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Abstract: Aquatic filamentous fungi were surveyed from two brackish and two saline lakes in
Egypt. Ninety-seven fungi (40 ascomycetes, 55 anamorphic fungi and 2 basidiomycetes) were
identified from 764 fungal collections recorded from 545 samples collected from Lakes Edku,
Marriott, Burullus and Quaron. Of these, 70 are new records for Egypt. This study represents the
first report of aquatic fungi from the four lakes. Fungal communities in the four lakes were markedly
different. Common fungi recorded at the four lakes were: Periconia prolifica (21.7%), Clavatospora
bulbosa (12.8%), Cirrenalia basiminuta (12.7%), Panorbis viscosus (6%) and Ceriosporopsis
halima (6%). Specious genera were: Cirrenalia (8 species), Phoma (8 species), Aniptodera
(8 species), Achaetomium (6 species), Pleospora (4 species) and Zalerion (3 species). Higher fungal
diversity was recorded from the two brackish lakes than those recorded from the saline lakes. In
general, there was a decrease in fungal diversity with increasing salinity. Anamorphic fungi dominated
the mycobiota at the four lakes and this is in harmony with the published data.

Key words: ascomycetes, brackish fungi, ecology, marine fungi, subtropical fungi.

Introduction

Marine fungi comprise a well defined ecological group that is different from its terrestrial
and freshwater counterparts both in morphology and in its physiological requirements
(Barghoorn & Linder 1944, Johnson & Sparrow 1961, Jones 1976, 2000, Kohlmeyer
& Kohlmeyer 1979, Meyers 1996). Some of these fungi, however, may occur in both
seawater and freshwater or terrestrial habitats (Jones 2000). Jones & Oliver (1964)
found that the assemblages of fungi in seawater were very different to those found in
brackish or freshwater. However, some species were common in both fresh and brackish
water. There have been fewer studies on fungi of brackish water and the gradual
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change of fungal communities along salinity ranging from freshwater to seawater
(e.g., Shearer 1972, Fryar et al. 2004, Van Ryckegem et al. 2007).

Fungi utilize many different substrates within the aquatic environment including
wood (Shearer & Bodman 1983, Abdel-Raheem & Shearer 2002, Bucher et al.
2004), leaves (Premdas 1991), algae (Haythorn et al. 1980), coral (Morrison-Gardiner
2002), soil (Mer et al. 1980), insects (Williams & Lichtwardt 1990, Cafaro 2002),
and various other substrates (Czeczuga 1996, Czeczuga & Muszyńska 2004). Their
spores even occur in tree holes and gutters (Gönczöl & Révay 2003, 2004). There is
often a different assemblage of fungi on each substrate, although some generalists
utilize more than one substrate.

Some 520 species of filamentous marine fungi have been described (Jones et al.
2007). A few studies have examined marine fungi in Africa (Kohlmeyer 1968,
Kohlmeyer & Kohlmeyer 1971, Jones et al. 1972, Schaumann 1975, Aleem 1980,
Steinke & Jones 1993), while the greatest diversity for aquatic fungi was recorded
from temperate regions followed by Asian tropical areas. These two regions are the
most intensively researched areas for fungi (Shearer et al. 2007).

Weston (1929) described the first freshwater fungi from lentic habitats, and he
described Loramyces juncicola Weston from fallen culms of Juncus militaris Bigelow
from a small pond in America. A hundred freshwater ascomycetes and their
anamorphs are known from lakes and ponds (Shearer 1993). Lakes and ponds provide
calm environments in which fungi can grow. However, the mild wave action may
result in oxygen deficiency and reduce fungal diversity (Bärlocher 1992). Hyde &
Goh (1998) surveyed the fungal community on submerged wood from lake Barrine,
Australia. That was the first study to record aquatic fungi from a tropical lake. In the
following years more lakes and salt marshes were explored from tropical and
subtropical habitats (e.g., Poon & Hyde 1998, Wong & Hyde 2001, 2002, Cai et al.
2002, Luo et al. 2004).

In Egypt, a few studies have been carried out on higher aquatic marine fungi from
the Red Sea (El-Sharouny et al. 1998, Abdel-Wahab et al. 2001a, b, Pang et al.
2002, Abdel-Wahab 2005) and one study from a brackish lake (Abdel-Aziz 2008).
This study has been carried out to document the diversity of aquatic fungi in the four
lakes: Edku, Marriott, Burullus and Quaron.

