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Abstract — Combined morphological and molecular biological analyses have achieved 
major advances in the taxonomy of fungal species in phylum Glomeromycota. In this study, 
we analyzed which species might not yet be attributed to their correct genus, focusing on 
Acaulospora myriocarpa, A. undulata, A. nicolsonii, and Scutellospora nodosa. Based on spore 
wall structure and phylogenetic support, we recombined the taxa as Archaeospora myriocarpa, 
Ar. undulata, Ambispora nicolsonii, and Cetraspora nodosa. 
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Introduction
Combined morphological and molecular phylogenetic analyses have 

thoroughly changed the classification of the phylum Glomeromycota (e.g. 
Morton & Redecker 2001, Oehl et al. 2008, 2011a). Today, there are three 
glomeromycotan classes, five orders, 14 families, and 29 genera (Oehl et al. 
2011a,d). When species were attributed to these newly established higher taxa, 
it was known that some species were incorrectly placed due to insufficient 
available morphological or phylogenetical information (Oehl et al. 2008, 
2011a,b,e). In this paper, we consider four of those species —Acaulospora 
myriocarpa, Ac. undulata, Ac. nicolsonii, and Scutellospora nodosa. As a result 
of new available information, we transfer these species to their proper genera 
based on their morphological features.
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Material & methods

Specimens
Holotype or isotype materials of Ac. myriocarpa (OSC, herbarium of Oregon State 

University, Corvallis, U.S.A.), Ac. undulata (OSC), and Sc. nodosa (DPP, the Plant 
Pathology herbarium, Academy of Agriculture, Szczecin, Poland) were analyzed. Type 
material of Ac. nicolsonii (Walker et al. 1984) was either never deposited at OSC or lost 
during shipping (Richard Halse & Joey Spatafora, curators of OSC, pers. communication); 
therefore here we rely on the reinterpretation by Walker et al. (1984) of the original 
species description and illustrations and on comparison of Ac. nicolsonii with the type 
materials of Ambispora gerdemannii and Am. fennica in Walker et al. (2007).

Morphological analyses
Morphological descriptions of spores (including sporiferous saccules, sporogenous 

cells, germination shields, and subcellular structures) are based on observations of 
specimens mounted in polyvinyl alcohol-lactic acid-glycerol (PVLG) and in a mixture 
of PVLG+Melzer’s reagent (Brundrett et al. 1994). Spore structure terminology follows 
Goto & Maia (2006), Sieverding & Oehl (2006), Oehl et al. (2006), Spain et al. (2006), 
Palenzuela et al. (2008, 2010, 2011), Goto et al. (2008) and Oehl et al. (2011a–c) for 
acaulosporoid, ambisporoid, archaeosporoid, entrophosporoid, and gigasporoid spore 
forming species.

Results

Acaulospora myriocarpa and Acaulospora undulata

Both Ac. myriocarpa and Ac. undulata form bi-walled spores laterally on 
the neck of a sporiferous saccule. The outer wall is bi-layered and the inner 
wall triple-layered. The staining reaction of the mycorrhizal structures is faint 
to absent, and vesicle formation has been observed only infrequently in pure 
cultures of the two species (Schenck et al. 1986) and then possibly due to 
misinterpretation (Sieverding own observations). These features attribute both 
species unequivocally to the genus Archaeospora J.B. Morton & D. Redecker 
emend. Spain (Spain 2003). 

Archaeospora myriocarpa (Spain, Sieverd. & N.C. Schenck) Oehl, G.A. Silva, B.T. 
Goto & Sieverd., comb. nov.

MycoBank MB 561657
≡ Acaulospora myriocarpa Spain, Sieverd. & N.C. Schenck, Mycotaxon 25: 112. 1986.

Archaeospora undulata (Sieverd.) Sieverd., G.A. Silva, B.T. Goto & Oehl, comb. nov.
MycoBank MB 561662

≡ Acaulospora undulata Sieverd. Angew. Bot. 62: 373. 1988.

