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ABSTRACT

Cyanobacteria are widely distributed in natural waters. They constitute the major proportion of total primary production in tropical,
sub-tropial and temperate waters. Present research was conducted on biodiversity of epiphytic, epizoic, epilithic, planktonic and
edaphic cyanobacteria from a rocky shore (Buleji) and mangrove swamps (Sandspit) backwaters, on the Karachi coast.

A total of 191 species of cyanobacteria were recorded in samples collected from rocky shore and mangrove forest. Out of which 92
species were recorded from only one niche (Table 1) while the rest of the species occurred commonly in various habitats. The highest
number of cyanobacteria (124 species) were recorded as epiphytic species associated with green, brown and red seaweeds, followed in
descending order by edaphic (73 spp), epizoic (65 spp), epilithic (57 spp), rock pool water (44 spp), mangrove swamp (42 spp) and
coastal water (29 spp). Phormidium was the most dominant genus recorded from all habitats containing 39 species, the second most
abundant genus was the Oscillatoria (33 species). Out of 192 species 93 species have been observed from a single habitat, such as,
epiphytic (42 spp), epizoic (13 spp), epilithic (9 spp), edaphic (13 spp), rock pools (2 spp), coastal water (3 spp) and mangrove swamp
(11 spp).
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INTRODUCTION

Cyanobacteria are a unique group of photosynthetic prokaryotes previously known as blue—green algae. They
are distributed widely in terrestrial and aquatic environment. Among algal forms, cyanobacteria are the most
abundant group in the marine environment. There are various reports available on the distribution of cyanobacteria
from different part of the world, including countries bordering Indian Ocean, for example, Saudi Arabia (Khoja
1987; Hussein & Khoja 1993; Potts 1980) India (Thajuddin & Subramanian 1992, 1994; Santra & Pal 1988; Santra
et al., 1988; Qasim 1970; Nair et al., 1980; Devassy 1987; Maity et al., 1987; Desikachary 1959) and Pakistan
(Bano & Siddiqui 2003; Siddiqui & Bano 2001; Shameel 2000; Shameel et al., 1996; Saifullah & Taj 1995;
Shameel & Tanaka 1992; Mansoor et al., 2000; Zaib-un-Nisa et al., 2000; Saifullah et al., 1997).

Mangrove forests and rocky shores offer a variety of ecological niches for cyanobacterial colonization.
Therefore the present paper reports on the diversity of cyanobacterial species found in various niches at a rocky
shore (Buleji, Karachi coast) and mangrove swamps (Sandspit backwaters).

MATERIALS AND METHODS

Cyanobacterial samples were collected during 1994-1998 from different habitats of rocky shore of Buleji and
from mangrove forests at Sandspit Backwaters. Samples of coastal water, rock pool water, stone surfaces,
sediments, macroalgae, molluscan shells, scraping from mangrove pneumatophore and bark and mangrove
sediments were randomly collected, placed in a separate sterile plastic bags and brought to the laboratory in a cool
box.

The samples were examined directly under the microscope and also inoculated in three types of medium in
order to encourage the growth of cyanobacterial cells. Synthetic seawater based ASN |1l and MN media (Rippka et
al., 1979) and natural seawater based Miquel‘s medium (Imai 1977) were used. Inoculated media tubes were
incubated under constant light and room temperature (28 + 2°C). Direct examination of samples was done using a
light microscope. Any observed growth in culture tube was examined under the microscope. Characteristics of
cyanobacterial cells and trichoms observed were used for the identification of species according to criteria used by
Desikachary (1959), Anagnostidis & Komarek (1985, 1988) and Komarek & Anagnostidis (1986, 1989).

RESULTS

List of cyanobacteria observed from different niches is given as Table I. A total of 191 species of cyanobacteria
were recorded in samples collected from a rocky shore and mangrove forest. Out of which 93 species were recorded
from only one niche while the rest of the species occurred commonly in various habitats. Epiphytic cyanobacterial
association with 27 species of seaweeds occurring on the rocky shore was studied. Seaweeds including 10 green
algal species (Chlorophytes), 8 brown algal species (Phaeophytes) and 9 red algal species (Rhodophytes) showed a
total of 124 species of cyanobacteria were associated with these macroalgal species, of which highest number of
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species were in the order Nostocales (77 spp) followed with respect to number of species in descending order by
Chroococales (35 spp), Chamaesiphonales (8 spp) and Pleurocapsales (4 spp). A total of 66 epizoic cyanobacterial
species were recorded from the shell surfaces of gastropods (9 species) and bivalve (1 species). The epizoic species
were either unicellular (26 spp) or non-heterocystous filamentous forms (40 spp) belonging to 4 orders, 21 genera.
The epilithic cyanobacterial flora attached on the surfaces of stones (57 spp) included both unicellular (18 spp) and
filamentous forms (39 spp) pertaining to 4 orders and 14 genera. The edaphic cyanobacteria were more diverse, and
73 edaphic species were observed belonging to 4 orders and 21 genera. The cyanobacterial species including
unicellular (22 spp) and both non-heterocystous filamentous (49 spp), and heterocystous forms (2 spp) were
observed.

