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PLATE 6—Multiple-lobed, wavy germination shield (gs) form in Cetraspora spores; spores with one
outer (ow), one middle (Mw) and one inner (1w) spore wall. On each of the lobes (compartments)
a germ tube initiation (gti) might be formed from where the germ tubes arise. Shields and gti are
generally light or transparent and less obvious than in Racocetra.

F1G. 32-33. Type specimen of C. gilmorei. Spore walls and shield have darkened after > 30 years
stored in lactophenol. F1G. 34. C. pellucida. F1G. 35. C. armeniaca. F1Gs. 36-37. C. spinosissima.

BastoNyM: Gigaspora pellucida T.H. Nicolson & N.C. Schenck, Mycologia 71: 189.
1979.
= Scutellospora pellucida (T.H. Nicolson & N.C. Schenck) C. Walker & EE.
Sanders, Mycotaxon 27: 181. 1986.
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Cetraspora spinosissima (C. Walker & Cuenca) Oehl, FA. Souza & Sieverd.,

comb. nov. (F1GS. 36-37)
MB 511960
BastonymM: Scutellospora spinosissima C. Walker & Cuenca, Annals Bot. 82: 723. 1998.

Cetraspora striata (Cuenca & R.A. Herrera) Oehl, EA. Souza & Sieverd., comb. nov.
MB 512598
BastonyM: Scutellospora striata Cuenca & R.A. Herrera, Mycotaxon 105: 81. 2008.

Dentiscutataceae F.A. Souza, Oehl & Sieverd., fam. nov.
MB 511962

Sporae terminaliter efformatae anguste adiacetae ad cellulas sporogeneas; cum tunicis

tribus vel quartuoribus; scutellum germinale coniunctum ad tunicam interiorem, flavo-

brunneum ad brunneum, viola-forme vel ovale vel cardioforme vel ellipsoideum. Formans

structuras mycorrhizarum arbuscularum.
KEY CHARACTERS: Sporocarps are unknown. Spores formed singly on bulbous
sporogenous cells which are formed terminally on a subtending hypha that
arise from mycelia hyphae. Outer spore wall three- to four to rarely five-
layered. Spores have 3-4 walls, an outer spore wall with several layers, one to
several middle walls and an inner wall each of two or more layers. Germination
shield generally formed on the outer surface of the innermost wall or beneath a
thin outer layer of the inner wall, yellow-brown to brown, violin-shaped to oval
to ovoid to heart-shaped to reniforme to ellipsoid, consisting of two lobe-like
compartments or up to 30 small compartments. Lobes and compartments are
separated by folds and generally have each one germ tube initiations; from one
to a few gti a germ tube may arise penetrating the other walls. Subtending hypha
forms one to several septa in some distance to the sporogenous cells. Auxiliary
cells in the mycelium hyphae as far as they are known knobby without spines
on the surface. Forming typical arbuscular mycorrhizae, vesicle formation in
roots unknown.

TYPE GENUS: Dentiscutata Sieverd. et al.
OTHER GENERA: Fuscutata, Quatunica

Dentiscutata Sieverd., EA. Souza & Oehl, gen. nov.
MB 511968

Sporae singulatim terminaliter efformatae anguste adiacetae ad cellulas sporogeneas; cum
tunicis tribus; scutellum germinale coniunctum ad tunicam interiorem, flavo-brunneum
ad brunneum; cum 8-30 compartimentibus et depressionibus germinationis; formans
structuras mycorrhizarum arbuscularum.

ErymoLoGy: From the Latin denti(culata) (= dentate), and scutata (= ‘shielded’),
referring to the dentate form of the periphery of the brown germination shield.

KEY CHARACTERS: Sporocarps are unknown. Spores singly formed on bulbous
sporogenous cells that are formed terminally on subtending hypha that arises
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from mycelia hyphae. Outer spore wall is three- to five-layered and continuous
with the wall of the sporogenous cell. Pore between the spore and sporogenous
cell is narrow and usually closed by a plug formed by outer spore wall material.
A hyaline middle wall and a hyaline inner wall form de novo during spore
formation; middle wall one- to bilayered; inner wall two to three-layered.
Germination shield generally arising on the outer surface of the innerwall or
beneath a thin outer layer of the inner wall, yellow-brown to brown, generally
ellipsoid (to oval), or rarely reniforme to cardioforme, usually with many (8-30)
large folds separating the shield into 8-30 ‘small compartments’; each small
compartment generally with one circular germ tube initiation; usually from
one or a few gti germ tubes may arise and penetrate the middle wall and the
outer wall; the periphery of the germination shield generally appears dentate
in planar view. Septa often formed in subtending hypha in some distance to
the sporogenous cells. Auxiliary cells formed in hyphal mycelium as far as they
are known knobby without spines on the surface. Forming typical arbuscular
mycorrhizae, vesicle formation in roots so far unknown.

