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Semi-enclosed bay provides favorable conditions for mariculture, however, mariculture activities can disrupt
hydrological connectivity of river-coastal continuum and create a bioreactor for particulate organic matter
(POM). The impacts of increasing mariculture activities on POM dynamics, including sources, transportation, and
transformation, associated dissolved oxygen and nutrients in semi-enclosed bays remain unclear. This study
investigated carbon and nitrogen contents, as well as the stable isotopic compositions of POM (5*3Cpoc and
51°Npy) in a semi-enclosed bay, Sansha Bay, which is the largest mariculture bay for large yellow croaker in
China and is influenced by riverine input and nearshore coastal waters. Our findings revealed that, spatially,
riverine POM dominated along main channel that connects river inlet and bay outlet under the influence of water
mixing (C:N ratios ~ 5.7-15.8, 613Cpoc ~ —21%0-24%o, and 615NpN ~ 13%0-17%0). On top of water mixing,
autochthonous POM dominates in off-main channel (C:N ratio 5-9, 613Cpoc -21%0—-17%o, and 615NPN 7.0%o-
8.5%0). Using a three end-member isotopic mixing model, our data shows that the POM in main channel com-
prises ~ 90% of riverine POM and ~ 10% of phytoplankton production, while in off-main channel, ~ 59% of
POM was contributed by autochthonous phytoplankton production and the rest ~ 41% was sourced from main
channel. Furthermore, riverine POM degradation consumes oxygen along main channel, forming consistent with
the classic Redfield stoichiometry of aerobic respiration (N:Og, ~ 0.13 &+ 0.02). In contrast, in off-main channel
where water exchange is slower, the degradation of fish feed regenerates dissolved inorganic nitrogen, which
subsequently stimulates phytoplankton production, leading to oxygen production following the canonical Red-
field stoichiometry of phytoplankton photosynthesis (N:O2, ~ 0.10 & 0.01). Our results highlight the influence of
hydrological connectivity, superimposed by mariculture activity, in shaping POM biogeochemistry and dissolved
oxygen dynamics in semi-enclosed bays. These findings provide important insights for the remediation of risks of
hypoxia and harmful algal blooms in coastal mariculture ecosystems.

1. Introduction

The intersection of riverine and marine systems in the coastal zone
creates a dynamic environment with unique conditions for organic
matter dynamics (Chen, 2003). Organic matter in this area originates
from allochthonous sources (e.g. terrestrial riverine input, marine
sourced organic matter), autochthonous sources (such as phytoplankton
production), and anthropogenic sources (e.g. sewage, fertilizer). Those
organic matters can either bury and transform within coastal zones and/

or exchange with oceanic seawater (Middelburg and Nieuwenhuize,
1998; Thomas et al., 2004; Lu et al., 2021) and thus play a significant
role in elemental cycling, including carbon and nitrogen cycling, in
coastal areas (Middelburg and Levin, 2009). Concurrently, coastal re-
gions are of particular importance to human populations as they support
most sea-based economic activities, despite their small area. These re-
gions generate the majority of the sea-sourced food and resources that
humans rely on (Martinez et al., 2007). The increasing population surges
the demand for seafood, which has led to rapid expansions of coastal
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mariculture in recent decades (Clawson et al., 2022). This expansion
fuels the organic matter in coastal regions (as high as ~ 80%, (Hu et al.,
2012; Dong et al., 2000), including fresh fish scrap, feeding fodder, and
faeces (Pearson and Black, 2001; Vizzini and Mazzola, 2006), leading to
the oxygen depletion/hypoxia through particulate organic matter
(POM) degradation (Hargreaves, 1998; Vizzini and Mazzola, 2006;
Yokoyama et al., 2006).

Remineralization of organic matter is a well-known driver for oxygen
depletion or hypoxia in coastal regions (Swarzenski et al., 2008; Zhu
et al., 2011). As such, there is a growing interest in understanding the
dynamics of POM in the coastal zone. Semi-enclosed bays, which pro-
vide a haven for mariculture by offering protection from wave and wind
damage, have a low degree of openness that increases the water resi-
dence time within the bay. This prolonged residence time consequently
results in intensive recycling of POM and associated biogeochemical
processes that have yet to be explored in detail.

Carbon and nitrogen isotopes have become increasingly popular in
evaluating the sources and dynamics of POM (Riera and Richard, 1997;
Vizzini et al., 2005; Yokoyama et al., 2006; Malet et al., 2008; Gu et al.,
2017; Liu et al., 2018; Pan et al., 2019; Samanta et al., 2019; Xie et al.,
2020a). For instance, some studies assessed the impact of anthropogenic
input effect on POM in a coastal bay (Rozic et al., 2014; Samanta et al.,
2019; Ke et al., 2020; Ming et al., 2023). Increasing studies qualitatively
concerned the impact of anthropogenic loadings and resilience of the
mariculture ecosystem (Franco-Nava et al., 2004; Sara et al., 2004;
Vizzini et al., 2005; Yokoyama et al., 2006; Malet et al., 2008). Past
studies have employed isotopic mixing models to quantitatively eval-
uate the relative contributions of sources, but these have generally been
applied only to sedimentary organic matter and have been restricted to
two sources, with only a few studies examining multiple sources (Mar-
tinotti et al., 1997; Wu et al., 2003; Yokoyama et al., 2006; Liu and Kao,
2007; Dubois et al., 2012). Quantitative assessments of the relative
contributions of multiple sources to an integrated mariculture ecosystem
remain limited. Moreover, although both terrestrial and marine organic
matter have been found contributing to oxygen consumption, such as
marine organic matter degradation dominating hypoxia in the East
China Sea off the Changjiang Estuary (Wang et al., 2016) and terrestrial
organic matter accounting for 23% of oxygen depletion in the Gulf of
Mexico (Dagg et al., 2007). The degradation of potential sources of
settling POM associated with oxygen consumption in coastal maricul-
ture bay ecosystem is not well understood (Malone and Newton, 2020;
Hatakeyama et al., 2021). Lastly, the distinct behaviors of phyto-
plankton photosynthesis and POM remineralization revealed by 15N
associated with oxygen dynamics in biogeochemical stoichiometry have
rarely been quantified (Sigman et al., 2009; Xu et al., 2022).

Coastal integrated mariculture bay ecosystems are highly complex,
not only because they involved mixing processes from multiple sources
(such as riverine input, coastal seawater transport, and mariculture ac-
tivities), but also because they encompass biogeochemical processes
across different water masses. Addressing these challenges requires a
quantitative and holistic approach to accurately identify the contribu-
tions of different sources and to assess the potential degradation of
organic matter associated with oxygen behavior.

