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Abstract 12 

The western Indian continental shelf (eastern Arabian Sea) exhibits contrasting biogeochemical features. 13 

This area becomes highly productive due to summer monsoon-driven coastal upwelling in the south and winter 14 

monsoon-induced convective mixing in the north. Additionally, in the northern self, the eastern boundary of the 15 

Oxygen Minimum Zone (OMZ) persists but is absent in the south. Phytoplankton blooms are dominated by 16 

diatoms that contribute to sedimentary phytodetritus flux supplying major elements (C, N, Si) and food for benthic 17 

biota and hence important to address. Here we present the data on organic matter content, diatom frustule flux, 18 

abundance, and diversity using surface sediments (core tops collected using a multicorer) from 6 locations (11–19 

21° N) along the shelf in a 2° interval at 200 m isobaths. The organic matter retrieved from the core top was 20 

relatively fresh (nearly 4.5 years old) as evident from 210Pb profiles Frustule abundance and diversity (the 21 

maximum at 15° N and minimum at 19° N) varied from 0.10–18.46 ×104 valves g-1 and 0.79–2.32, respectively. 22 

A total of 36 diatom genera were found with two centric (Thalassiosira and Coscinodiscus), and one pennate 23 

(Nitzschia) diatoms as major contributors. The higher contribution of Thalassiosira was observed throughout the 24 

shelf dominating the south (11, 13, 15° N), whereas, in the north (17, 19, 21° N) Coscinodiscus was      dominant. 25 

The highest organic matter content (3.4%) and frustule abundance (18.46 × 104 valves g-1) were seen at 15° N 26 

despite low diatom valve flux (3.3 × 103 valves cm–2 yr–1) and could be due to the influence of OMZ, where 27 

organic matter is well preserved. Contrarily, the upwelling-influenced station in the south (at 11° N) exhibited the 28 

highest diatom valve flux (10.14 × 103 valves cm–2 yr–1) however low organic matter content (1.6 %) and frustule 29 

abundance (4.99×104 valves g-1) was attributed to faster mineralization. This study suggested that the preservation 30 

potential of organic matter varies across the shelf and is likely to control its recycling,  impacting nutrient release 31 

and resources for the benthic community. 32 
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1. Introduction 37 

Continental shelves are responsible for storing ~45% of organic carbon in the underlying sediments 38 

(Hedges and Keil, 1995). Most of the organic matter produced by marine phytoplankton is recycled in the upper 39 

water column (100 m), with a fraction sinking into the sediment (Volk and Hoffert, 1985). The sinking of 40 

phytodetritus is controlled by several factors, including the rates of primary production, phytoplankton community 41 

composition, remineralization, sinking velocity, cell size, zooplankton abundance and grazing, dissolved oxygen 42 

concentration, temperature, etc. (Banse, 1990; De La Rocha et al., 2008; Le Moigne et al., 2015; Cavan et al., 43 

2015; Le Moigne et al., 2016). After reaching the sediment, a substantial portion of the organic matter can be 44 

recycled. A high organic matter remineralization rate of ~80–90% of the spring bloom was reported from the 45 

Californian upwelling system (Falkowski et al., 1988). A small proportion (1–4%) of the initial bloom is preserved 46 

in the sediments (Abrantes et al., 2002). The preservation/loss of organic matter in the sediment is controlled by 47 

several physical, chemical, and biological factors such as sediment texture, availability of dissolved oxygen, 48 

temperature, benthic biota, microbial degradation, sedimentation intensity, etc. (Keil et al., 2016 and references 49 

therein). Among all, insufficient dissolved oxygen can potentially slow down microbial degradation and reduce 50 

the presence of grazers. Dissolved oxygen level is therefore a criticall parameter in remineralization of 51 

sedimentary phytodetritus (Keil et al., 2016).  52 

The Arabian Sea, a part of the north Indian Ocean, is a semi-enclosed tropical basin that exhibits high 53 

spatial variability in physical forcing and biogeochemical features (Figure 1). This region  shows one of the highest 54 

primary productivity rates among other oceanic regions in the world (Sawant and Madhupratap, 1996). The 55 

Arabian Sea is also a place where the thickest oxygen minimum zone (OMZ) (<0.5 mL L-1) is present within 200 56 

- 1200 m towards the eastern side. This OMZ is mostly governed by high productivity and limited ventilation of 57 

the subsurface waters (Naqvi et al., 1994; Liu et al., 2024). The eastern boundary of the OMZ lies within a major 58 

area of the Western Indian continental shelf (Fig. 1A), extending slightly above 14° N and 25° N. In a study in 59 

the Arabian Sea, it was noticed that the OMZ was associated with slower organic matter mineralization, 60 

facilitating higher preservation in the sediment (Keil et al., 2016). Likewise, our previous study from the 61 

northcentral Arabian Sea showed that the hotspots for organic matter preservation were within the core OMZ 62 

(Pandey et al., 2023).  63 

The reversing monsoon winds are the major forcing in the Eastern Arabian Sea (Western Indian 64 

Continental Shelf), making it a productive coastal province with high variability (seasonally and spatially) 65 

(Prasanna Kumar et al., 2000), which is usually not found elsewhere (Shetye et al., 1994). The major boundary 66 

current system present in the eastern Arabian Sea is the West India Coastal Current (WICC) (Shankar and Shetye, 67 

1997) that flows equatorward during the summer months (April onwards) and reverses with the onset of winter 68 

(November) (Figs. 1A-B). This entire shelf region exhibits contrasting features from south to north in terms of 69 

physical properties (salinity, temperature) as well as biogeochemistry during both summer (Silori et al., 2021; 70 

Chowdhury and Biswas, 2023) and winter monsoons (Vijayan et al., 2021; Albin et al., 2022). Usually, the 71 

northern shelf is characterized by the presence of high sea surface salinity (>36 PSU), in contrast to the southern 72 

part of the shelf where low salinity (<34 PSU) waters prevail due to more freshwater discharge (summer monsoon) 73 

and the influence of Bay of Bengal low saline waters (winter monsoon).  74 
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During the summer monsoon (June-September), the southwesterly wind blows over the Arabian Sea and 75 

the alongshore components of this wind generate weak to moderate upwelling along the southwestern part of the 76 

shelf (Shetye et al., 1990) (Fig. 1A). The upwelling-induced nutrient enrichment and subsequent  phytoplankton 77 

bloom is usually observed between 8 -15° N (Habeebrehman et al., 2008 and references therein). The coastal areas 78 

north of 15 °N remain relatively low in productivity compared to the south (Albin et al., 2022; Chowdhury and 79 

Biswas, 2023) because the upwelled waters propagate further northward but mostly remain below 30 m depth and 80 

were not seen to reach the surface (Shah et al., 2015). During the winter monsoon (Nov-Feb), the cold and dry 81 

northeasterly wind blows from the Himalayan region (Tibetian plateau) towards the Arabian Sea, leading to 82 

evaporative cooling of surface waters with subsequent convective mixing in the northern Arabian Sea (Banse and 83 

McClain, 1986; Madhupratap et al., 1996) (Fig. 1B). Cold nutrient-rich subsurface waters are upwelled to the 84 

surface, where they support the development of high phytoplankton biomass (Banse and McClain, 1986; 85 

Madhupratap et al., 1996). Thus, in the eastern Arabian Sea, the monsoon winds are the key drivers of natural 86 

nutrient enrichment events, which in turn support large diatom-dominated phytoplankton blooms (e.g. 87 

Coscinodiscus, Rhizosolenia, Chaetoceros, and Fragilaria) and associated fisheries (Nair and Subrahmanyan, 88 

1955; Subrahmanyan, 1959; Sawant and Madhupratap, 1996; Habeebrehman et al., 2008; Vijayan et al., 2021).  89 

 For the vertical transfer of particles, diatoms are of high geochemical importance as they transport 90 

particulate silica, carbon, and nitrogen rapidly to great depths (Scharek et al., 1999). Due to their ballasted silica 91 

shell (frustules), these microscopic biosilicifiers can facilitate a substantial export of fast-sinking phytodetrital 92 

aggregates to the seabed (Lampitt, 1985). Earlier studies from major upwelling systems (Benguela, Iberia-Canary, 93 

California, Peru-Humboldt, and Oman-Somali) indicated a positive correlation between diatom frustule 94 

abundance and organic carbon in sediments, suggesting that sedimentary diatoms (number of valves g-1) as      95 

representative of carbon export (Schuette and Schrader, 1981; Abrantes, 1988; Abrantes et al., 2016). In a 96 

sediment trap study from the Scotia Sea (Southern Ocean), it was observed that diatoms play a key role in 97 

exporting carbon and silicon to the deeper depths (Zúñiga et al. 2021).   98 

In the coastal and offshore Arabian Sea, diatoms contribute nearly 86% to the total phytoplankton 99 

standing stock mostly during productive periods like the summer and winter monsoons (Subramanyam and Sarma, 100 

1965; Gauns et al., 2005; Chowdhury et al., 2021; Chowdhury and Biswas, 2023). Hence, it is expected that 101 

diatoms can contribute significantly to the transport of organic matter to the sediment after the diatom bloom had 102 

ended. However, there may be a seasonal shift in the diatom-dominated phytodetrital flux as the northern shelf 103 

becomes nutrient -poor during the summer and the southern shelf during the winter monsoons dominated by 104 

smaller phytoplankton (Vijayan et al., 2021; Silori et al., 2022; Albin et al., 2022). The diatom-derived 105 

phytodetritus deposited on the surface sediment usually represents the organic matter accumulated throughout the 106 

year and can be considered to study its diversity, flux, and preservation in relation to the prevailing biogeochemical 107 

conditions in the sediment as well as in the overlying water column. Likewise, our previous studies (Pandey et al. 108 

