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From mycelium to the surface: new
records of gasteroid fungi (Basidiomycota)
for areas of the Brazilian Cerrado
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WISLLEY M. PROFIRO, BIANCA DENISE B. DA SILVA & RHUDSON HENRIQUE S.F.
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Abstract: In the present study, eleven new records of gasteroid fungi are described
in different areas of the Brazilian Cerrado biome, distributed in three families:
Geastraceae, Lycoperdaceae, and Nidulariaceae. The species Cyathus amazonicus,
C. aurantiogriseocarpus, C. aff. badius, C. aff. earlei, C. gracilis, and C. magnomuralis
correspond to the first records for the Brazilian Cerrado. Geastrum minimum, Calvatia
nodulata, C. bicolor, and Cyathus stercoreus correspond to the second record for the
Brazilian Cerrado. Lycoperdon fuligineum corresponds to the fourth record in the Cerrado
areas of Brazil. The rare species Cyathus aurantiogriseocarpus and C. magnomuralis
have been described again, for the first time, almost 10 years after their discovery. Both
species represent the second record for science and for Brazil. The taxa described are
presented on plates with detailed photographs and micrographs for each species and a
map of the collection sites.

Key words: Brazilian savannah, Biodiversity hotspot, Geastraceae, Lycoperdaceae, Neo-
tropical, Nidulariaceae.

INTRODUCTION

The Cerrado encompasses a heterogeneous
mosaic of vegetation physiognomies, including
forest, savannah, and grassland formations
(Ribeiro & Walter 2008). This complex
vegetational matrix reveals intricate ecological,
physiognomic, historical and geological
relationships with other tropical regions of
South America, Africa, and Australia (Beard 1953,
Cole 1958, Eiten 1972). The biome’s vegetation
is characterized by the prevalence of shrubs
and subshrubs, along with small trees that
are typically inclined, twisted, or irregularly
branched (Ribeiro & Walter 2008). Adaptations
to xeromorphic conditions include species with
thick cork bark, known as “suber”, and others
with perennial underground structures, known

as “xylopods”, which enable rapid resprouting
after fire or mechanical disturbance (Ribeiro
& Walter 2008). Leaves are generally rigid or
leathery and often densely pubescent, serving
as a protective mechanism (Ribeiro & Walter
2008).

According to Conservation International
(2024), among the Brazilian biomes, the Cerrado
is considered a global biodiversity hotspot and
one of the two hotspots located in the country,
along with the Atlantic Forest. The region is
one of the 36 priority areas for conservation,
concentrating on high levels of biodiversity and
endemism (Myers et al. 2000, Strassburg et al.
2017, Gomes et al. 2018). It is the second largest
biome in South America (after the Amazon), and
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its territory includes the sources of the three
largest hydrographic basins on the continent:
the Amazon/Tocantins Basin, the Sao Francisco
Basin, and the Silver River Basin (MMA 2018).

The biome is also of great social importance
to populations that depend on natural resources
for their livelihoods (Klink & Machado 2005,
Brannstrom et al. 2008). However, the region
is under constant threat of extinction due to
excessive human settlement, the search for
water resources, and uncontrolled land use, as
well as fires, monoculture plantations, and plant
extraction (Klink & Machado 2005, Brannstrom
et al. 2008). All these factors have resulted in
the Brazilian Cerrado having only 8.7% of its
territory duly protected, with this figure mainly
including Conservation Units (Pacheco et al.
2018, Colli et al. 2020, Grande et al. 2020) and a
net loss of native vegetation of 25.2% according
to MapBiomas (https://brasil.mapbiomas.
org/), accompanied by a 6.2 times increase in
agricultural area (MapBiomas 2024).

Within this heterogeneous biome, the
western region of Bahia comprises a mosaic of
Cerrado physiognomies shaped by variations
in soil depth, lithology, topography, and fire
regimes (Eiten 1972, Ribeiro & Walter 2008).
The areas investigated in this study include
Typical Cerrado, which represents the most
widespread savanna formation in the region
and is characterized by a relatively continuous
tree-shrub layer over a well-developed grassy
stratum; Rupestrian Cerrado, associated with
rocky outcrops, shallow and nutrient-poor soils,
and pronounced environmental heterogeneity;
and Sparse Cerrado, marked by a more open
vegetation structure with widely spaced woody
elements and a predominance of herbaceous
cover (Felfili et al. 1998, Ribeiro & Walter 2008).
These physiognomies are common in the
plateau landscapes of western Bahia and reflect
distinct ecological conditions that influence
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microhabitat availability, substrate diversity, and
disturbance regimes. Despite their ecological
relevance and broad distribution in the state,
such Cerrado formations remain poorly explored
from a mycological perspective, particularly
regarding macrofungal groups associated with
soil and litter substrates (Barbosa et al. 2024b).

Recognized as a global biodiversity hotspot,
the Brazilian Cerrado harbors an exceptionally
rich biota, with estimates exceeding 12,000
species of vascular plants (Forzza et al. 2012),
more than 250 species of mammals, over 850 bird
species, and a remarkable diversity of insects
and other animal groups (CEPF 2017). Regarding
fungi, it is estimated that there are 638 species
inthe biome, although current records represent
only a small fraction of the expected richness,
particularly for groups with cryptic, ephemeral,
or soil-associated basidiomes (Maia et al. 2015).
Within this context, gasteroid fungi represent an
important yet still poorly explored component
in the Cerrado funga. Although traditionally
treated as an artificial assemblage, gasteroid
fungi comprise multiple phylogenetically
independent lineages characterized by passive
basidiospore dispersal, relying on biotic and
abiotic agents such as rain, wind, animals, and
mechanical disturbance (Miller & Miller 1988,
Alexopoulos et al. 1996, Hibbett et al. 1997, Krlger
et al. 2001, Binder & Bresinsky 2002, Hosaka
et al. 2006, Matheny et al. 2006, Hibbett et al.
2014). The most distinctive features of these
fungi include angiocarpic development and
the absence of a hilar appendix, traits that are
closely associated with their dispersal strategies
and ecological adaptations (Alexopoulos et al.
1996, Miller & Miller 1988).

It is estimated that there are approximately
10,000 species of gasteroid fungi worldwide,
occurring in a variety of environments and
acting in the decomposition of different organic
substrates (Hawksworth 2001). This great natural
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diversity has a cosmopolitan distribution,
with different genera inhabiting tropical and
temperate forests, savannas and arid regions
of the planet (Calonge 1988, Pegler et al. 1995,
Bates 2004). For the Brazilian gasteroid Funga,
Trierveiler-Pereira & Baseia (2009) listed 232
speciesoccurringinvirtually all Brazilian biomes:
Amazon, Caatinga, Cerrado, Atlantic Forest, and
Pampas. However, these values are outdated
and the number of species catalogued in Brazil
continues to grow exponentially every year (e.g,,
Trierveiler-Pereira et al. 2010, 2011, Cortez et al.
2011, Cruz & Baseia 2014, Cruz et al. 2012, Crous
et al. 2016, 2017, 2020, 2023, Sousa et al. 201443,
b, Cabral et al. 2014, 2019, Trierveiler-Pereira &
Gugliotta 2020, Caffot et al. 2022, Camilo-Cotrim
2020, Oliveira et al. 2022, 2023a, b, Lima et al.
2023, Barbosa et al. 20244, b, 2025).

Despite the presence of high levels of
biodiversity and endemism in the Cerrado, the
macrofungal diversity for the western region
of Bahia, located in the northeast of Brazil,
is extremely scarce, with entire areas without
records, except around the cities of Barreiras and
Sao Desidério, with published records for the
species Geastrum fimbriatum Fr., G. lageniforme
Vittad., G. morganii Lloyd, G. hirsutum Baseia
& Calonge, G. aff. rusticum Baseia, B.D.B. Silva
& T.S. Cabral, G. triplex Jungh., and Tulostoma
irregulireticulatum Dourado-Barbosa, R.L.
Oliveira, A.A. Lima, Baseia & R. Cruz (Barbosa et
al. 20244, b). In this sense, the present study aims
to expand the knowledge of the gasteroid fungi
from the Cerrado areas of western Bahia, Brazil,
using morphological data and photographs,
thus contributing to a better understanding of
the diversity of these organisms in the Brazilian
Cerrado.
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MATERIALS AND METHODS

Collection, herborization, and identification of
the specimens

Specimens were collected during the rainy
season between November and March 2019 and
January and February 2023 in the municipalities
of Barreiras and Sao Desidério, both located
in the state of Bahia, Brazil (Figure 1). The
following collection sites were selected: Forest
area at the Federal University of Western
Bahia (UFOB - Campus Reitor Edgard Santos)
(12°80'59.22"S, 45°01'07.22"W) and Familia
Barbosa Farm (12°08'1110"S, 45°04'28.7"W), both
in the municipality of Barreiras; Lagoa Azul
Municipality Park (12°26'314"S,45°5'3.67"W) and
Deus me livre Wall (12°26'01"S, 45°05'04"W), both
in the municipality of Sao Desidério; and Acaba
Vida Waterfall, in the limits of the municipalities
of Barreiras and Luis Eduardo Magalhaes
(11°53'32.63"S, 45°36'13.28"W).

