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Abstract: Two new genera are established in the
Dothideomycetes based on morphological and mo-
lecular data (SSU and LSU nuclear ribosomal
sequences) to accommodate four ascomycete species
collected from woody debris submerged in freshwater
habitats. The genus Minutisphaera is represented by a
single species, M. fimbriatispora, which was collected
from freshwater habitats in temperate forests in North
America. It has small, superficial, brown, subglobose,
papillate pseudothecia with dark, irregularly twisted
hairs around the papillae, fissitunicate asci, septate
pseudoparaphyses, and hyaline, one-septate asco-
spores surrounded by a gelatinous sheath and having
spine-like appendages radiating around the ascospore
at the septum. Minutisphaera formed a strongly
supported clade with Farlowiella carmichaeliana. The
second genus, Natipusilla, contains three new species,
N. decorospora, N. limonensis and N. naponensis, which
were collected from Central and South America.
Natipusilla is characterized by small, superficial, light-
colored, globose pseudothecia, fissitunicate asci, few
or no pseudoparaphyses, and hyaline, one-septate to
tardily two- or three-septate ascospores with or
without a gelatinous sheath. The three Natipusilla
species form a well supported clade, but their
relationship to other members of the Dothideomy-
cetes remains unclear.

Key words: aquatic, Dothideomycetes, fungal sys-
tematics

INTRODUCTION

Freshwater ascomycetes are microscopic, saprobe
fungi that colonize and decompose submerged dead
leaves and woody debris (Shearer 1993, Shearer et al.

2004). About 580 species have been described or
reported from freshwater habitats worldwide (http://
fungi.life.illinois.edu/). Although freshwater ascomy-
cetes are a broadly polyphyletic group, they share
several morphological characters including the pres-
ence of elaborate gelatinous ascospore sheaths and
appendages, which presumably function in attaching
spores to substrates in water ( Jones 1994, 2006).

During a long-term latitudinal study in the
western hemisphere we collected four putatively
undescribed taxa with small ascomata and fissituni-
cate asci. The presence of fissitunicate asci places
these taxa in the Dothideomycetes (Schoch et al.
2009). At present 185 freshwater Dothideomycetes
species have been reported from freshwater habitats
(http://fungi.life.illinois.edu/). These species are
concentrated in the Pleosporales (147 spp.) and
Jahnulales (19 spp.). The Jahnulales are distin-
guished from other freshwater Dothideomycetes by
the presence of exceptionally large vegetative
hyphae (Inderbitzin et al. 2001, Raja and Shearer
2006), a character not found in our new taxa. The
minute dothideomycete taxa we found in freshwater
also did not fit well within other accepted orders of
Dothideomycetes from freshwater (Shearer et al.
2009). To learn more about the phylogenetic
relationships of the new taxa we undertook a
molecular phylogenetic study with partial nuclear
ribosomal 18S small subunit (SSU) and 28S large
subunit (LSU) sequences. Two new genera and four
new species are described herein. Genus Minuti-
sphaera is based on a single species, M. fimbriati-
spora, while genus Natipusilla contains three new
species, N. decorospora, N. limonensis and N.
naponensis.

MATERIALS AND METHODS

Collection, isolation and morphological examination.—Col-
lection techniques, fungal examination and isolation
methods are presented in Ferrer and Shearer (2005). Slides
were preserved with the double cover-glass method of
Volkmann-Kohlmeyer and Kohlmeyer (1996). Digital imag-
es were obtained with a Spot RT digital camera using an
Olympus microscope equipped with Nomarski interference
optics. Specimens are deposited in the Herbarium of the
University of Illinois at Urbana-Champaign (ILL).

Molecular study.—Fungal mycelia were scraped from axenic
cultures grown on potato dextrose agar (PDA, Difco) and
ground into a fine powder in liquid nitrogen with a mortar
and pestle. DNA was extracted with the DNeasy Plant Mini
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TABLE I. Species and sequences retrieved from GenBank. Accession numbers for newly generated sequences are highlighted
in boldface

