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Introduction



Ecological and biochemical studies on cyanobacteria of Cochin estuary and their application as source of antioxidants

Cyanobacteria are nature’s unique gift to mankind, as they possess
several innate properties that make them ideal organisms with potential for
multifaceted biotechnological applications. They are large and morphologically
diverse group of unique photosynthetic organisms of great importance
because of their very long existence for well over 3.5 billion years and
cosmopolitan distribution in terrestrial, freshwater and marine habitats. As a
basic research tool, they are largely known to provide critical insights into the
origin of life, photosynthesis, nitrogen fixation and primary metabolism.

On account of their immense applied biotechnological potentials, they
are being explored widely. Recently, cyanobacteria have gained significance
as sources of wholesome food materials, fixed atmospheric nitrogen, natural
colourants, bioplastics, biofuels, fine chemicals, bioactive substances,
common and fine chemicals like lipids, pigments, enzymes, polysaccharides,
glycerol and other novel biologically active compounds. Active research in the
field of cyanobacterial biotechnology has opened up vast opportunities,
whereby, these microbes could be used for eliminating human sufferings.

The importance of cyanobacteria in aquaculture is not surprising as
they are the natural food source and feed additive in the commercial rearing
of many aquatic animals (Aaronson et al., 1980; De La Noue and De Pauw,
1988). Although several alternatives for algae such as yeasts and
microencapsulated feeds exist, (Jones et al., 1987; Nell, 1993; Heras et al,,
1994; Nell et al., 1996), live cyahobacteria are still the best and the preferred
food source (Benemann et al., 1987).

Cyanobacteria not only act as essential food sources, but also play a
role in enhancing the quality of the animal species cultured (Borowitzka,
1997). Recent research in natural products of cyanobacteria has made
significant advances in aquaculture and they have been shown to produce a
variety of compounds and some of them have been proved to possess
biological activity of potential medicinal value (Kumar et al, 2003). They
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deserve special attention due to their antioxidant potential as they constitute
significant amount of carotenoids, phycocyanin, vitamin A, vitamin C,
flavanoids and phenolic compounds (Miki, 1991; Ho, 1992; Miranda et al.,
1998; Bhat and Madyasta, 2000) which are able to scavenge highly reactive
free radicals that cause tissue damage (Halliwell and Gutteridge, 1985).

General features of cyanobacteria

Cyanobacteria are Gram-negative prokaryotes as they lack internal
organelles, a discrete nucleus and the histone proteins associated with
eukaryotic chromosomes. Like all eubacteria, their cell wall contains
peptidoglycan (Stanier, 1988; Weckesser and Jurgens, 1988; Castenholz and
Waterbury, 1989). Studies of metabolic similarities and ribosomal RNA
sequence suggest that cyanobacteria form a good monophyletic taxon. The
autotrophic cyanobacteria were once classified as ‘bjue green algae” because
of their superficial resemblance to eukaryotic green algae. With the advent of
electron microscopy and several other sophisticated instruments and
techniques, it was realized that the so called ‘blue-green algae’ are really
Gram-negative bacteria in their cell structure and chemistry, but form a
connecting link with algae because of their pigment composition and
photosynthetic mechanism. They have an elaborate and highly organized
system of internal membranes which function in photosynthésis. Chlorophyll-a
and several accessory pigments (phycoerythrin and phycocyanin) are
embedded in these photosynthetic lamellae, the analogs of the eukaryotic
thylakoid membrane (Rippka et al, 1979). These photosynthetic pigments
impart a rainbow of possible colours; yellow, red, violet, green, deep blue and

blue-green to the cyanobacteria.

In all, about 150 genera and 2000 species of cyanobacteria have been
reported so far (Fott, 1971). Traditional systematics of blue green algae is
mainly based on cytomorphological and to a lesser degree, on ecological
characteristics (McGuire, 1984; Campbell and Golubic, 1985). Cyanobacteria
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may - be single-celled or colonial. Depending upon the species and
environmental conditions, colonies may form filaments, sheets or even hollow

balls.

Cyanobacteria are composed of two broad morphological categories of
thallus organization:
i. Nonfilamentous forms or coccoid and palmellate forms,

ii. Filamentous forms with a characteristic trichome.

The trichome usually includes vegetative cells, heterocyst and akinetes.
Vegetative cells are the normal, photosynthetic cells formed under favourable
conditions. The photosynthetic vegetative cells fix carbon dioxide through the
reductive pentose phosphate pathway and provide fixed carbon in the form of
carbohydrate. The photosynthetic apparatus of cyanobacteria is very similar
to plants producing oxygen through photosystem Il. Akinetes or resting
spores are very large cells, thick walled and have accumulated food reserves
in the form of cyanophycin granules, which may form under unfavourable
conditions (Whitton, 1987). Heterocysts are thick-walled cells, differentiated
by the strains in conditions of nitrogen starvation, having the ability to fix
nitrogen, that is to convert nitrogen gas from the air to ammonia (NHj3), nitrites
(NOz) or nitrates (NO3;), which can then be used for the synthesis of
aminoacids, proteins and other nitrogen compounds in the neighbouring cells
(Kumar, 1985; Stahl and Krumbein, 1985; Van Baalen, 1987; Gallon and
Chaplin, 1989). They protect the nitrogen?se complex from oxygen damage

since these enzymes are highly sensitive to oxygen.

Cyanobacteria show wide ecological tolerance and they occur in
almost every conceivable habitat on earth (Hof and Fremy, 1933,
Desikachary, 1959; Van Baalen, 1962; Fogg et al., 1973; Carr and Whitton,
1982; Gallon, 1992; Paerl and Millie, 1996). They are found naturally as
planktonic forms in both freshwater and marine ecosystems and also as
gelatinous. mat like growth on shaded soil, rocks, mud, wood and some living
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organisms. Cyanobacteria produce the compounds responsible for ‘earthy’
odours we detect in soil and some bodies of water.

Several species of cyanobacteria grow in abundant quantities so as to
colour the entire body of water and in some cases these are caused by a
single species. Such growths are called ‘Water blooms’. Trichodesmium
erythraeum and Trichodesmium thiebautii are known to form water blooms for
more than a century in the Indian Ocean, Bay of Bengal, and the Arabian Sea.

Cyanobacteria have been tremendously important in shaping the
course of evolution and ec_olégical change throughout the earth’s history. The
oxygen atmosphere that we depend on was generated by numerous
cyanobacteria photosynthesizing during the Archaen and proterozoic era.

Study sites

Cochin backwater system is the longest estuarine system on the south
west coast of India, which forms a permanent part of Vembanadu Lake. It has
all the characteristics of a tropical positive estuary. It includes a system of
interconnected lagoons, bays and swamps penetrating the mainland and
enclosing many islands in between. It extends between Thanneermukkam
bund at the south and Azhikode at the north  (9°30-10°12'N and 76°10'-
76°29°E) and extends over an estimated length of ~60kms and an area of
~21,050 ha. The Cochin backwater system is connected to the Arabian Sea
through a permanent opening, the Cochin Barmouth, which is about 450m
wide. Here, the depth is maintained by dredging as this opening is used for
navigational activities. The Barmouth is also responsible for the tidal flux of
the Cochin backwater system and is the only source of seawater intrusion into
the estuary. Tides are of semidiurnal type, showing substantial range and
time. The average tidal range near the mouth of the estuary is ~0.9m.
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Two major rivers discharge freshwater into the estuarine system, the
Periyar flows into the northern parts and Moovattupuzha into the southern
parts of the estuary. Several industrial units are situated on both sides of the
river Periyar and on the southern bank of the river Moovattupuzha; the
effluents from these factories cause poliution of the estuary. The saline water
intrusion to the southern part of the estuary is regulated by Thanneermukkam
bund, a salt-water barrier commissioned in 1975, which is opened during

monsoon. Cochin is the major port on the south west coast of India

Significance of the study

Cyanobacteria have assumed great significance in biotechnology. The
basic and fundamental requirement for initiating cyanobacterial biotechnology
is to first enumerate the available natural cyanobacterial wealth and to
understand their ecobiological properties. Therefore, it is necessary that a
detailed survey of the surrounding habitats are made, to identify the available
cyanobacterial species and subsequently to isolate, purify and establish a
culture collection which could be used for further studies.

Of the total estimated area of 510 million sq. km of the earth, about
70.68 per cent is occupied by oceans. Of the total photosynthetic productivity
of 5565.2 billion tons dry weight/ year of the earth only 35.4 per cent is
contributed by the oceans. Therefore, the new age into which we are moving
is not only the age of the atom, the electron and the space, it is also the new
age of the sea. India is bestowed with an Exclusive Economic Zone (EEZ)
extending to 2.02 million km? (Kesava Das and Desai, 1988). Therefore, It is
pertinent to make earnest attempts to study the ocean surrounding the

country for the resource potential.

Cyanobacteria, till recently in the oblivion uncared and unrecognized,
have shot into fame and popularity. They inhabit various types of marine

environments such as oceans, estuarine salt lakes, inland saline lakes, salt
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marshes and hypersaline salt-pans (Fogg et al., 19T73). Now scientists have
started realizing the scope available to harness the marine forms and to make
them perform tasks in varied areas (Mitsui, 1980a and 1980b; Venkataraman
and Kaushik, 1980; Venkataraman and Becker, 1985; Sivonen et al., 1989;
Subramanian, 1991; Prabaharan 1992). Aquatic ecosystem in the south west
coast of India is noted for its diversity of habitats.\Very often, these
environments turn blue-green when the bloom of blue-green algae

(cyanobacteria) appear consequent to eutrophication.