Acaulospora nicolsonii

Acaulospora nicolsonii regularly forms spores on the lateral branch (i.e. 
pedicel) of a sporiferous saccule. Its spores have three walls: an outer wall, 
which during degradation shows cracking fissures known only for Ambispora 
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species, a middle wall, and an inner wall. Since the spore morphology exactly 
matches the features of typical acaulosporoid spores in Ambispora C. Walker et 
al. (= ‘acaulo-ambisporoid’ spores), we transfer the species to this genus (Spain 
et al. 2006, Walker et al. 2007, 2008).

Ambispora nicolsonii (C. Walker, L.E. Reed & F.E. Sanders) Oehl, G.A. Silva,  
B.T. Goto & Sieverd., comb. nov.

MycoBank MB 561663
≡ Acaulospora nicolsonii C. Walker, L.E. Reed & F.E. Sanders, 

Trans Br. Mycol. Soc. 83: 360. 1984.

Scutellospora nodosa

New observations on the germination shield of the type material of Sc. 
nodosa reveal that the shields are hyaline and multiply lobed, which is typical 
for Racocetraceae species (e.g. Oehl et al. 2010). Since the species has triple-
walled spores (Blaszkowski 1991, Oehl et al. 2008), we transfer it to the genus 
Cetraspora Oehl et al. (Racocetraceae).

Cetraspora nodosa (Błaszk.) Oehl, G.A. Silva, B.T. Goto & Sieverd., comb. nov.
MycoBank MB 561664

≡ Scutellospora nodosa Błaszk., Mycologia 83: 537. 1991.

Discussion
Archaeospora has now three species— two with smooth spore walls (Ar. 

trappei, Ar. myriocarpa) and one with an ornamented (undulating) spore 
surface (Ar. undulata). 

Ambispora has now three species (Am. callosa, Am. fecundispora, Am. 
leptoticha) for which only glomoid spore formation is known and two species  
(Am. jimgerdemannii, Am. nicolsonii) for which only acaulosporoid spore 
formation is known. All other Ambispora species have spore bimorphism (Am. 
appendicula, Am. brasiliensis, Am. fennica, Am. gerdemannii, Am. granatensis) 
(Spain et al. 2006, Walker 2008, Goto et al. 2008, Palenzuela et al. 2011).

Three major characteristics strongly support transfer of Ac. nicolsonii to 
Ambispora: i) the presence of three walls (outer, middle, inner), ii) the clear 
pedicel on the sporiferous saccule neck, referred to as a ‘stalk’ in the protologue 
(Walker et al. 1984), and iii) outer spore walls that have the typical ‘cracking 
fissures’ as known for outer walls of almost all known Ambispora species, e.g. 
Am. appendicula, Am. gerdemannii, Am. fennica, and Am. brasiliensis (see 
illustrations in Walker et al. 1984; Spain et al. 2006, Goto et al. 2008). The 
absence of fracturing (i.e., ‘plate-like splitting’) of the middle wall layers in Am. 
nicolsonii (Walker et al. 2007) might be the most important morphological 
difference between it and Am. gerdemannii and Am. fennica, while the outer 
walls in both Am. nicolsonii and Am. gerdemannii do not stain in Melzer’s 
reagent but do in Am. fennica (Walker et al. 2007; Oehl, pers. observation). 
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The recent transfer of Am. brasiliensis to Acaulospora by Krüger et al. (2011) 
cannot be accepted; the spore morphology of the Scottish material described 
and illustrated as Acaulospora brasiliensis by Krüger et al. (2011) does not match 
the morphology of Am. brasiliensis, and their sequenced material apparently 
represents a true Acaulospora species rather than authentic Am. brasiliensis. 
Krüger et al. (2011) unfortunately ignored the major characters elaborated by 
Spain et al. (2006) for Ambispora species and detailed by Goto et al. (2008) for 
Am. brasiliensis.

