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Abstract 

The Arabian Sea experiences moderate to weak upwelling along the south-west coast of India, which 

subsequently propagates towards the north. This causes variation in plankton community 

composition, which is addressed in the present study. Here we report the spatial variations in 

distribution of phytoplankton groups along the north-south transect in the eastern Arabian Sea based 

on marker pigments supported with flow-cytometric and microscopic analyses. 15 phytoplankton 

pigments were identified using High-performance liquid chromatography (HPLC) and the 

chemotaxonomic software (CHEMTAX) analysis associated these to seven major group of 

phytoplankton. The phytoplankton biomass, chlorophyll a (Chl a) was higher in southern stations 

with dominance of fucoxanthin whereas, divinyl chlorophyll a (divinyl Chl a), marker pigment of 

Prochlorococcus was present only in the northern region.  Microscopic observation revealed the 

dominance of larger forms; diatoms (Chaetoceros coarctatum and Nitzschia sp.) and dinoflagellates 

(Scrippsiella sp., Oxytoxum nanum and Oxytoxum sp.) in the southern region. Furthermore, a study 

of plankton size distribution showed dominance of picoplankton (fpico) followed by nanoplankton 

(fnano) along the northern stations with comparatively higher microplankton (fmicro) in the south.  This 

study clearly showed the influence of different environmental conditions on the phytoplankton 

community as reflected in  dominance of diatoms in the southern (south of 12 °N) and that of 

picoplankton in the northern (north of 12 °N) region. 
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1.   Introduction 

The Arabian Sea is one of the five major upwelling zones of the world ocean. Upwelling that occurs 

in the region is most vigorous along the western boundary (Somalia-Arabia coast) compared to the 

eastern part along the south-west coast of India (Banse, 1959;1968). However this process is 

restricted to the south-west monsoon (SWM, June to September), but because of the vigorous 

circulation during this season it affects a very large area where nutrient rich subsurface water is 

brought to the surface enhancing biological production (Banse, 1968; 1987; Sankaranarayanan et al., 

1978; Naqvi et al., 2000; Wiggert et al., 2005; Habeebrehman et al., 2008). The resultant overall high 

productivity may contribute to the oxygen deficient condition along the western Indian shelf (Naqvi 

et al., 2000). Accounting for approximately one fourth of all plants in the world (Hallegraeaff and 

Jaffrey, 1985), marine phytoplankton are important contributors to global carbon fluxes (Falkowski 

et al., 1998). Phytoplankton in the ocean are composed of various taxonomic groups which together 

determine total production and their interaction at different trophic levels and also the flux of 

particulate carbon from the euphotic zone (Michaels and Silver, 1988; Peinert et al., 1989; Buesseler, 

1998).  

The Arabian Sea displays distinct oscillation patterns in phytoplankton biomass, which are linked to 

seasonal variations in atmospheric forcing and a strong coupling between the prevailing physical 

conditions and the biological processes (Banse, 1987; Brock and McClain, 1992; Brock et al., 1991; 

1993; 1994). The combination of a wide range of physical conditions and warm water temperatures 

throughout the year results in highly diverse phytoplankton communities in the Arabian Sea 

(Simonsen, 1974; Taylor, 1976; Kleinje, 1991). Phytoplankton community structure in the Arabian 

Sea is therefore highly dependent upon prevailing environmental conditions, and diatoms are usually 

a significant component in the nutrient-rich upwelled waters during summer (Krey, 1973). 

The present study attempts to characterize the phytoplankton community structure along a north-

south (NS) transect in the near shore regions of the west coast of India. This study was carried out 

during the onset of south-west monsoon, when upwelling just begins along the southern coast of 

India. Here, we aim to understand the linkage between phytoplankton and environmental parameters 

prevailing in the study region. 

2. Materials and methods  

2.1. Study area and water sampling 

This study was conducted during the 294th cruise of ORV Sagar Kanya (25th May to 26th June 2012). 

One set of 19 stations placed at 0.5° intervals in a transect (NS transect) parallel to the coast between 
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8 °N and 17 °N and  another one with 6 stations perpendicular to the coast (Off Trivandrum, TVM 

transect) at 8.6 °N (Fig. 1) were occupied. Depths ranged between 600 and 800 m over the stations in 

the meridional transect and between 50 and 1250 m in the zonal transect. 

