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Abstract 

 Data on the distribution of Dimethylsulphide (DMS) and 

dimethylsulphoniopropionate (DMSP) in relation to phytoplankton abundance in 

different oceanic environments is important to understand the biogeochemistry of 

DMS, which plays an important role in the radiation balance of the earth. During 

the summer monsoon of 2001 measurements were made for DMS and DMSPt 

(total DMSP) together with related biological parameters in the Bay of Bengal. 

Both DMS and DMSPt were restricted to the upper 40 m of the water column. 

Diatoms accounted for more than 95% of the phytoplankton and were the major 

contributors to the DMS and DMSPt pool. The mean concentration of DMS in the 

upper 40 m was observed to be around 1.8 ± 1.9 nM in the study area, while 

DMSPt concentrations varied between 0.7 nM and 40.2 nM with a mean of 10.4 ± 

8.2 nM. The observed lower DMSPt in the northern Bay in spite of higher mean 

primary productivity, chlorophyll a and phytoplankton cell counts seemed to result 

from grazing. Though salinity divides the Bay into different biogeochemical 

provinces there is no relation between salinity and DMS or DMSPt. On the other 

hand DMS was linearly related to chlorophyll a : phaeopigments ratio. The results 

suggest the need for deeper insight into the role of diatoms in the 

biogeochemical cycling of DMS. 
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1. Introduction 

 Dimethylsulphide (DMS) is an important ingredient in the radiation balance 

of the Earth. Produced in the surface layers of the ocean, it is the most dominant 

reduced sulphur gas and is transferred to the atmosphere during air-sea 

interactions (Lovelock et al., 1972). Its oxidation in the atmosphere leads to the 

formation of sulfate aerosols, which reflect back incoming solar radiation. These 

aerosols also provide nuclei for cloud formation. Besides increasing the Earth’s 

albedo, clouds also give rain. Thus, DMS plays an indirect role in negating the 

effects of green-house gases and is therefore rightfully called the anti-green 

house gas. Charlson et al. (1987) proposed a hypothesis, now known as CLAW 

hypothesis connecting DMS emissions to changes in albedo. Increased 

production of DMS due to global warming is expected to lead to more sulfate 

aerosols and subsequently to more cloud condensation nuclei (CCN) that can 

enhance back radiation.  

 Being a by-product of primary production its formation in the surface 

layers in the ocean has been observed to vary both spatially and temporally. Its 

precursor dimethylsulphoniopropionate (DMSP) produced by phytoplankton is 

considered to function as an osmolyte and cryoprotectant (Vairavamurthy, 

Andreae & Iverson, 1985; Kirst, Thiel, Wolff, Nothnagel, Wanzek & Ulmke, 1991). 

Varying concentrations of DMSP and DMS have been observed to be produced 

by different groups of phytoplankton and, according to Liss et al., (1993), 

production of DMS follows the following order: 

Coccolithophores > Phaeocystis > Dinoflagellates > Diatoms 

However DMSP is also found in many other groups of marine algae including 

Chlorophytes, Rhodophytes, Chrysophytes and Prasinophytes (Malin & Kirst, 

1997). 

 High DMS and DMSP have been reported during spring blooms of 

Coccolithophores and Phaeocystis sp. in the temperate and polar waters 

(Barnard, Andreae & Iverson 1984; Gibson, Garrick, Burton & McTaggart, 1990; 

DiTullio & Smith, 1993; Van Duyl, Gieskes, Kop & Lewis, 1998). Since its 
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discovery by Lovelock et al. in 1972, the last three decades have seen a lot of 

DMS measurements around the world with most studies coming from the Atlantic 

and the Pacific. Very few studies have been carried out on the distribution of 

DMS and DMSP in the northern Indian Ocean (Hatton, Malin & Liss 1999; 

