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Abstract: This paper documents six new saprobic marine
fungi and one new genus based on morphology and
multi-gene phylogenies. Three Dothideomycetes, and
members of the Pleosporales, are introduced: Pseudo-
massariosphaeria triseptata sp. nov. was recognized as
a mangrove species in Amniculicolaceae, and Salsuginea
phoenicis sp. nov. was discovered as a second member
of Salsugineaceae. A new genus Raghukumaria with
Raghukumaria keshaphalae sp. nov., recovered from
mangroves, is phylogenetically sister to Halomassarina
and nests in the Trematosphaeriaceae. Three new spe-
cies are referred to the Sordariomycetes: Coniochaeta
marina (Coniochaetales, Coniochaetaceae) on driftwood;
Fusicolla bharatavarshae (Hypocreales, Nectriaceae) is
introduced with asexual and sexual morphs, on decayed
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mangrove wood of Avicennia marina; and Fusarium
sedimenticola (Hypocreales, Nectriaceae) is new to the
Fusarium solani species complex (FSSC) from deep-sea
sediment.

Keywords: Coniochaetales; deep sea; estuarine palm;
Hypocreales; Pleosporales.

Introduction

Aquatic marine fungi are a diverse taxonomic group,
occurring worldwide and on a range of substrates (Hyde
and Jones 1988, Jones and Pang 2012, 2017). Since the
last special issue on marine mycology in Botanica Marina
there have been great strides in our understanding of
marine fungi (Xu et al. 2016, 2017, 2018, Raghukumar
2017, Amend et al. 2019, Gladfelter et al. 2019, Jones
et al. 2019). Many marine fungi have been introduced,
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others transferred to other taxa as the result of a wider
use of sequencing data (see www.marinefungi.org).
The 15th International Marine and Freshwater Sympo-
sium (IMFMS) held in Xiamen China provided greater
input to the understanding of deep-sea marine fungi
with a number of keynote lectures (see elsewhere in this
volume). Currently the number of accepted marine fungi
stands at 1257 species in 538 genera, 168 families, and 74
orders (Jones et al. 2019). As different habitats and sub-
strates are examined for marine fungi, so this number
can be expected to increase (Hyde et al. 2017, 2018).
Marine fungi are also being recollected and sequenced to
provide molecular data to resolve their taxonomic place-
ments (Hyde et al. 2017). Studies of fungi isolated from
marine algae and from deep-sea water will surely con-
tinue to expand our knowledge of marine fungi as shown
by Garzoli et al. (2018) for seaweeds and Xu et al. (2016,
2018) for deep water habitats. Recent taxonomic studies
on marine fungi recovered many new taxa worldwide,
and six are documented in this issue.

Materials and methods

Collection details for the new marine fungi are outlined
in the descriptions with cultures and dried specimens
deposited in the following collections and herbaria: for
Raghukumaria keshaphalae E.B.G. Jones et Abdel-Wahab,
sp. nov. and Fusicolla bharatavarshae Devadatha, V.V
Sarma et E.B.G Jones, sp. nov, herbarium specimens
and living cultures were deposited at Ajrekar Mycologi-
cal Herbarium (AMH), Agharkar Research Institute (ARI)
(http://aripune.org/ajrekar-mycological-herbarium) and
National Fungal Culture Collection of India (NFCCI), Pune,
India (http://nfcci.aripune.org/20); the type specimen
of Fusarium sedimenticola M.M. Wang, F. Liu et L. Cai,
sp. nov. was deposited in the Mycological Herbarium of
Institute of Microbiology, Chinese Academy of Sciences,
Beijing, China (HAMS, http://www.cvh.ac.cn/her/hmas),
with ex-type living culture deposited in China General
Microbiological Culture Collection Centre (CGMCC, http://
www.cgmcc.net/), Beijing, China (www.cgmcc.net); the
type specimen of Pseudomassariosphaeria triseptata
E.B.G. Jones et Abdel-Wahab, sp. nov. was deposited in
Centraalbureau voor Schimmelcultures (CBS), Westerdijk
Fungal Biodiversity Institute, Utrecht, The Netherlands
(http://www.westerdijkinstitute.nl); the type material of
Salsuginea phoenicis S.N. Zhang, E.B.G. Jones, K.D. Hyde
et J.K. Liu, sp. nov. was deposited in Mae Fah Luang Uni-
versity (MFLU), Chiang Rai, Thailand (mfumycology.
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herbarium@gmail.com); the type specimen of Coni-
ochaeta marina Dayarathne, S. Tibell, Tibell, et K.D. Hyde,
sp. nov. was deposited in MFLU and the ex-type living
culture deposited in Mae Fah Luang University Culture
Collection (MFLUCC), Chiang Rai, Thailand.

Material examination and laboratory procedures
followed those outlined in Jones and Hyde (1988). Mor-
phological characters were observed and photographed
by using stereo microscopes and compound microscopes
fitted with a digital camera. Fungal genomic DNA was
extracted from fresh mycelia or fruiting bodies by using
commercial Fungi Genomic DNA Purification Kits (MOBIO;
Mo Bio Laboratories, Carlsbad, CA, USA; Ezup Column
Fungi Genomic DNA Purification Kit, Sangon Biotech
Co., Ltd, Shanghai, China; Thermo Scientific Gene JET
Plant Genomic DNA Purification kit, Waltham, MA, USA).
Polymerase chain reactions (PCR) were performed for the
large subunits of the nuclear ribosomal RNA gene (LSU),
the small subunits of the nuclear ribosomal RNA gene
(SSU), the internal transcribed spacers of the ribosomal
RNA gene including the 5.8S (ITS), the translation elon-
gation factor-1 alpha (TEF1o), the second largest subunit
of RNA polymerase II (RPB2), and the partial beta-tubulin
gene (TUB2). The primers used in PCR were: LROR/LR5
and LR7 for LSU (Vilgalys and Hester 1990), NS1/NS4 for
SSU (White et al. 1990), ITS4/ITS5 for ITS (White et al.
1990), EF1-983F/EF1-2218R for TEF1o (Rehner and Buckley
2005), and fRPB2-5F/fRPB2-7cR for RPB2 (Liu et al. 1999)
and Bt2a/Bt2b for TUB2 (Trouillas et al. 2011). Purification
and sequencing of PCR products were carried out with the
primers mentioned above. Phylogenetic analyses used for
the different species are detailed in the individual species
notes.

Results: taxonomy

Dothideomycetes O.E. Erikss. et Winka, Myconet 1: 5
(1997).

The class Dothideomycetes comprises 33 orders and 175
families with a huge diversity on various hosts, and in dif-
ferent ecosystems including many marine taxa, especially
from mangroves (Suetrong et al. 2009, Pang et al. 2011,
Hyde et al. 2013). Three new taxa are introduced in this
article.

Pleosporales Luttr. ex M.E. Barr, Prodromus to class Loc-
uloascomycetes: 67 (1987) (Pleosporomycetidae).

Pleosporales is the largest order in Dothideomycetes, com-
prising 75 families and 52 genera in Pleosporales incertae
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sedis (Zhang et al. 2012, Liu et al. 2017, Wijayawardene
et al. 2017, 2018).

