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Introduction

The world ocean is completely intercommunicating body of water extending from 

the Arctic to the Antarctic, covering 361 million sq km or about 70.8% of the earth surface 

(Anikouching and Sternberg, 1981). The oceans of the world may be considered a single 

ecosystem in which a series of communities influenced by and in turn influences the physical 

and chemical parameters of the surrounding seawater (Prasad, 2000). This large ecosystem 

may be subdivided into smaller sections or areas in which the physical and chemical 

parameters have differential effects on the population of organisms, thus influencing the 

composition and adaptation of organisms within that area (Nybakken, 1988). 

An ecosystem is a functional unit of size composed living and nonliving parts, 

which interact. Both energy and materials are essential to ecosystem structure, function, and 

composition (Hunter, 1970). The component parts and the whole system function through a 

sequence of operations involving energy and transfer of energy and with few exceptions, the 

original source of the energy is the sun (Prasad, 2000). 

In the ecosystem a convenient starting- point in the cycle is the synthesis of 

organic matter of high potential chemical energy. This synthesis in marine ecosystem 

involves the reduction of carbon dioxide producing organic materials is term as autototrophic 

production (Mitra et al., 2006). Autotrophy (meaning self-feeding) also referred as primary 

producers. The process by which they do this usually is photosynthesis, and this refers as 

photo autotrophic. For completeness, we should mention the other very minor type of 

autotrophic production which due to certain species of bacteria which they obtain the energy 

through the process of chemosynthesis (Nybakken, 1988; Lalli and Parsons, 1997). This 

synthetic process by first effecting of the oxidation of comparatively simple inorganic 

substance and then the chemical energy thus released is subsequently utilized in the reduction 

of carbon dioxide to the higher energy relatively in complex organic compounds this term as 

chemo autotrophy (Raymond, 1980). 

By contrast a large array of bacteria and other micro organisms in marine 

environment in addition to all the diversity animal species can synthesis the complex 

materials of their bodies substance only by using organic substance as carbon source; they 

cannot reduce carbon dioxide such production is term as heterotrophic production and is, of 

course equivalent to secondary production. 



10

The term primary productivity is referring as the rate of formation of energy–rich 

organic compounds from inorganic materials (Mitra et al., 2006). In the other words, it is the 

rate at which new organic matter is added up to the existing phytoplankton standing crop. 

Photosynthetic organisms in the sea include pelagic phytoplankton, benthic 

microalgae, benthic macro algae and seed plants (sea grass, mangrove and salt march plants) 

(Nybakken, 1988 and Valiela, 1995). Marine phytoplankton which constitutes diatoms, 

dinoflagellate, blue-green algae, others bacteria, silicoflagellates and cocolithophors etc. 

contributes about 95% of primary production in the ocean. Diatoms have cell walls of silica 

and pectin size 0.01mm – 0.2mm. Occur floating in the water column or attached to surfaces 

single or as chains of cell. Major contributors to the primary production and they occur ever 

where in the sea, but mostly abundant in colder nutrient rich waters. Division occurs by 

binary fission and it’s accompanied by reduction in the size of the cell, after several divisions 

the cell reaches some lower limit in size. At that point diatoms leave their siliceous cell wall 

and the bare cell grows to origin size before forming a new wall.

Dinoflagellates occurs as a single cells either as naked or within cellulose cell walls 

and size range 0.001 – 0.1mm plankton drifting with water although many species use 

flagella to move, second to diatoms to contributing primary production, wide spread over the 

sea. Metabolically they are very versatile; they may engage photosynthesis by parasitic or 

symbiotic, adsorb dissolved organic matter or ingest particles. Reproduction by division and 

daughter grow to the size of parent before dividing.

Cocolithophoride occur as single cells and protected by ornate calcareous plates 

(coccolith) embedded in a gelatinous sheath that surrounding the cells. They are mostly 

abundant in warm open ocean waters, although sometimes abundant nearshore. They may 

also absorb organic matter and individuals may form cysts from which spores develop to 

produce new individuals, many species also flagellate.

Blue-green algae photosynthetic prokaryotes with cell wells made from chitin occur 

as single very small coccoid cells or as longer filaments. Other group of bacteria may be 

photosynthetic but are often restricted to waters with low oxygen content. Varies type of 

bacteria may exist as single free floating cells, attached to surface, or as longer filaments 

composed from many cells. Most marine bacteria are motile and gram positive and divided 

by fission (Hunter, 1970; Valiela, 1995). 
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The formation of the organic matter through the process of photosynthesis is take 

place as the following chemical reaction:-

106 CO2+16HNO3+H3PO4+122H2O   106(CHO2) 16(NH3) (P3O4) +138O2    

(Libes, 1992). 

The reverse equation is the process of the respiration in which there is oxidative 

reaction breaks the high energy of the carbohydrates and thus releases energy needed for 

metabolism. This organic rich energy which is broken down is deducted from the total or 

gross primary production and the remaining portion is known as net primary production 

(Lalli and Parsons 1997; Mitra et al., 2006). The net primary production is available to be 

consumed by animal and decomposed by bacteria. 

The entire mechanism of primary production by phytoplankton is basically driven by 

solar energy through the processes of photosynthesis and this conversion of radiant energy to 

chemical energy depend upon special photosynthetic pigments that are usually contain in 

chloroplasts of the algae (Lalli and Parsons 1997). The dominant pigments is chlorophyll a 

but chlorophyll b, c, d and some accessory pigments (carotenes, xanthophylls, and 

phycobilins) are also present in many species and some of this pigments can also involve in 

this conversion ( Mitra et al., 2006 ). All of these photosynthitically active pigments absorb 

light within the wavelength range of about 400 to 700nm (PAR), but each shows a different 

absorption spectrum (Lalli and Parsons 1997).  Both cyanobacteria and eukaryotic autotrophs

elaborate two-part photosynthetic process involving complex pigment systems and two 

distinct set of chemical reaction. In the first set, the light reaction portion of photosynthesis, 

photons of light are absorbed by chlorophyll molecules located in two separate pigment 

systems.  The photons energize electrons and pump them through a series of others enzymes 

whose function is to manage some of electron energy and transfer it to adenosine triphosphate 

(ATP) and another high- energy carrier molecules NADPH. As the term light is needed to 

drive the light reaction; without light, the reaction is ceases. 