At every station, profiles of water temperature, salinity, dissolved oxygen (DO) and fluorescence 

were obtained with a Sea-Bird Electronics (SBE) 9plus CTD unit equipped with pre-calibrated 

sensors for DO (SBE 43) and fluorescence (Seapoint). In addition, water samples were collected with 

10 L Niskin samplers from two depths (surface and a depth of sub-surface chlorophyll maximum - 

Chlmax) and processed following JGOFS protocols (Knap et al., 1994) for chemical (nutrients) and 

biological (phytoplankton species composition and biomass as chlorophyll a) properties. The depth 

of Chlmax generally coincided with those of nutricline and of less-oxygenated waters.  

2.1. Chemical measurements 

Subsamples for nutrients were frozen on board at -20 °C and later analyzed in the shore laboratory 

for nitrate, phosphate and silicate in a Skalar auto analyzer following the methods given by Grasshoff 

et al. (1983). 

2.3. Biological measurements 

2.3.1. Phytoplankton cell counts (>10 μm) 

A sub-sample of 250 ml was fixed with 2% Lugol′s iodine. All such samples were stored in the dark 

at room temperature until enumeration. A settling and siphoning procedure was followed to 

concentrate the samples which were then examined microscopically in a Sedgewick-Rafter plankton 

counting chamber (Structure Probe, Inc., West Chester, PA, USA) at ×200 magnification. 

2.3.2. Picophytoplankton biomass 

Water samples for picophytoplankton were fixed in glutaraldehyde (0.2% final concentration), 

quick-frozen in liquid nitrogen and stored at -80 °C until analysis. The analyses were carried out in a 

BD FACS Calibur Flow cytometer equipped with blue (488nm) and red lasers (633nm), and absolute 

counts were obtained following the procedure of Marie et al. (1997). A combination of FSC (forward 

scatter), SSC (side scatter), SSC-FL3 (red fluorescence) and FL2 (orange fluorescence)-FL3 plots 

was used to differentiate populations in the sample (Casamayor et al., 2007). 1 micron Fluoresbrite 

YG beads (Polysciences, Warrington, PA) were used as internal standards. The data were analyzed 

in CYTOPC software (Vaulot, 1989; 1990). 
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2.3.3. HPLC pigments 

Water samples meant for the analysis of phytoplankton pigments were collected in amber-colored 

bottles and filtered (0.5 to 1 L) through Whatman GF/F filters (pore size 0.7 μm) in dark and stored 

at -80 °C until the analysis. The frozen filters were extracted at 0°C for 1-2 minutes in 3 ml of 100% 

methanol using Fisher Scientific ultrasonic dismembrator at 23 kHz. The methanol extracts were 

filtered using a Teflon syringe cartridge (pore size 0.45 µm) to remove cellular debris and analyzed 

using HPLC (Agilent Technologies) using an Eclipse XDB C8 column. Pigments were separated 

following the procedure as given in Roy et al. (2006) and Kurian et al. (2012) using gradient 

program and pigments were detected at 450 and 665 nm (Soret and Q-bands) by the diode array 

detector. Commercially available standards obtained from DHI Inc. (Denmark) were used for the 

identification and quantification of pigments including both chlorophylls and carotenoids. 

Identification was done based on the retention time and visible spectra matching. 

2.3.4. CHEMTAX and phytoplankton size class analyses  
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Pigments such as fucoxanthin, peridinin, chlorophyll b, zeaxanthin and alloxanthin etc. are 

diagnostic of specific phytoplankton functional groups (diatoms, dinoflagellates, chlorophytes, 

cyanobacteria and cryptophytes respectively) (Table 1) and thus are useful in  determining 

phytoplankton species-specific composition (Suzuki et al., 1997; Jeffrey and Vesk, 1997; Barlow et 

al., 1998; Paerl et al., 2003; Barlow et al., 2008). The pigment composition obtained with HPLC as 

above hence was subjected to an analysis with CHEMTAX (chemical taxonomy) software (Mackey 

et al., 1996; Wright et al., 1996, 2009, 2010) to determine relative abundance and contribution of 

phytoplankton functional groups.  CHEMTAX uses a factor analysis and steepest-descent algorithm 

to find the best fit of the data to an initial pigment ratio matrix. Initial pigment ratios for major algal 

classes were obtained from the literature (Gibb et al., 2001; Schluteret al., 2000, 2011). Based on the 

diagnostic pigments detected, 8 algal groups - prasinophytes, dinoflagellates, chlorophytes, 

cyanobacteria, diatoms, haptophytes, cryptophytes and chrysophytes - were loaded to CHEMTAX. 

