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Opyster is a bivalve mollusk widely distributed in estuarine and shallow sea environments. Its growth and
burial process is a carbon sequestration and storage process. Oyster shell may stop growing due to suffer
from freeze shock during the winter season within a temperate climate, therefore, in order to study the
carbon sequestration capacity of oysters we need to know the water temperature at which the shell suffer
from winter freeze shock. This study examines 6'30 profiles across consecutive micro-growth layers
found in three modern Pacific oyster shells from the northwest coast of Bohai Bay. A total of 165 oxygen
isotope values from sequential samples of their left shells showed periodically varying values, and the
variation fluctuation of oxygen isotope values was 4.97%o on average. According to the variation range of
the oxygen isotope value of the shell, combined with the sea surface temperature and the sea surface
salinity data of the water in which the oysters grew, the water temperature that suffer from winter freeze
shock and stops or retards the growth of Pacific oysters in Bohai Bay is about 8.3°C, and the
corresponding period is from December to March of the following year. The calcification time of oysters
within one year is nearly a month longer than previously thought, therefore, its carbon sink potential is
also improved.
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2006) and ecological function (Peterson CH et al., 2003;
Dame RF 1987) of oyster reef. There are few studies on
oyster reefs with strong carbon sequestration and carbon
storage functions, which can effectively reduce seawater CO,
concentration (Peterson CH et al., 2003; Dame RF et al.,
1989). Like salt marshes, seagrasses, and mangroves, shellfish

1. Introduction

The Pacific oyster (Crassostrea gigas) is characterized by
high tolerance of variations in water temperature, a high rate
of reproduction, and a high rate of colonization in a wide
range of Pacific coastal waters (Cognie B et al., 2006;

Diederich S 2005). C. gigas prefers a firm substrate and
usually attaches to rocks, debris, or other oyster shells; it is
also found on mud or mud-sand bottoms. Therefore, reefs
composed of oyster shells are widely distributed in various
types of estuarine and coastal areas from low latitudes to mid-
high latitudes. At present, many researches mainly focus on
the water purification function (Quan WM et al., 2006;
Jackson JB et al., 2001; Quan WM et al., 2007; Gao LJ et al.,
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reef ecosystems contribute to localized mass burial of newly
fixed, excess, organic carbon, and thus may play a notable
role in mitigating atmospheric build-up of CO,. In addition,
oyster reefs can also indirectly contribute to the carbon
neutralization process by protecting other blue carbon
ecosystems such as salt marshes and seagrass beds from storm
and flood damage (Fodrie FJ et al., 2017).

When the oyster larvae are fixed, they can continuously
use HCO;™ and Ca*" in the water to form calcium carbonate
(CaCO3) shell, This process is called calcification, and the
chemical reaction is: Ca**+2HCO,; =CaCO;+CO,+H,0. The
carbon sequestration capacity of oysters is mainly through the
calcification of oyster shells (Shen XQ et al., 2011). The
inorganic carbon (calcium carbonate) stored in the oyster shell
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through the calcification process can exist in the natural state
for thousands of years (Shen XQ et al., 2011; Li J et al., 2016;
Zhang Y'Y et al., 2017). In the process of calcification, oysters
absorb bicarbonate to form calcium carbonate shells and
release CO, to the atmosphere (Arrhenius S, 1896; Taylor AH
et al, 1991), and the acidity of water will also increase
(Broecker WS et al., 1966). Whether this process is the sink
or source of atmospheric CO, is controversial. Therefore, to
study the carbon sequestration process and carbon sink
potential of oyster shells, it is necessary to fully understand
the growth information of the shell.

At present, more than 50 buried oyster reefs and modern
living oyster reefs have been found on the west coast of Bohai
Bay (Li JF et al., 2020). Oyster reefs are mainly composed of
C.gigas. Oyster shells are biological calcium carbonate
(CaCO3) and crystal forms are authigenic calcite (Wang H et
al., 1995). Fan CF et al. (2011) demonstrated that Pacific
oyster (C. gigas) preserves a sclerochronological record on
the cross sections of the left valve in the form of gray
translucent and white opaque band. The gray translucent band
was formed during winter freeze shock and spawning in
spring season, the white opaque band was formed during the
normal growth of the shell, these three growth bands
correspond to different forms of resilifer surface. The gray
translucent growth bands in the cross section corresponding to
the concave bottoms on resilifer surface of the shell had the
heaviest 4'%0 in an annual growth cycle, which were formed
during lowest temperature recorded by shell in winter seasons

(Fan CF et al., 2011). Oyster shell growth may suffer from
winter freeze shock within a temperate climate (Wang H et
al., 1995; Wang H et al., 2006; Fan CF et al., 2011; Ullmann
C et al., 2010). Therefore, when study the carbon sink
potential of Pacific oysters, it needed to know the water
temperature experienced by the Pacific oyster in winter while
it encounters winter freeze shocks, which is an important
factor in determining how long the shells can grow in a year.