The geographical map with the distribution
of the collection areas was created using the
QGIS software (QGIS Development Team 2021).
To characterize the phytophysiognomies of
the Cerrado stricto sensu in western Bahia, we
followed the works of Ribeiro & Walter (2008).

The methodology for collecting, preserving
and identifying the material followed the
protocol of Baseia et al. (2014), where pre-
existing trails are followed, observing substrates
that are likely to grow, such as soil, decomposing
trunks and branches, leaf litter and animal
excrement. According to the genus. The colour
of the basidiomata was determined at the
time of collection, following the colour chart
of Kornerup & Wanscher (1978). The samples
were dehydrated in a food dehydrator at 40
°C for 24 to 48 hours, depending on the size
of the basidiomata. Macro and microscopic
descriptions followed specific literature for each
genus (Bottomley 1948, Dennis 1961, Dissing &
Lange 1962, Dring 1964, Demoulin 1968, Sunhede
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Figure 1. Map of the collection area. a) General view of the area, showing the collection sites. b) Map of the State of
Bahia, with emphasis on the municipalities of Barreiras and Sao Desidério, in the northeast region of Brazil.

1989, Liu 1984, Pegler et al. 1995, Moyersoen &
Demoulin 1996, Calonge 1998, Gois et al. 2021).

Macroscopic descriptions were performed
with the aid of a Leica EZ4 and Nikon SMZ1500
magnifying glasses with attached camera lucida
and camera for image capture DS-Ri1, using
software NISElements Ar v.4.51.00.

Light Microscopy (LM) analyses were carried
out usingan Olympus BX51 with attached camera
lucida and eyepiece with reticle, and a Carl Zeiss
Primo optical microscope.

Freehand sections of the gleba and layers
containingstructuresimportantforthetaxonomy
of the groups were made with steel blades and
immersed in an aqueous solution of 3to 5% KOH.
Depending on the structure, Cotton blue was
used to stain hyphae and capillitial elements;

Congo red was applied to enhance the contrast
of hyaline structures, such as basidiospores
and hyphae; and Melzer's reagent was used
to test for amyloid or dextrinoid reactions,
particularly in the walls of basidiospores and
in peridial layers. Additionally, the Tescan Vega3
scanning electron microscope (SEM) to visualize
basidiospore ornamentation, crystal shape
and capillitium surface in groups where these
features are taxonomically important.

In total, 30 measurements were performed.
Width, length and ornamentation were
measured, and to standardize the shape, the
quotient of length by width (Q) was calculated,
according to Bas (1969). The measurements of the
structures followed the following abbreviations:
n = 30 (for the number of randomly selected
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basidiospores), x = mean + standard deviation
of the basidiospore for width and length
(including ornamentation), or diameter and
height (including ornamentation), and Qm =
mean height/width ratio.

The morphological and microscopic
identification of the material was carried out
at the Laboratory of Systematics and Evolution
of Fungi (LabSEF) of the Federal University of
Western Bahia (UFOB, Bahia, Brazil). The SEM
was carried out at the Centre for Gas Technology
and Renewable Energy (CTGAS, Rio Grande do
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Norte, Brazil). The collected specimens were
deposited at the BRBA Herbarium of the Federal
University of Western Bahia (UFOB), municipality
of Barreiras, Bahia, Brazil.

RESULTS
Taxonomy

Geastraceae corda

Geastrum minimum Schwein. [as ‘Geaster
minimus’], Schr. naturf. Ges Leipzig 1: 58 [32 of
repr.] (1822) (Figure 2)

Figure 2. Geastrum minimum
(BRBA-Fungos 0006). a)
Mature basidiomata in

the field. b) Details of the
apophysis and pedicel on
the basidiome. c) Details of
the crystalline matter on
the endoperidial surface.

d) Details of the conical,
fibrillose and distinctly
delimited peristome. e)
Bypiramidal crystals on the
surface of the endoperidium
in SEM. f) Capillitium in SEM.
g) Basidiospores in SEM.
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Etymology: In reference to the small size of
the basidiomata.

Description: Unexpanded not observed.
Expanded basidiomata arched, 18-32 mm in
height x 15-35 mm in width. Exoperidium formed
by 6-8 arched, revolute, non-hygroscopic rays,
and 6.5-13.5 mm in long. Mycelial layer whitish
orange (5A2) in fresh basidiomata, slightly
darker in dehydrated basidiomata, with leathery
surface, encrusted and persistent. Fibrous layer
greyish orange (5B4) when fresh, to pale orange
(6A3) when dehydrated, and leathery surface.
Pseudoparenchymatous layer greyish beige
(4B3) when fresh, to brownish grey (6F2) when
dehydrated, slightly rimose and collar absent.
Endoperidium globose, with crystalline matter
on the surface, consisting of bipyramidal COD
crystal (Calcium Oxalate Dihydrate crystals)
<100 um in diameter, brownish orange (4C3),
6.8-13 mm in height and 6.5-12 mm in width.
Apophysis not observed. Pedicel present, 1.0-3.0
mm tall, and brownish orange (4C3). Peristome
conical, fibrillose, distinctly delimited and
slightly darker than the endoperidium, and
1.04-2.02 mm height. Rhizomorph not observed.
Basidiospores brownish, globose to subglobose,
44-63 x 41-6.2 um [x =53 + 0.5 x 5.0 + 0.4. Qm
= 1.06], conspicuous ornamentation under LM
(< 0,9 um in long), and verrucous to irregularly
pilate under SEM. Eucapillitium brownish, 3.0-
81 um in diameter, thin-walled (<0,8 um in
thickness), slightly encrusted surface, lumen
barely evident, not septate, unbranched. Mycelial
layer composed of hyaline hyphae, 11-31 um in
diameter, thin-walled (< 0,7 um in thickness), not
encrusted, slightly sinuous, unbranched. Fibrous
layer composed of hyaline hyphae to reddish
brown, 3.3-7.9 um in diameter, thick-walled (>1,3
pm in thickness), non-encrusted surface, slightly
sinuous, lumen barely evident and unbranched.
Pseudoparenchymatous layer formed by hyaline
to light brown cells, thick-walled (>1 um in
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thickness), ranging from globose, cylindrical to
ellipsoid, 18.0-52.2 x 7.2-34.2 um.

Habitat: On termite mound, with a
gregarious form of growth.

Phytophysiognomy: Typical Cerrado.

Distribution: Cosmopolitan (Bottomley
1948, Eckblad 1955, Rick 1961, Dring 1964, Smith
& Ponce De Leon 1982, Demoulin 1983, Sunhede
1989, Pegler et al. 1995, Grgurinovic 1997, Calonge
1998, Soto & Wright 2000, Bates 2004, Calonge et
al. 2005, Hemmes & Desjardin 2011). In Brazil, this
species was previously recorded in the states of
Parana (Meijer 2006), Rio Grande do Sul (Rick
1961), Rio Grande do Norte (Sousa et al. 2014b),
and Sao Paulo (Fernandes et al. 2021).

Material examined: Brazil, Bahia, Barreiras,
UFOB Forest, in front of the entrance portal of
the Campus Reitor Edgard Santos, 12°8'59.22"S,
45°01°07.22"W. On soil and termite mounds.
Collector R.H.S.F. Cruz. Collector code RC 0031
and RC 0014. 29 November 2019 (BRBA-Fungos
0006; BRBA-Fungos 0007).

Notes: Geastrum minimum is characterized
by having small basidiomata, with revolute and
non-hygroscopic rays up to 13.5 mm in long,
grayish-orange and globose endoperidium with
the presence of whitish crystalline matter and
bipyramidal COD crystals on the endoperidial
surface <100 um in diameter and robust
pedicels up to 3.0 mm high in some basidiomata
(Zamora et al. 2015). Geastrum minimum has
morphological characteristics that group the
species in the subsect. quadrifida, characterized
by presenting basidiomata that are mostly
delicate, very rarely robust, always with fibrillose
peristome, basidiospores with irregular and
inconstant warts (Zamora et al. 2014, 2015).

The species Geastrum minimum
presents morphological similarities with G.
austrominimum J.C. Zamora, G. calceum Lloyd,
G. marginatum Vittad., G. granulosum Fuckel, G.
quadrifidum Pers., and G. kuharii ).C. Zamora with
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arched and non-hygroscopic rays, aggregates of
COD of the bipyramidal type on the endoperidial
surface, presence of apophyses and verrucous to
irregularly pilate basidiospores in SEM (Zamora
et al. 2015).