TyPE sPECIES: Dentiscutata nigra (J.E Redhead) Sieverd. et al.

Key to Dentiscutata species

la Spores without ornamentation onouterwall. ............ .. .. .. .. ..o L 2

1b Spores with ornamentation on outer wall .......... ... ... ... ... .o .. 3

2a Spores hyaline, white to light olive, 350-750 um in diam
........................... D. scutata (sensu Walker & Diederichs 1989)

2b Spores pale orange brown to red brown, 200-300 pm in diam; outer wall not
staining in Melzer’s reagent; second middle wall layer fracturing with a series

of rectangular and V-shaped notches.......................... D. hawaiiensis
3a Spores with a single ornamentation on outer sporewall ................. ... ... 4
3b Spores with double ornamentation on outer sporewall. . ....................... 5
4a Spores hyaline to white, globose to ovoid, 170-370 um in diam; with spiny

papillae ornamentation ............ ... il D. cerradensis
4b Spore with papillae surface ornamentation on outer wall; Spores light brown,

globose to ellipsoid, 150-260 pm in diam...................... D. heterogama
5a Spores with double ornamentation on the outer spore surface.................. 6

5a Spores with each one papillae ornamentation both on outer and inner surface
of the outer wall; yellow-brown to brown, (120-)260-450(-500) um
indiam ... D. biornata
6a Spores orange brown to dark red brown, 200-470 um in diam; having spines in the
depressions of a reticulum. .. ...l D. reticulata
6b Spores dark brown to black, 290-500(-1050); with rounded pits and a sinuous
secondary ornamentation below ......... ... ... .. .o oo D. nigra
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Dentiscutata biornata (Spain, Sieverd. & S. Toro) Sieverd., EA. Souza & Oehl,
comb. nov. (F1G. 40)
MB 511971
BastonyM: Scutellospora biornata Spain, Sieverd & S. Toro, Mycotaxon 35: 220. 1989.

Dentiscutata cerradensis (Spain & J. Miranda) Sieverd., FA. Souza & Oehl, comb.
nov. (F1G. 42)
MB 511973
BastonyM: Scutellospora cerradensis Spain & J. Miranda, Mycotaxon 60: 130. 1996.

Dentiscutata hawaiiensis (Koske & Gemma) Sieverd., EA. Souza & Oehl,

comb. nov. (F1G. 41)
MB 511972
BastoNyM: Scutellospora hawaiiensis Koske & Gemma, Mycologia 87: 678. 1995.

Dentiscutata heterogama (T.H. Nicolson & Gerd.) Sieverd., EA. Souza & Oehl,

comb. nov. (FI1G. 44)
MB 511975
BastonyMm: Endogone heterogama T.H. Nicolson & Gerd., Mycologia 60: 319. 1968.
= Gigaspora heterogama (T.H. Nicolson & Gerd.) Gerd. & Trappe, Mycologia
Memoir No. 5: 31. 1974.
= Scutellospora heterogama (T.H. Nicolson & Gerd.) C. Walker & EE. Sanders,
Mycotaxon 27: 180. 1986.

Dentiscutata nigra (].F. Redhead) Sieverd., EA. Souza & Oehl, comb. nov.
MB 511969 (F1G. 38)
BastonyM: Gigaspora nigra ].F. Redhead, Mycologia 71: 187. 1979.
= Scutellospora nigra (J.F. Redhead) C. Walker & EE. Sanders, Mycotaxon 27:
181. 1986.

Dentiscutata reticulata (Koske, D.D. Mill. & C. Walker) Sieverd., FA. Souza &

Ocehl, comb. nov. (F1G. 39)
MB 511970
BastoNyM: Gigaspora reticulata Koske, D.D. Mill. & C. Walker, Mycotaxon 16: 429.
1983.

= Scutellospora reticulata (Koske, D.D. Mill. & C. Walker) C. Walker & EE.
Sanders, Mycotaxon 27: 181. 1986.

