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Abstract

Highly productive estuaries facilitate intense decomposition of dissolved organic matter (DOM) as a carbon
source. However, the specific impacts of typhoons on DOM decomposition in eutrophic bays remain unclear. To
address this issue, we investigated the spectral characteristics of DOM before and after Typhoon Ewiniar in
Zhanjiang Bay, a eutrophic semi-enclosed bay in the northwestern South China Sea. The results revealed that
intense microbial decomposition of DOM occurred during the pre-typhoon period because high nutrient inputs
facilitated the mobilization of DOM in the bay. However, the intrusion of external seawater induced by the
typhoon diluted the nutrient levels in Zhanjiang Bay, reducing the impact of microbial decomposition on DOM
during the post-typhoon period. Nevertheless, the net addition of DOM occurred in Zhanjiang Bay during the
post-typhoon period, possibly because of the decomposition of particulate organic matter (POM) and desorption
of particulate matter. In addition, an increase in apparent oxygen utilization, a decrease in DO saturation and the
reduced level of Chl a indicated that organic matter (OM) decomposition was enhanced and OM decomposition
shifted to POM decomposition in Zhanjiang Bay after the typhoon. Overall, our study highlighted the shift in the
intense OM decomposition from DOM to POM decomposition before and after typhoons in eutrophic bays,

providing new insights into the response of typhoons to biogeochemistry.
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1 Introduction

Typhoons are extreme weathers that can alter physical pro-
cesses and impact carbon and nitrogen cycles in the ocean (Lin
et al., 2003; Li et al., 2022a; Lu et al., 2022a; Lao et al., 2023c,
2023b). Previous studies have demonstrated that nutrient inputs
after a typhoon can trigger phytoplankton blooms, which en-
hance biological carbon sequestration in the ocean (as a carbon
sink) (Lin et al., 2003; Lin, 2012; Li et al., 2022a). In contrast, our
recent studies have revealed that the decomposition (as a carbon
source) of organic matter (OM) is the dominant process, regard-
less of whether phytoplankton blooms occur after typhoons, due
to the strong stirring effect of typhoons on the ocean (Chen et al.,
2023; Zhou et al., 2021; Lu et al., 2022a; Lao et al., 2023a). There-
fore, understanding the production and decomposition pro-
cesses of nearshore OM induced by typhoons is essential for un-
derstanding both regional and global carbon cycle dynamics
(Sobel et al., 2016; Balaguru et al., 2016; Wang et al., 2022).

Dissolved organic matter (DOM) contributes ~90% of the or-

ganic carbon in the global ocean, compared to particulate organ-
ic carbon (POC, only ~10%) (Chen et al., 2004; Jiao et al., 2010,
2011; Danbhiez et al., 2017; Xiao et al., 2023). Microbially medi-
ated refractory DOC (RDOC) has been stored in oceans for thou-
sands of years and plays a crucial role in global carbon storage
(Jiao et al., 2010, 2011; Wang et al., 2021a, 2021b; Qu et al., 2022).
DOM levels can be influenced by both production and decom-
position processes, with local productivity playing a role in pro-
duction and heterotrophic microorganisms influencing decom-
position (Jiao et al., 2010, 2011; Zhang et al., 2017). In general,
high productivity results in high DOM levels in nearshore waters
(Asmala et al., 2018; Zhao et al., 2021; He et al., 2023). In contrast,
eutrophication in nearshore waters reduces the C/N and C/P ra-
tios owing to the inputs of nitrogen (N) and phosphorus (P),
thereby enhancing the bioactivity of DOC, which can be rapidly
utilized by microorganisms, leading to rapid decomposition
(Zweifel et al., 1993; Yuan et al., 2010; Jiao et al., 2011, 2018).
However, changes in water mass mixing can alter the nutrient
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distribution (Lao et al., 2022a, 2023b), especially under the strong
external forces of typhoons (Lao et al., 2023c). For example, sea-
water intrusion can dilute nutrients in coastal bays (Lao et al.,
2022b), which may decrease DOM bioactivity (Jiao et al., 2011,
2018). Therefore, when assessing the contribution of DOC to
marine carbon storage, it is crucial to consider its decomposition,
which leads to carbon release (Jiao et al., 2010, 2011; Qu et al.,
2022; He et al., 2022).

The cycling of DOM in estuaries and bays is inherently com-
plex (Li et al., 2022b; He et al., 2022; Liu et al., 2020; Gao et al.,
2019), involving diverse origins, such as offshore transport, in situ
biotic production, and inputs from major land-based origins (He
etal., 2010, 2022; Guo et al., 2014; Asmala et al., 2018). In addi-
tion, DOM in estuaries and bays is highly vulnerable to human
activities (Zhao et al., 2021; Li et al., 2021; Lu et al., 2022b; He
et al., 2022). Dynamic physical processes such as typhoons can
significantly complicate the carbon cycling of DOM in nearshore
waters (Hoge and Lyon, 2002; Conmy et al., 2009; Letourneau
and Medeiros, 2019). However, the specific mechanisms by
which DOM decomposition is affected by typhoons in eutrophic
bays remain unclear.

