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This study investigates the seasonal and spatial variability of hydrochemical parameters and organic carbon pools between the South Andaman Islands (SAI) and North Andaman Islands (NAI) under contrasting monsoonal regimes. Seawater temperature (26.1 – 33.5°C) was consistently higher in SAI due to reef-associated stratification, while NAI exhibited greater variability. Salinity (25.2 – 35.9) and pH were more stable in SAI, whereas NAI showed lower values and higher variability driven by freshwater inputs from the Bay of Bengal river systems. Turbidity and dissolved inorganic nutrients (DIN, DIP, DSi) were significantly higher in NAI, reflecting strong terrestrial and riverine influence. Dissolved organic carbon (DOC; 103 – 772 µM) and particulate organic carbon (POC; 22 – 168 µM) concentrations were consistently higher in NAI, particularly during the spring intermonsoon (SIM) and northeast monsoon (NEM), while SAI exhibited lower but more variable concentrations linked to reef metabolism. Seasonal drivers included freshwater and terrestrial inputs enhancing DOC during SIM and NEM, and monsoon-induced mixing reducing concentrations during the southwest monsoon (SWM). POC levels were enriched in NAI throughout, whereas SAI showed greater variability related to reef-derived particulate cycling. The POC: DOC ratio (0.04 – 0.83) highlighted contrasting biogeochemical regimes, with NAI dominated by particulate-rich terrestrial inputs and SAI characterized by variable phytoplankton- and reef-driven processes. These findings emphasize the role of monsoonal forcing in shaping carbon dynamics across the Andaman Islands and the contrasting influence of terrestrial inputs in NAI versus reef-associated processes in SAI, with implications for regional carbon cycling and ecosystem functioning.
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1 Introduction

Marine ecosystems, which are vital for sustaining tropical island environments, depend on energy flow and complex ecological interactions (Hutchinson, 1959; Odum, 1971; Paine, 1980; Osterholz et al., 2021). Oceanic and coastal ecosystems provide essential benefits to human societies, including fisheries, aquaculture, water purification, shoreline protection, and recreational opportunities (Barbier et al., 2008; Halpern et al., 2012; Narayan et al., 2016; Sachithanandam et al., 2022). In recent decades, rapid changes in these ecosystems, driven largely by climate change, have negatively impacted tropical island populations and marine biodiversity (Hutchinson, 1959; Sachithanandam et al., 2020). Coastal regions are dynamic environments that play a critical role in the cycling of dissolved organic carbon (DOC) and particulate organic carbon (POC), which directly influence nutrient availability (Osterholz et al., 2021). Coral reefs, among the world’s most productive ecosystems, release carbon-rich organic material that fuels biogeochemical processes and promotes rapid nutrient recycling (Naumann et al., 2012). However, these ecosystems face increasing threats from rising seawater temperatures, cyclones, droughts, and invasive species, highlighting the urgent need for monitoring and conservation (Sachithanandam et al., 2022). Nearshore coastal ecosystems, enriched by light availability and terrestrial nutrient runoff, are particularly important for DOC and POC cycling in tropical island settings (Osterholz et al., 2021). Despite this, the impacts of climate change on ocean biogeochemistry and organic carbon cycling remain uncertain, underscoring the importance of long-term observations in dynamic systems such as the Andaman Sea (Sachithanandam et al., 2020).

