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ARTICLE INFO ABSTRACT
Keywords: Study Region: Northern Beibu Gulf, China
Tropical cyclone Study Focus: This study examines the impact of tropical cyclone (TC) "Wipha" (2019) on phyto-

Buoy observation
Turbidity
Lagging correlation

plankton chlorophyll-a (Chl-a) dynamics, using observations from two buoy stations (S1 and S2).
Results indicate that persistently high turbidity at the inner bay (station S1) restricted underwater
light availability, resulting in an insignificant change in mean daily Chl-a concentrations, despite
sufficient nutrients. Conversely, at the outer bay (station S2), Chl-a significantly increased after
the storm, exhibiting notable delayed correlations with elevated turbidity (r = 0.87, p < 0.01) and
aerosol deposition (r = 0.90, p < 0.01). The differential phenomenon at two locations highlights
that distinct environmental control the responses of phytoplankton dynamics to the tropical
cyclone, primarily related to light availability and nutrient sources.

New Hydrological Insights for the Region: In contrast to prior studies, the nutrient source leading to
increased Chl-a at the outer bay may result from wet deposition of aerosols and re-suspension of
suspended matter, rather than direct terrestrial nutrient inputs. Additionally, the prolonged
turbidity recovery period (up to 5 days) at the inner bay substantially limited phytoplankton
growth, highlighting TC-induced turbidity as a critical factor constraining phytoplankton blooms
in eutrophic coastal environments.

1. Introduction

With global warming, the intensity and frequency of tropical cyclones is significantly increasing in recent years (Li et al., 2023;
Wang et al., 2022). Tropical cyclones are among the most devastating natural disasters. They significantly impact coastal regions due
to their high destructiveness and frequent occurrences (Wang and Toumi, 2021). Coastal seas are critical interfaces between lands and
oceans. Rapid socioeconomic development has introduced excessive terrigenous nutrients into coastal waters. This has caused severe
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coastal eutrophication and frequent phytoplankton blooms (Herbeck et al., 2011; Wang et al., 2021). Frequent tropical cyclones may
further worsen these phenomena. Therefore, it is essential to understand how tropical cyclones influence coastal phytoplankton
blooms.

In open sea areas, phytoplankton blooms mainly occur due to the upwelling and mixing of "new" nutrients from subsurface layer
caused by strong winds of tropical cyclones (Chen et al., 2003; Lin, 2012). In coastal areas, the increase in phytoplankton is primarily
due to the advection of nutrients from increased terrestrial runoff as well as entrainment of nutrients by strong mixing in shallow
continental shelf regions (Zhao et al., 2017). When a typhoon passes through, the resulting changes in water temperature and salinity
can significantly affect the phytoplankton community structure (Chen et al., 2004). Certain species may become dominant in the
altered environmental conditions, causing shifts in the community composition. Furthermore, typhoon-induced rainfall introduces
nutrients from land into the ocean via river runoff, which stimulates phytoplankton growth (Zheng and Tang, 2007). This increases
nutrient levels in nearshore waters and promotes phytoplankton blooms. Tropical cyclone events in coastal areas can generally in-
crease water turbidity due to the re-suspension of coastal sediments or terrestrial inputs with higher levels of nutrients (Thompson
et al., 2023). Studies indicated a positive relationship existed often between turbidity values and Chlorophyll-a (Chl-a) in view of
higher turbidity accompanied by higher nutrients input (Fragoso et al., 2024). However, on the other hand, high turbidity may trigger
a decrease in water transparency, leading to light restriction for phytoplankton photosynthesis under the nutrients-rich conditions,
which is unfavorable to phytoplankton growth and increase in chlorophyll (Babin et al., 2004; Rhee and Gotham, 1981). Under-
standing the recovery time of water column turbidity following tropical cyclones is essential for explaining the mechanisms behind
coastal blooms. This knowledge will improve our understanding of how these disturbances impact the primary productivity of marine
ecosystems.

The tropical cyclone (TC) “Wipha” was originated northwest of the central basin on July 31, 2019, moved northwestwards and
passed through the north coastal region of Beibu Gulf during August 2-3 with the speeds over 20 m s~ . This study aims to investigate
the pattern of changes in Chl-a concentration at two stations during “Wipha” and reveal the key mechanisms behind phytoplankton
changes induced by the TC at two buoy stations (S1 and S2). We will analyze data collected during TC in 2019, including Chl-a,
turbidity, nutrients, and other environmental factors to understand the impact of cyclone on coastal ecosystems, providing insights for
better prevention and management strategies.