2023; 2024) on the surface sediments of the central Arabian Sea showed high abundances of diatom frustules 109 

correlated with organic matter content. Surface ocean processes driven by atmospheric forcing and the presence 110 

of the OMZ were found to be the key factors responsible for the observed spatial variability. However, not all 111 

diatoms can efficiently export carbon to the sediment and it depends on their frustule thickness, size, and 112 

morphology (chain formation) (Abrantees et al. 2002; Pandey et al 2023; 2024). The thickly silicified large 113 
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diatoms like Coscinodiscus and Rhizosolenia may also escape grazing and sink faster (Pandey et al. 2023; 2024). 114 

On the other hand, small chain-forming diatoms like Thalassiosira may sink efficiently due to ballast. Thinly 115 

silicified cells like Chaetoceros or Leptocylindrus may not make their way to the sediment as their frustules can 116 

be either grazed or fragmented and easily dissolved even after reaching the sediment. Thus, analyzing the diversity 117 

of diatom frustules is crucial to understanding their potential to export carbon to the sediment. However, such 118 

information is missing for the West Indian continental shelf.  119 

To fill this lacuna, this study investigates for the first time the distribution and preservation of organic 120 

matter and diatom frustules along the western Indian continental shelf, emphasising their relationships with the 121 

unique biogeochemical settings of this region. This study further addresses key questions about the sources, 122 

degradation processes, and preservation of diatom frustules and organic matter under varying physicochemical 123 

conditions along the shelf. Such information may be useful to improve our understanding of the role of diatom 124 

frustules in exporting organic matter to the shelf sediment and related biogeochemistry. Particularly, the north-125 

south spatial variability of the OMZ along the shelf may also be an important factor governing the 126 

preservation/loss of organic matter and frustules in the sediment. Using the literature, we also attempted to relate 127 

the diversity of diatom frustules from the water column with the observed variability in their flux and abundance 128 

from the sediment.  129 

2.  Materials and methods 130 

2.1 Sample collection 131 

The sediment sampling was done onboard R.V. Sindhu Sadhana (SSD-068) from the Eastern Arabian 132 

Sea from December 2019 to January 2020 (Figs. 1–2). Short well-preserved interface cores were collected from 133 

6 different locations (21°, 19°, 17°, 15°, 13°, and 11° N) along  200 m isobath using a multi-corer (Ocean Scientific 134 

International Limited Maxi, UK). The cores were subsampled immediately after collection, extrudeded vertically 135 

at 0.5 cm interval, kept in clean vials with screw caps, and stored in the dark  at 4°C until further analyses. The 136 

surface layer (0–0.5 cm) of the undisturbed sediment core has been used for the present study. The samples were 137 

later processed in the laboratory and analyzed for sedimentation rate, total carbon (TC), total inorganic carbon 138 

(TIC), total nitrogen (TN), and diatom frustules. Dry bulk density (DBD) was determined by measuring the 139 

sediment weight before and after drying at 62°C and assuming a sediment density of 2.65 g cm-3.      140 

2.2 Analytical method 141 

2.2.1 Core dating 142 

The mass accumulation rates (MAR; g cm–2 yr–1) of four sites (11, 13, 15, and 17° N) were determined using 210Pb 143 

(T1/2 = 22.3 years), a naturally occurring radionuclide. 210Pb from atmospheric fallout and water column 144 

production is readily scavenged on suspended sediment (Schmidt et al., 2014). Once deposited on the seafloor, 145 
210Pb in excess (210Pbxs) then decreases with depth in the sediment according to its half-life and sedimentation 146 

intensity. The radionuclides of interest (210Pb, 226Ra) were measured in sediment sampled using a high-efficiency, 147 

low-background well-type gamma detector equipped with a Cryocycle at EPOC (University of Bordeaux, France). 148 

Calibration of the detector was achieved using certified reference material (IAEA-RGU-1). The excesses of 210Pb, 149 

expressed in mBq g-1, were calculated as the difference between the measured total activity of 210Pb and that of 150 

its parent isotope (226Ra). Sediment and mass accumulation rates were calculated from the 210Pbxs profile versus 151 
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sediment depth or cumulative mass based on the constant flux constant sediment (CF:CS) model (Schmidt et al, 152 

2014).  153 

MARs for the samples from 19–21° N were not determined due to technical problems. From the available 154 

literature (Somayajulu et al., 1999), we have used the 21° N sedimentation rate in a location and water depth (280 155 

m) close to our sampling site (water depth of 200 m). We could not find any suitable data for 19° N to compare. 156 

2.2.2 Total inorganic carbon (TIC), total organic carbon (TOC), and total nitrogen (TN) contents 157 

Aliquots of sediment samples were oven-dried (at 60C overnight), ground in an agate mortar and pestle, 158 

and kept in vials for further analysis. For determining the total carbon (TC) and total nitrogen (TN), a 10 mg 159 

homogenized sediment sample was placed in tin capsules and measured using a CHN Elemental analyzer (Euro 160 

Vector EA3000 series analyzer, Central Analytical Facility, CSIR-NIO, Goa, India) against a soil reference 161 

material NC (Thermo Fisher Scientific, Cambridge, UK) with an analytical error of <2%. Total inorganic carbon 162 

(TIC) was measured using a coulometer with an acidification module (Model CM5015) against the calcium 163 

carbonate (CaCO3) standard (Merck, Germany). The accuracy and precision of the results were found to vary by 164 

±1.25%. The CaCO3 % is calculated using TIC% × 8.33. The difference between the TC and TIC contents yielded 165 

the total organic carbon (TOC) content [TOC=TC-TIC]. 166 

2.2.3 Analysis of diatom frustules 167 

The dried sediments were treated as suggested by Armbrecht et al. (2018) to remove carbonates, organic 168 

matter and clay minerals present in the sediments. Small portions of the oven-dried samples (50 mg) were taken 169 

in clean polypropylene tubes (50 mL) and first treated with 5 mL of HCl (10%) and kept aside for 4–5 hours 170 

letting to dissolve any calcareous materials (inorganic carbon) present in the sediment. Then 20 mL of Milli-Q 171 

water was added to each tube and after 24 hours, the supernatant was discarded and 25 mL of Milli-Q water was 172 

added and left again overnight. This process was repeated twice followed by the addition of 3–5 mL of H2O2 173 

solution (30%) and left in the water bath at 60 °C for nearly 1 hour. After 3–4 hours, 20 mL of Milli-Q water was 174 

added and thoroughly rinsed three times by decanting the supernatant. To this sample, 10 mL of 0.01 N anhydrous 175 

sodium diphosphate (Na4P2O7) solution was added and left undisturbed to allow fine clay particles to be suspended 176 

in the solution. These samples were then washed three more times with 20 mL of Milli-Q water. Finally, the tubes 177 

were filled with 10 mL of Milli-Q water and gently mixed. Centrifugation was avoided during this process, to 178 

avoid breakage of the frustules (Koizumi, 1985).  179 

For enumeration and absolute abundance counting, 1 mL of the processed solution was taken and 180 

analyzed in a Sedgewick rafter counting chamber (1000 squares) (Pyser, UK) under an inverted microscope 181 

(Nikon Ti2) at 400–600× magnification. The whole slide was counted for better reproducibility of the results, and 182 

an average of 250 diatom valves were counted and identified up to the genus level. Fragments larger than half the 183 

size were considered as a whole (Abrantes and Sancetta, 1985). The following formula was used to derive the 184 

absolute abundance of diatom frustules, expressed as valves per gram of dry sediment:  185 

Diatom frustule (valves g-1) =
ே௨௠௕௘௥ ௢௙ ௩௔௟௩௘௦×௏௢௟௨௠௘  ௢௙ ௣௥௢௖௘௦௦௘ௗ ௦௔௠௣௟௘ (௠௅)

ௌ௘ௗ௜௠௘௡௧ ௖௢௡௧௘௡௧ (௚)
 186 

Based on their absolute abundance, the relative abundance (RA %) was calculated as below: 187 
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RA (%)=
ே௨௠௕௘௥ ௢௙ ௩௔௟௩௘௦ ௢௙ ௜௡ௗ௜௩௜ௗ௨௔௟ ௗ௜௔௧௢௠௦×ଵ଴଴

ௌ௨௠ ௢௙ ௧௛௘ ௧௢௧௔௟ ௗ௜௔௧௢௠ ௩௔௟௩௘௦
 188 

Based on their RA (%), diatoms were classified as “major” (>10%) or “minor” (<10%) contributors to the total 189 

assemblages. y 190 

An aliquot of the processed samples was taken in a plastic petri plate and allowed to air dry overnight at 191 

room temperature and the dry samples were examined for photography using a scanning electron microscope 192 

(SEM) model JEOL-JSM IT300 (JEOL Ltd., Tokyo, Japan) available at the central analytical facility at the CSIR-193 

National Institute of Oceanography, Goa. Prior to SEM analysis dry samples were mounted on a SEM stub and 194 

sputtered with gold. Photographs of some selected diatoms were taken at a variable magnification (1,000–5,000×). 195 

Identification of diatom genera was mostly done using identification keys from Desikachary (1989), Tomas 196 

(1997), and in some cases species-specific monographs (The Academy of Natural Science, Drexel University 197 

(ANSP diatoms; http://symbiont.ansp.org/dntf/gallery.php?g=Nitzschia&r=G-L). For some genera, the initial 198 

information was also fetched from https://www.algaebase.org and https://www.marinespecies.org. The size of the 199 

valves was measured on a pre-calibrated microscale using NIS Elements image software provided by Nikon 200 

(Nikon Technologies, Japan). 201 

The Shannon-Wiener Index (H′) (Shannon and Weaver, 1963) was calculated using the following formula to 202 

indicate the diversity of the community that is contributed by different species in a community  203 