Amniculicolaceae Y. Zhang, C.L. Schoch, J. Fourn., Crous
et K.D. Hyde, Studies in Mycology 64: 95 (2009).

The family Amniculicolaceae was introduced to accom-
modate the genera Amniculicola Y. Zhang et K.D. Hyde,
Murispora Y. Zhang, J. Fourn. et K.D. Hyde, and Neomas-
sariosphaeria Y. Zhang, ]. Fourn. et K.D. Hyde (Zhang et al.
2009), and subsequently the genus Pseudomassariospha-
eria Phukhams., Ariyaw., Camporesi et K.D. Hyde (Ari-
yawansa et al. 2015).

Pseudomassariosphaeria Phukhams., Ariyaw., Campo-
resi et K.D. Hyde, Fungal Diversity 75: 35 (2015).

The genus was introduced to accommodate the type
species Pseudomassariosphaeria bromicola Phukhams.,
Ariyaw., Camporesi et K.D. Hyde. Subsequently, Ari-
yawansa et al. (2015) transferred Neomassariosphaeria to
Lindgomycetaceae, and introduced the genus Pseudomas-
sariosphaeria, with a new combination Pseudomassario-
sphaeria grandispora (Sacc.) Phukhams., Ariyaw. et K.D.
Hyde (=Leptosphaeria grandispora Sacc.) (Ariyawansa
et al. 2015).

Pseudomassariosphaeria triseptata E.B.G.
Jones et Abdel-Wahab, sp. nov. (Figures 1A-E
and 2)

(MycoBank MB829625) Saprobic on decaying driftwood.
Sexual morph: Ascomata 230-380 um diam., immersed
to erumpent, subglobose to flask-shaped with flattened
base, single or aggregated and confluent in groups of 2-5
ascomata, papillate, ostiolate, periphysate (Figure 1A).
Papillae 70-100 um long, 90-115 um wide, periphysate
1.5-2 um thick. Peridium 26-50 um thick, thicker and
darker in the upper part than the lower part, two-layered,
forming textura angularis; outer layer 12-25 pum thick
consisting of polygonal melanized cells, reddish-brown
to dark-brown, inner layer 14-22 pum thick, of hyaline
to light-brown polygonal cells. Pseudoparaphyses
1.5-2.5 um wide, numerous, embedded in a gelatinous
matrix, branched, septate, anastomosing above the asci
(Figure 1B). Asci 87-176x19-33 um (X=121.5X24.5 um,
n=30), 4 or 8-spored, fissitunicate, clavate, ellipsoi-
dal, with ocular chamber and faint ring, pedunculate
(Figure 1B, C). Ascospores 35-50 X 10-13 um (x=43.5x11.0
um, n=>50), hyaline, 1-3-septate, deeply constricted in the
median septum, surrounded by gelatinous sheath 2—-6 um
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wide, overlapping multiseriate (Figure 1D-E), senescent
ascospores light-brown to brown in color with smooth or
roughened surface. Asexual morph: Unknown.

Etymology In reference to the 3-septate ascospores.
Known geographical distribution UK (England).

Material examined UK, England, Southsea, decaying
driftwood, 18th January 2013, E.B.G. Jones, CBS H-23852
(holotype).

Habitat Saprobic on decaying driftwood, Southsea,
Hampshire, England.

Notes: The genus Pseudomassariosphaeria (DNA
extracted directly from fruit body) was established to
accommodate Pseudomassariosphaeria bromicola that
was described from a dead terrestrial stem of Bromus
sterilis L. (Ariyawansa et al. 2015). Pseudomassariospha-
eria triseptata formed a monophyletic clade with Muris-
pora and Pseudomassariosphaeria but with low statistical
support. Murispora and Pseudomassariosphaeria species
share common characteristics that include dark-brown to
black ascomata that are erumpent to superficial with peri-
physate ostiole, two-layered peridium, numerous pseudo-
paraphyses in gel, fissitunicate asci with ocular chambers
and ascospores with wide gelatinous sheath. The two
genera differ in the morphology of the ascospores; Muris-
pora species has muriform ascospores that are hyaline
to brown, while Pseudomassariosphaeria species have
hyaline phragmospores. Pseudomassariosphaeria trisep-
tata differs from the other two Pseudomassariosphaeria
species by possessing larger, 3-septate ascospores that are
ellipsoidal (Table 1). Ascospores in P. bromicola and Pseu-
domassariosphaeria grandispora are fusoid with narrow
tapering ends and 8-10-septate (Saccardo 1878, Zhang
et al. 2009, Ariyawansa et al. 2015).

Salsugineaceae K.D. Hyde et Tibpromma, in Hyde et al.,
Fungal Diversity 63: 227 (2013).

Salsugineaceae was introduced to accommodate Salsug-
inea K.D. Hyde and Acrocordiopsis Alias et E.B.G. Jones,
but the position of the latter in the family is not well-sup-
ported (Ariyawansa et al. 2015, Zhang et al. 2019).

Salsuginea K.D. Hyde, Botanica Marina 34 (4): 315 (1991).
Salsuginea was introduced with Salsuginea ramicola K.D.
Hyde as the type species on mangrove wood of intertidal
Aegiceras sp. collected in Thailand (Hyde 1991). In this
article we introduce a second species Salsuginea phoenicis.
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Figure 1: Pseudomassariosphaeria triseptata (CBS H-23852, holotype).
(A) Vertical section through ascoma. (B) Mature asci and pseudoparaphyses. (C) Apical part of an ascus showing ocular chamber and faint
ring. (D-E) Variously shaped ascospores surrounded by gelatinous sheath. Scale bars: A=40 um; B=20 um; C-E=6 um.

Salsuginea phoenicis S.N. Zhang, E.B.G. up to 55 um wide, composed of brown cells of textura
Jones, K.D. Hyde et).K. Liu, sp. nov. (Figures epidermoidea and inner layers with cells of textura angu-
3A-Q and 4) laris. Clypeus composed of host cells interspersed with

darkened fungal tissue. Hamathecium comprising 1-1.5
(MycoBank MB829547) Sexual morph: Ascomata on host um wide, numerous, anastomosing, branched, septate
surface 280-500 um in diam., in vertical section 410-480 trabeculate pseudoparaphyses, embedded in a gelati-
um high, 680-980 um in diam., solitary, immersed to nous matrix. Asci 140-275x23-30 um, 8-spored, bituni-
erumpent, black, carbonaceous, conical or subglobose, cate, fissitunicate, cylindric-clavate, pedicellate, with an
with a central ostiole or papilla, clypeate. Peridium thick, apical apparatus consisting of a large distinctive ocular
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Figure 2: Phylogenetic relationship of Pseudomassariosphaeria triseptata with related taxa in Pleosporales based on the nucleotide
sequences of the combined SSU and LSU rDNA.

The maximum likelihood (ML) tree (-In likelihood =12,436.25) was constructed in PAUP* v.4.0b10 (Swofford 2002).

