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Marine primary production and terrestrial input are the main sources of

buried carbon in sediments of marginal seas. Only marine-source carbon

buried in sediments, fixed and stored by marine ecosystems, belongs to “blue

carbon” and reflects marine ecosystems’ carbon sink function. The pattern of

buried blue carbon in sediments, its flux, and its relationship with

environmental changes remain unclear. The study aimed to investigate the

composition of blue carbon in the sediments of Sanggou Bay, a special type

of marginal sea. The analysis of sediment carbon sources was conducted

through the C/N ratio and microscopic examination. The study also

examined the long-term changes in the blue carbon burial fluxes. Results

showed Blue carbon, which is sea-sourced carbon, accounted for about 23%

of the total carbon content and its concentration ranged from 0.17% to

0.51%, with an average of about 0.25% ± 0.10%. The content of organic blue

carbon in this sea area ranges from 0.09% to 0.26%, with an average of

around 0.18% ± 0.04%. It constitutes approximately 72% of the buried blue

carbon in the sediment, making it the primary component of buried blue

carbon. Meanwhile, the content of inorganic blue carbon ranges from 0.01%

to 0.32%. Over the past 70 years, the burial fluxes of sedimentary blue carbon,

organic blue carbon and inorganic blue carbon in the Sanggou Bay are about

0.54 ± 0.22 mmol/(cm2a), 0.38 ± 0.07 mmol/(cm2a) and 0.17 ± 0.22 mmol/

(cm2a), respectively; their long-term changes have been significantly affected

by human aquaculture activities. Large-scale raft-rack aquaculture activities

have caused a reduction in water flow velocity and an increase in the

deposition of particulate organic matter, which in turn has led to the burial

of organic blue carbon in the sediment. Additionally, the competition

between aquaculture products and small calcareous organisms, such as

mussels, foraminifera, may have inhibited the growth of small calcareous
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organisms. We suggest this has resulted in reduced burial fluxes of inorganic

blue carbon and a decrease in its proportion among total blue carbon in the

sea area. Our findings imply that aquaculture activities in Sanggou Bay had a

negative impact on the burial of blue carbon in the sediments.
KEYWORDS

blue carbon, sediment, burial flux, aquaculture, marginal sea, Sanggou Bay, human
activity, long-term change
1 Introduction

The burial of carbon in marine sediments is an important

pathway for carbon storage in the ocean. Compared to other

methods of carbon storage, carbon stored in sediment is less

likely to be released into the atmosphere in the short term. The

IPCC has suggested that carbon buried in marine sediments is an

effective way to remove CO2 from the atmosphere (Nellemann et al.,

2009). About 90% of organic carbon in global ocean sediments is

concentrated in marginal seas, while for inorganic carbon the

percentage is over 50% (Berner, 1982; Hedges and Keil, 1995;

Falkowski et al., 2000; Tesi et al., 2007; Song, 2011). Such a large

quantity of buried carbon suggests that marginal sea sediments play

a crucial role in the carbon cycle of marine ecosystems. Studies have

shown that, due to the proximity of the marginal sea to land, the

carbon buried in its sediments includes not only the carbon fixed by

marine organisms, but also the carbon imported from terrestrial

sources (Pocklington and Leonard, 1979; Prahl et al., 1994; Goñi

et al., 1997; Bianchi et al., 2002; Burdige, 2005; Blair and Aller, 2012;

Zhang et al., 2022; Tao et al., 2023). The burial of marine-derived

carbon in sediment, also known as “blue carbon” (BC), reflects the

sequestration of atmospheric CO2 by marine ecosystems through

biological pumps (Honjo et al., 2008; Nellemann et al., 2009; Ma

et al., 2014; Macreadie et al., 2019). Relatively, terrestrial carbon in

sediment is fixed by land organisms, and its burial in marine

sediments reflects the migration of terrestrial carbon pools to

oceanic pools, rather than the direct carbon sink of CO2 by

marine ecosystems. We believe that these different sourced

carbons indicate distinct roles in the carbon sink function.