The pigment systems and enzymes involved in the light reaction are houses within 

flattened sacs, which are stacked to form numerous grana with each chloroplast. The stroma 

surrounding the grana and contains the enzymes need for the next step of photosynthesis, the 

dark reaction. Light energy is not necessary to maintain the dark reaction, but the high-energy 

ATP and NADPH produced by the light reaction are. Energy from these substances is used in 
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dark reaction to synthesize carbohydrates, lipids, and others organic compounds needed by 

cell (Sumich and Morrissey, 2004). 

Primary production and standing crop vary considerable on time and place and this 

variation is the result of large number factors that act directly or indirectly on the 

photosynthetic process within plant and on the plants themselves (Nybakken, 1988). 

Because photosynthesis is light dependent, the phytoplankton is largely restricted to 

the euphotic zone. The amount of light reaching the sea surface which then actually enters the 

water column depends on the angel at which it strikes the surface and this in turn is related to 

the maximal height of the sun above the horizon. Within the water column, light intensity 

decreases exponentially with increasing depth as sunlight is rapidly absorbed or scattered by 

Particulate Organic Matter (POM), planktonic cells or by the water molecules themselves. 

Unlike photosynthesis, respiration does not vary appreciably with depth and at some depth; 

therefore, the energy gained in photosynthesis exactly balances that lost by respiration which 

called compensation depth. This compensation depth marks the lower boundary of the 

euphotic zone (where light intensity falls to 1% of its surface value). Above this level net 

production of plant material occurs, whilst below this level there is net loss of organic 

material as respiration exceeds photosynthesis. The compensation depth varies daily and 

seasonally as well as geographically according to the prevailing light conditions (Boaden and 

Seed, 1985; Nybakken, 1988). 

Sometimes when the vertical mixing is especially vigorous, phytoplankton may 

carried down below the compensation depth and the time spent in the euphotic zone in active 

photosynthesis may be insufficient to counteract the prolonged periods spent at greater 

depths. The critical depth, which is always below the compensation depth, occurs where the 

total production in the water column exactly balances the total consumption through 

respiration. The important factor here is the relative amount of time that the phytoplankton 

spends in the euphotic and aphotic zones, and this in turn depends on the degree of vertical 

mixing (Boaden and Seed, 1985).

Another important factor is availability of the inorganic nutrients such as nitrogen (as 

No3
-, No2

-2 and NH4
+) and phosphorus (as phosphate Po4

-3). Diatoms and Silicoflagellates 

also require silicate (Sio2) in significant amount (Neill, 2005). Others inorganic or organic 

nutrients may be require in small or minute amounts. Trace elements (e.g. iron, copper, 
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vanadium) may be required in smaller amounts (Barnes and Hughs, 1988; Lalli and Parsons,

1997).

Since photosynthesis is a surface phenomenon, the euphotic zone frequently become 

temporarily depleted of nutrients, as these are used by the phytoplankton, although some 

inorganic nutrients are regenerated and recycled in the euphotic zone, large quantities are 

ultimately incorporated into particulate detritus (e.g. dead plankton and faecal material) 

which gradually sink to the sea floor. Most nutrient regeneration therefore occurs at greater 

depths. Exchanges processes such as upwelling and turbulent mixing are there for 

exceedingly important in restoring nutrients to the euphotic zone (Barnes and Hughes, 1988). 

Temperature appears to have a real affect on growth rates. In general temperature 

plays an important role in determining the abundance and distribution of phytoplankton in the 

higher latitudes while salinity plays an important role in the control of species composition 

and succession in tropics. Devassy (1974) noted that the decline of salinity with onset 

monsoon is an important factor controlling the distribution, abundance, and productivity of 

phytoplankton in the tropical estuaries waters. 

Oxygen is critical to the maintenance of the life processes of nearly all organisms. 

Oxygen’s concentration and its distribution in the aquatic environment are directly dependent 

on chemical and physical factors and are greatly affected by biological processes. 

In the coastal water the phytoplankton, types, availability of light and nutrients and 

stability of the water column, and as well as the grazing are the impartment factors to be 

considered for phytoplankton biomass and production.
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Review of Literature

The Arabian Sea is one of the most productivity regions which subjected to highly 

variable surface circulation and strong ocean – atmosphere interaction (Gardner et al., 

1999).This through the two monsoons season, the Southwest monsoon (SWM) and the 

Northeast monsoon (NEM), (Menon, 1989; Kumar, 2006). The former generally lasts for four 

months (June - September), when rainfall is maximum along the west coast of India, caused 

changes in the physical and chemical properties of the nearshore waters. Coinciding with the 

SWM there are upwelling along the west coast of India and thus highly productivity and 

blooms of phytoplankton (Swapna and Kumar, 2002).  This area also subjected to a 

frequencies occurrence of tropical cyclone during the transition period between this two 

monsoons season (Oct - Nov) (Sastry, 1998). 

Upwelling of waters occurs by different processes, such as in the coastal water where 

the surface water move away from shore driving by wind and replaced by nutrients – rich 

cold subsurface water into euphotic zone. Sastry and D'Souza (1972) noted that the primary 

forcing mechanism that affects the upwelling along the Arabian Sea during summer is wind 

stress and it’s spatial and temporal variability). However this upwelled cold saline water in 

the coastal zone off western India is usually capped by 5 – 10m thick warm, lower salinity 

layer arising from land runoff and local precipitation, causing strong stratification and poor 

ventilation of sub- pycnocline waters (Naqvi et al,. 2000; Roy et al., 2006). 

In fact that not all upwelling condition enhance the primary productivity such case 

was reported by Twomey et al., (2007) in off coast of Western Australia (WA) as the 

Leeuwin Current (LC), which suppresses upwelling, transports nutrient-poor water along the 

continental shelf and has a negative impact on primary productivity. They found that the 

average surface chlorophyll a concentration across the study area in off coast of Western 

Australia was 0.207 mg chl a m_3. Continental shelf, shelf break or open ocean Depth-

integrated chlorophyll a concentrations ranged from 1.84 to 60.69 mg chl a m_2.

