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Abstract
This is a multidimensional review of mangrove fungi occurring as saprobes, pathogens and endophytes of a wide range 
of host substrates and those isolated from the water columns and sediments in mangroves. Eight-hundred and fifty taxa 
including 658 that are supported by both morphology and molecular data and 192 with only morphological data are listed. 
These constitute Ascomycota, the dominant group with 773 species, and 58 Basidiomycota, one Blastocladiomycota, five 
Chytridiomycota, and 13 Mucoromycota. This study also includes data on mangrove yeasts 103 Ascomycota, 39 Basidi-
omycota and 193 taxa isolated from sediments. Endophytes isolated from submerged parts of mangrove plants total 38. The 
most specious orders of mangrove fungi are Pleosporales 133, Saccharomycetales 102, Microascales 101, Eurotiales 87, 
Hypocreales 60 and Xylariales 54. Speciose genera include Candida 39, Aspergillus 53, Penicillium 17 and Corollospora 16. 
The highest number of mangrove fungi have been recorded from the Pacific Ocean 553, which is the largest ocean, followed 
by Indian 408 and Atlantic Oceans 259. Geographical distribution of mangrove fungi varied from ocean to ocean with only 
109 taxa common to the Atlantic, Indian and Pacific Oceans. Of the various countries reported for mangrove fungi, India 
accommodates the highest number (339) followed by Thailand 303, Malaysia 171, Florida Everglades, USA 134 and Brunei 
134. A total of 60 different mangrove plants and their associates have been surveyed for mangrove fungi. These results are 
discussed and compared with previous studies.
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Introduction to mangroves and mangrove 
fungi

In this manuscript we use the term ‘mangrove fungi’ to 
refer to those marine fungi documented from various man-
grove subtrates, thus avoiding the need to state that all 
taxa listed are marine. Approximately 75% of the world’s 
tropical coastlines between 25° N and 25° S, support a rich 
diversity of mangrove plants, while other areas having a 
lower diversity further from the equator, for example the 
east coasts of Africa, Australia, and New Zealand where 
mangroves occur 10–15° further south. On the northern 
side of the equator, mangroves extend to 5–7° which 
includes the coastlines of Japan, Florida, Bermuda, and 
the Red Sea. Mangroves in the Indo-West Pacific are the 
most diverse with more than 30 plant species, while those 
in Saudi Arabia and Florida comprise one and plant tree 
species, respectively. Australia and New Zealand comprise 
six and one plant species, respectively (https ://www.flori 
damus eum.ufl.edu/south flori da/habit ats/mangr oves/geogr 
aphic al-distr ibuti on/).

Mangroves are salt-tolerant evergreen forests found 
along sheltered coastlines, shallow-water lagoons, estu-
aries, rivers or deltas in 124–127 tropical and subtropi-
cal countries and areas mainly growing on soft muddy 
substrates (FAO 2007). Mangroves are distributed along 
the equator encompassing the Atlantic, Indian and Pacific 
Oceans. Fungi occurring on mangrove forest have been 
reported since the 1920’s (Stevens 1920), while Cribb 
and Cribb (1955) studied mangrove fungi on Australian 

mangrove plants and introduced a number of new taxa. 
Kohlmeyer (1969) listed 75 mangrove fungi of which 39 
were ascomycetes, 27 asexual morphs and nine basidi-
omycetes, along with their host preferences. Hyde and 
Jones (1988) reported 90 species of mangrove fungi from 
the intertidal zone collected from 26 different mangrove 
trees. These early studies involved the description of new 
taxa based on morphology with observation on their eco-
logical distribution. Schmit and Shearer (2003) detailed a 
historical account of the occurrence of mangrove fungi, 
when they listed 625 species, but many of these included 
freshwater and terrestrial taxa. Only 287 species could 
be regarded as growing on submerged to intertidal man-
grove substrata (Alias and Jones 2009; Sridhar et al. 2012; 
Loilong et al. 2012).

Marine fungi have been well-documented, especially 
over the past 50 years, when numbers ranged from 174 
species (Kohlmeyer 1969) to 530 species (Jones et al. 
2009) and later to 1112 species (Jones et al. 2015) and 
currently total 1692 species (Jones et al. 2019, www.marin 
efung i.org 12/05/2020). A significant number of marine 
fungi from mangroves account for this increase. Over the 
past 25 years there has been great activity in documenting 
mangrove fungi from around the world (Fig. 1), with stud-
ies in the Pacific (Jones and Abdel-Wahab 2005; Pang et al. 
2011), Indian (Hyde and Jones 1986; Sarma et al. 2001; 
Sridhar et al. 2012) and Atlantic Oceans (Jones and Puglisi 
2006; Fell et al. 2011). Seas sampled for mangrove fungi 
include the Red Sea (Abdel-Wahab 2005; Abdel-Wahab 
et al. 2014, 2019a), Arabian Sea (Chinnaraj 1993; Ananda 
and Sridhar 2004; Maria and Sridhar 2003) and Bay of 

Fig. 1  World distribution of mangroves in 2020 Source Reproduced from CoastalWiki, Flanders Marine Institute

https://www.floridamuseum.ufl.edu/southflorida/habitats/mangroves/geographical-distribution/
https://www.floridamuseum.ufl.edu/southflorida/habitats/mangroves/geographical-distribution/
https://www.floridamuseum.ufl.edu/southflorida/habitats/mangroves/geographical-distribution/
http://www.marinefungi.org
http://www.marinefungi.org
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Bengal (Ravikumar and Vittal 1996; Sarma and Vittal 
1998–99, 2000; Devadatha et al. 2017, 2018a, b, 2019). 
Our understanding of mangrove fungal diversity and dis-
covery rate of new mangrove fungal species are growing 
rapidly. The current taxonomic approaches include power-
ful molecular methods to reveal the evolutionary relation-
ships of marine fungi (Hongsanan et al. 2017, 2020a, b). 
A total of 850 mangrove fungi are included in our list of 
which 649 are known by both morphology and molecular 
phylogeny, while the remaining have only morphological 
information.

Spatafora and Blackwell (1994) were the first to study 
the phylogeny of the marine fungus, Halosphaeriopsis 
mediosetigera (Halosphaeriaceae). Subsequently, phyloge-
netic analyses examined the relationships of a number of 
marine fungal taxa at the ordinal level and at the genus/
species level. The order Halosphaeriales was introduced 
by Hawksworth and Eriksson (1986) and then accepted by 
Spatafora et al. (1998), Sakayaroj et al. (2005), Zhang et al. 
(2006) and Tang et al. (2007). Hibbett et al. (2007) rejected 
the ordinal position of Halosphaeriales and referred it as a 
family Halosphaeriaceae in Microascales. Over the past two 
decades, the application of molecular techniques to study the 
evolutionary relationship of organisms has advanced con-
siderably with the higher order classification of the group 
supported by molecular data (Jones et al. 2009, 2015, 2019a, 
b; Hongsanan et al. 2017, 2020a, b). Hongsanan et al. (2017) 
updated backbone phylogenetic tree for Sordariomycetes and 
suggested changes to this class based on divergence times. 
Hyde et al. (2020) listed 45 orders, 167 families and 1499 
genera and provided an updated phylogenetic tree for Sor-
dariomycetes. Liu et al. (2017) updated strategies of using 
divergence estimates in the classification of Dothideomy-
cetes. Hongsanan et al. (2020a) accepted three orders with 
25 families in Dothideomycetidae and four orders with 94 
families in Pleosporomycetidae based on a multigene phy-
logenetic tree. Hongsanan et al. (2020b) listed 31 orders 
comprising 50 families as orders incertae sedis in Dothide-
omycetes and 41 families are assigned as families incertae 
sedis due to lack of morphological and molecular evidence. 
Chemotaxonomy utilizes secondary metabolite profiling 
for differentiation among filamentous fungi (Frisvad et al. 
2008). Species of filamentous fungi in most genera of asco-
mycetes and basidiomycetes, produce highly species-spe-
cific profiles of secondary metabolites (Frisvad et al. 2008). 
Chemotaxonomy appears to be a decent source for fungal 
classification, generally in combination with polyphasic 
methods and multi-locus phylogeny (Frisvad 2015). Pyrose-
quencing and metagenomics have added another dimension 
in the characterization of the marine fungal communities, 
although much remains to be done in coastal waters and 
particularly mangrove ecosystems (Richards et al. 2012; Arfi 
et al. 2012a, b; Amend et al. 2019).

Sampling methods, strategies 
and limitations

Samples commonly collected for mangrove fungi include: 
algae, corals, dead animals, driftwood, living and decaying 
leaves, roots and submerged branches, mangrove wood, 
soil or sediment and water (Kohlmeyer and Kohlmeyer 
1979; Jones et al. 2009). There are limitations to the sam-
pling methods used to document the occurrence and dis-
tribution of mangrove fungi. Generally, they are a one-off 
collection at a location and a limited number of samples 
taken e.g. Southern China (Vrijmoed et al. 1996). How-
ever, a number of locations have been repeatedly stud-
ied: Australia (Hyde 1990a; Kohlmeyer and Volkmann-
Kohlmeyer 1991), Kampong Danu and Kampong Kapok 
mangroves, Brunei (Hyde 1990b, 1991), Kuala Selangor 
and Morib mangroves, Malaysia (Alias and Jones 2000a, 
Alias et al. 2010), Mai Po, Hong Kong (Vrijmoed et al. 
1994a, b; Sadaba et al. 1995), Seychelles (Hyde and Jones 
1989), India (Sarma et al. 2001; Devadatha et al. 2017, 
2019) and Thailand (Sangtiean et al. 2014; Suetrong et al. 
2016), however, in most cases only lignicolous substrates 
were sampled.

Numerous factors determine the biodiversity of man-
grove fungi: sample size; diversity and size of the man-
grove forest, availability of decayed wood; nature of the 
host tissue; time exposed to seawater; tidal amplitude, suc-
cession on the substrate; fungal interaction and horizontal 
or vertical zonation of fungi, physical and chemical param-
eters such as hydrostatic pressure, light, osmotic effects, 
oxygen level, pH, pollutants, salinity and temperature 
(Kohlmeyer and Volkmann-Kohlmeyer 1989; Jones 2000; 
Schmit and Shearer 2004). Kohlmeyer and Kohlmeyer 
(1979) recommended to collect the wood samples that 
have been in a marine habitat for many weeks as indicated 
by the attack of marine fouling or boring organisms. Jones 
and Hyde (1988) discussed the disadvantage of random 
collections, namely only sporulating species can be identi-
fied, the method does not give good qualitative data, and 
host substrate is not known unless subjected to anatomical 
examination of the host substrate. However, in the case of 
identifying unknown living substrates, molecular meth-
ods are accurate. Most of the studies on mangrove fungi 
involve the collection of the trapped or decayed wood, 
all variable in sample number and size (Kohlmeyer and 
Kohlmeyer 1979; Hyde 1990b; Alias and Jones 2000a). 
Besitulo et al. (2002) advocated 400 samples for each site 
to establish the total diversity at that location. Sarma and 
Hyde (2001) have suggested a protocol for sampling of 
marine fungi in a mangrove, namely all the key mangrove 
trees should be sampled by collecting equal number of 
samples, with collections from three vertical zones, three 
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salinity zones and three seasons resulting in the need to 
make 270 samples per tree species. They further advised 
that the minimum samples over a 2-year (seasons) period 
should be of the order of 1000 to 2000. However, only a 
few studies on the occurrence of mangrove fungi come 
any way near to this total number of samples due to the 
logistics involved.

