) 

Index Fungorum Identifier 550301; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Volvorax ingoldii Doweld 2013 

Notes ï Reported from the United Kingdom, Germany and Switzerland (Sparrow 1960, Van 

der Wyngaert et al. 2018). Cultures are not available, but sequences are available on GenBank. 

 

Saccopodiales Doweld  

Saccopodiaceae Jacz. & P.A. Jacz., Opredelitel' gribov. Sovershennyye griby (diploidnyye stadii). 

3-ye izd. [Vyp. 1]. Fikomitsety: 46 (1931)  

Index Fungorum Identifier 90715 

Mycelium well developed, branched, extending inside substrate; sporangiophore simple, 

cylindrical, protruding from the substrate, bearing a cluster of spherical sporangia at apex; 

sporangia with a simple mouth at the apex from which zoospores emerge. Resting spore unknown. 

  

Family type ï Saccopodium Sorokin, Hedwigia 16: 88 (1877) 

Ecology & life modes ï Parasite of Cladophora. 

Notes ï Saccopodiaceae is a monotypic family in Saccopodiales (Doweld 2014j). It is 

necessary to do further sampling and carry out molecular analyses to confirm its classification and 

phylogenetic placement.  

 

Saccopodium Sorokin, Hedwigia 16:88 (1877) 

Index Fungorum Identifier 20498 

Thallus tubular, without cross walls, branched, endobiotic with extrametrical unbranched 

sporangiophores; sporangia in clusters of from six to twelve at the tips of the extrametrical 

sporangiophores, spherical or pyriform, without a discharge tube; zoospores oblong, emerging 

through an opening in the sporangium, flagella not observed; resting spore not observed (Sparrow 

1960).  

Type species ï Saccopodium gracile Sorokin, Hedwigia 16:88 (1877) 

Note ï Saccopodium is a monotypic genus characterized by clustered zoosporangia at the tips 

of sporangiophores. Sorokin (1877) could not observe a flagellum for this fungus. Saccopodium 
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was regarded as an imperfectly known genus of the Cladochytriaceae (Sparrow 1960) or a genus of 

doubtful affinity (Karling 1977). 

 

Zygophlyctidales K. Seto 

Zygophlyctidaceae K. Seto, Fungal Systematics and Evolution 5: 32 (2020)  

Index Fungorum Identifier 831580 

Thallus monocentric, eucarpic, endogenous; zoosporangium epibiotic, operculate; resting 

spore formed after fusion of male thallus and female thallus via conjugation tube (Seto et al. 2020b). 

Family type ï Zygophlyctis Doweld 

Ecology & life modes ï Diatom parasites  

Notes ï Seto et al. (2020b) introduced Zygophlyctidales to accommodate Zygophlyctidaceae, 

which includes three diatom parasites, Zygophlyctis asterionellae, Z. melosirae, and Z. planktonica. 

This phylogenetic group was known as ñNovel Clade II (Jobard et al. 2012)ò and composed of 

environmental sequences from freshwater environments. Zygophlyctidales belongs to 

Chytridiomycetes sensu Hibbett et al. (2007), but this order could be placed in an independent class 

in Chytridiomycota in the taxonomic system of Tedersoo et al. (2018). 

Zygophlyctidaceae includes a single genus, Zygophlyctis. 

 

Zygophlyctis Doweld, Index Fungorum 114: 1 (2014) 

Index Fungorum Identifier 550450 

Thallus monocentric, eucarpic, sporangium and resting spore developed by direct 

enlargement of the zoospore. Sporangium ampulliform to pyriform. Rhizoidal system endobiotic, 

of branched threads; operculum develops at the top of an apical papilla and dehiscence apical. 

Zoospores with dispersed or loosely aggregated ribosomes and a rumposome complex, possess 

some vesicle types (fibrillar vesicle lies adjacent to the fenestrated cisternae); nonfunctional 

centriole constructed of a ring of singlet microtubules or occasionally containing two or three triplet, 

and often completely disassociated from the kinetosome. Resting spores are globose, and spherical 

(Doweld 2014g, Seto et al. 2020b). 

Type species ï Zygophlyctis planktonica Doweld, Index Fungorum 114: 1 (2014) 

Note ï Zygophlyctis includes three species of diatom parasitic chytrids, which were formerly 

known as members of the genus Zygorhizidium. Doweld (2014g) pointed out that the descriptions 

of Zygorhizidium planktonicum (Canter & Lund 1953, Canter 1967) were invalid and gave a new 

description of the species. However, Doweld (2014g) described a new genus, Zygophlyctis, without 

molecular evidence. Subsequently, Seto et al. (2020b) revealed that Z. planktonica and two related 

species are distinguished from the type species of Zygorhizium, Z. willei, in zoospore ultrastructure 

and molecular phylogeny, which validates the genus establishment by Doweld (2014g). 

 

Zygorhizidiales K. Seto  

Zygorhizidiaceae Doweld, Index Fungorum 102: 1 (2014) emend. K. Seto, Fungal Systematics and 

Evolution 5: 30 (2020)  

Index Fungorum Identifier 550424 

Thallus monocentric, eucarpic, endogenous; zoosporangium epibiotic, operculate; resting 

spore formed after fusion of male and female thallus via conjugation tube (Seto et al. 2020b). 

Family type ï Zygorhizidium Löwenthal 

Ecology & life modes ï Parasites of green algae and chrysophycean algae 

Notes ï Zygorhizidiaceae was proposed by Doweld (2014i), based on the zoospore 

ultrastructural characteristics of Z. affluens observed by Beakes et al. (1988). However, molecular 

phylogenetic analysis of Z. affluens (Rad-Menéndez et al. 2018) revealed that it is related to 

Lobulomycetales (Lobulomycetes), which is separated from the type species of Zygorhizidium. 

Therefore, the description of Zygorhizidiaceae was emended based on morphological and 

ultrastructural characteristics of Z. willei (Seto et al. 2020b). Currently, Zygorhizidiaceae includes a 

single genus, Zygorhizidium. 
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Zygorhizidium Löwenthal, Archiv für Protistenkunde 5: 228 (1905) 

Index Fungorum Identifier 20609 

Thallus monocentric, eucarpic. Zoospore posteriorly uniflagellate. Zoosporangium operculate, 

epibiotic, sessile, formed from the enlarged body of the encysted zoospore. Rhizoidal system 

endobiotic, consisting usually of a subsporangial apophysis with or without an unbranched or 

branched broad rhizoid. Resting spore epibiotic, sessile, thick-walled, formed from the body of the 

receptive thallus after conjugation with a usually contributing smaller thallus by means of a 

conjugation tube produced by the smaller thallus (Sparrow 1960). 

Type species ï Zygorhizidium willei Löwenthal, Archiv für Protistenkunde 5: 228 (1905); 

Fig. 17 

Notes ï Zygorhizidium formerly belonged to the order Chytridiales (Sparrow 1960). 

However, it was placed in the new order Zygorhizidiales based on the molecular phylogeny and 

zoospore ultrastructure of the type species Z. willei (Seto et al. 2020b). Zygorhizidiales belongs to 

Chytridiomycetes sensu Hibbett et al. (2007). However, this order could be placed in an 

independent class in Chytridiomycota in the taxonomic system of Tedersoo et al. (2018). 

Zygorhizidium comprises eleven species, including invalid species and excluding Z. 

vaucheriae whose affinity to the genus is unsure because of its anteriorly uniflagellate zoospores 

(Karling 1977). Three diatom parasitic species were transferred to Zygophlyctis in Zygophlyctidales 

(Seto et al. 2020b), and another diatom parasite, Z. affluens, should be excluded from 

Zygorhizidium (Rad-Menéndez et al. 2018). The remaining seven species include parasites of 

zygnematophycean green algae (two species), chrysophycean algae (two species), and 

chlorophycean green algae (three species). Currently, only the type species Z. willei has been 

accepted by molecular analysis. 

 

Chytridiomycetes families incertae sedis 

Amoebochytriaceae Doweld, Index Fungorum 58:1 (2014) 

Index Fungorum Identifier 550356 

Thallus polycentric, eucarpic, consisting of a branched rhizoidal system bearing intercalary 

swellings. Sporangia inoperculate, pyriform, basally apophysate with more or less prolonged 

discharge tubes, formed by enlargement of the body of the encysted zoospore or of the intercalary 

swellings of the rhizoids, cut off at maturity by cross walls from the vegetative system and often 

disarticulated. Zoospores are aflagellate, ovoid, with a large yellowish globule, escaping by forcing 

one of the gelatinized cross walls, movement strongly amoeboid; resting spores not observed. 

Saprophytic in the gelatinous matrix of colonies of Chaetophora elegans (Doweld 2014k). 

Family type ï Amoebochytrium Zopf 

Ecology & life mode ï on Chaetophora 

Notes ï Amoebochytriaceae was proposed by Doweld (2014k) based on morphological 

characteristics observed by Zopf (1884), but there is no evidence from molecular phylogeny. 

 

Amoebochytrium Zopf, Nova Acta Acad. Leop.-Carol. 47: 181 (1885) 

Index Fungorum Identifier 20023 

Thallus polycentric, eucarpic, consisting of a branched rhizoidal system bearing on it 

intercalary swellings. Zoosporangia inoperculate, formed by enlargement of the body of the 

encysted zoospore or of the intercalary swellings of the rhizoids, cut off at maturity by cross walls 

from the vegetative system and often disarticulated. Zoospores without flagella, escaping by 

forcing one of the gelatinized cross walls, and amoeboid movement. Resting spore not observed 

(Zopf 1884, Sparrow 1960). 