Materials and methods

Study sites

LAKE EDKU is a shallow coastal lagoon of the Nile Delta. It lies to the west of the Rosetta branch of
the Nile, at 30°15'N and 31°15'E. It has an area of 126 km2 and water depth ranging from 50 to
150 cm. The lake connects with the Mediterranean Sea (Abu-Qir Bay) through a short deep channel
(Bougaz El-Maadya). Its salinity has been reduced by freshwater overload from the Nile drains.
Salinity during sample collection was 1.6 g/L, pH was 6.55 and water temperature 24°C.

LAKE MARRIOTT, located south west of Alexandria, is a heavily polluted lake (Saad 2003) and its
water is pumped to the sea. It is divided artificially into four basins and the area of the lake reaches
27.3 km2 and its depth ranges from 90 to 150 cm. Salinity during sample collection was 2.9 g/L, pH
was 6.7 and water temperature 24°C.
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LAKE BURULLUS is situated between the two River Nile branches, it has an oblong shape extending for
a distance of 47 km. Lake depth varies between 70 cm near the shores and 240 cm near the sea outlet
(Bughaz El-Burullus) (El Bayomi 1999). Salinity during sample collection was 16 g/L, pH was 7.4
and water temperature 26°C.

LAKE QUARON located at the Fayoum province 80 km south west of Cairo, 320 km south of the
Mediterranean coast of Egypt. It is the third largest lake in Egypt, it is 40 km in length, 5.7 km in
width and at 34 m below sea level with depth ranges from 5 m in the east to 12 m in the west. Lake
Quaron is the only completely closed lake in Egypt, the drainage water enters the lake through two
main drains (El-Wadi and El-Batts drains) holding the Fayoum agricultural and domestic pollution.
The lake has no outlet and loses water only by evaporation. The lake was historically a fresh water
lake, by time its regime was changed to a drainage reservoir and become a salty lake with high salinity
of 35 g/L. The pH during sample collection was 7.5. Surface water temperature was 25°C.

Collection of material

Five hundred and forty-five samples of submerged wood (including twigs and branches at various
stages of decay, decayed stems of herbaceous plants and driftwood), were collected randomly from
the four lakes. On 24 July 2002, 210 samples were collected from Lake Quaron. One hundred and
twenty, 90 and 125 samples were collected from lakes Edku, Marriott, and Burullus, respectively,
between 24 and 26 June 2003. Samples were placed in clean plastic bags and returned to the
laboratory. Samples were rinsed with sterile tap water to remove attached mud and sand grains
attached to the surfaces of substrata. Samples were examined for filamentous fungi under a
stereomicroscope and incubated in sterile plastic boxes containing moistened sterile paper toweling.
Samples were examined periodically for 3–4 months (Jones & Hyde 1988, Shearer et al. 2004).
Fungi were recorded, isolated whenever possible, and voucher slides were deposited at the third
author’s herbarium. Identification of the fungi was done using the original descriptions of the species
known from aquatic habitats and other relevant literatures. The fungi found in this study were
presented in terms of percentage frequency of occurrence, number of fungi per sample and species
richness (S’), Shannon index (H’) (Shannon & Weaver 1949).

The equations are as follows:

Percentage frequency of occurrence of a species =  Number of collections of the fungus × 100
 Number of samples collected

Number of fungi per sample = Total number of fungal collections
                                                     Number of samples collected

Shannon index (H’) = -Σ Pi log2 Pi

where Pi is the probability of finding each taxon in a collection.

Results

A total of 97 (41 ascomycetes, 54 anamorphic fungi and 2 basidiomycetes) species
were identified from 764 fungal collections recorded from 545 samples collected
from lakes Edku, Marriott, Burullus and Quaron. Fungi recorded are classified
as very frequent (above 20%), frequent (10–20%), common (5–10%) and
infrequent (below 5%). The most common species was Periconia prolifica with
21.7% overall frequency of occurrence and recorded consistently from the four
lakes. Two other fungi were recorded consistently from the four lakes, these
species are: Cirrenalia basiminuta (12.7%) and Cirrenalia fusca (2.9%). Sixty-
two, 44, 30 and 21 fungi were recorded from lakes Edku, Marriott, Burullus and
Quaron, respectively. Fungal communities in the four lakes were markedly
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different from one to another with 27, 7, 10 and 9 were unique to Edku, Marriott,
Burullus and Quaron, respectively. Eighteen fungi were recorded consistently
from lakes Edku and Marriott only. Three fungi were recorded consistently from
Edku and Burullus, while Cirrenalia macrocephala was recorded consistently
from Edku and Quaron only (Table 1).