The 

CHEMTAX input ratio was optimized based on Wright et al. (2009) and the output with the smallest 

residual was selected. The optimized pigment ratio of the matrix derived by CHEMTAX is presented 

in supplementary tables (Table S1.A and S1.B). Concentrations of different marker pigments were 

used to reconstruct the proportion of various phytoplankton size classes. The concentrations of 

chlorophyll a associated with each of the three phytoplankton classes (fmicro, fnano and fpico) were 

calculated following the equations as given below (Vidussiet al., 2001 and Uitzet al., 2006). 

3. Results  

3.1. Hydrographic and biogeochemical variations  

3.1.1. NS transect 

Latitudinal variations in temperature, salinity, dissolved oxygen and fluorescence are shown in 

Figure 2. Based on the hydrographic conditions, it was evident that the upwelling was prominent 

south of 12°N and accordingly the sampling stations were divided into two sections, northern 

(stations 1 to 12) and southern (stations 13 to 19). The surface water was warmer (sea surface 

temperature, SST: 28.5 - 29.7 °C) and more saline (sea surface salinity SSS: 34.1 - 36.1 psu) in the 

northern section than in the southern one (SST: 27 - 28.6 °C and SSS: 34 - 35.9 psu). In contrast, 

dissolved oxygen showed comparable values at the surface between northern (2.5- 4.1 ml L-1) and 

southern (2.8 to 4.1 ml L-1) sections. However, Figure 2 clearly shows shoaling of isolines 
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(temperature and DO) in the euphotic zone towards the southern section, which supported larger 

phytoplankton biomass as represented by fluorescence in the water column. 

The concentrations of nitrate, phosphate and silicate in the surface waters did not show large 

variation between the northern and southern sections (Fig. 3A). However, as evident from the 

hydrographic parameters, the upwelled waters in the south displayed considerable buildup of nitrate 

and silicate at the depth of Chlmax (Fig. 3B). The values of nitrate, phosphate and silicate at this depth 

varied in the range of 0.1 - 4.8 µM, 0.23 - 0.59 µM and 2.13 - 3.87 µM respectively at northern 

stations but were higher at the southern stations (0.2 - 13.47 µM, 0.3 - 1.2 µM and 1.9 - 9.8 µM). In 

addition, colder (SST: 25.8 - 27.9 °C), low-oxygenated (1.7 - 4 ml L-1) and nutrient-enriched (NO3: 

0.7 - 19.8 µM; PO4: 0.36 - 1.48 µM and SiO4:1.7 - 15.1 µM) waters were observed at the depth of 

Chlmax along TVM transect signifying upwelling.   

3.2.  Biological measurements 

3.2.1.  NS transect 

The distribution of chlorophyll a showed large spatial variations along the NS transect during the 

onset of south-west monsoon. The Chl a concentrations in the surface waters were lower (131 - 1233 

ng L-1) than at Chlmax (191 - 1401 ng L-1; Fig. 4A and 4B). Chlmax was generally present within a 

depth range of 10-50 m. 

The concentrations of phytoplankton accessory pigments also varied between transects both at the 

surface and at Chlmax (Fig. 4A and 4B) with high diversity at the latter one. The concentrations (max. 

ng L-1) of 19’HF (132), divinyl Chl a (118), zeaxanthin (116) and Chl b (68) were higher in surface 

water in the northern section whereas zeaxanthin (343), 19’HF (267), fucoxanthin (183), 

diadinoxanthin (73) and Chl b (69) were major contributors with higher concentrations in the south.  

Divinyl Chl a (120 ng L-1), 19’HF (114), zeaxanthin (104) and 19’ BF (50 ng L-1) were the dominant 

marker pigments at the Chlmax in the northern stations. On the other hand, the accessory pigments in 

southern stations were dominated by 19’ HF (max. 256 ng L-1), zeaxanthin (211), fucoxanthin (186) 

and Chl b (176). In general, fucoxanthin and diadinoxanthin were in low concentrations in the north 

whereas divinyl Chl a was absent at most of the southern stations except at stations 13 and 19 where 

they were present in low concentrations. 