The Andaman Sea (AS), located in the northeastern Indian Ocean and bordered by Myanmar, Thailand, and Malaysia, is a semi-enclosed basin that exchanges water dynamically with the Bay of Bengal (BoB) through the Preparis, Ten Degree, and Great Channels (Sachithanandam et al., 2013, 2022). Seasonal inflow and outflow between the BoB and AS regulate the water column structure and properties (Kiran, 2017; Liao et al., 2020; Sachithanandam et al., 2022). The region receives substantial precipitation during the South Asian monsoon seasons, along with freshwater discharge from the Irrawaddy and Salween Rivers, which lowers surface salinity and contributes to the formation of a barrier layer (Sprintall and Tomczak, 1992; Varkey et al., 1996). The BoB hosts one of the most extensive oxygen minimum zones (OMZs) in the tropics, primarily due to the decomposition of organic matter and the microbial consumption of dissolved organic matter (DOM), processes further intensified by the barrier layer (Paulmier and Ruiz-Pino, 2009). Despite the ecological importance of this region, research on DOC and POC dynamics in the Andaman Sea remains limited compared to the more extensively studied coastal waters of the BoB (Sachithanandam et al., 2022). This study aims to examine seasonal changes in the characteristics of organic carbon in the nearshore coastal waters of the Andaman and Nicobar Islands (ANI). Particular focus is given to the influence of terrestrial inputs from the northern BoB and the role of coral reefs in the ANI. The study further seeks to provide baseline information and improve the understanding of carbon biogeochemistry in this ecologically sensitive tropical island system.




2 Materials and methods



2.1 Study area

The Andaman and Nicobar Islands (ANI), spanning from 92° to 94° Longitude (E) and 6° to 14° Latitude (N), comprise 572 tropical islands, constituting approximately 30% (0.60 million sq. km) of the Indian exclusive economic zone (EEZ) in the Bay of Bengal (BoB) (Figure 1). The ANI’s EEZ contributes around 10% of the total Indian EEZ’s potential fishery resources (Sachithanandam et al., 2012). Covering a total land area of approximately 8,249 km2, the ANI features tropical evergreen rainforests and diverse marine ecosystems, including coral reefs, seagrasses, seaweeds, and mangroves (Sachithanandam et al., 2012; Sarkar and Ghosh, 2013). The summer monsoon typically arrives earlier on the ANI than on the mainland India, starting in Maywith the high-precipitation season usually over by early July (Fasullo and Webster, 2003; Sachithanandam et al., 2013, 2014; ANI, 2017; Sachithanandam et al., 2020). The rainy season lasts around 8 - 9 months, with an average annual rainfall of 3,100 mm, with about 95% of this precipitation occurring between May and December (2,935 mm) (Karthik et al., 2017; Sachithanandam et al., 2020).

[image: Map displaying the Andaman and Nicobar Islands in the Bay of Bengal with locations marked, including Diglipur, Mayabunder, Rangat Jetty, Baratang, Chatham, Carbyns Cove, Burmanallah, and Chidiyatappu. Insets show India's position relative to the islands and surrounding areas, featuring the Andaman Sea and notable nearby locations like Yangon and Port Blair.]
Figure 1 | Study area and sampling stations.

The Andaman Islands, formed by the uplift of the Sunda Trench accretionary prism, consist of late Cretaceous to Miocene sedimentary rocks atop ophiolitic volcanic and basalts (Sachithanandam et al., 2014). These sedimentary rocks, primarily delivered by the Irrawaddy River, result from the Himalayan orogeny (Garzanti et al., 2013; Pargaonkar and Vinayachandran, 2022). The Indo-Burman Ranges (IBR) in the north to the Nicobar fan in the south are covered by sediments with similar composition and zircon ages (Kumar et al., 2007; Allen et al., 2008; McNeill et al., 2017). Neogene Archipelago group sandstones, chalk, and limestones deposited on the slope can be found on the smaller surrounding islands with abundant coral reefs. The ANI remains mostly undisturbed, with dense rainforests extending to the beaches and coral reefs, as the islands are sparsely populated, with most development centered around Port Blair, the capital (Sachithanandam et al., 2020; ANI, 2017). Mangrove forests and glades are present next to the reefs in low-lying areas, offering a rare opportunity to study the baseline data generation of dissolved organic carbon (DOC) and particulate organic carbon (POC) in virtually undisturbed reef ecosystems of the Andaman Islands. For this study, eight stations were selected to cover the coastlines of the Andaman Sea (AS) from the South Andaman Islands (SAI) to the North Andaman Islands (NAI). Figure 1 illustrates the map of the stations investigated. The SAI are represented by four study
sites: (i) Chidiyatappu, (ii) Burmanallah, (iii) Carbyns Cove, and (iv) Chatham. The remaining four study sites fall under the NAI, namely (v) Barantang, (vi) Rangat Jetty, (vii) Mayabunder, and (viii) Diglipur.