H′= -∑ௌ
௜ୀଵ 𝑝𝑖 𝑙𝑛 𝑙𝑛 (𝑝𝑖)   204 

where pi = ni/N (ni is the number of individuals of the ith species in the community, and N is the total number of 205 

species.  206 

 207 

The diatom valve flux (valves cm–2 yr–1) was calculated (Table 1) using the following formula (Kuwae et al., 208 

2006) 209 

Diatom valve flux  = DVC × MAR   210 

or 211 

Diatom valve flux  = DVC × SAR × DBD 212 

Where  213 

DVC = Diatom Valve Concentration (valves g–1 of dry sediment) 214 

MAR =Mass Accumulation Rate (g cm–2 yr–1), SAR is the sedimentation rate (cm yr-1)  215 

DBD =Dry Bulk Density (g cm-3) 216 

2.2.4 Statistical Analysis 217 

The relationships between biotic factors (diversity and absolute abundance of total diatom frustules, 218 

centric and pennate diatoms, three major contributing genera (> 10%), and four minor diatoms contributing >3% 219 

to the assemblage) and environmental variables (TC, TOC, TIC, TN) were studied using the CANOCO version 220 
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4.5 software (TerBraak and Šmilauer, 2002). Redundancy analysis (RDA), a linear multivariate model was 221 

utilized to explain the association between environmental and biological variables. It should be noted that RDA 222 

was preferred to similar statistical models such as CCA/PCA as it is more robust in explaining the relationship 223 

between the environmental factors and species variables.  224 

3. Results 225 

3.1 Diatom frustule flux, abundance, composition, and distribution 226 

Based on the mass accumulation rates (MAR) from four locations (Table 1), the ages of the core tops 227 

were estimated to be  2, 3, 8.2, and 2.3 years for 11° N, 13 ° N, 15 ° N and 21° N, respectively. The age of the 228 

core top at 17° N was the highest corresponding to 30 years. The cores for the present study were collected at the 229 

end of  2019, suggesting that the phytodetritus was most likely to be generated not before 2016-2017 except at 17 230 

° N. The highest MAR (0.203 g cm–2  yr–1) was observed at 11° N, whereas substantially lower values were found 231 

at the other four locations (0.093, 0.018, 0.011, and 0.096 g cm–2 yr–1 at 13, 15, 17, and 21° N, respectively). Based 232 

on MAR, the diatom valve flux was found to be as high as 10.14×103 valves cm–2 yr–1 at 11° N which is four times 233 

higher than the other three stations (2.05–3.39×103 valves cm–2 yr–1) excluding the values from 17 ° N (Table 1).   234 

High spatial variability in diatom frustule abundance (Fig. 1C, Table 2) was documented, ranging from  235 

0.10 to 18.46 ×104 valves g-1. The highest frustule abundance was observed at 15° N (18.46 ×104 valves g-1), 236 

followed by 11° N (4.99×104 valves g-1), and the values decreased significantly at 19° N (0.10 ×104 valves g-1). 237 

The average diversity index (Shannon-Wiener, H′) (Fig. 1D, Table 2) was 1.7±0.5, with the highest value (2.3) 238 

recorded at 15° N while the lowest (0.8) was documented at 19° N. Microscopic analysis revealed a total of 36 239 

genera, including 15 centric, and 21 pennate diatoms (Fig. 2, Table 3). However, the absolute abundance of centric 240 

diatom frustule was four times higher than that of pennate diatoms, except at 15 N, where the ratio between 241 

centric and pennate diatoms was 0.6 (Supplementary Fig. 1A). Some microphotographs of major and minor 242 

contributing diatom genera are presented in Figs. 3–5.  243 

Based on cell size, diatom frustules were classified as small (<30 µm), medium (30–60 µm), and large 244 

(>60 µm) (Supplementary Fig. 1B).  The small and medium      frustules comprised the major portion of the 245 

assemblages, accounting for 39% and 53%      respectively, while large frustules accounted for only 8% on average. 246 

Among the major contributing diatom genera, the size class for Thalassiosira and Coscinodiscus is presented 247 

here. An overall pattern depicted that in the case of Thalassiosira, the largest size fraction was the least abundant, 248 

whereas for Coscinodiscus it was the smallest size class (Table 4, Supplementary Fig. 1C-1D).  The small and 249 

medium frustules of Thalassiosira (Supplementary Figs. 1C) were abundant with the highest value at 15 N 250 

(1.33×104 valves g-1 for small and 2.45×104 valves g-1) and 11 N (0.54×104 valves g-1 for small and 2.48×104 251 

valves g-1 for medium). The large frustules of Coscinodiscus were present in all stations except at 19º N. At 15º 252 

N, their absolute abundance was comparatively higher (1.35×104 valves g-1) among other stations (Supplementary 253 

Fig. 1D). The medium frustules of Coscinodiscus were found in all locations. The absolute abundance of medium-254 

sized Coscinodiscus frustules at 15 and 11 N was 0.18×104 valves g-1 and 0.15×104 valves g-1, respectively (Table 255 

4). 256 

3.1.1 Major diatom genera  257 

In the shelf sediment, the major diatom genera (>10% of total RA: see the method section), accounting 258 

for nearly 72.6% of the total assemblage (Supplementary Fig. 1E, Table 3), consisted of two centric [Thalassiosira 259 
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(Cleve) Hasle (36%) (Figs. 3A-3C, 4A) followed by Coscinodiscus Ehrenberg (25%)] (Figs. 3D-3E, 4B), and one 260 

pennate [Nitzschia Hassall (11%)] (Figs. 3F-3G, 4C). The absolute abundance of Thalassiosira frustule ranged 261 

from 0.03 to 4.12 ×104 valves g-1 with a mean of 1.53 ×104 valves g-1 (Table 3). The relative abundance of this 262 

genus ranged from 22.3 to 61.5% of the total population, with the highest value at 11° N and the lowest at 21° N 263 

(Fig. 2, Table 3). The second most abundant taxon was Coscinodiscus with an average absolute abundance of 0.56 264 

×104 valves g-1 and its relative abundance ranged from 6.8 to 60.0 % with the highest and lowest values at 19° N 265 

and 11° N respectively. The chain-forming pennate diatom Nitzschia (average absolute abundance 0.90 ×104 266 

valves g-1), was the third most abundant taxa with a relative abundance ranging between 3.6 and 25.0%, the highest 267 

at 15° N and the lowest at 11° N (Table 3).  268 

3.1.2 Minor diatom genera  269 

In general, when considering the average relative abundance of the minor contributing diatom genera 270 

(<10% of total RA) (Supplementary Fig. 1E, Table 3) (making up 27.4% of the total assemblage), the following 271 

distribution pattern was observed in descending order: Cyclotella (Figs. 4D, 5A)>Thalassionema (Fig. 4E-272 

4F)>Pseudo-nitzschia (Fig. 4G, 5B)> Fragilariopsis (Figs. 4H, 5C-5D) >Navicula (Fig. 5E). The resting spores 273 

of Chaetoceros (Figs. 5F-5G) and Cerataulina (Figs. 5H-5I) were mainly found      in the sediments of the stations 274 

under the influence of upwelling (11–15° N) and their relative abundance was 0.5% (Table 3). The highest number 275 

of resting spores was found at 15° N for Chaetoceros (900±141 g-1) and at 11–13° N for Cerataulina (400±0 g-1). 276 

Similarly, the frustules of Fragilariopsis (0.5–10.6%) and Fragilaria (0–4.2%) were documented in stations 277 

located in the south (11–15° N) and were mostly absent in the north (17–21° N) (Table 3). Genera like 278 

Thalassionema (3.9%), Pseudo-nitzschia (3.7%), and Navicula (1.8%) were found in most locations except at 19 279 

°N with mean absolute frustule abundances of 0.23×104 valves g-1, 0.28×104 valves g-1, and 0.13×104 valves g-1, 280 

respectively. Cyclotella (Fig. 5A) was observed at 11–13° N (average absolute abundance 0.19 ×104 valves g-1, 281 

corresponding to an average relative abundance of 4.5%) with a maximum relative abundance at 13° N (16.4%). 282 

Among other taxa, (Fig. 5; Table 3) Rhizosolenia Brightwell, Hemidiscus Wallich, Diploneis (Ehrenberg) Cleve, 283 

Leptocylindrus (Cleve) Petersen, Surirella Turpin, Actinoptychus Ehrenberg, etc were also present in rather      low 284 

amounts. Few diatoms were found only at the selected locations, for example, Bacillaria at 11 and 15° N,      285 

Synedra at 15° N, and Paralia exclusively at 11° N. Rhizosolenia and Hemidiscus were observed in small fractions 286 

(average relative abundance 1.2% and 0.7%, respectively) in all locations except at 19° N.  The highest relative 287 

abundance of Diploneis (6.7%) and Surirella (5.4%) was observed at station 21° N. The most diverse diatom 288 

assemblage was observed at 15° N characterized by Nitzschia (25%), Thalassiosira (22.3), Coscinodiscus (8.3) 289 

along with other minor contributors such as Triceratium, Gomphonema, Odontella, Asterionellopsis, 290 

Chaetoceros, Pleurosigma, Cymbella, Licmophora, Bacteriastrum, Cocconeis, Asteromphalus, etc (Figs. 5J-5S, 291 

Table 3). 292 

3.2 Sedimentary inorganic and organic carbon and total nitrogen content 293 

The TIC (%) content (Fig. 6A, Table 2) showed an average value of 7.1% with an increasing trend 294 

towards the north, except at 21 N. It varied between 2.37% and 10%, with higher values at 19 N (10%) and 295 

lower at 21 N (2.4 %). The TOC (%) content (Fig. 6B. Table 2) was almost4 times lower than the TIC, with an 296 

average value of ~2% for the entire shelf. It was the highest at 15 N (3.39 %) followed by 21 N (1.89 %) and 297 

the lowest at 19 N (0.96 %) (Fig. 6B). The highest value of CaCO3 (83.6%) (Table 2) was observed at 19 ° N  298 
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and the lowest value (19.74%) was noticed at 21 °N. The TN (%) showed a similar trend to TOC along the shelf. 299 