3.2.2. TVM transect 

Significant progression of upwelling was seen along the transect as reflected in the increased 

phytoplankton biomass (Chl a). Chl a concentrations in the surface water varied in the range of 314 - 

5244 ng L-1
 and between 347 and 4400 ng L-1 at Chlmax. Higher concentrations were recorded at 
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stations T3 and T4 (Fig. 5A and 5B).  Accessory pigments (ng L-1) in surface waters and at Chlmax 

were associated with the dominance of fucoxanthin (44 - 2481), zeaxanthin (28 - 506) and 

diadinoxanthin (13 - 175) (Fig. 5A and 5B).  

3.3. Variation in relative pigments of phytoplankton size fractions 

3.3.1. NS transect 

Phytoplankton size fractions (fmicro, fnano and fpico) based on the concentrations of accessory pigments 

were derived to understand the variations of different communities along the transect. The 

concentrations of accessory pigments of fmicro, fnano and fpico in surface waters varied in the range of 4 

- 30, 25 - 184 and 47 - 119 ng L-1 in the northern section but were much higher (8 - 268, 23 - 371 and 

79 - 333 ng L-1) in the southern section. Concentrations in the similar ranges were also observed at 

the Chlmax (Fig. 6A and 6B). The percentage contribution of microplankton was higher (avg. 32 %) 

in the southern section compared with the north (10 %), where nano- (42 %) and pico- (48 %) 

plankton were dominant. 

3.3.2. TVM transect 

The concentration (ng L-1) of fmicro, fnano and fpico in the surface waters varied in the range 65 - 3509, 

62 - 164 and 56 - 488, respectively. Concentrations in a range similar to that in the surface water 

were also observed at the Chlmax. (Fig. 7A and 7B). Microplankton fraction contributed maximum 

biomass with an average contribution of 73% to the total accessory pigments, followed by 

picoplankton (14 %) and nanoplankton (13 %) along this transect. 

3.4. CHEMTAX derived phytoplankton functional groups  

3.4.1. NS transect 

Relative contributions of various phytoplankton functional groups to the total Chl a was analyzed by 

CHEMTAX software which identified eight groups (chrysophytes, cryptophytes, haptophytes, 

diatoms, cyanobacteria, chlorophytes, dinoflagellates and prasinophytes). The concentration of Chl a 

associated with diatom assemblage was higher (101 to 636 ng L-1: surface and 7 to 714 ng L-1: 

Chlmax) in the southern section followed by cyanobacteria (up to 300 ng L-1: surface) [Fig. 8A and B]. 

Cryptophytes also contributed significantly (up to 330 ng L-1) in the southern than in the northern 

section (0.5 to 54 ng L-1).  

3.4.2. TVM transect 

Relative Chl a associated with diatoms showed a major contribution along the TVM transect with 

higher concentrations (3194 ng L-1: surface and 2703 ng L-1: Chlmax) at station T3 (station depth: 300 
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m). These concentrations were much higher than those of cryptophytes (surface: 1163 ng L-1; Chlmax: 

1084 ng L-1, Fig. 9A and 9B). 

3.5.  Phytoplankton cell count (>10 µm)  

3.5.1. NS transect  

Microscopic observation revealed the presence of diatoms and dinoflagellates with species counts of 

23 and 29. Quantitatively, the dinoflagellates were dominant in the northern section at surface (0.7 to 

2.7×103 cells L-1) as well as at Chlmax (0 to 9.2×103 cells L-1) and were dominated by species of 

Scrippsiella and Oxytoxum. The diatoms (the second major group) varied in the range of 1.3 to 

2.4×103 cells L-1 at surface and 0.9 to 2.2×103 cells L-1 at Chlmax. The southern section, on the other 

hand, was dominated by diatoms (0 to 2.5×103 cells L-1 at surface and 0.96 to 10.66×103 cells L-1 at 

Chlmax). Chaetoceros coarctatum and Nitzschia sp were the most predominant forms. 