Shenoy, Kumar & Sarma, 2000; Shenoy, Joseph, Kumar & George, 2002 

Shenoy & Patil, 2003). The northern Indian Ocean is comprised of the Arabian 

Sea and the Bay of Bengal. It is landlocked on its northern side unlike the Pacific 

and the Atlantic. Though lying on similar latitudes on either sides of the Indian 

peninsula the two basins have entirely different characteristics. Unlike the 

Arabian Sea, the Bay receives large amounts of fresh water from some of the 

largest rivers in the world. Annual discharge exceeds 1.6 x 1012 m3 with 

Brahmaputra, Ganges, Irrawaddy and Godavari contributing on an average 0.510, 

0.493, 0.422 and 0.092 (1012) m3 respectively (Subramanian, 1993) with most of 

it during the southwest monsoon. Fresh water discharge from all the rivers 

surrounding the Bay of Bengal during the southwest monsoon amounts to 0.943 

x 1012 m3 (Varkey, Murty & Suryanarayana, 1996). The heavy freshwater runoff 

results in the formation of a low saline lens especially in the head of the Bay. The 

result is strong surface stratification and preventing nutrients from surfacing. 

Surface productivity (1 m) in the Bay of Bengal is greater than that of the Arabian 

Sea, but the productivity of the water column in the Arabian Sea is greater than 

that of the Bay of Bengal (Qasim, 1977). The present study in the Bay of Bengal 

is a part the Bay of Bengal Process Studies (BOBPS) program the aim of which 

was to understand the influence of the riverine inputs on the upper-ocean 

characteristics of the Bay of Bengal. Since the riverine input brings nutrients 

important for phytoplankton growth along with it we took the opportunity to study 

the distribution of DMS and DMSP in relation to phytoplankton abundance. The 

results presented here are from the first cruise to the Bay. 

2. Materials and Methods 

 Samples for the study were collected on onboard ORV Sagar Kanya 

(SK166) during southwest monsoon (SWM, from July 6 to August 2, 2001) in the 

central and western parts of the Bay of Bengal, hereafter referred to as the 
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central Bay (CB) and western Bay (WB). The cruise covered two transects, one 

in the central Bay  (along 88°E), and the other along the western Bay, between 

81°E and 85°E (Fig. 1).  As the shelf in the Bay is quite narrow, most of the 

stations along the WB covered fairly deep waters (~1000m). Temperature and 

salinity data were collected using a CTD system (Sea Bird Electronics, USA). 

Water samples were collected from eight discrete depths (near surface, 10 m, 20 

m and thereafter at 20 m intervals to 120 m) using a rosette, fitted with 10-L 

Niskin bottles, attached to the CTD system. Sub-sampling was done for DMS, 

DMSPt (total DMSP), chlorophyll a (chl a) and phytoplankton cell counts (PCC). 

Except DMS, which was collected at all the stations the other measurements 

were made at nine major stations (Stations with circles around the dot; Fig. 1). 

For PP measurements water samples were drawn from the above-mentioned 

depths at pre dawn and were collected into four 300-ml polycarbonate bottles 

(Nalgene, Germany), three light and one dark at each depth. One ampoule of 

NaH14CO3 (Board of Radiation and Isotope Technology, Mumbai with a specific 

activity of 185 kBq) was added to each bottle and incubated insitu using a 

mooring system at respective depths for 12 hours from just before sunrise to half 

an hour after sunset. Incorporation of 14C was determined by filtering 100 ml of 

the sample from each bottle through GF/F filters (25mm dia, 0.7 µm pore size, 

Whatman, USA). The filters were transferred to scintillation vials and exposed 

overnight to HCL (0.5 N) fumes in closed container. Five milliliters of liquid 

scintillation cocktail (Sisco Research Laboratory, Mumbai) were added to each 

vial, and the radioactivity was measured in a scintillation counter (Wallac 

1409DSA, Perkin Elmer, USA). Primary production rate was calculated as mg C 

m-3d-1, 12 hours being considered as a day (UNESCO, 1994)  