The highest value (0.31 %) was observed at 15 N (Fig. 6C, Table 2), followed by 21 N (0.21 %) with a minimum 300 

value at 19 N (0.03%) (average 0.16 %). Both TOC and TN contents revealed significant correlations with each 301 

other (R2= 0.93) as well as with diatom frustules (valves g-1 dry sediment) (R2 = 0.88) (Figure not shown). 302 

3.3 Statistical analysis 303 

The RDA analysis (Fig. 7) revealed 95.8% of the relationship between the abiotic parameters (TC, TIC, 304 

TOC, TN) and the biotic components (absolute abundance of diatoms frustules, centric, pennates, individual 305 

genus, and diversity) from the first two axes. Almost 83.5% of the total variance was explained by axis 1 where 306 

TOC and TN were associated with absolute abundance (valves g-1), and diversity of frustules. The abundance of 307 

the major contributing genera Coscinodiscus, Thalassiosira, and Nitzschia were also associated with TOC and 308 

TN on axis 1. TIC, TC, and TOC: TN were on axis 2 indicating an inverse relationship between TOC and      309 

absolute diatom abundance.  310 

4. Discussion 311 

Phytoplankton detritus found on the surface sediment usually represents the signature of phytoplankton 312 

biomass sinking to the seafloor throughout the year. The 210Pb analysis revealed that the average age of the surface 313 

sediment was nearly 4.5 years except at 17 °N where the sediment was much older compared to the rest of the 314 

stations. A previous study by Somayajulu et al. (1999) at 21 °N (280 m depth) reported a comparable 315 

sedimentation rate corresponding to an age of 4.5 years for the surface sediment was reported. The sources of the 316 

organic matter along this productive shelf region were not addressed in the previous studies. Our earlier (2017-317 

2018) studies from the water column in similar locations (around 200 m isobaths) using stable isotopes of 318 

particulate organic carbon (13CPOC) revealed an autochthonous nature of the organic matter produced by marine 319 

phytoplankton (Silori et al., 2021; 2022). The observed correlation (RDA analysis; Fig. 7) between TOC, TN and 320 

diatom frustules also suggests that phytodetritus is one of the sources of organic matter in the shelf sediment and 321 

is consistent with our previous observation. The distribution of diatom and organic matter revealed a strong spatial 322 

variability. Usually, the mass production of diatoms in the Eastern Arabian Sea is closely related to the nutrient 323 

supply to the euphotic layers by atmospheric forcing (Habeebrehman et al., 2008; Albin et al., 2022; Chowdhury 324 

and Biswas, 2023). Likewise, high absolute abundance of diatom frustules at the southern (15° N >11° N) and the 325 

northern (21° N) sites mostly originated from diatom blooms induced by upwelling and winter convection, 326 

respectively (Fig. 1A, B, C). Nevertheless, as the surface sediment represents a mixture of phytodetritus 327 

accumulated over the years, it is difficult to delineate seasonal fluxes of organic matter or diatom frustules 328 

particularly in the case of slow sedimentation rates.  329 

Furthermore, the preservation/loss of organic matter and frustules depends on the geochemical properties 330 

of the sediments, the oxygen content, and the size and thickness of diatom frustules. Therefore, the diversity of 331 

diatom assemblages observed in the surface sediment could be partly attributed to their preservation potential. To 332 

establish this fact, the sedimentary diatom diversity was compared with the diversity from the overlying water 333 

column reported in various literature from this region (Table 5). It was observed that not all bloom-forming 334 

diatoms are preserved in the sediment. The dead frustule can dissolve quite rapidly, even within hours to days 335 

(Kamatani and Riley, 1979), depending on temperature, pH, dissolved oxygen levels, heterotrophic activity, 336 

(Lewin, 1961), including the gradient in DSi levels between the sediments, and the overlying water column. It has 337 

been shown that at higher temperatures (> 20° C) and pH, biogenic silica can be dissolved relatively mre rapidly 338 
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than in cold water and at low pH (Roubeix et al., 2008). Recently, a synthesis of a large-scale mesocosm study 339 

showed that low pH slows the dissolution of dead frustules (Taucher et al., 2022) and vice versa. However, 340 

frustules build up resistance to dissolution by forming an organic matrix (Lewin, 1961) that can be degraded by 341 

microbial activity leading to dissolution (Bidle and Azam, 1999; Roubeix et al., 2008). A similar trend was 342 

observed by Pandey et al. (2023) in the surface sediments of the north-central Arabian Sea (19–21°N, 64° E), 343 

showing that the presence of a thick OMZ (about 1000 m) facilitated higher diatom flux and preservation 344 

compared to the regions (11–13°N, 64° E) where the OMZ was relatively thinner (400 m) (Fig. 1A). The presence 345 

of the OMZ along the shelf and its spatial variability (intensified towards the north, while negligible  in the south) 346 

may be a crucial factor in organic matter preservation and is discussed in the following sections.  347 

 348 

4.1 Geochemical characteristics of sediment  349 

The average organic carbon content of the surface sediments was found to be quite high (18.8 mg g-1), 350 

reaching a maximum of 3.4% at 15° N (Fig. 6B; Table 2). In the Eastern Arabian Sea, shelf and slope sediments 351 

(up to ∼1000 m) are overlain by OMZ waters (Naqvi, 1994),  which enhance organic carbon preservation. From 352 

a multi-proxy study from the Arabian Sea (Keil et al. 2016), it has been hypothesized that organic matter 353 

preservation and transfer may be efficient within the OMZ due to multiple factors including oxygen availability, 354 

carbon addition through the microbial loop, zooplankton abundance and activity , etc. Likewise,  the significant 355 

positive correlation between TOC and TN contents also suggested a well-preserved status of the sediment organic 356 

matter (Supplementary Fig. 1F). The sediments of the productive shelf areas of the Eastern Arabian Sea have been 357 

reported to contain high TOC values with total organic matter of 22.8 mg g-1 corresponding to ~4% (Paropkari et 358 

al., 1992; Suthhof et al., 2000), which is comparable to  our observation.  Contrarily, the TOC content in the shelf 359 

region of the Bay of Bengal, the twin basin of the Arabian Sea, was found to be much lower (0.63 to 1.64% within 360 

the depth of 25 -1000 m) than these values (Krishna et al. 2013). It was previously reported that the organic-rich 361 

band in the shelf of the eastern Arabian Sea extending from Mumbai to the southern tip of India widens between 362 

17 and 13° N (Paropkari et al., 1992), supporting the observation of high TOC contents. Particularly the highest 363 

TOC contents at 15° N could be attributed to the prevalence of OMZ from a depth of 130 m (110 m in summer 364 

and 150 m in winter) to the sediment-water interface (Sudheesh et al. 2022), which limits the loss of organic 365 

matter via mineralization (Keil et al. 2016). On the other hand, the northern boundary of OMZ may touch 21° N 366 

(Fig. 1A) but remains narrower compared to 15° N (Sudheesh et al. 2022), resulting in less efficient carbon 367 

transport and preservation. 368 

The influence of the OMZ at 11° N is the least and hence despite the high flux of phytodetritus as 369 

indicated by the maximum diatom valve flux, more oxygen availability could lead to loss of organic matter 370 

resulting in lower TOC, TN, and frustule numbers. This also explains the low diatom abundance at 11° N 371 

indicating a substantial loss of frustules by dissolution despite a fourfold higher diatom valve flux compared to 372 

the stations within the OMZ. The lowest frustule abundance and diversity at 19° N could be attributed to frustule 373 

dissolution, either due to more oxic conditions or calcareous (83.6% CaCO3; Table 2) sediment (alkaline sediment 374 

helps to dissolve opal faster, Zhang et al. 2015) compared to other stations. The highest TIC values at 19° N (Fig. 375 

6A) could be attributed to the geomorphology of this region. The Fifty-Fathom-Flat is one of the prominent 376 

features along the Western Indian shelf occurring at 19° N (off Mumbai) and is usually dominated by carbonate 377 
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sands composed of oolites, foraminifers, coral fragments, and limestone (Nair, 1971). Blooms of calcifying 378 

nanoplankton (coccolithophores) have been documented in this location from both nutrient-poor surface waters 379 

(Chowdhury et al., 2022), and surface sediments (Andruleit et al., 2004). Studies of sediment trap samples from 380 

the Eastern Arabian Sea during the Joint Global Ocean Flux Studies (JGOFS) reported higher fluxes of carbonate 381 

(35% - 65%) containing nanoplanktonic coccolithophores and foraminifers (Ramaswamy and Nair, 1994) 382 

compared to organic carbon (3.8 –10 %) (Nair et al., 1989). The abundance of foraminifera (Rixen et al., 2005) 383 

has also been reported from sediment trap samples in nearby locations and may explain the presence of calcium 384 

carbonate-rich sediments with higher TIC contents.  385 

 386 

4.2 Diversity of diatom frustules and the related processes 387 

The average cell size of the phytoplankton could be an indication of the prevailing nutrient status. Overall 388 

size classes of the diatom frustules belonged to the medium (53%) and small (39%) categories (Supplementary 389 

Figure 1B) compared to the large frustules (8%), suggesting a moderately nutrient-enriched environment. This is 390 

because the ratio of surface area to volume increases with decreasing cell size, allowing higher nutrient uptake      391 

by the cell surface and vice versa (Marañón, 2015). Thus, moderate nutrient levels in any aquatic region can      392 

support the growth of medium-sized phytoplankton, contrary to the large cells that need a substantial amount of 393 

nutrients, (Marañón, 2015). Diatoms proliferate well under dissolved silica (DSi) enrichment, especially in coastal 394 

waters (Tréguer and De La Rocha, 2013). Abrantes et al (2016) noticed a positive exponential correlation between 395 

the DSi levels in the water column and the abundance of diatom valve in the sediment. Moreover, depletion of 396 