To this end, we selected Sansha Bay, the largest breeding base of
large yellow croaker (Larimichthys crocea) in China, as our study site.
Sansha Bay is a semi-enclosed mariculture bay that is subject to in-
fluences from riverine inputs, nearshore seawater, and mariculture,
making it a prime example of a coastal area that is applicable to similar
bays around the world. This study, based on the field cruise, set out to
examine the POM dynamics and potential degradation in such a complex
physical and biogeochemical ecosystem. With the aid of three end-
member water mass mixing and isotopic balance models, we are able
to quantitatively evaluate POM origins and explore potential POM
degradation associated with oxygen behavior. We find that in different
regions with different POM sources and water residence time, the
apparent degradation of POM associated dissolved oxygen dynamics and
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nitrogen cycling are different. The riverine POM dominates along the
main channel under the influence of the water mixing, while autoch-
thonous POM dominates in off-main channel region where water resi-
dent time is slow. In addition, POM degrades along the main channel to
consume oxygen following the classic Redfield respiration stoichiom-
etry. But regenerated dissolved inorganic nitrogen from feed food and
riverine POM stimulate in situ phytoplankton production to complement
oxygen following the canonical Redfield photosynthesis stoichiometry.
This study pins down the relative contributions of different POM sour-
ces, as well as the potential effects of organic matter degradation and/or
phytoplankton production on oxygen consumption and/or production
and nitrogen cycling quantitatively using a combination of field obser-
vations and a simple three end-member mixing model in a complex
semi-enclosed mariculture system under the influences of both river
plume and coastal nearshore waters. The insightful POM dynamics
associated with dissolved oxygen obtained in the semi-enclosed mari-
culture bay are important in defining the river-coastal continuum
ecosystem and have important implications for a better understanding of
the potential eutrophication, hypoxia, and harmful algal blooms in the
mariculture ecosystems.

2. Materials and methods
2.1. Site description

Sansha Bay, situated in southeastern China, is a semi-enclosed bay
with a highly meandering coastline (~489 km coastline, Fig. 1a) and is
densely populated (~ 1000 people km™2 (Wang et al., 2009). The bay is
connected to the East China Sea (ECS) via a narrow outlet known as
Dongchong (DC) Channel (~3 km in width,) (Lin et al., 2017). The
southwesterly winds prevail in summer, resulting in a northward pre-
dominance of the Taiwan Warm Current to Sansha Bay offshore (Hu
et al., 2000). The monsoonal rainfall fuels the river flow in summer
which potentially enhances the transportation of terrestrial materials
into Sansha Bay (Li et al., 2009). The two primary freshwater sources
discharging into Sansha Bay are Jiaoxi River and Huotongxi River.
Jiaoxi Stream has a watershed of ~ 5549 km? with an average annual
discharge of ~ 6.97 x 10'® m® (Huang and Ding, 2014). Huotongxi
Stream has a watershed of ~2244 km? with an average annual discharge
of ~ 2.73 x 10° m® (Li et al., 2014). The farmland surrounding Sansha
Bay spans ~528 km? and the soil loss from the farmland into the bay has
been estimated to be ~ 1.23 x 108 kg y_1 (Li et al., 2009). In recent
decades, mariculture in Sansha Bay has significantly increased, with ~
2.2 x 10° cages in the bay (Zhu et al., 2013). These cages are mainly
located in the west of the bay, away from the north-south section from
Baima Harbor to the DC channel, referred to as the off-main channel in
Fig. 1. Moreover, inputs from feeding have been estimated to be as much
as ~ 1.13 x 107 kg for fish fodder and ~ 7.55 x 108 kg for wet fresh fish
scraps during the summer (Han et al., 2021).

2.2. Sampling and analysis

Summer cruises were conducted on August 6-8, 2014 to investigate
the POM biogeochemistry. During the sampling period, the Jiaoxi water
discharge from the watershed was ~ 365 m® s}, which was close to the
long-term mean discharge (~ 175 m3 s’l) (Han et al., 2021). This sug-
gests that the present study represents a typical summer condition of the
area in terms of river discharge. Twenty-five water samples were
collected wusing Niskin bottles equipped with a conductivity-
temperature-depth (CTD, Idronaut S.r.l. Co., Italy) sensor that concur-
rently records temperature (T) and salinity (S). The sensors for T and S
are Idronaut Pt 100 and Idronaut Seven rings. The precision for tem-
perature and salinity are 0.003 °C and 0.005, respectively. Immediately
after sampling, 500 mL of seawater was filtered onboard using pre-
combusted (at 500 °C, for 4 h) and pre-weighted glass fibre filters (25
mm, Whatman GF/F). Following filtration, the filters with particulate
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Fig. 1. Map of Sansha Bay indicating its location (a) and topography (in me-
ters, b). The northward current under the prevailing southeast monsoon in
summer is denoted by red arrows in (a). The main channel from Baima Harbor
to Dongchong Channel is shown by the black line and the off-main channel is
displayed by the black dashed line in (b). Water column sampling stations are
marked by red dots, and surficial sediment sampling stations are indicated by
black bottom lines. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

samples were folded, wrapped in aluminum foil, and stored at —20 °C
until laboratory analysis. Chlorophyll a (Chl a) concentration was
determined using a Turner Trilogy fluorometer following the protocol of
Welschmeyer (1994), with a detection limit 0.005 pg L™*. The dissolved
oxygen (DO) was measured using the traditional Winkler titration
method with a precision of 1.88 pmol O, kg™! (Dai et al., 2006).
Apparent oxygen utilization (AOU) was as the difference between oxy-
gen saturation (C5) and DO, as In C} = -135.29996 + 1.572288 x 10%/
(T + 273.15)-6.637149 x 107/(T + 273.15)% + 1.243678 x 10°/(T +
273.15)°-8.621061 x 10''/(T + 273.15)*-5%(0.020573-12.142/(T +
273.15) + 2363.1/(T + 273.15)?) (Benson and Krause Jr., 1984)

In the laboratory, the filters were freeze-dried, and weighted for
determining the concentration of total suspended particulate matter.
The same filters were then used for analyzing particulate organic carbon
(POC), particulate organic nitrogen (PN), 5'%Cpoc, and 8'°Npy. For
analysis, the filters were acidified with 1 mL of 1 N HCI solution to
remove carbonates, oven-dried at 60 °C for 48 h, and sliced for each
parameter. A slice of filter (three-quarters size) was packed tightly into
tin cans for POC and 8'3Cpoc analysis and analyzed using a continuous
flow elemental analyzer (Vario PYRO cube, Germany)-isotope ratio
mass spectrometer (Isoprime 100) system (EA-IRMS). For PN and 515Npy
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measurement, a slice of filter (quarter size) was oxidized to nitrate using
potassium persulfate (Knapp et al., 2005) and nitrate was measured
using the chemiluminescence method following the protocol of Braman
and Hendrix (Braman and Hendrix, 1989). The detection limit of NOx
was ~ 10 nmol L™, and the precision was better than 5% (Xu et al.,
2017). Samples were then analyzed using a Gas Bench-Isotope Ratio
Mass Spectrometer GB-IRMS (Thermo Delta V Advantage, Germany)
through the denitrifier method outlined in Xu et al. (2017). The isotopic
compositions of carbon (613C) and nitrogen (615N) were expressed as
follows:

R%am &
83Cor 8N = [7 e _

standard

1} x 1000

where R corresponds to 3C/!2C or 1>N/!*N for carbon and nitrogen
respectively. The standard reference materials were the international
standards Pee Dee Belemnite for C and atmospheric Nj for N, respec-
tively. The replications of 8'3Cpoc and 8'°Npy for internal standards
were better than 0.2%. (Yang et al., 2017).