Chlorophyll a and phaeopigment concentrations were determined 

fluorometrically (Turner Designs, USA) by filtering duplicate of 1-L water samples 

from each depth using GF/F filters and extracting under refrigerated condition by 

adding 10 ml of 90% acetone in the dark for 24 hours. Phaeopigments were 

measured by adding 2 drops of 0.5 N Hydrochloric acid to the same sample. 
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For analyzing phytoplankton cell counts and composition, water samples from 

each depth were fixed in Lugol’s iodine (1% w/v) and 3% formaldehyde and 

stored in dark until taken up for analyses. A settling and siphoning procedure was 

followed to concentrate samples from 250 ml to 20 ml (Utermohl, 1958). For 

counting phytoplankton cells (size >5µm) and identification of genera and 

species (when very certain), two 1-ml replicates of concentrated samples were 

transferred into a Sedgewick-Rafter plankton counting chamber and examined 

microscopically at 200x magnification. The whole slide (1000 fields) was counted 

for diatoms, dinoflagellates and silicoflagellates. Generic and species 
identification was done according to the keys provided by Subramanyan (1946, 

1961, 1968), Lebour (1978), Desikachary (1986, 1987), Constance et al., (1985) 

and Tomas (1996). A 100x Oil immersion objective on a Zeiss (Axioskop, 2plus) 

microscope was used for confirming the genera or species. 

2.1. DMS and DMSPt measurements 

Samples for DMS and DMSPt were collected separately in 60-ml, amber-

coloured, ground-glass, stoppered bottles. Care was taken during collection to 

minimize any kind of atmospheric contact. One milliter of 10 M NaOH was added 

to DMSPt samples (pH after alkali addition was > 12) and kept for hydrolysis for 6 

– 8 hours. Alkali hydrolysis results in cleavage of DMSPt into DMS and acrylic 

acid. Both DMS and DMSPt samples were kept in dark at 4 °C. The storage time 

never exceeded 4 hours for DMS. Analysis of DMS commenced immediately 

upon collection. Samples were analysed using a Hewlett Packard Gas 

Chromatograph (Model 5890 series II plus) fitted with a flame photometric 

detector (FPD). Both DMS and DMSPt were analysed according to the method 

given of Turner, Malin, Bagander, & Leck, (1990) and is also detailed in Shenoy, 

Joseph, Kumar, & George, (2002) and Shenoy and Patil (2003). Briefly, a known 

volume of sample was purged using dry nitrogen gas. Sample volume varied 

from 10 ml to 30 ml-lower volumes were used for surface samples and higher 

volumes for deep samples in order tto get a substantial amount of DMS. The 

stripped gases were dried and then concentrated using a liquid nitrogen cryo 

trap, which consisted of a Teflon coil suspended above liquid nitrogen. Samples 
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are stripped for a period of 15 minutes at a flow rate of ~ 100 ml min-1. The 

gaseous mixture was then separated on chromosil 330 column kept at 40°C and 

detected on the FPD kept at 150°C. DMSPt is obtained by subtracting DMS from 

DMSPt + DMS value. Since the samples were not filtered DMSPt refers to total 

DMSP. Calibrations were done using DMS liquid (Merck) and ethanol (Merck). 

Due to time constraints samples were run once for the completion of all the 

samples at the earliest. Wherever it was necessary analyses were repeated to 

ensure the results obtained. However, precision tests were carried out 

periodically using replicates of standards and seawater. These tests revealed a 

recovery of more than 99 % for standards and seawater samples. Precision was 

found to be 6% for standards (n=10) and between 8 – 10 % for samples (n= 8).  

2.2. DMS flux calculations 

DMS fluxes were calculated using the equations given in Turner et al., (1996), in 

which the transfer velocities of CO2 are corrected for DMS using the third order 

polynomial equation for relation of ScDMS with temperature based on measured 

diffusivity of DMS (Saltzman, King, Holmen & Leck, 1993). Wind speeds obtained 

from the automatic weather station were corrected to 10 m height following 

Stevenson (1982). 

 Since 40 m is in general the euphotic zone for the Bay of Bengal (Qasim, 

1979), results of this study are discussed for two depth ranges of the water 

column, surface to 40 m and from 40 m to 120 m. 

