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Abstract Dissolved oxygen (DO) and apparent oxygen utilization (AOU) are crucial parameters for investigating marine
ecosystem evolution and the marine environment. In this study, DO and AOU data were obtained and their spatial distribution
characteristics were explored in the Cosmonaut Sea and Amundsen Sea in austral summer 2021. The standard deviation range of
DO parallel samples was < 0.1-3.7 umol-L ™', which met the accuracy requirements of the survey method. The DO concentration
decreased sharply with water depth in the photic zone and increased slowly to the bottom. AOU in the surface layer of the two
seas was significantly negatively correlated with chlorophyll a (p < 0.01), and AOU was significantly lower in the south
Cosmonaut Sea than in the north Cosmonaut Sea and Amundsen Sea (p < 0.01). In austral summer, AOU was as low as
< 130 pmol-L™" in the nearshore Cosmonaut Sea with thicker Antarctic Surface Water down to ca. 500 m. In early winter, AOU
was lower than 50 pmol-L™" in the north Amundsen Sea in subsurface water (75150 m). The unmodified Circumpolar Deep
Water with high AOU (> 160 umol-L™") could surge up to ca. 150-200 m in both seas, with stronger intrusion in the Amundsen
Sea. The AOU in bottom water was significantly lower (p < 0.01) in the Cosmonaut Sea (118.9411.8 pmol-L™") than the
Amundsen Sea (141.7+7.4 umol-L™), indicating the stable existence of fresh oxygen-rich Antarctic Bottom Water in the
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Cosmonaut Sea.
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1 Introduction

The concentration of dissolved oxygen (DO) in
seawater is a crucial biogenic element parameter, and its
relative saturation or consumption level is indicated by
apparent oxygen utilization (AOU). DO is a fundamental
driving factor for marine ecosystems (Gilly et al., 2013). A
decrease in DO content may hinder biological reproduction

* Corresponding author, ORCID: 0000-0001-6592-3365, E-mail:
jzhao@sio.org.cn

and growth (Vaquer-Sunyer and Duarte, 2008) and can even
result in the mass mortality of marine organisms, such as
fish and crustaceans (Grantham et al., 2004). AOU can
provide insights into the impact of marine biological
activity and water mass mixing on DO distribution. With
global warming, the AOU of global oceans has increased,
and the DO content has decreased by 2% between 1960 and
2009 (Schmidtko et al., 2017). A model study predicted that
the global ocean’s DO content will decrease by another
1%—7% in the next century (Keeling et al., 2010). Therefore,
continuous researches on the temporal and spatial changes
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in oceanic DO content and AOU is a fundamental
requirement for gaining a deeper understanding of global
marine ecosystems and their changes.

The Southern Ocean is a highly vulnerable region to
global change, where alterations in temperature, salinity,
biological processes, and oceanic circulation can
significantly impact the spatial distribution of DO. Studies
have demonstrated that the melting of sea ice can intensify
the stratification effect on the upper layers of high-latitude
oceans, leading to a decrease in internal DO content, also
known as ocean deoxygenation (Keeling et al., 2010). Over
the past 5 decades, the Southern Ocean has experienced
152 + 47 Tmol-(10 a)™' reduction in DO, accounting for
16% of the global decline in DO (Schmidtko et al., 2017).
The DO in the ocean comes from the exchange of air-sea
interfaces and also from the photosynthesis of marine
phytoplankton (Rintoul and da Silva, 2019). The Antarctic
marginal seas, such as the Cosmonaut Sea and Amundsen
Sea, are the primary regions of seasonal phytoplankton
blooms in the Southern Ocean. The continuous release of
iron from icebergs, sea ice, and sediments can support
long-term phytoplankton blooms and generate oxygen
(Tagliabue et al., 2009; Raiswell et al., 2016; Monien et al.,
2017). Oceanic circulation also affects the distribution of
DO. For example, the formation of Antarctic Bottom Water
(AABW) involves the cooling and freezing of surface
seawater and salt precipitation. This process transports
water with high DO from the surface to the bottom of the
Antarctic seas (Olbers et al., 2004), playing a crucial role in
oxygen transport in the deep ocean globally (Jacobs et al.,
1970; Lazier et al., 2002).

In the context of global warming and climate change,
the melting of Antarctic glaciers is a significant concern
(Shepherd et al., 2018). While there are significant
differences between the East and West Antarctic, the loss
rate of West Antarctic ice sheet has nearly tripled in the past
15 years, while the amount of East Antarctic ice sheet
increases slightly (The IMBIE team, 2018). These changes
may affect the distribution of DO and AOU. For example,
in the Amundsen Sea (West Antarctic) with the fastest
melting rate of the ice shelf due to the strong invasion of the
warm Circumpolar Deep Water (CDW) (Shepherd et al.,
2004; Walker et al., 2007; Arneborg et al., 2012), the DO
monitored in the coastal region ranged from 400 to
700 ;ytm01~L’1 (Biddle et al., 2017), and higher in the surface
layer of polynya (619.4 pmol-L™") and lower in the sea ice
zone and ice shelf zone (437.5 and 463.1 pmol-L’',
respectively), probably due to higher primary production
(Xing et al., 2020) and lower temperature (Wang et al.,
2022). While in the Cosmonaut Sea (East Antarctic) with
much less ice shelf melting, AOU south of 60°S showed a
downward trend between 1965 and 2008 due to a decrease
in horizontal advection in the North Atlantic Deep Water
(lida et al., 2013). Basically, few studies focused on the DO
and AOU and their long-term trends in the Cosmonaut Sea
and Amundsen Sea, and more researches are required.

In this study, we presented the distribution characteristics

of DO and AOU in the Cosmonaut Sea and Amundsen Sea
in austral summer 2021, based on field data collected during
the 37th Chinese National Antarctic Research Expedition
(CHINARE-37). We focused on the impact of biological
(e.g., surface primary production) and physical (e.g., water
masses, fronts and currents) factors on the distribution of
DO and AOU across the full water depth. This study would
provide a data basis for understanding the long-term trend
of DO in the Southern Ocean and its impact on the marine
ecosystem.