Species

GenBank accession number

SSU LSU

Aliquandostipite khaoyaiensis AF201453 EF175648
Alternaria alternata DQ678031 DQ678082
Bimuria novae-zelandiae AY016338 AY016356
Botryosphaeria dothidea DQ677998 DQ678051
Botryosphaeria ribis DQ678000 DQ678053
Botryotinia fuckeliana AY544695 AY544651
Caloscypha fulgens DQ247807 DQ247799
Capnodium coffeae DQ247808 DQ247800
Cochliobolus heterostrophus AY544727 AY544645
Dendryphiopsis atra DQ677996 DQ678046
Delitschia winteri DQ678026 DQ678077
Delphinella strobiligena DQ471029 DQ470977
Discosphaerina fagi AY016342 AY016359
Dothidea sambuci AY544722 AY544681
Elsinoe centrolobi DQ678041 DQ678094
Elsinoe veneta DQ678007 DQ767658
Farlowiella carmichaeliana AY541482 AY541492
Farlowiella carmichaeliana GU296129 GU301791
Gibbera conferta GU296150 GU301814
Gyromitra californica AY544717 AY544663
Helicoma monilipes AY856920 AY856871
Helicoma olivaceum AY856925 AY856878
Helicomyces roseus DQ678032 DQ678083
Helicoon fuscosporum AY856946 AY856901
Herpotrichia diffusa DQ678019 DQ678071
Herpotrichia juniperi DQ678029 DQ678080
Jahnula aquatica EF175633 EF175655
Jahnula bipileata EF175635 EF175657
Jahnula seychellensis EF175644 EF175665
Kirschsteiniothelia aethiops AY016344 AY016361
Leotia lubrica AY544687 AY544644
Lophiostoma arundinis DQ782383 DQ782384
Macrophomina phaseolina DQ678037 DQ678088
Magnaporthe grisea AB026819 AB026819
Microglossum olivaceum AY789396 AY789397
Microthyrium microscopicum GU296175 GU301846
Minutisphaera fimbriatispora-7d HM196373 HM196366
Minutisphaera fimbriatispora-8a HM196374 HM196367
Minutisphaera fimbriatispora-8c HM196375 HM196368
Mycosphaerella punctiformis DQ471017 DQ470968
Myriangium duriaei AY016347 DQ678059
Natipusilla decorospora-1a HM196376 HM196369
Natipusilla limonensis-1a HM196377 HM196370
Natipusilla naponensis-1a HM196378 HM196371
Natipusilla naponensis-1b HM196379 HM196372
Neurospora crassa X04971 AF286411
Phaeodothis winteri DQ678021 DQ678073
Phaeosphaeria avenaria AY544725 AY544684
Phaeosphaeria eustoma DQ678011 DQ678063
Phaeotrichum benjaminii AY016348 AY004340
Preussia terricola AY544726 AY544686
Pyronema domesticum DQ247813 DQ247805
Pyrenophora phaeocomes DQ499595 DQ499596
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Kit (QIAGEN Inc., Valencia, California) according to the
kit’s instructions. Fragments of SSU and LSU were
amplified by the polymerase chain reaction (PCR) with
PureTaqTM Ready-To-Go PCR beads (Amersham Bioscience
Corp, Piscataway, New York) according to Promputtha and
Miller (2010). Primers NS1 and NS4 (White et al. 1990) for
SSU and LROR and LR6 for LSU (Rehner and Samuels
1994, Vilgalys and Hester 1990) were used for PCR
reactions. PCR products were purified with the QIAquick
PCR purification kit (QIAGEN Inc., Valencia, California).
Purified PCR products were used in 11 mL sequencing
reactions with BigDyeH Terminators 3.1 (Applied Biosys-
tems, Foster City, California) with primers NS1, NS2, NS3
and NS4 for the SSU region and LROR, LR3, LR3R and LR6
for the LSU region. Sequences were generated at the
University of Illinois Biotechnology Center with an ABI
3730XL high-throughput automated sequencer. Sequences
were assembled and edited manually in Sequencher 4.7
(Gene Codes Corp. 1991).

Phylogenetic analyses.—Species sequenced along with iso-
late numbers and GenBank accession numbers are provided
(TABLE I). To determine the familial placement of the new
genera partial SSU and LSU sequences of the new taxa were
analyzed separately along with 50 sequences obtained from
GenBank. These sequences represent taxa from subclasses
currently circumscribed within the Dothideomycetes based
on Schoch et al. (2006, 2009) and Tsui and Berbee (2006).
Caloscypha fulgens, Gyromitra californica and Pyronema
domesticum were used as outgroup taxa based on work by
Schoch et al. (2006). Sequences were aligned in MUSCLE
(Edgar 2004) with default parameters and then refined
manually with MacClade 4.08 (Madisson and Madisson
2000). Models of evolutionary change were determined with
Modeltest 3.7 (Posada and Crandall 1998). Independent
maximum likelihood (ML) analyses were conducted with
PhyML with the program Seaview (Galtier et al. 1996) under
these parameters: GTR model was implemented with four
rate classes, invariable sites and across site variation were
optimized and 1000 bootstrap replicates were performed
from a BioNJ starting tree employing the best of NNI and