3. Results 

 Figures 2a-d illustrate the depth distribution of salinity, PCC, PP, chl a, 

DMS and DMSPt at four different stations. These stations formed a part of four 

different regimes as mentioned below. In general low saline waters were 

observed in the surface at all the stations. South of 15°N the surface (0 m to 40 

m) salinity averaged around 33.9 ± 0.05 ‰ in the coastal stations (stations 20 

and 23) and around 33.8 ± 0.68 ‰ in the open ocean stations (stations 1 to 9), 

whereas north of 15°N the surface salinity averaged around 32.4 ± 1.43 ‰ in the 

coastal stations (stations 16 and 18) and around 32.1 ± 2.09 ‰ in the open 
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ocean stations (stations 10 to 14).  The mean salinity in 40 m to 120 m water 

column averaged 34.7 ± 0.22 ‰. Thus salinity plays a major role in dividing the 

biogeochemical provinces in this region. Both DMS and DMSPt in general were 

restricted to the surface layers and were found to decrease rapidly below 40 m or 

50 m with nearly undetectable levels at 120 m. In addition, PP, chl a and PCC 

were also observed to decrease with increasing depth. The distribution of DMS 

and DMSPt in relation to biological parameters (PP, chl a and PCC) is thus 

discussed with reference to north and south of 15°N and between 0 m to 40 m 

(henceforth referred as photic waters) and between 40 m to 120 m depth 

(henceforth referred as sub-photic waters). Table 1 summarizes the range and 

averages of different parameters measured in these four different regimes. 

Results discussed below are with reference to these values in Table 1, but one 

can get an idea about the vertical distribution of the discussed parameters from 

figures 2a, 2b, 2c and 2d. 

3.1. South of 15°N 

 In general, coastal stations showed high DMSPt concentrations. In the 

coastal photic waters, maximum DMS concentration of 2.9 nM was observed at 

20 m depth at station 20, whereas in the open ocean photic waters DMS 

maximum of 14.9 nM was observed at 10 m depth at station 2. Nevertheless the 

mean concentrations in the south in both the coastal and open ocean photic 

waters were nearly similar with 1.7 ± 0.6 nM and 1.8 ± 2.9 nM respectively. 

Similarly the sub-photic DMS concentrations in both the regimes showed a mean 

concentration of around 0.5 ± 0.4 nM. In contrast to this, the coastal mean photic 

DMSPt concentrations were nearly double (15.9 ± 5 nM) than that of the open 

ocean waters (8.8 ± 8.6 nM). Similarly the sub-photic mean DMSPt in the coastal 

waters also was higher (5.3 ± 5.3 nM) in comparison to the DMSPt in the open 

ocean sub-photic waters (2.3 ± 3.3 nM). PP, chl a and PCC in general decreased 

with depth with sub-surface maxima usually between 20 m and 40 m. Average 

PP in the coastal photic waters was the highest with a value of 4.8 ± 5.1 mg C m-

3 d-1 while that in the open ocean was lower with an average value of 2.3 ± 1.4 
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mg C  m-3 d-1. The PP of the sub-photic waters was lower than that of the photic 

waters. Similar to the trend of primary productivity, average photic chl a of both 

the open ocean and the coastal waters was found to be around 0.1 ± 0.04 mg m-3, 

while the sub-photic waters contained lower levels of chl a. Photic waters had 

higher PCC in comparison to the sub-photic waters. The average PCC in both 

the coastal as well as open ocean was ~2300 ± 1725 cells l-1. The lowest was 

observed in the open ocean subsurface waters (301 cells l-1). Diatoms, with 

Thalassiothrix longissima and Thalassiothrix fauenfeldii as the dominant species, 

accounted for more than 95% of the phytoplankton population south of 15°N 

(Table 1). Thalassiothrix longissima dominated the phytoplankton population 

accounting respectively for more than 73% and 37% in the coastal and open 

ocean photic waters. 

