RESEARCH COMMUNICATIONS

molecular weight region (results not shown). The immuno-
blot results match well with the ELISA results.

To conclude, an in vivo defect in T cell proliferation
associated with enhanced level of T cell apoptosis was
noted. T cell death by apoptosis may represent one of the
important components of the ineffective immune response
against M. tuberculosis-induced immunopathology in sus-
ceptible hosts'***. Thus high concentration of M. tubercu-
losis antigens may incapacitate CMI in young susceptible
mice by inducing thymic atropy.
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The diversity of marine fungi on intertidal wood
collected from 13 locations in the west coast of India
(beaches, islands and harbour locations) was assessed.
Out of 3327 wood samples scanned, 72% possess
sporulating marine fungi. Altogether 88 species
belonging to 47 genera were encountered. Torpe-
dospora radiata was the only fungus common to all
locations. Five fungi were more frequent (>10%):
Antennospora quadricornuta, Clavatospora bulbosa,
Crinigera maritima, Periconia prolifica and Torpedospora
radiata. Twenty-four species were rare (0.04-0.5%);
notable rare species were: Amylocarpus encephaloides,
Arenariomyces majusculus, Calathella mangrovei, Carbo-
sphaerella leptosphaerioides, Cirrenalia pseudomacro-
cephala, Crinigera maritima, Dryosphaera navigans,
Dryosphaera tropicalis, Nimbospora bipolaris and Nim-
bospora effusa. Twenty-two species reported in the
present study are new records for the Indian Penin-
sula. A. encephaloides was recorded from the tropical
location, so also A. majusculus and C. pseudomacro-
cephala from the Indian Ocean. The species richness
and diversity was highest in islands than in beaches
and harbour locations. It has been predicted that
islands adjacent to the west coast of India provide
critical habitat for marine fungi.

MARINE fungi are the important intermediaries of energy
flow from detritus to higher trophic levels in the marine
ecosystems'. They require sea water for the completion of
their life cycle. More than 500 species of marine fungi
have been described”. Higher marine fungi constitute
Ascomycotina, Basidiomycotina and Deuteromycotina.
Majority of them being ascomycetes, their spores show
adaptation to the marine ecosystem in the production of
appendages, which facilitate buoyancy in water, entrap-
ment and adherence to substrates. Marine filamentous
fungi have been reported on a variety of detritus: decay-
ing wood, leaves, seaweeds, seagrasses, calcareous and
chitinous substrates. Studies on marine fungi were initi-
ated at the temperate parts of the world. Subsequently,
tropical locations were the centres of interest to under-
stand the abundance and diversity™’. Tropical regions of
Atlantic and Pacific Oceans were investigated more inten-
sively than the Indian Ocean’. A few quantitative studies
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on marine fungi are available from the west coast of
India*®. Majority of the studies in the Indian Ocean were
restricted to mangrove habitatsHO, so also from the
Indian Peninsula®''"">. Therefore the present study aims
to understand the occurrence, species richness and diver-
sity of filamentous marine fungi on woody substrates
collected from the beaches, islands and harbour locations
of the west coast of India.

Intertidal wood samples were collected from 13 loca-
tions comprising seven beaches (Bambolim, Karwar,
Kaup, Someshwara, Bekal Fort, Kovalam and Kanya-
kumari); two harbour sites (New Mangalore Port); and
four islands (Kurmagadagudda, Anjadeep, Coconut and
North Islands) adjacent to the Karnataka coast (Figure 1).
Bambolim is largely a sandy bay with patches of laterite
rocks. Similarly, Kaup, Someshwara and Kanyakumari are
mainly sandy shores with hard rocky patches. Karwar and
Kovalam too are sandy shores, while Bakel Fort is a rocky
shore. Harbour St. 1 consists of granite wall, while Harbour
St. 2 is a small sandy stretch. All the island shores are
mainly rocky with small sandy stretches.

