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ARTICLE INFO ABSTRACT

This study examined particulate organic carbon (POC) and its isotopic composition (5'Cpoc) in the Cosmonaut
and Cooperation Seas in the Antarctica during the summer of 2019. Our results show that the spatial variation of
POC concentration in summer surface water generally mirrors that of 513CPOC, with higher POC and 613Cpoc
values in the Cosmonaut Sea compared to the Cooperation Sea. The §'3Cpgc values in both seas were positively
correlated with the proportion of Chl-a in smaller particles (< 20 pm). However, the relationship with the
proportion of biogenic POC in smaller particles (< 20 pm) differed between the two seas. This discrepancy is
attributed to differences in the dominant phytoplankton species. In the Cosmonaut Sea, smaller phytoplankton
(nano- and pico-phytoplankton) were dominated by Phaeocystis antarctica, whereas in the Cooperation Sea, they
were dominated by pennate diatoms. The 8'3Cpo in deep waters of both seas increased with depth, reflecting the
effects of organic remineralization. The carbon isotope fractionation factors during remineralization, estimated
using Rayleigh model, were 1.5 + 0.2%o and 1.6 + 0.2%o in the Cosmonaut Sea and the Cooperation Sea,
respectively. These small isotope effects indicate that the isotope signals of organic matter exported from the
upper layer are well preserved in the deep ocean. Additionally, anomalously high §'3Cpoc values were observed
in the bottom water outside the Cape Darnley polynya in the Cooperation Sea, reflecting the input of ice algae-
derived organic matter from the shelf during AABW formation. A simple isotopic mass balance estimate suggests
that 6-19% of the POC in the AABW of the Cooperation Sea is contributed by ice algae. Our study highlights the
complexity of factors affecting 8'Cpoc in the Southern Ocean, emphasizing the importance of phytoplankton
community composition.
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1. Introduction Arrigo et al., 2015). Numerous studies have shown that the upwelling

regions and the marginal ice zone (MIZ) exhibit higher primary pro-

The Southern Ocean is a crucial region for the global carbon cycle
and climate change (Sarmiento and LeQuéré, 1996). The eastward
Antarctic Circumpolar Current (ACC), driven by strong westerly winds,
connects the Atlantic, Indian, and Pacific Oceans, serving as the primary
conduit for the transport of heat, salinity, and organic matter (Pollard
et al., 2002, Talley et al., 2016). The euphotic zone in the Southern
Ocean, characterized by high nutrients and low chlorophyll a (Chl-a),
has sparked ongoing interest in the environmental factors that regulate
primary productivity (Tripathy et al., 2015). Light availability and iron
supply are two critical factors influencing primary productivity in the
Southern Ocean (Nelson and Smith,1991; Smith and Lancelot, 2004;
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ductivity due to increased light and Fe availability (Moore and Abbott,
2000; Smith and Nelson, 1985). Iron released from melting sea ice and
enhanced stratification are key factors that boost primary productivity
in the MIZ (Moline and Prézelin, 1996; Garibotti et al., 2003; Lannuzel
et al., 2008). Primary productivity is the main source of particulate
organic carbon (POC) and thus drives the biological pump in the
Southern Ocean (Benner and Amon, 2015). Therefore, a comprehensive
understanding of the production, degradation, and burial of POC in the
Southern Ocean is vital for better understanding of the global carbon
cycle and climate change.