DSi (<2 μM) can promote small diatoms with thinner frustules as well as a community shift from diatoms to non-397 

diatoms (Egge and Aksnes, 1992). Along the present study site, DSi levels do not remain high in the mixed layers 398 

except during upwelling and winter convection (3–4 µM, within the mixed layers; Albin et al., 2022; Chowdhury 399 

and Biswas, 2023) in the shelf waters and could therefore, support the moderate cell size diatoms. In a study by 400 

Sherin et al. (2023) covering the entire shelf for all seasons, it was observed that DSi levels were in generally 401 

higher towards the northern shelf (6.1 ±2.7 µM), whereas values between 1 -4 µM were observed in the southern 402 

and central part of the shelf.  During the fall intermonsoon and premonsoon seasons, the nutrient levels (nitrate, 403 

phosphate, and DSi) can be quite low throughout the shelf region (Sherin et al. 2023) with low phytoplankton 404 

biomass. Such a gradient in nutrient availability from south to north, as well as seasonal variability seemed to 405 

directly influence the frustule size of diatoms. 406 

The diatom taxon Thalassiosira (Cleve) Hasle was present in all stations with the highest contribution at 407 

11 °N followed by 15° N (Fig. 2),  with a gradual decrease towards the north. Thalassiosira is usually found in 408 

the core of upwelling regions where nutrients and turbulence are high and persistent (Abrantes, 1988), so     , this 409 

trend could be partly attributed to the occurrence of intense upwelling in the south,  supporting high nutrient levels 410 

for a prolonged period, but weakening toward the north (Banse, 1968).  There are a few other facts that may also 411 

support this observation. For example, the export of Thalassiosira valves to the sediment could be facilitated by 412 

the formation of chains. It was also argued by some authors that chained cells may sink into the sediment more 413 

efficiently than solitary cells (Smayda, 1970; Waite et al., 1997). Their thick frustules may provide an advantage 414 

of better preservation and faster settling compared to thinly silicified cells like Chaetoceros sp., Leptocylindrus 415 

sp., and Skeletonema sp. 416 
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 Another small centric diatom Cyclotella was observed only at southern stations (11–13° N) with the 417 

highest abundance at 13° N (Fig. 2), and has been reported to prefer low salinity waters (Tuchman et al., 1984). 418 

The southwestern shelf receives low salinity waters due to oceanic precipitation, river runoff during the summer 419 

monsoon, and the intrusion of low salinity Bay of Bengal waters carried by the West India Coastal Current during 420 

winter (Prasanna Kumar et al., 2004; Silori et al., 2022). During the summer monsoon, the average salinity within 421 

the mixed layer could be 34.7 at 8–12° N, and nearly 2 units higher values can be seen in the north (17–21° N) 422 

(Silori et al., 2022; Chowdhury and Biswas, 2023). Similarly, during the winter monsoon, salinity was reported 423 

to be >36 in the north, which was 2 units lower than in the southern shelf (8–12° N) (Vijayan et al., 2021; Albin 424 

et al., 2022). Thus, in the north, the prevalence of high salinity waters throughout the year could justify the absence      425 

of Cyclotella. 426 

Coscinodiscus, a large centric diatom, was the second most abundant genus found in all stations with 427 

higher abundance towards north of 15° N (Fig. 2). This genus often dominates nutrient-rich waters enriched with 428 

DSi and dissolved inorganic nitrogen during upwelling and winter convection in this region (Madhupratap et al., 429 

1996; Sawant and Madhupratap, 1996; Gauns et al., 2005; Habeebrehman et al., 2008; Chowdhury et al., 2021; 430 

Albin et al., 2022., Sathish et al., 2022). Coscinodiscus and Rhizosolenia blooms have been documented 431 

(Chowdhury et al., 2021) during open-ocean upwelling from the north-central Arabian Sea along 64 °E (Fig. 1A), 432 

and higher abundances of these frustules have also been found in surface sediments from these locations (Pandey 433 

et al., 2023; Pandey et al 2024). In the western Arabian Sea, Koning et al. (2001) observed Coscinodiscus, 434 

Proboscia, and Rhizosolenia in the water column during the upwelling and later in the sediment trap as well as in 435 

the surface sediment when upwelling ceased. Taken together, these observations explain the high abundance of 436 

Coscinodiscus in the northern shelf regions. However, the lower abundance of Coscinodiscus in the southern shelf 437 

region needs further explanation.  438 

A predominant reason may be its removal via grazing by zooplankton and planktivorous fishes  439 

(Madhupratap et al., 1990; Padmavati et al., 1998) that may remove a substantial portion of phytoplankton biomass 440 

from the water column before it reaches the sediment. Particularly due to the dominance of herbivorous copepods 441 

and planktivorous fishes like Oil Sardines in these regions (Madhupratap et al., 1990; Padmavati et al., 1998; 442 

Jyothibabu et al., 2010). Jagadeesan et al. (2017) reported a 14.2% removal of phytoplankton standing stock by 443 

calanoid copepods in the southwest coast of India during the pre-monsoon months and this value increased to 50% 444 

during the summer-monsoon and post-monsoon. Gut content analysis of Indian Oil Sardines and mackerels 445 

revealed the presence of a substantial proportion (>80%) of phytoplankton standing stock dominated by Fragilaria 446 

oceanica, Coscinodiscus, Thalassiosira, Nitzschia, Pleurosigma, Chaetoceros, Cyclotella, and Thalassionema      447 

(Subrahmanyan, 1959; Remya et al., 2013; Nair et al., 2023). Interestingly, it was observed that during pre-448 

monsoon months (May), the guts of Indian Oil Sardine collected from the southwest coast of India were partly 449 

filled (9%) with large Coscinodiscus and Biddulphia (Noble, 1964). But, during the peak monsoon months (July 450 

–September), the guts of Sardines were mostly filled (50 -90%) with Coscinodiscus.  451 

In contrast, on the northern shelf, the dominance of carnivorous fishes may not remove much of the 452 

phytoplankton standing stock and thus may be advantageous for Coscinodiscus. Moreover, large and highly 453 

silicified cells like Coscinodiscus and Rhizosolenia, which grow at high nutrient levels during convective mixing, 454 

may be less preferred for grazing as they are difficult to crush (Hamm et al., 2003; Ryderheim et al., 2022) and 455 

may sink to the seabed. 456 
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The pennate diatom Nitzschia was the third most abundant diatom with the highest relative abundance at 457 

15° N (Fig. 2). This genus is commonly found in southwestern Indian shelf waters (8–17° N) (Ahmed et al., 2016; 458 

Karnan et al., 2020; Albin et al., 2022), which may be due to its small size, which helps it to grow even at low 459 

nutrient levels (Marañón, 2015). Desikachary (1989) also reported significant occurrences of Nitzschia frustules 460 

in the surface sediments of the Indian Ocean. High abundances of Fragilaria and Fragilariopsis were noticed 461 

from the southern shelf (Fig. 2), as these species have been identified as bloom formers in upwelling areas as 462 

reported in previous studies (Nair and Subrahmanyan, 1955; Jyothibabu et al., 2018). The diatoms Thalassionema, 463 

Pseudo-nitzschia, and Navicula showed the highest abundances at stations 15 and 21° N (Fig. 2), and like 464 

Nitzschia they can be generalists that thrive well in the continental margin waters (Cloern and Dufford, 2005). 465 

However, some small-sized diatoms (e.g. Nitzschia, Pseudo-nitzschia) can produce certain toxins to prevent 466 

grazing (Harðardóttir et al., 2019) and can be exported to the sediment as found in the present study. Chain 467 

formation may also facilitate their export to the sediment (Smayda, 1970; Waite et al., 1997). Thus, different 468 

adaptive strategies of diatoms to avoid grazing could facilitate their transport to the sediment. These species may 469 

have a higher preservation potential to remain in the sediment for a longer periods of time and have also been 470 

reported from the sediments of the South China Sea (Ran et al., 2024). 471 

 The two thinly silicified centric diatoms Chaetoceros and Cerataulina bloom during the upwelling 472 

season, particularly in the south, with decreasing abundance northwards of the Indian shelf (Chowdhury and 473 

Biswas, 2023 and references therein). Chaetoceros could be competitively superior to Thalassiosira in bloom 474 

formation when turbulence due to upwelling ceases (Kemp and Villareal, 2018) and is usually observed in higher 475 

abundance during the later stages of upwelling (Thomas et al., 2013; Chowdhury and Biswas, 2023). The absence 476 

of intact frustules of these genera in our samples may be due to removal by grazing or to their weakly silicified 477 

frustules, which are prone to dissolution. Noble (1964) observed that a large number of Chaetoceros were found 478 

in the gut contents of Indian Oil Sardines during the post-monsoon period (October and December). Interestingly, 479 

the resting spores of Chaetoceros and Cerataulina were found in the shelf sediment to the south (Table 3), which 480 

is affected by upwelling. Some diatoms can survive for long periods by forming resting spores under unfavorable 481 

growth conditions (Kitchell et al., 1986) and germinate when the conditions are reversed (Sanyal et al., 2021). In 482 

several oceanographic regions, these resting spores contribute a substantial part of the sedimentary diatom 483 

assemblages (Pitcher, 1986). For example, in the Somali upwelling region, a high flux of Chaetoceros resting 484 

spores was observed after the summer monsoon upwelling-induced bloom (Koning et al., 2001). In some studies,      485 

Chaetoceros resting spore abundance was found to be positively correlated with low salinity (Sanyal et al., 2021). 486 