2. Materials and methods
2.1. Data

2.1.1. Tropical cyclones data

The TC track data are accessible from the best-track typhoon dataset provided by Typhoon Online (www.typhoon.org.cn) (Lu et al.,
2021; Ying et al., 2014). The data includes the Maximum Sustained Wind (MSW) and the longitude/latitude coordinates of the ty-
phoon’s center every 3 hours. In this paper, we selected Wipha in summer of 2019 as the research object. The responses of hydrological
and water quality parameters to TC were analyzed before TC (July 26-31), during TC (August 1-4) and after TC (August 5-16).

2.1.2. Satellite and Modeling products

6-hourly Advanced Scatterometer (ASCAT) sea surface wind (SSW) data, provided by the Remote Sensing System (www.remss.
com/), were utilized in the study at a spatial resolution of 0.25°x 0.25°. Daily precipitation data from the Tropical Rainfall
Measuring Mission (TRMM) of the National Aeronautics and Space Administration (NASA) (https://gpm.nasa.gov/data) were

24°N v | .
10 m
b Maoling River e .
22°N - ] it J A Qinjiang River - 20m
- % - I . ~— 30m
Nanliu
A ~ 40m
20°N
H 50 m
60 m
ks 70 m
80 m
16°N 90 m
100 m
14oN I | S W e e — o ————— —

105°F 110°E 115°E 1075 108°E  1085°E  109°E  1095°E  110°E

Fig. 1. (a) Track and intensity of TC “Wipha” in the northwestern South China Sea. Dates are given as dd/mm. MSW: maximum sustained wind
speed. (b) Depth map of the northern Beibu Gulf in the study area (black box in Fig. 1a) (20.5° N - 22.5° N, 107.5° E - 110° E). Yellow triangles mark
the river estuaries. Blue squares are the buoy-based fixed-point observational stations (S1 and S2).
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obtained at a spatial resolution of 0.10°x 0.10°.

This study used long-term global dust deposition (DEP) reanalysis data from NASA’s Global Modelling and Assimilation Office
(GMAO) (https://disc.gsfc.nasa.gov/datasets/) were also used in this study. The dataset includes extended assimilated aerosol in-
formation, such as dry and wet deposition of aerosol components, dust emission and sedimentation for each size bin, and organic
carbon convective scavenging. It has a spatial resolution of 0.5°x 0.625°. The hourly dust dry and wet deposition from ’Bin 001’ to
’Bin 005’ in MERRA-2 were accumulated to evaluate daily DEP over the study area during TC.

2.1.3. In situ observations

Two buoys with water quality sensors were deployed at stations S1 and S2 in the northern Beibu Gulf (Fig. 1). At a depth of 0.5 m
below the sea surface, continuous measurements of temperature, salinity, pH, dissolved oxygen (DO), turbidity, and Chl-a were taken
using a YSI 6600V2 multiparameter water quality instrument (YSI Inc., Yellow Springs, USA), with data collected every thirty minutes.
A Systea nutrient probe analyzer (NPA; Systea S.p.A., Anagni, Italy) was used to detect dissolved inorganic nitrogen (DIN) and
phosphorus (P) every four hours. After all observations were completed, invalid or missing data were interpolated linearly to produce a
complete time series.

2.2. Methods

2.2.1. Lagged correlation

The lagged correlation quantifies the similarity between two time series, considering potential time lags. By calculating correlations
at different time lags, it can identify when the similarity between the two series is strongest. The purpose of lagged correlation is to
address the limitations of traditional correlation analysis, which cannot capture the lagged relationships in time series data (Na et al.,
2021).

Firstly, two time series datasets were adjusted to the same length and ensured to have identical time intervals. Secondly, for each
possible time lag value (ranging from 0 to 7 days), the correlation coefficient between two series was calculated, respectively. For
instance, for a lag value of k, the correlation coefficient between series A (environmental factor) and series B (Chl-a) at lag k was
computed :

Y (A — A) (B — B)
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@

where N is the total number of observations in the time series, t is time index, A; is observed value of variable A at time t, B, is
observed value of variable B at time t + k, A and B are average of variable A and B.

Finally, among all calculated lagged correlation coefficients, the lag value corresponding to the maximum absolute correlation
coefficient was selected as the optimal lag. In this study, we conducted lag correlation analyses between Chl-a and environmental
factors (temperature, salinity, pH, DO, turbidity, DIN, P, SSW, precipitation and DEP) for lag values from O to 7 days.