In this study, the authors examined the oxygen isotopes of
three modern oyster shells collected from the northwest coast
of Bohai Bay in order to investigate the mean inter-annual
variation range of oxygen isotopes, combined with the sea
surface temperature and the sea surface salinity data of the
water in which the oysters grew, to determine the lowest
water temperature recorded in winter by the Pacific oyster in
the Bohai Bay while it encounters the winter freeze shock.
Accurate freeze shock temperature and time can provide
necessary basic information for studying the growth time and
evaluating the carbon sink potential of oyster shells, and also
provides quantitative data support for guiding reef building
and initiative to construct the “China Coastal Oyster Reef
Eco-Corridor” (Yang D et al., 2022 ).

2. Regional setting

The Bohai Sea is a shallow, semi-enclosed marginal sea in
the western Pacific Ocean, located at the northwestern end of
the Yellow Sea (Fig. 1). It has three major bays, with its east-
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Fig. 1. Map showing the distribution of buried and living oyster reefs on the northwest coast of Bohai Bay and the sampling site for this study

(modified from Wang H et al., 2006).
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west width approximately 300 km and north-south length
approximately 550 km and an area of approximately 77000
km?. The Bohai Sea is subjected to the East Asian monsoon,
meaning wind directions from the north to southwest prevail
in winter, whereas in summer the winds are mainly from the
south. The hydrology of the Bohai Sea is also influenced by
variations in climate (Hainbucher D et al., 2004) that a rising
trend has been documented for both sea surface temperature
(SST) and sea surface salinity (SSS). The SST increase
appears to be correlated with variations in air temperature,
with the SST changes lagging behind changes in air
temperature (Zou HC, 1988). The present level of SSS is
approximately 2.5%o higher than that 40 years ago
(Hainbucher D et al., 2004).The evolution of salinity is
determined by evaporation, precipitation, and river runoff in
coastal area (Fan CF et al., 2011).

The present-day shallow sea of Bohai Bay contains a
living, natural oyster reef (Fig. 1) that consists of C. gigas.
The reef has been badly damaged by fishing and is divided
into three sub-reefs. Side scan sonar mapping indicates that
the reef has a total area of approximately 3 km?. The living
shells within the reef are much smaller than the buried shells
in the coastal plain, most of the living shells are less than 10
cm length and are less than 4 years old (Fan CF et al., 2011).

SST, and precipitation at the living oyster reef show clear
seasonality, SSS is negatively correlated with precipitation
(Fig. 2). During the period 2005-2009, average monthly
seawater temperatures varied typically between —0.7°C and
27.1°C between winter and summer, the highest SST recorded
was 27.5°C, and average monthly salinity variations were low
and differed by a maximum of 2.2%o (Fan CF et al., 2011;

2005 2006 2007 2008 2009

Precip/
(mm/month)

SST/°C

[
Iy ' == SSS -en SST | o
2005 2006 2007 2008 2009

-

Fig. 2. Time series of salinity, temperature, and precipitation for the
years 2005-2009 (Fan CF et al., 2011). Temperature and salinity
measurements were taken near the modern living oyster reef by the
State Ocean Information Center of China. Monthly averages were
calculated from hourly measurements. Precipitation data were
sourced from the Tianjin Statistical Yearbook.

Table 1). The salinity of these waters was high compared with
that typically observed for oysters, reflecting a shortage of
freshwater input from nearby rivers due to dam construction
and the extraction of river water for irrigation in hinterland
areas (Fan CF et al., 2011).

The sampled living oyster reef is part of a shallow sub-
tidal environment with water depths of 20 cm to 50 cm below
the lowest tide level. This setting guarantees that the sampled
specimens were continuously submerged in seawater, except
under rare extreme conditions. Subaerial exposure may have
occurred only during strong offshore winds combined with
low tides.

