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Abstract

Ingoldian fungi have a worldwide distribution, but the most species have been described from temperate regions. In Brazil,
the studies of Ingoldian fungi started in the 1980’s in the Atlantic Forest, the state of Sdo Paulo. Later studies extended to
other biomes such as the Cerrado, Caatinga and Amazon. The aim of this study is to improve our understanding of the oc-
currence and distribution of Ingoldian fungi in Brazil. Here, we include and discuss several new records for Brazil associ-
ated with submerged leaves of Calophyllum brasiliense and provide a checklist, a key and illustrations for all species of the
Ingoldian fungi recorded from Brazil, as well as distribution maps. Flagellospora stricta is a new record to the Americas;
Dendrosporomyces prolifer and Geniculospora inflata to the Neotropics; Pyramidospora casuarinae and Triscelophorus
monosporus are new records to the Caatinga. With the new additions of species associated with submerged leaves of C.
brasiliense, a total of 85 taxa of Ingoldian fungi are now recorded in Brazil. Nineteen taxa are reported from the Amazon, 53
from the Atlantic Forest, 39 from the Caatinga and 21 from the Cerrado.
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Introduction

Ingoldian fungi are asexual stages of ascomycetes or basidiomycetes (Shearer et al. 2007) adapted to aquatic
environments. They are identified mainly based on the morphological features of conidia that are often quite unique:
branched, sigmoid, tetraradiate, or multiradiate. Earlier studies based on anamorph-teleomorph connections (Webster
1992) and more recent molecular data (Belliveau & Bérlocher 2005, Baschien et al. 2006) have shown that Ingoldian
fungi are polyphyletic. The majority of species analyzed have affinity with the Leotiomycetes (Helotiales), while
some species are closely related to Dothideomycetes (Dothideales and Pleosporales), Orbiliomycetes (Orbiliales)
or Sordariomycetes (Hypocreales) (Belliveau & Bérlocher 2005, Baschien et al. 2006, 2013, Campbell et al. 2009,
Shearer et al. 2014); very few species are of basidiomycetous affinity. Ingoldian fungi have worldwide distribution
(Jones & Pang 2012) but the highest number of species has been described from temperate regions (Silva & Briedis
2011).

Aquatic fungi are essential in the decomposition of submerged plant litter and are the key players in aquatic
ecosystems facilitating the transfer of energy and nutrients to higher tropic levels (Gessner et al. 2007). Ingoldian
fungi demonstrate the production of a wide variety of enzymes with cellulolytic, pectinolytic and proteolytic activity
(Shearer 1992). Some of these fungi have been also reported to produce antimicrobial secondary metabolites (Gulis &
Stephanovich 1999, Arya & Sati 2011).

De Wildeman described three genera of Ingoldian fungi in the 1890: Clavariopsis De Wild. (1895: 200),
Lemonniera De Wild. (1894: 147) and Tetracladium De Wild. (1893: 39) (De Wildeman 1893, 1894, 1895). The group
received more attention in 1942, with the Ingold’s study that named the group “aquatic hyphomycetes” and listed
16 species, seven new genera, 11 new species and two new combinations (Ingold 1942). C.T. Ingold collected and
published extensively on the Ingoldian fungi from temperate and tropical regions and inspired more interest in this
group (Ingold 1949, 1958a, 1959, Hudson & Ingold 1960).
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Nilsson (1962a) began the studies of Ingoldian fungi in South America collecting from rivers in Venezuela and
described two new genera: Angulospora Sv. Nilsson (1962: 354) and Pyramidospora Sv. Nilsson (1962: 358). Later
reports came from Argentina, Brazil, Chile, Colombia, Ecuador, Peru and Venezuela (Gamundi et al. 1977, Burgos &
Riffart 1982, Schoenlein-Crusius & Milanez 1989, Matsushima 1993, Luna-Fontalvo 2009, Silva & Briedis 2016).
Matsushima (1993) described a new species, Triscelophorus curviramifer Matsush. (1993: 70) and proposed a new
combination 7. deficiens (Matsush.) Matsush. (1993: 70) from Peru.

In Brazil, the studies of Ingoldian fungi started in the 1980’s on submerged leaves of Ficus microcarpa L.f. (1782:
442) in the Atlantic Forest, the state of Sdo Paulo (Schoenlein-Crusius & Milanez 1989). Later studies extended to
other biomes such as the Cerrado, Caatinga and Amazon (Schoenlein-Crusius 2002, Fiuza & Gusmao 2013a, Fiuza et
al. 2015). Schoenlein-Crusius & Grandi (2003) reviewed the diversity of aquatic hyphomycetes in South America and
reported 31 taxa of Ingoldian fungi from Brazil.

The aim of this study is to improve our understanding of the occurrence and distribution of Ingoldian fungi in
Brazil. Here, we include and discuss several new records for Brazil associated with submerged leaves of Calophyllum
brasiliense Cambess. in Saint-Hilaire (1825: 320) and provide a checklist, a key and illustrations for all species of the
Ingoldian fungi recorded from Brazil, as well as distribution maps.

Materials and Methods

Study area

From November 2013 to January 2015, we made eight expeditions to “Serra da Tromba”, located in the Chapada
Diamantina, a semiarid region in northeastern Brazil. Submerged leaves of C. brasiliense were collected from three
streams in the Contas river basin after several weeks of decomposition in litter bags. The samples were taken to the
Laboratory of Mycology (LAMIC) in plastic bags, and processed according to Castafieda Ruiz et al. (2016) and
Biérlocher (2005).

Sampling methods

Castafieda Ruiz et al. (2016): The samples were washed and placed in Petri dishes (moist chambers) incubated in a
polystyrene box with sterile water plus glycerol for 30 days. Fungal structures were mounted on slides with lactic acid
and sealed with nail polish. Some fungi were also isolated into pure culture.

Bérlocher (2005): Leaf samples were washed and 12-mm diam discs cut with a cork borer. The discs were
incubated for 48 hours at 18-20°C on a shaker (100rpm) in 100-mL Erlenmeyer flasks containing 30 mL of sterile
distilled water to induce sporulation. The spore suspensions were filtered through membrane filters (5 um pore size),
and the filters were then mounted on slides with cotton blue in lactic acid. The leaf discs were also mounted on slides
and examined under compound microscope. The specimens are deposited in the Herbarium of “Universidade Estadual
de Feira de Santana” (HUEFS).

Venn diagram showing the distribution of Ingoldian fungi among different biomes was made using software
available at Bioinformatics & Evolutionary Genomics (2016) site.

Results

In the present study in the Caatinga, we found 15 taxa of Ingoldian fungi from 12 genera (Table 1) associated with
submerged leaves of Calophyllum brasiliense. Flagellospora stricta Sv. Nilsson (1962b:82) is a new record to the
Americas; Dendrosporomyces prolifer Nawawi, J. Webster & R.A. Davey (1977: 59) and Geniculospora inflata
(Ingold) Sv. Nilsson ex Marvanova & Sv. Nilsson (1971: 532) to the Neotropics; Pyramidospora casuarinae Sv.
Nilsson (1962a: 359) and Triscelophorus monosporus Ingold (1943: 152) are new records to the Caatinga. All new
records are discussed in details in the Taxonomy section below.

With these additions, a total of 85 taxa of Ingoldian fungi are now reported from Brazil (Table 2). Of those, 19 taxa
are known from the Amazon, 53 from the Atlantic Forest, 39 from the Caatinga and 21 from the Cerrado (Fig. 1). All
species of Ingoldian fungi that has been found in Brazil are illustrated in Figs. 2—7. In addition, a key to all taxa and
maps showing study sites and distribution are provided (Figs. 8-9).
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TABLE 1. Taxa of Ingoldian fungi associated with Calophyllum brasiliense in this study.

Taxa Moist chambers (after Submerged incubations
Castaiieda-Ruiz ef al. 2016) (after Béarlocher 2005)

Anguillospora filiformis Greath. X
A. longissima (Sacc. & P. Syd.) Ingold

Condylospora gigantea Nawawi & Kuthub.

Dendrosporium lobatum Plakidas & Edgerton ex J.L. Crane

Dendrosporomyces prolifer Nawawi, J. Webster & R.A. Davey X
Filosporella sp. X
Flagellospora curvula Ingold

F stricta Sv. Nilsson

Geniculospora inflata (Ingold) Sv. Nilsson ex Marvanova & Sv. X

LT T T T ]

Nilsson

Ingoldiella hamata D.E. Shaw X
Lunulospora curvula Ingold

Pyramidospora casuarinae Sv. Nilsson

Scutisporus brunneus K. Ando & Tubaki

Triscelophorus acuminatus Nawawi X
T. monosporus Ingold

[T T B

TABLE 2. Taxa of Ingoldian fungi recorded from Brazil.

Taxa Substrate Biome Reference Ilustration from

Alatospora acuminata Ingold Submerged leaf litter Atlantic Forest  Malosso (1999) Ingold (1942);
Fiuza & Gusmao
(2013a); Fiuza et

al. (2015)
Foam Caatinga Fiuza & Gusmao (2013a)
Foam Amazon Fiuza et al. (2015)
Anguillospora crassa Ingold  Submerged leaf litter Atlantic Forest ~ Schoenlein-Crusius & Milanez Ingold (1958b)
(1990a , 1990b), Schoenlein-
Crusius et al. (2009, 2014, 2015a,
2015b, 2016)
Submerged leaves of Alchornea Atlantic Forest ~ Schoenlein-Crusius & Milanez
triplinervia Spreng. M. Arg. (1998a, 1998b)
Submerged leaves of Tibouchina pulchra  Atlantic Forest =~ Moreira (2006), Schoenlein-
(Cham.) Cogn Crusius et al. (2015b, 2016)
Submerged leaves of Protium Atlantic Forest ~ Rosa et al. (2009)
heptaphyllum Marchand and Lafoensia
pacari A.St.-Hil.
Submerged leaves of Caesalpinia Atlantic Forest ~ Moreira (2011), Schoenlein-
echinata Lam. Crusius et al. (2015b)
Submerged leaf litter Cerrado Malosso (1999), Schoenlein-
Crusius (2002)
A. filiformis Greath. Submerged leaves of Protium Atlantic Forest ~ Rosa et al. (2009) Present study
heptaphyllum Marchand and Lafoensia
pacari A.St.-Hil.
Submerged leaf litter Atlantic Forest ~ Schoenlein-Crusius et al. (2009)
Submerged leaf litter Caatinga Sales et al. (2014)
Submerged leaves of Calophyllum Caatinga Present study
brasiliense Cambess
A. furtiva J. Webster & Submerged leaf litter Caatinga Sales et al. (2014) Descals et al.
Descals (1998)
A. longissima (Sacc. & P. Foam Caatinga Fiuza & Gusmao (2013a) Present study
Syd.) Ingold
Submerged leaf litter Amazon Fiuza et al. (2015)
Submerged leaf litter Cerrado Malosso (1999), Schoenlein-
Crusius (2002)
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TABLE 2. (Continued)

Taxa

Substrate

Biome

Reference Tlustration from

A. longissima (Sacc. & P.
Syd.) Ingold

Anguillospora sp.

Aquanectria penicillioides
(Ingold) L. Lombard &
Crous

A. submersa (H.J. Huds.) L.
Lombard & Crous

Articulospora tetracladia
Ingold

Articulospora sp.

Brachiosphaera tropicalis
Nawawi

Campylospora brasiliensis L.

B. Moro & Schoenl.-Crus.

Submerged leaf litter

Submerged leaves of Caesalpinia
echinata Lam. and Campomanesia
phaea (O. Berg.) Landrum
Submerged leaves of Calophyllum
brasiliense Cambess

Submerged leaf litter

Submerged leaf litter of Ficus
microcarpa L. f.

Submerged leaves of Quercus robur L.

Submerged leaves of Tibouchina pulchra
(Cham.) Cogn.

Submerged leaves of Alchornea
triplinervia Spreng. M. Arg., Ficus
microcarpa L. f. and Quercus robur L.
Submerged leaf litter

Submerged leaves of Tibouchina pulchra
(Cham.) Cogn.

Submerged leaves of Caesalpinia
echinata Lam. and Campomanesia
phaea (O. Berg.) Landrum

Submerged leaf litter

Submerged leaf litter

Submerged leaf litter

Submerged leaves of Protium
heptaphyllum Marchand and Lafoensia

pacari A.St.-Hil.
Submerged leaf litter

Submerged leaves of Protium
heptaphyllum Marchand and Lafoensia
pacari A.St.-Hil.

Foam

Foam

Submerged leaf litter

Foam

Submerged bark
Submerged leaf litter

Submerged leaf litter

Atlantic Forest

Atlantic Forest

Caatinga

Caatinga

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Cerrado

Atlantic Forest

Cerrado

Atlantic Forest

Atlantic Forest

Atlantic Forest

Caatinga

Amazon

Atlantic Forest

Caatinga

Caatinga
Amazon

Atlantic Forest

Malosso (1999), Schoenlein-
Crusius et al. (2009), Schoenlein-
Crusius et al. (2014, 2015a,
2015b)

Moreira (2011), Schoenlein-
Crusius et al. (2015b)

Present study

Sales et al. (2014)
Schoenlein-Crusius & Milanez
(1989, 1990a, b), Schoenlein-
Crusius et al. (2015b)
Schoenlein-Crusius ef al. (1992)
Schoenlein-Crusius et al. (2016)
Schoenlein-Crusius et al. (1992)
Malosso (1999), Schoenlein-
Crusius et al. (2014, 2015b)

Moreira (2006)

Moreira (2011)

Schoenlein-Crusius (2002) Ingold (1944)

Schoenlein-Crusius et al. (2015a,

2015b)

Malosso (1999) Hudson (1961)

Rosa et al. (2009)

Malosso (1999) Ingold (1942);
Fiuza & Gusmao
(2013a)

Rosa et al. (2009)

Fiuza & Gusmao (2013a)

Fiuza et al. (2015)

Schoenlein-Crusius ef al. (2009)

Descals et al.