The maximum parsimonious data set of the combined genes consisted of 58 in-group taxa and 1 out-group taxon with 1006 total
characters, of which 675 were constant, 109 parsimony-uninformative and 222 parsimony-informative. The parsimony analyses of
the data matrix yielded 64 equally most parsimonious trees with a tree length of 951 steps (consistency index [Cl] = 0.4669,
homoplasy index [HI] = 0.5331, retention index [RI]=0.7733, rescaled consistency index [RC] = 0.361). Phylogenetic trees obtained
from ML, maximum parsimony (MP) and Bayesian inference posterior probabilities (BIPP) were similar in topology. Bootstrap
support on the nodes represents ML and MP >50%. Branches with a BIPP of 100% are in bold. The tree is rooted to Dothidea sambuci
(Pers.) Fr. The new fungus is in red font, and the sequences were submitted to GenBank with accession numbers LSU=MK411002,
SSU=MK411003.
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Table 1: Comparison of the morphology of Pseudomassariosphaeria species.

Ascospores

Asci

Ascomata

Host

Fungus

21-36 x 4-9 um, 8-9-septate, hyaline,

fusiform to lunate, with narrow ends,

biseriate or overlapping

82-115x12-19 um, (7-)8-spored,

205-249 um high, 194-223 um diam.,

Dead terrestrial stem of

Bromus sterilis

P. bromicola

cylindrical to clavate, short pedicillate,
apically round, with ocular chamber,

short pedicillate

erumpent or rarely superficial, solitary,

(Ariyawansa et al. 2015)

scattered or gregerious, globose, ostiole

with periphysoids, dark-brown to black
200 pum diam., gregerious, globose,

erumpent, papillate, black

45x8-9 um, 9-10-septate, hyaline,

90x20 um, 8-spored, clavate or

Decaying leaves of Typha

latifolia

P. grandispora

fusiform, slightly curved, with pointed

ends

fusiform, apically blunt, short pedicillate

(sensu Saccardo 1878)

38-42x6-6.8 um, 10-septate, hyaline,

narrowly fusiform with acute ends,

Not available

Not available

Decaying driftwood of Alnus

P. grandispora

glutinosa from the banks of
Garonne River in France

(sensu Zhang et al. 2009)

guttulate, strongly constricted at all

septa and have a wide gelatinous sheath

35-50x10-13 um, 1-3-septate,

87-176x19-33 um, 4 or 8-spored,

230-380 um diam, immersed to

Decaying driftwood, South

Sea, England

P. triseptata (This study)

hyaline, deeply constricted at the

clavate, ellipsoidal, fissitunicate, with
ocular chamber and faint ring, short

pedicillate

erumpent, subglobose to flask-shaped

median septum, ellipsoid, surrounded
by gelatinous sheath, overlapping

multiseriate

with flattened base, single or aggregated
and confluent in groups of 2-5 ascomata,

papillate, ostiolate, periphysate

DE GRUYTER

chamber and prominent ring. Ascospores 46—62x16-24
um (Xx=52.00x18.00 um, n=20), uniseriate or biseri-
ate, hyaline to brown, broad fusiform or ellipsoidal,
2-celled and almost equally, strongly constricted at the
central septum, with hyaline apical germ pores, smooth-
walled, lacking a mucilaginous sheath. Asexual morph:
Undetermined.

Culture characteristics: Colonies growing well on
potato dextrose agar (PDA) and malt extract agar (MEA),
and attaining 13 mm diam. on PDA within 21 days at
25°C under natural light, velvety, circular, milky white
and central darker or pale brown, reverse brown, with a
margin of translucent, milky white to hyaline mycelia.

Etymology In reference to the host mangrove palm
Phoenix paludosa Roxb.

Known geographical distribution The Gulf of Thailand,
Thailand.

Material examined Thailand, Tambon Wan Yao, Amphoe
Khlung, Chanthaburi, 12°26°43” N, 102°15’47” E, sea level
on decaying petiole of Phoenix paludosa from intertidal
zone, 25 April 2017, S.N. Zhang, SNT132, MFLU 19-0015
(holotype); same collection details HKAS 102605, isotype.

Habitat Saprobic on decaying wood and palms sub-
merged in brackish waters in mangroves.

Notes: The genus Salsuginea was established to accom-
modate a mangrove species Salsuginea ramicola and
originally thought to be similar to Helicascus Kohlm.,
but differs from the latter by its textura porrecta structure
of the peridium and ascospores with apical germ pores
(Hyde 1991, Hyde et al. 2013). In this study, we introduce
a second Salsuginea species Salsuginea phoenicis, which
was associated with the palm Phoenix paludosa in a Thai
mangrove. Salsuginea phoenicis has typical characters of
the genus, such as large ascomata with a pseudoclypeus,
thick peridium, a ring surrounding the ocular chamber in
the ascus and ascospores with hyaline apical germ pores.
Salsuginea phoenicis however differs from S. ramicola
(marinefungi.org) in its relatively smaller ascomata, asci,
ascospores and thicker peridium. The uniseriate or bise-
riate ascospores with two almost equally sized cells in S.
phoenicis are also different from the obviously unequal
cells in S. ramicola.

The multi-gene dataset comprised 37 taxa and 3955
characters. Randomized axelerated maximum likeli-
hood (RAXML), maximum parsimony (MP) and Bayes-
ian analyses were conducted and resulted in generally
congruent topologies, and RAxXxML analysis based on
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Figure 3: Salsuginea phoenicis (MFLU 19-0015, holotype).

(A-C) Ascomata on substrate surface. (D) Peridium. (E) Vertical section of ascoma. (F) Pseudoparaphyses. (G-H) Ascus. (I) Apical structure of
ascus. ()) Pedicellate base of ascus. (K-N) Ascospores. (O) Germinating ascospore. (P) Colony on potato dextrose agar (left: top view, right:
bottom view). (Q) Colony on malt extract agar (left: top view, right: bottom view). Scale bars: A=1000 um; B-C, E=200 um; G-H=50 um; D,

1-0=20 um; F=10 pm.

LSU, SSU rDNA, TEFlo. and RPB2 yielded the best
sorting tree (Figure 4) with a final optimization likeli-
hood value of -19,916.355634. Maximum parsimony
analyses indicated that 2775 characters were constant,
243 parsimony uninformative variable characters and

937 parsimony-informative characters. A heuristic
search yielded four equally most parsimonious trees
(tree length =3217 steps, consistency index (CI) =0.534,
retention index (RI)=0.637, rescaled consistency index
(RC)=0.340, homoplasy index (HI)=0.466). The new
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Figure 4: Randomized axelerated maximum likelihood (RAXML) phylogram of Salsugineaceae and selected families in Pleosporales based

on combined LSU, SSU rDNA, TEF1o. and RPB2 sequenced data.

Bootstrap values for maximum likelihood (ML) and maximum parsimony (MP) equal to or greater than 75% are placed above the branches
and indicated as ML/MP. Branches with Bayesian posterior probabilities (PP) from Markov chain Monte Carlo (MCMC) analysis equal or
greater than 0.95 are in bold. The new isolates are indicated in bold red type.

isolates of Salsuginea phoenicis SNT132a and SNT132b
used in this study were submitted to GenBank, and
the accession numbers are SNT132a (LSU=MK405280,
TEF1o.=MK404650), SNT132b (LSU = MK405281).