3.2. North of 15°N 

In the coastal stations, the maximum photic water DMS concentration of 5.3 nM 

was observed at 20 m depth at station 18 whereas in the open ocean the 

maximum photic water DMS of 3.0 nM was observed at surface. The coastal 

photic DMS averaged around 3.1 ± 1.3 nM while that in the open averaged about 

1.6 ± 0.7 nM. In comparison to the surface concentration, the sub-photic DMS 

concentrations were low with a mean concentration of around 0.4 ± 0.3 nM. In 

contrast, mean photic DMSPt concentrations in the open ocean waters (11.3 ± 

8.8 nM) were higher than the coastal waters (3.7 ± 1.3 nM). Mean sub-photic 

DMSPt were lower (0.5 ± 0.2 nM & 1.4 ± 1.1 nM) in this region compared to those 

south of 15°N. While, the mean PP in the open ocean stations was 2.9 ± 2.5 mg 

C m-3 d-1, mean photic PP for the coastal stations was 6.7 ± 5.3 mg C m-3 d-1, the 

highest rate observed during the present study. In the coastal as well as open 

ocean stations, the PP averaged ~ 0.4 ± 0.4 mg C m-3 d-1 in sub-photic zone. 

Photic chl a was marginally higher in the north when compared to the south, in 

both the coastal and open ocean stations and averaged ~ 0.2 ± 0.1 mg m-3. In 

contrast to the region south of 15°N, the mean PCC in both the coastal and open 

ocean stations north of 15°N were quite high reaching up to 7000 ± 6268 cells l-1. 
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Thalassiothrix fauenfeldii was the dominant phyotplankter in the coastal photic 

waters where it comprised of around 35% of cells, while and the open ocean 

photic water contained a mix of Thalassiothrix longissima and Thalassiothrix 

fauenfeldii contributing 26% and 13%, respectively.  

3.3 Surface DMS and its Flux 

 Surface DMS concentrations were generally found to be low. Except for 

the high at station 2 in the south (11.1 nM), surface DMS concentrations varied 

between 0.2 nM and 3.9 nM. The average surface DMS concentration for the 

entire study area is 1.7 ± 2.5 nM. The wind speeds varied between 2.2 m s-1 and 

12.6 m s-1 with an average of 8.1 ± 3 m s-1. Highest DMS flux (36.7 µmol m-2 d-1) 

has been estimated at station 2 (south of 15°N; open ocean region). In the rest of 

the stations the estimated flux ranged between 0.2 µmol m-2 d-1 and 9.8 µmol m-2 

d-1.  The average mean DMS flux for the entire area under study during the 

present study is 4.8 µmol m-2 d-1. 

3.4 Statistical analysis: 

 Statistical analysis was carried out to see the relation between DMS, 

DMSPt, salinity, chl a, phaeopigments and phytoplankton abundance. Figure 3a 

illustrates the relation of salinity with DMSPt and DMS wherein both DMSPt and 

DMS are normalized with respect to chl a. The figure suggests that there is no 

relation between salinity (which increased with depth) and DMSPt or DMS (which 

decreased with depth). Both DMS and DMSPt depicted a positive, though weak 

correlation with chl a (r = 0.3, n = 70 for DMS versus chl a; r = 0.21, n = 62 for 

DMSPt versus chl a). However DMS versus chl a : phaeopigments ratio was 

linearly related (Fig. 3b). similarly PCC and chl a depict a linear relation (Fig. 3c). 

4. Discussion 

 The Bay of Bengal receives a large amount of freshwater through rainfall 

and riverine runoff, reducing the surface salinity in the Bay and forming a low 

saline lens. In addition the runoff carries huge amounts of sediment, reducing 

irradiance and limiting the euphotic depth to about 20 m – 40 m (Qasim, 1979). 
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During the summer monsoon of 2001, the region was characterized by cold-core 

eddies below approximately 20 m, but were prevented from surfacing by the 

strong stratification. Open ocean Chl a was observed to shoal up from 9°N to 

20°N. The detailed biogeochemistry of this region during summer monsoon 2001 

is discussed in Madhupratap et al., (2003).  