Geastrum minimum resembles specimens of
G. austrominimum in having delicate basidiome
(Sunhede 1989). However, the smallest
exoperidium described from G. austrominimum
is up to 177 mm in diameter, with up to 13 non-
hygroscopic arched rays, and is a typical species
of the Australian ecozone (Zamora et al. 2015),
while the smallest exoperidium of G. minimum
has 15 mm in diameter, but reaches values
up to 35 mm, with up to 8 rays Furthermore,
the crystalline matter of G. austrominimum is
usually yellowish, whereas G. minimum has a
whitish color (Sunhede 1989).

Geastrum minimum also resembles
specimens of G. calceum by the presence of
whitish crystalline matter material formed by
bipyramidal crystals and arched exoperidium
(Zamora et al. 2015). However, G. minimum has
smaller basidiomata compared to G. calceum
(41-45 mm in diameter and has a thick-layer
pseudoparenchymatous (>1.0 um in thickness),
whereas G. calceum has thin layer (< 1.0 ym in
thickness) (Zamora et al. 2014, 2015). Geastrum
marginatum and G. granulosum are also like
G. minimum by the presence of a distinctly
delimited conical peristome, robust pedicels,
and warty to irregularly pilate basidiospores
(Fuckel 1860, Zamora et al. 2015). However, the
peristome of G. marginatum and G. granulosum,
in addition to being conical, can also be variable
to flattened, a characteristic not evident in G.
minimum (Sunhede 1989, Zamora et al. 2015).
Furthermore, the pedicel of G. minimum reaches
up to 3 mm in height, while G. marginatum
and G. granulosum reach a maximum of 2 mm
(Zamora et al. 2015).
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Two other species that are very similar to
Geastrum minimum are G. quadrifidum and G.
kuharii, as both have an endoperidium with
an aggregate of bipyramidal crystals, and non-
hygroscopic arched rays (Zamora et al. 2015).
However, G. Ruharii and G. quadrifidum have
much more robust basidiomata, up to 62 or 90
mm in diameter, respectively (Zamora et al. 2015),
whereas G. minimum has delicate basidiomata
with a maximum diameter of 35 mm. Geastrum
kuharii has much larger bipyramidal crystals (up
to 130 um) and G. quadrifidum much smaller
(up to 60 um) compared to G. minimum (Zamora
et al. 2015). This is the second record of this
species in the Brazilian Cerrado biome, and the
first in the state of Bahia.

Lycoperdaceae F. Berchtold & J. Presl

Calvatia nodulata Alfredo & Baseia, in Alfredo,
Rodrigues & Baseia, ] Mycol (Hindawi) 38: 2
(2014) (Figure 3)

Etymology: In reference to the presence of
nodules on the surface of the capillitium.

Description: Immature basidiomata not
observed. Mature basidiomata 45-65 mm
in height x 50-85 mm in width, and pyriform.
Peridium composed of three layers, 0.2 mm
in thickness. Exoperidium eyellowish white to
yellowish grey (4A2, 4B3), tomentose, evanescent,
(heavily encrusted with sand particles at maturity
in the base). Mesoperidium membranous and
persistent, brown to dark brown (6E4, 6F5),
adherent to the endoperidium. Endoperidium
pale yellow to orange grey (4A3, 4B4, 6B2),
papyraceous, persistent. Gleba greyish yellow to
olive brown (4C3, 4D4) when mature, cottonous
to powdery. Hollow subgleba occupying half
of the basidiome, cottonous. Rhizomorph not
observed. Basidiospores hyaline, light brown
in Melzer's reagent (weak reaction) and not
cyanophilic, globose, verrucose under LM, and
with spiny ornamentation under SEM, gutule
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present in some, 31-4.3 pm x 31-41um [x = 3.6 *
0.3 x3.6 £ 0.3, Qm = 1.01. n= 30], pedicels present
in some, 0.6-1.7 yum long. Capillitium Lycoperdon-
type, 1.5-2.1 um in diameter, light brown and non-
dextrinoid, cyanophilic (weak reaction), thin-
walled (< 0.6 um in width), straight to sinuous,
nodules present (0.5-11 pm in diameter) not
encrusted, without pores, frequent and irregular
branches, dichotomous, septate. Paracapillitium
absent. Exoperidium composed of globose to
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Figure 3. Calvatia
nodulata (BRBA-
Fungos 0117). a-c)
Mature basidiomata.
d) Capillitium in

LM (the arrows
indicate the nodules
in the hyphae). e)
Capillitium in SEM.
f) Basidiospores in
SEM.

subglobose hyphae 3.5-6.9 ym in diameter, thin-
walled (< 0.8 um in width), straight to sinuous,
hyaline to light brown, dextrinoid. Mesoperidium
composed of globose, subglobose, to irregular
pseudoparenchyma cells 10.0-521 uym high x
6.7-291 um in diameter, thin-walled (< 1.2 um in
width) light brown, dextrinoid. Endoperidium
composed of hyphae 1.7-5.9 um in diameter, thin-
walled (< 14 pm in width), straight to sinuous,
septate, branches dichotomously present, light
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brown and dextrinoid. Subgleba composed of
hyphae of 11-4.5 pm in diameter, thin-walled (<
0.6 um in thickness), straight to sinuous, rarely
septate, branches dichotomously present, light
brown and non-dextrinoid.

Habitat: This species has a solitary or
gregarious habit, found in leaf litter and sandy
soils.

Distribution: Brazil. The species was
previously recorded in the states of Ceara,
Paraiba (Alfredo et al. 2014) and the Federal
District (Ferreira-Sa et al. 2021).

Phytophysiognomy: Typical Cerrado and
Rupestrian Cerrado.

Material examined: Brazil, Bahia, Sao
Desidério, Deus Me Livre Wall, 12° 26" 01" S,
45° 05" 4" W, 5259 m. On soil with plant debris.
Collectors K.D. Barbosa, H.F. Silva & R.H.S.F. Cruz.
20 February 2023 (BRBA-Fungos 0117). Lagoa Azul
Municipality Park, at the end of the visitation
trail. 12° 22" 16" S, 45° 52" 09" W. On soil with
plant debris. Collectors K.D. Barbosa, H.F. Silva
& RH.S.F. Cruz. 23 February 2023 (BRBA-Fungos
0129). Barreiras, UFOB Forest, 12° 08’ 59.8" S,
45° 01" 07.53” W. On soil. Collectors K.D, Barbosa.
20 February 2019 (BRBA-Fungos 0063). On soil.
Collectors K.D, Barbosa & R.H.S.F. Cruz. 13 March
2020 (BRBA-Fungos 0066).

Notes: Calvatia nodulata is characterized
by the presence of spaced nodules in the
capillitium, spiny basidiospores, non-persistent
exoperidium and subgleba occupying practically
halfofthe basidiomata,which mayalsodisappear
completely at maturity, leaving an evident
protrusion or internal hollow cavity (Alfredo
et al. 2014). This species is morphologically
like the species of the sect. Calvatia originally
proposed by Kreisel (1992), characterized
by the presence of a subcellular subgleba,
compacted when immature, and powdery when
mature, in addition to a generally furfuraceous
exoperidium, a capillitium with the absence or
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presence of pores, and a brown to olive gleba.
Such characters of the section are present in the
species C. craniiformis (Schwein.) Fr., C. rugosa
(Berk. & M.A. Curtis) D.A. Reid, C. subtomentosa
Dissing & M. Lange, C. candida (Rostk.) Hollos,
C. rosacea Kreisel, and C. ochrogleba Zeller, and
later expanded with the insertion of the species
C. holothuroides Rebriev, C. baixaverdensis R.L.
Oliveira, R.J. Ferreira, P. Marinho, M.P. Martin &
Baseia, and C. longisetulosa R.L. Zhao & J.X. Li
(Rebriev 2013, Alfredo et al. 2014, Crous et al.
2020, Li et al. 2024).

When analyzed on a species by species
basis, Calvatia craniiformis is distinguished
by the presence of smooth to punctate,
subglobose to globose basidiospores, and
capillitium with the absence of nodules (Kreisel
1994, Alfredo et al. 2014); Calvatia rugosa is
distinguished by the presence of smooth to
membranous endoperidium, furfuraceous,
granular to subvelutinate exoperidium, and
woolly subgleba occupying about two-thirds
of the basidiome (Kreisel 1994, Cortez et al.
2012); Calvatia subtomentosa is distinguished
by the presence of a more pronounced
capillitium (3.6-5.8 pm in diameter) and quite
short, in addition to echinulate basidiospores
without pedicel and the absence of a cavity in
the subgleba (Dissing & Lange 1962). Calvatia
candida has different subgleba and basidioma
shape and is distinguished by the presence
of a thicker capillitium (2-6 pm in thickness),
often with V-shaped branches, and much larger
basidiospores (4.5-6.5 um in diameter) than
those observed in C. nodulata (Lange 1990);
Calvatia rosacea is distinguished by the presence
of a pink and furfuraceous exoperidium, despite
the absence of a well-developed subgleba as
observed in the basidiomata of C. nodulata
(Alfredo et al. 2014).