Extremely high productivity has been found to lead to hypoxic condition in the 

western Indian continental shelf waters which leads to change in phytoplankton communities 

and structure (Naqvi et al., 2000). The term hypoxia means "low oxygen." In estuaries, lakes, 

and coastal waters low oxygen usually means a concentration of less than 2ml/l (Conleny et 
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al., 2009). In many cases hypoxic waters do not have enough oxygen to support fish and 

other aquatic animals and results changing the trophic structure and leading to very large 

depletions of marine life in the affected regions. (Gray et al, 2002). These areas of high 

surface productivity and low bottom water oxygen concentration are caused by increasing 

runoff of nutrients from land since the upwelled water is overlain by 5-10m thick low salinity 

layer formed as consequence of land runoff and local precipitation during the SWM and 

nutrients is found in well concentration within the euphotic zone and consequently high 

biological productivity (several grams of carbon per meter square per day) during the early 

part of SWM (June - July). This, in turn, enhances the oxygen demand at the depth, which in 

conjunction with low oxygen content of the upwelling waters and strong  vertical 

stratification, causes the development of suboxic (denitrification) and occasional anoxic 

(sulphate reduction) in the inner shelf of west coast of India during the later part of SWM 

(August - September) (Naqvi, 1995; Kumar, 2006).

Naqvi et al (2010) reported that the oxygen deficiency over the Indian shelf not the 

case over the Omani shelf as the concentrations of the dissolved oxygen did not reach levels 

low enough (suboxic <1 μM). They are many indicators and sequences of eutrophication in 

marine environment such as the elevated levels of chlorophyll a, are strong indicators of the 

onset of eutrophication, secondary symptoms such as depleted dissolved oxygen, indicate 

more serious or highly developed eutrophication (Bricker et al., 1999). 

      In the coastal water the phytoplankton types, availability of light and nutrients, 

stability of the water column and as well as the grazing are the impartment factors to be 

considered for phytoplankton biomass, and production.

     Among the factors that affect phytoplankton distribution and productivity in the 

Arabian Sea, the temperature of the sea water and consequently thermocline circulation. 

Temperature range from 25° C in November to less than 28° C in May and the lost surface 

temperature was found in August particularly off Somalia and Southern Arabia with the 

establishment of the upwelling (Singh and Singh, 1992). The central Indian Ocean 

anticyclone gyre is characterized by low nutrients and low primary productivity while 

Antarctic circumpolar water has high nutrients and productivity. 

     Kurian et al (2007) during 4-7 Oct. 2004 off Southwest coast of Kerala, India 

observed that the water was well mixed with near uniform temperature (27.4°C up to 20m 

depth) salinity was patchy and increases from surface to bottom range from (34.63 to 
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35.48psu), nitrate was increases with the depth ranged (0.7-9µM) nitrite varies from o.19µM 

-2.04µM while phosphate 0.18µM -0.44µM silicate average was 10µM. Coastal water was 

abundance by the holo cocolithophors cell with maximum densities 27*106/l while offshore 

water dominated by diatoms with view dinoflagellate. 

      The main source of nutrients in the coastal water is from the river discharge 

especially during monsoon season this can by understood from their concentration in the 

estuarine environment an example for this the study carried out by Sarma et al.(2009) over 15 

months (September 2007 to November 2008) at fix location in Godavari estuary, India. They 

observed significant amount of dissolved inorganic nitrogen (DIN, of 22-26 μmol/L) and 

dissolved inorganic phosphate (DIP, of 3- 4 μmol /L) found at the study region during the 

peak discharge period. They also found that The Chlorophyll a (Chl a) varied between 4 and 

18 mg m-3 during September 2007 to November 2008. 

      The distribution of the major macro-nutrients (NO3-N and PO4-P at the upper 

100m surface water showing a significant positive correlation with regions of high 

productivity. Phosphate values vary from 0.2µmol to 1.0µmol and are high in the river 

mouths and coastal water but nitrate always undetectable in the surface layer and have been 

earlier considered limiting to primary productivity but once the upwelling established surface 

nitrate may reach 10µmol and phosphate up to 2µmol others nutrients such as nitrite, urea 

and ammonia also readily absorbed by tropical phytoplankton (Singh and Singh, 1992). 

     

The euphotic depth, defined as the depth to which 1% of the surface light penetrates, 

in the Arabian Sea this varies from 10m nearshore to greater than 100m in the open sea 

(Singh and Singh, 1992).

     

Roy (2009) observed that in the water from 1m depth at the mouth of Zuari estuary in 

Dona Palula Bay dissolved nitrate, phosphate and silicate concentrations was 0.4µmol, 

0.6µmol and 0.05µmol respectively. Significant changes in the phytoplankton structure under 

hypoxia and blooms conditions.

Naqvi et al. (2010) noted that primary production in the Arabian Sea is controlled 

primarily by the availability of macronutrients, especially nitrate (NO3), as concentrations of 

iron (Fe), the principal micronutrient, have been found to be above levels that limit PP. 

Extensive enrichment of the euphotic zone with macronutrients occurs seasonally, 
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particularly during the summer or Southwest Monsoon (SWM) they added that Limitation of 

phytoplankton production by Fe is expected in areas where and during periods when the 

atmospheric circulation is not conducive for dust deposition (e.g. off RAM during the late 

SWM).  

     

Large diatoms may effected by iron limitation but small flagellates usually are not 

because they can uptake iron at lower concentration. Ocean which is limited by iron is 

characterized by having high nutrients but low chlorophyll concentration and they are 

referred as HNLC areas. These areas include subarctic north pacific, Equatorial pacific, and 

part of the Antarctic Ocean (Lalli and Parsons, 1997). In addition certain organic substances 

(e.g. Vitamin B12, thiamine and biotin) are required for autotrophic growth of some 

phytoplankton and these substances may also be in short supply in the seawater and thus 

limiting to growth (Sumich and Morrissey, 2004).  

The study carried out by Gomes et al. (2000) was examined the seasonality of 

phytoplankton in the western and northern Bay of Bengal. They noted that heavy fresh water 

influxes from rivers and the resulting vertical stratification impeded vertical transfer of 

nutrients. Although such a nutrient regime resulted in an oligotrophic environment, 

chlorophyll a and primary production were substantially enhanced by physical processes that 

could erode the strong halocline. In March-April (pre-southwest monsoon), the pole ward 

flowing East India Coastal Current brought to the surface, nutrient laden cooler waters that 

enriched the coastal region, but highest biomass (Chl a, 53 mg m-2) and productivity (4.5 g C 

m-2) d-1)) were in the region of an eddy like structure along the coast and in the region 

between 13 degrees and 16 degrees N lat The seasonal (upwelling and cold core eddy) and 

some sporadic events (cyclones) enhance moderate phytoplankton production of the Bay of 

Bengal. 