There have been doubts about the shield morphology of Cetraspora nodosa 
(Scutellospora nodosa in Oehl et al. 2008), and sequences of the fungus deposited 
in public databases during more than 10 years were apparently misidentified. 
New combined morphological and molecular phylogenetic analyses, based 
on identified sequences recently placed in the public databases, now show a 
congruency between morphological and molecular data supporting C. nodosa 
as closely related to C. helvetica, C. pellucida, and C. gilmorei (Oehl et al. 2010, 
2011b) within the monophyletic genus Cetraspora. 

Acknowledgments
We acknowledge the valuable comments and revisions of Felipe Wartchow 

(Universidade Federal de Paraíba, João Pessoa, Brazil), Eduardo Furrazola (Instituto 
de Ecologia y Sistematica, La Habana, Cuba), and Javier Palenzuela (EEZ, CSIC, 
Granada, Spain) on the manuscript and appreciate the corrections by Shaun Pennycook, 
Nomenclature Editor, and suggestions by Lorelei L. Norvell, Editor-in-Chief. This study 
was supported by the Swiss National Science Foundation (SNSF, Project 315230_
130764/1), and by the Fundação de Amparo à Ciência e Tecnologia do Estado de 
Pernambuco (FACEPE) and the Universidade Federal de Pernambuco (UFPE) which 
provided grants to F. Oehl as ‘Visiting Professor’.

Literature cited
Błaszkowski J. 1991. Polish Glomales. VIII. Scutellispora [sic] nodosa, a new species with knobby 

spores. Mycologia 83: 537–542.
Brundrett M, Melville L, Peterson L. 1994. Practical methods in mycorrhizal research. University of 

Guelph, Mycologue Publications, Guelph, Ontario. 
Goto BT, Maia LC. 2006. Glomerospores, a new denomination for the spores of Glomeromycota, a 

group molecularly distinct from Zygomycota. Mycotaxon 96: 129–132.
Goto BT, Maia LC, Oehl F. 2008. Ambispora brasiliensis, a new ornamented species in the arbuscular 

mycorrhiza forming Glomeromycetes. Mycotaxon 105: 11–18.
Krüger M, Walker C, Schüßler A. 2011. Acaulospora brasiliensis comb. nov. and Acaulospora alpina 

(Glomeromycota) from upland Scotland: morphology, molecular phylogeny and DNA-based 
detection in roots. Mycorrhiza 21(6): 577–587.  http://dx.doi.org/10.1007/s00572-011-0361-7

Morton JB, Redecker D. 2001. Two new families of Glomales, Archaeosporaceae and Paraglomaceae, 
with two new genera Archaeospora and Paraglomus, based on concordant molecular and 
morphological characters. Mycologia 93: 181–195. 



New recombinations in Glomeromycota ... 433

Oehl F, Sýkorová Z, Redecker D, Wiemken A, Sieverding E. 2006. Acaulospora alpina, a new 
arbuscular mycorrhizal fungal species characteristic for high mountainous and alpine grasslands 
of the Swiss Alps. Mycologia 98: 286–294. http://dx.doi.org/10.3852/mycologia.98.2.286

Oehl F, de Souza FA, Sieverding E. 2008. Revision of Scutellospora and description of five new genera 
and three new families in the arbuscular mycorrhiza-forming Glomeromycetes. Mycotaxon 106: 
311–360.

Oehl F, Jansa J, de Souza FA, Silva GA, 2010. Cetraspora helvetica, a new ornamented species in the 
Glomeromycetes from Swiss agricultural fields. Mycotaxon 114: 71-84, 
http://dx.doi.org/10.5248/114.71

Oehl F, Silva GA, Goto BT, Sieverding E. 2011a. Glomeromycetes: three new genera and glomoid 
species reorganized. Mycotaxon 116: 75–120. http://dx.doi.org/116.75

Oehl F, Silva DKA, Maia LC, Sousa NMF de, Vieira HEE, Silva GA. 2011b. Orbispora gen. nov., 
ancestral in the Scutellosporaceae (Glomeromycetes). Mycotaxon 116: 161–169. 
http://dx.doi.org/10.5248/116.161