Spectroscopic techniques are essential for investigating the
origins and transformation processes of marine DOM (Loginova
etal., 2016; Qu et al., 2020; Wang et al., 2017, 2021b). In recent
years, spectroscopic techniques have been widely employed in
estuaries and bays (Liu et al., 2020; Zhao et al., 2021; He et al.,
2022; Lu et al.,, 2023). Parameters a,., and d,, are typically used
to quantify the levels of chromophoric DOM (CDOM) within
DOM (Wang et al., 2017, 2021b; Lu et al., 2023). Additionally, the
molecular size of DOM can be characterized by spectral slopes
such as S,;:_,4s (Helms et al., 2008; Guo et al., 2014). The intens-
ity of the fluorescent component is described as fluorescent DOM
(FDOM) (Guo et al., 2014; Wang et al., 2022). Indices such as the
humic index (HIX), biotic index (BIX), and fluorescence index
(FI) can be employed to assess DOM quality (Wang et al., 2017,
2021b; Lu et al., 2022b). More importantly, spectroscopic tech-
niques provide an effective means for studying the decomposi-
tion process of DOM because humus-like FODM generally cor-
relate with apparent oxygen utilization (AOU) in water columns,
indicating an association between OM decomposition and oxy-
gen consumption (Wang et al., 2021a; Qu et al., 2022; He et al.,
2022; Xiao et al., 2023). Therefore, spectroscopic techniques can
be effectively used to investigate the processes related to both the
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production and decomposition of DOM after typhoons.

The northwestern South China Sea (SCS) is frequently af-
fected by typhoons (Wu et al., 2005; Zhou et al., 2021; Lu et al.,
2022a), with approximately ten typhoons annually impacting this
region (Chen et al., 2021). Therefore, it is an ideal area for study-
ing the response of dynamic DOM processes to typhoons. In this
study, we employed spectroscopic techniques to investigate the
DOM in the eutrophic Zhanjiang Bay before and after Typhoon
Ewiniar, aiming to elucidate its origins and decomposition pro-
cesses and gain insights into the influence of typhoon on DOM
decomposition in this eutrophic bay.

2 Materials and methods

2.1 Typhoon Ewiniar and sampling collection

Typhoon Ewiniar originated in the central SCS on June 2,
2018, and then slowly moved northward, circling around the
coastline of northeastern Hainan Province and the Leizhou Pen-
insula on June 6, 2018. It subsequently proceeded northeastward,
making landfall in Guangdong Province and Hainan Province on
June 7, 2018. Ewiniar traveled at an approximate speed of
10 km/h and was characterized by its slow pace, intricate path,
and multiple landings. The maximum recorded average wind
speed was 23 m/s (Fig. 1). Additionally, because of its slow speed,
Typhoon Ewiniar brought a significant amount of rainfall to the
western coast of Guangdong Province (Fig. 2).

Zhanjiang Bay is a typical semi-enclosed bay spanning ap-
proximately 490 km? with water depths ranging from 5 m to 40 m
(Peng et al., 2020; Chen et al., 2022; Lao et al., 2022b). It is sur-
rounded by Zhanjiang City, Nansan Island, and Donghai Island
(Fig. 1). Seawater in Zhanjiang Bay is primarily influenced by the
discharge of freshwater from the Suixi River into the upper bay
and the intrusion of high-salinity water from the SCS (Lao et al.,
2022b). However, owing to the narrow mouth of the bay (<2 km),
there is a slow water exchange between Zhanjiang Bay and the
SCS. Because a typhoon passed from June 2nd to 10th, 2018, the
sampling conducted on May 12th-14th, 2018 was designated as
pre-typhoon sampling. The sampling carried out on June
17th-20th, 2018, was designated as post-typhoon sampling. A
total of twenty-six stations were designed in the two cruises, with
sampling layers at depths of 0 m, 5m, 10 m, 15m, 20 m, 30 m, 40 m
as well as a layer located 0.5 m above the bottom. Water temper-
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Fig. 1. Map of the passage and intensity (wind speed) of Typhoon Ewiniar (a), and the sampling stations in Zhanjiang Bay (b), north-

western South China Sea, during the pre- and post-typhoon periods.
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Fig. 2. The rainfall and wind-stress during the Typhoon Ewiniar. a and b are accumulated rainfall before (May 01-14) and during and
after (June 07-20) typhoon passage (https://disc.gsfc.nasa.gov/datasets/TRMM_3B42_Daily_7/summary). c is the numerical model
results and d is the satellite observations. The daily data of numerical models are obtained from Global Ocean Hourly Reprocessed Sea