Therefore, understanding the burial patterns of BC and non-BC

in sediments can provide a more accurate understanding of the

carbon sink function of marginal sea sediments and marine

ecosystems (Belicka and Harvey, 2009; Bianchi, 2011).

There have been many studies focusing on the carbon sink

function of sediments, and the carbon burial flux and its long-term

changes in marine sediments have been studied (Thunell et al.,

1992; St-Onge and Hillaire-Marcel, 2001; Justić et al., 2002; Ruiz-

Fernández et al., 2007; Hayes et al., 2021; Zhao et al., 2021). The

sources of organic carbon have also been discussed by isotopes or C/

N, etc. (Ruttenberg and Goñi, 1997; Andrews et al., 1998; Goñi et al.,

1998; Huang et al., 2001; Bouchez et al., 2014; Xing et al., 2014;
02
Sanderman et al., 2015; Geraldi et al., 2019; Zinkann et al., 2022).

However, from a BC burial perspective, the burial behavior of BC,

including patterns, burial flux, and its relationship with

environmental changes, remains unclear.

Nearshore aquaculture sea is a unique type of marginal sea

characterized by high biological activity and a significantly higher

carbon sink efficiency compared to the open ocean (Boyd et al.,

2010). Besides, human aquaculture significantly disturbs the carbon

cycling process in this sea (Carroll et al., 2003; Kutti et al., 2008; Ren

et al., 2010; Liu et al., 2014; Xu et al., 2023). Additionally, there is

potential for carbon sink enhancement in aquaculture seas.

Therefore, we consider this type of sea an ideal location to

identify the carbon sink function of marginal sea sediments and

discuss the response of this function to increasing anthropogenic

pressures. In this paper, sediment core sampling is conducted in

Sangou Bay, one of China’s largest aquaculture bases. Based on an

analysis of the sources of organic and inorganic carbon in

sediments, we first identify the presence of burial BC in the

sediments. We then explore how human aquaculture activities

have affected the existing pattern and burial fluxes of BC over the

past 70 years. This study attempts to identify the carbon sink

function of marginal sea sediments more precisely.
2 Materials and methods

Sanggou Bay, located in Shandong province, China, is a

significant aquaculture center. Since the late 1960s, macroalgae

culture has a history of over 50 years. The predominant

aquaculture species in Sanggou Bay are kelp, scallop, and oyster,

and raft-rack culture is the primary mode of marine aquaculture

(Guo et al., 1999). Currently, the aquaculture area has covered the

whole Bay and extended beyond the bay (Li et al., 2023).
2.1 Sediment sampling

The sediment core, with a length of 1.78m, was collected by a

gravity sediment core sampler at station RS-5 (Figure 1) in July

2014. Station RS-5 is situated at the junction of shellfish and kelp

culture areas in the central part of Sanggou Bay. After being
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collected, the sample was kept refrigerated until it was divided. The

sediment core was split into 1cm intervals for the upper 15cm and

2cm intervals for the remaining. The sub-samples were frozen and

stored for future analysis.
2.2 Determination of sediment chronology

The chronology of sediment cores was rebuilt based on excess
210Pb activities (Golberg, 1963). The age of the sediment core was

determined based on sample collection date and sedimentary rate.

The activities of 210Pb in the sediment core were measured using a

germanium detector (AMETEK Company).
2.3 Analysis of carbon and nitrogen
in sediment

The sediment samples were first dried and then ground. Some

ground sediments were directly detected for contents of total carbon

(TC) and total nitrogen (TN) by an Elemental Analyzer Vario EL

cube (Elementar Analysensysteme GmbH, German). Then,

concentrated hydrochloric acid was used to fumigate ground

samples for 24 hours to eliminate inorganic carbons.

