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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’ fo
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
damuseum.ufl.edu/southflorida/habitats/mangroves/geogr
aphical-distribution/).

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
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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
efungi.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
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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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«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

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 x 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
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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
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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
¢f. 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.

@ Springer
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«Fig.3 a Prop roots of Rhizophora showing colonisation by Pyr-
enographa xylographoides and exclusion of other fungi, b, ¢ 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 