Dentiscutata scutata (C. Walker & Dieder.) Sieverd., EA. Souza & Oehl, comb. nov.
MB 511974 (F1G. 43)
BastonyM: Scutellospora scutata C. Walker & Dieder., Mycotaxon 35: 357. 1989.

Fuscutata Oehl, EA. Souza & Sieverd., gen. nov.
MB 511963

Sporae terminaliter efformatae anguste adiacetae ad cellulas sporogeneas; cum tunicis
tribus; scutellum germinale coniunctum ad tunicam interiorem, flavo-brunneum ad
brunneums; ovale vel ovoidum vel viola-forme, cum 2 lobis et depressionibus germinatione;
formans structuras mycorrhizarum arbuscularum.
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PLATE 7— Dentiscutata with complex structured, yellow-brown to brown germination shields (gs)
showing several to many (8-30) compartments, separated by large folds (f); often one initial germ
hole (gh) and several to many (8-30) germ tubes initiations (gti) visible; germ tubes emerge from
one or two gti during germination; shield periphery conspicuously dentate in planar view.

F1G. 38. Type species D. nigra. F1G. 39. D. reticulata. F1G. 40. D. biornata. F1G. 41. D. hawaiiensis
F1G. 42. D. cerradensis. F1G. 43. D. scutata sensu Silva et al. (2006b). F1G. 44. D. heterogama.

ETyMoLOGY: from the Latin fu(scus) (= brown), and scutata (= ‘shielded’), referring to
the color of the germination shield formed on the inner spore wall.

KEY CHARACTERS: Sporocarps are unknown. Single spores formed on bulbous
sporogenous cells which are terminally formed on the subtending hypha that
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arises from mycelia hyphae. Outer spore wall three- to four layered. Pore
between the spore and sporogenous cell is narrow and usually closed by a plug
formed by spore wall material. Two hyaline walls (‘middle wall’ and ‘inner
wall’) form de novo during spore formation and have 1-2 and 2-3 layers,
respectively. Germination shield generally formed on the outer surface of the
innermost wall or beneath a thin outer layer of the inner wall, yellow-brown
to brown, generally ovoid to violin-shaped to heart-shaped, consisting of 2
lobes and folds; both lobes with a germ tube initiation (‘gti, about 3-6 pm in
diam). Spore germination generally from one gti; germ tube penetrates from
there the middle and outer spore wall. In the subtending hypha one to several
septa are formed in some distance to the sporogenous cell. Auxiliary cells in
the hyphal mycelium as far as they are known knobby without spines on the
surface. Forming typical arbuscular mycorrhizae, vesicle formation in roots so
far unknown.

TYPE SPECIES: Fuscutata heterogama Oehl et al.

Key to Fuscutata species

la Spore without surface ornamentation on outer wall. ........................... 2
1b Spore with surface ornamentation onouterwall ......... ... .. ... ... ... ... ... 3

2a Spores hyaline to white; oblong-ellipsoid to long ellipsoid, 280-580 x

210-370 pmindiam. ...l E savannicola
2b Spores dark orange brown to dark red brown, 140-220 yum in diam,

outer and innermost wall strongly staining in Melzer’s reagent. .. ....... E rubra

3a Spores hyaline to subyaline, globose to oval, um in diam; spores with fine

spiny ornamentation on the surface of the outer wall........... E trirubiginopa
3b Spore with papillae ornamentation on the surface of the outer wall; spores

red brown to dark brown, globose to oval, 159-295 um in diam.... . . . E heterogama

Fuscutata heterogama Oehl, EA. Souza, L.C. Maia & Sieverd., sp. nov.
MB 511964 (F1GS. 45-46)