Ram (1994) During Indian expedition to Antarctic (Jan –Mar 1990) Reported that 

higher concentration of dissolved oxygen (11.33mg/L) due to photosynthesis. Temperature 

was low (-2.0 °C to 2.1°C) in the coastal ice edge zone. Gradual increment in temperature (-

0.8 to 29.0°C) and   salinity (33.19 to 36.27 psu) from Polynya toward equator. Also there 

was no direct correlation of nutrients to primary productivity. Also there was high 

concentration of phosphate (avg. 4.12µmol dm-3), nitrate (18.67µmol dm-3) and nitrite 

(2.74µmol dm-3) in the coastal ice zone. However in central Indian Ocean phosphate was 
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(avg. 2.39µmol dm-3), nitrate (15.77µmol dm-3) and nitrite (2. 47µmol dm-3). Indicate 

regeneration of nutrients in the ice edge which support fairly high growth phytoplankton 

(avg. 67.89 *104 cell/L)  this resulted high value of the chlorophyll a (2.68 mg  m-3) in the 

coastal ice- edge zone. In central Indian Ocean chl a was (1.86 mg m-3).

The structure and functioning of the pelagic ecosystem has been batter understood 

after the discovery of the widespread occurrence of minute (0.2-2.0 2µm) algal picoplankton 

(Bouteiller et al., 1992). A large part of primary production up to 70% in subtropical and 

tropical open oceans was attributed to picoplankton which composed of prokaryotic 

chroococcoid cyanobacteria assigned to the genus Synechococczis, and minute eukaryotic 

microalgae, this estimate to be 1000’000 cell/ml in tropical and subtropical water (Sieburth et 

al., 1978). Recent estimation suggests that ultra plankton may account for up to 70% of all 

the photosynthetic activity of the world ocean (Garrison, 1996). 

Bouteiller et al (1992) observed that cyanobacteria (size fraction <1µm) were always 

numerically predominant in nitrate-depleted layer and even  in systems such as the 

upwelling, where there is no oligotrophic mixed layer, Chl a > 1 µm predominated from the 

top to the bottom of the euphotic layer,  cyanobacteria  also numerically dominate in the 

surface waters.

  Roy et al. (2006) absorbed that in the south-western Indian coast toward the end of 

the upwelling season in October 2004, the abundance of different phytoplankton fraction 

was; microplankton (38.6%), picoplankton (32.7%) and nanoplankton (24.6%). Picoplankton 

communities are generally dominated by prochlorophyte and cyanobacteria, which are 

common in tropical oceans and most likely, represent systems associated with regenerated 

production. The greater abundance of picoplankton especially at the surface at the southern 

stations as compared to the northern stations probably reflects the difference in macronutrient 

availability.
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Aims and Objectives

The main objective of this study is to understand the effect in the changing physical 

and chemical environment on the phytoplankton biomass and production as the season 

change from monsoon to post monsoon.
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Methodology

Study area

The data was collected during the two cruises organized by National Institute of 

Oceanography (NIO) coastal research vessel Sagar Sukti (SaSu) (Sa Su) During 13 Oct. (Sa 

Su 186) and 13 Nov. (Sa Su 190) 2009, from a station located at 150 30.991’ N & 730 34.139’ 

E, off Goa coast, west coast of India (Fig. 1). This is about 21 km off Candolim beach. The 

maximum depth at the station was 37m.The study area as a part of Southwest coast of India, 

strongly influenced by seasonal reversal of coastal current (Shetye, 1990). An important 

feature of the coast of Goa is prevalence of several riverine systems. 

Sampling strategy

At the station five depths were selected (1, 5, 10, 20, 30m), representing  the euphotic 

zone layer and below the euphotic layer, for collecting the samples of Dissolved Oxygen, 

primary production, nutrients, chlorophyll a, and phytoplankton and picoplankton count.

Secchi Disc was used to measure the euphotic zone depth. Water samples were 

carried for the above analysis using Niskin bottle 5 litre capacity attached to hydraulic winch 

ware. Also the winch was used to lower the Conductivity – Temperature Depth (CTD) (Sea 

bird model SBE 25) to get the profiles of temperature, salinity and sigma T changing with the 

depth.
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Fig.1. Map showing study area location off Goa.

Dissolved Oxygen (DO)

Dissolved Oxygen was measured based on the Carpenter (1965) modification of the 

traditional Winkler titration method. Water samples were collected in 125 ml stopper 

Biological Oxygen Demand (BOD) glass bottles, avoiding the air bubbles formation. Then 

immediately   Winkler A and B reagents were added. The BOD bottles then kept in dark and 

cool place until the analysis were completed in the laboratory of NIO. The analysis included, 

adding 1ml of dilute sulphuric acid and then titration of the liberated iodine with standard 

sodium thiosulphate solution which calibrated against potassium iodate. Starch solution was 

used as indicator.   
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Determination of nitrate

The determination of nitrate is based on the method of Morris and Riley (1963) and 

modified by Strickland and Parsons (1968). Nitrate is reduced to nitrite using cadmium-

copper column. The nitrite reduced reacts with sulfanilamide in an acid solution. The 

resulting diazonium compound is coupled with N-(1-Naphthyl)-ethylenediamine 

dihydrochloride to form a colored azo dye, the extinction of which can be measured 

spectrophotometrically at wavelength 543nm.

Determination of nitrite

The determination of nitrite is based on the method of Strickland and Parsons (1968). 

Nitrite in the seawater is allowed to react with sulfanilamide in an acid solution to form a 

diazonium compound. This then coupled with N-(1-naphthyl) - ethylenediamine 

dihydrochloride to form a colored azo dye. The light absorption is than measured

spectrophtometrically at 543nm wavelength. 

Determination of phosphorus

The determination of reactive phosphorus in seawater is based on the method 

proposed by Strickland and Parsons (1968). Phosphate ions in the seawater are allowed to 

react with a composed reagent containing ammonium molybdate, ascorbic acid and 

potassium antimony-tartrate the resulting complex is reduced in situ to give a blue colored 

solution. The light absorption of this measured at a wavelength of 885nm. 