From each station, based on the availability, 150-350
intertidal wood samples were randomly collected, brought
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Figure 1. Map of the west coast of India indicating the sampling

locations: 1, Bambolim; 2, Karwar; 3, Kaup; 4, Someshwara; 5, Bekal
Fort; 6, Kovalam; 7, Kanyakumari; 8, Harbour St. 1; 9, Harbour St. 2;
10, Kurmagadagudda Island; 11, Anjadeep Island; 12, Coconut Island;
13, North Island.
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to the laboratory in sterile polythene bags and scanned for
fungal structures within seven days of collection using
stereomicroscope. After initial screening, each wood sample
was separately incubated under fluorescent light (24—
32°C) in sterile airtight polythene bags containing sterile
sand bed moistened with sea water. Each wood sample
was re-examined for fungi once a month, up to 12 months.
The fungi recovered were identified using the keys:
Kohlmeyer and Kohlmeyer’, Kohlmeyer'*, Kohlmeyer
and Volkmann—Kohlmeyer'> and descriptions mainly by
J. Kohlmeyer, B. Volkmann—Kohlmeyer, E. B. G. Jones
and K. D. Hyde and A. Nakagiri.

For each fungal species, the per cent frequency of
occurrence and per cent relative abundance were deter-
mined (Table 1). One-way ANOVA was employed to ana-
lyse the differences in the frequency of occurrence in
different locations for all species, as well as eight major
species (frequency of occurrence: > 5%) (MICROSTAT,
Ecosoft, Inc. 1984). The diversity of marine fungi in 13
locations was assessed based on the diversity indices'®
and evenness'’. To compare the species richness among
samples of unequal size, rarefaction index'® was calcu-
lated for a random sample of 90 isolations. The expected
number of species, E(s), in a random sample of n isola-
tions taken from a total population of N isolations was
calculated'®. Variation in Shannon diversity (H’) in rela-
tion to species richness (S”) and Shannon evenness (J)
was determined by correlation analysis'® (1-2-3 Access
System, Lotus Development Corporation, 1986). To com-
pare the fungal composition between different habitats
(beach, harbour and island) and species, the Jaccard index
(JT) of association was calculated pair-wise among the
habitats based on presence/absence of a species:

HN=ala +b +c),

where a is the number of species occurring in both habi-
tats, b is the number of species unique to the first habitat
and ¢ is the number of species unique to the second
habitat.

Table 2 shows the pooled data of marine fungi in 13
locations. Out of a total of 3327 intertidal wood samples
screened, 3577 isolations consisted of 72% sporulating
marine fungi comprising 88 species belonging to 47
genera. Among them 24 species were recovered in
any one of the locations, and were hence considered as an
‘exclusive species’. One-way ANOVA revealed no sig-
nificant difference (P > 0.05) in the frequency of occur-
rence of all the species in 13 locations, so also for eight
major species (frequency of occurrence: > 5%). Despite
the heterogeneous composition of wood from 13 loca-
tions, the extent of collections and species consistently
fell within an order of magnitude of each other, indicating
that comparable number of fungi were obtained from each
location (Table 3). Rarefaction index based on the number
of species expected in a random sample of 90 collections
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Table 1. Occurrence and geographical distribution of marine fungi on driftwood samples of 13 locations in the west coast of India