Surface Wind and Stress from Scatterometer and Model

(https://data.marine.copernicus.eu/product/WIND_GLO_

PHY_L4_MY_012_006/ description). The daily data of satellite observations are obtained from Global Ocean Daily Gridded Sea Sur-
face Winds from Scatterometer (https://data.marine.copernicus.eu/product/WIND_GLO_WIND_L3_NRT_OBSERVATIONS_

012_002/description).

ature and salinity were measured onsite using a CTD (SBE911,
Seabird, USA). Dissolved oxygen (DO) was collected during wa-
ter sampling and preserved by adding manganese chloride and
alkaline potassium iodide. 1-2 L of seawater was filtered using a
glass fiber membrane (0.7 pm, Whatman GF/F), and the mem-
brane was stored in a refrigerator at -20°C for subsequent de-
termination of Chl a. The water samples were filtered using
0.45 pm acetate membranes and subsequently stored in poly-
ethylene bottles that have been pre-soaked in 30% hydrochloric
acid for 24 hours, in the absence of light at low temperature, to fa-
cilitate subsequent nutrient and DOM determinations.

2.2 Measurements of DO, nutrients, Chl a, Chemical oxygen de-

mand

The DO content was determined using iodometric titration
(Grasshoff et al., 1999). The AOU was calculated as the difference
between the saturation and observed DO concentrations. The
DO saturation (DO%) was determined by dividing the saturated
DO concentration by the observed DO concentration. For the ex-
traction of Chl a content, a filter membrane was used with 10 mL
0f 90% acetone, which was determined spectrophotometrically
(Lorenzen, 1967). Ammonium (NH; ) was determined using the
manual indophenol blue method with a UV-Vis spectrophoto-

meter (TU1810), and the other four nutrients (NO2 , NOs , POi_,
and SiO}~) were analyzed using a Skalar San++ continuous ana-
lyzer (Netherlands) (Grasshoff et al., 1999). Chemical oxygen de-
mand (COD) measurements were conducted in accordance with
Part 4 of the National Marine Monitoring Code for Seawater Ana-
Iysis (GB 17378.4-2007).

2.3 CDOM analysis

The absorption spectrum of the CDOM was measured using a
UV-visible spectrophotometer (Shimadzu UV-1780, Japan)
equipped with a 10 cm quartz test tube. The absorbance (4,) was
obtained in the wavelength range of 240 nm to 800 nm at inter-
vals of 0.5 nm. Additionally, for quality control purposes, ul-
trapure water was used as a reference, and every five samples
were inserted. The CDOM absorption coefficient (a,) was calcu-
lated as:

a), = Al X 2.303/L, (1)
where A is the absorbance of the instrument, / is the wavelength
(nm), and L is the light pathlength (m).

The absorption coefficients at 254 nm (a,,) and 325 nm (a,;)
were used to quantify the CDOM abundance. The log-trans-
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formed absorption coefficients were linearly fitted to calculate
the spectral slope within the range of 275-295 nm, which can
serve as a reliable indicator for assessing the relative molecular
weight of DOM (Helms et al., 2008).

2.4 FDOM analysis and PARAFAC modeling

An F-7100 fluorescence spectrometer manufactured by Hita-
chi was used to collect the excitation-emission matrices (EEMs)
of the FDOM. EEMs were determined using a four-pass 1 cm
quartz cuvette. The excitation (Ex) wavelength ranged from
240 nm to 450 nm in 5 nm increments, whereas the emission
(Em) wavelength ranged from 280 nm to 600 nm in 2 nm incre-
ments. The excitation and emission slit widths were set to 10 nm
and 5 nm, respectively. Raman scattering was eliminated from
the sample spectra using Milli-Q water as reference. Rayleigh
scattering was removed by replacing the EEM data in two regions
(Em<Ex + 20 nm; Em=2Ex - 10 nm) with zero. The fluores-
cence intensity was normalized to Raman units (RU) using the
Raman correction procedure reported by Lawaetz and Stedmon
(2009). An absorptivity-based method was employed to correct
the internal filtering effects. The parallel factor analysis method
(PARAFAC) in MATLAB 2016a and DOM Fluor toolbox were used
to decompose all EEMs into a set of fluorescence components.
The humification index (HIX), which represents the ratio of the
integral area of Em at 254 nm from 435-480 nm to that between
300-345 nm for Ex, was utilized as an indicator to assess the de-
gree of DOM humification (Zsolnay et al., 1999). Higher HIX val-
ues indicated a higher degree of humification. The biogenic in-
dex (BIX) was calculated as the ratio of the fluorescence intensity
of Em at 380 nm and 430 nm to that of Ex at 310 nm (Huguet et
al., 2009). Higher BIX values indicated an increasing contribu-
tion of freshly produced DOM to aquatic ecosystems. The FI,
which is the ratio of the fluorescence intensities of Em at 450 nm
and 500 nm to that of Ex at 370 nm, can be used to trace the
source of DOM (Stedmon and Bro, 2008). When the FI value is
>1.9, the DOM is generally sourced from a biological origin,
whereas when the FI value is <1.4, the DOM generally originates
from a terrestrial origin.