3. Materials and methods

Three modern living specimens of C. gigas were collected
on 26 May, 2005 from the living oyster reef. Immediately
upon collection, the oyster was carefully opened in the field
by cutting through the adductor muscle, avoiding damage to
the hinge area. The flesh was scraped from the inner surface
of the shell valves. Upon returning to the laboratory, the shell
was washed in hydrogen peroxide and rinsed in demineralized
water.

Three of the shells selected (ST2, ST25 and ST31) were
sectioned from the ligament to the longest growth edge along
a straight line, using a water-cooled diamond saw. The
obtained cross-sections of the shell showed a layer of dense,
foliated calcite under the resilifer. The cross-sections were
polished using wettable carborundum discs (400-1200 grid)
and then ultrasonically rinsed with demineralized water prior
to the extraction of carbonate samples (Fan CF et al., 2011).

The growth Increments of C. gigas are large and easy to
drill, and it is possible to obtain sufficient material while
avoiding surficial contamination. High-resolution sampling
was applied to all three shells and was accomplished using
micro-Mill automatic micro-layer sampling system with a 0.3
mm stainless steel “V shape” drill needle (samples taken at
0.3 mm intervals) following the micro-growth increment
patterns of translucent growth bands observed in cross-
section. We also used the small cleft at the boundary between
the resilifer surface and the inner shell layer, which
corresponds to a translucent growth band viewed in cross-
section, as an extra guideline for micro-sampling (Fan CF et
al., 2011). Approximately 0.5 mg of carbonate powder was
collected from each sample.

A total of 165 high-resolution samples from ST2, ST25,
and ST31 were collected for %0 and 6'3C analyses.
Carbonate samples were analyzed at the MRL Key laboratory
of Metallogeny and Mineral Assessment, Institute of Mineral
Resources, Chinese Academy of Geological Sciences. A
GasBench II continuous flow method was used with a

Table 1. Average monthly sea surface temperature and sea surface salinity during 2005 to 2009 on the northwest coast of Bohai Bay

(Fan CF et al., 2012).

Month JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
SSS/%o 31.6 315 31.7 315 314 31.3 29.8 29.5 30.2 30.6 30.6 312
SST/°C -0.7 -0.5 3.4 10.3 16.9 21.9 254 27.1 24.0 18.3 104 3.0
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MAT253 mass spectrometer. The systems consisted of a
Thermo Finnigan GasBench II equipped with a CTC Combi-
Pal autosampler linked to a MAT253 mass spectrometer.
Carbonate micro-samples were manually loaded into 12 mL
round-bottomed borosilicate exetainers and sealed using butyl
rubber septa. Eighty-eight exetainers, including 18 aliquots of
4 China National Standards (GBW04405, GBW04406,
GBWO04416, and GBW04417), were routinely loaded in each
sequence. The exetainers were automatically flushed with
grade 5 He by penetrating the septa using a double-hole
needle at a flow rate of 100 mL/min. Later, 4-6 drops of
phosphoric acid were deposited in each exetainer. The
exetainers were placed into an aluminum tray maintained at
72°C for 12 h. Subsequently, the sample gas was introduced
10 times into the mass spectrometer by sampling through the
standard 100 pL sample loop, CO, is separated from other
components using a gas chromatography column (Paroplot Q
with fused-silica tubing, 25 mmx0.32 mm, Thermo Fisher
Scientific) heated to 70°C. The peak corresponding to CO,
was then passed through an open split into the mass
spectrometer. The external precision of standards per run was
typically 0.1%o for 6'3C and §'%0.

4. Results

The authors analyzed 46, 42, and 77 consecutive samples
from the modern shells ST2, ST25 and ST31, respectively.
The 6'%0 values of the measured samples showed a quasi-
sinusoidal pattern (Figs. 3a, 4a and 5a). High 6'0 values
imply lower temperatures (winters) and low values represent
higher temperatures (summers) (Fan CF et al., 2011), hence,
the highest oxygen isotope value in an annual cycle represents
the interannual boundary, this helps recognize annual cycles
in the 6'80 profiles. For the tested portions of the modern
living shells ST2, ST25 and ST31, §'80 values ranged

between —3.25%o to 1.85%0, —3.49%0 to 0.93%o, and —3.77%o
to 1.63%o, respectively (Table 2). From 2003 to 2004, based
on the observations recorded from the three oyster shells, the
average heaviest 6'%0 value in winter was 1.47%o, the average
lightest 9'%0 value in summer was —3.50%o, and the average
amplitude was 4.97%o (Table 2). Their oxygen isotope curves
were quasi-sinusoidal in shape, with negative peaks having
wide half wavelengths, whereas the positive excursions were
narrower. The spatial sampling resolution increased towards
the younger increments because significantly more shell
material was available (Ullmann C et al., 2010).