Calvatia ochrogleba differs from C. nodulata
by the presence of a subgleba with a bluish hue
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and larger basidiospores (5-6.2 um in diameter)
in C. ochrogleba (Zeller 1947), and subgleba
light brown and smaller basidiospores (3-5 pm
in diameter) in C. nodulata (Alfredo et al. 2014);
Calvatia holothuroides and C. baixaverdensis,
also resemble C. nodulata because both species
have basidiospores and capillitium (2-4 pm
in diameter) of similar size (Crous et al. 2020).
However, C. holothuroides has a prominent
cellular subgleba and capillitium with pores
up to 2 pm in diameter (Rebriev 2013, Crous
et al. 2020). Calvatia baixaverdensis presents

NEW RECORDS OF GASTEROID FUNGI

capillitium of Calvatia-type with the presence of
irregular septa and simple V-shaped and double
T-shaped branching, whereas C. nodulata
specimens presents a capillitium of Lycoperdon-
type with the presence of spaced nodules and
frequently irregular, dichotomous and septate
branches (Alfredo et al. 2014, Crous et al. 2020).
This is the second record of this species in the
Brazilian Cerrado biome, and the first in the
state of Bahia.

Calvatia bicolor (Lév.) Kreisel, Persoonia 14(4):
435 (1992) (Figure 4)

Figure 4. Calvatia bicolor
(BRBA-Fungos 0135 e BRBA-
Fungos 0136). a) Mature
basidiome irregularly
broken in half to allow the
dispersal process. b, c)
Mature basidioma before
opening. d) Immature
basidiome. e) Capillitium
with perforation in SEM. f)
Basidiospores in SEM.
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Etymology: In reference to the presence of
two colors in the basidiome.

Description: Immature basidiomata 12-
40 mm in height x mm in width, globose to
subglobose. Mature basidiomata 50-80 mm in
high x 55-105 mm in width, globose to subglobose.
Exoperidium white to yellowish grey (4A1, 4B2),
tomentose, evanescent at maturity and heavily
encrusted with sand particles. Mesoperidium
membranous, fragile, reddish to dark brown
(6C4, 6D7, 6F4), attached to the endoperidium.
Endoperidium pale yellow to orange grey (4A3,
4B4, 6B2), papyraceous, and persistent. Gleba
greyish yellow to dark blond (4B3, 5D4) when
mature, woolly to powdery. Subgleba absent.
Rhizomorph absent. Basidiospores light brown,
non-dextrinoid and cyanophilic, globose, with
warty ornamentation in LM, and formed by
irregular columns, sometimes anastomosed
and connected by a basal reticulum under SEM,
gutule present in some, 4.9-6.3 pm high x 5.0-61
pum in width [x =57+ 03 x 55+ 0.3,Qm =1.03. n
= 30], pedicels short (0.8-1.6 pm long), present
in some. Capillitium of Lycoperdon-type, 1.6-3.8
um in diameter, light brown, non-dextrinoid and
cyanophilic (weak reaction), thin-walled (< 0,8
pm in width), straight to sinuous, not encrusted,
without pores, frequently branched, irregular,
dichotomous and septate with truncated end.
Paracapillitium absent. Exoperidium composed
of hyphae of 21-7.3 um in diameter, thin-walled (<
0.9 um in width), straight to sinuous, hyaline and
dextrinoid. Mesoperidium composed of globose,
subglobose, to irregular pseudoparenchyma
cells 13.9-24.7 ym high x 7.8-19.2 um in diameter,
thin-walled (< 1.2 pm in width) hyaline,
dextrinoid. Endoperidium composed of hyphae
of 1.9-5.5 um in diameter, with thin-walled (< 0.7
pum in width), straight to slightly sinuous, with
septa and dichotomous branches, light brown
and non-dextrinoid.
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Habitat: Occurs in sandy soils, exhibiting a
solitary growth habit.

Distribution: Pantropical, Central America
(Calonge et al. 2005 registered as Langermannia
bicolor), South America (Homrich & Wright 1973
registered as Lanopila bicolor (Lév.) Pat.), Africa
and Asia (Demoulin & Dring 1975 registered as
Langermannia bicolor). In Brazil, the species
was previously recorded in the states of Rio
de Janeiro, Sao Paulo and Rio Grande do Sul
(registered as Lanopila bicolor Homrich & Wright
1973).

Phytophysiognomy: Typical Cerrado and
Rupestrian Cerrado.

Material examined: Brazil, Bahia, Barreiras,
UFOB Forest, Prainha Road [, 12° 08" 45.47" S,
45° 05" 40.46" W. On soil. Collectors K.D. Barbosa
& R.H.S.F. Cruz. Collector code CRUZ20-007. 15
March 2020 (BRBA-Fungos 0136). Sao Desidério,
Rio Grande Site. On soil. Collector G.S. Santos. 20
March 2020 (BRBA-Fungos 0135).

Notes: Historically, Calvatia bicolor
has been a controversial species among
taxonomists. For a long time, its representatives
were synonymized countless times as Lanopila
bicolor; Lasiosphaera fenzlii (Reichardt) Fenzl;
Bovista tosta Berk. & M.A. Curtis; Lanopila
radloffiana Verwoerd; Langermannia fenzlii
(Reichardt) Kreisel; Langermannia wahlbergii
(Fr.) Dring and Bovista bicolor Lév. (Dring 1964,
Demoulin & Dring 1975).

Calvatia bicolor is characterized in the field
by the presence of a fragile, brownish peridium,
with a papyraceous consistency, often crumbling
at maturity, and without subgleba (Cortez et al.
2012, Silva 2013). For a long time, C. bicolor was
morphologically confused with Langermannia
bicolor (Lév.) Demoulin & Dring and compared
with Langermannia bicolor var. cirrifera
(Pat.) Cortez, Baseia & R.M. Silveira, which is
distinguished by its purple peridium and gleba,
in addition to presenting two distinct types of
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capillitium: a thicker one (primary capillitium)
and a thinner one (secondary capillitium), coiled
in the form of filaments (Cortez et al. 2012).
Nonetheless, Li et al. (2024) used molecular
data to corroborate that C. bicolor belongs to
the Calvatia subgen. Langermannia. This is the
second record of this species in the Brazilian
Cerrado biome, and the first in the state of
Bahia.

NEW RECORDS OF GASTEROID FUNGI

Lycoperdon fuligineum Berk. & M.A. Curtis,
in Berkeley, J Linn Soc, Bot 10 (46): 345 (1869)
(Figure 5)

Etymology: In reference to the sooty
appearance of the basidiomata.

Description: Immature basidiomata not
observed. Mature basidiomata 71-10.3 mm in
heightx61-12mminwidth,globosetosubglobose.
Exoperidium light brown (5D4) to light greyish
yellow (4B4), granular, with furfuraceous surface,

Figure 5. Lycoperdon
fuligineum (BRBA-
Fungos 0096). a)
Mature basidiomata
in field. b) Details

of the hairs on

the immature
basidiome. c) Details
of the ostiole. d, f)
Basidiospores in SEM.
e) Capillitium in SEM.
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becoming velvety at maturity, with small
granules and spines. Mesoperidium absent.
Endoperidium light yellow (4A4), smooth and
persistent, with a dehiscence formed by an apical
pore lacerated at maturity. Gleba red-haired to
light brown (6C4, 6D4), becoming powdery at
maturity. Subgleba not observed. Rhizomorph
absent. Basidiospores light brown in Melzer
(weak reaction), non-cyanophilic and non-
dextrinoid, globose to subglobose, echinulate
under LM, with ornamentation formed by conical
spines under SEM, gutule present in some, 3.9-
4.7 in height x 41-4.5 um in width [x = 4.4 0.3
x 45+ 03 pm, Qm = 11. n = 30], pedicel short
(< 1.0 um in long), present in some. Capillitium
absent. Paracapillitium hyaline, long and elastic,
breaking in the septa. Exoperidium composed
of sphaerocysts globose, subglobose, elliptical
to irregular sphaerocysts, measuring 12.2-34.9 x
10.8-23.7 um in diameter, thin-walled (< 1.0 pm
in width), slightly brownish and non-dextrinoid.
Habitat: Gregarious, growing on decaying
wood.
Phytophysiognomy: Rupestrian Cerrado.
Distribution: Cosmopolitan (Dring 1964, Rick
1961, Kreisel & Dring 1967, Bononi 1984, Capelari
& Maziero 1988, Suarez & Wright 1996, Meijer
2006). In Brazil, the species was previously
recorded in the states of Goias and Federal
District (Suarez & Wright 1996), Paraiba (Silva
2013), Parana (Meijer 2006, Alves & Cortez 2014),
Pernambuco (Trierveiler-Pereira et al. 2010), Rio
de Janeiro (Suarez & Wright 1996), Rio Grande
do Sul (Rick 1961), Sao Paulo (Bononi 1981, 1984),
and Roraima (Capelari & Maziero 1988).
Material examined: Brazil, Bahia, Sao
Desideério, Lagoa Azul Municipality Park, 12°
22" 12" S, 44° 52" 05" W. 6474 m. Collectors K.D.
Barbosa, H.F. Santos, S.C.B. Cruz & R.H.S.F. Cruz.
9 February 2023 (BRBA-Fungos 0096). 12° 22" 11"
S, 44° 52" 06" W. 636.9 m. Collectors K.D. Barbosa,
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H.F. Santos, S.C.B. Cruz & R.H.S.F. Cruz. 9 February
2023 (BRBA-Fungos 0097).