The subpolar zone of the Southern Ocean, located between the
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southern boundary (SB) of the ACC and the Antarctic Slope Front (ASF),
not only exhibits large-scale meridional and zonal -circulation
(Wakatsuchi et al., 1994; Whitworth et al., 1985; Bindoff et al., 2000),
but also significant sea ice formation and retreat (Gloersen et al., 1992).
These environmental conditions promote the growth of phytoplankton,
providing abundant food for zooplankton, fish and mammals. Garrity
et al. (2005) demonstrated that regions with annual sea ice coverage
concentrations ranging from 9% to 67% have higher carbon export
fluxes, indicating that subpolar zones are crucial to the Southern Ocean
carbon cycle. Particulate organic carbon in the subpolar Southern Ocean
is primarily derived from primary production and biogenic detritus of
ice algae and phytoplankton (Fabiano et al., 1996; Pasquer et al., 2010;
Arrigo et al., 2012; Misic et al., 2017; Venturini et al., 2020). The carbon
isotopic composition of organic matter (813Cpoc) derived from ice algae
and phytoplankton varies, reflecting different biogeochemical processes
and isotope fractionation effects. This variation is used to determine the
source and transformation of POC. §'%Cpoc has been employed to
identify the source of organic matter (Gibson et al., 1999; Jia et al.,
2020; Venturini et al., 2020) and to provide various biogeochemical
insights, such as the growth, species and size of phytoplankton (Bentaleb
et al., 1998; Lara et al., 2010; Henley et al., 2012; Stirnmann et al.,
2024), pathways and mechanisms in photosynthetic carbon fixation
(Bentaleb et al.,1998; Wilkes and Pearson, 2019), and remineralization
of POC in deep water (Venturini et al., 2020; Close and Henderson,
2020). However, isotope studies on POC in the Southern Ocean have
predominantly focused north of the Polar Front (Dehairs et al., 1997;
Cavagna et al., 2013; Soares et al., 2020), with only a few reports from
the Weddell Sea (Kennedy et al., 2002), Antarctic Peninsula (Henley
et al., 2012), Prydz Bay (Ren et al., 2015), and circum-Antarctic surface
waters in the subpolar zones. To address this gap, our study investigates
the carbon isotopic composition of particulate organic matter in the
subpolar region of the Indian Ocean sector of the Southern Ocean.

50°E
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Knowledge of the carbon cycle in the Indian Ocean sector of the
Southern Ocean remains limited. In the summer of 2006, researchers
conducted a comprehensive multidisciplinary survey of the eastern
Weddell-Enderby Basin (30 — 80 °E) (Nicol et al., 2010; Westwood et al.,
2010; Davidson et al., 2010; Williams et al., 2010; Pasquer et al., 2010).
Studies have indicated that primary productivity in the MIZ is signifi-
cantly higher than in the open ocean, with an average of 2110 + 1347
mgC/m?2/d (Westwood et al., 2010). The spatial variation of POC con-
centration is influenced by the retreat of sea ice and ocean currents
(Pasquer et al., 2010). In this study, we measured the carbon isotopic
composition of particulate organic matter in the Cosmonaut Sea (30 — 55
°E) and the Cooperation Sea (55 — 80 °E) within the Weddell-Enderby
Basin. Our aim is to identify the main biological factors causing the
spatial variation of 813Cpoc and to explore the potential of using 813Cpoc
to trace the formation of AABW in the Cooperation Sea.

2. Materials and methods
2.1. Study area

The study area is situated in the Weddell-Enderby Basin, ranging
from 30 °E to 80 °E in the Indian Ocean sector of the Southern Ocean. It
encompasses the Cosmonaut Sea (30-55 °E) and the Cooperation Sea
(55 - 80 °E) (Fig. 1). The region features an eastward-flowing ACC be-
tween 60 °S and 62 °S in the north, and a westward-flowing Antarctic
Slope Current (ASC) in the south. The ASC is a robust current along the
continental slope at depths of 750-1250 m (Williams et al., 2010). The
area between the ASC and the southern boundary (SB) of the ACC is
referred to as the subpolar zone, the primary region influenced by ACC
upwelling through Ekman transport (Williams et al., 2010). Some
studies also identify the fixed latitude of 64 °S as the core upwelling area
(Pakhomov, 2000). In the eastern Cooperation Sea, a southward-flowing

60°E

Ocean Data View

Figure 1. Sampling locations in the Cosmonaut Sea and the Cooperation Sea. The boundary between the Cosmonaut Sea and the Cooperation Sea is approximately
55°E, with the Cosmonaut Sea to the west and the Cooperation Sea to the east. The sampling sites are indicated by yellow circles. Major currents and fronts are
marked with different colored lines: the purple, red, blue, and green lines represent the southerly ACC front (SACC), the Southern Boundary of ACC (SB), the Antarctic
slope current, and the eastern boundary of the Weddell Gyre, respectively (Orsi et al., 1995). The grey dotted line represents the Prydz Gyre (Heywood et al., 1999).