5. Discussion
5.1. Salinity- 030, relationship

Fan CF et al. (2011) reported that freshwater input into the
northwest coast of the Bohai Bay is controlled mainly by the
discharge of the Chaobai, Jiyunhe and Yongding rivers.
Therefore, the authors, based on the measured salinities and
oxygen isotope data (Fan CF et al., 2012) for the Chaobai,
Jiyunhe and Yongding rivers, remove a discrete value and
linear fitting to establish a “salinity-0'%0,, model” (Fig. 6),
which permitted the estimation of 6'30,,,., directly from
salinity measurements:

5" Oyaierv-smow%o = 0.13X S —4.89(R = 0.99,N = 9), )

where 6180Wmn v.smow 18 the oxygen isotope composition of
the water, S is the salinity in parts per thousand (%o), and
subscript V-SMOM indicates that the volume fraction is
based on SMOW (standard mean ocean water) in units of %o,
and converted from SMOW to the PDB scale described by
Gonfiantini et al. (1995) as follows:

6" Ovupps = (6" Oy.smow —30.91)/1.0309. ®)

6"%0/(%0 VPDB)

—— §'%0/(%0 VPDB)
--0--- 9BC/(%0 VPDB)
1 1 L

813C/(%o VPDB)

1 1 s 1 1 s -6

45 40 35 30 25

20 15 10 5 0

Sample number

Shell growth direction
e st

5 mm

Fig. 3. Isotope values and morphology of the left valve of the modern living shell ST2. a— §'%0 and 6'3C profiles of a selected portion of shell
within the ligament area. b—cross-sectional view of the ligament area in shell ST2, showing translucent growth bands and the locations of
sample sites. Arrows show the locations of the growth layers that formed during low winter temperatures.
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Fig. 4. Isotope values and morphology of the left valve of the modern living shell ST25. a—0'30 and 5*C profiles of a selected portion of shell
within the ligament area. b—cross-sectional view of the ligament area in shell ST25, showing translucent growth bands and the locations of

sample sites. Arrows are the same as in Fig. 3.
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Fig. 5. Isotope values and morphology of the left valve of the modern living shell ST31. a—0'30 and §'*C profiles of a selected portion of shell
within the ligament area. b—cross-sectional view of the ligament area in shell ST31, showing translucent growth bands and the locations of

sample sites. Arrows are the same as in Fig. 3.

After the conversion of the SMOW standard to the PDB Bay Salinity equals a 0.13%o0 change in seawater 5180V—PDB'

standard, the variation relationship between the water salinity
and 0'%0 in the Bohai Bay area can be expressed as follows: 5.2. C. gigas winter fieeze shock temperature

0" Oyaiervoppp%o = 0.13 X S —34.73 3
er VDB @) Oxygen isotope fluctuations in calcite shells are mainly

Consequently, 1%o0 change in the northwest coast of Bohai reflection of ambient seawater temperatures and salinity
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Table 2. Lightest and heaviest 6'®0 values among consecutive
micro-growth layers of shells, and corresponding fluctuation.

Specimens Minimum Mean Maximum Mean  Fluctuation
/VPDB%o /VPDB%o /%0
ST2 —2.89 —3.25 244 1.85 5.10
—3.61 1.44
1.66
ST25 —3.61 -349 175 0.93 442
—3.37 0.31
0.72
ST31 —3.51 -3.77 1.34 1.63 5.40
—4.03 1.56
1.98
ST2, ST25, —3.50 1.47 4.97
ST31
0
—1F -
S e
$ .
g2t .
Z
>‘, LI
T
—4r * 13, o — .
0 mer.V»SMow%’O*O»13S 4.89
e (R=0.99, N=9 )
75 > n 1 n 1 n 1
0 10 20 30
Salinity/%o
Fig. 6. Salinity-6'30,,,,, relationship of the estuaries water in the

living oyster reef area of Bohai Bay (modified from Fan CF et al.,
2012).

