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GENERAL INTRODUCTION 

The term fouling is commonly employed to distinguish the 

assemblages of animals and plants which grow on artificial or 

man-made structures from those occurring on rocks, stones and 

other natural objects. All structures such as wood, steel 

aluminium, ferrocement, fibre glass, exhibit settlement of 

marine organisms when they are exposed to sea water. The 

process of fouling is influenced by various geographical and 

hydrobiological factors. Dharmaraj and Nair (1981) stated 

that the composition of the fouling complex exhibit wide 

temporal and regional variations which are governed mainly by 

varying hydrobiological conditions and geographic locations. 

An excellent review of the problem of biofouling has been 

published by Woods Hole Institute, U.S.A. in its "Marine 

Fouling and Its Prevention" (WHOI, 1952) which has been 

updated by Haderlie (1984). 

Ships being the important means of transport deserve 

special attention in the biofouling studies. Some of the 

harmful effects include enhanced fuel consumption, reduction 

in ship speed, blockage of sea-chest and fire fighting 

systems, fouling induced corrosion of the propellers, 

decreased operational range etc. Figures of expenditure 

involved in this problem are breath taking. According to a 

1975 estimate, the U.S. Navy alone has spent $ 150 million 

for the additional fuel to be used to overcome the drag 



caused by hull fouling (Haderlie, 1984). It is also reported 

(Haderlie, 1984) that U.S. Naval ships show an annual 10% 

increase in fuel consumption between dry dockings, because of 

the hull and propeller fouling. Microorganisms involved in 

fouling form a slime layer and induce deterioration of ships. 

Lewthwaite et al (1985) have reported that a slime layer of 1 

mm thickness causes an 80% increase in the skin friction 

together with 15% loss in the ship speed compared with clean 

hull. 

In the thermal power plants, the intake tubes are 

concrete lined pipes which get fouled. Haderlie (1984) 

reports about blocking of these tubes by fouling 

accumulations. Under dead organisms SRB activity may induce 

corrosion. 

Haderlie (1984); Thornhaug and Marcus (1980), suspect 

heavy fouling on OTEC platforms. Macrofouling of the hull, 

cold water pipe and mooring systems may contribute to 

excessive and unpredictable drag (Haderlie, 1984). According 

to Chandler (1985) offshore oil and gas platforms are 

designed to remain for a period of 20-30 years and therefore 

conventional methods such as antifouling paints, drydocking 

etc. cannot be employed. Hence fouling accumulates on them 

(Cox, 1980) Freeman (1977) and Heaf (1981) are of the opinion 

that higher hydrodynamic loading will be induced because of 

alteration in the sectional area and surface characteristics 
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owing to fouling. 	In offshore waters, the 	underwater 

structures are protected by claddings and cathodic 

protection systems. The fouling may contribute to corrosion 

by damaging the protective coating or by reducing the 

efficiency of cathodic protection (De, 1984). Heavy fouling 

can prevent the detection of the defects such as cracks or 

corrosion while safety and structural integrity of the 

platforms are inspected. Another harmful effect is that the 

efficiency of oceanographic instruments and devices is 

reduced in several ways. 

It is logical to suggest that fouling may induce 

corrosion - but there is no consensus as to the direction in 

which fouling influences corrosion. La Que (1972) is of the 

opinion that dense and even growth of fouling organisms acts 

as a protective cover reducing corrosion rates in seawater. 

But others maintain that fouling organisms facilitate 

corrosion process (Kamat, 1986). 

More or less same events occur everywhere when the 

development of marine fouling community proceeds. There is a 

well documented account of succession in the development of a 

marine fouling community. The adsorption of non-living 

material is followed by the atachment and growth of bacteria, 

diatoms and other microorganisms (Floodgate, 1971). 

Sometimes during the succesion, the algal spores and animal 

larvae settle and develop thereby giving rise to a complex 
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fouling community. There is evidence to suggest that this 

fouling sequence is a true ecological succession. Many 

workers such as Scheer, 1945; Aleem, 1957; Ito, 1959; 

Haderlie, 1969, 1974 have reported that development of 

fouling community follows an orderly process in which 

development of later species is dependent on earlier species 

preparing their way. Other workers have found the 

development of fouling communities to be unpredictable and 

have suggested that early arrivals inhibit further 

development (Sutherland, 1974; Osman, 1977; Sutherland and 

Karlson, 1977). 

	

The organisms that constitute the marine 	fouling 

community comprise a large assemblage of more than 4000 

species of animals and plants (Crisp, 1973). Algae 

constitute important members of marine fouling community. 

While describing the composition of primary film in the 

tropical marine waters of Madras, Daniel (1955) has 

identified spores belonging to 14 different algal species as 

components of primary film in addition to diatoms. Further, 

settlement,and metamorphasis of many larval forms of marine 

invertebrates are known to be influenced by crustose 

coralline algae (CCA) (Morse et al 1979, Morse et al 1979, 

Steneck, 1982 Rumrill and Cameron, 1983, Pearce and 

Scheibling, 1988, Johnson et al 1991). It is often assumed 

that inducers associated with CCA are produced by the algae 

(Johnson et al 1991). 
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Algae also are of major concern for shipping industry 

(Fletcher, 1980; Callow, 1986). They attach to the substrate 

by a network of rhizoids (Fletcher, 1976), and are able to 

penetrate into the substratum and paint film (Moss and 

Woodhead, 1970). The morphology of algal rhizoids is 

influenced by the surface relief but there is no evidence to 

suggest that the chemical nature has any effect on algal 

settlement (Hardy and Moss, 1979). Algae are found to settle 

on wide range of both fixed and floating structures causing 

quite a serious economic problems (Fletcher, 1981). In 

addition to their reported dominance on the sides of many of 

larger faster ships (Christie, 1973) they have more recently 

emerged as major contributors of the waterline community on 

the support legs of drilling platforms in the North Sea area 

(Freeman, 1977; Goodman and Ralph, 1979; Ralph and Goodman, 

1979). Although a wide range of algae occur as fouling 

organisms (Fletcher, 1980c), probably the most widely 

reported alga which is especially common at water line on 

ships and other structures (Christie, 1973; Christie et al, 

1975) is Enteromorpha. The conditions like mode of tanker 

operation, short days in port for uptake or discharge of oil 

and gas, routes of tankers from warm tropical waters to 

temperate waters in short time exclude animal fouling. Hence 

Enteromorpha species predominate and constitute a serious 

economic problem (Evans and Christie, 1967). Indeed it was 

primararily against this genus the organotin range of 



antifouling coatings were launched with considerable success 

(Fletcher, 1981). Biebl (1962) and Christie and Shaw (1968) 

have demonstrated the tolerance of Enteromorpha to wide 

extremes of temperature and salinity. The plant shows a 

considerable capacity for regneration on tanker hulls, 

following mechanical underwater scrubbing techniques, basal 

parts of the thallus left behind after such cleaning as well 

as detached pieces were shown by Moss and Marsland (1976) to 

give rise to new thalli in the so called, "bottle-brush" 

formation. 

Although Enteromorpha was eliminated to a large extent 

by the use of organotin antifouling compositions, other algae 

like Ectocarpus (brown, filamentous) and Ulothrix (green, 

filamentous) owing to resistance to organotin compositions 

became major fouling organisms. Copper tolerant populations 

of Ectocarpus siliculosus were found to be associated with 

cuprous oxide in antifouling paints on the hulls of 

oceanographic vessels thereby causing considerable economic 

problems (Ann Hull, 1981). The mechanism of tolerance which 

may operate in copper tolerant populations of Ectocarpus 

siliculosus have been investigated by Hall et al (1979). 

Zongguo et al (1982) studied relationship 	between 

velocity of water and distribution of fouling organisms in 

Dongshan bay. They reported the occurrence of Ulva linza and 

Enteromorpha intestinalis when flow velocities were 2310 m/hr 



and 60 m/hr. According to them, Enteromorpha will go on 

attaching when the flow velocity is as high as 10.7 chains, 

which means that a high speed ship will be attacked even when 

it is moving on at full speed. 

In case of ship's hulls, the 	settlement generally 

occurs when the vessels are stationary, although seaweed 

spores can reportedly settle in water -flows upto 10 knots. 

Spores of smaller macroalgae such as Ectocarpus and 

Enteromorpha may be brought to the vicinity of offshore 

installations by reproductive plants, growing on supply or 

container ships. They may also be source of fouling kelps 

(e.g. Laminaria, Alaria), on the platforms such as those in 

North Sea since it is unlikely that motile spores could reach 

these platforms from coastal populations (Moss et al, 1981). 

However, it is possible that gametophytes (or even young 

sporophytes) may be carried over long distances by water 

currents (Evans, 1988). 

According to Callow et al (1976) diatoms are also the 

important members of marine fouling algal community. 	They 

are recognised as important marine foulers occurring 

regularly on antifouling composition under both test and in 

service situations (Harris, 1946; Hendey, 1951; Crosby and 

Wood, 1959; Bishop et al, 1969; Daniel et al, 1980). Slime 

films on paints are dominated by diatoms intermixed with 

bacteria, blue green algae and dinoflagellate algae etc. All 
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these have the ability to produce mucilage, resulting in a 

semirigid jelly like matrix in which the component organisms 

are embedded. The diatom Achnanthes is frequently the 

dominant member of the slime occurring on organotin 

containing antifouling surfaces which prevents attachment of 

larger algae such as Enteromorpha (Callow et al, 1976). 

Hardy (1981) has reported about the possibility of 

corrosion caused by adhesives, extracellular products, 

chemicals released by organisms which come in contact with 

the surfaces of structures. According to him damaged plants 

of Desmarestia viridis produce free sulphuric acid. The 

sites for storage of sulphuric acid in Desmarestia viridis  

according to Eppley and Bovell (1958) are membrane bound 

vacuoles in the cells of this alga. The studies by Kylin 

(1938) have indicated that an extract of this alga has a pH 

value 1.8. Das and Mishra (1985) conducted study on 

corrosion of .  welded mild steel and stainless steel plates 

immersed in seawater containing algae. They found that 

extent of corrosion damage was found to be greatest in mild 

steel samples. 

Many blue green algae and even some of the larger green 

algae have been reportedly found to contain the hydrogenase 

enzyme system. 	Seaweeds can produce both differential pH 

cells as well as wide range of potentially 	corrosive 

metabolites 	including sulphuric acid and other 	acids. 



Considerable physical disruption can be caused by larger 

organisms. The roots and holdfasts of plants and marine 

algae are known to damage both coatings and the metal itself. 

The production of malate by Desmarestia viridis is a cause of 

concern as this product is used asa substrate for culturing 

sulphate reducing bacteria in laboratory conditions (Hardy, 

1981). In India, many workers studied fouling in Indian 

coastal waters with reference to animal fouling mainly. 

Reports on algal fouling in Indian waters are meagre. 

According to Rao (1989) in India, studies on biofouling are 

restricted to only a few harbours. 

The work on biofouling with special reference to fouling 

algae in Indian waters has been carried out by the following 

workers: Daniel (1953, 1955 a, 1956, 1956a, 1958); Nair et al 

(1953); Mathew and Nair (1981); Nair et al, (1984); Sasikumar 

(1984); Das and Mishra (1985); Chidambaram et al (1989); 

Kelkar (1989); Ramachandra (1989); Rao (1989). 

From the foregoing account it is clear that algae are 

involved in material deterioration. Much work relating to 

algal fouling has been carried out in the temperate regions. 

Aspects like microfouling or primary film formation, 

biological control, action of antifouling paints, algal spore 

morphology, cytochemistry of algal spores, biochemistry of 

adhesion, germination of spores, corrosion, effect of 

environmental factors etc. have been studied by the workers 
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throughout the world. However, in India very litle attention 

has been paid to algal fouling. The present work was 

therefore undertaken in two Indian estuaries namely Waghotana 

estuary and Mandovi estuary to study the temporal, spatial, 

substrate induced variations in the algal and diatom flora. 

Waghotana estuary is reportedly an unpolluted estuary. 

Studies of fouling algae and diatoms were carried out by 

employing experimental panels of two metals (Mild steel, 

aluminium) and two non-metals (fibre glass and glass). 

In Mandovi estuary which is a polluted estuary the 

observations on fouling algae and diatoms were made from the 

stationary objects (concrete ramp, jetty, static barge, a 

scrap ferry boat) and moving objects (launch and ferry boat). 

It is hoped that the work presented in this thesis will be 

useful as a basic work for undertaking further works in the 

field of algal fouling in this area. 
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ENVIRONMENTAL PARAMETERS 

Survival and growth of living organisms depend to a 

great extent on the nature of their surrounding environment. 

All organisms have an inherent ability to tolerate the 

fluctuations in the environment conditions; though the 

tolerance limit varies from one organism to the other (Kinne, 

1970). Unlike planktonic and nektonic organisms, the 

sedentary organisms have to adjust to the conditions existing 

in their immediate vicinity and therefore are highly 

influenced by the surrounding environment. Therefore the 

fouling communities are influenced by the environmental 

parameters considerably. 

The structure and composition of the fouling complex 

exhibit wide temporal and regional variations which are 

governed mainly by varying hydrographical conditions and 

geographical locations (Dharmaraj and Nair, 1981). Zavodnik 

and Igic (1968) pointed out that the quantity and intensity 

of fouling depend on numerous biotic and abiotic factors. 

The significance of seasonal variations of environmental 

conditions on fouling communities have been suggested by many 

workers such as Coe and Allen (1937); McDougall (1943); Cory 

(1967); Hanson and Bell (1976); Osman, (1977); Sutherland and 

Karlson (1977); Dean (1977); Goren (1979); etc. 

Wilkinson 	(1980), 	stated 	that, 	variations 	in 
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temperature, salinity and available light are the most 

probable causes for seasonal changes in estuarine algal 

distribution. Murthy et al (1970) suggested that temperature 

and dissolved oxygen are the most important environmental 

factors influencing algal biomass and primary production. 

Devassy (1983) opined that nutrients are biogenic elements 

and play a major role in the process of primary production. 

Sander (1969), suggested that estuarine environments are 

"physically controlled" communities, where physical 

conditions fluctuate widely. Consequently the phenomenon of 

fouling and the various proceses thereof in an estuarine 

environment need monitoring of enviornmental parameters, so 

as to have proper interpretation of the same. Devassy (1983) 

also suggested that regular monitoring of different 

environmental parameters is an essential prerequisite for the 

proper evaluation of the ecosystem. 

In India, such investigations have been carried out by 

Paul (1942); Daniel (1954); Iyengar et al (1957); Antony Raja 

(1959); Nair (1967); Menon et al (1977); Rao & Ganapati 

(1978), Meenakumari and Nair (1984); Anil (1986) etc. 

The present investigation was carried out in Waghotana 

estuary at Vijaydurg, Maharashtra and in Mandovi estuary at 

Panaji, Goa. Along with the observations on biOlotling 

monitoring of environmental parameters was carried out in an 

effort to correlate the variations found in the settlement to 
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environmental changes. The analytical methods employed are 

described in this chapter. 

In Mandovi estuary water samples were collected at 

fortnightly interval because of easy accessibility. However, 

water samples were collected from Waghotana estuary at 

monthly interval. At both the stations physical and chemical 

parameters such as temperature, salinity total suspended 

matter, pH, dissolved oxygen, transparency, phosphate, 

nitrate, nitrite, chlorophyll a, phaeopigments were analysed 

from the water. In Waghotana estuary, however, an additional 

parameter namely particulate organic carbon (POC) was 

monitored. Collection of water samples was done by using a 

plastic bucket. 

ENVIRONMENTAL PARAMETERS AND METHODOLOGY - TEMPERATURE 

Temperature is the most important single factor as far 

as marine organisms are concerned (Kinne, 1963; Costlow 

and Bookhout, 1971). It, according to Connor (1980) affects 

water density, oxygen and other gas solubility and the 

biological activities of many organisms. Temperature 

apparently is the primary factor regulating the daily timing 

of spore release and the seasonal periods of fertility in 

many species (Christie and Evans, 1962; Santelices, 1978; Rao 

& Kaliaperumal, 1983). 
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Temperature/light 	interactions are the 	factors 

determining timing of maximum algal biomass and diversity 

(Edwards, 1969; Hodgson and Waaland, 1979; Femino & 

Mathieson, 1980; Thom, 1980). 

This parameter is known to affect morphology (Levinton, 

1982), richness and species composition of the community 

(Quaid and Branch, 1984), and species distribution (Lewis, 

1964). 

Devassy (1983) opined that temperature is an important 

factor for determining the abundance and distribution of 

organisms in the higher latitudes but may not necessarily act 

as a controlling factor in tropical environment since the 

fluctuation of temperature in these waters is marginal. 

The effects of temperature on fouling organisms were 

given by Lewis (1963); Southward (1955, 1957, 1958, 1962 and 

1964) and Menon (1972). 

Temperature of surface water was determined immediately 

0 

after water collection by using surface thermometer ( C). 

SALINITY 

Salinity 	is one of the important factors to be 

considered in the marine environmental studies as it changes 

according to seasons as well as depth (Fritsch, 1935; Quasim 

et al,. 1972; Devassy and Bhattathiri, 1974). It is supposed 
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to be the major environmental factor that controls the nature 

of the community (Anil, 1986; Meenakumari and Nair, 1984). 

Distribution of benthic algae according to Munda (1978) 

is controlled chiefly by salinity. Most of the changes in 

species diversity both spatially and temporarily are due to 

intolerance of marine species to low salinity. According to 

Wilkinson (1980), lower salinity affects photosynthetic and 

respiration rates, survival of spores, desication resistance, 

response to light intensity, competitive ability, herbivore 

grazing pressure, cell division rates and reproductive 

capacity. Observations at Cochin (Balsubramanyan and Menon, 

1983; Nair, 1967) have shown that fouling has been the least 

in quality and quantity during the monsoon periods which 

extend from the middle of May to the end of November (South-

west and North-east inclusive) and the cause is reasonably 

attributed to the fall of salinity. Salinity factor is 

relatively important in a country like India, where the two 

prevailing monsoons cause considerable amount of rainfalls 

over the region. Increased salt concentration in water. 

according to McLachlan (1961) has an effect on chlorophyll 

synthesis, respiration, cell division and growth in 

unicellular marine algae. 

Diatoms from the estuaries have the widest adaptibility 

to any change in salinity of the external medium (Williams, 

1964). Estuarine algae are euryhaline. In an estuarine 

4 3 



environment where changes in salinity are very large maximum 

abundance of many organisms occurs at exceptionally low 

salinities. Field studies on horizontal distribution of 

algae in estuaries in relation to salinity (Conover, 1958; 

1964; Druchl, 1967; Nienhuis, 1975; Pomeroy and Stockner, 

1976; Mathieson et al, 1981) are supported by experimental 

results (Norton and South, 1969; Reed and Russel, 1978; 

Khfaji and Norton, 1979; Yarish and Edward, 1982). 

It is generally realised that there is a complex 

relationship between salinity and temperature and changes in 

salinity can modify the effects of temperature and vice versa 

(Kinne, 1963). 

The 	salinity was determined by standard method, 

described by Strickland and Parsons (1968) which involves the 

determination of chlorinity of the sample by Mohr-Knudsen 

titration method. 

DISSOLVED OXYGEN 

Oxygen is indispensable for the maintainance of life 

proceses of all organisms. Raymont (1963) stated that among 

the more common gases that are dissolved in natural waters, 

oxygen is of profound significance since it enters into the 

normal biological cycle. Dissolved oxygen in seawater plays 

a very important role with respect to marine life. Oxygen 

distribution provides a good index of productivity 
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characteristics of various envirnments. Murthy et al (1970) 

observed that periods of maximum accumulation of biomass 

tallied with low temperatures coupled with higher values of 

dissolved oxygen. 

Oxygen concentration at any one moment at any given 

point is the resultant of a series of biological and physical 

factors (Kinne, 1970). According to Sharma (1978) oxygen 

content is controlled to some extent by the stagnation of 

water and biochemical activities such as photosynthesis and 

organic production also influence the oxicity of waters. 

Sverdrup (1942) stated that the requirement of oxygen by 

marine organisms depends upon the temperature of the 

surrounding enviornment. 

The amount of oxygen dissolved in water was determined 

by the Winkler method. 

pH 

Sverdrup et al (1942) have reported that under normal 

circumstances, pH does not become a critical factor in marine 

environment. The sea is alkaline with a pH ranging generally 

from 7.5 to 8.4, though it may be as low as 7.3 (Prescott, 

1969). It is generally considered that algae use free CO in 
2 

photosynthetis but at very high pH i.e. from 9.0 upwards the 

absence of free CO may be an important ecological factor, 
2 

the number of species is reduced at this level although many 



other factors are involved (Round, 1965). 

Changes in pH through photosynthesis may create a 

situation unsuitable for many algae and hence act as 

selector, or determine the domination of some species over 

others (Prescott, 1969). 

Effect of pH on the settlement of the organisms was 

reported by Mor (1968). He reported an intense fouling at a 

pH range of 8.2 - 8.5 and a gradual decline on rise in pH 

values. 

For pH measurements, a Toa (HM-5ES), pH meter was used. 

TRANSPARENCY 

Light of proper quantity and quality for photsyntheis is 

essential for plant survival. The amount and quality of 

light available to plants in the marine environment is 

subject to many variables such as reflection, scattering, 

absorption, the amount of suspended matter, amount of 

turbulence, amount of dissolved matter, latitude (angle of 

incidence), and depth (Prescott, 1969). It has been observed 

that on days when there is choppy water the maximum 

photosynthesis occurs at or just below the surface, whereas 

on calm days the best photosynthetic rate is at five meters 

(Prescott, 1969). Phytoplankton may have an ecologic.il 

advantage over benthic plants in estuarine system because of 
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their ability to photosynthesize in surface layers where more 

light is available (Conor, 1980). 

Nair et al (1973) found that transparency is more 

important than solar radiation which is never a limiting 

factor in the tropical waters. Very high light intensity 

could cause photoinactivation and production rates may be 

affected. Light is a highly critical factor, because of its 

role in photosynthesis. It has secondary importances, such 

as influencing the germination of reproductive elements 

(spores), determining polarity and plane of wall formation in 

cell division; influencing the rate of cell division in some 

forms (Cyanophyta according to some studies); movement in 

Cyanophyta and diatoms etc (Prescott, 1969). Furthermore 

temperature is also influenced by light. 

Secchi disc was employed for determining transparency 

and the readings were recorded in cms. 

SUSPENDED MATTER 

Suspended matter is important as one of the major 

sources of food for the filter feeding sedentary organisms 

like foulers. Work on food value of suspended mater was 

carried out by many workers throughout the world (Riley, 

1970; Qasim and Sankaranarayanan, 1972; Qasim, 1972; Krishna 

Kumari et al, 1978). 
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The waters of estuaries tend to be very turbid, as the 

silt and clay particles in suspension are carried about. The 

middle reaches of estuaries are characterised by very turbid 

waters, with poor light penetration. The presence and 

magnitude of "turbidity maxima" are controlled by a number of 

factors, one of which includes the amount of suspended matter 

in the river or in sea water (Postma, 1967). The suspended 

matter can cause physiological problems in the life of 

fouling organisms by clogging their delicate organs. 

Total suspended matter in the sample was measured by 

0 

first weighing GF/C filter which was heated upto 60 C 

previously. Thereafter, a fixed volume of sample of water 

was filtered using these filter papers. The difference in 

weight of the filter paper gave the amount of suspended 

matter present in water. This was expressed in mg/l. 

CHLOROPHYLL a 

The major source of nutrition of the fouling organisms 

is from the plants in the form of chlorophyll. 	Chlorophyll 

is an indicator of the primary production in the sea. 	Food 

supply is the main factor controlling the biomass and 

productivity of estuarine organisms (Mc-Lusky, 1981). 

Devassy (1983) stated that measurement of the most important 

plant pigment, chl a, gives an indirect estimation of the 

primary production of the area studied. 
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Cholorophyll a was extracted with 90% acetone and 

determined spectrophotometrically (Strickland and Parsons, 

1972). 

PHAEOPIGMENTS 

Phaeopigments being mostly Mg-free decomposition 

products of chlorophylls, are an index of the physiological 

state of the phytoplankton and the concentration is governed 

by the intensity of light (Nakajima, 1973) and grazing 

pressure (Strickland et al, 1969). Devassy (1983) noted that 

phaeopigment concentration increased during the monsoon and 

dissipating stage of blooms and opined that due to high 

turbidity the transformation of chlorophyll into phaeophytin 

may be occurring simultaneously during the monsoon. 

The phaeopigments were extracted with 90% acetone and 

determined spectrophotometrically (Strickland and Parsons, 

1972). 

PARTICULATE ORGANIC CARBON (POC) 

The source of particulate organic carbon can befrom 

detritus load, microorganisms etc. Detritus has been defined 

by Darnell (1967) as "all types of biogenic material in 

various stages of microbial decomposition, which represents a 

potential energy source for consumer species". POC gives the 

total carbon content of the suspended matter present in the 

seawater which is available as the source of energy for the 
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filter feeding organisms (Nandakumar et al, 1987). 

The concentration of POC have been studied by many 

workers all over the world. Some of them are Menzel (1974); 

Wangersky (1976); Qasim (1977); Gordon and Granford (1985); 

Nandakumar et al (1987). 

The values of particulate organic carbon (POC) for 

Waghotana estuary were found out following the method of 

Strickland and Parsons (1972). 

NUTRIENTS 

Rodhe 	(1948) and Blinks (1951) have 	cited 	that 

availability of nutrients is an ecological factor and that 

phosphorus and nitrogen are often limiting. The fertility of 

the sea is determined by the inorganic nutrients such as 

nitrite, nitrate, phosphate. These nutrients are essential 

for the primary producers and therefore, the productivity of 

an area greatly depends on their availability in sufficient 

concentrations. During active photosynthesis the utilization 

of these nutrients goes on at a rapid rate and as a result 

the environment gets depleted of them particularly of 

phosphate and nitrate. Unless and until this is replenished 

with fresh stock of nutients primary production comes to a 

stand-still. However, the process of microbial regeneration 

and the physical processes such as vertical mixing, 



convection and turbulence help the redistribution of 

nutrients into the lighted zone and promote primary 

production. 

Ryan et al (1972) have found that increased levels of 

dissolved nutients can change the aquatic ecosystem by 

stimulating algal growth. Most algae are good consumers of 

N, suggesting that a large quantity of algae will be 

associated with waters high in N content. Brandt (1929) 

pointed out the importance of nutrient salts in governing the 

richness or even barrenness of any locality. Many studies 

have related inputs and enrichment of nitrogen and phosphorus 

compounds to macro-algal blooms (Harlin & Thorn-Miller, 1981; 

Kinding & Littler, 1980; Guist and Humm, 1976; Waite. and 

Mitchell, 1972; Rosenberg, 1985). Qasim (1972) observed 

succession of diatoms in the Cochin backwater and remarked 

that the right combination of nutrients may lead to 

succession in the growth of phytoplankton. 

Venugopalan 	(1987) 	stated 	that 	in 	ecological 

investigations dealing with fouling organisms, a study of the 

distribution of nutrients has to be given due importance as 

they are the ultimate factors which influence the primary and 

thereby the secondary production. Changes in nutrient 

availability and light characteristics have been found to 

influence the availability of food sources of fouling 

communities (Levinton, 1972). 
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PHOSPHATE 

Phosphorus plays an importance role in metabolism and in 

nutrition. Its source is orthophosphates in solution. The 

importance of phosphorus in metabolism and in population 

production is illustrated by increments in phytoplankton 

development following fertilization of lakes. Species of 

algae which are limited in development by availability of 

phosphorus have a high content of enzyme alkaline 

phosphatase. Phosphate deficiency in algae results in the 

accumulation of large amount of fat. 

Allen (1936) stated that the diatoms may be deferred or 

aborted by lack of usable phosphates. Nasr & Aleem (1948) 

found that abundance and scarcity of plankton generally 

correspond with maxima (winter) and minima (summer) of both 

phosphates and nitrates. 

Phosphorus contribution of the estuary is 	largely 

dependent upon external sources such as land drainage and 

freshwater runoff (Sankaranarayan & Qasim, 1969). Phosphorus 

was indicated to exert a marked influence on algal population 

(Frink and Machlis, 1968; Sikka and Pramer, 1968). 

Determination of phosphate - phosphorus was based on the 

reaction with acidified molybdate reagent to yield a highly 

coloured blue compound which was subsequently measured at 

885 spectrophotometrically. 
nm 
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NITRATE 

High on the list of critical elements is nitrogen, which 

enters into metabolism in a number of ways. The quantity of 

nitrogen available and the form in which it occurs may be a 

presence - absence determiner of algal species. Nitrogen is 

essential in protein synthesis and in pigment construction. 

As in higher plants the source of nitrogen for algae 

(macroscopic and microscopic) is mostly nitrates. 

It is obvious that the concentration of nitrate in the 

photic zone is quite high, and can support the observed 

primary productivity. (Queguiner & Treguier, 1984). Luxury 

consumption or uptake of nitrogen has been reported in 

several estuarine species (Asare & Harlin, 1983). Nitrate 

accumulate in the vacuoles of marine algae, in Valonia to the 

extent of 2,000 times and in Halicystis 500 times the nitrate 

value of seawater (Jacques and Osterhout, 1938). Growth 

experiments with unicellular algae and with Ulva indicated 

nitrates were one of limiting factors (Borowitzka, 1970). 

Krishnamurthy (1967) demonstrated that maximum values of 

total nitrogen content for phytoplankton at Porto Novo, 

correspond to peak period of phytoplankton. 

Nitrate-nitrogen was determined by reducing 	it 

quantitatively to nitrite by passing through amalgamated 

cadmium reduction column. 
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NITRITE 

Nitrite-N is a transitory stage in nitrogen metabolism. 

Nitrite is a nutrient important next to nitrate. 

Sankaranarayan and Qasim (1969) noted that values of nitrite-

N were much lower than those of nitrate-N. Sankaranarayan & 

Qasim (1969) stated that nitrite-N may be formed as a result 

of decomposition of organic nitrogen an explanation which is 

similar to that of phosphorus cycle. Increase in nitrite and 

ammonia can be correlated with high zooplankton biomass 

(Queguiner & Treguier, 1984). 

Nitrite-nitrogen was determined by reacting the sample 

with sulphanilamide solution leading to the formation of an 

aromatic compound followed by coupling with n-(1-naphthyl) 

ethylene diamine dihydrochloride to form an azo dye. The 

absorbance of the compound was measured at 543 
nm 

spectrophotometrically. 
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A.1 INTRODUCTION 

The development of microalgal populations on artificial 

substrata has been variously documented. Some of the 

surfaces studied include glass plates (Scheer, 1945), metal 

and building materials (Pearce, 1968), plastic strips 

(Harlin, 1973), a plastic moulded from latex impressions 

(Risk, 1973), plastic squares (Neushul, 1974) and concrete 

blocks (Forster, 1975b). The choice of substrata has been 

shown to result in considerable variation in both 

macrofouling (Karande and Swami, 1988) and microfouling 

assemblage (Sechler & Gunderson, 1973). 

Changes could clearly be seen in the composition of 

fouling communities on permanent and temporary substrata but 

correct analysis and interpretation of this complex 

phenomenon could be carried out only by a planned study of 

experimental panels (Menon et al, 1977). According to Nair 

(1967), the collection of data based on an examination of the 

test panels provides a fairly reliable method for the study 

of the seasonal settlement of marine foulers and their rate 

of growth. 

Some characteristics of substrata that affect algal 

colonisation are substratum roughness, water retention and 

period of immersion. Importance of surface and dimensions of 

test coupons is emphasized in studies carried by Pomerat and 

Weiss, 1946; Crisp and Austin, 1960; Crisp and Ryland, 1960; 
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Baier, 1970; Jackson, 1977; Schoener and Schoener, 1981; 

Okamura, 1986; Karande and Swami, 1988. The work concerning 

the effect of orientation of deployed substrata on the algal 

settlement by Varma (1959) revealed that algae in general 

prefer a vertical to a horizontal surface. The time of the 

year in which the substratum is introduced may be critical to 

the development of algal communities according to Forster, 

1975a. Algal settlement may be influenced by conditioning of 

the substrata in water. Whereas most algae settled 

predominantly'on newly introduced surfaces Caulerpa racemosa 

showed affinity for older surfaces (Maruthamuttu et al, 

1990), a feature similar to that reported elsewhere (Mathew 

and Nair, 1981) for Ulva lactuca. 

The present work was carried out by employing 

experimental panels of four diverse substrata such as mild 

steel, aluminium (both metals) and fibre glass, glass (both 

non-metals). There are no earlier reports of the work 

concerning algal fouling on the four substrata mentioned 

above from Indian waters. Therefore, the present work was 

undertaken in an unpolluted estuary namely Waghotana estuary 

to study the effect of substratum-type, orientation of 

substrate, time of deployment of substrate, conditioning of 

substrate, environmental conditions on the algal settlement 

and abundance of individual algae and diatoms. 
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A.2 MATERIALS AND METHODS AND DESCRIPTION OF STUDY AREA 

-method of panel exposure 

A mild steel raft (size 5' x 8') was fabricated for the 

deployment of test panels of 2 different metals (mild steel 

and aluminium) and 2 non metals (fibreglass and glass). It 

was endeavoured that during the exposure period the panels 

remained almost vertical (Plate la & lb). The mild steel and 

fibre glass panels were fixed using mild steel nuts and 

bolts. Aluminium and glass panels were attached using PVC 

nuts and bolts with a washer separating the panel from the 

raft. This avoided bimetallic contact, in case of aluminium 

panels. 

The use of mild steel is justifiable in light of its 

widespread use in marine construction work. Aluminium is 

also envisaged as a future construction material because of 

its lightness, high strength to weight ratio, corrosion 

resistance etc (Balsubramanyan et al, 1968). The advantage 

of plastic reinforced with fibre glass include high specific 

strength, great design potential, nonmagnetic nature, 

resistance to corrosion etc (Balkrishna, 1977). Glass panels 

have been employed as they are smooth and free from corrosion 

(Nair, 1967). 

Before deployment panels were cut in rectangular shape 

admeasuring 10 cm x 15 cm. (Anil, 1986). Duplicate panels 
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were used for all the observations. Prior to their use MS 

panels were cleaned with 5% HCl, whereas aluminium panels 

were cleaned in a mixture of 5% phosphoric acid and 2% 

chromic acid. For cleaning fibre glass and glass panels 

laboratory detergents were used. 

The strategy followed for the exposure of panels is as 

follows: 

1. Monthly or short term panels - These panels were kept 

exposed for nearly one month's duration after which they were 

retrieved. New sets of panels were exposed every month. 

2. Seasonal panels - Panels were exposed to ascertain the 

variations in fouling on a seasonal basis, the seasons being 

monsoon (June 90 - Sept. 90), postmonsoon (Oct.89 - Jan.90; 

Oct. 90 - Jan. 91), premonsoon (Feb. 91 - May 91). 

3. Cumulative or Long term panels - A set of panels was 

deployed on 30th Sept. 89; with a view to get data from 

bimonthly to 15 monthly panels. 	However, due to rough 

weather during June 1990, the panels were dislocated and 

glass panels were broken. Thus data only for nine months was 

available. 

A fresh assembly of cumulative panels was fixed during 

July 1990. Thus, it created two sets of cumulative panels. 

The panels from which data were available upto 9 monthly 

periods constituted Set I. The panels which were deployed 
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during the 1st week of July 1990 and the data was available 

for elevan months constituted Set II. 

Earlier workers (Sutherland, 1974, 1981; Mook 1980, 

1981; Keough 1983) had opined that short term panels were 

best suited for determination of the rate and pattern of 

settlement. Hence during present study, greater emphasis, 

was laid on monthly observations on the settlement of marine 

foulers. 

Long term panels or cumulative panels have been deployed 

to get the picture of successional trends of fouling 

organisms. 

Panel analysis - After removal the panels were put in 

properly labelled polythene bags with a little formalin (4%) 

and brought to the laboratory in ice box. Area covered by 

animal growth and algal growth were measured as percentage of 

the total fouling on panels. Abundance of respective algae 

was determined by measuring the area occupied by them. Algae 

covering an area more than 65% were designated as abundant. 

Coverage of area between 25 to 64% was treated as moderate 

and the algal forms occupying less than 25% area were 

designated as rare. Abundance of animals was also 

determined. 

As far as possible, identification was done in the field 

itself. 	Thereafter settled organisms were removed with 
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utmost 	care. The biomass of animals and plants 	were 

determined using Mettler (PC 2200) electronic balance. As 

duplicate panels were employed the mean biomass values have 

been calculated. 

Subsequently the organisms were preserved for further 

identification in 4% formalin. 

Fouling diatoms - Along with macroalgae the fouling diatom's 

forming a surface film were collected from the panels 

deployed at Waghotana estuary. 

5 grids of a panel were taken in 10 ml of preservative 

and from this 10 ml, 2 ml of sample was taken and spread over 

a cover slip in 4 zones (4 drops). Individual diatoms were 

counted in each drop and thus abundance was worked out. The 

abundance was determined on the basis of following arbitrary 

system. 

Cell count 5 to 20 % Rare 

Cell count 21 to 55 % Moderate 

Cell count > 55 % Abundant 

STUDY AREA 

The biofouling studies by deploying panel was carried 

0 

out in Waghotan estuary at Vijaydurg (lat. 16 33'26.664N, 

0 

'Long. 73 20'17.315E, Fig.AF-1). The estuary of Waghotana 

river, traverses through luxuriant mangrove vegetation and 
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opens into the Arabian Sea, through an enboucher - the 

Vijaydurg Bay. 	Vijaydurg Bay is sugject to semi-daily 

oscillations in tidal currents. Besides the estuarine 

influence and fishing no activities of polluting nature were 

observed in the area (N.I.O., 1990). Vijaydurg is a minor 

port in Maharashtra state and fishing is the main activity 

seen here. 

A.3 OBSERVATIONS 

A.3.1 ENVIRONMENTAL PARAMETERS 

TEMPERATURE (Table AT-1, Fig. AF-2) 

The data indicates that the highest temperature was 

0 

recorded during April 91 (29.0 C) and the lowest temperature 

0 

was noted during Dec. '89 (23.0 C). Thus temperature of this 

0 	 0 

station ranged between 23.0 C and 29.0 C. 

During beginning of postmonsoon a high temperature was 

noted. High temperature during early period of postmonsoon 

tended to decrease as the season advanced with seasonal 

lowest temperature during Dec. (89,90). Later there was a 

rise in temperature during late postmonsoon season. 

With lower values of temperature observed during early 

premonsoon there was a rise in temperature upto end of 

premonsoon. However, during 1991 a slight decrease in 

temperature was observed during May '91. There was a sudden 

lowering of temperature when the monsoon period commenced and 
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during the rest of the period ther was a constant rise in 

temperature upto the end of monsoon period. 

SALINITY (Table AT-1, Fig.AF-3) 

It has been observed that the highest salinity value 

during the period of investigation was noticed during Jan. 

'90 (38.12%o) and the lowest salinity value was recorded 

during July '90 (7.83%o). Salinity values decreased with 

commencement of monsoon during June '90 but later during 

monsoon a rise in salinity was noted. A further rise in 

salinity continued upto earlier postmonsoon period. Salinity 

remained more or less constant from Dec.'89 to April, '90. 

However, the same trend was not observed during next year. 

There was a gradual rise in salinity from Jan.'91 to May '91. 

pH (Table AT-1, Fig. AF-4) 

The maximum pH value was noted during Feb.91 (8.5) and 

minimum being during July 90 (7.6). In general low pH values 

were recorded during monsoon, although there was a rise in pH 

during Aug.90. 

During postmonsoon and premonsoon seasons pH values 

above 8.00 were normally observed. A notable rise in pH was 

noticed during March 90 and Feb.91 during premonsoon period. 
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DISSOLVED OXYGEN (TAble AT-1, Fig. AF-5) 

According to the observations made, maximum value of 

dissolved oxygen in surface water was recorded during Jan.'90 

(5.248 m1/1) and the minimum concentration was noted during 

Feb.'90 (2.56 ml/1). Lower concentration of dissolved oxygen 

was seen in general during early part of postmonsoon (Oct., 

Nov.). A further rise that was noted during remaining period 

of postmonsoon culminated in a seasonal peak during Jan. 

The values of this parameter were reduced during early 

premonsoon (Feb.'90) after which there was a rise in its 

values during April, 90. A slight lowering of dissolved 

oxygen concentration was evident during May 90. However, the 

same trend was not exhibited next year. Instead, the 

dissolved oxygen values remained steady from Jan. '91 to 

March '91 after which there was a progressive decline in its 

concentration upto May '91. 

During 	June 90 and June 91 concentration varied 

considerably. 	There was a further decrease in dissolved 

oxygen value during July 90 and Aug.90. 

TRANSPARENCY (Table AT-1, Fig. AF-6) 

The Highest transparency value was recorded during April 

'91 (327.00 cms) and lowest value was recorded during June 

'91 (81.6 cms). In general, transparency was low during 

monsoon period although values remained fairly steady during 



02C 

various monsoon months of 1990. 	Good amount of water 

clearity was observed in general during postmonsoon and 

premonsoon periods. The transparency was adversely affected 

during late premonson. 

SUSPENDED MATTER (Table AT-1, Fig. AF-7) 

Suspended matter ranged between 3.652 mg/1 observed 

during Oct.89 to 28.19 mg/1 observed during March '91. 

The values of suspended matter were generally low during 

postmonsoon period with an increase in premonson season. 

During monsoon suspended matter value were medium. Amongst 

three seasons, premonsoon recorded high values of suspended 

matter, in general. 

PARTICULATE ORGANIC CARBON (POC) (Table AT-2, Fig. AF-8) 

During May '90, the highest concentration of POC was 

noted (769.695 mgs/l) with minimum being during April '91 

(139.66 rags/1). There was an increase in the values of this 

parameter during the first half of post monsoon season and 

decrease during the rest of the postmonsoon period. 

With intial rise in POC value during early premonsoon 

(Feb.90,91), the value declined further especially during 

March, 90,91. There was increase in POC values during late 

premonsoon. 
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During monsoon, there was a progressive increase in POC 

values upto Aug. 90. During late monsoon, a decline in its 

value was observed. 

CHLOROPHYLL a (Table AT-2, Fig. AF-9) 

3 
The Chl-a values varied between 3.772 mg/m and 0.4403 

3 
mg/m . 	Maximum concentration of chl-a was noticed during 

3 
Aug. '90 (3.772 mg/m ) and minimum being observed during Oct. 

3 
90 (0.4403 mg/m ). During postmonsoon period low chl-a was 

evident in general. The post monsoon peak value of chl-a was 

observed during Nov. (89,90). During late postmonsoon 

(Jan.90-91) chl-a concentration was found to increase as 

compared to that during preceding month (Dec. 89-90). A 

,progressive increase in chl-a concentration was noted during 

premonsoon period of 1990 and 1991. Seasonal maxima of chl-a 

concentration was recorded during late premonsoon. 

During monsoon chl-a concentration was high in general, 

but decreased during late monsoon (Sept.90). Seasonal peak 

of chl-a was noted during Aug. 90. 

PHAEOPIGMENTS (Table AT-2, Fig. AF-10)' 

The values of phaeopigment concentration ranged between 

3 	 3 
0.04 mg/m observed during Aug. '90 and 2.70 mg/m 	observed 

during March '90. 

During postmonsoon period, low to moderate concentration 

of phaeopigments was observed. There was a sharp decrease in 
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its 	concentration during Nov. 89 & 90, from its values in 

Oct. It again increased during Dec. During late postmonsoon 

period phaeopigment concentration fluctuated in general. 

The general trend during premonsoon period was that the 

concentration of phaeopigments increased upto April-end. 

However, during late premonsoon there was a sharp decrease in 

its value. 

During monsoon, a progressive decrease in phaeopigment 

concentration was registered from June to August and during 

3 
August, 	minimum concentration was noted (0.00 	mg/m ). 

However, during late monsoon there was an increase 

phaeopigment content. 	Seasonal peak of phaeopigment 

concentration was noticed during Sept. 90. 
• 

NUTRIENTS - PHOSPHATE (Table AT-2, Fig. AF-11) 

The values•of phosphate ranged between 0.077 ug at/1 and 

4.692 ug at/l. The lowest value was recorded during Nov. '89 

and highest being registered during March '90. 

Initial moderate value observed during early postmonsoon 

(Oct. '89) was found to decrease during Nov. '89 followed by 

enhanced concentration of phosphate that was evident during 

Dec.'89. There was a slight decrease in its value during 

late post-monsoon. The same trend was not repeated next year 

i.e. in 1990. 
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Fluctuating 	trend of phosphate 	concentration was 

observed during premonsoon period. In general high values 

were observed during premonsoon season of 1990 but in 1991, 

its concentration was moderate during the same period. 

There was increase in phosphate concentration during 

March '90. It was followed by somewhat lowered phosphate 

values during next month. During late premonsoon there was 

again increase in phosphate value. 

Initial high concentration of phosphate during 1991 

premonsoon decreased later. This was followed by increase 

during April '91 and during late premonsoon lowering of 

concentration was noted. 

During entire monsoon period fairly high concentration 

of phosphate was observed. The highest concentration for the 

season was noticed during early monsoon month and the minimum 

concentration being recorded during late monsoon month. 

NITRATE (Table AT-2, Fig. AF-12) 

Nitrate concentration varied from 0.02 ug a1/1 observed 

during April '90 to 2.7 ug at/1 observed during June '90. 

Low values of nitrate were observed in general during 

postmonsoon. There was an enhancement in nitrate level 

during Dec. '90. 
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During premonsoon season of 1990 an increased nitrate 

level which was seen in early period was found to be 

decreasing progressively upto April '90 end and thereafter 

there was a slight increase during late premonsoon. During 

1991 however, gradual increase in nitrate values was observed 

during late premonsoon. Seasonal peak (1.6 ug at/l) was 

noted during May 1991. 

Initial period of monsoon registered the highest value 

of nitrate concentration. During subsequent period the 

concentration tended to decrease progressively and seasonal 

minimum concentration was noted during Sept. '90. 

NITRITE (Table AT-2, Fig. AF-13) 

The maximum concentration of nitrite was noticed during 

Jan.'91 (1.078 ug at/l) and minimum being during May '91 

(0.04 ug at/1). 

During postmonsoon season of 1989, there was a gradual 

decrease in nitrite values from Oct.'89 to Jan. '90. However, 

the same trend was not observed during next year i.e. 1990. 

For initial 2 months (i.e. Oct. & Nov. 90), slight decrease 

in nitrite levels was noted and during the rest of the period 

a gradual increase was observed. 

During premonsoon period initially, high concentration 

of nitrite was observed. Its values showed a decline during 

the rest of the period. 



041 

During the next year, however the values of nitrite were 

initially low and they fluctuated for the rest of the 

premonsoon period. Very low concentration of nitrite was 

noted during the late premonsoon. 

During the entire monsoon period the level of nitrite 

was moderate in general but the values fluctuated. 

A.3.2 BIOMASS ON PANELS: 

After attachment of fouling organisms the increase in 

the bulk of fouling depends on the rate of growth of attached 

individuals. This is certainly controlled by the 

availability of food and other parameters of water and it 

differs from species to species. 

The significance of the determination of biomass is that 

it helps in understanding the variations occurring in the 

total fouling (Venugopalan, 1987). Lewis (1981), established 

that biomass and panel cover were found to be better indices 

of the total fouling abundance than either density or 

frequency. Biomass is also important as it helps to 

understand the temporal variations occurring in the fouling 

community. 

The biomass can be determined either as dry weight or 

wet weight; the latter has the added advantage because it 

takes greater care of the organisms without shell. In the 
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present investigation, biomass is taken as the wet weight of 

the total amount of settlement on the experimental panels. 

Algae settled and animals settled were weighed separately. 

Duplicate panels were used for all observations. The mean 

biomass values have been presented in the tables. 

Monthly panels - The period of exposure of these panels 

extended from Oct.'89 to Feb.'91. 

Mild Steel Panels  (Table AT-3, Fig. AF-14) - The highest 

algal biomass of MS panels was observed during July 90 (5.31 

g/panel). The lowest value of algal component in the fouling 

was 'recorded during Dec.'90 (0.02 g/panel). 

During postomosoon (I) conditions the highest algal 

contribution was indicated on this subtrate during Nov.'89 

(3.94 g/panel) and during postmonsoon (II) period it was 

observed during Jan.'91 (0.87 g/panel). Premonsoonal highest 

algal biomass was noted during Feb.'90 (1.62 g/panel) and 

monsoonal highest was seen during July '90 as stated earlier. 

Aluminium Panels (Table AT-4, Fig. AF-15) - Maximum algal 

settlement in terms of wet weight was noticed during Nov.'90 

(8.02 g/panel) and minimum was seen during Nov.'89 (0.20 

g/panel). 

Postmonsoonal 	(I) highest algal 	contribution 	was 

registered 	during 	Jan.'90 (4.22 g/panel) 	and 	during 

postmonsoon (II) period it was recorded Nov.'90 	(8.02 
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g/panel). 	Premonsoonal highest algal contribution to total 

fouling biomass was noticed during Feb.'90 (5.15 g/panel). 

During Sept.'90 (6.04 g/panel) monsoonal maxima of algal 

biomass was registered. 

Fibre Glass Panels (Table AT-5, Fig. AF-16) - Out of 17 

monthly panels observed the monthly panel for the month 

Aug.'90 (8.75 g/panel) recorded the highest contribution by 

the algal component. The lowest contribution by algae was 

indicated during Dec.'90 (0.51 g/panel). 

Monthly panel (Jan.'90) indicated the highest algal 

biomass (4.43 g/panel) during postmonsoon I season and that 

of NOv.'90 indicated maximum algal biomass (7.49 g/panel) 

during postmonsoon (II). Premonsoonal maxima of algal 

biomass was recorded during Feb.'90 (5.34g/panel) and 

monsoonal was found during Aug.'90 (8.78 g/panel) as stated 

earlier. 

Glass Panels (Table AT-6, Fig. AF-17) - Highest algal biomass 

was noted during Sept.'90 (6.74 g/panel) and the lowest was 

seen during Dec. '90 (0.13 g/panel). 

Postmonsoonal maxima during the successive years was 

noted during Nov. (5.10 g/panel 1989, 1.50 g/panel - 1990). 

During Feb.'90 (3.85 g/panel) highest premonsoonal algal 

biomass was noted and monsoonal highest was observed during 

Sept. '90 (6.74 g/panel) as stated earlier. 
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Seasonal Panels (Tables AT-7 to AT-10, Figs. AF-18 to AF - 21) 

Post Monsoon  I - The panels were exposed from Oct.'89 to 

Jan.'90. 	Amongst 4 types of panels the fibre glass panel 

recorded highest algal settlement - 2.85 g/panel. 	Lowest 

algal biomass was seen on MS panel (0.67 g/panel). 

Post Monsoon  II - The deployment of these panels were carried 

out during the beginning of Oct.'90 and they were retrieved 

at the end of Jan.'91. Fibre glass indicated maximum algal 

biomass (1.49 g/panel) and the lowest algal settlement was 

seen on MS panel (0.51 g/panel). 

Pre-Monsoon  - The panels were kept exposed during Feb.'91 and 

they were detached from the raft at the end of May '91. Glass 

panel indicated the maximum algal fouling (3.79 g/panel) and 

mild steel indicated the lowest algal biomass (0.34 g/panel). 

Monsoon  - The panels were deployed during June '90 and were 

retrieved at the end of Sept. '90. Algal fouling was maximum 

on aluminium panel (14.44 g/panel) and minimum on glass panel 

(3.65 g/panel). 

Thus amongst all the seasonal panels the highest algal 

biomass was observed on aluminium panel (14.44 g/panel) 

during monsoon and the lowest was noted on MS (0.34 g/panel) 

during pre-monsoon period. 
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Cumulative Panels [Set Il (Tables AT-11 to AT-14, Figs. AF-22 
to AF-25) 

The panels were deployed on 30.9.89. 

2 Months - The period of exposure of these panels extended 

for 2 months, Oct. 89 to Nov. 89. Amongst 3 substrata which 

were available for observation, highest algal biomass was 

seen fibre glass panel (1.80 g/panel). 

3 Months - The panels were deployed for a period between Oct. 

89 to Dec. 89. Amongst 4 substrata aluminium showed maximum 

algal settlement (1.87 g/panel). 

5 Months - The period of exposure of the panel extended for 5 

months beginning from Oct. 89 and ending on Feb.'90 end. 