(1976); Fiuza &
Gusmao (2013a)

Fiuza & Gusmao (2013a)

Barbosa et al. (2013)

Monteiro (2014)

Moro et al. (2015) Moro et al. (2015)
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TABLE 2. (Continued)

Taxa Substrate Biome Reference Tlustration from
C. chaetocladia Ranzoni Foam Caatinga Fiuza & Gusmao (2013b) Fiuza & Gusmao
(2013b); Ranzoni
(1953)
Submerged leaf litter Cerrado Schoenlein-Crusius (2002)

C. filicladia Nawawi

C. parvula Kuzuha

Campylospora sp.

Clavariopsis aquatica De
Wild.

Condylospora flexuosa
Nawawi & Kuthub.

C. gigantea Nawawi &
Kuthub.

C. spumigena Nawawi

Condylospora sp.

Culicidospora aquatica R.H.

Petersen

C. gravida R.H. Petersen

Dactylella microaquatica
Tubaki

Dendrospora erecta Ingold

Dendrospora sp.

Submerged leaf litter

Submerged leaves of Protium
heptaphyllum Marchand and Lafoensia
pacari A.St.-Hil.

Foam

Foam

Submerged leaf litter

Foam

Submerged leaf litter

Submerged leaf litter

Submerged leaves of Protium
heptaphyllum Marchand and Lafoensia
pacari A.St.-Hil.

Foam

Foam

Foam

Submerged leaves of Calophyllum
brasiliense Cambess

Foam

Foam

Foam

Submerged leaves of Protium
heptaphyllum Marchand and Lafoensia
pacari A.St.-Hil.

Foam

Submerged leaf litter

Submerged leaf litter

Submerged leaf litter

Submerged leaves of Tibouchina pulchra
(Cham.) Cogn.

Submerged leaves of Alchornea
triplinervia Spreng. M. Arg. and Ficus

microcarpa L. f.
Submerged leaf litter

Atlantic Forest

Atlantic Forest

Caatinga

Caatinga

Cerrado

Caatinga

Atlantic Forest

Cerrado

Atlantic Forest

Amazon

Caatinga

Amazon

Caatinga

Amazon

Caatinga

Amazon

Atlantic Forest

Caatinga

Atlantic Forest

Cerrado

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Schoenlein-Crusius et al. (2015b,

2016)

Rosa et al. (2009)

Fiuza & Gusmao (2013b)
Fiuza & Gusmao (2013b)
Malosso (1999)

Fiuza & Gusmao (2013b)
Schoenlein-Crusius & Milanez
(1990a and 1990b)

Malosso (1999)

Rosa et al. (2009)

Fiuza et al. (2015)

Fiuza & Gusmao (2013a)

Fiuza et al. (2015)

Present study

Fiuza et al. (2015)

Fiuza & Gusmao (2013a)

Fiuza et al. (2015)

Rosa et al. (2009)

Fiuza & Gusmao (2013a)
Malosso (1999), Schoenlein-
Crusius et al. (2015b)

Malosso (1999)
Schoenlein-Crusius et al. (2009,
2015b)

Schoenlein-Crusius et al. (2016)

Schoenlein-Crusius ef al. (1992)

Schoenlein-Crusius et al. (2014)

Fiuza & Gusmao
(2013b)
Fiuza & Gusmao
(2013b)

De Wildeman
(1895)

Fiuza et al. (2015)

Present study

Fiuza et al. (2015)

Fiuza & Gusmao

(2013a)

Petersen (1960)

Fiuza & Gusmao
(2013a)
Tubaki (1957)

Ingold (1943)
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TABLE 2. (Continued)

Taxa Substrate Biome Reference Tlustration from
Dendrosporium lobatum Foam Amazon Fiuza et al. (2015) Fiuza & Gusmao
Plakidas & Edgerton ex J.L. (2013a); Fiuza et
Crane al. (2015)

Soil Atlantic Forest ~ Cavalcanti & Milanez (2007)

Dendrosporomyces prolifer
Nawawi, J. Webster & R.A.

Submerged leaf litter

Submerged leaves of Calophyllum

brasiliense Cambess

Submerged leaves of Calophyllum

brasiliense Cambess

Caatinga
Caatinga

Caatinga

Fiuza & Gusmao (2013a)

Present study

Present study

Present study

Davey
D. splendens (Nawawi) Leaves of Alchornea triplinervia Atlantic Forest ~ Grandi (1998) Nawawi (1973)
Nawawi & J. Webster (Spreng. )Mull. Arg.
Leaves of Euterpe edulis Mart. Atlantic Forest ~ Grandi (1999)
Dwayaangam sp. as Foam Amazon Fiuza et al. (2015)
Dwayaangam cornuta in
Fiuza et al. (2015)
Filosporella versimorpha Foam Caatinga Fiuza & Gusmao (2013a) Ranzoni (1953),
Marvanova, P.J. Fisher, Fiuza & Gusmao
Aimer & B.C. Segedin (2013a)
as Anguillospora
pseudolongissima in Fiuza &
Gusmio (2013a)
Filosporella sp. Submerged leaves of Calophyllum Caatinga Present study
brasiliense Cambess
Flabellocladia tetracladia Foam Caatinga Fiuza & Gusmao (2013a) Fiuza & Gusmao
(Nawawi) Nawawi (2013a)

Atlantic Forest ~ Schoenlein-Crusius & Milanez Alasoadura
(1990a and 1990b), Schoenlein- (1968a)
Crusius et al. (2009, 2015a,
2015b)

Flabellospora crassa Alas. Submerged leaf litter

Submerged leaf litter Cerrado Schoenlein-Crusius (2002)
F. multiradiata Nawawi Submerged leaf litter Amazon Monteiro (2014) Monteiro (2014)
F. verticillata Alas. Foam Caatinga Fiuza & Gusmao (2013a) Fiuza & Gusmao
(2013a)
Submerged leaf litter Atlantic Forest ~ Schoenlein-Crusius et al. (2016)
Flagellospora curvula Ingold Foam Caatinga Fiuza & Gusmao (2013a) Present study
Foam Amazon Fiuza et al. (2015)

Submerged leaf litter Atlantic Forest  Malosso (1999), Schoenlein-

Crusius et al. (2009, 2015a, 2015b

Submerged leaf litter Cerrado Malosso (1999)
Submerged leaf litter Caatinga Sales et al. (2014)
Submerged leaves of Calophyllum Caatinga Present study

brasiliense Cambess

Submerged leaves of Protium
heptaphyllum Marchand and Lafoensia
pacari A.St.-Hil.

Submerged leaf litter

Atlantic Forest ~ Rosa et al. (2009)

Flagellospora sp. Atlantic Forest ~ Schoenlein-Crusius et al. (2014,

2016)

...continued on the next page
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TABLE 2. (Continued)

Taxa Substrate Biome Reference Ilustration from

F stricta Sv. Nilsson Submerged leaves of Calophyllum Caatinga Present study Present study
brasiliense Cambess

Geniculospora inflata Submerged leaves of Calophyllum Caatinga Present study Present study

(Ingold) Sv. Nilsson ex brasiliense Cambess

Marvanova & Sv. Nilsson

Heliscella stellata (Ingold &  Submerged leaf litter Cerrado Malosso (1999) Ingold & Cox

Cox) Marvanova (1957)

Heliscus sp. Submerged leaves of Tibouchina pulchra  Atlantic Forest ~ Moreira (2006)

Ingoldiella hamata D.E.
Shaw

Isthmotricladia sp.

Jaculispora submersa H.J.
Huds. & Ingold
Lemonniera alabamensis
R.C. Sinclair & Morgan-
Jones

L. aquatica De Wild.

L. pseudofloscula Dyko

Lemonniera sp.

Lunulospora curvula Ingold

(Cham.) Cogn.
Foam

Submerged bark and petiole
Submerged leaf litter

Submerged leaf litter

Submerged leaf litter

Submerged leaves of Calophyllum
brasiliense Cambess

Submerged leaves of Quercus robur L.

Foam

Foam

Foam

Submerged leaf litter

Submerged leaf litter

Submerged leaves of Ficus microcarpa
L.f

Submerged leaves of Protium
heptaphyllum Marchand and Lafoensia
pacari A.St.-Hil.

Submerged leaves of Quercus robur L.

Submerged leaves of Tibouchina pulchra
(Cham.) Cogn. and submerged leaf litter

Foam

Submerged leaf litter

Foam

Submerged leaf litter

Submerged leaf litter

Submerged leaf litter

Submerged leaf litter and Campomanesia

phaea (O. Berg.) Landrum

Amazon

Caatinga

Cerrado

Amazon

Caatinga

Caatinga

Atlantic Forest

Caatinga

Caatinga

Amazon

Atlantic Forest

Cerrado

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Caatinga

Cerrado

Caatinga

Cerrado

Atlantic Forest

Caatinga

Atlantic Forest

Fiuza et al. (2015)

Barbosa et al. (2013)

Schoenlein-Crusius (2002)

Monteiro (2014)

Silva et al. (2014)

Present study

Schoenlein-Crusius et al. (1990)

Fiuza & Gusmao (2013a)

Fiuza & Gusmao (2013a)

Fiuza et al. (2015)

Malosso (1999), Schoenlein-
Crusius et al. (2009, 2015b)
Schoenlein-Crusius (2002)

Schoenlein-Crusius & Milanez
(1989, 1990a)
Rosa et al. (2009)

Schoenlein-Crusius et al. (1990,
1992)
Schoenlein-Crusius ef al. (2016)

Fiuza & Gusmao (2013a)

Attili & Tauk-Tornisiello (1994)

Fiuza & Gusmao (2013a)

Malosso (1999), Schoenlein-
Crusius (2002)

Malosso (1999), Schoenlein-
Crusius et al. (2009, 2014, 2015a,
2016)

Sales et al. (2014)

Moreira (2011), Schoenlein-
Crusius et al. (2015b)

Fiuza et al. (2015)

Fiuza & Gusmao
(2013a)
Fiuza & Gusmao
(2013a)

Fiuza et al. (2015)

Fiuza & Gusmao
(2013a)

Fiuza & Gusmao
(2013a)
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TABLE 2. (Continued)

Taxa

Substrate

Biome

Reference

Tlustration from

Lunulospora curvula Ingold

L. cymbiformis Miura

Lunulospora sp.

Margaritispora aquatica

Ingold

Margaritispora sp.

Mycocentrospora acerina (R.
Hartig) Deighton

Mycofalcella calcarata

Marvanova, Om-Kalth. & J.

Webster

Naiadella fluitans
Marvanova & Bandoni
Pyramidospora casuarinae
Sv. Nilsson

P. densa Alas.

P. quadricelullaris M.S.
Oliveira, Malosso & R.F.
Castaiieda

P. robusta Moreira &
Schoenlein-Crusius

Pyramidospora sp.

Submerged leaves of Alchornea
triplinervia Spreng. M. Arg., Ficus
microcarpa L. f., Quercus robur L. and
submerged leaf litter

Submerged leaves of Calophyllum
brasiliense Cambess

Submerged leaves of Protium
heptaphyllum Marchand and Lafoensia
pacari A.St.-Hil.

Submerged leaves of Tibouchina pulchra
(Cham.) Cogn.

Submerged leaf litter

Submerged leaf litter

Submerged leaves of Ficus microcarpa
L.f
Submerged leaf litter

Submerged leaf litter

Submerged leaves of Tibouchina pulchra
(Cham.) Cogn. and submerged leaf litter
Submerged leaves of Alchornea
triplinervia Spreng. M. Arg., Ficus
microcarpa L. f. and Quercus robur L.
Submerged leaves of Tibouchina pulchra
(Cham.) Cogn.

Submerged leaf litter

Submerged leaf litter

Submerged leaf litter

Submerged leaf litter

Submerged leaf litter
Submerged leaf litter

Submerged leaves of Caesalpinia
echinata Lam. and Campomanesia
phaea (O. Berg.) Landrum

Submerged leaves of Tibouchina pulchra
(Cham.) Cogn. and submerged leaf litter
Submerged leaves of Calophyllum
brasiliense Cambess

Submerged leaves of Caesalpinia
echinata Lam. and Campomanesia
phaea (O. Berg.) Landrum

Submerged leaf litter

Submerged leaves of Caesalpinia
echinata Lam. and Campomanesia
phaea (O. Berg.) Landrum

Submerged leaves of Protium
heptaphyllum Marchand and Lafoensia
pacari A.St.-Hil.