The phylogenetic tree showed that the new iso-
lates of Salsuginea phoenicis clustered with Salsuginea
ramicola and are highly supported in Salsugineaceae

(Hyde et al. 2013). However, the phylogenetic positions
of Salsugineaceae and its related genus Acrocordiopsis
(Suetrong et al. 2009, Hyde et al. 2013) were not stable
in our analyses, because of insufficient taxon sampling.
Further collections of relevant taxa and new sequence
data are still required for resolving their taxonomic
positions.
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Trematosphaeriaceae K.D. Hyde, Y. Zhang ter, Suetrong
et E.B.G. Jones, Cryptogamie Mycology 32 (4): 347 (2011).
Trematosphaeriaceae was introduced by Suetrong et al.
(2011) to accommodate the genera Falciformispora K.D.
Hyde, Halomassarina Suetrong, Sakay., E.B.G. Jones et C.L.
Schoch and Trematosphaeria Fuckel. The main distinguish-
ing characters of the family are medium-sized rounded
ascomata with a papillate ostiole, a relatively wide, coria-
ceous peridium, cellular pseudoparaphyses and cylindro-
clavate asci. In this article we introduce a fourth genus
Raghukumaria Devadatha, V.V Sarma et E.B.G Jones, based
on morphological and molecular characteristics.

Raghukumaria Devadatha, V.V Sarma et
E.B.G Jones, gen. nov.

(MycoBank MB 829062) Saprobic on decayed mangrove
wood. Sexual morph: Ascomata globose to oval, gregari-
ous, immersed, erumpent, dark brown to black, coriaceous,
periphyses absent, short papillate, ostiolate, hyphae-like
setae arise from apical and basal parts of ascomata. Perid-
ium one-layered, composed of hyaline to dark brown layers
of irregular to polygonal thick-walled cells of textura angula-
ris. Hamathecium composed of cellular pseudoparaphyses,
septate, anastomosing above the asci. Asci 8-spored, thick-
walled, bitunicate, fissitunicate, cylindrical to clavate, with
a short, thick, furcate pedicel and with an apical chamber.
Ascospores uniseriate to biseriate, broadly fusiform with
narrowly rounded ends, straight to slightly curved, hyaline,
thick-walled, transverse septate, phragmosporous, slightly
constricted at the median septum, the upper half broader
than the lower one, rough-walled, slightly verruculose.
Asexual morph: Undetermined.

Etymology In honor of Drs. Seshagiri Raghukumar and
Chandralatha Raghukumar for their contributions to
marine mycology.

Type species Raghukumaria keshaphalae Devadatha, V.V
Sarma et E.B.G Jones, sp. nov.

Raghukumaria keshaphalae Devadatha, V.V
Sarma et E.B.G Jones, sp. nov. (Figures 5A-N
and 6)

(MycoBank MB 829063) Sexual morph. Ascomata 175—
470 pm high, 125-410 pm diam. (X=293x234 um, n=5),
Immersed, to erumpent, globose to oval, black, dark
brown to black, coriaceous; without periphyses, ostio-
late, short papillate (Figure 5A—C), covered by hyphae-like
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setae rising from apical and basal parts of the ascomata
(Figure 5G). Ostiole 80-150 um long, 30-100 um diam.
(X=112x57 um, n=5), lacking periphyses (Figure 5C).
Peridium 10-30 um thick, one-layered, composed of
5-6 hyaline to dark brown layers of irregular to polygo-
nal thick-walled cells of textura angularis (Figure 5D).
Hamathecium composed of 1.5-2 um diam., unbranched,
septate, cellular pseudoparaphyses, and anastomosing
above the asci (Figure 5E-F). Asci 80-175x10-20 pum
(X=125%14 um, n=20), 8-spored, thick-walled, bituni-
cate, fissitunicate, cylindrical to clavate, with a short,
thick basal, furcate pedicel and an apical ocular chamber
(Figure 5H-M). Ascospores 22-30 x 6—10 um (X =25x 8 um,
n=>50), uni- to biseriate, broadly fusiform with narrowly
rounded ends, straight to slightly curved, hyaline, fusi-
form, 3-5 transverse septate, thick-walled, slightly con-
stricted at the median septum, upper half broader than
lower one, rough-walled, slightly verruculose, lacking
globules, appendages or gelatinous sheaths (Figure 5N—
U). Asexual morph: Undetermined.

Etymology Keshaphalae from Sanskrit, in reference to
fruit body covered with hyphae-like setae (kesha means
hairs, phalae refers to fruit bodies in Sanskrit).

Known geographical distribution India.

Material examined India, Tamil Nadu, Tiruvarur, Muth-
upet mangroves, on decayed wood of Aegiceras cornic-
ualtum (L.) Blanco (Primulaceae), (10.4°N, 79.5°E), 24th
December 2016, B. Devadatha, holotype: AMH-10020,
ex-type living culture = NFCCI-4522.

Notes: Multigene phylogeny inferred from a combined
nuclear LSU, SSU, TEF-1a, ITS and RPB2 genes revealed
that Raghukumaria keshaphalae grouped within Trem-
atosphaeriaceae with significant support from ML 99%,
MP 99% 1.00 BIPP (Figure 6). Raghukumaria keshaphalae
is comparable to Halomassarina and Falciformispora in
having aggregate, erumpent, globose to ovoid, brown
to black, short papillate ascomata, hamathecium con-
taining cellular pseudoparaphyses, and ascospores that
are hyaline, fusiform and transversely septate (Suetrong
et al. 2009, 2011). Raghukumaria is distinguishable from
Halomassarina and Falciformispora in having immersed
ascomata, without clypeus and periphyses, covered by
hyphae-like setae, and ascospores that are broadly fusi-
form with narrowly rounded ends, rough-walled slightly
verruculose and lack globules, appendages or gelatinous
sheaths. Halomassarina differs from Raghukumaria in
producing ascomata under a clypeus and ascospores that
are ellipsoidal, 1-3-trans-septate and surrounded by a
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Figure 5: Raghukumaria keshaphalae (AMH 10020, holotype).

(A) Ascomata immersed in the decaying wood of Aegiceras corniculatum. (B—C) Longitudinal sections of ascomata. (D) Section of peridium.
(E-F) Hamathecium of cellular pseudoparaphyses. (G) Hyphae-like setae. (H-M) Immature and mature asci. (N-U) Hyaline ascospores. Scale
bars: B=10 um; C, G, I-L=50 um; D-F, H, M—U=10 pm.
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Figure 6: The combined LSU, SSU rDNA, TEF-1a,, ITS and RPB2 gene datasets, comprising 72 taxa including genera from 11 families
belonging to Pleosporales, were analyzed with Verruculina enalia Kohlm. et Volkm.-Kohlm as the outgroup.