The N isotope of nitrate (615NN03) was determined using the bacte-
rial denitrifier method (Sigman et al., 2001). Briefly, the NO3 in the
water was converted to NoO by denitrifying bacteria that lack N3O
reductase activity. Then, the N,O was extracted and purified through a
PreCon system (Thermo Fisher, USA), and the §'°N was analyzed using
an isotope ratio mass spectrometer (IRMS, USA). The 815NNH4 was
determined using the chemical procedure (Zhang et al., 2007). Briefly,
NHJ in the water was first quantitatively oxidized to NO3 by BrO~ and
subsequently NO3 is reduced to NO using NaN3 in an acetic acid buffer.
Then the §'°N of N2O was determined by PreCon-IRMS (USA). The NHj
concentration for §'°N measurement required relatively higher level,
being >5.0 pmol L. The standard deviations precisions for both
515Nno3 and 8'°Nyp4 were better than 0.5%o.

Surficial sedimentary samples (the top 1.0 cm) in the off-main
channel were collected (Fig. 1), while sample collection in the main
channel was not possible due to the fast flow and rough granular
composition. Surficial sediment samples were immediately collected
with a Van Veen grab sampler, frozen, and stored at —20 °C. Samples of
fish feed fodder and fresh fish scraps were freeze-dried, and the POC and
PN contents associated with dual-isotopic compositions were measured
using an elemental analyzer connected with isotope ratio mass spec-
trometry (EA-IRMS, Elementary Vario PYRO cube, Germany). The pre-
cisions for POC and PN content were < 1% and dual-isotopic
compositions were better than 0.2%o for standard measurement (Kao
et al., 2012; Yang et al., 2017).

2.3. Derivation of three end-member isotopic mixing model

A three end-member isotopic mixing model is used to construct the
conservative mixing schemes among different particle sources in the
entire mariculture ecosystem. The 5'%Cpoc values and C/N ratios in
particles generally enhance the source apportionment and therefore
have been established. A detailed derivation of the multiple end-
member isotopic mixing model had been introduced in previous
research (Liu and Kao, 2007; Liu and Wu, 2014). In brief, the model is
based on mass balance for POC and PN, and for the isotope 5'3Cpoc in
POC, which originate from the three sources introduced in following
Sections 3 and 4. The equations are shown as follows:

Riu sie = FriRg1 + FpocRpe + FeioRio (€]
8" Crocin sie = Fri®"Crocri + Focd"Crocne + Feiod' Ceocsio (2
F = Fri + Fpc + Frio 3

where Rjy sir, and 613Cpocm siw Tepresented the C/N ratio and 613Cpoc in
the samples; the subscripts RI, DC, and BIO denoted the three different
particle end-members: riverine POM from upstream river plume (RI),
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riverine POM occupied in coastal nearshore water (DC), and autoch-
thonous phytoplankton (BIO); and Fgj, Fpc, and Fpjo represent the
fractions in the in situ particle samples contributed by the three end-
members, which are calculated from the C/N ratio and 813Cpoc.

The conservative isotopic nitrogen composition of PN (615Nprre) by

mixing of the end-members can then be calculated as.
8" Nppre = Fri' Npri + Foed'*Nenne + Fri08' Npxzio (©)]

where 615NPNRI, SISNPNDC, and SISNPNBIO are the isotopic nitrogen
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compositions of the three end-members of river plume, coastal seawater,
and the in situ phytoplankton production.

The difference between the prediction based on mass balance and the
field measured values is denoted as A, which helps to reveal the nitrogen
biogeochemical cycles and associated oxygen dynamics.

A‘S]SNPN = 615NPNpm - 615NPNin situ (5)

where 8'%Npwin situ represents the measured isotopic nitrogen composi-
tion of PN during the cruise.
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Fig. 2. Surface distributions of temperature (a, °C), salinity (b, S), particulate organic carbon (c, pmol L, particulate organic nitrogen (d, pmol LY, Chla (e, mg
m~2), C/N ratio (f), 613Cp0c (g), and 5'5Npy (h) in Sansha Bay. The temperature and salinity distributions are redrawn from Han et al., 2021).
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2.4. Definitions of ADIN, ADIP, and APN

Similar to A8'®Npy, ADIN, ADIP, and APN represent the differences
between the predicted dissolved inorganic nitrogen (nitrate (NO3) +
nitrite (NO3) + ammonia (NHZ), DIN), dissolved inorganic phosphorus
(DIP), and PN based on conservative mixing and the field measured
values, respectively, and are calculated based on three end-member
water mass mixing model (Han et al., 2021). The positive ADIN and
ADIP indicate nutrient consumed by phytoplankton and negative values
indicate nutrient addition via organic matter degradation. Similarly,
positive and negative APN represent PN removal and production,
respectively. In our parallel studies, ADIN and ADIP properties have
been elaborated by Han et al. (2021). Here, we introduce ADIN, ADIP,
and APN equations in Text S1 briefly.

3. Results
3.1. Hydrography

The hydrography observed during the cruise in Sansha Bay has been
documented by Han et al. (2021). The warm river plume with a tem-
perature of ~ 29.2-29.6 °C and salinity of ~ 9.6-20.8 spreads south-
ward through Baima Harbor, mixing with coastal seawater with a
temperature of ~ 28.1-27.2 °C and salinity of ~ 29.6-31.2 over semi-
diurnal tidal cycles. As a result, the study area is mainly characterized
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by a mixed water mass along the main channel with temperature ~
29.3-27.2 °C and salinity ~ 20.8-31.2 (Fig. 2a, b). The off-main channel
has relatively enclosed water with high temperature (29.4-30.8 °C) and
mid-salinity (22.7-26.7, Fig. 2a, b) due to the bathymetry, resulting in a
longer water residence time (Lin et al., 2017). Therefore, the study area
can be divided into two hydrographic zones: the north-south section
along the main channel, primarily showing mixing between riverine and
coastal waters, and the west side of the bay (i.e., off-main channel).