Atlantic Forest

Caatinga

Atlantic Forest

Atlantic Forest

Cerrado

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Caatinga

Cerrado

Caatinga

Atlantic Forest
Atlantic Forest

Atlantic Forest

Atlantic Forest
Caatinga

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Schoenlein-Crusius & Milanez
(1990a, 1990b, 1998b)

Present study

Rosa et al. (2009)

Schoenlein-Crusius ef al. (2016)

Malosso (1999), Schoenlein-
Crusius (2002)
Schoenlein-Crusius et al. (2009,
2015a, 2015b)
Schoenlein-Crusius & Milanez
(1989)

Schoenlein-Crusius ef al. ( 2015a)

Schoenlein-Crusius et al. (2009,
2014, 2015a, 2015b)
Schoenlein-Crusius et al. (2016)

Schoenlein-Crusius ef al. (1992)

Schoenlein-Crusius et al. (2016)

Schoenlein-Crusius et al. (2009)

Sales ef al. (2014)

Malosso (1999)

Sales et al. (2014)

Schoenlein-Crusius ef al. (2015b)

Schoenlein-Crusius et al. (2009)

Moreira (2011), Schoenlein-
Crusius et al. (2015b)

Schoenlein-Crusius ef al. (2016)

Present study

Moreira (2011)

Oliveira et al. 2015

Moreira & Schoenlein-Crusius

(2012)

Rosa et al. (2009)

Marvanova (1997)

Ingold (1942)

Gulis et al. (2005)

Marvanova et al.
(1993)

Marvanova &
Bandoni (1987)
Present study

Alasoadura
(1968b)

Oliveira et al.
(2015)

Moreira &
Schoenlein-
Crusius (2012)

...continued on the next page
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TABLE 2. (Continued)

Taxa

Substrate

Biome

Reference

Tlustration from

Pyramidospora sp.

Scutisporus brunneus K.

Ando & Tubaki

Tetrachaetum elegans Ingold

Tetracladium breve A.

Roldan

T. marchalianum De Wild.

T. maxiliiforme (Rostr.)

Ingold

T. nainitalense Sati & P.

Arya

T. setigerum (Grove) Ingold

Tricladium angulatum Ingold

T. attenuatum S.H. Iqbal as
T. fallax in Fiuza & Gusmio

(2013a)

T. chaetocladium Ingold

T. curvisporum Descals

T. gracile Ingold

T. splendens Ingold

Trinacrium incurvum
Matsush.

Triscelophorus acuminatus

Nawawi

Submerged leaves of Caesalpinia
echinata Lam. and Campomanesia
phaea (O. Berg.) Landrum

Submerged leaves of Tibouchina pulchra
(Cham.) Cogn.

Foam

Foam

Submerged leaves of Calophyllum
brasiliense Cambess
Submerged petiole

Submerged leaf litter
Submerged leaf litter

Submerged leaf litter and submerged
leaves of Ficus microcarpa L. f.
Submerged leaves of Alchornea
triplinervia Spreng. M. Arg.
Submerged leaves of Alchornea
triplinervia Spreng. M. Arg., Ficus
microcarpa L. f., Tibouchina pulchra
(Cham.) Cogn. and Quercus robur L.
Submerged leaf litter

Submerged leaves of Protium
heptaphyllum Marchand and Lafoensia
pacari A.St.-Hil.

Submerged leaf litter

Submerged leaf litter

Foam

Submerged leaf litter

Submerged leaves of Tibouchina pulchra

(Cham.) Cogn.
Foam

Submerged leaves of Protium
heptaphyllum Marchand and Lafoensia
pacari A.St.-Hil.

Foam

Submerged leaf litter

Submerged leaf litter

Foam

Foam

Foam

Submerged leaf litter

Atlantic Forest

Atlantic Forest

Caatinga

Amazon

Caatinga

Caatinga

Cerrado

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Caatinga

Atlantic Forest

Atlantic Forest

Atlantic Forest

Caatinga

Atlantic Forest

Atlantic Forest

Caatinga

Atlantic Forest

Amazon

Cerrado

Atlantic Forest

Caatinga

Caatinga

Amazon

Atlantic Forest

Moreira (2011)

Schoenlein-Crusius ef al. (2016)
Fiuza & Gusmao (2013a)

Fiuza et al. (2015)

Present study

Barbosa et al. (2013)
Schoenlein-Crusius (2002)
Schoenlein-Crusius et al. (2009,
2014, 2015b)
Schoenlein-Crusius et al. (2015b)
Schoenlein-Crusius & Milanez
(1998a, 1998b)
Schoenlein-Crusius & Milanez
(1990a and 1990b); Schoenlein-
Crusius et al. (2016)

Fiuza & Gusmao (2013a)

Rosa et al. (2009)
Schoenlein-Crusius et al. (2014,
2015b)

Schoenlein-Crusius et al. (2015b)
Fiuza & Gusmao (2013a)
Schoenlein-Crusius et al. (2009,
2014, 2015b)

Schoenlein-Crusius et al. (2016)

Fiuza & Gusmao (2013a)

Rosa e al. (2009)

Fiuza et al. (2015)

Schoenlein-Crusius (2002)

Schoenlein-Crusius ef al. (2009)

Fiuza & Gusmao (2013a)

Fiuza & Gusmao (2013a)

Fiuza et al. (2015)

Schoenlein-Crusius ef al. (2014,
2015a)

Present study

Ingold (1942)

Fiuza & Gusmao
(2013a)
Ingold (1942)

Ingold (1942)
Fiuza & Gusmao
(2013a)

Ingold (1942)

Ingold (1942)

Fiuza & Gusmao
(2013a)

Ingold (1974)

Fiuza et al. (2015)
Ingold (1944)
Ingold (1942)
Fiuza & Gusmao

(2013a)
Present study

...continued on the next page
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TABLE 2. (Continued)

Taxa

Substrate

Biome

Reference Ilustration from

Triscelophorus acuminatus
Nawawi

T. curviramifer Matsush.

T. deficiens (Matsush.)

Matsush.

T. magnificus Petersen

T. monosporus Ingold

Triscelophorus sp.

Trisulcosporium acerinum
H.J. Huds. & B. Sutton

Submerged leaf litter

Submerged leaf litter and submerged
leaves of Caesalpinia echinata Lam.
and Campomanesia phaea (O. Berg.)
Landrum

Submerged leaves and bark

Submerged leaves of Calophyllum
brasiliense Cambess

Submerged leaves of Tibouchina pulchra
(Cham.) Cogn. and submerged leaf litter
Foam

Leaves of Manilkara maxima Penn. and
Parinari alvimii Prance
Submerged leaf litter

Leaf litter

Leaves of Manilkara maxima Penn. e
Parinari alvimii Prance
Foam

Submerged leaves of Quercus robur L.

Submerged leaf litter

Submerged leaf litter

Submerged leaf litter

Submerged leaf litter and submerged
leaves of Caesalpinia echinata Lam.
and Campomanesia phaea (O. Berg.)
Landrum

Submerged leaves of Quercus robur L.

Submerged leaves of Alchornea
triplinervia Spreng. M. Arg.

Submerged leaves of Calophyllum
brasiliense Cambess

Submerged leaves of Ficus microcarpa
L.f

Submerged leaves of Tibouchina pulchra
(Cham.) Cogn. and submerged leaf litter
Submerged leaf litter

Submerged leaf litter

Submerged leaves of Caesalpinia
echinata Lam. and Campomanesia
phaea (O. Berg.) Landrum
Submerged leaves of Alchornea
triplinervia Spreng. M. Arg.

Foam

Amazon

Atlantic Forest

Caatinga

Caatinga

Atlantic Forest

Amazon

Atlantic Forest

Atlantic Forest

Caatinga

Atlantic Forest

Amazon

Atlantic Forest

Atlantic Forest

Cerrado

Atlantic Forest

Atlantic Forest

Atlantic Forest

Atlantic Forest

Caatinga

Atlantic Forest

Atlantic Forest

Atlantic Forest

Cerrado

Atlantic Forest

Atlantic Forest

Caatinga

Monteiro (2014)

Moreira & Schoenlein-Crusius
(2012); Schoenlein-Crusius et al.
(2015b)

Silva et al. (2014)

Present study
Schoenlein-Crusius et al. (2016)
Fiuza et al. (2015) Fiuza et al. (2015)
Magalhaes ez al. (2011)
Schoenlein-Crusius et al. (2016)
Cruz et al. (2007) Fiuza et al. (2015)
Magalhaes et al. (2011)

Fiuza et al. (2015)
Schoenlein-Crusius et al. (1990) Petersen (1962)
Schoenlein-Crusius et al. (2015b)
Malosso (1999); Schoenlein-
Crusius (2002)

Malosso (1999); Schoenlein-
Crusius & Milanez (1990a ,1990b)
Schoenlein-Crusius et al. (2014,
2015b)

Moreira (2011), Schoenlein-
Crusius et al. (2015b)

Present study

Schoenlein-Crusius & Milanez
(1990a , 1990b)
Schoenlein-Crusius & Milanez
(1998a, 1998b)

Present study

Schoenlein-Crusius et al. (1990,
1992)
Schoenlein-Crusius et al. (2016)

Malosso (1999), Schoenlein-
Crusius et al. (2016)
Malosso (1999)

Moreira (2011)

Fiuza & Gusmao
(2013a)

Schoenlein-Crusius ef al. (1992)

Fiuza & Gusmao (2013a)

...continued on the next page
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TABLE 2. (Continued)

Taxa Substrate Biome Reference Tlustration from
Varicosporium elodeae W. Submerged leaf litter Atlantic Forest ~ Schoenlein-Crusius et al. (2009, Ingold (1942)
Kegel 2015a)
Submerged leaf litter and submerged Atlantic Forest  Moreira (2011), Schoenlein
leaves of Caesalpinia echinata Lam. Crusius et al. (2015b)
Submerged leaves of Tibouchina pulchra  Atlantic Forest ~ Schoenlein-Crusius ez al. (2016)
(Cham.) Cogn. and submerged leaf litter

Varicosporium sp. Submerged leaves of Tibouchina pulchra  Atlantic Forest ~ Schoenlein-Crusius ez al. (2016)

(Cham.) Cogn.

Atlantic Fo

FIGURE 1. Venn diagram showing the number of Ingoldian taxa found in the different biomes in Brazil.

Taxonomy

Dendrosporomyces prolifer Nawawi, J. Webster & R.A. Davey, Trans. Br. mycol. Soc. 68: 59, 1977.

(Fig. 4A)

Material examined:—BRAZIL. Bahia: Piatd, Chapada Diamantina, on submerged leaves of Calophyllum brasiliense
(Calophyllaceae), 10 November 2013, P.O. Fiuza s.n (HUEFS 215692); BRAZIL. Bahia: Piata, Chapada Diamantina,
on submerged leaves of Calophyllum brasiliense (Calophyllaceae), 07 September 2014, PO. Fiuza s.n (HUEFS

215706).

Conidiophores not observed. Conidia hyaline, consisting of cylindrical, curved main axis with 7-10 primary
branches. Main axis not constricted at septa, 14-20 septate, 150—440 x 7—10 um; primary branches cylindrical, 4-17
septate, 198-335 x 8-10 um, constricted at base, rounded at the apex; secondary branches cylindrical, 3—13 septate,
62-323 x 8-10 um; branches constricted at base, rounded at the apex.

Geographical distribution:—India (Sridhar et al. 1992); Malaysia (Nawawi et al. 1977); USA (V. Gulis,

unpublished).
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FIGURE 2. A. Alatospora acuminata: conidia and conidiophore; B. Anguillospora crassa: conidia and conidiophore; C. Anguillospora

filiformis: conidia and conidiophore; D. Anguillospora furtiva: conidia and conidiophore; E. Anguillospora longissima: conidia and
conidiophore; F. Aquanectria penicillioides: conidia and conidiophore; G. Aquanectria submersa: conidia and conidiophore. (Scale bar:
A-B, D-G=20 pum; C= 25 pm)
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FIGURE 3. A. Articulospora tetracladia: conidia and conidiophore; B. Brachiosphaera tropicalis: conidia and conidiophore; C.
Campylospora brasiliensis: conidium; D. Campylospora chaetocladia: conidia and conidiophore; E. Campylospora filicladia: conidium;
F. Campylospora parvula: conidium; G. Clavariopsis aquatica: conidia and conidiophore; H. Condylospora flexuosa: conidium; I.
Condylospora gigantea: conidium; J. Condylospora spumigena: conidium; K. Condylospora sp.; conidium; L. Culicidospora aquatica:
conidia and conidiophore; M. Culicidospora gravida: conidium; N. Dactylella microaquatica: conidia and conidiophore; O. Dendrospora
erecta: conidium; P. Dendrosporium lobatum: conidia and conidiophore. (Scale bar: A-B, H-M= 20 pum; C—F=25 pm; G = 60 um; N=5
pum; O= 50 um; P=10 pm)
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FIGURE 4. A. Dendrosporomyces prolifer: conidium; B. Dendrosporomyces splendens: conidium; C. Filosporella versimorpha:
conidiophore and conidia; D. Flabellocladia tetracladia: conidium; E. Flabellospora crassa: conidium; F. Flabellospora multiradiata:
conidium; G. Flabellospora verticillata: conidium; H. Flagellospora curvula: conidia, conidiophore and conidiogenous cells; 1.
Flagellospora stricta: conidia, conidiophore and conidiogenous cells; J-K. Geniculospora inflata: conidia. (Scale bar: A—B= 80 um; C,
E, G-H= 25 pm; D, J-K= 30 um; F= 50 pm; I=10 pm)
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Notes:—Dendrosporomyces is composed by two species: D. prolifer (type species) and D. splendens (Nawawi)
Nawawi & J. Webster (Nawawi & Webster 1982). The genus is characterized by holoblastic, branched, hyaline conidia,
consisting of a main axis bearing primary and secondary branches (Nawawi et al. 1977) and dolipore septa (Nawawi
1985a). Dendrosporomyces prolifer differs from D. splendens by having somewhat smaller, profusely branched conidia
(Marvanova 1997). Dendrosporomyces splendens has been previously reported from Brazil on submerged leaves of
Euterpe edulis Mart. (1824: 33) and Alchornea triplinervia (Spreng.) Mull. Arg. in Candolle (1866: 909) from the
Atlantic Forest, the state of Sao Paulo (Grandi 1998, 1999). It is the first record of D. prolifer from Brazil.