Aluminium panel indicated highest algal biomass (4.79 

g/panel). 

6 Months - The panels were kept immensed from Oct. 89 to 

March 90. In this set glass panel recorded maximum algal 

biomass (2.10 g/panel). 

7 Months - The period of exposure of these panels ranged 

between Oct.89 to April 90. MS panel recorded the highest 

algal biomass (2.27 g/panel). 

8 Months - In this set in which the panels were deployed 

since Oct. 89 to May 90, highest algal settlement was noticed 

on fibre glass panel (0.69 g/panel). 
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9 Months - The panels were deployed for 9 months, from Oct.89 

to June 90. Only fibre glass panel was available for 

observation and on it algal biomass was 2.27 g/panel. 

In this set of cumulative panels (set I), the highest 

algal biomass was indicated by 5 months - aluminium panel 

(4.79 g/panel) and the lowest algal biomass was noticed on MS 

panels (5 months and 6 months - 0.08 g/panel each). 

Cumulative Panels [Set II] (Tables AT-15 to AT-18, Figs. AF- 
26 to AF-29) 

The deployment of these panels was initiated during July 

'90. 

2 Months - The panels were deployed for a period of 2months 

from July to August end and the highest algal biomass was 

recorded on aluminium panel (17.35 g/panel). 

3 Months - The panels deployed during July '90 and scheduled 

to be retrived during end of Sept. 90 were lost. 

5 Months - The panels were deployed for 5 months ranging 

between July beginning to Nov. end. 	The highest algal 

settlement was seen on aluminium panel (1.63 g/panel). 

7 Months - The period of the deployment of panels was upto 

Jan. '91 end from July '90 beginning. Only 3 types of panels 

were available for observation. The aluminium panel showed 

the maximum algal biomass (2.76 g/panel). 
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8 Months - The panels were kept suspended in water from July 

'90 to Feb. '91. Out of the 3 types of panels which were 

available for observation, glass panel showed maximum algal 

biomass (5.99 g/panel). 

9 Months - the panels were scheduled to be retrived at the 

end of March '91. But these were lost. 

10 Months - This set was deployed during July '90 and exposed 

upto April '91 end. Only fibre glass and aluminium panels 

were there for observation. Higher algal biomass was 

indicated by aluminium panel (0.69 g/panel). 

11 Months - The period of exposure of this set of panel was 

from July '90 to May '91 end. Only 2 panels were available 

for observation i.e. aluminium and fibre glass. The trend 

for 10 months panels was reversed and higher algal biomass 

was noticed on fibre glass panel (1.31 g/panel). 

Amongst the cumulative panels of this set (Set II), 2 

months panel of aluminium indicated highest algal biomass. 

The lowest algal biomass was recorded on MS panel exposed for 

six months duration (0.049 g/panel). 

% - Contribution by algal component to total fouling: - 

The monthly panels deployed during monsoon season showed 

in general very high contribution by algae to total fouling 

(Tables AT-3 to AT-6). Again during late postmonsoon period 

also (Jan. 90, 91) algal biomass percentage was very high in 



048 

general. Low to moderate contribution by algal component was 

mainly seen during early and mid postmonsoon periods with 

certain exceptions. 

The lowest contribution to total fouling by algae was 

observd on monthly panel of mild steel during June '90. 

Amongst cumulative panels of Set I (Tables AT-11 to AT-

14) which were deployed during postmonsoon period algal 

contribution to total fouling was highest on aluminium (5 

months) panel and the (24.17%) lowest on 8 months mild steel 

panel (0.29%) and 6 months - aluminium panel. 

Set II cumulative panels (Tables AT-15 to AT-18) which 

were deployed during monsoon showed the maximum contribution 

by algae on 2 months panels of fibre glass (96.96%) and 

minimum on 7 months glass panel (0.22%). 

Amongst postmonsoon I seasonal panels (Tables AT-7 to 

AT-10) algal contribution to total fouling was highest on 

aluminium panel (33.47%) and the lowest on mild steel panel 

and during postmonsoon II, it was maximum on glass panel 

(19.48%) and minimum on mild steel panel (3.21%). The 

premonsoonal panels indicated the highest algal contribution 

on glass panel (6.67%) and the lowest on mild steel panel 

(0.63%). Monsoonal panel of MS however indicated high 

contribution by algal component (92.70%) although the highest 

contribution was recorded on fibre glass panel (96.36%). The 
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lowest contribution by the algae to total fouling was noted 

on glass panel (32.50%). 

A.3.3 OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON 
EXPERIMENTAL PANELS 

Monthly Panels (Fig. AF-30) 

Mild Steel (MS) (Table AT-19) 

Out of 17 observations of monthly duration, data for MS 

panels was available for 15 months - as the monthly panels 

deployed during Oct. 89 and Oct. 90 were lost. During this 

period colonisation of Enteromorpha tubulosa (Plate 2a) was 

recorded for eleven months. Another species of Enteromorpha, 

E. compressa (Plate 2c) seems to be an important form as it 

occurred on these panels for six months. 

Cladophora qlomerata was recorded for seven months, 

which covered post monsoon and partly premonsoon months. 

Ectocarpus sp. occurred during postmonsoon and premonsoon 

seasons. Porphyra sp. (Plate 3) occurred only for 1 month 

during monsoon period. The observations of occurrence and 

abundance on monthly panel of MS thus indicate, E. tubulosa, 

E. compressa, C. glomerata, Ectocarpus sp. as important algal 

species. 

During 	Nov.'89, abundance of various 	species 	of 

Enteromorpha was the main feature. The species included E. 

tubulosa, 	E. clathrata,E. compressa and E. 	prolifera. 

Cladophora fascicularis was also recorded on the panel 
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although it was rare in quantity. Animal fouling was low. 

Algal abundance was seen to increase in general during 

Dec. '89 but the trend seen during Nov. 89 with respect to 

species of Enteromorpha was not repeated. Only E. tubulosa  

occurred moderately. Occurrence of Ulva sp. and Cladophora 

qlomerata were recorded. Their abundance belonged to the 

arbitrary category of moderate. Animal fouling was not 

significant. 

The same trend about algal and animal fouling continued 

during Jan. '90. Non-occurrence of Enteromorpha was 

compensated by abundance of Cladophora qlomerata which took 

over as a main algal form. Ectocarpus sp. and Oscillatoria 

sp. were the two new algal species that were seen to be 

settled during this month. 

Reappearance of Ulva sp. and Enteromorpha was the main 

feature of Feb.'90 panel. The species of Enteromorpha that 

occurred was E. clathrata and the occurrence belonged to rare 

category. Cladophora qlomerata occurred as a moderately 

abundant form, along with Ectocarpus sp. Ulva sp. was 

abundantly available component on the panel. 

During the next month (in March '90) increase in 

abundance of Enteromorpha was noted. E. plumosa and E. 

compressa were recorded in abundance. Cladophora glomerata 

and Ectocarpus sp. were moderate quantitatively. Appearance 
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of 	Rhizoclonium sp. was recorded. 	It was moderately 

abundant. In general, the extent of total fouling was high. 

The month of April '90 exhibited reduced animal fouling 

and abundance of algae. Enteromorpha appeared to be the only 

alga during this period. The various species included E. 

tubulosa, E. clathrata, E. compressa, E. prolifera. All were 

abundant quantitatively. 

Fouling algae were represented by a thin film on the 

panel during May '90. Ectocarpus sp. was recorded as the main 

and abundant fouling alga. Except E. tubulosa no other 

species of Enteromorpha were found. Only E. tubulosa occurred 

in moderate quantity. Animal fouling was higher than algal 

fouling. 

During June '90, reappearance of Cladophora qlomerata 

and Ulva sp. was witnessed and both along with Enteromorpha 

tubulosa were recorded. Their abundance belonged to the 

category "rare". Higher animal fouling was the feature 

during this month. 

The next month i.e. July '90 exhibited the settlement of 

only Enteromorpha forms. The two species which occurred were 

E. tubulosa and E. compressa, the former one being abundant 

whereas the latter was moderate in quantities. No animal 

fouling was detected during this month. 



The same trend about the animal fouling continued during 

Aug. '90. 	Appearance of red alga Porphyra sp. and green 

Cladophora sp. was noticed during Aug. '90. 	Porphyra sp. 

(rare), 	Cladophora glomerata (main and 	abundant), 	C. 

clavuligera 	(moderate), 	Enteromorpha tubulosa 	and 	E. 

compressa (both abundant) were present as fouling forms. 

In the month of Sept.'90, the same status of abundance 

for E. tubulosa and E. compressa was maintained with the 

addition of E. prolifera which occurred in moderate 

quantities. Cladophora glomerata and C. fascicularis  

occurred in moderate abundance. Animals were not detected 

from the panel during this month. 

During Nov.'90 only the algal component was composed of 

species of Enteromorpha, E. clathrata and E. prolifera both 

ocurred abundantly. Animal fouling was moderate. 

During the next month i.e. Dec.'90 total fouling was 

considerably less. Algal generic variation was also not 

noticed. Only 3 species of Enteromorpha occurred as abundant 

forms. These species were E. tubulosa, E.clathrata, E. 

prolifera. Animal fouling was higher, than algal fouling. 

During Jan.'91 variation and abundance of Enteromorpha 

species appeared to have decreased. E. tubulosa occurred in 

moderate quantity. Ectocarpus sp. was recorded in abundance. 

The other fouling algae were Goniotrichum alsidii (moderate) 
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and Antithamnion sp. (rare). No animal fouling was observed 

on the panel during this month. 

Ectocarpus sp. was exhibited in abundance during Feb.91 

on the panel. The other settler was Enteromorpha tubulosa 

and it was in moderate abundance. 

Aluminium (Table AT-20) 

The panels of monthly duration were deployed for 17 

months in case of aluminium substrate. Data was available 

for 15 months. The panels deployed during May '90 and Oct. 

'90 were lost. Hence no data could be collected. 

Enteromorpha tubulosa was found settled for 14 months. 

Cladophora glomerata and Ectocarpus sp. were recorded for 9 

months; Goniotrichum alsidii was observed for 7 months. E. 

tubulosa occurred throughout the period of observation except 

for the month of July'90. Cladophora glomerata was observed 

mainly during monsoon period and partly during postmonsoon 

period (Jan.'90, Jan.'91). The settlement of Ectocarpus sp. 

could be noticed during postmonsoon and premonsoon months. 

The occurrence of Goniotrichum alsidii was noted during 

postmonsoon and partly during premonsoon period. The 

settlement of Porphyra sp. was recorded only during monsoon 

period. The variation in species of Cladophora was observed 

only during monsoon period. It may thus be inferred that E. 

tubulosa, C. glomerata, Ectocarpus sp. and G alsidii happen 

to be important fouling algae on aluminium panels exposed for 
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The monthly variations in occurrence and abundance of 

fouling algae on aluminium panel are stated below: 

During Oct.'89 the algal fouling was low. 	Only two 

forms 	were recorded. 	They were: E. tubulosa and 	C. 

qlomerata. 	Their abundance belonged to the 	categories 

abundant and rare respectively. 

During 	Nov.'89 the same trend continued but 	C.. 

qlomerata was replaced by C. fascicularis. Quantitatively 

they fell under the category rare. During this month total 

fouling on the panel was low. 

The monthly panel exposed during Dec.'89 exhibited 

increase in algal settlement quantity with Udva sp. and 

Polysiphonia sp. in rare quantity and Ectocarpus sp. in 

moderate abundance. Ent. tubulosa was found to maintain its 

abundant status of previous 2 months and occurred as a main 

fouling alga. Total fouling was low during this period. 

Jan. '90 represented a month of algal 	abundance. 

Ectocarpus sp. appeared as the most abundant form. 

Reappearance of C. qlomerata as a moderately occurring form 

was noticed. Abundance of Ecteromorpha forms decreased and 

it was represented only in rare quantities. 

During Feb.'90 the same trend as that observed in 

previous continued except that quantity of C. glomerata 
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became rare. In addition, the appearance of G. alsidii and 

Acrochaetium sp. was noticed, their quantities being abundant 

and moderate respectively. In general, algal fouling was 

pronounced during this month. Abundance of Enteromorpha  

was the main feature of March'90 panel. The species that 

occurred abundantly were E. tubulosa, E. plumosa and E. 

clathrata. The abundance of Ectocarpus sp. was decreased and 

it appeared in rare quantities. Giffordia sp. was also seen 

as a rare form during this month. Abundance status of 

Goniotrichum alsidii continued during this Month also. Algal . 

fouling was more than animal fouling. 

During April '90 the main feature was algal fouling. 

During 	this period two new forms were 	recorded and 

Polysiphonia sp. reappeared. The newly recorded forms, 

though present in rare quantities were Lyngbya sp. and 

Oscillatoria sp. G. alsidii was found to maintain its 

abundance status -  (abundant). The forms of Ectocarpus sp. 

appeared in amoderate quantity. The only species of 

Enteromorpha that could be recorded was E. tubulosa which 

occurred in moderate quantities. 

During June '90, it appeared that animal fouling was 

more as compared to algal fouling. There was decrease in 

abundance of G. alsidii reducing it to rare category. C. 

qlomerata reappeared as a moderately occurring form, 

Ectocarpus sp. represented itself as the most abundant form 

and E. tubulosa occurred in moderate quantities. 



056 

Abundance of Enteromorpha spp. and appearance 	of 

Porphyra sp. were the main features during July '90. 	The 

species of Enteromorpha that occurred abundantly were E. 

compressa, E. flexuosa. Porphyra sp. occurred in moderate 

quantity. The species of Cladophora that occurred were C. 

glomerata and C. fascicularis and both these forms were 

moderate in their abundance. No animal fouling was detected 

during this month. 

C. qlomerata appeared as the most abundant form during 

Aug.'90. Porphyra sp. maintained its previous month's status 

of abundance and species variation of the genus Enteromorpha 

decreased. 	The only species of Enteromorpha that occurred 

that too in rare quantity was E. tubulosa. 	Animal fouling 

was not visible during this month. 

In Sept.'90 good amount of variation in Enteromorpha 

species was represented. The species which occurred, were E. 

tubulosa, E, plumosa, E. clathrata, E. compressa and E. 

prolifera. All of them were in abundant category. There was 

good variation of Cladophora species also. The species which 

occurred were Cladophora qlomerata, C. fascicularis and C. 

clavuligera. All these forms were moderate quantitatively. 

Ulva sp. though in rare quantity was also noticed. 

During Nov.'90 fouling only of Enteromorpha was noticed. 

It occurred as an abundant element. The species that 

occurred were E. tubulosa, E. plumosa, E. clathrata, E. 
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linza, E. gujaratensis. The animal fouling was considerably 

low. 

The appearance of C. qlomerata (rare), Ectocarpus ER. 

(moderate) and G. alsidii (rare) were the main features 

during Dec.'90. Enteromorpha forms were found to be the main 

and abundant fouling algae. The species included E. tubulosa 

and E. compressa. Animal fouling was very much reduced. 

Increase in abundance of C. qlomerata 	(moderate), 

Ectocarpus sp. (abundant), G. alsidii (abundant) and 

appearance of Antithamnion sp. were noteworthy features 

during Jan.'91. Amongst the species of Enteromorpha that 

were recorded during previous few months, only E. tubulosa 

occurred in moderate quantity. Animal fouling was quite 

less. 

During 	Feb.'91 low animal fouling 	was 	recorded. 

Ectocarpus sp. and G. alsidii continued as abundant forms and 

E. tubulosa appeared as a moderately abundant form. No 

Cladophora sp. could be observed on panel of this material. 

Fibre Glass (Table AT-21) 

Out of 17 monthly observations data for 16 months was 

available for fibre glass substratum as one of the panels 

i.e. the panel deployed during Oct.'90 was lost. The 

prominent 	fouling algal species 	included 	Enteromorpha 
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tubulosa,  E. compressa,  G. alsidii, Ectocarpus sp. 	E. 

tubulosa  was found to be represented for 12 months. 	E. 

compressa  occurred for 7 months. Goniotrichum alsidii  was 

found to be settled for 8 months. Ectocarpus sp.  has been 

recorded for 5 months. Abundance of E. tubulosa  was 

particularly noticed during monsoon months and also in 

postmonsoon period. 

The settlement of G. alsidii  and Ectocarpus sp.  was 

observed during late postmonsoon and premonsoon periods. The 

monthly variations of occurrence and abundance of fouling 

algae on fibre glass substratum are given below: 

During Oct.'89, the algal settlement constituted bulk of 

the fouling biomass with E. tubulosa  as the only one and 

abundant form. 

In Nov.'89, animal fouling was conspicuous. 	Algal 

component was represented by species of Enteromorpha  only. 

E. tubulosa,  E. plumosa,  E. compressa  were all abundant. 

Low algal fouling was noticed during Dec.'89. 	Of the 

algal settlement E. tubulosa  was observed to be abundant and 

Folysiphonia sp.  was exhibited as a rare alga on this 

substratum. 

The algal abundance increased during Jan.'90 and animal 

fouling was quite less. Ectocarpus sp.  and G. alsidii  made 

appearance in abundant quantities. Sphacelaria sp.  and E. 
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compressa  were recorded as moderately present. 	Rhizoclonium 

sp., Ulva sp.  and Oscillatoria sp.  also occurred but in rare 

quantity. In all 7 different algal forms were recorded from 

the panel, during this period. 

Appearance of E. tubulosa, Cladophora glomerata  in 

moderate and Polysiphonia  sp. in rare quantities 	were 

noteworthy features on this panel during Feb.'90. 	The 

abundance of Ectocarpus  sp. observed during previous month 

was found during this month also. G. alsidii  was recorded in 

moderate number. Algal fouling was more than the animal 

fouling. 

The earlier trend of higher algal fouling was continued 

during March '90. Increase in species variation 	among 

Enteromorpha 	spp.  and abundance of 	Enteromorpha  were 

observed. 	E. compressa  was exhibited as the most abundant 

form. 	E. tubulosa  and E. clathrata  were represented as 

moderately occurring algae. 	G. alsidii  was recorded as 

moderately abundant algal species. 

Algal fouling was more than animal fouling during April 

'90. Ectocarpus sp.  was found to be the most abundant form. 

The other algae that occurred were Lyngbya  sp., G. alsidii, 

 C. fascicularis.  Their quantitative abundance belonged to the 

categories moderate for earlier two forms and rare for the 

last one. 
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Appearance of Centroceros sp.  and Polysiphonia sp.  as 

rare forms could be observed during May '90. G. alsidii  was 

main and the most abundant form during this period. The 

members Cyanophyta, Oscillatora  sp. and Lyngbya sp.  along 

with one green alga C. fascicularis  were the forms recorded 

in rare quantities. During this month animal fouling was 

found to be higher than algal fouling. 

Appearance of E. tubulosa,  C. glomerata  and Polysiphonia 

sp. was noticed on monthly panel of June '90. E. tubulosa 

was recorded as the main and abundant fouling species and C. 

glomerata  along with Polysiphonia sp.  exhibited moderate 

abundance. Higher animal fouling was the main feature. 

During July '90 variation of Enteromorpha  species was 

noticed on the panel. E. tubulosa  represented as the most 

abundant alga. E. compressa  and E. prolifera  were the 

settlers from the genus Enteromorpha  in moderate and rare 

quantities respectively. C. saracenica  and Porphyra sp.  were 

noted as moderately abundant forms. The panel was devoid of 

animal fouling. 

No animal fouling was exhibited on the panel during 

Aug.'90. C. glomerata  appeared as the main and abundant alga. 

E. tubulosa  was recorded as moderate and Porphyra sp.,  G. 

alsidii  were noted in rare amounts. 
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During Sept.'90 Enteromorpha  became conspicuous and 

exhibited good amount of species variation. The species 

occurred were E. tubulosa,  E. compressa  and E. linza  (Plate 

2b) as moderately occurring forms; E. clathrata  and E. 

prolifera  both were rare numerically. During this period C. 

fascicularis  happened to be the most abundant form on the 

panel. Animal fouling was not seen. 

During Nov.'90 the only algal form that was represented 

comprised of Enteromorpha,  with various species. E. tubulosa 

 was observed as the most abundant alga. Both E. compressa 

and E. linza  were recorded as moderately occurring algae. 

Low animal fouling was exhibited. 

Total fouling was low during Dec.'90. E. tubulosa  was 

recorded in rare quantity. 

Appearance of G. alsidii  as an abundant alga was the 

main feature on the panel during Jan.'91. The other algal 

forms were E. clathrata  and Antithamnion sp.  which were 

present in rare numbers. Low animal settlement was observed 

during this perod. 

A considerable amount of algal variation was recorded 

during Feb.'91. Ectocarpus sp.  appeared to be the main and 

abundant form. Enteromorpha  was represented by numerous 

species. They were E. tubulosa,  E. clathrata,  E. compressa  - 

all appeared in moderate amounts. C. saracenica  and Lyngbya 
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sp. were found to be rare in their abundance. 	G. alsidii, 

Giffordia sp., Antithamnion sp. appeared in rare numbers. 

Low animal fouling was noticed. 

Glass (Table AT-22) 

Data for 14 months has been available out of 17 monthly 

observations. The panel exposed during April '90 was broken. 

The panels deployed during June '90 and Oct.'90 were lost. 

Cladophora qlomerata could be designated as the most dominant 

form as it was seen to occur for 10 months. E. tubulosa was 

recorded for 6 months. E. compressa was found to be a 

noteworthy alga (occurred for 5 months) as it was represented 

as abundant whenever it occurred on this substratum (abundant 

- 4 months). 

Ectocarpus sp. occurred during postmonsoon as well as 

premonsoon months. C. qlomerata was represented during all 

the three seasons with certain gaps. E. tubulosa occurred 

partly during postmonsoon and partly during premonsoon 

months. Porphyra sp. occurred partly during monsoon. 

Goniotrichum alsidii and Antithamnion sp. occurred mainly 

during premonsoon. The monthly variations in occurrence and 

abundance of various algal species settled on this substratum 

have been presented below: 

Low total fouling was represented during Oct.'89. 	E. 

tubulosa showed considerable abundance. E. prolifera and C. 
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Animal 	fouling 	increased during 	Nov.'89. 	Algal 

component was represented by Enteromorpha  only. E. compressa 

and E. linza  occurred abundantly. 

Animal 	settlement seemed to be more 	than 	algal 

settlement during Dec.'89. C. glomerata  was the abundant 

form. E. lingulata  appeared in moderate number. Ectocarpus 

sp.,  G. alsidii  and Polysiphonia sp.  were represented in rare 

quantities. 

The total settlement was low during Jan.'90.. 	E. 

tubulosa  took over as an abundant alga. C. glomerata  was 

noticed as moderately occurring form. Lyngbya  sp. was 

represented in rare number. 

During Feb.'90 good amount of variation in members of 

fouling algae was exhibited on the panel. The 3 species of 

Cladophora,  C. glomerata,  C. fascicularis  and C. clavuligera 

showed abundance on the panel. Ectocarpus sp.  appeared as a 

moderately occurring form. The rare forms were 

Cladophoropsis  sp., Lyngbya  sp. and Polysiphonia sp. 	During 

this period 7 different forms were seen to be settled. 	The 

algal fouling recorded was considerably high quantitatively. 

The settlement of E. compressa  as an abundant alga and 

appearance of G. alsidii  in moderate number was noticed 

during March '90. C. glomerata  and Lyngbya  sp. were also 
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recorded through in rare quantity. 	The total 	fouling 

recorded was quite less. 

During May '90, algal component was represented only by 

C. glomerata in moderate quantity. The algal fouling 

observed during this period, was in considerably quantity. 

During July '90, E. tubulosa appeared in rare quantity 

and settlement of Porphyra sp. in moderate number was 

recorded. Animal fouling was extremely less. The panel 

exposed during Aug. '90 presented data on enhanced algal 

fouling with no detectable animal fouling. E. tubulosa 

abundance was seen to increase. Numerically its abundance 

belonged to moderate category. An appearance of C. qlomerata 

and C. fascicularis in abundant number was observed. 

Porphyra sp. seemed to maintain its moderate abundance. 

During Sept.'90, abundance and species variation of 

Enteromorpha was found to increase. All the three species 

(E. compressa, E. linza., E. gularatensis) occurred 

abundantly. The quantity of C. qlomerata decreased and no C. 

fascicularis was detected on the panel. Animal fouling was 

very much reduced. 

During Nov.'90 Enteromorpha was the only form that had 

settled. E. compressa (abundant), E. tubulosa and E. 

clathrata (both moderate) were recorded. Algal and animal 

fouling were more or less same in terms of biomass. 
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Dec.'90 panel exhibited enhanced animal fouling. 	No 

macroalgae were detected on the panel. 	The diatoms were 

present and its account has been given elsewhere. 

Jan. '91 panel exhibited higher algal fouling than 

animal fouling. C. glomerata was seen as an abundant settled 

form. The other forms recorded were Oscillatoria sp. and 

Ectocarpus sp. in moderate and rare quantities respectively. 

During Feb.'91 there was increase in the variation of 

algal composition and also increase in algal biomass. The 

different algal forms recorded were seven. Their names and 

abundance were E. compressa, C. glomerata, Ectocarpus sp. 

(all 3 abundant), E. tubulosa, E. linza, G. alsidii, 

Antithamnion sp. (all moderate). 

SEASONAL PANELS (Tables AT-23 to AT-26, Fig. AF-31) 

The panels of 4 different materials namely mild steel, 

aluminium, fibre glass, glass, were deployed in the beginning 

of each season - the seasons being postmonsoon, premonsoon 

and monsoon. The panels were deployed on 30th of Sept. 1989 

and were retrieved at the end of Jan.'90. This set of panels 

was named Postmonsoon - Set I. The panels which were 

deployed during the beginning of postmonsoon of 1990 and 

retrieved at the end of Jan. '91 constituted postmonsoon set 

II. The panels were suspended during the 1st week of Feb.'91 
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and were retrieved at the end of May '91. These were called 

premonsoon panels. During the beginning of monsoon - 1990 the 

panels were deployed and these were retrieved at the end of 

Sept.'90. These constituted monsoon panels. Algal fouling 

data on all these panels has been presented below: 

Post Monsoon  I 

Mild Steel (MS) - Animal fouling was high. Algal component 

was represented by Cladophora glomerata  as abundant and Ent 

tubulosa, Ulva sp.  both in moderate quantities. 

Aluminium - Animal fouling was more than algal fouling. 

Ectocarpus sp.  was the most abundant alga. The other forms 

were Cladophora. glomerata  (moderate) and Lyncibya sp.  (rare). 

Fibre Glass - Higher animal fouling was recorded. Ectocarpus 

sp.  appeared as the most abundant alga. Ulva sp.  and 

Cladophora. qlomerata  were recorded in rare amounts. 

Oscillatoria sp., Lynqbva sp., Goniotrichum alsidii  exhibited 

moderate abundance. Fibre glass panel thus showed good 

amount of variation. 

Glass - Animal fouling was more than algal fouling. 	Like 

fibre glass panel this also showed,good amount of algal 

variation. Both Ectocarpus sp.  and Sphacelaria sp.  were 

abundant, Lynclbya sp.  appeared as a moderately abundant alga. 

Enteromorpha. tubulosa  and Cladophora. glomerata  showed rare 

abundance. 
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Except MS all the types of materials thus indicated the 

abundance of Ectocarpus sp.  All the 4 substrata showed 

Cladophora 9lomerata  with differences in nature of abundance. 

3 materials showed presence of Lynqbya sp.  on them. Only 2 

substrata indicated Ulva sp.  as a fouler. Oscillatoria sp.  

and 	Goniotrichum alsidii  were found to settle only on 	fibre 

glass. The alga Sphacelaria sp.  was seen to settle only on 

glass panel. 	Ent. tubulosa  was not found on aluminium and 

fibre glass panels. 	Highest amount of algal variation was 

represented by fibre glass (6 forms). Lowest algal variation 

existed on mild steel and aluminium. 

Post Monsoon II  

Mild 	Steel (MS) - Higher animal fouling 	was 	noted. 

Cladophora qlomerata  was the main and abundant element. 

Ectocarpus sp.  and Antithamnion sp.  indicated moderate 

abundance. Enteromorpha. tubulosa  was found to be rare 

quantitatively. 

Aluminium (Plate 41) - Enteromorpha. tubulosa  was abundant. 

Both Ectocarpus sp.  and Cladophora. qlomerata  exhibited 

moderate abundance Ulva sp.  was rare on the panel. High 

animal fouling was recorded. 

Fibre Glass - Higher animal fouling was the important 

feature. Ectocarpus sp.  was the main and abundant algal 

member. 	Good amount of algal variation was noticed (7 
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different forms). 	Goniotrichum alsidii was moderate. The 

abundance of Enteromorpha. compressa, Cladophora. qlomerata 

Rhizoclonium sp., Giffordia sp. and Antithamnion sp. was 

categorised as rare. 

Glass - Ectocarpus sp. was the abundant alga. Lyngbya sp. and 

Goniotrichum alsidii showed moderate abundance. Enteromorpha. 

tubulosa, Cladophora. glomerta, Rhizoclonium sp. indicated 

rare abundance. Animal fouling was more than algal fouling. 

Cladophora glomerata and Ectocarpus sp. have been found 

to settle on all 4 types of panels. Except on fibre glass, 

Enteromorpha. tubulosa was found to be present on all the 

materials. Enteromorpha was represented on fibre glass by E. 

compressa, Goniotrichum alsidii and Rhiozoclonium sp. were 

found to settle on fibre glass and glass panels. Both MS and 

fibre glass showed Antithamnion sp. settlement. Ulva sp.  

settlement was marked only on aluminium. Giffordia mitchellae 

settlement was observed only on fibre glass and Lynqbya sp.  

was observed only on glass panel. 

Highest algal variation could be observed on fibre glass 

(7 forms) and the lowest was exhibited on aluminium and MS (4 

forms). 

Pre Monsoon (Plate 4 II, a,b,c) 

Mild Steel (MS) - Higher animal fouling was noted. Ceramium 
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sp. was designated to be the most abundant algal form. 

Oscillatoria sp. and Polysiphonia sp. were moderate in 

abundance. 

Aluminium - 6 different forms were observed. Ectocarpus sp.  

and Antithamnion sp. were the abundant forms. The moderately 

abundant algal settlement was exhibited by Oscillatoria sp., 

Hildenbrandtia sp., Ceramium sp. and Polysiphonia sp. Animal 

fouling was high. 

Fibre Glass - Hildenbrandtia sp. was the main and abundant 

element. 	Antithamnion 	sp. and Oscillatoria 	sp. 	were 

represented as moderately abundant algae. 	Enteromorpha 

prolifera was rare. Higher animal settlement was recorded. 

Glass - Higher animal fouling was noted. Ceramium sp. was the 

main 	and abundant form. Both Hildenbrandtia 	and 

Oscillatoria sp. were recorded as moderately abundant algae. 

All 	the 	4 substrata have 	shown settlement 	of 

Oscillatoria sp. as a fouling alga. Presence of 

Hildenbrandtia sp. was exhibited on all the panels except 

that of MS. Glass and aluminium indicated Ceramium sp. as a 

fouler. Polysiphonira sp. settlement was seen on MS and 

aluminium. Ectocarpus sp. was observed only on aluminium and 

settlement of Enteromorpha. prolifera was recorded only on 

fibre glass. Algal variation was highest on aluminium (6 

forms) and lowest on MS and glass. 
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Monsoon 

Mild Steel (MS) - Cladophora was the main element and was 

represented by 3 species: - C. fascicularis (abundant), C. 

saracenica (moderate) and an unidentified C. sp. (rare). 

Enteromorpha linza was rare. Algal fouling was the main 

feature on the panel. 

Aluminium - Enteromorpha was the only form found on the 

panel. It was represented by E. compressa (abundant), E. 

tubulosa and E. intestinalis - both as moderate, E. flexuosa 

(rare). Animal fouling and algal fouling were more or less 

same. 

Fibre Glass - Cladophora fascicularis was the main and 

abundant form. Enteromorpha was represented by E. tubulosa, 

E. clathrata, E. compressa - all the three as moderately 

abundant forms and E. linza as a rare form. Algal fouling 

was higher than animal fouling. 

Glass - Cladophora fascicularis was the main and the most 

abundant alga. C. qlomerata was moderate. Enteromorpha. linza 

was rare in quantity. Animal fouling was higher than algal 

fouling. 

The monsoon panels thus showed Entermorpha and 

Cladophora as the main fouling forms. C. fascicularis was 

abundant on MS, fibre glass and glass but aluminium did not 

show any Cladophora settlement. Algal variation was highest 
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on fibre glass (5 forms), and it was the lowest on glass (3 

forms). 

CUMULATIVE PANELS - SET T (Tables AT-27 to AT-30, Fig. AF-32) 

The panels were deployed during postmonsoon period 

(1989) with an aim to study the effect of longevity of the 

period of exposure and also to study the effect of period of 

exposure. From this set data was expected for 15 months but 

during June '90 all the panels except that of fibre glass 

were lost. Hence data upto 9 months period is presented 

below: 

Mild Steel - On this substratum the main components were Ulva 

sp. and Enteromorpha tubulosa  as both of them were observed 

for 5 consecutive periods. 

2 Months  - Only Enteromorpha  was represented by its two 

species - E. tubulosa  and E. clathrata  which occurred 

abundantly and moderately respectively. Algal fouling was 

very low. Higher animal fouling was the main feature. 

3 Months  - Settlement. of E. tubulosa, Ulva  sp. (both 

moderate), Lynqbya sp., Polysiphonia sp.  (both rare) was 

recorded. Animal fouling was higher than seen on the 

previous panel. 

5 Months  - Cladophora qlomerata  was recorded as the main but 

moderately occurring algal form. The other fouling algae 
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were E. tubulosa, E. clathrata and Ulva sp. their abundance 

was categorized as rare. The algal settlement was low in 

general. 

6 Months - The settled algae were E. tubulosa, Ulva sp., C. 

glomerata and their abundance were abundant, moderate, rare 

respectively. 

7 Months - Enteromorpha took the main share of fouling algal 

complex on the this panel. The various species of 

Enteromorpha included E. tubulosa, E. clathrata, E. plumosa, 

E. compressa, E. prolifera. Except E. tubulosa which 

appeared abundantly the abundance of all the other species 

was categorisd as rare. The other algae included Ulva sp. 

and Caloglossa sp. Their abundance was designated as 

moderate and rare respectively. 

8 Months - Animal fouling was high on this panel. The panel 

exhibited only one alga - Ulva sp. 

Aluminium - The data from this substratum was available upto 

7 months period. 8 months and 9 months panels were Yost. 

The main fouling algae appeared to be Enteromorpha tubulosa 

(occurred 4 times) and Cladophora fascicularis (occurred 

thrice). 2 Months - Only two forms were seen to be settled 

and these were E. tubulosa and C. fascicularis. Their 

abundance belonged to the category moderate. 
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3 Months - On this panel good amount of algal species 

variation was represented. Ulva sp. was represented as the 

main and abundant alga. The other forms were E. tubulosa, 

Lyngbya sp. and Polysiphonia sp. The first one was moderate 

in quantity while the rest two were rare in quantity. 

5 Months - Appearance of Ectocarpus sp. (rare), Goniotrichum 

alsidii and Cladophoropsis sp. (both moderate) were the 

noteworthy features. The main and abundant element on this 

panel was Cladophora fascicularis. Enteromorpha was 

represented by E. clathrata, the abundance of which was 

categorised as moderate. Thus this panel exhibited high 

algal variation. 

6 Months - Low algal fouling was noticed on this panel. 	The 

algal fouling was represented by algae like E. tubulosa, 

Polysiphonia sp. both being moderate in abundance and C. 

glomerata being rare in abundance. 

7 Months - The algal variation appeared to be the highest on 

this panel. 10 algal species were recorded on the panel. The 

genus Enteromorpha appeared to be a dominant element. 

Amongst the various species of Enteromorpha, E. tubulosa and 

E. prolifera were moderate in numbers and rest of the species 

like E. clathrata, E. plumosa, E. compressa, E. linza were 

rare quantitatively. Presence of Goniotrichum alsidii as the 

abundant alga was another important feature on this panel. 

The rest •  of the fouling algae on this substratum included 
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Ulva sp., Oscillatoria sp., Ectocarpus sp.  The abundance of 

the former alga was categorised as moderate and the latter 

two as rare. 

Fibre Glass - Data for 9 months period was available from 

this substratum. Cladophora glomerata, Enteromorpha  

tubulosa, Ulva sp., Polysiphonia sp., Lynclbya sp.  could be 

listed as main algal foulers. Amongst these algal species 

Clado. glomerata  must be regarded as the prominent alga as it 

occurred mostly abundantly without break for 4 months. E. 

tubulosa  was recorded 4 times (postmonsoon and premonsoon 

period). Polysiphonia sp.  was observed during postmonsoon 

and during early monsoon conditions. Lyncibya sp.  was 

recorded on the panel particularly during premonsoon season. 

2 Months  - Animal fouling was more than algal fouling. 

Amongst algae that occurred on the panel E. tubulosa  occurred 

as the most abundant form. Enteromorpha plumosa, 

Polysiphonia sp.  occurred in moderate quantity while the 

abundance of E. compressa  could be categorised as rare. 

3 Months  - Cladophora glomerata  took over as the most 

abundant alga. Ulva sp.  and E. tubulosa  were found to be in 

rare quantities. Higher animal fouling was the main feature 

on the panel. 

5 Months  - Algal fouling was pronounced on this panel. Total 

8 different algae were noticed on the panel. Appearance of 
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Oscillatoria 	sp., 	Ectocarpus 	sp., 	Sphacelaria 	sp., 

Goniotrichum alsidii  were the important features of this 

panel. 	Ectocarpus sp.  was designated in the 	category 

abundant, 	G. 	alsidii  moderate, Oscillatoria 	§2. 	and 

Sphacelaria sp.  - both rare. Cladophora qlomerata  was 

exhibited in abundant quantities. Ulva sp., Polysiphonia 

sp.,  E. tubulosa  were rare quantitatively. 

6 Months  - Algal fouling was seen to decrease during this 

period. C. qlomerata  was continued as an abundant element. 

Appearance of Lynqbya sp.  was noted. both Lynqbya sp.  and 

Oscillatoria sp.  showed their presence in moderate amounts. 

Ulva sp.  and E. tubulosa  too continued as algae of rare 

abundance on this panel. 

7 Months  - Both Oscillatoria sp.  and Lyngbya sp.  took over as 

abundant foulers. Decrease in abundance of C. qlomerata, 

 absence of E. tubulosa  reappearance of Ectocarpus sp.  (rare) 

were the other prominent features. Ulva sp.  was recorded in 

moderate amounts. Animal fouling was higher during this 

period. 

8 Months  - Hihger animal fouling was noticed Lynqbya sp.  was 

designated as the main and abundant fouling alga. Appearance 

of E. prolifera  and Rhizoclonium sp.  (moderate and rare 

respectively), reappearance of Goniotrichum alsidii  (rare), 

absence of Oscillatoria sp.  were the notable features. 
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9 Months  - Algal contribution to total fouling was more than 

that noted for previous period. Appearance of Cladophora 

clavuliqera  as the main and abundant form was observed. 

Increase in abundance of Rhizoclonium sp.  was also noted. 

Its abundance was categorised as moderate. Reappearance of 

Sphacelaria sp.  and Polysiphonia sp.  was recorded. Their 

abundance 	fell 	into 	categories 	moderate 	and 	rare 

respectively. 

Glass - The data was available upto 8 months. 9-months panel 

was lost. C. qlomerata  which occurred for 5 consecutive 

periods and mostly showing high abundance could be considered 

to be the most important fouling form on the glass substrate. 

Likewise E. tubulosa  which was recorded for 5 consecutive 

periods and occurring in rare and moderate quantities could 

be designated as second important fouling alga on set (I) of 

cumulative panels of glass. 

2 Months  - Abundance of C. glomerata  was the chief feature. 

The abundance of E. tubulosa  could be graded as rare. Animal 

fouling was higher. 3 Months  - Higher animal fouling - a 

feature seen on 2 - months panel was continued during this 

period. The trend of algal fouling exhibited on 2 months 

panel was continued but there was increase in the abundance 

of E. tubulosa.  Appearance of Polysiphonia sp.  was noted. 

its abundance fell into grade - rare. 
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5 Months - Abundance of Cladophora and variation in the 

species of this alga were the prominent features. All the 

species of Cladophora that appeared i.e. C. glomerata, C. 

clavuliciera, C. saracenica were found in abundant quantities. 

Appearance of Ectocarpus sp. occurring in 'moderate abundance 

was noted. E. tubulosa was categorised as moderate. In 

general there was higher algal fouling than that was noted 

during 3 months period. 

6 Months - Animal fouling was than algal fouling. The panel 

exhibited two abundant forms namely E. compressa and C. 

glomerata. 	Besides 	it showed both E. 	tubulosa, 	C. 

fascicularis 	in moderate amounts and Ectocarpus  

Goniotrichum alsidii in rare quantities. 

7 Months - Fouling in general was lowered but the algal 

component was conspicuous. Appearance of Rhizoclonium sp. 

Oscillatoria sp., Lynqbya sp.was noted. Amongst these new 

settlers, Rhizoclonium sp. was graded as abundant while the 

abundance of Oscillatoria sp. and lynqbya sp was categorised 

as moderate. Both E. tubulosa and C. qlomerata exhibited 

rare abundance. 

8 Months - Considerable reduction in algal fouling was 

noticed on this panel. Algae were represented by only two 

forms - E. compressa and Rhizoclonium sp. 	The former 

occurred 	in moderate quantities and the 	latter was 

categorised as rare. 
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CUMULATIVE PANELS (SET II) (Tables.AT-31 to AT-34, Fig. AF-33) 

The panels were deployed during monsoon (July'90); to 

obtain data upto 11 months. 

Mild Steel - From the data available, it appeared that E. 

tubulosa  though occurring in rare abundance, represented the 

main fouling form, owing to its consistency of occurrence on 

mild steel substratum. The other prominent alga on this 

substratum was C. qlomerata.  The species of Cladophora  were 

found to settle in monsoon and postmonsoon (early) periods. 

Ectocarpus sp.  occured during postmonsoon conditions but for 

the periods thereafter data was not available. Data on this 

substratum was available for only 3 periods. 3 months, 7 

months onwards panels were lost. 

2 Months  - The panel showed high algal fouling. Cladophora 

was the most abundant form and was represented by 4 species. 

C. glomerata,  C. fascicularis,  C. clavuligera,  C. saracenica 

all of which were abundant. Porphyra  sp. was found to be 

settled, its abundance being moderate. Enteromorpha  was 

represented on the panel by E. tubulosa  and E. compressa. 

 Both of them were rare quantitatively. 

5 Months  - Total fouling was less but animal fouling was more 

than algal fouling. Cladophora glomerata  was the main algal 

element and it was represented in moderate amounts. 

Enteromorpha tubulosa  was recorded in rare quantities. 
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Appearance of Goniotrichum alsidii was noted and 	its 

abundance was categorised as rare. 

6 Months - Settlement of Ectocarpus sp. was recorded on the 

panel. The previous abundance status of E. tubulosa was 

continued on this panel. 

Aluminium - The data from this substratum was available from 

2 months to 11 months periods except 2 periods, 3 months and 

9 months. Enteromorpha tubulosa, Cladophora glomerata, Ulva  

sp., Sphacelaria sp. appeared to be the principal fouling 

algae on this substratum. Presence of E. tubulosa for 5 

consecutive periods on this substratum indicated that E. 

tubulosa was the main fouling form. Presence of Ulva sp. was 

recorded throughout postmonsoon period. Sphacelaria sp. was 

recorded during postmonsoon and early premonsoon periods. 

Settlement of C. glomerata was noticed during postmonsoon 

conditions. 

2 Months - Cladophora fascicularis and C. elavuliciera were 

represented as abundant algae. Amongst Enteromorpha species 

that were found to be settled E. compressa was abundant and 

the abundance of E. tubulosa and E. prolifera was categorised 

as rare. Porphyra sp. was exhibited in moderate amounts. 

Animal fouling was extremely low during this period. 

5 Months - Animal fouling was more on this panel. The main 

alga was Enteromorpha. Amongst the 3 species of this genus 
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E. prolifera was abundant, while the abundance of 	E. 

compressa  and E. tubulosa was categorised as moderate and 

rare respectively. The remaining algal foulers namely Ulva 

sp. and Cladophora. qlomerata were designated to be rare 

quantitatively. 

6 Months  - There was increase in the abundance of Cladophora 

glomerata  and it was found to be moderately abundant. Ent.  

prolifera continued as an abundant alga. E. tubulosa and 

Ulva sp. were continued as components showing rare abundance. 

One of the noteworthy features was the appearance of 

Sphacelaria sp. Its abundance was categorised as moderate. 

Higher animal fouling was noticed on this panel. 

7 Months - On this panel total fouling was low but animal 

fouling was higher. Appearance of Ectocarpus sp. and 

Antithamnion sp. was recorded and both these algae were found 

to be modertely abundant. The most abundant algal fouler was 

Enteromorpha tubulosa. The abundance status of the previous 

settlers like Cladophora glomerata and Ulva sp. was 

maintained. 	However the abundance of Sphacelaria sp was 

seen to be reduced and this alga was categorised as rare. 

8 Months (Plate 5 a) - Higher animal settlement was the 

prominent feature on this panel. 	Enteromorpha tubulosa 

continued to be an abundant component. 	Along with it 

Sphacelaria sp. also appeared to be abundant. Ectocarpus sp. 

and Cladophora qlomerata both continued their moderate 
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abundance. 	Resettlement of C. fascicularis was noticed and 

its abundance was categorised as moderate. 	Appearance of 

Rhizoclonium sp. and Goniotrichum alsidii was noticed. 	The 

abundance of former was categorised as rare while that the 

later alga was moderate. The previous settler Ulva sp. was 

also recorded in rare abundance. 

10 Months - Complete absence of the algal components settled 

previously 	was noticed. 	These 	included 	Enteromorpha, 

Cladophora, Rhizoclonium and Ulva. Appearance of 

Oscillatoria sp. was recorded on this panel. It occurred as 

an abundant element. The forms like Sphacelaria sp. and 

Goniotrichum alsidii were recorded in moderate quantities. 

Ectocarpus sp. abundance was found to be reduced and it was 

categorised as rare. 

11 Months (Plate 5 b) - Appearance of a red crustose form, 

Hildenbrandtia sp. as an abundant alga was a noteworthy 

feature. Oscillatoria sp. was found to be moderate in 

abundance. Animal fouling was conspicuous during this 

period. 

Fibre Glass - Except for 3 months and 9 months panels the 

data was available from all other cumulative periods. 3 

months and 9 months panels were lost. For the'data available 

Enteromorpha tubulosa and Cladophora qlomerata were found to 

be the principal foulers on this substrate. Hildenbrandtia 
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sp. and Ceramium sp. were the other prominent elements. 

Both E. tubulosa and C. glomerata were observed for 4 

cumulative periods. Ectocarpus sp; Sphacelaria 5_2; 

Goniotrichum alsidii were found to be settled mostly during 

postmonsoon period. The occurrence of Hildenbrandtia sp; 

Ceramium sp. was noted during premonsoon season. 

2 Months - Algal fouling was pronounced on the panel. 

Fouling by Enteromorpha and Cladophora was consipcuous. E. 

tubulosa and E. compressa were exhibited as abundant foulers. 

E. plumosa and E. prolifera were represented as moderately 

abundant forms. Cladophora was represented by 3 species 

namely; C. glomerata, C. fascicularis, C. saracenica - all of 

which were categorised as moderately abundant algae. 

Porphyra sp. appeared in moderate amounts and Goniotrichum 

alsidii occurred in rare numbers. 

5 Months - The main algal fouler was Enteromorpha. 	The 

species included E. tubulosa, E. plumosa, E. compressa and E. 

prolifera. The abundance of all these were graded as 

abundant. Cladophora fascicularis settlement was noticed and 

it was noted to be rare in quantity. animal fouling was 

higher than algal fouling. 

6 Months - The same trend about animal continued on this 

panel. However abundance and species variation of 

Enteromorpha was found to decrease. The two species of 

Enteromorpha - E. tubulosa and E. compressa that occurred 
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exhibited moderate abundance. C. qlomerata was recorded in 

rare amounts. 

7 Months - Many new species appeared during this period, Ulva  

sp. settled as the most abundant component. Appearance of 

Ectocarpus sp; Sphacelaria sp; Antithamnion sp., Goniotrichum 

alsidii was noticed. All these were found in rare abundance. 

The previously settled species of Enteromorpha were absent 

and E. clathrata was found in moderate quantities. 

.Cladophora qlomerata was recorded and its abundance was 

categorised as rare. Higher animal fouling was seen. 

8 Months - The new settlers were Enteromorpha linza and 

Cladopphora fascicularis. C. fascicularis took over as an 

abundant fouler. There was reappearance of E. tubulosa and 

E. compresses. The abundance category of the former was 

moderate and the latter rare. E. linza a fresh settler was 

also recorded in rare numbers. The previously settled forms 

like Ectocarpus sp., Sphacelaria sp., Goniotrichum alsidii, 

Antithamnion sp. were found to be rare in their abundance. 

The abundance of previously settled C. qlomerata was found to 

increase and it was found in moderate numbers. Higher animal 

fouling was noticed. 

10 Months - Algal fouling was very low on the panel. 	Algae 

were represented by unidentified unbranched filamentous form 

which was found to be abundant. 
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11 Months (Plate 5 b) - Disappearance of all the previously 

settled forms was a noteworthy feature during this period. 

Appearance of Hildenbrandtia sp., Ceramium sp., Oscillatoria 

sp. was noted - their abundance being abundant, moderate and 

rare respectively. 

Glass - Data on this substrate was not available for 4 

periods - 3 months, 9 months, 10 months and 11 months as 

the panels for these periods were lost. The available data 

indicated that Cladophora qlomerata and Ectocarpus sp. were 

the major components of algal fouling on this substratum. 

2 Months - Presence of Cladophora was the main feature. 

Cladophora was represented by C. 9lomerata, C. fascicularis  

and C. saracenica - all of which were found in abundant 

quantities. Porphyra sp. and Enteromorpha. tubulosa were 

recorded- their abundance being moderate and rare 

respectively. Animal fouling was recorded to be low. 

5 Months - Disappearance of all the previously settled algae 

except Enteromorpha tubulosa was noticed. E. tubulosa was 

found to be abundant. Animal fouling was the main feature. 

6 Months - Algae were represented by diatoms only - no other 

algal forms were observed. Animal fouling was recorded. 

7 Months - Appearance of Ectocarpus sp. was the chief 

feature. 	The other element was Goniotrichum alsidii. 	The 
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abundance of these forms was categorised as abundant and 

moderate respectively. Higher animal fouling was noticed. 

8 Months  - Very high amount of algal variation was observed 

on the panel. Total number of algal species were 9. The 

previously settled Ectocarpus sp.  continued as an abundant 

element. The new settler - Cladophora glomerata  was also 

recorded to be abundant. Besides this, fresh settlement of 

Enteromorpha. prolifera, Rhizoclonium sp., Lyngbya sp., 

Sphacelaria sp., Antithamnion sp., Polysiphonia sp.  was 

noticed. Reappearance of E. tubulosa  was observed. The 

abundance of E. tubulosa,  E. prolifera, Sphacelaria sp., 

Antithamnion sp., Polysiphonia sp.  was categorised as 

moderate while that of Rhizoclonium sp.  and Lyngbya sp.  as 

rare. 
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A.3.4 OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS 

Diatoms are important members of fouling community under 

both test and service situations (Harris, 1946; Hendey, 1951; 

Crosby & Wood, 1959; Daniel et al, 1980; Callow et al, 1976). 

Of the vast numbers and types of inhabiting the marine 

environment relatively few can be regarded as true fouling 

organisms (Daniel et al, 1980). 

Very little work has been done on fouling diatoms so 

far. Review of literature shows that ZoBell & Allen (1935); 

ZoBell (1943); Hendey (1951); Aleem (1958); Wood (1967); 

Bastida (1968); Round (1971); De Palma (1977); Munteanu & 

Maly (1981); Schoener & Schoener (1981); Edyvean and Terry 

(1982); Huang & Boney (1983); Cooksey et al (1984); Gerchakov 

and Udey (1984); have done work on fouling diatoms. In 

India, mention may be made of the work done by Daniel (1955) 

from Madras Waters, Ganapati et al (1958) for Visakhapatnam 

Waters, Karande (1968) for Vizhinjam Bay, Meenakumari & Nair 

(1982) for Cochin Waters and Kelkar (1989) for Bombay 

offshore and Mormugao Harbour Waters. 