Determination of silicate

The determination of reactive silicate in seawater is based on the method modification 

by Strickland and Parsons (1968).A seawater sample is allowed to react with ammonium 

molybdate under conditions which result in formation of silicomolybdate, phosomolybdate 

and arsenomolybdate complexes. A reducing agent of metol and oxalic acid is added and 

arsenomolybdate reduce to silicomolybdus acid with a blue color, the absorbance of which is 

measured spectrophtometrically at 810nm wavelength.
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Determination of chlorophyll a 

For chlorophyll a (chl a) estimations, samples of between 0 .8 and 1 L were 

immediately after collection the water samples  was  filtered onto GF/F filters, frozen in 

liquid nitrogen on the ship and then transported to the shore lab for analysis by HPLC 

(Wright et al., 1991). Prior to the HPLC analysis, the filters were immersed in 90% acetone, 

extracted under cold and dark conditions overnight, sonicated and finally filtered through 0.2 

mm, 13mm PTFE filters to rid the sample of particulate debris. Aliquots of 1ml of the 

pigment extract was then mixed with 0.3 ml of distilled water in a 2 ml amber vial and 

allowed to equilibrate for 5 min prior to injection into an HPLC (Agilents 1100 series) 

equipped with a diode array detector. The mobile phase was a gradient mixture of three 

solvents: Solvent A (80:20, v: v; methanol: 0.5M ammonium acetate aq., pH ¼ 7.2; 0.01% 

BHT, w: v), Solvent B (87.5:12.5, v: v; acetonitrile: water; 0.01% BHT, w: v) and Solvent C 

(ethyl] acetate). Pigments were separated in a C-18 reverse-phase column using the eluent 

gradient program of Wright et al. (1991) as adapted by Bidigare and Charles (2002). 

Chlorophylls, carotenoids and xanthophylls were detected by their absorbance peaks at 

436nm and identified by comparison with the retention times of standard pigments obtained 

from DHIs Water and Environment, Denmark, and Sigma Aldrich Chemicals USA. 

Phytoplankton identification and enumeration

For identification and enumeration of phytoplankton, 500 ml of seawater was fixed 

with 1% Lugol’s iodine and preserved in 3% buffered formaldehyde solution and then stored 

under dark and cool conditions until the time of analysis. Prior to microscopic analysis, 

samples were concentrated to 5–10 ml by carefully siphoning the top layer with a tube 

covered by a 10 mm Nitex filter on one end. Replicates of 1ml sample concentrates were 

transferred to a Sedgwick-Rafter slide and counted using an Olympus Inverted microscope 

(Model IX 50) at 200-magnification. Identifications were based on standard taxonomic keys 

(Tomas, 1997).

The results are expressed as numbers of cells per litre. 

The total counts were expressed by following formula.

Let ‘z’ be the number of counts obtained from ‘n’ grids in a 1000 grid sedgewick 

rafter,

Let ’v’ be the settled volume (ml)
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Let ‘V’ be the volume of sample use for settling (ml)

The number of counts per liter will be 

No cells/1 = (z/n)*(v/V)*106.

Picoplankton 

Picoplankton was enumerated by epifluorescent microscopy. 5-10 ml of water 

samples preserved with 1.5% formaldehyde (v/v) were filtered immediately onboard onto 

black 0.22 µm nucleopore polycarbonate filters. The filters were placed on clean grease free 

glass slides on a thin smear of no-fluorescent immersion oil. After placing the filter on the 

slide, cover slip was placed on the filter onto a small drop of non-fluorescent immersion oil 

and firmly pressed to ensure no air-bubbles was entrapped. Slides were stored frozen till 

microscopic analysis. Total autofluorescent picoplankton was counted with 100X objective 

under green light excitation with an Olympus BH2 epifluorescent microscope.

Analysis of primary productivity

Theoretically the photosynthetic rate of a phytoplankton population can by estimated 

by the measuring the rate of change of some chemical component of the photosynthetic 

reaction, such as the rate of O2 production or the rate of Co2 consumption by phytoplankton 

(Sumich and Morrissey, 2004).

The measurement of primary productivity was carried by C-14 technique as described 

by Fitzwater et al (1982), and Lohrenz et al (1992).  For each fraction of phytoplankton water 

sample, two light and one dark bottles of 125 ml volume were spiked with 5µm Ci of NaH14 

CO and incubated for 5-12 hours.

Phytoplankton cells were collected on a 47 mm GF/F filter paper. Filters were 

immediately fumigate with fuming HCI and allowed to dry for overnight.

To the filters 4ml of scintillation cocktail was added into a 10ml vial. The filters along 

with the scintillation cocktail were shaken properly and the productivity was measured on the 

liquid scintillation counter.
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Calculation and Expression of Result:-

Rate calculations DPM values were converted to daily productivity rate using the 

following equation:

Production (mg C m-3 d-1) = ((SDPM/V*(W*0.25*10-3)/TDPM*1.05/T)

Where:

SDPM       =   DPMs in tittered sample

V                =   Volume of filtered sample (liters)

TDPM       =   Total 14CDPMs (in0.25 ml)

W               =   DIC concentration in samples (approx 25000 mg Cm-3 should be 

measured for non-oceanic habitats)

0.25*10-3    = Conversion of pipette volume to liters

1.05         = Correction for the lower uptake of 14C compared to 12C

T             = Time (days)

Similar calculations were done for each light bottle and the dark bottle and the values 

for the two light bottles were averaged. A similar calculation was made for time zero. This 

result was used to integrate the water column production (mg C m-2 d-1). 
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Results

Physical Characteristics

The CTD profiles of the sampling site during the post-monsoon months of October 

(Cruise Sagar Sukti (SaSu-186)) and November (Cruise Sagar Sukti (SaSu-190)) showed 

marked differences in the water column characteristics. As noted from the thermo-haline 

variations, stratification in water column was noted following monsoonal upwelling during 

October 13th which turned to well mixed conditions later in November 13th immediately 

following a tropical cyclonic event and hence represented different physical conditions.

During October sea surface temperature (SST) of 26.59°C was noted which sharply 

decreased to 22.69 °C at 11 m depth and remained mostly uniform between  22.34 – 22.56 °C 

upto 30 m depth. In the month of November the SST increased to 27.52°C and the water 

column temperature remained uniform between 27.52°C - 27.22°C (Fig 2 ).

Salinity profiles during October revealed an increase in salinity from 33.87 psu at 

surface to 35.86 psu at a depth of 6 m and therineafter the water coloumn salinity reamined 

uniform between 35.8 - 35.54 psu upto 25 m depth. A sharp drop in salinity to 33.15 psu was 

noted at 26 m which again increased to 35.54 psu at 30m depth. Later in November, the sea 

surface salinity increased to 34.54 psu at surface and reamined mostly uniform in the water 

column between 34.54 – 34.72 psu (Fig 2).