Subsequently, total organic carbon (TOC) was measured using

the same Elemental Analyzer. The total inorganic carbon (TIC)

levels were determined by subtracting TC and TOC.
2.4 Identification of organic blue carbon

The term “organic blue carbon” (OBC) in this study refers to

marine-source organic carbon that is buried in sediment. And C/N

ratio was used to identify the source of organic matter (Ruttenberg

and Goñi, 1997; Andrews et al., 1998; Goñi et al., 1998; Kaushal and

Binford, 1999; Venkatesh, 2020). The end-member values of C/N

for marine and terrestrial organic matter were set at 5 and 20,
Frontiers in Marine Science 03
respectively. The sources of TOC in Sanggou Bay sediments were

analyzed using a two-end mixing model (Qian et al., 1997).
2.5 Identification of inorganic blue carbon

The term “inorganic blue carbon” (IBC) in this study refers to

marine-sourced inorganic carbon that is buried in sediments,

including calcareous remains of marine organisms and marine

secondary carbonates. Based on current data, which indicates low

levels of secondary carbonates in marine sediments globally (Sun

and Turchyn, 2014), this study will only focus on inorganic carbon

of marine origin. This includes calcareous remnants of various

marine organisms such as shellfish, echinoderms, foraminifera,

ostracoda, and coccolithophores. Secondary carbonates will not be

considered in this study.

In this study, the source of inorganic carbon was distinguished

by the morphological differences between terrestrial inorganic

carbon minerals and marine-source inorganic carbon fractions.

We first selected all calcareous remains of marine organisms in

the sediments based on their morphological characteristics and then

determined their total inorganic carbon. The total inorganic carbon

content of these marine-source calcareous remains is the inorganic

blue carbon content. For the brief operation process, we examined

cleaned and sieved sediments under a microscope to identify

calcareous remains of larger organisms including shellfish,

echinoderms, foraminifera, ostracoda, etc. The inorganic carbon

content of these remains was determined using an elemental

analyzer. Carbon in the coccolithophore fossil also belongs to the

marine source inorganic carbon. However, our early study found

that the fossilized coccolith, examined by the polarizing microscope,

was rare in Sanggou Bay sediment, so the inorganic carbon

produced by coccolithophores was ignored in this study.

Theoretically, the remains of freshwater mussels and other

organisms may be transported into the sea by runoff, potentially

interfering with the determination of marine-source inorganic

carbon by the above method. However, considering the absence
FIGURE 1

Study area and sampling station.
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of large-scale runoff injection in the surrounding area of Sanggou

Bay, we suggest that the impact of inorganic carbon from terrestrial

organisms on determining marine inorganic carbon can

be disregarded.
2.6 Calculation of carbon burial fluxes

The burial fluxes of all types of carbon in sediments were

calculated using the method introduced by Dai et al. (2007).
3 Results

The vertical distribution of 210Pb in sediments in station RS-5

shows a typical attenuation trend (Figure 2), indicating that the

depositional environment in this sea area is relatively stable. The

sediment rate in this sea area is estimated to be 2.08 cm/a (Bai et al.,

2022). The sediment core used in this study reflects the deposition

of the past 70 years.

The total carbon content in RS-5 sediments was 0.87%~1.40% in

the last 70 years (Bai et al., 2022) (Figure 3). It was slightly higher

during the 1960s~1990s and then decreased significantly. The total
Frontiers in Marine Science 04
organic carbon content fluctuates but has no overall trend, except for

a significant increase from the 1970s to the 1980s, with an average of

0.37% ± 0.06%. The average content of total inorganic carbon was

0.77% ± 0.09%. Its time series resembled that of total carbon, being

generally higher from the 1960s to 1990s and lower in the 1950s and

2000s. C/N ratios ranged from 7.1 to 9.4. The highest values occurred

mainly before 1975, while the content was generally low after that.

The marine-source organic carbon content, estimated by C/N,

averaged at about 0.18% ± 0.04%. The highest values were observed

in 1965-1995, followed by the 2000s, and the lowest values occurred

in 1950-1965. The average inorganic carbon from marine sources

was approximately 0.08% ± 0.09%. The highest levels were observed

prior to the 1980s, with a peak in the 1950s, after which the values

decreased. BC refers to the carbon sequestered by marine

organisms, which includes both organic and inorganic carbon

from marine sources. Over the past 70 years, the concentration of

BC in the sediments of Sanggou Bay has been found to range from

0.17% to 0.51%, with an average of 0.25% ± 0.10%. The highest

levels of BC were recorded during the period of 1950-1965, after

which there was a general decrease in concentration. Since the

1980s, the content of BC has remained at a consistently low level.