Wood (1967) employed iron plates to study the primary 

film. Mathew & Nair (1981) reported 121 species of fouling 

algae (Diatoms) on glass panels.Munteanu & Maly (1981) 

employed glass slides. Kelkar (1989) used aluminium panels. 

430 
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Preponderence of pennate forms over centric forms has 

been observed by many workers (Wood, 1967; Mathew & Nair, 

1981; Kelkar, 1989). 

Diatoms may be enmeshed in the bacterial - detritus film 

(Dharmaraj et al, 1980) Many of them form stipes and some 

like Striatella, Licmophora, Rhabdonema, Climacosphenia form 

colonies which grow out from the surfaces to distances of 0.1 

cm or more. Others such as Navicula, Nitschia, Synedra 

attach by one end and form a palisade. In either case, they 

assist other organisms to join the slime association. 

A large number of diatoms are known to occur on the 

water surface held there by surface tension (Wood, 1967). 

Monthly Panels (Fig. AF-34) 

Mild Steel (MS) (Table AT-35) - Nitzschia longissima (Plate 

6b), Synedra gallioni (Plate 6e), Thalassiothrix frauenfeldii 

(Table 6a) were the prominent diatoms settled on MS-monthly 

panels. 	Nitzschia longissima was recorded during Jan.'90, 

Feb.'90 and Feb.'91, May 90, Nov.'90 and Dec.'90. 	Synedra  

gallioni was exhibited during Feb.'90 and Feb.'91, April '90, 

May '90, June '90 and Dec.'90. Thalassiothrix fauenfeldii  

occurred during Nov.'90 and Nov.'91, May '90, Dec.'90. 

During Aug.'90, a high diversity of diatoms was observed 

on the panel (13 species). Licmophora lyngbeii (moderate), 

Nitzschia obtusa (abundant), Nitzschia obtusa var. 
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Melosira juergensii (abundant), Biddulphia obtusa (rare), 

Mastoqloia smithii (moderate), Mastoqloia braunii (moderate), 

Navicula cancellata var. scaldensis (moderate), Navicula 

membranacea (moderate), Pleurosigma angularis (moderate), 

Achnanthes lonqipes (Plate 6d) (abundant), Achnanthes 

brevipes (abundant) were seen to be settled. During May '90, 

8 species of diatoms were seen to be settled. During Dec.'89 

and Jan.'91 no diatom fouling was exhibited on the panel. 

Data on fouling datoms shows that 30 species of diatoms 

settled during 15 months of observations on MS - monthly 

panels. 

Aluminium (Table AT-36) - The dominant fouling diatoms on 

this substratum were Melosira borreri, Nitzschia longissima, 

Achnanthes subsessilis (Plate 6c). Melosira borreri was 

recorded to occur during Oct.'89, June '90 to Sept.'90 and 

Nov.'90. Nitzschia longissima was found to settle during 

Jan.'90, Feb.'90 and Feb.'91, March '90. Achnanthes  

subsessilis was found to occur during March '90, June '90, 

August '90 and Sept.'90. The highest diversity of fouling 

diatoms was evident during Aug.'90 when total no. of diatom 

species were found to be 9. Licmophora lynqbyei (moderate), 

Licmophora juergensii (rare), Licmophora dalmatica  

(moderate), Nitzschia obtusa (moderate), Melosira borreri  

(abundant), Melosira juergensii (abundant), Biddulphia obtusa  
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(moderate), Pleurosiqma sp. (rare), Achnanthes subsessilis  

(moderate) were reported to settle during Aug.'90. During 

Feb.'91, 8 species of diatoms were seen to be settled. 

No diatom settlement was seen during Nov.'89 	and 

Jan.'91. Diatom variation was very low (only 1 form each) 

during Oct.'89 and Dec.'90. Data on fouling diatoms on 

aluminium monthly panels indicate 39 different species that 

were found to settle during 14 months of observation. 

Fibre Glass (Table AT-37) - Nitzschia obtusa, Nitzschia 

obtusa var. scalpelliformis, Nitzschia longissima, Synedra  

qallioni, Synedra superba, Synedra pulchella forma major were 

the main fouling diatoms. Nitzschia obtusa was recorded 

during Feb.'90, May 90, July and Aug.'90, Nov.'90. Nitzschia  

obtusa var. scalpelliformis was found to be settled during 

Jan.'90, Mar.'90, May '90 and June '90. Syndra qallioni 

occurred during Mar-Apr.-May of 1990 and during Nov.'90. 

Synedra superba occurrence was evident between Feb.'90 to May 

'90 and also during Nov.'90. Synedra pulchella forma major 

occurrence was noticed during March '90 to May '90 and again 

during Sept.'90. 

Highest diversity of fouling diatoms was recorded during 

Feb.'91 (10 species). Licmophora lynqbyei, Licmophora 

anqlica, Licmophora gracilis, Licmophora paradoxa (all 4 

moderate), Nitzschia longissima, Nitzschia longissima forma 

parva (both moderate), Coscinodiscus nitidus (moderate), 



090 

Navicula superimposita (moderate), Pleurosigma 	auqulatum 

(moderate), Pleusosigma sp. (rare), Achnanthes subsessilis  

(moderate), were recorded. During Aug.'90 also high diversity 

of fouling diatoms was noticed (10 species). Nitzschia 

obtusa, Melosira borreri, Melosira juergensii were the main 

and abundant forms. No settlement of diatoms was seen during 

Dec.'90. During Jan.'91, only 2 species of settled diatoms 

were recorded. 44 different species of diatoms were found to 

settle during 13 months of observation. 

Glass (Table AT-38) - Nitzschia longissima, Synedra gallioni, 

Melosira borreri were the main foulers. Nitzschia longissima  

was observed during Jan.'90 to March '90, May '90, Nov.'90 

and Feb.'91. Melosira borreri was recorded during Oct.'89 and 

from July '90 to Sept.'90. Settlement of Synedra gallioni  

was evident during Jan.'90, March '90, May '90 and also 

during Nov.'90. 	Highest diversity of fouling diatoms was 

noted during Aug.'90 (13 species). 	Licmophora lyngbyei  

(moderate), Nitzschia obtusa (abundant), Melosira borreri and 

Melosira juergensii (both abundant) Mastogloia smithii Var. 

lacustris (moderate), Amphora angularis, Amphora coffeaformis  

(both rare), Navicula cancellata Var. Scaldensis (moderate), 

Pleurosigma elongatum, Pleurosigma normanii (both moderate), 

Achnanthes lonqipes, Achnanthes subsessilis (both abundant), 

Cocconeis scutellum (Plate 6f) (rare) were recorded to occur. 

The months Sept.'90 (9 species) and Nov.'90 (10 species) also 
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exhibited high diversity of diatoms. During Sept. '90 the 

main forms were Melosira borreri, Melosira juergensii, 

Coconeis pediculus, Cocconeis scutellum and Synedra pulchella 

forma ma'or. During Nov.'90, Thalassiothrix frauenfeldii 

appeared to be the main elements. Diatom fouling was not 

noticed during Nov.'89, Dec.'89 and Dec.'90. 37 different 

species of diatoms were recorded during 14 months of 

observation on glass panels. 

Data on fouling diatoms on monthly panels of 4 substrata 

indicates that the fibre glass materials supported highest 

diatom diversity (44 species) and mild steel material 

supported lowest diatom diversity (30 species) (Fig. AF-34). 

During Aug.'90 high diversity of diatoms was exhibited 

on the panels. During the month of December '89 diatom 

settlement was not observed on any of the substratum. During 

December '90 also the same trend continued on the panels 

except MS and Al on which 3 and 1 species of diatoms 

respectively settled. 

Nitzschia longissima and. Synedra qallioni were the most 

frequently occurring and abundant elements on all 4 

substrata. 	The other common diatom species to all 	4 

substrata were Licmophora lyngbyei, Nitzschia obtusa, 

Licomophora paradoxa, Melosira borreri, Melosira juergensii, 

Coscinodiscus nitidus, Mastogloia smithii Var. lacustris, 

Navicula cancellata Var. scaldensis, Pleurosiqma normanii, 
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Coconeis pediculus, Synedra pulchella forma major. 	Total 

number of species that were common to all 4 substrata were 

13. 

Certain species of diatoms were found to settle only on 

one specific substratum thereby exhibiting specificity of the 

substratum. They are as follows:- 

Mild Steel - Mastogloia braunii, Actinocyclus 	crassus, 

Navicula compressicauda Pleurosiqma affire Var. Nicobarica, 

Achnanthes brevipes. 

Aluminium - Biddulphia Faevis, Navicula capitata, Navicula  

hyalina, Navicula johnsonii. 

Fibre Glass - Licmophora gracilis, Nitzschia longissima var. 

reversa, 	Navicula 	elliptica, 	Navicula 	superimposita, 

Pleurosigma 	affine, 	Pleurosigma 	spenceri, 	Cocconeis  

placentula, Synedra superba. 

Glass 	Nitzschia 	vitrea, 	Coscinodiscus 	nodulifer, 

Pleurosigma elongatum, Synedra feulgens, Amphora anqularis, 

Amphora coffeaformis. 

SEASONAL PANELS (Fig. AF-35) 

Mild Steel (Table AT-39) 

Post Monsoon I (Oct. 89 to Jan.90) 

Only 2 species of diatoms were exhibited. 	Navicula 
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hyalina  (moderate) and Nitzschia anqularis  (abundant) were 

recorded. 

Post Monsoon II (Oct.90 to Jan.91) - Only 2 species of 

diatoms occurred Navicula membranacea  and Nitzschia obtusa. 

 Their abundance was categorised rare. 

Premonsoon  (Feb. 90 to May 90) - During this period species 

diversity was highest indicating 12 different species of 

diatoms. 	The main and abundantly found elements were 

Cocconeis pediculus, Licmophora flabellata, Nitzschia  

longissima  var. closterium  and Thalassiothrix frauenfeldii. 

Diatoms like Amphora proteus, Navicula cancellata  var. 

scaldensis, Pleurosiqma anqulatum, Licmophora ehrenberqii  

exhibited moderate abundance. The species found in rare 

quantity were Navicula membranacea,  N. fusiformis  var. 

Ostrearia, Licmophora paradoxa, Nitzschia apiculata. 

Monsoon  - ( June 90 to Sept.90) - During this period 6 species 

of diatoms were found to occur. Species of Cocconeis  

dominated. Cocconeis pediculus,  C. scutellum,  C. placentula  - 

all were found in abundant quantities. Pleurosigma  

anqulatum,  P. spenceri, Synedra pulchella  3xhibited moderate 

abundance. Diatom, Navicula membranacea  was a common form 

during postmonsoon II and premonsoon. Pleurosiqma anqulatum 

and Cocconeis pediculus  were common to premonsoon and monsoon 

panels. 
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Aluminium (Table AT-40) 

Post Monsoon  I - Only 1 species of diatom i.e. Nitzschia 

longissima (abundant) occurred on the panel. 

Post  Monsoon It - The previous year trend continued but a 

different species of the same genus was found i.e. Nitzschia 

dissipata var. media (rare). 

Pre-Monsoon - This panel showed highest diatom diversity 

indicating 7 species. The main and abundant elements were 

Nitzschia lonqissima, N. longissima var. closterium. The 

species like Pleurosiqma augulatum, P. normanii, Licmophora  

ehrenberqii, Synedra pulchella forma major were recorded to 

be moderately abundant while Navicula consimilis was 

categorised as rare quantitatively. 

Monsoon - 5 species of diatoms were found to be settled on 

this panel. 	The abundance of species of Melosira was the 

chief feature. 	The species included M. juerqensii and M. 

borreri. 	The moderately abundant species were noted to be 

Cocconeis pediculus, Synedra pulchella, forma major Nitzschia 

Synedra pulchella forma major  was a common diatom to 

premonsoon and monsoon panels. 

Fibre Glass (Table AT-41) 

Post Monsoon I - 6 species of diatoms were found to settle. 

Nitzschia sp. and Asterionella notata dominated and were 



found 	in abundant quantities. 	The species 	indicating 

moderate abundance were Navicula membranacea,  N. lyra, 

Nitzschia longissima  while that of rare abundance was 

Synedra qallioni. 

Post Monsoon  II - Diatom settlement was absent on this panel. 

Pre-Monsoon  - The number of species recorded from this panel 

was 8. On this panel dominance of Licmophora  was a prominent 

feature. L. paradoxa,  L. juergensii,  L. ehrenberqii  were all 

found in abundant quantities. L. flabellata, Nitzschia  

longissima  var. closterium  were categorised as moderate 

quantitatively, while the species exhibiting rare abundance 

were (limacosphenia monilifera, Nitzschia obtusa, Synedra  

qallioni). 

Monsoon  - 4 species were found settled. 	Synedra pulchella  

forma ma'or was found abundant quantitatively. There 

occurred 3 species of Cocconeis:  C. pediculus,  C. scutellum, 

 C. placentula,  all which exhibited moderate abundance. 

Synedra gallionia  was a common diatom to post monsoon I 

and premonsoon panels. 

Glass (Table AT-42) 

Post Monsoon  I - 2 species of diatoms were recorded from this 

panel. Navicula fusca  var. delicatula  was abundant and 

Nitzschia anqularis  was moderately abundant. 
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Post Monsoon II - 4 species of fouling diatoms were noticed. 

The species recorded were Nitzschia lonqissima forma parva, 

N. obtusa, Biddulphia laevis, B. obtusa. Except the first 

one which was moderately abundant all the remaining 3 species 

exhibited rare abundance. 

Pre-Monsoon  - 10 species of diatoms were found to occur on 

this panel. 5 of them dominated and were found to be 

abundant quantitatively. These included, - Synedra qallioni, 

Licmophora ehrenbergii, L. flabellata, Nitzschia lonqissima 

var. closterium and Thalassiothrix frauenfeldii. The species 

like Amphora proteus, Synedra superba, Nitzschia apiculata 

exhibited moderate abundance. The species which were 

categorised as rare quantitatively were Pleurosiqma normanii, 

Synedra pulchella forma major. 

Monsoon  - The abundance of Cocconeis was the chief feature. 

The 	species included C. pediculus, C. 	scutellum, 	C. 

placeutula. The other abundant elements were Synedra 

pulchella forma ma or and Melosira juergensii. The abundance 

of Achnanthes subessilis was categorised as moderate. Total 

number of species settling were 6. 

Diatom diversity was highest on fibre glass panel during 

postmonsoon I (6 species). It was minimum on aluminium (1 

species). Diatom fouling was absent on fibre glass panel 

during postmonsoon II. 
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MS exhibited highest diatom diversity during premonsoon 

(12 species) and aluminium indicated the lowest during the 

same period (7 species). 

Both MS and glass represented highest diatom diversity 

on monsoon panels indicating 6 species of diatoms each. 

Lowest diatoms diversity during monsoon was observed on fibre 

glass (4 species). 

Diatoms settling on only 1 substratum that were recorded 

from post monsoon I panels were as follows. 

Mild Steel  - Navicula hyalina  

Aluminium  - Nil 

Fibre  Glass  - Navicula membranacea, Navicula lyra, Nitzschia 

sp; Synedra qallioni, Asterionella notata. 

Glass  - Navicula fusca var. delicatula. 

Diatoms settling on one specific substratum that were 

noticed on post monsoon II panels were as follows: 

Mild Steel  - Navicula membranacea  

Aluminium  - Nitzschia dissipata var. media. 

Fibre  Glass  - No settlement. 

Glass  - Nitzschia lonqissima forma parva Biddulphia laevis, 

Biddulphia obtusa. 

Diatoms settling only on one specific substratum were 

noted during premonsoon period. They are as follows: 
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Mild 	Steel - Navicula cancellata var. Scaldensis, 	N. 

membranacea, N. fusiformis var. Ostrearia. 

Aluminium - Navicula consimilis  

Fibre 	Glass 	Licmophora 	juergensii, 	Climacosphenia 

momilifera, Nitzschia obtusa  

Glass - Synedra superba. 

Diatoms settling on one specific substratum only during 

monsoon are as follows. 

Mild Steel - Pleurosigma angulatum, P. spenceri, Synedra 

pulchella  

Aluminium - Nitzschia sp; Melosira borreri. 

Fibre Glass - Nil 

Glass - Achnanthes subsessilis  

CUMULATIVE PANELS (SET I) (Fig. AF-36) 

The deployment of panels commenced with effect from 

Oct.'89. 

Mild Steel (Table AT-43) - Consistency of occurrence of 

fouling diatoms was not exhibited. Diversity of diatoms was 

the highest on 7 months panel indicating 6 species. Navicula 

membranacea (moderate), Synedra affinis (moderate), 

Asterionella notata (abundant), Nitzschia obtusa (moderate), 

Nitzschia obtusa var. Scalpelliformis (moderate), 

Coscinodiscus sp. (rare) were observed on 7 months panel. No 

diatom settlement was there on 3 months panel. 
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Aluminium (Table AT-44) - There was no consistency of 

occurrence of fouling diatoms. Diatoms diversity was the 

highest on 7 months panel. 8 species of diatoms were 

recorded. They were Navicula amphisbaena  (rare), Synedra  

pulchella  forma major  (moderate), Synedra Ulna  var. obtusa 

(moderate), Licmophora juergensii,  L. anglica, L. gracilis  

(all 3 moderate), Coscinodiscus sp.  (rare), Suriella ovalis 

(rare). Diatom fouling was absent on 3-months panel. 

Fibre Glass (Table AT-45) - The consistency of occurrence of 

diatoms was observed in cases of Synedra qallioni  and 

Licmophora juergensii. Synedra qallioni  occurred on 6 months 

and 7 months panels in moderate amounts and Licmophora  

juergensii.  Occurrence recordd on 3M, 5M, 6M panels. The 

diversity of the diatoms was the highest on 9 months panel 

with 10 species of diatoms. Navicula laevissima  (abundant), 

Pleurosigma hippocampus  (moderate), Achnanthes subsessilis, 

A. longipes  (both rare), Nitzschia vitrea  var. recta  

(abundant), Melosira juergensii  (abundant), Coscinodiscus  

nitidus  (moderate), Mastoqloia smithii  var. lacustris,  M. 

braunii  (both abundant), were seen to be settled. 

On panels exposed for 6 months and 7 months high 

diversity of diatoms was exhibited. Each panel indicated 6 

diatom species. On 7 months panel, Nitzschia longissima  var. 

closterium  (Plate 6g) was abundant. The other species were 

Synedra qallioni  (moderate), Nitzschia obtusa  var. 
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Scalpelliformis (moderate), Nitzschia longissima 	(rare), 

Nitzschia 	distans 	(moderate), 	Coscinodiscus 	nitidus 

(moderate). 	Settlement of diatoms was not noticed on 8 

months panel. 

Glass 	(Table AT-46) - The consistency of diatom occurrence 

was seen in cases of Synedra gallioni and Nitzschia obtusa. 

Both occurred on 5M and 6 months panel and abundance of both 

the diatoms was found decreased from moderate to rare. 5 

months and 7 months panels indicated highest diversity of 

diatoms indicating 9 species each. Pleurosigma normanii  

(rare), Achnanthes subsessilis (moderate), Synedra affinis  

(rare), Grammatophora angulosa (rare), Nitzschia longiosima 

(abundant), Nitzschia obtusa var. scalpelliformis (moderate), 

Nitzschia longissima forma parva (abundant), Coscinodiscus  

excentricus (moderate), Homoeocladia martiana (rare) were 

recorded from 7M glass panel. 3M panel exhibited no 

settlement of diatoms. 

Data on cumulative panels (Set I) of 4 substrata 

revealed that fibre glass panels showed highest diatom 

diversity (23 species) and MS showed the lowest diversity (12 

species). 9 months panel of fibre glass showed 10 species of 

diatoms. For other substrata 9 months panels were not 

available for observation. While considering the diatom 

diversity for different periods for individual panels, it 

appeared that 7 months panels showed highest diatom diversity 
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(MS - 6 species, aluminium - 8 species, fibre glass - 6 

species, glass - 9'species). Glass panel thus exhibited the 

highest diversity amongst 4 substrata on 7 months panel. 

Absence of diatom fouling was seen on 3 months panels 

except that of fibre glass. On fibre glass also only one 

species of diatom was recorded (Licmophora juergensii) 

 (abundant). Unlike other types of panels absence of diatom 

fouling was exhibited on 8M fibre glass panel. 

Diatoms which were common to all 4 substrata were 

Synedra qallioni  and Synedra affinis.  

Certain species of diatoms were recorded only on one 

specific substrata during this period. They were as follows: 

Mild Steel  - Navicula membranacea Pleurosigma 	decorum 

Asterionella notata, Campylosira cymbelliformis. 

Aluminium  - Navicula consimilis,  N amphisbaena, Pleurosiqma 

anqulatum  var. strigosum, Synedra pulchella  form major, 

Thalassiothrix frauenfeldii, Cyclotella striata, Suriella  

ovalis. 

Fibre Glass  - Navicula laevissima, Pleurosigma hippocampus, 

Nitzschia dissipata  var. acuta,  N distans.  N insiqnis,  var. 

smithii,  N longissima  var. closterium,  N vitrea  var. recta 

Achnanthes subsessilis,  A longipes, Melosira juergensii, 

Mastoqloia smithii  var. lacustris,  M braunii,  M lanceolata.  
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However 50% of these diatoms were recorded from 9 months 

panel for which period, other types of panels were not 

available for observation. Nitzschia dissipata var. acuta, N 

distans, N insignis var. smithii, Mastogloia lanceolata,  N 

lonqissima var. closterium can be considered in this concern. 

Glass Grammatophora anqulosa, Homoeocladia 	martiana, 

   

Coscinodiscus excentricus. 

CUMULATIVE PANELS (SET II) (Fig. AF-37) 

The panels were deployed during the 1st week of July 

1990. 

Mild Steel (Table AT-47) - Consistency of occurrence of 

diatoms was not evident. Diversity of fouling diatoms was 

highest on 5M panel. (12 species). 	Navicula 	capitata 

(moderate), Navicula laevissima (moderate), Pleurosiqma 

normanii (moderate), Synedra affinis (abundant), Synedra 

pulchella (moderate), Thalassiothrir frauenfeldii (moderate), 

Cocconeis pediculus (moderate), Licmophora paradoxa, 

juergensii 	(both moderate), Nitzschia 	lonqissima 	var. 

closterium (moderate), Coscinodiscus nitidus (rare) were 

recorded on the panel. Absence of settlement of diatoms was 

observed on 6 months, 7 months panel. 7 months, 8 months, 9 

months, 10 months, 11 months panels were lost. 

Aluminium (Table AT-48) - The consistency of occurrence of 
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diatoms was evident in case of 5M and 6M panels with respect 

to Cocconeis pediculus with differences of abundance (from 

moderate to rare). Likewise Licmophora paradoxa was reported 

from 10M and 11M panels. Diatom diversity was highest on 8M 

panel. (12 species). Navicula cancellata var. Scaldensis  

(moderate), Pleurosiqma normanii, P. anqulatum (both rare), 

Cocconeis scutellum (rare), Asterionella notata (moderate), 

Licmophora paradoxa, L. lynqbyei, L. luergensii (all 3 

moderate), Nitzschia obtusa, N. dissipata var. media (both 

abundant), N. anqustata (abundant), Coscinodiscus nitidus  

(rare) were noted. 

For other periods also good amount of diversity was 

recorded on aluminium panel (2M - 4 species, 5M - 7 species, 

6M - 9 species, 10M - 7 species, 11M - 8 species). Diatom 

settlement was minimum on 7M - panel (only 1 species). 

Fibre Glass (Table AT-49) - The consistency of occurrence of 

diatoms was noted in respect of diatoms like 	Synedra  

Gallioni, 	S. pulchella, Licmophora ehrenberqii, Nitzschia  

obtusa. 	L. ehrenbergii were found to occur on both 10M and 

11M panels. 	N. obtusa was recorded 	throughout 	the 

observation period. 	Highest diatom diversity was recorded 
• 

on 	5 months panel (12 species). Amphora 	coffeaformis 

(moderate), Navicula membranacea (moderate), Pleurosigma  

angulatum, P. normanii (both moderate), Cocconeis pediculus, 

C. scutllum, C. placentula (all abundant), Licmophora 
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(moderate), N. longissima (rare), N. anqustata (moderate) 

were recorded. 2 months and 8 months panels also showed high 

species diversity (each indicated 11 species). The main and 

abundant forms on 2 months panel were, Achnanthes 

subsessilis, Cocconeis scutellum, Licmophora anglica, L. 

dalmatica, N. obtusa, Melosira borreri, M. sp. Biddulphia  

laevis, B. sp. 

On 8 months panel the main and abundant elements were 

Nitzschia obtusa and N. vitrea. No diatom fouling was 

recorded on 11 months panel. Miniumum settlement of diatoms 

was noticed on 6 months and 7 months panel (each showing 3 

species). 

Glass 	(Table AT-50) - The consistency of occurrence of 

diatoms was not noticed. 2 months panel exhibited highest 

diatom diversity indicating 10 species. Navicula cancellata  

var. scaldensis (moderate), Achnanthes longipes, A. 

subsessilis (both abundant), Licmophora anqlica, L. dalmatica 

(both moderate), Nitzschia obtusa (abundant), Melosira 

borreri, M. sp. (both abundant), Biddu.lphia laevis  

(moderate), Mastogloia smithii var. lacustris (moderate) 

occurred on 2 months panel. 

On 	5 months panel 9 species were 	recorded. 	A. 

subsessilis, Cocconeis pediculus, C. scutellum, 	Synedra  

pulchella, 	Licmophora lyngbyei, L. 	anglica, 	Nitzschia 
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lonqissima, N. vitrea, Melosira borreri were found to settle. 

Except L. anqlica (rare), all were moderate. On 8 months 

panel 7 species of fouling diatoms were found to be settled. 

N. obtusa, N. lonqissima, N. anqustata were 	abundant. 

Navicula membranacea, Synedra pulchella N. vitrea 	were 

moderate, Coscinodiscus nitidus was rare. 

No diatom settlement was observed on 6 months panel. 

Minimum settlement of diatoms was seen on 7 months panel (2 

species). 10 months and 11 months panels were not available 

for observation. 

Data on cumulative panels (Set II) indicated amongst all 

4 substrata highest diatom diversity was shown on fibre glass 

(31 diatom species) and minimum diversity of fouling diatoms 

existed on MS (15 species). 

Diatoms which were common to all 4 substrata were: 

Coconeis pediculus, Melosira borreri, Biddulphia laevis. 

Some species of diatoms were found to settle on one 

specific substratum. They were as follows: 

Mild Steel - Navicula capitata, N. laevissima, Synedra  

affinis, Thalassiothrix frauenfeldii. 

Aluminium - Navicula qranii, Asterionella notata, Synedra  

pulchella forma major, Licmophora flabellata, Nitzschia  

frustulum, N. sigma. 



10€ 

Fibre Glass - Navicula Van. Hoffeni, Synedra 	superba, 

Stenoneis sp. Licmophora gracilis. 

Glass - Nitzschia longissima forma parva. 
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A3.4 DISCUSSION 

In 	tropical estuaries temperature 	variations 	are 

generally not high as seen in temperate conditions. 	The 

0 	0 

range of temperature in Waghotana estuary was 23 -29 C. 	The 

0 

temperature variation i.e. 6 C observed in this estuary was 

0 

lower as compared to that recorded for Mandovi (8 C). 

The highest temperature in this estuary was recorded in 

the month of April during premonsoon season. Dehadrai and 

Bhargava (1972) also observed the highest temperature along 

central west coast of India during the same period. 

Premonsoon rise in temperature might be attributed to maximum 

solar radiation during that period. However, a sudden 

decrease in temperature during late premonsoon period might 

be because of premonsoon showers. During monsoon low 

temperatures were recorded in this estuary. But the lowest 

temperature during the entire study period was noted during 

0 

Dec.'89 (23 C). 

The 	rise in temperature that was observed 	after 

cessation of monsoon rains in Waghotana estuary is concurrent 

with the observation made by Dehadrai and Bhargava (1972) 

along central west coast of India. 

The salinity in this estuary ranged between 7.83%o and 

38.12%o (Fig. AF-3). As compared to this estuary the Mandovi 

estuary recorded much wider variation in salinity. To a 



certain extent salinity variation - 13.2 to 35.80%o - 

observed by Menon et al (1977) in Mangalore waters is close 

to that observed in this estuary during the present study. 

Low salinity during monsoon months like July (1990), Aug. 

(1990) corresponds to the SW monsoon and heavy influx of 

freshwater between months June and September. Devassy (1983) 

stated that during monsoon there is almost flooding and 

flushing of the estuaries. 

The highest salinity in Waghotana estuary was recorded 

during Jan.'90. However during the succeeding year maxima 

was not observed during January. During premonsoon salinity 

values were fairly steady. Quasim (1973) and Devassy (1983) 

also made similar observations. 

Oxygen concentration in this estuary ranged between 2.56 

m1/1 and 5.248 m1/1 (Fig. AF-5). Dehadrai and Bhargava (1972) 

observed D.O. in the range of 4.00 and 5.25 m1/1 along 

central west coast of India. Thus range of D.O. 

concentration in this estuary was higher than the range 

observed by Dehadrai and Bhargava (1972). The high 

concentration of D.O. observed during late postmonsoon i.e. 

during January might be due to the increase of photosynthesis 

by the algae (Murthy et al, 1978). 	Abundance of fouling 

algae during this period was also an important feature. 	The 

high concentration during April is also attributed 	to 

increase in photosynthesis by algae and phytoplankters. 
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Relatively higher D.O. during June 90 might be due to low 

salinity (7.83%o) during this period. In spite of low 

salinity (21.27%o) low oxygen concentration was seen in this 

estuary during Aug.'90. This might be attributed to 

utilization of oxygen by respiratory activities of algae, 

phytoplankton, besides decaying of organic mater in this 

estuary. According to Sharma (1978) increased utilisation of 

oxygen by decaying organic matter and formation of mud banks 

during monsoon bring in oxygen depletion of water. 

pH values ranged between 7.6 and 8.5 in Waghotana 

estuary (Fig. AF-4). Decline was noted during monsoon. 

Sankaranarayan and Quasim (1969) also noted minimum pH values 

at all depths during the period of freshwater discharge i.e. 

during monsoon. 

During the current investigation in general pH values 

above 8.00 were noted during postmonsoon and premonsoon 

periods. Such as increase in pH is attributed to plant 

activities, seepage of water, plant and animal refuse by Nasr 

and Aleem (1948). In the present study enhanced algal 

abundance was particularly noted during postmonsoon months 

like Oct., Nov., Jan. and also during premonsoon months like 

Feb., March, April. Thus rise in pH observed in these 

studies might have been contributed by plant activities. 

In this estuary transparency (Fig.AF-6) values varied 

from a minimum of 81.6 cms recorded during June '91 to a very 
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high transparency 327.00 cms. noted during April 1990. 	A 

decrease was observed during monsoon. This must be due to 

land runoff during heavy monsoon rains. Since the 

observations on colonisation and abundance of fouling algae 

were mostly done in the splash zone which experienced maximum 

possible illumination, the influence of this factor was more 

or less same on all the structures observed. 

Minimum suspended matter value was noted during 

postmonsoon (Oct.'89) and maximum during premonsoon (March 

'91) (Fig. AF-7). 

Highly significant relationship between the suspended 

matter of seawater and P.O.C. of seawater and the organic 

carbon of the microfouling material suggests that the S.M. 

and POC of surface waters played an important role in 

controlling at least the initial stages of microfouling 

(Bhosle et al, 1990). In the present investigation the 

diatom abundance on the panels corresponds with high S.M. in 

this water during premonsoon season. 

Moderate S.M. values during the entire monsoon season 

might be attributed to land runoff caused by monsoonal rains. 

Zingde et al (1989) have opined that the increased turbulence 

during monsoon and the high particulate matter normally 

associated with land runoff results in substantial increase 

in suspended matter. 
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In oceanic environments suspended particulate organic 

matter (POM) is generally derived from phytoplankton (Deuser 

et al, 1981). Rapid mass sedimentation of phytoplankton 

blooms have been reported for many coastal and shelf 

localities (Smetacek, 1984, 1985; Skjoldol and Wassmann, 

1986; Harding et al, 1987). In the absence of effective 

grazing by zooplankton, a large part of phytoplankton bloom 

sinks and forms the euphotic zone (Bhosle et al, 1989). High 

chl-a was generally associated with high POC (Dhargalkar and 

Bhosle, 1989). In the present investigation also the diatom 

abundance on the panels during premonsoon was in accordance 

with POC content (Fig. AF-8) and chl-a concentration in 

surface waters. The same trend was also exhibited during 

monsoon. Alternatively, low diatom colonisation during 

postmonsoon months was also in accordance with POC and chl-a 

concentration. 

Chl-a variation in Waghotana estuary was in the range of 

3 	 3 
0.04 mg/m (Oct.'90) - 3.772 mg/m (Aug. '90) 	(Fig. AF-9). 

Sankaranarayan et al, 1972 noted that majority of stations in 

Zuari and Mandovi estuaries showed higher concentrations 

during pre and postmonsoon seasons. The maximum being in the 

latter season. In the current investigation however high 

concentrations were noted during premonsoon and monsoon 

periods. Except during the month of November low 
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concentrations of chl-a were observed during postmonsoon 

months. 

Dehadrai and Bhargava (1972) observed a peak of chl-a 

concentration during September along central west coast of 

India. In this estuary however a peak of this parameter was 

noted during August. 	High values of chl-a were noticed 

during April and May (Dehadrai and Bhargava, 1972). 	During 

the present investigation also relatively high values of chl-

a were observed during the same period. 

Generally high chl-a content synchronizes with bloom 

situations in the Zuari and Mandovi estuarine system 

(Devassy, 1983). The observations on chl-a concentration in 

Waghotana estuary correspond with diatom abundance and 

colonisation of higher number of diatom species on the panels 

during the months Nov.'89, Nov.'90, Jan.'90, Aug.'90, Feb.'91 

and May '91. 

The concentration of phaeopigments is governed by 

intensity of light. Grazing pressure is also an important 

factor (Strickland et al, 1969). Devassy (1983) noted that 

phaeopigment concentration increased during the monsoon and 

dissipating stage of blooms and due to high turbidity the 

transformation of chlorophyll into phaeophytin may be 

occurring simultaneously during the monsoon. 



In Waghotana estuary, chl-a and (Figs. AF-9 and AF-10) 

phaeopigment values were seen to be fluctuating. Increased 

chl-a concentration was mostly associated with decline in 

phaeopigment concentration and vice versa. Grazing by 

zooplankton during postmonsoon seems to be associated with 

phaeopigment increase in this estuary. The diatom abundance 

indicating moderate to high chl-a during monsoon is in 

accordance with low phaeopigment concentration during monsoon 

in Waghotana estuary. 

,Phosphate values in this estuary ranged between 0.077 ug 

at/1 (Nov.'89) and 4.692 ug.at/1  (March '90) (Fig. AF-11). 

The observations on algal abundance and diatom abundance 

on the experimental panels deployed in Waghotana estuary 

revealed that during the months Jan. to May and again during 

July to Sept. enhanced abundance of algae and diatoms both or 

any one of these two components was seen in general. 

Phosphate concentrations during these months were moderate to 

high, dropped slightly or decreased considerably. Such 

processes are attributed to phosphate consumption by algae 

and diatoms. Phosphorus was indicated to exert marked 

influence on algal population (Frink and Machlis, 1968; Sikka 

and Pramer, 1968). The relation between phosphate and 

diatoms is recorded as positive in the tropical inshore water 

(Jayaraman and Seshappa, 1957). As opposed to that it is 

recorded as negative also (Lebour, 1930; Devassy and 
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Bhattathiri, 1974). 	Nasr and Aleem, (1948) 	attributed 

abundance and scarcity of phytoplankton to maxima and minima 

of phosphate. 

The abundance of algae and diatoms may be also due to 

red tide phenomenon enriching to marine environment. It 

appears that the phytoplankton abundance depends on phosphate 

made available by APA (alkaline phosphatase activity). 

Alkaline phosphatase has the potential to mineralize organic 

phosphorus. Increased concentration of phosphate in this 

estuary during monsoon might be due to land runoff. 

Nitrate concentration in Waghotana estuary varied from 

0.02 ug.at/l (April '90) to 2.7 ug.at/l (June'90) (Fig. AF-

12). Higher concentration was noticed during monsoon. Some 

other workers noted high nitrate concentration during monsoon 

(Sankaranarayan and Quasim, 1969 - Cochin backwater, Devassy, 

1983 - Mandovi estuary). Ewins and Spencer (1967) attributed 

increased nitrate concentration during monsoon to fresh water 

discharge and land runoff. In the present study also high 

concentration seen might be because of fresh water discharge 

and land runoff. Increase in nitrate concentration during 

late premonsoon might be attributed to premonsoonal showers. 

Nitrate is one of the major nutrients for diatoms. 

Abundance of algae and diatoms on the panels would therefore 

suggest that nitrate consumption was rapidly occurring during 

this period. 



The concentration of this parameter ranged between 0.047 

ug.at/l (May'91) and 1.078 ug at/1 (Jan.'91) (Fig. AF-13). 

Devassy (1983) showed a very fluctuating trend of nitrite 

concentration and the concentrations of nitrite were in 

general lower than those of nitrate. In the current 

investigation nitrate and nitrite values were also seen to be 

fluctuating, and mostly nitrate level was much higher than 

nitrite level. Sankaranarayanan and Quasim (1969) attributed 

this increase in nitrate concentration with corresponding 

decrease in nitrite level to the conversion of nitrite-N into 

nitrate-N. Nitrite-N according to Sankaranarayanan and 

Quasim (1969) is a transitory stage. 

In this estuary nitrite level was higher than that of 

nitrate during late monsoon, early postmonsoon (1990), late 

postmonsoon (1991). This might be because of impact of 

zooplankton during postmonsoon period. Queguiner and Treguer 

(1984) stated that increase in nitrite and ammonia 

concentration can be correlated with high zooplankton 

biomass. 

The general observations on the algal biomass values 

(Table AT-3 to AT-6) on monthly panels, reveal that the 

values were high during monsoon months excepting June. Misra 

(1960) has stated that monsoons are important factor for the 

seasonal benthic algal growth along the west coast of India. 

The chief causes for increased production may be the 
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continued supply of nutrients and consumption of these 

nutrients for growth. The increase in nutrient level is 

attributed to land runoff. 

Many studies have related inputs and enrichment of 

nitrogen and phosphorus compounds to macroalgal blooms 

(Waite and Mitchell, 1972; Guist and Humm, 1976; Kinding and 

Littler, 1980; Harlin and Thorn-Miller, 1981; Rosenberg, 

1985). Observations on phosphate concentration (Fig. AF-11) 

and nitrate concentration (Fig. AF-12) during monsoon would 

indicate that there was a decrease in values of these 

parameters which suggests that these nutrients were used up 

by the algae. Most algae are good consumers of nitrogen. 

Another factor causing high algal biomass during monsoon 

months except June may be the absence of non-sedentary 

grazers. The monthly panels deployed during a period July to 

Sept. months indicated almost cent per cent contribution by 

plants to total fouling biomass (Tables AT-3 to AT-6), on 

panels, with no detectable animals. Observations with 

respect to animal fouling at Cochin (Balsubramanyan and 

Menon, 1963; Nair, 1967) have shown that fouling has been the 

least in quality and quantity during the monsoon period and 

the cause is reasonably attributed to the fall of salinity of 

water during this period. 
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During Nov.'89 and '90 bloom of Enteromorpha spp.  was 

observed on the panels and moderate to high values of algal 

biomass were noted. Optimum temperature, optimum pH and good 

water clearity might be the probable causes behind fair 

biomass values. During late postmonsoon (Jan. '90,91) also 

moderate to high values were noted. Murthy (1978) stated 

that temperature and dissolved oxygen are the most important 

environmental factors influencing algal biomass and primary 

production. Periods of maximum accumulation of biomass 

tallied with low temperature coupled with higher values of 

oxygen. Optimum low temperature and high values of D.O. were 

observed during this period (Fig. AF-2, AF-5). Even the 

factors like pH and transparency were found to be showing 

optimum levels (Figs. AF-4, AF-6). 

The earlier period of premonsoon i.e. Feb., March month 

of 1990 recorded high algal biomass which was not the case in 

general during the same period of next year i.e. 1991. 

Values of nutrients especially phosphate and to a certain 

extent nitrate and nitrite (Feb.'90) were high during this 

period. Besides temperature, pH and transparency were 

favourable for algal growth. 

During the same period of next year the concentrations 

of nutrients (Table AT-2) were not fair, although pH and 

transparency values were satisfactory (Table AT-1). 
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Excepting June '90 algal biomass values were high during 

monsoon 	of 1990. 	This might be attributed 	to 	poor 

transparency 	and 	sudden lowering 	of 	salinity 	after 

commencement of monsoon showers accompanied by low pH. 

Thus although nutrient levels, 0 	concentration were 
2 

fair, still algal biomass values were low. 

During Dec.'89, '90 animal population and animal biomass 

increased. Increased animal settlement on the panels and 

grazing by free swimming animals might be the factors behind 

poor algal biomass. 

On cumulative panels of Set I and Set II and also 

postmonsoon I and II and premonsoon season panels in animal 

biomass valus excepting 2 months panels of Set II were higher 

than those of algal biomass. This is attributed to long 

immersion periods (Tables AT-7 to AT-18). The conditioning 

brought by the action of bacteria, diatoms, algae settled and 

environmental factors operating might have stimulated animal 

settlement. The growth of settled animals would prevent 

algal settlement as the speace to be occupied by algae has 

been occupied by animal species. Comparison of animal 

weights on monthly panels and those on cumulative panels 

would indicate that monthly panels favour the settlement of 

algae and hence would exhibit higher algal biomass values, on 

the fresh surfaces deployed during the beginning of each 

month. Maruthmuthu et al (1990) observed that most algae 
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predominantly 	settled over newly 	introduced 	surfaces. 

Conversely on cumulative panels growth of already settled 

animals would proceed and they might exhibit higher weights. 

The algal biomass values for cumulative panels of Set II 

(Fig. AF-26 to AF-29) were initially higher than animal 

biomass. This is attributed to influence of monsoon 

conditions which favour algal settlement and inhibit animal 

settlement. The same trend was also seen on monsoon seasonal 

panels (Figs. AF-18 to AF-21). 

A compparison of percentage contributions of algae to 

total fouling biomass on Set I and Set II cumulative panels 

(Tables AT-11 to AT-18) suggests that Set I panels which were 

deployed during postmonsoon season favoured animal settlement 

indicating relatively lower percentage contribution by algal 

component and Set II panels and monsoon seasonal panels which 

were deployed during monsoon (July '90 and June '90) 

respectively favoured algal settlement indicating relatively 

higher contribution by algae on panels. This comparison 

confirms the earlier view that the time of the year when 

exposure of substrata is initiated is very important for the 

development of algal communities (Forster, 1975a). 

Howard-Williams 	et al (1986) found that type 	of 

substratum has an important influence on algal composition 

and biomass in Antarctic streams. Microscopic examination of 
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substrata reveals a diversity of contrasting surfaces. These 

may offer different niches for various microorganisms. The 

choice of substrata has been shown to result in considerable 

variation in both macrofouling (Shahul Hammed and 

Balsubramanyan, 	1977; 	Karande and 	Swami, 	1988) 	and 

microfouling assemblage (Sechler and Gunderson, 1973). Cox 

(1988) opined that too often we have worked at wrong scale to 

answer the question of substratum specificity. 

	

Monthly panels represent the fresh substrata 	and 

colonisation of algae on these panels will depend on surface 

characteristics, dimensions of panels in addition to 

environmental conditions. But when environmental conditions 

and dimensions of panels are same, the differences in algal 

fouling with respect to biomass and species variation could 

be attributed to surface characteristics. In general, values 

of algal biomass and even percentage contribution by algal 

component were high on fibre glass and aluminium and the 

values were generally low on glass and mild steel. Feldman 

(1937); 	Den 	Hartog (1972) 	observed 	that 	macroalgae 

preferntially colonise surfaces with greater relief. The 

large particle size obviously provides a larger area on which 

to settle. Even at molecular level porous or roughened 

surface can offer an effective area 10 times that of a smooth 

ore (Adam, 1941). 	Interstitial space may be the most 

important factor regulating algal populations on 	these 

substrata. Interstitial spaces may be critical in providing 



121 

resistance to desiccation during periods of low tide or 

particles may cause small eddies that could facilitate spore 

settlment (Neushul, 1972). The space between the particles 

might even provide a refuge from grazing for spores and small 

plants (Harlin and Lindbergh, 1977). The interstitial space 

could also serve as a trap for detritus, a factor that Fager 

(1971) believed to influence community development on the 

coast of California. Harlin and Lindbergh (1977) noted that 

organic matter would be caught more easily among the larger 

particles than the smaller ones and any electrical charge 

from adsorbed organic constitutents (Neioff and Loeb, 1974) 

would be greater on the surface with greater relief. If 

algal settlement is influenced by electrical charge, this 

difference could offer an additional explanation for the 

greater affinity of algae to these sizes (Harlin and 

Lindbergh, 1977). 

Interstitial 	spaces of the surfaces 	with 	larger 

particles may be more conducive to bacterial or microalgal 

film because of local suppressed water velocities. Norton 

and Fretter (1981) have shown that rougher substrata catch 

more propagules of Sargassum muticum from turbulent water 

flowing past. 

Hence, the higher algal biomass values on fibre glass 

and aluminium panels in the current investigation may be 

attributed to their greater surface relief, larger particle 
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size, interstitial spaces. 	Moreover, fibre glass is a 

synthetic material and being non-toxic, it might 	have 

attracted algal spores. Substratum appears to be beneficial 

in two ways - first even finely granular surfaces confer some 

advantages because rhizoids are not just sticky they also 

physically anchor the germling by wedging in interstices in 

the substratum (Moss, 1975). No such achorage can occur on 

smooth surfaces. Very smooth surfaces are the least suitable 

for germling survival. This agrees with the observation that 

if fouling plates placed in the sea are made of smooth 

plastic or glass they often develop less diverse or less 

dense populations of algae than do the rougher ones (Pomerat 

and Weiss, 1946; Risk, 1972; Harlin and Lindbergh, 1977). 

Comparatively low algal biomass on glass monthly panels 	might ; 

be due to low algal colonisation there owing to their 

smoothness. 	The lowest values were indicated by mild steel 

panels and this might be because of its corrodibility which 

might discourage algal settlement and survival. 

Observations 	(Tables 	AT-3 to 	AT-6) 	on 	percent 

contribution by algal component to total fouling biomass 

indicated that the values were higher on aluminium and fibre 

glass than the remaining two substrates. This suggests that 

these fresh substrata deployed in every month were more 

favourable for algal settlement than glass and mild steel 

panels. Glass panels indicated higher algal biomass values 
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than mild steel panels but higher % contribution by algal 

component was seen on mild steel. This suggests that the 

animal settlement was low on glass and this might have 

encouraged algal colonisation. But still on mild steel algal 

contribution to total fouling biomass was higher than on 

glass, which suggests that monthly panels of mild steel do 

not favour animal fouling to a large extent. 

From the observations of fouling algal compositions of 4 

types of substrate it becomes evident that Enteromorpha 

appears to be the most dominant genus of the fouling complex 

(Table AT-19 to AT34). There were five species of 

Enteromorpha which were common to all the substrata, viz. E. 

tubulosa, E. compressa, E.clathrata, F. prolifera, E. linza,  

E. plumosa was common to 3 substrata (mild steel, aluminium, 

fibre glass). E. qujaratensis occurred only on aluminium and 

glass panels. E. intestinalis was recorded only from 

aluminium panel. Of all the species mentioned above E. 

tubulosa has shown very high frequency of occurrence on all 

the panels of monthly duration. On cumulative panels also E. 

tubulosa occurred more frequently suggesting that it was a 

dominant species as it was retained on the panels for longer 

periods. Seasonal panels except those of premonsoon season 

exhibited occurrence of E. tubulosa. 

Algal fouling was represented mostly or wholly by 

species of Enteromorpha during certain months (Sept. 90, 
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Nov.'89, 	'90, March'90, April '90). 	Maximum number of 

Enteromorpha spp. were found to be settled on aluminium 

substrate and minimum on glass panels. 

As far as algal fouling is concerned Enteromorpha and 

Ectocarpus have been considered as dominant fouling algae. 

The success of these algae is attributed to their 

cosmopolitan distribution, enormous reproductive potential 

and ability to withstand wide ranging conditions (Biebl, 

1962; Christie and Shaw, 1968; Clithroe and Evans, 1975; 

Fletcher and Chamberlain, 1975). The euryhaline character of 

Enteromorpha has been shown in various areas of the world by 

Nasr and Aleem (1949); Biebl (1962); Conover (1964); 

Umamaheshwararao and Sreeramulu (1964); Salim (1965); Kapraun 

(1970); Nienhuis (1970); Woodson and Murley (1970) and 

Edwards (1972). The abundance of Enteromorpha and high 

species variation of this genus on the panels in the present 

investigation is attributed to estuarine environment. 

The abundance of Enteromorpha during late monsoon and 

early postmonsoon and even during parts of premonsoon period, 

might be because of availability of spores and favourable 

environmental characteristics. Particularly during the month 

of November only species of Enteromorpha were found to be 

settled and were found to represent algal component on the 

panels. The other algae were absent or presence are such 

species was noted. Elimination of other algae during this 
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period might be due to rise in pH that was detrimental to 

many other algae. Many workers (Davy de Virville, 1935; Goss 

Custard et al, 1979; Wolfe and Harlin, 1988) noted that 

Enteromorpha spp. can generate extremes in pH upto 10. 

Femino and Mathieson (1980), also observed that the abundance 

of green algae in high pools at Bald Head Cliff Maire, may 

restrict many sensitive species of algae and invertebrates. 

The 	occurrence 	of 	E. 	tubulosa 	during 	varied 

environmental conditions on four different types of substrata 

on monthly, cumulative, seasonal (except premonsoon) might 

suggest that it is a substrate indifferent and highly 

adaptable species. However, abundance, frequent occurrence, 

higher species content of Enteromorpha on aluminium substrate 

might suggest its affinity to aluminium. Conversely the same 

type of observations on glass might suggest its low affinity 

to glass. Harlin and Lindbergh (1977) demonstrated that the 

relief of the surfaces can regulate the development of an 

algal community. Smooth surfaces which have traditionally 

been immersed in the sea to study community development 

eliminate from consideration the macroalgae that would not 

settle or remain on these surfaces. It has been assumed that 

porous or roughened surface can offer an effective surface 

area 10 times that of smooth one (Adam, 1941). Low species 

variation of Enteromorpha on glass panels may be due to its 

smooth surface nature. Conversely high species number or 

better species variation on aluminium, mild steel and fibre 
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glass panels may be due to their rough surfaces. 

Absence of Enteromorpha spp.  on premonsoon seasonal 

panels might be due to dominance of other algae like 

Hildenbrandtia sp  a red crustose form, Ceramium sp.,  

Oscillatoria sp.  etc. Monsoon seasonal panels have exhibited 

E. linza  most possibly because spores were available and also 

owing* to favourable environmental conditions for its 

settlement. Monsoon seemed to be particularly favourable for 

different Enteromorpha spp.  However, predominance of 

Enteromorpha  on aluminium might be because of the most 

favourable surface characteristics. 

Pyefinch (1951) and Harris (1946) recorded maximum 

Enteromorpha  growth at or near the waterline on ship's hulls. 

Christie, 1973; noted Enteromorpha spp.  as the 	common 

elements at waterline on shps and other structures. 	Russel 

(1968) attributes this to high light intensity available at 

this position. The experimental panels employed during the 

current investigation were deployed in the splash zone of 

Waghotana estuary. Under such circumstances the dominance of 

the group,Enteromorpha  is quite obvious. 

The 	observations on the number of algal 	species 

colonising the monthly panels (Tables AT-19 to AT-22), 

cumulative panels (Tables AT-23 to AT-26) (Set I and II) and 

seasonal panels (Tables AT-27 to AT-34) also indicated that 
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aluminium and fibre glass substrates were preferred by algae 

highly and mild steel was preferred the least by the algal 

members. 