 The shoaling of chl a from south to north can be attributed to the 

combined effect of cold core eddies and riverine runoff, which caused shoaling of 

nutrients towards north, reduced irradiation and increase in the levels of silicate 

(~ 2 µM; Madhupratap, Gauns, Ramaiah, Prasanna Kumar, Muraleedharan, De 

Sousa, Sardesai & Muraleedharan, 2003). It is intriguing to observe the 

contrasting relations between the levels of photic DMSPt and associated flora; 

south of 15°N higher mean levels of photic DMSPt were found to be associated 

with low PCC, low chlorophyll a but marginally higher PP. However the mean 

high DMSPt may be attributed to contribution due to Thalassiothrix longissima 

(1757 cells l-1; > 73 % of diatom population) since it accounted for the majority of 

the PCC, whereas in the open ocean north the same may be attributed to the 

mixed population of Thalassiothrix longissima (928 cells l-1; 13.6% of diatoms) 

and T. fauenfeldii (1792 cells l-1; 26.3% of diatoms). In the present study diatoms 

were found to be the major contributors to DMS and DMSPt levels. In general 

diatoms are known to be the least producers of DMSP and DMS (Liss, Malin & 

Turner, 1993). However diatoms are known to be ubiquitous in the marine 

environment whatever the latitude. In a study on distribution of diatoms and 

dinoflagellates in the Bay of Bengal, Panigrahi et al., (2004) observed diatoms as 

the dominating population. In another study carried out in a tropical estuary by 

Shenoy & Patil (2003) a mixed bloom of diatoms and dinoflagellates have been 

observed to contribute significantly to the DMS and DMSP pool. In addition the 

Bay of Bengal also receives significant amount of silicate through riverine runoff, 

which is useful in supporting diatom population.  

 Mean photic DMS concentrations were more or less the same in all the 

four regimes except in the coastal north where the mean concentration was 

nearly twice the other three areas. In addition it also equaled the mean photic 
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DMSPt concentration indicating increased production of DMS in the coastal north. 

Also, in spite of the high average PP, chl a and PCC north of 15°N shows in 

general lower photic DMSPt concentration. Laboratory experiments have shown 

that grazing is an important pathway by which DMSP within the phytoplankton is 

converted to DMS (Dacey & Wakeham, 1986; Christaki, Belviso, Dolan & Corn, 

1996). Archer et al., (2003) have confirmed the production of DMS during 

herbivory using direct estimates of microzooplankton grazing. Jones et al., (1998) 

observed above normal concentrations of DMS in the sub Antarctic zone of the 

southern Ocean and attributed it to increased microzooplankton grazing in 

diatom dominated waters. Further he stated that above normal concentrations 

were not observed when the same waters were dominated by dinoflagellates. In 

the western Arabian Sea during SWM microzooplankton consume about 75-80 % 

of the daily PP (Landry et. al, 1998). In the Bay of Bengal during the SWM the 

microzooplankton numbers have been observed to increase from south to north 

(Gauns et al, 2005). Thus the lower photic DMSPt in the north of 15°N and the 

high average DMS observed in the coastal north may be attributed to loss due to 

grazing. 

 During the present study mixed layer depths (MLD) were observed to be 

generally shallow. These were caused by the strong stratification provided by the 

low saline surface waters, which did not allow deepening of the MLD. Thus 

salinity plays a major role in controlling the MLD in the Bay of Bengal 

(Madhupratap, Gauns, Ramaiah, Prasanna Kumar, Muraleedharan, De Sousa, 

Sardesai & Muraleedharan, 2003). Though no relation was observed between 

salinity and DMSPt or DMS (Fig 3a), existence of any kind of relation between 

salinity and DMSPt or DMS cannot be ruled out since DMSPt is considered to 

perform as an osmolyte in the cell. Insight into the relation and effects of salinity 

changes on DMSPt or DMS production/consumption can only be found out by 

laboratory experiments. Though PCC is very low below 40 m, DMSPt or DMS are 

still observed in low concentrations in these depths. These may be from the 

phytoplankton present there or from other sources such as sinking senescent 

phytoplankton cells or fecal pellets of zooplankton. 
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 Correlations between chl a and DMSP or DMS are useful in generating 

surface maps of DMS since surface chl a can be mapped through remote 

sensing and thus a strong correlation between chl a and DMSP or DMS will 

prove highly essential. The linear relation between DMS and chl a : 

phaeopigments ratio (Fig 3b) suggests that the concentration of DMS is directly 

related to the health of the phytoplankton cells. Various researchers in different 

parts of the world oceans (Yang, Liu, Li & Zhang, 1999; Yang, Cong, Zhang & 

Zhao, 2000; Walker, Harvey, Bury & Chang, 2000) have found good correlations 

between chl a and DMSP or DMS. On the other hand, use of global data sets by 

Kettle et al., (1999) did not show any clear relations between DMS and chl a. 