The water column characteristics were also reflected in the sea-water desnity(σ-T) 

varying as a function of temperature and salinity. During October cruise the sharp decrease in 

temperature from surface to depth of 11m caused σ-T to increase from 22.005 at surface to 

24.531 at 11m depth. Further at 26m in the bottom a drop in σ-T to 22.82 was noted due to 

decrease in salinity as mentioned earlier.  During November the overall uniform structure of 

temperature and salinity profiles caused σ-T to remain more uniform and varied marginally 

between 22.210 at the surface to 22.24 at a depth of 30m(Fig  2).
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Fig. 2. Physical characteristic of the study area site during October and November (a) 

temperature, (b) salinity and (c) sigma T.
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Chemical Characteristics

The Dissolved Oxygen of the study site during the study period showed highly anoxic 

conditions at the bottom during October. Dissolved oxygen (DO) during October varied from 

4.6 ml L-1 at the surface to hypoxic conditions of 1.16mlL-1 at the 20m depth indicating the 

oxycline and developing anoxia at 30m depth as DO decreased to as low as 0.36ml L-1

corresponding to 16.05 µM. The DO content during November however showed the absence 

of this anoxia. The surface DO was comparatively much higher corresponding to 6.06 mlL-1

and interestingly at 20 m depth the DO increased to 5.07 mlL-1 before dropping sharply again 

at 30 m depth to 2 mlL-1 indicating a marginal hypoxia (Fig. 3).

The nutrient characteristics also showed characteristic differences during the study 

period. Soon after upwelling during October the water column Nitrate was mostly depleted. 

The nitrate increased with depth and varied from as low as 0.007 µM at surface to 0.013 µM 

at 30m. Similar trends were also reflected in the distribution of phosphate and silicate as they 

varied from 0.09 – 0.15 µM and 0.21 – 0.31 µM respectively. During November, the 

inorganic nutrients concentration increased considerably and a more uniform distribution 

pattern was noted. Unlike in the month of October the nitrate, nitrite and silicate 

concentrations were low at 30m depths compared to the surface. The nitrate varied from a 

minimum of 0.1 µM at surface to a maximum of 0.95 µM at 10m depths. The ortho-

phosphate concentrations varied from 0.32 µM at surface to 0.58 µM at 30m depth while 

silicate concentrations varied between 1.5 µM at surface which decreased to 1.4 µM at the 

bottom (Table 1, Fig4).
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Fig. 3. Distribution of dissolved oxygen in the study site during October and 

November.

Depth 

(m)

Nitrate Nitrite Phosphate Silicate

Oct Nov. Oct. Nov. Oct. Nov. Oct. Nov.

1 0.007 0.096 0.006 0.064 0.0921 0.316 0.208 1.490

5 0.004 0.94 0.005 0.065 0.1842 0.290 0.208 1.320

10 0.014 0.95 0.005 0.061 0.1448 0.237 1.334 1.271

20 0.013 0.104 0.126 0.068 0.1316 0.171 0.281 1.407

30 0.013 0.091 0.130 0.055 0.1579 0.579 0.312 1.386

Table 1. Distribution of Inorganic nutrients (µM) in the study area during October and 

November.
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Fig. 4. Distribution of the inorganic nutrients (a) nitrate, (b) nitrite (c), phosphate and 

(d) silicate.
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Biological Characteristics

During October, chlorophyll a (Chl a) maxima of 4.464 mg/m3 was detected at 10 m 

depth. Chl-a concentration decreased to 1.031 mg/m3 at 30m depth (Table 2, Fig. 5). Size 

fractionated primary production (PP) revealed high productivity rates in the <10 micron 

fraction of 566.39 mgm-3 at the surface where nitrate was highly depleted.(Fig2) As nitrate 

concentrations increased at the bottom the productivity of the microplankton fractions (>10 

micron) increased to as high as 1066 mgC/m3/day at 10m depth. Phytoplankton concentration 

was also highest at 10m corresponding to 1.11x104 cells L-1. However, the peak in 

picoplankton concentration was detected at 5m corresponding to 19.94 x107 cells L-1. The 

<10 micron fraction productivity rates varied between 566.39 mgm-3 at the surface to 302.76 

mgCm-3day-1 at 10m depths. At the bottom although Chl a was high as 1.03 mgm-3 the gross 

productivity rates declined to as low as 26.91 mgCm-3day-1 (Table 4 and Fig. 6).

During November, the productivity was however lower in comparison to October and 

varied from 306.3 mgCm-3day-1 at a depth of 5m to 58mgCm-3day-1 at 30m depth. Chl-a 

dropped to less than 1mgm-3 at all the depths varying between 0.816 mgm-3 at surface to 

0.437 mgm-3 at 30m depth (Fig. 5, Fig. 6). The phytoplankton concentration was highest at 

the surface and varied between 2x103 cells L-1 at the surface to 8.4x102 cells L-1 at 30m depth 

while the picoplankton concentration varied between 2.5x107 cells L-1 at the surface and 

decreased to 1.3 x107 cells L-1 at 30m depth (Table 3).

The major phytoplankton groups were studied from chemotaxonomic analysis of 

HPLC derived pigments. During October, Diatoms remained the most important 

phytoplankton group as Fucoxanthin remained the dominant signature pigment all throughout 

the water column. Interestingly, Fucoxanthin concentrations remained unchanged at both the 

surface and 30m depth in the water column. In the less than <10 micron fractions also 

Fucoxanthin could be detected at both the surface and in bottom which indicates the presence 

of smaller size class diatoms that may be growing. The dinoflagellates signature Peridinin 

could be detected only at the surface with concentrations as low as 0.07 mgm-3 while 

cyanobacterial zeaxanthin was also detected only at the surface with concentrations as low 

0.05 mg m-3 (Fig7, Appendix 1).

During November as Chl a concentration decreased from October to less than 1 mgm-

3 of Chl a Diatoms still remained the dominant phytoplankton group although at lower 

concentrations. The Fucoxanthin concentrations varied between 0.18 mg m-3 at the surface to 
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0.14 mg m-3 at a depth of 30m. However, similar to like that in October, Peridinin and 

Zeaxanthin were detected at the surface corresponding to 0.06 mg m-3 and 0.03 mg m-3

respectively while both these pigments were not detected at the bottom depth of 30m (Fig 7, 

Appendix 1).

Microscopic analysis revealed that the major phytoplankton species (in the > 20 

micron fraction) present under anoxic conditions at 30m depths were Rhizosolenia alata, 

Navicula directa, Pseudo-nitzschia australis, Pleurosigma elongatum, Thalassiosira 

eccentricus and Coscinodiscus welsii. Thalassiosira eccentricus remained the dominant 

phytoplankton group in the water column during both October and November (Table 5).
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Depth (m) October November

1 1.340 0.816

5 3.319 0.666

10 4.464 0.647

20 1.571 0.521

30 1.031 0.437

Table 2. Distribution of chlorophyll a (µg/l) during October and November.