2.2 Sampling and methods

Samples were collected with seasonally representing Spring Inter Monsoon (SIM), South West Monsoon (SWM) and North East Monsoon (NEM) during the year 2014 to 2015 from the surface and subsurface (15m) depth water regions of the tropical islands ecosystem from the North Andaman to the South Andaman (Figure 1) by using Niskin water sampler. For the hydrographi data in situ continuous profiles of temperature, pH, salinity, turbidity, and depth were measured using Quanta Hydrolab (USA) sensors.  For nutrients samples were collected in plastic bottles immediately filtered through GF/F filter and frozen subsequently, analyzed for nitrate, nitrite, ammonium, silicate, and phosphate using wet-chemistry methods as described by APHA (2005). For the determination of Dissolved organic carbon (DOC) samples prefiltered through a GF/F filter were analyzed using a Total Organic Carbon Analyzer (Shimadzu TOC-VCSH) with a precision of ±0.5%. About 25 mL of the filtered sample was collected in pre-combusted glass vials, acidified with 10% ortho-phosphoric acid (to remove the dissolved inorganic carbon), and used for the analysis of DOC. The accuracy of DOC measurements was checked with CRM (supplied by Dr. D. Hansell, University of Miami, USA) and with internal standards prepared using potassium hydrogen phthalate (0 – 2 mg L−1). For the determination of particulate organic carbon (POC) followed Martin’s (1993) protocol. The residue-laden filter paper (GF/F), pre combusted at 450°C from seawater filtration was stored at -20°C until further processing. Subsequently, the sample filters were dried, positioned on the combusted glass petri plates, and subjected to acidification overnight in a desiccator using saturated HCl fumes. To achieve saturation, an open container of HCl was placed at the bottom of the desiccator. Following acidification, the HCl was removed, and the samples were dried for 48 hours at 60°C. The total filter weight was measured, considering that half of the 25mm filter was approximated. The percentage of the filter paper analyzed was then calculated. The portion of the filter paper earmarked for analysis was folded with the sample facing outward and compacted into a 9 x 10mm tin capsule. Finally, the samples underwent analysis using the CHNO Analyzer in accordance with the manufacturer’s instructions (Make: Thermo-Flash, 2000CHNS/O Analyzers). The analytical precision for the estimation of C was ±0.03% (relative standard deviation).




2.3 Statistical analysis

Statistical correlations were conducted using Microsoft Excel. The Pearson correlation coefficient (r) was calculated as the square root of the R2 value obtained from the Excel scatter plot. The significance (two-tailed probability) was determined by substituting the n and r values into the following online calculator: Pearson Correlation Coefficient Calculator Link: https://www.danielsoper.com/statcalc/calculator.aspx?id=44.





3 Results



3.1 Seasonal variation of hydrochemical parameters

The seawater temperature ranged from 26.12°C to 33.51°C during the study period, with higher values during the SIM and lower values during the NEM. Consistently higher temperatures were observed in the SAI, while the NAI showed greater variability, except during the SWM (Figure 2A). Salinity varied between 25.23 and 35.94, with lower values with higher variability in the NAI than compared to the SAI during all the seasons (Figure 2B). Turbidity ranged from 12 to 125 NTU and was significantly higher in the NAI than compared to the SAI during all the seasons with higher variability during SIM (Figure 2C). The pH ranged from 7.05 to 8.96, with no significant variation from SAI to NAI during all the seasons whereas higher variability in the NAI (Figure 2D). DIN (NO2 + NO3) concentrations ranged from 0.03 to 2.94 µM, with higher values during the SWM and a gradual increase from SAI to NAI, whereas in other seasons no significant spatial variation was observed (Figure 3A). DIP concentrations ranged from 0 to 0.25 µM during the study period and did not show significant seasonal or spatial variation (Figure 3B). DSi concentrations ranged from 0.02 to 3.40 µM and were higher during the SWM (Figure 3C). An increasing trend from SAI to NAI was observed during the SWM, while no significant variation was noted during the other seasons.