3.5.2. TVM transect  

The phytoplankton cell numbers were also higher along the TVM transect with maximum at T4 

(station depth: 370 m). Diatoms formed a major assemblage of the phytoplankton with cell numbers 

varying from 1.6 to 466.7×103 cells L-1 at surface and 1.5 to 1108×103 cells L-1 at Chlmax. The major 

contributors in the diatom assemblages were Dactyliosolen fragilissimus, Leptocylindrus danicus and 

Pseudo-nitzschia heimii. Dinoflagellates were least represented in the transect with cell numbers 

ranging from 0 to 20×103 cells L-1 at surface and 0.5 to 3.1×103 cells L-1 at Chlmax.  

To compare the phytoplankton species composition along the NS transect, one representative station 

of each section (stn. 6 from northern and stn.15 from southern) and a station (stn. T3) in the TVM 

transect are presented in Table 2. Diatom species Dactyliosolen fragilissimus showed dominance in 

the southern section including TVM transect whereas dinoflagellates were abundant at stn. 6 in the 

northern section with dominance of Oxytoxum nanum and Scrippsiella sp.  

3.6.  Picoplankton density 

3.6.1. NS transect 

Picoplankton were comprised of two major groups, Synechococcus and Prochlorococcus, with least 

contribution of picoeukaryotic algae (Fig. 10). Synechococcus was the major contributor of 

picoplankton biomass in both northern and southern sections. However, their cell numbers were 

higher in the southern section (surface: 2.02 to 10.4×107 cells L-1, Chlmax: 0.24 to 5×107 cells L-1) 

compared with the northern section (surface: 0.18 to 1.6×107 cells L-1; Chlmax: 0.04 to 1.15×107 cells 

L-l). Prochlorococcus abundance, on the other hand, was much higher in the northern section 
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(surface: 0 to 1.6×107 cells L-1 and Chlmax: 0.45 to 1.24×107 cells L-1) than in the southern section 

(Chlmax: 0 to 0.4×107 cells L-1, Fig. 6A and 6B). 

3.6.2.  TVM transect 

Similar to NS transect, higher abundance of Synechococcus in surface water (0.6 to 8.2×107 cells L-1) 

and at Chlmax (0 to 13.43×107 cells L-1) was observed with a maxima at station T3. Prochlorococcus 

were present only at Chlmax with very low abundance (0 to 0.36×107 cells L-1) [Fig. 7A and 7B].  

4. Discussion 

Coastal upwelling is a seasonal phenomenon along the west coast of India that begins in the southern 

region as early as May and propagates northward until November-December (Banse, 1959; Banse, 

1968). Comparatively cooler upper water column with low salinity, dissolved oxygen content and 

high nutrients in the southern section (south of 12 °N) reflected progression of upwelling (Fig. 2 and 

3) in the present study, as reported earlier by Shetye et al. (1990) and Naqvi et al. (2000). 

Concomitant spatial and seasonal variability in planktonic forms associated with upwelling has been 

reported previously from the region (Bhattathiri et al., 1996; Gauns et al., 1996; Ramaiah et al., 

1996; Sawant and Madhupratap, 1996; Madhupratap et al., 1996; Roy et al., 2006). However, 

information on picoplankton associated with the contrasting biogeochemical settings along the 

Eastern Arabian Sea is lacking.  

Here we report phytoplankton composition based on HPLC technique (Wright and Jeffrey, 2006) 

supported by microscopic and flow cytometric analysis (Latasa and Bidigare, 1998). Among the 

accessory pigments, zeaxanthin, 19’HF and Chl b were present in higher concentration in surface 

waters and at Chlmax throughout the NS transect. However, distinct increase in total Chl a and 

fucoxanthin was seen both at surface and at Chlmax in the southern section (Fig. 4A and 4B). This was 

confirmed by microscopic analysis, which showed predominance of Chaetoceros coarctatum, 

Nitzschia sp., Dactyliosolen fragilissimus, Thalassiosira sp. and Pseudonitzschia heinii. These 

dominant diatoms have also been reported previously by Sawant and Madhupratap (1996), Roy et al. 

(2006) and Habeebrehman et al. (2008). The present study also complements previous reports 

addressing dominance of diatom in the upwelling systems (Cushing, 1989; Garrison et al., 1998; 

Brown et al., 1999; Menon et al., 2000; Jyothibabu et al., 2006). 