Further examination of the temperature and salinity sections along
the north-south section illustrates the extension of the river plume with
clear stratification, where the saltier coastal water intrudes below the
fresh riverine water (Figs. 3a, b, 4a, b). The intrusion intensity of the
coastal water via DC channel is strong in the mid-bay, i.e., south of S27
along the main channel and south of S1 and S5 along the off-main
channel, as indicated by the lower temperature (~ 26.3-28.3 °C) and
higher salinities (~ 26.9-32.6).

3.2. Distribution of biogeochemical parameters

3.2.1. Spatial distribution of parameters at surface waters

The horizontal distributions of POC and PN show a clear zonation in
the main channel and western off-main channel, consistent with the
hydrographic conditions. The upstream stations in the main channel
(Figs. 1 and 2), influenced by the river plume, exhibit relatively higher
POC (~ 16.4-43.0 pmol L’l) and lower PN (~ 2.1-3.2 pmol L’l), which
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Fig. 3. Transectional distribution of T (a, °C), S (b), POC (c, pmol L), PN (d, pmol L), C/N ratio (e), Chl a (f, mg m~>), §'3Cpoc (g), and 5'°Npy (h), along the
north-south main channel in Sansha Bay. The temperature, salinity, and Chl a are redrawn from Fig. 7a, b and Fig. 12d in Han et al., 2021). Black dots represent the

sampling depth.
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Fig. 4. Transectional distribution of T (a, °C), S (b), POC (c, pmol L), PN (d, pmol L™1), C/N ratio (e), Chl a (f, mg m~3), 5'3Cpoc (g), and 5'°Npy (h) along the

western off-main channel in Sansha Bay. Black dots represent the sampling depth.

coincides with higher nutrient concentrations in the dissolved pool
(DIN, ~ 41.8-47.1 pmol L_l), see Fig. 5 in Han et al., 2021). The
downstream stations are influenced by coastal water, showing lower
POC (~ 16.5-19.7 pmol L™1) and lower PN (~ 1.1-1.6 pmol L71),
consistent with low dissolved nutrient levels mainly due to dilution by
coastal seawater (Naik and Chen, 2008; Han et al., 2021). In mid-Sansha
Bay, which geographically corresponds to the area between the up-
stream and downstream stations, the POC and PN concentrations show
intermediate values of ~16.5-26.1 pmol L™! and ~ 1.1-2.6 pmol L7,
respectively, along with lower nutrient levels in the dissolved pool (~
16.1-34.3 pmol L~ DIN). The particulate C/N ratios along the north-
south section range from ~ 10.2 to ~ 16.5 (Fig. 2f).

In the western off-main channel, the POC and PN contents are
extremely high, ranging from ~ 25.9-71.3 pmol L~! for POC and ~
2.5-8.3 pmol L ™! for PN. This location also exhibits the highest Chl a (~
10.4-16.6 mg m~3), the lowest DIN concentration (~ 11.2-12.7 pmol
L7, see Fig. 5 in Han et al., 2021), and the highest DIN uptake con-
centration (~ 2.0-10.5 pmol L_l) (Figs. 2¢, d, e, and S1). These findings
suggest strong nutrient consumption and high phytoplankton biomass in
the western off-main channel, which has a longer water residence time
than the main channel (Lin et al., 2017). The C/N ratios in the western
side of the bay range between ~ 5.8-9.0 (Fig. 2f).

The spatial distributions of POM isotopic compositions (§'*Cpoc and
5'°Npn) display clear zonation similar to POC, PN, and the water masses
(Fig. 2a, b, g, h). The surface 5'3Cpoc values in Sansha Bay range from
—24.7%0 to —17.2%o, and the 5!°Npy range from 7.8%o-15.9%o. Along the
north-south section, the 613Cpoc and 615NPN vary from —24.7%o to
—21.4%o and 11.8%o to 14.9%o, respectively, with the lighter §13Cpoc (<

—23.6%0) and heavier 815NpN (~ 14.9%o) located upstream near the
Baima Harbor. Downstream from Baima harbor and around the DC
channel, both 813Cpoc and 815NpN show narrow ranges, specifically ~
—23.2%0-24.5%0 for 5'3Cpoc and ~ 12.2%0-14.5%0 for 8'°Npy. In the
western off-main channel, heavy 613Cpoc and light 5!°Npy are observed,
with ranges of ~ —21.3%o- -17.2%0 for 513CPOC and ~ 7.2%0-9.0%o for
51°Npn. Concurrently, the region exhibiting the lightest §'°Npy values
coincides with the heaviest 613Cp0c (~ —19%0—17%o), the highest POM
concentrations (POC, ~ 25-70 pmol L ™! and PN ~ 4-8 pmol L), and
the greatest DIN uptake concentration (~ 2.5-12.5 pmol L™Y) (Figs. 2¢,
d, g, h, S1). These observations strongly support that in situ phyto-
plankton production dominates the POC in the west region of the bay.

3.2.2. Longitudinal distribution of parameters

Figs. 3 and 4 illustrate the hydrographical and biogeochemical pa-
rameters of POM across the north-south main channel and the western
off-main channel, respectively. Along the main channel, POC and PN
distributions closely follow the water mass mixing. The POC and PN
concentrations peak at the river plume wedge and decrease rapidly to-
wards the mid-bay region, ranging from ~ 43.0 pmol L™! to ~ 24.9
pmol L1 and from ~ 4.0 pmol L™ to ~ 1.1 pmol L2, respectively. We
observed extremely high POC and PN at station S13, with values of ~
45.0 pmol L ™! for POC and ~ 3.5 pmol L™ for PN, along with the highest
Chl a of ~ 7.5 mg m~3. Beneath the river plume, POC, PN, and Chl a
levels decrease following the water mass mixing (POC ~ 10.0-20.0
pmol LY, PN ~ 0.9-1.5 pmol L™}, and Chl a ~ 1.0-1.5 mg m 3,
respectively). The C/N ratio along the main channel range between ~
5.4 and 16.0, with an average of ~ 12.7 (Fig. 3c, d, g, h). In contrast to
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phytoplankton in the POM (Liu et al., 2018). The green solid line in (c) indicates the POC/Chl a ratio of 24.4 mg rng’1 in the off-main channel. The solid line in (g)
indicates the C/N ratio of surficial sedimentary samples. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version

of this article.)

the physico-chemical gradient of POM observed, the 5'3Cpoc and 8'°Npy
distributions along the main channel are relatively homogeneous across
the water column, with values of §'3Cpoc ~ —24%o0 and 8'°Npy ~ 14%o-
16%o, except at S13 (5'3Cpoc ~ —18.8%0- -19.7%0 and &'°Npy ~
14-16%o) where high Chl a has been observed (Fig. 3e, f, h).