FO° RA®
Fungi Location® (%) (%) GD?
Ascomycotina
Antennospora quadricornuta (Cribb et Cribb) Johnson 1-9, 13 13.9 9.3 SIT
Torpedospora radiata Meyers 1-13 12.3 8.2 C
Crinigera maritima Schmidt 1-6,9, 10, 13 12.2 8.1 C
Corollospora maritima Werdermann 1-12 7.7 5.1 C
Aniptodera chesapeakensis Shearer et Miller 1-5, 6-13 7.6 5.1 C
Corollospora filiformis Nakagiri 2-6, 8-11, 13 7.3 4.9 C
Caryosporella rhizophorae Kohlm. 1,3-6,10, 11,13 4.9 3.3 S/T
Corollospora intermedia Schmidt 1-4, 6, 8-11 4.9 3.2 C
*Didymosphaeria lignomaris Strongman et Miller 1-4, 8,11 3.3 2.2 C
Corollospora colossa Nakagiri et Tokura 3-7,9,13 2.9 1.9 C
Corollospora angusta Nakagiri et Tokura 2-4,6,10-13 2.3 1.5 C
Savoryella lignicola Jones et Eaton 1,2, 8-10, 12 1.6 1.1 C
Verruculina enalia (Kohlm.) Kohlm. et Volkm.-Kohlm. 1,3,12,13 1.5 1.0 S/T
Arenariomyces trifurctatus Hohnk 58,9 1.4 0.9 S/T
Lulworthia sp. 1 (147-235 x 2.5 um) 4,5,7 1.0 0.7
Aniptodera sp. (22.5-25 x 7.5-10 um) 6, 12 0.8 0.5
Corollospora sp. (27.5-32.5 x 6=7.5 ym) 4-6, 13 0.8 0.5
Halosarpheia marina (Cribb et Cribb) Kohlm. 2,5,10, 11 0.8 0.5 S/T
*Savoryella paucispora (Cribb et Cribb) Koch 1,3,4 0.8 0.1 S/T
Swampomyces armeniacus Kohlm. et Volkmn.-Kohlm. 3,10, 11 0.8 0.6 S/T
*Corollospora quinqueseptata Nakagiri 2,4,6,11 0.7 0.5 C
Dactylospora heliotrepha (Kohlm. et Kohlm.) Hafellner 1,6,12,13 0.7 0.5 S/T
Halosarpheia viscosa (Schmidt) Shearer et Crane ex Kohlm. ef Volkm.-Kohlm. 2,3,7,9 0.7 0.5 C
*Corollospora indica Prasannarai Ananda et Sridhar 11,13 0.6 0.4 ?
Hypoxylon oceanicum Schatz 1,2,7,11,13 0.6 0.4 S/T
Leptosphaeria australiensis (Cribb et Cribb) Hughes 10, 12 0.6 0.4 S/T
Lulworthia sp. 3 (255-295 x 2-2.5 um) 1,7,8,13 0.6 0.4
Lulworthia sp. 4 (274-333 x 2.5 um) 1,4 0.5 0.3
*Mycosphaerella salicorniae (Auerswald) Petrak 12 0.5 0.3 C
*Nimbospora bipolaris Hyde et Jones 5,6 0.5 0.4 S/T
Ascomycete sp. 4,12 0.5 0.3
Arenariomyces parvulus Koch 10-12 0.4 0.3 S/T
Corollospora pulchella Kohlm., Schmidt et Nair 8, 12 0.4 0.2 C
Pleospora avicenniae Borse 1,4 0.4 0.3 ?
*Aniptodera longispora Hyde 1,2,6 0.3 0.2 S/T
Ceriosporopsis halima Linder 3,6,8 0.3 0.2 C
*Coronopapilla mangrovei (Hyde) Kohlm. et Volkm.-Kohlm 12 0.3 0.2 S/T
Halosphaeria salina (Meyers) Kohlm. 1,6-8 0.3 0.2 S/T
Lulworthia grandispora Meyers 9,12 0.3 0.2 SIT
Lulworthia sp. 2 (245-372 x 2.5 um) 1 0.3 0.2
*Nimbospora effusa Koch 8,9 0.3 0.2 SIT
*Carbosphaerella leptosphaerioides Schmidt 7 0.2 0.1 C
Didymosphaeria sp. (16.5-22.5 x 7.5-10 pm) 2,7 0.2 0.1
Halosarpheia ratnagiriensis Patil et Borse 1,12 0.2 0.1 S/T
Kallichroma tethys (Kohlm. et Kohlm.) Kohlm. et Volkm.-Kohlm. 1,8,10,12 0.2 0.1 SIT
Lineolata rhizophorae (Kohlm. et Kohlm.) Kohlm. ef Volkm.-Kohlm. 2,5,6,12 0.2 0.1 S/T
Lophiostoma mangrovei Kohlm. et Vittal 3,13 0.2 0.1 S/T
*Lulworthia kniepii Kohlm. 10 0.2 0.1 S/T
*Amylocarpus encephaloides Currey 11 0.1 0.1 C
*Arenariomyces majusculus Kohlm. et Volkm.-Kohlm. 9 0.1 0.1 ?
Corollospora lacera (Linder) Kohlm. 3,10 0.1 0.1 C
Halosarpheia fibrosa Kohlm. et Kohlm. 1 0.1 0.1 S/T
Halosarpheia retorquens Shearer et Crane 2 0.1 0.1 C
Halosarphaeia sp. 2,7 0.1 0.1
*Halotthia posidoniae (Durieu et Montagne) Kohlm. 9 0.1 0.1 ?
*Phaeosphaeria spartinaecola Leuchtmann 7 0.1 0.1 C
Trematosphaeria striatispora Hyde 7,13 0.1 0.1 S/T
Corollospora cinnamomea Koch 4 0.04 0.03 S/T
*Dryosphaera novigans Koch et Jones 11 0.04 0.03 C
*Dryosphaera tropicalis Kohlm. et Volkm.-Kohlm. 11 0.04 0.03 ?
*Leptosphaeria pelagica Jones 1 0.04 0.03 C
Lulworthia sp. 5 (492-686 x 2.5 um) 1 0.04 0.03
Massarina velatospora Hyde et Borse 4 0.04 0.03 S/T
*Mycosphaerella staticicola (Patouillard) Dias 12 0.04 0.03 ?
Phaeosphaeria sp. (12.5-17.5 x 6.5-7.5 um) 7 0.04 0.03
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(Table 1. Contd. . .)