During the onset of SW monsoon, the southern region remains productive where water in the 

euphotic zone becomes progressively replaced with nutrient rich waters in space and time following 

the upwelling. High concentrations of nitrate, phosphate and silicate (reaching up to ~14µM, ~1µM 

and ~10µM respectively - Fig. 3B) at Chlmax indicates a nutrient-rich water mass rising from deeper 
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depths and supporting particularly the microplankton (diatom) population. Dominance of diatoms as 

evident from both microscopic and HPLC analyses possibly led to decreased levels of silicate in the 

surface waters.  

Picoplankton community was generally dominated by two groups, prochlorophytes 

(Prochlorococcus) and Synechococcus, common in tropical oceans and most likely representing 

systems associated with regenerated production (Claustre, 1994; Roy et al., 1996). These groups 

showed a distinct distribution patterns along the eastern Arabian Sea with the presence of 

Prochlorococcus in the northern section (max. at stn. 12 contributing ~ 39%) and dominance of 

Synechococcus in the southern section (Fig. 6A and 6B). This spatial variation possibly followed the 

trend previously observed elsewhere in eutrophic and oligotrophic waters (Campbell et al., 1997; 

Partensky et al., 1999; Durand et al., 2001; Sherr et al., 2005; Zwirglmaier et al., 2008). 

Synechococcus was associated with the surface waters with high concentrations of nitrogenous 

nutrients. On the other hand, northern section with lower nutrient concentrations in the upper water 

column favored the dominance of Prochlorococcus as reported by Campbell et al. (1998). Generally, 

smaller cells (picoplankton) are better adapted to low nutrient conditions due to larger surface to 

biovolume ratio.  

 Increased nutrient concentrations and availability of sufficient light levels possibly led to faster 

growth rates and increased biomass of Synechococcus in the southern stations along with 

microplankton (diatoms). Similar observation on co-occurrence of the highest biomass of 

picoplankton (Synechococcus) along with diatom abundance has been previously recorded in the 

north-western Arabian Sea (Tarran et al., 1999). Prochlorococcus is also recognized as functionally 

incapable to utilize nitrate in the upwelled waters unlike the microplankton and Synechococcus and 

thus, this may have resulted in decrease in its number.  

In addition, low temperature of the upwelled water possibly inhibited the growth of this strain of 

Prochlorococcus (Linacre et al., 2010). Thus, contrasting physicochemical and environmental 

features across the north-south transect led to characteristic distribution pattern of picoplankton 

(Prochlorococcus and Synechococcus) during the early phase of the southwest monsoon. Upwelling, 

which brings nutrient-enriched subsurface waters along the west coast of India during the south-west 

monsoon, begins and ends a little earlier in the south than in the north. Upwelling that was at the 

initial phase in the southern region during the study period showed a characteristic change in 

autotrophs (microplankton-dominated). In contrast, the northern region was picoplankton-dominated. 

Such marked demarcation could lead to different ecological niches along the eastern Arabian Sea and 

can profoundly influence the fishery potential of the region. 
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5. Conclusion 

 The present study highlights the linkage between phytoplankton distribution and environmental 

parameters observed during the onset of the south-west monsoon in the Eastern Arabian Sea. The 

nutrient-rich upwelled waters at the south were rich in Chl a biomass, dominated by diatoms and 

picoplankton (especially Synechococcus), while Prochlorococcus were prevalent in the relatively 

oligotrophic northern section.  Due to their spatio-temporal variability, detailed investigations are 

needed to address the food web structure of the region.  
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Fig. 1 Map showing station locations along the NS (1 to 19) and TVM transect (T1 to T6). 

 

 

 

Fig. 2 Latitudinal variation of temperature, salinity, DO and Fluorescence along the Eastern Arabian Sea. 
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Fig. 3 Concnectration of nitrate, phosphate and silicate (µM) at (A) surface and (B) Chlmax along the  

NS transect. 

 

Fig. 4 Distribution of accessory pigments along the NS transect of Eastern Arabian Sea (A) surface water and 
(B) at Chlmax. The black line with dark circles represents the chlorophyll a concentration. Pigment 
abbreviations are defined in Table 1. 
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Fig. 5 Distribution of accessory pigments along TVM transect (A) in surface water and (B) at Chlmax. The 
black line with dark circles represents the chlorophyll a concentration. 

 

Fig. 6 Spatial variation of phytoplankton size fractions along the NS transect (A) in surface water and (B) at 
Chlmax. The black line with dark circles and triangles represents the Prochlorococcus and Synechococcus 
abundance respectively. 
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Fig. 7 Spatial variation of phytoplankton size fractions along TVM transect (A) in surface water and (B) at 
Chlmax. The black line with dark circles and triangles represents the Prochlorococcus and Synechococcus 
abundance respectively. 