The observations on the occurrence and abundance of the 

main fouling algae on monthly panels of 4 different substrata 

indicate Enteromorpha tubulosa as a common coloniser, that 

occurred more frequently than any other alga, escept on glass 

panels. E. tubulosa indicated highest preference to aluminium 

panels. The lowest preference was shown by this alga to 

glass panels E. compressa indicated highest preference to 

fibre glass panels. The lowest preference of E. compressa to 

aluminium was indicated. The observations indicated that 

Cladophora glomerata preferred the glass panels - the most 

and fibre glass the least. Ectocarpus sp. seems to have 

preferred aluminium panels to other sbustrate Goniotrichum 

alsidii showed its prime preference to fibre glass. These 

preferences of individual algae might be attributed to 

surface characteristics of these panels. More work that was 

expected to be carried out in this direction of algal 

affinity to various substrate could not be carried out during 

the present investigation. 

Certain algal species were found not to prefer certain 

substratum/substrata. Colonisation of Ulva sp. was seen on 

all the monthly panels except those of glass. The same trend 

continued on cumulative panels and seasonal panels. This 
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might be due to smoothness of glass panels. 	Probably the 

spores of Ulva did not find glass a suitable substratum for 

germination and survival or as opined by Mathew and Nair 

(1981) that surface conditioning on glass might not e 

adequate. 

The colonisation of Centroceros sp. was found only on 

panels of aluminium. This might suggest favourable substrate 

characteristics on aluminium for its settlement. Conversely 

it might suggest unfavourable characteristic of surface on 

panels of mild steel, fibre glass and glass. Similarly the 

settlement of Sphacelaria sp. was there on all the substrates 

except mild steel. 

Certain algal species were not found to colonise the 

monthly panels but they colonised long term panels 

(cumulative and seasonal panels). Algae which failed to 

colonise monthly panels of MS but colonised the long term 

panels of MS were: - Cologlossa sp. (7 months Set I), Lyngbya  

sp. (3 months - Set I), Cladophora saracenica (2 months - Set 

II), Goniotrichum elegans (5 months - Set II), Ceramium sp. 

(premonsoon panel), Enteromorpha linza and Cladophora  

saracenica (monsoon panel). 

The algal species which did not occur on monthly panels 

of aluminium but occurred on long term panels of aluminium 

were: Rhizoclonium sp. (7 months - Set I), Sphacelaria sp. (8 

months - Set II), Hildenbrandtia sp. (11 months - Set II), 
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Certain algal members preferred to colonise - long term 

panels of fibre glass to monthly panels were Hildenbrandtia 

sp. Ceramium  sp. (11 months - Set II). These observations 

indicated that these algae required proper conditioning of 

the substrate mentioned above. Their non-colonisation on 

monthly panels and colonisation on long term panels suggests 

that adequate conditioning of the panels was possible by 

their long exposure in water. 

It was observed during the present investigation that 

Enteromorpha, Cladophora, Ectocarpus, Goniotrichum  were the 

prominent algal genera on monthly panels (Tables AT-19 to AT-

22). Pyefinch (1945) points out that the pattern of organism 

succession may be modified by the time of the year at which 

the fresh surface is exposed since many plants are seasonal 

in their reproductive habits. However, the commonest fouling 

seaweeds are not seasonal in their reproduction, for example 

Enteromorpha spp.  and Ectocarpus spp.  (Russell, 1968). 

During the current investigation, Enteromorpha  was recorded 

as the most dominant algal genus appearing during most of the 

months on all the panels. Likewise Ulva  and Polysiphonia  

although not frequently recorded were found to occur in all 

seasons. Settlement of Cladophora  was observed during 

monsoon, late postmonsoon and early premonsoon. 	Ectocarpus  

and Goniotrichum  were mainly found to colonise the monthly 

12 
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panels during late postmonsoon and premonsoon season. 	The 

seasonal influence on the occurrence of algae is thus clear 

on monthly panels. 

The only 	form that appeared during the varied 

environmental conditions was Enteromorpha. 	Russell (1968) 

stated that adaptibility to a variety of habitats seems to be 

a common characteristic of the most abundant fouling algae. 

The occurrence of Enteromorpha during the present study more 

or less throughout is attributed mainly to the adaptibility 

of this genus. 

Seasonal panels (Tables AT-23 to AT-26) were found to 

exhibit settlement of particular algae during specific 

period. On the individual panels variations in dominance of 

specific algae were noted. On postmonsoonal panels of MS 

(mild steel), Cladophora dominated. Dominance of Ectocarpus  

was a common coloniser to the panels of Al (aluminium), EG 

(fibre glass) and G (glass). Aluminium panel also exhibited 

dominance of Enteromorpha along with Ectocarpus. 	Besides 

dominance of Ectocarpus, Sphacelaria also dominated 	on 

postmonsoon panels of glass. 

On premonsoon panels of mild steel and glass Ceramium 

dominated whereas dominance of Ectocarpus Antithamnion was 

rioted on Aluminium panel. On .fibre glass panel 

Hildenbrandtia dominated. 
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Monsoon panels of mild steel and glass 	exhibited 

Cladophora 	as the dominant alga whereas dominance 	of 

Enteromorpha  was seen on Al and FG panels. Along with 

Enteromorpha, Cladophora  was also a dominant member on FG 

panels. The variations in algal flora and dominant algal 

members were also observed on cumulative panels (Set I and 

Set II) (Table AT-27 to AT-34). 

The variations on individual panels mentioned above 

might be attributed to surface characteristics of these 

panels. The succession of fouling algae on seasonal panels 

and cumulative panels (Set I and II) appears to have been 

influenced by seasonal environmental conditions and substrate 

characteristics. 

The observations on the diatoms settled on the monthly 

panels (Tables AT-35 to AT-38) indicated that the two diatoms 

namely Nitzschia longissima  and Synedra gallioni  were the 

most frequently occurring species on all four substrata. In 

addition to these two species 11 more species of diatoms were 

found to colonise all the panels (Chapter 3.A.4). Many 

workers (ZoBell and Allen, 1935; Allen, 1958; Siever, 1978, 

Patrick, 1977; Callow et al, 1978; Hardy, 1981; Munteanu and 

Maly, 1981; Mathew and Nair, 1981; Kelkar, 1989) mentioned 

these diatom species as the common elements in the fouling 

process. 



, 	132 

Amongst postmonsoon seasonal panels species of Nitzschia  

were the common forms. Licmophora ehrenberqii, Nitzschia  

longissima  var. closterium  were common on premonsoon seasonal 

panels. The common species on monsoon panels were Cocconeis  

pediculus  and Synedra pulchelia.  Many diatoms form stipes 

and some like Straiatella, Licmophora,  Rhabdonema,  

Climacosphenia  form colonies which grow out from the surface 

to a distance of 0:1 cm or more (Mathew and Nair, 1981). 

Others such as Navicula, Nitzschia, Synedra  attach by one end 

and form a palisade. In either case they assist the other 

organisms to join the slime association. This tangle 

harbours flagellates, ciliates and other non-sessile diatoms 

such as Coscinodiscus  which thus get represented in the 

fouling assemblage (Mathew and Nair, 1981). 

The broad, flat, slightly curved morphology of Cocconeis  

placentula,  its high growth rate and large mucus production 

(Sieburth and Thomas, 1973; Patrick, 1977) enable it to cling 

firmly to a substrate thus functioning as a pioneer organism 

(Siever, 1978). 

On cumulative panels of Set I Synedra qallioni  and S. 

affinis  were the common species while on Set II panels 

Cocconeis pediculus, Melosira borreri, Bid.dulphia obtusa  were 

common members. 

The occurrence of some species on all types of substrata 

deployed suggests primarily their abundance in water and 
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panels colonisation of these diatoms would suggest that the 

modifications induced by the long immersion periods do not 

affect these species. 

The strength of attachment of diatom cells is likely to 

play an important role in fouling of hulls of moving objects 

such as ships, boats and ferries. Fletcher (1991) observed 

that comparative strength of attachment of the diatoms 

correlated closely with their relative abundance in the 

fouling samples. It may therefore be inferred that the 

species commonly occurring on all the panels had good amount 

of attachment strengths. 

Generally on monthly panels of all types the number of 

diatoms colonising (Tables AT-35 to AT-38) was high. The 

*reduction in the diatom species number on seasonal and 

cumulative panels (Tables AT-39 to AT-50) (both sets) might 

be attributed to their long immersion periods and 

modifications of substrate characteristics occurring might 

have prevented the colonisation of higher number of species. 

It was observed that amongst four types of panels of 

monthly duration, the fibre glass panels supported the 

highest number of species. The trend for monthly panels was 

- FG > Al > G > MS. Amongst postmonsoon seasonal panels 
(44) (39) 	(38) (30) 

glass panel indicated higher number than the panels of mild 

steel and aluminium. There was no specific trend on fibre 
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glass panel. 

On premonsoon panels the trend was MS > G > FG> Al and 

seasonal panels for monsoon exhibited the trend - FG > MS > 

Al > G. On cumulative panels of Set I and II, fibre glass 

exhibited colonisation of highest number of species and mild 

steel panels showed the lowest number. 

Srivastav et al (1990) observed a richer biofilm on non-

metallic surface (perspex) compared to non-metallic panels 

(titanium and stainless steel). Ravindran et al (1991) 

observed that fibre glass surfaces showed higher deposition 

of microfouling (diatom count, biomass, biochemical 

compounds) than those of aluminium. 

Diatoms may be enmeshed in the bacterial-detritus film 

(Hendey, 1951) or attached directly to smooth surfaces such 

as glass (Wood, 1950). The higher species content on fibre 

glass and glass might be therefore attributed to non-metallic 

and non-toxic nature of fibre glass and glass panels. The 

corrodibility of mild steel panels might have discouraged the 

higher diatom settlement on them. 

Certain 	diatoms were found to 	colonise 	specific 

substrata (Chapter 3.A.4). The colonisation of these diatoms 

in small or large numbers there would suggest affinity of the 

diatoms mentioned, to these substrata. 
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The species maxima of diatoms (primary, secondary) were 

observed mostly during specific months, on monthly and 

cumulative panels (Chapter A.3.4). The months Aug., Nov., 

Feb., Mar., May were quite significant in this regard. 

Quasim et al (1969) observed a season of high production 

from April to August and a season of low production from 

Sept. to March. Kumaran and Rao 91975) observed 

phytoplankton peak when the salinity ranged between 22.25 to 

30.07%o. During the present investigation, salinity ranged 

between 21.27%o - 23.27%o during July and August months of 

1990. A decrease in nitrate level during Aug.'90 is 

correlated to the consumption of nitrate by diatoms. 

Increase in phytoplankton population with decreasing salinity 

was also observed earlier (Gopinathan, 1975; Santhanam, 

1976). Besides, biologically active substances like bumic 

acids originating from land drainage have also been reported 

to stimulate algal cell metabolism and growth (Prakash and 

Rashid, 1968; Shanmukhappa et al, 1984). It is observed that 

phytoplankton blooms succeed periods of high winds which is 

pronounced during the SW monsoon. 

There was a highly significant relationship between the 

SM (suspended matter) of the seawater and dry weight of the 

microfouling material as well as between POC of the seawater 

and the organic C of the fouling mateial (Bhosle et al, 

1990). During Aug.'90 when diatom primary species maxima was 
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POC values amounted to 528.45 mgc/1 indicating that these two 

parameters were in accordance with diatoms species maxima. 

It may be inferred therefore that monsoon induced decreased 

salinity, utilisation of nitrate, supply of biologically 

active substances are the probable causes behind primary 

species maxima observed during Aug.'90. 

Kumaran and Rao (1975) have noted phytoplankton bloom 

during Feb., Mar., Apr. The environmental factors like 

temperature, salinity, transparency, phosphate concentration 

etc. were favourable during these months (Tables AT-1, AT-2). 

Besides, values of SM and POC were in accordance with higher 

number of diatom species. During this period nitrate level 

was seen to decrease most possibly because of consumption of 

nitrate by the diatoms. 

The timings of species maxima (primary and secondary) on 

the individual panels were seen to vary. This difference may 

be attributed to surface characteristics. Probably the 

diatoms species suitable to particdlar substrata settled in 

large numbers in specific periods. 

During the months Dec.'89, Dec.'90, Nov.'89, Jan.'91 

either no settlement of diatoms was there or very poor number 

was seen. Santhanam et al (1975) noticed that the minima of 

phytoplankton. populations coincided with the peak of 

zooplankton population. 	In the ptesent investigation low 

13 
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diatom species number observed during certain months might be 

correlated with the consumption of diatoms by zooplankton. 

Alternatively, high diatom species number might be because of 

poor zooplankton particularly during August '90. 

Comparison of cumulative panels of Set I and Set IT 

which were deployed during postmonsoon period and monsoon 

period respectively, clearly indicated that the period of 

deployment played a significant role. Set II panels 

indicated higher number of species (Tables AT-47 to AT-50). 

Glass and aluminium panels exhibited same number of species 

on set I panels condition was changed on aluminium panels of 

Set II, with aluminium showing better species variation than 

glass. The enhanced algal fouling which includes fouling by 

macrpalgae and diatoms was a feature for aluminium panels 

during monsoon. In general, all the panels exhibited higher 

diatom fouling and better species variation on Set II panels. 

Proabably better surface conditioning of panels deployed 

during monsoon might have taken place. 

In the present study, it was found that there was a 

dominance of pennate forms over the centric in the process of 

fouling. This was reported earlier also (Wood, 1967; Mathew 

and Nair, 1981; Kelkar, 1989). In the water column the 

centrales dominate but when the panels are suspended in the 

same water column, the condition is reversed and on panels 

more pennales have been observed (Kelkar, 1989). Further, 
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Kelkar (1989) attributed this to presence of raphe in pennate 

diatoms. In the current investigation preponderence of 

pennate diatoms over centric is also attributed to having 

raphe in the former. 

On the monthly panels of four types Nitzschia longissima 

and Synedra gallioni were the common and dominant species. 

In addition to these eleven more species were found to be 

occurring on all substrata. Further, each type of panel 

showed colonisation of some distinct species. 

On the postmonsoon seasonal panels species of Nitzschia, 

Navicula were common premonsoon panels were seen to be 

dominated by species of Licmophora, Nitzschia, Synedra while 

monsoon panels exhibited dominance of species of Cocconeis  

and Synedra. 

Amongst cumulative 	panels 	of 	Set 	I, 	Navicula  

membranacea, Coscinodiscus spp. were significant species. 

Licmophora juergensii was successful coloniser with respect 

to occurrence on fibre glass panels. Synedra gallioni,  

Nitzschia obtusa were the main species on glass panels. 

Cumulative panels - Set II indicated Cocconeis pediculus,  

Melosira borreri, Biddulphia laevis as comonly occurring 

species on all substrata. 	Licmophora anglica, Cocconeis  

acutellum were found settled for longer duration. 	Nitzschia 

obtusa, 	Synedra 	gallioni, 	S. 	pulchella, 	Licmophora 
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ehrenbergii  were significant colonisers on fibre 	glass 

panels. 	Achnanthes subsessilis  was a noteworthy diatom on 

glass panels. 	In addition to these species many other 

species were found to colonise individual panels. 

These observations indicate that although environmental 

characteristics, panel dimensions were same yet, diverse type 

of diatom flora existed on these substrata suggesting that 

these substrata might have undergone varied type of changes 

with respect to surface characteristics: On such substrata 

succession amongst diatom species is expected and the 

observations indicated that changes in the flora were very 

frequent. The numbers of species which were retained for 

successive periods were low and generally they were retained 

for shorter periods. 

Rapid succession of phytoplankton has been observed in 

the tropical estuarine waters (Devassy and Bhattathiri, 1974) 

though not so well marked as found in temperate waters. 

According to Bougis (1976) sometimes selective consumption by 

herbivores also must be considered along with the factors 

like temperature, irradiance, the amount of nutrient salts, 

conditioning of water and rate of multiplication. Succession 

on monthly, Cumulative panels (Set I and II) during the 

present investigation seems to have been influenced by 

environmental factors in addition to substrate 

characteristics of individual panels. 
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The 	existence of successional processes 	and 	the 

mechanisms by which these processes operate in marine fouling 

communities has been the source of much discussion in the 

fouling literature. Some workers (Scheer, 1945; Aleem, 1957; 

Ito, 1959; Haderlie, 1969, 1974) have reported that fouling 

community development followed an orderly process in which 

later species development was dependent on early process 

preparing their way. 

Observations during present study are in accordance with 

the findings of above mentioned workers. 

CORRIGENDUM 

Giffordia  sp. to be read as Giffordia mitchellae 



141. 

FIG. AF I- STATION LOCATION MAP 
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TABLE AT-1 

Date Temperature 
0 

C 

WAGHOTANA ESTUARY : ENVIRONMENTAL PARAMETERS 

Salinity 	D.O. 	pH 	Transperancy 

%o 	 m1/1 	 cms. 

Suspended matter 

mg/1 

29.9.89 25.5 26.77 4.99 7.7 100.00 20.33 
29.10.89 26.0 33.68 4.54 8.1 279.00 3.652 
29.11.89 25.3 34.73 3.24 8.1 250.00 7.56 
29.12.89 23.0 35.27 3.685 8.2 210.00 12.00 
30.1.90 25.0 38.12 5.248 8.2 285.00 11.080 
27.2.90 24.0 35.52 2.561 8.1 213.00 8.242 
29.3.90 25.5 35.51 4.122 8.3 145.00 22.238 
29.4.90 28.0 35.76 4.966 8.1 183.00 13.856 
30.5.90 28.0 33.71 4.878 8.1 154.00 15.887 
29.6.90 26.0 7.83 5.15 7.8 84.2 14.42 
29.7.90 26.2 23.27 4.643 7.6 128.2 12.90 
29.8.90 27.0 21.27 3.70 8.1 137.1 18.84 
29.9.90 27.5 22.29 4.54 8.0 135.6 14.60 
30.10.90 28.0 17.33 3.60 7.8 132.6 4.20 
29.11.90 26.0 33.94 4.2 8.2 111.7 6.84 
28.12.90 24.0 29.72 4.52 8.1 130.3 11.89 
29.1.91 25.0 26.02 4.88 8.3 100.2 28.0 
27.2.91 25.0 30.20 4.82 8.5 280.0 25.33 
28.3.91 28.0 33.72 4.82 8.0 302.0 28.19 
29.4.91 29.0 34.6 4.20 8.2 327.0 15.38 
27.5.91 28.5 34.8 4.18 8.0 317.0 16.56 
29.6.91 26.5 29.2 3.9 8.1 81.6 13.37 



TABLE AT-2 

WAGHOTANA ESTUARY : ENVIRONMENTAL PARAMETERS 

Date Particulate 
Organic carbon 

POC mgc/1 

Chlorophyll a 

3 
mg/m 

Phaeopigment 

3 
mg/m 

Phosphate 

ug at/1 

Nitrate 

ug at/1 

Nitrite 

ug at/1 

29.9.89 172.26 1.2816 0.624 0.98 0.438 0.276 
29.10.89 442.530 0.4403 1.194 1.03 0.107 0.216 
29.11.89 515.933 1.842 0.08 0.77 0.180 0.156 
29.12.89 409.256 0.600 1.166 2.9172 0.74 0.208 
30.1.90 413.816 0.934 1.0279 2.805 0.70 0.14 
27.2.90 618.552 1.234 1.001 3.672 1.4 1.06 
29.3.90 215.556 0.8677 2.700 4.692 0.12 0.12 
29.4.90 651.840 1.581 2.0587 1.989 0.02 0.12 
30.5.90 769.695 2.048 0.585 2.499 0.58 0.10 
29.6.90 406.532 2.8652 0.3782 2.856 2.7 0.50 
29.7.90 428.18 3.071 0.2937 2.55 1.42 0.62 
29.8.90 528.45 3.772 0.04 2.70 0.26 0.12 
29.9.90 369.26 1.697 1.234 2.04 0.18 0.164 
30.10.90 434.975 0.877 2.198 1.555 0.14 0.184 
29.11.90 759.275 1.431 0.386 2.448 0.108 0.1107 
28.12.90 428.36 0.831 1.708 1.82 1.03 0.73 
29.1.91 385.57 1.13 1.082 1.03 0.306 1.078 
27.2.91 449.33 1.568 0.821 1.785 0.138 0.10 
28.3.91 270.20 1.82 1.450 0.982 0.147 0.546 
29.4.91 139.66 1.646 2.032 1.2 1.2 0.32 
27.5.91 221.53 1.889 0.378 0.86 1.6 0.04 
26.6.91 321.86 1.920 0.2832 0.90 1.1 0.06 
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TABLE AT-3 
BIOMASS (MEAN) ON MONTHLY PANELS OF MILD STEEL 

N.D.= No data 

Sr. Month Algal wt. Animal wt. Total wt. 
No. in gms. in gms in gms 

1. Oct. 	89 N.D. - - 
2. Nov.89 3.94 121.08 125.02 
3. Dec.89 1.748 00.082 1.830 
4. Jan.90 1.19 00.12 1.31 
5. Feb.90 1.62 * - 1.62 
6. March 90 0.28 1.01 1.29 
7. April 90 0.97 0.53 1.50 
8. May 90 1.01 5.60 6.61 
9. June 90 0.05 5.16 5.21 
10. July 90 5.31 * 5.31 
11. Aug. 	90 2.38 * 2.38 
12. Sept.90 2.67 * 2.67 
13. Oct.90 N .D. 
14. Nov.90 0.40 0.58 0.98 
15. Dec.90 0.02 1.33 1.35 
16. Jan.91 0.87 * 0.87 
17. Feb.91 1.77 0.38 2.15 

% of 
algal wt. 

3.15 
95.15 
90.83 

100.00 
21.70 
64.66 
15.27 
00.95 

100.00 
100.00 
100.00 

40.8 
14.81 

100.00 
82.32 

TABLE AT-4 
BIOMASS (MEAN) ON MONTHLY PANELS OF ALUMINIUM 

N.D.= No data 

Sr. 
No. 

Month Algal wt. 
in gms. 

Animal wt. 
in gms 

Total wt. 
in gms 

1. Oct. 	89 1.5 53.63 55.13 
2. Nov.89 0.20 2.90 3.10 
3. Dec.89 0.80 0.36 1.16 
4. Jan.90 4.22 0.05 4.27 
5. Feb.90 5.15 0.68 5.83 
6. March 90 3.77 2.61 6.38 
7. April 90 2.40 0.69 3.09 
8. May 90 N.D. 
9. June 90 1.23 3.31 4.54 
10. July 90 5.18 * 5.18 
11. Aug. 	90 4.22 * 4.22 
12. Sept.90 6.04 0.06 6.10 
13. Oct.90 N.D. - - 
14. Nov.90 8.02 0.20 8.22 
15. Dec.90 2.39 0.56 2.95 
16. Jan.91 1.52 0.32 1.84 
17. Feb.91 2.04 0.43 2.47 

% of 
algal wt. 

2.72 
6.45 

68.96 
98.82 
88.73 
59.09 
77.66 

27.09 
100.00 
100.00 
99.01 
- 

97.56 
81.01 
82.60 
82.59 
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TABLE AT-5 
BIOMASS (MEAN) ON MONTHLY PANELS OF FIBRE GLASS 

N.D.= No data 

Sr. 
No. 

Month Algal wt. 
in gms. 

Animal wt. 
in gms 

Total wt. 
in gms 

% of 
algal wt. 

1. Oct. 	89 4.26 2.20 6.46 65.94 
2. Nov.89 3.79 69.53 73.32 5.16 
3. Dec.89 0.68 33.94 34.62 1.96 
4. Jan.90 4.43 0.08 4.51 98.22 
5. Feb.90 5.34 2.36 7.70 69.35 
6. March 90 3.90 0.67 4.57 85.33 
7. April 90 2.14 1.77 3.91 54.73 
8. May 90 4.03 1.98 6.01 67.05 
9. June 90 0.82 2.87 3.69 22.22 
10. July 90 6.09 6.09 100.00 
11. Aug. 	90 8.78 * 8.78 100.00 
12. Sept.90 4.08 * 4.08 100.00 
13. Oct.90 N .D. 
14. Nov.90 7149 0.55 8.14 92.01 
15. Dec.90 0.51 0.47 0.98 52.04 
16. Jan.91 1.73 0.06 1.79 96.64 
17. Feb.91 3.31 0.07 3.38 97.92 

Sr. 
No. 

BIOMASS 

Month 

TABLE 	AT-6 
(MEAN) ON MONTHLY PANELS OF GLASS 

N.D.= No data 

Algal wt. 	Animal wt. 	Total wt. 	% of 
in gms. 	in gms 	in gms 	algal wt. 

1. Oct. 	89 1.35 5.09 6.44 20.96 
2. Nov.89 5.10 58.60 63.70 8.00 
3. Dec.89 1.37 14.66 16.03 8.54 
4. Jan.90 0.92 0.23 1.15 80.00 
5. Feb.90 3.85 0.57 4.42 87.10 
6. March 90 1.39 5.99 7.38 18.83 
7. April 90 N .D. 
8. May 90 3.46 3.17 6.63 54.25 
9. June 90 N .D. 
10. July 90 6.41 0.43 6.84 93.71 
11. Aug. 	90 3.88 * 3.88 100.00 
12. Sept.90 6.74 0.12 6.86 98.25 
13. Oct.90 N.D. 
14. Nov.90 1.56 1.35 2.91 53.60 
15. Dec.90 0.13 1.15 1.28 10.15 
16. Jan.91 0.67 0.33 1.00 67.00 
17. Feb.91 2.69 0.36 3.05 88.19 
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TABLE AT-7 

BIOMASS (MEAN) ON SEASONAL PANELS OF MILD STEEL 

Sr. Season 	 Algal wt. Animal wt. Total wt. % of 
No. 	 in gms. 	in gms 	in gms 	algal wt. 

1. Post-Monsoon I 
Oct.89 	Jan.90 

2. Post-Monsoon II 
Oct.90 	Jan.91 

3. Pre-Monsoon 
Feb.91 - May 91 

4. Monsoon 
July 90 - Oct.90 

	

0.67 	94.89 

	

0.51 	15.33 

	

0.34 	52.84 

	

6.86 	0.54 

	

95.56 	0.70 

	

15.84 	3.21 

	

53.28 	0.63 

	

7.40 	92.70 

TABLE AT-8 

BIOMASS (MEAN) ON SEASONAL PANELS OF ALUMINIUM 

Sr. Season 	 Algal wt. Animal wt. Total wt. % of 
No. 	 in gms. 	in gms 	in gms 	algal wt. 

1. Post-Monsoon I 	2.34 	4.65 
Oct.89 - Jan.90 

2. Post-Monsoon II 	1.25 	14.88 
Oct.90 - Jan.91 

3. Pre-Monsoon 	1.66 	54.63 
Feb.91 - May 91 

4. Monsoon 	 14.44 	15.27 
July 90 - Oct.90 

	

6.99 	33.47 

	

16.13 	7.74 

	

56.29 	2.94 

	

29.71 	48.60 
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Sr. 
No. 

BIOMASS (MEAN) 

Season 

TABLE 	AT-9 

ON SEASONAL PANELS OF FIBRE GLASS 

Algal wt. 	Animal wt. 	Total wt. 
in gms. 	in gms 	in gms 

% of 
algal wt. 

1. Post-Monsoon I 2.85 36.53 39.38 7.23 
Oct.89 - Jan.90 

2. Post-Monsoon II 1.49 8.89 10.38 14.35 
Oct.90 - Jan.91 

3. Pre-Monsoon 0.70 21.65 22.35 3.13 
Feb.91 - May 91 

4. Monsoon 9.28 0.35 9.63 96.36 
July 90 - Oct.90 

TABLE AT-10 

BIOMASS (MEAN) ON SEASONAL PANELS OF GLASS 

Sr. Season Algal wt. Animal wt. Total wt. % of 
No. in gms. in gms in gms algal wt. 

1. Post-Monsoon I 1.05 4.15 5.20 20.19 
Oct.89 - Jan.90 

2. Post-Monsoon II 0.90 3.72 4.62 19.48 
Oct.90 - Jan.91 

3. Pre-Monsoon 3.79 52.98 56.77 6.67 
Feb.91 - May 91 

4. Monsoon 3.65 7.58 11.23 32.50 
July 90 - Oct.90 
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TABLE AT-11 

BIOMASS (MEAN) ON CUMULATIVE PANELS (SET I) OF MILD STEEL 

N.D. = No data 

Sr. Period 	 Algal wt. Animal wt. Total wt. % of 
No. 	 in gms. 	in gms 	in gms 	algal wt. 

1. 2 months 0.96 108.82 109.78 00.87 
Oct.89 - Nov.89 

2. 3 months 0.90 311.46 312.36 00.28 
Oct.89 - Dec.89 

3. 5 months 0.08 75.04 75.12 00.106 
Oct.89 - Feb.90 

4. 6 months 0.08 89.86 89.94 00.088 
Oct.89 - Mar.90 

5. 7 months 2.27 120.90 123.17 1.84 
Oct.89 - Apr.90 

6. 8 months 0.63 214.25 214.88 0.29 
Oct.89 - May 90 

7. 9 months 
Oct 89 - June 90 N.D. 



TABLE AT-12 

BIOMASS (MEAN) ON CUMULATIVE PANELS (SET I) OF ALUMINIUM 

N.D.= No data 

Sr. Period Algal wt. Animal wt. Total wt. % of 
No. in gms. in gms in gms algal wt. 

1. 2 months 0.267 2.796 3.063 8.71 
Oct.89 - Nov.89 

2. 3 months 1.87 47.59 49.46 3.87 
Oct.89 - Dec.89 

3. 5 months 4.97 15.59 20.56 24.17 
Oct.89 - Feb.90 

4. 6 months 0.20 68.26 68.46 00.29 
Oct.89 - Mar.90 

5. 7 months 0.67 70.25 70.92 00.94 
Oct.89 - Apr.90 

6. 8 months N.D. 
Oct.89 - May 90 

7. 9 months 
Oct.89 - June 90 N.D. 
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TABLE AT-13 

BIOMASS (MEAN) ON CUMULATIVE PANELS (SET I) OF FIBRE GLASS 

N.D.= No data 

Sr. Period 	 Algal wt. Animal wt. Total wt. % of 
No. 	 in gms. 	in gms 	in gms 	algal wt. 

1. 2 months 1.80 93.94 95.74 1.84 
Oct.89 - Nov.89 

2. 3 months 0.79 208.70 209.49 0.37 
Oct.89 - Dec.89 

3. 5 months 4.32 35.42 39.74 10.78 
Oct.89 - Feb.90 

4. 6 months 0.93 14.73 15.66 5.96 
Oct.89 - Mar.90 

5. 7 months 1.03 95.70 96.73 1.06 
Oct.89 - Apr.90 

6. 8 months 0.69 57.59 58.28 1.18 
Oct.89 - May 90 

7. 9 months 2.27 26.68 28.95 7.84 
Oct.89 - June 90 
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BIOMASS (MEAN) 

TABLE 	AT-14 

ON CUMULATIVE PANELS (SET I) OF GLASS 

N.D.= No data 

Sr. Period Algal wt. Animal wt. Total wt. % of 
No. in gms. in gms in gms algal wt. 

1. 2 months N.D. 
Oct.89 - Nov.89 

2. 3 months 1.75 76.39 77.14 2.26 
Oct.89 - Dec.89 

3. 5 months 3.95 49.24 53.19 7.42 
Oct.89 - Feb.90 

4. 6 months 2.10 54.94 57.04 3.68 
Oct.89 - Mar.90 

5. 7 months 1.35 6.77 8.12 16.62 
Oct.89 - Apr.90 

6. 8 months 0.18 41.96 42.14 0.42 
Oct.89 - May 90 

7. 9 months 
Oct.89 - June. 90 N.D. 
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TABLE AT-15 

BIOMASS (MEAN) ON CUMULATIVE PANELS (SET II) OF MILD STEEL 

N.D.= No data 

Sr. Period 	 Algal wt. Animal wt. Total wt. % of 
No. 	 in gms. 	in gms 	in gms 	algal wt. 

1. 2 months 3.51 0.75 4.26 82.39 
July 90 - Aug.90 

2. 3 months N.D. 
July 90 - Sept.90 

3. 5 months 0.14 8.03 8.17 1.71 
July 90 - Nov. 	90 

4. 6 months 0.04 8.65 8.69 0.46 
July 90 - Dec. 	90 

5. 7 months N.D. 
July 90 - Jan. 	91 

6. 8 months N.D. 
July 90 - Feb. 	91 

7. 9 months 
July 90 - March 91 N.D. 

8. 10 months 
July 90 - April 91 N.D. 

9. 11 monhs 
July 90 - May 91 	N.D. 



185 

TABLE AT-16 

BIOMASS (MEAN) ON CUMULATIVE PANELS (SET II) OF ALUMINIUM 

N.D.= No data 

Sr. Period 	 Algal wt. Animal wt. Total wt. % of 
No. 	 in gms. 	in gms 	in gms 	algal wt. 

1. 2 months 17.35 0.86 18.21 95.27 
July 90 - Aug.90 

2. 3 months N.D. 
July 90 - Sept.90 

3. 5 months 4.10 24.67 28.77 14.27 
July 90 - Nov. 	90 

4. 6 months 1.63 14.74 16.37 9.95 
July 90 - Dec. 	90 

5. 7 months 2.76 5.84 8.60 32.09 
July 90 - Jan. 	91 

6. 8 months 0.81 20.54 21.35 3.79 
July 90 - Feb. 	91 

7. 9 months N.D. 
July 90 - March 91 

8. 10 months 0.69 20.84 21.53 3.20 
July 90 - Apr. 	91 

9. 11 months 0.58 44.39 44.97 1.28 
July 90 - May 91 
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TABLE AT-17 

BIOMASS (MEAN) ON CUMULATIVE PANELS (SET II) OF FIBRE GLASS 

Sr. 
No. 

Period Algal wt. 
in gms. 

Animal wt. 
in gms 

N.D.= No data 

Total wt. 	% of 
in gms 	algal wt. 

1. 2 months 12.79 0.40 13.19 96.96 
July 90 - Aug.90 

2. 3 months N.D. 
July 90 - Sept.90 

3. 5 months 2.92 6.20 9.12 32.01 
July 90 - Nov. 	90 

4. 6 months 1.41 10.97 12.38 11.38 
July 90 - Dec. 	90 

5. 7 months 1.28 34.03 35.31 3.62 
July 90 - Jan. 	91 

6. 8 months 1.19 35.13 36.32 3.27 
July 90 - Feb. 	91 

7. 9 months N.D. 
July 90 - March 91 

8. 10 months 0.42 41.18 41.60 1.009 
July 90 - Apr. 	91 

9. 11 months 1.31 37.93 39.24 3.33 
July 90 - May 91 
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Sr. 
No. 

BIOMASS 

Period 

TABLE 	AT-18 

(MEAN) ON CUMULATIVE PANELS (SET II) OF GLASS 

N.D.= No data 

Algal wt. 	Animal wt. 	Total wt. 	% of 
in gms. 	in gms 	in gms 	algal wt. 

1. 2 months 4.44 0.84 5.28 84.09 
July 90 - Aug.90 

2. 3 months N.D. 
July 90 - Sept.90 

3. 5 months 0.60 12.21 12.81 4.68 
July 90 - Nov. 	90 

4. 6 months 0.25 5.87 6.12 4.08 
July 90 - Dec. 	90 

5. 7 months 0.65 22.05 22.70 0.22 
July 90 - Jan. 	91 

6. 8 months 5.99 9.18 15.17 39.48 
July 90 - Feb. 	91 

7. 9 months N.D. 
July 90 - March 91 

8. 10 months N.D. 
July 90 - Apr. 91 

9. 11 months N.D. 
July 90 - May 91 



TABLE AT-19 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON MONTHLY PANELS OF MILD STEEL (MS) 

( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Name of the algae 	Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
'89 '89 '89 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '91 '91 

1. Enteromorpha N.D. +++ ++ +++ ++ + +++ +++ +++ N.D. - +++ ++ ++ 

tubulosa 
2. Enteromorpha +++ - 

plumosa 
3. E. clathrata +++ - - + - +++ - - - - - +++ +++ - - 

4. E. compressa +++ - - - +++ +++ - - ++ +++ +++ - - - - 

5. E. 	linza - - - - - - - - - - - - - - - 

6. E. prolifera +++ - - - - +++ - - - - - +++ +++ - - 

7. Cladophora - 	• ++ +++ ++ ++ - - + - +++ ++ - - - - 

glomerata 
8. C. fascicularis + - - - - - - - - - ++ - - 

9. C. clavuligera - - - - - - - - - ++ - - - 

10. Rhizoclonium sp. - - - - ++ - - - - - - - - 

11. Ulva - ++ - +++ - - - + - - - - - 

12. Lyngbya majescula 
13. Oscillatoria sp. ++ 

14. Ectocarpus sp. ++ ++ ++ +++ - +++  +++ 

15. Porphyra sp. + 

16. Goniotrichum 
alsidii 

17. Antithamnion sp. 
18. Polysiphonia sp. 



TABLE AT-20 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON MONTHLY PANELS OF ALUMINIUM (AL) 

( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Name of the algae 	Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

19. 
20. 
21. 

Enteromorpha 

'89 

+++ 

- 

- 
- 

- 

- 

- 

- 
+ 

- 

- 

- 

- 
- 

- 
- 

- 

'89 

+++ 

- 

- 

- 

- 

- 

- 

- 

- 

+ 
- 

- 

- 

- 

- 
- 

- 

- 

'89 

+++ 

- 

- 

- 

- 

- 

- 

- 
- 

- 

- 

+ 

- 

- 

++ 
- 

- 

- 

'90 

+ 

- 

- 

- 

- 

- 

- 

- 
+ + 

- 

- 

- 

- 

- 

+++ 
- 

- 

- 

'90 

- 

- 

- 

-

- 

- 

- 

+ 

- 

- 

- 

- 

- 

+++ 
- 

- 

+++ 

++ 

'90 

+++ 

+++ 
+++ 
- 

- 
- 

- 

- 

- 

- 

- 

- 

- 

- 

+ 

+ 

- 

+++ 

'90 

++ 

- 

- 

- 

- 

- 
- 

- 

- 

- 

- 

- 

+ 

+ 
++ 
- 

- 

+++ 

'90 

N.D 

'90 

++ 

- 

- 

- 

- 

- 

- 

- 

++ 

- 

- 

- 

- 

- 

+++ 
- 

- 

+ 

'90 

- 

- 

+++ 
+++ 
- 

- 

+++ 
++ 

++ 
- 

- 

- 

- 

++ 
- 

'90 

- 

- 

- 

- 

- 

- 

- 

+++ 

- 

- 

- 

- 

- 
- 

- 
++ 
- 

'90 

+++ 

+++ 
+++ 
+++ 
- 

+++ 
- 

- 

++ 

++ 
++ 

+ 

-

-
-

-
-

- 

'90 

N.D. 

'90 

+++ 

+++ 
+++ 
- 

+++ 
- 

+++ 
- 

- 

- 

- 

'90 

+++ 

- 

- 

+++ 
- 

- 

- 
- 

+ 

- 

- 

++ 

+ 

'91 

++ 

- 

- 

- 

- 

- 

- 

- 
++ 

+++ 

+++ 

'91 

++ 

- 

- 

- 
- 

- 

- 

- 
- 

+++ 

+++ 

tubulosa 
E. plumosa 
E. clathrata 
E. compressa 
E. 	linza 
E. prolifera 
E. gujaratensis 
E. flexuosa 
Cladophora 
glomerata 
C. fascicularis 
C. clavuligera 
Ulva a 
Lyngbya majescula 
Oscillatoria sp. 
Ectocarpus sp. 
Giffordia sp. 
Porphya sp. 
Goniotrichum 
alsidii 
Antithamnion sp. 
Acrochaetium sp. 
Polysiphonia sp. 



TABLE AT-21 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON MONTHLY PANELS OF FIBRE GLASS (FG) 

( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Name of the algae 	Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 

1. 

2. 
3. 
4. 
5. 
6. 
7. 

8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

20. 
21. 
22. 

Enteromorpha 

'89 

+++ 

- 

- 
- 
- 

- 

- 

- 
- 

- 

- 
- 

- 

- 
- 

- 

- 

- 
- 
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- 

'89 

+++ 

+++ 
- 

+++ 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
- 

- 

_ 
^ 

'89 

+++ 

- 

- 
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- 

- 

- 

- 
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- 
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- 
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- 

++ 
- 

- 

- 

- 

- 

- 

- 
- 

- 
- 

++ 

_ 
- 

'90 

- 

- 

- 
- 

- 
- 

+ 
- 

- 

- 
- 

- 

++ 
+++ 
- 

- 

- 

++ 

_ 
- 

'90 

- 

- 

- 
- 

- 
- 

+ 
- 

- 

- 

- 

++ 
++ 
- 

- 

- 
- 

+++ 

- 
+ 

'90 

+++ 

- 

- 
- 
- 
- 
++ 

- 

- 

- 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
- 

'90 

+++ 

--
++ 
- 

+ 
- 

- 

- 

++ 
- 

- 

- 

- 

- 

- 

- 

++ 
- 
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++ 

+++ 

- 

- 

- 
- 

- 

- 

- 

- 
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+ 
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- 
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++ 
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++ 
++ 

+ 
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_ 

'90 

N.D. 

'90 

+++ 
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++ 
++ 
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- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

_ 
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+ 

- 
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- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

_ 
_ 

'91 

+ 

- 
_ 
- 

- 

- 

- 
- 

- 

- 
- 

+++ 
- 

- 
- 
+++ 

'91 

++ 

++ 
- 
- 
- 

- 

- 

- 
+ 

-

-
+ 

+++ 
++ 

--
++ 

tubulosa 
E. plumosa 
E. clathrata 
E. compressa 
E. linza 
E. prolifera 
Cladophora 
glomerata 
C. fascicularis 
C. clavuligera 
C. saracenica 
Rhizoclonium sp. 
Ulva  a 
Oscillatoria sp. 
Lyngbya majescula 
Ectocarpus sp. 
Gifforalia sp. 
Sphacelaria sp. 
Porphyra sp. 
Goniotrichum 
alsidii 
Antithamnion sp. 
Centroceros sp. 
Polysiphonia sp. 



TABLE AT-22 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON MONTHLY PANELS OF GLASS (C) 

( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Name of the algae 	Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
'89 '89 '89 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '91 '91 

1. Enteromorpha  +++ - - +++ - - N.D. - N.D. + ++ - N.D. ++ - - ++ 

tubulosa 
2. E. clathrata  - - - - - - - - - - ++ - - - 

3. E. compressa  - +++ - - - +++ - - - +++ +++ - - - 

4. E. linza  - +++ - - - - - - - +++ - - - +++ 

5. E. prolifera  ++ - - - - - - - - - - - - ++ 

6. E. lingulata  - - ++ - - - - - - - - - - - 

7. E. gujaratensis  - - - - - - - - - +++ - - - - 

8. Cladophora  ' ++ - +++ ++ +++ + ++ - +++ ++ - - +++ ++ 

glomerata  
9. C. fascicularis  - - - - +++ - - - +++ - - - - - 

10. C. clavuligera  - - - - +++ - - - - - - - - - 

11. Cladophoropsis  sp. - - - - + - - - - - - - - - 
12. Oscillatoria  sp. - - - - - ++ - - - - - ++ - 

13. Lyngbya majescula  - - - + + + - - - - - - - - 

14. Ectocarpus  sp. - - + - ++ - - - - - + +++ 

15. Porphyra  sp. - - - - - - - ++ ++ - - - - - 

16. Goniotrichum  - - + - - ++ - - - - - - - ++ 

alsidii 
17. Antithamnion  sp. + + 

18. Polysiphonia  sp. 



196 

TABLE AT-23 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON SEASONAL PANELS OF 
MILD STEEL (MS) 

(- = species not occurred, +++ = abundant, ++ = moderate, + =rare) 

Name 

1. 

2. 

3. 

of the alga 

Enteromorpha tubulosa  

	

Post 	Post 	Pre 
Monsoon I Monsoon II Monsoon 

++ 

	

+++ 	+++ 

Monsoon 

E. 	linza 

Cladophora qlomerata 

4. C. fascicularis +++ 

5. C. saracenica ++ 

6. C. sp. 

7. Ulva  sp. ++ 

8. Oscillatoria  sp. ++ 

9. Ectocarpus  sp. ++ 

10. Antithamnion  sp. ++ 

11. Ceramium  sp. +++  

12. Polysiphonia  sp. ++ 



197 
TABLE AT-24 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON SEASONAL PANELS OF 
ALUMINIUM (AL) 

(- = species not occurred, +++ = abundant, ++ = moderate, + =rare) 

Name 

1. 

2. 

3. 

4. 

of the alga 

Enteromorpha tubulosa 

Post 	Post 	Pre 
Monsoon I Monsoon II Monsoon 	Monsoon 

+++ 	 - 	 +-J. 

- 	 - 	 ++ 

- 	 - 	 +++ 

E. 	intestinalis 

E. compressa 

E. flexuosa 

5. Cladophora qlomerata ++ ++ 

6. Ulva sp. 

7. Oscillatoria sp. ++ 

8. Lyngbya majescula 

9. Ectocarpus sp. +++ ++ +++ 

10. Antithamnion sp. - - +++ 

11. Hildenbrandtia sp. - - ++ 

12. Ceramium sp. ++ 

13. Polysiphonia sp. ++ 
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TABLE AT-25 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON SEASONAL PANELS OF 
FIBRE GLASS (FG) 

(- 	= 

Name 

1. 

species not occurred, 

of the alga 

Enteromorpha tubulosa  

+++ = abundant, 	++ = moderate, 	+ 

Post 	Post 	Pre 
Monsoon I Monsoon II Monsoon 

- 	 - 	 - 

=rare) 

Monsoon 

++ 

2. E. clathrata  - + - ++ 

3. E. compressa  - - - ++ 

4. E. 	linza  - - - + 

5. E. prolifera  - - + - 

6. Cladophora qlomerata  + + 

7. C. fascicularis  - - - +++ 

8. Rhizoclonium sp.  - + 

9. Ulva  s2. + 

10. Oscillatoria sp.  ++ - ++ - 

11. Lynqbya majescula  ++ - - - 

12. Ectocarpus sp.  +++ +++ - - 

13. Gifforelia  s2. - + - - 

14. Goniotrichum alsidii  ++ ++ 

15. Antithamnion  12. - + ++ 

16. Hildenbrandtia  s2. - - +++ - 



19S 

TABLE AT-26 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON SEASONAL PANELS OF 
GLASS (G) 

(- 	= 

Name 

1. 

2. 

3. 

4. 

5. 

species not occurred, 

of the alga 

Enteromorpha tubulosa  

+++ = abundant, 	++ = moderate, 	+ =rare) 

Post 	Post 	Pre 
Monsoon I Monsoon II Monsoon 	Monsoon 

+ 	 + 

- 	 - 	 - 	+ 

+ 	 + 	 - 	++ 

- 	 - 	 - 	+++ 

- 	 + 

E. 	linza 

Cladophora glomerata  

C. fascicularis 

Rhizoclonium sp.  

6. Oscillatoria sp.  - - ++ 

7. Lyngbya majescula  ++ ++ 

8. Ectocarpus sp.  +++ +++ 

9. Sphacelaria sp.  +++ 

10. Goniotrichum alsidii  - ++ 

11. Hildenbrandtia  R2. - - ++ 	- 

12. Ceramium sp.  - - +++ 	- 



OCCURRENCE 	AND 	ABUNDANCE 

(- = species not occurred, 

TABLE 	AT-27 

OF FOULING ALGAE ON CUMULATIVE PANELS 	(SET 	I) 
STEEL (MS) 

+++ = abundant, 	++ = moderate, 	+ = rare, N.D. 	= 

OF 	MILD 

No data) 

Name of the alga 2M 3M 5M 6M 7M 8M 9M 

1. Enteromorpha tubulosa  +++ ++ + +++ +++ - N.D. 

2. E. clathrata  ++ - + - + - 

3. E. plumosa  - - - - + - 

4. E. compressa  - - - - + - 

5. E. prolifera  - - - - + - 

6. Cladophora qlomerata  - - ++ + - - 

7. Ulva sp  - ++ + ++ ++ ++ 

8. Lynqbya maiescula  - + - - - - 

9. Caloqlossa  sp. - - - - + - 

10. Polysiphonia  sp. - + - - - - 



TABLE 	AT-28 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON CUMULATIVE PANELS 
ALUMINIUM (AL) 

(- = species not occurred, 	+++ = abundant, 	++ = moderate, 	+ = rare, 

(SET I) OF 

N.D. 	= No data) 

Name of the alga 2M 3M 5M 6M 7M 8M 9M 

1. Enteromorpha tubulosa  ++ ++ - ++ ++ N.D. N.D. 

2. E. clathrata  - - ++ - + 

3. E. plumosa  - - - - + 

4. E. compressa  - - - - + 

5. E. 	linza  - - - - + 

6. E. prolifera  - - - - ++ 

7. Cladophora glomerata  - - - + - 

8. C. 	fascicularis  ++ - +++ - + 

9. Cladophoropsis  sp. - - ++ - - 

10. Ulva  s2 - +++ - - ++ 

11. Oscillatoria  sp. - - - - + 

12. Lyngbya majescula  - + - - - 

13. Ectocarpus  sp. - - + - + 

14. Goniotrichum alsidii  - - ++ - +++ 

15. Polysiphonia  sp. - + - ++ - 



TABLE 	AT-29 

OCCURRENCE 	AND 	ABUNDANCE OF FOULING ALGAE ON CUMULATIVE PANELS (SET I) 
GLASS (FG) 

( - = species not occurred, 	+++ = abundant, 	++ = moderate, 	+ = rare, N.D. 

	

Name of the alga 	 2M 	3M 	5M 	6M 	7M 

OF 	FIBRE 

= No data) 

8M 	9M 

1. Enteromorpha tubulosa  +++ + + + - - - 

2. E. plumosa  ++ - - - - - - 

3. E. compressa  + - - - - - - 

4. E. prolifera  - - - - - ++ - 

5. Cladophora qlomerata  - +++ +++ +++ ++ - - 

6. C. clavuliqera  - - - - - - +++ 

7. Rhizoclonium  sp. - - - - + ++ 

8. Ulva  sp - + + + ++ - - 

9. Oscillatoria  sp. - - + ++ +++ - - 

10. Lyncibya maiescula  - - - ++ +++ +++ - 

11. Ectocarpus  sp. - - +++ - + - - 

12. Sphacelaria  sp. - - + - - - ++ 

13. Goniotrichum alsidii  - - ++ - - + - 

14. Polysiphonia  sp. ++ ++ + - - - + 



TABLE 

OCCURRENCE AND ABUNDANCE OF FOULING 	ALGAE 

( - = species not occurred, +++ = abundant, 

AT-30 

ON CUMULATIVE PANELS (SET I) 

++ = moderate, 	+ = rare, N.D. 

OF GLASS (G) 

= No data) 

Name of the alga 2M 3M 5M 6M 7M 8M 9M 

1. Enteromorpha tubulosa  + ++ ++ ++ + - N.D. 

2. E. compressa  - - - +++ - ++ 

3. Cladophora glomerata  +++ +++ +++ +++ + - 

4. C. fascicularis  - - - ++ - - 

5. C. clavuligera  - - +++ - - - 

6. C. 	saracenica  - - +++ - - _ 

7. Rhizoclonium  sp. - - - - +++ - 

8. Oscillatoria  sp. - - - - ++ - 

9. Lyngbya majescula  - - - - ++ - 

10. Ectocarpus  sp. - - ++ + - - 

11. Goniotrichum alsidii  - - - + - - 

12. Polysiphonia  sp. - + - - - - 



TABLE 	AT-31 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON CUMULATIVE PANELS (SET II) OF MILD STEEL (MS) 

(- = species not occurred, +++ 	= abundant, ++ = moderate, + = rare, N.D.= No data) 

Name of the alga 2M 3M 5M 6M 7M 8M 9M 10M 11M 

1. Enteromorpha 	tubulosa N.D. N.D. N.D. N.D. N.D. N.D. 

2. E. compressa 

3. Cladophora glomerata +++  ++ 

4. C. fascicularis +++  

5. C. clavuligera +++  

6. C. 	saracenica +++  

7. Ectocarpus sp. ++ 

8. Porphyra sp. ++ 

9. Goniotrichum alsidii 



TABLE AT-32 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON CUMULATIVE PANELS (SET II) OF ALUMINIUM (AI) 

( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Name of the alga 2M 3M 5M 6M 	7M 8M 9M 	10M 11M 

1. Enteromorpha 	tubulosa  + N.D. + + 	+++ +++ N.D. 	- - 

2. E. compressa  ++ ++ - 	- - - - 

3. E. prolifera  + +++ +++ 	- - - - 

4. Cladophora qlomerata  - + ++ 	++ ++ - - 

5. C. fascicularis  +++ - - 	- ++ - - 

6. C. clavuliqera  +++ - - 	- - - - 

7. Rhizoclonium sp.  - - - 	- + - - 

8. Ulva  sp - + + 	+ + - - 

9. Oscillatoria sp.  - - - 	- - +++ ++ 

10. Ectocarpus sp.  - - - 	++ ++ + - 

11. Sphacelaria sp.  - - ++ 	+ +++ +++ - 

12. Porphyra sp.  ++ - - 	- - - - 

13. Goniotrichum alsidii  - - - 	- ++ ++ - 

14. Antithamnion sp.  - - - 	++ - - - 

15. Hildenbrandtia  sp. - - - 	- - - ++1- 



TABLE 	AT-33 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON CUMULATIVE PANELS (SET II) 

( - = species not occurred, 	+++ = abundant, ++ = moderate, 	+ = rare, 

Name of the alga 	 2M 	3M 	5M 	6M 	7M 	8M 

OF FIBRE GLASS 

N.D.= No data) 

9M 	10M 

(FG) 

11M 

1. Enteromorpha 	tubulosa +++ N.D. +++ ++ - ++ N.D. 	- - 
2. E. clathrata - - - ++ _ _ - 
3. E. plumosa ++ +++ _ _ _ _ - 
4. E. compressa +++ +++ ++ - + _ _ 
5. E. 	linza _ - - - + _ - 
6. E. prolifera  ++ +++ - _ _ - 
7. Cladophora qlomerata ++ - + + ++ _ - 
8. C. fascicularis ++ + - - +++ _ - 
9. C. saracenica ++ - - - _ _ _ 

10. Ulva sp. _ - - +++ _ _ _ 

11. 
12. 