Sporaesingillatim in solo efformatae anguste adiacetae ad cellulas sporogeneas subterminales
vel intercalares, brunneae vel rubro-brunneae vel oscuro-brunneae, globosae, 165-280
um in diametro, vel subglobosae vel ovale (159-265 x 195-295 yum); sporae cum tunicis
tribus: tunica exterior stratis tribus in totum 7.0-11.5 um crassa, coniuncta tunicam
cellulae sporogeneae et tunica hyphae; stratum exterius tunicae exterioris hyalinum,
evanescens, 1.1-2.1 um crassum; papillibus ornatum altis 1.1-2.1 ym et 0.9-1.5(-2.5) ym
latis ornatum; stratum secundum brunneum vel rubro-brunneum vel oscuro-brunneum,
laminatum, 5.5-8.5um crassum; stratum interius tunicae exterioris brunneum vel rubro-
brunneum, subtile; tunica media et tunica interior de novo formans; cum stratis hyalinibus;
tunica media duobus stratis in totum 2.1-2.8 um crassum; tunica interior tribus stratis,
2.1-3.4 ym crassa; stratum medium et stratum interiore tunicae exterioris purpureo-
brunneum vel oscuro-brunneum colorans, stratum medium tunicae interioris purpureo
colorans reagente Melzeri; scutellum germinale coniunctum ad tunicam interiorem, flavo-
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PLATE 8—Fuscutata with yellow-brown to brown germination shields and three walls (ow, mw
and 1w). . Germination shields are generally bi-lobed with a germ hole (gh) and two germ tube
initiations (gti). FIGS. 45-46. Type species E heterogama. F1G. 47. F. rubra. F1G. 48. Old shield, in
FE savannicola.

PLATE 9—FIGS. 49-51: Quatunica with one species, Q. erythropus: Complex structured, yellow-
brown to brown germination shields (gs) in spores of type species Q. erythropus having four spore
walls (ow; MW1, MW2 AND 1w). Germination shield on the outer surface of tw. Shields with many
(> 10) compartments, separated by large folds (f); generally one initial germ hole (gh) and several
germ tubes initiations (gti) visible from where one or few germ tubes per spore emerge during
germination (FIG. 51); periphery of shield walls conspicuously dentate.
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brunneum ad brunneum; ovale vel ovoid vel viola-forme, simplex bilobatumque cum 2
depressionibus germinationis; structurae mycorrhizarum arbuscularum formans.

TyYPE SPECIMENS: BRAZIL. Pernambuco. Municipio de Camaragibe. Location: Aldeia.
HOLOTYPE (84-8401) and isotype (84-8402 & 84-8403) specimens deposited at URM
(Recife, Brazil); isolated from field samples (10 June 1997) and established in a pure
culture maintained at URM and INVAM; isotypes 84-8404& 84-8405 deposited at
Z+7T (accession number ZT Myc 642), and 84-8406 & 84-8407 deposited at OSC (OSC
#134°504).

ETYMOLOGY: heterogama referring to Endogone heterogama with which this new species
has been very often confused.

CoMMENTARY: A detailed English species description of F. heterogama is not
needed, since several isolates of the new species were intensively studied during
the last 20 years (e.g. Franke & Morton 1994, Jeftries et al. 2007). Spores are
globose (165-280 um in diam) to subglobose to oval (159-265 x 195-295 um)
to rarely irregular, reddish-brown to dark red-brown to dark brown, with three
spore walls (ow, Mw and 1w). The ow three-layered (owL1-3: owL1 hyaline,
semi-persistent to persistent, 1.1-2.1 pum thick, with papillae projections, 0.9-
1.5(-2.5) um in diameter and at 0.8-2.4 um distance from each other; owr2 red-
brown to darkbrown, laminate. 5.5-8.5 pm thick, owL3 subtile, concolorous with
owL2; Mw hyaline, bi-layered, in total 2.1-2.8 um thick; 1w bi-to-tree-layered,
in total 2.1-3.4 um thick; owL2 & owL3 and 1wL2 staining dark red-brown and
purple, respectively, in Melzer’s reagent. Sporogenous cell globose to oblong,
32-51 x 31-45 pm; germ shield yellow-brown to brown, simple, bi-lobed, oval
to ovoid to violin-shaped (75-105 x 55-75 um) to rarely irregular, generally
with 2 lobes rarely showing 4 folds; shield periphery generally smooth, rarely
with scarse dentate structures. Forms typical arbuscular mycorrhiza without
intraradical vesicles but extraradical auxiliary cells in the hyphal mycelium.
Fuscutata heterogama can be easily distinguished from D. heterogama by spore
color and especially by the morphology of the shield (see above; compare FIGs.
45-46 with FIG. 44). It can be easily distinguished from other Fuscutata spp. by
the ornamentation on the outer spore surface (see identification key below).

DISTRIBUTION: Fuscutata heterogama has a major distribution in warmer
climates (Mediterranean, Subropical and Tropical climates) but was confused
with Endogone heterogama which might have a less broad distribution. The
new species is frequent in Southern America as we have found it several times
in Colombia and Brazil. It was recently found also in Benin (West Africa;
Hountondji & Oehl, unpublished, Tchabi et al. 2008).