Specious genera recorded from the four lakes were: Aniptodera (8 species), Cirrenalia
(8 species), Phoma (8 species), Achaetomium (6 species), Pleospora (4 species),
Zalerion (3 species) and two species belong to each of the following genera;
Chaetomium, Goleosporidina, Leptosphaeria, Microthelia, Podospora, Tricho-
cladium and Zopfiella (Table 1).

Lake Edku

The diversity of fungi found on samples collected from Lake Edku was the highest
among the four collections sites, with a shannon index of 6 and 62 taxa were recorded
(26 ascomycetes and 36 anamorphic fungi). The ratio of anamorphic taxa/ ascomy-
cetous taxa was 1.4. The total number of fungal collections was 177 recorded from
120 samples, with an average of 1.5 species identified on each sample. Frequency of
occurrence of all taxa ranged from 0.8 to 20.8%.

Panorbis viscosus (20.8%) was the most frequent species. Halosarpheia  phragmiticola
(13.3%) was frequent species. Cirrenalia adarca (7.4%), Cirrenalia fusca (6.7%),
Hapalosphaeria deformans (6.7%), Leptosphaeria agnita (5.8%), Periconia prolifica
(5%), and Phoma betae (5%) were occasional species. Fifty-four fungi were recorded
as rare species and listed in Table 1.

Lake Marriott

Forty-four fungi (14 ascomycetes and 30 anamorphic fungi) were identified from
152 fungal collection from 90 samples with an average of 1.7 species identified
on each sample and a shannon index of 5.5 .The ratio of anamorphic taxa/
ascomycetous taxa was 2.1. Frequency of occurrence of all taxa ranged from 1.1
to 20%. Zopfiella leucotricha (20%) was the most common species, Panorbis
viscosus (14.4%), Phoma betae (12.2%) and Periconia prolifica (10%) were
frequent species. Phoma medicaginis (7.8%), Catenophora pruni (6.7%),
Hapalosphaeria deformans (6.7%), Microthelia heterospora (5.6%) and
Podospora carpinicola (5.6%) were occasional species. Thirty-five fungi were
recorded as rare species and listed in Table 1.

Lake Burullus

Thirty taxa (10 ascomycetes and 20 anamorphic fungi) were identified from 172
fungal collections from 125 samples with a shannon index of 4.9 and an average of
1.4 species identified on each sample. Frequency of occurrence of all taxa ranged
from 0.8 to 45.6%. Cirrenalia basiminuta (45.6%) and Chaetomium sp. 1 (20%)
were very frequent species. Periconia prolifica (9.6%), Pleospora sp.1 (6.4%),
Microthelia triseptata (5.6%) and Cirrenalia sp. 1 (5.6%) were occasional species.
Twenty-four species were recorded as rare fungi and listed in Table 1.
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Lake Quaron

The diversity of fungi found in samples collected from Lake Quaron was the lowest
among the four collection sites, with a shannon index of 4.4 and 21 taxa were
recorded, including 6 ascomycetes, 13 anamorphic fungi and 2 basidiomycetes. The
ratio of anamorphic taxa/ascomycetous taxa was 2.2. The total number of fungal
collections was 263 recorded from 210 samples, with an average of 1.3 species
identified on each sample. Frequency of occurrence of all taxa ranged from 0.5 to
43.3%.

Periconia prolifica (43.3%) and Clavatospora bulbosa (33.3%) were very frequent
species. Ceriosporopsis halima (15.7%) was a frequent species. Halocyphina villosa
(5.2%) was an occasional species. Seventeen species were recorded as rare fungi and
listed in Table 1. Most of the recorded fungi (18 taxa) in this lake were reported
previously from marine habitats. Three fungi were recorded from the lake namely,
Microthelia triseptata, Hypocline penniseti and Westerdykella dispersa which were
not previously recorded from marine habitats. However, the last three fungi were
among the rare species.

Discussion

This study extends our knowledge on the higher aquatic fungi in Egypt. A few
studies have been carried out on higher aquatic marine fungi in Egypt from the Red
Sea. El-Sharouny et al. (1998) recorded 50 fungi from three mangrove sites at the
Red Sea shores. Thirty nine species were recorded from six mangroves stands at the
Red Sea coast bringing the total number of marine fungi in Egypt to 84 (Abdel-
Wahab 2005). Three new species and one new genus were described from aquatic
habitats in Egypt (Abdel-Wahab et al. 2001 a, b, Pang et al. 2002). Fungi recorded
in this study from the four lakes and from mangrove sites in the previous studies are
almost different with only ten taxa which were common to both habitats (Abdel-
Wahab 2005).