Mangrove sediments or soil samples are rich in organic 
matter and are collected with a soil-hole borer from a depth 
of 2 cm, placed in sterile plastic bags and stored at 4 °C until 
use (Rai et al. 1969; Nayak et al. 2011). Water specimens 
under the surface can be collected in sterile plastic bottles at 
the intertidal zone, at a distance of 1 m from the shore and 
depth of 0.5 m (Nayak et al. 2011).

Meyers and Reynolds (1958) were the first to advocate 
baiting techniques to investigate the colonization and suc-
cession of mangrove fungi, which was later followed by 
Jones (1963) and Byrne and Jones (1974). The advantage 
of baiting includes: sequence of colonization and sporulat-
ing stages can be followed; fungi present at specific loca-
tions and species or type of substrate can be determined 
and physical and physiological activities of fungi can be 
measured. However, Kohlmeyer and Kohlmeyer (1979), 
Jones and Hyde (1988) and Tan et al. (1989a) noted that 
fewer species are identified from baits than randomly col-
lected samples. Clearly, a number of sampling strategies are 
required in the study of the ecology of marine fungi (Amend 
et al. 2019; Overy et al. 2019).

Studies on frequency of mangrove fungi have differences 
in the number of samples collected and examined. A study 
with a larger number of samples results in a distinct percent-
age of occurrence than a study with a smaller number of 
samples. Sarma and Hyde (2001) proposed that a minimum 
540–1060 samples should be collected for one season and 
1000–2000 for 2 seasons (wet and dry). However, the num-
ber of samples collected will depend on the accessibility 
of substrata and other logistics. Different mangrove plant 
samples should be collected in order to avoid duplication 
and uniform sample size should be followed. The discov-
ery of new species rate increases with examination of more 
samples, different substrata collected, mangrove plant spe-
cies, site with local environmental factors and microcosms 
(Sarma and Hyde 2001).

Succession studies of mangrove fungi

A number of studies have exposed submerged test panels/
blocks of mangrove wood of fixed dimensions in the field 
and their recovery at regular intervals up to 60 weeks (Tan 
et al. 1989a; Leong et al. 1991; Sadaba et al. 1995; Alias 
and Jones 2000a). For example, Leong et al. (1991) exposed 
wood samples by splitting young Bruguiera cylindrica and 
Rhizophora apiculata stems (5–7 cm girth, 8 cm length), 
into quarters so that each sample contained two sides of 
wood pieces with intact bark or exposed wood on sur-
faces, at Mandai mangrove, Singapore. Some species were 
early colonisers (6–18 weeks) e.g. Verruculina enalia (as 
Didymosphaeria enalia, ≡ Lojkania enalia), Lignincola lae-
vis, Payosphaeria minuta, others appeared in the intermedi-
ate phase (22–32 weeks) e.g. Halosarpheia marina, Hal-
orosellinia oceanica (as Hypoxlyon oceanicum), Savoryella 
paucispora, while others were late colonisers (37–60 weeks) 
e.g. Nais inornata, Sclerococcum haliotrephum (as Dactylo-
spora haliotrepha) and Aigialus mangrovis on B. cylindrica.

Tan et al. (1989a) also noted that dominant species on two 
other timbers (Avicennia alba and A. lanata) were V. ena-
lia, Lulworthia sp.1, and Lignincola laevis. The mangrove 
fungi inhabiting the two timbers exhibited a pattern of suc-
cession, with L. laevis as an early colonizer, V. enalia and 
Lulworthia sp. 1 as intermediate colonizers and A. parvus 
a late colonizer (Tan et al. 1989a). These studies showed a 
succession in the sporulation of the fungi with distinct dif-
ferences between the timbers investigated. Fewer species and 
a lower occurrence were recorded on the Avicennia timber 
samples (21 species) with 32 fungi colonising the B. cylin-
drica and Rh. apiculata timbers. Random collections of 188 
drift mangrove wood at the same site yielded 42 species 
with Natantispora retorquens and Lignincola laevis the most 
common taxa (Tan et al. 1989a).

Alias and Jones (2000a) conducted a similar study by 
exposing test blocks (5 × 1 × 1 cm) of Avicennia marina and 
Bruguiera parviflora at Kuala Selangor mangrove, Malaysia, 
and their retrieval at intervals of 6–18 weeks. Sixty-one taxa 
were identified from 486 test blocks. The percentage occur-
rence of fungi on wood was very high, 50% colonization in 
the early stage (6–18 weeks) and 100% at the intermediate 
stage (26–54 weeks) and the late stage (60–96 weeks). The 
number of fungi per sample was lower at the early stage 
1.8–4.2; with 6–8 at the intermediate stage and 4–7 dur-
ing the late stages. Total number of species on Avicennia 
marina and Bruguiera parviflora were 45 and 54 species, 
respectively, with little evidence of host specificity. There 
was a clear pattern of colonisation on both timbers, with 
Halosarpheia marina, Lignincola laevis, Natantispora 

Fig. 2  a Species diversity on exposed barked and debarked Rhiz-
ophora apiculata twigs ECWB early colonizers with bark; ECWOB 
early colonizers without bark; ICWB intermediate colonizers with 
bark; ICWOB intermediate colonizers without bark; LCWB late colo-
nizers with bark: LCWOB late colonizers without bark, b Twigs after 
exposure showing a loose bark layer surrounding a central xylem core

◂
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retorquens, Neptunella longirostris and Sammeyersia gran-
dispora as early colonizers. Intermediate colonisers were 
Halocyphina villosa, Saagaromyces ratnagiriensis, Savory-
ella lignicola and Verruculina enalia, while late colonisers 
included Aigialus parvus, Dyfrolomyces marinospora (as 
Saccardoella marinospora) and Quintaria lignatilis. There 
were clear differences between the fungi colonising timbers 
at Kuala Selangor and those on twigs exposed at Mandai 
(Singapore) mangrove.

Alias and Jones (unpublished data) compared the fun-
gal colonization of Rhizophora apiculata twigs (with and 
without bark-decorticated) exposed at Kuala Selangor man-
grove stand (Malaysia) for up to 92 weeks. The sequence of 
colonization was divided into three arbitrary stages: early 
(6–18 weeks of exposure), intermediate (26–54 weeks) and 
late colonization (60–96 weeks). They showed that the pres-
ence of bark on the wood markedly affected the development 
of fungal communities. Not only were there more fungi pre-
sent on the barked wood, but percentage colonization was 
also much higher in contrast with the decorticated wood 
(Fig. 2). However, there was no evidence that these were 
restricted to the barked substratum as these fungi have also 
been collected on other woody tissues. Hyde (1991) also 
noted that more fungi were present on the bark of R. apicu-
lata poles exposed in Kampong Kapok mangrove, Brunei, 
while the fungi on Xylocarpus granatum were more numer-
ous on the exposed xylem tissue.

The healthy growth of mangrove tree seedlings is vital 
for the regeneration of forests, especially those destroyed 
by hurricanes, and discarded fish and prawn ponds. Twenty-
one fungi are reported from mangrove seedlings (Table 1). 
However, the most comprehensive study on Rhizophora 
mangle seedlings is that of Newell (1976) who listed 84 
fungi, but not all were identified to species level and many 
occurred only very infrequently. The three most common 
fungi were Cladosporium cladosporioides, Pestalotia sp., 
and Sammeyersia grandispora (Newell 1976). Newell (1976) 
identified four seral stages in the colonisation of Rhizophora 
seedlings: Seral stage 1: Phyloplane fungi as on the par-
ent trees; seral stage 2: a decrease in the number of phyl-
loplane fungi and emergence of a number of new species: 
Septonema sp., Aspergillus repens, Cephalosporium sp., 
Colletotrichum sp. and a Phoma sp. None of these were 
present on the pre-abscission seedlings; seral stage 3: Sam-
meyersia grandispora and Lulwoana uniseptata (as Zalerion 
maritima) appeared on the seedlings and rose to dominant 
frequency; seral stage 4: the dominant species in stage 3 
showed a marked increase in frequency with the appear-
ance of two new species: Trichoderma viride and Penicil-
lium roseopurpureum. In the initial phases phylloplane and 
terrestrial asexual fungi were dominant. In the last phases 
these fungi disappeared and were substituted by facultative 
and obligate marine fungi (Newell 1976). The percentage 

of occurrence of sexual and asexual morphs according to 
the succession stages were not studied yet based on the ear-
lier studies. However, frequent mangrove fungi on different 
stages of succession of mangrove wood were recorded in 
various studies. Alias and Jones (2000a) reported the suc-
cession patterns of mangrove fungi on Avicennia marina and 
Bruguiera parviflora wood: early and late colonization of 
sexual morphs and intermediate colonization of both sexual 
and asexual morphs. Leong et al. (1991) reported the colo-
nization of sexual morphs in different stages of succession 
in the decomposition of Avicennia alba wood. Both sexual 
and asexual morphs are involved in the different stages of 
succession of Avicennia officinalis wood (Maria and Sridhar 
2003). Poonyth et al. (2001) found both sexual and asex-
ual morphs during the various stages of decomposition of 
Bruguiera gymnorrhiza and Rhizophora mucronata. Sarma 
and Vittal (2017) have studied the seasonal occurrence of 
sexual and asexual morphs of marine fungi in Godavari and 
Krishna mangroves. They found that the percentage occur-
rence of sexual morphs is higher during dry season and that 
of asexual morphs in wet season. Fungi colonising various 
mangrove seeds are illustrated in Fig. 3a–d.

Vertical and horizontal zonation 
of mangrove fungi

Another variable to consider when documenting the occur-
rence of mangrove fungi is whether they are vertically dis-
tributed. Alias and Jones (2000b) studied vertical distribu-
tion of mangrove fungi on Rhizophora apiculata trees at 
two mangroves in Malaysia. Prop roots, subterranean roots 
and overhanging branches of R. apiculata were collected 
at three intertidal levels: upper (high water mark), middle 
and lower. There was evidence that fungi were vertically 
distributed with Pyrenographa xylographoides, Halojullela 
avicenniae and Aigialus grandis occurring in the upper level 
and with Sammeyersia grandispora, Hydea pygmea (as Cir-
renalia pygmea) and Verruculina enalia more prevalent at 
the lower level. Some species, such as Leptosphaeria aus-
traliensis and Halocyphina villosa occurring at all levels. 
These differences can be attributed to several factors and the 
topic requires further study. Sadaba et al. (1995) observed 
vertical distribution of fungi on Acanthus ilicifolius at Mai 
Po mangrove, Hong Kong (Fig. 3i, j). The apical portions 
were colonised by typical terrestrial fungi (Acremonium sp, 
Colletotrichum gloeosoprioides Corynespora cassiicola, 
Fusarium sp., Phialophora sp., Tubercularia sp.) and the 
basal portions by mangrove fungi (Aniptodera chesapeaken-
sis, Halosarphea marina, Halosphaeriopsis mediosetigera, 
Lignincola laevis, Natantispora retorquens). They found that 
the asexual morphs (32) are dominant in contrast to sexual 
morphs (12) (Sadaba et al. 1995). This was attributed to 
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tissue type and varying degree of exposure to tidal inunda-
tion governing species distribution along the vertical line. 
Similar observations have been made for the intertidal estu-
arine fungi on Phragmites communis, also in Hong Kong 
(Poon and Hyde 1998). Those occurring in the intertidal 
level of mangroves can discharge their ascospores forcibly, 
especially those with bitunicate asci: Halojullela avicenniae, 
Pyrenographa xylographoides and Verruculina enalia, while 
those with deliquescing asci discharge their ascospores 
passively: Antennospora quadricornuta and Torpedospora 
radiata. Fungi growing above mean tide are exposed to 
harsher conditions and they are exposed for long periods 
and subject to desiccation and sunlight, as well as variation 
in salinity. During dry periods the salinity is higher, but in 
the monsoon season, mangroves are subject to freshwater.