Flagellospora stricta Sv. Nilsson, Bot. Notiser 115: 82, 1962. (Fig. 41)

Material examined:—BRAZIL. Bahia: Piatd, Chapada Diamantina, on submerged leaves of Calophyllum brasiliense
(Calophyllaceae), 10 November 2013, P.O. Fiuza s.n (HUEFS 215892).

Conidiophores branched, septate, hyaline, 40—-60 x 4.5-5 um. Conidiogenous cells phialidic, clavate, terminal,
hyaline, 8—15 x 3—4.5um. Conidia filiform, straight, aseptate, hyaline, 20—50 x 1-1.5 pm.

Geographical distribution:—Poland (Ortowska et al. 2004); Sweden (Nilsson 1962b, 1964).

Notes:—Flagellospora stricta is distinguished from other species of Flagellospora by having straight conidia
(Nilsson 1962b). In Brazil, one species of Flagellospora—F. curvula (Ingold 1942: 404)—has been recorded from
the Atlantic Forest on mixed submerged leaves (Schoenlein-Crusius et al. 2009), from the Caatinga in foam (Fiuza &
Gusmao 2013a) and from the Amazon in foam (Fiuza et al. 2015). It is the first record of Flagellospora stricta for the
Americas.

Geniculospora inflata (Ingold) Sv. Nilsson ex Marvanova & Sv. Nilsson, Trans. Br. mycol. Soc. 57: 532, 1971.
(Figs. 4 J-K)

Material examined:—BRAZIL. Bahia: Piatd, Chapada Diamantina, on submerged leaves of Calophyllum brasiliense
(Calophyllaceae), 18 December 2014, P.O. Fiuza s.n (HUEFS 215970).

Conidiophores simple, septate, hyaline, 40—45 x 3—5 um. Conidia tetraradiate, hyaline, consisting of a cylindrical
geniculate main axis and 2 lateral branches attached at the point of main axis inflection. Main axis 108—176 x 4.5-5
pm, somewhat inflated at the point of branch attachment, branches slightly constricted at base, 70-131 x 4.5-6 um,
elements septate.

Geographical distribution:—Austria (Marvanova & Gulis 2000); Canada (Sokolski ef al. 2006); England (Ingold
1944); Franga (Fabre 1998); Greenland (Engblom ef al. 1986); Hungary (Gonczol & Révay 2011); India (Sridhar et al.
1992); Pakistan (Igbal 1997); Portugal (Pascoal et al. 2005); Spain (Casado et al. 2015); USA (Suberkropp & Wallace
1992).

Notes:—Geniculospora is represented by two well known species: G. grandis Greath. ex Nolan (1972: 1173)
and G. inflata (type species). G. intermedia (R.H. Petersen) Sv. Nilsson ex Marvanova & Sv. Nilsson (1971: 532)
(Nolan 1972) is probably conspecific with G. inflata. The genus is characterized by hyaline, tetraradiate conidia
with characteristically geniculate main axis, from the middle of which two other branches arise at the same level
(Nilsson 1964). Geniculospora grandis displays nearly concurrent development of 3 elements, so the conidium can be
interpreted as having 3 terminal arms originating from a relatively short stalk (main axis); conidia of G. grandis are
also considerably larger than in G. inflata (Greathead 1961). Geniculospora inflata is a new record to the Neotropics.

Pyramidospora casuarinae Sv. Nilsson, Svensk bot. Tidskr. 56: 359, 1962.
(Fig. 5M)

Material examined:—BRAZIL. Bahia: Piata, Chapada Diamantina, on submerged leaves of Calophyllum brasiliense
(Calophyllaceae), 10 November 2013, P.O. Fiuza s.n (HUEFS 216621).

Conidiophores simple, septate, hyaline 2045 % 3—4.5 pm. Conidiogenous cells monophialidic, terminal, hyaline.
Conidia multicellular (3—-9 cells), with oblong cells arranged in a regular or irregular way, 3—4 cells each develop from
the basal cell as well as from the top cell; conidia span 15-22 x 14—18 um, each cell 5.3-7.5 x 4.5-6 pm.

Geographical distribution:—Brazil (Schoenlein-Crusius et al. 2009); Cuba (Marvanova & Marvan 1969);
France (Jabiol ef al. 2013); India (Sridhar & Kaveriappa 1992); Italy (Rodino et al. 2003); Pakistan (Bareen & Igbal
1994); Poland (Czeczuga et al. 2007); Puerto Rico (Caballero 1983); Sweden (Nilsson 1964); Venezuela (Nilsson
1962a).
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FIGURE 5. A. Heliscella stellata: conidia and conidiophore; B. Ingoldiella hamata: conidium; C. Jaculispora submersa: conidium;
D. Lemonniera alabamensis: conidium; E. Lemonniera aquatica: conidium; F. Lemonniera pseudofloscula: conidium; G. Lunulospora
curvula: conidium; H. Lunulospora cymbiformis: conidium; 1. Margaritispora aquatica: conidia and conidiophore; J. Mycocentrospora
acerina: conidium; K. Mycofalcella calcarata: conidium; L. Naiadella fluitans: conidium; M. Pyramidospora casuarinae: conidia and

conidiophores; N—O. Pyramidospora densa: conidia and conidiophore. (Scale bar: A,C—O= 20 pm; B=40 pm)
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FIGURE 6. A. Pyramidospora quadricelullaris: conidia and conidiophore; B. Pyramidospora robusta: conidium and conidiophore; C.
Scutisporus brunneus: conidium; D. Tetrachaetum elegans: conidium; E. Tetracladium breve: conidium; F. Tetracladium marchalianum:
conidium; G. Tetracladium maxiliiforme: conidium; H. Tetracladium nainitalense: conidium; 1. Tetracladium setigerum: conidium;

J. Tricladium angulatum: conidium; K. Tricladium attenuatum: conidium; L. Tricladium chaetocladium: conidium; M. Tricladium
curvisporum: conidium. (Scale bar: A—E, G-M= 20 um; F=40 um)
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FIGURE 7. A. Tricladium gracile: conidium; B. Tricladium splendens: conidium; C. Trinacrium incurvum: conidium; D. Triscelophorus

acuminatus: conidium; E. Triscelophorus curviramifer: conidium; F. Triscelophorus deficiens: conidium; G. Triscelophorus magnificus:

conidium; H. Triscelophorus monosporus: conidium; L. Trisulcosporium acerinum: conidium; J. Varicosporium elodeae: conidium. (Scale

bar: A-B, D, G-J=20 pm; C= 25 pum; E-F= 10 um)
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Notes:—Pyramidospora was erected with P. casuarinae as a type species, and it currently comprises nine species
(Oliveira et al. 2015). Pyramidospora casuarinae is easily distinguished from other species of the genus by conidia
having a pyramidal shape, 3—4 cells produced as outgrowths from the original basal cell and from the top cell (Nilsson
1962a). In Brazil, three species of Pyramidospora were recorded: P. casuarinae from the Atlantic Forest on submerged
leaves (Schoenlein-Crusius et al. 2009), P. robusta C.G. Moreira & Schoenl.-Crus. (2012: 523) from the Atlantic
Forest on submerged leaves of Caesalpinia echinata Lam. (1785: 461) and Campomanesia phaea (O. Berg.) Landrum
(1984: 241) (Moreira & Schoenlein-Crusius 2012) and P. quadricellularis M.S. Oliveira, Malosso & R.F. Castaiieda-
Ruiz (2015: 973) on submerged leaves from the Atlantic Forest (Oliveira et al. 2015). Pyramidospora casuarinae is a
new record to the Caatinga.

Triscelophorus monosporus Ingold, Trans. Br. Mycol. Soc. 26:152, 1943.
(Fig. 7H)

Material examined:—BRAZIL. Bahia: Piatd, Chapada Diamantina, on submerged leaves of Calophyllum brasiliense
(Calophyllaceae), 10 July 2014, P.O. Fiuza s.n (HUEFS 215907).

Conidia tetraradiate, hyaline, comprised by the main axis and three branches attached to its basal cell, main axis
1-septate, tapering toward the apex, not constricted at the septum, apical cell 45—-60 x 3.5-4 pum; doliiform basal cell
with truncated base, 5—7 x 4.5-5 pum; branches cylindrical, slightly constricted at the base, aseptate, 37—45 x 2.5-3
um.

Geographical distribution:—Cosmopolitan.

Notes:—Triscelophorus monosporus is the type of the genus composed by eight species (Matsushima 1993). The
conidia of 7. monosporus are similar to 7 acuminatus Nawawi (1975: 346), both have a slightly tapering main axis
with doliiform basal cell, but in the latter, the axis is multiseptate, while in 7 monosporus it is typically 1-septate (rarely
with no septum). In Brazil, five species of Triscelophorus (Table 2) have been recorded, including 7. monosporus from
the state of S@o Paulo. Triscelophorus monosporus is a new record to the Caatinga.

Key to species of Ingoldian fungi from Brazil

1. Conidia NOE DIANCHEA. .....c.etiiiiiitii ettt bt h bt b et bbb bbbt eb b s e bt eb ettt e et e st ete e eaen 2
- ConNIAIA DIANCREA. ...c..cuiiiiiii ettt b et b et bt b st b et h bbbt eb bt b et et a ettt b bt neene 19
2. Conidia filiform, long-fusoid, SCOIECOIA OF TUNALE .......c.eeiiieiiiiriieii ettt ettt ese et ebessessessesseeseeneeneens 3
- Conidia flattened, 0bovoid OF tEtrANEAIAL.............oooiiiiiii it e e et e et e e e e eaeeeeseeeeaeeeeneeeeneeeennes 17
3. COMIAIA ASCPLALE. ... eeveeeieuienteterteete et et et et etestestesteeseeseeseeseestensenseasees e et e et eeseessensensesseeseeseeseeseensensensenseseeseeseeseensensensensenseesessesseeseeneennans 4
- COMIAIA SEPLALE ...veevievieiieuieeieteete ettt et et et et e testesteete e st eseeseestensens e s ees e et e eseeseessensensensesseeseeseeseensensensenseseeseeseeseensessensensenseesessesseeseeneennans 6
4. Conidia lunate with submedian scar, 100—130 X 2.5—5 LM ..cooviiriiriinierienineceeeeeeee s Lunulospora curvula (Fig. 5G)
- Conidia WithoUt SUDIMEAIAN SCAT ......c..euiitiiiitiieiiitii ettt b et b et eh bt b et s e bt eb bt e bt eb s et et et ebe st et et tenen 5
5. Conidia gently curved, falcate or SIZMOid........ccocevieiriiiiinieiiirce e ...Flagellospora curvula (Fig. 4H)
- CONIAIA STIAIGNE ...ovieeieiieiieieet ettt ettt et et et e e et et e tesbeebeebe st e st e st et et e b enbenaenaeene Flagellospora stricta (Fig. 41)
6. Conidia With €XCENtriC DASAl EXLEIMSION ......euiietiriiiiitiieiirtei ettt ettt ettt eb et b bt b bbbt eb s s e b ettt sttt e e ebesteseeteeenen
- Conidia without excentric basal extension...
7. Conidia less than 5 pm in Width........coooiiiiiiiiiiee e
- Conidia more than 5 [m i WAt ......oiiiiiiie ettt ettt et e et e be e b e e seeseese e st ensesesseesesseeseeneeneeneens
8. Conidia often with the median cell somewhat larger, scar distinct, truncated, 87—188 X 6—13 UM....ooivirivirierieieieieeceeeeeene
......................................................................................................................................................... Mycofalcella calcarata (Fig. 5K)
- Conidia sometimes fuscous, 150—200 X 6—15 LM ...ocoeieieiieiieieieeeeeee et Mpycocentrospora acerina (Fig. 5J)
9. Conidia with 0—2 Septa......cccevveriererereneeieieieenen
- Conidia with more than 2 Septa ........ccccevverierierierierieieeeieeeeeeeenes
10. Conidia with submedian scar and often inflated in the lower third...........cccooceevinviiriinininnne. Lunulospora cymbiformis (Fig. SH)
- Conidia without submedian Scar, 0—2-SEPLAtE .........eeereeierieriiriieieetieieieeeeeste e eee e ereeseeeeneens Aquanectria penicillioides (Fig. 2F)
11. Conidia bent abruptly at >90% ANEIE ......c.eiiiiiieiiiiieeeeee ettt et b e ettt s et b et e teeseere st st ent et et esenaenes 12
- Conidia gently curved
12. Conidia KINKEA 12 tIMES ....eutititiiiitiieiirte ettt b ettt b et b e bbb st b et eb b st b et eb et et e bt eb e e bt et et b e nte e ebennne 13
- Conidia Kinked 3 OF MOTE tIMES .....eeveerierieieieierieeteeteetteeete ettt ste e e eseesaesbesseeseeseeseeneenean Condylospora flexuosa (Fig. 3H)
13. Conidia, 12—15-septate................... Condylospora spumigena (Fig. 3J)
- Conidia 1arger, 22—27 SEPLALE ....ecververrereierieeieieieiei et ete e ete e et et et e stestesbesseeaeere st ene et et ebentense e Condylospora gigantea (Fig. 31)
14. Conidia more than 10 [m WIAE ......c.coueiiiriiiiiiiieeec et Anguillospora crassa (Fig. 2B)
- Conidia 1e8s than 10 LM WIAE ..cc.evuiriiiiiiieiieieieieteet ettt te st ettt et e e et et e sseeaeeseeseessessensensessesseeseeseeseeneeneensensensensenes
15. Conidia with base truncated or with subulate extension 4-23 septate, 50-590 x 3-9.5 pm (schizolytic secession)