Randomized axelerated maximum likelihood (RAXML) analysis of the combined dataset yielded the best tree with a final maximum likelihood
(ML) optimization likelihood value of -46,099.170674. The matrix had 2283 distinct alignment patterns, with 30.40% of undetermined
characters or gaps. The maximum parsimonious data matrix of the combined dataset comprised 71 in-group taxa and one outgroup taxon
with 4466 characters, of which 2333 were constant, 1538 parsimony-informative (34.4%) and 595 parsimony-uninformative. The parsimony
analyses of the data matrix yielded 36 equally most parsimonious trees with a tree length of 9051 steps (consistency index [Cl]=0. 387,
retention index [RI]=0. 610, rescaled consistency index [RC]=0. 236, homoplasy index [HI]=0. 613) in the first tree. Phylogenetic trees
obtained from ML, maximum parsimony (MP) and Bayesian inference were similar in topology and congruent with earlier studies (Suetrong
et al. 2011, Hyde et al. 2013). Branches with Bayesian inference posterior probabilities (BIPP) from Markov chain Monte Carlo (MCMC)
analysis equal or greater than 0.95 are in bold.
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gelatinous sheath (Suetrong et al. 2009). In addition to this,
a comparison of LSU nucleotides between R. keshaphalae
and Halomassarina thalassiae (GenBank: GQ925843)
revealed a 9.4% (82 nucleotides) difference, which con-
firms its placement as a separate genus but within Trem-
atosphaeriaceae. Falciformispora is markedly different
from Raghukumaria in having broadly clavate to fusoid
asci, ascospores that are smooth-walled, 67 transverse
septate (vs. 3-5 septate in Raghukumaria), surrounded by
a thin gelatinous sheath and a single scythe-like append-
age at the terminal end (Hyde 1992). Trematosphaeria
and Raghukumaria share overlapping characters of asco-
mata and asci. However, Trematosphaeria lacks hyphae-
like setae on the ascomata but has brown to dark brown
ascospores when compared to Raghukumaria (Suetrong
et al. 2011). Such a close affinity could be inferred from
the phylogram where Raghukumaria formed a basal clade
to Halomassarina and Trematosphaeria with strong boot-
strap support from ML 99%, MP 99% 1.00 BIPP (Figure 6).

Quintaria Kohlm. et Volkm.-Kohlm., a polyphyletic
genus, resembles Raghukumaria in having hyaline, fusi-
form, transverse septate ascospores lacking a sheath
and appendages. However, Quintaria is distinct from
Raghukumaria in having completely immersed, obpyri-
form, carbonaceous ascomata with black incrustations
lining the sides of the ascomata while Raghukumaria
has erumpent, coriaceous, short papillate ascomata
surrounded by hyphae-like setae (Kohlmeyer and Volk-
mann-Kohlmeyer 1991, Jones et al. 2009). Morospha-
eria Suetrong, Sakay., E.B.G. Jones et C.L. Schoch is
obviously different from Raghukumaria in having sub-
globose to lenticular ascomata and fusiform to ellipsoi-
dal ascospores, covered by a thick gelatinous sheath
(Suetrong et al. 2009). Farasanispora Abdel-Wahab,
Bahkali et E.B.G. Jones and Raghukumaria also share
common characters such as ascomata that are immersed
to erumpent and hyaline, fusiform, trans-septate
ascospores (Li et al. 2016). However, the former is dis-
tinct from the latter genus in having smaller ascomata, a
clypeus and periphyses in the ostiolar canal and septate
ascospores at maturity and its phylogenetic position is
uncertain (Li et al. 2016, Devadatha et al. 2018). Based
on the unique morphological characteristics and phy-
logenetic relationships discussed above, when com-
pared to other existing genera, we, herein, introduce
Raghukumaria as a new genus, typified by Raghukuma-
ria keshaphalae under the family Trematosphaeriaceae
(Figures 5 and 6).

Sordariomycetes O.E. Erikss. et Winka, Myconet 1: 10
(1997).
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The class comprises 28 orders, 90 families and 1344 genera
and is one of the largest in the Ascomycota (Maharachchi-
kumbura et al. 2015, Hongsanan et al. 2017).

Coniochaetales Huhndorf, A.N. Mill. et F.A. Fernandez,
Mycologia 96 (2): 378 (2004) (Sordariomycetidae).
Huhndorf et al. (2004) proposed this monotypic order
Coniochaetales to accommodate Coniochaetaceae which
earlier belonged to the order Sordariales (Checa et al.
1988, Kirk et al. 2001, Eriksson et al. 2004).

Coniochaetaceae Malloch et Cain, Canadian Journal of
Botany 49 (6): 878 (1971).

The family Coniochaetaceae comprises two genera,
Barrina AW. Ramaley and Coniochaeta (Sacc.) Cooke.
Species belonging to Coniochaetaceae are worldwide
in distribution and exhibit different modes of nutrition
(Samarakoon et al. 2018). They can be saprobes on dung,
plant litter or in soil, strongly acidic water with high heavy
metal concentrations and food, or pathogenic on plants or
animals, but rarely in humans (Weber 2002, Weber et al.
2002, Huhndorf et al. 2004, Garcia et al. 2006, Kirk et al.
2008, Damm et al. 2010, Khan et al. 2013, Troy et al. 2013,
Miller et al. 2014, Vazquez-Campos et al. 2014, Maharach-
chikumbura et al. 2015, 2016, Wijayawardene et al. 2017,
Wanasinghe et al. 2018).

Coniochaeta (Sacc.) Massee, Grevillea 16 (77): 16 (1887).
The genus Coniochaeta is typified by Coniochaeta ligni-
aria (Grev.) Massee and is characterized by dark brown to
black, solitary or aggregated, typically setose, pyriform to
globose ascomata with or without ostioles. The peridium
is membranaceous to pseudoparenchymatous, or rarely
coriaceous (Samarakoon et al. 2018). A paraphysate
hamathecium is present or absent. Asci are unitunicate
and thin-walled, with a small non-amyloid apical ring
and ascospores are one-celled, usually dark brown and
often laterally compressed with a germ slit (Weber 2002,
Asgari et al. 2007). Their hyphomycetous asexual morph
is characterized by phialidic conidiogenous cells previ-
ously described in Lecythophora (Weber 2002, Khan et al.
2013). There are 95 validly published Coniochaeta names
in Index Fungorum (accessed in 21 January 2019).

Coniochaeta marina Dayarathne, S. Tibell,
Tibell, et K.D. Hyde, sp. nov. (Figures 7A-P
and 8)

(MycoBank MB829575) Saprobic on driftwood retrieved
fromthesea.Sexualmorph: Ascomata230-275 x 220-240um
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Figure 7: Coniochaeta marina (MFLU 17-2653, holotype, sexual morph).

(A-C) Appearance of ascomata on host. (D) Section through ascoma. (E) Peridium (arrowed — short setae). (F) Paraphyses. (G-I) Asci. (J)
Small apical apparatus of an immature asci. (K-M) Ascospores. (N) Germinating ascospore. (0, P) Upper and bottom view of colony on agar
plate. Scale bars: C-D=200 pum; G, |=100 um; E, J, N=20 um; F, H=50 pum; I-K=10 um.
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Figure 8: Phylogram generated from maximum likelihood analysis based on combined partial LSU and ITS rDNA sequence data.
Bootstrap support values equal or greater than 65 for maximum likelihood (ML) (black) and Bayesian inference posterior probability (BIPP)
(blue) equal to or greater than 0.90 are given above the nodes. We could not obtain a stable phylogeny for the maximum parsimony (MP)
analyses that was compatible with the ML and MB topology. The newly generated sequence is in purple.