The red dashed frame depicts the Cape Darnley polynya (Ohshima et al., 2013).
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ACC, driven by topography, and a westward-flowing ASC form the
clockwise Prydz Bay Gyre (Smith et al., 1984; Heywood et al., 1999).
The western Cosmonaut Sea is affected by the eastern thumb of the
Weddell Gyre, resulting in a small clockwise subsurface recirculation at
37 °E influenced by the Gunnerus Ridge. This recirculation brings warm,
deep water to the surface, creating a perennial polynya (Comiso and
Gordon 1996; Geddes and Moore, 2007).

The water masses influencing our study area include summer surface
water (SSW), winter residual water (WW), thermocline water (TCW),
circumpolar deep water (CDW), dense shelf water (DSW), and Antarctic
bottom water (AABW). Under the influence of solar radiation and ice
melting, SSW has a temperature above -0.5 °C and a salinity between
33.0 and 34.5. WW occupies the subsurface and forms the minimum
temperature layer (Tpin), characterized by low temperature and high
salinity (T < -1 °C, S = 34.2 - 34.5). In regions of the continental shelf
and sea-ice margins, SSW often does not exist but instead exhibits the
characteristics of WW (Williams et al., 2010). The large density differ-
ence between SSW and WW cause strong stratification of the water
column, forming a seasonal surface mixed layer (SML). The permanent
thermocline water (TCW, -1.0 °C < T < 0.5 °C, 34.4 < S < 34.5) lies
between Tp,ip and the CDW (0.5 °C < T < 2°C, S > 34.4), separating the
upper waters from the deeper waters. The CDW rises along the conti-
nental slope to a depth of about 150 m and mixes with the DSW to form a
modified CDW with a temperature of 0—1.5 °C and a salinity higher than
34.4 (Orsi et al., 1995, 1999; Williams et al., 2010; Talley et al., 2011).
The formation of AABW has been observed at Darnley Cape, northwest
of Prydz Bay, indicating that our study area is one of the sources of
AABW (Meijers et al., 2010; Ohshima et al., 2013; Jia et al., 2022).

The melting of sea ice in the study area exhibits spatiotemporal
variability. In late spring and early summer (from November to January
of the following year), the sea ice gradually melts from northeast to
southwest, indicating that sea ice in the Cooperation Sea melts earlier
than in the Cosmonaut Sea. In fact, small amounts of ice floes often
persist in the Cosmonaut Sea in January (Raymond et al., 2009; Williams
etal., 2010). The SML becomes shallower under the influence of melting
sea ice, averaging around 25 m in the Cosmonaut Sea and about 50 m in
the Cooperation Sea. Variations in SML depth affect light availability,
potentially altering phytoplankton community structure. Previous
studies have shown that the growth of Phaeocystis spp. in the Cosmonaut
Sea is associated with a shallower mixed layer (Davidson et al., 2010;
Wright et al., 2010). Additionally, algal biomass, particularly ice algae,
is generally higher at the bottom of sea ice, with thicker ice supporting
greater biomass. The melting sea ice promotes algal blooms in the sur-
rounding waters, providing a food source for zooplankton and benthos
in the open ocean (Grose and McMinn, 2003; McMinn et al., 2007; Van
Leeuwe et al., 2018).

2.2. Sampling

Seawater samples were collected from 24 stations across four
meridional sections in the Cosmonaut and Cooperation Seas (30-80 °E,
60-67 °S) aboard the R/V Xuelong 2 in December 2019 (Fig. 1). At sec-
tions C8 and C9, samples were taken from the entire water column,
whereas at the other stations, samples were collected only from depths
shallower than 200 m. The seawater samples were collected using CTD
rosettes and immediately filtered through pre-combusted (450 °C, 4 h)
Whatman GF/F filters. The samples were then dried at 60 °C, stored at
-20 °C, and transported back to the onshore laboratory.