However, this may not justify the trend observed in this study. Cerataulina resting spores have been also reported 487 

from surface sediments of a tropical estuarine system on the northeast coast of India with a wide range of salinities 488 

(Sarkar et al., 2024).  489 

5.1 Conclusion 490 

This study analyzed organic matter (TOC, TN) along with diatom frustules (abundance, distribution, and 491 

diversity) from surface sediments of the western Indian continental shelf. The 210Pb analysis indicated a relatively 492 

recent signature ( 4.5 years) of phytodetritus. The content of organic matter was found to be relatively high 493 

(4%) suggesting a well-preserved signature and can be due to the influence of the OMZ along this shelf region. 494 

The highest diatom valve flux was noticed in the upwelling-impacted station (11° N), however, frustule number, 495 

diversity, and organic matter (TOC, TN) remained low and could be attributed to loss due to mineralization. On 496 
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the other hand, the station under the influence of the OMZ and weak upwelling was associated with moderate 497 

diatom valve flux but the highest organic matter content and frustule numbers and diversity. Overall, the results 498 

indicate a substantial loss of frustules due to dissolution and that some taxa are efficient in preservation. Two 499 

centric (Thalassiosira, Coscinodiscus) and one pennate (Nitzschia) diatoms contributed the most to the total 500 

diatom assemblages, and these diatoms were also frequently reported from the upper water column. Their frustule 501 

size, thickness, chain formation, and other relevant characteristics may explain their dominance in the sediments. 502 

In contrast, thinly silicified genera, such as Chaetoceros and Leptocylindrus, were not found in the surface 503 

sediment, although they are known to be abundant in the water column during the bloom. This could be due to 504 

the low preservation capacity of thin frustules or perhaps removal by grazing before reaching the sediment. 505 

Resting spores of Chaetoceros and Cerataulina were found in the stations impacted by upwelling. Future studies 506 

on export fluxes, rates, and mineralization of diatom-derived organic matter at the sediment-water interface are 507 

highly recommended, as such information is still scarce from this shelf region.   508 
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Legends to figures 845 

Figure 1 The upper two panels depict the oceanographic settings in the Arabian Sea during (A) summer and (B) 846 

winter monsoons. In panel A, the marked cyan-blue areas show the coastal upwelling caused by summer winds 847 

(June-September). At the same time, a low-level jet (Findlater jet; shown with yellow arrow) blows perpendicular 848 

to the Oman-Somali coast (along 16-18 °N) causing open-ocean upwelling to the north of the jet axis. The black 849 

dashed line demarks the outer boundary of the permanent Oxygen Minimum Zone (OMZ) (Redrawn from Naqvi 850 

1991). The “red dots” represent the sampling locations of the current study, and the locations for our previous 851 

study (Pandey et al. 2023) are shown in “yellow dots”. The region marked as ‘FFF’ corresponds to Fifty Fathom 852 

Flat near Mumbai region. In panel B the white dashed box shows the area that gets impacted by winter convective 853 

mixing (December-February). The Western Indian Coastal Current (WICC) is shown in the red arrow that flows 854 

poleward during the winter monsoon and reverses with the onset of the summer. Panel C represents the bubble 855 

map showing the absolute abundance (AA) of diatom frustules (valves g-1 dry sediment), and panel (D) represents 856 

the Shannon-Wiener (H’) diversity index of frustules retrieved from the surface sediments of the western Indian 857 

continental shelf (Eastern Arabian Sea) along the 200 m isobaths (n =2±SD). 858 

Figure 2 The map shows the occurrences of frustules in the sampling locations. The bubble size corresponds to 859 

the abundance of diatom frustules. The “donut chart” on the right represents the relative abundance (RA %) of 860 

diatoms in surface sediments from the western Indian continental shelf (“others” denotes individual taxa 861 

contributions <3%). The boundary line  of the OMZ (Redrawn from Naqvi 1991) is displayed here in black dashed 862 

line suggesting its expansion till 15°N and absent below that.  863 

 864 

Figure 3  Images of the major diatoms (light microscopy) from the surface sediments of the western Indian 865 

continental shelf. A–C. Thalassiosira spp. D–E Coscinodiscus spp. F–G Nitzschia spp. (scale bar 10 µm). 866 

Figure 4 Scanning Electron Microscopy (SEM) images of selected diatoms from surface sediments of western 867 

Indian continental shelf A. Thalassiosira sp. B. Coscinodiscus sp. C. Nitzschia interruptestriata D. Cyclotella sp. 868 

E. Thalassionema fraunfeldii F. Thalassionema nitzschiodes G. Pseudo-nitzschia sp. H. Fragilariopsis doliolus I. 869 

Fragilaria sp. (scale bar under the image). 870 

Figure 5 Images of minor diatoms (light microscopy) from the surface sediments of the western Indian continental 871 

shelf. A Cyclotella sp. B. Pseudo-nitzschia sp. C-D. Fragilariopsis sp. E. Navicula sp. F-G. Chaetoceros resting 872 

spore H-I. Cerataulina resting spore J. Diploneis sp. K. Rhizosolenia sp. L. Surirella sp. M. Hemidiscus sp. N. 873 

Actinoptychus sp. O. Triceratium sp. P. Paralia sp. Q. Asteromphalus sp. R. Bacteriastrum sp. S. Odontella sp. 874 

(Scale bar 10 µm). 875 

Figure 6 (A) total inorganic carbon (TIC) (%); (B) total organic carbon (TOC),  (%)and (C) (TN) total nitrogen 876 

(%)in surface sediments of the western Indian continental shelf (Eastern Arabian Sea) along the 200 m isobaths 877 

(n =2±SD).  878 

Figure 7 Redundancy analysis (RDA) biplot that represents the interrelationship between sedimentary 879 

geochemical parameters (red arrows) and biological constituents (violet arrows). The first two axes of the RDA 880 



24 
 

analysis revealed 95.8% of the total variance between abiotic and biotic components. Axis 1 and axis 2 explained 881 

83.5% and 12.3% of the variance, respectively.  882 

 883 

Supplementary Figure 1 Frustule abundance of centric and pennate diatoms (A); diatom frustules from three 884 

different size classes; <30 µm, 30-60 µm, and >60 µm (B); the frustule abundance of Thalassiosira (C); and 885 

Coscinodiscus (D) from three different size categories (<30 µm, 30-60 µm, and >60 µm) from the surface 886 

sediments of the western Indian continental shelf (Eastern Arabian Sea). Moving from left to right indicates the 887 

north-to-south direction along the 200 m isobaths (n =2±SD).  The contribution of major and minor diatom genera 888 

is shown in the donut chart with individual contribution from diatoms (>2 % relative abundance is shown; others 889 

include diatoms with relative percentage <1%) (E) and the correlation between total organic carbon (TOC %) and 890 

total nitrogen (TN %) (F). 891 

 892 

 893 

 894 

 895 

 896 

 897 

 898 

 899 

 900 

 901 
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 902 

 903 

Figure 1 The upper two panels depict the oceanographic settings in the Arabian Sea during (A) summer and (B) 904 

winter monsoons. In panel A, the marked cyan-blue areas show the coastal upwelling caused by summer winds 905 

(June-September). At the same time, a low-level jet (Findlater jet; shown with yellow arrow) blows perpendicular 906 

to the Oman-Somali coast (along 16-18 °N) causing open-ocean upwelling to the north of the jet axis. The black 907 

dashed line demarks the outer boundary of the permanent Oxygen Minimum Zone (OMZ) (Redrawn from Naqvi 908 

1991). The “red dots” represent the sampling locations of the current study, and the locations for our previous 909 

study (Pandey et al. 2023) are shown in “yellow dots”. The region marked as ‘FFF’ corresponds to Fifty Fathom 910 

Flat near Mumbai region. In panel B the white dashed box shows the area that gets impacted by winter convective 911 

mixing (December-February). The Western Indian Coastal Current (WICC) is shown in the red arrow that flows 912 

poleward during the winter monsoon and reverses with the onset of the summer. Panel C represents the bubble 913 

map showing the absolute abundance (AA) of diatom frustules (valves g-1 dry sediment), and panel (D) represents 914 

the Shannon-Wiener (H’) diversity index of frustules retrieved from the surface sediments of the western Indian 915 

continental shelf (Eastern Arabian Sea) along the 200 m isobaths (n =2±SD). 916 
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 917 
Figure 2 The map shows the occurrences of frustules in the sampling locations. The bubble size corresponds to 918 

the abundance of diatom frustules. The “donut chart” on the right represents the relative abundance (RA %) of 919 

diatoms in surface sediments from the western Indian continental shelf (“others” denotes individual taxa 920 

contributions <3%). The boundary line of the OMZ (Redrawn from Naqvi 1991) is displayed here in the black 921 

dashed line suggesting its expansion till 15°N and absent below that.  922 

 923 

 924 

 925 

 926 
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 927 
Figure 3 The images of major diatoms (light microscopy) from the surface sediments of the western Indian 928 

continental shelf. A–C. Thalassiosira spp. D–E Coscinodiscus spp. F–G Nitzschia spp. (scale bar 10 µm). 929 

 930 

 Figure 4 Scanning Electron Microscopy (SEM) images of few diatoms from surface sediments of western Indian 931 

continental shelf A. Thalassiosira sp. B. Coscinodiscus sp. C. Nitzschia interruptestriata D. Cyclotella sp. E. 932 

Thalassionema fraunfeldii F. Thalassionema nitzschiodes G. Pseudo-nitzschia sp. H. Fragilariopsis doliolus I. 933 

Fragilaria sp. (scale bar under the image). 934 

 935 
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     936 
Figure 5 The images of minor diatoms (light microscopy) from the surface sediments of the western Indian 937 

continental shelf. A Cyclotella sp. B. Pseudo-nitzschia sp. C-D. Fragilariopsis sp. E. Navicula sp. F-G. 938 