Hyde et al. (1990) also investigated the vertical distribu-
tion of intertidal fungi on Rhizophora apiculata at Ranong 
mangrove and found Kallichroma tethys, Morosphaeria 
ramunculicola (= Massarina ramunculicola), Phialophoro-
phoma cf. litoralis and Savoryella longispora as the ‘most 
common’ species above mean tide, and Phomopsis man-
grovei, Sammeyersia grandispora and Verruculina enalia 
as ‘common’ below mean tide. Twenty-two taxa were found 
restricted to above mean tide, 13 occurred throughout the 
tidal range and 3 were confined to below mean tide. The 
presence of bark was also important in determining the fun-
gal community found on Rhizophora samples: above mean 
tide, young roots with bark were colonized by Dyfrolomy-
ces mangrovei (= Saccardoella mangrovei), Morosphaeria 
ramunculicola and Rhizophila marina while below mean 
tide Sammeyersia grandispora and a Phomopsis species 
dominated. Hyde (1988) collected intertidal prop roots, 
subterranean roots and overhanging branches of Rhizophora 
apiculata and R. mucronata at three levels in Kampong 
Danau mangrove, Brunei (upper level, mid level and low 
level). Forty-one taxa were identified with some species 
present at all levels viz., Halocyphina villosa, Leptospha-
eria australiensis and Sammeyersia grandispora. Others 
appeared to be vertically distributed: upper level Cytospora 
rhizophorae and Lignincola tropica; mid-level Aigialus 
parvus, Morosphaeria velatopsora and lower level Anten-
nospora quadricornuta and Trichocladium alopallonella. 
This distribution pattern was attributed to difference in sub-
mergence to seawater and exposure to air, especially at the 
upper level. A similar study was undertaken at Kampong 
Kapok mangrove, Brunei at four levels. Vertical zonation 
was less apparent, but Dictyosporium pelagicum and Hal-
orosellinia oceanica were only recorded at the upper level 
and A. quadriconuta and Thalassogena sphaerica present 
only at the lower level.

Sarma and Vittal (2002) investigated the vertical distribu-
tion of fungi on the prop roots of Rhizophora apiculata and 

found that certain fungi have an affinity towards a particular 
level. Thus Lulworthia sp., Hydea pygmea and Halocyphina 
villosa had higher percentage occurrence at submerged level, 
while a Halosarpheia sp., L. australiensis and S. ratnagirien-
sis in the intertidal region and Epicoccum purpurascens and 
Trimmatostroma sp. at high tide level were recorded in more 
numbers at the respective levels. Some fungi had their occur-
rence throughout the tidal range, for example, Hysterium sp., 
Sclerococcum haliotrephum, Massarina sp., Periconia pro-
lifica, Phoma sp. and Monodictys pelagica with differences in 
percentage occurrence. Besitulo et al. (2002) investigating the 
vertical distribution on Rhizophora spp. found more diversity 
at the upper tidal level i.e. 25 specie (representing the intertidal 
level) while only 17 species were found in the lower tidal level 
(representing the submerged samples). They also investigated 
the vertical zonation of fungi on Xylocarpon granatum. Sam-
ples from the lower tidal level supported a higher number of 
fungal species (17) when compared to the upper tidal level 
(8). This is in contrast to Rhizophora sp. where more species 
were recorded at upper tidal level. Acrocordiopsis patilii and 
Lignincola tropica were confined to the lower level. Species 
common to both levels were Coronopapilla mangrovei, Pas-
seriniella savoryellopsis, Phialophorophoma litoralis and 
Swampomyces sp.

Hyde and Sarma (2006) investigated vertical distribution 
of fungi on fronds and leaves of Nypa fruticans at three lev-
els: submerged, intertidal and terrestrial. The greatest num-
ber of species (32) were recorded in the submerged zone, 
followed by intertidal zone (25) and terrestrial zone (9).

Spatial variations in the form of horizontal distribution in 
aquatic ecosystems are rare and often from none mangrove 
studies (Jones and Oliver 1964; Shearer 1972; Byrne and Jones 
1975; Fryar et al. 2004; Tsui and Hyde 2004). Hyde and Lee 
(1995) opined that very few investigations consider the effect 
of salinity on the mycota in mangrove forests. In a study of 
mangrove fungi on decaying wood samples along five sites on 
the Tutong River and its tributary, the Sungai Kelakas, Fryar 
et al. (2004) found that species distributions were correlated 
to the salinity gradient. Seven species viz., Annulatascus 
velatisporus, Aquaticola longicola, Cancellidium applanatum, 
Fluviatispora reticulata, Lasiosphaeria sp.1, Sporidesmium 
cf. anglicum and Sungaiicola brachydesmiella occurred at all 
sites, 11 species were unique to brackish water sites and 11 
to freshwater sites. Hyde and Sarma (2006) reported on the 
fungi colonizing Nypa fruticans samples in Brunei collected at 
four different sites including freshwater, brackish water and sea 
water with mangrove fungi found at all sites. However, many 
fungi are unique to Nypa and this can be attributed to both the 
host itself and the often-low salinities where the palm grows 
(Loilong et al. 2012). Clearly mangrove fungi have wide toler-
ance to variation in salinity and further experimental studies 
are warranted.
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Fig. 3  a Prop roots of Rhizophora showing colonisation by Pyr-
enographa xylographoides and exclusion of other fungi, b, c Rhiz-
ophora mucronata seedlings colonised by Halocyphina villosa and 
Nectria sp., respectively, d Sonneratia sp. pneumatophore colonized 
by fungi and attacked by marine borers. e, f Sonneratia forest at 
Morib mangrove, Malaysia with pneumatophores, g, h Rhizophora 
sp. with prop roots, i, j Acanthus ilicifolius with stems from Mai Po 
mangrove, Hong Kong, k Fern Acrostichum donaefolium 

◂

Seasonal variation of mangrove fungi

Spatio-temporal variations among mangrove fungi has been 
little investigated and relies on casual observations of col-
lections made at different localities. Aleem (1980) found 
seasonal periodicity of mangrove fungi in Sierra Leone 
with more numbers and growth intensity in wet season 
(May–November). Species such as Haligena viscidula, 
Leptosphaeria australiensis, L. avicenniae, Halorosellinia 
oceanica and Torpedospora radiata were more frequently 
recorded towards the end of rainy season. Besitulo et al. 
(2002) observed the occurrence of mangrove fungi over a 
10-month period covering wet and dry seasons in Siargao 
Island, Philippines by collecting Nypa fruticans samples at 
bimonthly intervals. The highest percentage occurrence of 
fungi was greatest in October than the other months. Most 
of the frequently occurring fungi e.g. Astrosphaeriella stri-
atispora, Caryosporella rhizophorae, Sclerococcum hali-
otrephum and Linocarpon appendiculatum were collected 
in all months.

Sarma and Vittal (1998–1999) studied seasonal occur-
rence of marine fungi in mangroves of Godavary and 
Krishna deltas colonizing Rhizophora apiculata and Avi-
cennia spp. by conducting bimonthly samplings for 2 years 
from January 1994 to November 1995. The east coast of 
Inda experiences two monsoons: south west monsoon (July 
to August) and North East monsoon (October to November). 
The number of marine fungal species dropped during sum-
mer (May) but increased to maximum during rainy season 
(November) in both deltas and on both hosts. The reason 
could be the extreme environmental factors experienced dur-
ing summer (May) including very high atmospheric tem-
peratures, surface water temperature and high salinity and 
lack of rain. On the contrary low temperature, low salinity 
as a result of heavy rains during November increased the 
occurrence of mangrove fungi in the November collection. 
A similar increase in species diversity was also found in 
July (South west monsoon) but not to the extent of Novem-
ber (North East monsoon). This also shows that most of the 
fungi colonizing mangrove substrata prefer moderate salin-
ity and temperatures. Some marine mangrove fungi such 
as Verruculina enalia, Halocryptosphaeria bathurstensis 
(= Eutypa bathurstensis), Lophiostoma mangrovei, Hypox-
ylon sp., Rhizophila marina, Saccardoella rhizophorae on 
Rhizophora apiculata occurred in almost all the samplings 

indicating that these fungi can tolerate a wide range of tem-
perature and salinity regimes. In contrast, the following 
fungi: Halorosellinia oceanica, Halocyphina villosa, Lul-
worthia sp., Sclerococcum haliotrephum showed seasonality 
in terms of their percentage occurrence. This may suggest 
that these fungi may not be equally tolerant when compared 
to the other fungi mentioned above which were recorded in 
all the samplings with high percentage occurrence. When 
the seasonal occurrence of sexual and asexual morphs of 
marine mangrove fungi was observed on Rhizophora api-
culata at Godavary and Krishna deltas (Sarma and Vittal 
1998–1999), asexual morphs showed more diversity and 
occurrence during July, November and January months at 
both deltaic mangroves. On Avicennia spp., however, no 
definite pattern was observed. Excepting rainfall, no other 
parameter seems to have a definitive effect on the distribu-
tion of sexual and asexual morph occurrence during different 
months of sampling. Though a few leads are available from 
this study, the seasonality of marine mangrove fungi requires 
long term observations involving multiple year examination 
to get any definitive conclusions on the effect of different 
environmental factors (Sarma and Vittal 2017).

These studies relied on field collections and documenta-
tion of sporulation of fungi on the substrate, ignoring that 
other taxa may already be present in the host. The subject 
also lacks critical experimental work by the exposure of sub-
strates and their recovery over dry/wet seasons.

Ecological interactions of mangrove fungi

There has been enormous interest in fungal community 
structures as such studies help in understanding the eco-
system dynamics, such as mutualism, commensalism and 
antagonism (Cooke and Rayner 1984), but few examples 
have been reported for mangrove fungi. Sarma and Raghu-
kumar (2013) found three different fungal assemblages 
of mangrove fungi viz., commensalistic, mutualistic and 
antagonistic life styles at Chorao mangroves, Goa, India. 
Commensalistic assemblages were typified by Aigialus 
grandis, Morosphaeria ramunculicola and Halocyphina vil-
losa, fungi that occurred both in association with others, as 
well as singly. Mutualistic association was characterized by 
Trichocladium achrasporum and Verruculina enalia, fungi 
that occurred almost always associated with other fungi sug-
gesting a mutualistic occurrence. Rimora mangrovei always 
occurred singly, suggesting a possible antagonistic life style 
(Sarma and Raghukumar 2013). In these three life styles, 
commensalism signifies a tolerance to other speices, while 
mutualism indicates a dependency on other species in a 
mutualistic manner to act as a community in breaking down 
specific parts of the substrate which is then used according 
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Fig. 4  a Brackish water palm Nypa fruticans, b Base of frond and rhizome of N. fruticans, c Phoenix paludosa, d Decaying fronds of Ph. palu-
dosa e Avicennia marina with pneumatophores at Morib mangrove, Malaysia, f Fruit of A. marina, g Suaeda monica, h S. maritima 
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to the requirement of each individual species (Weber 2006; 
Pouska et al. 2013; Sarma and Raghukumar 2013).

Lichens growing on mangrove wood, branches and bark 
of the mangrove plants are named as manglicolous lichens 
(Raja et al. 2012). The diversity of lichens in mangroves are 
few in contrast to the lichens of terrestrial environment, as 
their growth is halted by high level of salinity and moisture 
(Logesh et al. 2013). However, these lichens occur in the 
aerial parts of the mangrove plants and are not intertidal. 
Some of them may fall on to the ground but they cannot be 
considered as marine and hence are not included.