Notes: Lycoperdon fuligineum Berk. &
M.A. Curtis is mainly characterized by its
epigeal basidiomata, globose to pyriform,
with velvety peridium, compact subgleba
formed by pseudoparenchyma, abundance of
paracapillitium and absence of true capillitium,
as well as the presence of spiny, and asperulate
or echinulate basidiospores (Kreisel & Dring
1967, Ponce de Leon 1971, Suarez & Wright 1996).

Historically the species belonged to
the genus Morganella Zeller, inserted in the
Fuligineae group, Sect. Morganella (Kriiger &
Kreisel 2003). However, based on molecular
data, it has been confirmed that the genus
Morganella is, in fact, a subgenus of Lycoperdon
in a large paraphyletic clade (Larsson & Jeppson
2008, Alfredo et al. 2017).

Lycoperdon fuligineum morphologically
resembles Lycoperdon velutinum Berk. & M.A.
Curtis by the presence of globose, subglobose
to pyriform basidiomata, strongly echinulate
basidiospores and velvety exoperidium
(Kreisel & Dring 1967). However, L. velutinum
is distinguished by the presence of extremely
elongated setose cells in the exoperidium, up to
140 um in length, a characteristic not observed
in L. fuligineum (Suarez & Wright 1996, Alfredo
et al. 2017).

Two other species that are also
morphologically like Lycoperdon fuligineum
are L. nudum (Alfredo & Baseia) Baseia, Alfredo
& M.P. Martin and L. albostipitatum (Baseia &
Alfredo) Baseia, Alfredo & M.P. Martin, as both
species have a granular exoperidium composed
of aggregates of hyphae, and a brownish gleba.
(Alfredo et al. 2012, Alfredo & Baseia 2014).
However, L. nudum is distinguished by the
presence of an ephemeral exoperidium that
falls off almost completely at maturity, leaving
only small fragments in the basal portion of

An Acad Bras Cienc (2026) 98(2) €20250052 13 | 31



KAIRO D. BARBOSA et al.

the basidiome (Alfredo & Baseia 2014), whereas
L. fuligineum has a persistent exoperidium.
Specimens of L. albostipitatum are mainly
distinguished by the presence of a conspicuous
pseudostipe, a feature not identified in L.
fuligineum (Alfredo et al. 2012).

Lycoperdon fuligineum also resembles L.
oblongatum Accioly, Baseia & M.P. Martin, due
to the presence of velvety exoperidium, smooth
endoperidium and brownish gleba (Alfredo et
al. 2017). However, L. oblongatum has a white
and elongated subgleba up to 3 mm in long,
exoperidium organized in small pyramidal tufts
with chains of sphaerocysts up to 200 um in long,
while L. fuligineum presents an exoperidium
not organized in tufts and with chains of
sphaerocysts less than 35 um long (Alfredo
et al. 2017). Furthermore, the basidiospores
of L. oblongatum are larger (4.7-7.0 uym in
diameter), aculeate, and with spiny projections
< 1.0 um in length, whereas L. fuligineum has
smaller basidiospores (3.9-4.7 ym in diameter),
echinulate, and with spiny projections > 1.0 ym
in length. (Alfredo et al. 2017). This is the fourth
record of this species in the Brazilian Cerrado,
and the first in the state of Bahia.

Nidulariaceae Dumort.

Cyathus amazonicus Trierv. Per. & Baseia,
Mycotaxon 110: 74 (2009) (Figure 6)

Etymology: In reference to the type locality,
it is the Amazon rainforest.

Description: Peridium infundibuliform, 8.5-
11 mm in height, 5.5-7 mm in width, sometimes
expanded at the mouth, not tapered at the base,
and lacking a visible pedicel. Emplacement 2.5-7
mm in diameter, conspicuous, chocolate brown
(6F4), and smooth. Exoperidium woolly, chocolate
brown to tawny brown (6F4, 7F4), with tomentum
of 0.59-0.91 mm in long, arranged in irregular
and flexible tufts. External wall smooth. Mouth
finely to distinctly fimbriated in a continuous
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pattern, 0.41-0.51 mm in high, and chocolate
brown (6F4). Endoperidium brownish beige to
grayish brown (6E3, 7F3), inconspicuously to
conspicuously plicate, 0.25-0.52 mm between the
folds, with perceptible bright, not contrasting
with the exterior. Basal triangle with 0.2-0.14
mm. Epiphragm whitish. Peridiole grayish brown
(7F3), 2.47-2.68 x 2.02-2.51 mm in diameter,
circular to elliptical in shape, smooth surface.
Tunic indistinct. Double-layered cortex, with the
exocortex dark brown, endocortex black and
mesocortex grayish white with loose, powdery
hyphae. Basidiospores smooth, hyaline 16.0-19.5
pm in length x 7.7-11.4 pm in width (L = 17.66 um;
W = 9.89 um), ellipsoid, elongated to cylindrical
(Q = 146-215), on average elongated (Qm = 1.80),
apiculi absent, and basidiospore wall 0.99-2.46
um in thickness.

Habitat: Growing on decaying wood.

Phytophysiognomy: Rupestrian Cerrado.

Distribution: Brazil. The species was
previously recorded in the states of Ronddnia
(Trierveiler-Pereira et al. 2009), Amazonas
(Accioly et al. 2018), Mato Grosso (Assis et al.
2021), and Roraima (Gois et al. 2021).

Material Examined: Brazil, Bahia, Barreiras,
Vida Municipality Park, Acaba-vida Waterfall,
11° 53" 43" S, 45° 36" 05" W. 725.3 m. On decaying
wood. Collectors K.D. Barbosa, H.F. Silva, S.C.B.
Cruz & R.H.S.F. Cruz. 19 February 2023 (BRBA-
Fungos 0115).

Notes: Cyathus amazonicus is characterized
by the presence of a long tomentum (>1 mm in
length), fruiting body with an expanded mouth
and peridiole with a double-layered cortex, easily
observed due to the light colored mesocortex
in contrast to the dense and darker endocortex
and exocortex (Cruz 2017). The species were
originally described for the Brazilian Amazon
rainforest in the state of Rondonia (Trierveiler-
Pereira et al. 2009). Cyathus amazonicus is
placed in the badium group, together with C.
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S

Figure 6. Cyathus amazonicus (BRBA-Fungos 0115). a) Mature basidiomata. b) Peridioles in top view, showing

circular to elliptical shape and smooth surface. ¢) Cross-section of the peridiole showing the double layered
cortex with dark brown exocortex, black endocortex and greyish white mesocortex. d) Basidiospores in LM.

albinus Accioly, R.H.S.F. Cruz & Baseia, C. badius
Kobayasi, C. parvocinereus R. Cruz & Baseia, C.
pyristriatus Thongbai, C. Richt. & M. Stadler, and
C. uniperidiolus PN. Singh & S.K. Singh (Cruz et
al. 2023).

Members of the badium group are
distinguished by the presence of basidiospores
of 12-20 um in length, sometimes reaching up
to 30 pm, globose to elongated, rarely ovoid in
some species, hairy, with brownish peridium,
greyish-brown to reddish-brown peridioles
with 2-3 mm in diameter, with a double-layered

cortex, ranging from subhomogeneous with
grayish-white intermediate hyphae, to non-
subhomogeneous double-layered with
darkened intermediate hyphae (Cruz et al. 2023).
The species found in the western region of Bahia
in Cerrado areas is morphologically compatible
with the material found in the Amazon. However,
the endoperidium of C. amazonicus described
in the protologue is grey to brownish grey in
color, while the endoperidium of the Cerrado
specimen ranged from brownish beige to greyish
brown (6E3, 7F3). This is the first record of this

An Acad Bras Cienc (2026) 98(2) €20250052 15 | 31



KAIRO D. BARBOSA et al.

species in the Brazilian Cerrado biome, and the
first in the state of Bahia.
Cyathus aurantiogriseocarpus R. Cruz,
Gois, M.P. Martin, K. Hosaka & Baseia [as
‘aurantogriseocarpus’], in Crous et al., Persoonia
38:323 (2017) (Figu re7)
Etymology: In reference to the greyish-
orange exoperidium color (Crous et al. 2017).
Description: Peridium infundibuliform, 6-7.5
(-9) mmin height, 4-6 mm in width, not expanded
at the mouth or tapered abruptly at the base,
absent pedicel. Emplacement 2.5-5.5 mm in
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diameter, conspicuous and not tomentose,
brown (6F5). Exoperidium hirsute, greyish orange
to greyish brown (5B2, 5C3, 5D4), with tomentum
0.58-0.86 mm in long, arranged in flexible and
regular tufts, directed upwards and away from
the fruiting body. External wall inconspicuous
to conspicuously plicated, 0.23-0.66 mm
between the folds. Mouth finely fimbriated in a
continuous to intermittent pattern 014-0.24 mm
high, brown (6F5). Endoperidium grey to greyish
brown (5F1, 6E2), inconspicuously plicated, 0.33-
0.49 mm between the folds, with perceptible

.