(x=253x235 um, n=5), perithecial, solitary to gregarious,
non-stromatic, semi-immersed to superficial, globose to
ovoid, ostiolate, but without distinct neck region, with
setae 12-18x2-2.8 um, that are unbranched, smooth,
gradually tapering to round tips. Ostiole central, papil-
late, with circular outline, lacking periphyses, filled with
hyaline cells. Peridium 22-40 um wide, brittle when dry,
soft when rehydrated, two-layered. Inner layer consisting

of hyaline to subhyaline, strongly compressed cells, outer
layer consisting of densely packed, moderately thick-
walled, brown cells of textura prismatica, darker towards
outside. Paraphyses numerous, 2-3 um wide, filamen-
tous, septate. Asci 100-115x6-8 um (X=112Xx75 pum,
n=30), 8-spored, with short stipe, with a J-small apical
apparatus. Ascospores 12-16 X 4.5-6.5 um (X=14x6 um,
n=30), overlapping uniseriate, ellipsoid, slightly laterally
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compressed, hyaline at first, becoming olivaceous-brown
and finally dark brown and opaque, darker in 3% KOH,
aseptate, with a conspicuous, straight germ slit across
the entire length, smooth, without sheath or appendages.
Asexual morph: Undetermined.

Culture characteristics: colonies on MEA (with fresh-
water), reaching 25-35 mm diam. after 4 weeks at 25°C,
pinkish white, dense, immersed mycelia, effuse, with
white hyphal stands towards the center, rough surface
towards center, diffuse margin; reverse orangish edges,
orangish white at the center, radiating, effuse and
zonate.

Etymology Reflects the known habitat of the taxon.

Known geographical distribution West and East Coast
of Sweden.

Material examined SWEDEN, Bohusldn. Skafté par.,
Fiskebackskil, Rodbergsviken, 58°15"08”; 11°27'58”, on a
large piece of driftwood retrieved from the sea, Leif Tibell,
June 2017, GJ 393 (MFLU 172653 holotype) ex-type culture
MFLUCC 18-0408; Uppland. Vaddod par., Nothamn, on
driftwood, Sanja Tibell, August 2018, ST18-54, 18-55 (UPS).
GenBank numbers ITS = MK458764, LSU = MK458765.
Note: Figure 8 shows the phylogram generated from
maximum likelihood analysis based on combined partial
LSU and ITS rDNA sequence data. Related sequences
were obtained following Wanasinghe et al. (2017, 2018).
Fifty-six strains were included in the combined LSU and
ITS sequence analyses, which comprised 1585 charac-
ters with gaps (933 for LSU and 652 for ITS). Single gene
analyses were carried out and all were compatible in
topology to the combined tree. Chaetosphaeria jonesii and
C. garethjonesii strains (MFLUCC 15-1015, MFLUCC 15-1012)
(Chaetosphaeriaceae) were used as the outgroup taxa.
Tree topology of the maximume-likelihood analysis was
similar to that of the Bayesian analysis. The best scoring
RAxML tree with a final likelihood value of -9044.907024
is presented. The matrix had 657 distinct alignment pat-
terns, with 53.22% of undetermined characters or gaps.
Estimated base frequencies were as follows; A =0.249726,
C=0.237909, G=0.289551, T =0.222813; substitution rates
AC=1.128560, AG=1.643715, AT=0.937739, CG=1.424143,
CT=5.504308, GT=1.000000; gamma distribution shape
parameter o.=0.315444.

Phylogenetic results showed that the novel taxon
Coniochaeta marina (MFLU 17-2653) grouped as a basal
lineage in a subclade comprising Coniochaeta tetras-
pora (FMR 8167) and Coniochaeta decumbens (CBS
153.42) with high statistical support (93% ML, 1.00
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PP) (Figure 8). Further, the base pair differences of C.
marina to C. decumbens and C. tetraspora for LSU are
2 bp (out of 570) and 1 bp (out of 570), respectively. ITS
base pair difference of C. marina to C. decumbens is 3
bp (out of 481) while ITS data is not available for C. tet-
raspora. The new taxon best fits the genus Coniochaeta
by having dark brown to black, solitary or aggregated,
typically setose, pyriform to globose ascomata with an
ostiole, membranaceous to pseudoparenchymatous
peridium, paraphysate hamathecium, unitunicate,
thin-walled asci with a small non-amyloid apical ring
and one-celled, dark brown ascospores (Weber 2002,
Asgari et al. 2007, Samarakoon et al. 2018). Coniochaeta
marina showed close phylogenetic affinities to C. tetras-
pora and C. decumbens. However, C. tetraspora can be
clearly distinguished from C. marina mainly by having
4-spored asci. Further, asci of C. marina are longer and
narrower than those of C. tetraspora (100-115x 6-8 vs.
50-55x8-11 um) (Cain 1961). Coniochaeta decumbens
is an asexual morph whose sexual morph is undeter-
mined. However, colony color of C. decumbens is oliva-
ceous-brown (Perdomo et al. 2013) while colony color
of C. marina is pinkish white. Hence, based on concat-
enated LSU and ITS gene analyses, along with morpho-
logical characteristics, we establish this taxon as a novel
species of Coniochaeta.

Hypocreales Lindau, Natiirl. Pflanzenfam.: 343 (1897)
(Hypocreomycetidae).

An order comprising nine families with a worldwide dis-
tribution (Wijayawardene et al. 2018).

Nectriaceae Tul. et C. Tul., Selecta Fungorum Carpologia:
Nectriei- Phacidiei- Pezizei 3: 3 (1865).

Nectriaceae comprises some 63 genera but only a few are
marine (Jones et al. 2015, Wijayawardene et al. 2018).

Fusicolla Bonord., Handbuch der allgemeinen Mykolo-
gie: 150 (1851).

The genus Fusicolla was introduced by Bonorden
(1851) with Fusicolla betae (Desm.) Bonord., as the type
species and currently accommodates 18 species (Index
Fungorum).

Fusicolla bharatavarshae Devadatha, V.V
Sarma et E.B.G Jones, sp. nov (Figures 9A—-N,
10 and 11A-P)

(MycoBank MB 828607) Saprobic on decayed wood of Avi-
cennia marina (Forssk.) Vireh. Sexual morph: Ascomata
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Figure 9: Fusicolla bharatavarshae (sexual morph, holotype).
(A) Ascomata superficial to semi-immersed on dead wood of Avicennia marina. (B—C) Ascomata. (D) Section of peridium. (E-I) Immature and
mature asci. (J-N) Ascospores. Scale bars: (B-C, E)=50 um; (D, F-N)=10 um.
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Fusicolla

Fusicolla betae CBS17532
100/100, Pseudonectria foliicola CB512256
97/83/1. Pseudonectria foliicola CB$12319
Sarcopodium vanillae CBS1582
87/100/1 Viridospora alata CBS4288

Neonectria lugdunensis CBS125485
Pseudocosmospora eutypellae GJS148
Pseudocosmospora rogersonii GJS196
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Corallonectria jatrophae CB591396

Penicillifer macrosporus CBS42388

Rugonectria rugulosa CBS126565

Neonectria fuckeliana CBS32461

Neonectria ramulariae CBS15129

Figure 10: Randomized axelerated maximum likelihood (RAXML) tree based on combined LSU rDNA, ITS, B-tubulin and RPB2 gene regions of

Nectriaceae and related taxa.