Sarma and Hyde (2018) investigated the fungal species 
consortia on Nypa fruticans substrata and found three differ-
ent assemblages. Astrosphaeriella striatispora, Linocarpon 
nypae and Oxydothis nypae were found to be commensalists 
as they occurred both singly and also in consortia with other 
fungi. Linocarpon appendiculatum and Linocarpon bipola-
ris were mutualistic which suggests they may be depend-
ent upon other fungi for their colonization. Anthostomella 
eructans, Anthostomella sp., and Trichocladium sp. were 
found occurring singly on N. fruticans thus indicating their 
antagonistic potential. However, these observations need to 
be tested experimentally as shown by the studies of Cooke 
and Rayner (1984) for terrestrial fungi. Studies based on 
reproductive structures of fungi found on natural samples 
reveal limited information on causal relationships in their 
occurrence (Pouska et al. 2013) as the mycelial state of a 
fungus gives a better understanding of their functional roles 
(Cooke and Rayner 1984).

Few experimental studies have been undertaken on 
mangrove fungi to determine the interactions between taxa 
and their affect in the colonisation of substrates. Tan et al. 
(1995) investigated the interactions between mangrove fungi 
under laboratory conditions. Three mangrove fungi, Aigi-
alus parvus, Lignincola laevis and Verruculina enalia, were 
grown on wood singly or mixed combinations and different 
effects noted. For example, sporulation of A. parvus was 
markedly reduced by L. laevis, while it enhanced ascocarp 
formation in V. enalia. Tam et al. (2003) carried out field 
experiments by the pre-inoculuation of lignicolous marine 
fungi into wood test blocks and their immersion in the sea 
are required to determine interactions in the colonization of 
woody substrates. Future studies on fungal species consortia 
or co-occurrence in mangrove fungi should include statisti-
cal analyses, in vitro studies, molecular analyses including 
metagenomics to have a better understanding on the co-
occurrence patterns of mangrove fungi. Many factors may 
influence the fungal assemblages or co-occurrence including 
the host examined and its chemical composition, availability 
of moisture, salinity, and others (Jones 2000). An example 
of antagonistic activity by a mangrove is shown by Pyr-
enographa xylographoides on the prop roots of Rhizophora 
sp. (Figure 3a). Earlier studies suggest that the fungicolous 

species from mangroves are very rare (Sun et al. 2019). Li 
et al. (2018) introduced a new genus Marinophialophora 
typified by M. garethjonesii which is associated with Halo-
cyphina villosa on mangrove wood of Avicennia marina and 
Bruguiera parviflora.

Mangrove fungi have been shown to produce a wide range 
of secondary metabolites: Xyloketals from mangrove fungus 
Xylaria sp. (Lin et al. 2001), enalin A and B from Verruc-
ulina enalia (Lin et al. 2002a), eniatin G from the mangrove 
fungus Halosarpheia sp. (Lin et al. 2002b), and Aigialomy-
cins and related polyketide metabolites from Aigialus parvus 
(Isaka et al. 2009). Mangrove endophytes have also yielded 
a wide range of bioactive natural products from various 
chemical classes such as alkaloids, chromones, coumarins, 
polyketides peptides and terpenes etc. and this subject has 
been reviewed by few authors (Debbab et al. 2013; Xu 2015; 
Deshmukh et al. 2018). Deshmukh et al. (2020) listed 106 
novel compounds and their anti- intfective acitivity from 
mangrove endophytic fungi. For example, antibacterial com-
pound pestalotiopisorin B was extracted from endophytic 
fungus Pestalotiopsis sp., isolated from Rhizophora stylosa 
(Xu et al. 2019). Deshmukh et al. (2018) reviewed novel 
anticancer compounds reported from mangrove endophytic 
fungi. A cytotoxic compound beauvericin as obtained from 
Fusarium sp., isolated from the bark of Kandelia candel 
from mangroves of China (Tao et al. 2015).

Worldwide studies of mangrove fungi

In a comparison on the geographical distribution of man-
grove fungi, it is pertinent to point out that mangrove plants 
vary in diversity at each location, with differences in salinity 
from estuarine brackish water, to sea water and locations 
with a salinity of 0.5% to 3.8% (e.g. Red Sea, Ulken 1986; 
El-Sharouny et al. 1998). Consideration must be given to 
tidal amplitude extant at mangroves under study. In some 
locations there is little tidal amplitude (e.g. Florida) while 
at others it is extensive (e.g. Morib, Malaysia).

Around 54 ‘typical mangrove’ plant species and 60 ‘man-
groves associates’ occur in the new and old world (Tomlin-
son 1986). Mangrove plant species diversity at various geo-
graphical locations varies and is particularly more diverse in 
the Pacific Ocean and less common in subtropical countries 
(Tomlinson 1986; Spalding et al. 2010). Mangroves in Asia 
have greater species diversity with 30 or more tree species 
and this will undoubtedly support a wider range of fungal 
taxa (Spalding et al. 2010). Figures 3 and 4 illustrate typical 
substrates that have been surveyed for mangrove fungi.

It is 16 years since Schmit and Shearer (2003, 2004) 
documented the world distribution of mangrove fungi and 
therefore it is opportune to reassess their observations. For 
example, a number of country monographs on mangrove 
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fungi have been published: Iraq (Al-Saadoon 2006), Malay-
sia (Alias and Jones 2009), Taiwan (Pang et al. 2011), Thai-
land (Sangtiean et al. 2014; Suetrong et al. 2016) and India 
(Raveendran and Manimohan 2007). Many new geographi-
cal studies, including Saudi Arabia (Abdel-Wahab et al. 
2014), Guam and Bahamas (Jones and Abdel-Wahab 2005), 
Everglades, Florida, USA (Fell et al. 2004; Jones and Puglisi 
2006) and Australia (Fryar et al. 2019) have been investi-
gated for their mangrove fungi.

Mangrove Basidiomycota are least frequently collected 
when compared to Ascomycota (Jones et al. 2015). Three 
phylogenetic lineages of the Basidiomycota have been rec-
ognized within the homobasidiomycetes, representing three 
to four independent transitions from fresh water and terres-
trial to marine habitats (Hibbett and Binder 2001; Maekawa 
et al. 2005a). The mangrove Basidiomycota are represented 
in two marine clades: The Nia clades includes Calathella 
mangrovei, Halocyphina villosa and Nia vibrissa (Hibbett 
and Binder 2001; Binder et al. 2006). More recently, Abdel-
Wahab et al. (2019b) in introducing the taxon Nia lenicarpa 
from Red Sea mangroves in Saudi Arabia, deomstrated that 
these basidiomycetes group in the family Niaceae (Jülich 
1981, Læssøe et al. 2016). The second clade comprises 
Haloaleurodiscus mangrovei reported from dead trunks and 
branches of Sonneratia alba in mangrove forests of Japan 
(Maekawa et al. 2005a, b). Jones et al. (2019) listed 22 fila-
mentous marine basidiomycetes in 17 genera and 80 marine 
basidiomycete yeasts in 39 genera.

Most of the studies on mangrove fungi have been focused 
on the filamentous fungi, while the Chytridiomycota and 
Mucoromycota are poorly studied in mangroves (Jones et al. 

2019). Most of the studies on Chytridiomycota in mangroves 
have been carried out by Ulken (1972, 1978, 1981, 1983). 
Paludomyces mangrovei was isolated and described from 
mud collected from mangrove swamps (Ulken 1978). Ulken 
(1978) studied the growth of the four P. mangrovei isolates 
in the presence of several physical factors and found that 
they can tolerate different saline conditions. Fungi present 
in the water column and sediments, chytrids and yeasts were 
not included in the papers by Schmidt and Shearer (2003, 
2004) and this is addressed in the current study.

Taxonomic classification of mangrove fungi

The aim of the present study is to produce a checklist of 
mangrove fungi known from different geographic locations, 
and on different substrates: attached wood, intertidal wood 
and driftwood, fruits, leaves, seagrasses, ferns, palms as 
well as those to be found in the water column and sediments 
(Figs. 3, 4). All taxonomic groups have been included in this 
review: Ascomycota, Basidiomycota, Chytridiomycota, and 
Mucoromycota. Fungi isolated as endophytes and mangrove 
yeasts are covered in this compilation.

The data on mangrove fungi occurring on various man-
grove sources were collected from the published literature 
available through the years 1950 to 2020, and their geo-
graphical distribution and hosts were reviewed to provide 
an accurate check list. This checklist includes different 
groups of marine fungi reported from various mangrove 
substrata. Mangrove endophytic fungi isolated from differ-
ent mangrove plant tissues, roots, stems and leaves in contact 
with sea water and mangrove fungi isolated from mangrove 
water and soil or sediments are also considered in this study. 

Fig. 5  Pie chart showing the percentage frequency occurrence of 
phyla of mangrove fungi

Fig. 6  Piechart showing the percentage frequency occurrence of 
classes of mangrove fungi
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Where the asexual/sexual morph connections have been 
established, we have included the currently accepted name 
(Réblová et al. 2016).

Table 1 comprises the mangrove fungi reported from vari-
ous mangroves spread across the world. The taxa recorded 
so far from different mangroves sources have been arranged 
alphabetically in four sections: Ascomycota, Basidiomycota, 
Chytridiomycota and Mucoromycota. Besides, different col-
umns representing details of habitat, fungal nature, substrate, 
host, and distribution, we have also included adjacent to each 
species the relevant publication reference. Taxa and their 
authorities have been established by examining the websites 
of www.marin efung i.org, MycoBank and Index Fungorum. 
Their classification follows the current study of Jones et al. 
(2015, 2019) and for hierarchical placement of each man-
grove fungal species into different fungal families is based 
on recent publications such as Wijayawardene et al. (2017, 
2018, 2020), Refined families of Sordariomycetes (Maha-
rachchikumbura et al. 2016; Hyde et al. 2020) and Refined 
families of Dothideomycetes (Hyde et al. 2013; Hongsanan 
et al. 2020a, b). All the mangrove fungal taxa from man-
groves identified up to species level are listed in Table 1 and 
those identified up to genus level exempted. The checklist 
also includes details such as familial placement, habitat, 
nature of fungi, substrate and host distribution, as well as 
relevant references. Taxa in bold are those introduced since 
2015. The results of the data have been shown in graphs, 
pie charts, tables to examine and discuss the diversity of 
mangrove fungi among the different taxonomic groups. Bar 
chart was generated using GraphPad Prism 5.03 software for 
Windows, www.graph pad.com. The heat map was generated 
using the Tableau Desktop 2019.2.

Major Phyla

Schmit and Shearer (2003) recorded 625 mangrove fungi, 
but only 287 were considered to be found in the intertidal/
submerged zone by Lee et al. (2017). Currently we list 850 
species in 413 genera which belong to 161 families in 68 
orders and 17 classes (Table 1), with many higher order 
groups recorded for the first time in the Ascomycota, Basidi-
omycota, Chytridiomycota and Mucoromycota. Mangrove 
yeasts were not included by Schmit and Shearer (2003, 
2004), but we list 142 species in 55 genera that belong to 
23 families in 11 orders and 6 classes. These were mainly 
isolated from the Everglades, USA, various mangroves in 
Thailand, and China and from other parts of the world (Lim-
tong et al. 2010; Statzell-Tallman et al. 2010; Am-In et al. 
2011; Fell et al. 2011; El-Samawaty et al. 2020).