So far, there has been no systematic survey of the blue-green algae of
Cochin estuary. This work is the first of its kind, surveying a continuous
stretch of the estuary. Studies on cyanobacteria of Cochin estuary is expected
to provide a wealth of information that is not only academically rewarding, but
also very useful in planning mass cultivation strategies oriented towards the

biotechnological exploitation of these organisms.

Growth and productivity of cyanobacteria depend on the hydrographic
parameters of the particular environment (Gopinathan et al., 2001), and since
the hydrographic parameters such as temperature, salinity, light intensity,
dissolved oxygen and nutrients vary from place to place and season to
season, frequent monitoring of these parameters are highly essential.
Moreover, no report supporting the cyanobacterial distribution and abundance
in Cochin estuary with respect to physico-chemical parameters have been

obtained so far.

Aquaculture, in countries like India, has received a great fillip in recent
years and the demand for fish feed has suddenly skyrocketed. It has,
therefore, become necessary to look for inexpensive, and yet nutritionally
efficient feed. Hence, it is essential to turn towards natural sources such as
microalgae, especially cyanobacteria, as these are the biological starting
points of energy flow through the most important aquatic food cRin.
Microalgae are not only important as food source but, together with bacteria,
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they regulate the oxygen and CO, balance in the aquaculture systems
(Pruder, 1983).

Microalgae in general, and cyanobacteria in particular, prove to be the
best natural feed for aquaculture and the best supplements in other animal
husbandry programmes (Brown and Farmer, 1994). The biochemical
composition of the algae plays an important role in their nutritional value and
is crucial to the growth and development of the animals cultured.
Cyanobacteria are usually non-pathogenic and have high nutritive value, rich
in carbohydrates, proteins, lipids, minerals and vitamins (Cannell, 1989).

The untapped potential of cyanobacteria for their scientific exploitation
has been realized only in recent years. It needs an extensive screening, which
is expected to result in the discovery of better cyanobacterial strains of
immense industrial interest. The acquisition of fundamental knowledge of
these versatile organisms is necessary for further progress. Evaluation of their
physiological as well as biochemical characteristics lead to the selection of
more prospective strains. It is, therefore, very essential to prepare an
excellent database by determining the biochemical composition of
cyanobacteria which can be used as a potential food source.

Antioxidants are usually used as additives in the food industry to
prevent lipid peroxidation (Yen and Chang, 2003). Although _synthetic
antioxidants are widely appli-ed in food processing, they have been
reassessed for their possible toxic and carcinogenic compon.ents formed
during their degradation. On account of these health hazards, natural
antioxidants are preferred to synthetic forms. Natural antioxidants are usually
more expensive and inferior in effect, however finding out safer, more
effective and low-cost natural antioxidants is highly desirable. Microbes have
been shown to be a potential source for the production of natural antioxidants
(Larson, 1988). Karni et al., 1984 and Sukenik et al., 1993 suggested that
cyanobacterial cells have protective antioxidant compounds and possess an
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excellent antioxidant defence system. Therefore, screening and selection of
cyanobacteria with high antioxidant property and formuiation of fish feed by
incorporating live cyanobacteria as a source of natural antioxidant compounds
would be of great achievement in aquaculture development.

In view of the great biotechnological potential of cyanobacteria and the
abundance of their biomass in the marine environment of the world in general,
and the Indian subcontinent in particular, an extensive study has been carried
out on their qualitative and quantitative distribution along Cochin estuary and
on their biochemical composition and antioxidant potential so as to find the
possibility of using them as nutritional supplements for application in
aquaculture systems. The main objectives of the present study are listed as

follows: -

(i) Determination of qualitative and quantitative distribution of

cyanobacteria in Cochin estuary

v

(i)  Assessment of the physico-chemical parameters and nutrients of the

study sites

(i)  Evaluation of the effect of physico-chemical parameters on
cyanobacterial distribution and abundance

(iv)  lIsolation, identification and culturing of cyanobacteria.

(V) Estimation of the biochemical composition and productivity of

cyanobacteria.

(viy Testing the efficacy of the selected species of cyanobacteria as
sources of antioxidants against ethanol induced lipid peroxidation in
Tilapia, Oreochromis mossambicus (Peters).
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The thesis is presented in seven chapters. Chapter 1 gives a general
introduction to the topic. Identification, purification and culturing of
cyanobacteria isolated from Cochin estuary and a qualitative analysis of their
distribution in the study area are presented in Chapter 2. The third chapter
deals with the quantitative distribution of cyanobacteria along Cochin estuary
and determination of community structure with respect to cyanobacterial
species count. Investigation on the wvariation of prime hydrographical
parameters at the study sites is presénted in Chapter 4. Chapter 5 deals with
the effect of physico—chemical parameters and nutrients on cyanobacterial
growth and distribution in Cochin estuary. The sixth chapter highlights the
optimisation of culture conditions for obtaining high cell yield and evaluation of
biochemical characteristics of cyanobacteria leading to the selection of more
prospective strains in aquaculture. Assessment of the efﬁéacy of whole cell
cyanobacteria as source of antioxidants in vitro as well as in vivo is depicted
in chapter 7, which is followed by summary, list of references cited and

appendices.
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2.1 Introduction

Cyanobacteria comprise a unique group of organisms whose
distribution around the world is rivalled only by bacteria. About 20 percent of
all known cyanobacteria occur in saline environments and a majority of them
are truly marine (Desikachary, 1959) and form an important class of marine
vegetation (Van Baalen, 1961). They inhabit various types of marine habitats
such as oceans, estuaries, salfne backwaters, estuarine salt lakes, inland
saline lakes, salt marshes and hyper saline salt-pans (Fogg et al., 1973).

There have been a number of sporadic and casual reports on the
occurrence of cyanobacteria in the marine environment of India such as
planktons of Indian Ocean by Cleve (1901), Cyanobacterial flora from the salt
lakes of Calcutta by Biswas (1926) and Trichodesmium from Kurusadai Island
by lyengar (1927). But these reports aré not comprehensive and are limited to
certain areas and species only. There are other reports such as occurrence of
ten species of cyanobacteria from seawater near Bombay by Ramachandran
(1982), 17 species of seven genera from Madras coast by Anand and
Venkatesan (1985) 25 taxa from Madras and South Arcot District by Anand et
al. (1986), 67 taxa from various saline habitats of West Bengal by Santra et al.
(1988) and 163 species from southern east coast of India by Thajuddin and
Subramanian (1991 and 1992).

Eventhough only a very few studies have been carried out in India,
several reports are available on the cyanobacterial flora of saline
environments from different parts of the world such as American coast
(Zaneveld, 1972), saline waters in Chad area (Oah, 1973), Southern Baffin
Island (Moore, 1974), Gulf of Baabo (Pulz, 1975) Coast of Chille (Gonzalez
and Para, 1975), marine coastal environments of Sinai Peninsula (Potts,
1980) South eastern coast of United States (Marshal, 1981) and Red sea
coast of Saudi Arabia (Khoja, 1987).

Chapter.2- Seasonal and spatial distribution of cyanobacteria in Cochin estuary: Qualitative analysis
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There are a number of similar reports with lesser number of species
from different parts of the world (Hof and Fremy, 1933; Umezaki, 1961;
Stewart and Pugh, 1963; Webber, 1967; Whitton, 1968; Petrov, 1974,
Halferin, 1974; John and Lawson, 1977; Ralph, 1977; Sage and Sullivan,
1978, Basson, 1979; McCarthy and Carpenter, 1979; Aleem, 1978 and 1980).

Thajuddin and Subramanian (1990) and Thajuddin (1991) made a
modest attempt to understand certain aspects of ecobiology of natural marine
cyanobacterial population in Gulf of Mannar region of the Indian coast
(southern east coast) especially in Mandapam — Rameswaram — Kurusadai
Island region. Very little is known about the floristic wealth,of cyanobacteria
from south west coast of India. Information on various aspects of algal
plankton and their role in the productivity of Cochin estuary is available from
the studies of George, 1958; Qasim et al, 1969 and 1972a; Gopinathan,
1972; Joseph and Pillai, 1975; Sreekumar and Joseph, 1995. But only a very
few attempts have been made, so far, to understand the cyanobacterial flora
of Cochin estuary. Studies on cyanobacteria from the marine, freshwater and
estuarine environments of Cochin, their isolation and maintenance were done
by Newby, (2002). Ten species of cyanobacteria were reported from Cochin
estuary in this study. However, there has been so far, no systematic survey of
the blue green algae of the south west coast of India. Therefore, in the
present study, a detailed survey of the Cochin estuary has been made to
understand the species diversity of the available cyanobacteria.

Blue green algal taxonomy, in recent years, has been a subject that
aroused considerable disagreement among phycologists. The fundamental
difference in the cellular organization of cyanophyceans and other algae,
however, led to the taxonomical treatment of blue green algae as a separate
class or division (Fritsch, 1952). Intensive investigation on cultures of blue
green algae for the morphological features as well as for their physiological
characteristics were suggested, for evolving a better system of classification
by designating reference cultures. The bacterial features, which are typically

Chapter.2- Seasonal arid spatial distribution of cyanobacteria in Cochin estuary: Qualitative analysis
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possessed by cyanobacteria, make a classification based upon the principles
of the International Code of Nomenclature of Bacteria (1975) suitable. They
are accordingly placed within the group ‘eubacteria’ in the phylogenetic
taxonomy, distinct and apart from the archaeobacteria and eukaryotes.