Oscillatoria  sp. _ - 
_ 

- 
_ 

- 
+ 

- 
+ 

- 
_ 

+ 
_ Ectocarpus  sp. 

13. Sphacelaria sp. _ - - + + _ - 
14. Porphyra sp. ++ - - - - _ - 
15. Goniotrichum alsidii + - - + + _ _ 

16. Antithamnion  sp. _ - - - + _ _ 

17. Hildenbrandtia sp. _ - - - - - ++4- 
18. Ceramium sp. - - - - - - ++ 



TABLE 	AT-34 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON CUMULATIVE PANELS (SET II) OF GLASS (G) 

(- = species not occurred, +++ = abundant, ++ = moderate, 	+ = rare, N.D.= No data) 

Name of the alga 2M 3M 5M 6M 	7M 8M 9M 	10M 11M 

1. Enteromorpha 	tubulosa N.D. +++  ++ N.D. 	N.D. N.D. 

2. E. prolifera ++ 

3. Cladophora qlomerata +++ +++  

4. C. fascicularis +++ 

5. C. saracenica +++ 

6. Rhizoclonium sp. 

7. Lyncibya majescula 

8. Ectocarpus sp. +++ +++ 

9. Sphacelaria sp. +++ 

10. Porphyra sp. ++ 

11. Goniotrichum alsidii ++ 

12. Antithamnion sp. ++ 

13. Polysiphonia sp. ++ 



TABLE AT-35 

OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON MONTHLY PANELS OF MILD STEEL (MS) 

( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Name of the diatom 	Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 

1. Licmophora 

'89 

N.D. 

'89 

- 

- 
- 
- 

+ 
_ 
- 
- 
- 

- 

- 

- 

- 

'89 

- 

- 
- 
- 

- 
- 
- 
- 
- 

- 

- 

- 

- 

'90 

- 

- 
- 
+++ 

- 
- 
- 
- 
- 

- 

- 

- 

- 

'90 

- 

++ 
- 
+++ 

- 
- 
- 
- 
- 

- 

- 

- 

- 

'90 

- 

- 

- 
- 

- 

- 
- 
- 
- 
- 

- 

- 

- 

- 

'90 

- 
- 
- 

- 

- 
- 
- 
- 
+++ 

++ 

+++ 
- 

- 

- 

'90 

++ 

- 
- 
+++ 

++ 

- 

++ 

- 
- 
- 
- 
- 

- 

- 

- 

- 

'90 

- 

- 
- 
- 

- 

- 
++ 
- 
- 
- 

- 

- 

- 

- 

'90 

- 

- 
- 
- 

- 

- 
- 
- 
- 
- 

- 

- 

- 

- 

'90 

- 

- 
++ 
- 

+++ 
++ 

- 
+++ 
+++ 
+ 

- 

++ 
++ 
++ 

++ 

'90 

- 

- 
- 
- 

- 

'90 

N.D. 

'90 

- 

- 
- 
+ 

+ 

- 

- 

- 

+ - 

'90 

- 
- 
++ 

- 

- 

- 

'91 

- 
- 
- 

- 

'91 

- 
- 
++ 

++ 

++ 

- 

paradoxa 
2. L. ehrenbergi 
3. L. 	lyngbyei 
4. Nitzschia 

longissima 
5. N. lorenziana 

var. incurva 
6. N. obtusa 
7. N. obtusa var. 

scalpelliformis 
8. N. dissipata var. 

media 
9. N. angustata 
10. Melosira borreri 
11. M. juergensii 
12. Biddulphia obtusa 
13. Actinocyclus 

crassus 
14. Coscinodiscus 

nitidus 
15. C. radiatus 
16. Mastogloia smithii 
17.M. braunii 
18. Navicula cancellata 

var. scaldensis 
19. N. compressicauda 
20. N. membranacea 

Contd.... 	8s.2 
CD 
CXD 



N.D. - 	- 	- 	- 	- 	 - 	- 	- 	

- 	

N.D. - 
- 	- 	 - 	- - 	- 	- 

- 	- 	_ 	_ 	_ 	- 	- 
- - 	- 	+++ - 	 ++ 	+ 

_ 
+++ - 	 - 	- 	- 	- 	++ 

- -1 - 

- - - 

-  - - 

Name of the diatom 	Oct. Nov. Dec. Jan. Feb. Mar. Apr, May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
'89 	'89 '89 '90 	'90 	'90 '90 '90 '90 	'90 	'90 '90 	'90 '90 	'90 '91 	'91 

21. N. lyra  
22. Pleurosigma affine  

var. Nicobarca 
23, P. normanii  
24. P. angularis  
25, Achnanthes longipes  
26. A. brevipes  
27. Cocconeis pediculus  
28. Synedra gallioni  
29. S. pulchella 

forma major  
30. Thalassiothrix 

frauenfeldii  



+++ 

TABLE AT-36 

OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON MONTHLY PANELS OF ALUMINIUM (AL) 

( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Name 

1. 

2. 
3. 
4. 
5. 
6. 
7. 

8. 

9. 
10. 

11. 

12. 

of the diatom 

Licmophora 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
'89 	'89 	'89 	'90 	'90 	'90 	'90 	'90 	'90 	'90 	'90 	'90 	'90 	'90 	'90 	'91 	'91 

N.D. - 	 N.D. - 	- 	- 	- 	N.D. - 	 ++ 

- 	- 	++ 	 ++ 
++ 

+++ 	++ 	 ++ 
+++ 

++ 	+++ 	++ 	 ++ 
- 	- 	 - 	- 	- 	++ 	 - 	- 	- 	- 	 - 	- 	- 	- 

- 	- 	 - 	- 	- 	- 	 - 	- 	- 	- 	 - 	++ 	- 	- 

- 	- 	 ++ 	+++ 	++ 	- 	 - 	- 	- 	- 	 - 	- 	- 	+++ 
- 	 - 	 - 	 - 	 - 	 - 	 - 	 - - 	 - 	 - - 	 + + 	- 

- 	 - 	 - 	 - 	 - 	 - 	 - 	 - 	 - - 	 - 	 - - 	 ++ 

- 	 - - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 	 - 	 - - 	 ++ 

paradoxa 
L. 	lyngbyei 
L. jurgensii 
L. anglica 
L. dalmatica 
Nitzschia obtusa 
N. obtusa var. 
scalpelliformis 
N. dissipata var. 
media 
N. longissima 
N. longissima var. 
closterium 
N. longissima 
forma parva 
N. longissima 
var. incurva 

13. N. vitrea forma 
major 

14. N. vitrea var. 
salinarum 

15. Nitzschia subtilis 
var. paleacea 

16. N. vermicularis  
17.Melosira borreri  
18.M. jurgensii 
19. Biddulphia obtusa  
20. B. laevis  

- 	 - 	 - 	 ++ 

++ 

- 	 - 	 ++ - 

- 	- 	+ 	- 	 - - 	- 	- 	 - 
- 	- 	- 	- 	 ++ +++ +++ +++ 	+++ 
- 	- 	- 	- 	 ++ - 	 +++ ++ 	 - 

- - 	- 	- 	 - - 	+ + ++ 	 - 

- - 	- 	- 	 - - 	- 	+++ 	 - 

Contd... 



Name of the diatom 	Oct. Nov. Dec. Jan. Feb. Mar, Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
'89 '89 '89 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '91 '91 

21. Coscinodiscus - - - - N.D. + 
nitidus 

22. C. radiatus - - - - - - - - 

23. C. excentricus - - - +++ - - - - 

24. Mastogloia smithii - - - - - +++ - - 

var. lacustris 
25. Navicula cancellata ++ 

var. scaldensis 
26. N. capitata ++ 

27. N. hyalina + + 

28. N. johnsonii 
29. Pleurosigma ++ 

normanii 
30. Pleurosigma sp. ++ 

31. Achnanthes 
longipes 

32. A. subsessilis - - ++ - ++ - ++ ++ - - - - 

33. Cocconeis pediculus - - - - - - - ++ 

34. C. scutellum - - - - - - - ++ - - - - 

35. Synedra gallioni - - ++ - - - - - - - - - 

36. S. pulchella - - ++ ++ - - - +++ - - - - 

forma major 
37. S. affinis 
38. Asterionella ++ 

notata 
39. Thalassiothrix +++  

frauenfeldii 



TABLE AT-37 

OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON MONTHLY PANELS OF FIBRE GLASS (FG) 

( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Name of the diatom 	Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
'89 '89 '89 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '91 '91 

1. Licmophora - - - - - - - - - ++ - N.D. - - - ++ 

lyngbyei 
2. L. jurgensii - - - ++ - - - - - ++ - - - - - 
3. L. anglica - - - - - - - - +++ - - - - - ++ 
4. L. dalmatica - - - - - - - - +++ _ - - _ _ _ 
5. L. ehrenbergii - - - ++ - - - - - - - - - - - 
6. L. gracilis - - - - - - - - - - - - - - ++ 
7. L. paradoxa - - - - - - +++ - - - - - - - ++ 
8. Nitzschia obtusa - - - + - - - - ++ +++ - + - - - 
9. N. obtusa var. - - ++ - +++ - + ++ - - - - - - _ 

scalpelliformis 
10. N. dissipata var. - - +++ - - - - - - - - - - - - 

media 
11. N. longissima - - - +++ ++ - - - - - - ++ - - ++ 
12. N. longissima - - - - - - - - - - - - - - ++ 

forma parva 
13. N. longissima var. - - - ++ - - - - - - - - - - _ 

closterium 
14. Nitzschia longissima - - ++ - - - - - - - - 

var. reversa 
15. N. vitrea forma 	 - 	- 	- 	- 	- 	+++ - 	+++ - 	- 	- 	- 	- 	- 	- 

major 
16. N. vitrea var. 	 - 	- 	- 	- 	- 	+++ - 	- - 	- 	- 	- 	- 	- 	_ 

salinarum 
17. N. angustata 	 - 	- 	- 	- 	- 	- 	- 	- - 	- 	- 	+ 	- 	+ 	- 
18. N. distans 	 - 	- 	- 	- 	- 	+++ - 	- - 	- 	- 	- 	- 	- 	- 

Contd... 



Name of the diatom 	Oct. Nov. Dec. Jan, Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
'89 '89 '89 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '91 '91 

19.Melosira borreri  - - - - - - - - ++ +++ + N.D. - - - - 
20. M. jurgensii  - - - - - - - ++ - +++ + - - - - 
21. M. numuloides  - - - - - - - ++ - - - - - - - 

22. Coscinodiscus  - - - - - +++ + - - - - - - - ++ 
nitidus 

23. C. excentricus  - - - - - +++ - - - - - - - - - 

24. Mastogloia smithii - - - - - - - - +++ ++ - - - - - 

var. lacustris 
25. Navicula cancellata - - - - - - - - +++ ++ - - - - - 

var. scaldensis 
26. N. membranacea  - - - - - - ++ - - - - ++ - - _ 

27. N. elliptica  - - +++ - - - - - - - - - - - - 

28. Navicula lyra - - ++ + + - - - - - - - - - - 

29. N. superimposita  - - - - - - - - - - - - - - 
30. Pleurosigma angustatum - - - - - - - - - - - - - - ++ 
31. P. affine  - - - - - - +++ - - - - - - - - 

32. P. normanii  - - - - - - - - - - - - - - + 
33. P. 	species - - - - - - - - + + - - - - - 

34. Achnanthes longipes - - + - ++ - - - - ++ - - - - - 

35. A. subsessilis  - - - - - - - ++ - ++ - - - - ++ 
36. Cocconeis pediculus + - - - - - - - - - +++ ++ - - - 

37. C. scutellum  - - - - - - - - - - +++ ++ - - - 

38. C. placentula  - - - - - - - - - - +++ ++ - - _ 

39. Stauroneis gregorii + - - - ++ ++ +++ - - - - - - - _ 

40. Synedra gallioni - - - - + ++ +++ - - - - - - - - 

41. S. superba  - - - + ++ ++ +++ - - - - - - - _ 

42. S. pulchella  forma 
major 

- - - - ++ +++ +++ - - - +++ - - - - 

43. S. affinis 	 - 	- 	- 	+++ _ 	- 	- 	- - 	- 	- 	- 	- 	- 	- 

44. Asterionella notata 	- 	- 	- 	- 	- 	- 	- 	- - 	- 	- 	- 	- 	++ - 



TABLE AT-38 

OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON MONTHLY PANELS OF GLASS (G) 

( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Name of the diatom 	Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
'89 '89 '89 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '91 	'91 

1. Licmophora  - - - - - - N.D. - N.D. - - - N.D. + - - 	- 

paradoxa 
2. L. lyngbyei  - - - - - - - - ++ ++ ++ - - 	- 

3. L. jurgensii  - - - - - - - +++ - ++ - - - 	- 
4. L. anglica  - - - - - - - +++ - ++ + - - 	_ 

5. L. dalmatica  - - - - - - - +++ - - - - - 	_ 

6. L. ehrenbergii  - - - - - - + - - - - - 	- 
7. Nitzschia  - - - - - - - - +++ - - - + 	++ 

obtusa  
8. N. longissima  - - - +++ ++ ++ +++ - - - + - - 	+++ 

9. N. longissima var. - - - - - - - - - - - - - 	++ 

incurva  
10. N. longissima  - - - - - - - - - - - - - 	++ 

forma parva 
11. N. longissima  var. - - - - - - - - - - - - + 	- 

closterium  
12. N. vitrea  - - - - - - - - - - - - - 	++ 

13. N. lorenziana  var. - - - - - - ++ - - - _ - - 	- 

incurva 
14.Melosira borreri ++ - - - - - - ++ +++ +++ - - - 	_ 

15.Melosira jurgensii - - - - - - - - +++ +++ - - _ 	- 

16. Coscinodiscus  - - - - - ++ - - - - - _ - 	_ 

nitidus 
17. C. nodulifer  - - - - ++ _ - - - - - - _ 	- 

18. Mastogloia smithii - - - - - - - ++ ++ _ _ _ _ 	_ 

var. lacustris 
19. Amphora  - - - - - - - - + - - - - 	- 

angularis 

Contd.... 



Name of the diatom 	Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
'89 '89 '89 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '90 '91 '91 

20. A. coffeaformis  - - - - - - N.D. - N.D. - + - N.D. - - - - 

21. Navicula cancellata  - - - - - - - ++ ++ - - - - - 

var. scaldensis 
22. N. 	lyra _ - - ++ - - - - - - - - - - 

23. Pleurosigma  - - - - ++ - - - - ++ - - - _ 

angulatum 
24. P. elongatum  - - - - - - - - ++ - - - - - 

25. P. normanii  - - - - - - - - ++ - - - - - 

26. P. spencerii  - - - - - - - + - - - - - - 
27. P. 	sp. ++ - - - - - + - - - - - - - 

28. Achnanthes  - - - - - - - - +++ - + - - _ 

longipes 
29. Achnanthes  - - - - - - - - +++ - ++ - - _ 

subsessilis 
30. Cocconeis pediculus - - - - - - - - - +++ ++ - - - 

31. C. scutellum  - - - - - - - - + +++ ++ - - - 

3'2. Synedra gallioni - - - + - +++ +++ - - - ++ - - - 

33. S. pulchella  - - - - - - +++ - - +++ - - - - 

forma major 
34. S. affinis  - - - - ++ - - - - - - - - - 

35. S. 	feulgens  - - - - ++ - - - - - - - - - 

36. Asterionella  - - - - - - + - - - - - - - 

notata 
37. Thalassiothrix +++  - 

frauenfeldii 



21€ 
TABLE AT-39 

OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON SEASONAL PANELS OF 
MILD STEEL (MS) 

= 

Name 

1. 

2. 

species not occurred, 	+++ 

of the diatom 

Amphora proteus 

= abundant, ++ = moderate, 	+ 

Post 	Post 	Pre 
Monsoon I Monsoon II Monsoon 

++ 

++ 

=rare) 

Monsoon 

Navicula cancellata var. 
scaldensis 

3. N. hyalina ++ 

4. N. membranacea + 

5. N. fusiformis var. 
Ostrearia 

6. Pleurosiqma angulatum ++ ++ 

7. P. spenceri ++ 

8. Cocconeis pediculus +++ +++ 

9. C. 	scutellum +++ 

10. C. placentula +++ 

11. Synedra pulchella ++ 

12. Licmophora paradoxa 

13. L. ehrenberqii ++ 

14. L. flabellata +++ 

15. Nitzschia obtusa 

16. N. lonqissima var. +++  

closterium 

17. N. anqularis +++  

18. N. apiculata 

19. Thalassiothrix +++  

frauenfeldii 
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TABLE AT-40 
OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON SEASONAL PANELS OF 

ALUMINIUM (AL) 

(- = species not occurred, +++ = abundant, ++ = moderate, + =rare) 

Name 

1. 

of the diatom 

Navicula consimilis 

Post 	Post 	Pre 
Monsoon I Monsoon II Monsoon Monsoon 

2. Pleurosigma angulatum ++ 

3. P. normanii ++ 

4. Cocconeis pediculus - ++ 

5. Licmophora ehrenbergii ++ 

6. Nitzschia longissima +++  +++ 

7. N. 	longissima var. +++ 

closterium 

8. N. dissipata var. media 

9. N. 	sp. ++ 

10. Synedra pulchella ++ + + 

forma major 

11. Melosira luergensii +++ 

12. M. borreri +++ 



ZiS 
TABLE AT-41 

OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON SEASONAL PANELS OF 
FIBRE GLASS (FG) 

(- 	= 

Name 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

species not occurred, 	+++ 

of the diatom 

Navicula membranacea 

= abundant, 	++ = moderate, 	+ 

Post 	Post 	Pre 
Monsoon I Monsoon II Monsoon 

++ 

++ 

- 

- - 

- - 

+++ 

+++ 

+++ 

++ 

 - 

++ 

+ + 

+++  

+++ 

=rare) 

Monsoon 

++ 

++ 

++ 

+++ 

N. 	Lyra 

N. fusca var. delicatula 

Cocconeis pediculus 

C. scutellum 

C. placentula 

Licmophora paradoxa 

L. juergensii 

L. ehrenbergii 

L. flabellata 

Climacosphenia 
monilifera 

Nitzschia obtusa 

N. 	longissima 

N. 	longissima var. 
closterium 

N. 	sp. 

N. angularis 

Synedra gallioni 

S. pulchetta forma 
major 

Asterionella notata 



Zis 
TABLE AT-42 

OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON SEASONAL PANELS OF 
GLASS (G) 

(- = species not occurred, 	+++ = abundant, 	++ = moderate, 	+ 

Name of the diatom 	 Post 	Post 	Pre 
Monsoon I Monsoon II Monsoon 

=rare) 

Monsoon 

1. Amphora proteus ++ 

2. Navicula fusca var. +++  

delicatula 
3. Pleurosigma normanii 

4. Cocconeis pediculus - - +++ 

5. C. scutellum - - +++ 

6. C. placentula - - +++ 

7. Synedra gallioni +++ 

8. S. superba ++ 

9. S. pulchella forma major +++  

10. Licmophora ehrenbergii +++ 

11. L. flabellata +++ 

12. Nitzschia obtusa 

13. N. 	lonqissima var. +++  

closterium 
14. N. longissima forma ++ 

parva 
15. N. anqularis ++ 

16. N. apiculata ++ 

17. Melosira juergensii +++  

18. Biddulphia laevis 

19. B. obtusa 

20. Achnanthes subsessilis ++ 

21. Thalassiothrix +++  

frauenfeldii 



TABLE 	AT-43 

OCCURRENCE 	AND 	ABUNDANCE OF FOULING DIATOMS ON CUMULATIVE PANELS (SET 	I) 
STEEL (MS) 

(- = species not occurred, 	+++ = abundant, 	++ = moderate, 	+ = rare, N.D. 	= 

OF 	MILD 

No data) 

Name of the diatom 2M 3M 5M 6M 7M 8M 9M 

1. Navicula membranacea  N.D. - - - ++ + N.D. 

2. Pleurosigma decorum  - - + - 

3. Synedra qallioni  - ++ - - + 

4. S. affinis  - - - ++ - 

5. Asterionella notata  - - +++ 

6. Licmophora paradoxa  - ++ - - 

7. Nitzschia obtusa  - - - ++ - 

8. N. obtusa var. scalpelliformis  - - - ++ - 

9. N. dissipata  var. media  - - - - ++ 

10. N. anqularis  - ++ - - 

11. Coscinodiscus  sp. - - - + + 

12. Campylosira cymbelliformis  - - ++ - - 



TABLE AT-44 

OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON CUMULATIVE PANELS (SET I) OF 
ALUMINIUM (AL) 

(- = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D. = No data) 

Name of the diatom 
	

2M 	3M 	5M 	6M 	7M 	8M 	9M 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Navicula consimilis N.D. 

- 
- 

- 
- 
- 

+++  

+++ 

- 
- 
- 
+++  

- 
_ 
- 

++ 

++ 

- 
- 
- 

++ 

++ 

++ 

++ 

++ 

++ 

N.D. N.D. 

N. amphispbaena 

Pleurosigma normanii 

P. anqulatum var. striqosum 

Synedra qallioni 

S. pulchella forma major 

S. affins 

S. ulna var. obtusa 

Thalassiothrix frauenfeldii 

Licmophora juergensii 

L. anqlica 

L. 	qracilis 

Nitzschia longissima 

Coscinodiscus sp. 

Cyclotella striata 

Suriella ovalis 



OCCURRENCE 	AND 	ABUNDANCE OF FOULING 

(- = species not occurred, 	+++ = 

Name of the diatom 

1. Navicula laevissima 

TABLE 	AT-45 

DIATOMS ON CUMULATIVE PANELS (SET I) 
GLASS (FG) 

abundant, 	++ = moderate, 	+ = rare, N.D. 	= 

2M 	3M 	5M 	6M 	7M 	8M 

N .D. 	- 	- 	 - 	 - 	 - 

- 	 - 	 - 	 - 	 - 
- 	 - 	 - 	 - 	 - 

- 	 - 	 - 	 - 	 - 

- 	 - 	 - 	 - 

- 	 - 	 ++ 	++ 	- 

- 	 ++ 	- 	 - 	- 

+++ 	+ + 	++ 	- 

- 	 - 	 - 	 ++ 	- 
- 	 +++ 	_ 	 - 	_ 

- 	 - 	 - 	 + 	 - 

- 	 ++ 	- 	 + ++ 	- 

- 	 - 	 - 

- 	 - 	 ++ 	- 	- 

- 	 - 	 ++ 	- 	- 

- 	 - 	 - 	 ++ 

++ 

++ 

++ 

OF 	FIBRE 

No data) 

9M 

+++  

+ + 
- 

+ 

+ 

- 

- 
- 

+++  

- 

- 
- 

+++  

-

- 

+++ 

++ 

+++ 

+++ 

2. Pleurosigma hippocampus 
3. P. intermedium 
4. Achnanthes subsessilis 
5. A. 	longipes 
6. Synedra qallioni 
7. S. affinis 
8. Licmophora juergensii 
9. Nitzschia obtusa var. 

scalpelliformis 
10. N. dissipata var. media 
11. N. 	longissima 
12. N. longissima var. closterium 
13. N. vitrea var. 	recta 
14. N. dissipata var. acuta 
15. N. longissima forma parva 
16. N. distans 
17. N. 	insignis var. 	smithii 
18. N. anqularis 
19. Melosira juergensii 
20. Coscinodiscus nitidus 
21. Mastogloia smithii var. 

lacustris 
22. M. braunii 
23. M. 	lanceolata 



TABLE 	AT-46 

OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON CUMULATIVE PANELS (SET I) OF GLASS (G) 

( - = species not occurred, 	+++ = abundant, ++ = moderate, + = rare, N.D. = No data) 

Name of the diatom 2M 3M 5M 6M 7M 8M 	9M 

1. Pleurosigma normanii N.D. N .D. 	N.D. 

2. Achnanthes subsessilis + - ++ 

3. Synedra qallioni ++ 

4. S. 	affinis 

5. Licmophora paradoxa - + - - 

6. L. anqlica - + - - 

7. L. 	gracilis - + - - 

8. Grammatophora anqulosa - - - 

9. Nitzschia obtusa - ++ + - 

10. N. 	longissima - ++ - +++ 

11. N. obtusa  var. scalpelliformis ++ 

12. N. longissima  forma parva +++  

13. N. angularis ++ 

14. Coscinodiscus nitidus 

15. C. excentricus ++ 

16. Homoeocladia martiana 



TABLE AT-47 

OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON CUMULATIVE PANELS (SET II) OF MILD STEEL (MS) 

( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Name of the diatom 2M 3M 5M 6M 	7M 8M 9M 	10M 11M 

1. Navicula capitata N.D ++ N .D. N.D. N.D. 	N.D. N.D. 

2. N. 	laevissima ++ 

3. Pleurosicima normanii ++ 

4. Synedra affinis +++  

5. S. pulchella ++ - 

6. Thalassiothrix frauenfeldii ++ 

7. Achnanthes subsessilis ++ 

8. Cocconeis pediculus ++ 

9. Licmophora paradoxa ++ 

10. L. 	luergensii ++ 

11. Nitzschia longissima ++ 

12. N.longissima var. closterium - ++ 

13. Melosira borreri ++ 

14. Biddulphia laevis ++ 

15. Coscinodiscus nitidus + 



TABLE 	AT-48 

OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON CUMULATIVE PANELS 

(- = species not occurred, 	+++ = abundant, 	++ = moderate, 	+ = 

(SET II) OF ALUMINIUM 

rare, N.D.= No data) 

(AL) 

Name of the diatom 2M 3M 5M 6M 7M 8M 9M 10M 11M 

1. Navicula cancellata  var. 
- N.D. - - - ++ N.D. - +++ scaldensis  

2. N. membranacea  - - ++ - - - - 
3. N. 	granii  - - ++ - - - - 
4. Amphora coffeaformis  - - - - - + - 
5. Pleurosigma normanii  - +++ - - + - +++ 
6. P. anqulatum  - +++ - - + - ++4- 
7. Achnanthes longipes  - + - - - - - 
8. Cocconeis pediculus  - ++ + - - - - 
9. C. scutellum  ++ ++ - - + + - 
10. Synedra qallioni  - - - - - + 
11. S. pulchella  forma major  - ++ - - - - - 
12. Asterionella notata  - - - - ++ ++ _ 

13. Licmophora paradoxa  - - ++ - ++ - + 
14. L. 	lyngbyei  - - ++ - ++ - ++ 
15. L. 	juergensii  - - - - - - - 
16. L. 	ehrenbergii  - - - - - ++ - 
17. L. 	flabellata  - - - - - - - 
18. L. anglica  - - ++ ++ ++ - - 
19. Nitzschia obtusa  + - +++ - +++ + - 
20. N. dissipata  var. media  - - +++ - +++ - - 
21. N.longissima  var. closterium  - - - - - +++ - 
22. N. angustata  - - +++ - +++ - - 
23. N. frustulum  - - - - - - + 
24. N. 	sigma  - - - - - - + 
25. Melosira borreri  +++ - - - - - - 
26. Biddulphia laevis  +++ - - - - - - 
27. Coscinodiscus nitidus  - - - - + + - 
28. Mastogloia smithii  var. 

- ++ - - - - - lacustris  



TABLE 	AT-49 
OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON CUMULATIVE PANELS (SET II) 

( - = species not occurred, 	+++ = abundant, ++ = moderate, + = rare, 
OF FIBRE GLASS 

N.D.= No data) 
(FG) 

Name of the diatom 2M 3M 5M 6M 7M 8M 9M 10M 11M 

1. Amphora coffeaformis N.D. ++ N.D. 
2. Navicula cancellata var. 

- - ++ - - - _ scaldensis 
3. N. Van. Hoffeni - - - ++ - - - 

4. N. membranacea - + + - - - - - 

5. Pleurosiqma angulatum - ++ - - + _ - 

6. P. normanii - ++ - - + - - 

7. Achnanthes subsessilis +++ - - - - - - 

8. Cocconeis pediculus - ++ + - - - - - 

9. C.•scutellum +++ +++ - - - _ - 

10. C. placentula - +++  - - - - - 

11. Stenoneis sp. - - - + - - - 

12. Synedra qallioni - - - - ++ + - 

13. S. 	superba - - - - ++ - - 

14. S. pulchella - - - - ++ ++ - 

15. Licmophora paradoxa - ++ - - - - - 

16. L. 	juergensii - ++ - - - - - 

17. L. 	anglica +++ _ - - - - - 

18. L. dalmatica +++ - - - - - - 

19. L. ehrenberqii - - - - + ++ - 

20. L. gracilis - - - - + - - 

21. Nitzschia obtusa +++ + + ++ + +++ ++ - 

22. N. 	longissima - + - - ++ _ - 

23. N.longissima var. closterium - - - - - +++  - 

24. N. vitrea - - - - + ++ - - 

25. N. dissipata var. media + - ++ - ++ - - 

26. N. anqustata - ++ - - - - - 

27. Melosira borreri +++ - - - - - - 

28. M. 	sp. +++ - - - - - - 

29. Biddulphia laevis 
30. B. 	sp. +++ - - - - - - 

31. Mastoqloia smithii var. 
lacustris 



TABLE AT-50 

OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON CUMULATIVE PANELS (SET II) OF GLASS (G) 

(- = species not occurred, +++ = abundant, ++ = moderate, + 	= rare, N.D.= No data) 

Name of the diatom 2M 3M 5M 6M 	7M 8M 9M 	10M 11M 

1. Navicula cancellata var. 
++ N.D. N.D. 	N.D. N.D. scaldensis 

2. N. membranacea - - 	- ++ 
3. Achnanthes lonqipes +++ _ - 	- - 
4. A. 	subsessilis +++ ++ - 	- - 
5. Cocconeis pediculus ++ - 	- - 
6. C. 	scutellum ++ - 	- - 
7. Synedra qallioni - - 	- - 
8. S. pulchella ++ - 	- ++ 
9. Licmophora lynqbyei ++ - 	- - 
10. L. am:Inca ++ + - 	- - 
11. L. dalmatica ++ - - 	- - 
12. Nitzschia obtusa +++ - - 	- +++ 
13. N. 	lonqissima ++ - 	- +++ 
14. N. lonqissima forma parva - - 	++ - 
15. N. vitrea ++ - 	- ++ 
16. N. anqustata - - 	- +++ 
17. Melosira borreri +++ ++ 
18. M. 	sp. +++ 
19. Biddulphia laevis ++ 
20. Coscinodiscus nitidus 
21. Mostogloia smithii var. 

++ lacustris 



TABLE AT-51 

CHECKLIST OF FOULING ALGAE IN WAGHOTANA ESTUARY (VIJAYDURG) 

1. Enteromorpha tubulosa 

2. “ 	clathrata 

3. u 	prolifera 

4. “ 	lingulata 

5. “ 	qujaratensis 

6. “ 	intestinalis 

7. ,, 	flexuosa 

8. t, 	compressa 

9. “ 	linza 

10. t, 	plumosa 

11. Cladophora glomerata 

saracenica 

fascicularis 

clavuligera 

15. Rhizoclonium sp. 

16. Cladophoropsis sp. 

17. Ulva sp. 

18. Ectocarpus sp. 

19. Giffordia mitchellae 

20. Sphacelaria sp. 

21. Porphyra sp. 

22. Polysiphonia sp. 

23. Ceramium sp. 

24. Caloglossa sp. 

12. 

13. 

14. 

It 

It 

It 
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25. Acrochoetium  sp. 

26. Centroceros  sp. 

27. Gonitrichum alsidii 

28. Antithamnion  sp. 

29. Hildenbrandita  sp. 

30. Oscillatoria  sp. 

31. Lyncibya majescula 
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TABLE AT-52 

CHECKLIST OF FOULING DIATOMS IN WAGHOTANA ESTUARY (VIJAYDURG) 

1. Amphora proteus 

2. A. coffeaformis 

3. A. anqularis 

4. Mastogloia smithii  var. lacustris 

5. M. braunii 

6. M. lanceolata 

7. Navicula capitata 

8. N. hyalina 

9. N. elliptica 

10. N. membranacea 

11. N. granii 

12. N. Johnsonii 

13. N. consimilis 

14. N. amphisbaena 

15. N. laevissima 

16. N. lyra 

17. N. fusiformis  var. ostrearia 

18. N. compressicauda 

19. N. superimposita 

20. N. cancellata  var. scaldensis 

21. N. fusca  var. delicatula 

22. N. Van-Hoffeni 

23. Stenoneis gregorii 

24. Stenoneis  sp. 
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25. Pleurosiqma normanii PI I 	 • 

26. P. anqulatum 

27. P. spenceri 

28. P. hippocampus 

29. P. decorum 

30. P. intermedium 

31. P. elonqatum 

32. P. affine  var. nicobarica 

33. Achnanthes subsessilis 

34. A. lonqipes 

35. A. brevipes 

36. Cocconeis pediculus 

37. C. scutellum 

38. C. placentula 

39. Synedra affinis 

40. S. superba 

41. S. gallioni 

42. S. feulgens 

43. S. pulchella  forma major 

44. S. ulna  var. obtusa 

45. Asterionella notata 

46. Thalassiothrix frauenfeldii 

47. Campylosira cymbelliformis 

48. Licmophora paradoxa 

49. L. 	lyngbyei 

50. L. 	juergensii 
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51. Licmophora ehrenbergii 

52. L. flabellata 

53. L. qracilis 

54. L. dalmatica 

55. L. anglica 

56. Climacosphenia monilifera 

57. Grammatophora anqulosa 

.Y 
58. Suriella ovalis 

59. Nitzschia longissima 

60. N. lonqissima  var. closterium 

61. N. longissima  var. incurva 

62. N. lonqissima  forma parva 

63. N. obtusa 

64. N. obtusa  var. scalpelliformis 

65. N. lorenziana  var. incurva 

66. N. insignis 

67. N. dissipata  var. media 

68. N. anqustata 

69. N. sigma 

70. N. frustulum 

71. N. distans 

72. N. apiculata 

73. N. vermicularis 

74. N. subtilis  var. paleacea 

75 	N. vitrea 

76. N. vitrea  forma major 



77. Nitzschia vitrea var. salinarum 

78. N. sp. 

79. Homoeocladia martiana 

80. Melosira borreri 

81. M. juergen s ii 

82. M. numuloides 

83. M. sp. 

84. Cyclotella striata 

85. Biddulphia obtusa 

86. B. laevis 

87. B. sp. 

88. Actinycyclus crassus 

89. Coscinodiscus excentricus 

90. C. radiatus 

91. C. nitidus 

92. C. nodulifer 
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Plate 5 Algal fouling on cumulative panels 
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Plate 6 	Common fouling diatoms 
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B.1 INTRODUCTION 

Marine fouling is the attachment of animals and plants 

to submerged structures. Algae attach to the substratum by a 

network of rhizoids (Fletcher, 1976). They are able to 

penetrate into the substratum and through paint films (Moss & 

Woodhead, 1976). Marine algae play an important role in the 

fouling of a wide range of both fixed and floating strs, 

causing quite serious economic problems (Fletcher, 1981). 

In the marine environments the growth of organisms on 

man-made structures constitutes the problem of marine fouling 

and leads to increased operating costs especially for shiping 

(See Townsin, Byrne, Milne and. Svensen, 1980 for a review of 

ship building economics). Recently interest in fouling 

communities has shifted to their transformation of offshore 

structures into so called artificial reefs by attracting and 

sheltering a diverse assortment of plants, sessile and motile 

invertebrates and fishes (Lewbell et al, 1987). 

Modern supertankers because of their mode of operation 

(short stays in port with rapid transition from temperate to 

tropical waters) are not whole subject to animal fouling and 

seaweeds of different sorts are the principal fouling agents 

(Evans, 1991). 

Many workers have contributed to our knowledge of 

fouling algae occurring on man-made structures exposed to 



marine environment. 

Moss (1981) studied the fouling kelps on North Sea 

platforms. Hardy (1981) noted matlike population of 

Enteromorpha in the splash zone on the legs of cross spars 

including painted areas. Algal fouling on North Sea platforms 

was studied by Freeman, 1977; Goodman & Ralph, 1979; Ralph & 

Goodman, 1979; Moss, 1981. 

Ship fouling algae were studied by Christie, 1973; 

Christie et al 1975; Fletcher, 1980c. Baker & Evans 

(1973a); Clithroe and Evans (1975); Fletcher and Chamberlain, 

1975 noted presence of Ectocarpus as a major fouling alga on 

large supertankers and container ships. Ecology, life 

history, spore development, post germination 	attachment 

mechanisms, rhizoid structure of fouling marine alga 

Giffordia granulosa on the floating structures in the solent, 

south coast of England were studied by Flectcher (1981). 

Distinctive communities were observed to be associated 

with structures placed on and above and seabed like - pier 

piles, buoys, wrecks etc. (Hiscock and Mitchell, 1980). 

Algal colonisation on granite and cement blocks was studied 

by Agadi (1986). Spore & Swarmer settlement on brick and 

concrete were observed by Linskens (1963). Algal 

colonisation on concrete bricks was studied by Mshigeni 

(1978). Colonisation of OTEC machine by macroalgae and other 

foulers was studied by Thornhaug & Marcus (1981). Christie 



_ 236 

and Evans (1975) noted that voyage patterns and mode of 

operation of modern supertankers favour settlement and growth 

of macroalgae (notably Enteromorpha & Ectocarpus) and 

microalgae (notably diatoms such as Amphora and Achnanthes) 

and bacteria rather than animal forms. Tittley and Fletcher 

(1984) studied benthic marine foulig algal communities in 

sollom Voe oil terminal shetland. They noted 79 benthic 

fouling macroalgal species on floating (barges, navigation 

and mooring buoys) and fixed steel supporting leg of oil 

terminal jetty ad vertical concrete wall of the Kames Jetty 

installations. 

The occurrence of macrofouling algae in particular 

Enteromorpha and Ectocarpus on conventional antifouling 

paints has been well documented (Christie, 1973; Banfield, 

1980). 

The present work was undertaken in Mandovi estuary 

mainly with two objectives: (i) to study algal fouling in a 

comparatively polluted estuary (ii) to analyse differences in 

algal fouling on fixed objects and moving objects which ply 

regularly between two fixed points located on the banks of 

Mandovi. 

B.2 MATERIALS, METHODS AND DESCRIPTION OF SITE 

The studies of fouling algae were made from fixed 

structures namely concrete ramp and jetty, an anchored barge 
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and an abandoned ferry boat. The samples were also collected 

from moving objects such as ferry boat "M.V. Sattari" and a 

launch, "M.V. Chapora" - which ply regularly between two 

fixed points in this estuarine environment. 

Method of collection: 

The material was collected between April 1989 to March 

1991. The collections were made at monthly intervals from 

specific portions of the structures mentioned above. 

The collected samples were preserved in 4% formalin 

after following standard procedure. Algal abundance was 

determined by estimating the area covered by the algae as 

follows: 

abundant - algae occupying area > 70% 

moderate - algae occupying area 31-69% 

rare 	- algae occupying area < 30% 

Besides algae, the macrofoulers were also collected and 

were preserved in 4% formalin made in seawater. 

Along with macroalgae the fouling diatoms contributing 

to the surface film formation were also collected. 	five 

2 
quadrats of 1 cm size each were examined. The samples so 

collected were made upto 10 ml with the addition 	of 

preservative. An aliquot of 2 ml. was examined with the help 

of an inverted microscope. Five drops of this aliquot were 



238 

observed for diatoms. Individual diatoms were counted in 

each drop and abundance was determined by following the 

arbitrary units mentioned below:-

rare 	

- 

cell count 5 to 20% 

moderate 	cell count 21 to 55% 

abundant 	

- 

cell count > 55% 

Environmental parameters:  

Data on environmental parameters was collected as per 

the methods outlined by Strickland and Parsons (1968, 1972). 

Description  of site:  

The study site in Mandovi estuary is located at Lat. 

0 	 0 

73 52'N, longi 15 30'E (Fig. BF-1). The Mandovi estuary is 

one of the main waterways of Goa and is of utmost importance 

for economy of the State. Mining and fishing play an 

important role in the economy. The number of mechanised 

fishing craft operating in Goa is reportedly 652. 

Panaji, a capital city of Goa is located on the bank of 

Mandovi. This estuary is reportedly a polluted estuary. The 

domestic sewage and the navigational traffic are the 

principal factors involved in causing pollution. 

The river has a navigable length of about 62 km. 	The 

River Navigation Department (RND) of the State has made 

provision of ferry boats and launches constructed from steel 
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IS-226 for public use. 	The fery vessels which are of 

conventional hull form are in operation at a speed of about 

six knots. 	Normally well maintained and professionally 

operated vesel has a life span of about 30 years. 	However, 

these 	vessels are adversely affected due to 	material 

deterioration and can be used for very much reduced period. 

The barge sampled during the current studies is a flat 

bottom vessel. The body is mainly formed by steel plates and 

the propeller system is composed of manganese-bronze. 

One of the stationary structure i.e. Betim ramp is 

constructed of portland cement and the angle of inclination 

0 

of the ramp is about 15 . 

The control measures like application of antifouling and 

anticorrosive paints are employed at the RND Workshop, Betim. 

But in spite of this the fouling growth accumulates. 

The amount of average runoff of Mandovi has been 

estimated 	to be 16 km (N.I.O., 1979). 	Its pre 	and 

3 
postmonsoonal flows are found to be about 0.6 km /year. 	The 

estuary is well mixed when fresh water runoff is reduced to 

lower levels. 
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B.3 OBSERVATIONS 

B.3.1 Environmental Parameters 

TEMPERATURE (Table BT-1L, Fig. BF-2) 

0 

Temperature of surface water varied between 23.0 C and 

0 	 0 

31.0 C. Lowest value was registered during July '89 (23.0 C) 

0 

and the highest during April '90 (31.0 C). 

Low water temperatures were generally noticed during 

monsoon. Rise in its value was observed generaly after 

cessation of rains and during early postmonsoon a sharp rise 

in temperature values was observed. A drop in temperature 

was recorded particularly during Dec. and temperature rose 

during late postmonsoon. 

In general, increasing trend was observed during earlier 

months of premonsoon after which, during late premonsoon a 

decrease in temperature was registered. 

SALINITY (Table BT-14., Fig. BF-3) 

Salinity at this station ranged'between almost 0.0 %o to 

37.82 %o. Minimum salinity value was recorded during Aug. 

'90 and highest was noted during March '90. In general, low 

salinity prevailed during monsoon. Water was moderately 

saline in general during postmonsoon and during premonsoon 

season, water salinity was high. During monsoon of 1990, 

almost freshwater conditions were observed. 
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pH (Table BT-Pi, Fig. BF-4) 

pH values ranged between 6.3 and 8.4. Minimum pH was 

noticed during July '89 and Sept. '89 and highest was 

recorded during Jan. '90. 

In general, value tended to be low (below 8.0) during 

monsoon. It was generally above 8 during postmonsoon and 

premonsoon periods. 

DISSOLVED OXYGEN (D.0) (Table BT-11, Fig. BF-5) 

Concentration of D.O. varied from 3.490 m1/1 to 5.872 

m1/1. Highest concentration was noted during April '90 and 

minimum level was recorded during Nov. '90. 

In general, values during early part of postmonsoon 

season were low and during late postmonsoon period they were 

seen to be increased. 

During premonsoon period, D.O. concentration was seen to 

be fluctuating. Seasonal highest concentration was noted 

during April. Drop in D.O. content was observed during late 

premonsoon. 

During early monsoon rise in level of D.O. wasnoted. 

However, thereafter fluctuations in concentration were 

observed during mid monsoon. This was followed by increae 

seasonal maxima was registered during late monsoon. 
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TRANSPARENCY (Table BT-1t, Fig. BF-6) 

Transparency values varied between 23.7 cms. and 170.00 

cms. Highest transparency was observed during Nov. '90 and 

the lowest was recorded during June '90. 

In general, water clearity was low during monson, it 

increased during early postmonsoon and was fluctuating but 

remained fair during remaining period of postmonsoon season 

and even during early premonsoon conditions. Transparency 

value was found to be lowered during late premonsoon. 

SUSPENDED MATTER (S.M.) (Table BT-1f, Fig. BF-7) 

S.M. values ranged between 9.87 mg/1 observed during 

Nov. '90 and 66.72 mg/1 noted during May '90. 

During 	late premonsoon high values of S.M. 	were 

observed. There was a decrease during monsoon of 1989 but 

the same feature however was not repeated during monsoon of 

1990. The values of S.M. observed during 1990 were higher 

than those observed for 1989 monsoon. The level was seen to 

decrease during late monsoon. 

Fluctuations in the S.M. values were observed during 

postmonsoon but during mid postmonsoon the concentration was 

seen to be lowered. 

During premonsoon period the concentration of S.M. was 

moderate to high and it rose significantly during late 
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premonsoon. 

CHLOROPHYLL a (Chl -a) (Table BT - 2, Fig. BF - 8) 

Chl-a concentration in surface water varied from 0.028 

3 	 3 
mg/m to 5.607 mg/m . The maximum being during Feb.'90, May 

'90 and minimum during Jan. '90. 

Chl-a concentration was high generally during late 

premonsoon but was found to decrease at the end of 

premonsoon. During monsoon it was low in general and was 

found to rise during late monsoon. A high value observed 

during postmonsoon season was seem to be decreased during 

late postmonsoon. During early premonsoon conditions the 

level of chl-a in general was moderate to high. 

PHAEOPIGMENTS (Table BT -#2, Fig. BF - 9) 

Phaeopigment content in surface water ranged between 

	

3 	 3 
almost 0.00 mg/m 	to 6.194 mg/m . 	The lowest level of 

phaeopigments was recorded during premonsoon season. 	The 

concentration was found to increase moderately during monsoon 

of 1989 but the same trend was not seen next year i.e. 1990. 

During postmonsoon period phaeopigment content fluctuated but 

high value was observed generally during Oct. & Dec. 

(1989,1990). 
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NUTRIENTS - PHOSPHATE (Table BT-I2, Fig. BF-10) 

Phosphate concentration in surface water ranged between 

0.40 ug/at/1 to 5.64 ug a1/1. The minimum value was rcorded 

during July '89 and maximum was registered during March '91. 

In general, low phosphate concentration prevailed during 

monsoon although there was a rise during August. During 

postmonsoon period initially low level of phosphate was noted 

but during late postmonsoon a rise was noticed (Jan. 90 & 

91). Premonsoon values of phosphate were in general moderate 

but during March (1990, 1991) there was increase. Seasonal 

maxima of phosphate was registered during March (90,91). 

During late premonsoon there was lowering of phosphate 

concentration. 

NITRATE (Table BT-t2, Fig. BF-11) 

Nitrate concentration varied from a minimum level of 

0.279 ug at/1 noted during Oct. '90 to a maximum of 5.722 ug 

at/1 observed during August '89. In general, nitrate 

concentration fluctuated throughout the investigation period. 

Early monsoon recorded a high level of nitrate and this 

was reduced later during July (89,90) and thereafter during 

the rest of the period ofmonsoon moderate to high values of 

nitrate were noted. During postmonsoon period nitrate values 

tended to increase particularly during the month of Dec. (89, 

90). This was followed by lowering during late postmonsoon 
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(Jan, 90, 91). 

During premonson season the concentration of nitrate 

exhibited fluctuations with seasonal maxima of nitrate during 

March (90,91). 

NITRITE (Table BT-/2, Fig. BF-12) 

The nitrite level varied between the lowest observed 

during Sept.'90 (0.02 ug.at/l)  and the highest observed 

during May '90 (4.78 ug at/1). 

During 	premonsoon period fluctuations 	in 	nitrite 

concentration were observed but very high concentration was 

attained during late premonsoon i.e. during May 89, 90. 

Initially during monsoon values recorded were high. 

During remaining period of monsoon, although the values 

showed fluctuating trend, the concentration of nitrite was 

low in general. During postmonsoon season low to moderate 

level of nitrite were observed except during the month of 

Dec., when it rose and appeared as a seasonal peak. This 

high concentration of nitrite was reduced during the late 

postmonsoon (Jan. 90,91). 

B.3.2 Occurrence and abundance of fouling algae on manmade 
structures in Mandovi estuary 

Concrete Structures  (Table BTZ) 

The concrete structures that were studied for the growth 

of fouling algae at Betime ramp were angular surface of ramp, 
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vertical and horizontal surfaces of ramp and at Betim jetty-

steps made of concrete. The observations were recorded from 

April 1989 to January 1991. 

Throughout the study period, Lyncibya majescula (Plate 

lb) a member of Cyanophyta appeared to be the dominant 

fouling alga on the said concrete structures. On the angular 

surface of ramp L. majescula dominated and usually formed a 

carpet-line cover (Plate la). In addition patches of 

Enteromorpha tubulosa, E. flexuosa, E. clathrata, E. 

prolifera, E. compressa, E. plumosa were observed, though the 

area occupied by species of Enteromorpha appeared to be 

insignificant as compared to that by L. majescula. 

L. majescula also dominated on the steps of concrete 

jetty. Here, in addition to appearing freely it was found 

associated with barnacles, thus making common feature on 

jetty-steps. This association was never noticed on the 

angular surface of the ramp. 

During post-monsoon period, abundance of L. majscula 

appeared to be very much reduced. During this period very 

few barnacles were found to be associated with this alga. 

Vertical and horizontal surfaces of the ramp were 

usually dominated by Caloqlossa lepreurii and species of 

Enteromorpha (Plate 1c). C lepreurii was abundant during 

monsoon period and during post-monsoon season. Its abundance 
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decreased during pre-monsoon period and it disappeared 

gradually. Enteromorpha was seen throughout the study period 

except during the months of June 1989 and 1990. The 

Enteromorpha species showed higher abundance on vertical and 

and horizontal surfaces. 

Various associations between algae and animals were 

recorded. The animals encountered were oysters and sessile 

barnacles. The barnacles had the association with E. 

tubulosa, 	E. clathrata, E. flexuosa, E. 	plumosa, 	C. 

lepreurii, L. majescula. Oysters were associated with E. 

flexuosa, E. clathrata, E. tubulosa, C. lepreurii and L. 

majescula. Of all these associations the most conspicuous 

association was that of L. majescula and barnacles as it was 

observed almost throughout the study period. 

The other algal components which appared rarely on 

vertical and horizontal surfaces were Cladophora glomerata, 

C. saracenica, Rhizoclonium, sp. Phormidium sp., Microcoleus  

sp., Sphacelaria sp. 

Stationary Barge (RPL) (Table BT-A) 

After the collapse of Mandovi-bridge (during July 1986) 

ferry boats and launches were employed as means of transport 

across the river - Mandovi. A stationary barge, "RPL" was 

permanently stationed for ferry boats and launches to come 

along side at Malim point. 
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Algal samples were collected from this barge from April 

1989 to March 1991 except during Oct. and Dec.'89, Feb.'90 

and Feb.'91 due to certain practical problems. 