Fig. 5.  Distribution of the chlorophyll a in the study site during October and 

November.
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Depth

(m)

Phytoplankton count  

(cells/l)

Picoplankton count      

(cells*107/l)

Oct. Nov. Oct. Nov.

1 9010 2000 7.00 2.5

5 8576 2058 19.94 5.8

10 11124 1932 5.98 5.9

20 3690 960 3.49 8.2

30 1760 840 2.10 1.3

Table 3. Phytoplankton and picoplankton concentration during October and 

November.

Depth(m)

October November

<10 µm >10 µm Whole Whole

1 566.39 46.24 612.62 219.1

5 358.09 293.12 651.22 306.3

10 302.76 763.65 1066.41 165.21

20 24.79 242.45 267.24 79.36

30 3.62 23.29 26.91 58

Table 4. Primary productivity (mg C/m3/day) of the study site during October          

and November.
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Fig. 6. Comparative Chla, Primary Productivity and Productivity per unit Chla during 
October and    November in the study site.
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Fig. 7. Contribution of major pigments in the total and <10 micron fraction of surface 

waters during October.
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Fig. 8.  Contribution of major pigments in the total and <10 micron fraction of bottom 

waters (30m) during October.
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Fig. 9. Contribution of major pigments at surface and bottom waters during October.
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Oct. Nov.

Phytoplankton Group
Depth 
(m) 1 5 10 20 30 1 5 10 20 30

                       
Diatoms

1 Asteromphalus heptactis 40
2 Biddulphia longicruris 42 40
3 Biddulphia regia 40 210 168 40 120
4 Biddulphia sinensis 40
5 Cerataulina pelagica 360 42
6 Chaetoceros curvisetum 42
7 Chaetoceros danicus 40
8 Chaetoceros lorenzianus 36 84 210 80
9 Coscinodiscus radiatus 40 42 84 60

10 Coscinodiscus welsii 30 96
11 Distephanus speculum 72
12 Ditylum brightwelii 42
13 Melosira moniliformis 32 42 60
14 Navicula directa 480 108 30 40 42 84
15 Nitzschia seriata 252 32
16 Pinnularia rectangulata 60
17 Pseudo-nitzschia australis 204 96 180 60 32
18 Pseudo-nitzschia pungens 252 378
19 Planktoniella sol 42 60
20 Pleurosigma elongatum 36 930 416 40 42 126
21 Rhizosolenia alata 120 168 84 120
22 Rhizosolenia delicatula 102 32 180
23 Rhizosolenia hebetata 34
24 Rhizosolenia setigera 540 60
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25 Rhizosolenia imbricata 34 32 576 120 126 40 60
26 Rhizosolenia stolterforthii 64 216
27 Skeletonema costatum 40 42 40
28 Stephanopyxis palmeriana 36 30
29 Thalasionema nitzschoides 360
30 Thalassiosira condensata 80 42
31 Thalassiosira eccentricus 8398 7648 7092 2340 1152 400 420 84 480 420
32 Thalassiothrix frauenfeldii 136 324
33 Thalassiothrix longissima 68 504 90

Dinoflagellates 
34 Alaxandrium acatenella 36
35 Ceratium azoricum 42
36 Ceratium furca 320 336 126
37 Ceratium fusus 72 80 42 42
38 Dinophysis caudata 34
39 Dinophysis tripos 200 42
40 Gonyaulax bruunii 240 126 42
41 Noctiluca scintillans 96 144
42 Prorocentrum micans 32 120
43 Protoperidinium depressum 32
44 Protoperidinium leonis 120 84 42
45 Protoperidinium steinii 64 42 40
46 Pyrophacus horologium 40 42 42 40

Total density (cells/l) 9010 8576 11124 3690 1760 2000 2058 1932 960 840

Table 5. Phytoplankton distribution in the study area site October and November.
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Discussions

The study site selected in the coastal station off Goa is under strong influence of the 

South-West monsoon. The intense south-west trade winds blowing to the low-pressure 

Eurasian landmass areas also drives upwelling along the western Indian sea-coast in the 

Arabian Sea during May – October (Menon, 1989; Shetye  et al., 1990). The upwelling 

promotes the churning up of inorganic nutrients from the bottom waters to the upper euphotic 

zone. However, cloud cover during this period limits the availability of light to the 

photosynthetic community and wind forcing generates currents to unstable the water column. 

(Libes, 1992).

As a result phytoplankton growth is restricted and the inorganic nutrients remain 

mostly unutilized. As the wind strength reduces and water column stabilizes, immediately a 

spurt in phytoplankton growth occurs thriving on the freshly upwelled nutrients – nitrates, 

silicates and phosphates. (Parab et al., 2006). These blooms of diatoms deplete the surface 

nutrients fast during October. As nutrients starts getting depleted diatoms are succeeded by 

dinoflagellates. However as the stratified water mass prevents mixing, the bottom nutrients 

concentration still remains higher with surface nutrients (Fig. 2 and 4) getting utilized by 

blooms of diatoms and highly anoxic conditions prevailing at the bottom waters were 

detected during this period (Fig. 3) (Parab et al., 2006). Warm less saline water at the surface 

showed the influence of the riverine input (Roy et al., 2006).)  The high level concentration 

of nitrite at 20 and 30m depth (0.13µmol) during October (Table 1 and Fig. 4) indicated  the 

denitrification processes which are favourable in such hypoxic conditions (Krishnan et al,. 

2008), similarly the enhance of dissolved inorganic phosphate in the water column is used as 

an indicator for the degree of anoxia in the region as the oxygen poor water are conducive for 

reduction of iron and the subsequent phosphate release from the ferric phosphate (Caraco et 

al,. 1989).

Biological impacts of the seasonal coastal anoxia developing over the Western Indian 

continental shelf post South-West monsoon period is of concern (Naqvi et al. 2000).  Later in 

November, as circulation promoted mixing the water column turns to a more uniform 

structure (Shetye 1991). The well mixed water column during November assumed to due to 

the wind action and upwelling processes as a result of the tropical cyclone event (Appendix 

2).  This injects bottom nutrients into the surface layers and further supports growth of the 

phytoplankton as the anoxia disappeared. Thus, the present study represents two entirely 
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different ecological conditions of our coastal system – immediately after monsoon during 

October and a month later in November. 