2 Materials and methods

2.1 Characteristics of water masses, fronts and
currents

The Cosmonaut Sea, situating in the western part of
Enderby Land in the Indian sector, is adjacent to the
Cooperation Sea to the east and the Lisser—Larsen Sea to
the west. It has a longitude range of 30°E-60°E. The
Amundsen Sea, locating on the edge of the Marie Byrd
Land in the Pacific sector, is situated between the Ross Sea
and the Bellinsgausen Sea, with a longitude range of
98°W-126°W (Figure 1). The distribution of DO and AOU
is influenced by physical oceanographic factors such as
currents, fronts and water masses. The Antarctic Slope
Current (ASC), Antarctic Circumpolar Current (ACC),
Southern Boundary (SB) of ACC, Weddell Gyre (WG), and
CDW are the major physical factors that play a crucial role
in this region (Figure 1). ASC is a strong nearshore current
(maximum 30 cm's ') that flows westward and can cause an
increase in nearshore chlorophyll a (Chl @) concentration
(Meijers et al., 2010). The Front of ASC (ASF) can isolate
warm subtropical water (e.g., CDW) from Antarctica
(Martinson, 2012). The ACC carries DO from the west to
the east, which promotes the elimination of oxygen
differences in water masses between basins (Rintoul and da
Silva, 2019). The SB extends southeast in the Cosmonaut
Sea, and the presence of WG makes the seasonal mixing
layer on the west side of the Cosmonaut Sea shallower and
fresher than on the east side (Williams et al., 2010). The
upwelling of CDW with consumed DO is one of the main
water masses shallower than the 250 m layer (Orsi et al.,
1995; Testa and Kemp, 2011). The DO concentration in ice
meltwater can decrease by mixing with CDW (Jenkins,
1999).

2.2 Sampling and measurement of DO

The DO in seawater was field determined using
samples collected during the CHINARE-37. A total of
34 stations were established on 6 transects in the
Cosmonaut Sea between 5 and 26 January, 2021. And
18 stations were set up on 5 transects in the Amundsen Sea
from 14 to 29 March, 2021. A total of 36 parallel samples
were collected at various depths from the standard layers
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Figure 1 The sampling stations for DO and Chl a concentrations in the Antarctic Cosmonaut Sea and Amundsen Sea during austral
summer 2021. The main circulations in the Cosmonaut Sea include SB (purple dashed line) of ACC, WG (green solid line) and ASC (blue
solid line) (Williams et al., 2010; Huang et al., 2022). The main circulations in the Amundsen Sea include ASC (blue solid line) and SB

(purple dashed line) (Alderkamp et al., 2012; Nakayama et al., 2018).

such as the surface layer (ca. 2-3 m, shown as 5 m when
displaying depth in logarithmic form), 25 m, 50 m, 75 m,
100 m, 150 m, 200 m, 300 m, 500 m, 1000 m, 2000 m, 3000 m,
4000 m, and the bottom layer (Table 1, Table S1 and Table S2).

After obtaining water samples using a CTD
(conductivity-temperature-depth)  rosette, they  were
transferred into brown bottles having a volume of
approximately 120 mL (measured accurately to 0.1 mL in
advance). The water samples were slowly injected into the
bottle using a latex tube, and it overflowed 1/2 of the bottle
volume without any bubbles inside the bottle. Subsequently,
1.0 mL of 2.4 mol'L"' MnCl, solution and 1.0 mL of
1.8 mol'L™" alkaline KI solution (in 5.4 mol-L”' NaOH)
were added to the bottle using a quantitative dispenser in
sequence. The bottle caps were immediately stoppered after
adding the reagents, and the bottles were slowly flipped up
and down. In the process, the O, reacted with Mn?* and

OH to produce a brown precipitate of high-valence
manganese (MnO(OH),), which was used for subsequent
analysis.

The measurements were completed within 24 h using
the iodometric titration method as outlined in “Specifications
for Oceanographic Survey — Part 4: Survey of Chemical
Parameters in Sea Water” (GB/T 12763.4—2007) (General
Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China and
Standardization Administration of China, 2007) with the
calibrated Mettler Toledo T5 automatic potentiometric
titration titrator. One mL of 1/3 (v/v) H,SO4 was added to
dissolve the precipitate and oxidize I to I, when the
precipitate settled to the brown glass bottle bottom. The I,
and corresponding DO content was measured by sodium
thiosulfate (Na,S,03) titration. The Na,S,0; solution (ca.
1x10* umol-L’l, calibrated with a KIO; standard solution)
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was added to the sample by the automatic potentiometric
titrator until the end-point of titration. The DO concentration
was calculated based on the consumed volume of Na,S,0;
solution. The standard deviations should be <#+2.8 and
<+4.0 pmol-L™" for seawater standard samples with DO
content <160 and >550 pmol-L™", respectively. The DO
measurement accuracy is 0.6 pmol-L ™"

The formula for calculating the DO concentration (as
O atom) is:

c
(h~Vy)x2’
where, ¢ is the volume (mL) of the KIOj; standard solution,
V1 is the volume (mL) of the brown bottle, V, is the total
volume (mL) of MnCl, and KIO;-NaOH solutions, V;, is the
volume (mL) of Na,S,0; solution consumed during titration,
and f'is the volume correction coefficient of Na,S,05 solution.

2.3 Calculation of AOU

C(O) =V, x fx (1)

The formula for calculating AOU (as O, molecule) is:
Caou=Co, =G, @

(&) 2 >
where, ng is the saturation concentration of O, in the

water column at 101.325 kPa atmospheric pressure and

100% humidity, C, is the concentration of O, measured on

site. AOU < 0 indicates that DO is over saturated, and AOU
> 0 indicates that DO is in a depleted state. C; s related
to seawater temperature (7) and salinity (S), and the
calculation formula (see GB/T 12763.4—2007) is:

1 100 T

InC =— —168.938+249.6339[—]+143.3483(1n—j
2 T 100

—21.8492 (%} + S[—0.033096 +0.014259 (ij 3)

100
2
-0.0017 I
100
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where, T and S were determined and recorded using a
pre-calibrated Sea-Bird SBE-9/11 plus CTD system
(SeaBird, USA).

2.4 Sampling and measurement of Chl a

Water samples for Chl a analysis were collected using
a CTD rosette from the surface layer, 25 m, 50 m, 75 m,
100 m, 150 m and 200 m. Ca. 200 mL water samples were
filtered, extracted in 90% acetone, and analyzed
fluorometrically on a 10AU Turner Designs fluorometer as
described in Welschmeyer (1994). Surface Chl a was used
to analyze the relationship with AOU.

2.5 Statistical analysis

Pearson correlation analysis was used between AOU
and Chl a. The independent #-test was used to compare
the difference in average values of AOU and Chl a in
different sea regions. Two-tailed tests of significance
were performed using SPSS 25 software (IBM, USA) to
identify significant relationships between the measured
parameters.