(Epstein S et al., 1953; Tarutani T et al., 1969; Kirby MX et
al., 1998). The observed '%0 cyclicity in the C. gigas shell
(Figs. 3a, 4a, and 5a) is a reflection of annual temperature and
salinity fluctuations in sea surface water along the northwest
coast of the Bohai Bay. Based on the temperature dependent
fractionation of oxygen (—0.24 to —0.25%0/°C, Epstein S et al.,
1953), the '®0 amplitudes of all the shells can be attributed
to water temperature changes. The §'%0 average amplitude of
the three samples was 4.97%., which would require
temperature variations of approximately 20.3°C (19.9°C-
20.7°C) if water temperatures were the only cause of the 6'%0
fluctuation in the shell. However, seasonal changes in
seawater 0'%0 of these living oyster shells must also be taken
into consideration (Ullmann C et al., 2010).

The oyster shell 5'30 was influenced by temperature and
salinity in opposing ways (Ullmann C et al., 2010; Fan CF et
al., 2012). Seawater 6'30 depends on the degree of freshwater
influx and precipitation, often resulting in a positive
correlation between salinity and seawater 0'°0 (Fig. 2).
Warmer waters in the summer months produce lower §'%0,
while the seawater is simultaneously enriched with °O due to
increased riverine influx and precipitation. On the other hand,
cooler waters in the winter months produce higher 6'%0, while
the seawater is simultaneously enriched with '*0 due to
decreased riverine influx and precipitation. Therefore, the

calculated temperature fluctuations are over estimates that do
not take into account the reductions caused by changes in
seawater 6'°0 or salinity, and the real temperature variation
must have been in less than 20.3°C.ature variation must have
been in less than 20.3°C.

The SST records in the study area indicated that the
highest present-day water temperature was 27.5°C, in
addition, oyster shells in the study area showed no evidence
that they had experienced summer heat shocks among growth
bands viewed in the cross sections (Figs. 3a, 4a, and 5a, Fan
CF et al., 2010; Fan CF et al., 2011). These observations
implied that the oyster shell recorded the highest seawater
temperature in this area, and the lightest shell §'30 value
corresponded to the highest water temperature and the lowest
water salinity in summer. Therefore, discrepancies between
the §'%0 amplitude recorded by living oyster shells and the
seasonal variation amplitude of its growing environment,
were contributions of low water temperature and high salinity
in winter, and had no correlations with high water temperature
and low salinity in summer(Ullmann C et al., 2010).

From winter to summer, the water salinity in the shell
growth area varies from 31.7%o to 29.5%o (Fan CF et al.,
2012), with a variation range of 2.2%.. However, as oyster
stop secreting shell during winter, the maximum annual
salinity variations cannot be used for calculations simply.

The results calculated without considering the salinity
effect showed that the shells resumed growth from March end
to the beginning of April (>7.2°C) (Fan CF et al., 2012), but
the environment information for March was not fully recorded
in the shell due to the winter freeze shock. Therefore, the
average salinity from March to April (31.6%0) was used for
calculating. The oyster shells recorded a salinity range of
29.5-31.6%o, and its contribution to the changes in water 6'%0
was 0.27%. VPDB. Considering this contribution to water
0'8%0, the average water temperature variation range recorded
by ST2, ST25, and ST31 shells was 19.2°C (18.8°C-19.6°C).

Therefore, it can be calculated that the oysters stopped or
retarded secreting their shells, and living environment
information on the micro-growth layers was not fully
recorded when the water temperature was below 8.3°C in
winter.