 

 

Fig. 8 CHEMTAX derived relative pigment concentration of phytoplankton groups to total Chl a 
concentration along the NS transect (A) in surface water and (B) at Chlmax. 
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Fig. 9 CHEMTAX derived relative pigment concentration of phytoplankton groups to total Chl a 
concentration along TVM transect (A) in surface water and (B) at Chlmax. 

 

 

Fig. 10 Representative flow cytometer derived scatter plots from northern section (Stn. 1) (A) in surface  
water and (B) at Chlmax and southern section (Stn. T4; TVM transect),  (C) in surface water  and (D) at Chlmax. 
Red  and green dots represent Synechococcus and Prochlorococcus cells respectively. 
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Table 1. Distribution of major taxonomically significant pigments in algal classes using SCOR 
abbreviations (Jeffrey et al., 1997). 

Pigment  Abbreviation  Specificity 

Chlorophyll a Chl a  All photosynthetic algae 

Chlorophyll b Chl b  Dominant in green algae 

Chlorophyll c2 Chl c2  Minor in red algae 

Chlorophyll c3  Chl c3 Dominant in haptophyte, many diatoms  

and some dinoflagellates 

β-Carotene β-Car Dominant in chlorophytes, prasinophytes, 

minor in all other algal groups 

Alloxanthin  Allo  Major in Cryptophytes 

19’-butanoyloxyfucoxanthin 19 BF  Dominant in pelagophytes, dictyochophytes.  

Present in some haptophytes 

Diadinoxanthin  Diadino  Diatoms, haptophytes, pelagophytes, dictyochophytes  

and some dinoflagellates 

Divinyl chlorophyll a Div Chl a Prochlorophytes 

Fucoxanthin  Fuco  Diatom, Dominant in most red algae 

19’-hexanoyloxyfucoxanthin  19 HF Major in Haptophytes and dinoflagellates (lacking Peridinin) 

Neoxanthin  Neo  Chlorophytes, prasinophytes 

Peridinin  Peri  Dinoflagellates  

Prasinoxanthin Pras  Prasinophytes  

Zeaxanthin  Zea  Dominant in cyanobacteria, pelagophytes,  

chrysophytes, some dinoflagellates 
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Table 2. Dominant phytoplankton species (×103 cells L-1) in the northern and southern stations 

  North South 

Station 6  Station 15  Station 17  TVM transect (T3) 