3 Results

3.1 Parallel sample analyses

The Cosmonaut Sea and Amundsen Sea were
investigated with regard to their DO and AOU. Results
showed that DO ranged from 346.9 to 805.0 umol-L™" and
353.5 to 728.0 pmol-L™" for Cosmonaut Sea and Amundsen
Sea, respectivelly, while AOU ranged from —40.6 to
169.3 pmol'L™" and 8.2 to 165.9 umol-L™, respectively
(Table S1 and Table S2). The study areas were found to be
generally oxygen-rich. Moreover, the standard deviation of
DO parallel samples ranged from <0.1 to 3.7 pmol-L™
(Table 1), indicating good parallelism and experimental
accuracy, which met the requirements of survey specification
(GB/T 12763.4—2007).

Table 1 Measured, average concentration, and standard deviation of DO in the samples from the 36 parallel sample stations

Station Depth/m Measured A/(umol-L™) Measured B/(pmol-L™") Average/(umol-L ™) Standard deviation/(umol-L™")
C7-06 0 729.4 725.9 727.6 2.5
C7-05 0 721.6 722.8 722.2 0.8
C7-04 0 706.0 702.3 704.2 2.6
C7-03 0 720.0 721.1 720.5 0.8
C7-02 0 710.4 712.5 711.5 1.5
C6-01 0 695.2 699.9 697.6 33
C6-02 0 699.0 701.2 700.1 1.6
C6-03 0 699.8 703.2 701.5 2.4
C5/6-05 0 696.0 693.8 694.9 1.6
C5/6-06 0 711.1 714.6 712.9 24
C5/6-07 0 701.0 700.9 700.9 <0.1
C5-06 0 688.0 692.2 690.1 29
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Continued
Station Depth/m Measured A/(umol-L™") Measured B/(umol-L™") Average/(pmol-L™) Standard deviation/(umol-L™")
C5-05 150 603.9 604.7 604.3 0.6
C4-01 0 687.7 692.0 689.8 3.1
C4-02 0 680.7 679.1 679.9 1.2
C4-03 0 684.6 684.2 684.4 0.3
C4-05 0 707.0 711.6 709.3 33
C4-09 0 766.6 764.7 765.6 1.3
C4-10 0 777.1 778.6 777.8 1.0
C2'-08 0 736.8 733.2 735.0 2.5
C2'-06 0 734.5 736.1 7353 1.1
C2'-09 0 728.7 727.3 728.0 1.0
C2-11 0 703.5 703.3 703.4 0.2
A10-05 0 704.1 702.4 703.2 1.2
A10-06 0 687.0 687.9 687.5 0.6
A10-07 0 698.2 693.0 704.6 3.7
A10-07/8 0 696.5 693.3 694.9 2.3
A10-08 0 686.4 685.9 686.2 0.4
A9-08 0 7123 708.2 710.3 29
A9-8/9 0 693.8 693.1 693.4 0.5
A9-09 0 699.4 704.1 701.7 33
A8-8/9 0 709.0 707.5 708.2 1.1
A4-10 0 716.6 717.3 717.0 0.5
A4-9/10 0 718.7 721.4 720.1 1.9
A3-09 0 709.7 713.9 711.8 3.0
A3-9/10 0 710.5 707.7 709.1 1.9

3.2 Spatial distribution of DO and AOU in the
Cosmonaut Sea

The horizontal distribution of DO and AOU in the
Cosmonaut Sea was shown in Figure 2 (and Figures S1 and
S2). The surface layer, 200 m layer and bottom layer
exhibited DO ranges of 679.8-805.0 pmol-L™" (715.7+
31.3 pumol-L™" on average), 349.6-638.2 pmol-L™" (462.6+
100.6 pmol-L™" on average), and 434.4-537.3 pmol-L™
(485.5+26.4 pmol'L™" on average), respectively. The
corresponding AOU in these layers ranged from —40.6 to
28.6 pumol-L™" (7.0+18.3 pumol-L™" on average), 59.8 to
168.5 pmol-L™" (126.1£37.4 umol-L™" on average), and 94.9
to 140.5 pmol-L™" (118.9+11.8 umol-L™" on average). In the
southwest Cosmonaut Sea (transect C2', stations C4-07 to
C4-12), the surface Chl a (1.87£0.84 mgm™) was
significantly higher (p < 0.05) than the northeast (0.50+
0.43 mg'm™) (Figure S3), and AOU was significantly lower
(» < 0.05) in the southwest Cosmonaut Sea (—14.6+
18.6 umol-L™") than the northeast (16.0+7.4 pumol-L™). In
the 200 m layer, AOU was also significantly lower (p < 0.05)
in the south (99.3+27.4 umol-L™") than the north
(160.1x11.0 umol-L™) (Stations C4-01 to C4-03, C5-01 to
C5-03, C5/6-05, and transects C6 and C7). In the bottom
layer, there was no spacial difference on AOU horizontal
distribution.

The vertical distribution of DO and AOU in the
transects C2', C4, C5 and C7 of the Cosmonaut Sea was

shown in Figure 3. The DO in the photic zone showed a fast
decrease with increasing depth in all transects and reached
its lowest point at a depth of 200-500 m before slowly
increasing to the bottom. The DO spacial distribution of
transects C4 and C7 in our study was quite similar to Legs 3
and 7 in Meijers et al. (2010). For example, the water
masses with DO values lower than 400 pmol-L™' can upwell
to 150 m, the water masses with DO values higher than
490 pmol-L™" are popularly present at the bottom layer.
These results indicate the insignificant change in DO
pattern of the Cosmonaut Sea in January during the past
15 years. AOU demonstrated an opposite trend to DO.
Basically, AOU was lower than 30 pmol-L™" in the upper
25 m. In the 50-300 m, AOU increased slower with water
depth in the higher latitude coastal region, but sharper in the
lower latitude open ocean region. For instance, AOU was ca.
60 pmol-L™" in 300 m layer of coastal stations C4-12 and
C5-07; while was over 160 pmol-L™" in open ocean stations
C4-01 and C5-01. Then, AOU reached lower than
130 umol-L™" in the bottom layer over 3000 m.

3.3 Spatial distribution of DO and AOU in the
Amundsen Sea

The horizontal distribution of DO and AOU in the
Amundsen Sea was shown in Figure 4 (and Figures S4
and S5). The surface layer, 200 m layer and bottom
layer exhibited DO ranges of 667.9-722.0 pmol-L™'
(701.0+14.5 pmol-L™" on average), 353.5-552.6 umol-L™
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Figure 2 Horizontal distributions of DO and AOU in the surface layer, 200 m layer and bottom layer of the Cosmonaut Sea.