[image: Box plots illustrating environmental parameters across different monsoon seasons and locations. Panel (a) shows temperature (degrees Celsius), (b) shows salinity, (c) shows turbidity (NTU), and (d) shows pH. Each parameter is plotted for SIM, SWM, and NEM seasons, with comparisons between SAI and NAI sites. Colors indicate variability between the sites and seasons.]
Figure 2 | Seasonal variability of (A) Temperature., (B) Salinity, (C) Turbidity and (D) pH in SAI and NAI.

[image: Three bar graphs labeled a, b, and c compare nutrient levels (DIN, DIP, DSi) across three monsoon seasons (SIM, SWM, NEM) for two sites (SAI and NAI). Each graph shows red bars with error bars indicating variability.]
Figure 3 | Seasonal variability of (A) DIN., (B) DIP, and (C) DSi in SAI and NAI.




3.2 Seasonal variation of DOC and POC

DOC concentrations ranged from 103 to 772 µM during the study period. During the SIM, DOC concentrations ranged widely in SAI and NAI, with slightly higher median values in NAI (Figure 4A). In the SWM, SAI exhibited greater variability, while NAI showed relatively stable but moderate DOC concentrations. During the NEM, DOC was higher in NAI with a wide range, whereas SAI showed lower values. POC concentrations ranged from 22 to 168 µM during the study period. During the SIM, POC concentrations were lower in SAI but higher and less variable in NAI (Figure 4B). In the SWM, both regions showed similar median values with slight wider variability in NAI. During the NEM, POC was higher in NAI compared to SAI. Overall, DOC and POC concentrations were more variable in SAI but showed higher in the NAI across all the seasons. The POC: DOC ratio ranged from 0.04 to 0.83 during the study period. During the SIM, the ratio was moderate in both regions, with higher variability in SAI (Figure 4C). In the SWM, values were comparable between SAI and NAI, showing a similar median and range. During the NEM, the ratio was higher and more variable in SAI, while NAI showed relatively lower and stable values.

[image: Three box plots labeled a, b, and c compare DOC, POC, and POC:DOC values, respectively, across SIM, SWM, and NEM seasons for SAI and NAI. The plots show varying concentrations and ratios with highlighted red and gray background sections.]
Figure 4 | Seasonal variability of (A) DOC., (B) POC, and (C) POC:DOC in SAI and NAI.




3.3 Correlations of hydrochemical parameters with DOC and POC

In the SAI, DOC showed a significant (n=8, p<0.05) negative correlation with salinity and a positive correlation with nutrients (DIN, IP, and DSi) during the SIM (Figure 5A). DOC also showed a significant (n=9, p<0.05) negative correlation with salinity during the SWM (Figure 5B). However, in the NAI, DOC did not show any significant correlation with the measured parameters during any of the seasons. In contrast, POC did not show significant (n=10, p<0.05) variation in the SAI during all seasons. In the NAI, POC showed a significant positive correlation with DSi and DIN during the SWM (Figure 6A), and a significant (n=11, p<0.05) positive correlation with temperature and a negative correlation with pH during the NEM (Figure 6B).

[image: Graph a shows the relationship between DIN, DIP, DSi concentrations and DOC, with linear trend lines and R-squared values. Graph b displays a negative correlation between DOC and salinity, with its own trend line and R-squared value.]
Figure 5 | Correlation between DOC and (A) Nutrients (DIN, DIP and DSi) (B) Salinity in the SAI during SIM and SWM respectively.

[image: Two scatter plots labeled “a” and “b” show data relationships. Plot “a” correlates POC with DIN and DSi, showing positive trends with equations and R-squared values of 0.37 and 0.72, respectively. Plot “b” examines POC against temperature and pH, revealing positive and negative trends with equations, and R-squared values of 0.53 and 0.52, respectively. Data points are represented as orange and blue dots.]
Figure 6 | Correlation between POC and (A) Nutrients (DIN and DSi) and (B) Temperature and pH in the SAI during SWM and NEM respectively.





