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BIO-Argo float (chlorophyll a (Chl-a), temperature, and salinity profiles) and remote sensing data (Chl-a, photosynthetic
available radiation (PAR), and wind) located south of the Kuroshio current near Shikoku from September 2018 to May
2019 were used to study phytoplankton bloom and their mechanisms of development in open oceans.
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| 1. Introduction

Chlorophyll a (Chl-a) concentration is affected by the changes in intracellular pigment levels driven by light and nutrients.
Recently, satellite-estimated phytoplankton carbon has been used as an indicator of phytoplankton biomass RZIE, The
modulation of phytoplankton blooms in spring promote the annual cycle of phytoplankton in large regions of the world’s
oceans, which has a dramatic effect on both high trophic levels and carbon export BIEIE Dye to the challenges in the
long-term investigation of phytoplankton dynamics, a more accurate understanding of the mechanism that triggers these
blooms in open oceans is needed .

The mechanism that triggers blooms has been an important issue since the early work of Riley & and Sverdrup I
however, the conclusions are still uncertain and reconciliation between different theories is lacking. At present, there are
three major explanations for bloom initiations: the critical depth hypothesis (CDH) [, critical turbulence hypothesis (CTH)
(291 and dilution-recoupling hypothesis (DRH) RUI2 The mechanism of the spring bloom was initially explained using
CDH &, According to this theory, strong ocean convection and turbulence can deepen the mixing layer in winter, which
can carry abundant nutrients into the mixed layer, thus increasing the phytoplankton concentrations. When spring arrives,
the stratification of the interior ocean strengthens due to the warming of surface waters. As a result, the mixed layer depth
becomes shallower than the critical depth, so the phytoplankton increases significantly under conditions of abundant
carbon storage and light seen during spring. Alternatively, the CTH theory suggests that at the end of winter, wind and net
cooling decrease, which may weaken the intensity of turbulent mixing in the ocean upper layer, and thus, the residence
time of phytoplankton increases in the euphotic layer 9. This can promote the propagation of phytoplankton and induce
phytoplankton blooms. Finally, the DRH theory proposed by Behrenfeld 4 is an ecological-based framework. In this
framework, the decoupling of phytoplankton growth and loss rates is the main factor controlling the bloom. The dilution
that occurs during winter deep mixing disturbs predator-prey interactions 23l The above hypotheses suggest that
bloom dynamics is closely related to detailed physical and biological processes [QILALLUILZ] and, therefore, it is necessary
to identify these mechanisms to fully understand the bloom dynamics.

Shikoku Basin is an oligotrophic subtropical ocean 14! where nutrients in the euphotic zone are supplied by vertical
convection only in winter 221, Therefore, ocean high primary productivity may occur in winter and spring. Large changes in
the winter and spring biomass of phytoplankton and macroplankton can be observed over the year, which can be
attributed to atmospheric forcing factors, and physical and biological processes 12, In addition, eddies and other
mesoscale circulation features, such as those located south of the Kuroshio current near Shikoku, can be found
throughout the ocean. Downwelling anticyclone eddies can significantly affect the biogeochemical properties in open
ocean waters. For example, nitrate can be transferred and enriched, and driven downward by anticyclone eddies B8l |n
this work, we use BIO-Argo float and satellite observations to study the winter-spring bloom triggering mechanism and the
development of blooms, and the physical and biological processes south of Shikoku.

| 2. Distribution of Chl-a Concentration

The obtained values of surface Chl-a based on BIO-Argo correlated well (Rpearson = 0.65, Rerit = 0.12 (alpha = 0.05, n =
263)) with the satellite-derived daily Chl-a over the sampling site (Figure 1a). However, the values were somewhat
different in magnitude. The BIO-Argo observations may be overestimated and may represent the same change trend with
satellite-derived daily Chl-a. Chl-a was further corrected based on match-up satellite-derived daily Chl-a using an



exponential function (Chl-a = 0.2534 * Chl-a grgo %4°) 1Z; the result (Rpearson = 0.81, Rerit = 0.12 (alpha = 0.05, n = 263)) is
shown in Figure 1b. In the following content, our research is mainly based on BIO-Argo float observations (temperature,
salinity, corrected Chl-a).

Figure 1. The time series (a) of original surface Chl-a in situ data (red) and satellite observations (blue), the time series
(b) of corrected surface Chl-a in situ data (red) and satellite observations (blue).

Chl-a concentrations’ seasonal cycles of variable amplitude were found; in Figure 2a, Chl-a peaks typically range from
0.15 to 0.35 mg/m?3 in winter-spring. This order of magnitude was similar to that of Rumyantseva et al. 18], When the Chl-a
concentration first reaches 0.15 mg/m?, the bloom starts each year and can last for up to 24 days. The variations of Chl-a
south of the Kuroshio current to the south of Shikoku (Figures1 and 2), at a water depth of 800 m, clearly display
seasonal cycles of blooms (>0.15 mg/m?3) from September 2018 to May 2019, with high Chl-a in winter and spring. The
peak (i.e., blooming in winter and spring) of Chl-a (Figure 2c) typically appears in December—May. There were seasonal
variations evident in the magnitude of Chl-a concentration. The phytoplankton bloom (Chl-a >0.15 mg/md) first appeared
at the end of December; that is, one month after the initial increase in surface Chl-a (caused by the erosion of the deep
chlorophyll maximum) and the bloom decayed in April-May. During the period before the coming of winter, S (Chl-a) and |
(Chl-a) were approximately 0.05 mg/m® and 9 mg/m?, respectively (Figure 2c), and then increased gradually to 0.3 mg/m?3
and 27 mg/m?, respectively, with the mixed layer deepening in winter-spring. Compared with the average of Chl-a and
Zmixed (0.13 mg/m® and 105 m), higher (lower) Chl-a generally correspond to a deeper (shallower) mixed layer. Notably,
Chl-a in May was lower than before the winter-spring blooms.
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Figure 2. The variations of (a) Chl-a concentration (mg/m3) and (b) temperature, overlaid lines represent mixed layer
depth (MLD; + std; black) and daily euphotic depth (ED; red), (c) Bio-Argo mean surface Chl-a concentration, calculated
as an average value between 0 and 20 m (blue), Bio-Argo integrated Chl-a inventory (red), (d) daily wind stress, (e)
surface photosynthetic available radiation (PAR), and (f) net heat flux.

| 3. Distribution of Ocean Conditions during Winter-Spring Blooms

The mixed layer gradually deepened from the end of September until mid-February, and then became deeper than Z,,
and remained consistent, until a rapid transition to the shallow seasonal stratification was observed at the end of March
(Figure 2a). During this blooming period, a lower SST (Sea Surface Temperature) coincided with the bloom, Z,, and PAR



reduced slightly, and the surface net heat flux was mainly negative (Figure 2b,e,f). Surface wind stress was stronger in

winter and early spring, and generally positive trends of S (Chl-a) and | (Chl-a) were present at that time, which is

consistent with gradually increasing surface heat flux and PAR (Figure 2c,e,f) (18],
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