Ascomycota

This is the dominant group of fungi from mangroves 
accounting for 90.94% (773 species) of the taxa listed 
(Fig. 5) and this is also the case for marine fungi in general 
(Jones et al. 2019). Most of the ascomycetes are reported 
from intertidal or submerged zones. The ascomycetes 
are widely distributed across the three ocean basins and 
dominant in contrast to other groups of mangrove fungi. 
The results of the collected data showed that main classes, 
orders, families and genera belong to this phylum. Among 
ascomycetes the major classes include Sordariomycetes, 
Dothideomycetes, Saccharomycetes and Eurotiomycetes. 
Major orders were Pleosporales, Microascales, Saccharo-
mycetales, Eurotiales, Hypocreales and Xylariales.Fig. 7  Bar diagram showing the distribution of mangrove fungi 

among different fungal orders

Fig. 8  Bar diagram showing the major families among different 
orders of mangrove fungi

http://www.marinefungi.org
http://www.graphpad.com
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Basidiomycota

Few mangrove fungi are basidiomycetes (6.82%) (58 spe-
cies) and this also reflects the number of known marine 
fungi (Jones et al. 2019).

Blastocladiomycota

Only one species has been reported so far from this phylum 
with lowest number 0.12% (Fig. 5) of reported mangrove 
fungi.

Chytridiomycota

The Chytridiomycota are the most primitive true marine 
fungi often referred to as “the basal fungi”. They are char-
acterized by uniflagellate zoospores that necessitate water 
for dispersal and account for only 0.59% (5 species) (Fig. 5) 
of mangrove fungi.

Table 2  Most speciose genera 
in Ascomycota

Eurotiomycetes Sordariomycetes Dothideomycetes Orbiliomycetes Saccharomycetes

Aspergillus 53 Corollospora 16 Curvularia 9 Arthrobotrys12 Candida 39
Penicillium 17 Trichoderma 11 Dyfrolomyces 7 Saturnispora 6
Talaromyces 12 Aniptodera 10 Leptosphaeria 7 Wickerhamomyces 5

Hypoxylon 8 Alternaria 6 Pichia 4
Savoryella 8 Cladosporium 7
Linocarpon 7 Phaeosphaeria 5
Halosarpheia 6 Aigialus 5

Table 3  Nature of different mangrove fungi

Fungal nature Number 
of fungi 
reported

Endophytic 38
Saprobic 803
Endophytic and Saprobic 5
Parasitic 4

Table 4  Distribution patterns of mangrove fungi by habitat

Habitat Number 
of fungi 
reported

Intertidal 406
Totally submerged 66
Sediment 193
Water column 96 Fig. 9  Venn diagram showing the geographical distribution of man-

grove fungi among three different Ocean basins

Fig. 10  Bar diagram showing the geographical distribution of man-
grove fungi among the countries and regions of Atlantic Ocean
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Mucoromycota

This group accounts only for 1.53% (13 species) of the total 
mangrove taxa listed in Fig. 5.

Major Classes

Mangrove fungi can be referred to 17 different classes 
(Fig. 6). The class with the largest number of species is the 
Sordariomycetes accommodating 39.65% of the mangrove 
fungi. The Dothideomycetes are the second largest class with 
23.65% of the species followed by Saccharomycetes (12%), 
Eurotiomycetes (10.8%) and others. Ascomycetes with least 

mangrove species include: Orbiliomycetes (1.5%), Leotio-
mycetes (1.06%), Arthroniomycetes (0.1%) and Schizosac-
charomycetes (0.1%). Some 2% of the mangrove fungi were 
not assigned to any of the above classes (Jones et al. 2019).

The Basidiomycota are fewer in number (6.8%) and 
have representative taxa in the classes, Tremellomycetes 
(2.1%), Agaricomycetes (2.2%), Microbotryomycetes 
(1.2%), Cystobasidiomycetes (0.9%) and Ustilaginomy-
cetes (0.4%).

The Chytridiomycota includes only the Chytridi-
omycetes (0.4%) and Blastocladiomycetes (0.1%) in the 
Blastocladiomycota with a low diversity. Two classes are 

Fig. 11  Bar diagram showing the geographical distribution of man-
grove fungi among the countries of Indian Ocean

Fig. 12  Bar diagram showing the geographical distribution of man-
grove fungi among the countries of the Pacific Ocean

Fig. 13  Bar diagram showing the distribution of mangrove fungi 
among the different substrata collected from mangroves

Fig. 14  Butt rot of the mangrove tree Xylocarpus granatum caused by 
Fulvifomes species
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Fig. 15  a Seagrass and algae amongst pneumatophores of Avicen-
nia and Sonneratia spp., b Juncus kraussii in the intertidal zone of 
an Australian mangrove, c, e leaf litter, seagrass and Avicennia fruits, 
d Corollospora maritima colonizing mangrove sediments, f Frag-
mented leaf litter at Morib mangrove, Malaysia. Gareth’s photos 
except d which belongs to Deva

◂

represented in the Mucoromycota: Mucoromycetes (1.5%) 
and Rhizophydiomycetes (0.2%) also with low diversity. 
This may be attributed to the substrates collected and the 
methods required for their enumeration. The Eurotiomy-
cetes includes the most speciose genera Aspergillus and 
Penicillium with relatively higher diversity recorded from 
mangrove soils or sediments.

Major Orders

Mangrove fungi are diverse and distributed among 68 dif-
ferent fungal orders with Pleosporales being the largest 
order accommodating 133 species followed by Saccha-
romycetales (102), Microascales (101), Eurotiales (87), 
Hypocreales (60) and Xylariales (54) (Fig. 7).

Major Families

Mangrove fungi recorded on different mangrove substrata 
were distributed across161 families. The Halosphaeriaceae 
(94) is the largest family accommodating the highest num-
ber of taxa followed by Aspergillaceae (72), Debaryomyc-
etaceae (52) and Pleosporaceae (24) (Fig. 8).

Most speciose genera among different 
classes of mangrove fungi

The most speciose genera from each class of mangrove fungi 
are listed in Table 2. Among the different classes of mangrove 
fungi, Aspergillus is the most speciose genus accommodat-
ing 53 species followed by Aniptodera, Arthrobotrys, Can-
dida, Corollospora, Penicillium and Trichoderma. The genera 
Aspergillus and Penicillium are often referred to as marine 
derived fungi which are frequently isolated as endophytes and 
from mangrove soils and the water column.

Nature of mangrove fungi

Most fungi recorded from mangroves are saprobic with very 
few reports of parasitic or endophytic mangrove fungi in 
contact with sea water (Table 3).

Distribution patterns of mangrove fungi 
by habitat

Most of the fungi reported from mangrove forests belong to 
the intertidal parts of mangrove substrata. Very few man-
grove fungi are reported from totally submerged mangrove 
substrata (Table 4).

Distribution of mangrove fungi by oceans

Geographically a larger number of mangrove fungi were 
recorded from the Pacific Ocean (553) which is known 
as the largest ocean, followed by Indian (408) and Atlan-
tic Oceans (259) (Fig. 9). Among the 850 mangrove fungi 
recorded from the three different oceans, 302 mangrove 
fungi are exclusively reported from Pacific, 206 from Indian 
and 81 from Atlantic Oceans, with 109 common to Atlan-
tic, Indian and Pacific Oceans (Fig. 9). Ten mangrove fungi 
overlapped between Atlantic and Indian Oceans. Likewise, 
83 mangrove fungi were common to both Indian and Pacific 
Oceans. While 59 mangrove fungi were found to be com-
mon between Atlantic and Pacific Oceans (Fig. 9). Among 
the countries with reports of mangrove fungi, India accom-
modates the highest number of mangrove fungi (339) fol-
lowed by Thailand (303), Malaysia (171), Florida (134) and 
Brunei (134).

A total of 259 mangrove fungi were recovered from the 
Atlantic Ocean mangroves, of which 81 fungi are restricted 
to Atlantic Ocean, with Florida state (USA) accounting for 
134 species followed by Brazil (73) and Cuba (60). Man-
grove studies in the following countries yielded fewer taxa: 
Belize (48), Bahamas (45) and East Mexico (40) (Fig. 10).

Fig. 16  Bar diagram showing the distribution of mangrove fungi 
among the different mangrove plants
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Fig. 17  Fungi found from Nypa fruticans and Phoenix paludosa in 
Thai mangroves. a, b Acuminatispora palmarum (found from both 
hosts). c–e Longicorpus striataspora (found from both hosts). f, g 
Kirschsteiniothelia phoenicis. h, i Melanographium phoenicis. j, 
k Oxydothis phoenicis. l, m Salsuginea phoenicis. n, o Savoryella 
nypae. p, r Striatiguttula nypae. s, t Striatiguttula phoenicis. u, v 
Tirisporella beccariana (seems only found on the submerged petiole 
of Nypa fruticans). w, x Vaginatispora palmae (found from immersed 
rachides of N. fruticans). y, z Yunnanomyces phoenicis. Substrates: h, 
i, j, k were found from fallen rachides and petioles; others were found 
from rachides or petioles that immersed in mangrove mud and water. 
Scale bars: j = 1 mm, c, u = 500 μm, l, n, w = 200 μm, a, f, h, p, s, 
y = 100 μm, q = 50 μm, i, k, m, v, w = 20 μm, b, d, e, g, o, r, t, x, 
z = 10 μm

◂

The Indian Ocean accounted for 408 mangrove fungi 
with 206 fungi are specific to the Indian Ocean. Indian 
Ocean mangrove forests include those of India and Bang-
ladesh and is the largest in the world (Fig. 11). About 83% 
of the mangrove fungi recorded for the Indian Ocean were 
reported from India (339 species). Fewer mangrove fungi 
were reported from Seychelles (68), Mauritius (49) and 
Egypt (43). India, with a vast coastline covering west and 
east coasts is covered by extensive mangroves in various 
states and most of the studies were conducted on decaying 
mangrove woody substrata and leaf litter.

The highest number of mangrove fungi is documented for 
the Pacific Ocean (553) and can be attributed to the intense 
number of studies carried out in Thailand and Malaysia. 
Numbers of fungi listed for the major countries are: Thai-
land (303), Malaysia (171), China (150), Brunei (134), and 
Hawaii (107) (Fig. 12).

The Pacific Ocean supports the greatest number and 
diversity of mangrove fungi with 553 species while the 
recorded number for the Atlantic Ocean is 259 taxa which 
mirrors the findings of Schmit and Shearer (2003). Although 
a wider range of substrates have been sampled (sediment/
mud, water) and new locations surveyed since 2003 (Baha-
mas, Florida, and temperate mangroves of Egypt, Saudi 
Arabia) with an increase in the number of species listed, the 
total remains lower than for the Pacific and Indian Oceans. 
Intensive surveys conducted in Brunei, India and Thailand 
may well account for the greater number of fungi docu-
mented for theses geographical locations. Various reasons 
have been advanced to account for the differences observed 
including: sampling bias, some of the fungi described from 
the Pacific Ocean have only recently been described and 
reported only once, while the Atlantic Ocean has fewer host 
plants (Tomlinson 1986; Schmit and Shearer 2004).