FoO° RA®
Fungi Location® (%) (%) GD?
Basidiomycotina
Nia vibrissa Moore et Meyers 2,4-6 2.1 1.4 C
Halocyphina villosa Kohlm. et Kohlm. 1,2,4,12,13 0.7 0.5 S/T
Calathella mangrovei Jones et Agerer 1, 10, 13 0.4 0.2 S/T
Deuteromycotina
Clavatospora bulbosa (Anast.) Nakagiri ef Tubaki 2-7,10-13 13.7 9.2 C
Periconia prolifica Anastasiou 1-8, 10-13 12.4 8.3 S/T
Zalerion varium Anastasiou Anastasiou 1-12 6.5 4.3 C
Dictyosporium pelagicum (Linder) Hughes ex Johnson et Sparrow 1-3,5,6,13 2.6 1.7 C
*Cladosporium algarum Cooke et Massee 2-5,7,11 2.3 1.5 ?
Trichocladium alopallonellum (Meyers et Moore) Kohlm. e Volkm.-Kohlm. 1-3,7-9, 11-13 2.1 1.4 C
Trichocladium sp. 8,9,12 1.9 1.3
Zalerion maritimum (Linder) Anastasiou 2,6-10, 12 1.7 1.2 C
Trichocladium achrasporum (Meyers et Moore) Dixon 4,6,12,13 0.6 0.4 C
Alternaria sp. 12 0.4 0.2
Monodictys pelagica (Johnson) Jones 3,8,9,12 0.4 0.3 C
Phoma sp. (5-10 x 2.5 pm) 4,6 0.4 0.3
Cladosporium sp. 13 0.3 0.2
Deuteromycete sp. 1 2,12 0.3 0.2
Periconia sp. (5-12.5 pm) 2,6 0.2 0.1
*Cirrenalia pseudomacrocephala Kohlm. 12 0.1 0.1 S/T
Cirrenalia sp. 8,9 0.1 0.1
*Trichocladium constrictum Schmidt 6 0.1 0.1 C
Deuteromycete sp. 2 6,12 0.1 0.1
Camarosporium sp. 8 0.04 0.03

*Beach: 1, Bambolim; 2, Karwar; 3, Kaup; 4, Someshwara; 5, Bekal Fort; 6,

Kovalam; 7, Kanyakumari; Harbour location: 8, Harbour St. 1; 9, Har-

bour St. 2; Island: 10, Kurmagadagudda; 11, Anjadeep; 12, Coconut; 13, North.

®Frequency of occurrence (FO): Number of isolations of a particular species divided by number of wood-supporting sporulating marine fungi X 100.
“Relative abundance (RA): Number of isolations of a particular species divided by total number of isolations X 100.

dGeographical distribution based on literature (see text for details) (GD): S/T, Subtropical and or tropical; C, Cosmopolitan; ?, insufficient data.

*New records for Indian coast.