Cyanobacteria exhibit remarkable physiological, morphological and
ecological adaptations to the marine environment (Fbgg, 1982).
Morphologically and functionally diverse cyanobacterial taxa. are found in
planktonic and benthic estuarine habitats. The systematics of cyanophyceans
should be based upon the information incorporated from both field studies and
laboratory techniques. Choice of a suitable medium that would support normal
growth of the organism without bringing in morphological changes is of prime
importance in the study of the taxonomy of blue green algae in culture. It is
very difficult to isolate planktonic cyanobacteria and to obtain them in axenic
cultures. The main causes of these difficulties are: (i) these organisms will not
usually grow on solidified media; (ii) they prefer high carbonate media; (iii)
they will not withstand exposure to the moderately high temperatures (35°C).
Accordingly, a number of alternative methods for selection and culture have
been developed to obtain axenic, cloned cultures of these organisms such as
serial dilution, subculturing, filtration (Meffert, 1972), centrifugation (SCOR
working group, 1974), application of antibiotics or antibacterial agents to
remove contaminating heterotrophie bacteria (Carmichael and Gorham, 1974)
etc. Considerable success has been achieved with Germanium dioxide in
controlling diatom growth, whic.h sometimes outnumber cyanobacteria (Lewin,
1966). Progress in the study of taxonomic problems, will largely be dependent
on the use of these methods of culture and their successful modifications.

In the present study, an attempt has been made to determine the
distribution and abundance of cyanobacteria in the Cochin estuary and the
nearshore waters. Subsequently, they were isolated, purified and maintained
as pure cultures in the laboratory with a view to understanding their
physiological and biochemical characterisation.

Chapter.2- Seasonal and spatial distribution of cyancbacteria in Cochin estuary: Qualitative analysis
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2. 2 Materials and Methods

2.2.1 Sampling sites

Ten stations from Cochin Estuary were selected for the study. The

details of the sampling sites are presented in Table 2.1 and Fig 2.1 (PLATE1).

Table 2.1 Details of the sampling sites

.

Position Depth | ~ .
SI.No.| Stations Description
Latitude Longitude {m)
1 [Eloor 10523'N | 7617 '49'E | 5.3 |Industrial Belt
2 |Varapuzha | 104'30'N | 7616 48'E | 3.9 [Industrial Belt
3 o o Disposal of domestic
Vaduthala [1012°13°N 7615'9°E 1.5
wastes
o . Inland navigation and other
4 Bolghaty 958'52°'N | 7615'50'E | 3.5 ) )
tourism operations
5 |Barmouth 958" 26'N | 7614 39°'E | 4.6 |Cochin Harbour entrance
Mattanchery | , . _. . The fishing and processing
6 956'47°'N | 7615°'52°'E | 3.3 . i
Harbour unit operations
7 [Thevara 955'35'N | 7617'53'E | 2.1 [Sewage outfall
Edakochi 954'33'N | 7617'35'E | 1.4 |Domestic sewage outfall
Kannamali | 952'7.5°N |7615 47.9'E| —- [Seashore area
10 |Puduvaippu | 959 26.1°'N | 7614’ 84'E| - IMangrove area

Out of the ten stations, Eloor (Stn.1), Varapuzha (Stn.2), and
Vaduthala (Stn.3) recorded salinity near zero and hence considered as

freshwater regions whereas the next five stations such as Bolghatty (Stn.4),
Barmouth (Stn.5), Mattanchery (Stn.6), Thevara (Stn.7) and Edakochi (Stn.8)
are considered as saline regions as they recorded salinity above 30 ppt. The

o" station, Kannamali was selected as the seashore station where salinity

was in the range of 25 — 37 ppt throughout the year. Puduvaippu, which was

selected as the 10™ station of this study was one of the mangrove areas in

Cochin. At present, this mangrove vegetation consists primarily of Avicennia,

Chapter.2- Seasonal and spatial distribution of cyanobacteria in Cochin estuary: Qualitative anialysis
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Fig 2.1 Map showing study sites
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which is growing gregariously on the western side with Rhizophora and
Bruguiera recording occasional growth.

2.2.2 Sampling Procedures and Processing.

In order to evaluate seasonal variation in species diversity and
distribution, monthly collection of water and sediment samples from Cochin
backwaters and nearshore areas were conducted from April 2002 to March
2003. In the second year of the study (April 2003 to March 2004), sampling
was held bimonthly.

Water samples were collected using Niskin water sampler and
transferred aseptically to sterile bottles and transported to laboratory. For
isolation and culturing of cyanobacteria the samples were inoculated in the
enrichment medium, Allen and Nelson (1910). Germanium dioxide was used
in the nutrient medium to inhibit the growth of diatoms. The cultures were
incubated at 25°C with an illumination of 2000 lux for 30 days. The cultures
were observed under the light microscope (400x magnification) and
morphological characteristics of the species were carefully studied.

2.2.3 Preparation of media

Composition of Allen and Nelson (1910) medium

Ingredients Quantity
Solution - A KNO; 22g
Distilled Water 100 ml
Solution -B Na,HPO, 49
CaCl, 44
FeCl, 2g
Conc.HCI 2ml
Distilled water 80 ml

Chapter.2- Seasonal and spatial distribution of cyanobacteria in Cochin estuary: Qualitative analysis
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Solution A and solution B were prepared separately. 2ml solution A and 1ml
solution B were added to 1000ml seawater, pH adjusted to 7 and autoclaved.

1)

2.2.4 Purification of 'Cyanobacteria

Often initial isolations of cyanobacteria from the natural environment
may give rise to mixed cultures. Therefore, it is essential to purify the
individual types of cyanobacteria from mixture. Several methods were
employed for purification of cyanobacteria depending on the degree of
contamination. They are: pipette method, centrifugation or washing method,
the method by exploiting the phototactic movement, agar plating method,
serial dilution techniques and antibiotic treatment. Addition of Germanium
dioxide (GeQ,) was effective to inhibit the growth of diatoms. Filamentous
cyanobacteria were difficult to maintain in pure cultures. However, the cultures

were made pure by repeated and frequent subculturing in liquid medium.
2.2.5 Identification

Although cyanophyceans are polymorphic and vary in morphology
depending on environmental conditions, a morphological approach is fully
justified as a taxonomic treatment from practical point of view. (Skulberg et al,
1993). They include attributes such as cell width, cell length, cell shape
(terminal cell and calyptra), indentation, heterocysts, akinetes (position in
trichomes) etc. Cytological data used for the description of the species
comprise microscopically visible cellular inclusions. The most prominent
structures are glycogen granules, lipid globules, cyanophycin granules and
polyphosphate bodies (van den Hoek, 1978). Gas vacuoles give the strongly
refractive appearance to the cells of some planktonic cyanophyceans under
light microscope.

Chapter.2- Seasonal and spatial distribution of cyanobacteria in Cochin estuary: Qualitative analysis
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Identification keys

Several comprehensive manuals and reference books are available to
guide proper identification of the cyanophyceans. ldentification was done
based on their morphology as per the methods of Desikachary, 1959; Fogg,
1975; Burlew, 1976; Kinne, 1976; Staley et al., 1989; Skulberg et al., 1993;
Golubic and Browne, 1996. The properties to be tested during the
identification are presented in keys or diagnostic tables.

A provisional key to the common genera of cyanophyceans (Skulberg et
al., 1993)

I. Unicellular or colonial, reproduction by binary fission
A. Cell shape coccoid or ellipsoid, forming aggregates
1. Cells elongate, dividing lengthwise ............... ...... Coelosphaerium
2. Cells egg shaped or heart shaped, division in three planes

......... Gomphosphaeria
3. Cells coccoid, division in two or three planes ... ............ Microcystis
4. Cells elongate, division in one planeonly ...... ...... Synechococcus
5. Cells coccoid, division in one planeonly ................. Synechocystis

B. Cells rod shaped or elongate, in short chains
1. Cells short rods with rounded or squarish ends ..... Pseudanabaena

Il. Multicellular, forming filaments
A. Trichomes with non-differentiated cells, reproduction by fragmentation
(hormogonia)
a. Filaments single or in loose masses, sheath usually not present

1. Trichomes more or less straight, end cell distinctly marked

........... Oscillatoria
2. Trichomes in bundles (marine) ......... .. ............. ... Trichodesmium
b. Filaments single or in loose masses, sheath present
1. Trichomes manyinasheath............ ........................... Schizothrix

Chapter.2- Seasonal and spatial distribution of cyanobacteria in Cochin estuary: Qualitative analysis
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2.
3.

Trichomes single in firm sheath ............ ............... ........Lyngbya
Trichomes single in mucilaginous sheath ...... ............ Phormidium

B. Trichomes with heterocysts, reproduction by fragmentation (hormogonia)

and akinetes

1.

Heterocysts generally terminal on the trichomes, a single akinete
adjoining ......... coeeiies veveiieeeeeeeeieees eeene . CYlindrospermopsis
Heterocysts generally intercalary, cells and heterocysts cylindrical,
end cells elongated, filaments in flake-like colonies
weeenr. Aphanizomenon
Heterocysts generally intercalary, vegetative cells homogenous,
filaments flexuous and contorted, developing in gelatinous colonies
............ Nostoc
Heterocysts generally intercalary, cells spherical or longer than
wide, filaments separate or in tangled masses ...... ....... Anabaena
Heterocysts intercalary, trichomes more than one in a sheath
cers--.... Hormothamnion
Heterocysts intercalary, cells and heterocysts compressed (discoid)
................. Nodularia
Heterocysts basely, akinetes next to the heterocyst, colonies

spherical or hemispherical..............cc.cooiiiii i Gloeotrichia

2.3 Results

2.3.1 Distribution pattern

In the present study, a total number of 75 species of cyanobacteria

from 24 genera belonging to 7 families and 4 orders of the class

cyanophyceae were recorded of which, 31 were unicellular colonial forms, 43

nonheterocystous filamentous forms and two were heterocystous filamentous

forms. The photographs of various species of cyanobacteria under 400x

Chapter.2- Seasonal and spatial distribution of cyanobacteria in Cochin estuary: Qualitative analysis
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magnification is given in plates 2 to 8. The seasonal and spatial distribution of
cyanobacteria in the ten selected stations is given in Table 2.2 and Fig. 2.2.