The western off-main channel exhibits lower impacts from the river
plume, as indicated in Fig. 4. The POC and PN contents in this region
reach levels as high as ~ 33.5-71.3 pmol L™! and ~ 3.7-11.4 pmol L™},
respectively. The C/N ratios show relatively stable range of ~ 4.5-10.2
(with an average of ~ 9.3) while the Chl a reaches extremely high levels
(as high as ~ 5-16 mg m ™), suggesting that the west off-main channel is
stimulated by strong DIN consumption (Fig. S1). Correspondingly,
heavier §'3Cpoc (= —17%o - -19.5%0) and lighter 5'5Npy (~ 7.5% -
9.5%0) are widespread throughout the entire western bay.

4. Discussion

4.1. Distinct riverine and autochthonous POM revealed by C/N ratio,
513CPOQ and 515NpN

Isotopic compositions and molar elemental ratios of organic matter
are useful for analyzing POM sources (Meyers, 1994; Savoye et al., 2003;
Liu and Kao, 2007; Liu et al., 2018). POM from riverine allochthonous
and autochthonous sources can be distinguished by their C/N ratios and
5'3Cpoc values. Riverine allochthonous POM typically has a higher C/N
ratio (>12) (Hedges and Man, 1979; Gordon and Goni, 2003; Wu et al.,
2003) and lighter 8'3Cpoc (—18%0 to —24%o in Gearing et al., 1984;
Wada et al., 1987; —19%o- -15%o in Fry and Wainright, 1991; —22%o-
-18%o in Cifuentes et al., 1996; —26%o in Kao et al., 2003; —16%o- -20%o
in Savoye et al., 2003; —24%o - -22%0 in Liu et al., 2018), while
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Table 1
Carbon and nitrogen content and dual isotopic compositions of the surficial sediment and feed food in Sansha Bay.
Sample POC content (%) Mean =+ SE (%) 5"%Cpoc (%o) Mean + SE PN Mean =+ SE (%) 5'5Npy (%0) Mean + SE C/N ratio
(%o) content (%) (%o)
S1 0.71 —22.2 0.09 9.4 8.9
S2 0.63 —22.2 0.08 9.6 9.4
S5 0.64 —-22.0 0.08 8.9 9.0
S6 0.73 —22.6 0.08 8.2 10.2
S7 0.48 —22.7 0.05 9.8 10.7
si1 0.70 0.68 £ 0.10 997 —21.5+ 0.9 0.08 0.08 + 0.01 95 9.1 +0.6 101
S14 0.82 -13.7 0.07 10.0 12.9
S16 0.57 —22.0 0.07 8.7 9.4
S26 0.78 —22.8 0.09 8.7 10.0
S28 0.74 —-21.7 0.10 8.5 9.0
43.01 —15.4 10.45 11.6 4.8
Fresh fish scrap 39.36 42.53 + 2.95 —-15.1 —-15.3+ 0.2 9.75 10.39 + 0.61 11.5 11.6 +£ 0.1 4.7
45.21 —15.5 10.97 11.7 4.8
. 43.82 —23.8 6.73 6.2 7.6
Fish feed
fodder 43.44 43.51 + 0.28 —-22.7 —23.4 £ 0.6 6.94 6.81 + 0.12 5.9 6.0 + 0.2 7.3
43.27 —-23.7 6.76 5.9 7.5

autochthonous POM has lower C/N ratio (~ 6-9 in Holligan et al., 1984;
Wu et al., 2003; 4-10 in Dan et al., 2019) and heavier 613Cpoc values
(—22%o - -19%o) (Goericke and Fry, 1994; Meyers, 1994; Kao et al., 2003;
Liu et al., 2018).

The POC and PN in the entire Sansha Bay show a strong linear
relationship R? = 0.67, p < 0.0001), and most C/N ratios in POM fall
within the range of riverine farmland soil C/N ratio (~ 13 in Ma and
Wang, 2011; Jiang et al., 2017; ~ 10.1 in Xie et al., 2020b; ~ 11.7 in Hu
et al., 2022) and classic Redfield C/N ratio of autochthonous POM (~
6.6 in Redfield et al., 1963) (Fig. 5a), suggesting that particles in the
entire Sansha Bay ecosystem likely resulted from riverine allochthonous
origins transported upstream river plume combined with in situ phyto-
plankton production. High phytoplankton productivity can decrease
carbon fractionation and enrich §'3Cpoc value in POM (Liu et al., 2018,
and references therein), resulting in a strong positive correlation be-
tween 5!3Cpoc and Chl a in Sansha bay (R% = 0.88, p < 0.0001, Fig. 5b).
Fig. 5c also indicated that phytoplankton is dominant in the western
POC pool with a positive POC vs. Chl a relationship (R? = 0.55, p <
0.0001) but not in the main channel. In general, the POC/Chl a ratio can
also be used to differentiate between POM sources in coastal waters

(Cifuentes et al., 1988). The derived POC/Chl a in the western bay was
24.4 mg mg~!, close to the prior POC/Chl a ratio in East China Sea,
indicating in situ phytoplankton production featured by heavy 5'%Cpoc
(i.e., 34.1-36.1 mg mg’l, Cifuentes et al., 1996; Chang et al., 2003;
Savoye et al., 2003; Liénart et al., 2016; Liu et al., 2018) (Fig. 5¢c, d).
Since POC/Chl a ratio higher than 200 mg mg™ ' is attributable to
detrital or degraded organic matter (heterotrophic/mixture-dominated)
(Cifuentes et al., 1996; Savoye et al., 2003; Liénart et al., 2016; Liu et al.,
2018), POM in the main channel is primarily contributed by riverine
POM, characterized by high POC/Chl a (~100-350 mg mg 1), together
with light §'3Cpoc (~ —22%o- -24.5%o), high C/N ratios, and wide 8'°Npy
values (~11%o-17%0), resulting from multiple allochthonous and
anthropogenic mixture POM from upstream Jiaoxi River (Fig. 2h, 5b, d,
e). The slightly scattering in the observed POM between 24.4 mg mg -
200 mg mg ™! is probably co-influenced by autochthones POM in the off-
main channel and riverine POM in the main channel via water mass
mixing.

Furthermore, in the off-main channel (Fig. 1, Table 1), the correla-
tion between POC and PN contents in the surficial sediments is strong (y
=6.0x + 0.0018, R? = 0.81, p < 0.0001) and the C/N ratio is closed to

Chl a (mg m3
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Fig. 6. (a) Bi-plot of 8'*Cpoc and C/N ratio of POM in Sansha Bay, overlapped with Chl a concentration (mg m~). Typical §'%Cpoc and C/N ratio ranges for three
different organic matter end-members in the entire bay were also indicated with a triangle. (b) Bi-plot of 8'3Cpoc and 8'°Npy features of POM and other specified
particles (fodder, fresh scrap, and surficial sediment) in Sansha Bay. Gray dots in (b) indicate samples collected in the main channel, and green dots indicate samples
collected in the off-main channel. Red star in (b) represents the estimated isotopic composition (8'3Cpoc and 5'°Npy) of fish feed based on ~ 90% fresh fish scrap and
~ 10% fodder. Typical C/N ratio, 8'3Cpoc, and 5'°Npy ranges for different organic matter end-members were also plotted in (a) and (b) drawn by dashed rectangles,
referring from Lamb et al. (2006), Gao et al. (2021), and references therein. Orange arrows indicate values of 8'°Nyos and 8'°Nypg4. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 2

Defined end-member properties used in the model described in Section 4.2.2 along with their reference values and the error propagation (eg) assessment associated the
fraction source values in the three end-member isotopic mixing model. See Eq. (6) for the error propagation calculation.