High productivity rates in the <10 µm fractions of the water samples showed that 

picoplankton are an important component of the system in stratified and nutrient depleted 

water mass during October. Phytoplankton and picoplankton concentrations showed similar 

trends as their concentrations decreased at the bottom. High density of the picoplankton at 

the surface may associate with the distribution of the micronutrients and their adaptation to 

the high light intensity (Winder, 2009). Bouteiller et al (1992) observed that cyanobacteria 

were always numerically predominant in nitrate-depleted layer, and also numerically 

dominate in the surface waters. Ramaiah et al. (1996) recorded that the highest picoplankton 

abundance, was up to ca. 60 * 106 cells/l in the Northern Arabian Sea during February-March 

1995.

Most importantly,  Chl a maxima of 4.44 mg m-3 and productivity rates of 1.06 gCm-

3day-1 was present at 10m depth (Table 2,) which assumed to be the optimal light depth for 

the macro phytoplankton growth while in the hypoxic zone  the microplankton concentration 

was highest. From HPLC profiles it was seen that Diatoms remained the most dominant 

group during both October and November. Interestingly, a greater contribution to primary 

productivity by the less than 10 micron fraction was also largely contributed by smaller size 

class diatoms. Picoplankton concentrations peaked at 5m depth and started decreasing 

thereinafter. The sub-oxic conditions starting from 20m depths limited the productivity. 

However, more than 1 mgm-3 of Chl a was estimated at the depths and the productivity was 

dominated by microplankton in the >10 µm fractions.

As the system became more uniform in structure during November the picoplankton 

counts were more in surface/sub-surface waters and decreased at the bottom while the 

microplankton (diatoms, dinoflagellates, other algae) concentration showed similar trends as 

they increased in the surface and decreased in the bottom. Bouteiller et al (1992) also 

observed that cyanobacteria (size fraction <1µm) were always numerically predominant in 

nitrate-depleted layer, and even  in systems such as the upwelling, where there is no 

oligotrophic mixed layer, Chl a > 1 µm predominated from the top to the bottom of the 

euphotic layer,  cyanobacteria  also numerically dominate in the surface waters.

The productivity and phytoplankton concentration was however much lower in the 

month of November when compared to October although the concentrations of inorganic 
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nutrients remained higher. This may be also attributed to a local tropical cyclonic event just 

before the cruise in November (Appendix 2). The higher bacterial counts at 30m depth under 

anoxic conditions suggest strong denitrification processes at the bottom and has important 

biogeochemical consequences (Krishnan et al., 2008). The main objective of the present 

study was to assess the productivity of coastal waters and to understand the contribution of 

the micro and pico fractions to the primary productivity. The total column productivity was 

more immediately following upwelling in the month of October and remained as high as 

14.96 gCm-2 day-1 and the productivity of the less than 10 micron fraction was 5.28 gCm-2

day-1 .A drastic decrease in productivity was noted in the month of November to 4.14 gCm-

2day-1 although nutrients remained high and this could be attributed to the water column 

stability following a cyclonic event.

The occurrence of the sudden high nutrients in the euphotic zone (e.g. upwelling) not 

immediately coined with high production. This also assumed to be due micronutrients (e.g. 

iron) or organic compounds (e.g. vitamins) limitation, as some phytoplankton species either 

do not require this micronutrient and organic compounds or use more efficiently these very 

low concentrations that may present, these species are first grow and produce actively in the 

newly upwelled water. In doing so they synthesize a variety of organic compounds than part 

of these may release to the water column. The compounds include the micronutrients needed 

by others phytoplankton (Segar, 1998).  As well as the phytoplankton require a stable water 

column and time for their adaptation which does not happen during November.

Most importantly, the column productivity was considerably more in the less than 10 

micron fraction and constituted almost 35.29 % of the total primary productivity during 

October. The less than 10 micron fraction contributed up to 92.45% of the total surface 

productivity which decreased to 13.45% of the total productivity at the bottom. Most 

interestingly HPLC derived pigments showed that this fraction consisted of mostly smaller 

sized less than 10 micron sized diatoms instead of cyanobacteria both at surface and in the 

bottom and their contribution to the coastal productivity was substantially higher as indicated 

from the PP per unit Chl a ratio of 1287.25. In comparison, the PP per unit Chl a in the whole 

surface water sample during October was only 457.18. Also, their presence in the sub-oxic 

and anoxic waters was detected and this is a significant result. The most dominant 

phytoplankton during the study period was Thalassiosira eccentricus. The present study 

recommends the need to study the taxonomy and physiology of the less than 10 micron 
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fractions as they would throw invaluable light on the phytoplankton types that succeed during 

anoxia conditions close to the coasts off Goa. 
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Summary and Conclusions

The coastal water off Goa is a characteristically interesting marine environment due to 

influence of the monsoon and upwelling. Studies on the primary productivity and related 

areas revealed the following results.

 Water column is stratified during October and remained well mixed during   

November.

 Hypoxic condition prevailed at the bottom during October but not in 

November.

 Nutrients (especially Nitrate) was low during October (surface) but increased 

during November. High nutrients remain in bottom largely due to intense stratification during 

October.

 Phytoplankton biomass (Chl a) average was high during October of 2.34 

mgm3 and in November it was as low as 0.62 mgm-3.

 Chl a at 30m depth was as high as 1.03 mg m-3 and that of November it was 

0.43 mg m-3.

 Primary Production during October (Surface) was 612.62 mgCm-3 day-1 and 

that in column was 14.96 gCm-2day-1. During November surface productivity was 219 

mgCm-3day-1 and that of column was 4.13 gCm-2day-1.

 In fractionation study picoplankton contributed 35.75% of total Chl a. 

However, in Primary production picoplankton contributed 92.54% of the total production at 

the surface during October.

 Total 46 species of phytoplankton were observed in the study area and major 

being diatoms (i.e. 33 species) and 13 species of dinoflagellates. Chemotaxonomic studies 

also indicated diatoms domination in whole sample as well as in fractions of <10 microns 

dominated by picoplankton.

 Most importantly the coastal water off Goa remained well stratified during 

October month and well mixed during November month. Due to this, Chl a during October is 

high compared to that in November. This is in agreement with nutrient data during October 
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and November months. The sample taken from the 30m depth demonstrated negligible 

productivity although Chl a is measurably high. The carbon production at the surface water 

was much more during October (612.62 mgCm-3 day-1) compared to November (219.1 

mgCm-3day-1). The factors responsible for lower production are water column stability and 

availability of light in the coastal water off Goa.
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