OTHER SPECIMENS EXAMINED: COLOMBIA. Eastern Plains. Sieverding collection.

UNITED STATES. Florida. Illionois. Specimens deposited at INVAM, and specimens

prepared by E Oehl during his visit at INVAM in 2002 (slides deposited at Z+ZT).
Specimens of the Embrapa Agrobiologia germplasm collection, Seropédica, Brazil,
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CNPAB2. BENIN: Guinea and Sudan savannas under yam and peanuts (Tchabi et al.
2008).

Fuscutata rubra (Stiirmer & J.B. Morton) Oehl, FA. Souza & Sieverd.,
comb. nov. (F1G. 47)
MB 511965
BastonyM: Scutellospora rubra Stiirmer & J.B. Morton, Mycol. Res. 103: 951. 1999.

Fuscutata savannicola (R.A. Herrera &Ferrer) Oehl, FA. Souza & Sieverd.,
comb. nov. (F1G. 48)
MB 511966
BasioNyM: Gigaspora savannicola R.A. Herrera & Ferrer, Rev. Jard. Bot. Nacional,
Habana. 1: 57. 1981.
= Scutellospora savannicola (R.A. Herrera & Ferrer) C. Walker & EE. Sanders,
Mycotaxon 27: 180. 1986.

Fuscutata trirubiginopa (X.L. Pan & G.Yun Zhang) Oehl, FA. Souza & Sieverd.,
comb. nov.
MB 511967
BastonyM: Scutellospora trirubiginopa X.L. Pan & G.Yun Zhang, Mycosystema 16:
169.

Quatunica F.A. Souza, Sieverd. & Oehl, gen. nov.
MB 511976

Sporae terminaliter efformatae anguste adiacetae ad cellulas sporogeneas, quartuoribus
tunicis; scutellum germinale coniunctum ad tunicam interiorem, flavo-brunneum ad
brunneum, cum 8-30 compartimentibus et depressionibus germinationis; formans
structuras mycorrhizarum arbuscularum.

ETymMOLOGY: From the Latin: ‘qua’ abreviation from quartuor (four) and ‘tunica’ (wall)
referring to the four spore walls, a unique character in Glomeromycota.

KEY CHARACTERS: Sporocarps are unknown. Spores singly formed on bulbous
sporogenous cells that are formed terminally on a subtending hypha that arises
from mycelia hyphae. Spores have 4 walls. Outer spore wall three- to four-
layered and continuous at least in part with the wall of the sporogenous cell;
pore between the spore and sporogenous cell is narrow and usually closed by
a plug formed by outer spore wall material. Two hyaline middle walls and a
hyaline inner wall form de novo during spore formation. Germination shield
generally arising on the outer surface of the inner wall or beneath a thin outer
layer of the inner wall, yellow-brown to brown, generally ellipsoid to oval,
or rarely reniforme to cardioforme, usually with a many (8-30) large folds
separating the shield into 8-30 ‘small compartments’; each small compartment
generally with one germ tube initiation (‘gti). From one or few gti germ tubes
may arise penetrating the middle walls and the outer wall; the periphery of
shield wall usually conspicuously dentate in planar view. One to several septa
often formed in the subtending hypha in some distance to the sporogenous cell.
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Auxiliary cells formed in hyphal mycelium as far as they are known knobby
without spines on the surface. Forming typical arbuscular mycorrhizae, vesicle
formation in roots so far unknown.

TYPE SPECIES: Quatunica erythropus (Koske & C. Walker) FA. Souza et al.

Key to Quatunica species
la Spores white-yellow, to yellow-brown, 340-640 pm in diam

............... Q. scutata (S. scutata sensu Silva et al. 2006b) [non editum]
1b Spores orange-brown to dark red brown, 200-650 um in diam . .. .. .. Q. erythropus

Quatunica erythropus (Koske & C. Walker) FA. Souza, Sieverd. & Oehl,

comb. nov. (PLATE 9)
MB 511977
BastoNyM: Gigaspora erythropus Koske & C. Walker, Mycologia 76: 250. 1984.
= Scutellospora erythropus (Koske & C. Walker) C. Walker & EE. Sanders,
Mycotaxon 27: 181. 1986.