SPR branch swapping. Because no significant conflicts
occurred among clades in the separate SSU and LSU
analyses the separate datasets were combined for analyses. A
ML analysis was performed on the combined dataset as
above. Bayesian analyses employing Markov chain Monte
Carlo (MCMC) were performed with MrBayes 3.1.2 (Huel-
senbeck et al. 2001, Huelsenbeck and Ronquist 2001) as an
additional means of assessing branch support. The GTR
model was used in the Bayesian analyses, which were
conducted for 10 000 000 generations with trees sampled
every 100th generation, resulting in 100 000 total trees. Two
independent analyses were performed with four chains
using default settings to ensure that trees were being
sampled from the same tree space and that they converged
on the same tree. The first 10 000 trees, which extended
beyond the burn-in phase in each analysis, were discarded
and the remaining 90 000 trees were used to calculate
posterior probabilities. The consensus of 90 000 trees was
generated in PAUP 4.0b10 (Swofford 2002).

RESULTS

The complete dataset had 63 taxa and 1983
characters after the removal of one intron region
and eight ambiguous regions. A total of 14 DNA
sequences were generated in this study and are
deposited in GenBank. The PhyML analysis resulted
in a single most likely tree (FIG. 1). This tree
resulted in the placement of the major orders of
Dothideomycetes similar to the phylogeny presented
by Schoch et al. (2009), with the exception of order
Jahnulales, which was basal to the Pleosporomyceti-
dae in this study. The three species of genus
Natipusilla form a monophyletic group with 100%

bootstrap support and 100% posterior probability.
Phylogenetic analyses place the new genus basal to a
member of the Microthyriaceae but with no support.
Natipusilla occurs on a long branch and therefore its

TABLE I. Continued

Species

GenBank accession number

SSU LSU

Pyrenophora tritici-repentis AY544716 AY544672
Trichodelitschia munkii DQ384070s DQ384096
Trichodelitschia bisporula GU349000s GU348996
Troposporella fumosa AY856953S AY856914
Tubeufia cerea DQ471034 DQ470982
Tubeufia helicomyces DQ767649 DQ767654
Tyrannosorus pinicola DQ471025 DQ470974
Ulospora bilgramii DQ678025 DQ678076
Venturia inaequalis GU296205 GU301879
Venturia populina GU296206s GU323212
Verruculina enalia DQ678028 DQ678079
Xylaria acuta AY544719 AY544676
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FIG. 1. Most likely tree from combined SSU and LSU nrDNA sequence data obtained with PhyML (log likelihood 5

217628). Numbers to the left of the slash indicate PhyML bootstrap support. Numbers to the right of the slash indicate
Bayesian posterior probabilities $ 95%. Sequences downloaded from GenBank and obtain for this study are followed by their
GenBank identification numbers (SSU/LSU). Species sequenced for this are in gray boxes.
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relationship to this group might change once more
taxa are added to the analyses. Morphological and
molecular data support the formation of genus
Minutisphaera. The three aligned sequences of M.
fimbriatispora form a monophyletic group with 100%

bootstrap support and 100% posterior probability.
Minutisphaera is a sister clade of Farlowiella carmi-
chaeliana with 100% bootstrap support and 100%

posterior probability. This study could not place
Minutisphaera within any of the recognized orders of
the Dothideomycetes.

TAXONOMY

Minutisphaera Shearer, A.N. Mill. et A. Ferrer, gen.
nov.

MycoBank MB518355
Ascomata in ligno submerso, minuta, globosa ad sub-

globosa, erumpentia vel superficiala, brunnea, ostiolata et
nigrostrigosum circum ostiolum. Peridium tenuitunicatum,
textura angularis ad globosum constitutum. Pseudopara-
physes septatae. Asci fissitunicati, octospori, ovoidei vel
obclavati, astipitati, apici rotundato. Ascosporae unisepta-
tae, clavatae, multiguttulatae, pallidae brunneae, cum
fusiforma mucilagina tunica et numerosus appendicibus
circum septum; appendices longae, filamentosae.

Ascomata on submerged wood, small, globose to
subglobose, erumpent to superficial, brown, with an
ostiole and curved, black hairs around the ostiole.
Peridium thin walled, composed of textura angularis
to globosum. Pseudoparaphyses septate. Asci fissitu-
nicate, eight-spored, ovoid to obclavate, lacking a
stalk, rounded at apex. Ascospores one-septate,
clavate, multiguttulate, pale brown, with fusiform
gelatinous sheath and numerous filamentous append-
ages radiating around the mid-septum.