The burial fluxes of TC, TOC, TIC, OBC, IBC, and BC, in the

aquaculture waters of Sanggou Bay, were estimated to be about
FIGURE 2

Vertical distributions of 210Pb activities in stations RS-5. Quadrates indicate total 210Pb activities and circles indicate excess 210Pb activities.
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2.42 ± 0.22 mmol/(cm2a), 0.79 ± 0.09 mmol/(cm2a), 1.63 ± 0.19

mmol/(cm2a), 0.38 ± 0.07 mmol/(cm2a), 0.17 ± 0.22 mmol/(cm2a),

and 0.54 ± 0.22 mmol/(cm2a), respectively (Figure 4). The long-

term trends of burial fluxes for the various types of carbon were

generally similar to the time series of their contents in the

sediments. The burial fluxes of TC, TOC and TIC in Sanggou Bay

were much higher than those in the global deep sea (Hayes et al.,

2021), and the buried flux of TOC in Sanggou Bay was higher than

those in the most part of East China Sea and Alian Bay aquaculture

area (Deng et al., 2006; Pan et al., 2021), but lower than that in

Yangtze River estuary (Deng et al., 2006). However, for OBC, i.e.,

marine organic carbon, the buried flux in Sanggou Bay was
Frontiers in Marine Science 05
significantly higher than that in Yangtze River estuary (Deng

et al., 2006), and was similar to that in Alian Bay aquaculture

area (Pan et al., 2021).
4 Discussion

4.1 Structure of the sedimentary carbon
pool in Sanggou Bay

Over the past 70 years, the carbon buried in the sediments of

station RS-5 is primarily inorganic carbon, with organic carbon
FIGURE 4

Long-term trends of burial fluxes of TC, TOC, TIC, BC, OBC, IBC in station RS-5. BFTC, BFTOC, BFTIC, BFBC, BFOBC and BFIBC indicate the burial
flux of TC, TOC, TIC, BC, OBC and IBC respectively.
FIGURE 3

Contents and vertical distributions of TC, TOC, TIC, C/N, OBC, IBC in station RS-5.
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accounting for less than 33% on average. This pattern is similar to

that found in the mouth of Sanggou Bay, indicating a high

proportion of inorganic carbon burial in the sediments of the bay

(Liu et al., 2014).

In the sediments located in the mouth of Sanggou Bay, the

organic carbon is primarily of terrestrial origin (Liu et al., 2014).

However, at station RS-5, the amount of marine organic carbon in

the total organic carbon is nearly equal to that from terrestrial

sources, with marine organic carbon accounting for approximately

48% on average and terrestrial sources accounting for around 52%

on average. On one hand, this may suggest that central Sanggou Bay

has higher primary productivity compared to the mouth of the bay

(Wu et al., 2016). As a result, there is more deposition and burial of

marine organic matter in the area. Otherwise, it has been observed

that the speed of water flow in the mouth of the bay is higher as

compared to the central bay (Zhao et al., 1996; Grant and Bacher,

2001). As a result of such high-speed water flow, the deposition of

marine organic carbon, which has a smaller density and particle

size, is hindered in the sediment of the mouth of Sanggou Bay.

While in the central bay, where the hydrodynamics is weak, marine

organic matter can deposit more effectively in the sediment

environment. The sediments at station RS-5 have smaller particle

sizes compared to those at the mouth of the bay, which supports this

point (unpublished data).

The sediments of station RS-5 contain only about 10% ± 13% of

marine inorganic carbon with the main source being terrestrial

input. And this is obviously different in contrast to that in the

mouth of Sanggou Bay, where inorganic carbon was mainly

composed of marine inorganic carbon, and with a proportion of

more than 70%. This distribution trend is noticeably different from

the higher proportion of marine organic carbon in sediments at

station RS5 compared to the Bay mouth. It is worth noting that the

lower marine inorganic carbon proportion observed at station RS-5

is in the background that we considered both shell debris and

calcareous zooplankton fossils during the marine inorganic carbon

discrimination in sediments at station RS-5, whereas only shell

debris carbon was examined in the mouth area of Sanggou Bay. In

the sediment core from the Bay mouth, a significant amount of

small shellfish remains and a visible sediment layer of small shellfish

remains have been discovered, which are believed to be the primary

reasons for the high proportion of marine inorganic carbon. On the

other hand, there is no apparent sediment layer of small shellfish

remains in the sediment from station RS-5, and small shellfish

remains are sporadically found in the sediment.