End-members Observed §'3Cpoc (%o) Adopted 5'3Cpoc (%o) Observed Adopted ep (%)
C/N ratio C/N ratio”

River plume” —24.09 + 0.36 —24.35 5.66 + 0.40 5.94 4

Coastal nearshore water —24.11 + 0.46 —24.57 15.81 + 2.46 18.27 3

in situ phytoplankton production* ~ —16--24.5 —16.94 ~5-9 5.49 1

" : Station S5 is selected as the in situ phytoplankton production end-member (—16.94%o for 5'3Cpoc, and 5.49 for C/N ratio, Fig. 6a), based on its particle isotopic
composition which exhibits a close agreement with reported observed values (Gao et al., 2021, and references therein), and also satisfied the criteria for end-member

selection according to Kao and Liu (2007).

# .A1 is identified as the river plume end-member, while S22 is identified as the coastal nearshore water end-member.

Redfield ratio (6.6:1) (Fig. 5g). The 5'3Cpoc and 5'°Npy isotopic com-
positions show a narrow range (as —21.7%o- -22.8%o for 5!%Cpoc and
8.5%0-9.8%o0 for 615NPN), falling between the dual isotopic ranges of
riverine POM in the main channel water column and in situ autochtho-
nous POM in western bay water, and isotopically closer to the latter
(Fig. 5h). These findings suggest that autochthonous POM dominates
sedimentary organic matter in the western bay, while co-influenced by
riverine POM transported via water mass mixing, which settles on the
seafloor and becomes part of the sedimentary organic matter in the
western bay.

In summary, our results indicate that the POM in the entire Sansha
Bay ecosystem mixes among the riverine transported POM in the main
channel and in situ phytoplankton production in the off-main channel
with minor influence with the water mixing.

4.2. Sources apportionment of POM

4.2.1. Selection of three POM end-members

In aquatic ecosystem, C/N ratios and elemental isotopic composi-
tions are utilized not only to identify the origin of materials (Andrews
et al., 1998; Middelburg and Nieuwenhuize, 1998) but also commonly
used to assess the mixing of various POM sources (Shultz and Calder,
1976; Kao et al., 2006; Liu and Kao, 2007; Yu et al., 2015).

The §'3Cpoc along the main channel displays a riverine-coastal trend
with narrow and light 613Cpoc values (~ —24- -22%o0). However, the
plots of wide C/N ratio (~ 5-20) and 613Cpoc overlaid with low Chl a (<
~ 4.5 mg m~>) along the main channel indicate the presence of riverine
(and/or freshwater influenced) POM end-members (i. e., the riverine
stations Al and S10 in Baima Harbor) and riverine POM around the DC
channel (i.e., station S22) (Figs. 1 and 6a). On the other hand, plots of C/
N ratio (~ 4.5-12.7) and wide 5'3Cpgg (—20.0%0—16.9%0) with high Chl
a (> ~ 45 mg m~%) in the western bay indicate the dominance of
autochthonous POM/algae, significantly influenced by riverine POM via
water circulation, showing strong signals associated with maricultural
activities. The representative end-member station S5 in the western off-
main channel, is characterized by high Chl a (~13 mg m_g), the heaviest
SISCpoc (~ —16.8%0), and low C/N ratio (~ 5) (Fig. 6a). Most of the
remaining POM in Sansha Bay scatters within the domain bounded be-
tween downstream river plume, nearshore DC channel, and western bay
(Fig. 6a). Thus, the scatter distributions of C/N ratios vs. 613Cpoc indi-
cated three distinct particle end-members mixing within Sansha Bay,
namely riverine POM extending from the upstream river plume to the

nearshore DC channel and autochthonous phytoplankton occupying the
western off-main channel (Han et al., 2021; Lin et al., 2017).

Although the salinity gradient indicates an obvious intrusion of
coastal seawater through tidal mixing, the duel isotopic compositions of
particle end-members from the upstream river plume to the coastal DC
channel, namely the 5'3Cpoc and 5'°Npy, were indistinguishable, with
narrow ranges of —24.5%0—23.5%o for light §'3Cpoc and 11%o-17%o for
heavy 8'°Npy, which likely due to strong water mass mixing along the
main channel, as shown in Fig. 6b. Thus, it is not feasible to accurately
identify the end-members via the relationship between 613Cpoc and
5'5Npy. Particles in the off-main channel were characterized by heavy
5'3Cpoc and light §'°Npy (i.e., ~ —17%0—20%o for 8'3Cpog, ~ 7%o-10%o
for 8'°Npy), which clearly indicates the dominance of flourishing
phytoplankton, as previously introduced. Additionally, the general
decreasing 613Cpoc and increasing 615NpN towards the main channel
indicate hydrological connectivity within Sansha Bay, consistent with
other parameters (T, S, and nutrients).

Following the three end-members set (Liu and Kao, 2007), i.e.,
firstly, each of the three end-member compositions should fall within
one standard deviation of the observed or derived mean values of ma-
terials originating from the source; secondly, most of the observed
compositions of mixtures should fall within the domain defined by the
three members or very close to the domain, and according to the scatter
plots between 8'*Cpoc and C/N ratio (Fig. 6a), the properties of the end-
members are adopted from observed this study or derived values. Par-
ticles from riverine input with C/N ratio ~ 5.94 and 5'%Cpoc ~
—24.35%0 served as the river plume end-member, and particles around
DC channel with C/N ratio ~ 18.27 and 8*3Cpoc ~ —24.57%o are defined
as the coastal seawater end-member. We also define the particle isotopic
composition with C/N ratio ~ 5.49 and 5'3Cpoc ~ —16.94%0 occupied
the western off-main channel as the end-member for phytoplankton
production. The model parameters are presented in Table 2.