Type species ï Amoebochytrium rhizidioides Zopf, Nova Acta Acad. Leop.-Carol. 47: 181 

(1885) 

Notes ï The genus is monotypic and apparently restricted to Europe. Cultures or sequence 

data are lacking; thus, this genus needs a systematic revision to confirm its suprageneric placement.  
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Figure 17 ï Morphology of Zygorhizidiales and Zygophlyctidales. a-c Zygorhizidium willei 

(Zygorhizidiales) parasitic on Gonatozygon brebissonii. a Mature zoosporangium. b Empty 

zoosporangium with an operculum (arrowhead). c Resting spore and empty male thallus connected 

by a conjugation tube. d-f Zygophlyctis planktonica (Zygophlyctidales) on Ulnaria sp. d Mature 

zoosporangium. e Zoosporangium with an operculum (arrowhead) during zoospore discharge. f 

Resting spore and empty male thallus connected by a conjugation tube. Scale bars = 10 ɛm. 

 

Sparrowiaceae Doweld, Index Fungorum 104:1 (2014)  

Index Fungorum Identifier 550426 

Thallus monocentric, eucarpic, epibiotic. Sporangia and resting bodies with a basal 

hemispherical protuberance derived from the zoospore cyst, rhizoids branched, endobiotic, 

sometimes digitate. Sporangia operculate; zoospores posteriorly uniflagellate, with a single lipid 

globule. Resting bodies are elongated, divided by a cross wall into an empty proximal portion and a 

distal thick-walled portion (resting spore). 

Family type ï Sparrowia Willoughby 

Ecology & life modes ï Parasite of oogonia of Oomycetes. 

Notes ï Sparrowiaceae was proposed by Doweld (2014l) based on morphological 

characteristics observed by Willoughby (1963), but there is no evidence from molecular phylogeny. 

 

Sparrowia Willoughby, Nova Hedwigia 5:336 (1963) 

Index Fungorum Identifier 20531 

Thallus monocentric, eucarpic, epibiotic. Sporangia and resting bodies with a basal 

hemispherical protuberance, the latter derived from the zoospore cyst, and with a delicate, branched 

endobiotic rhizoid. Sporangia with a single operculum. Zoospore with a single oil globule and 

posterior flagellum. Resting bodies are elongated, divided by a cross wall into an empty proximal 

portion and a distal portion (the resting spore), which is thick-walled and contains oil globules 

(Willoughby 1963).  

Notes ï Sparrowia comprises two species with a cosmopolitan distribution. DNA sequences 

are lacking, thus higher-level classification is uncertain. 

Type species ï Sparrowia parasitica Willoughby, Nova Hedwigia 5:337 (1963); Fig. 18 

 

Sphaeromonadaceae Doweld, Index Fungorum 108: 1 (2014) 

Index Fungorum Identifier 550435 

Monocentric and uni- or multisporangiate; rhizoids bulbous; sporangiophores branched; 

zoospores spherical to ovoid, uniflagellate, occasionally biflagellate (extracted from Doweld 

2014o) 
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Family type ï Sphaeromonas E. Liebet. 

Ecology & life modes ï Stomach of a ruminant in Switzerland 

Notes ï Doweld (2014o) introduced this family to accommodate Sphaeromonas. The genus 

comprises three species (Species Fungorum 2025).  

 

Sphaeromonas E. Liebet., Arch. Protistenk. 19: 25 (1910) 

Index Fungorum Identifier 25137 

Similar to the family description. 

Notes ï Similar to the notes under the family.  

Type species ï Sphaeromonas minima E. Liebet., Arch. Protistenk. 19: 31 (1910) 

 

Tetrachytriaceae Doweld, Index Fungorum 39:1 (2013) 

Index Fungorum Identifier 550321 

Thallus polycentric, eucarpic, hyphoid. Sporangiophore axes are dichotomously branched, 

bearing 3 terminal, solitary, apically operculate zoosporangia (with apical umbo) and a single 

sterile recurved appendage (branch). Asexual reproduction by zoospores; zoospores spherical, 

posteriorly uniflagellate, with a vacuole, forming outside the sporangium in an evanescent vesicle, 

movement not amoeboid. Sexual reproduction by zygospores. Saprophytes on decaying wood and 

grass stems, insect cadavers (Coleoptera) (extracted from Doweld 2013a). 

Family type ï Tetrachytrium Sorokǭn 

Ecology & life modes ï Saprobic on decaying wood, grass stems, and insect cadavers. 

Notes ï In the description of Tetrachytriaceae, Doweld (2013a) indicated Tetrachytrium as 

the type genus of the family and did not mention other genera. However, according to his 

description, Zygochytrium is also included in this family.  

 

Tetrachytrium Sorokǭn, Bot. Ztg. 32:311 (1874) 

Index Fungorum Identifier 20567 

Zoospore upon germination developing at one pole a cylindrical axis which forms distally a 

single short reflexed lateral sterile branch and three terminal ones, each of which bears a single 

operculate sporangium, developing at the opposite pole a lobed holdfast which anchors the plant to 

the substratum; the thallus polycentric, eucarpic, hypha-like; zoospores four, with a central vacuole, 

posteriorly uniflagellate, mature outside the sporangium in a delicate evanescent vesicle which 

envelops the extruded protoplasm after dehiscence of the operculum, conjugating in pairs to from a 

new sporangial plant; no resting stage formed (Sparrow 1960). 

Type species ï Tetrachytrium triceps Sorokǭn, Bot. Ztg. 32: 315 (1874) 

 

Tetrachytrium Sorokǭn, Bot. Ztg. 32:311 (1874) 

Index Fungorum Identifier 20567 

Zoospore upon germination developing at one pole a cylindrical axis which forms distally a 

single short reflexed lateral sterile branch and three terminal ones, each of which bears a single 

operculate sporangium, developing at the opposite pole a lobed holdfast which anchors the plant to 

the substratum; the thallus polycentric, eucarpic, hypha-like; zoospores four, with a central vacuole, 

posteriorly uniflagellate, mature outside the sporangium in a delicate evanescent vesicle which 

envelops the extruded protoplasm after dehiscence of the operculum, conjugating in pairs to from a 

new sporangial plant; no resting stage formed (Sparrow 1960). 

Type species ï Tetrachytrium triceps Sorokǭn, Bot. Ztg. 32: 315 (1874) 
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Figure 18 ï Sparrowia parasitica a zoospore. b germinating zoospores. c later stages in growth 

with the sporangium developing vertically. d stages in growth with the sporangium developing 

laterally. eïg young thalli. h, i sporangia approaching maturity and showing central vacuolation; j, 

o mature sporangia showing opercula. k, p mature sporangia with the operculum in a lateral 

position. l a mature sporangium showing extensive development of the rhizoid. m mature sporangia 

with the basal cyst heavily thickened. n the base of a mature sporangium showing a heavily 

thickened cyst. g a globose mature sporangium. r dehiscing sporangia with opercula. s detached 

opercula observed. t dehisced sporangia with the basal cyst heavily thickened. u an oblong dehisced 

sporangium. v a small dehisced sporangium. w developing resting bodies. x a developing resting 

body with the resting spore just delimited by a cross wall. y mature resting bodies. z a mature 

resting body. All drawings at the same scale (Redrawn from Willoughby 1963). 
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Other genus in Tetrachytriaceae 

Zygochytrium Sorokǭn, Bot. Ztg. 32:308 (1874) 

Index Fungorum Identifier 20605; Index Fungorum (2025) and Species Fungorum (2025) accepted 

one species. 

Type species ï Zygochytrium aurantiacum Sorokǭn, Bot. Ztg. 32:308 (1874) 

Notes ï Both Tetrachytrium and Zygochytrium were described by Sorokin (1874), but they 

have not been rediscovered since. In the monographic works of chytrid fungi, these genera were 

regarded as genera of doubtful affinity (Sparrow 1960, Karling 1977).  

 

Thalassochytriaceae Doweld, Index Fungorum 51:1 (2014) 

Index Fungorum Identifier 550349 

Thallus endobiotic, polycentric, septate hyphae form haustoria penetrating algal cells. 

Sporangia are elliptical, with a single discharge papillum. Zoospores are oval, tapering toward a 

single posterior flagellum, with five lipid globules, and ribosomes dispersed in the cytoplasm. 

Kinetosome is anteriorly located, associated with a helical structure. Nucleus with a heel-like 

protrusion toward the kinetosome. Flagellar axoneme traverse zoospores and exits the zoospore 

posteriorly. Lacking props, non-flagellated kinetosome, kinetosomal roots and rumposome. 

Parasitic in Rhodophyceae (Doweld 2014e). 

Family type ï Thalassochytrium Nyvall, M. Pedersén & Longcore 

Ecology & life modes ï Endoparasite of red algae. 

Notes ï Thalassochytriaceae was proposed by Doweld (2014m) based on the morphological 

and ultrastructural observations by Nyvall et al. (1999), but there are no molecular phylogeny 

studies. 