Bootstrap support values for maximum likelihood, maximum parsimony (>75%) and Bayesian inference posterior probability values
(>0.95%), respectively, are given above each branch. The new species is indicated in blue. The tree was rooted to Tilachlidium brachiatum
(Batsch) Petch (Tilachlidiaceae). Branches with Bayesian inference posterior probabilities (BIPP) from Markov chain Monte Carlo (MCMC)

analysis equal or greater than 0.95 are in bold.
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Figure 11: fusicolla bharatavarshae (asexual morph).
(A-B) Colonies on malt extract agar after 7 days. (C, E, F, H-P) Conidia. (D, G) Conidiophores. Scale bars: (C, E, K-L)=50 um; (D, F, J, M—P)=10 um.
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205-275 um high, 170-580 um wide (X=246x243 um,
n=38), perithecial, superficial, solitary to gregarious,
non-stromatic, globose to sub-globose, coriaceous pale
yellow to pale orange, not developing color in 3% KOH,
turning orange in lactic acid, ostiolate (Figure 9A-C).
Ostiole short 55-90x60-80 pum (X=64x6 um, n==3).
Peridium 15-20 um (x=18, n=38), thick, dark-colored,
two-layered, outer layer of 3-4 rows of cells of textura
angularis, inner layer of 3—-6 rows of elongate and hyaline
cells. Paraphyses 1-2 um, interspersed with asci, deli-
quescent, moniliform (Figure 9G). Asci 55-65X5-9 um
(x=61x6 um, n=20), unitunicate, cylindrical to narrowly
clavate, short pedunculate, thin-walled, 8-spored, unise-
riate, persistent, apically truncate when immature, with a
faint apical ring-like thickening (Figure 9F-I). Ascospores
7-12x2-5 um (X =8 x 3 um, n=50), ellipsoidal, rounded at
ends, 1-septate, hyaline, slightly constricted at the septum
when young, rough walled, without appendage or sheath
(Figure 9J-N).

Asexual morph: Fusarium-like. Colonies on MEA
30-40 mm in diam., slimy, white to orange in center, white
at margin, and white to cream in reverse, fast growing,
filamentous, raised, lobate, and irregular (Figure 11A-B).
Mycelium 1-3 um diam., superficial, septate, branched,
hyaline hyphae, micro conidia absent, macro conidia
30-48x2-3 um (X=41x2.5 um, n=>50), hyaline, smooth,
0-4-septate, long fusiform, falcate, acute at both ends
(Figure 11C-P).

Etymology Specific epithet refers to the name of the
country Bharat (India), an alternative official name of
India.

Known geographical distribution India.

Material examined India, Tamil Nadu, Tiruvarur, Muth-
upet mangroves, on decayed wood of Avicennia marina
(10.4°N 79.5°E), 28th November 2015, B. Devadatha,
AMH-9910 (holotype), ex-type living culture=NFCCI-
4423. GenBank numbers ITS=MK152510, LSU=MK152511,
SSU=MK152532, RPB2=MK157022, TUB2=MK376462.

Habitat On decayed wood of Avicennia marina in
mangroves.

Notes: The genus Fusicolla was typified by Fusicolla
betae and includes nine accepted species (Index Fun-
gorum 2018). Fusicolla ossicola Lechat et Rossman,
Fusicolla aquaeductuum (Radlk. et Rabenh.) Gréafen-
han, Seifert et Schroers and Fusicolla melogrammae
Lechat et Aplin were reported to have both sexual and
asexual stages while other species exist as asexual
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morphs (Grafenhan et al. 2011). Fusicolla bharatavar-
shae shares morphologically similar characters to the
genus, such as superficial, non-stromatic, globose to
sub-globose, pale yellow to pale orange ascomata,
lacking reaction to KOH, ascospores that are 1-septate,
becoming orange in lactic acid, ellipsoidal, hyaline
and straight or slightly curved. It has a Fusarium-like
asexual morph with fusiform conidia along with F. ossi-
cola, F. aquaeductuum and F. melogrammae which were
reported as holomorphs (Figures 9 and 11). However, F.
bharatavarshae differs from other Fusicolla species in
having shorter asci, ascospores that are hyaline, slightly
constricted at the septum when young, rough-walled,
a different colony morphology and in its occurrence
on mangrove wood. Fusicolla ossicola is distinct from
F. bharatavarshae in having longer asci (80-85x 8-11
um vs. 55-65x5-9 um), pale golden brown, spinulose
ascospores that are 0—3-septate, shorter macro conidia
(12-28 x3-3.5 um vs. 30-48 x 2-3) (Lechat and Rossman
2017). Fusicolla melogrammae can be distinguished from
F. bharatavarshae as it has longer asci (70-80 x 10-12 um
vs. 55-65x5-9 um), hyaline to pale golden brown, spi-
nulose, longer ascospores (12-14 x 4.5-5 um vs. 7-12 x 2-5
um) that are 0—3-septate, and shorter, fusiform macro
conidia (3038 X 4.5-5.5 um vs. 30—-48 x 2-3) (Crous et al.
2016). Both F. aquaeductuum and F. bharatavarshae are
similar in having overlapping dimensions of ascomata,
asci and ascospores. But the former species is character-
ized by the presence of ascospores that are ellipsoid to
oval, 1-septate, slightly contracted at septum, smooth at
maturity and shorter macro conidia (20-30 x2-5 pm vs.
30-48 x2-3 um) in contrast to the latter species (Huang
et al. 2018). Whereas Fusicolla acetialriae (Tubaki, C.
Booth et T. Harada) Griafenhan et Seifert is different from
F. bharatavarshae in lacking a sexual stage, even though
both have fusarium-like asexual stages with overlapping
conidial dimensions (20-30 x 2-5 um vs. 30-48 x 2-3 um)
and straight or curved, long fusiform conidia. Also, F.
bharatavarshae is different from F. acetialriae in having
a faster growth on malt extract agar, slimy, white to
orange in center, white at margin, and reverse with white
to cream, lacking micro conidia, macro conidia 0-4-
septate, fusiform, falcate and acute at both ends. Fusi-
colla acetialriae is a slow grower; colony light brown or
light yellow-brown at surface, with a sterile margin and
reverse with vinaceous or brown-vinaceous pigmenta-
tion, and it produces both micro and macro conidia with
3(4) transverse septate and a rounded apex (Tubaki et al.
1976, Gerlach and Nirenberg 1982).

The combined LSU, ITS rDNA, B-tubulin and RPB2
gene datasets of 45 taxa with 3065 nucleotide characters
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belonging to Nectriaceae and closely related taxa with
Tilachlidium brachiatum (Batsch) Petch as the outgroup
were analyzed. RAXML analysis of the combined dataset
yielded the best tree (Figure 10) with a final ML optimi-
zation likelihood value of -43649.829041. The matrix had
2224 distinct alignment patterns, with 28.99% of unde-
termined characters or gaps. The maximum parsimoni-
ous data matrix of the combined dataset consisted of 45
taxa with 3065 characters, of which 1525 were constant,
1222 parsimony-informative (39.8%) and 318 parsimony-
uninformative. One most parsimonious tree was produced
using a heuristic search with a tree length of 6794 steps
(CI=0.408, RI=0.611, RC=10.249, HI = 0.592). Phylogenetic
trees obtained from ML, MP and BIPP were similar in
topology.