Fig. 2.2 Seasonal and spatial variation in species

50 -

Species No.

Stations

% - Pre-monsoon —{l~monsoon = post-monsoon

Cyanobacteria from Cochin estuary belonged to the following genera :
Aphanocapsa, Aphanothece, Chroococcus, Coelosphaerium,
Dactylococcopsis, Eucapsis, Gloeocapsa, Gloeothece, Microcystis,
Synechococcus, Synechocystis, Johannesbaptistia, Chlorogloeoa,
Dermocarpa, Myxosarcina, Spirulina, Arthrospira, Oscillatoria, Phormidium,
Lyngbya, Anabaena, Pseudanabaena, Plectonema and Tolypothrix. Among
these, Oscillatoria was represented by maximum number of species; 19
species were observed in this genera followed by Phormidium, represented
by 13 species and then by Gloeocapsa, by 7 species, Lyngbya, by 6 species,
Chroococcus, by 5 species Aphanocapsa, Aphanothece, Gloeothece,
Microcystis, Synechococcus and Synechocystis by 2 species and others by a
single species.
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Table 2.2. Seasonal and spatial distribution of Cyanobacteria

Sln Cyanobacteria Stations
0. 2 3 4 5 6 7 8 9 110
Phylum : Cyanophyta

Class : Cyanophyceae Sachs

Order : Chroococcales Wettsein

Family : Chroococcaceae Nageli

Aphanocapsa brunnea Nag.

* &

Aphanocapsa littoralis Hansgirg

Aphanothece castagnei (Breb.) Rabenh.

Aphanothece nidulans Richter,P.

Chroococcus coharens (Breb.) Nag.

Chroococcus montanus Hansgirg

Chroococcus turgidus (Kutz.) Nag.

Chroococus tenax (Kirchn.) Hieron.

Chroococcus minutus (Kutz.) Nag.

Coelosphaerium dubium Grunow

juwd b= V-1 £ 03 B = EUU) I EURY FNCY B

Dactylococcopsis raphidioides Hansg.

o

Eucapsis minuta Fritsch

()

Gloeocapsa compacta Kutz,

=

Gloeocapsa crepidinum Thuret

wn

Gloeocapsa dermochroa Nag.

—
(=%

Gloeocapsa gelatinosa Kutz.

—_
-

Gloeocapsa livida (Carm.) Kutz,

o0

Gloeocapsa quaternata (Breb.) Kutz.

o

Gloeocapsa atrata (Turp.) Kutz.

=]
(=]

Gloeothece rhodochlamys Skuja

%]
—

Gloeothece rupestris (Lyngb.) Bomet

g
[S]

Microcystis orissica West, W.

[
(%)

Microcystis stagnalis Lemm.

[l
P

Synechococcus cedrorum Sauvageau

[ )
wn

Synechococcus elongatus Nag.

(]
(=Y

Synechocystis aquatilis Sauv.

27 |\Synechocystis salina wislouch

Family : Entophysalidaceae

28 | Johannesbaptistia pellucida (Dickie) Taylor et Drouet

29 |Chlorogloea fritschii Mitra

Order : Chaemosiphonales

Family : Dermocarpaceae

30 [Dermocarpa olivaceae (Reinsch) Tilden

Order : Pleurocapsales

Family : Pleurocapsaceae

31 |Myxosarcina burmensis Skuja

Order : Nostocales

Family : Oscillatoriacea

32 |Spirulina labyrinthiformis (Menegh.) Gomont

313 |Arthrospira tenuis Bruhl et Biswas

34 |Oscillatoria accuminata Gomont

35 |Oscillatoria angustissima W. et G.S.West

36 |Oscillatoria acuta Bruhl et Biswas, orth. Mut. Geitler




Table 2.2 Cntd.

5l.ng Cyanobacteria Stations
2 5 6 8 9 | 10

37 |Oscillatoria amoena (Kutz.) Gomont *
38 [Oscillatoria|cortiana Meneghini ex Gomont ' :

39 |Oscillatoria jasorvensis Vouk. * *

40 |Oscillatoria foreaui Fremy * i i *
41 |Oscillatoria fremyii De Toni, J. e e el i e Rl
42 |Oscillatoria kuetzingiana Nag. *

43 |Oscillatoria laete-virens (Crouan) Gomont Var. minimus Biswas * * *

44 |Oscillatoria limnetica Lemm. *

45 |Oscillatoria minnesotensis Tilden * R . >
46 |Oscillatoria pseudogeminata G. Schmid e i i D el
47 |Oscillatoria proteus Skuja * *

48 |Oscillatoria salina Biswas . *

49 |Oscillatoria subtillissima Kutz. e e i R
50 {Oscillatoria tenuis Ag. ex Gomont *

51 \Oscillatoria vizagapatensis Rao, C.B. * -
52 |Oscillatoria willei Gardner em. Drouet . e e i R e
53 |Phormidium abronema Skuja

54 \Phormidium angustissimum W. et G.S.West. N .

55 |Phormidium bohneri Schmidle e e * .
56 {Phormidium corium (Ag.) Gomont * e . *
57 |Phormidium dimorphum Lemm. * * * * *
58 |Phormidium foveolarum (Mont.) Gomont * e ' *
59 |Phormidium jadinianum Gomont * .
60 |\Phormidium lucidum Kutzing ex Gomont

61 |Phormidium molle (Kutz.) Gomont * * * i -
62 [Phormidium mucicola Hub.-Pestalozzi et Naumann i *

63 |Phormidium purpurescens (Kutz.) Gomont * * * * i
64 |Phormidium tenue (Menegh.) Gomont e i el i R e
65 |Phormidium valderianum (Delp.) Gomont e e i e
66 |Lyngbya aerugineo-coerulea (Kutz.) Gomont . *

67 |Lyngbya cryptovaginata Schkorbatow .

68 |Lyngbya martensiana Menegh. ex Gomont o ]t * .
69 |Lyngbya nordgardhii Wille * * * .
70 |Lyngbya putealis Mont. ex Gomont *

71 |Lyngbya semiplena (C.Ag.) J.Ag. ex Gomont e * * * .

Family : Nostocaceae

72

| 4nabaena khannae Skuja

73

Pseudanabaena schmidlei Jaag. O f.robusta Skuja

x x

Family : Scytonemataceae

74

Plectonema nostocorum Bornet ex Gomont

75

Tolypothrix tenuis (Kutz.) Johs. Schmidt em.

* Presence in premonsoon season
* Presence in monsoon season
* Presence in postmonsoon season




Aphanocapsa littoralis Aphanothece castagnei

Light microscopic photographs (400 X) of cyanobacteria isolated from Cochin estuary
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Chroococcus tenax Gloeocapsa crepidinum
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Gloeocapsa quaternata

Gloeocapsa gelatinosa Gloeothece rupestris

Light microscopic photographs (400 X) of cyanobacteria isolated from Cochin estuary
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Oscillatoria fremyii

Oscillatoria laete-virens minimus Oscillatoria minnesotensis

Light microscopic photographs (400 X) of cyanobacteria isolated from Cochin estuary
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Oscillatoria tenuis

Oscillatoria pseudogeminata Oscillatoria amoena

Oscillatoria willei Oscillatoria kuetzingiana

Light microscopic photographs (400 X) of cyanobacteria isolated from Cochin estuary
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Oscillatoria foreaui Oscillatoria salina

Oscillatoria acuminata
Phormidium bohneri Phormidium angustissimum

Light microscopic photographs (400 X) of cyanobacteria isolated from Cochin estuary
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Phormidium tenue Phormidium valderianum

Phormidium mucosum Phormidium molle

Phormidium abronema Phormidium foveolarum

Light microscopic photographs (400 X) of cyanobacteria isolated from Cochin estuary
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Tolypothrix tenuis

Light microscopic photographs (400 X) of cyanobacteria isolated from Cochin estuary
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Predominant species

The species of cyanobacteria found widely distributed all over the study
area are considered as versatile species. Chroococcus turgidus, C. tenax,
Synechococcus elongatus, Synechocystis salina, Oscillatoria foreauii, O.
fremyii, O. pseudogeminata, O. subtillissima, O. willei, Phormidium
purpurescens and P. tenue were observed in all the ten stations at least once.
Out of these, Synechocystis salina and Oscillatoria subtillissima were present
in all the stations in pre-monsoon; Synechococcus elongatus, Synechocystis
salina and Oscillatoria subtillissima in monsoon and Synechooccus elongatus

and Oscillatoria subtillissima in the post-monsoon period.

Heterocystous forms

When compared to the unicellular and non-heterocystous filamentous
forms, the heterocystous forms were very low in numbers. Out of the total 75
species obtained from the study sites, only two were heterocystous;
Anabaena khannae from Nostocaceae family and Tolypothrix tenuis from
Scytonemataceae family.

