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Mangrove ecosystems play a crucial role as global carbon sinks and nutrient reservoirs, but their biogeochemical stability is increasingly at risk due to shifts in hydro-geomorphology and climate variability. This research delves into the complex spatio-temporal changes in sedimentary nutrients and how they relate to litter production in the Indian Sundarban, which is the largest continuous mangrove area in the world. By examining 12 transects across the lower, middle, and upper estuarine zones, the study assessed eight key soil parameters—such as Total Nitrogen (TN), Total Phosphorus (TP), Total Potassium (TK), and Organic Matter (OM)—alongside the dynamics of species-specific litterfall over the course of a year. The findings reveal a clear "convex" spatial pattern: nutrient concentrations were lowest in the lower coastal zones due to oceanic dilution and erosion, peaked in the protected middle zones with their dense forest interiors, and then dropped again in the upper areas where human activities like agricultural runoff were more pronounced. Interestingly, nutrient levels were significantly higher within the forest interior (up to 200m from the riverfront) compared to the barren river edges, emphasizing how mangrove root-trunk systems help trap nutrient-rich sediments. Seasonally, the highest nutrient concentrations were recorded during the premonsoon period, driven by strong coastal waves and increased biological activity, while litter production reached its peak in the postmonsoon. Among the species studied, Excoecaria agallocha had the highest litter production rate (41.60 ± 9.58 g/m²/month), followed closely by Bruguiera gymnorrhiza. A two-way ANOVA confirmed that both seasonal cycles and transect positions significantly affect nutrient availability.These findings highlight the vital connection between hydro-geomorphic factors and ecological productivity, offering essential baseline data for managing the resilience of mangroves in the face of rising salinity and sea-level changes.
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