- Conidia mostly with basal frill or remnants of separating cell (rhexolytic secession), 7-20 septate, 105-345 x 3—5 um .................
..................................................................................................................................................... Anguillospora longissima (Fig. 2E)
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16. Conidia 10-23 septate, 60—590 X 4.5-9.5 LM ....oouiriiriiiiiieieieieeiese et Anguillospora furtiva (Fig. 2D)
- Conidia 4—6 septate, 53—90 X 3—5 LM...ccoiiiiiiiiiiiiieiecee ettt Filosporella versimorpha (Fig. 4C)
17. Conidia obovoid, 1-septate, 10—13 X 6.5—8 LM .c..ooviriirieieieieieieiee e Dactylella microaquatica (Fig. 3N)
- CoNIAIA MOt ODOVOIA ....eiiiiinieiiteiett ettt ettt b et b bt e bt b st bbb st b et bt b et ettt eb e et et et ettt st et neene 18
18. Conidia tetrahedral to subspherical, 10—13 diam ...........cccoecieiieiiinieneriereeceeeeeee e Margaritispora aquatica (Fig. 51)
- Conidia flattened, triangular, three-lobed, with a pedicellate base ... Dendrosporium lobatum (Fig. 3P)
19. Conidia multiradiate, tetraradiate, T or Y SRAPEd......c.cccieieiiieieieiee ettt ettt st sse et ettt e se s eaes 20
- Conidia of other, MOTe COMPIEX, SNAPES .....ceveieiitieiietietietieeet ettt ettt e st e s ae e st eseeseessent e bessessessesseeseeneeneensensensensenes 46
20. CoNIdIa MUILITAGIALE ....c..eueiiieiitciet ettt ettt b et bt a bt b et e bbb e bt eh et st e bt e bt e b st et et e bt et et et ettt naene et nene 21
- Conidia tetraradiate, T 0T Y SRAPEA .....c.eouiiiiiiieiiiieeeeee ettt ettt e b e et e st e st e st e b e beebesseese e st eneeneenseneensenseaes 22
21. Conidia with more than 9 branches.... Flabellospora multiradiata (Fig. 4F)
- Conidia with less than 9 Branches ...........ceieieriiriiririeieieeeeee et Flabellospora verticillata (Fig. 4G)
22. CONIAIA LEITATAIALE .....e.veueeiteiit ettt b ettt b et b bt h et et b e eb et es e e bt e bt e st eb et e bt et et et ettt sttt eene 23
- CoNIAIa T OT Y SRAPEA ...ttt st sttt et e st et e st et e b e b e ea e es e et e eseensen s e s b e benseeseeseeneeneeneentensensesens 51
23. Very large conidia with globose to pyramidal central body and four branches ......................... Brachiosphaera tropicalis (Fig. 3B)
- Conidia Of ANOTNET SNAPE ........eviiiiiiiiieiie ettt sttt et et et e b e b e e b e ebeeb e ese et e ententenbesessesseeseeseeneeneensensensesenes 24
24. Conidia with clamps............. . Ingoldiella hamata (Fig. 5B)
- CoNidia WItNOUE CLAIMIPS ......veuieiiiecie ettt ettt ettt et et e st e tesbe e st e st eaeen e et e b e ebeeaeeseeseeseensensenbensensesseeseeseeneeneensensensensenes 25
25. Main axis with base dolliform, obpyriform or ODCIAVALE ..........cueriiriiriiiiiicieieeeee ettt eee 26
- Main axis Of ANOTNET SHAPE.......cviiitieiietieieiee ettt ettt e a e st e st e s et e b e et e eteeteeseeseeseensenseseabeebeeseeneeneentensensensensenee 30
26. Main axis with basal cell doliiform or obclavate and 3—5 DIranches ...........cccceveieiieierierenieeeeeeeee e 27
- Main axis with basal cell obpyriform or obclavate and tWo Dranches ............occoecireininiiiiiii e 29
27. Main axis with 3—5 branches, elements constricted at each septum ...........ccceceevvevininienennne. Triscelophorus magnificus (Fig. 7G)
- Conidial elements are not constricted at €aCh SEPIUML........c..ccieiiiiiriiiieieee ettt ettt st ebe et e st et e e neesenaeeaes 28
28. Conidia multiseptate, with three branches............coceeieieieieieiieneieeeceeee e Triscelophorus acuminatus (Fig. 7D)
- Conidia 0—1 septate, with three branches...........ccceoieieierierienierieeeeeeee e Triscelophorus monosporus (Fig. 7H)
29. Conidia with strongly curved branches ... Triscelophorus curviramifer (Fig. TE)
- Conidia with branches N0t CUIVEd ..........ooueriiriiriiiiieiieieeeee ettt Triscelophorus deficiens (Fig. 7F)
30. Conidia with a central body and fOUr DIANCRES .........c.cciiieiiieieieese ettt ettt ettt e tesbeese e e st e ne et eneesenaeeaes 31
- Main axis cylindrical, clavate, fusiform, straight O CUIVEd.........ccoeiiiiiiriiriiieieeee ettt 32
31. Spherical central body 5-6.3 um diam., no constrictions at branch insertions.............c.ccccceeueee Lemonniera alabamensis (Fig. 5D)
- Spherical central body 4-5 um diam., branches strongly constricted at the point 0f INSErtioN .........ccevvievieeieieieieieieeee e

.................................................................................................................................................. Lemonniera pseudofloscula (Fig. 5F)
32. Elongated main axis with typically two branches arising at different 1eVels ..........c..cccooeriiiniiiiniiiiccccee 33
- Conidia Of AITEreNt SNAPE ......ccviviiiiiiieieeee ettt ettt s b et e e bt e st e st es e ent et e b e eseeseeseeseene e st et e s e s eaeenes 38
33. Main axis and lateral branches are markedly attenuated, main axis 46.5-69 x 2.3 pm.................. Tricladium attenuatum (Fig. 6K)
- Main axis and lateral branches are not markedly attenuUated............coouiiuiriiieieieeeeeee e 34
34, Main axis is bent at lateral branch insertions, branches are not constricted at the base...........c.covvevieviiiiiiiiiiiieieceececeeeeeeen 35
- Main axis is not bent at lateral branch insertions, branches constricted at the Dase............ccueevevvieiieceiiiiicciicieeecee e 36
35. Branches tape distinctly toward the QPEX .......c.evverieriereiiriiieieieieiee ettt Tricladium angulatum (Fig. 6J)
- Branches thinner than main axis, of uniform width .............ccocooviiiiiiiiininieeee e Tricladium gracile (Fig. 7A)
36. Main axis fusiform, 60-120 x 6—7 um, 3—6 septate, 30-80 x 6-7 pm. Tricladium splendens (Fig. 7B)
- Main aXis MOt TUSTTOTIIL ....uiiiiiiiiii ettt b ettt he st b et a e bt b et b e bt be e bt bt ebeen et ebeneen 37
37. Main axis with 2-3 branches, strongly curved, 28-45 X 1.5-3 [M ...ccccviiiiiniiinirienciiceeene Tricladium curvisporum (Fig. 6M)
- Main axis with 2 branches, curved, 150—200 X 3—4 LM ....ooviviiiiieieieieeeee e Tricladium chaetocladium (Fig. 6L)
38. Conidia with two divergent branches attached at the same level near the middle of the main axis .........cccoecevevirenierenenieenne. 39
- Conidia With 3—5 DIANCRES .....c.couiuiiiiiiiiitiicti ettt bbbt b bbbt b et ettt na et eee 41
39. Main axis slightly swollen and bent at branch insertion, resulting in conidia appearing as if having a main axis and 3 apical

DIANCHES ...ttt sttt et e s ettt b e b e ae st st st et e beeseeteereeneeneens Geniculospora inflata (Fig. 4 J-K)
- Main axis not sSwollen at Branch IMSEITION .........co.ciiiriiiriiiiti ettt sttt et b ettt b et be s 40
40. Branches 23—53 X 1.5-2.5 IIMcuuioiiriioiieiietieiieiteietete ettt ettt et ebe b ese e e eneenaensensenneas Alatospora acuminata (Fig. 2A)
- Branches 120-150 x 2—4 um.... ... Tetrachaetum elegans (Fig. 6D)
41. CYIINATICAL @XIS..evttieteeiieiietet ettt sttt et et et et et et et e et e ebe et e estestensessessesseeseeseeseeseentens et e s e s e esees e eseessensensensensenseeseeseeseeneeneensensensensenes 42
- ODCONIC OF CLAVALE AXIS ....vuviurtiateiiititeterteit ettt sttt ettt ettt ettt et be st s et et eb e se st e bt e bt et e st e b et eb et es e e b et eb e et e st et et ebe et estebe e ebe st eneebeene 44
42, Conidia with three branches not constricted at the insertions, attached at the base of the main axis ..............cccoeveveviiieeieeiceeeeieens

............................................................................................................................................................ Lemonniera aquatica (Fig. 5E)
- Conidia with three branches constricted or slightly constricted at the INSETtioNS ...........ccceeieieieieiieieiere e 43
43. Main axis 23-37.5 x 1.5-3 um, branches 33—90 X 1.5-3 tM.....cccceriiriirininieieieieieieseeeee Articulospora tetracladia (Fig. 3A)
- Main axis 30—60 x 3.5 um, branches 90-110 x 5-7 um Flabellocladia tetracladia (Fig. 4D)
44. Conidia with 3—5 branches, main axis SOMetimes iNCONSPICUOUS........eeverrerreereerierieriereerreereereeeeeeneas Flabellospora crassa (Fig. 4E)
- CONIAIA OF OTNET SNAPE.......euiiuiiiiie ettt ettt ettt e st e et e et e e st e st eaten e e s et e e b e ebees e eseessentensenbenseesesseeseeseeneeneensensensesenes 45
45. Main axis clavate, 1-septate, branches 50—70 (WM 10NZ........ccocevirierierieniirieeeeeeeeeeee e Clavariopsis aquatica (Fig. 3G)
- Clavate to obconic axis, aseptate, elements ca. 10 M 10N ....ccooovevieriiririiiiiieeeeee e Heliscella stellata (Fig. 5A)
46. Conidia with cylindrical main axis and >3 lateral branches or with asymmetrical main axis consisting of inflated cells.............. 47
- Conidia papilioniform, or with acicular branches, or with oblong or digitiform elements............cccccevverierenereninieeeeeeeeee 58
47. Conidia With CylINATICAL TNAIN XIS ....veeveeuierieieieitirtietiett ettt ettetet et e stestestesteeseesteseeseessessesseeseeseeseeseensensensessensessesseeseeneaneensensensensenes 48
- Conidia With aSYMMELIICAL INAIN @XIS ...eveevierieieterteetietieteettettetetestestestestesteeseeseesteseesesesseeseeseeseessessensessensensessessesseeneeneensensensensess 53
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48. Conidia with multiple branches developing on one side of the axis.........cccceeirieieieieiienierieeeee Varicosporium elodeae (Fig. 7J)
- Conidia with multiple branches not developing just on one side 0f the aXiS .......ccuevueriiriiririeieieieeee e 49
49. Lateral branches arise in pars or in whorls of three from near the base of the straight main axis ...... Dendrospora erecta (Fig. 30)
- Lateral branches do not arise in pars or in whorls of three from near the base of the main axis, main axis curved to hook-shaped ..
.......................................................................................................................................................................................................... 50
50. Conidia with a main axis having more than 7 primary lateral branches ... ....Dendrosporomyces prolifer (Fig. 4A)
- Conidia with a main axis having less than 7 primary lateral branches ...........cc.cccceceveinnne Dendrosporomyces splendens (Fig. 4B)
51. Conidia T-shaped, main axis slightly club-shaped, branches curved, 18.5-20 um long.................... Trinacrium incurvum (Fig. 7C)
- Conidia Of AITEreNt SNAPE .....cc.eiiiiiiiiiiieieeee ettt ettt et e bt e bt ete et e e st e st et et e e beebeese bt ene e st et et e benaeaes 52
52. Conidia with two branches attached close to the base of the axis, septate and strongly constricted at the septa ..........ccccevevereeenneee
..................................................................................................................................................... Trisulcosporium acerinum (Fig. 71)
- Conidia Y-shaped, with a single short subapical branch 4-8.5 pm long..........cccecevveininiincinenne Aquanectria submersa (Fig. 2G)
53. Asymmetrical main axis with two lateral branches produced by subapical Cell...........ccceririririiiieiiieieeeeeeeeee e 54
- Conidia with strongly curved main axis of deltoid and allantoid cells; overall appearance of four diverging branches................. 55
54. Main axis 100—200 LM LONG....cuiiuirtirtietieiieiieieieieee ettt ettt ettt be st st eneesensessessesseereene Culicidospora aquatica (Fig. 3L)
- Main axis 35-50 pm long......... ....Culicidospora gravida (Fig. 3M)
55. Branches less than 13 um long.... .... Campylospora parvula (Fig. 3F)
- Branches more than 13 [N LONE.......cc.oouiiioiiieieiee ettt ettt ettt e e et e e teeteebeeseeseestentenseseeseeseeseeneeneeneensansensensenes 56
56. Branches 0.5—0.7 [N WIAE .....eeuiiiiiiiietietietieiteieeee ettt ettt st eteseeese e eneenseeens Campylospora filicladia (Fig. 3E)
- Branches More than 1 [N WIAE ........coiiiiieieieieee ettt ettt ettt e e et e et e ebeebeeseeseestentensenseeseeseeseeneeneeneensensensensenee 57
57. Branches more than 30um long... ...Campylospora chaetocladia (Fig. 3D)
- Branches less than 30 Pm LONG.........ooiiiiiiiiieieeeeee e Campylospora brasiliensis (Fig. 3C)
58. Conidia With NAVICULAT MAIN QXIS .....euveuirtiiiititeiirtet ettt ettt ettt sttt ettt sa sttt e bt st es et et ettt es e e b e e e bt ebe st ebea e e bt et estebe e ebensennebennene 59
- Conidia papilioniform, with digitiform elements, or with 0blong CElIS .........ccoeriiiiiiiiiiiriiiieeee e 60
59. Conidia with schizolytic secession ...Jaculispora submersa (Fig. 5C)
- Conidia With TheXOLYtIC SECESSION ....e.veuiiiuiiiiieiiitiieiirt ettt ettt Naiadella fluitans (Fig. 5L)
60. Conidia papilioniform, with four cells and branches attached to each cell of the main body ... Scutisporus brunneus (Fig. 6C)
- Conidia with digitiform elements 0r ODIONZ CEILLS ........cuiiuiiirieieieee ettt ettt st ese ettt et e e senaeeaes 61
61. Cells of conidia tightly arranged to form a pyramid-like cOmMpPaCt SEIUCTUIE .......c..eoueriiriiriiriieiieieieieiee e 62
- Main axis with digitiform, ellipsoid and acicular LEMENLS ............ccueriiriiririeieieieeee ettt ettt ettt e beene e 65
62. Main axis composed of two cells with 8—13 lateral branches............cccoceeieieieieiienieiieeeeeee Pyramidospora robusta (Fig. 6B)
- Conidia with 2—8 branches
63. Conidia with 6—8 branches, spanning 29—37 UM .........ccoecveieiierierieniene et Pyramidospora densa (Fig. 5 N-O)
- Conidia composed Of Zlob0oSe OF ODIONZ CEIIS.......couiruirtieiieiieieieiet ettt ettt ettt e et e besbesbe e st ene e st et enaesenaenes 64
64. Conidia composed of four globose Cells .........coiriririiirieieiiieececeee e Pyramidospora quadricellularis (Fig. 6A)
- Conidia composed of 3—5 rounded Cells ........cooiiiiiiiiiiiieieceeeee e Pyramidospora casuarinae (Fig. SM)
65. Main obconic axis with two digitiform and an ellipsoid element Tetracladium nainitalense (Fig. 6H)
- Main axis with 2-3 acicular branches
66. Main axis with two acicular branches
- Main axis with three acicular branches
67. Main axis with two ellipsoid elements 3—6 LM Wide.........ccoeiririeieiieiieienereceeeeeeeeeene Tetracladium marchalianum (Fig. 6F)
- Main axis With 3 digitifOrm EIEMENLS. ........cueiiieieiieeteeie ettt ettt ettt e et et e s testeebeeseeseentensessesbeebeeseeneeneentensensensensenee 68
68. Digitiform elements 10-13.5 x 3.5 pm and acicular branches 12-35 x 2-3.5 um.... .... Tetracladium breve (Fig. 6E)
- Digitiform elements 12—15 x 3—9 um and acicular branches 20—40 X 3 tM........cccoeeeieiereeennne. Tetracladium setigerum (Fig. 61)
Discussion