The PARAFAC model was used to analyze the three fluores-
cence components (Fig. S1). C1 exhibited an excitation wave-
length of 250 nm and an emission wavelength of 406 nm, similar
to the previously reported A peak observed in terrestrial humic-
like components (Coble, 1996, 2007). C2 included two excitation
wavelengths at 265 nm and 365 nm, along with an emission
wavelength of 442 nm, covering humic-like A and C peaks
(Coble, 1996, 2007). C3 exhibited an excitation wavelength of
275 nm and an emission wavelength of 326 nm, similar to the
previously reported T peak associated with the protein-like fluor-
escent component (Coble, 1996, 2007).

2.5 Two end-member mixing model

A two-end model was employed to calculate the addition and
removal of nutrients and DOM to investigate their biogeochemic-
al behavior in Zhanjiang Bay. The surface layer of Station 25 was
used as the low-salinity endmember before the typhoon;
however, there were no available FDOM component data for the
same layer after the typhoon. To maintain consistency in our cal-
culations, we selected the surface layer at Station 26 as the low-
salinity endmember after the typhoon. The bottom layer at Sta-
tion 14 remained unchanged and continued to serve as a high-sa-
linity endmember both before and after the typhoon. The two-
end model equations are as follows:

fup +ﬁlu = ]-r (2)

JupSalyp + fouSaly, = Sal, 3)

where f,, and f,, represent the proportions of the low-salinity
endmembers in the upper bay and high-salinity endmembers in
the outer bay, respectively, for each sample. Sal,, and Sal,,,, rep-
resent the salinity of the low-salinity and high-salinity endmem-
bers, respectively, whereas Sal represents the salinity of the
sample. By subtracting the conservative theoretical values from
the actual values of nutrients and DOM, one can obtain the AN,
which represents the conservative change in nutrient and DOM
based on measured data:

AN = N — fupNup — fouNou, 4

where, N refers to nutrients and DOM, and a positive AN repres-
ents the net addition of nutrients and DOM during the water
mass mixing process, while a negative AN represents the net re-
moval of nutrients and DOM. The end number values before and
after the typhoon are listed in Tables S1 and S2, respectively.

2.6 The eutrophication index method
The eutrophication index (EI) is calculated as follows (Huang
etal., 2022; Ke et al., 2022):

El = CCOD X CDIN X CD[p/0.045, (5)

where Cqp, Cpiyy and Cpp are measured concentrations of COD,
DIN, and PO:~ (unit: mg/L), respectively. Water is considered
non-eutrophic if El is less than 1, and slightly eutrophicif 1 < EI <
2. The water body was considered moderately eutrophic when
2 < EI < 5. Water bodies can be categorized as highly eutrophic
when 5 < EI < 15. If the value of EI exceeded 15, the water body
was regarded as severely eutrophic (Huang et al., 2022; Ke et al.,
2022; Andersen et al., 2017; Lao et al., 2021).

2.7 Statistical analysis

Statistical analysis was performed using SPSS 22.0, and the
Student’s t-test was used to compare the differences between the
two groups of parameters.

3 Results

3.1 Distribution of physiochemical parameters during pre-

typhoon and post-typhoon

The distribution figures of the physiochemical parameters on
the surface are presented here because of the similarity in distri-
bution between the surface and bottom for all parameters,
whereas those at the bottom are provided in the Figs S2-S5.
The distributions of temperature, salinity in the Zhanjiang Bay
during the pre- and post-typhoon periods are shown in Fig. 3.
Lower temperatures were consistently observed at the mouth of
the bay during both the periods. However, the water column
temperature during the post-typhoon [(30.06 + 0.80)C] was sig-
nificantly higher than that during the pre-typhoon [(28.08 +
0.58)°C] (¢-test, p < 0.001). Salinity gradually increased from the
upper bay to the outer bay during both periods. In addition, there
was a decrease in salinity in the upper bay following typhoon
activity, suggesting an influx of freshwater. Nevertheless, the wa-
ter column salinity during the post-typhoon (28.09 + 3.05) was
higher compared to the salinity during the pre-typhoon (27.79 +
1.62) (Table 3).

The distributions of DO concentrations during the pre- and
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post-typhoon periods are shown in Fig. 3. Higher DO concentra-
tions were observed in the middle of the bay during the pre-
typhoon period, whereas after the typhoon, elevated DO levels
were found near the mouth of the bay, with an extremely high
value recorded at Station 7. Overall, the average concentration of
DO in the water column before the typhoon [(6.74 + 0.66) mg/L]
exceeded that after the typhoon [(5.78 + 0.69) mg/L]. The DO%
and DO distributions were similar during the pre- and post-
typhoon periods, but the opposite pattern was observed in the
distribution of the AOU (Fig. 3).