Figure 7. Cyathus aurantiogriseocarpus (BRBA-Fungos 0093). a) Mature basidiomata. b) Peridioles in top view,

showing a circular to elliptical shape and a smooth to slightly rugulose surface. c) Cross-section of the peridiole
showing the double layered cortex with black exo- and endocortex, and greyish mesocortex. d) Basidiospores in
LM.
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bright, not contrasting with the exterior. Basal
triangle grey to greyish brown (5F1, 6E2), up to
0.51 mm in diameter. Epiphragm not observed.
Peridiole black (6F3), 1.62-2.01 x 1.38-1.73 mm
in diameter, circular to elliptical in shape, and
smooth to slightly rugulose surface. Tunic
indistinct. Double-layered cortex, with exocortex
and endocortex black and mesocortex greyish,
composed of loose and powdery intermediate
hyphae. Basidiospores smooth, hyaline (21.22)
2313-41.27 um in length x 15.08-25.57 ym in width
(L =3177 um; W = 21.53 pum), slightly elliptical
to elongated [Q = (1.02-) 119-1.61 (1.79-1.90)], on
average ellipsoid (Qm= 148), apiculi present in
some, and basidiospore wall 1.62-4.28 um in
thickness.

Habitat: Growing on decaying wood.

Phytophysiognomy: Typical Cerrado and
Sparse Cerrado.

Distribution: Brazil, state of Rio Grande do
Norte (Crous et al. 2017).

Material examined: Brazil, Bahia, Barreiras,
UFOB Forest, in front of the entrance gate of the
Campus Reitor Edgard Santos, 12° 08" 59.6" S,
45° 01 07.8" W. On decaying wood. Collectors
M.W.M. Profiro, K.D. Barbosa & R.H.S.F. Cruz.
15 March 2022 (BRBA-Fungos 0093). Familia
Barbosa Farm, 12° 07 18" S, 45° 04 29" W. 475
m. Collectors K.D. Barbosa, H.F. Silva, S.C.B. Cruz
& R.H.S.F. Cruz. 17 February 2023 (BRBA-Fungos
0109; BRBA-Fungos 0110).

Notes: Cyathus aurantiogriseocarpus is
characterized by having basidiomata with
plicated walls, with well-defined striations,
giant basidiospores (around 30-40 pm in
length) and orange-brown or greyish orange to
reddish exoperidium colors (Crous et al. 2017).
Cyathus aurantiogriseocarpus is placed in the
striatum supergroup, within the gigasporum
group, together with other species with large
basidiospores, such as C. hortensis R. Cruz &
Baseia, C. lignilantanae R. Cruz & M.P. Martin, C.
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limbatus Tul. & C, Tul, and C. magnomuralis R.
Cruz & Baseia (Cruz et al. 2023).

The members of the gigasporum group
are mainly characterized by the presence of
basidiospores >20 um, sometimes reaching more
than 30-40 pm, slightly elliptical to elongated
in shape, peridium with conspicuous plication,
peridiole with smooth surface, double-layered
cortex and absence of tunic (Cruz et al. 2023).
Cyathus aurantiogriseocarpus was originally
described from Brazil, found in a private garden
nearthe duneareain the city of Natal, Rio Grande
do Norte, Brazil. The species from western Bahia
is morphologically compatible with the material
from Rio Grande do Norte, although it has
slightly darker colors in the exoperidium. This
is the second record for Brazil and for science,
and first record in the Brazilian Cerrado biome.
Cyathus aff. badius Kobayasi, Bot Mag, Tokyo 51:
755 (1937) (Figure 8)

Etymology: In reference to the slightly
saturated brown color of the exoperidium
(Kobayasi 1937).

Description: Peridium infundibuliform,
7.75-9 mm in height, 5.6-6 mm in width, slightly
expanded at the mouth but not tapered abruptly
at the base, and without observable pedicel.
Emplacement2.5-4mmindiameter,conspicuous,
brown to chocolate brown (6F4, 6F5), smooth.
Exoperidium woolly, brown to chocolate brown
(6F4, 6F5), with tomentum of 0.29-0.55 mm in
long, arranged in irregular and flexible tufts.
External wall smooth to conspicuously plicate,
0.28-0.39 mm between the folds. Mouth distinctly
fimbriate to finely fimbriate in a continuous
pattern, 0.38-0.53 mm high, brown to chocolate
brown (6F4, 6F5). Endoperidium greyish brown
(8E2), inconspicuously plicate, 0.36-0.45 mm
between the folds, perceptible bright, not
contrasting with exterior. Basal triangle not
observed. Epiphragm not observed. Peridiole
greyish brown (5F2), 2.35-2.53 x 2.01-2.24 mm in
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Figure 8. Cyathus aff. badius (BRBA-Fungos 0113). a) Mature basidiomata. b) Peridioles in top view, showing the

elliptical shape and smooth surface. c) Cross-section of the peridiole showing the double layered cortex with
black exo- and endocortex, and brownish white mesocortex. d) Basidiospores in LM.

diameter, elliptical in shape, smooth surface.
Tunica indistinct. Double-layered cortex, with
black exocortex and endocortex, and brownish
white mesocortex with loosely, powdery hyphae.
Basidiospores smooth, hyaline, 15.4-19.8 um in
length x 10.5-12.6 pm in width (L = 17.2 ym; W
= 11.5 pm), elongated (Q = 1.36-1.64), ellipsoid
on average (Qm = 150), apiculi absent and
basidiospore wall 0.82-2.27 um in thickness.

Habitat: Growing on seed coat of
Bignoniaceae.

Phytophysiognomy: Rupestrian Cerrado.

Distribution: Japan (Kobayasi 1937), China
(Liu & Li 1989), and Brazil (Cruz 2017). In Brazil
the species was previously recorded in the
states of Rio Grande do Norte (Cruz et al. 2012),
Pernambuco (Cruz et al. 2014) and Roraima (Gois
et al. 2021).

Material Examined: Brazil, Bahia, Barreiras,
Vida Municipality Park, Acaba-vida Waterfall,
11°53'37" S, 45°36°4" W. 722 m. On dead leaves
and wood. Collectors K.D. Barbosa, H.F. Silva,
S.C.B. Cruz & R.H.S.F. Cruz. 19 March 2023 (BRBA-
Fungos 0113). 11°53'37"S, 45°36'4"W. 714 m. On
decaying wood. Collectors K.D. Barbosa, H.F.
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Silva, S.C.B. Cruz & R.H.S.F. Cruz. 19 March 2023
(BRBA-Fungos 0114).

Notes: Cyathus badius is characterized by the
presence of an infundibuliform peridium, slightly
expanded at the mouth but not tapered at the
base, a woolly chocolate brown exoperidium, an
elliptical greyish brown peridiole with a smooth
surface and double-layered cortex, with black
exocortex and endocortex and brownish white
mesocortex (Kobayasi 1937, Cruz et al. 2018).
Specimens of C. badius have been reported
from different climatic regions of the world,
including temperate areas in Asia and tropical
zone areas in the northeast region of Brazil (Liu
& Li 1989, Cruz et al. 2012). Cyathus badius is the
representative species of the badium group,
and the clade is formed by this species together
with C. albinus, C. amazonicus, C. parvocinereus,
C. pyristriatus, and C. uniperidiolus (Cruz et al.
2023).

The species from western Bahia is
morphologically like with the material found
in the state of Rio Grande do Norte and with
other Brazilian samples, differing only in a few
structures such as a more rigid consistency of
the exoperidium, flexibility of the tomentum,
expansion of the mouth, endoperidium
inconspicuous and slightly darker in color,
in addition to small variations in the shape
of the peridioles, with the cortex not being
subhomogeneous in all basidiomata. However,
the “common” Brazilian sample of Cyathus
badius itself presents morphological variations
with the type specimen from Japan, with the
size of the basidiospore being the most striking
characteristic (8.22-12.67 pm in length x 11.2 um
in width in the type specimen from Japan), and
it is more reasonable to consider the Brazilian
samples as affine, as proposed by Gois et al.
(2021). This is the first record of this species
in the Brazilian Cerrado biome, the first in the
state of Bahia.
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Cyathus aff. earlei Lloyd, Mycol Writ (Cincinnati)
2(7): 26 (1906) (Figure 9)

Etymology: In honor of the collector of the
species, F. S. Earle.