Ingoldian fungi comprise about 320 species distributed worldwide. In Brazil, 85 taxa have been recorded from four
out of six Brazilian biomes: Atlantic Forest (53 taxa), Caatinga (39 taxa), Cerrado (21 taxa) and Amazon (19 taxa)
(Fig. 1). The Atlantic Forest currently shows the highest diversity, which could be explained by both the number and
the length of studies. Indeed, it had the highest number of studies (18, with 15 of them in the state of Sdo Paulo), and
they originated more than 27 years ago. On the other hand, the Caatinga had only five studies distributed in four states
during just five years; the Cerrado biome was addressed in two studies (all in Sdo Paulo state) since 1999; and the
Ingoldian fungi from the Amazon were sampled in two studies (two states) only starting from 2014 (Figs. 8-9). Pampa
and Pantanal biomes have not yet been sampled for the Ingoldian fungi (Fig. 8). Barlocher & Boddy (2015) argue that
freshwater wetlands may be the hotspots of fungal diversity. Taking into account that the Pantanal biome is one of
the largest continuous wetland habitats on the planet (MMA 2016), mycological expeditions to this area are critically
needed.
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In the Atlantic Forest and the Cerrado, the Ingoldian fungi have been recorded from incubated submerged leaves
or randomly collected leaf litter (Schoenlein-Crusius & Grandi 2003, Schoenlein-Crusius et al. 2009), while during the
studies in the Caatinga and the Amazon, these fungi have been recorded from foam samples or incubated submerged
leaves, leaf petioles and bark (Fiuza & Gusmao 2013a, Fiuza et al. 2015). The differences in the techniques employed
may have contributed to the ability to detect certain species of the Ingoldian fungi. For example, litter bag approach
often employing leaf litter of a single type may negatively affect our ability to detect species with pronounced substrate
specificities compared to studies relying on randomly collected naturally occurring mixtures of leaves from multiple
tree species. While examining foam can quickly provide a reasonable snapshot of community structure based on spores
of Ingoldian fungi in transport, this approach complicates fungal isolation into pure culture that may be sometimes
necessary for reliable identification.

Among 85 taxa of Ingoldian fungi recorded from Brazil, 27 are unique to the Atlantic Forest, 18 to the Caatinga,
5 to the Amazon and 3 to the Cerrado (Fig. 1). This can be explained by the unequal number of studies on Ingoldian
fungi in these biomes as well as by biogeography (Figs. 8-9). However, some common species, such as Anguillospora
longissima (Sacc. & P. Syd.) Ingold (1942: 402) and Flagellospora curvula are reported from all Brazilian biomes with
relatively high frequency (Table 2). These are cosmopolitan species that were previously often reported from other
countries in both temperate and tropical climates (Shearer 1992, Sridhar et al. 2010, Sudheep & Sridhar 2011).

The present study that focused on the submerged leaves of C. brasiliense yielded three new records to Brazil
and two new records to the Caatinga. Dendrosporomyces prolifer has been confirmed to have tropical to subtropical
distribution, while Flagellospora stricta and Geniculospora inflata have been recorded just in the temperate regions
until now.

Studies of the Ingoldian fungi in the Atlantic Forest have been conducted primarily in the urban areas (Schoenlein-
Crusius et al. 2015b), where some water bodies experience eutrophication (Schoenlein-Crusius & Milanez 1989,
Schoenlein-Crusius et al. 2009). Nevertheless, some species reported from these impacted sites are also found in
relatively pristine streams e.g. Anguillospora longissima, A. filiformis Greath. (1961: 202) and Flagellospora curvula
(Fiuza & Gusmao 2013a, Fiuza et al. 2015). On the other hand, Naiadella fluitans Marvanova & Bandoni (1987: 579)
has been recorded just from Brazilian urban areas (Shoenlein-Crusius et al. 2015b).

Brazil has many species of Ingoldian fungi that are also reported from other tropical countries such as Malaysia
(Nawawi 1985b) and Puerto Rico (Santos-Flores & Betancout-Lopez 1997), and tropical to subtropical areas of India
(Sridhar et al. 1992, Sudheep & Sridhar 2013). These countries share genera like Condylospora Nawawi (1976: 363),
Flabellospora Alas. (1968a: 415), Flabellocladia Nawawi (1985c: 174), Ingoldiella D.E. Shaw (1972: 258) and
Jaculispora H.J. Huds. & Ingold (1960: 475), which are not common in temperate zones.

The studies of the Ingoldian fungi in Brazil in the last 13 years (after Schoenlein-Crusius & Grandi 2003) added
54 taxa to the list, which now contains 85 taxa. This demonstrates a drastic shift in our understanding of the diversity of
the Ingoldian fungi in Brazil. However, there are still huge gaps in our data from many regions and totally unexplored
biomes (Fig. 8), requiring further studies on the biodiversity of the Ingoldian fungi and their potential application in
biotechnology.

Acknowledgements

The authors are grateful to the “Programa de Pesquisa em Biodiversidade”—(PPBio Semi-arid/MCTI/CNPq) for
financial support. POF thanks CAPES-PDSE for scholarship “Sciences Without Borders” (Proc. 99999.000984/2015-
09) that enabled her stay at Coastal Carolina University. POF and TC thank ”Programa de Pds-graduacdo em Botanica
PPGBot/UEFS”. The authors thank to Filipe Mello for making the maps. TC also thanks to PEC-PG/CAPES (proc.
12636134/2014) for grant. LFPG is grateful to CNPq for financial support (Proc. 303062/2014 -2).

References

Alasoadura, S.0. (1968a) Flabellopora crassa n. gen., nov. sp., an aquatic Hyphomycete from Nigeria. Nova Hedwigia 15: 415-418.
Alasoadura S.O. (1968b) Some aquatic hyphomycetes from Nigeria. Transactions of the British Mycological Society 51: 535-540.
https://doi.org/10.1016/s0007-1536(68)80023-3

194 « Phytotaxa 306 (3) © 2017 Magnolia Press FIUZA ET AL.



Ary, P. & Sati, S.C. (2011) Evaluation of endophytic aquatic hyphomycetes for their antagonistic activity against pathogenic bacteria.
International Research Journal of Microbiology 2: 343-347.

Attili, D.S. & Tornisielo, S.M.T. (1994) Occurrence of microfungi during leaf lifter decomposition in a cerrado sensu stricto, area de Sdo
Paulo, Brazil. Revista de Microbiologia 25: 188-94.

Barbosa, F.R., Raja, H.A., Shearer, C.A. & Gusmao, L.F.P. (2013) Some freshwater fungi from the Brazilian semi-arid region, including
two new species of hyphomycetes. Cryptogamie Mycologie 34: 243-258.
http://dx.doi.org/10.7872/crym.v34.iss2.2013.243

Bareen, F.E. & Igbal, S.H. (1994) Seasonal occurrence of freshwater hyphomycetes on submerged fallen leaves in canal waters. Canadian
Journal of Botany 72: 1316-1321.
https://doi.org/10.1139/b94-161

Birlocher, F. (2005) Sporulation of Aquatic hyphomycetes. /n: Graga, M.A.S., Barlocher, F. & Gessner, M.O. (Eds.) Methods to Study
Litter Decomposition: A Practical Guide. Springer, Netherlands, pp. 185-187.
https://doi.org/10.1007/1-4020-3466-0_24

Bérlocher, F. & Boddy, L. (2015) Aquatic fungal ecology - How does it differ from terrestrial? Fungal Ecology 19: 5-13.
https://doi.org/10.1016/j.funeco.2015.09.001

Baschien, C., Marvanova, L. & Szewzyk, U. (2006) Phylogeny of selected aquatic hyphomycetes based on morphological and molecular
data. Nova Hedwigia 83: 311-353.
https://doi.org/10.3897/jhr.34.4714.app2

Baschien, C., Tsui, C.K.M., Gulis, V., Szewzyk, U. & Marvanova, L. (2013) The molecular phylogeny of aquatic hyphomycetes with
affinity to the Leotiomycetes. Fungal Biology 117: 660—672.
https://doi.org/10.1016/j.funbio.2013.07.004

Belliveau, M.J.R. & Birlocher, F. (2005) Molecular evidence confirms multiple origins of aquatic hyphomycetes. Mycological Research
109(12): 1407-1417.
https://doi.org/10.1017/s0953756205004119

Bioinformatics & Evolutionary Genomics (2016) Ghent University, Belgium. Available from: http://bioinformatics.psb.ugent.be/webtools/
Venn/ (accessed 3 November 2016)

Burgos, J.E. & Riffart, R.G. (1982) Hongos saprobios en Chile: ambiente limnico. Noticiario Mensual del Museo Nacional de Historia
Natural 5-8: 306-307.

Caballero M. (1983) Aquatic hyphomycetes deuteromycotina from los chorros utuado Puerto Rico. Caribbean Journal of Science 4:
41-42.

Campbell, J., Marvanova, L. & Gulis, V. (2009) Evolutionary relationships between aquatic anamorphs and teleomorphs: Tricladium and
Varicosporium. Mycological Research 113: 1322—1334.
https://doi.org/10.1016/j.mycres.2009.09.003

Candolle, A. de (1866) Prodromus systematis naturalis regni vegetabilis sive enumeratio contracta; ordinum, generum, specierumque,
plantarum; Hucusque cognitarum, juxta methodi naturalis normas digesta. Parisii: Sumptibus Victoris Masson et Filii 15(2.2): 189—
1286.

Casado, C., Molla, S., Gonzalez, J.M., Roblas, N. & Descals, E. (2015) Procesado de hojarasca en arroyos del Parque Nacional de la Sierra
de Guadarrama (Madrid). Limnetica 34(1): 115-134.