Typus generic. Minutisphaera fimbriatispora Shearer,
A.N.Mill. et Ferrer

Etymology. Named for the small, round fruit body:
L. minuta 5 small + L. sphaera 5 sphere.

Minutisphaera fimbriatispora Shearer, A.N. Mill. et
Ferrer, sp. nov. FIGS. 2–10

MycoBank MB518364
Ascomata in ligno submerso, minuta, 110–120 3 120–

150 mm, globosa ad subglobosa, erumpentia vel super-
ficiala, brunnea, ostiolata, nigrostrigosum circum ostio-
lum. Peridium tenuitunicatum, textura angularis ad
globosum constitutum. Pseudoparaphyses septatae. Asci
fissitunicati, 52–97 3 18–30 mm (mean 5 71 3 23.2 mm; n
5 20), octospori, ovoidei vel obclavati, astipitati, apici
rotundato. Ascosporae uniseptatae, clavatae, 24–36 3 6–
8 mm (mean 5 27.72 3 7.4 mm; n 5 30) multiguttulatae,
pallidae brunneae, cum fusiforma mucilagina tunica et
numerosus appendicibus circum septum; appendices
longae, filamentosae.

Holotype. USA. NORTH CAROLINA: Swain County,
Great Smoky Mountain National Park, Ravensford,
along Blue Ridge Parkway, Amphibian Pond at Big
Butternut, active beaver dam impoundment,
35u30933.880N, 83u17955.630W, on corticated wood,
27 Mar 2001, K. Langdon & C.A. Shearer A242-8
(ILL).

Etymology. Named for the spore sheath and ap-
pendages: L. fimbria + spora 5 fringed spore.

Ascomata on submerged wood minute, 110–120 3

120–150 mm, superficial to partly immersed, brown,
globose to subglobose, ostiolate, with irregular, dark
brown hyphae on the upper part of the ascoma
around the ostiole (FIGS. 2, 3). Peridial wall two cells
wide, lumen of cells ca. 10 3 15 mm, of textura
angularis to globosa in section, textura angularis in
surface view (FIG. 4). Asci 52–97 3 18–31 mm (mean
5 71 3 23.2 mm; n 5 20), numerous, oblong to
obclavate, broadly rounded (FIGS. 5, 6), fissitunicate
(FIG. 7), endoascus wall 3–5 mm thick, and extending
from the opening of the ectoascus up to 30 mm, apical
chamber not observed, stalk absent or short; eight-
spored (FIG. 5). Pseudoparaphyses 2 mm wide, cellu-
lar, simple, or branched, constricted at the septa and
embedded in a gelatinous matrix (FIG. 6). Ascospores
24–36 3 6–8 mm (mean 5 27.7 3 7.4 mm; n 5 30),
irregularly arranged, clavate, multiguttulate, one-
septate, septum supramedian; upper cell broader
and shorter than tapering basal cell, hyaline at first,
becoming golden, turning brown at maturity; asco-
spores surrounded by a cylindrical mucilaginous
sheath (FIG. 8) constricted at the septum and
extending ca. 12 mm beyond the ascospore basal cell,
ca. 4–5 mm wide, becoming elongated and diffuse in
water, with numerous filamentous appendages, sepa-
rating from the surface of the ascospore sheath in
water and forming a fringe around the ascospore
septum; appendages ca. 15–25 mm long, staining blue
in aqueous nigrosin (FIGS. 9, 10). Colonies on
peptone yeast extract glucose (PYG) agar growing
slowly, green, dark green in the center and radiating
along the margins; no anamorph observed.

Distribution. USA: Illinois, Louisiana, North Caro-
lina, Virginia and Wisconsin.

Habit. On submerged, dead, corticated or partially
decorticated woody debris.