2.3. Measurement of POC, PN and 8'3Cpoc

In the onshore laboratory, a subsample of the filter was fumigated
with concentrated hydrochloric acid to remove inorganic carbon. The
sample, now free of inorganic carbon and fully dried, was wrapped in a
tin capsule and analyzed using a mass spectrometer (Thermo Finnigan
Delta V) interfaced with an elemental analyzer (Thermo Flash EA 1112)
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to measure POC and its isotopes. For particulate nitrogen (PN) deter-
mination, a subsample was directly wrapped in a tin capsule and
analyzed using the same instrument. The content of POC and PN in the
sample was calculated using a calibration curve established with the
CeHgNoO standard (Elemental Microanalysis Limited). The detection
limits for POC and PN were 0.1 pmol C and 0.1 pmol N, respectively,
with measurement accuracies better than 0.2%. To ensure the accuracy
of isotopic data, one IAEA-C8 standard (6'3C = -18.3%o, International
Atomic Energy Agency) and one USGS40 standard (5'3C = -26.4%,
United States Geological Survey) were inserted into every 10 samples for
simultaneous measurement. A working curve was established using
these two standards to create a two-point calibration, and the §'3C
values of the samples were calculated accordingly. The §'3Cpoc values
relative to the Peedee Belemnite (PDB) standard were defined as follows:

8Cpoc = <7R5a""ple —

Standard

1) x 1000%o (€]

where Rgample represents the 13¢/12C ratio in the sample measured by the
mass spectrometer, and Rgtandard represents the 13¢/12¢ ratio in PDB.
Our multiple measurement results indicate that the average 5'°C values
for USGS40 and IAEA-C8 are -25.44 + 0.09%o and -17.43 + 0.17%o,
respectively, with relative standard deviations of less than 0.1%. and
0.2%o, respectively. Therefore, the relative standard deviation of our
513C measurements is less than 0.2%o.

2.4. Temperature, salinity, nitrate and ammonium

Data on temperature, salinity, nitrate, and ammonium were provided
by the Polar Research Center of China. Temperature and salinity were
measured by the Seabird 911plus CTD system, with measurement ac-
curacies of + 0.01 °C and + 0.0003 S/m (Siemens per meter, the unit of
electrical conductivity), respectively. To ensure accuracy, the CTD
sensors were calibrated before and after the voyage.

Seawater samples for nitrate and ammonium determination were
filtered through 0.45 pm cellulose acetate membranes immediately after
collection. Both ammonium and nitrate were measured in situ aboard
the R/V Xuelong 2. Ammonium was determined using the spectropho-
tometric method of sodium hypobromite oxidation, while nitrate was
determined using a nutrient automatic analyzer (AA3, SEAL Analytical
GmbH) (GB/17378.4-2007). To ensure data reliability, parallel samples
were collected from a random layer at each station for simultaneous
analysis. The detection limits for nitrate and ammonium were 0.05
pmol/L and 0.020 pmol/L, respectively.

2.5. Chlorophyll-a

Size-fractionated chlorophyll-a was analyzed by the Second Institute
of Oceanography, Ministry of Natural Resources of China, and provided
by the Polar Research Center of China. Seawater samples were pre-
filtered through a 200 pm sieve to remove most zooplankton. Subse-
quently, the pre-filtered samples were sequentially filtered through a 20
pm sieve, a 2 pm nucleopore membrane, and a GF/F Whatman filter.
Chlorophyll-a on size-fractionated particles was measured by fluores-
cence after extraction with acetone (Holm-Hansen et al., 1965). Here,
chlorophyll-a in the particles retained by the 20 pm sieve, the 2 pm
nucleopore membrane, and the GF/F Whatman filter represent net-
phytoplankton (Chla-Net), nano-phytoplankton (Chla-Nano) and pico-
phytoplankton (Chla-Pico), respectively. The total chlorophyll-a (Chl-
a) is the sum of Chla-Net, Chla-Nano, and Chla-pico. To express the
proportion of smaller phytoplankton, rgmalier chi-a is defined as the ratio
of the sum of Chla-Nano and Chla-Pico to the total Chl-a, as follows:

Chla — Nano + Chla — Pico
Chl—a

Tsmaller Chl-a = x 100% 2)
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3. Results
3.1. Temperature and salinity

The temperature in SSW varied from -1.78 °C to 0.42 °C, with an
average of -0.94 °C. The sectional distribution of temperature showed
lower surface temperatures near the coast and higher temperatures in
the open ocean, with the highest values north of 65 °S at sections C3 and
C4 (Fig. 2). Salinity in the SSW ranged from 33.46 to 34.15, with an
average of 33.86, and was higher in the eastern section C9 (Fig. 3). The
vertical variation of temperature and salinity indicated that the SML was
about 25 m at sections C3 and C4 in the west and about 50 m at sections
C8 and C9 in the east (Fig. 2 and Fig. 3), consistent with previous
findings of the SML deepening from west to east (Wright et al., 2010).