4 Discussion

The ANI experience diverse physical processes driven by strong seasonal variations in monsoonal winds, tides, and ocean circulation. During the SWM, strong southwesterly winds drive northeastward currents, heavy rainfall lowers salinity, and eddies form around the islands, while the Irrawaddy River plume significantly influences the region (Pargaonkar and Vinayachandran, 2022). In the NEM, winds and currents reverse southward, with lower rainfall compared to SWM, whereas the SIM is characterized by weak winds, calm seas, and high temperatures. The shallow shelves around the islands enhance vertical mixing of the water column. Notably, the southern ANI, rich in coral reefs, shows shifts in faunal diversity, promotes heterotrophic metabolism, and alters carbon biogeochemistry compared to non-reef areas (Zhao and Gao, 2019; Osterholz et al., 2021).



4.1 Seasonal variation in the hydrochemical characteristics of SAI and NAI

Higher temperatures were observed in the in the SAI attributed to shallow depths associated with reef structures and localized stratification, which together enhance solar heating, reduce water exchange, and trap heat in the surrounding waters. Such thermal characteristics are well-documented in coral reef environments, where lagoonal and nearshore waters often record higher sea surface temperatures than adjacent open waters (McClanahan et al., 2007; Chollett et al., 2012). Reduced flushing and restricted water exchange in reef lagoons further intensify thermal buildup, which alters the balance between autotrophy and heterotrophy in the ecosystem (Gattuso et al., 1999). The high saline condition in SAI could be due to the weakening of the monsoon current and intensification of eddy-mediated Kinetic energy from Wyrtki Jet, which brings the high saline waters to AS (Chen et al., 2018; Pasula and Subramani, 2023). Lower salinity and higher variability in the NAI compared to the SAI can be attributed to the stronger influence of freshwater inputs from rivers, rainfall, and runoff from the northern Bay of Bengal, where large river systems such as the Irrawaddy and Ganges–Brahmaputra discharge substantial freshwater into the region (Pargaonkar and Vinayachandran, 2022; Sarma et al., 2018). These inputs carry suspended sediments and organic matter, enhancing turbidity and variability, which is more pronounced in the north than in the relatively oligotriphic SAI. The fresh water inpus from the north and turbidity modify the biological activity and remineralization processes in the NAI causing fluctuations in dissolved inorganic carbon and alkalinity, and thereby increasing pH variability. In contrast, the SAI are more oceanic, with stable salinity and reduced terrestrial influence, resulting in relatively stable pH conditions (Sarma et al., 2018; Frankignoulle et al., 1994; Pargaonkar and Vinayachandran, 2022). The terrestrial water inputs supply large amounts of nutrients and suspended matter, which are transported southward by monsoon-driven circulation, leading to elevated concentrations of DIN, DIP and DSi in the NAI than compared to the SAI waters. In contrast, during the SIM, and NEM, reduced precipitation and weaker river influence result in limited nutrient inputs, and no significant spatial variation is observed (Sarma et al., 2018; Pargaonkar and Vinayachandran, 2022; Kumar M. D. et al., 2004). DIP and DSi were lower during the SIM in the NAI despite terrestrial inputs, mainly due to strong stratification caused by calm conditions and high solar heating, which limits vertical mixing and nutrient replenishment from deeper layers. In addition, rapid biological uptake by phytoplankton during periods of enhanced light availability depletes surface DIP and DSi, offsetting the influence of terrestrial inputs. As a result, nutrient concentrations (DIP and DSi) remain low in NAI during SIM (Prasanna Kumar et al., 2002; Kumar et al., 2004; Sarma et al., 2018). Previous studies in this region stated that the availability of nutrients and heat transport were mainly influenced by eddies, which play a critical role in marine productivity in the study area (Pasula and Subramani, 2023).