 

Thalassochytrium Nyvall, M. Pedersén & Longcore, Journal of Phycology 35:182 (1999) 

Index Fungorum Identifier 27961 

Parasitic in Gracilariopsis sp. (Rhodophyceae). Thallus endobiotic and polycentric, septate 

hyphae form haustoria that penetrate algal cells. Sporangia orange, large (50ï300 mm), elliptical, 

with one discharge papillum protruding from the algal cortex at maturity. Zoospores ooze out of the 

pore in a cluster and remain motionless for several minutes before dispersing by flagellar motion. 

Zoospores are oval, tapering toward a single posterior flagellum. About five orange lipid globules 

are in the anterior of the spore, and ribosomes are dispersed in the cytoplasm. Kinetosome is 

anteriorly located and associated with a helical structure. Nucleus with a heel-like protrusion 

toward the kinetosome. Flagellar axoneme traverse zoospores and exits the zoospore posteriorly. 

Lacking props, nonflagellated kinetosome, kinetosomal roots and rumposome (Nyvall et al. 1999). 

Type species ï Thalassochytrium gracilariopsidis Nyvall, M. Pedersén & Longcore, Journal 

of Phycology 35:182 (1999); Fig. 19 

 

Cladochytriomycetes Tedersoo, Sánchez-Ramírez, Kõljalg, Bahram, Döring, Schigel, T. May, M. 

Ryberg & Abarenkov, Fungal Diversity 90: 148 (2018) 

Cladochytriales Mozl.-Standr., Mycol. Res. 113(4): 502 (2009) 

Cladochytriaceae J. Schrot. in Engler & Prantl, Nat. Pflanzenfam 1: 80 (1897) 

Index Fungorum Identifier 80598 

Thallus polycentric, consisting of rhizomycelium with septate intercalary swellings (turbinate 

cells), and inoperculate or operculate zoosporangia. Zoospore description as for Cladochytriales 

(Mozley-Standridge et al. 2009). 

Ecology & life modes ï The family is composed mainly saprophytic species, facultative 

parasites and a few reports of obligate parasites. Saprophytic species decompose decaying plant 

material, moribund algae, insect exuviae and other organic substrates in freshwater and terrestrial 

ecosystems (Sparrow 1960, Karling 1977, Mozley-Standridge et al. 2009).  

Family type ï Cladochytrium Nowak. in Cohn, Beitr. Biol. Pfl. 2: 92 (1877) 
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Notes ï Two polycentric genera (Cladochytrium and Karlingiella) are included in 

Cladochytriacea. Karlingiella is a monotypic operculate genus, which includes only K. elongata, 

previously named Nowakowskiella elongata and placed in a new genus based on multigenic 

analysis of ribosomal data (Jerônimo et al. 2019). Cladochytrium is inoperculate and produces 

septate swellings or turbinate cells in the rhizomycellium. This genus comprises 51 species, and 

typified with C. tenue (Clements & Shear 1931). However, several taxa were transferred to the 

plant parasitic genus, Physoderma, and currently, 20 legitimate species are recognized in 

Cladochytrium. Among these, Cladochytrium maydis (Physoderma maydis) causes brown spot of 

maize, and C. alfalfae (Physoderma alfalfae) causes crown wart of alfalfa. Physoderma was placed 

in Blastocladiomycota by James et al. (2006b) through the analysis of ribosomal genes. 

Sequences are available for only four species (Cladochytrium replicatum, C. tenue, C. 

polystomum and Karlingiella elongata), and the systematics of the family remains uncertain. Some 

species, such as C. polystomum, were transferred to Zopfochytrium within Chytridiales. The type 

species of Cladochytrium (C. tenue) forms a distinctive branch within Chytridiales genera incertae 

sedis (Powell et al. 2018a, Jesus et al. 2021, Amses et al. 2022). An important aspect of 

Cladochytriaceae phylogeny is the necessity of expanding the taxa sampling and culture isolation, 

especially for unsequenced strains, which will help us to better understand their systematics. 

Cultures are available on CZEUM (Collection of Zoosporic Eufungi at the University of Michigan) 

and sequences on GenBank. 

 

Cladochytrium Nowak. in Cohn, Beitr. Biol. Pfl. 2: 92 (1877) 

Index Fungorum Identifier 20132 

Thallus polycentric, formed by a rhizomycellium with septate, turbinate cells and 

inoperculate zoosporangia. Zoospores are posteriorly uniflagellate and discharged through a pore. 

Resting spores are apparently asexually formed, borne like the sporangia on the thallus, with a 

thickened smooth or spiny wall (Nowakowskii 1877, Sparrow 1960).  

Type species ï Cladochytrium tenue Nowak. in Cohn, Beitr. Biol. Pfl. 2: 92 (1877) 

Notes ï The genus was proposed by Nowakowskii (1877) to accommodate two species, C. 

tenue and C. elegans, the latter transferred to Nowakowskiella by Engler & Prantl (1897), based on 

the absence of turbinate cells in rhizomycelium and the presence of an operculum in 

zoosporangium. The 20 species described in the genus are primarily inhabitants of decaying plant 

tissues such as those of Acorus and Elodea (Sparrow 1960). They have also been found in the 

gelatinous envelope of algae such as Chaetophora, Spirogyra and Coleochaete (Sparrow 1960). 

Cladochytrium replicatum is a well-documented species, which is characterized by the production 

of zoospores with an orange lipid globule. Jerônimo et al. (2019, 2022) observed at least five 

phylogenetically distinctive lineages named C. replicatum, indicating that these taxa represent a 

species-complex and its taxonomy should be reevaluated. Cladochytrium is distributed in South 

America (Nascimento et al. 2009, Steciow et al. 2012, Jesus et al. 2013, Jerônimo et al. 2015 and 

others), North America (Karling 1931, Berdan 1941, Karling 1949, Karling 1951, Sparrow 1960, 

Karling 1977, and others), Europe (Remy 1948, Richards 1956, Batko & Hassan 1986, Czeczuga et 

al. 2007a, and others), Asia (Singh & Pavgi 1971, Chen et al. 2000 and others) and Africa 

(Gaertner 1954, Hassan & Shoulkamy 1991 and others).  

 

Other genus included 

Karlingiella (Karling) G.H. Jerônimo, A.L. Jesus & Pires-Zottar., in Jerônimo, Jesus, Simmons, 

James & Pires-Zottarelli, Mycologia 111: 8 (2019) 

Index Fungorum Identifier 829121 

Type species ï Karlingiella elongata (Karling) G.H. Jerônimo, Jesus & Pires-Zottarelli, 

Mycologia 111: 8 (2019); Fig. 33h 

Notes ï Karlingiella is a monotypic genus, including only K. elongata, which was originally 

described as Nowakowskiella elongata (Jerônimo et al. 2019). Through the analysis of ribosomal 

genes, Jerônimo et al. (2019) placed it in a new genus closely related to Cladochytriaceae rather 
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than Nowakowskiellaceae. Nowakowskiella elongata was originally found in Brazil by John 

Karling, and then another isolate from the same country was purified in culture and included in 

phylogenetic analysis (Jerônimo et al. 2019). There are reports of this chytrid in South America 

(Karling 1944, Jesus et al. 2013, Jerônimo et al. 2019 and others) and Africa (Hassan 1993). 

 

 
 

Figure 19 ï Thalassochytrium gracilariopsidis; Ultrastructure of septum and zoospores and light 

microscopy of zoospores. a Longitudinal section of fungal hypha with transverse septum perforated 

by pores (arrowheads); b Light micrograph showing characteristic tapering shape of zoospores 

(Karnovsky-fixed); scale bar 5 10 mm. c Longitudinal section through zoospore showing 

mitochondria (M), axoneme (A), and electron-opaque lipid globules (L); scale bar 5 1 mm. d 

Longitudinal section through kinetosomal area showing close association of lipid globules (L), 

microbodies (m), electron-opaque helix (h), and kinetosome (K), e Oblique section of (encysted) 

zoospore with the nucleus (N) surrounded by rough endoplasmic reticulum and protruding toward 

the helix and kinetosomal area. Scale bars: a 5 ɛm; b 10 ɛm, c-e 1 ɛm (redrawn from Nyvall et al. 

1999).  

 

Endochytriaceae Sparrow ex D.J.S. Barr, Canadian Journal of Botany 58: 2390 (1980)  

Index Fungorum Identifier 81677 

Thallus monocentric with an exogenous development. Operculate zoosporangia and an 

exogenous resting spore. Grouping with E. ramosum in analyses of SSU and LSU rDNA sequences 

(Mozley-Standridge et al. 2009). 

Ecology & life modes ï The family is weakly parasitic in freshwater green algae or 

saprophytic in decaying plant tissues (Sparrow 1960). 

Family type ï Endochytrium Sparrow, American Journal of Botany 20: 71 (1933) 
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Notes ï Sparrow (1933b) sequentially described E. ramosum and E. oophilum, without 

designated type. Sparrow questioned the authenticity of E. oophilum because he was not able to 

observe rhizoids (Mozley-Standridge et al. 2009). Index Fungorum (2025) considered 

Endochytriceae as an invalid family since a Latin description was missing. However, Mozley-

Standridge et al. (2009) validated the family and designated E. ramosum as the type. At present, 

there are seven species (E. cystarum, E. digitatum, E. multiguttulatum, E. oophilum, E. 

operculatum, E. pseudodistomum and E. ramosum), which are morphologically characterized by 

the production of monocentric thallus, exogenous development and operculate zoosporangium. 

Only the type species (Endochytrium ramosum) was included in the phylogenetic analysis. 