Anderson et al., (2001) has developed a new equation using chl a, nutrients and 

light to predict surface DMS. The results from his new equation were found to be 

consistent with the observed patterns for high latitudes, upwelling and shelf areas. 

Earlier Turner et al. (1988) had found positive correlations after segregation 

based on independent taxonomic groups in coastal waters of the United Kingdom 

but not when the data were considered in totality. This had brought about the 

importance of species contribution to DMSP and DMS. Though there is a linear 

relation between chl a and PCC (Fig 3c) the Y-intercept indicates presence of chl 

a even when the PCC is zero. This chl a may be attributed to picoplankton, which 

has not been enumerated in the present study and may be of importance since 

some of the picoplankton are known to be rich sources of DMSP (Wilson, Turner 

& Mann, 1998).  

 The observed average surface DMS is lower than an earlier observation 

(2.82 nM) from the same area during calmer conditions (Shenoy, Kumar & 

Sarma, 2000) and also low in comparison to the open Arabian sea (3 nM) and 

central Indian Ocean (2.2 nM) (Shenoy, 2002). It is also lower than the predicted 

global average of 2.66 nM (Anderson, Spall, Yool, Cipollini, Challenor & Fasham, 

2001) and much of the worlds other oceans which are usually above 2 nM 

(Barnard, Andreae, Watkins, Bingemer & Georgii, 1982; Bates, Cline, Gammon & 

Kelly-Hansen, 1987; Turner, Malin, Nightingale, & Liss, 1996; Sharma, Barrie, 

Plummer, McConnell, Brickell, Levasseur, Gosselin, & Bates, 1999; Yang, Cong, 
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Zhang & Zhao, 2000; Uher, Schebeske, Barlow, Cummings, Mantoura, 

Rapsomanikis & Andreae, 2000). The Bay of Bengal is well known for the 

occurrence of frequent low pressure disturbances, which results in above 

average wind speeds. In the present study above normal winds were observed in 

the beginning of the study, which covered the entire open ocean track, while the 

coastal track observed normal wind speeds (~ 4 m s-1). The high DMS flux 

observed at station 2 may be attributed to strong winds (8.3 m s-1) and 

reasonably high DMS (11.1 nM) 

6. Conclusion 

 Sizable concentrations of DMS and DMSPt were restricted to the top 40 m 

of the water column where they averaged around 2 nM and 10 nM respectively. 

Diatoms were the dominant phytoplankton and accounted for more than 95 % of 

the phytoplankton population. DMS was linearly related to chl a : phaeopigments 

ratio. Zooplankton alone does not throw much light on the effects of grazing on 

DMS and DMSP production/consumption suggesting the need to design grazing 

experiments during future studies. The dominance of diatoms suggests a deeper 

insight in the role of diatoms in the biogeochemical cycling of DMS and their 

contribution to the non sea salt sulfate pool in the Bay of Bengal. 
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Table 1. Average (range) values of salinity, DMS, DMSPt, primary productivity (PP), chlorophyll a (chl a), total phytoplankton cell numbers 
(PCC), and diatom numbers as divided according to depth range in different regimes. 

Area Depth 
range (m) 

Salinity DMS  
(nM) 

DMSPt  
(nM) 

PP 
 (mgC m-3 d-1) 

 

chl a  
(mg m-3) 

PCC 
(cells L-1) 

Diatom Nos. 
(cells L1) 

0 – 40 33.92 
(33.87 – 33.99) 

1.73 
(1.0 – 2.9) 

16.0 
(10.3 – 23.3)

4.8 
(0.32 – 12.66) 

0.1 
(0.05 – 0.17)

2394 
(384 – 6944) 

2334 
(256 – 6597) 

Coastal: 
South of 
15°N 40 – 120 34.6 

(34.26 – 34.81) 
0.7 

(0.2 – 1.7) 
5.3 

(0.5 – 14.6) 
0.72 

(0.10 – 3.54) 
0.09 

(0.01 – 0.19)
847 

(104 – 5460) 
840 

(56 – 5460) 