Additional specimens examined. USA. ILLINOIS: Union
County, Pine Hills Spring, 37u34929.7680N, 89u26920.4200W,
on submerged corticated wood, 09 Mar 1994, J.L. Crane &
C.A. Shearer, A242-1; Piatt County, Allerton Park, 40u159N,
88u969W, on submerged corticated wood, 22 Nov 1999 W.L.
Hurley and C.A. Shearer, A242-7; Wabash County, Sugar
Creek, Beall Woods Conservation and Nature Preserve,
38u219310N, 87u499300W, water 18 C, pH 7.5, submerged
wood, 11 Oct 2002, H. Raja & C.A. Shearer, A242-10;
LOUISIANA: Washington Parish, dark water creek running
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FIGS. 2–10. Minutisphaera fimbriatispora. 2. Medial longitudinal section of ascoma. Arrows indicate dark, curved
circumostiolate hairs. 3. Whole mount of ascoma. Arrows indicate dark, curved circumostiolate hairs. 4. Ascomal wall in
surface view showing tissue of textura angularis. 5. Slightly obclavate, fissitunicate ascus. 6. Asci and pseudoparaphyses. 7.
Fissitunicate ascospore discharge. 8. Newly discharged ascospores surrounded by a gelatinous sheath constricted at the
septum. 9, 10. Material stained with aqueous nigrosin. 9. Radiating ascospore appendages. 10. Apical view of radiating
ascospore appendages. Bar 5 10 mm.
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through a low area of mixed hardwoods, 30u439380N,
90u059030W, water 24 C, pH 6.5, on submerged, corticated
twig of loblolly pine, K. Robertson & C.A. Shearer, A242-4; St
Tammany Parish, Gum (Nyssa sylvatica) pond depression
adjacent to Bogue Chitto River, water 29 C, pH 6.5, 27 Aug
1997, K. Robertson & C.A. Shearer, A242-6; NORTH
CAROLINA, Swain County, Great Smoky Mountain Nation-
al Park, on submerged, corticated wood in a pond,
35u30933.8810N, 83u17955.6300W, 27 Mar 2001, K. Langdon
& C.A. Shearer, A242-9 (ISOTYPE); WISCONSIN, Vilas
County, Rice Creek at junction with Route K, 46u8923.7210N
89u44954.3070W, on submerged, woody debris, 25 Aug 1996,
P.M. Fallah, J.L. Crane & C.A. Shearer, A242-3; Oneida
County, Tomahawk River, 45u509060N 89u489230W, on
submerged, corticated woody debris, 02 May 1997, P.M
Fallah, J.L. Crane & C.A. Shearer, A242-5; VIRGINIA:
Rockbridge County, Calf Pasture River at Goshen Pass,
37u55953.9620N 79u27921.0190W, on submerged, decorticat-
ed wood, 07 Jul 1995, J.L. Crane & C.A. Shearer, A242-2.

Notes. Minutisphaera fimbriatispora appears to be
distributed widely in eastern North America. Variation
in ascospore size and pigmentation among different
collections occur. Until we have molecular data for
such variants however we consider these morphological
differences to be intraspecific variations. One collec-
tion, A242-5, had brown-pigmented, spinulose asco-
spores but is identical to the type specimen in every
other feature. This collection may contain older
material than that in the other collections.

Natipusilla A. Ferrer, A.N. Mill. et Shearer, gen. nov.
Mycobank MB518365

Ascomata in ligno submerso, pusilla, globosa ad subglo-
bosa, erumpentia vel superficiala, gregaria, primo hyalina
demun atrobrunnea. Pseudoparaphyses rarissimus vel absens.
Asci fissitunicati, octospori, ovoidei. Ascosporae partim
uniseptatae, dispositae irregulariter vel regulariter, clavatae
vel fusiforme, multiguttulatae, pallidae brunneae, cum vel
sone tunica, mucilagina, et numerosus appendicibus.

Ascomata on submerged wood small, globose to
subglobose, erumpent to superficial, scattered, hyaline
to light brown. Peridial wall thin, smooth in surface
view. Pseudoparaphyses few or absent. Asci fissitunicate,
eight-spored, globose to obclavate, lacking a stalk.
Ascospores arranged in a group, fusiform or clavate,
mostly one-septate, with or without a gelatinous sheath.

Typus generic. Natipusilla decorospora A. Ferrer, A.N.
Mill. et Shearer

Etymology. Named for the small aquatic ascomycete:
nato L. swim, float + pusillum L. small, tiny.

Natipusilla decorospora A. Ferrer, A.N. Mill. et
Shearer, sp. nov. FIGS. 11–16

MycoBank MB518366
Ascomata in ligno submerso, pusilla, 70–100 mm diam,

globosa, erumpentia vel superficiala, primo hyalina demun

pallidae lutea. Pseudoparaphyses absens. Asci fissitunicati,
40–54 3 27–35 mm (mean 5 44.7 3 31 mm; n 5 20), globosi,
octospori, paralleli. Ascosporae uniseptatae, clavatae, 30–37
3 6–9 mm (mean 5 33.2 3 7.5 mm; n 5 30), multiguttulatae,
hyalina, cum fusiforma tunica, mucilagina.

Holotype. ECUADOR. NAPO: freshwater swamp at
Yasuni National Park, 0u569S, 75u249W, on submerged
decorticated wood, water 20 C, pH 7, 30 Sep 2005, A.
Ferrer AF236-1 (ILL).