The relationship between potential temperature and salinity in-
dicates that water masses in our study area include SSW, WW, TCW,
CDW and AABW (Fig.S1), with their characteristics listed in Table 1. The
western Cosmonaut Sea, influenced by the thumb of the Weddell Gyre,
exhibits higher temperature and lower salinity in the SSW. In contrast,
the Cooperation Sea is affected by the northward transport of DSW,
resulting in lower temperature and higher salinity in the SSW (Fig. 2 and
Fig. 3). The DSW is produced by the mixing of cold ice shelf water (ISW)
from the Emery Ice Shelf, which is exported northward and gradually
rises to the surface driven by the Prydz Bay Gyre (Jia et al., 2022). The
WW was located at a depth of approximately 50 m in our study area,
with temperature ranging from -1.82 °C to -1.25 °C, the lower value
being at section C4 (Fig. 2). Water at depths below 200 m at most sites
exhibited high temperature and high salinity (T = 0.03—1.89 °C; S =
34.54—34.74), reflecting the influence of CDW. Exceptions occurred at
the offshore sites of sections C4, C8 and C9, where temperatures below
200 m were less than 0.5 °C, indicating the influence of low-temperature
DSW spreading northward (Fig. 2). The TCW is situated between WW
and CDW at depths of 75 m to 150 m, with temperatures and salinities
ranging from -1.82 °C to 1.74 °C and 34.10 to 34.60, respectively
(Table 1). Additionally, the bottom water at sections C8 and C9
exhibited characteristics of AABW, with average temperature and
salinity being -0.28 + 0.19 °C and 34.66 + 0.01, respectively, indicating
the influence of AABW exported from the continental shelf (Table 1).

Temperature [°C]

C3-11 C3-10 C3-03 C3-02

C3-08

C3-05
2

I1
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3.2. Nitrate and ammonium

Nitrate concentrations in SSW ranged from 14.68 to 31.37 ymol/dm?>
(mean 21.54 + 4.88 pmol/dms), with the highest and lowest values
observed at stations C4-05 and C4-07, respectively (Fig. 4). The
sectional distribution of nitrate indicated the influence of CDW up-
welling, characterized by high nitrate concentrations, particularly at
sections C3, C4 and C9 near 64 °S, and section C8 near 65 °S. These
upwellings lead to increased nitrate concentrations in the upper waters
of these regions (Fig.4). Notably, waters above 150 m at the nearshore
stations of sections C8 and C9 exhibited higher nitrate concentrations
(Fig.4c, Fig.4d), corresponding to the northward export of shelf water,
as indicated by temperature and salinity (Fig.2c, Fig.2d, Fig.3c, Fig.3d).

Ammonium concentrations in the SSW of sections C3 and C4 were
below 0.4 pmol/dm?, with maximum values occurring in the subsurface
WW (Fig. 5). The formation of these ammonium subsurface maxima may
be associated with the release and accumulation of ammonium during
the degradation of organic matter in winter. In section C8, ammonium
concentrations above 50 m were generally greater than 0.5 pmol/dm?,
possibly due to reduced phytoplankton uptake (Fig. 5c¢). In section C9,
ammonium concentrations above 300 m, except at station C9-07, were
below 0.3 umol/dm3 (Fig. 5d).

3.3. Size-fractionated Chl-a

The total Chl-a concentration in the SSW ranged from 0.08 pg/L to
2.36 pg/L, with the highest value recorded at a depth of 25 m at station
C4-05 (Fig. 6a). Except for stations C4-02, C4-05, C8-02, and C9-03, the
total Chl-a at the other stations was less than 0.40 pg/L, indicating a
characteristic low phytoplankton biomass. The spatial distribution of
total Chl-a showed higher concentrations near 64 °S at sections C3, C4,
and C9, corresponding to the core area of CDW upwelling (Fig. 6a,
Fig. 2). The upwelling brings nutrients such as nitrate and iron into the
upper layer, promoting phytoplankton growth during the summer. It is
noteworthy that no spatial correspondence between high Chl-a and
upwelling was found in the previous BROKE-West study (Westwood
et al., 2010).