The water column Chl a concentrations [(11.50+6.39) mg/L]

were significantly higher during the pre-typhoon compared to
the post-typhoon [(7.43+7.30) mg/L] (¢-test, p < 0.001). However,
higher Chl a concentrations were observed in the upper bay (sta-
tions 1-5) during the pre-typhoon period, whereas anomalously
high Chl a concentrations were observed at stations 7 and 9 dur-
ing the post-typhoon period. Our previous study demonstrated
the nutrient parameters in Zhanjiang Bay during the same cruise
in June 2018 (He et al., 2023). The distribution of nutrients dur-
ing the pre- and post-typhoon periods is shown in Fig. 4. Nutri-
ent distribution was primarily characterized by a gradual de-
crease from the upper bay to its mouth, indicating significant in-
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Fig. 3. Surface distribution of temperature, salinity, DO, DO% and AOU in the Zhanjiang Bay during pre- and post-typhoon periods.

put from land. The water column DIN concentrations [NH, +
NO, +NOj, (27.83 + 17.60) pmol/L] and PO3~ [(2.82 + 1.48)
pmol/L] during the pre-typhoon were higher than those during
the post-typhoon [DIN: (15.15 + 11.16) pmol/L; PO} : (2.67 +
1.65) pmol/L]. However, the water column Si0§_ concentration
[(9.40 + 13.27) pmol/L] during the pre-typhoon was significantly
lower than that during the post-typhoon [(21 .96 + 11 .86) umol/L]
(t-test, p < 0.001).

3.2 Distribution of CDOM, S,,;_,,;, FDOM, FI, HIX, and BIX in

Zhanjiang Bay pre- and post-typhoon

The distribution characteristics of the CDOM (a,;, and d,,;)
are shown in Fig. 5. Both a,, and a,,; gradually decreased from
the upper bay to the mouth during the pre- and post-typhoon
periods. However, the levels of water column a,., [(2.84 +
1.35) m~!] and a,,; [(0.84 £ 0.52) m~!] during the pre-typhoon
were higher than those during the post-typhoon [a,,: (1.88 +
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Fig. 4. Surface distribution of Chl g, DIN (NH1 + NO2 + NO3 ), PO3 , and SiO5 _ in the Zhanjiang Bay during pre- and post-typhoon

periods.

0.7) m~! and a,;: (0.56 £ 0.27) m~1]. S,,c_,o- gradually increased
from the top of the bay to its mouth, and the pre-typhoon water
column S,,- ,o5 [(20.41 + 1.82) pm~!] was slightly higher than that
during the post-typhoon [(19.74 + 1.95) pm~1].

The distributions of C1, C2, and C3 after the typhoon were
similar to those of the CDOM, which gradually decreased from
the top to the mouth of Zhanjiang Bay (Fig. 6). In addition, water
column C1 [(20.59 + 10.29) x 10-2 RU], C2 [(7.50 + 4.04) x 10-2
RU]J, and C3 [(10.27 + 2.76) x 10-2 RU)] were higher during the
pre-typhoon than post-typhoon [(C1: (14.43 + 6.20) x 102 RU; C2:
(5.47 £ 2.53) x 102 RU; C3: (6.26 + 1.59) x 10-2 RU]. The HIX
gradually decreased from the upper bay to its mouth, whereas

the BIX gradually increased along this stretch (Fig. 6). The FI fluc-
tuated throughout the bay, and there was little difference in the
FI values between the pre- and post-typhoon periods (Table S3).
The HIX was lower during the pre-typhoon period than during
the post-typhoon period, and the BIX was higher during the pre-
typhoon period than during the post-typhoon period.

4 Discussions
4.1 High nutrient inputs enhance the decomposition of DOM in

Zhanjiang Bay during pre-typhoon.
The levels of CDOM and FDOM gradually decreased seaward,
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Fig. 5. Surface distribution of a,;,, d;,5;, and S,.;_,q; in the Zhanjiang Bay during pre- and post-typhoon periods.

while S, ,o- showed the opposite trend (Figs 5 and 6), indicat-
ing that DOM was primarily influenced by terrestrial origins dur-
ing the pre-typhoon period. The significant correlation between
CDOM and FDOM (p < 0.01) suggested a similar origin for these
components. The FDOM was composed of three components,
C1, C2, and C3, accounting for 52.5%, 18.9%, and 28.6%, respect-
ively, which were mainly humus-like components. A significant
correlation was observed between Chl a and the protein-like C3
(Fig. S6a, p < 0.05, n = 97), suggesting that biological activities in-
fluenced the source of C3 (Chiranjeevulu et al., 2014; Letourneau

and Medeiros, 2019; Bowen et al., 2020).