3. Results
3.1. Precipitation and SSW

Before the TC arrived in the study area, S1 and S2 experienced rainfall starting on July 27, which continued throughout the TC
period (Fig. 2). The maximum daily precipitation of nearly 80 mm at S2 occurred on July 28. In contrast, the daily precipitation at
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Fig. 2. Regional range (a) of daily values for precipitation and SSW (black boxes). Time series (b) of precipitation (mm) (blue bar) and SSW (m sH
(green line) in S1 and S2 from July 26 to August 16, 2019. Gray shading indicates the periods of TC occurrence (i.e., stations S1 and S2 within the
typhoon influence radius).
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station S1 was below 60 mm. Higher SSW began to increase from July 30. Wind speed trends at both stations were generally consistent.
The maximum mean wind speed reached approximately 10 m s! on August 1 (Fig. 2).

3.2. The hydrological and biochemical factors in the inner bay area

S1is in an inner bay significantly affected by land-based sources, with two rivers flowing into it (Fig. 1b). When the TC arrived, the
temperature dropped sharply from July 31, reaching its lowest value of 26.61 °C on August 4, about 5 °C lower than on July 30 (before
TC). The temperature at S1 took about 8 days to return to the pre-typhoon levels of ~31 °C from August 4 (Fig. 3). Due to its location,
the initial salinity at S1 was low (~10) before the TC. Salinity began to decrease on August 2, with its lowest value of about 2 on August
4. It took approximately 11 days from August 4 for the salinity at S1 to return to the pre-typhoon levels (Fig. 3). DO gradually increased
on July 31, reaching a maximum of about 6.5 mg L' on August 3, with an increase of approximately 0.8 mg L™". After this peak, DO
began to decrease on August 3, taking about 8 days to return to the pre-typhoon levels (Fig. 3). Tropical cyclones are usually
accompanied by heavy rainfall, which can increase freshwater input into the bay. The influx of freshwater can dilute salinity and the
concentration of dissolved substances, affecting pH. pH began to decrease on August 2, with the lowest value of about 7.05 on August
5, a decrease of about 0.7 from before the TC. pH began to rise on August 5, taking about 8 days to return to the pre-typhoon levels at S1
(Fig. 3). Affected by the input from two rivers, the turbidity changes were very significant. Turbidity began to increase on August 2,
reaching 195 NTU on August 3, an increase of about 1850 % from before the TC. Turbidity began to decrease on August 4, and it took
approximately 5 days for the S1 site to return to its pre-typhoon levels (Fig. 3). Significant variation of Chl-a levels at S1 was not
observed before and after the TC, remaining around 4.5 mg m . There was a brief small peak in Chl-a on August 4. However, the daily
average concentration remained largely unchanged compared to the pre-typhoon levels. (Fig. 3). During TC, DIN concentration
increased with P decreasing at the earlier stage (August 1-4) and then decreased with P increasing at the 2 stage (August 7-13) and P-
limitation further being alleviated, suggesting that there are more nutrients can be utilized from 10 August. Before August 2 and after
August 12, the DIN to P ratio at S1 was close to the optimal ratio of 16:1. However, as P concentration decreased, the area gradually
shilfted to P limitation from August 3 up to August 12. During TC, DIN increased by about 5.7 pmol L™}, while P decreased by 0.66 pmol
L.

3.3. The hydrological and biochemical factors in the outer bay area

S2 is in the outer bay and is influenced by land-based sources, including one river. When the TC arrived, the temperature began to
drop sharply from July 31, reaching its lowest point on August 3, at 27.45 °C, which was about 4 °C lower than before the TC. It took
approximately 5 days for the temperature at S2 to return to the pre-typhoon levels after August 3 (Fig. 4). Salinity started to decrease
on August 1, reaching a minimum of about 18 around August 4. After TC, salinity at S2 remained lower than before TC (Fig. 4). The
variation in DO during the TC was not significant, but there was a peak after the TC. DO began to increase on August 6, reaching a
maximum of about 10 mg L' on August 8, an increase of approximately 3 mg L™!. It then decreased, returning to the pre-typhoon
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Fig. 3. Time series of temperature (°C), salinity, pH, DO (mg L’l), Chl-a (mg m’s), turbidity (NTU), DIN (pmol L’l), and P (pmol L) at S1 from