Chaetoceros resting spore H-I. Cerataulina resting spore J. Diploneis sp. K. Rhizosolenia sp. L. Surirella sp. M. 939 

Hemidiscus sp. N. Actinoptychus sp. O. Triceratium sp. P. Paralia sp. Q. Asteromphalus sp. R. Bacteriastrum sp. 940 

S. Odontella sp. (Scale bar 10 µm). 941 

 942 
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 943 

 944 

Figure 6 The contents of (A) total inorganic carbon (%) (TIC); (B) total organic carbon (%) (TOC), and (C) total 945 

nitrogen (%) (TN) from the surface sediments of the western Indian continental shelf (Eastern Arabian Sea) along 946 

the 200 m isobaths (n =2±SD).  947 

 948 

Figure 7 The redundancy analysis (RDA) biplot represents the interrelationship between sedimentary 949 

geochemical parameters (red arrows) and biological constituents (violet arrows). The first two axes of the RDA 950 

analysis revealed 95.8% of the total variance between abiotic and biotic components. Axis 1 and axis 2 explained 951 

83.5% and 12.3% of the variance, respectively.  952 
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  953 

 954 

 955 

Supplementary Figure 1 Frustule abundance of centric and pennate diatoms (A); diatom frustules from three 956 

different size classes; <30 µm, 30-60 µm, and >60 µm (B); the frustule abundance of Thalassiosira (C); and 957 

Coscinodiscus (D) from three different size categories (<30 µm, 30-60 µm, and >60 µm) from the surface 958 

sediments of the western Indian continental shelf (Eastern Arabian Sea). Moving from left to right indicates the 959 

north-to-south direction along the 200 m isobaths (n =2±SD).  The contribution of major and minor diatom genera 960 

is shown in the donut chart with individual contribution from diatoms (>2 % relative abundance is shown; others 961 

include diatoms with relative percentage <1%) (E) and the correlation between total organic carbon (TOC %) and 962 

total nitrogen (TN %) (F). 963 

 964 

 965 

 966 

 967 

 968 

 969 
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Table 1. Details of dry bulk density (DBD), mass accumulation rate (MAR), diatom valve concentration (DVC), 970 

and diatom valve flux (derived using 210Pbexcess) collected from 11, 13, 15° N at 200m isobaths of western Indian 971 

continental shelf (eastern Arabian Sea). The MAR for 21°N was calculated using the sedimentation rate from 972 

Somayajulu et al., 1999. 973 

 974 

Latitude (°N) Dry bulk 

density 

(DBD; g cm-3) 

Sediment 

accumulation 

rate (SAR; g 

cm-3) 

Mass 

accumulation 

rate (MAR; g 

cm-2 yr-1) 

Diatom valve 

concentration 

(DVC; valve × 

104  g-1) 

Diatom valve flux 

(valves × 103 cm–2 

yr–1) 

 

21 0.44 0.22 0.096 2.23 2.14 

19 - - - 0.10 - 

17 0.64 0.016 0.011±0.003 1.37 0.15 

15 0.30 0.05 0.018± 0.001 18.46 3.39 

13 0.65 0.13 0.093± 0.010 2.20 2.05 

11 0.65 0.27 0.203± 0.058 4.99 10.14 

 975 

 976 
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 978 
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Table 2. Characteristics of surface sediments from the Western Indian Continental Shelf (eastern Arabian Sea) 1002 
showing total inorganic carbon = TIC, calcium carbonate (CaCO3), total organic carbon = TOC, total nitrogen 1003 
=TN, (values ± SD). 1004 

 1005 
 1006 
 1007 
 1008 
 1009 
 1010 
 1011 
 1012 
 1013 
 1014 
 1015 
 1016 
 1017 
 1018 
 1019 
 1020 
 1021 
 1022 
 1023 
 1024 
 1025 
 1026 
 1027 
 1028 
 1029 

Latitude 
(°N) 

 

TIC (%) 
 

CaCO3  
(%) 

TOC (%) 
 

TOC 
(mg g-1) 

TN (%) Diatom 
Frustules (No. 
×104  valves g-1) 

 

Shannon- 
Wiener index 

(H’) 

21 2.37±0.08 19.74±0.6
7 

1.89±0.09 18.9 0.21±0.001 2.23±0.04 1.99±0.12 

19 10.04±0.04 83.59±0.3
5 

0.96±0.03 9.6 0.03±0.005 0.10±0.03 0.79±0.32 

17 8.87±0.07 73.89±0.6
1 

1.55±0.06 15.5 0.13±0.001 1.37±0.30 1.59±0.07 

15 7.17±0.13 59.76±1.0
8 

3.39±0.12 33.9 0.31±0.006 18.46±1.10 2.32±0.07 

13 7.62±0.01 63.50±0.1
1 

1.85±0.02 18.5 0.15±0.006 2.20±0.23 1.91±0.17 

11 6.61±0.03 55.03±0.2
9 

1.61±0.04 16.1 0.13±0.002 4.99±0.16 1.65±0.20 

Average±S
D 

7.11±2.63 59.25±0.5
2 

1.88±0.81 18.8 0.16±0.09 4.89±6.84 1.71±0.52 
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Table 3. The absolute abundance (AA) of individual diatom frustules is expressed as valves g-1 dry sediment and relative abundance (RA) (%) calculated from the microscopic 1030 
analysis of the surface sediments from different locations of the Eastern Arabian Sea (n = 2; ±SD). The abbreviations ‘c’ and ‘p’ correspond to centric and pennate diatoms, 1031 
respectively. 1032 

Type Diatom frustules 21° N 19° N 17° N 15° N 13° N 11° N  

  AA RA AA RA AA RA AA RA AA RA AA RA Average 
AA 

Average  
RA 

p Achnanthes spp. 0 0.0 0 0.0 200±
283 

1.5 100±
141 

0.1 500±
141 

2.3 0 0.0 133±197 0.6 

c Actinoptychus spp. 0 0.0 0 0.0 300±
141 

2.2 900±
424 

0.5 100±
141 

0.5 200
±0 

0.4 250±339 0.6 

p Amphiprora sp. 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 200
±28

3 

0.4 33±82 0.1 

p Asterionellopsis sp. 0 0.0 0 0. 0 0.0 100±
141 

0.1 0 0.0 0 0.0 17±41 0.0 

c Asteromphalus spp. 0 0.0 0 0.0 100±
141 

0.7 500±
141 

0.3 0 0.0 0 0.0 100±200 0.2 

p Bacillaria sp. 0 0.0 0 0.0 0 0.0 5800
±141

4 

3.1 0 0.0 100
±14

1 

0.2 983±236
0 

0.6 

c Bacteriastrum sp. 0 0.0 0 0.0 0 0.0 400±
283 

0.2 0 0.0 100
±14

1 

0.2 83±160 0.1 

c  Cerataulina resting spore 0 0.0 0 0.0 0 0.0 300±
424 

0.2 400±
0 

1.8 400
±0 

0.8 183±204 0.5 
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c Chaetoceros resting spore 0 0.0 0 0.0 0 0.0 900±
141 

0.5 500±
141 

2.3 100
±14

1 

0.2 250±373 0.5 

p Cocconeis sp. 100±141 0.4 0 0.0 0 0.0 500±
424 

0.3 0 0.0 0 0.0 100±200 0.1 

c Coscinodiscus spp. 6600±11
31 

29.6 600±
0 

60.
0 

4800
±566 

35.
0 

1530
0±14

1 

8.3 2700
±424 

12.
3 

340
0±2
83 

6.8 5567±51
76 

25.3 

c Cyclotella spp. 0 0.0 0 0.0 300±
141 

2.2 3900
±141 

2.1 3600
±849 

16.
4 

330
0±1
273 

6.6 1850±19
30 

4.5 

p Cymbella sp. 0 0.0 0 0.0 0 0.0 200±
0 

0.1 0 0.0 0 0.0 33±82 0.0 

p Diploneis spp. 1500±70
7 

6.7 0 0.0 0 0.0 500±
141 

0.3 0 0.0 400
±28

3 

0.8 400±583 1.3 

p Fragilaria spp. 0 0.0 0 0.0 0 0.0 7700
±141 

4.2 0 0.0 130
0±7
07 

2.6 1500±30
82 

1.1 

p Fragilariopsis spp. 200±0 0.9 0 0.0 100±
141 

0.7 1950
0±18

38 

10.
6 

100±
141 

0.5 150
0±4
24 

3.0 3567±78
26 

2.6 

p Gomphonema sp. 0 0.0 0 0.0 0 0.0 600±
283 

0.3 0 0.0 300
±42

4 

0.6 150±251 0.2 

c Hemidiscus spp. 100±141 0.4 0 0.0 200±
0 

1.5 2200
±283 

1.2 100±
141 

0.5 200
±0 

0.4 467±852 0.7 
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c Leptocylindrus sp. 0 0.0 0 0.0 0 0.0 400±
566 