Description: Peridium infundibuliform, 7.5-8
mm in height, 41-5.8 mm in width, not expanded
at the mouth and not tapered abruptly at the
base, with no observable pedicel. Emplacement
of 2.8-5.5 mm in diameter, conspicuous, smooth,
dark brown (6F6). Exoperidium hirsute, dark
brown (6F7), with tomentum of 0.44-0.80 mm
in long, arranged in regular and flexible tufts.
External wall inconspicuously to conspicuously
plicated, 0.23-0.47 mm between the folds. Mouth
finely to distinctly fimbriated in a continuous
pattern, 0.26-0.53 mm high, dark brown (7F8).
Endoperidium brown (6E4), conspicuously
plicate, with 0.30-0.51 mm between the folds, with
platinum bright, contrasting with the exterior.
Epiphragm whitish and flexible. Basal triangle
of 0.7-1 mm high, dark brown (7F8). Peridiole
dark brown (7F5), 1.50-2.08 x 1.25-1.92 mm in
diameter, angular, irregular to elliptical at edges,
with rugulose surface. Tunic indistinct. Cortex
double-layered, with exocortex dark brown,
endocortex black and mesocortex brownish grey
composed of compact hyphae, not powdery.
Basidiospores smooth, hyaline, 6.33-17.40 um in
length = 5.31-13.81 pm in width (L = 10.56 um; W
= 8.67 um), globose to elliptical (Q = 1.01-147),
slightly elliptical on average (Qm = 1.21), apiculi
present in some, and basidiospore wall 0.34-1.28
pum in thickness.

Habitat: Growing on decaying wood.

Phytophysiognomy: Sparse Cerrado.

Distribution: Cuba, Puerto Rico, Mexico,
Hawaii, Costa Rica (Lloyd 1906, Brodie 1975), and
Brazil (Cruz et al. 2012). In Brazil this species was
previously recorded in the states of Amazonas,
Ceara, Pernambuco, Paraiba, and Rio Grande do
Norte (Gois et al. 2021).
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a

Figure 9. Cyathus aff. earlei (BRBA-Fungos 0003). a) Mature b
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. 1 A

asidiomata. b) Peridioles in top view, showing the

angular, irregular to elliptical shape, and rugulose surface. c) Cross-section of the peridiole showing the double
layered cortex with dark brown exocortex, black endocortex and brownish grey mesocortex. d) Basidiospores in

LM.

Material Examined: Brazil, Bahia, Barreiras,
Familia Barbosa Farm, 12° 07’ 11.25" S 45° 04’
26.43" W. On decaying wood. Collectors K.D.
Barbosa & R.H.S.F. Cruz. 19 May 2019 (BRBA-
Fungos 0003).

Notes: Cyathus earlei is characterized
mainly by the presence of inconspicuous
to conspicuous markings on the peridium,
platinum bright on the endoperidium, and its
well distribution in places with tropical climates
(Lloyd 1906). The Brazilian material of C. earlei
has been the subject of intense debate to resolve

its taxonomic position, probably because it is a
species complex with differentiation from the
type of material described in Cuba (Cruz 2017,
Gois et al. 2021). Based on the morphological and
molecular characters, the Brazilian samples of C.
earlei are grouped in the minimum group, based
on detailed measurements of the tomentum and
mouth, in addition to the species C. minimus
Pat.,, which best represents these characters. In
addition to this species, the group consists of
the type species of C. crassimurus H. J. Brodie,
C. isometricus R. Cruz, Gois, P. Marinho & Baseia
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and C. setosus H. J. Brodie, as well as samples of
C. gracilis H. J. Brodie and C. minimus (sample
from Japan), and C. triplex (sample from China)
(Cruz et al. 2023). The species of the minimum
group are characterized by the presence of
basidiospores between 15 and 20 pm, elliptical
in shape and without apiculi, peridium with
short tomentum (0.2-0.8 mm long), woolly to
hirsute, yellowish-brown (honey yellow, clay
brown) to reddish-brown exoperidium, thin
mouth (<0.5 mm high) in a continuous pattern,
smooth to slightly plicate in the inner and outer
walls, brownish peridioles with double-layered
cortex and bronze or brownish exocortex, rarely
black (Cruz et al. 2023).

The material from Western Bahia presents
important similarities with other specimens of
C. earlei from Brazil; however, the material from
the Caatinga and Atlantic Forest biomes shows
a greater distance between the folds in the
striations of the endoperidium and exoperidium
(generally 0.5-0.7 mm), and peridioles that
are longer in length (2.0-2.5 mm). In contrast,
the material from the Cerrado biome has the
same peridiole measurement as the material
from Cuba and could be considered the closest
Brazilian version of the “original” C. earlei, if the
other characteristics were like the type. However,
as with the other Brazilian materials, all the
other characteristics remain the same as those
of the national materials. Another questionable
case is the presence of many basidiospores of
small size, tending to be closer to the minimum
limit of the species size (approximately 6.0-10.0
pum in length x 5.0-9.0 ym in width), which can
be seen in the mean values that are “lower”
than the average of the species from the Atlantic
Forest and Caatinga (Qm = 1.55 in the species
from these biomes, Qm=1.21 in the material
from the Cerrado) (Gois et al. 2021). This may
reflect not yet fully developed peridioles, or a
local pattern that will only be observed with

NEW RECORDS OF GASTEROID FUNGI

the addition of new collections in the coming
years. This is the first record of this species in
the Brazilian Cerrado biome, and the first in the
state of Bahia.

Cyathus gracilis H.). Brodie, Canad ] Bot 51(7):
1393 (1973) (Figure 10)

Etymology: In reference to the “graceful”
and distinctive way in which the fruiting body
tapers towards the base (Brodie 1973).

Description: Peridium infundibuliform, 5.5-
7.2 mm in height, 4-6 mm in width, not expanded
at the mouth or tapered abruptly at the base,
with no observable pedicel. Emplacement
2.5-4 mm in diameter, conspicuous and not
tomentose, chocolate brown (6F4). Exoperidium
hirsute, chocolate brown (6F4), with tomentum
of 0.35-0.64 mm in long, arranged in flexible and
regular tufts, directed upwards and outwards
from the fruiting bodies. External wall smooth.
Mouth finely fimbriated in a continuous pattern,
0.29-0.37 mm high, chocolate brown (6F4).
Endoperidium brownish grey (7D2), smooth, with
perceptible bright contrasting with the exterior.
Epiphragm whitish and flexible. Basal triangle
not observed. Peridiole brownish grey (7F2), 1.93-
2.25x1.70-1.98 mm, elliptical at the edges, slightly
rugulose. Tunic indistinct. Double-layered
cortex, with brown to bronze exocortex, black
endocortex, and greyish mesocortex, composed
of compact intermediate hyphae, not powdery.
Basidiospores smooth, hyaline, 14.86-19.63 pm
in length x 9.6-14.23 um in width (L = 16.90 um;
W =11.23 pm); ellipsoid to elongated [Q = (1.22-)
1.32-1.71 (-1.89)], ellipsoid on average (Qm = 1.51),
apiculi absent and basidiospore wall 1.29-3.28
um in thickness.

Habitat: Growing on decaying wood.

Phytophysiognomy: Rupestrian Cerrado.

Distribution: Philippines (Brodie 1973). In
Brazil species was previously recorded in the
state of Bahia, Ceara, Pernambuco, Paraiba, Rio
Grande do Norte and Roraima (Gois et al. 2021).
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Figure 10. Cyathus gracilis (BRBA-Fungos 0116). a) Mature basidiomata. b) Peridioles in top view, showing the
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elliptical shape and the slightly rugulose surface. c) Cross-section of the peridiole showing the double layered
cortex with brown to bronze exocortex, black endocortex and greyish mesocortex. d) Basidiospores in LM.

Material Examined: Brazil, Bahia, Sao
Desidério, Deus me livre Wall, 12° 26" 02" S, 45°
05" 04" W. 521.6 m. On decaying wood. Collectors
K.D. Barbosa, H.F. Silva, S.C.B. Cruz & R.H.S.F. Cruz.
20 February 2023 (BRBA-Fungos 0116).

Notes: Cyathus gracilis is one of the best-
defined species of the genus, characterized
mainly by the presence of a gracefully affiliated
base in the lower portion of the basidiome,
peridioles with double-layered cortex and
absence of striation in the peridium wall, or
when rarely present, being discrete (Brodie

1973, Gois et al. 2021). In Brazil, C. gracilis is
widely distributed in areas of the Atlantic
Forest, Caatinga and Brazilian highland swamps
(Barbosa et al. 2014, Cruz et al. 2014). Based on
the morphological characters, the material from
western Bahia can be placed in the minimum
group according to the current classification of
Cruz et al. (2023), with small differences, besides
being very similar, in the tomentum size (0.35-
0.64 mm in the material from western Bahia)
when compared to the specimens described
for the Atlantic Forest and Caatinga (0.25-0.60
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mm), but slightly smaller when compared to the
species found in the Brazilian highland swamps,
which present tomentum of up to 1.0 mm in
length.

