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INTRODUCTION

Glomeromycota taxonomy was largely morphologically driven 

fungi, except one genus, are known to form arbuscular 

morphology, spore formation, and spore wall structure 

as soon as molecular phylogenetic tools became available, 

et al

ler et 

al

the arbuscular mycorrhiza-forming fungi were organized 

Acaulosporaceae, Gigasporaceae, and 

Glomeraceae Acaulospora, Entrophospora, 

Gigaspora, Glomus, Sclerocystis, and Scutellospora

within one order, Glomerales 

fungal phylum Zygomycota

on spore morphology and spore formation characteristics 

Archaeosporomycetes, 

Glomeromycetes, and Paraglomeromycetes

Archaeosporales, Diversisporales, Gigasporales, Glomerales 

and Paraglomerales

ler et al

et al et al

et al

Until recently, it was unclear whether glomoid and 

gigasporoid species could be further divided into different 

morphological groups congruent with the major phylogenetic 

Glomeromycetes according to concomitant morphological 

al

et al

et al

Scutellospora, as well as the new Racocetra, Cetraspora, 

Dentiscutata, and Orbispora,
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had been believed that there were too few morphological 

have consequently started basing groupings of the glomoid 

species almost exclusively on molecular phylogenetic 

has, however, shown that molecular phylogeny is actually 

congruent with the morphological characteristics of these 

et al.

et al.

Glomeromycota that has emerged 

from these recent studies, and to summarize the major 

MATERIALS AND METHODS

performed are presented in a series of recent publications 

dealing with different species groups of Glomeromycota

et al

et al. et al. et al. 

RESULTS AND DISCUSSION

Glomeromycota based on 

et 

al

features of all higher level taxa are presented, with the taxa 

Sensu lato, 

genera have exclusively glomoid, one has gigasporoid, seven 

have scutellosporoid, four have entrophosporoid, two genera 

have acaulosporoid, and one has pacisporoid spore formation, 

while three genera show spore bimorphism, and one genus 

Hitherto, Paraglomeromycetes 

sensu lato

mycorrhizal structures do not or only faintly stain in trypan 

Archaeosporomycetes includes organisms that are 

exclusively bimorphic since they form either acaulosporoid or 

entrophosporoid spores simultaneously with glomoid spores, 

structures of Archaeosporaceae are similar to those of 

Paraglomeraceae, while Ambisporaceae form vesicular-

arbuscular mycorrhizal structures staining pale blue in trypan 

Glomeromycetes 

Glomeromycetes, 

Gigasporales species do not form intraradical vesicles but 

auxiliary cells in soils, which clearly distinguish them from 

Glomerales and Diversisporales

Gigasporales exhibit gigasporoid or scutellosporoid spore 

et al.

on sporogenous cells and with either germ warts on the 

Gigasporaceae

sensu lato Dentiscutataceae, Racocetraceae and 

Scutellosporaceae et al Scutellosporaceae form 

Orbispora Scutellospora

Racocetraceae species form 

wavy-like, multiply lobed, hyaline germination shields and 

Racocetra Cetraspora

Dentiscutataceae species form yellow-brown to 

Fuscutata

Dentiscutata, triple-walled; 

Quatunica

In Archaeosporales and Diversisporales, four genera 

have spore formation laterally on the neck of terminal or 

sensu 

lato Acaulospora, Otospora, and the bi-morphic 

Ambispora and Archaeospora

separated on spore wall number and spore wall structure 

et al. Acaulospora 

ambisporoid spores of triple-walled Ambispora species 

et al et al

of the bi-walled Otospora is more complex than that of bi-

walled Archaeospora et al

In Archaeosporales, Diversisporales, and Glomerales, 

entrophosporoid sensu lato Entrophospora, 

Kuklospora, Sacculospora, Tricispora, and bimorphic 

Intraspora et al. Kuklospora has 

Acaulosporaceae

in spores of triple-walled Sacculospora et al

Entrophospora and Tricispora 

is more complex than that of bi-walled, bimorphic Intraspora 

et al

Entrophospora and Tricispora can be distinguished through 

distal to the sporiferous saccule: the proximal pore is wide 

in Tricispora and closed by a septum, while it is narrow and 

closed by a plug in Entrophospora

is absent in Entrophospora from the structural layer, and 

formed only on the overlying, hyaline, evanescent layer, 

while, in light microscopy, the distal pore with a distal scar is 

obvious in Tricispora et 

al. et al.
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Fig. 1. Glomeromycota