(400.4+46.0 umol-L™" on average), and 377.7-44.6 pmol-L™"'
(424.4+20.7 pumol'L™' on average), respectively. The
corresponding AOU distributions ranged from 15.8 to
29.5 umol'L™" (22.3+4.4 pmol-L™' on average), 75.4 to
165.9 pmol-L™' (146.2421.8 pmol-L™' on average), and
133.9 to 159.7 pmol-L™" (141.7+7.4 pmol-L™" on average),
respectively. In the surface and bottom layers, there was no
spacial difference on AOU horizontal distribution, while in
the 200 m layer, AOU was higher (p < 0.01) in south
(150.3+13.1 pmol-L ™) than that in north (75.3 pmol-L™) (i.e.,
station A3-12). The surface AOU in the Amundsen Sea was
significantly higher (p < 0.05) than the northeast and southwest
Cosmonaut Sea. In the 200 m layer, AOU in the Amundsen
Sea was comparable (p > 0.05) to the north Cosmonaut Sea,
but significantly higher (p < 0.05) than the south Cosmonaut
Sea. The bottom AOU in the Amundsen Sea was significantly
higher (p < 0.01) than the Cosmonaut Sea.

The vertical distribution of DO and AOU in transects
A3 and A10 of the Amundsen Sea was shown in Figure 5.

The DO in the photic zone decreased significantly with
increasing depth, with the lowest DO observed between 200
and 1000 m. Then DO increased slightly with further depth.
There was a relatively consistent trend of DO and AOU from
nearshore to open ocean, without significant latitudinal
differences. AOU increased from lower than 30 pmol-L™" in
the upper 25 m to over 160 pmol-L™" in the 200-500 m, and
then decreased slowly to higher than 130 pmol-L™' in the
bottom layer over 3000 m. Comparing with the Cosmonaut
Sea, we found that low (< 50 umol-L™") AOU waters can
reach 150 m water depth in the north stations of transects
A3 and A4 in the Amundsen Sea, and high (> 160 pmol-L™")
AOU waters can invade to the continental shelf of transect
A10. Previous study showed that the CDW can reach ice
shelves adjacent to the Amundsen Sea Polynya (Xing et al.,
2020). In the upper (0-200 m) open ocean north of
Amundsen Sea, there was no significant difference between
our results and Wang et al. (2022), indicating the stable
status of DO in March.
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4 Discussion

4.1 The effect of primary production on surface
AOU distribution

There were significant regional differences in surface
AOU between the two seas. As mentioned above, AOU of
the southwest Cosmonaut Sea was significantly lower than
the northeast Cosmonaut Sea and Amundsen Sea. There
was a significant negative correlation between surface AOU
and Chl a in the the study area (p < 0.01, »r =-0.64, n = 51,
Figure 6). This indicates that austral summer phytoplankton
bloom in coastal region release a large amount of oxygen,
leading to the supersaturation of DO (i.e., AOU < 0). The
domination of Chl @ on AOU in surface water may be
common. A previous study showed that the AOU in Prydz
Bay was lower in the high Chl a area (Han, 2018). In
addition, in the Pearl River Estuary, algae growth increased

the DO content in the water column, and Chl a was
positively correlated with DO (Liu et al., 2002). In Lake
Qiandaohu, the concentration of Chl a was positively
correlated with DO and related to phytoplankton production
(Yin et al., 2014).

The difference in average AOU between the northwest
Cosmonaut Sea and the Amundsen Sea was much smaller
by comparing with the southwest Cosmonaut Sea,
indicating the regional and seasonal homogeneity of AOU
in the open Southern Ocean. Even the average was
comparable, the difference was significant (p < 0.01), which
need further study to explore the controlling factors. It
should be noted that Chl a in the 25 m layer (2.30+
1.80 mg:m ) of the southwest Cosmonaut Sea was slightly
higher than the surface (1.37+0.94 mg-m ), while AOU did
show the same pattern in the 25 m layer (Figures S2 and S3).
This could be due to the increasing microbial consumption
on DO and/or insufficient supplement of DO though sea—air
exchange. With water depth increasing to 200 m, Chl a
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Figure 4 Horizontal distributions of DO and AOU in the surface layer, 200 m layer and bottom layer of the Amundsen Sea.

decreased dramatically to < 0.3 mg'm °, while AOU varied
from < 30 umol-L ™' to > 160 pmol-L ™", indicating that AOU
is controlled by other factors rather than Chl a.

4.2 The influence of water masses on AOU
distribution

Water masses can influence the distribution of AOU in
the Cosmonaut Sea and Amundsen Sea. Based on the
potential temperature data obtained during this cruise and
referring to Meijers et al. (2010) and Williams et al. (2010),
we identified the water masses of the two seas during the
survey period: Antarctic Surface Water (AASW), CDW,
modified CDW (mCDW), Warm Deep Water (WDW), and
AABW. And the fronts: SB, ASF and southern Antarctic
Circumpolar Current front (SACC{) (see Figure S6 for the
detailed information of water masses and fronts).
Correspondingly, we combined AOU data with these water
masses and fronts, and discovered some seasonal or regional
similarities and/or differences between the studied seas.

In surface water (0-25 m), AOU < 0 was common in
the Cosmonaut Sea, while in the Amundsen Sea, AOU was
generally > 10 umol-L™" (Figure 7). This is closely related
to the presence of the summer mixed layer (SML) with
higher temperatures in AASW. For example, there was a
significant SML in the transects C2' and C4 of the
Cosmonaut Sea in austral summer, while there was no SML
in the Amundsen Sea in early winter. On the one hand,
higher water temperatures are beneficial for the growth of
phytoplankton and more DO releasing (as discussed in
section 4.1). This result was similar to the spatial
distribution of nitrogen and phosphorus on the surface of
the Cosmonaut Sea (Huang et al., 2022). On the other hand,
SML can increase sea—air exchange and increase DO supply.
Both factors can reduce AOU. In subsurface water (75—
150 m), AOU value was lower in the north Amundsen Sea
in early winter (such as < 50 umol-L™" in transect A3) than
the south Amundsen Sea and the entire Cosmonaut Sea,
possibly due to the deeper winter mixing layer (as can be
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Figure 6 Correlation analysis between Chl a and AOU in surface
layer of the Cosmonaut Sea and Amundsen Sea. Note: Southwest
Cosmonaut Sea includes 10 stations of transect C2' and stations
C4-07 to C4-12.

seen from potential temperature data) in the open ocean
during winter, and the un-upwelling of CDW.

