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To gain insight into mechanisms underlying phytoplankton bloom dynamics in temperature, turbid estuaries,
experiments were conducted with an idealised model that couples physical and biological processes. Results show
that the model is capable of producing the main features of the observed blooms in the Ems estuary (Northwest
Germany), viz. in the lower reach a spring bloom occur, which is followed by a secondary bloom in autumn.

The along-estuary distribution of suspended sediment concentration (SSC) and the along-estuary distance
between the nutrient source and the seaward bound of the turbidity zone control both the along-estuary locations
and intensities of the blooms. Results of further sensitivity studies reveal that in a shallow, well-mixed estuary,
under temporally-constant suspended sediment conditions, the seasonally-varying water temperature has larger
impact on the timing of spring blooms than the seasonally-varying incident light intensity. The occurrence of the
secondary bloom is caused by the fact that the growth rate of phytoplankton attains a maximum at an optimum
water temperature.

Bloom intensities are also modulated by the advective processes related to subtidal current because the lat-
ter regulates the seaward transport of nutrient from riverine source. Large-scale deepening of navigation channels
leads to later spring blooms due to increased mixing depth. Finally, phytoplankton blooms are unlikely to occur
in the upper reach due to the elevated SSC and the landward expansion of turbidity zone related to large-scale
deepening.