Group Surface Chlmax Surface Chlmax Surface Chlmax Surface Chlmax 

Diatoms                 

Amphora sp. 0 0 0 0.0 0.43 0.23 0 0 

Chaetoceros coarctatus 0 0 0 2.48 0.0 0 6.00 0 

Cocconeis sp. 0 0 0 0.50 0.0 0 0.0 0 

Coscinodiscus sp. 0 0 0.56 0.74 0.65 0 0.0 0 

Dactyliosolen 
fragilissimus 0 0 0 0 0.00 0 199.33 550.25 

Guinardia striata 0 0 0 0 1.51 0 0.0 0 

Leptocylindrus danicus 0 0 0 0 0.0 0 18.67 0 

Navicula sp. 0 0 0 0 1.73 0 0.67 1.55 

Nitzschia sp. 0 0.38 0 0 0 0 0 3.10 

Pseudo-nitzschia heimii 0 0 0 0 0 0 6.00 0 

Rhizosolenia curvata 0 0 0 0.25 0 0 0 0 

Rhizosolenia imbricata 0 0 0 0.0 0 0 4.00 1.55 

Rhizosolenia sp. 0 0 0 0.25 0 0 0 0 

Thalassiosira sp. 1.34 0.58 6.16 6.45 2.81 1.39 2.00 0 

Dinoflagellates                 

Ceratium sp. 0 0.19 0 0 0.0 0 0 0 

Gonyaulax hyalina 0 0 0 0 0.22 0 0 0 

Gonyaulax polyedra 0 0.19 0 0 0 0 0 0 

Gyrodinium sp. 0.22 0 0 0.50 0 0 0 0 

Ornithocercus sp. 0.22 0 0 0 0 0 0 0 

Oxytoxum laticeps 0.22 0 0 0 0 0 0 0 

Oxytoxum nanum 0.90 0 0 0 0 0 0 0 

Oxytoxum parvum 0 0 0 0.25 0 0 0 0 

Oxytoxum sp. 0 0.38 0 0.0 0 0 0 0 

Oxytoxum viride 0 0 0 0.25 0 0 0 0 

Prorocentrum micans 0 0 0 0.25 0 0 0 0 

Protoperidinium sp. 0.22 0 0 0.0 0 0 0 0 

Scrippsiella sp. 0.90 0.19 0 0.74 1.08 0.46 0 0 
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SUPPLEMENTARY TABLES 

Table S1.A. Marker pigments to Chl a ratios. Input ratios were obtained from literature. 
Groups Chl c3 Chl c2 Peri 19 BF Fuco Neo Pras 19 HF Diadino Allo Zea Chl b b-Car
NS
Prasinophytes 0 0 0 0 0 0.034 0.043 0 0 0 0.006 0.009 0.047
Dinoflagellates 0 0.017 0.483 0 0 0 0 0 0.045 0 0 0 0
Chlorophytes 0 0 0 0 0 0.015 0 0 0.241 0 0 0.569 0
Cyanobacteria 0 0 0 0 0 0 0 0 0 0 0.048 0 0.139
Diatoms 0 0 0 0 0.159 0 0 0 0.03 0 0 0 0
Haptophytes 0.097 0 0 0.023 0.08 0 0 0.01 0.06 0 0 0 0.02
Cryptophytes 0 0.077 0 0 0 0 0 0 0 0.042 0 0 0
Chrysophytes 0.125 0.127 0 0.303 0.275 0.013 0 0 0.018 0 0 0 0.016
Off TVM
Dinoflagellates 0 0.017 0.483 0 0 0 0 0 0.045 0 0 0 0
Chlorophytes 0 0 0 0 0 0 0 0 0.241 0 0 0.569 0
Cyanobacteria 0 0 0 0 0 0 0 0 0 0 0.048 0 0.139
Diatoms 0 0 0 0 0.159 0 0 0 0.03 0 0 0 0
Haptophytes 0.097 0 0 0.023 0.08 0 0 0.01 0.06 0 0 0 0.02
Cryptophytes 0 0.077 0 0 0 0 0 0 0 0.042 0 0 0
Chrysophytes 0.125 0.127 0 0.303 0.275 0 0 0 0.018 0 0 0 0.016

 
 

 

 Table S1.B. Estimated output ratios based on CHEMTAX program. 
Groups Chl c3 Chl c2 Peri 19 BF Fuco Neo Pras 19 HF Diadino Allo Zea Chl b b-Car
NS
Prasinophytes 0 0 0 0 0 0.030 0.038 0 0 0 0.005 0.008 0.041
Dinoflagellates 0 0.011 0.313 0 0 0 0 0 0.029 0 0 0 0
Chlorophytes 0 0 0 0 0 0.008 0 0 0.066 0 0 0.381 0
Cyanobacteria 0 0 0 0 0 0 0 0 0 0 0.040 0 0.117
Diatoms 0 0 0 0 0.120 0 0 0 0.023 0 0 0 0
Haptophytes 0.075 0 0 0.018 0.062 0 0 0.008 0.047 0 0 0 0.016
Cryptophytes 0 0.069 0 0 0 0 0 0 0 0.038 0 0 0
Chrysophytes 0.065 0.049 0 0.195 0.144 0.007 0 0 0.009 0 0 0 0.008
Off TVM
Dinoflagellates 0 0.011 0.313 0 0 0 0 0 0.029 0 0 0 0
Chlorophytes 0 0 0 0 0 0 0 0 0.067 0 0 0.391 0
Cyanobacteria 0 0 0 0 0 0 0 0 0 0 0.046 0 0.095
Diatoms 0 0 0 0 0.153 0 0 0 0.022 0 0 0 0
Haptophytes 0.075 0 0 0.018 0.062 0 0 0.008 0.047 0 0 0 0.016
Cryptophytes 0 0.069 0 0 0 0 0 0 0 0.038 0 0 0
Chrysophytes 0.067 0.068 0 0.163 0.148 0 0 0 0.010 0 0 0 0.009

 

 

 

 