In water depths of 150-500 m, there were significant
latitude and seasonal differences in properties of water
masses, and AOU also exhibited different characteristics. In
the higher latitude nearshore Cosmonaut Sea in austral
summer, the winter residual water layer (with a potential
temperature as low as <—1.6 ‘C) in AASW was thicker (as
shown in transects C4 and CS5), and the ASF could reach
down to ca. 500 m (Figure S6). This may be the area where
high-density shelf water sinking to the continental slope and
leading to the formation of AABW. Accordingly, the AOU
value here was as low as < 130 umol-L ™" (Figure 7). While

in the lower latitude pelagic Cosmonaut Sea in austral
summer, CDW (with potential temperature > 1.5 “C) could
flow southward to about 64°S and a depth of 150 m (such
as transects C4 and C5) (Figure S6), and the AOU here
could reach as high as > 160 umol-L™' (Figure 7). The
continuous upwelling of CDW regardless of season may be
one important reason of the formation of polynya in winter
(Comiso and Gorden, 1996; Wei et al., 2022). mCDW
(potential temperature < 1.5 C) can continue to invade
higher latitude regions (Figure S6), and correspondingly,
AOU also showed a decreasing trend (such as transects C4
and C5) (Figure 7). In transects C2' and C4 of the west
Cosmonaut Sea, the presence of WDW controlled by WG
was indicated by potential temperatures > 0.6 C
(Figure S6), where AOU was relative high (> 140 pmol-L ")
(Figure 7). In transect C7 of the east Cosmonaut Sea, the
presence of sACCf could be identified by potential
temperatures > 1.8 C (Figure S6), but there was no
significant difference in the AOU between the north and
south of sACCT.

In the depth of 150-500 m of the higher latitude
nearshore Amundsen Sea (such as transect A10) in early
winter, there was a relatively thin AASW, and ASF was
shallower than 200 m (Figure S6). The AOU here was
approximately 130 pumol-L™' (Figure 7). But the CDW
(potential temperature > 1.5 C) could flow southward to
about 70°S and a depth of 200 m (Figure S6), and its AOU
could reach up to > 160 umol-L™" (Figure 7). The AOU of
mCDW (potential temperature < 1.5 °C) invading the entire
wide continental shelf was also as high as >160 pmol-L™
(Figures 7 and S6), which was not significantly different
from CDW. This characteristic is different from the
Cosmonaut Sea, where AOU of mCDW was lower than that
of the CDW, and further research is needed to reveal this
difference. Correspondingly, the lower latitude pelagic



Dissolved oxygen in Cosmonaut Sea and Amundsen Sea in austral summer 2021 281

Amundsen Sea (such as transect A3) in winter was occupied
by warm water and showed a trend of CDW upwelling at
about 68°S (Figure S6). Its AOU was relatively high (>
150 pmol-L™"), and had the same distribution trend as the
potential temperature (Figure S6).

In the bottom layer with water depth over 3000 m,
AABW (potential temperature < 0 C) is present in the
Cosmonaut Sea (Figure S6), and its AOU can be as low as
<130 pmol-L™" (Figure 7). This result is consistent with
Meijers et al. (2010), where the bottom DO concentration
on the nearshore side was > 510 pmol-L™'. The similar
conditions have been found in the Ross Sea, which is one of
the places where AABW is generated, and water masses
with high DO would sink along the continental slope
(Budillon et al., 2011). However, AABW is basically absent
in the Amundsen Sea (bottom layer potential temperature
>0 ‘C) (Ohshima et al., 2013; Lee et al., 2017; Solodoch et
al., 2022) (Figure S6), with AOU > 130 pmol-L™" (Figure 7).

In summary, AOU at different water depths is
controlled by water masses, and combining with physical
oceanographic parameters such as potential temperature,
AOU can indicate the characteristics of and changes in
water masses.

a AOU/(pmol-L™") b AOU/(umol-L™")
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Figure 7 Profile view of AOU of the Cosmonaut Sea (a) and
Amundsen Sea (b).

5 Summary

Our research examined the spatial distribution of DO
and AOU in the Cosmonaut Sea and Amundsen Sea during
the CHINARE-37 in austral summer 2021. The sample
analyses gave good quality data, and the standard deviation
for DO concentrations found in duplicate samples (n = 2)
were better than required. In the surface layer of the
Cosmonaut Sea and Amundsen Sea, AOU exhibited a
significant negative correlation with Chl a, suggesting that
the phytoplankton bloom promotes an increase in DO. In
the 200 m layer, the highest AOU was observed in both seas

due to the intrusion of CDW, except for the coastal region
of Cosmonaut Sea where CDW was hindered by the
presence of the thicker AASW and narrow continental shelf.
In the bottom layer, the AOU was significantly lower (p <
0.01) in the Cosmonaut Sea than the Amundsen Sea,
indicating the presence of oxygen-rich AABW in the
Cosmonaut Sea. Our study shows that AOU has the
potential to be an indicator of the characteristics of water
masses.
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Supplementary Text, Tables and Figures

Text S1 Operational quality supervision

The whole polar field operation and sample analysis follow the operational quality supervision, including human,
machine, sample, method, and environment, as described in Huang et al. (2022). In brief, the “human” means all executors on
sampling and analyzing of DO have received professional train for this project; “machine” means all instruments for
sampling and analyzing of DO have been verified and calibrated during the investigation, and all measuring instruments are
traceable to their sources using comparison and relevant documents; “sample” means all related processes, including
sampling, storage, and transportation of DO, are strictly carried out by relevant provisions; “method” means corresponding
rules and regulations are followed during the whole process on sampling and analyzing of DO, including laboratory
management regulations, equipment operating procedures, and investigation operation standards and norms; and
“environment” means the environment for sampling, analysis and storage of DO are clean and in order.

Table S1 The concentrations of DO and AOU in the Cosmonaut Sea of the whole water depth

Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L ™) AOU/(umol-L™")
C2'-06 34.01°E 65.17°S 1588 0 7353 -15.4
25 732.6 -10.5
50 655.4 48.1
75 623.1 66.9
100 609.3 73.0
150 540.9 98.4
200 490.9 116.5
300 434.7 137.0
500 426.1 140.1
1000 421.1 144.6
1578 434.4 140.5
C2'-08 33.98°E 65.56°S 3276 0 735.0 -15.6
25 732.7 -3.7
50 637.4 58.8
75 613.4 71.6
100 599.8 71.5
150 544.0 96.5
200 453.0 129.7
300 420.8 141.1
500 416.3 142.6
1000 4241 141.7
2000 456.0 131.0
3264 494.6 114.8
C2'-09 33.72°E 66.01°S 1194 0 728.0 -10.1
25 789.5 -30.9
50 651.5 52.0
75 622.8 67.2
100 616.9 69.8
150 606.9 72.8
200 468.6 130.7
300 431.0 142.1