Jerônimo et al. (2022, 2024) included several other strains identified at the generic level in their 

phylogeny, but these were placed in new genera. However, there are still some taxa that remain 

uncertain and need to be reevaluated in future. Cultures are available on CZEUM (Collection of 

Zoosporic Eufungi at the University of Michigan) and sequences on GenBank.  

 

Endochytrium Sparrow, Am. J. Bot. 20: 71 (1933) 

Index Fungorum Identifier 20204 

Thallus monocentric with an exogenous development. Zoosporangium produces a discharge 

tube with an operculum at the apex. Zoospores formed in the sporangium are posteriorly 

uniflagellate, with a single globule. Resting spore thick-walled, endobiotic, apparently asexually 

formed (Sparrow 1933b, 1960) 

Type species ï Endochytrium ramosum Sparrow, Am. J. Bot. 20: 72 (1933) 

Notes ï The species are weakly parasitic or saprophytic in freshwater green algae or 

saprophytic in decaying plant tissues. Sparrow (1960) based his species distinction mainly on the 

morphology of the resting spores, recognising four species (E. ramosum, E. digitatum, E. 

operculatum and E. pseudodistomum). According to Index Fungorum (2025), E. oophilum is the 

type species, information which is incorrect based on the explanation provided above. Currently, 

there are seven described species, but phylogenetic data are available only for E. ramosum. 

Jerônimo et al. (2022) questioned the monophyly of the genus since several strains identified as 

Endochytrium did not group with the type species (E. ramosum JEL402) in their phylogenetic 

analysis.  

This genus was recorded in North America (Karling 1938, 1941a, 1977, Sparrow 1952, 1960, 

Dogma 1969), South America (Karling 1946, Jerônimo et al. 2020, and others), Central America 

(Shanor 1944, Sparrow 1952), Europe (Czeczuga et al. 2003b, Czeczuga et al. 2005 and others), 

and Africa (Hassan & Shoulkamy 1991, Hassan 1993, and others). 

 

Nowakowskiellaceae Sparrow ex Mozl.-Standr., Mycol. Res. 113: 503 (2009) 

Index Fungorum Identifier 512050 

Thallus polycentric. Rhizomycellium extensive, producing irregular swellings and operculate 

zoosporangia. Zoospores are posteriorly uniflagellate with a single lipid globule. Resting spore 

borne like the sporangium, thick-walled (Sparrow 1960). 

Ecology & life modes ï Members of the family are saprobic in the decaying parts of higher 

plants and in the gelatinous sheath of Chaetophora (Sparrow 1960). 

Family type ï Nowakowskiella J. Schrot., in Engler & Prantl, Nat. Pflanzenfam 1: 82 (1897); 

Figs. 33i-k 

Notes ï Nowakowskiella was established by Engler & Prantl (1897) through the 

morphological analysis of the operculation and rhizomycelial swellings (absence of turbinate cells), 

which placed Cladochytrium elegans, described by Nowakowskii (1877), in the new genus, 

Nowakowskiella. Sparrow (1942) erected Nowakowskiellaceae, but replaced the name with 

Megachytriaceae (Sparrow 1943a) on the basis that any family names formed by using the older 

genus Nowakowskiella as a basis result in combinations which are too polysyllabic to be tenable 

(Sparrow 1943b). Considering that neither Nowakowskiellaceae nor Megachytriaceae were validly 
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published by Sparrow (1942, 1943). Mozley-Standridge et al. (2009) validated the family by 

providing a Latin description and designating a type.  

Nowakowskiella has the most species sequenced in the order, with phylogenetic information 

for five species, including the type, N. elegans. Jerônimo et al. (2019) described a new species, N. 

crenulata, and transferred N. elongata to the new genus, Karlingiella based on the phylogeny of 

ribosomal genes and morphological development. These phylogenetic data support the monophyly 

of the family (Jerônimo et al. 2022). Cultures are available on CZEUM (Collection of Zoosporic 

Eufungi at the University of Michigan) and sequences on GenBank. 

 

Nowakowskiella J. Schrot., in Engler & Prantl, Nat. Pflanzenfam 1: 82 (1897) 

Index Fungorum Identifier 20372 

Thallus polycentric. Rhizomycellium extensive, producing irregular swellings and operculate 

zoosporangia. Zoospores are posteriorly uniflagellate with a single lipid globule. Resting spore 

borne like the sporangium, thick-walled (Sparrow 1960). 

Type species ï Nowakowskiella elegans (Nowak.) J. Schrot., in Engler & Prantl, Nat. 

Pflanzenfam 1: 82 (1893) 

Notes ï Nowakowskiella is a polycentric genus, which produces operculate zoosporangia and, 

in general, non-septate swellings in rhizomycelium. However, in some species, the presence of 

turbinate cells was also observed (Sparrow 1960, Karling 1977). The genus contains 16 legitimate 

species. Correct species identification is highly dependent on the morphology of the resting spore 

since the zoosporangia are similar between different species and are often non-decisive. 

Phylogenetic analysis supports the monophyly of the family (Jerônimo et al. 2022). 

Nowakowskiella is one of the most common genera within Cladochytriales, which were reported in 

South America (Karling 1945a, Marano et al. 2007, Steciow et al. 2012, Jesus et al. 2013, Jerônimo 

et al. 2015, 2019 and others), North America (Karling 1944, 1977, and others), Europe (Batko & 

Hassan 1982, Czeczuga et al. 2006, 2007, and others), Africa (Hassan & Shoulkamy 1991, Hassan 

1993) and Asia (Karling 1964a). 

 

Septochytriaceae Mozl.-Standr., Mycol. Res. 113: 503 (2009)  

Index Fungorum Identifier 512008 

= Catenochytridiaceae Doweld, Index Fungorum 55: 1 (2014) 

Thallus monocentric or polycentric with endogenous or exogenous development. 

Zoosporangium operculate, apophysate or non-apophysate, producing operculum or pores. 

Discharge tubes are observed in some genera. The rhizoidal system is extensive, smooth, 

constricted or catenulated. The rhizomycelium can present septate or non-septate filaments.  

Family type ï Septochytrium Berdan, Am. J. Bot. 26: 461 (1939) 

Ecology & life modes ï Saprophytic on various grasses, wheat, rye, oats, corn leaves and 

also on narcissus root tips (Sparrow 1960). 

Notes ï Septochytriaceae includes a variety of monocentric and polycentric strains which 

produce operculate zoosporangia. Wijayawardene et al. (2020, 2022) accepted only Septochytrium. 

In this study, we accept seven genera (Allochytridium, Catenochytridium, Cylindrochytridium, 

Septochytrium, Nephrochytrium, Sparrowiella and Phytochytridium), and Septochytrium was 

designated as the type by Mozley-Standridge et al. (2009). The reasons for these new inclusions are 

provided below under óother genera includedô.  

Jerônimo et al. (2022) expanded the circumscription of the family to include two new 

polycentric genera (Sparrowiella and Phytochytridium) and Catenochytrium. The family 

Catenochytridiaceae proposed by Doweld (2014p) is not accepted since the type genus 

(Catenochytridium) is polyphyletic (Simmons et al. 2021, Jerônimo et al. 2022) and molecular 

information for the type species (C. carolinianum) is not available. Cultures are available on 

CZEUM (Collection of Zoosporic Eufungi at the University of Michigan) and sequences on 

GenBank. 
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According to Jerônimo et al. (2022), Catenochytrium is a polyphyletic genus, and the absence 

of molecular information for the type species leaves the systematics of the genus unresolved. 

Cultures are available on CZEUM (Collection of Zoosporic Eufungi at the University of Michigan) 

and sequences on GenBank. 

 

Septochytrium Berdan, Am. J. Bot. 26: 461 (1939) 

Index Fungorum Identifier 20517 

Thallus predominantly polycentric, consisting of elongate, septate, and constricted filaments, 

intercalary swellings, and finely branched rhizoids. Zoosporangia are variously shaped, operculate, 

terminal and intercalary. Zoospores uniflagellate. Resting spores are terminal or intercalary, formed 

in the same position as the sporangia or from the intercalary swellings (Berdan 1939). 

Type species ï Septochytrium variabile Berdan, Am. J. Bot. 26: 461 (1939); Fig. 33m  

Notes ï Septochytrium is one of the most enigmatic genera within Cladochytriales. It can 

produce a monocentric or polycentric thallus, which is not common among members of 

Chytridiomycota. Berdan (1942) mentioned that many variations occur in the development of 

Septochytrium, and it is very difficult to describe any one type as definitely representing the 

normal. There are five legitimate species (S. macroporosum, S. marilandicum, S. plurilobulum, S. 

variabile and S. willoughbyi), and S. variabile was designated as the type by Berdan (1939).  

Septochytrium species have been reported from North America (Karling 1942, 1949, 1951, 

1977, Johanson 1943, Sparrow 1960), South America (Dogma 1973, Rocha & Pires-Zottarelli 

2002, Steciow et al. 2012, Nascimento & Pires-Zottarelli 2009), Europe (Czeczuga et al. 2007b), 

Asia (Chen 2008) and Africa (Hassan & Shoulkamy 1991). 

 

Other genera included in Septochytriaceae 

Allochytridium D.J.S. Barr & Desauln, Mycologia 79: 195 (1987) 

Index Fungorum Identifier 91163; Index Fungorum (2025) lists four epithets and Species 

Fungorum (2025) accepts only three species. 

