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Research progress and prospects of microbial adaptation induced by coastal frontal hydrodynamic activity
LU Han'?, QI Wenlong'?, HE Juan'?, WANG Peng'”?

1. State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

2. School of Ocean and Earth Science, Tongji University, Shanghai 200092, China

Abstract: Marine fronts are critical sub-mesoscale physical processes in the estuary-coastal ocean continuum, regulating microbial diversity,
distribution patterns, and ecological functions. We systematically reviewed the characteristics, formation mechanisms, and ecological effects of
the sediment front, plume front, and upwelling front, focusing on how the frontal dynamic processes (e.g., convergence effect, secondary
circulation, and vertical mixing) influenced the microbial community diversity, assembly processes, metabolic functions, and biogeochemical
cycles by driving the environmental gradients, nutrient transport, and particulate organic matter transport pattern. Frontal physical processes
provided crucial pathways and mechanical energy for planktonic microbes to acquire nutrients and sustain biological activities. The frontal
convergence effect improved the light condition, significantly elevating primary productivity in the frontal zone, thereby driving microbial
enrichment and nutrient cycling. The lateral transport and vertical mixing processes of frontal zones profoundly influenced microbial community
distribution patterns, extracellular enzyme activity, and dispersal-fusion dynamics. In addition, we summarized the relative importance of
stochastic (e.g., dispersal limitation) and deterministic processes in microbial community assembly within frontal zones, and highlighted the role
of interspecies interaction in shaping community structure.
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Table 1 The common types, hydrodynamic characteristics, and ecological effects of estuarine and coastal fronts
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Fig.1 The adaptation of microbial community and assembly mechanism driven by the hydrodynamic activity in the frontal zone
The physical barrier function of the front limits the migration and exchange of microbial communities across the front (Process 1). The radiation effect of the
front (Process 2) aggregates organic particles, phytoplankton, and other particulate matter on the surface of the water, leading to a significant increase in
primary productivity (Process a). The horizontal transport of particulate matter (Process 3) in conjunction with organic particulate matter brought by frontal
microorganisms drives significant enrichment of microorganisms (Process b), thereby altering their lifestyle preferences (Process ¢) and expression of
extracellular enzyme activity (Process d). Vertical mixing (Process 4) and resuspension process (Process 5) change the occurrence state of particulate matter in
the vertical water column, providing mechanical energy for the transformation of microbial lifestyles (Process e). The enrichment of microbial communities
caused by the front affects the fragmentation of viruses and the predation efficiency of protozoa, making downward control a key factor driving microbial
community succession (Process f). Protozoa preferentially prey on microorganisms with larger cells, leading to a tendency for microbial community succession
to accumulate microorganisms with smaller cells over a period, thereby reducing the importance of diffusion limitation in the assembly process of microbial

communities (Process g).
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