According to the 5'%0 records of modern oyster shells in
the Bohai Bay area and the hydrological data of live oysters in
growing waters, oyster shell calcification stopped or retarded
in winter, at water temperatures below 8.3°C. This water
temperature was lower than the minimum water temperature
at which shell secretion ceases at 11.5°C(Wang H et al.,
1995), which was calculated by Epstein S et al.’s equation
(1953) that data from 6'%0 values recorded for modern living
shell in Xiaoqginghe River estuary (Shandong, China) and
Yerseke estuary of the Oosterscheld River (Zeeland,
Netherlands). Ullmann C et al. (2010) used the measured
monthly resolution oxygen isotope recordings from a live
oyster (C. gigas) shell grown in the North Sea to calculate that
the water temperature at which shell secretion stops is about
6°C.
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These three modern living specimens of C. gigas (ST2,
ST25, and ST31) were collected on May 26, 2005, from a
living oyster reef, where local oysters had spawned and
resumed growth (Fan CF et al., 2011; Fan CF et al., 2012).
According to the monthly average water temperature data of
the Bohai Bay area, if the minimum water temperature at
which C. gigas halted or retarded shell secretion in winter was
11.5°C, the oysters would resume normal growth in April
(Table 1), with a time interval of only 1-2 months, from April
until the specimen collection time. However, during this
period, oysters resumed normal growth and also experienced
slow growth in the spawning season (Fan CF et al., 2011; Fan
CF et al., 2012). According to the above mentioned actual
circumstance, the water temperature for growth resumption in
C. gigas should be lower than 11.5°C and the time for growth
resumption should be earlier. This study showed that the live
oysters in the Bohai Bay area resumed growth at the end of
March when the average water temperature was
approximately 8°C. Therefore, 8.3°C was adopted as the
minimum water temperature for C. gigas to halt shell
secretion during winter in the Bohai Bay area.

Shell ¢'%0 may not reflect the complete annual seawater
temperature variation, particularly at middle and high
latitudes, and can be devoid of the lowest water temperature
signal. For example, the maximum 6'%0 values in an annual
growth cycle of oyster shells recorded the growth information
during December and March of the following year, and shell
secretion was discontinuous when the water temperature was
below 8.3°C. However, beside the water temperature, there
are many other factors that affect the growth of shells, such as
salinity, sediment deposit rate, food source and even
difference between individuals, etc. Therefore, on average
while the water temperate decrease to 8.3°C the shell
secretion will cease.

5.3. Implication for C. gigas’ carbon sink potential

Opysters fix carbon directly in two ways. One is to convert
HCO;™ in water into CaCOj shells by calcification, thereby
fixing a large amount of carbon. Another is to promote the
growth of individual soft tissues by filtering particulate
organic carbon (POC) in seawater, a process called
biosynthesis. In addition, biodeposition by oysters can
transport large volumes of organic carbon in the form of
faeces and pseudofaeces to the oyster reef sediment, thus
indirectly playing the role of biological carbon sink (Fodrie FJ
et al., 2017). Calcification is considered to be the main
ecological process of carbon sequestration in oysters (Shen
XQ et al., 2011; Li J et al.,2016; Zhang YY et al., 2017), the
annual carbon sequestration per unit area produced by
calcification in oyster reef area is about 2.7kg/m* (Shen XQ et
al., 2011).

The calcification of oysters slowed down or stopped
during winter freeze shock, and the biosynthesis and
biodeposition were also affected by oyster freeze shock. In
this study, the freeze shock temperature of the shell calculated
by the modern oyster shell is 8.3°C, which is lower than the

freeze shock temperature (11.5°C) calculated by Wang H et
al. (1995) using the modern living oyster shells. The decrease
of the winter freezing shock temperature means the extension
of the shell growth time in one year. If the shell stop or retard
secreting at 11.5°C, it means the shell growth time is from
mid-April to mid-November. While the shell stop or retard
secreting decrease to 8.3°C, the shell growth will start at end
of March and stop at end of November. Therefore, the
calcification time of oysters within one year is nearly a month
longer than previously thought. Influenced by global
warming, global sea surface temperature trend to be warming.
A suitable sea surface temperature environment can promote
the rapid and healthy growth of oyster shells, increase their
carbon sequestration time and improve carbon sink potential
(Shen XQ et al., 2011; Wang H et al., 1995).

6. Conclusions

The water temperature that suffer from winter freeze
shock and stops or retards the growth of Pacific oysters in
Bohai Bay is about 8.3°C, and the normal growing season for
oysters in this area was from end of March to end of
November. The maximum §'%0 values in an annual growth
cycle of oyster shells recorded the growth environment
information when the shells stopped secreting in December
and when the shells resumed growth in March of the
following year. As the water temperature was below about
8.3°C (between December and March), the oysters stopped or
retarded secreting shells, and the growth environment
information could not be fully recorded.

The winter freeze shock temperature of the shell
calculated by the modern oyster shells in northwest of Bohai
Bay are lower than previously estimated. The calcification
time of oysters within one year is nearly a month longer than
previously thought, therefore, its carbon sink potential is also
improved.
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