Phylogenetic results indicated that the novel taxon
Fusicolla bharatavarshae clustered together with F. acet-
elariae and shared a sister relationship with Fusicolla
betae in Fusicolla clade with strong bootstrap statisti-
cal support (100% ML, 100% MP, 1.00 BIPP) (Figure 10).
A significant 2.5% (14) nucleotide differences across
ITS region was observed between F. bharatavarshae
and F. acetelariae which suggests that our taxon is dis-
tinct. Based on the distinct morphology, phylogenetic
evidence, base pair differences and the habitat, we
introduce F. bharatavarshae as a new species under
Fusicolla.

Fusarium Link, Magazin der Gesellschaft Naturfor-
schenden Freunde Berlin 3 (1): 10 (1809).

A wide spread genus with 925 names in MycoBank with
taxa in terrestrial and aquatic habitats, and as saprobes,
parasites and endophytes.

Fusarium sedimenticola M.M. Wang, F. Liu et
L. Cai, sp. nov. (Figures 12 and 13)

(MycoBank MB 829284) Asexual morph. Colonies on
potato dextrose agar (PDA) grown in the dark reach-
ing 6.3-6.9 cm diam. after 7 d at 25°C, crateriform with
entire edge, aerial mycelia dense, white; reverse yel-
lowish brown. Colonies on Oat Agar (OA) reaching
6.1-6.9 cm diam. after 7 d at 25°C, crateriform, aerial
mycelia dense, colony undulate edge, white; reverse yel-
lowish brown. On Synthetic Nutrient poor Agar (SNA)
6.5-6.9 cm diam. in 7 d at 25°C, flat with erose edge,
aerial mycelia scant, white; reverse white. Pigment
pale brown on PDA and OA, absent on SNA. Odor
absent. Sporodochia straw colored, formed abundantly
on the surface of the carnation leaves. Sporodochial
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phialides subulate to subcylindrical, 15.5-20.5x2.5-3.5
um (av. £SD: 17.5+1.2x 3.2+ 0.4 um), smooth- and thin-
walled, often with a minute apical collarette. Macro-
conidia fusiform, with a gentle curvature and nearly
parallel dorsiventral lines or an unequal curvature,
3-septate, hyaline, thin- and smooth-walled, 19-33x
3-5.5 um (av. +SD: 26.8+2.5x4.7+0.5 um), apical cell
blunt, sometimes with a globose cell in at the termi-
nal position, basal cell barely notched. Conidiophores
formed on the aerial mycelium, 50-150 um tall, bearing
terminal monophialides; phialides subcylindrical or
subulate, smooth- and thin-walled, 13.5-25.5 x 2-2.5 um
(av. £SD: 20.6 £3.5x 2.3+ 0.1 um). Microconidia hyaline,
clavate, oval or ellipsoidal, smooth- and thin-walled, 0-1-
septate, 6.5-12x3.5-4.5 um (av.£SD: 8.7+1.4x4+0.4
um). Chlamydospores intercalary, globose, relatively
thick-walled, hyaline, 0-septate, 6.5-8 um diam. Sexual
morph undetermined.

Etymology Named after the habitat of this species, deep-
sea sediment.

Type Southwest Indian Ocean, from deep-sea sediment
(longitude 63.92E, latitude 27.77S, depth 3166 m), 2014,
collected by the Chinese research vessel Dayang Yihao
(Ocean No. 1), 30I-SWIR-SO003TVGO1 (HAMS 248044 hol-
otype (dried culture), ex-holotype living culture
CGMCC 3.19499=L1C12845). GenBank accession No.:
ITS=MK207059, TEF1-0.= MK190727, RPB2=MK190729.

Other material examined Paratypes: Southwest Indian
Ocean, from deep-sea sediment (longitude 63.92E,
latitude 27.77S, depth 3166 m), 2014, collected by the
Chinese research vessel Dayang Yihao (Ocean No. 1),
30I-SWIR-SO03TVGO1, living culture LC12846. GenBank
accession No.: ITS=MK207060, TEF1-o0=MK190728,
RPB2=MK190730.

World distribution Southwest Indian Ocean.

Habitat Deep sea sediment.

Notes: Fusarium spp. occur as endophytes, pathogens
and saprophytes in marine habitats (Khao et al. 2005,
Damare et al. 2006, Jones et al. 2009, 2015, Sarmiento-
Ramirez et al. 2010). Herein we introduced a novel
species, Fusarium sedimenticola isolated from deep-sea
sediment collected from the Southwest Indian Ocean.
Phylogenetic analyses of a multi-locus dataset (ITS, TEF
1-a and RPB2) were performed using Bayesian inference
(BI) and maximum likelihood (ML) methods. The new
species is phylogenetically nested in the Fusarium solani



DE GRUYTER

E.B.G. Jones et al.: New marine fungi = 175

Figure 12: Fusarium sedimenticola (ex-type strain LC12845).
(A-C) Surface (left) and back (right) of colonies on potato dextrose agar, oat agar, and synthetic nutrient poor agar, respectively, after 7 d
at 25°C in the dark. (D) Sporodochium formed on the surface of carnation leaves. (E-F) Sporodochial conidiophores. (G-H) Sporodochial
macroconidia. (I) Monophialide on aerial hyphae. (J-K) Microconidia. (L) Chlamydospore. Scale bars =10 um.

(Mart.) Sacc. species complex (FSSC) and closely related
to Fusarium keratoplasticum Geiser, O’Donnell, D.P.G.
Short et Ning Zhang (1 bp difference in ITS, 10 bp in TEF1-
o and 6 bp in RPB2). Morphologically, the two relatives
differ from each other in producing different numbers
of septa to the macroconidia (3-septate in F. sedimenti-
cola vs. 3—4-septate in F. keratoplasticum). In addition, F.
sedimenticola could be easily distinguished from all other
known FSSC species in forming a globose cell at the apex
of the macroconidia.

Discussion

This paper is a collection of new species of marine fungi
occurring on different substrates (driftwood, mangrove
wood Aegiceras cornicualtum, Avicvennia marina, brack-
ish water palm Phoenix paludosa and deep water sedi-
ments) sampled in different parts of the world (India,
Sweden, UK, South Indian Ocean) collected by various
mycologists. The current number of accepted marine
fungi stands at 1257 species and the taxa introduced in
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Figure 13: Fifty percent majority rule consensus tree from a Bayesian analysis based on a three-locus combined dataset (ITS, TEF1-o. and
RPB2) showing phylogenetic relationships of species within the Fusarium solani (Mart.) Sacc. species complex.

Bayesian posterior probabilities (PP>0.9) and maximum likelihood (ML) bootstrap support values (BS >70) are displayed at the nodes
(PP/ML). The tree was rooted to Neocosmospora illuden (Berk.) L. Lombard et Crous (NRRL 22090). Novel species is marked in bold. Ex-type

cultures are indicated with T; N.= Neocosmospora, F.=Fusarium.

this paper expand our knowledge of the diversity of this
ecological group of fungi. In the previous Botanic Marina
Special Issue (Abdel-Wahab et al. 2017), the number of
marine fungi was 1112, thus 145 marine species have been
introduced by sampling a wider range of substrates, e.g.
deep water sediments, and worldwide locations (Jones
2011).
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