2.3.1.1 Seasonal distribution

Cyanobacteria showed considerable seasonal variations in their
distribution (Table 2.2 and Fig. 2.3). Maximum number of species was found
in pre-monsoon season. In all, 69 species of cyanobacteria belonging to 21
genera were reported in the pre-monsoon; 56 species belonging to 23 genera
and 50 species from 17 genera in the monsoon and post-monsoon season
respectively. Eucapsis minuta was found only in the post-monsoon season
whereas, Dermocarpa olivacea, Oscillatoria culcuttensis and Lyngbya putealis
only in monsoon and Chroococcus coharens, Gloeothece rhodochlamys,
Oscillatoria acuta, O. cortiana, O. limnetica, O. tenuis and Phormidium
abronema only in pre-monsoon season. Gloeocapsa dermochroa and
Anabaena khannae could not be observed in any of the stations in the pre-
monsoon period, whereas, Aphanocapsa brunnea, Gloeocapsa Sp.

Oscillatoria accuminata, O. kuetzingiana, Phormidium angustissima,
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Phormidium dimorphum, Lyngbya aerugineo, and Lyngbya nordgardhii were
absent in the monsoon season and Aphanocapsa littoralis, Aphanothece
castagnei, Aphanothece nidulans, Chroococcus minutus, Myxosarcina
burmensis, Dactylococcopsis raphidioides, Spirulina labyrinthiformis,
Oscillatoria  deflexa, Oscillatoria vizagapatensis, Oscillatoria  salina,
Oscillatoria  schultzii, Phormidium jadinianum, Phormidium lucidum,
Pseudanabaena schmidlei and Plectonema nostocorum were completely
absent from the study area in the post-monsoon season.

Fig 2.3 Seasonal variation in species and genera

80 -

Number

seasons
Species No. B Genera No.

2.3.1.2 Spatial distribution

Among the 10 stations studied, maximum number of species was
recorded from station 6 (Mattanchery) and minimum in station 9 (Kannamali)
(Table 2.2 and Fig. 2.4). A total number of 45 species belonging to 17 genera
were obtained from station 1 (Eloor). Similarly, 47 species of 18 genera from
station 2 (Varapuzha) and station 3 (Vaduthala), 44 species of 16 genera from
station 4 (Bolghatty), 50 species of 15 genera from station 5 (Barmouth), 54
species of 20 genera from station 6, 52 species of 19 genera from station 7
(Thevara), 49 species of 18 genera from station 8 (Edakochi), 14 species of 8
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genera from station 9 (Kannamali) and 46 species of 17 genera from station
10 (Puduvaippu) were observed through out the study period from April 2001
to March 2003.

Fig 2.4 Spatial variation in species and genera

Stations
B Species No. # Genera No.

Gloeothece rhodochlamys could be found only in fresh water. The
species was present in station 1 (Eloor) in pre-monsoon season. The species
obtained only from saline environment were Aphanocapsa littoralis,
Chroococcus coharens, Eucapsis min_uta, Gloeocapsa dermochroa,
Dermocarpa olivaceae, Oscillatoria laete-virens, Oscillatoria limnetica,
Oscillatoria schultzii, Oscillatoria tenuis, Phormidium abronema, Phormidium
jadinianum, Phormidium mucicola, Lyngbya cryptovaginata, Lyngbya putealis
and Tolypothrix tenuis. Spirulina labyrinthiformis, Oscillatoria acuta and
Oscillatoria amoena were observed only in mangrove water samples.

The number of cyanobacterial species present in the seashore region
was very less when compared to other stations. Only 14 species from 8
genera were recorded from the seashore station throughout the period.
Synechococcus elongatus, Synechocystis salina, Oscillatoria fremyii and
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Oscillatoria subtillissima were obtained from this site in all the seasons, where
as Gloeocapsa dermochroa, Microcystis stagnalis, Oscillatoria willei and

Phormidium purpurescence were observed only in monsoon season.

2.4 Discussion

The annual net primary production by phytoplankton from the oceans
of the world amounts to 15-18 x 10°t of carbon (Koblentz-Mishke et al., 1970).
The study of seasonal and spatial variation of planktonic cyanobacteria, forms
a fundamental aspect in their ecology. Odate et al, (1989) studied the
distribution of cyanobacteria and other picophytoplankton in the western North
Pacific Ocean. They found that cyanobacteria were the most abundant forms

in the surface of subtropical water.

The remarkable adaptability of cyanobacteria to various habitats is,
well known (Hof and Fremy, 1933, Desikachary, 1959; Van Baalen, 1962;
Fogg et al, 1973; Carr and Whitton, 1982). There are reports proving that
cyanobacteria could grow in salinities ranging from 0-99% (Prabaharan,
1988). Despite the fact that this group of photosynthetic prokaryotes is
structurally simple, it is physiologically diverse and well adapted to
environmentally extreme conditions, especially nutrient deprivation and
excesses (Paerl, 1999). The cyanobacteria have developed an array of
biochemical and ecological mechanisms to access the limiting nutrients; the
foremost is the ability of numerous genera to fix atmospheric nitrogen. They
have also exploited anthropogenic alterations of coastal environments
causing eutrophication.

The present investigation shows that Cochin estuary is endowed with
morphologically diverse group of cyanobacterial forms. Most of the species
had shown wide salinity tolerance, as they were found distributed in almost all
the stations and in all the seasons. Therefore, It was difficuit to strictly

segregate most of the species into exactly saline and freshwater species as
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can be done with other algal forms. In all, 75 species of cyanobacteria from 24
genera were obtained from the study sites. The family Oscillatoriaceae was
represented by maximum number of species (40 species) and in all the
sampling stations, nonheterocystous filamentous forms dominated, whereas,
only two heterocystous forms could be observed throughout the study period.
On an analysis of seasonal variation it was noted that maximum number of
cyanobacteria occurred during pre-monsoon season. Pre-monsoon period
characterized by high temperature and light intensity, supported maximum
growth of cyanobacteria. All the stations exhibited almost a similar pattern of
cyanobacterial distribution. About 44 to 54 species were observed except in
station 9, i.e., the seashore region that was significantly different from other
sites. Only 14 species were obtained from here, which shows that low
nutrients and sandy substratum are not much favourable for cyanobacterial
growth.

Similar reports on cyanobacterial distribution are available from
different parts of India. Laloraya and Mitra (1973) studied the cyanobacteria in
the paddy fields of India and identified 122 forms belonging to different
families. Prasad and Khanna (1986) explored the cyanophycean flora of
Sikkim and 24 species belonging to the family Oscillatoriaceae were recorded
of which 14 species belonged to Oscillatoria, two to Phormidium, six to
Lyngbya and one each to the genus Spirulina and Microcoleus. Anand et al.,
(1986) made an attempt to study the blue green algae occurring in estuaries,
backwaters and salt marshes of South India. A total number of 25 taxa were
recorded of which four were unicellular or colonial forms, 19 were
nonheterocystous filamentous forms and two were heterocystous filamentous
forms. In the present study also, the distribution pattern showed that
nonheterocystous filamentous forms dominated in all the sampling sites. In
general, saline habitats harboured more of nonheterocystous filamentous
forms than unicellular or heterocystous filamentous forms. Similar
observations were made by lyengar and Desikachary, 1944 , and Anand and
Venkatesan, 1985.
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Thajuddin and Subramanian (1992) studied the cyanobacterial fiora of
the east coast of india and found that the distribution of cyanobacteria
depends upon the habitat. They have reported 130 species, of which 26 were
categorized as constant species, 37 as seasonal species and the rest were
rare species. Heterocystous forms were observed to be less in number in
comparison to nonheterocystous forms. They observed that the shore in the
Bay of Bengal region was essentially sandy and, therefore, there were only 11
species of cyanobacteria. The same observation could be made in the
present investigation also. In station 9 (Kannamaly), the coastal area,
cyanobacterial distribution was very poor and this might be attributed to the
occurrence of sandy shore, rough waves, and absence of nutrient-rich muddy
substratum at this site. When compared to the unicellular and non
heterocystous filamentous forms, the heterocystous forms were very poor in
numbers in the east coast of India and this might be due to the high levels of
combined nitrogen in the sea (Thajuddin and Subramanian, 1990). Similar
observation could be made in the present study also.

The study of cyanobacteria of Cochin estuary has been quite rewarding
not only in giving some idea of the diversity and occurrence of cyanobacteria
in the area but also in providing an opportunity to understand their distribution,
abundance and versatility. A profound cyanobacterial culture collection has
also been established in the laboratory.

A wide variety of morphological, physiological and biotic survival and
opportunistic competitive strategies can be found in this phylum. As such,
cyanobacteria have been able to take advantage of natural (geological,
climaticy and man-induced (eutrophication) environmental change in the
world's oceans. Growth, numerical dominance and bloom dynamics are
controlled by the complex interplay of nutritional, physical and biotic factors
characterizing the world’s estuarine, coastal and open ocean habitats.
Cyanobacteria are particularly adept in exploiting physically and chemically
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‘extreme” but “stable” environments, such as highly-stratified, excessively-
ifluminated, nutrient-deprived or nutrient-enriched surface waters, tropical and
polar hypersaline ponds, sulfidic benthic environments and unique biotic
associations.

As human influences and perturbations such as climate change,
nutrient enrichment, stoichiometric imbalances and xenobiotic pollutant
discharge continue to encroach the coastal zone and beyond, there are
reasons to believe that cyanobacterial dominance will increase in stressed
waters. In part, the opportunistic “behaviour” typifying cyanobacteria can be
attributed to a long evolutionary history that has endowed this group with
remarkable survival and adaptational qualities. As human environmental
influence on the world's ocean increases, so will the biogeochemical and
trophic roles of cyanobacteria. In many ways, cyanobacteria are the proverbial
‘canary in the mine’ indicator of environmental change, except instead of
dying, this indicator may well benefit from such a change.
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3.1 Introduction

Cyanobacteria are significant as well as dominant contributors to
estuarine, coastal and open ocean primary production and fixed nitrogen
inputs (Paerl, 1999). They are well recognized as major component of
biomass in all aquatic ecosystems. Morphologically and functionally diverse
cyanobacterial taxa are found in planktonic and benthic habitats. The high
diversity and broad geographic distribution of cyanobacteria are attributed to a
long evolutionary history, dating back to the Precambrian, about 2 billion
years ago, when the earth underwent the transition from anoxic to oxic
atmosphere conditions (Cloud, 1976; Knoll, 1979; Schopf and Walter, 1982;
Schopf, 1992). This geochemical transition was initiated by cyanobacteria
themselves, being the first oxygenic phototrophs to inhabit the planet (Schopf
and Walter, 1982).