The size-fractionated Chl-a data indicated the dominance of nano-
and pico-phytoplankton in our study area. Except for stations C4-02, C4-

Temperature [°C]

C4-08 C4-07 C4-05 C4-04 C4-02

E 50 ,E, 50
= o= 0
2.100 2, 100
2 3]
Q 150 10 150 -1
200 200
300 2 300 : -2
67°s 66°S 65°S 64°S 63°S 66°S  655°S  65°S  64.5°S  64°S  635°S  63°S
(o)
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£9-10C8-09C8-08 €306 C8-04 €802 e 9 G5O €907 €9-05 B

Depth [m]

66°S 65.5°S 65°S 64.5°S 64°S 63.5°S

66.5°S 66°S 65.5°S 65°S 64.5°S 64°S

Figure 2. Meridional distribution of temperature in the upper 300 m water column at section C3 (a), section C4 (b), section C8 (c), and section C9 (d). The winter
residual water (WW) was located at a depth of approximately 50 m at these sections, with temperatures ranging from -1.82 °C to -1.25 °C. At most sites, water below

200 m depth exhibited high temperatures, indicating the influence of CDW.
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Figure 3. Meridional distribution of salinity in the upper 300 m water column at section C3 (a), section C4 (b), section C8 (c), and section C9 (d). At most sites, water

below 200 m depth exhibited high salinity, indicating the influence of CDW.

Table 1

The range and average values of temperature, salinity, POC, and 5'3Cpoc in various water masses. SSW, WW, TCW, CDW, and AABW denote summer surface water,
winter residual water, thermocline water, circumpolar deep water and Antarctic bottom water, respectively. Note that the bottom water in sections C8 and C9
exhibited characteristics of AABW.

water mass T (°C) S (psu) POC (pmol/dm?®) 513C (%0)
range avg range avg range avg range avg
SSW -1.78 - 0.42 -0.94 + 0.60 33.46 — 34.15 33.86 + 0.16 113 - 1573 6.68 + 3.84 -31.1 - -26.6 -28.9 £ 1.0
ww 182 - -1.25 .71 4012 33.81 - 34.28 34.12 £ 0.12 1.17 - 11.65 459 + 2.66 311 - -27.1 292413
TCW 1.82 - 1.74 -0.67 £1.10 34.10 — 34.60 34.36 + 0.14 0.29 - 3.27 1.38 4 0.71 -31.5 - -22.6 -27.6 £2.0
cDW 0.03 — 1.89 0.97 + 055 34.54 — 34.74 34.67 + 0.04 0.01 - 4.14 0.61 + 0.60 -30.1 - 195 -24.5 £ 2.2
AABW -0.49 - 0.13 -0.28 +0.19 34.64 — 34.67 34.66 + 0.01 0.10 - 0.48 0.28 + 0.11 -23.3 - -18.2 21.8+1.3
a NO;™ [umol/dm’] b NO;" [umol/dm?]
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Figure 4. Meridional distribution of nitrate in the upper 300 m water column at section C3 (a), section C4 (b), section C8 (c), and section C9 (d).
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Figure 5. Meridional distribution of ammonium in the upper 300 m water column at section C3 (a), section C4 (b), section C8 (c), and section C9 (d).
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Figure 6. Spatial distribution of Chl-a (a), POC (b), and §'%Cpec (c) at depths of 0 m, 25 m, and 50 m.

09, C9-03, C9-07 and C9-09, the average value of rgmaller chl-a in the
water above 200 m at most stations was higher than 50%, with the
highest value (77%) observed at station C4-07 (Fig. 7).

3.4. POC

The POC concentration in SSW ranged from 1.13 to 15.73 pmol/dm?,
with generally higher concentrations observed in the Cosmonaut Sea
and lower concentrations in the Cooperation Sea (Fig. 6b). Compared to
other regions, the POC concentrations in the 64—65 °S area of sections
C3 and C4 were higher (9.32 — 15.73 pmol/dm?®), with the highest value
observed at station C4-05, corresponding to higher Chl-a concentation
(Fig. 6a, Fig. 6b). In comparison, the POC measurements in the
Cosmonaut Sea were mostly higher than previously reported values
(maximum 8.5 pmol/de, Pasquer et al., 2010), but the values near the
slopes of the Cooperation Sea (1.14—2.92 umol/dmg) were close to the
lower limit of previous reports (1.6—18.7 pmol/L, Pasquer et al., 2010).