Castafieda-Ruiz, R.F., Heredia, G., Gusmao, L.F.P. & Li, D.W. (2016) Fungal diversity of Central and South America. /n: Li, D-W. (Ed.)
Biology of Microfungi. Springer, Switzerland, pp. 197-217.
https://doi.org/10.1007/978-3-319-29137-6_9

Cavalcanti, M.D.S. & Milanez, A.1. (2007) Hyphomycetes isolados da agua e do solo da Reserva Florestal de Dois Irmaos, Recife, PE,
Brasil. Acta Botanica Brasilica 21(4): 857-862.
https://doi.org/10.1590/s0102-33062007000400010

Cruz, A.D., Marques, M.F.O. & Gusmao, L.F.P. (2007) Fungos anamorficos (Hyphomycetes) da Chapada Diamantina: novos registros
para o Estado da Bahia e Brasil. Acta Botdnica Brasilica 21: 847-855.
http://dx.doi.org/10.1590/S0102-33062007000400009

Czeczuga, B., Mazalska, B., Godlewska, A., Muszyfiska, E. & Kuc, K. (2007) Fungi and fungus-like organisms (Straminipila) on fruit tree
petals floating in water. Biological Lett. 44: 41-50.

Descals, E., Nawawi, A. & Webster, J. (1976) Developmental studies in Actinospora and similar aquatic hyphomycetes. Transactions of
the British Mycological Society 67: 207-222.
http://dx.doi.org/10.1016/S0007-1536(76)80126-X

Descals, E., Marvanova, L. & Webster, J. (1998) New taxa and combinations of aquatic hyphomycetes. Canadian Journal of Botany 76:
1647-1659.

INGOLDIAN FUNGI OF BRAZIL Phytotaxa 306 (3) © 2017 Magnolia Press ¢ 195



http://dx.doi.org/10.1016/S0007-1536(87)80084-0

De Wildeman, E. (1893) Notes mycologiques. Fascicle 2. Annales de la Societé Belge de Microscopie 17: 35-68.

De Wildeman, E. (1894) Notes Mycologiques. Fasc. 3. Annales de la Societé Belge de Microscopie 18: 135-161.

De Wildeman, E. (1895) Notes mycologiques. Fasc. 6. Annales de la Societé Belge de Microscopie 19: 191-232.

Engblom, E., Lingdell, P.E., Marvanova, L. & Muller-Haeckel, A. (1986) Foam spora in running waters of southern Greenland. Polar
Research 4 (1): 47-51.
http://dx.doi.org/10.3402/polar.v4i1.6918

Fabre, E. (1998) Aquatic hyphomycetes in three rivers of southwestern France. II. Spatial and temporal differences between species.
Canadian Journal of Botany 76: 107-114.
https://doi.org/10.1139/b97-156

Fiuza, P.O., Ottoni-Boldrini, B.M.P., Monteiro, J.S., Catena, N.R., Hamada, N. & Gusmao, L.F.P. (2015) First records of Ingoldian fungi
from the Brazilian Amazon. Brazilian Journal of Botany 38: 615-621.
https://doi.org/10.1007/s40415-015-0157-7

Fiuza, P.O. & Gusmao, L.F.P. (2013a) Ingoldian fungi from the semi-arid Caatinga biome of Brazil. Mycosphere 4: 1133-1150.
https://doi.org/10.5943/mycosphere/4/6/10

Fiuza, P.O. & Gusmao, L.F.P. (2013b) Ingoldian fungi from semiarid Caatinga biome of Brazil. The genus Campylospora. Mycosphere
4: 559-565.
https://doi.org/0.5943/mycosphere/4/3/9

Gamundi, L.J., Arambarri, A.M. & Giaiotti, A. (1977) Microflora de la hojarasca de Nothofagus dombeyi. Darwiniana 21: 81-114.

Gessner, M.O, Gulis, V., Kuehn, K.A., Chauvet, E. & Suberkropp, K. (2007) Fungal decomposers of plant litter in aquatic ecosystems. /n:
Kubicek, C.P. & Druzhinina, 1.S. (Eds.) The Mycota, Environmental and microbial relationship. Springer, Berlin, pp. 301-324.
https://doi.org/10.1007/978-3-540-71840-6 17

Gonezol, J., & Révay, A. (2011) Aquatic hyphomycetes and other water-borne fungi in Hungary. Czech Mycology 63 (2): 133—151.

Grandi, R.A.P. (1998) Hyphomycetes decompositores do folhedo de Alchornea triplinervia (Spreng.) Miill. Arg. Hoehnea, 25: 133—148.

Grandi, R.A.P. (1999) Hifomicetos decompositores do folhedo de Euterpe edulis Mart. Hoehnea 26: 87-101.

Greathead, S.K. (1961) Some aquatic hyphomycetes in South Africa. South African Journal of Botany 27: 195-228.

Gulis, V.I. & Stephanovich, A.L. (1999) Antibiotic effects of some aquatic hyphomycetes. Mycological Research 113: 111-115.
https://doi.org/10.1017/S095375629800690X

Gulis, V., Marvanova, L. & Descals, E. (2005) An illustrated key to the Common temperate species of aquatic Hyphomycetes. /n: Graga
M.A.S., Birlocher, F. & Gessner, M.O. (Eds.) Methods to study litter decomposition: a practical guide. Springer, Netherlands, pp
153-167.
https://doi.org/10.1007/1-4020-3466-0_21

Hudson, H.J. (1961) Heliscus submersus sp. nov., an aquatic hyphomycete from Jamaica. Transactions of the British Mycological Society
44:91-94.
http://dx.doi.org/10.1016/S0007-1536(61)80011-9

Hudson, H.J. & Ingold, C.T. (1960) Aquatic hyphomycetes from Jamaica. Transactions of the British Mycological Society 43: 469-478.
http://dx.doi.org/10.1016/S0007-1536(60)80029-0

Ingold CT. (1942) Aquatic Hyphomycetes of decaying alder leaves. Transactions of the British Mycological Society 25: 339-417.
http://dx.doi.org/10.1016/S0007-1536(42)80001-7

Ingold, C.T. (1943) Further observations on aquatic Hyphomycetes of decaying leaves. Transactions of the British Mycological Society
26: 104-115.
http://dx.doi.org/10.1016/S0007-1536(43)80015-2

Ingold, C.T. (1944) Some new aquatic hyphomycetes. Transactions of the British Mycological Society 27: 35-47.
http://dx.doi.org/10.1016/S0007-1536(44)80006-7

Ingold, C.T. (1949) Aquatic hyphomycetes from Switzerland. Transactions of the British Mycological Society 32: 341-345.
http://dx.doi.org/10.1016/S0007-1536(49)80026-X

Ingold, C.T. & Cox, V.J. (1957) Heliscus stellatus sp. nov. An aquatic hyphomycete. Transactions of the British Mycological Society
40:155-158.
http://dx.doi.org/10.1016/S0007-1536(57)80075-8

Ingold, C.T. (1958a) Aquatic hyphomycetes from Uganda and Rhodesia. Transactions of the British Mycological Society 41 (1): 109—
114.
http://dx.doi.org/10.1016/S0007-1536(58)80014-5

Ingold, C.T. (1958b) New aquatic Hyphomycetes, Lemonniera brachycladia, Anguillospora crassa, and Fluminispora ovalis. Transactions
of the British Mycological Society 41: 365-372.

196 « Phytotaxa 306 (3) © 2017 Magnolia Press FIUZA ET AL.



http://dx.doi.org/10.1016/S0007-1536(58)80051-0

Ingold, C.T. (1959) Aquatic spora of Omo Forest, Nigeria. Transactions of the British Mycological Society 42: 479—485.
http://dx.doi.org/10.1016/S0007-1536(59)80049-8

Ingold, C.T. (1974) Tricladium chaetocladium sp. nov. an aquatic hyphomycete from Britain. Transactions of the British Mycological
Society 63: 624-626.
http://dx.doi.org/10.1016/S0007-1536(74)80121-X

Igbal, S.H. (1997) Species diversity of freshwater hyphomycetes in some streams of Pakistan II. Seasonal diferences of fungal communities
on leaves. Ann. Bot. Fennici 34: 165-178.
http://dx.doi.org/doi:10.1007/BF02268503

Jabiol, J., Bruder, A., Gessner, M.O., Makkonen, M., Mckie, B.G., Peeters, E.T.H.M., Vos, V.C.A. & Chauvet, E. (2013) Diversity patterns
of leaf-associated aquatic hyphomycetes along a broad latitudinal gradient. Fungal Ecology 6: 439-448.
http://dx.doi.org/10.1016/j.funeco.2013.04.002

Jones, E.B.G. & Pang, K.L. (2012) Tropical aquatic fungi. Biodiversity and Conservation 21: 2403-2423.
https://doi.org/10.1007/s10531-011-0198-6

Lamarck, J.-B.P.A. de M. (1785) Encyclopédie méthodique. Botanique. Paris, Liege, 752 pp.
https://doi.org/10.5962/bhl.title.824

Landrum, L.R. (1984) A new name and new combinations in Campomanesia and Pimenta (Myrtaceae). Brittonia 36(3): 241-243.
https://doi.org/10.2307/2806515

Linné, C.V. (1782) Supplementum Plantarum Systematis Vegetabilium Editionis Decimae Tertiae, Generum Plantarum Editiones Sextae,
et Specierum Plantarum Editionis Secundae. Brunsvige, Impenfis Orphanotrophei, 468 pp.
http://dx.doi.org/10.5962/bhl.title.555

Luna-Fontalvo, J. (2009) Hongos anamorficos acuaticos asociados a la hojarasca en el rio gaira de la costa del caribe colombiano.
Intropica 4: 41-46.

Magalhdes, D.M.A., Luz, E.D.M.N., Magalhaes, A.F., Santos Filho, L.P.D., Loguercio, L.L. & Bezerra, J.L. (2011) Richness of anamorphic
fungi on the litter of Manilkara maxima, Parinari alvimii and Harleyodendron unifoliolatum in the Atlantic Forest of southern
Bahia. Acta Botanica Brasilica 25: 899-907.
http://dx.doi.org/10.1590/S0102-33062011000400017

Malosso, E. (1999) Hyphomycetes em ambientes aqudticos lotico e léntico — ocorréncia e biomassa. MSc. Thesis, Universidade Federal
de Sao Carlos, Sao Carlos, 98 pp.

Martius, C.E.P. de (1824) Historia Naturalis Palmarum, genera et species. Lipsiae, 245 pp.

Marvanova, L. & Marvan P. (1969) Aquatic hyphomycetes in Cuba. Czech Mycology 23: 135-140.

Marvanova, L. & Nilsson, S. (1971) Validation of aquatic hyphomycete names. Transactions of the British Mycological Society 57:
531-532.
http://dx.doi.org/10.1016/S0007-1536(71)80068-2

Marvanova, L. & Bandoni, R.J. (1987) Naiadella fluitans gen. et. sp. nov.: A conidial basidiomycete. Mycologia 79: 578-586.
https://doi.org/10.2307/3807598

Marvanova, L., Om-Kalthoum-Khattab, S. & Webster, J. (1993) Mycofalcella calcarata, anam. gen. et sp. nov. Nova Hedwigia 56:
401-408.

Marvanova, L. (1997) Freshwater hyphomycetes: a survey with remarks on tropical taxa. /n: Janardhanan, K.K., Rajendran, C., Natarajan,
K. & Hawksworth, D.L. (Eds.) Tropical Mycology. Science Publishers, USA, pp. 169-226.

Marvanova, L. & Gulis, V. (2000) Notes on aquatic hyphomycetes and streamborne spora from Austria. Osterreichische Zeitschrift fiir
Pilzkunde 9: 125-140.

Matsushima, T. (1993) Matsushima Mycological Memoirs N° 7. — Publ. by the author, Kobe, 206 pp.

Ministério Do Meio Ambiente-MMA (2016) Pantanal. MMA Brazilian Government. Available from: http://www.mma.gov.br/biomas/
pantanal (accessed 29 Aug 2016)

Monteiro, J.S. (2014) Fungos Conidiais Associados a Substratos Vegetais Submersos em Fragmentos Florestais do Bioma Amazoénia,
Para, Brasil. PhD Thesis, Universidade Federal de Pernambuco, Recife, 193 pp.

Moreira, C.G. & Schoenlein-Crusius, [.H. (2012) Nova espécie e novos registros para o Brasil de hifomicetos em folheto submerso
coletados no Parque Municipal Alfredo Volpi, Sdo Paulo, SP, Brasil. Hoehnea 39: 521-527.
http://dx.doi.org/10.1590/S2236-89062012000400001

Moreira, C.G. (2006) Avaliagdo da diversidade e biomassa de fungos associados a folhas em decomposig¢do de Tibouchina pulchra Cogn.
submersas em reservatorios do Parque Estadual das Fontes do Ipiranga (PEFI), Sao Paulo, SP. MSc.Thesis, Instituto de Botanica,
Séao Paulo, 111 pp.

Moreira, C.G. (2011) Sucessdo de hifomicetos e avaliagdo da biomassa fungica durante a decomposic¢do de folhedo de Caesalpinia

INGOLDIAN FUNGI OF BRAZIL Phytotaxa 306 (3) © 2017 Magnolia Press « 197


http://www.mma.gov.br/biomas/pantanal
http://www.mma.gov.br/biomas/pantanal

echinata Lam. e Campomanesia phaea (O. Berg.) Landrum submersos em lagos artificiais na cidade de Sao Paulo, SP. PhD Thesis,
Instituto de Botanica, Sdo Paulo, 130 pp.

Moro, L.B., Schoenlein-Crusius, I.H., de Jesus, A.L. & Pires-Zottarelli, C.L. (2015) Campylospora brasiliensis, a new species of freshwater
fungi from Brazil. Phytotaxa 208: 287-295.
http://dx.doi.org/10.11646/phytotaxa.208.4.4

Nawawi, A. & Webster, J. (1982) Sistotrema hamatum sp. nov., the teleomorph of Ingoldiella hamata. Transactions of the British
Mycological Society 78: 287-291.
http://dx.doi.org/10.1016/S0007-1536(82)80012-0

Nawawi, A. (1973) A new species of Varicosporium from Malaysia. Nova Hedwigia 24: 39—43.