Etymology. Named for the elaborate gelatinous
ascospore sheath and appendages: L. decoro: beautiful,
decorated + spore L. spora.

Ascomata on submerged wood, small, 70–100 mm
diam, superficial to partly immersed, scattered, glo-
bose, non-ostiolate, hyaline to light yellow, (FIG 11).
Peridium thin, glabrous (FIG. 11). Pseudoparaphyses
not observed; asci embedded in a gelatinous matrix
(FIG. 12). Asci 40–54 3 27–35 mm (mean 5 44.7 3

31 mm; n 5 20), few, globose to broadly clavate,
fissitunicate, with or without apical chamber, stalk not
observed, containing eight parallel ascospores
(FIGS. 12, 13). Ascospores 30–37 3 6–9 mm (mean
533.2 3 7.5 mm; n 5 30), clavate, hyaline, guttulate or
not, one-septate, apical cell broader and shorter than
basal cell and tapering apically to form a narrow short
extension, smooth, surrounded by a mucilaginous
sheath. Sheath surrounding entire ascospore, extend-
ing 8–12 mm beyond basal end of ascospore, 2–5 mm
wide at the sides and tapering toward the apical cell,
with a single scythe shaped appendage at the ascospore
apex, 13–16 mm long and 4–7 mm wide, staining blue in
aqueous nigrosin (FIGS. 14–16). Colonies on PYG slow
growing, dark brown, immersed and effuse, producing
empty ascomata into the surrounding colony edges; no
anamorph observed.

Distribution. ECUADOR: Napo.
Habit. On submerged, dead, corticated woody

debris.
Notes. The scythe-shaped appendages of Natipusilla

decorospora are unique and a few spores have the scythe-
shaped appendage divided to form a second scythe
(FIG. 16). Although pseudoparaphyses are absent in
this species, there seems to be a hamathecium formed
by a gelatinous material surrounding some asci.

Natipusilla limonensis A. Ferrer, A.N. Mill. et
Shearer, sp. nov. FIGS. 17–23

MycoBank MB518367
Ascomata in ligno submerso, pusilla, 72–130 3 75–

135 mm, globosa, superficiala, hyalina vel atrobrunnea.
Pseudoparaphyses absens. Asci fissitunicati, 90–115 3 29–
69 mm, globosa ad subglobosa, octospori. Ascosporae primo
uniseptatae, demum triseptatae, clavatae, 35–40 3 9–11 mm
(mean 5 36.8 3 10 mm; n 5 30), multiguttulatae, hyalinae,
cum tunica mucilagina.
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FIGS. 11–16. Natipusilla decorospora from the holotype (AF236-1). 11. Ascomata on the substrate. 12, 13. Asci with eight
ascospores. 14. Ascospore in water showing gelatinous sheath and appendages. 15, 16. Ascospores in water stained with
aqueous nigrosin, note the gelatinous sheath and appendages at the apex. Bar 5 10 mm.
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FIGS. 17–23. Natipusilla limonensis from the holotype (AF286-1). 17, 18. Ascomata on substrate. 19. Asci with eight
ascospores. 20. Fissitunicate ascus. 21, 22. Ascospores in water showing gelatinous sheath. 23. Ascospore becoming pale brown
with age. Bar 5 10 mm.
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Holotype. COSTA RICA. LIMÓN: Barra del Colora-
do and Tortuguero National Park, Las Palmas stream,
10u359780N, 83u319800W, water 25 C, pH 5, on
submerged decorticated wood, 18 Dec 2005, Astrid
Ferrer & Marlon Salazar, AF286-1 (ILL).

Etymology. limonensis, in reference to the area
(Limón, Costa Rica) where this fungus was collected.

Ascomata on submerged wood small, 72–130 3 75–
135 mm, superficial, aggregated, hyaline to light brown,
globose (FIGS. 17, 18). Peridium thin, textura angularis
in surface view. Pseudoparaphyses not observed. Asci
few, 40 mm diam inside the ascomata, extending in
water to 90–115 3 29–69 mm (FIG. 20), globose to
obclavate, fissitunicate (FIGS. 19, 20); with or without
an apical chamber, stalk absent; ascus separating from
the ascogenous hyphae at maturity, containing eight
irregularly arranged ascospores. Ascospores 35–40 3

9–11 mm (mean 5 36.8 3 10 mm; n 5 30), clavate,
multiguttulate, one-septate, becoming 2–3-septate with
age, apical cell broader and shorter than basal cell,
with a short tapering end, hyaline, becoming pale
brown, smooth, surrounded by a mucilaginous sheath
(FIGS. 21–23). Sheath surrounding ascospore, flat-
tened at the ascospore apical cell (FIG. 21). Colonies
on PYG slow growing, dark brown, immersed and
effuse; no anamorph observed.