4.2 Seasonal variation in the DOC in SAI and NAI

DOC concentrations were higher in the NAI waters during the SIM and NEM compared to the SWM, with greater variability linked to enhanced terrestrial runoff, soil leaching, vegetation-derived inputs, and in situ biological production and decomposition. Local anthropogenic discharges combined with terrestrial inputs during these seasons deliver large quantities of dissolved and particulate organic matter, elevating DOC levels in coastal and island systems (Ittekkot and Laane, 1991; Opsahl and Benner, 1997; Osburn and Stedmon, 2011). In contrast, during the SWM, heavy rainfall, vertical mixing, and circulation-driven dilution reduce the influence of localized sources, resulting in lower and more stable DOC concentrations (D’Sa and DiMarco, 2009; Cai, 2011). In the SAI waters, DOC concentrations were generally lower than in NAI, and during SIM, DOC exhibited a negative correlation with salinity and a positive correlation with nutrients (Figure 5A). This reflects the impact of freshwater inflow, terrestrial runoff, and soil leaching, which lower salinity while delivering organic carbon and nutrients (Figure 5B). Additionally, the presence of coral reefs surrounding SAI likely contributes to nutrient release through mineralization and decomposition of reef-associated organic matter, but such processes may promote nutrient enrichment with comparatively lower DOC accumulation. Similar freshwater-driven DOC–nutrient linkages associated with salinity dilution are widely reported in tropical estuaries and coastal ecosystems (Ittekkot and Laane, 1991; D’Sa and DiMarco, 2009; Osburn and Stedmon, 2011). In contrast, the NAI waters did not show significant correlations with salinity or nutrients (Figure not shown), suggesting that DOC variability there is more strongly regulated by in situ biological processes and open-ocean mixing, rather than direct terrestrial influence (Opsahl and Benner, 1997; Cai, 2011).




4.3 Seasonal variation in the POC in SAI and NAI

During the SIM, POC concentrations were lower in the coral reef–dominated SAI waters but higher and less variable in the North Andaman Island (NAI) waters. The lower POC in SAI can be explained by the ecological functioning of coral reef ecosystems. Coral reefs are highly efficient at recycling organic matter through tight benthic–pelagic coupling, microbial degradation, and the uptake of nutrients and organic particles by reef organisms. Corals and reef-associated biota release large amounts of DOC, but this DOC is rapidly utilized by reef microbes, while particulate matter is trapped in coral mucus and sediments, leading to reduced suspended POC in the water column (Ferrier-Pagès et al., 1998; Wild et al., 2004; Naumann et al., 2012). Consequently, reef-dominated systems often appear oligotrophic in terms of suspended particulate matter. In contrast, the NAI waters showed higher and less variable POC concentrations, which are attributed to terrestrial influences such as runoff, soil erosion, and mangrove-derived inputs, as well as sediment resuspension processes. These inputs contribute to elevated particulate organic loads that remain relatively stable compared to the biologically driven fluctuations in reef-dominated regions (Ittekkot and Laane, 1991; Bouillon et al., 2008; Bhaskar et al., 2021). Moreover, the geomorphology of NAI, with greater proximity to riverine discharges and mangrove ecosystems, enhances the supply of allochthonous organic carbon. This leads to spatial heterogeneity, where the south is influenced by reef nutrient cycling and the north by land–ocean interactions and terrestrial carbon fluxes (Rao et al., 2013; Alongi, 2014). During the SWM, POC concentrations showed comparable median values between the SAI and NAI waters, with slightly higher values in the north. This can be attributed to enhanced terrestrial runoff, riverine input, and sediment resuspension, processes that are intensified during the monsoon due to heavy rainfall and strong physical mixing. These inputs supply allochthonous organic carbon and maintain relatively elevated POC concentrations supported with the positive correlation with DIN and DSi (Figure 6A) independent of reef-associated recycling (Ittekkot and Laane, 1991; Bouillon et al., 2008; Bhaskar et al., 2021). Additionally, strong winds and currents during the SWM promote water column mixing and resuspension, further contributing to higher particulate matter in NAI compared to reef-dominated SAI waters (Kumar et al., 2004; Madhupratap et al., 2003). SAI waters, dominated by coral reef ecosystems, showed greater variability in POC during NEM. This is attributed to the release of organic matter from reef organisms can be highly dynamic, fluctuating with reef metabolic activity, hydrodynamic forcing, and episodic events such as storms or localized resuspension. As a result, SAI waters tend to show greater short-term variability in POC compared to the more stable,  whereas in the NAI, enhanced stratification and elevated surface temperatures that stimulate phytoplankton growth and organic carbon production, while concurrent decreases in pH (Figure 6B), likely driven by elevated respiration and CO₂ accumulation, promote further release and transformation of organic matter, thereby increasing POC concentrations.