In estuarine sites (Lakes Edku and Marriott) where salinity range between 1.6–2.9 g/L
great changes in the fungal community has been recorded with 26 fungi were common
to both habitats.

In saline lakes (Burullus and Quaron) where salinity range is 16–35 g/L, only forty-
three (14 ascomycetes, 27 anamorphic fungi and 2 basidiomycetes) fungi were
recorded. Eight fungi were common to both lakes. Twenty-one and thirteen fungi
were unique to Burullus and Quaron lakes, respectively.

Of the five most common fungi recorded from the four lakes only two species,
namely Periconia prolifica and Cirrenalia basiminuta, were recorded consistently
from the four sites (Table 2). Frequency of occurrence of P. prolifica increased
from brackish water to saline, where it was highest at Lake Quaron (43.3%) followed
by 9.6% at Burullus and 10% at Marriott, while its frequency of occurrence dropped
to 5% at Lake Edku. P. prolifica is frequent fungus in marine habitats [e.g., Kuwait
(Zainal & Jones 1984); Seychelles (Hyde 1986) and Hong Kong (Vrijmoed et al.
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1986 a, b)]. The other taxon, Cirrenalia basiminuta was the most common fungus at
Lake Burullus, however its frequency was lower at the other three lakes. This fungus
might prefer the salinity level of Lake Burullus (16 g/L) or prefer the host Arthroc-
nemon glaucum, where most of the samples collected from Lake Burullus (95 out of
125 samples) were decayed stems of A. glaucum.

Ceriosporopsis halima, Halocyphina villosa and Clavatospora bulbosa were
common fungi and confined to Lake Quaron. These fungi are typically marine
species (Kohlmeyer & Volkman-Kohlmeyer 1991). This is the first record for the
three fungi in Egypt. C. halima is a very common cosmopolitan fungus on driftwood
in the intertidal zone (e.g., Tubaki 1969, Koch 1982, Zainal & Jones 1984,
Vrijmoed et al. 1986 a, b, Tan & Leong 1992). H. villosa is a very common
mangrove fungus (e.g., Hyde 1986, Chinnaraj 1993, Alias & Jones 2000).
C. bulbosa is the anamorphic stage of Corollospora pulchella (Nakagiri & Tubaki
1985). C. pulchella was not recorded previously from the marine habitats in the
earlier studies. Anamorphic stages are more common during the hot season and in
the tropical habitats while teleomorphic stages are more common in temperate
regions (Kohlmeyer & Charles 1981, Nakagiri & Tubaki 1985) and it might explain
why higher numbers of the anamorphic stages were recorded from Lake Quaron in
the current study.

Panorbis viscosus was confined to lakes Edku and Marriott. This species was first
described by Shearer & Crane (1980) from brackish water (salinity 2–11.6 g/L) at
Patuxent River, USA. The fungus was recorded later from similar salinity levels in
other studies, e.g. Mai Po mangroves in Hong Kong (Jones & Vrijmoed 1997, Abdel-
Wahab 2000), on Spartina maritima at salt marshes in Portugal (Barata 2002).

Fungi recorded from the saline lakes in this study were almost different from
fungi recorded from mangroves in the Red Sea (El-Sharouny et al. 1998, Abdel-
Wahab 2000, Abdel-Wahab et al. 2001a, b, Abdel-Wahab 2005). The different
hosts (mangrove vs. weeds), habitat types (lentic vs. open sea) and salinity level
(16–35 g/L in the current study vs. 44–46 g/L in Red Sea mangroves) may account
for the difference in fungal communities.

Table 2: Five most common fungi recorded from the studied sites.   

Lake Edku Lake Marriott Lake Brullus Lake Quaron Total

Panorbis Zopfiella Cirrenalia Periconia Periconia
viscosus leucotricha basiminuta prolifica prolifica
Halosarpheia Panorbis Chaetomium sp. 1 Clavatospora Cirrenalia
phragmiticola viscosus bulbosa basiminuta
Cirrenalia Phoma Periconia Ceriosporopsis Clavatospora
adarca betae prolifica halima bulbosa
Cirrenalia Periconia Pleospora sp. 1 Halocyphina Panorbis
fusca prolifica villosa viscosus
Hapalosphaeria Phoma Cirrenalia sp. 1 Lulworthia Ceriosporopsis
deformans medicaginis grandispora halima
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Several foliicolous coelomycetous genera (e.g. Aristastoma, Colletogloeum and
Gloeosporidina) were recorded during this study. Their presence on decayed
submerged plant materials might be explained by having different teleomorphic
stages that live in aquatic habitats, but this need to be confirmed by molecular studies.

