nutrient cycling in tidal flat areas and export to the North Sea
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In the southern North Sea, a large tidal flat area extends between the coastline and a chain of barrier islands. These barrier islands are separated by tidal inlets, which enable water exchange between the tidal flat area and the North Sea. In the tidal inlet between Spiekeroog and Langeoog Island, nutrients are determined in surface waters at a permanent time series station. Since 2006, silica, phosphate, nitrate, and nitrite are measured hourly by analysers installed on the time series station to determine tidal and seasonal nutrient dynamics.

Nutrients are essential for phytoplankton dynamics. For example, diatoms, which are one of the most common types of phytoplankton, have a cell wall made of silica. Thus, silica is essential for the growth of diatoms. During winter and early spring, silica concentrations are high in the open water column of the tidal flat area of Spiekeroog Island. In combination with increasing water temperature and light, this favours diatom blooms in spring. During the algae bloom, silica concentrations decrease sharply resulting in a lack of silica. When environmental conditions turn unfavourable due to the depletion of silica, diatoms cells stop to grow or even die. Subsequently, they are deposited on sediment surfaces where they are slowly degraded. Thereby, silica is recycled and released into pore waters. This leads to higher silica concentrations in pore water compared to sea water. Due to water exchange between sediments and overlying water column, the nutrient-rich pore waters are discharged into the open water column. The discharge of these enriched pore waters is reflected in the tidal nutrient dynamics. Silica and phosphate concentrations show increased concentrations during low tide when pore water discharge is highest.

The water exchange between the tidal flat system and the North Sea further leads to a coupling of processes in both systems. Model results indicate that inorganic nutrients like silica and phosphate are exported from the tidal flat system to the open North Sea. Thus, nutrient cycling in tidal flat areas may influence nutrient and thus phytoplankton dynamics in coastal waters of the southern North Sea.