Sampling was divided into 4 sites of the barge namely - 

illuminated portion, shaded portion, illuminated portion of 

propeller and shaded portion of propeller. 

Enteromorpha  could be designated as the main fouling 

alga as it was found to form a continuous large patch 

especially on the illuminated portion of the barge throughout 

the study period. This alga was seen seen to be abundant 

during postmonsoon period. Amongst 8 species of this genus 

that occurred, E. tubulosa  was the most prominent one. The 

other species were E. compressa,  E. plumosa,  E. linza,  E. 

clathrata.  The species such as E. flexuosa,  E. prolifera,  E. 

interstinalis  occurred rarely. 

Two species of Ulva,  viz., U. rigida  and U. lactuca  were 

recorded from this barge. The forms of Ulva  recorded during 

post-monsoon period and became abundant during premonsoon 

months. After April this species decreased in abundance 

although it contined to be present till July. 

Cladophora  was represented by four species namely C. 

glomerata,  C. saracenica,  C. fascicularis,  C. clavuliciera. 

 The most abundant was C. glomerata,  especially during 

postinonsoon period but its presence was also recorded during 
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monsoon and premonsoon seasons of 1989. However, this trend 

was not observed during the next year. 	C. fascicularis  was 

noted 	during 	postmonsoon and premonsoon 	period. 	C. 

saracenica  was recorded only during Oct.'90. 

Polysiphonia sp.  was mainly observed in great abundance 

particularly during certain months of premonsoon and monsoon 

periods. 

Ceramium sp.  occurred abundantly especially during March 

and April. It disappeared subsequently and reappeared during 

month of August. In postmonsoon months it was absent however 

its occurrence was noted again at the end of postmonsoon 

period. 

Appearance of Caloglossa lepreurii  was noted during June 

and was abundant during July to September. After November, 

its abundance decreased. In late postmonsoon period it was 

absent. 

Catenella repens  appeared during June and was abundant 

during monsoon season. Its abundance decreased during 

postmonsoon months and during Dec. and Jan. it was not 

recorded at all. This alga was absent entirely during 

premonsoon period. 

Appearance of Gracilaria verrucosa  was noted during late 

premonsoon season but it disappeared during beginning of 

monsoon season. Its reappearance was noticed during July. 



Its abundance was particularly noted during August and 

September. After monsoon period, decrease in abundance of 

this alga was noted although it was seen upto end of 

postmonsoon season. The algal disappeared during premonsoon 

period. 

Microcoleus sp was abundant during late premonson and 

early monsoon period. Sphacelaria sp. was recorded mainly 

during monsoon season in moderate to rare quantities. Padina  

sp. occurred rarely and only during premonsoon period. 

Occurrence of Lyncibya majescula was noted only during 

postmonsoon months. Rhizoclonium sp. was observed only July 

'89. 

Goniotrichum, alsidii, Antithamnion sp. were seen only 

during January. The types like Acanthophora, sp. Chondria  

sp. were recorded during premonsoon months. Oscillatoria sp. 

was observed only during month of August '89. Occurrence of 

Centroceros sp. and Gelidium sp. was observed during 

premonsoon period in rare quantities. 

The observations on the distribution of fouling algae 

and their abundance on the illuminated and shaded structures 

revealed that the algae like Enteromorpha,  spp., Ulva, spp, 

Gracilaria verturosa  were ma'mly confined to illuminated 
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Polysiphonia sp., Ceramium sp., Cladophora glomerata,  C. 

fascicularis  were found to thrive well on both illuminated 

and shaded surfaces. The forms of Padina sp., Sphacelaria sp.  

were found to prefer illuminated conditions. 

Scrap Ferry  Boat (Table BT - 1) 

A scrap ferry boat lying in Mandovi river in a sheltered 

place near RND Workshop was surveyed for a period between 

August 1989 to March 1991, except during Dec.'89, Feb. and 

Dec.'90. 

Catenella repens  (Plate 2b) and Caloglossa lepreurii  

were the chief fouling algae recorded from this ferry boat. 

Amongst faunal elements oysters and barnacles dominated and 

were found to be associated with algae. 

C. repens  exhibited its presence from Aug.'89 to June 

'90. This alga was associated with oysters during the study 

period, except in monsoon. Its abundance was especially 

evident during the months August and November of 1989, 1990. 

C. lepreurii  was noted as an abundant alga during 

monsoon months. During postmonsoon season it was found to be 

associated with oysters. Its presence was not observed at 

all during premonsoon months. 

The other algae that occurred less frequently on this 

substratum were Lyngbya majescula, C].adophora glomerata, 
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Rhizoclonium 	sp., 	Microcoleus 	sp., 	Phormidium 

Enteromorpha 	lingulata, E. tubulosa, E. prolifera, 	E. 

plumosa. 

Lyngbya - barnacle association, oyster - E. tubulosa 

association were observed. 

Launch M.V. Chapora (Table BT-4) 

Algal samples were collected from launch "M.V. Chapora" 

from June 1989 to March 1991; except during Oct.'89, Feb.'90 

and Oct.'90. The vessel was employed for takng the commuters 

across river Mandovi. 

Throughout the study period the specimens of genus 

Enteromorpha were recorded. The genus was represented by 8 

species namely - E. tubulosa, E. clathrata, E. compressa, E. 

linza, E. prolifera, E. flexuosa, E. intestinalis and E. 

lingulata. Amongst these species E. tubulosa was recorded 

throughout the study period and showed moderate to high 

abundance. During monsoon and postmonsoon months it 

exhibited considerable abundance. The occurrence and 

abundance of E. intestinalis was observed mainly during 

premonsoon season. E. clathrata occurred during 2 months of 

premonsoon and monsoon seasons each and was found in moderate 

to rare quantities. E. compressa and E. linza have been 

observed in rare number but during definite period. E. 

lingulata was recorded rarely. 
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The three species of Ulva  that were recorded from this 

launch were U. rigida  (Plate 3a), U. lactuca  (Plate 3b) and 

U. fasciata.  Amongst these U. rigida  was recorded frequently 

and it was confined to late postmonsoon and premonsoon 

periods. It was graded as an abundant element during 

premonsoon season. However, after premonsoon period (June 

89) decrease in abundance was seen. This trend was not seen 

during June '90. On the contrary during this period U. 

rigida  was absent. U. fasciata  and U. lactuca  were 

moderately abundant during early monsoon.period. However for 

the rest of the period, their occurrence was not noted. 

Caloglossa lepreurii  was recorded during early monsoon 

period and it occurred abundantly during monsoon. 	Decrease 

in its abundance was observed after monsoon period. 	During 

mid postmonsoon period and during entire premonsoon season 

the occurrence of C. lepreurii  was not noticed. 

Appearance of Catenella repens  on the launch "Chapora" 

was recorded at the end of monsoon season i.e. during 

September. It was abundant during postmonsoon period. 

Disappearance of this alga was noted during January. During 

entire premonsoon period and mostly during monsoon this alga 

was not seen on the launch. 

Padina sp.  occurred during premonsoon period, Gracilaria 

verrucosa  exhibited its occurrence only during late monsoon 

period and was rare in number. Polysiphonia sp.  was recorded.  
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in moderate abundance mainly at the end of monsoon period. 

The forms like Ceramium sp. Goniotrichum alsidii,  

Callithamnion sp., Antithamnion sp., Acanthophora sp. were 

recorded but in few numbers. A green alga Microdictyon 

mutabile was found to occur abundantly only during the month 

of March (1990). 

Ferry boat "M.V. Sattari (Table BT-7) 

Fouling algae were collected from this ferry boat which 

was in operation across river Mandovi. Collections were done 

for 20 months beginning from Aug'89 to March '91. The 

samples were collected from outer surface of ferry boat 

exposed to water continuously and the chain of ferry boat. 

Enteromorpha appeared to be the chief fouling component 

throughout the study period (Plate 3c). However, during late 

postmonsoon and during premonsoon periods enhanced abundance 

of Ulva lactuca was noted. Ulva rigida abundance was noted 

during premonsoon period. Caloglossa lepreurii was another 

noteworthy element on this ferry boat. Its abundance was 

particularly evident during monsoon and postmonsson periods. 

It disappeared during premonsoon period. The chain of ferry 

boat also exhibited the forms mentioned above but Ulva never 

settled on this substratum. In addition to these forms, 

Lyngbya majescula, Cladophora glomerata, Rhizoclonium sp., 

Giffordia mitchellae, Gracilaria verrucosa, Catenella repens,  
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Acanthophora sp., Goniotrichum alsiddi, Polysiphonia sp., 

Ceramium sp. were also seen to settle on the chain. Thus 

considerable variation of species was noted on the chain of 

this ferry boat. 

The most conspicuous fouling alga was Enteromorpha as it 

appeared in the form of a continuous broad green zone 

throughout the general surface of this ferry boat. Amongst 

species of Enteromorpha that ocurred on ferry boat, E. 

tubulosa, E. clathrata, E. prolifera, E. compressa can be 

listed as the main species. The other species include E. 

linqulata, E. flexuosa, E. intestinalis and E. qujaratensis. 

Except 	Enteromorpha, 	algae 	exhibited 	seasonal 

occurrence. 	Gracilaria verrucosa was recorded on the chain 

during monsoon period. Polysiphonia sp. was occurred 

postmonsoon period on chain. Ulva never settled on the chain 

but it was recorded from the general surface during late 

postmonsoon period and particularly during premonsoon months. 

Lyngbya majescula was noticed during monsoon and postmonsoon 

period on the chain. 

The 	important 	algal 
	

components 	on ferry boat 

"M.V.Sattari" appear to be Enteromorpha tubulosa, E. 

clathrata, E. prolifera, E. compressa, Caloglossa lepreurii,  

Ulva lactua, U . rigida. 
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B.3.3 OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON MAN-
MADE STRUCTURES 

Diatoms being the early colonisers of the fouling 

complex play an important role in the fouling of man-made 

structures. Various structures like concrete ramps, jetties, 

ships, barges, launches, ferries etc exhibit fouling growths. 

Many antifouling paints have been devised to combat with the 

fouling organisms. Because of several reasons including the 

tolerance of foulers to paints etc. fouling continues even on 

painted surfaces. 

The main organisms constituting the primary film namely 

bacteria and diatoms have been found to produce slime or 

mucilage. It is probable that the primary film caused by 

diatoms could be favourably influencing the attachment of 

other organisms. The diatom slime is less slippery than the 

bacterial slime (WHOI, 1952). 

Daniel (1955) has observed the primary film formation 

which was constituted chiefly of diatoms and algal spores. 

Caron and Sieburth (1981) demonstrated that diatoms make up 

99.9% of the adhered organic materials. Goldie (1981) has 

reported a turflike layer upto 4 cm. deep of detrital 

material, mussel byssus threads etc. cemented by diatoms, 

other microalgae and associated mucilage on a platform in the 

North Sea. Hardy (1981) noted 28 species of fouling diatoms 

on the North Sea platforms and the most abundant genera were 
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Amphora, Biddulphia, Coscinodiscus, Navicula and Raphoneis. 

Pennate diatoms like Amphora and Navicula are found to be the 

main components on a slime developed upon antifouling paints. 

These genera have a worldwide distribution and various 

species have been recorded on an array of antifouling 

formulations (Hendey, 1951, Phillip, 1973; Callow et al 1978; 

Daniel et al 1980) and copper alloys (Marszalek et al 1979). 

The other common species that has been found to be 

particularly resistant to organotin containing paints is 

Achnanthes subsessilis (Callow, 1976). 

A recent study by Lewthwaite et al (1985) has quantified 

the drag imposed by the slime on a ship's hull. The slime 

layer of 1 mm. thickness caused an 80% increase of skin 

friction together with a 15% loss in ship speed, compared 

with values obtained for clean hull. A direct relationship 

is suggested between the morphology and adhesive strength of 

diatoms and their role in fouling of in-service ships (Woods 

and Fletcher, 1991). 

In the current investigation, collections of diatoms 

were done on monthly basis from substrates like concrete ramp 

and jetty, and marine vesels like launch, ferry boats, barge. 

The occurrence and abundance of the various diatoms on these 

diverse substrata exposed to estuarine conditions were noted. 
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Concrete Structures (Table BT-8) 

Fouling diatoms were collected from Betim ramp and steps 

of the Betim jetty from April 1989 to Jan. 1991. The ramp 

was divided into 3 zones namely angular surface, vertical 

surface, horizontal surface and these surfaces were named as 

surface A, Surface B and Surface C respectively. Steps of 

jetty were designated as surface D. A total of forty two 

species of diatoms were recorded. 

Diatom settlement was mainly visible from midpremonsoon 

period to late monsoon period, although during the former 

period diatom population was moderate. 

During premonsoon period fifteen speies were recorded 

whereas during monsoon of 1989 and 1990 ninteen and thirteen 

of diatoms respectively were noted. In general a period 

between April and August indicated enhanced settlement of 

diatoms although the months April and August proved to be 

quite significant. 

Considering occurrence and abundance of 	individual 

diatom species Achnanthes subsessilis, Sceptroneis caduceus, 

Nitzschia obtusa  var. scalpelliformis,  N. vitrea  var. 

salinarum (Plate 4a), Melosira borreri, Biddulphia laevis 

could be listed as main concrete foulers. 

A. subsessilis  ws abundant mainly during monsoon period. 

S. caduceus  was exhibited in rare to moderate quantities 
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strickly during premonsoon months; along with species of 

Licmophora.  N. obtusa  var. scalpelliformis  was a dominant 

member along with N. vitrea  var. salinarum,  M. borreri,  B. 

laevis  during monsoon. 

Observations on the number of species settling on 

different surfaces indicated that the vertical surface -(B) 

of ramp showed the highest species variation. Out of 42 

species that were recorded from concrete structures, 23 

occurred on vertical surface of ramp, 15 on angular surface 

(A). Horizontal surface (C) and the steps of jetty (D) 

exhibited 	9 	and 10 species respectively 	during 	the 

observation period. 

Most of the species including the species mentioned 

before exhibited seasonal occurrence. A. subsessilis,  

Nitzschia obtusa,  N. obtusa  var. scalpelliformis,  N. vitrea  

var. salinarum, Melosira borreri,  M. juergensii,  M. 

numuloides  (Plate 4c), Biddulphia laevis,  B. aurita  occurred 

during monsoon period for 2 successive years. 

Diatoms that occurred during premonsoon season were 

Navicula 	cuspidata  var. halophila, Pleurosigma 	affine, 

Sceptroneis caduceus, Licmophora gracilis  (Plate 4b), L. 

juergensii, 	L. 	paradoxa, 	Nitzschia 	fascicularis,  

Coscinodiscus excentricus,  C. subtilis  var. normanii.  
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Diatoms such as Navicula cancellata var. scaldensis,  

Synedra affinis occured successively for 2 years during the 

postmonsoon period. 

It appeared that the seasonal conditions and 	the 

orientation of concrete surfaces were the two important 

aspects in respect of settlement of diatoms on concrete. 

Stationary barge (RPL) (Table BT-9) 

The 	samples from this stationary 	structure were 

collected from April 1989 to March 1991. The barge was 

conveniently divided into 4 portions namely illuminated 

portion, shaded portion, illuminated portion of propeller, 

shaded portion of propeller. 

Illuminated portion - This portion represented a vertical 

surface on which frequency of diatom occurrence was found to 

be the highest. The forms like Thalassiothrix frauenfeldii, 

Biddulphia laevis, B. obtusa, Nitzschia obtusa, N. dissipata  

var. media, Licmophora spp. Synedra superba, S. gallioni 

occurred frequently. 

Occurrence of Thalassiothrix frauenfeldii as a dominant 

member was noted during late postmonsoon period. Thereafter 

it was recorded on this substratum upto the end of monsoon 

season. 

Biddulphia laevis and B. obtusa (Plate 5a) mainly 
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occurred during monsoon. Nitzschia obtusa and N. dissipata 

var. media. were found settled during premonsoon and monsoon 

periods. N. dissipata var. media was abundant during late 

postmonsoon period (Jan. '90 and Jan.'91). The diatom 

Climacosphenia occurred only during premonsoon season. 

Amongst species of Synedra, S. superba and S. qallioni were 

the chief elements and these occurred mostly during 

premonsoon period. Cocconeis spp and Licmophora spp. were 

recorded during postmonsoon and monsoon periods. 

It was observed that diatoms species diversity was built 

up at the end of postmonsoon period during January and 

reached its peak during premonsoon period. There was a 

decline in species diversity at the end of premonsoon season 

and increase was recorded during monsoon (July, August). 

Postmonsoonal highest diversity was observed during the month 

of November. Thus the months - January, March, April, July, 

August, November were significant with respect to diatom 

species diversity. 

Shaded portion - This represented a shaded vertical portion 

of the RPL-barge on which frequency of diatom occurrence was 

found to be the lowest. 

Settlement of Biddulphia laevis was the 	prominent 

feature. 	This form along with Thalassiothrix frauenfeldii,  

Nitzschia obtusa, Licmophora spp. (Plate 5b) was found to 

occur frequently on this substratum. Some forms which failed 
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to occur on illuminated portion were seen on this substratum, 

they were - Achnanthes subsessilis, Nitzschia dissipata, N. 

vitrea var. salinarum, Synedra affinis. Nitzschia dissipata  

var. media was a main element on the illuminated portion. 

However on this substratum it was recorded in rare 

quantities. 

The occurrence periods of Thalassiothrix frauenfeldii,  

Nitzschia spp. Biddulphia spp., Synedra spp. were same as on 

illuminated portion. 

Diatom settlement was mainly observed during November to 

March. It appeared that diatom diversity was built up during 

late postmonsoon. Early monsoon also indicated good diatom 

diversity on this substratum. 

Illuminated propeller - This represented an illuminated 

horizontal portion on which diatom settlement was higher than 

that on shaded portion of the barge. 

Thalassiothrix 	frauenfeldii, Biddulphia laevis, 	B. 

obtusa, Nitzschia obtusa, N. dissipata var. media, Licmophora 

lynqbyei, L. juergensii, L. flabellata occurred more 

frequently than the other diatoms species. 

Abundance of Thalassiothrix frauenfeldii was the main 

feature. It was mostly represented in abundant quantities. 

Biddulphia laevis mostly occurred in moderate quantities. B. 
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obtusa was highly abundant during Nov.'89,'90. 

Licmophora lyncibyei and L. juergensii showed 	high 

abundance during the months Nov. 89, '90, March, '91. 91. 

The species diversity was highest during March 90, 91 (7 

species each). 	The second peak of diatom diversity was 

noticed during postmonsoon period (Nov. '89 	6 species, 

Nov.'90 - 5 species). Medium amount of species diversity was 

observed during monsoon. 

The months March, May, November, appeared to 	be 

important with respect to species diversity. 

Shaded propeller  - This represented a shaded horizontal 

surface on which diatom fouling was higher than that on 

illuminated portion of the propeller but lower than that on 

illuminated vertical portion of the barge. 

Thalassiothrix 	frauenfeldii, 	Biddulphia 	laevis, 

Nitzschia obtusa, Licmophora gracilis, L. juergensii occurred 

more frequently than the other species.. 

T. frauenfeldii was found abundantly whenever recorded. 

Its occurrence was noticed during late postmonsoon and its 

presence was recorded upto early monsoon season. T. 

longissima occurred rarely. 

Biddulphia laevis exhibited mostly moderate abundance 

and its occurrence was observed during monsoon and partly. 
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during postmonsoon period. B. obtusa occurred rarely and 

during postmonsoon period. 

Species of Licmophora occurred during premonsoon and 

postmonsoon periods. L. gracilis and L. juergensii settled 

during premonsoon period. L. paradoxa, L. lyngbyei, L. 

anglica 	settled during early postmonsoon 	period. 	L. 

ehrenbergii 	occurrence was rare and was noticed during 

premonsoon. 

Settlement of Grammatophora undulata and G. marina var. 

macilenta were observed mainly during early monsoon period. 

However G. maria var. macilenta was recorded during during 

postmonsoon (Jan.'91) and premonsoon (March '90) periods 

also. 

Amongst 3 species of Nitzschia that were recorded from 

this surface, N. obtusa occurred more frequently than the 

other two species. Occurrence of N. obtusa was noted during 

monsoon season, however, it was also recorded during late 

premonsoon and early postmonsoon periods. 

Nitzschia vitrea var. saii.narum occurred only during 

monsoon. N. lanceolate var. minor occurred rarely. Likewise 

occurrence of Achnanthes longipes was noticed rarely. 

Maximum species diversity on this surface was noted 

during late premonsoon (May '89, '90 - 6 and 9 species 
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respectively). 	During monsoon, the early monsoon month 

(June) indicated high diatom diversity (June '89 - 6 species, 

June '90 - 7 species). During postmonsoon period the month 

of October indicated very high diatom species diversity - 12 

(Oct.'90) but the data during the same month for earlier year 

was not available. 

Thus months of May, June, October seemed to 	be 

significant as far as species diversity was concerned. 

It was observed that some species were common to shaded 

surfaces of the barge. These include - Navicula sejuncta, 

Pleurosigma affine, Synedra affinis  forma parva, Nitzschia  

vitrea  var. salinarum. Achnanthes subsessilis  was found 

settled on shaded portion of the barge whereas A. longipes  

was found on shaded properller. All the above mentioned 

species were not found settled either on illuminated portion 

of the barge or illuminated propeller. 

10 
Scrap Ferry Boat (Table BT-05) 

Fouling diatoms were collected from a scrap ferry boat 

lying idle in RND Workshop, Betim for a period between August 

1989 to March 1991. During Dec.'89, Feb.'90, sampling could 

not be carried out. This ferry boat was kept in a sheltered 

condition. 

In 	general, it appeared that diatom fouling 	was 

extremely low on this vessel. Only 10 species were observed. 
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Diatom fouling was evident during monsoon and premonsoon 

seasons. Nitzschia lorenziana  var. incurva  was recorded to be 

a frequently occurring form. Except during late premonsoon 

i.e. May 1990, when it occurred abundantly, it was found in 

rare quantities (monsoon). 

Sceptroneis caduceus, Licmophora ehrenbergii  occurred 

during 	premonsoon period only. Settlement of 	Melosira 

borreri, 	M. 	numuloides, Nitzschia 	obtusa, 	Achnanthes 

longipes,  A. subsessilis  occurred only during monsoon period. 

Highest species diversity was observed during monsoon 

season (August '89 - 3 species, August '90 - 6 species). 

4 
Launch "M.V. Chapora" (Table BT-) 

Fouling diatoms were collected from this launch for a 

period between June 1989 to March 1991. The samples could 

not be collected during Feb.'90. 

A total of 34 species of diatoms were 	recorded. 

Achnanthes subsessilis,  A. longipes, Cocconeis quarnensis, 

Thalassiothrix 
	

frauenfeldii, 	Licmophora 	paradoxa, 	L. 

ehrenbergii, 	L. juergensii, Grammatophora 	marina 	var. 

macilenta, Nitzschia obtusa,  N. obtusa  var. scalpelliformis, 

 N. dissipata  var. media  occurred as prominent species. 

High diversity was observed during premonsoon months 

like March and April. During postmonsoon season the lowest 
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species diversity was recorded and during monsoon species 

diversity value was medium. Monsoonal peak of species 

diversity was noticed during late monsoon (Sept.'89 - 7 spp., 

Sept.'90 - 5 spp.) (Fig. BF-14). 

Diatom settlement was not seen during the month of 

December of postmonsoon season. During November also poor 

diversity was observed - 1 species. 

Most of the species indicated seasonality of occurrence. 

Achnanthes longipes, Thalassiothrix frauenfeldii, Licmophora  

spp.(Plate 6), Grammatophora marina var. macilenta, Nitzschia 

dissipata var. media occurred during premonsoon period. 

A. 	subsessilis, 	N. 	obtusa, 	N. 	obtusa 	var. 

scalpelliformis, N. vitrea forma major, N. angustata, 

Melosira juergensii, Biddulphia obtusa, B. granulata, B. 

laevis, Fragillaria oceanica, F. islandica, F. capucina were 

found to be settled during monsoon season. 

The 	settlers 	during postmonsoon 	period 	were 

Grammatophora undulata, Nitzschia dissipata var. media. 

Some diatoms were common to postmonsoon and premonsoon 

seasons. They include - Nitzschia dissipata var. media, 

Grammatophora marina var. macilenta. 
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Ferry Boat "M.V. Sattari" (Table BT-11,1) 

Collections from the ferry boat and its chain commenced 

during August '89 and ended during March '91. 

A total of 38 species of diatoms were 	recorded. 

Thalassiothrix frauenfeldii, Nitzschia obtusa, N. obtusa var. 

scalpelliformis; N. dissipata var. media, Biddulphia laevis, 

species of Licmophora, Achnanthes subsessilis were the 

prominent members. The rest of the species, that occurred, 

were found in rare quantities. Thalassiothrix  

frauenfeldii occurred in the form of conspicuous masses 

especially on the chain of this ferry boat during premonsoon 

period. 

Species of Licmophora, namely L. paradoxa, L. lyngbyei, 

L. anglica, L. dalmatica, L. ehrenbergii were recorded during 

i premonsoon period. Nitzschia obtusa occurred during monsoon 

period.• During monsoon and also during premonsoon seasons 

occurrence of Nitzschia obtusa var. scalpelliformis was 

noticed. N. dissipata var. media was a frequent settler. It 

was especially abundant during monsoonal month i.e. August. 

The forms like Biddulphia, Melosira were mainly observed 

during monsoon and early postmonsoon periods. Settlement of 

A. subsessilis was noticed during postmonsoon season. 

Highest species variation was noted during August '89 

(14 species) (Fig. BF-14). 	However, during the same month 
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next year the species variation was reduced to 4 species. 

Postmonsoonal highest value of diversity was recorded 

during Nov.'89 (5 species). In general, very poor diatom 

settlement was observed during postmonsoon period. 
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B.4 DISCUSSION 

The range of temperature in Mandovi estuary was (Fig. 

0 0 
BF-2) 	23 -31 C. 	Dehadrai (1970a) recorded 	temperature 

0 

variations in the Zuari and Mandovi estuaries from 24.0 	to 

0 

32.0 C. 	The value of temperature variation recorded for 

Vellar estuary by Sundararaj and Krishnamurthy (1975) was 

0 

7.8 C. 	The temperature variation recorded for 	Mandovi 

0 

estuary during the present study (8.0 C) was thus close to 

the variations recorded by Dehadrai (1970a) and Sundararaj 

and Krishnamurthy (1975). 

The highest temperature was recorded during premonsoon 

in the month of April. Premonsoonal high temperature in this 

estuary might be because of maximum solar radiation during 

this period. Low temperature during late premonsoon might be 

due to premonsoonal showers. 

In general low temperatures were observed during monsoon 

0 

and in Mandovi the lowest temperature (23 C) during the 

observational period was observed during July 1989. A 

decline in temperature was observed during the month of 

December. In this estuary a rise in temperature was observed 

after cessation of monsoon rains as seen in Waghotana 

estuary. Dehadrai and Bhargava (1972) also noted sudden rise 

in temperature during October along central west coast of 

India. 
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Wide range of salinity from almost freshwater conditions 

(0.00%o) to highly saline (37.82%o) were recorded (Fig. BF-

3). Devassy (1983) also noted wide range of salinity, 0.45%o 

- 36.43%o in Mandovi and Zuari estuarine complex. In the 

Cochin backwater salinity was found to vary from 0.4 to 

32.8%o (Goswamy, 1979). In the Vellar estuary Sundararaj and 

Krishnamurthy (1975) recorded variations in salinity from 2.7 

to 34.1%o. 

Mostly low salinity values were noted during monsoon and 

the lowest being during Aug.'90. The low salinity during 

monsoon corresponds to the SW monsoon and heavy influx of 

freshwater between months June and September. 

The highest salinity in Mandovi estuary was observed 

during March '90. The general trend was low to moderate 

salinity during monsoon, moderate to high salinity during 

postmonsoon and high salinity during premonsoon. This 

observation in Mandovi concurs with that of Devassy (1983). 

pH : values ranged between 6.3 and 8.4 in this estuary 

(Fig. BF-4). Reduction in pH was observed during monsoon. 

The reduction in pH at all depths during this period of fresh 

water discharge i.e. during monsoon was also noted by 

Sankaranarayan and Quasim (1969). In both the estuaries in 

general pH values above 8.00 were noted during postmonsoon 

and premonsoon periods. This may be due to algal abundance 

particularly during months like Oct., Nov., Jan., Feb., Mar., 
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April. 

Oxygen concentration in Mandovi estuary ranged between 

3.49m1/1 - 51.872 m1/1 (Fig. BF-5). The general pattern of 

D.O. concentration in Mandovi estuary was same as observed 

for Waghotana estuary. Devassy (1983) noted that oxygen 

concentration was found to vary from 1.96 to 6.28 m1/1 in 

Zuari and Mandovi estuary. Sundararaj and Krishnamurthy 

(1975) recorded oxygen values from 2.93 to 6.3m1/1 in the 

Vellar estuary. Dehadrai and Bhargava (1972) observed. D.O. 

in the range of 4.00 and 5.25 m1/1 along central west coast 

of India. 

In general oxygen concentration was low during early and 

mid postmonsoon in Mandovi estuary like that in Waghotana 

estuary. Haridas et al (1973) observed higher oxygen 

concentration during monsoon and very low values in the 

postmonsoon period. However, in Mandovi estuary as well as 

in Waghotana estuary high values of D.O. were recorded during 

late postmonsoon i.e. during January. Murthy et al (1978), 

opined that the high values during this period might be due 

to increased photosynthesis by the algae. The algal 

abundance on manmade substrata during this period might be in 

accordance with this finding. Likewise a high concentration 

of 0 during April might be due to increased photosynthesis 
2 

by the algae and diatoms. Relatively higher concentration of 

D.O. in Mandovi during June '89, '90 might be due to low 
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salinities (11.27%o June '89, 0.294%o June '90). 

Maximum and minimum transparencies for Mandovi estuary 

were 170.00 cms (Nov.'90) and 23.7 cms (June '90) 

respectively (Fig. BF-6). Monsoonal decrease in transparency 

is attributed to land runoff during heavy monsoon rains. The 

influence of this factor may not be taken into consideration 

as all the structures sampled were lying in the splash zone 

which receives maximum possible illumination. 

The minimum suspended matter value was noted during 

postmonsoon (Nov.'89) and maximum during premonsoon (May 

'90). In the present investigation the diatom abundance on 

man-made structures in Mandovi corresponds with high S.M. 

during premonsoon season. High S.M. during May '90 could be 

attributed to premonsoona.l showers, causing land runoff. The 

supporting evidence comes from the works of Zingde et al 

(1989). 

POC parameter was not monitored in this estuary. 

Chlorophyll-a in Mandovi estuary was in the range of 

3 	 3 
0.028 mg/m (Jan.'90) to 5.607 mg/m (Feb. '90 and May '90) 

(Fig. Bf-8). In the current investigation 	high 	chl-a 

concentrations were noted during premonsoon and monsoon 

periods. 

Dehadrai and Bhargava (1972) noted a peak of chl-a 

concentration during September along central west coast of 
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India. In the present investigation the peak was also noted 

during September. High values of chl-a were noted during 

April and May (Dehadrai and Bhargava, 1972). The same trend 

was also noted in the current studies. 

In Mandovi estuary high concentrations of chl-a during 

Feb.90, May'89, May '90 correspond with diatom species number 

settling and their abundance. The relationship between chl-a 

concentration and diatom bloom formation has been indicated 

by Devassy (1983). Decrease in abundance of diatoms during 

Jan.'90 was in accordance with low chl-a concentration. 

According 	to 	Devassy 	(1983), 	transformation 	of 

chlorophyll into phaeophytin may occur during monsoon. The 

rsults obtained during the current investigation appear to be 

concurrent with Devassy's statement. In premonsoon period 

however lower concentration sometimes reaching almost to 0.00 

3 
mg/m was observed in Mandovi estuary. Transparency values 

during this (Fig. .BF-9) period were high in 	general. 

Transformation of chlorophyll into phaeophytin might have 

been prevented during this period. Alternatively during 

monsoon a high phaeopigment content was noted possibly 

because of low transparency. 

Phosphate values in Mandovi were found to vary from 0.40 

ug at/1 (July '89) to 5.64 ug.at/l (March '90 (Fig. BF-10). 

As in Waghotana estuary, in Mandovi high phosphate 
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concentration was not observed throughout the monsoon season. 

The value was high during late postmonsoon and during 

premonsoon moderate to high phosphate values were noted. 

The observations on algal abundance and diatom abundance 

on manmade structures in Mandovi revealed that during the 

months Jan. to May and again during July to Sept. enhanced 

abundance of fouling algae and diatoms both or any one of 

these components was there in general. Phosphate 

concentrations during these months were moderate to high, 

dropped slightly or decreased considerably. This would 

suggest a possibility of consumption of phosphate by algae 

and diatoms. Influence of phosphate on algal population has 

been stressed by Frink and Machlis (1968); Sikka and Pramer, 

(1968). 

Devassy and. Quasim (1970) stressed the importance of red 

tide phenomenon in increasing the nutrient level during the 

period Feb. to May. Alkaline phosphatase activity is 

responsible for phosphate supply effecting phytoplankton 

abundance. Desai (1988) observed that rise and fall in 

absolute and relative APA were in association with increase 

or decrease in phytoplankton during June-Sept. and Jan -May in 

Choras ecosystem. SilVa and Bhosle (1990) noted that on an 

average APA at all six stations in Mandovi estuary was the 

highest in Feb. Thus it appears that abundance of algae and 

diatoms may be due to phosphate supply induced by the joint 



276 

action of the factors like APA, land runoff and internal 

factors like regeneration. 

The nitrate concentration in this estuary ranged between 

0.279 ug.at/1 (Oct.'90) to 5.722 ug.at/1 (Aug.'90). 

Throughout monsoon moderate to high concentrations of nitrate 

were noted. Ewins and Spencer (1967) attributed the 

increased nitrate concentration during monsoon to fresh water 

discharge and land runoff. The same explanation might be 

true for increased values of nitrate in this estuary during 

monsoon. General increase of nitrate concentration during 

late premonsoon might be because of premonsoon showers 

causing land runoff. 

Luxury consumption or uptake of nitrogen has been 

reported in several estuarine species (Asare and Harlin, 

1983). Abundance of algae and diatoms on manmade structures 

in Mandovi therefore might be attributed to availability of 

nitrate. 

Concentration of nitrite varied from 0.02 	ug.at/1 

(Sept.'90) to 4.78 ug.at/1 (May '90) (Fig. BF-12). 	In the 

current investigation nitrate and nitrite values were seen to 

be fluctuating and mostly nitrate level was much higher than 

nitrite level. This may be because of conversion of nitrite-

N into nitrate-N, according to Sankaranarayanan and Quasim 

(1969) as nitrite-N is supposed to be a transitory stage. 
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In Mandovi estuary nitrate and nitrite concentrations 

were fair during late premonsoon and early monsoon perods. 

This suggests the impact of monsoon showers enriching the 

estuarine water through fresh water discharge and land 

runoff. Besides microbial activity related to zooplankton 

excretion by zooplankton (Queguiner and Treguer, 1984) might 

have contributed to nitrite content. Sankaranarayanan and 

Quasim (1969) noted the peaks of nitrite values during a 

period when the system remain fresh water dominated. In 

Mandovi estuary especially the nitrite concentration during 

early monsoon was high during the present study. 

Lvngbya majescula,  a blue green alga was a common 

coloniser on all the surfaces as mentioned in Chapter B.3.3. 

More or less throughout the study period this alga was seen 

to be occurring abundantly on angular surface of ramp and 

steps of jetty and was seen to be forming mat like cover. 

The decrease in abundance of L. majescula 	during 

postmonsoon perod is attributed to colonisation of species of 

Enteromorpha  (especially E. flexuosa).  Conversely 

disappearance of Enteromorpha  during monsoon seems to have 

induced increased abundance of L. majescula.  

On steps of jetty too abundance of Lyncibya majescula  was 

seen to decrease during the months of postmonsoon period and 

even during premonsoon months. During June 89 this alga was 

absent from steps of Betim jetty. 
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On the vertical surface of ramp and horizonal surface of 

ramp occurrence of L. majescula  was not continuous and mostly 

it occurred as "moderate" or "rare" alga. 

Studies carried out on algal colonisation on concrete 

bricks revealed (Mshigeni, 1978) that the upper surface of 

brick was always convered with a layer of fine silt and more 

seaweeds grew on the sides of the bricks than on silt covered 

top surfaces. Silt deposition probably through reducing 

diffusion and light availability may be an important factor 

in limiting seaweed growth in the field. Lyngbya  samples 

which were collected from angular surface of ramp and steps 

of jetty had to be cleaned thrice to get rid of the adhered 

silt. Only those species which have evolved adaptive 

features for withstanding silt burial can survive in such 

habitats (Mshigeni, 1978). Thus enhanced abundance of L. 

majescula  on the angular surface and steps of jetty may be 

due to its ability to survive in areas having silt 

deposition. 	The other algae which colonised (Enteromorpha 

species) never occurred abundantly there. 	Instead, they 

occurred in small patches. 

Laboratory tests showed that on drying concrete retained 

little water (0.5 g H 0 per gram) and it dried away very 
2 

quickly (Tittley, 1982). Differences involving Blindiingia 

and other algae on natural rocks and seawalls elsewhere have 

been shown to relate to water retaining ability (Tittley, 
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1982). 

On the vertical surface the algal species variability 

was highest. In addition to L. majescula, Caloqlossa  

lepreurii a red alga was a noteworthy element as it was seen 

to occur frequently. Abundance of this alga was noted during 

certain months (Table BT-1). The other algae which were seen 

frequently were species of Enteromorpha. But all these 

species mostly occurred in "rare'quantities. 

The number of the algal species colonising the concrete 

ramp was highest (13 species) on vertical surface followed by 

angular surface (7 species) and horizontal surface 	(7 

species). 	The lowest number of species were found on the 

steps of jetty. Colonisation of species of Enteromorpha only 

in addition to Lynqbya majescula was there on the angular 

surface of the ramp. The highest number of algal species on 

the vertical surface of the ramp is attributed to the lowest 

infuence of silt. The algae like Cladophora glomerata, C. 

saracenica, Rhizoclonium sp., Phormidium sp., Sphacelaria sp.  

and even Calog].ossa lepreurii which were not found to 

colonise the angular surface of ramp were found to be 

colonising vertical surface. However, species of 

Enteromorpha colonised, on angular surface indicating that 

Species of genus Enteromorpha had adpated to silt burial to a 

certain extent. 
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The observations on the species number colonising the 

different surfaces would indicate the influence of 

orientation - substratum. The vertical surface represented an 

0 

angle around 90 and angular surface represented angle around 

0 

15 . 	The influence of orientation of substratum in the 

process of algal colonisation is clear here. 	Varma (1959) 

observed that algae in general prefer a vertical to a 

horizontal substratum. 

Sessile barnacles were mainly associated with Lyngbya  

majescula on the steps of jetty and rarely on vertical 

surface of the ramp. Barnacle Caloglossa association was 

also seen on vertical wall as well as on steps of jetty. 

Oyster. Caloglossa association was more frequently than 

oyster Lyngbya association. Rarely Barnacle - Phormidium 

association was noticed. 

Barnacles might affect the algae by providing a surface 

area or more (or less) suitable surface for attachment for 

the algal spores than provided by bare rock Southward, 1964; 

Hawkins, 1981). Propagules of algae may survive better on 

barnacles due to the texture of the shell or the presence of 

crevices created among dense aggregations of barnacles. 

Crevices may accumulate more propagules than flatter surfaces 

(Norton and Fretter, 1981) and allow more spores to recruit 

by providing refuge against deciccation and/or grazing by 

molluscs (Harlin and Lindbergh, 1977; Hawkins, 1981). 
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Barnacles may also contain chemicals (Crisp, 1974; Scheltma, 

1974) that might inhibit or enhance recruitment of plants. 

Enhanced Barnacle - Lynqbya  association particularly on steps 

of jetty is attributed to texture of barnacle-shell and 

refuge against desiccation as concrete surfaces have been 

found to retain less water. The animal like oyster may also 

be providing a favourable substratum for the algal. 

colonisation. 

RPL-stationary barge kept at Malim was conveniently 

divided into 4 portions. In general algal variation was 

higher on illuminated portions than the shaded ones. The 

trend was: 

RPL 	 > Propeller 	> RPL 	> Propeller 
Illuminated 	Illuminated 	shaded 	shaded 
(29) 	 (23) 	 (20) 	(16) 

The influence of available light on algal colonisation 

was thus clearly indicated here. 

Colonisation of Catenella, Caloqlossa, Microcoleus  was 

more frequently seen on shaded portions. Whereas Gracilaria, 

Ulva  colonised and dominated on illuminated portion. This is 

attributed to variation in the amount of light available. 

Presence and abundance of Cladophora qlomerata, Polysiphonia  

sp. Ceramium sp.  was seen on both the sides indicating that 

these algae thrive well in the wide range of light available. 

The unused, idle ferry boat was kept in the RND 

Workshop, Betim in the supratidal zone. Dominance of two 
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algae namely Caloglossa lepreurii  and Catenella repens  was 

the main feature. Along with these two members Lyngbya  

majescula  was found to occur frequently but its frequency of 

occurrence was lower than frequencies of occurrence of the 

two red algae mentioned above. Coloisation of Caloglossa 

lepreurii  and Catenella repens  is attributed to supratidal 

conditions in which this ferry boat was kept and 

comparatively more exposed conditions. As in the other 

intertidal algae in Caloglossa,  a high osmotic tolerance is 

combined with a high tolerance of dehydration (Biebl, 1962). 

Presence of Lyngbya majescula,  on this ferry boat might be 

because of its tolerance to dry conditions owing to its 

mucilage content. 

Disappearance of Caloglossa  during premonsoon could be 

because of increased salinity. The reduced cell turgor of 

estuarine plants may also be a factor which is involved in 

the response of estuarine plants to extreme hypersaline 

treatment where they are unable to grow (Reed & Barron, 

1983). A positive adaptation under hyposaline conditions may 

thus become disadvantageous under hypersaline conditions 

(Reed & Barron, 1983). 

The abundance of algae like Caloqlossa  and Catenella  may 

also be attributed to surface conditioning of this idle ferry 

boat. Oysters were the principal animal foulers. Abundance 

of oysters and rare occurrence of other algae like Cladophora 
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qlomerata, Rhizoclonium sp., Microcoleus sp., Phormidium sp., 

Enteromorpha linqulata,  E. tubulosa,  E. prolifera,  E. plumosa  

suggests that the surface conditions of scrap ferry boat were 

different from other surveyed structures in Mandovi estuary 

(ferry 	boat "Sattari" concrete ramp, RPL-barge 	launch 

Chapora"). 

Absence of oysters on scrap ferry boat during monsoon is 

attributed to ldw salinity. Oyster - Caloqlossa,  oyster 

Catenella  associations were frequently observed on this ferry 

boat. 	This would suggest 	host-epiphyte 	relationship. 

Probably Caloqlossa  and Catenella  colonisation on oyster 

might exist as adequate substratum is provided by oysters. 

The observations on the number of species colonising on scrap 

ferry 	boat would indicate comparatively lower 	species 

colonisation occurred there most possibly because of the 

position of this scrap ferry boat in the field, comparatively 

drier environment. 

The fouling algal community on launch "Chapora" was 

dominated by Enteromorpha tubulosa,  E. intestinalis, Ulva 

rigida, Caloglossa lepruerii, Catenella repens.  Throughout 

the study perod E. tubulosa  occurred mostly abundantly. 

Abundance of Enteromorpha spp., Ulva spp.  is attributed to 

estuarine environment besides the motility of the vessel. 
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On ferry boat "Sattari" except for one month i.e. Feb. 

91 when Ulva lactuca dominated. Enteromorpha occurred on 

general surface. The two species E. tubulosa, E. clathrata 

occurred mostly abundantly. Amongst all the manmade 

structures surveyed, the number of species of Enteromorpha 

colonising this structure was maximum i.e. 9. (Table BT-7 ) 

Enteromorpha species formed a large group amongst the fouling 

algae colonising the ferry boat. 

On the chain of this ferry boat however although 

colonisation of Enteromorpha was there, it was not pronounced 

like that on the general surface. 

The presence of Enteromorpha is dependent upon adequate 

substratum size to maintain a stable support (Fitzgerald, 

1976). The low colonisation of Enteromorpha on the chain is 

attributed to inadequate substratum size. On the chain, Ulva  

was not found to colonise. This might be because of 

smoothness 	of the chain. 	The forms 	like 	Gracilaria  

verrucosa, Giffordia mitchellae, Polysiphonia sp. 

Goniotrichum alsidii, Ceramium sp. Acanthophora sp. were 

found to settle on the chain but were never found to colonise 

the general surface. Probably, the active form like 

Enteromorpha might have prevented the settlement of these 

algae mentioned above. 

The enhanced abundance of Enteromorpha on the ferry boat 

"Sattari" 	throughout the study period may be 	because 
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Enteromorpha is the principal component of the waterline 

community of the vessels and other objects in the estuarine 

water. 	Although a wide range of algae occur as fouling 
--- 

organisms (Fletcher, 1980 c), probably the most widely 

reported alga which is especially common at water line on 

ships and other structures (Christie, 1973) is Enteromorpha. 

Species of marine origin due to their higher osmotic 

resistance to euryhaline conditions than freshwater species 

are the principal colonisers of estuarine environments (Den 

Hartog, 1967; Remane and Schlieper, 1971). The principal 

colonisers on man-made substrata in the study region of 

Mandovi estuary were Lynqbya majescula, Enteromorpha 

tubulosa, E. clathrata, E. intestinalis, E. flexuosa, E. 

Compressa, Ulva rigida, U. lactuca, Gracilaria verrucosa, 

Caloglossa lepruerii, Catenella repens, Cladophora qlomerata. 

It is documented that number of ta.xa and their abundance 

decreases from marine shores to estuarine waters (Zechman and. 

Mathieson, 1985). A reduction in the total number of species 

caused by decreasing salinities (Doty and Newhouse, 1954; 

Scagel, 1961; Mathieson et al 1981) however is unlikely to be 

less obvious, when green algal elements of marine origin with 

larger salinity tolerances like E. clathrata, Ulothrix  

flacca, Rhizoclonium riparium and substitution green algal 

species occur. The chlorophyta (Ulvaria oxysperma, Ulothrix  

flacca, Enteromorpha intestinalis, E. bulbosa, E. clathrata, 
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E. flexuosa, Rhizoclonium riparium)  are often found in 

freshwater and brackish water (Conover, 1964; Den Hartog, 

1967). The optimal range of salinities for various species 

in San Francisco Bay has been studied by Shellem and 

Josselyn, 1982 (E. clathrata  - 10 to 20%o), Westland and 

Josselyn, 1982, 1983. (Cladophora sericea  - 20 to 30%o), De 

Souza, 1981 (Gracilaria verrucosa  - 15 to 35%o). Most of the 

algal species occurring as fouling algae in Mandovi estuary 

showed euryhyalinity. 

Abundance of species of Enteromorpha, Ulva rigida,  U. 

lactuca, Cladophora qlomerata, Gracilaria verrucosa  is 

attributed to sewage disposal near the study site. 	At 

Panaji, 	sewage is directly discharged 	(Agadi, 	1986). 

Characteristic algae growing at this station are 

chlorophyceae members and a rhodophyta alga - Gracilaria 

verrucosa.  

It is known that eutrophication almost accompanied by 

excessive growth of chlorophyceae species like Ulva, 

Enteromorpha  and dominance of macroscopic green algae seems 

to be most noticeable effect of eutrophication in nearly all 

shallow marine enviornments (Unesco, 1984). Wallentius 

(1982) has proved experimentally macrocalgae rapidly absorb 

nutrients added as excretion products of benthic macrofauna. 

Many studies have been made using Ulva  as an indicator of 

eutrophication in coastal waters. Tewari and Joshi (1988) 
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studied the effect of domestic sewage on biomass of seaweeds 

of Mithapur. They concluded that the green seaweeds are the 

maximum biomass producers in the vicinity of the sewage 

discharge and brown seaweeds are least producers under such 

condition. Enteromorpha linza and E. intestinalis, Ulva 

indica were found to be the most resistant to domestic 

pollution. Caulerpa and Cladophora spp. produced maximum 

biomass with medium degree of eutrophication (Tewari and 

Joshi, 1988). 

Rich growth of Enteromorpha tubulosa, E. clathrata, E. 

flexuosa, 'Cladophora glomerata, Ulva, lactuca, U. rigida on 

ferry boat "Sattari", launch "Chapora" and RPL-barge during 

the current investigation is thus attributed to sewage 

pollution. 

The ability of Ulva and Enteromorpha to survive in 

polluted areas is probably also due to the great reproductive 

capacity and their rapid growth rate (Borowitzka, 1972). 

Studies by Hurtado-Ponce and Umezaki (1987) indicated 

that optimum growth rate in Gracilaria verrucosa was seen at 

0 0 

25 -30 C. The observations during the current investigation 

showed that during 1989 and 1990 the temperature ranged 

0 	 0 	 0 	0 

between 23 to 29.5 C and 23.5 to 30 C and salinity the same 

period ranged between 6.76 to 36.3%o and 0.00 to 33.53%o when 

Gracilaria verrucosa colonised. According to De Souza (1981) 
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the optimum salinity for Gracilaria verrucosa lies .in the 

range 15 to 35%o. According to Koch and Lawrence (1987), 

Gracilaria verrucosa adjusts physiologically to a decreased 

salinity in two days. The occurrence and abundance of 

Gracilaria  verrucosa is attributed to optimum temperature 

conditions in Mandovi estuary and its self adjustment to 

increases and decreases to salinity. 

Porphyra was found to colonize the panels of all four 

substrata during monsoon period in Waghotana estuary. 

However, manmade objects in Mandovi estuary were never 

colonised by Porphyra. Agadi (1986) attributed the lack of 

Porphyra in Mandovi to sewage influence. Maruyama et al 

(1985) have shown adverse effects of sewage water on Porphyra 

yezoensis. Lack of Porphyra in Mandovi estuary in the 

present study is also attributed to sewage disposal near the 

study site. Conversely colonisation of Porphyra in Waghotana 

estuary may be due to its being unpolluted. 

The number of algal species colonising the 5 objects in 

Mandovi estuary varied. The two moving objects (ferry boat 

"Sattari and launch "Chapora") exhibited 22 species of algae 

each. Whereas the stationary objects like RPL-barge, 

concrete ramp, scrap ferry boat showed, 30,14,11 species 

respectively. The constructional material in case of RPL-

barge, ferry boat, launch. Chapora is the same i.e. mild 

steel. The differences in algal colonisation are attributed 
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to factors like size and speed. The size of RPL was larger 

than any other object and moreover it was a stationary barge. 

The highest algal species variability was evident therefore 

on RPL-barge. 

The two moving objects namely ferry boat "Sattari" and 

launch "Chapora" were colonised by the same number of species 

yet species content and abundance pattern varied. Higher 

abundance of Caloqlossa, Catenella was observed on launch 

Chapora. This is attributed to less movement by this vessel. 

Frequently ferry boat Sattari was employed for taking across 

commuters. Launch Chapora was employed less frequently 

increasing its staticness. Even the idle, scrap ferry boat 

was colonised by Caloqlossa, Catenella as dominant algal 

members. Agadi (1986) and Varma (1959) observed colonisation 

of some red algae including Caloqlossa in sheltered areas. 

Thus high colonisation Caloqlossa, Catenella and even 

Microcoleus (RPL-Malim shaded side) on scrap ferry boat and 

launch Chapora is attributed to their stationary or static 

conditions. 

Although, a stationary object, the species number on 

concrete ramp was the lowest. This must be because low water 

retention by concrete as stated earlier. 

The algal colonisation on man-made substrata is the 

result of factors like substratum type, size, position, 
a 

speed, sewage influence and environmental factors. 
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Succession of fouling algae on the structures surveyed 

in Mandovi estuary mainly appears to have ben governed by 

seasonal environmental conditions. The structures like 

concrete ramp and jetty, scrap ferry boat indicated limited 

dominants and more or less throughout the study period these 

were recorded on the structures mentioned above. The 

colonisation 	of other algae was limited on both 	the 

structures. 	Perhaps the dominant members prevented the 

colonisation of the other algae. 