Type species ï Allochytridium expandens Salkin, Am. J. Bot. 57: 652 (1970) 

Notes ï Allochytridium was described by Salkin (1970) with the type-species A. expandens. 

This genus was compared to Karlingia or Karlingiomyces by the first author. However, differences 

in zoospore germination were the criteria used to propose the new genus. Barr (1986) detailed the 

development, morphology, and zoospore ultrastructure of A. expandens. In this study, the author 

mentioned morphological similarities with other cladochytrialean members such as 

Catenochytridium, Nephrochytrium and Cylindochytridium. However, analysis of the zoospore 

ultrastructure revealed that A. expandens was probably related to the polycentric members of 

Cladochytrium and Nowakowskiella, especially considering the similarity of the flagellar apparatus. 

Species belonging to Allochytridium have reported from North America (Sparrow 1960, Salkin 

1970, Karling 1977, Barr & Desaulniers 1987, and others) and Asia (Chen & Chien 1995). 

 

Catenochytridium Berdan, Am. J. Bot. 26: 460 (1939); Figs. 20 & 33l 

Index Fungorum Identifier 20106; Index Fungorum (2025) lists eight epithets, and Species 

Fungorum (2025) accepts only seven species. 

Type species ï Catenochytridium carolinianum Berdan, Am. J. Bot. 26: 461 (1939) 

Notes ï Catenochytrium is a polyphyletic genus which forms distinctive branches within 

Septochytriaceae (Jerônimo et al. 2022, 2024). There are six described species (C. carolinianum, C. 

hemicysti, C. kevorkianni, C. laterale, C. marinum, C. oahuense), which are morphologically 

characterized by the production of operculate zoosporangium and catenulated rhizoids. The type-

species, C. carolinianum, was not grown in pure cultures or sequenced, leaving the systematics of 

the genus uncertain. There are records of Catenochytridium in South America (Steciow et al. 2012, 

Jesus et al. 2013, Jerônimo & Pires-Zottarelli 2020), North America (Berdan 1939, Sparrow 1960, 

1965, Karling 1941, 1977, Barr et al. 1987), Central America (Sparrow 1952), and Asia (Kobayashi 

& Ookubo 1953, Chen & Chien 1995). 
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Cylindrochytridium Karling, Bull. Torrey Bot. Club 68: 382 (1941) 

Index Fungorum Identifier 20152; Index Fungorum (2025) and Species Fungorum (2025) accepted 

two species. 

Type species ï Cylindrochytridium johnstonii Karling, Bull. Torrey Bot. Club 68: 382 (1941) 

Notes ï Cylindrochytridium has only two described species (C. johnstonii and C. 

endobioticum), with C. johnstonii being the type species (Karling 1941b). It is morphologically 

characterised by the production of a monocentric thallus and operculate zoosporangium with a 

typical empty basal region. This genus was transferred from Chytridiales based on the phylogeny of 

ribosomal genes (Steiger et al. 2011). The genus was recorded in South America (Steciow et al. 

2012, Jerônimo & Pires-Zottarelli 2020, and others), North America (Whiffen 1941, Sparrow 1960, 

Karling 1941b, Karling 1977, and others), Central America (Shanor 1944), and Europe 

(Willoughby 1964, Czeczuga et al. 2007b, and others). 

 

Dogmamyces G.H. Jerônimo, C.L.A. Pires-Zottar., T.Y. James & J.E. Longcore, Mycol. Prog. 23: 

1 (2023) 

Index Fungorum Identifier 848810; Index Fungorum (2025) and Species Fungorum (2025) accept 

one species. 

Type species ï Dogmamyces elongatus G.H. Jerônimo, C.L.A. Pires-Zottar., T.Y. James & 

J.E. Longcore, Mycol. Prog. 23: 1 (2024) 

Notes ï Dogmamyces is morphologically distinct from the other monocentric genera in 

Septochytriaceae since it has an endogenous development. A multigenic analysis by Jerônimo et al. 

(2024) also supported the genus and placed it as a sister group of Phytochytrium. The genus was 

recorded exclusively in South America (Jerônimo et al. 2024). 

 

Nephrochytrium Karling, Am. J. Bot. 25: 211 (1938) 

Index Fungorum Identifier 20367; Index Fungorum (2025) lists eight epithets, and Species 

Fungorum (2025) accepts three species. 

Type species ï Nephrochytrium appendiculatum Karling Am. J. Bot. 25: 211 (1938) 

Notes ï Nephrochytrium contains four valid species viz., N. appendiculatum, N. aurantium, 

N. bipes, and N. stellatum. Nephrochytrium species are morphologically characterised by the 

production of operculate zoosporangia, usually somewhat kidney-shaped, and they are saprophytic 

on grass leaves and in cells of Chara and Nitella (Karling 1938, Sparrow 1960). Phylogenetic 

analysis in Mozley-Standridge et al. (2009) and Jerônimo et al. (2022) placed Nephrochytrium 

within Septochytriaceae, and closely related to Allochytridium. This genus was recorded in South 

America (Karling 1944 and others), North America (Couch 1938, Karling 1941, Whiffen 1941, 

Sparrow & Barr 1955), Europe (Czeczuga et al. 1988, Willoughby 1961, Czeczuga et al. 2005) and 

Africa (Hassan 1993). 

 

Phytochytrium Longcore & G.H. Jerônimo, Mycol. Prog. 21: 5 (2022); Index Fungorum (2025) 

and Species Fungorum (2025) accept one species 

Index Fungorum Identifier 841930; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Phytochytrium stagnum Longcore & G.H. Jerônimo, in Jerônimo, Simmons, 

Amses, Seto, James, Pires-Zottarelli & Longcore, Mycol. Prog. 21: 6 (2022) 

Notes ï Phytochytrium is a polycentric genus, which produces rhizomycelium without 

swellings and sometimes in a bead-like shape. The operculate zoosporangia are formed 

perpendicular to the rhizomycelium axis. According to Jerônimo et al. (2022), this monotypic 

genus is sister to monocentric strains with endobiotic thalli and operculate zoosporangia (JEL050 

and JEL931) within Septochytriaceae. This genus has only been reported from Maine, USA 

(Jerônimo et al. 2022). 
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Sparrowiella Longcore & G.H. Jerônimo, Mycol. Prog. 21: 6 (2022) 

Index Fungorum Identifier 841931 

Type species ï Sparrowiella insolita Longcore & G.H. Jerônimo, Mycol. Prog. 21: 7 (2022) 

Notes ï Sparrowiella is a polycentric genus which produces rhizomycelium without 

swellings and is sometimes bead-like. Similar to Phytochytrium, this genus also produces 

operculate zoosporangia perpendicularly attached to the rhizomycelium axis. However, the 

presence of apophysis and the size of zoosporangia and discharge tube can be used as 

morphological characters to differentiate these two genera.  

 

 
 

Figure 20 ï Development of Catenochytridium sp. JEL024. a-e. Exogenous development in 

immature thallus. f. Early stages of apophisis development. g. Young zoosporangium and 

catenulate apophisis. h. Mature zoosporangium and catenulate aphophisis. Scale bars: 10 µm. 

 

Lobulomycetes Tedersoo et al. 

Lobulomycetales D.R. Simmons 

Lobulomycetaceae D.R. Simmons, Mycol. Res. 113: 453 (2009)  

Index Fungorum Identifier 511805 

 = Alogomycetaceae Doweld, Index Fungorum 76: 1 (2014) 

Thallus monocentric, eucarpic, with endogenous development. Rhizoids isodiametric, 0.5ï1.5 

mm wide (Simmons et al. 2009) 

Family type ï Lobulomyces D.R. Simmons, Mycol. Res. 113: 454 (2009) 
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Ecology & life modes ï Lobulomycetaceae comprises aquatic (Longcore 1992, Doweld 

2014b, Van den Wyngaert et al. 2018) and terrestrial genera (Simmons et al. 2009, 2012, Seto & 

Degawa 2015), reported as algal parasites or saprobes (Longcore 1992, Doweld 2014b, Van den 

Wyngaert et al. 2018) or growing on pollen baits (Longcore 1992, Simmons et al. 2009, 2012, Seto 

& Degawa 2015). Though most terrestrial species are from soils or tree canopy debris, Alogomyces 

was isolated from horse manure (Simmons et al. 2012). 

Notes ï Doweld (2014q) introduced Alogomycetaceae to include Alogomyces, yet the author 

did not justify this new taxon, other than a recapitulation of the ultrastructural and thallus characters 

of Alogomyces tanneri, previously detailed in the generic and species descriptions (Simmons et al. 

2012). Alogomyces was originally described as a member of Lobulomycetaceae based on molecular 

and morphological evidence, which was consistent with the description of the family (Simmons et 

al. 2009). Though the horse manure habitat of Alogomyces is exceptional in this order, Doweld 

(2014q) did not mention this aspect of the taxon in the description of Alogomycetaceae, and we do 

not agree that it is indicative of a new family. Additionally, acceptance of Alogomycetaceae would 

make Lobulomycetaceae paraphyletic, as Alogomyces and Maunachytrium are monophyletic within 

the Lobulomycetales (Simmons et al. 2012, Seto & Degawa 2015). Rather than transfer 

Maunachytrium to an unjustified family, we choose to neglect the recommendation of Doweld 

(2014q), and instead include all genera in the molecularly and morphologically justified family 

Lobulomycetaceae. 