Distribution. COSTA RICA: Limón.
Habit. On submerged dead, decorticated, woody

debris.
Notes. Natipusilla limonensis and N. decorospora

share similar ascomal and ascal morphology but differ
in ascospore size and the morphology of the
mucilaginous sheath.

Natipusilla naponensis A. Ferrer, A.N. Mill. et
Shearer, sp. nov. FIGS. 24–30

MycoBank MB518368
Ascomata in ligno submerso, pusilla, 150–155 3 140–

145 mm, globosa ad subglobosa, papillata, superficiala,
gregaria, primo hyalina demum atrobrunnea. Peridium
textura angularis. Pseudoparaphyses hyalinae, ca. 2 mm lata.
Asci fissitunicati, 65–90 3 24–36 mm, ovoidei vel obclavati,
apici rotundato, octospori. Ascosporae primo uniseptatae,
demum triseptatae, fusiforme, 33–37 3 9–12 mm (mean 5

31 3 8 mm; n 5 80), multiguttulatae, primo hyaline, demum
pallidae brunneae.

Holotype. ECUADOR. NAPO: freshwater swamp at
Yasuni National Park, 0u569N, 75u249W, on submerged
decorticated wood, water 35 C, pH 6, 30 Sep 2005,
Astrid Ferrer, AF217-1 (ILL).

Etymology. naponensis, in reference to the area
(Napo, Ecuador) where this fungus was collected.

Ascomata on submerged wood small, 150–155 3

140–145 mm, superficial, aggregated, globose to
subglobose, papillate, hyaline to light brown

(FIGS. 24, 25). Peridium thin, of textura angularis in
surface view (FIG. 28). Pseudoparaphyses few, 2 mm
wide, hyaline, slightly swollen at the apex (FIG. 26).
Asci 65–90 3 24–36 mm, ovoid to clavate, broadly
rounded at the apex, fissitunicate, with or without an
apical chamber, stalk absent or short, containing
eight ascospores irregularly arranged (FIGS. 26, 27).
Ascospores 33–37 3 9–12 mm (mean 5 31 3 8 mm; n
5 80), broadly fusiform, flattened on one side,
multiguttulate, one-septate, hyaline, becoming three-
septate and pale brown with age (FIGS. 29, 30).
Colonies on PYG growing slowly, reaching ca.
0.5 mm diam in 10 d; aerial hyphae white, immersed
hyphae brown, effuse; hyphae wide, thick-walled,
septate; no anamorph observed.

Distribution. ECUADOR: Napo.
Habit. On submerged, dead, decorticated woody

debris.
Notes. Natipusilla naponensis differs considerably

from N. decorospora and N. limonensis in overall ascoma
shape and in having more symmetrical one-septate,
fusiform ascospores and the absence of a mucilaginous
sheath. Although N. naponensis differs from the other
species of Natipusilla in ascospore morphology, based
on molecular data and ascomal features such as small
size, hyaline to pale brown color and a thin peridium, it
should be included in the genus. All three species were
collected from aquatic habitats.

DISCUSSION

Minutisphaera fimbriatispora has morphological char-
acters congruent with taxa in the Pleosporales. These
include a subglobose, three-cell layered, ostiolate
ascomata; moderately abundant, septate pseudopar-
aphyses; fissitunicate clavate to obclavate asci; and
one-septate ascospores surrounded by a gelatinous
sheath. Within Pleosporales, Minutisphaera is most
similar to species of Wettsteinina (Shoemaker and
Babcock 1987), which was confirmed to belong in the
Pleosporales based on molecular data (18S and 28S
nrDNA and two regions of the RBP2 gene) by Wang
et al. (2007). Molecular data in this study however
places M. fimbriatispora outside the Pleosporales
(FIG. 1). In this study Minutisphaera strains formed
a sister clade of F. carmichaeliana with 100% bootstrap
support and posterior probability. The only morpho-
logical characters shared between Minutisphaera and
Farlowiella are fissitunicate asci and one-septate
ascospores, albeit with a submedian septum in
Farlowiella instead of the supramedian septum found
in Minutisphaera. Morphological characters that
support Minutisphaera as a unique taxon within the
Dothideomycetes are the presence of irregularly
curved, dark brown hyphae around the ostiole of
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FIGS. 24–30. Natipusilla naponensis from the holotype (AF217-1). 24, 25. Ascomata on substrate. 26. Ascus with eight
ascospores. 27. Fissitunicate ascus. 28. Ascomal wall in surface view showing tissue of textura angularis. 29. Ascospores in water.
30. Ascospore becoming pale brown with age. Bar 5 10 mm.
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the ascoma, the clavate ascospores with a suprame-
dian mid-septum, and the presence of fine radiating
appendages in addition to an elongated encompass-
ing, gelatinous ascospore sheath.