The routine biological monitoring of various habitats for cyanobacteria
has generally been treated as separate problem in environmental studies.
Changes in the concentration of cells with location and time are monitored.
Usually, estimations of population densities have been done directly on
preserved water samples. The two basic methods used were settling
techniques (Lund, 1959), or the membrane filter procedure (APHA, 1998).
However, viability was not assessed with either of these two methods. The
most probable number (MPN) technique described by McCurdy and Hodgson
(1973) allows the enumeration of viable cyanobacteria in natural populations
based on standard microbiological techniques. Cyanobacteria are typically
identified and enumerated under microscope using a calibrated counting
chamber and generally reported as cells per millilitre (Lasett et al., 1997).

One of the requirements for proficient enumeration of cyanobacteria is
the development and implementation of reliable sampling techniques (Lawton
et al, 1999). The samples that have been collected should be preserved
immediately at the sampling site by the addition of acidified Lugol's solution
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(Vollenweider, 1969; Lawton et al., 1999). Water quality in an unpreserved
sample will be altered within hours, and grazing zooplankton can reduce
cyanobacterial numbers (Hotzel and Croome, 1998). These changes may
consequently reduce the accuracy of the count. The iodine in the solution not
only preserves the cyanobacterial cells in the sample, but also increases their
specific weight. This, in turn, facilitates the sedimentation process that is
commonly used in the concentration of cyanobacteria in water samples.
lodine can also stain these organisms (Shaw and Smith, 2000). This, of
course, presupposes familiarity with freshwater cyanobacteria, because loss
of structural detail may occur (Lund et al., 1958). The break-up of filaments
and colonies during processing is often unavoidable (Hotzel and Croome,
1998).

Only very high concentration of natural cyanobacteria could be
enumerated directly. Therefore, the samples usually need to be concentrated
before enumeration and then the identification is performed (SCOR Working
Group, 1974). The three most common methods employed for sample
concentration are sedimentation, centrifugation and membrane filtration
(SCOR Working Group, 1974; Hotzel, 1998; APHA, 1998). Sedimentation is
the benchmark method of phytoplankton concentration, which is nonselective
and nondestructive.

The Sedgwick - Raﬁe( (S-R) chamber with a standard compound
microscope can be used for cyanobacterial enumeration and identification.
The S-R chamber consists of a 20mm X 50mm microscope slide, with a grid
floor consisting of 1000 fields and a raised well, capable of holding 1 ml
sample (Hotzel, 1998). The number of fields examined depends upon the
cyanobacterial density of the sample and upon the level of accuracy required
(Shaw and Smith, 2000). A minimum of 30 fields must be counted to ensure
that 90-95 % of the cyanobacterial species present within the S-R chamber
are detected (McAlice 1971; Hotzel, 1998).
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The cells within each trichome should be counted (or estimated),
wherever possible, in case of flamentous cyanobacteria. Some species form
large colonies so that only an estimate of cells per colony could be made,
unless the colonies are dispersed and individual cells are counted. Traditional
techniques for the identification of cyanobacteria have relied primarily on
morphological characteristics observed under the microscope. The
morphology of cyanobacteria may change depending on environmental
conditions and the phase of growth of the organism (Lu et al, 1997
Murayama-kayano ef al, 1998). This morphological variation may lead to
difficulty and errors in cyanobacterial identification (Murayama-kayano et al.,
1998). Current developments in cyanobacterial enumeration and identification
are molecular techniques and flow cytometry (Shaw and Smith, 2000).

This chapter deals with identification and quantification of
cyanobacteria present in Cochin estuary. The addition of the preservative,
iodine, and further processing of sample may distort the actual structure of
cyanobacterial cells. Hence, it was very difficult to identify them at species
level. However, an attempt has been made to identify and enumerate the
cyanobacteria at species level and the community structure of cyanobacteria

was studied.

Sanders (1968) established a fundamental relation between species
diversity and nature of the environment. Since then, ecologists started
assessing species diversity aé a powerful tool in community studies. Four
different terms of diversity indices with different ecological importance were
used. They were richness, evenness, diversity and dominance indices. The
richness (Margalefs index) is used to estimate the total number of species
observed in a given area. It is a straightforward count of the number of
species. More the number of species in the sample from a particular site, the
greater will be the richness. The term evenness expresses how evenly the
individuals are distributed among the different species. High evenness occurs,
when the species present are virtually in equal abundance, which is
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conventionally equated with high diversity. The less numerically equal the
species are, the less diverse the sample is or, conversely, the greater
dominance in the fauna (Sanders, 1968). Dominance is the relative
occurrence of one or few species with others. The dominant one will have
high relative occurrence. The term diversity is used for the number of species
per number of individuals. The highest species diversity is possible when only
one individual represents every species and the lowest diversity possible is
when community consists of only one species (Soetaert and Heip, 1990).
Diversity measurements of cyanobacteria are often more informative than
their counts alone because they take into account two factors, richness and

evenness.

Hierarchial clustering and Multidimensional scaling (MDS) start
explicitly from a triangular matrix of similarity coefficients computed between
every pair of samples. In former case, representation of the communities for
each sample is by a dendrogram. The coefficient is usually some simple
algebraic measure of how close the abundance levels are for each site and
defined such that 100% represents total similarity and 0%, complete
dissimilarity. The latter method attempts to place the samples on a *map’,
usually in two dimensions, in such a way that the rank order of the distances
between samples on the map exactly agrees with the rank order of the
matching (dis) similarities.

3.2 Materials and Methods -

3.2.1 Sampling

Details of sampling sites and the methods used for sampling are
presented in section 2.2 of chapter 2. Surface and bottom water samples
were collected using Niskin water sampler. From station 9 and 10, only
surface water was collected.
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3.2.2 Preservation of samples

Samples were preserved at the sampling site by the addition of
acidified Lugol's solution (Shaw and Smith, 2000). Acidified Lugol's solution
was made by dissolving 20g potassium iodide and 10g iodine crystals in 200
ml distilled water containing 20 ml glacial acetic acid (Vollenweider, 1969;
Lasett et al., 1997).

3.2.3 Sample concentration technique

Samples were concentrated by sedimentation using a measuring
cylinder (Shaw and Smith, 2000). The cylinder was filled with the preserved
sample without forming a vortex and kept vibration-free at 20°C for 3 days.
After sedimentation, 90% of top volume was carefully siphoned off without
disturbing the sedimented cyanobacteria. The remainder of the sample was
taken for identification and enumeration.

3.2.4 Enumeration

The enumeration of cyanobacterial cells was carried out using
Sedgewick-Rafter chamber and identified at 400X magnification by using a
phase contrast microscope. In case of flamentous bacteria, the cells within
each trichome were counted. The final result, expressed as cells per millilitre
was calculated as;

Cellsperml = Number of cells counted x 1000

Sample concentration factor x No. of fields examined

3.2,5 ldentification

Identification of cyanobacteria at species level was done as explained
in section 2.2.4.
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3.2.6 Data analysis

The data set was treated with various univariate and multivariate
analyses of PRIMER-5 (Plymouth Routines in Multivariate Ecological
Research) for community structure study. Diversity indices such as Margalef's
index (species richness-d), Pielou’s index (species evenness-J’), Shannon
index (species diversity-H’) and Simpson'’s index (species dominance-A’) were
estimated. Multivariate analysis was performed on taxa by station data matrix,
following the approach of Clarke (1993) and Clarke and Warwick (1994). Q-
mode (site similarity) analysis using the Bray-Curtis similarity measure was
applied to species-abundance data to group the samples with similar
community composition or ecological conditions, as described by Clarke and
Warwick (1994). The stations were plotted on a 2-dimensional map by non-
metric multidimensional scaling (MDS) ordination based on the similarity
matrix.

3.3 Results

3.3.1 Distribution pattern

3.3.1.1 Seasonal and spatial variation

The study showed that pre-monsoon season was characterized by high
level of organisms, whereas, cell count was very low in monsoon season.
Monthly variation in total cell count is given in Table 3.1a and 3.1b (Appendix
1) and seasonal variation is shown in Fig 3.1 & 3.2. Table 3.2 (Appendix 1)
shows the abundance of each genus of cyanobacteria in various seasons for
both surface and bottom samples. Total cell count was high at station 10
(Puduvaippu) and ranged between 1163 — 2080 cells/mi, Whereas, it was very
less in station 9, where the range was 81 - 315 cells/ml only. Cyanobacterial
count in the samples from industrially polluted areas such as Eloor (stn.1),
Vaduthala (stn.2), Varapuzha (stn.3) and Aroor (stn.8) was low (295 - 495
cells/ml) when compared to other backwater stations. Higher saline areas
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such as Barmouth (station 5), Mattanchery (station 6) and Thevara (station 7)
demonstrated higher cyanobacterial count (525 — 825 cells/ml).