 

Lobulomyces D.R. Simmons, Mycol. Res. 113: 454 (2009) 

Index Fungorum Identifier 511806 

Zoospore with dense fibrillar connection between kinetosome and nonflagellated centriole; 

flagellar plug extensions anterior and posterior; one lipid globule (Simmons et al. 2009).  

Type species ï Lobulomyces angularis (Longcore) D.R. Simmons, Mycol. Res. 113: 454 

(2009) 

Notes ï Lobulomyces angularis was introduced to accommodate Chytriomyces angularis 

Longcore. At the time of the latterôs description, the zoospore was noted for being dissimilar to the 

Chytriomyces zoospore type in its lack of many ultrastructural characters, but novel generic 

placement was considered otherwise unjustified. Molecular phylogenetics in James et al. (2000) 

showed that the species was not monophyletic with other Chytriomyces, or the Chytridiales, leading 

to the species serving as a type of Lobulomyces. Cultures are available from CZEUM (Collection of 

Zoosporic Eufungi at the University of Michigan), and sequences are available in GenBank. 

 

Other genera in Lobulomycetaceae 

Algochytrops Doweld, Index Fungorum 123: 1 (2014) 

Index Fungorum Identifier 550472; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Algochytrops polysiphoniae (Cohn) Doweld 2014 

Notes ï Parasite on Pylaiella littoralis marine alga in Scotland (Cohn et al. 2006 as 

Chytridium polysiphoniae). Sequences are available in GenBank. 

 

Algomyces Van den Wyngaert, K. Rojas & K. Seto, J. Eukary. Microbiol. 65(6): 877 (2018) 

Index Fungorum Identifier 825142; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Algomyces stechlinensis Van den Wyngaert, K. Rojas & K. Seto 2018 

Notes ï Parasite on colonial green algae in Germany (Van den Wyngaert et al. 2018). 

Sequences are available in GenBank. 

Alogomyces D.R. Simmons & Letcher, Mycologia 104(1): 158 (2012) 

Index Fungorum Identifier 519672; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Alogomyces tanneri D.R. Simmons & Letcher 2012 
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Notes ï Saprobic, from horse manure from the USA (Simmons et al. 2012). Culture is 

available from CZEUM (Collection of Zoosporic Eufungi at the University of Michigan) and 

sequences are available in GenBank. 

 

Clydaea D.R. Simmons, Mycol. Res. 113(4): 455 (2009) 

Index Fungorum Identifier 512109; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Clydaea vesicula D.R. Simmons 2009 

Notes ï Saprobic, from soils in the USA (Simmons et al. 2009). Cultures are available from 

CZEUM (Collection of Zoosporic Eufungi at the University of Michigan), and sequences are 

available in GenBank. 

 

Cyclopsomyces K. Seto & Degawa, Mycologia 107(3): 637 (2015) 

Index Fungorum Identifier 810512; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Cyclopsomyces plurioperculatus K. Seto & Degawa 2015 

Notes ï From soil in Japan (Seto & Degawa 2015). Sequences are available in GenBank. 

 

Maunachytrium D.R. Simmons, Mycol. Res. 113(4): 456 (2009) 

Index Fungorum Identifier 512111; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Maunachytrium keaense D.R. Simmons 2009 

Notes ï From alpine soil in Hawaii, USA (Simmons et al. 2009). Sequences are available in 

GenBank. 

 

Mesochytriomycetes Tedersoo et al. 

Gromochytriales Karpov & Aleoshin  

Gromochytriaceae Karpov & Aleoshin, Persoonia 32: 124 (2014)  

Index Fungorum Identifier: 805306 

Zoospores with posterior ribosomal aggregation are not bounded by endoplasmic reticulum. 

Microbody-lipid complex pressed to the nucleus and containing a single microbody enveloping a 

large anterior lipid globule with an anteriorly oriented fenestrated cisterna (rumposome). Several 

mitochondria are separated from MLC. Small dense bodies are present in the peripheral cytoplasm. 

Kinetosome and centriole are embedded in the posterior side of the ribosomal core. The flagellar 

transition zone contains a spiral fibre or a cylinder. Centriole at an angle of c. 30° to kinetosome; 

the bottom of kinetosome is connected by a broad fibrillar bridge to the centriole. Anterior and 

posterior microtubular roots and a short straight spur associated with the kinetosome. Simple 

thallus with inoperculate, monocentric, epibiotic sporangium having endogenous development and 

a single slightly branching rhizoidal axis (Karpov et al. 2014b). 

Family type ï Gromochytrium Karpov & Aleoshin, Persoonia 32: 124 (2014) 

Ecology & life modes ï The family contains two genera, both of which are obligate parasites 

of Tribonema gayanum algae from aquatic locations in the Leningrad district, Russia (Karpov et al. 

2014b, 2019b). 

Notes ï Karpov et al. (2014b) introduced this family with Gromochytrium as the type genus. 

The family comprises two genera. Further sampling in the same region or similar habitats may 

yield additional taxa. 

 

Gromochytrium Karpov & Aleoshin, Persoonia 32: 124 (2014) 

Index Fungorum Identifier: 805307 

Mature inoperculate epibiotic sporangium long ovoid (18 Ĭ 10 ɛm) without papillae. 

Zoospores are released through apical pores. Delicate, weakly branched rhizoidal system with short 
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rhizoids emerging from a slender main axis. Zoospores 2 ɛm diam. with a single lipid globule 

(Karpov et al. 2014b). 

Type species ï Gromochytrium mamkaevae Karpov & Aleoshin, Persoonia 32: 124 (2014); 

Fig. 21d, e 
 

Other genera included in Gromochytriaceae 

Apiochytrium Karpov & D. Moreira, Journal of Eukaryotic Microbiology. 66(4): 590 (2019)  

Index Fungorum Identifier: 827963; Index Fungorum (2023) and Species Fungorum (2023) 

accepted one species. 

Type species ï Apiochytrium granulosporum Karpov & D. Moreira 2019; Fig. 21a-c 

 

Mesochytriales, Mesochytriaceae  

Mesochytriaceae Doweld, Index Fungorum 45: 1 (2013) 

Index Fungorum Identifier: 550330 

Zoosporangium sessile, partially penetrating the host cell by a haustorium, pyriform, thin-

walled, smooth, with a single apical discharge papilla. Inoperculate. Rhizoids are delicate, 

branched, and arise near the sporangial base. Zoospores are spherical, posteriorly uniflagellate, a 

single lipid globule and ribosomes dispersed through the cytoplasm. Flagellar kinetosome short 

with developed props and non-flagellated centriole proximal to the fenestrated cisterna; flagellar 

transition zone simple, without a transverse transitional plate, but with a spiral fiber; non-flagellated 

centriole shorter than the kinetosome, lies at a sharp angle (approx. 30Â°), with a veil; kinetosome 

connected to the non-flagellated centriole with a broad, dense fibrillar bridge. Resting spores 

endobiotic, spherical, thick-walled (3-layered), laevigate. Obligate parasite of the green alga 

Chlorococcum minutum (Doweld 2013b). 

Family type ï Mesochytrium B.V. Gromov, Mamkaeva & Pljusch (1 species), Nova 

Hedwigia 71: 159 (2000) 

Ecology & life modes ï The single species in the family is an obligate parasite of 

Chlorococcum minutum green algae from the Leningrad district, Russia (Gromov et al. 2000). 
 

Mesochytrium B.V. Gromov, Mamkaeva & Pljusch (1 species), Nova Hedwigia 71: 159 (2000) 

Index Fungorum Identifier: 28580 

Zoosporangium sessile, partly penetrating the host cell, pyriform, 14 × 7.5 µm, wall colourless, 

thin, smooth, with one apical discharge papilla. Delicate branched rhizoids arise near the sporangial 

base. Zoospores spherical, 2.5 µm diam., with one refractive globule and a 14 µm long posterior 

flagellum. Resting spores are endobiotic, spherical, smooth- and thick-walled. Parasite of the alga 

Chlorococcum minutum (Gromov et al. 2000). 

Type species ï Mesochytrium penetrans B.V. Gromov, Mamkaeva & Pljusch, Nova 

Hedwigia 71(1-2): 159 (2000); Fig. 22 

Notes ï Mesochytrium was introduced by Gromov et al. (2000) as a member of Chytridiales, 

and the ex-type culture was molecularly and ultrastructurally characterised by Karpov et al. (2010). 

Karpov et al. (2010) suggested that the marginal support for the placement of Mesochytrium as 

sister to Lobulomycetes was not sufficient for higher taxa descriptions until more representatives of 

the lineage could be evaluated. However, Doweld (2013b) ignored this recommendation and 

described Mesochytriales and Mesochytriaceae based solely on the evidence generated by Karpov 

et al. (2010). We believe that additional sampling and molecular studies would resolve the 

classification and taxonomic status of this taxon.  
 

Polychytriomycetes Tedersoo et al. 

Polychytriales Longcore & D.R. Simmons 

Polychytriaceae Doweld, Index Fungorum 89: 1 (2014)  

  (= ? Arkayaceae Doweld) 

Index Fungorum Identifier 550399 
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Thalli are polycentric, tubular, with broad rhizomycelial hyphae that lack intercalary 

swellings. Zoospores posteriorly uniflagellate, with a plug or none, microtubule roots 1ï3, extend 

to the microbody-lipid globule complex, lipid globules multiple, surrounded by microbody, 

rumposomes lacking; ribosomes aggregated, spherical mitochondria and nucleus lie exterior to 

ribosomal mass, non-flagellated centriole with a veil or none, attached to the kinetosome (Doweld 

2014r, s). 
 