Oehl F, Silva GA, Goto BT, Maia LC, Sieverding E. 2011c. Glomeromycota: two new classes and a 
new order. Mycotaxon 116: 365–379. http://dx.doi.org/10.5248/116.365

Oehl F, Silva GA, Sánchez-Castro I, Goto BT, Maia LC, Vieira HEE, Barea JM, Sieverding E, 
Palenzuela J. 2011d. Revision of Glomeromycetes with entrophosporoid and glomoid spore 
formation with three new genera. Mycotaxon 117: 297–316. http://dx.doi.org/10.5248/116.297

Oehl F, Sýkorová Z, Błaszkowski J, Sánchez-Castro I, Coyne D, Tchabi A, Lawouin L, Hountondji 
FCC, Silva GA. 2011e. Acaulospora sieverdingii, an ecologically diverse new fungus in the 
Glomeromycota, described from lowland temperate Europe and tropical West Africa. J. Appl. 
Bot. Food Qual. 84: 47–53.

Palenzuela J, Ferrol N, Boller T, Azcón-Aguilar C, Oehl F. 2008. Otospora bareai, a new fungal 
species in the Glomeromycetes from a dolomitic shrub-land in the Natural Park of Sierra de Baza 
(Granada, Spain). Mycologia 100(2): 296–305. http://dx.doi.org/10.3852/mycologia.100.2.296

Palenzuela J, Barea JM, Ferrol N, Azcón-Aguilar C, Oehl F. 2010. Entrophospora nevadensis, a 
new arbuscular mycorrhizal fungus, from Sierra Nevada National Park (southeastern Spain). 
Mycologia 102(3): 624–632. http://dx.doi.org/10.3852/09-145

Palenzuela J, Barea JM, Ferrol N, Oehl F. 2011. Ambispora granatensis, a new arbuscular mycorrhizal 
fungus, associated with Asparagus officinalis in Andalucía (Spain). Mycologia 103(2): 333–340. 
http://dx.doi.org/10.3852/09-146

Schenck NC, Spain JL, Sieverding E. 1986. A new sporocarpic species of Acaulospora (Endogonaceae). 
Mycotaxon 25: 111–117.

Sieverding E. 1988. Two new species of vesicular arbuscular mycorrhizal fungi in the Endogonaceae 
from tropical highlands. Angew. Bot. 62: 373–380.

Sieverding E, Oehl F. 2006. Revision of Entrophospora, and description of Kuklospora and 
Intraspora, two new genera in the arbuscular mycorrhizal Glomeromycetes. J. Appl. Bot. Food 
Qual. 80: 69–81.

Spain JL. 2003. Emendation of Archaeospora and its type species, Archaeospora trappei. Mycotaxon 
87: 109–112.

Spain JL, Sieverding E, Oehl F. 2006. Appendicispora, a new genus in the arbuscular mycorrhizal-
forming Glomeromycetes, with a discussion of the genus Archaeospora. Mycotaxon 97:  
163–182.

Walker C. 2008. Ambispora and Ambisporaceae resurrected. Mycol. Res. 112: 297–298.  
http://dx.doi.org/10.1016/j.mycres.2008.02.001



434 ... Oehl & al.

Walker C, Reed LE, Sanders FE. 1984. Acaulospora nicolsonii, a new endogonaceous species from 
Great Britain. Trans Br. mycol Soc. 83: 360–364. 
http://dx.doi.org/10.1016/S0007-1536(84)80165-5

Walker C, Vestberg M, Demircik F, Stockinger H, Saito M, Sawaki H, Nishmura I, Schüßler A. 2007. 
Molecular phylogeny and new taxa in the Archaeosporales (Glomeromycota): Ambispora fennica 
gen. sp. nov., Ambisporaceae fam. nov., and emendation of Archaeospora and Archaeosporaceae. 
Mycol. Res. 111: 137–153. http://dx.doi.org/10.1016/j.mycres.2006.11.008 