Cyathus gracilis can also be compared
morphologically with C. earlei from Central
America, bearing in mind that the C. earlei
samples from Brazil may represent a species
complex (as explained in the comments on
the Cyathus earlei sample). However, Cyathus
earlei is distinguished by the absence of the
graceful tapering at the base of the basidiomata,

Figure 11. Cyathus magnomuralis (BRBA-Fungos 0004). a) Mature basidiomata. b) Peridioles in top view, showing
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the presence of a platinum bright in the
endoperidium, and the brownish orange to
brownish grey color of the peridium (5C3, 6C2),
in addition to presenting peridioles with distinct
shapes and a subhomogeneous, single-layered
cortex, that becomes double-layered only at the
borders (Cruz et al. 2018). This is the first record
of this species in the Brazilian Cerrado biome,
and the second in the state of Bahia.

Cyathus magnomuralis R. Cruz & Baseia, ) Torrey
Bot Soc 141(2): 177 (2014) (Figure 11)

the circular to elliptical shape, and smooth to slightly rugulose surface. c) Cross-section of the peridiole showing
the double layered cortex with black exo- and endocortex, and greyish mesocortex. d) Basidiospores in LM.
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Etymology: In reference to the thick wall of
the basidiospores (Cruz & Baseia 2014).

Description: Peridium infundibuliform, 5.32-
726 mm in height, 4.21-6.54 mm in width, not
expanded atthe mouth ortapered abruptly atthe
base, with no observable pedicel. Emplacement
3.8-59 mm in diameter, conspicuous, yellowish
brown to dark brown (5E8, 6F6), smooth.
Exoperidium hirsute, dark brown to chocolate
brown (6F4, 7F4) with tomentum of 0.34-0.64
mm in long, arranged in regular and flexible
tufts. External wall conspicuously plicated,
with 0.28-0.39 mm between the folds. Mouth
finely fimbriated in a continuous pattern, 018-
0.31 mm high, dark brown (7F4). Endoperidium
chocolate brown to chestnut brown (6F4, 7F6),
conspicuously plicated, 016-0.37 mm between
the folds. Perceptible bright not contrasting with
exterior. Epiphragm whitish and flexible. Basal
triangle not observed. Peridiole greyish brown
to brown (7F3, 7F6), 1.76-2.08 x 147-1.82 mm,
circular to elliptical at the edges, with smooth
to slightly rugulose surface. Tunic indistinct.
Double-layered cortex, with black exocortex
and endocortex, and greyish mesocortex with
slightly compact to loose hyphae, not powdery.
Basidiospores smooth, hyaline (231-24.5) 30.8-
462 (-52.4) um in length x (18.5-) 21.6-30.8 (-38.5)
puminwidth (L=35.2 um; W =23.7 um), subglobose
to elongate (Q = 1.03-1.99), elliptical on average
(Qm =1.49), apiculi absent and basidiospore wall
of (1.54-) 3.08-4.62 (-6.16) um in thickness.

Habitat: Growing on decaying wood.

Phytophysiognomy: Sparse Cerrado.

Distribution: Brazil. The species was
previously recorded in the state of Ceara (Cruz
& Baseia 2014).

Material Examined: Brazil, Bahia, Barreiras,
Familia Barbosa Farm, 12° 07 11.25" S, 45° 04’
26.43" W. On decaying wood. Collectors K.D.
Barbosa & R.H.S.F. Cruz. 19 May 2019, (BRBA-
Fungos 0004). 12° 07' 14.0" S, 45° 04’ 28.7" W. On

NEW RECORDS OF GASTEROID FUNGI

decaying wood Collectors K.D. Barbosa & R.H.S.F.
Cruz. 19 May 2019, (BRBA-Fungos 0005).

Notes: As one of the few species of the genus
with a basidiospore wall reaching thicknesses of
up to 6 pm in diameter, Cyathus magnomuralis
was considered, in the last years, as endemic to
the Araripe National Forest, Crato, in the Brazilian
state of Ceara (Cruz & Baseia 2014). According to
Cruz et al. (2023), C. magnomuralis belongs to
the gigasporum group. The sample from western
Bahia presents similarities with the type species,
however it is possible to find discrepancies in
the macromorphology, which may or may not
be effects of the environment in which the
sample developed (Cruz & Baseia 2014). The
Araripe National Forest is a humid forest region
located in a transitional area between Caatinga
(highland swamp phytophysiognomy) and
Cerrado (Cerraddo phytophysiognomy), while the
sample described here is from Cerrado stricto
sensu (Sparse Cerrado phytophysiognomy).

Differences between the samples are
found in the color of the exoperidium, which
is dark blond to dark brown in the type species
(5D4) and dark brown to chocolate brown in
the Cerrado sample (6F6, 6F4), the tomentum
size (1.0-1.5 mm in the type species and 0.34-
0.64 mm in the species described here), and
peridiole size (1.5-1.5 mm in the type species and
1.76-2.08 x 147-1.82 mm in the Cerrado sample)
(Cruz & Baseia 2014, Cruz 2017). Despite these
differences, other characteristics are like the
type of material, including the basidiospore size
and wall thickness, which are the characters that
define the species. This is the second record for
Brazil and for science, and first record in the
Brazilian Cerrado biome.

Cyathus stercoreus (Schwein.) De Toni, in
Berlese, De Toni & Fischer, Syll Fung (Abellini)
7(1): 40 (1888) (Figure 12)

Etymology: In reference to the substrate

where the species develops (Cruz 2017).
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Figure 12. Cyathus stercoreus (BRBA-Fungos 0091). a) Mature basidiomata in field. b) Mature basidiomata. c)
Cross-section of the peridiole, showing the double layered cortex with black exo- and endocortex, and dark grey
mesocortex. d) Peridioles in top view, showing irregular, circular to angular shape, and smooth surface.

Description: Peridium infundibuliform,
8.97-101 mm in height, 4,6-58 mm in width, not
expandedatthe mouthortaperingabruptlyatthe
base, with no observable pedicel. Emplacement
1.83-2.06 mm in diameter, inconspicuous to
conspicuous, smooth, brown (7€7). Exoperidium
woolly, orange brown to brown (5C3, 7E8), with
short and sparse tomentum, 0.32-0.6 mm in
long, arranged in irregular and flexible tufts.
External wall smooth. Mouth finely fimbriated in
a continuous pattern, 010-015 mm high, brown
(7E8). Endoperidium brownish grey (7C2), smooth,

perceptible bright, contrasting with the exterior.
Epiphragm white and flexible. Basal triangle not
observed. Peridioles black, 1.62-2.18 = (1.25-) 1.50-
1.75mm, irregular, circularto angularatthe edges,
smooth surface. Tunic indistinct. Double-layered
cortex with black exocortex and endocortex, and
dark grey mesocortex with compact hyphae, not
powdery. Basidiospores smooth, hyaline, 22.8-
31.9 um in length x 20.0-26.0 um in width (L = 28.3
pum; W =231 um), subglobose to slightly elliptical
(Q = 1.06-1.36), on average slightly elliptical (Qm
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=1.21), apiculi absent and basidiospore wall 1.54-
3.08 um in thickness.

Habitat: Growing between grass and
manure.

Phytophysiognomy: Sparse Cerrado.

Distribution: Cosmopolitan (Brodie 1975,
Cruz 2017). In Brazil, this species was previously
recorded in the states of Mato Grosso do Sul,
Sao Paulo, Para, Parana, Rio Grande do Sul and
Rio Grande do Norte (Gdis et al. 2021).

Material Examined: Brazil, Bahia, Barreiras,
Familia Barbosa Farm, 12° 07’ 14.9” S, 45° 04
28.42" W. Between manure and grass. Collectors
K.D. Barbosa & R.H.S.F. Cruz. 7 November 2020
(BRBA-Fungos 0091).

Notes: Cyathus stercoreus is one of the
most widespread species of the genus, easily
recognized by its morphological and ecological
characters, such as the absence of striations on
the basidiome, relatively large basidiospores
(commonly reaching values > 25um in length)
and with a shape that generally varies from
subglobose to slightly elliptical, endoperidium
with perceptible to platinum bright, black
peridioles and, obviously, the development of
fruiting bodies in dung, a substrate relatively
limited within the genus, only observed in
specimens of C. stercoreus and C. fimicola Berk.

Cyathus stercoreus is allocated in the
Stercoreus subgroup, characterized by the
presence of basidiospores > 20 um in long,
subglobose to slightly elliptical in shape,
smooth peridium, slightly rugulose peridiole
surface, double-layered cortex and absence of
tunic (Cruz et al. 2023). There are no records of
this species for the state of Bahia, and in the
northeast region of Brazil the only records are
for Rio Grande do Norte, in the Caatinga biome
(Gois et al. 2021). Other Brazilian records are
exclusively from the southeast and south region
of Brazil, in addition to an imprecise citation for
Mato Grosso do Sul, central-west region of the
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Country, that does not include a description or
even photos of the sample. This is the second
record of this species in the Brazilian Cerrado,
and the first in the state of Bahia.
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