500 401.0 154.8
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Continued
Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L ™) AOU/(umol-L ™)
C2'-09 33.72°E 66.01°S 1194 1000 387.5 164.0
1194 441.6 137.8
C2'-11 33.71°E 66.67°S 1256 0 703.4 43
25 707.2 10.4
50 628.1 64.3
75 619.0 69.0
100 618.7 69.1
150 582.9 83.3
200 536.2 99.9
300 452.8 130.5
500 429.8 139.7
1120 4473 135.4
C2'-13 33.72°E 67.33°S 1308 0 710.8 20.1
25 703.3 25.7
50 634.0 61.8
75 6152 71.1
100 621.1 67.9
150 585.8 83.0
200 578.0 82.2
300 468.4 1244
500 441.8 134.6
1000 437.6 138.9
1300 447.1 135.8
C4-01 45.07°E 62.66°S 4749 0 689.8 11.1
25 689.7 12.7
50 705.4 15.3
75 635.7 59.1
100 583.9 78.4
150 3923 151.7
200 365.0 162.7
300 366.1 161.9
500 383.5 154.5
1000 408.4 147.0
2000 420.9 146.2
3000 441.4 139.2
4000 476.7 1235
4723 482.4 121.2
C4-02 45.04°E 63.34°S 4595 0 679.9 18.6
25 683.7 17.2
50 684.1 31.1
75 663.7 45.4
100 647.2 53.9
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Continued
Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L ™) AOU/(umol-L™")
C4-02 45.04°E 63.34°S 4595 150 383.8 155.1
200 367.9 161.8
300 375.0 157.7
500 390.4 151.4
1000 403.8 149.4
2000 4242 144.5
3000 456.9 131.5
4000 480.6 121.6
4583 496.4 114.6
C4-03 45.02°E 64.00°S 4425 0 684.4 14.5
25 686.5 15.0
50 665.5 435
75 491.4 120.5
100 389.5 154.7
150 365.6 162.7
200 364.9 162.5
300 378.5 156.2
500 3953 149.5
1000 4135 145.0
2000 4342 139.8
3000 469.3 125.7
4413 503.5 111.0
C4-05 45.03°E 64.67°S 3971 0 709.3 0.2
25 709.2 7.1
50 632.3 61.3
75 616.7 70.6
100 634.2 61.3
150 591.9 78.5
200 5349 98.5
300 426.7 139.1
500 427.5 138.7
1000 4314 1394
2000 454.7 1322
3000 476.4 123.7
3924 498.1 1143
C4-07 45.03°E 65.35°S 3501 0 805.0 —40.6
25 748.7 2.1
50 633.8 614
75 6154 71.1
100 616.5 70.8
150 593.6 77.3

200 467.4 124.3
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Continued
Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L ™) AOU/(umol-L ™)
C4-07 45.03°E 65.35°S 3501 300 396.5 148.8
500 409.8 143.5
1000 4328 137.2
2000 456.6 130.3
3000 485.9 1183
3482 506.5 109.4
C4-09 45.00°E 66.01°S 3319 0 765.6 -29.9
25 646.8 53.9
50 607.7 75.1
75 605.6 76.4
100 607.2 75.5
150 5932 79.2
200 470.0 123.1
300 379.8 157.1
500 391.8 152.5
1000 404.4 150.2
2000 428.4 143.9
3246 466.0 128.2
C4-10 44.99°E 66.35°S 2573 0 771.8 -29.2
25 760.8 -12.4
50 625.1 65.3
75 611.5 72.9
100 581.7 83.6
150 469.3 123.0
200 3925 151.6
300 395.6 150.2
500 404.9 146.7
1000 4274 140.4
2000 462.5 128.3
2565 484.2 119.0
C4-11 45.04°E 66.48°S 2090 0 794.1 -29.2
25 733.9 11.3
50 619.4 68.6
75 609.2 74.3
100 605.8 76.1
150 610.8 71.8
200 518.4 106.3
300 433.4 136.7
500 4374 135.4
1000 423.4 1433

1995 455.4 132.2
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Continued
Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L ™) AOU/(umol-L™")
C4-12 4447°E 67.14°S 1174 0 750.9 -0.6
25 731.0 11.9
50 639.3 59.0
75 624.5 66.9
100 632.4 62.9
150 635.0 61.6
200 638.2 59.9
300 633.9 60.6
500 481.8 117.8
1160 444.0 135.6
C5/6-05 52.60°E 64.66°S 4079 0 694.9 28.6
25 697.8 20.2
50 6719 33.0
75 5359 100.9
100 437.7 136.2
150 400.5 149.0
200 386.1 153.9
300 376.6 156.9
500 389.8 157.0
1000 408.9 147.5
2000 450.2 1335
3000 479.1 122.0
4043 512.7 107.1
C5/6-06 52.50°E 65.03°S 2999 0 7129 19.1
25 712.6 15.4
50 6952 272
75 603.4 722
100 590.5 78.2
150 543.1 933
200 445.4 130.1
C5/6-07 52.59°E 65.36°S 2793 0 700.9 24.5
25 699.8 25.2
50 679.4 37.4
75 645.7 54.9
100 599.4 75.5
150 599.8 75.7
200 569.9 86.6
300 448.8 131.1
500 4304 137.2
1000 4332 139.3
2000 463.3 128.9