July 26 to August 16, 2019. The polylines (bold lines) represent the daily average value and their corresponding standard error (error bar). Gray
shading indicates periods of TC occurrence (i.e., station S1 within the typhoon influence radius).
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levels after 2 days (Fig. 4). pH started to decrease on July 31, reaching a low of about 7.97 around August 4, which is a decrease of
about 0.2 from before the TC. It began to rise on August 4, returning to pre-typhoon levels about 4 days later before decreasing again
(Fig. 4). Affected by the input from one river, the turbidity changes caused by the TC were also quite significant. Turbidity began to
increase on July 31, peaking at 120 NTU on August 2, which is an increase of about 100 NTU from before TC. Turbidity started to
decrease on August 2, returning to the pre-typhoon levels at S2 in about 3 days (Fig. 4). Chl-a increased significantly after TC, showing
a delayed response. It started to rise on August 5, exceeding 15 on August 7 and 8. After August 8, Chl-a levels began to decline,
returning to the pre-typhoon levels by August 10 (Fig. 4). During the TC, both DIN and P concentrations increased. At S2, the DIN ratio
was close to the optimal 16:1 during the TC. DIN increased by approximately 14 pmol L™}, while P increased by 1.43 pmol L™ during
the TC (Fig. 4).

3.4. Changes in turbidity and Chl-a caused by TC

Before the TC, the average Chl-a concentration at S1 was 4.39 mg m 3. After the TC, Chl-a levels remained stable at an average of
4.33mg m 3, only a change of —1.5 % from before TC. TC caused a 19-fold increase in turbidity with a recovery time of 5 days
(Table 1). Before the TC, the average Chl-a concentration at S2 was 5.41 mg m~>. After the TC, Chl-a peaked at an average of
8.92 mg m ™3, with an increase of 42.51 % from before TC. While TC caused a 10-fold increase in turbidity with a recovery time of 3
days (Table 1).

3.5. Lagged Correlation Analysis

Fig. 5 shows the lagged correlation between Chl-a and various environmental factors. Analyzing the impact of environmental
factors with different time lags on Chl-a concentration reveals potential causal relationships and lag effects. Chl-a concentration at S1 is
significantly positively correlated with turbidity (r = 0.68, p < 0.05). Atlag 1 day, Chl-a concentration at S1 is significantly positively
correlated with DO (r = 0.49, p < 0.05).At lag 4 days, the Chl-a concentration at S2 shows a strong negative correlation with SST (r = -
0.62, p < 0.05). At S2, Chl-a showed a significant positive correlation with both pH and DO (r = 0.54, p < 0.05 and r = 0.92,
p < 0.01). Both pH and DO react immediately to changes in Chl-a. At lag 5 days, Chl-a concentration shows a significant positive
correlation with TUR (r = 0.87, p < 0.01). At lag 3 days, Chl-a concentration shows a significant positive correlation with PRE
(r=0.68, p < 0.05). Notably, a significant lag correlation exists between Chl-a and DEP in both areas. Specifically, at S1, there is a
positive correlation with a lag of 2 days (r = 0.63, p < 0.05). At S2, the positive correlation occurs with a lag of 5 days (r = 0.90,
p < 0.01).
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Fig. 4. Time series of temperature (°C), salinity, pH, DO (mg L’l), Chl-a (mg m’s), turbidity (NTU), DIN (pmol L’l), and P (pmol L) at S2 from
July 26 to August 16, 2019. The polylines (bold lines) represent the daily average value and the corresponding standard error (error bar). Gray
shading indicates periods of TC occurrence (i.e., station S2 within the typhoon influence radius).
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Table 1

The Chl-a (mg m~>) changes caused by TC at S1 and S2 before (July 26-31) and after (August 5-16) TC. The turbidity (NTU) changes caused by TC
and the turbidity recovery time at S1 and S2. It should be noted that the turbidity changes caused by TC are from August 4-9 at S1, and from August
2-5 at S2.

Chl-a (mg m~%) Turbidity (NTU)
Before TC After TC AChl-a Turbidity changes caused by TC Turbidity recovery time
S1 4.39 4.33 -1.5% 101.27 5 days
S2 5.41 7.71 + 42.51 % 63.64 3 days
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Fig. 5. Lagged correlation analysis of daily average Chl-a and environmental factors at S1 and S2 (sea surface temperature: SST; salinity: SAL;
dissolved oxygen: DO; turbidity: TUR; dissolved inorganic nitrogen: DIN; phosphorus: P; sea surface wind: SSW; precipitation: PRE; dust deposition:

DEP). The numerical values in the grid boxes are correlation coefficients. The colorbar is the degree of correlation. The asterisk indicates significance
(* p < 0.05; ** p < 0.01).