In addition, negative Aa,, [(-1.33 + 0.70) m~1)], Aa,, [(-0.51 =
0.27) m-1], AC1 [(-8.09 + 4.88) x 10-2 RU)], AC2 [(-3.73 + 1.91) x
10~2 RU)], and AC3 [(-1.38 + 1.91 x 10-2 RU)] were observed in
the bay during the pre-typhoon period, indicating a removal of
DOM in this time (Fig. 7). There are two main reasons for the re-
moval of DOM from marine environments: photodecomposition
and biological decomposition (Helms et al., 2008; Hansen et al.,
2016; Catal4 et al., 2016). Assuming that the removal of DOM in
Zhanjiang Bay is due to photodecomposition, there should be a
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gradual increase in ADOM from the sea surface to the bottom
(indicating decreased removal) and a corresponding decrease in
S,75.095 (indicating increased molecular weight). However, an ir-
regular distribution of ADOM and S,,:_,q; can be observed along
the Zhanjiang Bay transect during the pre-typhoon (Fig. 8),
which suggests that photodecomposition is not the primary re-
sponsible for DOM removal. Thus, we believe that biological de-
composition is the primary factor contributing to DOM removal.
Despite the DO in Zhanjiang Bay was close to saturation before
the typhoon [with a DO% of 102.30% + 10.30% and an AOU of
(-0.15 £ 0.68) mg/L], the high Chl a concentrations [(11.50 +

6.39) pg/L] suggested abundant nutrients that promoted phyto-
plankton growth and photosynthesis, which can compensate for
any oxygen consumed by DOM decomposition and maintain an
oxygen-saturated state.

Previous studies have shown that inputs of N and P from ter-
restrial origins can decrease the C/N and C/P ratios, thereby pro-
moting the microbial decomposition of labile DOC (Zweifel et al.,
1993; Yuan et al., 2010; Jiao et al., 2011, 2018). This process leads
to a significant reduction in carbon storage in the ocean (Jiao et
al,, 2011, 2018). High nutrient levels were also observed in the
bay during the pre-typhoon period (Table S4). Owing to the rap-
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Fig. 6. Surface and bottom distribution of C1, C2, C3, HIX, BIX and FI in Zhanjiang Bay during pre- and post-typhoon periods.

id economic and population growth in recent years, Zhanjiang,
an industrial city, has experienced a significant influx of sewage
into the bay (Chen et al., 2022; He et al., 2023; Lao et al., 2023d). N
and P inputs play a significant role in the eutrophication process
in Zhanjiang Bay (He et al., 2023). The eutrophication index was
calculated using the EI. The EI ranged from 0.1 to 82.8 with a
mean value of 14.9 + 18.9 (Table S4), indicating that Zhanjiang
Bay was currently classified as high levels of eutrophication.
Therefore, the input of N and P from Zhanjiang Bay before the
typhoon promoted eutrophication in the water column, which
may have resulted in lower C/N and C/P ratios. This can stimu-
late DOC bioactivity, thereby promoting the microbial decom-

position of DOM (Zweifel et al., 1993; Yuan et al., 2010; Jiao et al.,
2011, 2018). This finding is consistent with previous studies that
indicated nearshore waters characterized by eutrophication act
as sources of CO, rather than sinks in the Zhujiang (Pearl) River
Estuary (Yuan et al., 2010). Therefore, the high nutrient inputs in
Zhanjiang Bay could have enhanced the intense DOM decom-
position during the pre-typhoon period.

4.2 The decomposition of organic matter shifted from DOM to
particulate organic matter (POM) after the typhoon
Previous studies have indicated that the Ekman transport, or
the input of runoff after a typhoon, results in a significant amount
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of nutrients (Lao et al., 2023b, 2023d), thereby promoting phyto-
plankton growth (Zhao et al., 2009, 2015; Qiu et al., 2019; Lu et al.,
2022a). However, our results demonstrate that Chl a levels de-
creased after the typhoon, which is consistent with recent re-
search conducted in Zhanjiang Bay (Zhou et al., 2021). They sug-
gested that the stirring caused by the typhoon resulted in the de-
terioration of seawater quality, which was unfavorable for the
growth of phytoplankton (Lao et al., 2023d; Zhou et al., 2021). It is
widely accepted that rainfall after a typhoon brings a greater
amount of DOM from terrestrial origins, and the levels of DOM
during this period are also significantly higher than those before
the typhoon (Hoge and Lyon, 2002; Conmy et al., 2009; Le-
tourneau and Medeiros, 2019). However, terrestrial inputs did
not significantly contribute to DOM in Zhanjiang Bay during the
post-typhoon period. CDOM and FDOM exhibited a significant
decrease during the post-typhoon period compared to the pre-
typhoon levels (#-test, p < 0.001). Despite receiving greater rain-
fall after the typhoon (>250 mm) than before the typhoon
(~150 mm) in the area around Zhanjiang Bay (Fig. 2), there was a
slight increase in salinity during the post-typhoon period in
Zhanjiang Bay. This phenomenon indicated that high-salinity
water from the outer bay intruded into Zhanjiang Bay after the
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typhoon (Lao et al., 2022b, 2023d). As shown in Figs 2c and 2d,
this shift in sea-surface winds in the northwestern SCS contrib-
uted to the influx of high-salinity seawater from the SCS into the
bay. Previous studies have found that the intrusion of high-salin-
ity seawater from outer Zhanjiang Bay increases substantially un-
der the external forces of typhoons (Lao et al., 2023d). These phe-
nomena suggest that the decrease in DOM in Zhanjiang Bay after
the typhoon may be attributed to the dilution caused by seawater
intrusion from the outer bay. The correlation between Chl a and
protein-like C3 (Fig. S6b, p < 0.05, n = 94) suggests a strong asso-
ciation between the origin of the C3 component and the biologic-
al activity (Chiranjeevulu et al., 2014; Letourneau and Medeiros,
2019; Bowen et al., 2020). The percentages of humus-like C1
(54.3%) and C2 (20.4%) were slightly higher during the post-
typhoon period than during the pre-typhoon period, whereas
that of protein-like C3 (25.4%) was lower than that before the
typhoon. The decrease in Chl a during the post-typhoon period
may be the main reason for the decline in protein-like compon-
ents.