The propagated error of the fraction estimation due to the selection
of end-member properties has been tested. From the equations, the
propagated error associated with the sources fractions terms (F) is from
the variation of the C/N ratio and the §'3Cpoc of three end-members
(river plume (RI), coastal nearshore water around DC channel (DC),
and the in situ phytoplankton production (BIO)). The composite error
propagation for fraction values (er) can be expressed as a function of Rgy,
Rpc, Raro, 8"°Cpocri 8'*Crocpc, and 8'*Cpocaio, i.e., fRr1, Rpc, Raios
513CPOCR1, 5'3Cpocpe, and 513Cp0c310), based on Taylor’s expression
(Han et al., 2012; Taylor, 1997):

AT S )
,, <a([RR1L~) 5([R“’]l)> *(a([RDCL)

x 5([Rpc); )) + <a([10?3(2}) x &([Raio); ) ) +

(6)

"7 o) 2 o) 2 o) 2
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Fig. 7. The contributions of the three sources to particles, as calculated by the
three end-member isotopic mixing model. Gray circles indicate samples
collected along the main channel, while the green circles represent samples
collected in the western off-main channel. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of
this article.)

&; is the error propagation associated with the C/N ratios and the
513Cpo variation of the end-members, and n is the number of samples.

With the variations of the end-members of river plume and coastal
nearshore water are 0.36%o and 0.46%o for 8'3Cpoc values and 0.4 and
2.46 for C/N ratios, respectively, error propagation is calculated as 4%
or less in the fractions (Table 2). The measured mean error of the C/N
ratio, being 0.2, resulting from elemental analysis of 1% for POC and 5%
for PN, has been considered in the error propagation estimation. The
calculated alterations are much lower than the spatial deviation of the
source fraction values. These points taken together, we contend that our
results for source fraction values are reasonable.
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4.2.2. Fractional contribution from different sources to POM

As illustrated in Fig. 7, the contributions of the three sources to the
POM in Sansha Bay are determined. Riverine POM derived from the
river plume and occupying the coastal seawater dominates along the
main channel, accounting for about 35% and 55% of POM, respectively.
In this area, the fraction of phytoplankton production in the main
channel is as low as 10%. This suggested that the water mixing process
between the river plume and the coastal nearshore water predominantly
influenced the particle dynamics in the main channel, while the influ-
ence of POM sourced from the western bay was limited, probably due to
the complex topography and slow water residence time. In the western
off-main channel, the combined fractions of riverine POM from the main
channel account for ~ 41%, with the river plume ~ 21% and DC channel
~ 20%, resulting from the limited tidal exchange and water mixing
process. The dominant in situ phytoplankton production accounts for ~
59%. These fractions are reasonable, given the flourishing of phyto-
plankton in the western bay, which could be fueled by abundant nutrient
concentrations that may be derived from the POM degradation after
migration, settlement, and accumulation, as the water residence time in
the western bay is long.

4.3. POM dynamics and dissolved oxygen variation related to
hydrological connectivity

4.3.1. Riverine POM degradation following Redfield respiration
stoichiometry along the main channel

Based on a three isotopic end-member mixing model, the theoretical
515Npn (615Nprre) in Sansha Bay was derived (Fig. 8a). Fig. 8a shows
that the observed 615NpN (615Nle~n si) was much heavier than the
615Nprre in the main channel. This offset suggests that POM degrada-
tion probably releases lighter 5'°N preferentially and enriches heavier
5'°N in particles, as observed in previous studies (Savoye et al., 2003;
Wu et al., 2003; Gruber, 2008; Casciotti, 2016; and references therein).
Furthermore, POM degradation releases nitrogen first, reducing nitro-
gen content and elevating C/N ratio, together with riverine terrestrial
plant origin POM in river plume which contained high C/N ratio,
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Fig. 8. (a) Scatter plots of 615Nme situ (%0) and 615Nprre (%o), as well as AOU (pmol O, kg’l) in Sansha Bay. The dashed line indicates the 1:1 ratio. (b) Plots of the
variation in dissolved inorganic nitrogen concentration (ADIN, pmol L™1) vs. AOU (umol O, kg™1), overlaid with the variation in PN (APN, pmol L™') in Sansha Bay.
ADIN and APN represent the differences between the conservative mixing prediction and the field measured values, respectively. They reflect the amount of DIN
produced (“-”) or removed (“+7) and PN production (“-”) or consumption (“+7) associated with biogeochemical processes, as elaborated by Han et al. (Han et al.,
2012, 2021). The green line indicates the relationship between ADIN and AOU when ADIN is consumed in quadrants I and II, indicating phytoplankton photo-
synthesis, with a slope of —0.13 + 0.01. The red line represents the relationship between ADIN and AOU when AOU is consumed in quadrants I and III, indicating
aerobic respiration, with a slope of —0.10 + 0.02. The dots with black circles in (a) and (b) indicate the stations collected in the western off-main channel. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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contribute higher C/N ratio in riverine POM as observed, consistent well
with previous studies (Savoye et al., 2003; Wu et al., 2003; and refer-
ences therein). Correspondingly, AOU, which represents oxygen utili-
zation, displays a significant positive correlation along the main
channel, indicating significant oxygen consumption during POM remi-
neralization (Fig. 8a). On the other hand, decreasing ADIN has a clear
negative correlation with increasing AOU. Although dissolved organic
matter (DOM) decomposition might be an important DIN source (un-
fortunately we did not measure DOM), the significant negative corre-
lation between ADIN and AOU, coupling with PN consumption (Fig. 8b),
suggested that additional DIN may at least partly be produced by POM
remineralization via aerobic respiration. In detail, the slope of ADIN vs.
AOU in quadrants I and III where AOU >0 is 0.10 + 0.02 (p < 0.0001),
which is close to the classic Redfield stoichiometry (i.e., DIN/Og = 16/
138 = 0.12, Redfield et al., 1963), and provided further evidence for the
occurrence of aerobic respiration (Pilson, 2013). Additionally, the
relationship between ADIP and AOU again shows a negative correlation,
and the slope is 0.008 + 0.001 (p < 0.0001, Fig. S2), which is also close
to the classic Redfield ratio (i.e., DIP/O3 = 1/138 = 0.007) and further
indicated the rationality of POM remineralization. Note we acknowl-
edge air-sea exchange process may affect the dynamics of DO concen-
tration, AOU is positive and accompanied by negative ADIN (DIN
production) even if AOU varies up to 50%, which implies the occurr-
rence of POM remineralization. Synchronous consumption of oxygen
and PN may suggest potential nitrification during aerobic respiration
(Xu et al., 2022), which requires further study. Though DIN and/or ni-
trogen was regenerated, the utilization of those regenerated nutrients in
the main channel may be weak, as indicated by low Chl a (< 4.5 mg
m~?) and low DIN consumption (ADIN ~ —1.0-2.0 pmol L2, Fig. S1 and
Han et al., 2021). This is probably attributed to fast water mass mixing
processes between riverine water and DC channel nearshore water
(Figs. 2h, 8b), which are verified by significant DIN export flux via DC
channel as estimated in our parallel study (Han et al., 2021; Lin et al.,
2017). Briefly, along the main channel, riverine POM degraded via
aerobic respiration and released nitrogen but with weak nitrogen
assimilation due to fast water exchange.