Marine organic and inorganic carbon comprise BC in

sediments. TC buried in the RS-5 sediments has inorganic carbon

as the dominant existing form, while BC is dominant in the organic

form, accounting for over 70% on average. Over the past 70 years,

the pattern of BC in sediments has noticeably changed. Although

OBC has been the dominant form of BC throughout the entire

period, the proportion of IBC was relatively higher before the 1960s,

with an average of nearly 30%. However, with the development of

marine aquaculture in Sanggou Bay from the end of the 1960s, the

proportion of IBC in BC decreased significantly. And the average

proportion decreased to less than 10% after the 1980s.
Frontiers in Marine Science 06
4.2 Response of composition and burial
flux of sedimental BC to human
aquaculture activities in Sanggou Bay

Marine aquaculture activities in Sanggou Bay began in the late

1960s and early 1970s. Correspondingly, our data show that after

that time, the burial fluxes of BC and IBC in the sediments of

Sanggou Bay tended to decrease compared to the previous period,

while the burial flux of OBC was significantly higher than that in the

previous period, and the proportion of BC in TC and the proportion

of IBC in BC also decreased compared to the previous period. We

suggest this phenomenon indicates the influence of human

aquaculture activity on the burial of blue carbon in sediments.

With the development of macroalgae culture since the 1960s,

the sedimentation of biological detritus during the growth of

macroalgae can result in a significant amount of extra organic

matter being buried in the sediments (Vetter and Dayton, 1999;

Carroll et al., 2003; Yang et al., 2022). Additionally, the large-scale

culture of macroalgae can reduce the velocity of water flow (Zhao

et al., 1996; Grant and Bacher, 2001). This can enhance the

deposition and burial of suspended particulate matter into the

sediments, leading to an increase in the amount of marine

organic matter buried in the sediments. Correspondingly, the

burial flux of OBC in RS-5 sediments significantly increased since

the 1960s (Figure 5). It’s worth noting that cultured macroalgae and

phytoplankton in the water column have a competitive relationship.

During growth, macroalgae can absorb a significant amount of

nutrients from the water column. For example, kelp has excellent

mechanisms for storing nutrients in vivo (Stewart et al., 2009). As a

result, the availability of nutrients for phytoplankton growth is

reduced, limiting their growth. Additionally, transport of organic

matter from phytoplankton to sediments may decrease. However,

the deposition of large amounts of organic matter from macroalgae

culture has led to an increase in the buried flux of OBC in the

sediments of this area, as well as an increase in the proportion of

OBC in the total organic carbon, rather than a decreasing trend.

The trend of long-term change in the burial flux of IBC in the

sediments of Sanggou Bay is significantly different from that of

OBC. Before the start of mariculture activities, the abundance of

phytoplankton provided a sufficient food source for small shellfish

and calcareous zooplankton to grow vigorously. And the burial flux

of IBC in sediments was high, as was its proportion among total

inorganic carbon. After the late 1960s, the large-scale cultivation of

kelp and other macroalgae began to restrict the growth of

phytoplankton due to competition between different species. This

limited the availability of food sources, which may restrict the

growth of small calcareous organisms such as small shellfish

(Xiao et al., 2022). Since the late 1970s and early 1980s, the

aquaculture of large shellfish, such as scallops, has expanded and

led to direct competition between farmed shellfish and small

shellfish. This competition may have limited the growth of small

shellfish and other small calcareous organisms (Galimany et al.,

2017; Ferreira-Rodriguez et al., 2018; Xiao et al., 2022). Field survey

results also support the view that the growth of zooplankton and

benthic shellfish has been significantly affected by aquaculture
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activities: with the development of the aquaculture in Sanggou Bay,

