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Phytoplankton productivity fuels life in the oceans through energy transfer to higher 

trophic levels and plays a major role in biogeochemical cycles and climate. Moreover, in 

temperate seas where seasonality of phytoplankton production occurs, the amount of energy 

transferred to higher trophic levels is largely influenced by the timing and magnitude of 

phytoplankton blooms. Phytoplankton production is regulated by nutrient and light availability 

for photosynthesis. Mesoscale eddy is one of the physical features with a major role in the 

regulation of primary production. Through modulation of mixed layer depth, they are 

potentially capable of simultaneously impacting the light field and nutrient availability. Thus, 

an understanding of their integrated impacts on biological activity improves our understanding 

of physical-biological interactions and their consequent role on marine ecosystem dynamics 

and biological carbon pump in the ocean under climate change.  

Objective of this study is to investigate the influence of mesoscale eddies on the 

dynamics of spring phytoplankton blooms in temperate regions. The Japan Sea is used as a 



case study given that it is a temperate sea where large seasonal phytoplankton variability and 

strong eddy activity occur. Therefore, it provides a good opportunity to investigate the 

mechanism by which mesoscale eddies impact the seasonal cycle of phytoplankton 

productivity, in particular, the initiation of the spring blooms.  

The first part (Chapter 2) of this work employs chlorophyll a (CHL) concentration and 

sea level anomaly (SLA) data from satellite measurements in combination with in situ profiles 

of temperature and salinity to construct composites within eddies in order to investigate their 

impact on the initiation of the spring phytoplankton blooms. SLA and in situ data were used to 

obtain the information of mesoscale eddy field and to estimate the mixed-layer depth in the 

interior of eddies, respectively, around the Yamato Basin (133-139º E and 35-39.5º N) in the 

Japan Sea. CHL time series were analysed along with obtained mixed-layer depth to evaluate 

the timing of spring phytoplankton bloom initiation associated with mesoscale AEs and CEs in 

the Japan Sea, for the period 2002-2011. The results showed significant differences between 

AEs and CEs in the timing of the spring phytoplankton blooms. Blooms were initiated earlier 

in CEs characterized by shallow mixed-layer depths (<100 m). The early blooming preceded 

the end of winter cooling (i.e., while net heat flux (Q0) is still negative) and is associated with 

the increased average light within the shallow mixed-layer depth. Conversely, blooms appeared 

in the AEs despite deeper mixed-layer depth (>100 m) but close to the commencement of 

positive Q0. This suggests that the relaxation of turbulent mixing is crucial for the bloom 

initiation in AEs. 



Based on the above findings, in the second part (Chapter 3) of this work, a four-

compartment model that simulates the interactions of nutrient-phytoplankton-zooplankton-

detritus (NPZD) coupled to a one-dimensional (1D) Mellor-Yamada based turbulence closure 

model is used to study the mechanism of spring bloom initiation associated with eddies. This 

lower trophic ecosystem model is used to obtain a detailed picture of phytoplankton dynamics 

in eddies and to verify the results obtained in Chapter 2. Unlike satellite data that may be 

missing under cloud coverage and in situ measurements with paucity of data, the model output 

has the advantage of providing high vertical and temporal resolution needed to fully investigate 

the variations in phytoplankton prior and during the spring bloom initiation. The experiment is 

performed using realistic forcing obtained and averaged over the eddy tracks for eddies 

identified and tracked in the study region. The results from the turbulence model showed that 

weakening of turbulent mixing is crucial for blooms to be triggered in AEs with deep mixed-

layer. However, in CEs with shallow mixed-layers, the onset of spring blooms developed in 

the presence of strong turbulence, i. e., during strong net cooling. In this case, increasing 

surface irradiance improves the light condition within the shallow mixed-layer and triggers the 

spring blooms. Moreover, the biological model also showed that in AEs, a gradual 

phytoplankton accumulation phase begins in winter when zooplankton grazing decreases 

considerably. However, the initiation of the spring blooms followed in spring with the 

exponential growth. In CEs, the winter phytoplankton accumulation was faster, and this was 

also a reason of the faster phytoplankton peak in spring.  



This study provides the first insight into the effects of mesoscale eddies present in the 

global ocean on the timing of spring bloom initiation. Distinct mechanisms showed by this 

study in AEs and CEs regulating the initiation of spring phytoplankton blooms are general and 

may apply to other regions in the global ocean where eddies proliferate. Therefore, role of 

mesoscale eddies on bloom variability should be incorporated into a general framework of 

seasonal cycle of phytoplankton bloom. Finally, the difference in initiation timing of AEs and 

CEs is expected to have different impacts on recruitment success of different fish species in 

many parts of the global ocean. 
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