from each location indicated that Coconut Island is the
richest (28 species) followed by Bambolim and Kovalam
locations (25 species). The mean species per intertidal
wood was least in Kaup (1.1) and highest in North Island
(2.4). Exceptionally high species diversity was found in
the samples of Coconut Island for Simpson’s index (D’),
0.955, and Shannon index (H’), 4.572, so also the even-
ness (J°), 0.914. Shannon diversity exhibits a significant
correlation with evenness (r = 0.785; c.v.=0.4779, 1 tail,
0.05) and species richness (= 0.81; c.v. =0.4779, 1 tail,
0.05). Pair-wise comparisons of similarities in species
composition of 88 species in three habitats by Jaccard
index revealed: beach vs island, JI=0.49; harbour vs
island, JI = 0.31; beach vs harbour, JI = 0.29.
Distribution, per cent frequency of occurrence and per
cent relative abundance of marine fungi in 13 locations in
the west coast of India along with their global geographi-
cal distribution are given in Table 1. Altogether 88 species
belonging to 47 genera were encountered (Ascomycotina,
65; Basidiomycotina, 3; Deuteromycotina, 20). Asco-
mycetes were maximum in Bambolim location followed
by Someshwara, while the Dueteromycetes were highest
at Coconut Island followed by Kovalam (Figure 2 a). The
mean per cent frequency of occurrence was highest at
Bekal Fort, while it was least at Kaup (Figure 2 b). Tor-
pedospora radiata was the only fungus found in all loca-
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tions. Aniptodera chesapeakensis, Corollospora maritima,
Periconia prolifica and Zalerion varium were found in
all, except in one location. Five fungi showed more than
10% frequency of occurrence: Antennospora quadri-
cornuta, Clavatospora bulbosa, Crinigera maritima,
Periconia prolifica and Torpedospora radiata.

Nineteen Ascomycotina (Amylocarpus encephaloi-
des, Aniptodera longispora, Arenariomyces majusculus,
Carbosporella leptosphaerioides, Corollospora indica,
Corollospora quinqueseptata, Coronopapilla mangrovei,
Didymosphaeria lignomaris, Dryosphaera navigans,
Dryosphaera tropicalis, Halotthia posidoniae, Lepto-
sphaeria pelagica, Lulworthia kniepii, Mycosphaerella
salicorniae, Mycosphaerella staticicola, Nimbospora
bipolaris, Nimbospora effusa, Phaeosphaeria spartinae-
cola and Savoryella paucispora) and three Deutero-
mycotina (Cirrenalia pseudomacrocephala, Cladosporium
algarum and Trichocladium constrictum) were reported
from the Indian Peninsula. The frequency of occurrence
of these fungi ranged between 0.1 and 3.3%. Among the
24 ‘exclusive species’ (frequency of occurrence: 0.04—
0.5%), 13 species constitute new records from the
Indian coast.

The number of species of arenicolous (sand-inhabiting)
fungi ranged from 5 to 10 in each location. Out of 65 spe-
cies of Ascomycotina, 22 belonged to arenicolous fungi
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(Corollospora spp, 11; Lulworthia spp, 7, Arenariomyces
spp, 3; Carbosphaerella sp., 1). The location Someshwara
possess the highest arenicolous fungi (10 species) fol-
lowed by Kovalam, Harbour St. 1, Kurmagadagudda and
Anjadeep Islands (7 species). Among the arenicolous
tungi Corollospora maritima had the highest frequency of
occurrence (7.7%) followed by Corollospora filiformis
(7.3%).

So far about 88 species belonging to 53 genera of
marine fungi are known from the peninsular India (K. R.
Sridhar, unpublished report). The present study added 22
species that were not earlier reported from the Indian
coast. Our survey yielded maximum number of marine
fungi compared to the surveys conducted in the Indian
Ocean: Andaman and Nicobar Islandss, Maldives9,
Seychelleszo, ecast coast and west coast of India*>'1>2L,

Table 2. Occurrence of marine fungi on driftwood collected from
13 locations along the west coast of India
(n = 13; mean * SE, range in parentheses)

Mean and range

Total per location
Number of intertidal wood samples 3327 256 £ 54
examined (150-350)
Number of wood samples possessing 2386 184 + 40
sporulating marine fungi (102-326)
Number of isolations 3577 275+55
(106-783)
Number of species recovered 88 25+1.1
(20-32)
Number of ‘exclusive species’ 24 1.83+0.4
(0-5)