et al. 
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Figs 2–11. Gigasporales gp

gti Fig. 2. Orbispora pernambucana 

orb Figs 3–4. Scutellospora calospora S. dipurpurescens 

Figs 5–8. Racocetra coralloidea R. castanea 

Cetraspora nodosa C. helvetica

Figs 9–11. Dentiscutataceae Fig. 9. Dentiscutata reticulata

Fig. 10. Quatunica erythropa

Glomeromycota Fig. 11. Fuscutata heterogama
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Figs 12–21. sh Glomeromycetes Figs 12–13. 

Glomus ambisporum G. aureum

wall thickening at sb and in sh sp Fig. 14. Funneliformis coronatus

shaped sh and conspicuous sp Fig. 15. Septoglomus constrictum

Fig. 16. Simiglomus hoi

cylindrical sh; sh wall thickened over long distances; several septae are regularly observed within the hyphae; no introverted wall thickening 

at sb, pore at sb Fig. 17. Claroideoglomus etunicatum sh; all 

Entrophosporaceae Claroideoglomeraceae sb Fig. 

18. Albahypha drummondii sh Fig. 19. Viscospora viscosa

cylindrical, white hypha; sp within sh in some distance of sb; introverted wall thickening of sh at sp position, here not that obvious as usually found 

Fig. 20. Diversispora versiformis with short, fragile sh that is principally continuous with semi-persistent 

Fig. 21. Redeckera fulva 

sh and conspicuous broad sp

In Diversisporales and Glomerales,

et al.

the glomoid species is mainly based on the morphology of the 

Funneliformis, Glomus, Septoglomus, and Simiglomus 

species have subtending hyphae that are concolorous or slightly 

Albahypha, Claroideoglomus, and Viscospora form spores in 

which the structural wall layer is continuous with the subtending 

Diversispora and Redeckera form spores 

whose structural wall layer is not obviously continuous with 
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Funneliformis, Glomus, Septoglomus, and Simiglomus 

can be separated by the structure of the spore base and 

sh Glomus species often have an 

 et al

which is only otherwise seen in Viscospora Funneliformis 

species generally have an easily visible septum in the area 

of the spore base, and their sh are regularly funnel-shaped to 

Septoglomus species have constricted 

to cylindrical sh, and usually there is a septum at the spore 

Simiglomus, sh are cylindrical and thick-

walled, and they have several septa some distance from the 

Claroideoglomus has funnel- to bird-

bill-shaped sh, with sh and sh

Albahypha has slightly funnel to bill-shaped sh and sh 

Viscospora has 

cylindrical sh sh wall that may be thickened 

over large distances and may bear septa in the hyphae 

In Diversispora, the sh are usually quite fragile and hyaline, 

distal to the pore closure at the spore base or in the sh

Redeckera species have a broad septum at the spore 

sh

to ochraceous, evanescent outer wall layer continuous with 

the outer acaulo-ambisporoid spore wall, while the second, 

structural layer is hyaline and continuous with the middle wall 

et al

et al.

spores are among the smallest within Glomeromycota ca

PERSPECTIVES

in the near future since many species and several species 

groups have not yet been analyzed by molecular phylogenetic 

Glomus sensu et al

of, in particular, small-spored Glomus

et al.

Acaulospora 

species with pitted surface ornamentation, where several 

A. scrobiculata, 

have been separated through extensive morphological and 

et al. 

Glomeromycota  at 

Glomeromycota

taxonomy of glomeromycotean fungi that were thought to 

have not enough criteria to morphologically separate them 

unequivocally into the higher level taxa they phylogenetically 

are being described as new to science each year by an 

morphological and molecular analyses, yet more higher level 

taxa will be proposed in this ancient fungal phylum, at all 
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