0 – 40 33.83 
(32.99 – 35.15) 

1.8 
(0.2 – 14.9) 

8.8 
(0.7 – 22.7) 

2.32 
(0.06 – 5.20) 

0.1 
(0.06 – 0.19)

2253 
(288 – 4800) 

2183 
(199 – 4800) 

Open 
ocean: 
South of 
15°N 40 – 120 34.74 

34.13 – 35.15) 
0.4 

(ND – 1.2) 
2.31 

(0.2 – 12.7) 
0.5 

(0.07 – 1.93) 
0.06 

(0.01 – 0.14)
301 

(44 – 1533) 
293 

(0 – 1533) 

0 – 40 32.45 
(29.61 – 34.55) 

3.1 
(1.2 – 5.4) 

3.7 
(1.6 – 5.7) 

6.7 
(0.29 – 15.8) 

0.19 
(0.08 – 0.36)

7189 
(660 – 23296) 

7107 
(660 – 23232) 

Coastal: 
North of 
15°N 40 – 120 34.7 

(34.53 – 34.90) 
0.36 

(0.29 – 0.65)
0.5 

(0.2 – 0.7) 
0.5 

(0.03 – 1.35) 
0.06 

(0.01 – 0.21)
1198 

(104 – 3900) 
1198 

(104 – 3900) 

0 – 40 32.14 
(26.73 – 34.53) 

1.6 
(0.3 – 3.0) 

11.3 
(2.1 – 40.2) 

2.92 
(0.01 – 6.04) 

0.17 
(0.12 – 0.28)

6899 
(1087 – 13832) 

6799 
(1087 – 13734) 

Open 
ocean: 
North of 
15°N 40 – 120 34.7 

(34.09 – 34.89) 
0.5 

(0.2 – 1.5) 
1.4 

(0.2 – 3.9) 
0.25 

(0.05 – 0.69) 
0.04 

(0.01 – 0.07)
861 

(64 – 2740) 
845 

(ND – 2692) 

ND: non detectable 
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Figure captions: 
 
Figure 1. Station locations in the Bay of Bengal during the summer monsoon of 
2001. Circled dots indicate stations for DMSPt, PP, PCC and chl a. 
 
Figure 2. Depthwise distribution of salinity, PCC, PP, chl a, DMS and DMSPt at 
four different stations representing different salinity zones in the Bay; Fig. 2a: Stn 
3 (9.01°N, 88°E), Fig. 2b: Stn 14 (20°N, 88°E), Fig. 2c: Stn 16 (19°N, 85.8°E) and 
Fig. 2d: Stn 23 (12°N, 80.99°E). 
 
Figure 3a. Correlation between salinity and DMS:chl a/DMSPt:chl a in the Bay of 
Bengal during the summer monsoon of 2001.  
 
Figure 3b. Correlation DMS and Chlorophyll a : pheoppigments ratio in the Bay of 
Bengal during the summer monsoon of 2001. 
 
Figure 3c. Correlation between PCC and chl a in the Bay of Bengal during the 
summer monsoon of 2001. 
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Figure 1. Station locations in the Bay of Bengal during the summer monsoon of 
2001. Circled dots indicate stations for DMSPt, PP, PCC and chl a. 
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Fig. 2a: Stn 3 (9.01°N, 88°E)

Figure 2. Depthwise distribution of salinity, PCC, PP, chl a, DMS and DMSPt 
at four different stations representing different salinity zones in the Bay
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Fig. 2b: Stn 14 (20°N, 88°E)
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2c: Stn 16 (19°N, 85.8°E) 
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Fig. 2d: Stn 23 (12°N, 80.99°E)
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Figure 3a. Correlation between salinity and DMS:chl a/DMSPt:chl a in the Bay of Bengal during the summer monsoon of 
2001.
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Figure 3b. Correlation DMS and Chlorophyll a : pheoppigments ratio in the Bay of 
Bengal during the summer monsoon of 2001.
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Figure 3c. Correlation between PCC and chl a in the Bay of Bengal during the 
summer monsoon of 2001. 