On RPL-barge, algae like Polysiphonia sp. Ceramium sp.,  

Microcoleus sp., Enteromorpha spp., Cladophora spp. were 

found to colonise during premonsoon. During monsoon 

Gracilaria, verrucosa, Enteromorpha spp., Cladophora spp.,  

Microcoleus spp., Caloglossa lepreurii, Catenella repens  
• 

dominated. 	Algae such as Cladophora spp, Enteromorpha spp. 

Ulva spp. were domipants during postmonsoon season. 

On launch "Chapora" Enteromorpha spp., Ulva rigida, U. 

lactuca, U. fasciata Caloglossa. lepreurii, Catenella repens,  

Gracilaria. Verrucosa, Polysiphonia sp. were important 

members. Enteromorpha was seen throughout the study period. 

U. rigida was seen during late postmonsoon and premonsoon. U. 

fasciata, U. lactuca were recorded during early monsoon. 

Caloglossa lepreurii, Catenella repens were seen during 

monsoon and postmonsoon. Gracilaria verrucosa, Polysiphonia 

occurred during monsoon. 	On fery boat 	"Sattari" 
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Enteromorpha was observed throughout the study period. 

Abundance of Ulva rigida was noted during prempnsoon and also 

during 	late 	postmonsoon along with 	Polysiphonia.  

Caloglossa lepreurii colonisation was observed during monsoon 

and postmonsoon. 

Besides seasonal environmental conditions the amount of 

illumination might have caused succession on RPL-barge. 

Dominance of Enteromorpha on ferry boat Sattari and launch 

Chapora might be because of the adaptibility of this genus to 

various antifouling paints. Seasonal environmental 

conditions, position of the vessel, speed appear to be 

important factors causing succession. 

The number of diatom species settled on man-made 
IS• 

substrata 	(Tables 	BT-6 to BT-10) 	during 	postmonsoon 

(1989,1990) would indicate that diatom colonisation was not 

there or it was very poor. This may be attributed to general 

increase in zooplankton population and consumption of diatoms 

by zooplankton. However on RPL-barge, which was stationary 

for long period, moderate number of diatom species were found 

to be settled during postomonsoon period. This might be 

because of optimum substrate conditioning. 

The general species maxima were observed during the 

premonsoon months like March - April and again during monsoon 

between July - August (Fig. BF-14). High temperature, high 
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salinity, high D.O. content may be the probable reasons 
• 	1 

behind premonsoon - species - maxima (Table BT-42:). Besides, 

nutrient concentration which was monitored at fortnightly 
2 

interval showed interesting pattern (Table BT-t2). 	The 

concentrations of the nutrients were seen to increase at the 

end of month. (March '90 Phosphate 5.1 - 5.61 ug at/I, 

Nitrate - 0.7 - 1.96 ug at/l, Nitrite 0.61 - 0.82 ug at/l. 

March '91 Phosphate 5.20 - 5.64 ug at/l, Nitrate 0.68 - 1.48 

ug at/l, Nitrite 0.66 to 0.77). These results indicated that 

environmental characteristics and especially nutrient levels 

were fair. 

During April '89 and April '90 phosphate concentration 

was seen to be lowered (April '89 - 4.18 - 2.82 ug at/I, 

April '90 4.18 - 3.111 ug at/l). This might be attributed to 

phosphate consumption by the diatoms. 

During monsoon low temperature, low salinity, high D.O. 

concentration were the main features. Observations on the 
b1".1 

Table BT-11 would indicate that the during July 89 and July 

90, concentrations of all the three nutrients showed a trend 

of decreasing at the end of month indicating that these 

nutrients might have been used up by the diatoms. 

During Aug. '89 and '90, besides other favourable 

characteristics like low temperature, low salinity, high D.O. 

content, fair nitrate and phosphate concentrations might have 

been the factors causing species maxima. Nitrite 
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concentration was found to decrease suggesting that NO -N was 
2 

a source of nitrogen during this period. 

Thalassiothrix frauenfeldii, Nitzschia spp., Biddulphia 

laevis,  B. obtusa  appear to be the common diatoms throughout 

the study period. 

The monthly panels of mild steel deployed in Waghotana 

estuary exhibited Thalassiothrix frauenfeldii  as a dominant 

member. Except concrete ramp, all the other structures 

surveyed here also had mild steel in the construction. 

Frequent colonisation of Thalassiothrix frauenfeldii  would 

therefore suggest affinity of this diatom to mild steel 

structures. High colonisation of Nitzschia spp.  and species 

of Biddulphia  might suggest their abundance in water column. 

The difference in the substrate characteristics of 

concrete (ramp) and metallic structures (mild steel - ferry 

boats, launch, RPL - barge) was evident as certain diatoms 

were found to be settled only on metallic structures and 
10- 

certain others on concrete ramp (Tables BT-6 to BT-1O). 

Besides these differences of species content between 

metallic structures and concrete structures internal 

differences amongst metallic structures were also exhibited; 

by differences in species content on them. Species of 

Mastogloia, Navicula, Pleurosiqma, Cocconeis, Synedra  besides 

Gyrosigma  sp, Podosira montageni, Licmophora tincta,  
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Climacosphenia elongata  were the diagnostic elements on RPL-

stationary barge. Colonisation of Cyclotella striata,  

Synedra puichella, Nitzschia vitrea,  N. frustulum  was seen 

only on ferry boat Sattari. Distinct elements on scrap ferry 

boat were Pleurosigma obscurum, Melosira numuloides. 

Fragilaria capucina,  F. oceanica,  F. islandica, Cyclophora 

tenuis, Synedra nitzschioides, Nitzschia vitrea  forma major, 

Cocconeis placentula  var. lineata,  C. sp, Navicula 

fraudelenta  were the distinct diatoms on launch Chapora. 

These differences might be because of the factors like 

substrate characteristic, position, size, motility. 

The number of diatom species settled on the various 

structures also varied. RPL-barge exhibited 68 species of 

fouling diatoms, concrete surfaces showed colonisation of 42 

species. Settlement of 34, 38, 10 diatom species was 

observed on launch Chapora, ferry boat Sattari, scrap ferry 

boat respectively. 

Except scrap ferry boat, the other static objects 

(concrete ramp, RPL-barge) showed high species content, and 

higher number of species number than the objects in motion 

(ferry boat Sattari and launch Chapora. Both the moving 

vessels showed more or less the same number of species. Very 

low diatom species number is attributed to dry, sheltered 

conditions in supratidal zone. Both the moving vessels 

namely launch Chapora and ferry boat Sattari were painted 
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with antifouling paint. The movement of these vessel and the 

action 	of antifouling paint might have prevented the 

colonisation of more diatom species there. 	The stationary 

object like RPL-barge being motionless and large sized, being 

kept undisturbed for longer period might have colonised by 

more number of species than the vessels in motion. 
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FIG. BF  I-STATION LOCATION MAP 
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TABLE BT -1 

MANDOVI ESTUARY : ENVIRONMENTAL PARAMETERS 

Date Temperature 
or, 
C 

Salinity 

%o 

D.O. 

ml/l 

pH Transperancy 

CMS. 

Suspended matter 

mg/1 

15.4.89 28.0 33.5 5.6 8.3 99.4 22.862 
30.4.89 30.0 35.3 5.1 8.1 108.9 20.011 
15.5.89 29.5 36.3 5.03 8.1 82.7 40.88 
31.5.89 27.0 33.4 4.8 8.0 81.2 58.73 
15.6.89 24.5 12.33 5.1 7.9 66.8 21.82 
30.6.89 23.3 11.27 5.2 7.9 51.2 18.99 
15.7.89 23.1 10.21 4.82 6.7 48.2 15.66 
29.7.89 23.0 6.76 4.96 6.3 46.6 14.22 
19.8.89 23.5 11.11 4.63 6.4 42.0 24.62 
31.8.89 25.0 22.83 4.00 6.8 38.0 19.878 
15.9.89 27.2 31.58 4.84 6.3 34.5 14.343 
30.9.89 25.0 16.93 5.24 7.2 75.0 13.28 
16.10.89 26.2 29.06 3.99 7.8 73.0 21.226 
30.10.89 28.4 27.08 3.80 8.1 122.00 12.7 
15.11.89 26.5 29.75 3.490 8.0 92.00 23.12 
30.11.89 26.0 31.08 3.498 7.9 139.00 10.00 
17.12.89 24.0 32.36 4.372 8.1 75.00 12.9 
31.12.89 26.5 32.63 4.12 8.0 108.0 20.215 
15.1.90 25.0 30.79 4.997 8.0 121.0 25.714 
31.1.90 29.5 31.63 4.747 8.4 91.0 19.542 
16.2.90 25.8 34.20 4.372 8.0 120.0 19.834 
28.2.90 25.0 34.99 4.498 7.8 84.0 23.065 
18.3.90 26.5 36.53 5.09 8.1 83.2 27.719 
31.3.90 28.0 37.82 4.372 8.2 95.6 24.592 

Contd... 



Date Temperature 
0 

C 

Salinity 

%o 

D.O. 

m1/1 

pH Transperancy 

cms. 

Suspended matter 

mg/1 

17.4.90 29.0 33.70 5.872 8.3 103.2 28.682 
30.4.90 31.0 34.99 4.13 8.1 78.2 23.872 
15.5.90 30.0 36.59 4.997 8.1 73.5 47.618 
31.5.90 30.0 33.53 4.123 7.9 42.3 66.72 
16.6.90 25.0 2.35 4.99 7.3 23.7 22.765 
30.6.90 24.5 0.294 5.088 7.9 32.5 20.89 
16.7.90 26.0 0.382 4.961 7.2 37.1 29.6 
30.7.90 26.0 8.65 5.406 8.1 88.4 28.0 
15.8.90 23.5 0.00 5.20 7.2 31.5 29.0 
31.8.90 25.8 0.50 5.42 7.5 47.8 26.08 
15.9.90 26.1 10.84 5.14 7.3 79.2 24.15 
30.9.90 27.0 19.52 5.8 8.1 109.3 18.60 
15.10.90 28.0 30.32 4.6 7.7 35.0 26.35 
31.10.90 28.0 29.82 4.01 7.8 122.0 22.40 
15.11.90 27.0 32.40 4.9 7.9 124.0 16.80 
30.11.90 27.3 32.04 5.10 8.0 170.0 9.87 
15.12.90 26.0 31.15 4.85 7.9 83.0 10.22 
31.12.90 24.8 32.58 5.41 8.0 121.5 18.43 
15.1.91 25.2 32.60 5.62 7.8 80.0 23.82 
31.1.91 26.5 32.89 5.28 8.3 100.3 21.36 
15.2.91 25.6 33.90 4.94 8.0 126.8 20.97 
27.2.91 25.3 34.02 4.51 8.1 100.9 23.19 
15.3.91 26.7 35.82 5.15 8.2 95.3 26.15 
31.3.91 28.5 36.79 4.37 8.2 86.2 27.56 



TABLE BT -2 

Date Chlorophyll a 
mg/m3 

MANDOVI - ESTUARY : 

Phaeopigment 
mg/m3 

ENVIRONMENTAL PARAMETERS 

Phosphate 	Nitrate 
ug at/1 	ug at/1 

Nitrite 
ug at/1 

15.4.89 4.39 0.123 4.18 0.82 0.09 
30.4.89 4.02 0.872 2.82 1.88 0.95 
15.5.89 4.83 0.567 2.99 0.92 0.78 
31.5.89 1.48 0.582 2.82 2.33 3.79 
16.6.89 1.28 0.477 2.033 0.64 3.10 
30.6.89 0.98 0.482 2.686 4.27 1.02 
15.7.89 1.27 1.842 1.27 2.24 0.89 
29.7.89 0.801 2.222 0.40 0.240 0.595 
19.8.89 0.801 2.338 4.46 2.170 0.876 
31.8.89 0.811 6.194 2.67 5.722 0.074 
15.9.89 2.323 3.732 2.09 1.44 0.824 
30.9.89 3.943 0.993 1.90 2.140 0.552 
16.10.89 2.883 2.162 2.41 1.956 0.648 
30.10.89 3.204 3.019 1.35 1.259 0.40 
15.11.89 2.762 0.382 0.91 1.93 0.90 
30.11.89 2.014 0.798 1.07 2.29 0.54 
17.12.89 2.082 1.2816 1.22 3.234 2.1 
31.12.89 0.7209 2.250 1.611 3.224 0.72 
15.1.90 0.028 N.D. 3.896 1.888 0.256 
31.1.90 2.003 0.454 4.131 1.4 0.48 
16.2.90 2.403 0.0 3.876 2.5 0.78 
28.2.90 5.607 0.0 3.65 1.14 0.46 
18.3.90 0.5607 0.0 5.1 0.7 0.61 
31.3.90 3.738 0.0 5.61 1.96 0.82 

Contd... 



Date Chlorophyll a 
mg/m3 

Phaeopigment 
mg/m3 

Phosphate 
ug at/1 

Nitrate 
ug at/1 

Nitrite 
ug at/1 

17.4.90 4.2845 0.00 4.18 0.78 0.06 
30.4.90 3.738 0.9345 3.111 1.66 1.00 
15.5.90 5.607 0.467 3.519 0.8 0.82 
31.5.90 1.602 0.454 2.703 2.14 4.78 
16.6.90 1.307 0.428 2.499 0.26 4.06 
30.6.90 1.04 0.493 - 	2.856 4.98 0.3 
16.7.90 1.068 0.4272 2.244 3.7 0.3 
30.7.90 0.9345 0.841 2.193 1.66 0.16 
15.8.90 0.842 0.946 2.346 3.00 0.8 
31.8.90 0.792 1.428 3.315 5.28 0.38 
15.9.90 4.806 0.839 2.499 2.8 0.08 
30.9.90 4.482 2.167 2.958 2.38 0.02 
15.10.90 3.400 1.786 1.836 0.279 0.295 
31.10.90 4.105 2.382 1.887 0.729 0.182 
15.11.90 4.240 0.682 1.340 3.68 0.120 
30.11.90 3.084 0.394 1.30 2.92 0.60 
15.12.90 2.302 2.067 1.17 2.34 1.58 
31.12.90 2.164 2.624 1.42 3.124 0.58 
15.1.91 3.025 1.739 1.98 2.045 0.242 
31.1.91 2.97 0.591 3.66 1.62 0.51 
15.2.91 2.57 0.234 3.97 2.52 0.81 
27.2.91 4.99 0.187 3.54 1.22 0.47 
15.3.91 0.83 0.087 5.20 0.68 0.66 
31.3.91 3.01 0.032 5.64 1.48 0.77 



TABLE BT-3 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON CONCRETE STRUCTURES IN GOA 
(* Betim ramp, Steps of Betim Jetty) 

(- = species not occurred, +++ = abundant, ++ = moderate, + = rare, No data = Feb.91 & Mar.91) 

	

Algae 	 
Month 	Surface 	 (1) 	(2) 	(3) 	(4) 	(5) 	(6) 	(7) 	(8) 	(9) 	(10) 	(11) (12) (13) (14) 

April Ramp Angular surface 	- 	- 	+ 	- 	- 	- 	- 	- 	- +++ 	- 	- 	- - 
'89 	" Vertical surface 	+ 	++ - 	- 	- 	- 	- 	- - 	- 	- 	- - 

	

" Horizontal surface - 	+ 	- 	- 	- 	- 	- 	- 	- - 	- 	- 	- - 
Steps of jetty 	+ 	+ 	- 	- 	- 	- 	- 	- 	- ++ 	- 	_ 	_ _ 

* Barnacle 
- Lyngbya 

May '89 Ramp Angular surface 	+ 	+ 	- 	+ 	- 	- 	- 	- 	- +++ 	- 	- 	- _ 
" Vertical surface 	- 	- 	- 	- 	- 	- 	- 	- 	- ++ 	- 	- 	- _ 
" Horizontal surface - 	- 	- 	- 	- 	- 	- 	- 	- + 	- 	- 	- - 

Steps of jetty 	+ 	- 	- 	- 	- 	+ 	- 	- 	- +++ 	- 	- 	- - 
Barnacle 
-Lyngbya 

June 	Ramp Angular surface 
'89 	" Vertical surface 

" Horizontal surface 
Steps of jetty 

- - 	- 	- 	- 	- 	- 	- 	- +++ 	- 	 - 	_ _ 
- _ 	_ 	_ 	_ 	_ 	_ 	_ 	_ ++ 	- 	 - 	- ++ 

- 	- 	- 	- 	- 	- 	- 	- 	- - 	- 	 - - ++ 

- - 	- 	- 	- 	- 	- 	- 	- - 	- 	- - +++ 
Barnacle 
Caloglossa 

July 	Ramp Angular surface 
'89 	" Vertical surface 

" Horizontal surface 
Steps of jetty 

- +++ 	- 	+ 	- _ 
- _ 	_ 	_ 	- 	++ - 	- 	- - 	- 	+ 	- ++ 

- 	- 	- 	- 	- 	- 	- 	- 	- ++ 	- 	+ 	_ _ 	_ 	_ 	_ 	_ 	_ 	_ 	_ 	_ +++ 	- 	- 	- ++ 
Lyngbya 
Barnacle 

Contd... 



++ ++ ++ 

++ ++ 

+++ 

Nov. 	Ramp Angular surface 
'89 	" Vertical surface 

" Horizontal surface 
Steps of jetty 

Ramp Angular surface 
" Vertical surface 
" Horizontal surface 

Dec. 
'89 

++ 

Oct. 	Ramp Angular surface 
'89 	" Vertical surface 

" Horizontal surface 
Steps of jetty 

+++ 

- 	 - 	 - 	 - 	 - 	 - 	 - ++ 	- 	- 
- 	 _ 	_ 	_ 	_ 	_ 	- +++ 	- 	- 

* Barnacle-Lyngbya  

* Barnacle-Lyngbya  

- 	- 	
- 	- 	- 	+ 	- 	_ 	- 

++ - 	
- 	 - 	 - 	 - 	 - 	 - 

	 + 

+ - 	- 	- 	- 	- 	- 	_ 	_ 
* Oyster- 
E.tubulosa 
- 	- 	- 	- 	- 	- 	- 	- 	- +++ 	- 

* Barnacle-Lyngbya  
Steps of jetty 

++ 
++ 

++ 

	 Algae 	 
Month 	Surface 	 (1) 	(2) 	(3) 	(4) 	(5) 	(6) 	(7) 	(8) 	(9) 	(10) 	(11) (12) (13) (14) 

Aug. 
'89 

Ramp Angular surface 
" Vertical surface 
" Horizontal surface 

Steps of jetty 

+++ 

+ - 	 - 	 - 	 - 	 + 	- 	
- 	 - - 	 - 	 + 

- 	 - 	- 	- 	- 	- 	- 	- 	- +++ 
* Barnacle-Lyngbya  

Sept. 
'89 

Ramp Angular surface 
" Vertical surface 

" Horizontal surface 
Steps of jetty  

+++ 

+ + 	- 	- 	- 	- 	- 	- 	- + 
* Oyster 
Lyngbya 

- - 	++1- 
* Oyster 

Caloglossa 
- - 	 - 	 - 	 - 	 - 	 - 	 - 

	 - ++ 	- 	 - 

- 	 - 	 - 	 - 	- 	- 	- 	- 	- +++ 	- 	- 
* Barnacle-Lyngbya  

Contd... 



	 Algae 	  
Month 	Surface 	 (1) 	(2) 	(3) 	(4) 	(5) 	(6) 	(7) 	(8) 	(9) 	(10) 	(11) (12) (13) (14) 

Jan. 	Ramp Angular surface 	- 	- 	- 	- 	- 	+ 	- 	- 	- ++ 	- 	- 	- - 
'90 	" Vertical surface 	+ 	- 	- 	- 	- 	+ 	- 	- 	- ++ 	- 	- 	- ++ 

	

* Oyster 	 Oyster 	 * Barnacle 	 * Oyster 
E.tubulosa 	 E.flexuosa 	Lyngbya 	 Caloglossa 

	

" Horizontal surface ++ - 	- 	- 	- 	++ - 	- 	- ++ 
Barnacle- 	 Barnacle- 
E.tubulosa 	 E.flexuosa 

Steps of jetty 	- 	- 	- 	- 	- 	- 	- 	- 	- ++ 	- 	- 	- _ 
* Barnacle-Lyngbya  

Feb. 	Ramp Angular surface 	- 	++ - 	+ 	- 	++ - 	- 	- ++ 	- 	- 	- _ 

'90 
	

" Vertical surface 	- 	+ 	- 	- 	- 	+ 	- 	- 	- ++ 	- 	- 	- + 

	

* Oyster 	 Oyster 	 * Oyster 	 * Oyster 
E.clathrata 	 E.flexuosa 	Lyngbya 	 Caloglossa 

* Barnacle 	 * Barnacle 
Lyngbya 	 caloglossa 

" Horizontal surface + 	- 	- 	- 	+ 	+ 	- 	- 	- - 	- 	- 	- - 
Barnacle 	Barna Barna 
E.tubulosa 	E.plumosa E.flexuosa 

Steps of jetty 	- 	- 	- 	- 	- 	- 	- 	- 	- ++ 	- 	- 	- + 
* Barna- 	 * Oyster- 

Lyngbya 	 Caloglossa 

March Ramp Angular surface 	+ 	- 	- 	- 	- 	- 	- 	- 	- +++ 	- 	- 	- - 
'90 	" Vertical surface 	+ 	- 	- 	- 	- 	- 	- 	- 	- + 	- 	- 	- + 

	

* Oyster 	 * Barna- 	 * Oyster- 
E.tubulosa 	 Lyngbya 	 Caloglossa 

* Oyster 
Lyngbya 

	

" Horizontal surface ++ ++ - 	- 	- 	- 	- 	- 	- - 	- 	- 	_ _ 

Steps of jetty 	- 	- 	_ 	_ 	_ 	_ 	_ 	_ 	- +++ 
* Barna-Lyngbya  

Contd... 



	Algae 	 
Month 	Surface 	 (1) 	(2) 	(3) 	(4) 	(5) 	(6) 	(7) 	(8) 	(9) 	(10) 	(11) (12) (13) (14) 

April Ramp Angular surface 	+ 	- 	- 	- 	- 	- 	- 	- +++ 	- 	- 	- - 
'90 	" Vertical surface 	- 	+ 	- 	- 	- 	- 	- 	- 	- + 	- 	- 	- - 

" Horizontal surface - 	++ - 	- 	- 	- 	- 	- 	- - 	- 	- 	- - 
Steps of jetty 	- 	- 	- 	- 	- 	- 	- 	- 	- +++ 	- 	- 	- _ 

* Barna-Lyngbya 

May 	Ramp Angular surface 	+ 	+ 	- 	+ 	- 	- 	- 	- 	- +++ 	- 	- 	- - 
'90 	" Vertical surface 	- 	- 	- 	- 	- 	- 	- 	- 	- +++ 	- 	- 	_ _ 

" Horizontal surface - 	- 	- 	- 	- 	- 	- - 	- 	- - 
Steps of jetty 	- 	- 	- 	- 	- 	- 	- 	- 	- +++ 	- 	- 	- _ 

* Barna-Lyngbya 

June 	Ramp Angular surface 
'90 	" Vertical surface 

" Horizontal surface 
Steps of jetty 

- 	
- 	 - 	 - 	 - 

	 - 
	 - 	 - 	 - +++ 	 - 	

- - 

- 	- 	- 	- 	- 	- 	- 	- 	- +++ 	- 	- 	+ ++ 
- 	- 	- 	- 	- 	- 	- 	- 	- - 	- 	- 	- ++ 

+++ 	- 
* Barna-Lyngbya 

July 	Ramp Angular surface 	+ 	+ 	- 	+ 	- 	- 	- 	- +++ 	- 	- 	- - 
'90 	" Vertical surface 	++ ++ - 	- 	- 	- 	- 	- 	- - 	- 	+ 	- ++ 

" Horizontal surface - 	- 	- 	- 	- 	- 	- 	- ++ 	- 	- 	- - 
Steps of jetty 	- 	+ 	- 	- 	- 	- 	- 	- 	- +++ 	+ 	- 	- + 

Oyster 	 * Barna *Barnacle- 	* Barnacle 
E.clathrata 	 Lyngbya Phormidium 	Caloglossa 

Aug. 
'90 

Ramp Angular surface 	- 	- 	- 	- 	- 	- 	- +++ 	- 	- 	- _ 

" Vertical surface 	+ 	+ 	+ 	- 	- 	- 	- 	- 	- ++ 	- 	- 	- +++ 
" Horizontal surface - 	- 	- 	- 	- 	- 	- 	- ++ 	- 	- 	- - 
Steps of jetty 	- 	- 	- 	- 	- 	- 	- 	- +++ 	- 	- 	- _ 

* Barna-Lyngbya 

Contd... 



	Algae 	  
Month 	Surface 	 (1) 	(2) 	(3) 	(4) 	(5) 	(6) 	(7) 	(8) 	(9) 	(10) 	(11) (12) (13) (14) 

Sept. 
'90 

Ramp Angular surface 	+ 	+ 	- 	- 	- 	- 	- 	- +++ 	- 	- 	- _ 

" Vertical surface 	- 	++ - 	- 	++ - 	- 	- 	- + 	- 	- 	- +++ 
* Oyster 	 * Oyster 

Lyngbya 	 Caloglossa 
" Horizontal surface 	

- 	

- +++ 	

- 	

- ++ 
Steps of jetty 	

- 

+++ 	

- 	

- - 

Oct. 	Ramp Angular surface 	- 	- 	- 	- 	- 	- 	- 	- 	- +++ 	- 	- 	- - 
'90 	" Vertical surface 	- 	++ - 	- 	++ - 	- 	- 	- - 	+ 	- 	- ++ 

	

" Horizontal surface - 	- 	- 	- 	- 	- 	- 	- 	- ++ 	- 	- 	- - 
Steps of jetty 	- 	- 	- 	- 	- 	- 	- 	- 	- +++ 	- 	- 	- _ 

* Barna-Lyngbya 

Nov. 	Ramp Angular surface 	+ 	+ 	- 	- 	- 	- 	- 	- 	- ++ 	- 	- 	- - 

'90 	" Vertical surface 	+ 	+ 	- 	- 	- 	- 	- 	- 	- + 	- 	- 	- + 
* Oyster * Oyster 	 * Oyster 	 * Barna 

	

E.tubu- E.clathrata 	 Lyngbya 	 Caloglossa 
losa * Barna 

E.clathrata 
" Horizontal surface 

Steps of jetty 
- - 	- 	- 	_ 	_ 	_ 	_ 	_ _ 	- 	_ 	_ _ 
- - 	- 	- 	_ 	_ 	_ 	_ 	- ++ 	- 	- 	- + 

* Barnacle 	 * Barnacle 

	

Lyngbya 	 Caloglossa 

Ramp Angular surface 	+ 	- 	- 	- 	- 	- 	- 	- 	- ++ 	- 	- 	- _ 

" Vertical surface 	++ - 	- 	- 	- 	- 	- 	- 	+ - 	- 	- 	- +++ 

" Horizontal surface + 	- 	- 	- 	- 	- 	- 	- 	- - 	- 	- 	- - 
* Oyster 
E.tubulosa 

Steps of jetty 	- 	- 	- 	- 	- 	- 	- 	- 	- ++ 	- 	- 	- _ 
* Barna-Lyngbya 

Dec. 
'90 

Contd... 



	Algae 	  
Month 	Surface 	 (1) 	(2) 	(3) 	(4) 	(5) 	(6) 	(7) 	(8) 	(9) 	(10) 	(11) (12) (13) (14) 

Jan. 	Ramp Angular surface 	++ - 	- 	- 	- 	- 	- 	- 	++ 	- 	- 	- _ 
'91 
	

" Vertical surface 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- + 
* Oyster 

Caloglossa 
- 	_ 	_ 	_ 	_ 	_ 	_ 	_ 	- 	++ 	- 	- 	_ _ " Horizontal surface 

Steps of jetty 

Note: (1) E. tubulosa;  (2) E. clathrata;  (3) E. prolifera;  (4) E. compressa;  (5) E. plumosa; 
 (6) E. flexuosa;  (7) Cladophora glomerata;  (8) C. saracenica;  (9) Rhizoclonium  a.; 

(10) Lyngbya majescula;  (11) Phormidium  sp.; (12) Microcoleus  sp.; (13) Sphacelaria  sp.; 
(14) Caloglossa lepreurii  



TABLE BT-4 
OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON RPL - MALIM (GOA), 

(- = species no occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

	 Algae 	  
Month Surface 	 1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 	13 	14 	15 	16 

Apr. 	Illuminated portion 	+4+ - 	4+ - 	- 	- 	- 	- 	4+ - 	- 	- 	- 	- 	+++ - 
89 	Shaded portion 	 + 	- 	+ 	- 	- 	- 	- 	- 	+4. - 	- 	- 	- 	- 	+ 	- 

Propeller - Illuminated 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+4. 	- 
portion 

Propeller - Shaded 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 	- 
portion 

May 	Illuminated portion 
89 	Shaded portion 

Propeller - Illuminated 
portion 

Propeller - Shaded 
portion 

++ + + ++ 

- - 	 ++ 

- ++ 
* Oyster 
* Barna 

June 	Illuminated portion 	- 	- 	- 	- 	- 	+++ - 	- 	- 	- 	- 	- 	- 	- 	+ 	- 
89 	Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	++ 

* Oyster 
Propeller - Illuminated 	- 	- 	+ 	+ 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 	++4. 

portion 
Propeller - Shaded 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 

portion 	 * Oyster 

July 	Illuminated portion 
89 	Shaded portion 

Propeller - Illuminated 
portion 

Propeller - Shaded 
portion 

+++  

+ 

- - - 	 + 	- - 	 + 	+ 	- 	 - - 	 + 	- - 	 + 
- - - - - - - - - - 

- - 	 - - 	 - - 	 + 	- - - - 	 - -  - 

 

Contd... 



	 Algae 	  
Month 	Surface 	 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Apr. 
89 

Illuminated portion 
Shaded portion 
Propeller - Illuminated 

portion 
Propeller - Shaded 

portion 

- - - 	+ 	- - - _ _ - - _ 
_ _ _ 	- - _ _ - - 	- 
_ - _ - 	- _ 	+ 	_ - _ - _ - _ 

 

May 	Illuminated portion 	 - 	- 	- 	- 	- 	- 	- 	+ 	- 	- 	- 
89 	Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	++ - 	- 	- 

Propeller - Illuminated 	- 	- 	- 	- 	+ 	- 	- 	++ - 	- 	- 	+ 
portion 	 * Hydros Ass. 

Propeller - Shaded 	 - 	- 	- 	- 	- 	- 	- 	++ - 	- 	- 
portion 	 * Oyster 

* Barna 

June 	Illuminated portion 	 - 	- 	- 	- 	- 	- 	- 	- 	- 
89 	Shaded portion 	 - 	- 	- 	- 	- 	+++ + 	++ - 

* Oyster * Oyster 
Propeller - Illuminated 	- 	- 	++ - 	- 	- 	- 	+++ - 

portion 
Propeller - Shaded 

portion 

July 	Illuminated portion 
89 	Shaded portion 

Propeller - Illuminated 
portion 

Propeller - Shaded 
portion 

- 	+ 	- 	- 	++ ++ + 	- 

- 	- 	- 	- 	+ 	- 	+++ - 

- - 	- 	- 	+ 	- 

Contd.... 



	Algae 	 
Month Surface 
	

1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 	13 	14 	15 	16 

Aug. 	Illuminated portion 	- 	++ - 	- 	- 	+++ ++ - 	- 	- 	- 	- 	- 	- 	- 	+ 
89 	Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

Propeller - Illuminated 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 
portion 

Propeller - Shaded 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 
portion 

Sept. 
89 

Illuminated portion 
Shaded portion 
Propeller - Illuminated 

portion 
Propeller - Shaded 

portion 

++ - 	++ - 	 - 	- 	+ + - 	+++ - 	- 	- 	- 	- 	_ 	- 
+ 	- 	+ 	- 	- 	- 	+ 	- 	+ + - 	 - 	- 	- 	- 	_ 	- 
+ ++ + 	++ - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

+ 	+ 	+ 	- 	- 	- 	- 	- 	+ 

Oct. 	N.D. 
89 

Nov. 	Illuminated portion 	+ 	- 	+ 	- 	- 	+ 	- 	- 	+++ - 	++ 
89 	Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	- 	+++ - 	++ 

Propeller - Illuminated 	+ 	- 	+ 	- 	- 	+ 	- 	- 	++ - 	++ 
portion 

Propeller - Shaded 	- 	- 	- 	- 	- 	- 	- 	- 	++ - 	++ 
portion 

Dec. 
89 

Jan. 
90 

N .D. 

Illuminated portion 	+++ - 	++ ++ ++ - 	- 	- 	++ - 	- 	- 	- 	++ 	- 	+ 
Shaded portion 	 + 	- 	+ 	- 	- 	- 	- 	- 	++ - 	- 	- 	- 	- 	- 	++ 
Propeller - Illuminated 	+++ - 	+++ - 	- 	- 	- 	++ ++ - 	- 	- 	- 	++ 	- 	- 

portion 
Propeller - Shaded 	++ - 	++ - 	- 	- 	- 	- 	++ - 	- 	- 	- 	- 	- 	+ 

portion 

Feb. 	N .D. 
90 

Contd.44, 
L"%p 



	 Algae 	 
Month 	Surface 	 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Aug. 	Illuminated portion 	 + 	- 	+ 	- 	+++ ++ - 	++ 
89 	Shaded portion 	 - 	- 	- 	- 	- 	+ 	++ - 

Propeller - Illuminated 	- 	- 	- 	- 	+++ - 	- 	- 
portion 

Propeller - Shaded 	 - 	- 	- 	- 	++ 
portion 

Sept. Illuminated portion 
89 	Shaded portion 

Propeller - Illuminated 
portion 

Propeller - Shaded 
portion 

- 	- - - 	+++ - 	 - 
- - - - - - +++ 
- - - 	- 

- 	a- ^ 	_ 
- - 

- - 

 

Oct. 	N.D. 
89 

Nov. 	Illuminated portion 
89 	Shaded portion 

Propeller - Illuminated 
portion 

Propeller - Shaded 
portion 

Dec. 
89 

Jan. 
90 

N.D. 

Illuminated portion 	 - 	+ 	+ 	- 	+ 	- 	- 	+ 	+ 	- 	- 	- 	- 	- 	- 
Shaded portion 	 - 	++ + 	- 	- 	- 	- 	+ 	+ 	- 	- 	- 	- 	- 	- 
Propeller - Illuminated 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

portion 
Propeller - Shaded 	 - 	+ 	- 	- 	- 	- 	- 	+' - 	- 	- 	- 	- 	- 	- 

portion 

Feb. 	N.D. 
90 

Contd.:.. 
CA, 

ra..1 



	Algae 	 
Month Surface 
	

1 	2 	3 	4 	5 	6 	7 ,  8 	9 	10 	11 	12 	13 	14 	15 	16 

Mar. 
90 

Illuminated portion 	- 	- 	+ 	+ 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+++ - 	- 
Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 
Propeller - Illuminated 	- 	- 	+ 	+ 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

portion 
yropeller - Shaded 	- 	- 	++ ++ - 	- 	- 	- 	- 	- 	++ 	- 	- 	+ 	- 	- 

portion 	 * Oyster 	* Oyster 
* Barna 

Apr. 
90 

Illuminated portion 	+ 	+ 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+++ - 	- 
Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 
Propeller - Illuminated 	- 	- 	+ 	+ 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 	- 	- 

portion 
Propeller - Shaded 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	++ 	- 	- 	- 	- 	++ 

portion 	 * Oyster 	 * Oyster 
* Barna 

May 	Illuminated portion 	+ 	+ 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	++ 	- 	- 
90 	Shaded portion 	 + 	+ 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 

Propeller - Illuminated 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 
portion 

Propeller - Shaded 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	++ 
portion 	 * Oyster 

* Barna 

June 	Illuminated portion 	- 	- 	- 	- 	- 	+++ - 	- 	- 	- 	- 	- 	- 	+ 	- 	- 
90 	Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	++ 

* Oyster 
Propeller - Illuminated 	- 	- 	+ 	+ 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 	- 	+++ 

portion 
Propeller - Shaded 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 

portion 

Contd.... 



	 Algae 	  
Month 	Surface 	 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Mar. 	Illuminated portion 	 - 	- 	+ 	

- 	

- 	- 	+++ + 
90 	 * Oyster 

Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	+++ ++ - 	- 	- 	

- 	

- 	- 
Propeller - Illuminated 	 - 	+ 	- 	- 	- 	+++ ++ 	- 	- 	+ 

portion 
Propeller - Shaded 	 - 	- 	- 	- 	

- 	

- 	 - 	- 	- 	- 	- 	- 
portion 	 * Oyster 

* Barna 

Apr. 	Illuminated portion 	 - 	- 	- 	- 	- 	- 	- 	+++ + 	- 	- 	- 	- 	+ 	- 
90 	Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	+++ ++ - 	- 	- 	- 	- 	- 

Propeller - Illuminated 	- 	- 	- 	+ 	- 	- 	- 	+ 	- 	- 	- 	- 	- 	- 	- 
portion 

Propeller - Shaded 	 - 	- 	++ - 	- 	- 	- 	+ 	++ - 	- 	- 	- 	- 	- 
portion 	 * Oyster 	 * Oyster 

* Barna 

May 	Illuminated portion 	 - 	- 	- 	- 	- 	- 	- 	+ 	- 	- 	- 	- 	- 	- 	- 
90 	Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	++ - 	- 	- 	- 	- 	- 	- 

Propeller - Illuminated 	- 	- 	- 	- 	+ 	- 	- 	++ - 	- 	- 	- 	- 	- 	- 
portion 	 * Hyroid 

Propeller - Shaded 	 - 	- 	- 	- 	- 	- 	- 	++ - 	- 	- 	- 	- 	- 	- 
portion 	 * Oyster 

* Barna 

June 	Illuminated portion 	 - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 
90 	Shaded portion 	 - 	- 	- 	- 	- 	++ ++ + 	- 	- 	- 	- 	- 	- 	_ 

*Oys. *Oys. 
Propeller - Illuminated 	- 	- 	+ 	- 	- 	- 	- 	++ - 	- 	- 	- 	- 	- 	- 

portion 
Propeller - Shaded 	 - 	- 	- 	- 	- 	- 	- 	+ 	- 	- 	- 	- 	- 	- 	- 

portion 

Contd.... 

P 



	 Algae 	  
Month Surface 
	

1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 	13 	14 	15 	16 

July 	Illuminated portion 
90 	Shaded portion 

Propeller - Illuminated 
portion 

Propeller - Shaded 
portion 

Aug. 	Illuminated portion 	++ ++ + 	- 	- 	+ 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 
90 	Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

Propeller - Illuminated 	- 	- 	- 	- 	- 	- 	- 	- 	++ - 	- 	- 	- 	- 	- 	- 
portion 

Propeller - Shaded 
portion 

Sept. Illuminated portion 	++ - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 
90 	Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

Propeller - Illuminated 	- 	- 	- 	- 	- 	- 	- 	- 	- 	++ 	- 	- 	- 	- 	- 	- 
portion 

Propeller - Shaded 	+ 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 
portion 

Oct. 	Illuminated portion 	+++ - 	++ ++ - 	- 	- 	- 	- 	- 	++ 	++ 	- 	- 	- 	- 
90 	 * Oyster * Oyster 

Shaded portion 	 + 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 	+ 	- 	- 	- 	- 
Propeller - Illuminated 	++ - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

portion 
Propeller - Shaded 	- 	- 	++ ++ - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	++ 

portion 

Nov. 	Illuminated portion 	+++ - 	+++ - 	- 	+++ - 	- 	- 	- 	- 	- 	- 	- 	- 	- 
90 	 * Oyster 	 * Oyster 

Shaded portion 	 - 	- 
Propeller - Illuminated 	++ - 	++ - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

portion 
Propeller - Shaded 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

portion 

Contd. 	. 
US 
titA 



	 Algae 	  
Month 	Surface 	 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

July 	Illuminated portion 	 - 	- 	+ 	- 	++ - 	- 	+ 
90 	Shaded portion 	 - 	- 	- 	- 	+ 	+++ ++ + _ 

Propeller - Illuminated 	- 	- 	- 	- 	- 	++ ++ ++ 
portion 

Propeller - Shaded 	 - 	- 	- 	- 	- 	++ + 	+ 
portion 

Aug. 
90 

Illuminated portion 
Shaded portion 
Propeller - Illuminated 

portion 
Propeller - Shaded 

portion 

- - 	+++ ++ ++ - 
- 	- 	++ - 	- 	+++ ++ ++ 
- - 	- 	- 	++ - 	- 	++ 

Sept. 
90 

Illuminated portion 
Shaded portion 
Propeller - Illuminated 

portion 
Propeller - Shaded 

portion 

- 	- 	- 	- 	+++ - 	- 	+ 	- 	- 	- 	- 	- 	- 	- 
- 	- 	- 	- 	+ 	++ - 	+ 	- 	- 	- 	- 	- 	- 	_ 
- 	- 	- 	- 	+++ - 	- 	++ ++ - 	- 	- 	- 	- 	_ 

++ ++ 	++ +++ - 
* Oyster 

Oct. 	Illuminated portion 	 - 	- 	+ 	- 	+++ - 	- 	+ 	- 	- 	- 	- 	- 	- 	- 
90 	 * Oyster 	 * Oyster 

Shaded portion 	 - 	- 	- 	- 	- 	++ + 	+ 	- 	- 	- 	- 	- 	- 	- 
*Hyd. *Hyd. 

Propeller - Ikluminated 	- 	- 	- 	- 	++ - 	- 	++ - 	- 	- 	- 	- 	- 	- 
portion 

Propeller - Shaded 	 - 	- 	- 	- 	- 	- 	- 	++ ++ - 	- 	- 	- 	- 	- 
portion 

Nov. 	Illuminated portion 
90 	Shaded portion 

Propeller - Illuminated 
portion 

Propeller - Shaded 
portion 

- 	- 
- - - 	- - 	 ++ - - _ 	- - 

	 ++ 

- 	_ - 	_ - 	- 
- 	- 

- - 	_ - 	_ 

 

Contd.... 



Mar. 	Illuminated portion 
91 	Shaded portion 

Propeller - Illuminated 
portion 

Propeller - Shaded 
portion 

++ ++ +++ - 

+++ - 

-  - - - 

- - 

- 	 - 

+++ - 

	 Algae 	  
Month Surface 
	

1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 	13 	14 	15 	16 

Dec. 	Illuminated portion 	+++ ++ - 	++ - 	++ 
90 	Shaded portion 	 + 	+ 	- 	+ 	- 	+ 

* Hydro 
Propeller - Illuminated 	+ 	- 	- 	+ 	- 	- 

portion 
Propeller - Shaded 	- 	- 	- 	- 	- 	- 

portion 

- 	 - - 	 - 

- - 	 - 

- 	 - 

Jan. 	Illuminated portion 	+++ +++ ++ ++ - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 
91 	Shaded portion 	 + 	+ 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 

Propeller - Illuminated 	- 	- 	++ - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 
portion 	 * Oyster 

Propeller - Shaded 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 
portion 

Feb. 	N.D. 
91 

Contd.... 



Jan. 	Illuminated portion 	 ++ 	 ++ 
91 	Shaded portion 	 ++ 

Propeller - Illuminated 	- 
portion 

Propeller - Shaded 	 - 
portion 

Feb. 	N.D. 
91 

Mar. 	Illuminated portion 	 - 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	+ 	- 	+ 	- 
91 	Shaded portion 	 - 	- 	- 	- 	- 	- 	- 	++ ++ - 	- 	- 	- 	- 	- 

Propeller - Illuminated 	- 	- 	- 	+ 	- 	- 	- 	++ - 	- 	++ - 	- 	- 	- 
portion 

Propeller - Shaded 	 - 	- 	- 	- 	- 	- 	- 	-, - 	- 	- 	- 	- 	- 	- 
portion 

Propeller - Illuminated 
portion 

Propeller - Shaded 
portion 

	 Algae 	 
Month 	Surface 	 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Dec. 	Illuminated portion 	 - 	++ - 	- 
90 	 * Oys. 

Shaded portion - 	 ++ - 
* Hydroids 

Note: 1. Enteromorpha tubulosa; 2. E. clathrata; 3. E. compressa; 4. E. linza; 
5. E. flexuosa; 6. E. plumosa; 7. E. prolifera; 8. E. intestinalis; 
9. Cladophora glomerata; 10. C. saracenica; 11. C. fascicularis; 12. C. clavuligera; 

13. Rhizoclonium sp.; 14. Ulva rigida; 15. U. lactuca; 16. Microcoleus sp.; 
17. Oscillatoria sp.; 18. Lyngbya majescula; 19. Sphacelaria sp.; 20. Padina sp.; 
21. Gracilaria verrucosa; 22. Cologlossa lepruerii; 23. Catenella repens.; 24. Polysiphonia  
25. Ceramium sp.; 26. Gonitrichum alsidii.; 27. Acanthophora sp.; 28. Chondria sp.; 
29. Antithamnion sp; 30. Centroceros sp.; 31. Gelidium sp. 

CA) 



TABLE BT-5' 

OCCURRENCE AND ABUNDANCE OF FOULING ALGAE AND OCCURRENCE OF ASSOCIATIONS ON SCRAP FERRY BOAT-BETIM, GOA 
( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

	 Algae 	 
Month 	1 	2 	 3 	 4 	 5 	6 7 	8 9 10 

Aug. 89 	+++ ++ 
Sept.89 	++ 	+++ 	- 	 ++ 	- 	- - 	- + - 
Oct. 89 	++ 	++ 	 - 	 - 	- 	- - 	- - - 
Nov. 89 	+++ 	++ 	 + 	 - 	- 	- - 	+ + + 
Dec. 89 	N.D. 
Jan. 90 	++ 	++ 	 - 	 - 	- 	- - 	- - - 
Feb. 90 	N.D. 
Mar. 90 	++ 	- 	 +++ + 
Apr. 90 	++ 	- 	 - 	 - 	- 	- + 	- _ - 
May 	90 	++ 	+ 	 - 	 - 	- 	- + 	- + + 
June 90 	++ 	+++ 	- 	 - 	++ 	++ ++ 	- - _ 
July 90 	 +++ 	- 	 - 	- 	- - 	- - - 
Aug. 90 	+++ 	++ 	 - 	 - 	- 	- ++ 	+ _ 
Sept.90 	++ 	+++ 	- 	 - 	- 	- - 	- - - 
Oct. 90 	++ 	++ 
Nov. 90 	+++ 	++ 
Dec. 	90 	N.D. 
Jan. 91 	++ 	++ 
Feb. 	91 	++ 
Mar. - 91 	++ 

1. Catenella repens; 	2. 	Caloglossa lepruerii;  3. Enteromorpha tubulosa;  4. E. lingulata; 
5. E. plumosa;  6. E. prolifera;  7. Lyngbya majescula;  8. Microcoleus  sp.; 9. Rhizoclonium sp.;  
10. Phormidium  IR. 



++ 

++ - 
++ - ++ 
- ++ 
- ++ 
- ++ 

- - - - 

++ ++ ++ + 
+++ - +++ 
+++ - +++ 

- +++ - +++ 
- ++ - 	++ 

+ 

++ 

TABLE BT-6 
OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON LAUNCH "CHAPORA" GOA 

( - = species not occurred, +++. = abundant, ++ = moderate, + = rare, No data - Apr.89, May 89, Teb.90) 

	 Algae 	  
Month 	(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) 

June 89 ++ - + 
July 89 
Aug. 89 
Sept.89 
Oct. 89 
Nov. 89 
Dec. 89 
Jan. 90 
Mar. 90 
Apr. 90 
May 90 
June 90 
July 90 
Aug. 90 
Sept.90 
Oct. 90 
Nov. 90 
Dec. 90 
Jan. 91 
Feb. 91 
Mar. 91 

++ +++ - ++ 	++ 

(1) Enteromorpha tubulosa; (2) E. clathrata; (3) E. compressa; (4) E. linza; (5) E. prolifera; 
(6) E. flexuosa; (7) E. intestinalis; (8) E. lingulata; (9) Ulva rigida; (10) U. lactuca; (11) U. fasciata; 
(12) Microdictyon mutabile; (13) Padina sp.; (14) Gracilaria verrucosa; (15) Caloglossa lepruerii; 
(16) Catenella repens; (17)Polysiphonia sp.; (18) Ceramium sp.; (19) Goniotrichum alsidii; 
(20) Antithamnion sp.; (21) Callithamnion sp .; (22) Acanthophora  sp. 

tf 



TABLE 13'1 77_: 
OCCURRENCE AND ABUNDANCE OF FOULING ALGAE ON FERRY BOAT "SATTARI" GOA 

( - = species not occurred, +++ = abundant, ++ = moderate, 

Algae 	 

+ = rare, No data = April 89 to July 89) 

Month Surface 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 	16 	17 	18 	19 	20 21 22 

Aug. Gen. surface +++ +++ - - - - +++ - - - - - - +++ - 	- 	- 
89 * Caloglossa  Barnacle 

Chain - - - - - ++ - - - - - - - - ++ 	++ 	++ 	- 	- 

Sept. Gen. surface +++ - - - - - - - - - - - +++ - 	 - 	- 
89 Chain - +++ - ++ + ++ - - - - - - + ++ 	- 

Oct. Gen. surface +++ - - - - - - - - - - - - - 	- 	- 	- 	- 	- - ++ 
89 Chain - +++ - - - - - - - - - - - ++ 	- - - 

Nov. Gen. surface +++ - - - - - - - - - - - - - +++ - 
89 Chain - - - - - - - - - - - - - - ++ 	_ 

Dec. Gen. surface ++ +++ + + - - +++ + - ++ 	- 	- 	- 
89 Chain ++ + + - - - - - - - ++ ++ 	- 	- 	- 

Jan. Gen. surface - +++ +++ - - - - - - - - - - - - 	- 	- 	- 	- 
90 Chain +++ - - - - - - - - - - - 4. 4. _ - 	- 	- 	- 	- 

Feb. Gen. surface +++ ++ - ++ - - - - - - - - - - - 	- 	- 	- 	- 
90 Chain +++ ++ + + - - + - - - - - + - - 	- 	- 	- 	- 

Mar. Gen. surface +++ - +++ - - - - - - - - - - 	- 	- 	- 
90 Chain - ++ + ++ + - + - - - - - - - 	- 	- 	- 	- 

Apr. Gen. surface +++ - + + - +++ - - - - 	- 	- 	- 	- 	- - - 
90 Chain +++ - - - - - - - - - - - - 	- 	+ 	+ 

May Gen. surface +++ - +++ - ++ +++ - - - 	- 	- 	- 	- 
90 Chain +++ - - - - - - - - - - - - - 	- 	- 

Contd... 



Algae 	  
Month Surface 	1 	2 	3 	4 	5 	6 	7 	8 	9 	10 11 12 13 14 15 16 17 18 19 20 21 22 

June 	Gen. surface +++ ++ 
90 	Chain 	 ++ - 

July Gen. surface +++ - 	++ - 	

- 

+++ - 

90 	Chain 	

- 

++ 	

- 

++ - 	 ++ 

Aug. 	Gen. surface - + - - + - - - - - - - - - +++ ++ - 
90 	Chain 	- - - - + - - - - - 	- - - ++ - ++ 

Sept. Gen. surface +++ - - + - - - - - - - - - - ++ ++ 
90 	Chain 	+++ - - + - - - - - - - - - - - - _ 

Oct. 	Gen. surface +++ - 

- 

- - - - 	- - - 	- - - - 	- - - 	- 
90 	Chain 	- +++ - 	 - - - - - 	++ 	 _ _ 

Nov. 	Gen. surface +++ - ++ - 	- 	- - - - - - 

- 

+++ + 

90 	Chain 	+++ 	++ - 	 - - 	

- 

++ - 

Dec. 	Gen. surface ++ +++ + 	 - 	- 	+++ - 

- 

++ + 	

- 	

++ - 

90 	Chain 	- - - - - - - - - - - 	

- 

++ - 

Jan. 	Gen. surface +++ +++ - - - 	 +++ 

91 	Chain 	++ +++ - 

Feb. 	Gen. surface - 	- 	- 	- 	- 	- 	

- 	

++4. _ 

91 	 * Ulva  Mussel 
Chain 	+++ ++ 

- 

+++ 	

- 

- - 	- 	- - - 	- 	++ 

Mar. 	Gen. surface +++ - - - - - - 	 +++ +++ - 

- 

- - - - - - 	 - 

91 	Chain 	++ - + 	

- 

++ - 	 - - - - - 	++ 

1. Enteromorpha tubulosa;  2. E. clathrata;  3. E. prolifera;  4. E. compressa;  5. E. plumosa;  
6. E. flexuosa;  7. E. intestinalis;  8. E. lingulata;  9. E. gujaratensis;  10. Ulva lactuca;  11. Ulva rigida; 

 12. Rhizoclonium  sp.; 13. Lyngbya majescula;  14. Giffordia mitchellae;  15. Caloglossa lepreurii;  

16. Catenella repens;  17. Gracilaria verrucosa;  18. Polysiphonia  sp.; 19. Ceramium  sp.; 
20. Goniotrichum alsidii;  21. Acanthophora  sp.; 22. Cladophora glomerata.  