the zooplankton biomass decreased significantly; the abundance

and diversity of benthic organisms were much lower than that

before and the proportion of polychaetes increased dramatically,

while the species of mollusc reduced substantially (Ji et al., 1998; Li

et al., 2023). The same phenomenon was also observed in the

aquaculture area in West Coast (USA) estuaries (Dumbauld et al.,

2009). Large-scale farming of shellfish has made it difficult for the

shells of these shellfish to be buried abundantly in sediment due to

human harvesting. As a result, the decrease in the biomass of small

shellfish and calcareous zooplankton may have led to a reduction in

the burial rate of IBC in sediment, as well as a decrease in the

proportion of IBC in the total inorganic carbon.

In Sanggou Bay, prior to aquaculture, IBC made up a significant

portion of the burial flux of BC in sediments. During that period,

the growth of small shellfish and calcareous zooplankton was

promoted due to the abundant food provided by phytoplankton.

As a result, the remains of these calcareous organisms were buried

in large quantities in the sediments, leading to a relatively high flux
Frontiers in Marine Science 07
of BC burial. After the development of aquaculture activities, the

burial rate of OBC has increased. However, the burial flux of IBC

decreased from about 0.28 mmol/(cm2a) before the development of

aquaculture activities to about 0.08 mmol/(cm2a) in the 1980s and

then continued to decline to about 0.03 mmol/(cm2a). Furthermore,

the proportion of IBC in BC has reduced from 26% before

aquaculture to less than 4% after the 1980s. Meanwhile, the burial

of BC has been declining. We believe that the decrease in burial flux

of IBC and its proportion after the appearance of aquaculture were

caused by the interspecific interaction of native calcareous

organisms with aquaculture organisms. Therefore, the

development of aquaculture activities in Sanggou Bay has reduced

the burial of BC in sediments. Aquaculture activities in this study

resulted in a decrease in the burial rate of BC in the sediments.

However, it is important to note that a significant amount of carbon

was fixed in the aquaculture products, which also falls under the

category of BC (Tang and Lui, 2016). Overall, aquaculture activities

have a positive impact on the carbon sink function of the

surrounding waters.
FIGURE 5

Responses of burial fluxes of BC to aquaculture activities.
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4.3 The carbon sink function of
marine sediment

Marginal seas are adjacent to land, and the carbon buried in

their sediments includes not only the carbon fixed by marine

organisms but also terrestrial-source carbon which is transported

by runoff and the atmosphere. The burial of marine carbon and

terrestrial carbon in the sediments are both the carbon storage of

marine sediment. However, they play different roles in the carbon

cycle. Marine source carbon in sediments originates from CO2 fixed

by marine organisms, which belongs to the category of BC

(Nellemann et al., 2009; Mcleod et al., 2011; Macreadie et al.,

2019). The burial of carbon from marine sources in sediments

reflects the storage of fixed carbon in marine ecosystems. This

process is an important aspect of the marine carbon sink. In

contrast, terrestrial carbon originates from CO2 absorbed by

green plants on land, which is classified as green carbon and

represents the carbon sink function of terrestrial ecosystems

(Regnier et al., 2013). The burial of terrestrial carbon in marine

sediment is a form of carbon storage. However, this carbon fixation

occurs in terrestrial ecosystems and does not contribute to the

carbon sink function of the oceans. Generally, the process of

burying BC in marine sediments indicates the carbon sink

function of marine ecosystems. On the other hand, the process of

burying terrestrial carbon reflects the transfer function from the

carbon pool of terrestrial ecosystems to that of marine ecosystems.

Of course, the burial of terrestrial carbon into marine sediments is

conducive to the long-term sequestration of this part of the carbon.

In other words, the burial of BC in the sediment reflects the carbon

removal function of the marine ecosystem, while the burial of

terrestrial carbon in the sediment reflects the carbon

sequestration assistance of the marine ecosystem. It is worth

noting that the sequestration of terrestrial carbon in marine

ecosystems does not significantly contribute to carbon fixation.