4.3.2. Feed food degradation, new PN production, and associated oxygen
consumption and production in the western off-main channel

In the western off-main channel, where the water residence time is
longer (Lin et al., 2017), we observed a significant negative relationship
between 615NPN and Chl a (p < 0.0001, Fig. 5f). And low N/P ratio (~
5.5-12) strongly suggests in situ phytoplankton production (Figs. 2f and
5f). Furthermore, we find a significant negative correlation between
ADIN and AOU, which is consistent with the fact that phytoplankton
production via photosynthesis induced DIN consumption and oxygen
production. The slope of ADIN vs. AOU in quadrants I and II with pos-
itive ADIN, being 0.13 + 0.01 (p < 0.0001, Fig. 8b), is consistent well
with classic Redfield stoichiometry (DIN/O, = 16/138 = 0.12) and
provided further evidence for the occurrence of in situ phytoplankton
production (Pilson, 2013; Redfield et al., 1963).

On the other hand, similar to positive AOU and APN in quadrants I
and III along the main channel, some samples collected from the western
off-main channel displayed POM remineralization via aerobic respira-
tion, following the classic Redfield stoichiometry (Fig. 8b). Generally,
the isotopic composition of regenerated ammonia (5'°Nnp4) may be
heavier than that of nitrate (5'°Nyo3) during POM remineralization
(York et al., 2010; Liu et al., 2018). In the western off-main channel, the
observed 8'°Nyps is ~10.5%0 =+ 2.5%c, heavier than the value of
5'°Nnos ~ 7.4%0 + 0.8%o (Table S1). Both 5'°Nyus and &'°Nyos3 are
comparable to the reported levels (i.e., SISNNH4 ~ 10.4%0 + 0.5%o in
Wagquoit Bay, Massachusetts, and 615NN03 ~ 7%o in Jiulong River,
China) (Lin et al., 2022; York et al., 2010). Consistently, parts of 615Nme
sity are slightly heavier than 615Nprre due to the release of lighter 515N
during POM remineralization when AOU > 0 (Fig. 8a).

Noted that some §'°Npyin siw are slightly lighter than 615N1>Npre
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accompanied by negative AOU (Fig. 8a) in the western off-main channel,
probably resulting from the uptake of regenerated nitrate and ammonia
featured by lighter 5'°N during photosynthesis. This photosynthesis
production is also characterized by negative APN (PN added) and pos-
itive ADIN (DIN removed), matching well with the processes of PN
production and DIN consumption. It is known that fish feed used in
Sansha Bay is composed of ~ 90% fresh fish scrap and ~ 10% fodder
(Han et al., 2021). The 613Cpoc of fish feed is estimated to be —16.1%o (=
—15.3%0 x 90% + (—23.4%0 x 10%), Yokoyama et al., 2006), which
agrees well with the §'3Cpog of phytoplankton (Fig. 6b, Table 1). The
615NpN of fish feed is estimated to be ~ 11.0%o (=11.6%o x 90% + 6.0%o
x 10%, Yokoyama et al., 2006), which is comparable to 615NNH4 in the
water column (Fig. 6b, Table 1). These consistent isotopic compositions
between fish feed (~ 11.0%0), ammonia (~ 10.5 + 2.5%o), nitrate (~
7.4%0 + 0.8%o), and in situ phytoplankton (~ 7%o-12.5%0) imply the
possibility of fish feed remineralization that coincides with the net
isotope effect of <3%o during particulate nitrogen remineralization and
nitrogen utilization (Sigman et al., 2009). Thus, it is reasonable to
speculate that the regenerated ammonia and nitrate with lighter 5!°N
are probably sourced from fish food degradation after that stimulate
phytoplankton production. This occurs during the processes of PN
consumption and phytoplankton production, nitrogen regeneration and
assimilation, and oxygen consumption and production in the western
off-main channel (Figs. 6b and 8b), as well as potential nitrification and
denitrification (Xu et al., 2022), require further study.

Our preliminary calculation on AOU shows that POM remineraliza-
tion in the entire Sansha Bay water column overwhelmingly contributes
to significant oxygen consumption (i.e., averaged AOU ~ 43.3 pmol O,
kg™ 1) and exceeds the amount of oxygen produced by phytoplankton
production (i.e., averaged AOU ~ —27.5 pmol O, kg™!) (Fig. 8). On
benefit of the three end-member isotopic mixing model, the correlation
between fraction of sources and AOU is built up (Fig. S3). We roughly
estimate that the riverine POM fractions (i.e., Fr; + Fpc) need to be less
than ~ 20% and/or the phytoplankton produced POM fraction (i.e.,
Fpio) needs to be over ~ 80% to counter balance the consumed oxygen
by POM remineralization (i.e., AOU < 0) in the main channel and the
off-main channel, respectively (Fig. S3).

5. Conclusion

This study has characterized the suspended particulates and sedi-
mentary organic matter collected from Sansha Bay, a semi-closed bay
suffering intensive mariculture in southeast China. Our results have
provided detailed information on the concentrations and isotopic com-
positions of POC and PN, which indicate distinct POM features along the
main channel and the western off-main channel, attributable primarily
to hydrological water mixing processes and intrinsic biogeochemical
processes.

Using POC, PN, and isotopic compositions of organic matter, we
developed a well-validated, three end-member isotopic mixing model
and quantitatively estimated the three major organic matter fractions in
the integrated mariculture ecosystem (i.e., river plume, coastal near-
shore water, and autochthonous phytoplankton production). Along the
main channel, the riverine POM in the river plume (within Baima Har-
bor) and in the coastal nearshore water (around the DC channel)
dominated at ~ 35% and ~ 55%, respectively, while phytoplankton
production occupied only ~ 10%. On the other hand, autochthonous
phytoplankton production contributed ~ 59%, whereas the riverine
POM of the river plume and coastal nearshore contributed ~ 21% and ~
20% in the western off-main channel.

Furthermore, significant remineralization of riverine POM over-
whelmingly contributed to oxygen consumption along the main chan-
nel. Most of the regenerated nitrogen was transported out of the bay due
to faster water exchange. Conversely, in the western off-main channel, in
situ phytoplankton production and POM remineralization occurred
concurrently. As indicated by the nitrogen isotopic signals, fish feed,
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together with riverine POM exchanged from the main channel, may
have degraded, thereby enhancing oxygen consumption and producing
additional DIN. Regenerated nitrogen could stimulate phytoplankton
production and complement a few oxygen concentrations in the western
bay, given the slower water exchange time.

This study has significant implications for decision-making aimed at
remediating the risk of eutrophication, hypoxia, and harmful algal
blooms in similar semi-enclosed river-costal continuum areas in terms of
mariculture intensity. The findings of this study will improve our sys-
tematic understanding of the impact of hydrological connectivity,
mariculture activities, and intrinsic biogeochemistry on organic matter
cycling in coastal bays and contribute to the development of sustainable
coastal environments.
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