4.4 Variation of POC: DOC in SAI and NAI

The higher POC: DOC ratio and lower variability in the NAI waters during the SIM are attributed to the stronger influence of riverine and terrestrial inputs from the Ganga–Brahmaputra–Irrawaddy system and Myanmar rivers. These inputs deliver suspended particulate matter that enhances POC, while relatively lower DOC supply and stable stratified conditions reduce fluctuations, resulting in higher and more consistent POC: DOC ratios (Ittekkot and Laane, 1991; Benner and Amon, 2015). In contrast, the SAI waters, being more oceanic and less affected by terrestrial discharges, are dominated by phytoplankton-derived production, where the balance between POC and DOC is more variable under changing biological and hydrographic conditions (Madhupratap et al., 2003; Rao and Kumar, 2002). Higher variability of POC: DOC ratio in the NAI and SAI island waters and slight enrichment in the north during SWM could be due to the experiences strong wind-driven mixing, coastal upwelling, and heavy rainfall, which enhance nutrient availability and fuel phytoplankton blooms, thereby increasing particulate organic carbon (POC) production relative to dissolved organic carbon (DOC) (Madhupratap et al., 2003; Kumar et al., 2010). In the NAI, proximity to the Ganga–Brahmaputra river system and enhanced runoff from Myanmar introduces terrestrial-derived DOC and suspended particulate matter. When coupled with higher primary productivity driven by nutrient-rich waters, this results in a slight enrichment of POC relative to DOC during SWM, raising the POC: DOC ratio (Borges and Gypens, 2010). In contrast, the SAI, being farther from large riverine inputs, are relatively more influenced by open-ocean exchange and local precipitation, leading to lower terrestrial DOC supply. This causes greater variability in the POC: DOC ratio due to episodic phytoplankton blooms and variable mixing regimes rather than consistent terrestrial contributions (Rao and Kumar, 2002; Sarma et al., 2018). During the NEM, the POC: DOC ratio was more variable in the SAI than in the NAI because SAI waters are strongly influenced by episodic freshwater inflow, local precipitation, and variable biological productivity, which alter the balance between particulate and dissolved organic carbon (Madhupratap et al., 2003; Sarma et al., 2018). In contrast, NAI waters, although receiving terrestrial inputs from large river systems, are more consistently influenced by sustained freshwater and DOC supply, resulting in comparatively lower variability in the ratio (Ittekkot and Laane, 1991).





5 Conclusion

The present study highlights pronounced seasonal and spatial contrasts in hydrochemical parameters and organic carbon pools between the South Andaman Islands (SAI) and North Andaman Islands (NAI). Hydrography in the SAI was characterized by higher and more stable temperatures and salinities due to reef-associated stratification and reduced freshwater influence, whereas NAI exhibited stronger variability in salinity, turbidity, and pH driven by terrestrial inputs from the Bay of Bengal and large river systems. DOC and POC concentrations were consistently higher in the NAI, reflecting terrestrial and mangrove-derived inputs, while SAI waters, strongly influenced by coral reef metabolism, showed lower but more variable organic carbon dynamics. Seasonal shifts in monsoonal forcing further regulated these distributions: DOC was elevated during SIM and NEM due to freshwater and terrestrial inputs, while dilution and vertical mixing during SWM led to lower and more stable concentrations. POC was enriched in NAI throughout, with greater variability in SAI linked to reef metabolic processes. The POC: DOC ratio revealed distinct biogeochemical regimes, with NAI dominated by particulate-rich, river-influenced carbon pools, and SAI showing more variable phytoplankton- and reef-driven organic matter cycling. Overall, the results underscore the contrasting influence of terrestrial inputs in the NAI and reef-associated processes in the SAI, with monsoonal seasonality acting as the primary driver of hydrochemical and carbon dynamics across the Andaman Islands. Further studies are required related to the to identify the ecosystem changes with the biological processes.
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