Some species recorded for Lake Manzala (Abdel-Aziz 2008) are identical with those
found in brackish and saline lakes in this study; 18 fungi were common to Lakes
Manzala and Edku, 17 species with Lake Marriott, 9 species with Lake Burullus and 5
species with Lake Quaron. Lake Manzala shares more fungal species with Lakes Edku
and Marriot (brackish lakes) than with Lakes Burullus and Quaron (saline lakes)

Low fungal diversity in saline lakes (Burullus and Quaron) might go for the fact that
few freshwater fungi could tolerate that level of salinity, high pollution levels
especially in Lake Quaron (Abdel-Moniem 1991), host type and availability of fungal
inocula. Most of the samples collected from Lake Burullus were decayed stems of
small herbaceous plants with small diameter (0.2–1.1 cm) that dry out easily and
hence support fungi that tolerate desiccation only.

Quaron is a closed lake that is a remnant of a much bigger one. It was originally a
freshwater lake; the only water that enters the lake is drainage water, which might
contain freshwater fungi inocula that cannot tolerate high salinity. The low fungal
diversity in this lake might be attributed for low availability of fungal inocula and
high pollution level (Abdel-Moniem 1991, Mansour et al. 2000).

Higher numbers of anamorphic fungi recorded from the four lakes (54 anamorphic
vs. 41 ascomycetes). There was an increase in the number of anamorphic and decrease
in the number of ascomycetes by increasing salinity. The ratios of anamorphic to
teleomorphic taxa were 1.4, 2.4, 2.1 and 2.0 at lakes Edku, Marriott, Burullus and
Quaron, respectively (Table 3). These results agree with those of Abdel-Aziz (2008)
who recorded 26 ascomycetes and 34 anamorphic fungi from Lake Manzala (brackish)

Table 3. Summary of fungi collected from Lakes Edku, Marriott, Brullus and Quaron

 Edku Marriot Brullus Quaron Total

Ascomycetes 26 14 10 6 41
Bitunicate ascomycetes 4 3 7 2 10
Unitunicate ascomycetes 22 11 3 4 30
Ratio of bitunicate to unitunicate 0.2 0.3 2.3 0.5 0.3
Mitosporic fungi 36 30 20 13 54
Coelomycetes 25 21 11 1 33
Hyphomycetes 11 9 9 12 23
Ratio of coelomycetes to hyphomycetes 2.3 2.3 1.2 0.1 1.4
Basidiomycetes - - - 2 2
Species richness (S’) 62 44 30 21 98
Shannon index (H’) 6 5.5 4.9 4.4 -
Total number of collection 177 152 172 263 764
Number of species per sample 1.5 1.7 1.4 1.3 1.4
Ratio of mitosporic to ascomycetes 1.4 2.1 2.0 2.3 1.3
Total number of samples 120 90 125 210 545
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in Egypt and with results of Fryar et al. (2004) who recorded 23 ascomycetes and 27
anamorphic fungi from a brackish site in Brunei, and with the culture observations of
Byrne & Jones (1975) who stated that asexual reproduction was less severely affected
by high salinities compared to sexual reproduction. Hyde & Goh (1998) concluded
that teleomorphic ascomycetes play a larger role in the decay of wood in streams,
while anamorphic fungi are more important in lakes. A higher numbers of pyrenomycetes
was recorded from the four lakes (30 pyrenomycetes vs. 10 loculoascomycetes).
Coelomycetous anamorphs were predominating in Lakes Edku, Marriott and Burullus,
while hyphomycetous anamorphs were predominant at Lake Quaron (Table 3).

Conclusion

Biogeography of aquatic fungi in the African continent and Middle East are scarcely
known. Of 97 fungi recorded in this study, 70 taxa are newly recorded for Egypt.
Similar studies are needed in order to know the distribution of this group of fungi
and the role they play in their habitats. Higher fungal diversity was recorded from
the two brackish lakes, while low fungal diversity was recorded from saline lakes, in
general there was a decrease in fungal diversity with increasing salinity. High numbers
of anamorphic fungi were recorded from the four lakes and this might reflect that
they play more active roles than teleomorphic stages in lakes and salt marshes habitats.
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