Eighty-one fungi listed in Table 1 appear to be unique to 
the Atlantic Ocean, many only recently described and with 
no corresponding studies in the Indian/Pacific Oceans e.g. 
the yeasts Kwoniella mangrovensis, Papiliotrema mangalen-
sis, Rhodotorula evergladensis, Sakaguchia cladiensis and 
others. Sixty-nine of those listed are unique to the Pacific 

Ocean and include: Fulvifomes siamensis, Haloaleurodiscus 
mangrovei, Lasiodiplodia avicenniarum, Lautospora simil-
lima and Naganishia albida to mention but a few. Recently 
described fungi from the Indian Ocean include Phaeosep-
tum manglicola, Peroneutypa mangrovei, Pontoporeia man-
grovei, Pseudoastrosphaeriellopsis kaveriana and others. 
Further studies are required to determine if these are unique 
to the different ocean basins. Clearly, the greater diversity 
of mangrove trees in the Indian and Pacific Oceans may 
account for a rich mangrove fungal occurrence, as well they 
have been surveyed extensively for mangrove fungi.

Distribution patterns of mangrove fungi 
by substrate types

Figure 13 lists the substrates from which mangrove fungi 
have been reported and it shows that dead and decompos-
ing wood supports the greatest diversity with 395 species, 
while fungi isolated from soils and sediments numbered 193. 
Mangrove palms were rich in fungi (95 species) the majority 
being Ascomycota and yielded a wide range of new taxa. 
Yeasts isolated from mangrove water column yielded 96 spe-
cies, with senescent and decaying leaves of various plants 
totalled 81 taxa. Thirty-eight endophytes were isolated from 
living leaves of seagrasses and the roots of various tree spe-
cies. Substrates supporting lower numbers of fungi include 
seedlings (21), fruit (5), bark (3), foam (4), and dead grasses 
(3) while 43 mangrove fungi were isolated from various ani-
mal hosts such as corals, molluscs, endoskeleton of Sebia 
sp., and feathers (Amend et al. 2012).

Considerable strides have been made in documenting 
the occurrence of marine yeasts in the Everglades, USA 
and mangroves in Thailand (Am-In et al. 2011; Fell et al. 
2011), and fungi isolated from mangrove sediments (Garg 
1983). Other new substrates explored for mangrove fungi 
are endophytes of seagrasses, and roots of mangrove trees 
(Sakayaroj et al. 2012). Most of the taxa listed (Table 1) are 
saprobic (803) on various substrates with a greatest number 
from woody tissue. This is hardly surprising as this is the 
most abundant material found in mangroves, and it is easy 
to document the fungi present. Ligninolytic fungi possess 
powerful enzymes and play a major role in the decomposi-
tion of woody tissue, in particular in mangroves (Sridhar 
2012; Velmurugan and Lee 2012). Their activity leads to 
breakdown of complex lignocellulose and fragmentation of 
the substrate (Pointing et al. 1998, 1999; Bucher et al. 2004; 
Sridhar 2012; Jones et al. 2019).

Taxonomically the Ascomycota dominate the list of 
fungi found on mangrove substrates, although a num-
ber of Basidiomycota are also quite common: Calathella 
mangrovei, Halocyphina villosa and Nia vibrissa, with 
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Fig. 18  Mangrove Dothideomycetes found in Muthupet mangroves, 
India. a, b Thyridariella mangrovei. c, d Thyridariella mahako-
shae. e, f Phaeoseptum manglicola (found from both A. marina and 
S. monoica). g, h Phaeoseptum carolshearerianum (found from A. 
marina) i, j Deniquelata vittalii (found from S. monoica). k, l Ver-
ruconis mangrovei (found from both Excoecaria agallocha and Aegi-
ceras corniculatum). m, n Raghukumaria keshaphalae. (found from 
Ae. corniculatum) Substrates: a, c, e, g, i, k, m found from dead 
and decaying mangrove wood and stems. Scale bars: a, c, e, g, i, 
m = 100 μm, b, d, f, h, j, k, l, n = 10 μm

◂

Haloaleurodiscus mangrovei less common (Alias et al. 2010; 
Maekawa et al. 2005a). Three bracket forming Fulvifomes 
basidiomycete species (F. halophilus, F. siamensis and F. 
xylocarpicola) have been shown to be aggressive in causing 
butt rot of the mangrove tree Xylocarpus granatum (Fig. 14) 
(Sakayaroj et al. 2012; Hattori et al. 2014). A significant 
addition to mangrove basidiomycetes has been the isolation 
of yeasts (39 species) from the water column e.g. Kwoniella 
mangrovei, Occultifur externus, Papiliotrema laurentii and 
Pseudozyma hubeiensis.

Other woody substrates found in mangroves are the prop 
roots and pneumatophores of trees and these are very often 
colonized by specific fungi. Okeanomyces cucullatus and 
Mycosphaerella pneumatophorae are often found coloniz-
ing the pneumatophores of Sonneratia alba and Avicennia 
species, respectively. Prop roots of Rhizophora apiculata 
are also colonised by fungi such as Halocyphina villosa, 
Halorosellinia oceanica, Halojullela avicenniae and Pyre-
nographa xylographoides (Alias and Jones 2000b) (Fig. 3a).

Over the past 10 years many new taxa have been described 
from mangrove wood and studied intensively at the molecu-
lar level with the new genera and species: Acuminatispora 
palmarum (Zhang et al. 2018), Amarenographium solium 
(Hodhod et al. 2012), Amphisphaeria mangrovei (Phookam-
sak et al. 2019), Annabella (Fryar et al. 2019), Bacusphaeria 
(Abdel-Wahab et al. 2017), Diatrypasimilis australiensis 
(Chalkley et al. 2010), Dyfrolomyces tiomanensis (Pang 
et al. 2013), Farasanispora (Li et al. 2016), Halocrypto-
sphaeria, Halotestudina and Halodiatrype (Dayarathne et al. 
2016, 2020a, b), Moleospora (Abdel-Wahab et al. 2010), 
Kallichroma asperum and K. ellipsoideum (Abdel-Wahab 
et al. 2016), Nia lenicarpa (Abdel-Wahab et al. 2019b), 
Phaeoseptum manglicola (Dayarathne et al. 2020b), Pseu-
doastrosphaeriellopsis (Phookamsak et al. 2019), Raghuku-
maria (Jones et al. 2019b), Saagaromyces mangrovei (Liu 
et al. 2015), Striatiguttula (Zhang et al. 2019), Tirisporella 
(Jones et al. 1996), Thyridariella, Vittaliana (Devadatha 
et al. 2018a, 2019) and many others, see www.marin efung 
i.org. All fungi introduced since 2015 are in bold in Table 1 
and a selection are illustrated in Figs. 17, 18, 19 and 20. This 
surge in the discovery of new Ascomycota can be attributed 
to the intensive studies on mangrove fungi in India, Saudi 
Arabia and Thailand (Ariyawansa et al. 2015; Liu et al. 

2015; Li et al. 2016; Abdel-Wahab et al. 2016, 2017, 2019a, 
b; Devadatha et al. 2017, 2018a, b, 2019; Dayarathne et al. 
2019a, b, 2020a, b; Zhang et al. 2019).

Mangrove fungi reported from mangrove soils and sedi-
ments total 193, the second largest group of taxa after those 
on woody substrates. Most of the fungi reported from soil or 
sediments comprises asexual fungi e.g. Acremonium species, 
Acrophialophora fusispora, Penicillium vermiculatum, and 
Scopulariopsis silvatica (Lee and Baker 1973; Garg 1983). 
However, soil fungi in mangroves are understudied and fur-
ther investigations are warranted. As these fungi have been 
isolated on various media by sampling mangrove sediments, 
it is difficult to determine if they are active in the mangrove 
ecosystem, or just present as spores. Figure 15 illustrates 
different stages in substrate deposition and decomposition 
and its fragmentaion prior to exportation to the open ocean.

Many mangrove trees (e.g. Rhizophora harrisonii) have 
never been investigated for mangrove fungi and likewise 
a plethora of saltmarsh plants that form part of the man-
grove ecosystem (Sainty et al. 2012). Alva et al. (2002) and 
Sakayaroj et al. (2010) investigated endophytic fungi of 
seagrasses in the Philippines and Thailand, but we know 
little on those in other countries and continents. Sainty et al. 
(2012) lists no fewer than 20 seagrasses for Australia, but 
fungi growing as saprobes or endophytes are documented 
for only the Philippines, Thailand and USA, with no data 
for Australia (Alva et al. 2002; Sakayaroj et al. 2012). Other 
mangrove substrata rarely surveyed are mangrove seaweeds 
with some 23 species listed for Australian mangroves 
(Sainty et al. 2012) and others in Malaysia and Thailand 
(Fig. 15). Mangroves are also rich in vegetation other than 
the classic trees but few have been examined for fungi e.g. 
Acanthus ilicifolius (Sadaba et al. 1995), Suaeda maritima 
and Salicornia species (Furtado et al. 2019). Recently, fungi 
on Suaeda monoica and Phoenix paludosa have been sur-
veyed for mangrove fungi and many new species have been 
described (Devadatha et al. 2018a, b; Zhang et al. 2019) 
(Figs. 17, 18, 19, 20). Many low and high salt marsh plants 
also form part of the mangrove ecosystem such as Juncus 
kraussii in Australia (Fig. 15) and remain to be surveyed for 
fungi (Sainty et al. 2012).

One of the major factors in determing the frequency of 
occurrence of mangrove fungi is substrate preference. Sarma 
and Vittal (2000) investigated diversity of mangrove fungi 
on different substrata: Rhizophora apiculata and Avicennia 
species (Avicennia officinalis, A. marina) from Godavari and 
Krishna river deltaic mangroves, East coast of India. Rhiz-
ophora apiculata prop roots yielded the highest number of 
fungi (61 species from 2524 samples) when compared to 
wood (24 species from 192 samples) and seedlings (21 spe-
cies from 273 samples). The lower number of fungi recorded 
on seedlings and wood of R. apiculata may be attributed 
to the availability of these substrata. Ravikumar and Vittal 

http://www.marinefungi.org
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Fig. 19  Mangrove Dothideomycetes found in Muthupet, Parangipet-
tai and Pondicherry mangroves of India. a, b Vittaliana mangrovei 
(found from A. marina). c, d Pseudoastrosphaeriellopsis kaveriana 
(found from both A. marina and S. monoica). e, f Vaginatispora 
microarmatispora. (found from Aegiceras corniculatum) g, h Pon-
toporeia mangrovei (found from both A. marina and S. monoica) i, 
j Neodevriesia manglicola. k, l Morosphaeria muthupetensis (found 
from Rhizophora mucronata). m, n Nigrograna samueliana (found 
from A. marina) Substrates: a, c, e, g, i, k, m found from dead and 
decaying mangrove wood and stems. Scale bars: a, c, e, g, i, k, 
m = 100 μm, b, d, f, h, j, l, n = 10 μm

◂

(1996) also reported higher species numbers on prop roots 
of R. apiculata from Pichavaram mangroves, Tamil Nadu, 
East coast of India. Alias and Jones (2009) opined that the 
amount of substratum available for colonization is the over-
riding factor in determining fungal diversity. Fungi recorded 
with higher percentage occurrence on R. apiculata wood 
were Verruculina enalia, Sclerococcum haliotrephum, Hys-
terium sp., Rimora mangrovei and Epicoccum purpurascens. 
On prop roots, Verrucullina enalia, Rhizophila marina, 
Hydea pygmea, Halodiatrype mangrovei and Sclerococcum 
haliotrephum were the fungi recorded with a high percent-
age occurrence. On seedlings, Verrucullina enalia, Pho-
mopsis mangrovei, Dyfrolomyces rhizophorae and Rimora 
mangrovei had highest percentage occurrence. In the case of 
Avicennia species three substrata were studied viz., wood, 
roots and pneumatophores. Of these substrates, wood (61 
species from 1775 samples) had highest diversity when com-
pared to roots (17 species from 118 samples) or pneumato-
phores (14 species from 111 samples). Fungi with highest 
percentage occurrence on wood were Halocryptosphaeria 
bathurstensis, Verruculina enalia, Rimora mangrovei, Halo-
cyphina villosa, Lulworthia sp.; on roots Verruculina enalia, 
Lulworthia sp., Rimora mangrovei, Hypoxylon sp., Haloro-
sellinia oceanica and Halocyphina villosa; on pneumato-
phores, Verruculina enalia, Camarosporium roumeguerii, 
Lulworthia sp., Leptosphaeria australiensis, and Bathyascus 
avicenniae. Thus, it may be concluded that fungi colonizing 
the host plant may show a preference for a particular part of 
a mangrove tree as in this case or for Rhizophora species as 
mentioned above (Ravikumar and Vittal 1996; Sarma and 
Vittal 2000).