4. Discussion
4.1. Impact of turbidity recovery time on phytoplankton blooms

Strong mixing caused by tropical cyclones commonly brings nutrient-rich cold water to the surface, lowering sea surface tem-
peratures, and promoting phytoplankton growth and blooms (Liu et al., 2020; Ye et al., 2013; Zhao and Wang, 2018). However, Chl-a
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level did not present similar pattern at S1 in the inner bay during the TC (Table 1), compared with previous studies. This phenomenon
is unusual. Only a small peak in Chl-a levels occurred on August 4, likely due to increasing terrestrial freshwater carrying high oxygen
concentrations and high biomass inputs (Fig. 3) in view of the fact that there were generally higher phytoplankton concentrations and
oxygen concentration in fresh water than sea water (Jackson et al., 1987; Nilsson and Randall, 2010). These above processes caused the
elusive lagged correlations of Chl-a with DO as well as turbidity. Specifically, Chl-a showed a significant 1-day positive lagged cor-
relation with DO (r = 0.49, p < 0.05) and a significant immediate positive lagged correlation with turbidity (r = 0.68, p < 0.05)
suggested that high Chl-a from terrestrial input is accompanied by high turbidity. Higher turbidity in previous studies suggested that
there is strong re-suspension of organic matter, which consumes a lot of Do (Garnier et al., 2008). In fact, this significant correlation is
caused by high DO due to freshwater input and high turbidity due to high Chl-q, rather than an increase in DO from phytoplankton
growth.

Tropical cyclone occurrences, characterized by heavy rainfall over short periods (Groisman et al., 1999) (Fig. 2), result in increased
coastal runoff. Furthermore, typhoon-induced mixing can lead to the resuspension of underlying sediments (Thompson et al., 2023).
These processes change hydrological patterns, material cycles, and significantly affect marine ecosystems and climate (Dhillon and
Inamdar, 2013; Fraser et al., 2018; Lin et al., 2022). To intuitively examine the water exchange dynamics at station S1, we selected data
from two monitoring points (Al and A2, Fig. 6) along the pathway of water flow from the inner bay to the outer bay for auxiliary
analysis. The monitoring parameters and specifications at these points are identical to those at stations S1 and S2. S1 is in an inner bay
where two rivers converge, implying that during TC, river discharge may increase, bringing substantial amounts of freshwater and
impurities. This creates strong salinity and temperature gradients in the bay (Fig. 6). The mixing of freshwater and seawater changes
water density, triggering convection and influencing salinity and temperature distribution (Lao et al., 2023). Significant shifts in
salinity and temperature gradients (Fig. 6) during the TC suggest intense mixing in estuarine waters, causing large turbidity changes
(>100 NTU) (Fig. 3 and Table 1).

High concentrations of suspended matter significantly regulate the physical, chemical, and biological interactions between dis-
solved substances and particles (Gebhardt et al., 2005). Particle-attached bacteria dominate bacterial activity. High concentrations of
suspended matter enhance bacterial mineralization of organic carbon, converting it into dissolved inorganic nutrients like nitrogen
and phosphorus, which indirectly promote phytoplankton growth (Crump and Baross, 1996; Ploug et al., 2002; Servais and Garnier,
2006). High concentrations of suspended particles also reduce light penetration, limiting phytoplankton growth (Garnier et al., 2001).
Therefore, after TC, the recovery time of water turbidity is crucial for light penetration and requires careful attention, which matches
past study (Thompson et al., 2023). During TC, turbidity at S1 was high and took 5 days to recover. It was longer than the recovery time
for S2 (Fig. 3 and Table 1). This implies that turbidity indirectly affects phytoplankton growth by reducing light, explaining the smaller
changes in Chl-a levels before and after the TC compared to S2. The weak correlation between Chl-a and environmental factors at S1
highlights the importance of light availability in nearshore eutrophic areas.
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4.2. New insights into the mechanism of phytoplankton blooms caused by tropical cyclones

In the marine environment, the growth of Chl-a shows a delayed response to changes in environmental conditions (Gai et al., 2012).
Previous studies have shown that there is a time lag (within a week) for strong surface winds to stimulate phytoplankton blooms
(Brown and Ozretich, 2009; Gai et al., 2012). Our study found a clear lag between Chl-a and SSW during TC (r = 0.66, p < 0.05).
Additionally, increased rainfall contributes more freshwater and runoff, which lowers SST. Chl-a was negatively correlated with SST,
showing a delayed peak (r = -0.62, p < 0.05) 4 days later. Phytoplankton produce oxygen through photosynthesis, which directly
raises DO levels of seawater and increases pH (Ling et al., 2017). At S2, similar results were observed, showing a significant positive
correlation between Chl-q, DO, and pH (Chl-a vs DO: r = 0.92, p < 0.01; Chl-a vs pH: r = 0.54, p < 0.05).