The radiating ascospore appendages found around
the septum in M. fimbriatispora also are observed in
Aliquandostipite minuta, a freshwater species that
belongs in the Jahnulales (Raja and Shearer 2007).
This order is characterized by broad hyphae, a feature
not present in M. fimbriatispora. Although radiating
filamentous appendages are rare features of freshwa-
ter ascomycetes, they are observed in many species of
the Microthyriaceae ( Jones et al. 1999, Jones and
Hawksworth 2001). Nonetheless members of the
Microthyriales have thyrothecial ascomata, which are
not seen in Minutisphaera, and also lack the broad
hyphae seen in the Jahnulales.

Molecular analysis supports the inclusion of three
of the new species within a new genus, Natipusilla.
Natipusilla decorospora, N. limonensis and N. napo-
nensis clustered with 100% bootstrap and posterior
probabilities. The species of genus Natipusilla share
several morphological characters including small
ascomata, none to few pseudoparaphyses, globose
asci and mostly one-septate ascospores. The new
genus Natipusilla did not group with other Pleospor-
omycetidae or Tubeufiaceae taxa included in the
phylogenetic analyses (FIG. 1). In both the maximum
likelihood and Bayesian tree genus Natipusilla was
sister of Microthyrium microscopicum, the only repre-
sentative of family Microthyriaceae. Genus Microthyr-
ium is found mainly on decaying leaves and is
characterized by a thyrothecial ascomata (a convex
hemispherical ascoma) and mostly one-septate asco-
spores with a type of appendage described as cilia
(Ellis 1976). Natipusilla and Microthyrium microscopi-
cum have very different ascomatal morphologies, and
their unexpected grouping is most likely related to
poor taxon sampling within this overall group.

Natipusilla also should be compared to another
freshwater dothideomycete, Ascominuta lignicola.
Ascominuta lignicola is similar to species of Natipusilla
in having small ascomata (. 100 mm), globose asci
and one-septate ascospores with an elaborate muci-
laginous sheath. However A. lignicola differs in having
dark brown to black ascomata, four-spored asci and
pseudoparaphyses of short chains of globose cells
(Ranghoo and Hyde 2000). An LSU nrDNA sequence
of A. lignicola is available from GenBank (AF132335),
but we were unable to align this sequence with other
taxa in the Dothideomycetes.

Natipusilla also is similar to M. fimbriatispora
described herein in that the two taxa possess small
ascomata and hyaline, one-septate ascospores with a
gelatinous sheath that expands in water. However

Natipusilla can be distinguished readily from Minuti-
sphaera. The ascomata of Natipusilla species lack
ascoma hairs, the asci are globose and pseudopar-
aphyses are absent to few, whereas the ascomata in
Minutisphaera have irregularly curved dark hairs
around the otiole, asci are clavate or obclavate,
instead of globose, and pseudoparaphyses are abun-
dant instead of sparse or absent. In addition the
ascospores of Natipusilla are bipolarly symmetrical
and fusoid, while those of Minutisphaera are bipolarly
asymmetrical and clavate.

Schoch and collaborators (Schoch et al. 2009)
recently presented a comprehensive phylogenetic
study of Dothideomycetes that included all the recog-
nized orders. They confirmed that the Dothideomycetes
could be divided into two subclasses: the Pleospor-
omycetidae, which includes species based on the
presence of pseudoparaphyses, and the Dothideomyce-
tidae, where pseudoparaphyses are absent. However
the study of Schoch et al. left the position of a few
clades unresolved. In particular family Tubeufiaceae
and orders Botryosphaeriales, Patellariales and a
branch formed by orders Microthyriales and Trypethe-
liales. Based on his classification and that of Shearer
et al. (2009), freshwater Dothideomycetes are inter-
spersed within and among lineages of terrestrial and
marine Pleosporomycetidae and in family Tubeufiaceae.
This supports the suggestion of Shearer et al. (2009)
that the freshwater habit in Dothideomycetes has
evolved multiple times. In this study, based on two
additional Dothideomycetes lineages, we present fur-
ther evidence for multiple evolutionary events leading
to the freshwater habit.
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