2783 495.5 113.9
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Continued
Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L ™) AOU/(umol-L ™)
C5/6-08 52.48°E 65.64°S 570 0 704.8 21.2
25 694.8 26.6
50 653.5 473
75 599.1 78.1
100 596.5 79.1
150 590.5 80.4
200 567.0 87.9
300 540.0 97.6
510 478.9 1213
C5/6-09 52.95°E 65.60°S 456 0 693.6 26.2
25 689.2 31.6
50 678.6 35.6
75 626.6 64.0
100 604.5 74.9
150 604.1 74.6
200 603.7 73.9
300 546.1 93.9
435 49222 113.7
C5-01 50.04°E 62.68°S 5000 0 679.8 15.5
25 695.5 7.8
50 7122 5.0
75 697.6 26.6
100 658.4 47.0
150 416.6 140.9
200 372.8 159.0
300 360.4 163.9
500 375.7 157.0
1000 399.3 149.8
2000 420.9 145.4
3000 4455 136.4
4000 467.9 127.2
4984 465.3 129.4
C5-02 50.03°E 63.33°S 4853 0 703.1 6.4
25 690.2 14.1
50 667.1 41.9
75 560.1 93.0
100 468.6 122.6
150 376.5 158.0
200 361.5 163.9
300 3714 158.9
500 384.5 153.5
1000 410.3 145.1
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Continued
Station Longitude Latitude Bottom depth/m Sample depth/m DO/(um01~L") AOU/(pmol-L’l)
C5-02 50.03°E 63.33°S 4853 2000 429.3 141.5
3000 459.4 131.7
4000 483.0 119.9
4834 498.7 112.8
C5-03 50.05°E 63.99°S 4443 0 687.4 20.2
25 692.2 17.3
50 694.0 16.5
75 635.6 55.7
100 581.5 82.1
150 512.4 106.9
200 473.4 122.2
300 423.5 139.8
500 409.8 144.3
1000 424.7 140.7
2000 452.2 132.7
3000 466.0 128.4
4000 490.5 117.6
4417 510.2 108.2
C5-05 50.01°E 64.68°S 3568 0 681.6 22.6
25 688.2 20.8
50 687.8 224
75 651.8 52.2
100 618.0 68.8
150 604.3 72.8
200 562.4 88.7
300 419.3 142.4
500 4337 135.8
1000 433.7 138.3
2000 4457 136.3
3000 480.4 122.1
3520 495.2 115.1
C5-06 49.79°E 65.02°S 2504 0 690.1 21.5
25 691.8 21.6
50 688.1 30.0
75 635.5 61.2
100 631.6 63.0
150 623.4 66.7
200 627.0 63.7
300 563.9 85.2
500 455.0 128.5
1000 453.2 131.6
2000 482.4 121.0
2503 501.5 112.4
C5-07 49.90°E 65.34°S 2117 0 707.0 21.6
25 705.8 23.1

50 690.6 31.0
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Continued
Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L ™) AOU/(umol-L ™)
C5-07 49.90°E 65.34°S 2117 75 653.8 524
100 634.7 61.8
150 639.6 58.6
200 636.3 59.8
300 624.9 62.3
500 481.4 117.8
1000 455.2 130.1
2092 496.1 114.6
C5'-08 51.57°E 65.65°S 1345 0 723.1 12.4
25 736.2 6.8
50 705.2 22.7
75 685.0 34.1
100 667.0 44.1
150 644.1 55.4
200 608.6 732
300 589.0 78.0
500 475.9 122.4
1000 459.1 129.8
1314 456.0 132.0
C6-01 55.02°E 62.67°S 4992 0 697.6 9.8
25 699.9 10.1
50 711.5 11.4
75 658.2 48.6
100 543.7 93.0
150 380.3 155.7
200 362.0 162.9
300 346.9 169.3
500 369.3 159.0
1000 400.3 147.9
2000 426.2 141.8
3000 439.1 139.1
4000 475.7 123.0
4962 499.6 112.2
C6-02 55.01°E 63.35°S 4868 0 700.1 9.8
25 706.4 7.5
50 680.1 38.0
75 6223 61.6
100 505.8 107.5
150 377.0 156.9
200 360.0 163.6
300 364.6 160.7
500 382.8 152.5
1000 417.9 139.2




Dissolved oxygen in Cosmonaut Sea and Amundsen Sea in austral summer 2021 291

Continued
Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L ™) AOU/(umol-L™")
C6-02 55.01°E 63.35°S 4868 2000 4335 137.5
3000 444.8 136.0
4000 4732 124.1
4852 513.6 106.1
C6-03 54.98°E 63.99°S 4454 0 701.5 22.0
25 700.4 13.8
50 696.9 17.0
75 560.3 89.9
100 4172 142.7
150 362.2 163.4
200 356.6 165.5
300 365.6 160.9
500 378.4 156.1
1000 406.0 146.5
2000 421.5 145.1
3000 458.3 130.6
4444 521.7 102.6
C7-02 59.91°E 63.31°S 4347 0 711.5 10.2
25 743.1 1.1
50 696.1 23.0
75 631.4 60.4
100 558.2 86.4
150 385.1 153.6
200 354.7 166.2
300 3572 164.8
500 373.7 156.9
1000 404.1 146.2
2000 424.4 142.6
3000 4545 1314
4326 505.0 110.4
C7-03 60.08°E 64.04°S 4359 0 720.5 5.6
25 730.7 1.0
50 670.8 41.2
75 644.3 543
100 540.4 94.0
150 365.3 162.4
200 349.6 168.5
300 355.1 165.0
500 366.7 159.7
1000 401.6 146.5
2000 414.9 147.2

3000 447.9 134.6




292 Guo J Y, et al. Adv Polar Sci December (2023) Vol. 34 No. 4

Continued
Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L ™) AOU/(umol-L ™)
C7-03 60.08°E 64.04°S 4359 4343 499.8 1133
C7-04 60.02°E 64.36°S 4215 0 704.2 23.7
25 683.8 34.0
50 659.7 49.3
75 573.8 87.3
100 469.6 124.8
150 3743 158.7
200 3583 164.7
300 362.6 162.4
500 385.0 152.0
1000 416.8 140.4
2000 430.9 139.8
3000 464.8 126.6
4207 5373 94.9
C7-05 59.95°E 64.68°S 4179 0 7222 8.9
25 722.6 13.4
50 659.2 48.6
75 599.1 72.8
100 462.2 125.2
150 373.1 159.1
200 364.2 162.5
300 363.8 161.6
500 3835 152.9
1000 411.8 143.3
2000 429.2 140.9
3000 4545 132.1
4156 454.1 136.5
C7-06 59.92°E 64.90°S 4056 0 727.6 10.6
25 745.9 42
50 6353 60.5
75 558.7 92.7
100 4324 1352
150 371.6 159.4
200 363.5 162.4
300 366.4 160.4
500 389.8 149.9
1000 4139 142.3
2000 432.0 139.7

Note: Parallel samples (see Table 1 for detailed information) were presented with mean values.
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Table S2 The concentrations of DO and AOU in the Amundsen Sea of the whole water depth

Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L ™) AOU/(umol-L™)
A10-05 85.00°W 71.00°S 611 0 703.2 27.6
25 707.3 25.6
50 592.5 81.3
75 560.0 97.7
100 529.3 111.0
150 438.0 142.5
200 390.0 158.7
300 370.3 162.2
500 386.6 157.0
596 406.3 144.8
A10-06 85.03°W 70.52°S 639 0 687.5 28.5
25 686.6 28.3
50 627.8 57.8
75 560.4 97.1
100 539.1 104.5
150 447.3 139.7
200 397.0 155.8
300 371.4 161.4
500 381.9 157.0
626 394.2 152.1
A10-07 85.01°W 70.01°S 8333 0 704.6 23.0
25 661.4 44.0
50 600.2 77.3
75 581.7 87.9
100 576.7 87.7
150 477.0 125.4
200 401.4 156.3
300 363.8 165.5
500 371.7 160.5
811 377.7 159.7
A10-08 84.99°W 69.02°S 3217 0 686.2 26.7
25 684.3 272
50 627.5 56.3
75 603.8 75.1
100 541.9 101.8
150 427.5 140.5
200 358.9 165.3
300 359.9 162.4
500 371.1 157.8
1000 3953 149.6
2000 417.3 143.9