 
 

Figure 21 ï Light microscopic images of the life cycle stages of Apiochytrium granulosporum (a-c) 

and Gromochytrium mamkaevae (d, and drawing e) on the host Tribonema gayanum (after: Karpov 

et al. 2014b, modified). a zoospore. b premature sporangium with papillum. c empty sporangium 

after zoospore releasing. d mature sporangium with zoospores. e consecutive stages of G. 

mamkaevae life cycle. Abbreviations: cy = cyst; h = host, sp = sporangium; zo = zoospores. Scale 

bars: a-d = 10 ɛm. 

 

Family type ï Polychytrium Ajello, in Ajello, Mycologia 34: 442 (1942) 

Ecology & life modes ï Polychytriaceae sensu lato (discussed below) contains monocentric 

and polycentric fungi from soil and aquatic substrates, often isolated from chitin baits. Molecularly 

verified taxa have mainly been observed and described from North America, though one isolate of 

an undescribed Arkaya originated from Australia (Longcore & Simmons 2012). 

Notes ï At the time of its inception, the Polychytriales contained five incertae sedis genera 

(Longcore & Simmons 2012). Doweld (2014r, s) described the families Arkayaceae and 

Polychytriaceae to accommodate the monocentric and polycentric genera, respectively. However, 

acceptance of either of these families without amendment would result in a paraphyly of the 

resulting taxa, as neither monocentricity nor polycentricity is monophyletic within the 

Polychytriales (Longcore & Simmons 2012). Further study and sampling are necessary to 

determine the division or consolidation of families within the order. Hence, we reject 

Polychytriaceae sensu Doweld and list all monocentric and polycentric genera in Polychytriaceae 

sensu lato, as Longcore & Simmons (2012) reported the type of the order to be Polychytrium. We 
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are aware that previous outlines by Wijayawardene et al. (2018, 2020, 2022) accepted Arkayaceae, 

however, in this study, we tentatively regard it as a synonym of Polychytriaceae.  

 

 
 

Figure 22 ï Light microscopic images of the life cycle stages of Mesochytrium penetrans (strain X-

46) on green alga Chlorococcum minutum (after: Gromov et al. 2000, modified). a mature 

sporangium penetrating alga. b empty sporangium on the alga. c resting spore inside the alga. Scale 

bars: a-c = 10 ɛm.  

 

Polychytrium Ajello, Mycologia 34: 442 (1942); Fig. 33n & o 

Index Fungorum Identifier 20435 

Rhizomycelium intra- and extramatrical, extensive, coarse, branched, occasionally septate 

with rhizoids, conspicuous spindle organs or swellings lacking. Zoosporangia non-operculate, 

terminal and intercalary, variously shaped, spherical, clavate, or pyriform. Zoospores are 

posteriorly uniflagellate, emerging fully formed in a globular mass and remaining quiescent for a 

few moments before swimming away (Ajello 1942). 

Type species ï Polychytrium aggregatum Ajello, Mycologia 34: 442 (1942) 

Notes ï This distinctive polycentric fungus grows on chitinous or pollen baits, observed 

occurring primarily in North America, though Ajello (1948) categorized its physiology from an 

isolate from Brazil. Cultures are available from CZEUM (Collection of Zoosporic Eufungi at the 

University of Michigan), and sequences are available in GenBank. 

 

Other genera in Polychytriaceae sensu lato 

Arkaya Longcore & D.R. Simmons, Mycologia 104(1): 285 (2012) 

Index Fungorum Identifier 561588; Index Fungorum (2025) and Species Fungorum (2025) 

accepted two species. 

Type species ï Arkaya lepida Longcore & D.R. Simmons 2012 

Notes ï Monocentric, saprobic from various soil and aquatic samples from USA and 

Australia (Longcore & Simmons 2012). Culture is available from CZEUM (Collection of 

Zoosporic Eufungi at the University of Michigan), and sequences are available in GenBank. 

 

Karlingiomyces Sparrow, Aquatic Phycomycetes, Edn 2 (Ann Arbor) 15: 559 (1960) 

Index Fungorum Identifier 20285; Index Fungorum (2025) and Species Fungorum (2025) accepted 

six species. 

Type species ï Karlingiomyces asterocystis (Karling) Sparrow 1960 

Notes ï Monocentric, saprobic on chitin and cellulose baits, though the affinity of cellulosic 

species is questionable (Longcore & Simmons 2012). Sequences are available in GenBank. 
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Lacustromyces Longcore, Canadian Journal of Botany 71(3): 415 (1993) 

Index Fungorum Identifier 8308; Index Fungorum (2025) and Species Fungorum (2025) accepted 

one species. 

Type species ï Lacustromyces hiemalis Longcore 1993 

Notes ï Polycentric, saprobic on chitin baits added to aquatic samples from adjacent ponds in 

Maine, USA (Longcore 1993). Culture is available from CZEUM (Collection of Zoosporic Eufungi 

at the University of Michigan) and sequences are available in GenBank. 

 

Neokarlingia Longcore & D.R. Simmons, Mycologia 104(1): 281 (2012) 

Index Fungorum Identifier 561586; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Neokarlingia chitinophila (Karling) Longcore & D.R. Simmons 2012 

Notes ï Monocentric, saprobic on chitin baits added to a soil sample from Louisiana, USA 

(Longcore & Simmons 2012). Culture is available from CZEUM (Collection of Zoosporic Eufungi 

at the University of Michigan) and sequences are available in GenBank. 

 

Rhizophlyctidomycetes Tedersoo et al. 

Rhizophlyctidales Letcher 

Arizonaphlyctidaceae Letcher, Mycol. Res. 112: 1045 (2008) 

Index Fungorum Identifier 511796 

In zoospore ribosomes are aggregated in the cytoplasm; ribosomal aggregation is partially 

surrounded by endoplasmic reticulum; multiple lipid globules. Nucleus with no nuclear extension 

and not proximal to the kinetosome; microbody lobes or multiple microbodies are abundant and 

associated with the nucleus and mitochondria (Letcher et al. 2008a). 

Family type ï Arizonaphlyctis Letcher, Mycol. Res. 112: 1045 (2008) 

Ecology & life modes ï This family is known from a single species isolated from a cellulose 

bait added to a soil sample from the bed of a dried stream in Arizona, USA (Letcher et al. 2008a). 

Letcher et al. (2008a) suggested that additional taxa may be found in similar habitats. 

Notes ï Letcher et al. (2008a) introduced this family based on molecular phylogenetic 

analyses and ultrastructural characteristics. However, morphologically, the genera in 

Rhizophlyctidales are difficult to separate. 

 

Arizonaphlyctis Letcher, Mycol. Res. 112: 1045 (2008) 

Index Fungorum Identifier 511799 

In zoospore ribosomes aggregated; nucleus without a nuclear extension; striated fibrillar 

rhizoplast absent (Letcher et al. 2008a). 

Type species ï Arizonaphlyctis lemmonensis Letcher, Mycol. Res. 112: 1045 (2008);  

Notes ï Letcher et al. (2008a) introduced this monotypic genus and thought that more taxa 

would be found in similar, high-altitude desert regions. Sequences are available in GenBank. 

 

Borealophlyctidaceae Letcher, Mycol. Res. 112(9): 1045 (2008) 

Index Fungorum Identifier 511797 

In zoospore ribosomes are aggregated in the cytoplasm; ribosomal aggregation is partially 

surrounded by endoplasmic reticulum; usually a single lipid globule; nucleus with a nuclear 

extension proximal to the kinetosome; microbody lobes or numerous microbodies abundant and 

associated with the anterior portion of the nucleus and lipid globule (Letcher et al. 2008a). 

Family type ï Borealophlyctis Letcher, in Letcher, Powell, Barr, Churchill, Wakefield & 

Picard, Mycol. Res. 112: 1045 (2008) 

Ecology & life modes ï This family was initially based on two isolates from pollen baiting 

of forest soil samples originating from British Columbia and Ontario, Canada (Letcher et al. 
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2008a). An additional species was described from the Ontario isolate and other strains from baits of 

flooded forest and agricultural soils in Alabama, USA (Davis et al. 2016a). 

Notes ï As in other families of Rhizophlyctidales, Letcher et al. (2008a) relied on molecular 

phylogenetic analyses and ultrastructural character suites to delimit this family. The family 

comprises only one genus. 

 

Borealophlyctis Letcher, Mycol. Res. 112: 1045 (2008) 

Index Fungorum Identifier 511800 

In zoospore ribosomes aggregated; nucleus with a nuclear extension proximal to the 

kinetosome; striated fibrillar rhizoplast absent (Letcher et al. 2008a). 

Type species ï Borealophlyctis paxensis Letcher, Mycol. Res. 112: 1045 (2008); Fig. 23 

Notes ï The genus contains two species, which Davis et al. (2016a) argue are distinguishable 

by light microscopy of the thallus. However, the elimination of morphologically similar members 

of the Rhizophlyctidales would first require molecular or ultrastructural comparisons, making 

species determination without these lines of evidence extremely difficult. Cultures are available 

from CZEUM (Collection of Zoosporic Eufungi at the University of Michigan), and sequences are 

available in GenBank. 