However, it can impact the carbon cycling process in marine

ecosystems by adsorption, resolution, and degradation during the

transportation and burial of terrestrial carbon.

In the Sanggou Bay aquaculture sea, BC accounted for only 23%

of TC burial flux in the sediment. Although the amount of carbon

buried in the sediments of Sanggou Bay is 1-2 orders of magnitude

higher than that in the adjacent central Yellow Sea (Yang et al.,

2015), the carbon sink function of the sediments of Sanggou Bay has

not increased to the same extent. This is because the carbon buried

in the sediments of Sanggou Bay mostly comes from terrestrial

sources. Of course, with the increasing distance away from shore,

the influence of terrestrial ecosystems on the marine environment

gradually decreases, and the burial flux of TC in the sediments

increasingly reflects the actual carbon sink function of the marine

ecosystem due to the decrease of the terrestrial carbon input.

Since the beginning of the JGOFS program, carbon burial fluxes

have been estimated in sediments of many marginal seas. (Thunell

et al., 1992; Sayles et al., 2001; Brunskill et al., 2002; Hayes et al.,

2021; Zhao et al., 2021). However, the results of this study suggested

that, due to the burial of terrestrial carbon in marginal sea
Frontiers in Marine Science 08
sediments, the achieved results on burial fluxes of TC, total

organic carbon and total inorganic carbon in marginal sea

sediments include the migration process of carbon pools in

terrestrial ecosystems in addition to the carbon fixation and

removal function in marine ecosystems. It suggests that the

carbon sink function of the marginal sea sediments might have

been overestimated in previous results. Exploring the division of BC

fraction in sediment and its burial behavior is necessary to

accurately evaluate the carbon sink function of marginal

sea sediments.

Various methods have been established to estimate organic

carbon in sediments, including isotopes, C/N ratios, and biomarkers

(Ruttenberg and Goñi, 1997; Andrews et al., 1998; Goñi et al., 1998;

Huang et al., 2001; Bouchez et al., 2014; Xing et al., 2014;

Sanderman et al., 2015; Geraldi et al., 2019; Zinkann et al., 2022);

however, there are still challenges in identifying the origins of

inorganic carbon in sediment samples. In this study, the source

resolution of inorganic carbon was initially determined based on the

morphological characteristics of inorganic carbon from various

sources. We are afraid that some fragments of calcareous debris

were not completely picked out due to their small size, leading to

lower accuracy and precision of the experimental results. And due

to the heavy workload, this method was rarely used for analyzing a

large number of samples. Therefore, a fast and accurate method for

analyzing the source of inorganic carbon in sediments needs to be

developed. This will be a key issue in studying the function of BC

sinks in sediments.
5 Conclusion

The carbon buried in the sediment of marginal seas originates

from both marine production and terrestrial input. Only marine

carbon, buried in the sediments, is the carbon fixed and stored by

the marine ecosystem, which belongs to the category of BC and

reflects the carbon sink function of the marine ecosystem. In order

to deeply investigate the carbon sink function of marginal sea

sediments, this study attempted to identify the buried BC in

sediments in Sanggou Bay aquaculture sea area based on carbon

source resolution and discussed the long-term change trend of the

burial flux of BC over the past 70 years. The average BC content in

the sediments of Sanggou Bay aquaculture area was 0.25% ±

0.10%, accounting for 23% of TC. OBC was the main

component of BC, accounting for a proportion of about 72%.

The burial flux of BC in the sediment of this sea area is about 0.54

± 0.22 mmol/(cm2a) for the past 70 years. The burial flux of

sedimentary BC is influenced by human aquaculture. We suggest

that with the development of aquaculture in Sanggou Bay, there

has been a noticeable increase in the burial flux of OBC due to the

sedimentation of more particulate organic matters resulting from

aquaculture activities; however, due to the interspecies

competition between aquaculture species and small calcareous

organisms, the burial flux of IBC in sediments has significantly

decreased. Overall, human aquaculture activities in Sanggou Bay
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not only reduced the burial flux of BC in the sediments but also

diminished the IBC proportion among BC.
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