TABLE BT-8 
OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON CONCRETES STRUCTURES IN GOA 

Surface A - Angular surface of ramp 	Surface C - Horizontal surface of ramp 
Surface B - Vertical surface of ramp 	Surface D - Steps of jetty 

(- = species not occurred, +++ = abundant, ++ = moderate, + = rare, No data = Feb.91 & Mar.91) 

Sur- 	 Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan 
face Diatom 
	89 89 89 89 89 89 89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 

A 	Amphora inflexa - 	- - - - 	- - - - - - 
B -do- 	- - - - - - 	- - - 	

- 

++ 
C 	-do- 	- - - - 
D -do- 	- - 

A 	A. coffeaformis - - 
B -do- 	- - 
C 	-do- 	- - - - - 
D -do- 	- - - - ++ 

A 	A. arenicola 	- - - - 
B -do- 	- - - - 
C 	-do- 	 - - - 

D -do- 	- - - - + 

A 	Amphora sp. 	- - - - - 
B -do- 	- - 
C -do- 	- - - - - - 
D -do- 	- - - - - - 

A • Navicula 
kutzingiana 	- - - - - - 	- 	- - - - - - 	

- 

+++ - 
B -do- 	- - - - 
C -do- 	- - - - - - 
D -do- 	- - - - - - 

Contd... 



Sur- 	 Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan 
face Diatom 
	89 89 89 89 89 89 89 89 89 90 90 90 90 90 90 90 90 90 90 90 90 91 

A 	Navicula 
cancellata var. 
scaldensis  

B -do-
C 	 -do- 
D -do- 

A 	Navicula 
vacillans 

B -do-
C 	 -do- 
D -do- 

A 	Navicula 
cuspidata var. 
halophila 

B -do-
C 	 -do- 
D -do- 

A 	N. vanhoffeni 
B -do-
C 	 -do- 
D -do- 

+++ - - +++ - 

_ - _ _ ++ - 

- - _ - - 
_ 	.... 	 - 	_ 	+++ - 

- _ - - 
A 	N. fusiformis 
B -do-
C 	 -do- 
D -do- 

Contd... 



Sur- 
	 Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan 

face Diatom 
	

89 89 89 89 89 89 89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 

A 	Navicula  sp. 	- - - - - - 	- - - - - - - - - 
B -do- 	- - - - + - 	- - - - - - - - - 
C -do- 	- - - - - - 	- - 	- - - - - 
D -do- 	- - - - - - 	- - - - - - - - - 

A 	N. mutica 	- - - - - - 	- - - - - - - - - 
B -do- 	- - - - - - 	- - - - - - - - - 
C 	 -do- 	- - - - - - 	- - - - - - - - - 
D -do- 	- - - - - - 	- - - - - - - - - - - + 

A 	Pleurosigma 
affine 	 - - - - - - 	- - - - - - - - - 

B -do- 	- - + - - - 	- - - - - - - - + 
C 	 -do- 	- - - - - - 	- - - - - - - - 
D -do- 	- - - - - - 	- - - - - - - - 

A 	Achnanthes 	 ' 

subsessilis 	- - - +++ ++ - 	- - - - - - + - - +++ - ++ 
B -do- 	- - +++ +++ +++ - - - - - - - - - +++ +++ ++ ++ 

C 	 -do- 	- - - +++ ++ - 	- - - - - - ++ ++ ++ +++ + + 

D -do- 	- - - - + - 	- - - - - - - - 

A 	A. longipes 	- - - - ++ - 	- - - - - - ++ - - - - - 	- - - - 
B -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 
C 	 -do- 	- - - - ++ - 	- - - - - - - - - - - - 	- - - - 

D -do- 	- - - - + - 	- - - - - - - - - - - - 	- - - - 

A 	A. brevipes 	- - - - - - 	- - - - - - - - - - - - 	- - - - 
B -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

C 	 -do- 	- - - - - - 	- - - - - - ++ - - - - - 	- - - - 

D -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - 

Contd... 



Sur- 
	 Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan 

face Diatom 
	

89 89 89 89 89 89 89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 

A 	Cocconeis  
distans 	- - - - - - 	- - - - - - ++ 

B -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

C-do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

D -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

A 	Synedra affinis  - - - - - - 	- - - - - - - - - - - - 	- 
B -do- 	- - - - - - 	- - ++ - - - - - 	- - - 	- - + - 

C 	-do- 	- - - - ++ - 	- - - - - - - - - - - - 	- - 

D -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

A 	Synedra 
pulchella  forma 
1:14121- 	 - - - - - - 	- - - - - - - - - - - - 	- - - - 

B -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

C 	 -do- 	- - - - ++ - 	- - - - - - - - - - - - 	- - - - 

D -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

A 	Thalassiothrix  
frauenfeldii 	- - - - +++ - 	- - - - - - - - - - - - 	- - - - 

B -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

C-do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

D -do- 	+++ ++ - - - - 	- - - - - 	- - - - - - 	- - - - 

A 	Fragillaria 
cylinderus 	- - - - - - 	- - - - - - - - - - ++ - 

B -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

C-do- 	- - - - - - 	- - - - - - - - - - - - 	- - - 

D -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

- - - - - 

- - - - 

Contd... 



Sur- 
face Diatom 

Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan 
89 89 89 89 89 89 89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 

A 	Campylosira 

	

cymbelliformia  - - - - - - 	- - - - - - - - - - - - 	- - - - 
B -do- 	- - - ++ - - 	- - - - - - - - - - - - 	_ - - - 

C -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 
D -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

A 	Sceptroneis  
cauduceus 	+ - - - - - 	- - - - + - + - - - - - 	- - - - 

B -do- 	++ ++ - - - - 	- - - - - ++ ++ - - - - - 	- - - - 

C-do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 
D -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

A 	Licmophora 
gracilis 	- - - - - - 	- - - - - - - - - - - - 	_ _ _ _ 

B -do- 	- ++ - - - - 	- - - - - - - ++ - - - - 	- - - - 

C-do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 
D -do- 	++ ++ - - - - 	- - - - - - - - - - - - 	- - - - 

A 	L. dalmatica 	- - - - - - 	- - - - - - ++ - - - - - 	- - - - 

B -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 
C-do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 
D -do-. 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

A 	L. juergensii  + - - - - - 	- - - - - - + - - - - - 	- _ _ _ 

B -do- 	- ++ - - - - 	- - - - - - - ++ - - - - 	- - - - 

C-do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 
D -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

A 	L. paradoxa 	- - - - - - 	- - - - - - - - - - - - 	- - - - 
B -do- 	- ++ - - - - 	- - - - - - - ++ - - - - 	- - - - 

C-do- 	- - - - - - 	- - - - - - - - - - - - 	- - - _ 

D -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

Contd... 



Sur- 	 Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan 
face Diatom 
	89 89 89 89 89 89 89 89 89 90 90 90 90 90 90 90 90 90 90 90 90 91 

A 	Nitzschia 
obtusa 	- - - - - - 	- - - - - - - - - 

B -do- 	- - ++ - - - 	- - - - - - - - + 

	

C -do- 	- - - - - - 	- - 
D -do- 	- - - - - - 	- - - - - - 

A 	Nitzschia 
obtusa  var. 

	

scalpelliformis  - - - +++ - - 	- - - - - - - - - +++ +++ +++ - ++ - 
B -do- 	- - - +++ - - 	- - - - - - - - - +++ - +++ - - - 

C 	-do- 	- - - + - - 	- - - - - - - - - + - + 
D -do- 	- - - +++ ++ - 	- - - - - - - - - - - + 	- 

A 	Nitzschia 

	

apiculata 	- - - - - - 	- 
B -do- 	- - - - - - 	- - - - - - - - + - - - 

	

C -do- 	- - - - - - 	- - - - - - - - - - - 
D -do- 	 - - - - 	- - - - - - - - - - - 

A 	Nitzschia 
vitrea  var 
recta 

B -do-
C 	 -do- 
D -do- 

A 	Nitzschia 
vitrea  var. 

	

salinarum 	- - - +++ - - 	- - - - - - - - - +++ - 
B -do- 	- - - +++ - - 	- - - - - - - - - +++ - 
C 	-do- 	- - - + - - 	- - - - - - - - - + - 
D -do- 	- - - - - - 	- - - - - - - - - 

Contd... 



Sur- 
	 Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan 

face Diatom 
	 89 89 89 89 89 89 89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 

A 	Nitzschia 
fascicularis 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

B -do- 	- ++ - - - - 	- - - - - - - ++ - - - - 	- - - - 

C-do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

D -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

A 	Nitzschia  
dissipata  var. 
media 	 - - - - - - 	- - - - + - - - - - - - 	_ _ _ _ 

B -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

C-do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

D -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

A 	Melosira  
borreri 	- - - - + - 	_ _ _ _ _ _ _ _ _ _ + + 	- - - - 

B -do- 	- - +++ - - ++ + - - - - - - - +++ - + + 	- _ _ _ 

C-do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

D -do- 	- - - - - - 	- - - - - - - - - - 	- 	- - - - 

A 	M. numuloides  - - - - - - 	- - - - - - - - - - - - 	- - - - 
B -do- 	- - - - + - 	- - - - - - - - - - - - 	- - _ - 

C-do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

D -do- 	- - - - - - 	- - - - - - - - - - - - 	- - - - 

A 	M. juergensii  - - - - - - 	- - - - - - - - - - - - 	- - - - 
B -do- 	- - - - - - 	- - - - - - - - - - - + 	- - - - 
C-do- 	- - - - 	 - - - - - - - - - - - - 	- - - - 
D -do- 	- - - - +++ - 	- - - - - - - _ _ - - - 	- - - - 

A 	Biddulphia  
laevis 	- - - - - - 	- - - _ _ _ _ _ 	 _ _ 	- _ _ _ 

B -do- 	- - ++ - - - 	- - - - - - - - ++ ++ - - 	- - - - 

C 	-do- 	- - - ++ - - 	- - - - - - - - - ++ - - 	- - - - 

D -do- 	- - - - - - 	- - - - - - - - - - - + 	- - - - 
) 

Contd... 



Sur- 	 Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan 
face Diatom 
	

89 89 89 89 89 89 	89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 

A 	Biddulphia 
obtusa 

B -do-
C 	 -do- 
D -do- 

A 	B. aurita 
B -do-
C 	-do- 
D -do- 

A 	Coscinodiscus 
excentricus  

B -do-
C 	-do- 
D -do- 

A 	Coscinodiscus 
subtilis var. 
Normanii  

B -do-
C 	-do- 
D -do- 

- - - - - - - - - - - - - - - - - - - - ++ - - - - - - - - - - - ++ - - - - - _ _ 
_ - 



TABLE BT-Iv 	- 
OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON'RPL - MALIM (GOA) 

Month 

(- = species not occurred, +++ = abundant, 

RPL-illuminated 	 RPL-shaded portion 
portion 

++ = moderate, 	+ = rare, N.D.= No data) 

Propeller illuminated 	Propeller shaded 
portion 	 portion 

Apr. 89 B5 (++), G5 (+), 	G4 (++) G2 (++), K5 (++) Il (++) C5 (+), 	G2 	(++), 
Il (+++), K6 (++), K2 (++), 	K5 	(++) 
Ll 
N3 

(++), 
(++) 

L2 (++), 

May 	89 II (+++), K7 (++), Il (++), Nl (++) Il (++), 	K7 	(++) B6 (++), 	Cl 	(++), F1(+++), 
Ll (++) Ll (++), 	Ri 	(++) F4 (++), 	K2 	(++), 

K5 (++) 

June 89 Nil Nil Dl (+), 	Il 	(+++), D1 (+), 	Il 	(+++), Mi 	(++), 
N2 (+) M2 (+), 	Ni 	(++), 

Q2 (+) 

July 89 C3 (++), F2 (++), N5 (+++), Ql (+), Il (+++), 	Q2 	(++) C4 (++), 	D1 	(+), 
Il (++), Jl (+), Q2 (+) N5 (+), 	Q2 	(++) 
Nl (++), N2 (+), 
N3 (++), N6 (+), 
Oi 
Q4 

(+), 
(+) 

Q2 (++), 

Aug. 	89 A2 (++), Bl (++) Nl (++), Q2 (+++) Nl (+), 	N3 	(+) Ni (++), 	Q2 	(+++) 
B3 (++), Il (++) 
Nl (++), N3 (++) 
N8 (+), Q2 (++) 

Sept.89 Nl (++), N6 (++) Q2 (++) K4 (+), 	N3 	(++), E2 (++), 	Q2 	(++) 
Q2 (+++), Ql (++) Oi (++) 

Contd... 



Month RPL-illuminated 
portion 

RPL-shaded portion Propeller illuminated 
portion 

Propeller shaded 
portion 

Oct. 89 N.D. N.D. N .D. N.D. 

Nov. 89 F3 	(+++), B2 	(+++), 	El 	(+) G3 	(++), 	K3 	(+++), Nil 
F5 	(+++), F6 	(++), K5 	(+++), 	N3 	(++), 
Kl 	(+++), K5 	(+++) (+++), 	Q2 	(++) 

Dec. 89 N.D. N.D. N.D. N.D. 

Jan. 90 Cl 	(++), 11 	(+++), Il 	(++), 	12 	(+++), I1 	(+++) 12 	(+++), 	Q2 	(+) 
K8 	(++), N3 	(+++), K8 	(+++), 	Q2 	(+) 
N4 	(+++), 
Q2 	(++) 

01 	(++), 

Feb. 90 N.D. N.D. N .D. N.D. 

Mar. 90 Bl 	(++), Cl 	(++), Bl 	(+), 	I1 	(+++) B4 	(+), 	C6 	(++), Bl 	(+), 	I1 	(+++), 
C8 	(++), G4 	(+), K6 	(+), 	M2 	(+) Il 	(+++), K6 	(++), 	M2 	(+) 
G1 	(+), I1 	(++), K6 	(++), 	K7 	(++), 
12 	(+++), K6 	(+++), N3 	(++), 	Q2 	(++) 
K7 	(+++), Ll 	(++) 
N3 	(++), N7 	(++), 
P1 	(+), Q2 	(+++) 

Apr. 90 G4 	(++), G5 	(+), B8 	(+), 	C5 	(+), F2 	(++), 	11 	(++) B8 	(++), 	C5 	(++), 
G6 	(++), K6 	(++), G2 	(+), 	K5 	(++) G2 	(++), 
Ll 	(++), L2 	(++) K2 	(+++), 	K5 	(+++) 

May 90 N2 	(+++), N3 	(+++), Cl 	(++), 	Fl 	(++), C4 	(+), 	G5 	(+), B6 	(+), 	Fl 	(++), 	F4 	(++), 
R2 	(++) (++), 	K2 	(+), (+++), 	K7 	(++), G5 	(+), 	Cl 	(+), 	I1 	(++), 

K5 	(+), 
N1 	(+) 

Ll 	(++), 	R1 	(++) K2 	(++), 	K5 	(++), 
N1 	(+) 

Contd... 



Month RPL-illuminated 
portion 

RPL-shaded portion Propeller illuminated 
portion 

Propeller shaded 
portion 

June 90 D1 (+), 	I1 	(+++), (+++), 	M1 	(++), D1 	(+), 	I1 	(+++), D1 (+), 	M1 	(++), 
N2 (++) M2 (+), 	01 	(++), N2 	(++), 	Q2 	(++) M2 (+), 	I1 	(+++), 

Q2 (++) N1 (++), 	01 	(++), 
Q2 (++) 

July 90 F2 (++), 	I1 	(++), N3 (++), 	N5 	(+++), F2 	(+), 	N1 	(++), C4 (++), 	D1 	(+), 
N1 (++), 	N2 	(+), Q1 (+), 	Q2 	(+) * 	Q1 	(+), 	Q3 	(+) N5 (+), 	Q2(++) 
Q1 (++), 	Q3 	(++) 

Aug. 	90 N1 (++), 	N3 	(++) Q2 (+++) N1 	(+), 	N3 	(+) N1 (++), 	Q2 	(+++) 

Sept.90 I1 (++), 	N1 	(++) Q1 (++) Q1 	(++), 	Q2 	(++) Q1 (++), 	Q2 	(++) 
N6 (++), 	N9 	(++) 
Q1 (++) 

Oct. 	90 C7 (++), 	F1(++), 	F2 (++), El (+) K3 	(+) C2 (++), 	C7 	(+), 
K5 (+) Fl (++), 	K1 	(+++), 

K3 (+++), 	K4 	(+++), 
K5 (+++), 	N1 	(+), 
01 (+), 	02 	(+), 
Q1 (++), 	Q2 	(++) 

Nov. 	90 Al (+), 	G5 	(+), Nil Cl 	(++), 	G3 	(++), Nil 
K3 (++), 	K5 	(++), K3 	(+40, 	K5 	(+++), 
N1 (+) Q1 	(+++) 

Dec. 90 K2 (++), 	K3 	(++), Nil Nil Nil 
N3 (+++) 

Jan. 	91 B7 (++), 	(+++), H1 	(+), Nil Nil I1 (+++), 	K6 	(+), 
M1 (++), 	M2 	(++), M2 (+), 	N4 	(++) 
N3 (+++), 	N4 	(+++) 
Q1 (++) 

CQntd... 

iaks 



Month 	RPL-illuminated 	 RPL-shaded portion Propeller illuminated Propeller shaded 
portion 	 portion 	 portion 

Feb. 91 N.D. 	 N.D. 	 N .D. 	 N.D. 

Mar. 91 K3 (+++), Ni  (+), 	 Nil 	 G5 (++), I1 (+++), 	Nil 
N3 (++) 
	

Kl (+++), K3 (+++), 
K5 (+++), Ni (++), 
N3 (+++) 

List  of fouling diatoms recorded  on RPL-barge, Malin, Goa  

Al - Mastoqloia smithii  var. lacustris;  A2 - M. dansei;  Bl - Navicula fusiformis;  B2 - N. capitata; 
 B3 - N. inornata;  B4 - N. lyra;  B5 - N. lonqa;  B6 - N. liber  var. linearia;  B7 - N. treveleyana;  

B8 - N. sejuncta;  Cl - Pleurosiqma anqulatum;  C2 - P. anqulatum  var. strigosum;  
C3 - P. angulatum  var. aestuarii;  C4 - P. normanii;  C5 - P. affine;  C6 - Pleurosiqma qalpagense; 
C7 - P. spenceri;  C8 - P. hippocampus;  D1 - Gyrosiqma  sp.; El - Achnanthes subsessilis;  E2 - A. lonqipes; 

 Fl - Cocconeis pediculus;  F2 - C. scutellum;  F3 - C. quarnernensis;  F4 - C. distans;  F5 - C. danica;  
F6 - C. pseudomarginatus;  F7 - C. molesta  var. amayqdalina;  G1 - Synedra affinis; 
G2 - Synedra affinis  forma parva;  G3 - S. pulchella;  G4 - S. superba;  G5 - S. gallioni;  
G6 - S. crystallina;  H1 - Asterionella notata;  I1 - Thalassiothrix frauenfeldii;  12 - T. lonqissima; 

 J1 - Fragilaria  sp.; Kl - Licmophora paradoxa;  K2 - L. gracilis;  K3 - L. Lynqbyei;  K4 - L. anglica; 
 K5 - L. juergensii;  K6 - L. ehrenbergii;  K7 - L. flabellata;  K8 - Licmophra tincta; 

Ll - Climacosphenia monilifera;  L2 - C. elonqata;  M1 - Grammatophora undulata; 
M2 - G. marina  var. macilenta;  N1 - Nitzschia obtusa;  N2 - N. obtusa  var. scalpelliformis; 

 N3 - N. dissipata  var. media;  N4 - N. lanceolata  var. minor;  N5 - N. vitrea  var. salinarum; 
 N6 - N. lorenziana  var. incurva;  N7 - N. lonqissima;  N8 - N. vivax;  N9 - N. angustata;  

01 - Melosira borreri;  02 - M. juergensii;  P1 - Podosira montageni;  Ql - Biddulphia obtusa; 
Q2 - B. laevis;  Q3 - B. qranulatum;  Q4 - B. sinensis;  R1 - Coscinodiscus nitidus;  R2 - C. species.  



2. Achnanthes  
subsessils  

3. A. longipes 

4. Sceptroneis 
cauduceus  

5. Licmophora 
ehrenbergii 

++ - 

6. Nitzschia 
lorenziana 
var. incurva 

7. N. obtusa 

• TABLE 13T-10 

' OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON SCRAP FERRY BOAT 
( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Sr. Name of the 	Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar 
No. diatom 
	

89 89 89 89 	89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 91 91 

1. 	Pleurosigma 	 ++ - 	- 

- 

N.D - N.D - - - - - - - 	

- 

N.D - 
obscurum 

8. Melosira 	 ++ - 	

- 

++ - 

borreri  

9. M. numuloides 

10. Biddulphia 
laevis  



TABLE HT-11" 
OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON LAUNCH CHAPORA (GOA) 

( - = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Sr. Diatom 
	

Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar 
No. 	 89 89 89 89 	89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 91 91 

1. Navicula 	- - - - 	- - - - N.D - - - - - - - 	- - - + - - 
cancellata  var. 
scaldensis  

2. Navila lyra 	- - - - 	- - - - 	- + - - - - - 	- - - - - - 

3. Navicula 	- - - - 	- - - - 	- +++ - - - - - 	_ _ _ _ _ _ 

fraudelenta  
4. Achnanthes 	++ - - + 	- - - - 	- - - ++ - - + 	- - - _ _ _ 

subsessilis  
5. A. longipes 	- - - - 	- _ - - 	++ ++ - + - - - 	- - - - - + 

6. Cocconeis 	- - - - 	- - - - 	++ ++ - - - - - 	- - - _ _ _ 

Quarnernensis  
7. Cocconeis 	- - - - 	- - - - 	- + - - - - - 	- - - - - _ 

placentula  var. 
lineata 

8. Cocconeis  sp. 	- - - - 	- - - - 	- ++ - - - - - 	- - - - - - 

9. Synedra 	- - - - 	- - - - 	- ++ - - - - - 	- - - ++ - _ 

superba 
10. Synedra 	- - - - 	- - - - N.D - + - - - - - 	- - - - - - 

nitzchioides  
11. Synedra 	- - - - 	- - - - 	- ++ + _ _ _ _ 	_ _ _ _ _ _ 

gallioni  
12. Thalassiothrix  - - - - 	- - - - 	+++ +++ - - - - - 	- - - - ++ +++ 

Frauenfeldii  
13. Fragilaria 	, - ++ - 	- - - - 	- - - - - ++ - 	- - - - - _ 

islandica  
14. F. capucina 	- - ++ - 	- - - - 	- - - - - ++ - 	- - - - - - 

15. F. oceanica 	++ - - - 	- - - 	 - - 	++ - 	 - - - - - 	- 	1 

4 

Contd... 



Sr. Diatom 
	

Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar 

No. 	 89 89 89 89 	89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 91 91 

16. Licmophora 	- - - - 	- - - - N.D +++ ++ + + - - - 	- - - - - ++ 
paradoxa 

17. L. lyngbyei 	- - - - 	- - - - 	- - ++ - - - + 	- - - - - - 

18. L. anglica 
	 ++ - 

19. L. ehrenbergii - - - - 	- - - - 	+++ +++ + - - - - 	- - - - - ++ 

20. L. juergensii  - - - - 	- - - 	 ++ +++ + - - - - 	- - - - - ++ 

21. L. flabellata - - - - 	- - - - 	+++ - - - - - - 	- - - - - + + 

22. Climacosphenia 
monilifera  

23. Grammatophora 

 - 

- - 	- - 	++ 	 ++ - 	 - 	- - ++ ++ ++ 

marina  var. 
macilenta  

24. Grammatophora  
undulata 

25. Nitzschia 
obtusa 

26. Nitzschia 
obtusa  var. 
scalpelliformis 

27. Nitzschia  
dissipata  var. 
media  

28. Nitzschia 
vitrea  forma 
major  

29. Nitzschia  
angustata 

+ ++  - 

	

++ ++ - - 	- - - - 	- - - ++ ++ - - 	- - - - - - 

- - - - 	+++ +++ - - 	 +++ ++ - - - - - 	+++ +++ - - - + 

	

+ - - 	- - - - 	 - - - - + - - 	- - - - _ - 

Contd... 



Sr. Diatom 
	

Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar 
No. 	 89 89 89 89 	89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 91 91 

30. Melosira 	- - + - 	- - - - 	- - - - - + - 
juergensii  

31. Biddulphia 	- - - ++ 	- - - - 	- - 	- - - - +4. 
granulata  

32. B. obtusa 	- - - ++ - - - - 	- - - - - - ++ 

33. B. laevis 	- - - ++ - - - - 	- - - - - - ++ 

34. Cydophora 	 ++ - 

tenuis  



TABLE BTr-12. 
OCCURRENCE AND ABUNDANCE OF FOULING DIATOMS ON FERRY BOAT "SATTARI" GOA 

Surface A - General Surface; Surface B - Chain 
(- = species not occurred, +++ = abundant, ++ = moderate, + = rare, N.D.= No data) 

Sur- Diatom 
	 Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar 

face 
	 89 89 	89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 91 91 

A Navicula inornata 	+++ - 	- - - - - - - - - - - - 	- - - - - - 
B -do- 	 ++ - 	- - - - - - - - - - - - 	- - - - - - 
A N. vanhoffeni 	 +++ - 	- - - - - - - - - - - - 	- - - - - 
B -do- 	 +++ - 	- - - - - - - - - - - - 	- - 	- - - 
A N. amphisbaena 	 + - 	- - - - - - - - - - - - 	- - - - - - 
B -do- 	 - - 	- - - - - - - - - - - - 	- - - - - - 
A N. cancellata 	 - - 	- - - - - - - - - - - - 	- - - - - - 
B -do- 	 - - 	- - - - - - + - - - - - 	- - - - - - 
A N. fusiformis 	 - - - - - - - - - - - - 	- - - - - - 
B -do- 	 +++ - 	- - - - - - - - - - - - 	- - - - - - 
A N. solaris 	 +++ - 	- - - - - - - - - - - - 	- - - - - - 
B -do- 	 - - 	- - - - - - - - - - - - 	- - - - - - 
A N. sp. 	 - - 	++ - - - - - - - - - - - 	- - - - - - 
B -do- 	 - - 	- - - - - - - - - - - - 	- - - - - - 
A Pleurosigma angulatum 	- - 	- - - - - - - - - - - - 	- - - - - + 
B -do- 	 - - 	- - - - - - - - - - - - 	- - - - - - 
A P. normanii 	 - - 	- - - - - - - - - - - - 	- - - - - - 
B -do- 	 - - 	- - - - - - + - - - - - 	- - - - - - 
A P. spenceri 	 + - 	- - - - - - - - - - - - 	- - - - - - 
B -do- 	 - - 	- - - - - - - - - - - - 	- - - - - - 
A Achnanthes subsessilis - - 	- - - - - - - - - - - ++ - - - - - - 
B -do- 	 - - 	- - - - - - - - - - - - 	+++ - - - - - 
A A. longipes 	 - - 	- - - - - - - - - - - - 	- - - - - - 
B -do- 	 - - 	- - - - - - - - - - - - 	++ - - - - - 
A Cocconeis scutellum 	- - 	- - - - - - ++ - - - - - 	- - - - - - 
B -do- 	 - - 	- - - - - - - - - - - - 	- - - - - - 
A C. Quarnerensis 	- - 	- - - - - - - - - - - - 	- - - - - - 
B -do- 	 - - 	- - - - - - - - ,+++ - - - 	- - - - - - 

Contd... 



Sur- Diatom 
	 Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar 

face 
	

89 89 89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 91 91 

A Synedra affinis 	 - - 	- - - - - - - - - - - - 	- - - - - - 

B -do- 	 +++ - 	 - - - - - - - - - - 	- - - - - - 

A S. superaba 	 - - 	+++ - - - - - - - - - - - 	- - 	- - - 

B -do- 	 - - 	- - - - - - - - - 	- - 	- - - - - - 

A S. pulchella 	 - - 	- - - - - - - - - - - - 	- - + - - - 

B -do- 	 - - 	- - - - - - - - - - - - 	- - - - - - 

A Thalassiothrix  
frauenfeldii 	 - - 	- - - +++ +++ - - - - - - - 	- - - - - - 

B -do- 	 - - 	- - - ++ +++ +++ ++ - - - - - 	- - - - - - 

A Licmophora paradoxa 	- - 	- - - - - - + - - - - - 	- - - - - - 
B -do- 	 - - 	- - - - - - +I_ _ - - - - 	- - - - - - 

A L. lyngbyei 	 - - 	- - - - - - - - - - - - 	- - - - - + 

B -do- 	 - - 	- - - - - - - - - - - - 	- + - - - - 

A L. anglica 	 - - 	- - - - - - + - - - - - 	- - - - - _ 

B -do- 	 - - 	- - - - - ++ - - - - - - 	- - - - - - 

A L. dalmatica 	 - - 	- - - - - - - - - - - - 	- - - - - - 

B -do- 	 - - 	- - - - - ++ - - - - - - 	- - - - - - 

A L. ehrenbergi 	 - - 	- - - - - 	 - - - - - 	- - - - - - 

B -do- 	 - - 	- - - - - ++ ++ - - - - - 	- - - - - - 

	

A Grammatophora undulata  - - 	- - - - - - - - - - - - 	- - ++ - - - 

B -do- 	 - - 	- - - - - - - - - - - - 	- - - - - - 

A Nitzschia obtusa 	- - 	- - - - - - - - - ++ ++ +++ - - - - - - 

B -do- 	 - - 	- - - - - - - - - ++ - +++ - - - - - - 

A Nitzschia obtusa  var. 
scalpelliformis 	 - - 	- - - - - - - - - - - - 	- - - - - - 

B -do- 	 - - 	- - - - - - ++ - +++ - - - 	- - - - - - 

A N. angustata 	 - - 	- - - - - - - - - - - ++ - - - - - - 

B -do- 	 - - 	- - - - - - - - - - - - 	- - - - - - 

	

A N. dissipata  var. media  ++ - 	- - - - - - ++ + + - +++ - 	- ++ ++ ++ ++ ++ 

B -do- 	 +++ - 	- - - - - + ++ - - - - - 	++ - - ++ +++ 

A N. vitrea 	 - - 	- - - - - - - - - 	 - - - - - - 

B -do- 	 - - 	- - - - - - - - +++ 	 - - - - - - 

•4 

Contd... 

CA3 
CTt 
itimpes 



Sur- Diatom 	 Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar 

face 	 89 89 	89 89 89 90 90 90 90 90 90 90 90 90 	90 90 90 91 91 91 

A Nitzschia lorenziana 
var. incurva 	 - - 	- - - - - - - - 	 - + 	- - - - 

B -do- 	 - - 	- - - - - - - - +++ - - 	_ - 

A N. frustulum 	 - - 	- - - - - - - - - - - - 	- - - - 

B -do- 	 +++ - 	- - - - - - - - - - - - 	- - - - 

A Nitzschia lanceolata 

	

var. minor 	 - - 	- - - - - - - - - - - - 	- - - + 

B -do- 	 - - 	- - - - - - - - - - - - 	- - 

A Melosira numuloides 	- - 	- - - - - - - - - - - - 	- - 

B -do- 	 - - 	- - - - - - - - - - - - 	- - 

A M. juergensii 	 - - 	- - - - - - - - - - ++ - 	- - 

B -do- 	 - - 	- - - - - - - - - - - - 	- - 

A M. borreri 	 ++ - 	- - - - - - _ - - - - - 	- - 

B -do- 	 - - 	- - - - - - - - - - - - 	- - 

A Cyclotella striata 	- - 	- - - - - - - - - - - - 	- - 

B -do- 	 - - 	- - - - - - + - - - - - 	- - 

A Biddulphia obtusa 	- - 	- - - - - - - - - - - - 	- - 

B -do- 	 - - 	- - - - - - - - - - - - 	- - 

A B. laevis 	 ++ - 	- - - - - - - - - - +++ ++ - - 

B -do- 	 - - 	- - - - - - - - - - - - 	- - 
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CHECKLIST OF FOULING ALGAE IN MANDOVI ESTUARY (PANAJI-GOA) 

1. Enteromorpha tubulosa 

2. E. flexuosa 

3. E. clathrata 

4. E. prolifera 

5. E. linqulata 

6. E. compressa 

7. E. linza 

8. E. plumosa 

9. E. qujaratensis 

10. E. intestinalis 

11. Cladophora glomerata. 

12. C. saracenica 

13. C. fascicularis 

14. C. clavuligera 

15. Rhizoclonium  sp. 

16. Microdictyon mutabile 

17. Ulva rigida 

18. U. lactuca 

19. U. fasciata 

20. Padina  sp. 

21. Sphacelaria  sp. 

22. Giffordia mitchellae 

23. Gracilaria verrucosa 

24. Caloglossa lepruierri 
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25. Catenella repens 

26. Goniotrichum alsidii 

27. Antithamnion sp. 

28. Callithamion sp. 

29. Polysiphonia sp. 

30. Ceramium sp. 

31. Acanthophora sp. 

32. Chondria sp. 

33. Gelidium sp. 

34. Lyncibya malescula 

35. Phormidium sp. 

36. Microcoleus sp. 



TABLE BT-14' 	 r - 355 
CHECKLIST OF FOULING DIATOMS IN MANDOVI ESTUARY, PANAJI-GOA. 

1. Amphora inflexa 

2. A. coffeaformis 

3. A. arenicola 

4. A. sp. 

5. Mastogloia smithii var. lacustris 

6. M. densii 

7. Navicula inornata 

8. N. cancellata 

9. N. cancellata var. scaldensis 

10. N. lyra 

11. N. fraudelenta 

12. N. Van-Hoffeni 

13. N. fusiformis 

14. N. solaris 

15. N. kutzingiana 

16. N. vacillans 

17. N. cuspidata var. halophila 

18. N. treveleyana 

19. N. mutica 

20. N. capitata 

21. N. lonqa 

22. N. seiuncata 

23. N. liber var. linearis 

24. Pleurosigma obscurum 

25. P. galpagense 
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26. Pleurosigma normanii 

27. P. spencerii 

28. P. affine 

29. P. hippocampus 

30. P. auqulatum 

31. P. auqulatum var. strigosum 

32. P. auqulatum var. aestuarii. 

33. Gyrosigma sp. 

34. Achnanthes subsessilis 

35. A. longipes 

36. A. brevipes 

37. Cocconeis scutellum 

38. C. distans 

39. C. danica 

40. C. pediculus 

41. C. placentula var. lineata 

42. C. quarnernensis 

43. C. molesta var. amaygdalina 

44. C. pseudomarginatus 

45. C. sp. 

46. Synedra superba 

47. S. nitzschioides 

48. S. gallioni 

49. S. affinis 

50. S. affinis forma parva 

51. S. pulchella 
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52. Synedra pulchella  forma major 

53. S. crystallina 

54. Asterionella notata 

55. Thalassiothrix frauenfeldii 

56. T. longissima 

57. Fragillaria islandica 

58. F. capucina 

59. F. oceanica 

60. F. cylindrus 

61. F. sp. 

62. Campylosira cymbelliformis 

63. Sceptroneis cauduceus 

64. Licmophora gracilis 

65. L. anglica 

66. L. dalmatica 

67. L. .1.J!.t/atnai.A. 

68. L. lyngbyei 

69. L. flabellata 

70. L. tincta 

71. L. paradoxa  

72. Climacosphenia monilifera 

73. C. elongata 

74. Grammatophora undulata 

75. G. marina  var. macilenta 

76. Nitzschia obtusa 

77. N. obtusa  var. scalpelliformis 
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78. Nitzschia dissipata var. media 

79. N. lorenziana var. incurva 

80. N. vitrea 

81. N. vitrea var. recta 

82. N. vitrea forma mayor 

83. N. vitrea var. salinarum 

84. N. fascicularis 

85. N. lanceolata var. minor 

86. N. vivax 

87. N. apiculata 

88. N. longissima 

89. N. angustata 

90. Melosira numuloides 

91. M. borreri 

92. M. juergensii 

93. Podosira montageni 

94. Biddulphia laevis 

95. B. obtusa 

96. B. aurita 

97. B. sinensis 

98. B. granulata 

99. Coscinodiscus nitidus 

100. C. excentricus 

101. C. subtilis var. normanii 

102. C sp. 

103. Cyclophora tenuis 



a. Mat of Lyngbya majescula  on angular surface. 

b. 	Collected sample of Lyngbya majescula  

Plate i Fouling on concrete ramp 



c . 

	 Vertical 	wall 	of 	ramp 	dominated 
by Enteromorpha 	spp., Cladophora  
glomerata, Caloglossa lePreurii  

Fouling on concrete ramp (contd.) 



Plate 2 a. Polysiphonia sp. collected from stationary 
barge during premonsoon and monsoon periods., 

b. Catenella repens - a dominant alga on 
scrap ferry boat. 



(i) Ulva rigida 

(ii) Ulva lactuca  

Plate 3 a. Species of Ulva collected from a stationary 
barge and a launch 



Plate 3 b. Dominance of Enteromorpha sop. on ferry boat. 



a. Nitzschia vitrea var. salinarum 

b. 	Licmophora gracilis  

Prate 4 c. 	Melosira numuloides - a rarely occurring 
species on concrete ramp 

Plate 4 	Fouling diatoms 



a. 	Monsoonal form Biddulphia obtusa 

Plate 5 	Fouling diatoms on stationary barge 
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Estuaries are characterised by steeper environmental 

gradients than their neighbouring coastal and freshwater 

environments, this only influences the horizontal 

distribution of benthic algae but generally also results in 

the reduction of species diversity (Doty and. Newhouse, 1954; 

Den Hartog, 1967, Tittley and Price, 1977; Mathieson et al, 

1981). Species of marine origin are the principal colonisers 

in the estuarine environment and the freshwater species are 

restricted to low salinity areas (Remane and Schlieper, 

1971). This causes a progressive reduction of the red and 

brown algae between the mouth and the head of the estuary and 

consequently increases the importance of green and probably 

blue green algal components though little is known about the 

latter group (Wilkinson, 1980). 

The observations on the algal species numbers (Table No. 

AT-51, BT-13 ) would clearly indicate that comparatively 

higher algal species colonised the structures in Mandovi. 

The classwise distribution of algae is as follows: 

Waghotana: Chlorophyta 	17 
Phaeophyta 	3 
Rhodophyta 	9 
Cyanophyta 	2 

Mandovi: 	Chlorophyta 	19 
Phaeophyta 	3 
Rhodophyta 	11 
Cyanophyta 	3 

With increasing distance inland species number and 

diversity usually decrease (Josselyn and West, 1985). Annual 
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species especially numbers of green algae (Chlorophyta) 

extend further inland than perennial red (Rhodophyta) or 

brown (Phaeophyta) algae. In both the estuaries there was a 

predominance of chlorophyta members. Thus observations about 

distribution of algal species are concurrent with findings of 

Josselyn and West (1985), Wilkinson (1980). 

The number of species of fouling diatoms was also higher 

in Mandovi (Tables No. AT-52, BT-14). Zuari and Mandovi 

estuarine system is a diatom dominated system (Devassy, 

1983). Navicula, Pleurosigma, Synedra, Licmophora, Nitzschia 

were the main genera of diatoms in both the estuaries. All 

the above diatom genera have been statd as important fouling 

diatoms (WHOI, 1952). 

The 	significant differences were found 	in 	these 

estuaries 	numbers of species of genera Cocconeis 	and 

Nitzschia. Nine species of Cocconeis colonised in Mandovi 

and three in Waghotana. The number of species of Nitzschia  

colonising experimental panels in Waghotana estuary was 

twenty and in Mandovi it was fourteen. Another noteworthy 

feature in Mandovi was the occurrence and abundance of the 

diatom Fragillaria. This diatoms was not observed on the 

panels deployed in Waghotana. The dominance of Fragillaria  

in Mandovi has been reported by Devassy (1983). 

While comparing these two estuaries it may be worthwhile 
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to say that Mandovi is comparatively a polluted estuary and 

Waghotana is a nonpolluted one. Domestic sewage is directly 

discharged 	into the Mandovi at Panaji (Agadi, 	1986). 

Besides, industrial activities and mining add to the 

pollution of water bodies like Mandovi estuary. There are no 

such activities in Waghotana (N.I.O, 1990). 

Domestic sewage and industrial effluents affect the 

growth of seaweeds. The effect of domestic sewage on biomass 

of seaweeds was studied at Mithapur (Tewari and Joshi, 1988). 

The green seaweeds were maximum biomass producers in the 

vicinity of the domestic sewage. In the present 

investigation biomass of algal components was not measured in 

the Mandovi. But the manmade structures like ferry boat 

"M.V. Sattari", launch "M.V. Chapora" and stationary barge 

(RPL) were found to be colonised highly by species of 

Enteromorpha, Ulva, Cladophora. The rapid growth of Ulva 

reticulata in Mandovi estuary may be due to availability of 

nutrients and also ammonia released to water by polychaetes 

(Unesco, 1984). 

Unesco (1984) have stated that characteristic algae 

growing at this station (Mandovi) were chlorophyceae members 

and a rhodophyta alga Gracilaria verrucosa. In the present 

investigation G. verrucosa was abundantly recorded especially 

during monsoon on stationary barge (RPL). 
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It is known that eutrophication almost accompanied by 

excessive growth of chlorophyta species like Ulva,  

Enteromorpha and dominance of macroscopic green algae seems 

to be the most noticeable effect in nearly all shallow marine 

environments (Unesco, 1984). 

The frequent introduction of ',1nutrients along 	with 

freshwater may lessen the detrimental effect of lowered 

salinity. Enteromorpha has been regarded to have tolerance 

to high nutrient levels which makes it a suitable species to 

inhabit and predominate in polluted eutrophic areas (Tewari, 

1972). Macroalgae act as nutrient sinks in estuaries. The 

green seaweeds are maximum biomass producers in the vicinity 

of the domestic sewage discharge and brown seaweeds are least 

productive under such conditions (Tewari and Joshi, 1988). 

Enteromorpha linza, E. intestinalis, Ulva indica were found 

to be most resistant to domestic sewage. Caulerpa,  

Cladophora spp. produced maximum biomass with medium degree 

of eutrophication (Tewari and Joshi, 1988). 

Another effect of sewage pollution is lack of phaeophyta 

algae particularly at Mandovi estuary (Agadi, 1986). In the 

present investigation, Padina a member of phaeophyta was 

rarely observed. Ectocarpus sp. was one of the most 

important algal member colonising the experimental panels 

deployed 	in Waghotana estuary during postmonsoon and 

premonsoon periods. 	Colonisation of Ectocarpus was not 
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noticed in Mandovi. 	However,' Giffordia mitchellae 	and 

Sphacelaria sp. were common to both the estuaries. The lack 

of brown algae may be mainly due to pollution effects 

(Wilkinson, 1980). 

Porphyra, a red alga is also reportedly a sewage 

sensitive alga. This algawas found to be absent on the 

'structures surveyed in Mandovi. Agadi(1986) stated that 

Porphyra vietnamensis is not recorded from estuarine or 

brackish water habitats along CW coast. However, in 

Waghotana estuary Porphyra sp. was a noteworthy member 

especially during monsoon on the panels. Species of 

Enteromorpha, 	Cladophora, Ulva were also found to 	be 

colonising the experimental panels in Waghotana. Abundance 

of the green algae is a characteristic feature of an estuary. 

But higher algal biomass by the green algal members might be 

attributed to sewage pollution. In the absence of biomass 

measurement the abundance pattern (Area coverage) could be 

used. 

Thus, abundance of Enteromorpha spp., Cladophora spp.,  

Ulva lactuca, U. rigida, abundance of Gracilaria verrucosa, 

absence of Ectocarpus sp., Porphyra  sp.  may reflect the 

conditions in Mandovi. 

The various structures surveyed for algal colonisation 

and diatom colonisation have been classified into two types - 

stationary and moving objects. In Mandovi, objects concrete 
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ramp, jetty, scrap ferry boat represented completely static 

structures. The barge (RPL) in Mandovi and experimental 

panels in Waghotana were kept in position with the help of 

ropes tied to the respective jetties. In this case, little 

movement by the action of water could not be ruled out. The 

moving structures were ferry boat, "M.V. Sattari" and launch, 

"M.V. Chapora". 

The numbers of macro algal species colonising the four 

types of panels varied between 18 to 22. (monthly duration). 

On seasonal panel it varied from 12 to 16. More or less same 

range of species number was seen on cumulative panels. In 

Mandovi 	the stationary barge represented 	the 	highest 

colonisation - thirty one species; the lowest being on scrap 

ferry boat i.e. ten. Both the moving structures namely launch 

"M.V. Chapora" and ferry boat "Sattari" showed colonisation 

22 species of macroalgae each. Thus the trend with respect 

to macroalgal fouling in Mandovi could be stated as: 

Barge > Ferry boat, Launch > Concrete > Scrap ferry boat. 

The diatom colonisation with respect to species number 

was in the range of 30 to 44 on the monthly panels deployed 

in Waghotana. On cumulative and seasonal panels still lower 

number of diatom species were recorded. In Mandovi the trend 

in diatom fouling was as follows: 

Barge > Concrete > Ferry boat > Launch > Scrap ferry boat. 
(67) 	(42) 	 (38) 	(34) 	(10) 



365 

The colonisation of macroalgae and diatoms on the 

structures in both the estuaries seems to have been 

influenced by substratum type, size, location in the estuary, 

speed. Except concrete ramp and jetty all the other 

structures surveyed in Mandovi were composed of mild steel. 

Concrete structures are chemically different from other 

structures in Mandovi as well as from the panels deployed in 

Waghotana. Low water retention capacity by concrete and silt 

deposition might not be the conducive factors for algal 

settlement. 	Probably algae having adaptive features could 

colonise there (abundance of Lyngbya majescula). 	However, 

diatoms 	have colonised in great numbers 	on 	concrete 

structures. 	This would suggest inability of macroalgae to 

settle on concrete structures. 

Scrap ferry boat represented an abandoned structure 

located at one corner of the workshop, although it had little 

access to estuarine water. Probably its being not in 

operation for longer time induced corrosion and conditions 

were not suitable for macroalgal and microalgal colonisation. 

The barge (RPL) however was a large sized structure and it 

was subjected to action of flowing water. High colonisation 

of macroalgae and diatoms was there. Experimental panels 

owing to their small size have not favoured higher algal 

colonisation. 
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The two moving objects have exhibited more or less same 

trend with respect to macroalgal and microalgal fouling. 

Moored structures such as buoys are subject to higher 

fouling than ships since they remain permanently in coastal 

waters where fouling organisms abound and since the fouling 

is not washed away by rapid motion through the water (WHOI, 

1952). Although the moving vessels in Mandovi were moving at 

a speed of 6 to 10 knots, the other structures surveyed were 

either static or floating. The difference in the speed might 

have caused variation in numbers of species colonising. 

Comparison of species numbers colonising barge with those of 

moving vessels such as ferry boat and launch would reveal 

that stationary structures are fouled highly. Tittley and 

Fletcher (1984) reported intense algal fouling on fixed 

structures. The principal harmful effect arises from the 

increased resistance which a structure roughened or enlarged 

by fouling offers to the movement through water or conversely 

to the movement of water past the structure (WHOI, 1952). 



SUMMARY AN ID CONCT,USX(DNS 
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1. A total of 31 species of macroalgae and 92 species of 

diatoms were recorded as fouling plants on the panels 

deployed in Waghotana estuary. 

2. Environmental factors like salinity, dissolved oxygen, 

temperature, nutrients such as phosphate, nitrate were seen 

to influence algal abundance and biomass on the panels. 

3. Impact of period of deployment of panels was observed to 

play a significant role with respect to algal biomass and 

algal diversity in case of monthly seasonal and cumulative 

panels. 	Algal biomass values were generally higher during 

monsoon, early postmonsoon and during premonsoon seasons. 

Algal biomass values were generally lower than the animal 

biomass values on cumulative panels and seasonal panels. 

4. During certain months like December, and June generally 

lower values of algal biomass were observed. 

5. Amongst the individual panels, the panels of fibre glass 

and aluminium generally indicated higher algal biomass than 

those of mild steel and glass. 

6. Enteromorpha was a dominant genus represented by many 

species. 	Amongst the various species of Enteromorpha, E. 

tubulosa was observed more or Jess throughout the study 

period. Cladophora qlomerata, Ectocarpus sp., Goniotrichum 

alsidii were the important fouling algae settled on panels. 
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7. Some species of algae were not found to colonise certain 

substrata (noncolonisation of Ulva sp. on glass panels), 

whereas some algal members were found to settle abundantly on 

certain substrata indicating their affinity. The algae like 

Enteromorpha 	spp., 	Cladophora 	qlomerata, 	Ulva 	sp.,  

Centroceros 	sp., Sphaecelaria sp. showed their 	higher 

preference to certain substrata. 

8. Some species of algae were found to prefer cumulative 

panels 	to 	monthly 	panels. 	Cladophora 	saracenica,  

Goniotrichum alsidii, Rhizoclonium sp., Ceramium sp.,  

Caloqlossa sp., Lyngbya majescula were not found to settle on 

monthly panels of certain types. 

9. Nitzschia longissima, Synedra gallioni in addition to 

eleven more diatom species were found to be common colonisers 

to all the monthly panels. Cumulative panels of Set I were 

dominated by species of Synedra such as S. gallioni, S. 

affinis. On Set II - cumulative panels Cocconeis pediculus,  

Melosira borreri, Biddulphia laevis were the common elements. 

The period of deployment of panels proved to be significant 

with respect to diatom colonisation and abundance. 

10. Amongst 4 substrata fibre glass and glass panels were 

found to exhibit generally richer diatom flora. 

11. 	Pennate diatoms were seen to predominate the centric 

ones on the panels. Diatom species maxima were generally 
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observed during the months August, March, April. 

12. Abundance of specific diatoms was indicated on different 

substrata. 	Mild steel showed Thalassiothrix frauenfeldii 

aluminium 	indicated 	- 	Melosira 	borreri, 	Achnanthes 

subsessilis. Nitzschia obtusa, N. obtusa var. 

scalpelliformis, Synedra superba, S. qallioni were found to 

be dominating on fibre glass panels. Glass panels showed 

dominance of Melosira borreri. 

13. In Mandovi estuary a total number of 36 species of 

macroalgae and 103 species of diatoms were noted on the 

stationary and moving objects surveyed. 

14. Environmental conditions like salinity, D.O., nutrients 

nature of substratum and mobility were observed to be 

important factors responsible for varied composition of algae 

on the structures in Mandovi. All the structures except ramp 

had the same constructional material i.e. mild steel, but 

variations in the algal flora were observed. 

The dominant element on concrete structures was Lyngbya  

majescula. 	The barge sampled exhibited 	dominance 	of 

Enteromorpha spp., Ulva spp., Gracilaria verrucosa,  

Cladophora qlomerata, Microcoleus sp., Catenella repens,  

Caloqlossa lepreurii. 

Scrap ferry boat showed Caloqlossa lepreurii, Catenella  
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repens as the dominant algae. 

The moving structures like ferry boat showed dominance 

of 	Enteromorpha while launch indicated 	dominance 	of 

Enteromorpha spp., Ulva spp., Calocilossa lepreurii 	and 

Catenella repens. 

15. Thallassiotrhix frauenfeldii, Nitzschia spp., Biddulphi  

spp., were the common fouling diatoms on all the manmade 

structures. 

16. An anchored barge showed the highest diversity of algae 

and diatoms. Concrete structures and scrap ferry boat showed 

relatively lower diversity of algae. However on concrete 

diatom species number was fairly high. 	Moving structures 

like ferry boat and launch had lower species diversities than 

the stationary barge. 

17. It appeared that Mandovi is a sewage polluted estuary. 

The abundance of chlorphyta members which are resistant to 

sewage pollution was noted. Conversely Waghotana estuary is 

a clean and unpolluted estuary. 
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