Overall, the high fungal diversity observed in the present
study is similar to other tropical locations: Maharashtra
(west coast of India)4, Andaman and Nicobar islandss,
Maldives9, Seychelleszo, Bruneizz, Malaysia and Singa-
pore”. The pattern of dominance of A. quadricornuta, C.
bulbosa, C. maritima, P. prolifica and T. radiata resem-
bles the studies in the Indian Ocean™>**, It is evident that
the intertidal wood of mangrove locations showed higher
species richness and diversity compared to beach loca-
tions of the Indian Ocean>*!'** In our study, Coconut
Island showed high diversity, evenness and overall rich-
ness of marine fungi, indicating considerable hetero-
geneity. Surprisingly, Coconut Island is known for the
diversity of intertidal flora and fauna (Sridhar, K. R.
unpublished observations). Shannon diversity shows a
higher correlation with species richness than evenness.
The species richness is a very important component in the
explanation of the ensuing values of diversity. Among the
three major habitats (beach, harbour and island), Jac-
card’s similarity was highest between beach vs island
locations (0.49) and lowest between beach vs harbour
locations (0.21). In addition to the Coconut Island,
Kovalam and Bambolim locations also showed high
fungal diversity. This might be due to some unique fea-
tures: Coconut Island (Karnataka) possesses rocky and
sandy shore with a few patches of mangrove vegetation;
Kovalam (Kerala) consists of a vast sandy beach with
shallow waters; Bambolim (Goa) is a bay with rich detri-
tus on rocky (laterite) and sandy shore.

Extent of salinity, kind of wood, position of intertidal
region, nature of floor, pH and oceanic region affect the
occurrence and diversity of marine fungi in mangrove
ecosystemlo. For the beach locations also, most of the

Table 3. Species richness, diversity and evenness of marine fungi recorded from 13 locations in the west coast of India
Species richness Diversity index
Actual sp. E(s90)* Simpson Shannon Evennes Per cent wood Mean species

Location recovered (S D) (H) ) colonized per wood
Beach
Bambolim 30 25 0.891 3.948 0.805 60 1.4
Karwar 30 24 0.906 3.949 0.805 55 1.4
Kaup 25 19 0.917 3.917 0.843 68 1.1
Someshwara 28 19 0.872 3.590 0.747 78 1.2
Bekal Fort 20 16 0.896 3.659 0.847 78 1.7
Kovalam 29 25 0.941 4.293 0.884 51 1.5
Kanyakumari 22 19 0.837 3.395 0.761 72 1.2
Harbour
Station 1 23 18 0.918 3.848 0.851 92 2.0
Station 2 21 20 0.927 3.912 0.891 72 1.6
Island
Kurmagada-Gudda 21 19 0.907 3.744 0.852 87 1.6
Anjadeep 22 19 0.852 3.497 0.784 94 1.7
Coconut 32 28 0.955 4.572 0.914 68 1.9
North 24 20 0.870 3.688 0.804 71 2.4

*Expected number of species out of a random sample of 90 isolations based on rarefaction index.
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above factors are applicable. In addition, exposure of
beach wood to harsh dry conditions might influence
the occurrence of fungi®>®. In beach locations unlike
mangrove habitats direct sunlight, extremes of heat and
wind lead to prolonged periods of desiccation of intertidal
wood. Similar conditions prevail in rocky shores. The
intertidal wood collected from such conditions requires
long periods of incubation to get the wood imbibed with
water and become sufficiently damp for fungal growth,
sporulation/fruit body production. The rich and diverse
marine fungi from the coastal locations devoid of
mangrove vegetation in the present study may be attri-
buted to the study of a variety of wood materials from the
vast area and also due to the length of incubation period
(12 months). For instance, intertidal wood samples were
incubated and screened up to 12-30 months™*®. Overall
comparison indicates higher isolation of marine fungi per
wood in islands than in coastal locations (mean 1.9 vs
1.4), so also the mean number of species (25 vs 12-13
species). These observations suggest that islands provide
better environment for the growth of marine fungi than
coastal locations. Although a decline in fungal population

]1]]]]] Ascomycotina Ny Deuteromycotina

Besidiomycotina

35

a

Number of species

Bam Kar Kau Som Bek Kov Kan Harl Har2 Kur Anj Coc Nor

Location

35

30

Mean frequency of occurrence (%)

Bam Kar Kau Som Bek Kov KXan Har1 Har2z Kur An) Coc Nor

Location

Figure 2. Number of species (a) and frequency of occurrence (b) of
Ascomycotina, Deuteromycotina and Basidiomycotina at different
locations: Bam, Bambolim; Kar, Karwar; Kau, Kaup; Som, Somesh-
wara; Bek, Bekal Fort; Kov, Kovalam; Kan, Kanyakumari; Harl, Har-
bour St. 1; Har2, Harbour St. 2; Kur, Kurmagadagudda Island; Anj,
Anjadeep Island; Coc, Coconut Island; Nor, North Island.
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was seen at Mangalore Harbour Stations (21-23 species
vs 21-32), A. quadricornuta, T. radiata and Z. varium
were most frequent (> 20%). Five species: A. majusculus,
H. posidoniae, Nia vibrissa, Camarosporium sp. and Cir-
renalia sp., which were recorded exclusively in harbour
locations, need special attention. Possibly these fungi
withstand the hydrocarbon pollution stress in harbour
locations.