There is little evidence of strict host specificity in man-
grove fungi as most species have been collected and reported 
on multiple hosts. Loilong et al. (2012) list 77 fungi growing 
on the brackish water palm Nypa fruticans of which 31 are 
host specific and not reported from other mangrove plants. 
These fungi include: Anthostomella nypicola, Arecophila 
nypae, Carinispora nypae, Helicascus nypae, Tirisporella 
beccariana, Plectophomella nypae and Pleurophomopsis 
nypae (Loilong et al. 2012; Jones et al. 2019).

Richness of mangrove fungi among different 
mangrove plant hosts

Several mangrove trees and associates, salt marsh plants 
inhabiting mangroves, distributed across the different coun-
tries of the world have been examined for mangrove fungi. 
Among them Avicennia marina accommodated highest num-
ber of taxa (142), followed by Rhizophora mangle (125), R. 
apiculata (109) (Fig. 16). Nypa fruticans (91) hosts highest 
taxa among the mangrove palms (Fig. 16).

Mangrove yeasts

Ninety-six yeasts have been isolated from water samples 
taken in mangroves, primarily in the Everglades, USA 
(Statzell-Tallman et al. 2010; Fell et al. 2011), and Thai-
land (Limtong et al. 2010; Am-In et al. 2011). These stud-
ies considerably enhance our knowledge of aquatic yeasts 
and their potential role in the mangrove ecosystem. Many 
of these taxa were new to science e.g. Candida laemson-
ensis, Kluyveromyces siamensis, Kwoniella mangrovensis 
and Saturnispora mangrovi (Statzell-Tallman et al. 2008; 
Am-In et al. 2011; El-Samawaty et al. 2019). Some yeasts 
were isolated at multiple times in the mangrove section of 
the Everglades e.g. Candida thimueangensis and Kwoniella 
mangroviensis, while others were restricted to the freshwa-
ter sector e.g. Kregervanrija fluxuum and Sporobolomyces 
beijingensis (Fell et al. 2011). Although a wide range of 
yeasts have been isolated from mangroves and other marine 
locations, their role remains speculative. The study by Fell 
et al. (2011) indicates what little is known about aquatic 
yeast ecology and highlights the need for further studies 
to determine the role of this unique group of fungi play in 
mangrove ecosystems.

Mangrove fungi on palms

Another substrate that supports a rich diversity of fungi are 
mangrove palms: Phoenix paludosa and Oncosperma tigil-
larium found in the upper reaches of mangroves, and Nypa 
fruticans common in estuaries and shallow lagoons in the 
Indian and Pacific Oceans (Tomlinson 1986). A total of 95 
mangrove fungi have been recorded on the fronds, petioles 
and fruits of palms (Table 1) with Loilong et al. (2012) list-
ing 77 on the brackish water palm Nypa fruticans. Many 
of the fungi colonizing N. fruticans are unique to this host, 
circa 31, e.g. Anthostomella nypae, Fasciatispora nypae, 
Helicascus nypae and Pleurophomopsis nypae (Hyde et al. 
1999; Hyde and Alias 2000; Loilong et al. 2012). Some of 
the fungi on Nypa fruitcans are restricted to the petioles: 
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Fig. 20  Mangrove Sordariomycetes found in Muthupet and Pondi-
cherry mangroves of India. a, b Amphisphaeria mangrovei. c, d 
Lanspora cylindrospora (found from Suaeda monoica). e, f Crypto-
sphaeria avicenniae. g, h Fusicolla bharatavarshae (found from Avi-
cennia marina) i, j Zopfiella indica (found from intertidal mangrove 
wood). k, l Peroneutypa polysporae (found from Suaeda monoica). 
m, n Hypoxylon teeravasati (found from both A. marina and S. 
monoica) o, p Peroneutypa mangrovei (found from A. marina) q–t 
P. indica (found from S. monoica). Substrates: a, c, e, g, i, k, m, o, 
q were found from dead and decaying mangrove wood and stems. 
Scale bars: m, q = 200 μm, a, c, e, g, i, k, o, q = 100 μm, b, f, h, j, n, 
s = 10 μm, d, l, p, t = 5 μm

◂

Bacusphaeria nypae, Manglicola guatemaelensis and 
Tirisporella baccariana (Jones et al. 1996; Suetrong et al. 
2009; Abdel-Wahab et al. 2017). Two new genera intro-
duced growing on submerged rachis and petioles of palms 
are Acuminatispora (A. palmarum) on both Nypa fruticans 
and Phoenix paludosa (Zhang et al. 2018) and Striatiguttula 
(S. nypae on N. fruticans; S. phoenicis on both N. fruticans 
and Ph. paludosa) (Zhang et al. 2019). A few fungi have 
also been recovered from Nypa fruits: Anthostomella spp., 
Fasciatispora spp., and Vaginatispora nypae) (Jayasiri et al. 
2019; Zhang unpublished data).

Mangrove endophytes

A wide range of endophytic fungi have been isolated from 
mangrove plants, but most are from aerial terrestrial parts 
and are not included in this review (Pang et al. 2008; Chare-
prasert et al. 2010; Sakayaroj et al. 2012; Chi et al. 2019; 
Rashmi et al. 2019). Only a few studies have been devoted 
to submerged parts of mangrove trees (roots) and man-
grove seagrasses (Ananda and Sridhar 2002; Maria and 
Sridhar 2003; Sakayaroj et al. 2010; Supaphon et al. 2017). 
Of the 38 endophytes listed in Table 1, most are species 
of Cladosporium, Colletotrichum, Glomerella, Fusarium, 
Mycosphaerella, Phyllosticta, Phoma and Sporormiella, 
and the obligate mangrove fungi e.g. Cumulospora marina, 
Hydea pygmea, Lulwoana uniseptata, Sammeyersia gran-
dispora and Trichocladium alopallonellum (Ananda and 
Sridhar 2002; Maria and Sridhar 2003). Endophytes may 
play a key role in the early stages of mangrove leaf decom-
position, becoming saprobes on senescence of leaf material 
(Hyde and Soytong 2008). Mangrove endophytes have also 
been shown to be a rich source of secondary metabolites 
(Rukachaisirikul et al. 2011).

Fungi on fallen mangrove leaves

The earliest studies on the breakdown of leaves in mangroves 
was by Fell and Masters (1973) and Fell et al. (1975). They 
found that the attached but senescent leaves harbor a number 

of parasitic and saprobic terrestrial fungi. They reported that 
during the first week of submergence straminipilous organ-
isms (Labyrinthulomycetes) were prevalent, and a few other 
primary invaders appeared, mostly asexual morphs. Within 
the second and third week the first obligate mangrove fungi, 
Lulworthia sp. and Halenospora varia (as Zalerion varium), 
were observed, while at the end of this period most of the 
straminipilous organisms have disappeared. Raghukumar 
et al. (1994, 1995) have studied mangrove litter degrada-
tion by fungi by using litterbags (both in the field and labo-
ratory). Halophytophthora species and thraustrochytrids 
were found to colonize the leaves initially followed by a 
few asexual morphs e.g. Acremonium sp., Aspergillus spp., 
Cladosporium herbarum, Cirrenalia basiminuta, Fusarium 
moniliforme and Penicillium spp.

Other studies listed fungi isolated from senescent 
leaves, mostly asexual morphs with taxa such as Pestalo-
tiopsis spp., Zygosporium spp., Aspergillus spp., Cephalo-
sporium spp., Cladosporium oxysporum, Penicillium spp., 
(Kuthubutheen 1984; Ananda and Sridhar 2004). Hyde 
and Sarma  (2006) documented fungi occurring on the 
mangrove palm Nypa fruticans and listed 25 taxa includ-
ing Aniptodera chesapeakensis, A. mangrovei, Astro-
sphaeriella nypae, A. striatispora, Helicascus nypae, 
Helicorhoidon nypicola, Lignincola laevis, Linocarpon 
appendiculatum, L. bipolaris, L. longisporum, L. nypae, 
Marinosphaera mangrovei, Oxydothis nypae and Tricho-
cladium nypae.

Decomposers and shreders of mangrove leaves include 
straminipilous organisms, crabs and filamentous mangrove 
fungi (Newell 1976; Leano et al. 1998; Fan et al. 2002). 
Three stages can be discerned in the decomposition of 
senescent leaves once they fall into the water.

Stage 1  Leaching of minerals, phenolics/tannins and 
early colonization by fungi (Cundell et al. 1979). 
Bremer (1995) reported labyrinthulids and thraus-
tochytrids colonising exposed leaves of Sonneratia 
within 24 h in mangrove waters. Early fungi are 
those that may have been present as endophytic 
fungi and other filamentous fungi, initially typical 
terrestrial genera: Aspergillus, Cladosporium and 
Phoma species (Nakagiri et al. 1989; Ananda et al. 
2008)

Stage 2  This is the most active phase in terms of increase 
in recruitment of fungi such as the asexual 
morphs: Hydea pygmea, Periconia prolifera and 
Trichcladium alopallonellum and the ascomycete 
Lulworthia sp. (Nakagiri et al. 1989; Ananda et al. 
2008; Sridhar et al. 2012). Nakagiri et al. (1997) 
report the ascomycete Lanceispora amphibia on 
fallen leaves of Bruguiera gymmorhiza, while 
Maldonado-Ramírez and Torres-Pratts (2005) 
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report the basidiomycete Clathrus c.f. crispus 
on decomposing leaves of Rhizophora mangle in 
Puerto Rico

Stage 3  This stage is characterized by fragmentation of 
leaf material, loss in weight and a decrease in C/N 
ratio (Raghukumar 2017). Numerous studies have 
examined the degradation of leaf material in man-
grove habitats (Fell and Masters 1973; Fell et al. 
1975; Newell 1973, 1976; Cundell et al. 1979; 
Steinke et al. 1990; Raghukumar et al. 1995), 
while others have focused on the rate and bio-
chemical changes in mangrove leaf decomposition 
(Fell et al. 1980; Misra et al. 1984; Narayanasamy 
and Kathiresan 2007)

Mangrove fungal diversity on animal 
substrata

Mangrove fungi play a vital role in the decomposition of 
dead animals and animal parts (Hyde et al. 1998). Few 
mangrove fungi live in commensalistic association with 
mangrove animals or as saprobes on animal substrates. 
Araujo et al. (1995) reported 322 yeast cultures on marine 
invertebrates of which 37 are identified from molluscs 
and crabs from Brazilian mangroves. Ananda and Sridhar 
(2001) recorded Aspergillus spp., Corollospora interme-
dia, Epicoccum nigrum and Scolecobasidium spp as the 
most frequent mangrove fungi from molluscans, cuttle fish 
endoskeletons, crab exoskeletons and bird feathers col-
lected from mangroves of Karnataka, India. Bird feathers 
accommodated the highest number (14) of mangrove fungi 
among the different animal substrata examined (Ananda 
and Sridhar 2001).