Table 1. Diversity of cyanobacteria on the rocky shore of Buleji and Sandspit, Karachi.
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The cyanobacterial flora in the rock pool water samples had a higher species diversity compared to shore water
samples. Forty four species recorded in rock pool waters falling in 4 orders and 14 genera. The coastal water
samples showed only 29 species belonging to 16 genera and 4 orders.

Samples collected from different nieches in mangrove forests (e.g. bark, pneumatophore, and sediments)
appeared to have quite diverse distribution of cyanobacteria. A total of 42 species of cyanobacteria were recorded
including both unicellular (17 species) and non-heterocystous filamentous (25 species) forms.

In summary, highest number of cyanobacteria (124 species) were recorded as epiphytic species associated with
green, brown and red seaweeds, followed in descending order by edaphic (73 spp), epizoic (65 spp), epilithic (57
spp), rock pool water (44 spp), mangrove swamp (42 spp) and coastal water (29 spp). Phormidium was the most
dominant genus recorded from all habitats containing 39 species, the second most abundant genus was the
Oscillatoria (33 species). Out of 192 species 93 species have been observed from a single habitat, such as, epiphytic
(42 spp), epizoic (13 spp), epilithic (9 spp), edaphic (13 spp), rock pools (2 spp), coastal water (3 spp) and mangrove
swamp (11 spp).

DISCUSSION

In the present study direct microscopic examination of collected samples showed exceedingly low numbers of
cyanobacterial species. Use of three types of medium provides enrichment and boosts the growth of a large number
of species which would have escape detection otherwise. This may be the reason for low number of cyanobacterial
species (54 spp) recorded from Balochistan coast (Shameel 2000). It may be, however noted that 28 species noted
from Balochistan were not present in samples from rocky shore of Buleji and mangrove forests (this study).
Therefore 163 species reported in this study are new records.

High species diversity on a rocky shore of Buleji could also be due to the fact that it offers a variety of niches
which may suits a wide verity of organisms. The cyanobacterial mats were not obvious on the rocky shore. On the
other hand, these are widely distributed in mangrove swamps. These are consumed by a number of benthic
organisms (Shafeeq, S. Ph.D. thesis CEMB, University of Karachi). For example, Cerithium spp, the abundant
gastropods at Buleji (Ahmed and Hameed 1995) and in mangroves (Shafeeq, S. Ph.D. thesis CEMB, University of
Karachi), consume cyanobacteria as food (unpublished data). Therefore, high grazing rates appear to be a factor that
limits the cyanobacterial growth. In addition low nutrient loading and high wave action may also be responsible for
low abundance of cyanobacterial numbers.

Mangrove swamps appear to hold a high diversity of cyanobacteria in this study compared to the previous
reports (Zabunnisa et al., 2000; Siddiqui et al., 2000; Saifullah et al., 1997). In this study microalgal mats were not
included, which as mentioned above, are quite wide spread at certain time of the year on the surface of mud flats
near mangroves (personal observation), and can potentially add many more cyanobacterial species.

Cyanobacteria appear to be distributed at all tidal levels in the intertidal region. As expected, high
cyanobacterial diversity was observed in the low tidal zone (data not shown). Low diversity at high tidal level may
be attribute to longer exposed periods between tidal inudation leading to an increase in temperature and dessication.

Although cyanobacteria had a high diversity in terms of species, but are largely restricted to only unicellular and
non-heterocystous morphotype. The heterocystous forms contributed a very low proportion (4 species) of total
cyanobacterial diversity. Lack of heterocystous forms is consistent with the earlier reports and has been attribute to
high sulphide concentration in seawater (Howsely & Pearson 1979; Thajuddin & Subramanian 1992). However,
nitrogen in the nature and/ or in the enriched media used in this study may have favoured non-heterocystous
cyanobacteria to over compete. High cyanobacterial diversity in the intertidal zone and mangrove forests indicates
success of these species in these environments, where they provide carbon (photosynthesis) and nitrogen (N,
fixation) to the ecosystem.
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