Previous studies in temperate locations: Denmark®’ and
Japanzs; and tropical locations: Pacific Ocean26, Indian
Ocean, Seychelles® and South Africa® yielded 4-19 spe-
cies of arenicolous (sand-inhabiting) fungi. In our study,
highest number of arenicolus fungi (22 species) was
recorded. This might be due to the incubation of intertidal
wood on sand bath. In addition to the formation of asco-
mata on sand grains, all arenicolous fungi produced
ascomata on the wood materials. This corroborates the
observations on arenicolous fungi on the beaches of
Malaysia and Singapore™. The frequency of occurrence
of arenicolous fungi in our study was also similar to that
of the beaches of Malaysia and Singapore®. Corollospora
spp. were common in almost all the locations, out of them
either Corollospora maritima or Corollospora filiformis
was most frequent. Corollospora spp. were more frequent
(> 5%) in Kovalam, Harbour St. 1 and Anjadeep Island.

Twenty-two species reported as new records to Indian
Peninsula strengthened the data on biogeographic distri-
bution of filamentous marine fungi. Kohlmeyer™ identi-
fied that four major factors control the global distribution
of marine fungi: (i) availability of substrates/hosts;
(i) water temperatures; (iii) hydrostatic pressure; and
(iv) the availability of oxygen. Kohlmeyer', based on
earlier studies and his own studies from tropical locations
furnished the biogeographic distribution and distribution
maps of higher marine fungi. Observations on mangrove
ecosystem in tropical and subtropical locations helped to
understand the biogeography of higher marine fungi more
clearly in the tropics'®. For instance, Hyde and Jones'
listed 90 higher marine fungi on 26 mangrove plant spe-
cies. Jones® classified higher marine fungi into: (i) cosmo-
politan, and (ii) restricted to the subtropics and/or tropics.
Based on the above facts as well as the studies from
tropical locations: Pacific*®, Malaysia and Singapore™;
temperate locations: Japan28’31, Denmark32, Canada® and
England®, many species encountered in the present study
were grouped into cosmopolitan, subtropical and or tro-
pical in distribution (see Table 1). More biogeographic
details are required to classify more authentically seven
species found in the present study: A. majusculus, C.
indica, D. tropicalis, H. posidoniae, M. staticicola, P.
avicenniae and C. algarum.

Figure 3 shows the spore morphology of some rare spe-
cies of marine fungi encountered in our study. A. en-
cephaloides was found as early as 1884 and 1888 at the
off-Danish coast and along the New Zealand coast’. It was
mainly recorded from temperate locations: Canada (New-
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Figure 3. Ascospores of (a) Amylocarpus encephaloides, (b) Arena-
riomyces majusculus, (¢) Carbosphaerella leptosphaerioides, (d) Crini-
gera maritima, (¢) Dryosphaera navigans, (f) Dryosphaera tropicalis,
(g) Nimbospora bipolaris and (h) Nimbospora effusa; (i) conidia of
Cirrenalia pseudomacrocephala.

foundland and British Colombia), United States (Maine
and Washington), Europe (Belgium, Denmark, Germany,
Scotland and Sweden), South America (Chile)3. Recently,
it is also known from the coast of Ireland®. The present
record is from tropical region (Indian Ocean). A.
majusculus was reported from the Pacific Ocean (Kauai,
Hawaii)®. This is a report from the Indian Ocean. C.
leptosphaerioides was known from United States, Hawaii,
Denmark, Germany, Japan and Brunei®?®** It has
been reported recently on the driftwood from South Afri-
can coast (Indian Ocean)”, Malaysia and Singapore®.
The present report constitutes a record from the Indian
Peninsula. C. pseudomacrocephala has been reported
from the Atlantic Ocean (Bermuda and Mexico)lo. This is
a report from the Indian Ocean. C. maritima was first
reported on driftwood from Baltic Sea*' and later from
Denmark*>*. It is also known from North Island of St.
Mary’s Isles (west coast of India)s. D. navigans was
described from Denmark on driftwood*. It is also known
from Greenland, Sri Lanka and Thailand***, D. tropicalis
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is known widely on woody debris from tropical locations
of the Pacific Ocean (Hawaiian Islands), Atlantic Ocean
(Trinidad), Indian Ocean (Sri Lanka) and South-East-Asia
(Thailand)46. In addition, collections were also made from
Queensland (Australia)*®. N. bipolaris was reported by
Hyde and Jones™ from the beaches of Seychelles. N.
effusa was described from Sri Lanka®’, subsequently
reported from the Mare Anglaise (Seychelles)™.