Fig. 3.1 Seasonal variation in cyanobacterial count at various stations
-~ Surface water
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Fig. 3.2 Seasonal variation in cyanobacterial count at various stations
- Bottom water
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3.3.1.2 Vertical variation

Cell count
The average cell count in the surface and bottom samples at station 1

is 445 and 384 celis/ml respectively, whereas, that in other stations are as
foliows (values for surface and bottom samples are given in brackets); station-
2 (296/251), station-3 (359/407), station-4 (525/456), station-5 (703/544),
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station-6 (655/564), station-7 (825/616), station-8 (495/531). In general,
cyanobacteria were more in surface water. However, stations 3 (Vaduthala),
7 (Thevara) and 8 (Aroor) which are comparatively shallow regions with an
average depth of 1.4 to 2.1 m, bottom water was having slightly elevated

levels of cell count.

Generic Composition

Generic composition of cyanobacteria in surface and bottom water is

shown in Fig 3.3 and Fig 3.4.

and their as source of antioxidants

Fig 3.3 Generic composition — Surface water
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Totally, 24 genera were recorded from the study sites. The most
abundant genus in the surface water was Oscillatoria whereas, in bottom
water, the predominant form was Synechocystis. Other major forms include
Phormidium, Synechococcus, Gloeocapsa, Johannesbaptistia, Chroococcus
and Lyngbya. In surface samples, 25% was from Oscillatoria and 19% from
Phormidium followed by Synechocystis (16%), Synechococcus (13%),
Gloeocapsa (9%), Chroococcus (7%), Lyngbya (3%) and Johannesbaptistia
(1%), while 7% was represented by “others” which include Aphanocapsa,
Aphanothece, Coelosphaerium, Dactylococcopsis, Eucapsis, Gloeothece,
Microcystis, Chlorogloeoa, Dermocarpa, Myxosarcina, Spirulina, Arthrospira,
Anabaena and Pseudanabaena. In bottom samples, 19% was from genus
Synechocystis followed by Oscillatoria (18%), Synechococcus (16%),
Phormidium (14%), Gloeocapsa (14%), Chroococcus (8%), Lyngbya (2%) and
Johannesbaptistia (1%). The group “others” represented 8%. The filamentous
cyanobacteria were predominant in the surface water, whereas, unicellular
forms were the major forms in bottom water.

3.3.2 Community structure

Table 3.3 (Appendix 1) gives the value of richness index, evenness
index, diversity index and dominance index for all the stations in various
seasons.

3.3.2.1 Species richness

Margalef's richness index (d) was estimated for each station during
various seasons (Fig.3.5). It was found that in pre-monsoon season, the
values varied from 1.1 (station 9) to 5.7 (station 5) with mean value of 4.5. All
stations except station 9 showed richness 2 4.0 and stations 3,5,6,7 and 8
had values 2 5.0. Station 10 had comparatively less index (4.0). In monsoon,
the range was 1.6 (station 9) to 6.5 (station 8) with an average of 4.4 and in
post-monsoon season the values ranged between 1.0 (station 9) and 5.3
(station 3) with a mean value of 3.9. The result obtained in these seasons was
in the same pattern as that of pre-monsoon season.
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3.3.2.2 Species evenness

Pielous evenness index (J)) for samples from all the ten stations in
various seasons was determined (Fig. 3.6). It was found that in pre-monsoon
season, the J' values varied from 0.9 (station 6) to 0.96 (station 9) with an
average of 0.91. In monsoon, the index varied from 0.91 (station 10) to 0.961
(station 4) with a mean value of 0.94 and in post-monsoon season, the values
ranged between 0.91 (station 7) and 0.97 (station 3) with an average of 0.937.

3.3.2.3 Species diversity

Shannon index or diversity index (H) in pre-monsoon season, varied
from 2.68 (station 9) to 4.91 (station 5) with an average of 4.52 (Fig.3.7). All
the stations except station 9 showed H value greater than 4.5. In monsoon,
the index varied from 3.1 (station 9) to 4.9 (station 7) with an average of 4.5.
In post-monsoon season, the values ranged between 2.6 (station 9) and 4.9
(station 3) with an average of 4.3 and all the stations except station 9 showed
H’ value 2 4.0. Station 10 has shown comparatively less diversity index (3.9).

3.3.2.4 Species dominance

Simpson’s index or species dominance (1) was determined for various
seasons (Fig 3.8). In pre-monsoon season, the values varied from 0.04
(station 6) to 0.16 (station 9). The mean index value was 0.06. Station 9
recorded very high A value whereas, all other stations showed less than 0.06.
In monsoon, it varied from 0.04 (station 1) to 0.13 (station 8) with a mean
value of 0.06 (station 10). All other stations except station 8 showed very low
A value, less than 0.06. In post-monsoon season, the values ranged between
0.04 (station 3) and 0.17 (station 9) with an average of 0.07.

3.3.2,5 Similarity index and cluster analysis

The results of the comparison of the community at the species level
using cluster analysis is based upon the Bray — Curtis index of similarity and
group dendrogram which are given in Fig 3.9 and Table 3.4 (Appendix 1).
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Fig. 3.5 Richness index
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Fig 3.9 Dendrogram for hierarchial clustering with respect to cyanobacteria
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Fig 3.10 MDS ordination of the community in various seasons
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In pre-monsoon season, similarity index ranged between 27.2
(between station 3 & 9) and 71.71 (between station 1 & 4). Station 9
exhibited very less similarity (< 37%) with all the other estuarine sites. Similar
results were observed in monsoon and post-monsoon season also. The
maximum similarity in monsoon season was between stations 4 & 7 (76.61%)

whereas, in post-monsoon season, it was between station 6 & 7 (83.42 %).

From the dendrogram (Fig 3.9) it is clear that all the stations, except
station 9 and 10, could be grouped together. Station 10 was slightly dissimilar
to the major group. But station 9 was distinctly apart from all other stations.

The result was same for all the seasons.

3.3.2.6 Multidimensional scaling (MDS)

In the present study, the ordinations depicted from similarity matrix
revealed the same patterns as seen in the cluster analysis (Fig 3.10). Station
1,2.3,45,6,7,8 and 10 were similar as they were closely placed in the plot
even though station 10 was slightly distant from others. Station 9 was

significantly isolated from all other stations

3.4 Discussion
3.4.1 Distribution pattern

3.4.1.1 Spatial variation

The spatial distribution of cyanobacteria showed that mangrove
environment (station 10) supported abundant quantity of cyanobacteria where
the total cell count ranged between 1163 and 2080 cells/ml with an average
count of 1630 cells/ml. The probable reasors that could be attributed to this
are the organic rich muddy substratum, relatively stagnant shallow water
conditions, sheltered nature (hence reduced water movement), high
phosphate  content and optimum saline conditions (15-30ppt)
(Ramachandran, 1982). All these factors ensure a good growth of these forms

Chapter.3- Seasonal and spatial distribution of cyanobacteria in Cochin estuary; Quantitative analysis
36



Ecological and biochemical studies on cyanobacteria of Cochin estuary and their application as source of antioxidants

here. Mangrove station chosen for the study was characterized by high
content of phosphate due to domestic sewage disposal and application of
fertilizer in the nearby cultivation farms, which would also contribute to the
high cell number. Previous workers also have reported the dominance of
cyanobacteria in other mangrove regions (Ramachandran, 1982; Thajuddin
and Subramanian, 1992). The members of the family Oscillatoriaceae were
the dominant flora in these habitats (Thajuddin and Subramanian, 1992).
Wood (1965) attributed the abundance of cyanobacteria in mangrove areas to
the presence of anaerobic mud. He also showed rapid growth of marine
cyanobacteria in media with low redox potentials. The decomposition of
organic matter in the mangrove environment promotes bacterial production of
hydrogen sulfide, resulting in a reducing environment. Stewart and Pearson
(1970) showed that trace amount of sulfide and the associated reducing
conditions were favourable for growth and nitrogen fixing activity of
cyanobacteria.

Total cell count was very low in the coastal area, ranged between 81
cells/ml in June’02 and 315 cells/ml in May'03 with an average count of 196
cells/ml. This may be because of sandy shore, rough waves, and scarcity of
nutrients in the water. In a similar study, Thajuddin and Subramanian (1992)
reported the distribution of cyanobacterial flora in different shores in the
southern east coast of India such as the shores of the Bay of Bengal region,
those of the Palk Strait region, Gulf of Mannar region, Mandapam, Kurusadai
Island and Cape Comorin. This study also revealed that in the case of sandy
shores, the cyanobacterial population was very poor due to the rough tides,
absence of substratum, low nutrient content of water etc.

As per the present investigation, average cyanobacterial counts in
other backwater stations ranged between 296 cells/ml (station-2) to 825
cells/ml (station-7). Backwater and mangrove ecosystems showed high
population of cyanobacteria when compared to seashore station, probably
because, these habitats remain undisturbed for relatively long periods,
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particularly these systems are protected from severe wave action. The saline
areas such as stations 5, 6 and 7 were having elevated cell count, which
shows that cell count was more in saline waters when compared to fresh

water regions.

3.4.1.2 Seasonal variation

The average cyanobacterial concentration for pre-monsoon, monsoon,
and post-monsoon seasons in the estuary were 732, 523 and 583 celis/mi
respectively. Cell count was maximum during pre-monsoon season. The
reduction of cell count during monsoon season might be due to the dilution of
water body with land runoff.

3.4.1.3 Vertical variation

In general, cyanobacteria were more in surface water, where there is
enough sunlight for photosynthesis. Light is the source of energy, which
enables photosynthesis. The quantity and quality of the ambient light has a
great influence on the growth, distribution and productivity of cyanobacteria.
Siightly elevated levels of cyanobacteria, observed in the bottom of shallow
regions such as stations 3, 7 & 8 of average depth of 1.4m to 2.1m might be
due to the sufficient light availability at the bottom. The dominance of
flamentous cyanobacteria in the surface waters could be due to the
phototactic movement exhibited by them since the filamentous forms have a
tendency to accumulate at the surface level (Desikachary, 1959; Walsby,
1972). Out of 24 genera obtained, Oscillatoria, Synechocystis, Phormidium,
Synechococcus and Gloeocapsa were the dominant flora in the estuary.