Discussion

Molecular analyses, based almost exclusively on 18S rRNA genes, have provided
the means to describe the phylum Glomeromycota and to reorganize almost
entirely the glomeromycotan phylogeny (Schiifller et al. 2001). This resulted in
anew order, the Diversisporales, validly described by Walker & Schiifiler (2004),
which contains species and genera that can be distinguished morphologically
by the different spore formation types: acaulosporoid, entrophosporoid,
gigasporoid or glomoid. Such spore formation differences earlier served as
the basis for higher order ranks (Morton & Benny 1990). Only recently, new
families and genera have been proposed for the Glomeromycetes based on
combined molecular genetic and spore morphological data. Oehl & Sieverding
(2004) separated the Pacispora genus from Glomus in the Glomeraceae, order
Glomerales, based on morphological and germination characteristics, and
Walker et al. (2004) cited molecular data in describing the new Pacisporaceae
family in the order Diversisporales (Walker & Schiifller 2004). Sieverding & Oehl
(2006), Spain et al. (2006) and Walker (2007) also referred to molecular data to
review Entrophospora and the Archaeosporaceae, which prompted a taxonomic
reorganization of new fungal genera and families in the Archaeosporales based
on 18S and ITS rRNA-generated phylogenies (Walker et al. 2007).

We used published DNA sequences available from 18S and 25S rDNA for a
total of 17 former Scutellospora spp. and 7 Gigaspora spp. (F1Gs. 10-11) and
morphological data from all previously described Scutellospora species as
a basis for separating the new families and genera in the Diversisporales
from the Gigasporaceae. The molecular analyses showed that Gigasporaceae
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are phylogenetically closer to Racocetraceae and Dentiscutataceae than to
Scutellosporaceae and suggested that Scutellosporaceae is basal among the
four families that produce spores from a bulbous sporogenous cell. Contrary
to the evolutionary hypotheses expressed by Morton (1990) and Morton &
Benny (1990), Gigasporaceae may well have co-evolved with Racocetraceae
and Dentiscutataceae. Morphologically, however, Gigasporaceae differ as
greatly from Racocetraceae and Dentiscutataceae as Pacisporaceae differs from
Glomeraceae.

In this study, germination structures and spore wall composition were the
morphological characters that were supported by the molecular data. On
their basis the species could be organized within new or re-described genera
and families. This was easily done for Gigaspora, the only genus in the
Gigasporaceae, as the Gigaspora spore has only one wall and no germination
shield. However, it was more difficult to classify species forming a germination
shield. While striking genetical differences between the Scutellospora species
have become recognized (e.g. Simon et al. 1992, Helgason et al. 1998, Lanfranco
et al. 1999, de Souza et al. 2005), researchers apparently have encountered
difficulties in grouping the species along genetic lineages. A recently
published key (Silva et al. 2006b) still focuses exclusively on spore size, spore
wall ornamentation, and wall characteristics. For the most part, the known
morphological differences in germ shields (Walker & Sanders 1986, Spain et
al. 1989) have been ignored in species taxonomies, so that this represents the
first time that germ shields have been observed, photographed, and used for
taxonomic classification. Little is known about the ontogeny of germination
shields of the different genera, which has been actually only described for
S. calospora by Walker & Sanders (1986). We do not know about the ontogeny
of shield formation of Racocetra, Cetraspora, Fuscutata and Dentiscutata, nor
is this knowledge necessary to identify the genera. Germ shield morphology
alone is sufficient clear, and stable.We confirmed that germ shield morphology
does not change with spore age for all examined species, as we could examine
numerous spores from different populations and sometimes very different
ecosystems (see TABLE 1: S. calospora, S. aurigloba, R. fulgida, R. gregaria,
R. verrucosa, C. pellucida, F. heterogama, D. reticulata, D. biornata).