3000 426.0 142.3
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Continued
Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L ™) AOU/(umol-L ™)

A10-08 84.99°W 69.02°S 3217 3211 424.9 143.0
A10-7/8 85.00°W 69.51°S 2356 5 694.9 29.5
25 693.4 273

50 597.4 793

75 584.6 85.5

100 550.5 96.7
150 443.7 135.8

200 360.2 163.1
300 358.1 163.6

500 3752 156.2

1000 400.0 148.1

2000 424.4 141.3

2348 430.1 139.7

A10-8/9 85.08°W 68.50°S 3655 0 680.4 25.1
25 682.5 23.9

50 681.2 24.5

75 549.9 95.7

100 470.5 123.5
150 374.0 158.4

200 3535 165.5
300 358.8 162.4

500 367.8 158.6

1000 397.4 147.3

2000 418.7 142.3

3000 436.3 136.9

3620 4395 136.1

A3-09 120.01°W 68.00°S 4296 0 711.8 24.9
25 7123 247

50 701.4 29.8

75 641.4 55.1

100 554.1 89.3

150 414.8 139.5

200 381.0 1532

300 363.2 160.5

500 3754 154.5

1000 390.8 150.5

2000 415.7 143.4

3000 4325 1384

4283 444.6 1339

A3-10 120.01°W 67.00°S 4536 0 709.4 20.1
25 7143 17.7

50 716.0 16.9
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Continued
Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L™) AOU/(umol-L™")

A3-10 120.01°W 67.00°S 4536 75 709.0 20.8
100 693.1 26.8

150 625.6 50.1
200 410.2 140.5
300 369.3 158.0
500 368.6 157.5
1000 393.7 148.0
2000 4155 1429
3000 433.8 137.3
4527 434.9 138.5

A3-11 119.99°W 66.00°S 4757 0 690.8 17.7
25 684.2 20.7

50 705.3 8.2

75 687.9 15.5

100 681.0 15.8

150 643.3 374
200 4513 119.7
300 3859 149.2
500 365.3 157.8
1000 390.2 148.3
2000 414.8 142.4

3000 430.5 138.1
4745 440.4 135.8

A3-12 119.99°W 64.99°S 4971 0 667.9 24.0
25 673.5 21.2

50 674.1 21.2

75 672.8 21.8

100 680.5 17.1

150 661.1 28.8

200 552.6 75.4
300 380.2 150.8
500 360.0 160.6
1000 381.3 151.7

A3-9/10 120.06°W 67.54°S 4296 0 709.1 22.1
25 710.6 213

50 704.6 23.0

75 703.9 22.8

100 677.0 34.0

150 5472 84.7
200 401.3 144.4
300 366.5 159.0

500 367.9 158.1
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Continued

Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L ™) AOU/(umol-L ™)
A3-9/10 120.06°W 67.54°S 4296 1000 3935 148.4
2000 411.7 145.0
3000 419.6 144.6
4187 435.2 138.6
A4-10 115.01°W 67.00°S 4735 0 717.0 18.0
25 719.1 17.6
50 714.4 19.2
75 681.3 26.5
100 681.1 252
150 591.4 62.9
200 418.7 134.7
300 379.5 152.1
500 370.5 156.3
A4-9/10 115.15°W 67.49°S 4627 0 720.1 17.2
25 728.0 12.2
50 720.0 12.9
75 690.5 24.0
100 668.2 35.6
150 589.8 68.4
200 4173 136.9
300 378.7 153.8
500 360.3 160.9
1000 380.7 153.7
2000 401.9 149.1
3000 419.7 143.7
4620 433.9 138.9
A8-09 95.00°W 68.00°S 4418 0 722.0 16.7
25 716.7 19.5
50 710.7 22.6
75 672.5 36.8
100 646.7 49.1
150 472.1 113.6
200 398.1 144.9
300 363.6 159.7
500 356.3 163.3
A8-8/9 95.05°W 68.51°S 4442 0 708.2 20.1
25 7133 17.5
50 684.3 29.0
75 678.7 28.3
100 675.6 28.6
150 594.6 63.5
200 406.3 140.3
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Continued
Station Longitude Latitude Bottom depth/m Sample depth/m DO/(umol-L™) AOU/(umol-L™")
A8-8/9 95.05°W 68.51°S 4442 300 370.8 155.7
500 368.2 157.0
A9-08 89.96°W 69.02°S 3161 0 710.3 15.8
25 696.7 22.6
50 699.2 21.1
75 612.2 69.8
100 552.0 923
150 403.9 148.2
200 355.8 165.9
300 353.5 165.4
500 365.1 160.1
1000 385.8 153.6
2000 414.8 144.1
3145 431.0 139.6
A9-09 89.98°W 68.01°S 4038 0 701.7 18.9
25 695.1 222
50 684.6 31.7
75 670.3 422
100 643.6 52.4
150 475.5 115.6
200 391.4 149.0
300 364.8 159.0
500 371.0 156.1
A9-8/9 89.99°W 68.52°S 3916 0 693.4 253
25 692.3 25.8
50 637.4 54.5
75 583.5 80.4
100 503.4 108.7
150 396.9 149.1
200 362.9 161.6
500 368.8 157.9
1000 394.4 148.8
2370 427.1 139.1

Note: Parallel samples (see Table 1 for detailed information) were presented with mean values.
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Figure S1 Horizontal distributions of DO in the Cosmonaut Sea of the whole water depth.
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Figure S2 Horizontal distributions of AOU in the Cosmonaut Sea of the whole water depth.
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Figure S4 Horizontal distributions of DO in the Amundsen Sea of the whole water depth.
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Figure S5 Horizontal distributions of AOU in the Amundsen Sea of the whole water depth.
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Figure S6 Vertical distributions of potential temperature for the whole water depth along transects C2', C4, C5 and C7 in the Cosmonaut
Sea and transects A3 and A10 in the Amundsen Sea. Major water masses and fronts are labelled as defined in Williams et al. (2010):
AASW: Antarctic Surface Water; WDW: Warm Deep Water; CDW: Circumpolar Deep Water; mCDW: modified Circumpolar Deep Water;
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Current front. Note: depth was displayed in logarithmic form.