Our results show several noteworthy phenomena. Ch-a showed a 3-day significant lagged positive correlation with precipitation
(r =0.68, p < 0.05). The primary reason may be that strong rainfall deposits aerosol-derived nutrients into the ocean, significantly
increasing phytoplankton biomass (Yuan et al., 2023). Like other studies, typhoons cause more nitrogen wet deposition (Law et al.,
2011; Tan et al., 2023). Aerosols typically enter the ocean through wet deposition following heavy rainfall, requiring several days to
settle into the surface water and potentially affecting phytoplankton after 4-5 days (Yuan et al., 2023). This lag effect is particularly
evident at station S2 (Fig. 5, = -0.90, p < 0.05), suggesting that aerosol deposition could be one of the significant nutrient sources for
phytoplankton growth in this area. Moreover, we observed no significant correlation between Chl-a and nutrients (DIN and P) at S2
(Fig. 5), which is not surprising in nutrient-rich coastal areas. However, DIN and TUR showed a strong correlation (r =-0.68,
p < 0.05), while the correlation with DEP was weaker than with TUR (r =-0.63, p < 0.05). This suggests that nitrogen primarily
originates from suspended matter. Weak correlations were found between P and both TUR and DEP (Fig. 7), suggesting that P may
have widely sources. Chl-a had a significant 5-day lagged positive correlation with turbidity (r = 0.87, p < 0.01) and no significant lag
correlation with salinity (Fig. 5), indicating that Chl-a in S2 was also influenced by nutrient release from suspended matter resus-
pension. Typhoon-induced water mixing and sediment disturbance raised turbidity (Huang et al., 2022; Thompson et al., 2023).
Nutrients release from sediment promoted phytoplankton growth, but the response required some time. The turbidity increase is an
immediate physical process, while phytoplankton growth is a delayed biological process, leading to an increase in Chl-a concentration
after 5 days. Additionally, turbidity just began to recover after the 3th day (Table 1). Therefore, in addition to aerosol deposition,
improved light conditions and nutrient release from resuspended matter also contributed to the phytoplankton blooms at S2.

5. Conclusion

The study offers new insights into the mechanisms driving phytoplankton blooms caused by TC, using TC "Wipha" in 2019 as a case
study. Our findings highlighted the critical role of turbidity recovery time, sediment resuspension, and aerosol deposition in
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controlling phytoplankton dynamics. Observations showed that turbidity levels at station S1 surged during TC and required up to 7
days to return to normal, demonstrating that increased turbidity reduces light availability and consequently constrains phytoplankton
growth. The similar mean-daily Chl-a levels at station S1 before and after the TC suggested that light availability, rather than nutrient
supply, was likely the primary limiting factor for phytoplankton growth. Moreover, lagged correlation analysis showed significantly
positive correlations between Chl-a concentrations at station S2 and turbidity (5-day lag), dust deposition (5-day lag), and precipi-
tation (3-day lag). These results indicated that elevated Chl-a levels at station S2 were primarily attributed to sediment resuspension
and aerosol wet deposition, rather than direct terrestrial nutrient inputs.

Limitations of this study include its focus on a single storm event and the relatively short observational period surrounding the
storm, which restricts the investigation of long-term ecological responses and phytoplankton community succession following the TC
disturbances. Future research should extend both temporal and spatial coverage by incorporating multiple storm events across diverse
coastal environments. Furthermore, integrating additional biological and chemical parameters, coupled with in situ sampling of
aerosol nutrients, would provide deeper insights into nutrient pathways and phytoplankton responses.

Despite these limitations, our results underscore the importance of considering turbidity dynamics and aerosol nutrient inputs
when assessing storm-induced ecological changes. These findings can be incorporated into models to improve predictions of phyto-
plankton blooms under changing climatic conditions.
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