Researchers who attempt to determine colors of very old field spores and shapes
when germination shield is hidden or incompletely visible may encounter
difficulties, particularly as the germ shield can readily be observed only when
seen in planar view. Spain et al. (1989) describe how to reveal germ shield
structure better by slightly moving the cover slide on a not yet completely
hardened fixative and by separating spore walls from crushed spores under the
stereomicroscope. There are a few species where the color of the germ shield
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may be ambiguous because parts of the originally hyaline shield brown slightly
over time on specific storage media (as in R. coralloidea and C. gilmorei) or
the spore wall turns so dark brown that the shield can no longer be seen (as in
S. savannicola herbarium specimens). Nonetheless, the germ shield folds are in
most cases easy to recognize, particularly when the shield is either very simple
(e.g. Scutellospora spp.) or very complex (Dentiscutata spp.). Some experience
is needed to identify the wavy folded, hyaline, multi-compartmented shields
of Racocetra and Cetraspora (FIG. 5 + PLATES 5-6). In such shields it is often
easier to count the number of germ tube initiations (gti) within the shield
compartments. Determining the number of middle walls may also confuse,
particularly during separation when the inner lamina of the outer wall can
be mistaken for a middle wall, making differentiation between Racocetra
and Cetraspora (or Dentiscutata and Quatunica) difficult. Here it is a matter
of crushing several spores so as to determine whether the wall layers stick
together or are easily separated. Finally, other spore features — size, color, wall
ornamentation, swelling of wall layers in PVLG based mountants, staining in
Melzer’s reagent — may also be used to identify the species (and thus genus)
morphologically, as done previously (Silva et al. 2006b). Our own experience
with the new keys presented in this paper convinces us that identification of
species with bulbous sporogenous cells will be much easier now that germ
shields are used as diagnostic characters. Nonetheless, we suspect that the
genera presented here may contain additional groups with diverging shield
characters and possibly divergent phylogenies that may justify — in the future
— erection of new genera based on the number of lobes and gti or due to shield
composition (e.g. in Scutellospora and Dentiscutata, TABLE 4).

During our study we faced several difficulties related to the availability and
quality of live and herbarium specimens. Pure cultures were either unavailable
for most of the as-yet unsequenced species, (e.g. R. minuta, R. alborosea,
E savannicola) or pure cultures got lost with time (e.g. D. biornata). In a few
cases the herbarium type material was so poor in both spore number and spore
quality after 20-40 years of storage (e.g. for R. minuta, R. alborosea, and other
species described before 1990) that germ shields could not be found in the type
material. In a few other cases, the spores mounted or preserved in the type
material had obviously been immature, since the germ shield and sometimes
even the inner wall could not be detected on the majority of the spores. In
such cases we had to rely for the identification of shield morphology either on
the original species description or on our own specimens collected in different
parts of the world. Some species, e.g. R. alborosea and R. weresubiae, may be
conspecific but it was not our aim to correct this. We also noted that some
species should be redescribed (e.g. S. tricalypta), also not the goal of this paper.
There was, nonetheless, an urgent need to separate the species presented in the
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type specimens for S. heterogama (Nicolson & Gerdemann 1968) from those
erroneously identified as such. Germ shield morphology clearly showed that
the two ‘heterogama’ species belong to two different genera, Fuscutata and
Dentiscutata (see description above).

In conclusion, the previously most commonly used morphological spore
characters like spore size, color and staining of different spore walls in Melzer’s
reagent or expanding of wall layers in lactic acid based mountants (Franke &
Morton 1994, Morton 1995) could not explain the rDNA-based phylogenetic
clades (PLATES 2-3; also Walker et al. 2004, de Souza et al. 2005, Ahulu
et al. 2006, Redecker et al. 2007). We have not investigated for this study
whether there are differences in the staining behaviour of the mycelium in
the roots among our new segregate genera. Such differences are important in
Paraglomeraceae and Archaeosporaceae (Morton & Redecker 2001), but we
found no literature indicating that this is the case in Gigasporaceae. We also did
not investigate whether there are specific differences between the genera in the
morphology of their auxiliary cells in the external root mycelium. Walker &
Sanders (1986) noted that such differences are only minor in Scutellospora and
then only consistent in differentiating Gigaspora from Scutellospora. Also, color
of the mycelium in soil may be different: some species (e.g., F. heterogama,
D. reticulata) form light brown to brown walled mycelium while others, like
R. castanea, form mycelia with hyaline walls (pers. obs.). Information on all these
characters is available for only a few species and was considered unnecessary
to reorganize the genera presented here. Nevertheless, we propose that living
pure cultures be established and that detailed studies of the auxiliary cells
on extraradical mycelia and the ontogeny of germination shields in different
genera be carried out; studies of genetical and ecological characters are also
recommended. Unfortunately, much basic biology remains unknown in the
Glomeromycetes, including germination, the process so intimately linked with
the fitness and survival of these obligatory biotrophic symbiotic fungi. Although
axenic cultures may prove useful in the future, we believe that the important
spore characters must be observed in soil-grown spores that represent spores
found under field conditions that ecologists and taxonomists encounter in real
life.
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