3.4.2 Community structure

When community structure based on cyanobacteria was taken in to
consideration using PRIMER & analysis, not much seasonal variation in
diversity index could be observed. But, spatial variation was prominent at
station 9, which is located at the seashore site and was significantly different
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from all the other sampling sites. Eventhough the total cell count was very
high in station 10 (mangrove station), the diversity indices were almost similar
to that of other sites except station 9. This is because of the fact that index
value is not only based on the total number of cells obtained, but also the
number of species observed in that site. The number of species present in
station 10 was less, but the number of individuals in each species was of high
value. That is why the richness/Margalef's index, which explains the total
number of species, was comparatively low at this station. High species
richness and species diversity of cyanobacteria were observed at station 5,
whereas, low species richness and diversity were noticed at station 9. Vallet
and Dauvin (1998) attributed the high species richness and species diversity
to the more stable physical condition. In both cluster analysis and
multidimensional scaling maps, all the stations except station 9 were clustered
together. So it was confirmed that station 9, which is the seashore area, was
significantly dissimilar to other backwater sites with respect to cyanobacterial

community.

When direct counting methods were used, resuspended sediment
generally obscured the few cyanobacterium present, as the estuarine system
studied was shallow and wind-stirred. Therefore, the order of magnitude of the
real number of species present is uncertain. Moreover, the morphological
variation due to the variant environmental conditions and distortion of cell
shapes by adding preservatives lead to difficulty and errors in cyanobacterial
identification (Murayama-kayano et al, 1998). Hence it is suggested to
employ modified or advanced techniques for the quantitative analysis of
cyanobacteria.
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4.1 Introduction

In natural phytoplankton populations, cyanobacteria are well expected
to make a significant contribution to photosynthesis, i.e. biological productivity
(Morris et al., 1981), which, in turn, is dependent on complex physico-
chemical and biological processes (Gopinathan et al., 2001). Investigations on
phytoplankton, the prime synthesizers of all organic matter, have assumed
great significance the world over as their occurrence and abundance fluctuate
in relation to definite environmental factors and as they serve as an important
and convenient basis for assessing the stock of other organisms.

Considerable information is available on the physico-chemical and
biological characteristics of the Arabian Sea along the west coast of India
(Ramamirtham and Jayaraman, 1963; Patii and Ramamirtham, 1963,
Sharma, 1966; Radhakrishna, 1969; Qasim et al, 1972b; Qasim, 1982;
Bhattathiri and Devassy, 1979; Pant, 1992; Pillai, 1983). Krey and Babernad
(1976) and Sumitra and Krishnakumari (1989) have given a general picture of
the distribution of chlorophylls along the west coast. Balachandran et al.
(1989) studied the distribution and profile of chlorophyll-a in the inshore
waters of Cochin and Laccadive Sea during the monsoon season.

Several physico-chemical and biological investigations have been
carried out in various estuaries of India. Roy (1949, 1955) made a preliminary
study on certain aspects of the physico-chemical characteristics of the
Hooghly estuary, West Bengal. Physico-chemical and biological parameters
of the Chilka Lake, Orissa, were investigated by Devasundaram and Roy
(1954), Ramanandham et al. (1964), Banerjee and Choudhury (1966),
Dehadrai and Bhargava (1972), Parulekar and Dwivedi (1972), Sigbal (1973),
Mohanty (1975) and Varma et al. (1975). Seasonal cycle of nutrients in Goa
estuary was studied by De Sousa et al. (1981). De Sousa and Gupta (1986)
conducted studies on the various hydrographic and biological parameters of
Zuari estuary, Goa and concluded that area at the freshwater end showed
relatively higher oxygen concentration than the areas nearer to the sea.
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Purushothaman and Venugopalan (1972), Vijayalakshmi and Venugopalan
(1973), Krishnamurthy and Sundararaj (1973) and Mohan (2000) investigated
different aspects of the Vellar estuarine ecology. Joseph (1982) observed that
in Vellar estuary temporal variation of biota is largely dependent on the salinity
and to a lesser extent on the ambient water temperature.

Sastry and Chandramohan (1990) studied the physico-chemical
features of Vasishta-Godavari estuary and Gouda and Panigrahy (1992)
investigated the seasonal distribution and behaviour of silicate in the
Rushikulya estuary. Daniels and Boyd (1993) studied nitrogen, phosphorus
and silicate replenishment in backwater and other adjoining water bodies.
Physico-chemical features of Bahuda estuary were investigated by Mishra et
al. (1993). Rao and Sharma (1995) described the temperature and salinity
structure of Gosthani estuary. Prabhadevi et al. (1996) related the water
quality with the benthic fauna of the Kayamkulam backwaters. Das et al.
(1997) studied sediment variation and some physico-chemical parameters in
the Mahanadi estuary. Padma and Periakali (1999) and Padmavathi and
Satyanarayana (1999) made an investigation on physico-chemical factors in
Pulicat and Godavari estuary respectively.

A detailed study of different aspects of hydrography of Cochin estuary
was carried out by Ramamirthém and Jayaraman (1963), Cheriyan (1967),
Qasim and Gopinathan (1969), Sankaranarayanan and Qasim (1969),
Wellershaus (1971), Josanto (1971), Balakrishnan and Shynamma(1976) and
Nair et al. (1993). Variation in salinity and temperature in Cochin estuary was
investigated by Balakrishnan (1957), George (1958), George and
Kartha(1963), Haridas et al. (1973), Joseph and Kurup (1990) and George et
al. (1996). Lakshmanan et al. (1982) studied the hydrological conditions of
Cochin backwaters, which are greatly influenced by seawater intrusion and
influx of river water. Sediment characteristics and its distribution in Cochin
estuary was described by Gopalan et al. (1983) and Saraladevi (1989),
whereas, nutrient distribution was investigated by Murthy and Veerayya
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(1972), Manikoth and Salih (1974), Lakshmanan et al. (1987) and Anirudhan
and Nambisan (1990). Distribution and seasonal variation of phytoplankton
was studied by Gopinathan (1972), Joseph and Pillai (1975) and Kumaran
and Rao (1975). Arun (2002) compared the hydrography of the stations on
either side of Thannermukkom bund in the estuary. Primary production and
fishery potential of the Panangad region in the Cochin estuarine system was
investigated by Renijith et al. (2004).

Studies on phytoplankton conducted on the Indian coasts have usually
been limited to their systematics and/or seasonal occurrence (Menon, 1945;
Subramanian 1946; Chacko, 1950; Prasad, 1954; Prasad and
Ramachandran, 1963; Desikachary and Prema, 1987; Desikachary et al.,
1987). In a few studies, phytoplankton productivity has been correlated with
the prevailing hydrological conditions (Ramamurthy, 1953; Rajagopal, 1981;
Varshney et al,, 1983; Rao and Valsaraj 1984; Verlencar, 1984, Segar and
Hariharan, 1989 and Valsaraj and Rao, 1994). Gopinathan et al. (2001)
studied the distribution of chiorophyll ‘a’ and ‘b’ in the eastern Arabian Sea
(west coast of India) in relation to nutrients during post-monsoon. Studies on
the interrelationships among phytoplankton and the general factors governing
their distribution are scarce with almost no report on specific factors
controlling phytoplankton species succession or distribution in the Indian

waters.

As nutrient load increases, species that can utilize increased nutrients
efficiently take advantage and multiply very rapidly at the expense of the less
efficient species, which eventually are reduced numerically (Valsaraj and Rao,
1999). The ability of cyanobacteria to grow in seawater was presumably
related to a preference for alkaline conditions (Fogg, 1973). Petrov (1974)
observed that the most significant factors, which affect the vertical and
horizontal distribution of benthic forms, were euphotic depth, movement of
water, temperature, chemical composition and grazing. Sanders (1979)
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observed that salinity differences play a major role in deciding the algal
assemblages.

Consistent monitoring of the environment is essential to determine the
quality of water. For the last decade, there have been no detailed
investigations on the physico-chemical characteristics of a continuous stretch
of Cochin estuary and hence detailed studies are called for to fill up the gap in
our knowledge on these aspects. Moreover, no detailed study showing the
cyanobacterial distribution and abundance in Cochin estuary, with respect to
physico-chemical parameters, has been carried out so far. Hence, an attempt
has been made to comprehend the environmental factors that control

cyanobacterial abundance and species succession in Cochin estuary.

4.2 Materials and Methods

Surface and bottom water samples were collected from ten stations of
Cochin estuary for two years, beginning from April 2001, and analyzed for
temperature, salinity, pH, dissolved oxygen, euphotic depth, NO3;-N, NO2-N,
POs-P, SiO;-Si and phytoplankton productivity in terms of chlorophyli-a.
Details of parameters analysed and the methodologies followed in the
analyses are given below (Table 4.1).

Statistical analysis

To study the relationship between parameters, Matrix of Correlation
was constructed for each station. Significant positive correlation implies co-
existence of the two parameters and significant negative correlation implies
lack of co-existence of the two parameters.

In order to determine significant difference, if any, in physico-chemical
parameters between seasons and between stations, the results were
analysed using Two-factor ANOVA by Duncan’s muitiple comparison of the
means using SPSS (Statistical Package for Social Sciences) 10.0 for
windows. Significant differences were indicated at p< 0.05.