Diverse filamentous marine fungal flora was obtained
on intertidal wood collected from 13 locations in the west
coast of India. This study added 22 species of marine
fungi to the Indian Peninsula as new records. The species
richness and diversity were highest in Coconut Island fol-
lowed by Kovalam and Bambolim. The lengthy period of
incubation and intense scanning of the intertidal wood
might have yielded higher species than mangrove loca-
tions of Indian Peninsula and islands of Indian Ocean.
Arenicolous fungi constitute 25% of the total fungi recov-
ered. Many rare fungi, e.g. A. encephaloides, A. majusculus,
C. mangrovei, C. leptosphaerioides, C. pseudomacro-
cephala, C. maritima, D. navigans, D. tropicalis, Nim-
bospora bipolaris and N. effusa recorded in the present
study strengthened the data on mycogeography of marine
fungi.
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Remobilizing P elements out of the
stambh A locus of Drosophila
melanogaster

M. Paratpara Rao, Charu Jain and
Shanti Chandrashekaran*

Division of Genetics, Indian Agricultural Research Institute,
New Delhi 110 012, India

P elements from two P-tagged alleles, stm A™ and
stm A™, of the temperature-sensitive paralytic mutant
stambh A (stm A) were remobilized to derive wild-type
revertants and P excision lethals. stm A" remutated to
lethality, while stm A™ reverted to the wild type. The
P excision lethals are not amorphic mutations, since
they were weaker in paralytic phenotype (i) than the
parental P-tagged allele and (ii) for deficiencies for
stm A. The lethals collectively affected all stages of
the life cycle, demonstrating that stm A" is needed
throughout fly development.

P transposon elements serve as excellent tools for genetic
analyses due to the ease with which mutations can be
created at high frequencies, by way of insertions and exci-
sions. Excision of P elements from an original insertion
site can either be precise, resulting in reversion of the
original mutation to wild type or imprecise (transposon
leaves part of its sequence or takes away flanking nucleo-
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tides of the host gene), resulting in secondary mutations.
Excision events involving more than one transposon often
result in chromosomal rearrangements such as duplica-
tions, deletions, inversions and translocations'. Frequencies
of precise excisions of P elements leading to wild-type
revertants in Drosophila melanogaster are reported
to vary widely from 4 x 107" at the white locus™ to
3.5 x 107" at the singed locus *.

stambh A (stm A) was first identified through a reces-
sive, reversible, temperature-sensitive (ts) paralytic muta-
tion mapping to 56.8 cM on the second chromosome’.
EMS-induced homozygous viable alleles, stm A' and
stm A’ paralyse at 38°C in 3-4 min and recover to
normality at 23-24°C in 5-6 min. Later, isolated uncondi-
tional embryonic lethal alleles, stm A’ and stm A" (also
EMS-induced), showed hypotrophy of the anterior
embryonic dorsal cuticle overlying the brain with a con-
comitant hypertrophy of the anterior dorsal neurogenic
region, the brain®. The stm A’ and stm A'? alleles were
weaker in their paralytic phenotype when heterozygous
over stm A" and stm A, The time required for paralysis of
50% of flies (at 38°C) of stm A' and stm A” was 2.4 and
1.4 min respectively, while that for trams-heterozygote
viable/lethal combinations of stm A' (or stm A%)/stm A"
(or stm A7) ranged between 4 and 7 min®. stm AY+ and
stm A%/+ heterozygotes also show weak paralysis at 39°C,
a temperature at which wild-type flies do not paralyse®.
Based on these observations it was proposed that homo-
zygous viable ts paralytic alleles stm A' and stm A%, are
not simple hypomorphs, but are semi-dominant gain of
function neomorphs. Embryonic lethal alleles, stm A’ and
stm A'? on the other hand, are extreme or complete loss
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