Table 5  Top cited mangrove 
fungi cited in Table 1

Cited 40–61 times Cited 30 or more Cited 20–29 times

Anntenospora quadricornuta Aigialus grandis Acrocordiopsis patilii
Lignincola laevis A. parvus Aniptodera chesapeakensis
Sammeyersia grandispora Arenariomyces trifurcatus Aniptodera mangrovei
Sclerococcum haliotrephum Corollospora maritima Ascocratera manglicola
Verruculina enalia Haiyanga salina Caryosporella rhizophorae

Halorosellinia oceanica Cirrenalia macrocephala
Marinosphaera mangrovei Cirrenalia pseudomacrocephala
Neptunella longirostris Clavariopsis bulbosa
Okeanomyces cucullatus Ceriosporopsis halima
Torpedospora radiata Corollospora puchella

Cucullosporella mangrovei
Dictyosporium pelagicum
Etheirophora blepharspora
Halomassarina thalassiae
Halosphaeria marina
Helicascus kanaloanus
Kallichroma tethys
Leptosphaeria australiensis
Lineolata rhizophorae
Matsusporium tropicale
Morosphaeria velatispora
Panorbis viscosus
Passeriniella savoryellopsis
Quintaria lignatilis
Rhizophila marina
Rimora mangrovei
Saagaromyces abonnis
Saagaromyces glitra
Savoryella lignincola
Savoryella paucispora
Swampomyces triseptatus
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Calcareous shells produced by marine animals such 
as molluscs, barnacles and corals become colonized 
by endolithic fungi (Kohlmeyer and Kohlmeyer 1979; 
Golubic et al. 2005; Raghukumar 2008). Kohlmeyer and 
Volkmann-Kohlmeyer (1991, 1992) recorded 23 marine 
fungi on calcareous materials. Ten mangrove fungi were 
reported from calcareous shells of molluscans from Kar-
nataka coast, India (Ananda and Sridhar 2001). Arenari-
omyces parvulus and Corollospora intermedia are the 

dominant mangrove fungi found on the calcareous shells 
of molluscans.

Many studies reported the occurrence of fungi as patho-
gens and saprobes on marine animals from marine envi-
ronment (Ananda et al. 1998; Kohlmeyer and Volkmann-
Kohlmeyer 2003; Gleason et al. 2011; Raghukumar 2017; 
Godinho et al. 2019). However, studies on fungi occur-
ring on animal substrata from mangroves are very rare 
(Araujo et al. 1995; Ananda and Sridhar 2001). Hence, 
further studies are required to document the mangrove fun-
gal diversity on different animal substrata from mangroves 
(Jones 2011; Jones et al. 2019).

Common mangrove fungi

Hyde and Jones (1988), Sarma and Hyde (2001), Maria 
and Sridhar (2003) and others, have attempted to draw 
up lists of common mangrove fungi, but this is difficult 
as sampling procedures are not comparable as discussed 
in the introduction. Alias and Jones (2009) list the ten 
most common mangrove fungi based on an analysis of nine 
surveys from different parts of the tropics: Dictyosporium 
pelagicum, Halocyphina villosa, Halorosellinia ocean-
ica, Halosarpheia marina, Hydea pygmea, Kallichroma 
tethys, Leptopshaeria australiensis, Lignincola laevis, 
Sammeyersia grandispora, Sclerococcum haliotrephum 

Fig. 21  Heat map to show the distribution of mangrove fungi

Fig. 22  Accumulation of rubbish at a mangrove in Guam
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and Verruculina enalia. The most frequently reported 
mangrove fungi in this study are listed in Table 5, with 
Anntenospora quadricornuta and Sclerococcum haliotre-
phum most frequently cited.

The frequency of occurrence of mangrove fungi varies 
greatly between different studies, typically only a few fungi 
will dominate a given area, while the others will be rarely 
encountered (Cooke and Rayner 1984). Generally, surveys 
of mangrove fungi have been grouped as ‘most common’ 
or ‘very frequent’ followed by ‘frequent’, ‘infrequent’ and 
‘rare’. Hyde (1986) used a formula to calculate the percent-
age occurrence of mangrove fungi as follows: Percentage 
occurrence = Number of occurrences of a particular fungus/
Total number of samples supporting sporulating fungi × 100. 
This was subsequently revised by   Hyde and Jones (1988) 
as Percentage occurrence = Number of occurrences of a 
particular fungus/Total number of samples examined × 100. 
This modified formula has been used by other workers 
(Leong et al. 1991; Alias et al. 1995). Antennospora quad-
ricornuta, Halocryptosphaeria bathurstensis, Halocyphina 
villosa, Halorosellinia oceanica, Halosarpheia marina, Kal-
lichroma tethys, Leptosphaeria australiensis, Lulworthia sp., 
Rimora mangrovei, Rhizophila marina, Sammeyersia gran-
dispora, Savoryella longispora, Sclerococcum haliotrephum 
and Verruculina enalia are the very frequently encountered 
fungi in the Indian Ocean mangroves in addition to several 
frequently recorded species (Sarma and Hyde 2001). In the 
case of Pacific Ocean, Caryosporella rhizophorae, Halocy-
phina villosa, Halosarpheia marina, Hydea pygmea, Lign-
incola laevis, Linocarpon appendiculatum, Lophiostoma 
acrostichi, Lulworthia sp., Morosphareria velatospora, 
Phomopsis sp., Sammeyersia grandispora, Sclerococcum 
haliotrephum, Torpedospora radiata and Trichocladium lin-
derii were reported to be very frequently recorded species 
(Sarma and Hyde 2001). It can be found from the above list 
that there is an overlap of very frequently recorded species 
between the Indian and Pacific Oceans (Sarma and Hyde 
2001). Very meagre information is available from Atlantic 
Ocean. Jones and Abdel-Wahab (2005) reported the follow-
ing mangrove fungi as ‘core group’ from Bahamas Islands, 
Atlantic Ocean: Anthostomella sp., Kallichroma tethys, 
Leptosphaeria australiensis, Sammeyersia grandispora and 
Verruculina enalia.

Molecular diversity of mangrove fungi

Circa 77.4% of the mangrove fungi listed in Table 1 are 
supported by molecular data and this compares with that for 
pelagic marine fungi (49%) (Hassett et al. 2019). This has 
implications when inventorying fungal populations employ-
ing metagenomics and determining their functional role in 
the ecosystem (Arfi et al. 2012a, b; Vanegas et al. 2019). A 

number of studies have looked at the molecular diversity of 
the fungal mangrove community using 454 pyrosequenc-
ing in the region of the mangrove trees Avicennia marina 
and Rhizophora stylosa (Arfi et al. 2012a, b) and Avicen-
nia germinans (Vanegas et al. 2019). Arfi et al. (2012a) 
recorded 209,544 reads from exposed and submerged parts 
of A. marina and R. stylosa and showed that the Ascomy-
cota dominated (82%) while Basidiomycota were rare (3%), 
thus supporting the observations of more traditional surveys 
(Jones et al. 2019). The most abundant taxonomic classes in 
the four microhabitats studied were Dothideomycetes, Leca-
noromycetes and Sordariomycetes, and surprisingly a low 
Eurotiomycetes diversity (Arfi et al. 2012a). Vanegas et al. 
(2019) noted 854,662 reads with 680 OTU’s and 46 genera 
in the rhizosphere of A. germninans. Saprotrophs dominated 
all salinity levels (high 23.2% salt, median 14.6% salt, low 
2.8% salt) in the mangroves with such genera as Amorosia, 
Aspergillus, Penicillium Talaromyces and Trichoderma. At 
high salinity, Aspergillus, Cystofilobasidium, Podosphaera 
Saitozyma and Trichoderma species were most abundant; 
at low salinity Amorosia, Aspergillus, Phaeoacremonium, 
Talaromyces and Trichoderma species were dominant while 
at median salinity Aspergillus, Cystobasdium, Penicillium 
and Trichoderma species were most abundant.

Simões et  al. (2015) also undertook a metagenomic 
study of soil and rhizosphere associated fungi in an Avi-
cennia marina mangrove in the Red Sea and noted that 
the Ascomycota were dominant (76–85% of all reads), the 
Basidiomycota with 14–24% reads and minor occurrence 
of taxa belonging to Blastocladiomycota, Chytridiomycota, 
Glomeromycota and Neocallimastigomycota. Within the 
Ascomycota, dominant classes included members of the 
Eurotiomycetes and Saccharomycetes, with Aspergillus and 
Schizosaccharomyces dominating in the samples examined 
in the study. Several taxa in the mycobiome were not pre-
viously reported as mangrove-associated fungi: Ajellomy-
ces capsulatus, Blastocladiella emersoni, Neocallimastix, 
Orpinomyces, Piromyces, or listed in www.marin efung i.org. 
Clearly further studies are required to explore these undocu-
mented fungi.

Conclusions

This extensive search of the literature on mangrove fungi 
yielded 850 taxa, which greatly enhances our knowledge of 
their world distribution and documents species not previ-
ously included in the reviews of Schmit and Shearer (2003, 
2004). Taxonomical groups that are poorly represented in 
mangroves are the Chytridiomycota (5 species) and Muco-
romycota (13) with no change from those listed by Schmit 
and Shearer (2003). This can only be attributed to lack of 

http://www.marinefungi.org
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interest by marine mycologists to study these groups. It is 
vital to survey mangroves for these organisms as chytrids are 
often associated with infections of phytoplankton (Scholz 
et al. 2016; Hassett et al. 2019). Baiting mangrove swampy 
muddy soils, mud flats, volcanic muds with keratin and pol-
len may yield additional isolates and taxonomic diversity. 
Greater effort to examine plankton samples for chytrids may 
help to better understand their ecology in mangrove habitats.

Mangrove fungi have been widely surveyed as the results 
of this review shows (Fig. 21), but still many mangrove for-
ests remain unexplored, especially those in Africa, Australia, 
New Zealand and South America. The mangrove forests of 
Bangladesh, China, Indonesia, Myanmar, Pakistan and Sri 
Lanka, are also understudied for mangrove fungi. Hence, 
more fungal surveys in search of a better understanding of 
their ecology needs to be conducted throughout the world.

Field (1995) opines that climate change will significantly 
affect the ecology of mangroves and their distribution with 
the major factor’s temperature, carbon dioxide concentra-
tion, salinity of seawater and sea level rise. The constant 
pollution of mangroves with rubbish and plastics will surely 
also impact on the mycota of coastal waters (Fig. 22).

The checklist presented in this study significantly extends 
earlier lists of mangrove fungi (Schmit and Shearer 2003; 
Sridhar et al. 2012). This is due to the inclusion of yeasts and 
lower mangrove fungi whereas earlier lists have excluded 
them. This study comprises 850 mangrove fungi that are 
exclusive to mangrove environments excluding the terrestrial 
fungi on mangroves.

Metagenomic analyses of mangrove fungi from mangrove 
soil, water and litter is a target topic that requires undertak-
ing so as to enhance our knowledge of fungal interactions 
in the mangroves of America and Asia. Many mangrove 
plants have been extensively studied, e.g. Avicennia, Nypa 
and Rhizophora species, while others have been neglected: 
Aegiceras, Excoecaria and Sonneratia species. The most 
neglected substrates are mangrove seagrasses and saltmarsh 
plants that extend into estuarine mangroves and phytoplank-
ton and seaweeds. For example: Australian mangroves com-
monly have 22 seaweeds, 20 seagrasses. Clearly, studies of 
mangrove fungi and their role in marine ecosystems remain 
a challenge for present day mycologists, ecologists and 
physiolgists.
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