Notably, there were significant net additions of CDOM [Ad,,:
(0.24 £ 0.52) m~!, Ay, (0.07 +0.16 )m-1] and FDOM [ACI: (1.39 +
6.21) x 10-2 RU, AC2: (0.39 + 2.45) x 10-2 RU, AC3: (0.46 + 2.04) x
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Fig. 7. Variations of a,., (m™) (a, b), a5,5 (m™) (¢, d), C1 (102 RU) (e, f), C2 (10-2 RU) (g, h), C3 (10 2 RU) (i, j) along with salinity in the
water of Zhanjiang Bay during the pre-typhoon and post-typhoon. The red stars denote the low-salinity and high-salinity end-mem-

bers used in this study.

10-2 RU] in Zhanjiang Bay during the post-typhoon (Fig. 9,
Table S5). This suggests that, in contrast to the pre-typhoon peri-
od, there was no decomposition of DOM. Instead, it is likely that
other origins or processes supplemented the DOM in the bay.
Nutrient concentrations (DIN and PO3~) decreased significantly
after the typhoon (Fig. 4). Additionally, the EI indicated a reduc-
tion of 6.56 + 11.55 (Table S4). The intrusion of seawater from the
outer bay can dilute the DOM and nutrient concentrations,
which may be responsible for the decrease in these parameters
after the typhoon. A reduction in nutrient concentrations pro-
motes the immobilization of DOC and storage of microbial car-
bon (Carlson et al., 2002; Gasol et al., 2009; Jiao et al., 2011).
Therefore, the decrease in nutrient levels induced by typhoons
resulted in a reduction in the microbial decomposition of DOM.
In the marine environment, in addition to external inputs,
DOM is primarily contributed by phytoplankton release, OM de-
composition, and particulate matter desorption (Guo et al., 2007,
2014; Sun et al., 2022; Hu et al., 2022). There was no correlation
between Aa,,, Ads,s, AC1, AC2, AC3 and Chl a (p > 0.05) after
the typhoon, suggesting that the addition of DOM is not primar-
ily caused by phytoplankton production (Guo et al., 2011; Lu et
al., 2023). We speculate that the decomposition of POM and de-
sorption of particulate matter may have contributed to the addi-
tion of DOM. The presence of a positive AOU concentration in-
dicated oxygen depletion after a typhoon. Oxygen depletion in
the water column results primarily from the oxidation of inorgan-
ic substances, biological respiration, and OM decomposition
(Chen, 2009). The oxidation of inorganic matter consumes a
lower amount of oxygen than biological respiration and OM de-
composition; therefore, the oxidation of inorganic matter was
considered negligible in this study (Chen, 2009; Lu et al., 2022a).
Although a short-term increase in Chl a may occur after
typhoons (Chen et al., 2023), the stirring caused by typhoons res-

ults in the deterioration of the water environment in Zhanjiang
Bay, which inhibits phytoplankton growth (Zhou et al., 2021).
This is supported by the observed decrease in Chl a levels after
the typhoon. Therefore, the primary cause of oxygen depletion in
Zhanjiang Bay after the typhoon is the decomposition of OM.
Consequently, the significant decrease in Chl a after the typhoon
suggests a preference for decomposing fresh POM (Zhou et al.,
2021; Lu et al., 2022a; Lao et al., 2023c). This conclusion is con-
sistent with the above discussion regarding the addition of DOM
through the decomposition of POM (Wang et al., 2021a; Qu et al.,
2022; Chen et al., 2022; Lu et al., 2023). The net addition of nutri-
ents to Zhanjiang Bay after the typhoon provides further evid-
ence to support this conclusion (Fig. S7). Although the desorp-
tion of particulate matter is commonly observed in highly turbid
estuaries such as the Changjiang River Estuary (Guo et al., 2014;
Sun et al., 2022), we cannot rule out the influence of particulate
matter desorption on DOM addition. However, further studies
are required to clarify this issue.