0.2 0 0.0 170
0±4
24 

3.4 350±680 0.6 

p Licmophora sp. 0 0.0 0 0.0 0 0.0 200±
283 

0.1 0 0.0 0 0.0 33±82 0.0 

p Lyrella sp. 100±141 0.4 0 0.0 0 0.0 0 0.0 0 0.0 100
±14

1 

0.2 33±52 0.1 

p Navicula spp. 600±283 2.7 0 0.0 300±
141 

2.2 6100
±155

6 

3.3 300±
141 

1.4 600
±28

3 

1.2 1317±23
54 

1.8 

p Nitzschia spp. 2300±14
1 

10.3 100±
141 

10.
0 

1600
±283 

11.
7 

4620
0±25

46 

25.
0 

1700
±141 

7.7 180
0±2
83 

3.6 8950±18
264 

11.4 

c Odontella sp. 0 0.0 0 0.0 0 0.0 100±
141 

0.1 0 0.0 0 0.0 17±41 0.0 

c Paralia sp. 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 500
±14

1 

1.0 83± 0.2 

p Pinnularia sp. 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 100
±14

1 

0.2 17±204 0.0 

p Pleurosigma spp. 0 0.0 0 0.0 100±
141 

0.7 100±
141 

0.1 0 0.0 200
±0 

0.4 67±41 0.2 

p Pseudo-nitzschia spp. 1700±14
1 

7.6 0 0.0 400±
566 

2.9 1320
0±14

14 

7.2 800±
283 

3.6 500
±14

1 

1.0 2767±51
43 

3.7 
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 1033 

 1034 

c Rhizosolenia spp. 600±283 2.7 0 0.0 200±
283 

1.5 2300
±424 

1.2 400±
0 

1.8 100
±14

1 

0.2 600±860 1.2 

p Surirella sp. 1200±28
3 

5.4 0 0.0 0 0.0 300±
141 

0.2 0 0.0 200
±28

3 

0.4 283±467 1.0 

p Synedra sp. 0 0.0 0 0.0 0 0.0 5400
±113

1 

2.9 0 0.0 0 0.0 900±220
5 

0.5 

p Thalassionema spp. 1400±11
31 

6.3 0 0.0 200±
283 

1.5 8700
±212

1 

4.7 1700
±141 

7.7 160
0±2
83 

3.2 2267±32
35 

3.9 

c Thalassiosira spp. 5600±56
6 

25.1 300±
141 

30.
0 

4900
±155

6 

35.
8 

4120
0±28

3 

22.
3 

8900
±353

6 

40.
5 

307
00±
212

1 

61.
5 

15267±1
6590 

35.9 

c Triceratium spp. 100±141 0.4 0 0.0 0 0.0 700±
424 

0.4 200±
0 

0.9 100
±14

1 

0.2 183±264 0.3 

c Unknown Centric 0 0.0 0 0.0 0 0.0 100±
141 

0.1 0 0.0 0 0.0 17±41 0.0 

p Unknown Pennate 200±283 0.9 0 0.0 0 0.0 200±
283 

0.1 0 0.0 200
±0 

0.4 100±110 0.2 

 Total diatom frustule 22300±1
471 

 1000
±111 

 1370
0±11

34 

 1846
00±1
0607 

 2200
0±16

34 

 499
00±
509

9 
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Table 4. Absolute abundance of diatom frustules from different size classes, centric, pennate, and for two major 1035 
contributing genera (Thalassiosira and   Coscinodiscus) from surface sediments from the Western Indian 1036 
Continental Shelf (eastern Arabian Sea) (values ± SD). 1037 

 1038 

 1039 
 1040 

 1041 

 1042 

 1043 

 1044 

 1045 

 1046 

 1047 

 1048 

 1049 

Latitud
e (°N) 

 

Diatom frustules from 
three size classes (No. 

×104   valves g-1) 

Centr
ic 

Diato
m 

(No. 
× 104  

valve
s g-1) 

Penna
te 

Diato
m 

(No.  
of 

valves 
× 104  

cells g-

1) 

Thalassiosira frustule 
in sediment 

(No. × 104  valves g-1) 

Coscinodiscus frustule 
in sediment 

(No. × 104  valves g-1) 

 <30µ
m 

30–60 
µm 

>60 
µm 

  <30µ
m 

30–60 
µm 

>60 
µm 

<30µ
m 

30–60 
µm 

>60 
µm 

21 0.98±
0.17 

1.11±
0.16 

0.14±
0.03 

1.30±
0.23 

0.93±0
.27 

0.47±
0.01 

0.09±
0.07 

0 0.04±
0.00 

0.56±
0.14 

0.06±
0.03 

19 0.03±
0.01 

0.07±
0.01 

0 0.09±
0.01 

0.01±0
.01 

0.02±
0 

0.01±
0.01 

0 0 0.06±
0 

0 

17 0.63±
0.16 

0.62±
0.06 

0.12±
0.08 

1.08±
0.25 

0.29±0
.04 

0.33±
0.10 

0.16±
0.06 

0 0 0.36±
0.03 

0.12±
0.08 

15 4.72±
0.08 

9.02±
0.40 

4.72±
0.79 

6.92±
0.23 

11.54±
0.88 

1.33±
0.30 

2.45±
0.27 

0.34±
0.06 

0 0.18±
0.14 

1.35±
0.16 

13 1.45±
0.16 

0.72±
0.06 

0.03±
0.01 

1.69±
0.30 

0.51±0
.07 

0.66±
0.34 

0.23±
0.01 

0 0 0.25±
0.04 

0.02±
0.00 

11 1.09±
0.01 

3.46±
0.34 

0.44±
0.17 

4.08±
0.11 

0.91±0
.27 

0.54±
0.25 

2.48±
0.06 

0.05±
0.01 

0 0.15±
0.07 

0.19±
0.04 

Averag
e±SD 

1.48±
1.66 

2.50±
3.41 

0.91±
1.87 

2.53±
2.53 

2.37±4
.51 

0.56±
0.44 

0.90±
1.21 

0.07±
0.14 

0.01±
0.02 

0.26±
0.18 

0.29±
0.52 
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Table 5. The list of major diatom species from the coastal waters of the Eastern Arabian Sea was reported in 1050 
earlier studies during both the southwest monsoon (SWM) and northeast monsoon (NEM). The studies reported 1051 
close to our sampled stations are considered. 1052 

 1053 

Source Duration Location Parameter 
studied 

Major diatom species found  

Chowdhury and 
Biswas, 2023 

SWM 
(Aug 
2017-
2018) 

8-21 °N at one-
degree interval 200 m 
isobath 

Phytoplankton 
and pigment 
study 

Chaetoceros sp., Dactyliosolen 
fragilissimus, Thalassiosira sp., Pseudo-
nitzschia sp., Navicula sp., Coscinodiscus 
sp., Rhizosolenia sp., Cyclotella sp., 
Pleurosigma sp. 

Albin et al., 
2022 

NEM and 
SWM 

19° N, 66.8° E; 20.4° 
N, 66 ° E; 21° N, 67° 
E 

Phytoplankton 
community  

Chaetoceros, Coscinodiscus, Dictyocha, 
Heliotheca, Hemiaulus, Hemidiscus, 
Navicula, Nitzschia, Odontella, 
Planktionella, Pleurosigma, Pseudo-
Nitzschia, Rhizosolenia, Thalassionema, 
Thalassiosira 

Sathish et al., 
2022 

NEM 9 to 15° N, 73 to 76° 
E 

Phytoplankton 
community 

Chaetoceros, Bacteriastrum, and 
Leptocylindrus 

Vijayan et al., 
2021 

NEM 7 to 21° N, 68 to 78° 
E 

Pigment studies North and south coastal regions were 
dominated by diatoms by 96 % and 55% 
respectively. 

Jyothibabu et 
al., 2021  

SWM 9° N, 76° E Phytoplankton 
community 

Thalassiosira, Thalassionema, 
Asterionellopsis, Streptotheca, 
Fragilariopsis, Chaetoceros. Bacteriastrum, 
Hemisdiscus, Coscinodiscus, Rhizosolenia, 
Guinardia, Stephnopyxis 

Karnan et al., 
2020 

SWM  9° 55’ N, 76-76.25° 
E 

Phytoplankton 
community 

Fragilaria, Thalassiosira, Thalassionema, 
Skeletonema 

Ahmed et al., 
2016 

SWM 8 to 17° N at 0.5° 
interval (water depth 
range: 600-800m) 

Pigment studies 
and 
phytoplankton 
community 

South of 12 °N dominated by large diatoms 
(Chaetoceros coarctatum and Nitzschia); 
north of 12 °N picoplankton and 
nanoplankton dominated. 

Thomas et al., 
2013 

SWM 8 to 10° N, 75 to 77° 
E 

Phytoplankton 
community 

Chaetoceros, Nitzschia, Pseudo-nitzschia,  
Amphora, Navicula 

Habeebrehman 
et al., 2008 

SWM 8 to 19° N, 70 to 78° 
E 

Phytoplankton 
community 

Nitzschia seriata, Rhizosolenia alata, 
Thalassiosira subtilis, Skeletonema 
costatum, Rhizosolenia setigera 

Parab et al., 
2006 

NEM and 
SWM 

15.51° N, 73.16° E Pigment and 
phytoplankton 
community 

Chaetoceros lorenzianus, Nitzschia 
closterium, Rhizosolenia imbricate, 
Thalassiosira condensate, Navicula 
acuminate, Thalassionema nitzschoides, 
Thalassiosira eccentrica, Gyrosigma 
littorale, Coscinodiscus centralis 

Gopinathan et 
al., 2001 

Post SWM 7 to 20° N along the 
western Indian coast 
(water depth ranging 
from 40-200m) 

Pigment and 
phytoplankton 
community 

Coscinodiscus, Thalassiosira, Nitzschia, 
Eucampia, Planktoniella sol, Asterionella 
japonica,  Thalassiothrix fraunfeldii;  
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 1054 

 1055 
 1056 

 1057 

 1058 

 1059 

 1060 

Goa, Ratnagiri and Mumbai: Biddulphia, 
Coscinodiscus, Nitzschia, Rhizosolenia, 
Thalassiosira and Eucampia 

Sawant and 
Madhupratap, 
1996 

SWM, 
NEM, and 
spring 
inter-
monsoon 

21° N, 67° E; 19° N,  
70° E; 15° N,  70° E; 
12° N,  74° E; 10° N,  
75° E 

Phytoplankton 
community 

Chaetoceros sp., Coscinodiscus sp., 
Rhizosolenia alata,  R. stoltherfothi, 
Rhizosolenia sp., Navicula, Nitzschia sp., 
Thalassiosira sp., Thalassionema 
nitzschiodes, Cerataulina sp. 