Nawawi, A. (1975) Triscelophorus acuminatus sp.nov. Transactions of the British Mycological Society 64: 345-348.
http://dx.doi.org/10.1016/S0007-1536(75)80127-6

Nawawi, A. (1976) Condylospora gen. nov., a hyphomycete from a foam sample. Transactions of the British Mycological Society 66:
363-365.
http://dx.doi.org/10.1016/S0007-1536(76)80077-0

Nawawi, A., Webster, J. & Davey, R.A. (1977) Dendrosporomyces prolifer gen. et sp. nov., a basidiomycete with branched
conidia. Transactions of the British Mycological Society 68: 59-63.
http://dx.doi.org/10.1016/S0007-1536(77)80152-6

Nawawi, A. (1985a) Basidiomycetes with branched, water-borne conidia. Botanical Journal of the Linnean Sociely 91: 51-60.
https://doi.org/10.1111/j.1095-8339.1985.tb01134.x

Nawawi, A (1985b) Aquatic hyphomycetes and other water-borne fungi from Malaysia. Malayan Nature Journal 39: 75-134.
http://doi.org/10.2307/3758921

Nawawi, A. (1985¢) Another aquatic hyphomycete genus from foam. Transactions of the British Mycological Society 85 (1): 174-177.
http://dx.doi.org/10.1016/S0007-1536(85)80172-8

Nilsson, S. (1962a) Some aquatic hyphomycetes from South America. Svensk Botanisk Tidskrift 56: 351-361.

Nilsson, S. (1962b) Second note on Swedish freshwater hyphomycetes. Botaniska Notiser 115: 73-86.

Nilsson, S. (1964) Freshwater Hyphomycetes. Taxonomy, morphology and ecology. Symbolae Botanicae Upsaliensis 18: 1-130.

Nolan, R.A. (1972) The aquatic hyphomycete Geniculospora inflata from Labrador. Mycologia 64: 1169-1174.
http://doi.org/10.2307/3758084

Oliveira, M.S., Aratijo, M.A., Barbosa, M.A., Silva, J.C., Malosso, E. & Castafieda-Ruiz, R.F. (2015) Pyramidospora quadricellularis sp.
nov. on submerged leaves from Brazil. Mycotaxon 130: 971-976.
https://doi.org/10.5248/130.971

Orlowska, M., Lengiewicz, I. & Suszycka, M. (2004) Hyphomycetes Developing on Water Plants and Bulrushes in Fish Ponds. Polish
Journal of Environmental Studies 13: 703-707.

Pascoal, C., Marvanova, L. & Cassio, F. (2005) Aquatic hyphomycete diversity in streams of Northwest Portugal. Fungal Diversity 19:
109-128.

Petersen, R.H. (1960) Culicidospora, a new genus of aquatic aleuriosporous Hyphomycetes. Bulletin of the Torrey Botanical Club 87:
342-347.
https://doi.org/10.2307/2482630

Petersen, R.H. (1962) Aquatic hyphomycetes from North America. I. 1. Aleuriosporae (Part I), and Key to the Genera. Mycologia 54:
117-151.
https://doi.org/10.2307/3756664

Ranzoni, F.V. (1953) The aquatic hyphomycetes of California. Farlowia 4: 353-398.

Rodino, D., Tosi, S. & Del Frate, G. (2003) Ifomiceti acquatici in un canale del Parco del Ticino. Studi Tridentino di Scienze Naturali.
Acta Biolica 80: 55-57.

Rosa, C.A., Rosa, L.H., Medeiros, A.O. & Fonseca, F.G. (2009) Diversidade Microbiana. /n: Drummond, G.M., Martins, C.S., Greco,
M.B. & Vieira F. (Eds.) Biota Minas-Diagnostico do Conhecimento sobre a Biodiversidade no Estado de Minas Gerais. Fundagao
Biodiversitas, Brazil, pp. 43-65.

Sales, M.A., Gongalves Jr., J.F., Dahora, J. & Medeiros, A.O. (2014) Influence of leaf quality on microbial decomposition in a headwater
stream in the Brazilian Cerrado: a 1-year study. Microbial Ecology 69: 84-94.
https://doi.org/10.1007/s00248-014-0467-5

Saint-Hilaire, A. de (1825) Flora Brasiliae meridionalis. Tomus Primus, Parisiis, 480 pp.

Santos-Flores, C.J. & Betancourt-Lopez, C. (1997) Aquatic and waterborne hyphomycetes (Deuteromycotina) in streams of Puerto Rico
(including records from other Neotropical locations). Caribbean Journal of Science, 111 pp.

Schoenlein-Crusius, [.H. & Milanez, A.I. (1989) Sucessao fungica em folhas de Ficus microcarpa L. f. submersas no Lago Frontal situado

198 « Phytotaxa 306 (3) © 2017 Magnolia Press FIUZA ET AL.



no Parque Estadual das Fontes do Ipiranga, Sdo Paulo. Revista de Microbiologia 20: 95-101.

Schoenlein-Crusius, I.H., Pires, C.L.A. & Milanez, A.1L. (1990) Sucessao fungica em folhas de Quercus robur L. (Carvalho) submersas em
um lago situado no municipio de Itapecerica da Serra, SP. Revista de Microbiologia 21: 61-67.

Schoenlein-Crusius, I.LH. & Milanez, A.l. (1990a) Hyphomycetes aquaticos no estado de Sdo Paulo, Brasil. Revista Brasileira de
Botdnica 13: 61-68.

Schoenlein-Crusius, [.LH. & Milanez, A.L. (1990b) Aquatic Hyphomycetes in Sao Paulo State, Brazil. I. First observations. Hoehnea 17:
111-115.

Schoenlein-Crusius, I.H., Pires-Zottarelli, C.L.A. & Milanez, A.I. (1992) Aquatic fungi in leaves submerged in a stream in the Atlantic
rain-forest. Revista de Microbiologia 23: 167-171.

Schoenlein-Crusius, I.H. & Milanez, A.L. (1998a) Fungal Succession on leaves of Alchornea triplinervia (Spreng.) M. Arg. submerged in
a Stream of an Atlantic Rainforest in the State of Sdo Paulo, Brazil. Revista Brasileira de Botdnica 21: 253-259.
https://doi.org/10.1590/s0100-8404 1998000300003

Schoenlein-Crusius, [.H. & Milanez, A.1. (1998b) Fungos microscopicos da Mata Atlantica de Paranapiacaba, Sao Paulo, Brasil. Brazilian
Journal of Botany 21: 73-79.
https://doi.org/10.1590/s0100-84041998000100007

Schoenlein-Crusius, I.H. (2002) Aquatic Hyphomycetes from cerrado regions in the state of Sdo Paulo, Brazil. Mycotaxon 81: 457-462.

Schoenlein-Crusius, I.LH. & Grandi, R.A.P. (2003) The diversity of aquatic hyphomycetes in South America. Brazilian Journal of
Microbiology 34: 183-103.
https://doi.org/10.1590/s1517-83822003000300001

Schoenlein-Crusius, I.H., Moreira, C.G. & Bicudo, D.D.C. (2009) Aquatic Hyphomycetes in the Parque Estadual das Fontes do Ipiranga-
PEFI, Sao Paulo, Brazil. Revista Brasil. Botdnica 32: 411-426.
https://doi.org/10.1590/s0100-84042009000300003

Schoenlein-Crusius, I.H., Moreira, C.G., Takahashi, J.P. & Gomes, E.P.C. (2014) Riqueza dos fungos ingoldianos e aquaticos facultativos
no Parque Municipal do Ibirapuera, Sdo Paulo, SP, Brasil. Hoehnea 41: 61-76.
https://doi.org/10.1590/s2236-89062014000100006

Schoenlein-Crusius, I.H., Moreira, C.G. & Gomes, E.P.C. (2015a) Riqueza dos fungos ingoldianos e dos fungos aquaticos facultativos do
Parque Municipal da Aclimagdo, Sdo Paulo, SP, Brasil. Hoehnea 42: 239-251.
https://doi.org/10.1590/2236-8906-52/2014

Schoenlein-Crusius, I.H., Moreira, C.G. & Malosso, E. (2015b) Aquatic Hyphomycetes from leaf litter in Brazilian urban waters. /n:
Misra, J.K., Tewari, J.P., Desmukh, S.K. & Vagvolgyi, C. (Eds.) Fungi from Different Substrates. CRC Press, USA, pp. 75-96.
https://doi.org/10.1201/b17646-4

Schoenlein-Crusius, I.LH., Diniz, B.F., Costa, R.T.D., Sabino, A.P., Moro, L.B., Boro, M., Ishida, C.M., Jesus, A.L. & Pires-Zottarelli, C.L.
(2016) Diversity of conidial fungi and some abiotic variables of the water after the reopening of the Pirarungaua stream in the Jardim
Botanico, Sdo Paulo, Sdo Paulo State, Brazil. Hoehnea 43: 57-75.
https://doi.org/10.1590/2236-8906-58/2015

Shaw, D.E. (1972) Ingoldiella hamata gen. et sp.nov., a fungus with clamp connexions from a stream in north Queensland. Transactions
of the British Mycological Society 59: 255-259.
https://doi.org/10.1016/s0007-1536(72)80010-x

Shearer, C.A. (1992) The role of woody debris. /n: Barlocher, F. (Ed.) The ecology of aquatic hyphomycetes. Springer, Berlin, pp. 75—
98.
https://doi.org/10.1007/978-3-642-76855-2_4

Shearer, C.A., Descals, E., Kohlmeyer, B., Kohlmeyer, J., Marvanova, L., Padgett, D., Porter, D., Raja, H.A., Schmit, J.P., Thorton, H.A.
& Voglymayr, H. (2007) Fungal biodiversity in aquatic habitats. Biodiversity and Conservation 16: 49-67.
https://doi.org/10.1007/s10531-006-9120-z

Shearer, C.A., Pang, K.L., Suetrong, S. & Raja, H. (2014) Phylogeny of the Dothideomycetes and other classes of freshwater fissitunicate
Ascomycota. /n: Jones, E.B.G., Hyde, K.D. & Pang, K.L. (Eds.) Freshwater fungi and fungal-like organisms. Walter de Gruyter
GmbH & Co KG, Berlin, pp. 25-46.
https://doi.org/10.1515/9783110333480.25

Silva, R.F. & Briedis, G.S. (2011) Hifomicetos acuaticos de la cabecera de rio Guarico. Estado Carabobo, Venezuela. Interciencia 36 (11):
831-834.

Silva, R.F. & Briedis, G.S. (2016) Aquatic hyphomycetes from the headwaters of Chirgua River, Carabobo, Venezuela. Interciencia 41
(2): 110-113.

Silva, S.S., Santa Izabel, T.S. & Gusmao, L.F.P. (2014) Fungos conidiais associados a substratos vegetais submersos em algumas areas do
bioma Caatinga. Rodriguésia 65: 527-538.

INGOLDIAN FUNGI OF BRAZIL Phytotaxa 306 (3) © 2017 Magnolia Press « 199



https://doi.org/10.1590/s2175-78602014000200014

Sokolski, S., Piché, Y., Laitung, B. & Bérubé, J.A. (2006) Streams in Quebec boreal and mixed-wood forests reveal a new aquatic
hyphomycete species, Dwayaangam colodena sp. nov. Mycologia 98: 628—636.
https://doi.org/10.3852/mycologia.98.4.628

Sridhar, K.R., Chandrashekar, K.R. & Kaveriappa, K.M. (1992) Research on the Indian subcontinente. /n: Barlocher, F. (Ed.) The ecology
of aquatic hyphomycetes. Springer, Berlin, pp. 182-211.

Sridhar, K.R. & Kaveriappa, K.M. (1992) Aquatic hyphomycetes of Western Ghat streams, India. Sydowia 44: 66-77.

Sridhar, K.R., Karamchand, K.S. & Hyde, K.D. (2010) Wood-inhabiting filamentous fungi in 12 high-altitude streams of the Western
Ghats by damp incubation and bubble chamber incubation. Mycoscience 51: 104—-115.
https://doi.org/10.1007/s10267-009-0017-z

Suberkropp, K. & Wallace, J.B. (1992) Aquatic hyphomycetes in insecticide-treated and untreated streams. Journal of the North American
Benthological Society 11:165-171.
https://doi.org/10.2307/1467382

Sudheep, N.M. & Sridhar, K.R. (2011) Diversity of lignicolous and Ingoldian fungi on woody litter from the River Kali (Western Ghats,
India). Mycology 2: 98-108.
https://doi.org/10.1080/21501203.2011.554905

Sudheep, N.M. & Sridhar, K.R. (2013) Colonization and diversity of aquatic hyphomycetes in relation to decomposition of submerged leaf
litter in River Kali (Western Ghats, India). Mycosphere 4: 456—476.

Tubaki, K. (1957) Studies on the Japanese Hyphomycetes (I1T) Aquatic group. Bulletin of the National Science Museum 3: 249-268.

Webster, J. (1992) Anamorph-teleomorph relationships. /n: Barlocher, F. (Ed.) The ecology of aquatic hyphomycetes. Springer, Berlin,
pp- 99-117.
https://doi.org/10.1007/978-3-642-76855-2_5

200 < Phytotaxa 306 (3) © 2017 Magnolia Press FIUZA ET AL.