 

 
 

Figure 23 ï Morphology of Borealophlyctis paxensis (type), isolate BR 368 on agar. a, c 

Germlings with a single rhizoidal axis. b, d, e Germlings with multiple rhizoidal axes. f, h 

Developing thalli. i Zoospores being released through a discharge tube. j Zoospores discharged as a 

loose mass. Scale bars aïe 10 µm, fïj 25 µm (Redrawn from Letcher et al. 2008a). 

 

Rhizophlyctidaceae H.E. Petersen [as 'Rhizophlyctaceae'], Bot. Tidsskr. 29: 357 (1909) 

Index Fungorum Identifier 81344 
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In zoospore ribosomes are dispersed in the cytoplasm; endoplasmic reticulum is scattered in 

the cytoplasm; lipid globules are numerous; the nucleus is helmet-shaped and associated directly 

with the kinetosome and non-flagellated centriole by an extensive striated fibrillar rhizoplast; 

microbody lobes or multiple microbodies are abundant around the rhizoplast (Letcher et al. 2008a). 

Family type ï Rhizophlyctis A. Fisch., in Winter, Rabenh. Krypt.-Fl., Edn 2 (Leipzig) 1(4): 

114 (1892) 

Ecology & life modes ï Rhizophlyctis rosea, the type species, is one of the most commonly 

observed cellulosic members of the Chytridiomycota from soils (Letcher et al. 2008a), with a 

seemingly worldwide distribution. 

Notes ï Petersen (1909) introduced this family to accommodate Rhizophlyctis, which was 

previously a member of the Spizellomycetales, based on zoosporic ultrastructure (Barr 1980). 

However, molecular phylogenetics (James et al. 2000, 2006b) showed Rhizophlyctis to be in a 

distinct clade from the remaining taxa of Spizellomycetales and illustrated the need for taxonomic 

reclassifications. 

 

Rhizophlyctis A. Fisch., Rabenh. Krypt.-Fl., Edn 2 (Leipzig) 1(4): 114 (1892) 

Index Fungorum Identifier 20483 

Thallus monocentric, eucarpic, ordinarily polyphagous, consisting of a reproductive rudiment 

of the encysted zoospore and several branched or unbranched rhizoidal axes, only the ultimate tips 

of which are endobiotic; sporangium inoperculate, with one or more discharge papillae. Zoospores 

formed within the sporangium, posteriorly uniflagellate, usually with a single globule, generally 

discharged in a compact group embedded in a gelatinous matrix from which they eventually escape. 

Resting spore thick-walled, borne like the sporangium on the thallus, upon germination functioning 

as a prosporangium (Sparrow 1960). 

Type species ï Rhizophlyctis rosea (de Bary & Woronin) A. Fisch., Rabenh. Krypt.-Fl., Edn 

2 (Leipzig) 1(4): 122 (1892); Fig. 33p 

Notes ï The genus contains 31 species (Sparrow 1960, Karling 1977, Longcore 1996), 

though R. rosea is the most extensively examined, both physiologically and ultrastructurally (see 

Letcher et al. 2008a). Letcher et al. (2008a) split three additional genera into monotypic families 

based on differences in ultrastructural character suites, which were corroborated by molecular 

phylogenetics. Cultures are available from CZEUM (Collection of Zoosporic Eufungi at the 

University of Michigan), and sequences are available in GenBank. 

 

Sonoraphlyctidaceae Letcher, Mycol. Res. 112: 1038 (2008) 

Index Fungorum Identifier 511795 

In zoospore ribosomes are dispersed in the cytoplasm; lipid globules are numerous. Nucleus 

with a nuclear extension, and associated directly with the kinetosome and non-flagellated centriole 

by two short, striated fibrillar rhizoplasts; microbody lobes or multiple microbodies are abundant 

and associated with the rhizoplasts and the anterior portion of the nucleus (Letcher et al. 2008a). 

Family type ï Sonoraphlyctis Letcher, Mycol. Res. 112: 1039 (2008) 

Ecology & life modes ï This family contains a single species represented by four isolates 

found in arid soils from North America and Australia, baited with cellulosic substrates (Letcher et 

al. 2008a). Letcher et al. (2008a) suggested that broader sampling of desert climates using cellulose 

baits would yield additional taxa. 

Notes ï This family is not morphologically distinct from other taxa in the Rhizophlyctidales, 

but was separated by molecular and ultrastructural comparisons. 

 

Sonoraphlyctis Letcher, Mycol. Res. 112: 1039 (2008) 

Index Fungorum Identifier 511798 

In zoospore ribosomes are dispersed in the cytoplasm. Nucleus with a short posterior nuclear 

extension; a compact (0.35 mm long) striated fibrillar rhizoplast between the nucleus and 

kinetosome (Letcher et al. 2008a). 
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Type species ï Sonoraphlyctis ranzonii Letcher, in Letcher, Powell, Barr, Churchill, 

Wakefield & Picard, Mycol. Res. 112: 1039 (2008); Fig. 24 

Notes ï This species is based on four cellulolytic isolates from North American and 

Australian arid soils (Letcher et al. 2008a). The North American isolates are genetically 

monophyletic, but the Australian isolates show some dissimilarity from the others and each other. 

Letcher et al. (2008a) credit this divergence to a likely long history of continental isolation, though 

the authors only described the single species to contain all four isolates. Cultures are available from 

CZEUM (Collection of Zoosporic Eufungi at the University of Michigan), and sequences are 

available in GenBank. 

 

Rhizophydiomycetes Tedersoo et al.  

Rhizophydiales Letcher et al. 

Alphamycetaceae Letcher, Mycol. Res. 112: 771 (2008) 

Index Fungorum Identifier 511771 

Sporangium spherical with a single discharge pore; rhizoids branched. Zoospore contains a 

single lipid globule partially covered with a fenestrated cisterna. The kinetosome and nonflagellated 

centriole are parallel and connected by a band of fibrillar material situated diagonally between the 

two structures. Kinetosome-associated structure (KAS) is absent. Microbody is simple. 

Mitochondrion is single, a portion of which is anterior to the kinetosome. Moderately and 

uniformly electron-dense, thin-membraned vesicles occur in the cytoplasm adjacent to the 

kinetosome. From aquatic habitats, saprophytic on pollen (Letcher et al. 2008a). 

Family type ï Alphamyces Letcher, Mycol. Res. 112: 772 (2008) 

Ecology & life modes ï The family is composed of three genera isolated from pollen baits, 

two of which, Alphamyces and Betamyces, were isolated from aquatic and soil samples in Central 

and South America (Letcher et al. 2008a, 2012). However, Gammamyces was isolated from 

rainforest soils in New South Wales, Australia (Letcher et al. 2012). 

Notes ï Though initially described to accommodate the single species A. chaetifer (Letcher et 

al. 2008a), two additional genera were included in the family based on zoosporic ultrastructure and 

molecular phylogenetics. 

 

Alphamyces Letcher, Mycol. Res. 112: 772 (2008) 

Index Fungorum Identifier 511785 

Sporangium spherical with a single discharge pore, the upper two-thirds of the sporangial 

wall covered with long, slender, branched or unbranched hairs up to 30ï50 mm in length. Rhizoids 

branched. Zoospore contains a single, rather small lipid globule partially covered with a fenestrated 

cisterna. Mitochondrion is single, a portion of which lies above and proximal to the kinetosome. 

Moderately electron-dense walled vesicles occur in the cytoplasm adjacent to the kinetosome 

(Letcher et al. 2008c). 

Type species ï Alphamyces chaetifer (Sparrow) Letcher, Mycol. Res. 112: 772 (2008) 

Notes ï Alphamyces chaetifer is the most distinctive fungus in the family. Betamyces and 

Gammamyces possess spherical zoosporangia, common for multiple families of Rhizophydiales. 

However, A. chaetifer has a zoosporangium with multiple, slender, long, sometimes branching, 

hair-like structures emerging over its entirety. The species was formerly within Rhizophydium but 

was placed in Alphamyces when Rhizophydium was reassessed (Letcher et al. 2008c). Letcher et al. 

(2008c) argued that additional species may be necessary to reflect phylogenetic dissimilarity in 

investigated isolates. Cultures are available from CZEUM (Collection of Zoosporic Eufungi at the 

University of Michigan), and sequences are available in GenBank. 
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Figure 24 ï Morphology of Sonoraphlyctis ranzonii (type), isolate BR 060 on agar. a Germling. bï

e Developing thalli. f Zoospore discharge. g Empty sporangium with discharge pores adjacent to 

origins of rhizoidal axes. h Germinated zoospores in vicinity of parent sporangium. Scale bars a 10 

µm, bïd, fïg 25 µm, e, h 50 µm (Redrawn from Letcher et al. 2008a). 

 

Other genera in Alphamycetaceae 

Betamyces Letcher, in Letcher, Vélez, Schultz & Powell, Nova Hedwigia 94(1-2): 19 (2012) 

Index Fungorum Identifier 561196; Index Fungorum (2025) and Species Fungorum (2025) 

accepted one species. 

Type species ï Betamyces americae-meridionalis Letcher, Vélez, M. Schultz & M.J. Powell 

2012 

Notes ï On pollen bait from aquatic and soil samples from Argentina and Costa Rica 

(Letcher et al. 2012b). Cultures are available from CZEUM (Collection of Zoosporic Eufungi at the 

University of Michigan), and sequences are available in GenBank. 

 

 