4.3 Implications of the characteristics of OM decomposition

In eutrophic estuaries or bays, DOM decomposition is often
considered a source of CO, rather than a sink because of microbi-
al-mediated decomposition, which converts organic carbon into
CO, (Zweifel et al., 1993; Yuan et al., 2010; Jiao et al., 2011, 2018).
In this study, we found that microbial decomposition of DOM
was enhanced during the pre-typhoon period due to a substan-
tial influx of N and P inputs. However, contrary to expectations,
the typhoons did not increase DOM decomposition. Instead, it
may induce a significant shift from DOM to POM decomposition,
providing a deeper understanding of the carbon cycle in near-
shore areas (Fig. 9). This phenomenon is related to a short-term
increase in Chl a after typhoons (Chen et al., 2023). In our study,
an increase in apparent oxygen utilization, a decrease in DO sat-
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Fig. 8. Transect distribution of S,5_,q5, Ad,s,, Adg,;, AC1, AC2, and AC3 in the Zhanjiang Bay during pre- and post-typhoon periods.

uration, and a reduced level of Chl a indicated that POM decom-  typhoon. Nonetheless, we believe that OM may undergo differ-
position was enhanced in Zhanjiang Bay after the typhoon. Thus, ent types and degrees of decomposition under various typhoon
the net addition of DOM occurred in Zhanjiang Bay after the paths, intensities, and moving speeds (Chen et al., 2023). In addi-
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tion, the intensity of typhoons has significantly increased under
global warming (Balaguru et al., 2016; Chen et al., 2023), and it is
necessary to consider the types and degrees of OM decomposi-
tion (as a carbon source) following typhoons in the future.

5 Conclusions

In this study, spectroscopic techniques were used to investig-
ate the origin and decomposition of DOM before and after
Typhoon Ewiniar in Zhanjiang Bay, in the northwestern SCS. The
two-end-member mixing model demonstrated the removal of
DOM before the typhoon and the addition of DOM after the
typhoon. High nutrient input resulted in intense microbial de-
composition of DOM during the pre-typhoon period. However,
the net addition of DOM in Zhanjiang Bay may be attributed to
POM decomposition and desorption of particulate matter during
the post-typhoon period. The intrusion of external seawater di-
lutes the nutrient levels in Zhanjiang Bay, thus diminishing the
impact of microbial decomposition on DOM. However, an in-
crease in the AOU, a decrease in the DO saturation value and the
reduced Chl a concentrations indicated that intense OM decom-
position still occurred and OM decomposition shifted to POM
decomposition in Zhanjiang Bay during the post-typhoon period.
Overall, this study provided new insights into the impact of
typhoons on biogeochemistry.
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Supplementary information:

Fig. S1. EEM contours of fluorescent components C1-C3 identified using PARAFAC.

Fig. S2. Bottom distribution of temperature, salinity, DO, DO% and AOU in the Zhanjiang Bay during pre- and post-typhoon peri-
ods.

Fig. S3. Bottom distribution of Chl g, DIN (NH; + NO, + NO; ), PO3~, and SiO2~ in the Zhanjiang Bay during pre- and post-
typhoon periods.

Fig. S$4. Bottom distribution of a,,, a;,5, and S,;;_,q; in the Zhanjiang Bay during pre- and post-typhoon periods.

Fig. S5. Bottom and bottom distribution of C1, C2, C3, HIX, BIX and FI in the Zhanjiang Bay during pre- and post-typhoon peri-
ods.

Fig. S6. Relationships between Chl a and C3 in the Zhanjiang Bay during pre- and post-typhoon. Red lines and grey shadings rep-
resent the linear fit lines and 95% confidence bands, respectively. Two data of Chl a were excluded from the analyses due to anomalies
in their values after the typhoon.

Fig. S7. Variations of DIN (pmol/L) (a, b), PO}~ (umol/L) (¢, d), Si03~ (umol/L) (e, f) along with salinity in the water of Zhanji-
ang Bay during the pre- and post-typhoon. The red stars denote the low-salinity and high-salinity end-members used in this study.

Table S1. End-member values of salinity and DOM in low salinity end-member and high-salinity end-member during pre-
typhoon

Table S2. End-member values of salinity and DOM in low salinity end-member and high-salinity end-member during post-
typhoon

Table S3. Summary of the mean Chl a (pg L-!), CDOM and S,,5_,45, FDOM and FI, HIX, and BIX values during the pre- and post-
typhoon periods in Zhanjiang Bay.

Table S4. Summary of the mean temperature, salinity, dissolved oxygen, AOU, and DO saturation, nutrients values, EI during the
pre- and post-typhoon periods in Zhanjiang Bay.

Table S5. The mean values of Aa,, (m™!), Aa,,. (m~1), AC1 (10-2 RU), AC2 (10-2 RU), AC3 (10-2 RU) during the pre- and post-
typhoon periods in Zhanjiang Bay.
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