The POC profiles at all studied sites showed a decreasing trend with
increasing depth. The most pronounced gradient of decrease occurred
between the mixed layer and 200 m, with POC concentration below 200
m being lower than 1 pmol/dm? (Fig. $2). Specifically, the order of POC

concentration in various water masses was as follows: SSW > WW >
TCW > CDW > AABW. Notably, the POC concentration in AABW (0.28
+ 0.11 pmol/de) was significantly lower than that in CDW (0.61 +
0.60 pmol/dm®) (Table 1).

3.5. C/N ratio

The average C/N molar ratio of particulate organic matter in the
upper 50 m of the water column was 6.3 + 2.1, closely aligning with the
Redfield ratio of 6.6 (Redfield et al., 1963). The C/N ratios in the SSW of
sections C3 and C4 were generally higher than those in sections C8 and
C9. Specifically, the C/N ratios were greater than 10.0 at 0 m at stations
C3-06 and C3-08, and at 25 m at stations C4-02 and C4-08, while at 0 m
at stations C4-02 and C4-04, they were higher than 7.0. In contrast, the
C/N ratios were less than 4.0 at 50 m at stations C3-10 and C3-11, and at
0 m and 25 m at station C8-06.

The distribution of C/N ratio in various sections exhibited a patchy
pattern (Fig. S3). In section C3, the C/N ratios in the water column from
0 to 100 m at station C3-08 were higher than at other stations. In section
C4, the C/N ratio was higher than in other sections, particularly at 200 m
at station C4-04, where it reached 15.4. In section C8, the highest C/N
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ratio was observed at a depth of 75 m. In section C9, the C/N ratios in the
water column at nearshore stations (such as C9-10) were usually higher
than those at offshore stations (such as C9-05 and C9-03).

3.6. 8%Cpoc

The spatial variation of 8'3Cpoc in the SSW generally exhibited
higher values in the east and lower values in the west, mirroring the
distribution of POC (Fig. S2). The 613Cpoc values in SSW ranged from
-31.1%o to -26.6%o, with an average of -28.9 + 1.0%o. In WW, the 613Cp0c
values were not significantly different from those in SSW, with an
average of -29.2 + 1.3%o (Table 1). The profiles of 5'3Cpoc indicated an
increase with depth below the WW, with average values of -27.6 + 2.0%o
in TCW, -24.5 + 2.2%o in CDW, and -21.8 + 1.3%0 in AABW (Table 1).
Notably, 613Cpoc values in AABW were significantly higher than those in
CDW, corresponding to a significant decrease in POC (Table 1). The
lowest 613Cpoc value in our study area was -31.5%o, consistent with
previous reports as low as -32% in the Southern Ocean (Tao et al., 2022).

4. Discussion
4.1. Effects of phytoplankton communities on 8'>Cpoc in the SSW

Previous field and laboratory studies have indicated that tempera-
ture may influence 5'3Cpoc by altering the concentration of dissolved
CO4 in seawater and the activity of carboxylases in phytoplankton. This
results in a negative correlation between 613Cpoc and [(CO2)aq] in the
mixed layer (Rau et al., 1989; Descolasgros and Fontugne, 1990).
However, the presence of this negative correlation in the Southern
Ocean remains uncertain and requires further investigation. Some
studies suggest that §'%Cpoc variations in the Southern Ocean are
influenced not only by [(CO2),q] but also by biological factors such as
phytoplankton species, size, and growth rate (Kennedy and Robertson,
1995; Popp et al., 1999; Burkhardt et al., 1999; Henley et al., 2012). The
situation in the Cosmonaut and Cooperation Seas is still unclear. This
study focuses on the effect of phytoplankton size on the variation of
613Cpoc in the mixed layer during summer.

Previous research has shown that the melting of sea ice in summer
often creates a shallow mixed layer in the seasonal ice zones of the

Southern Ocean. Here, phytoplankton, usually dominated by micro-
diatoms and Phaeocystis antarctica, contribute 25—67% of biological
productivity (Smith and Asper, 2001; Davidson et al., 2010). Contrary to
these scenarios, the average contribution of nano- and pico-
phytoplankton to the total biomass (rsmalter chi-a) in the upper 200 m
water column of the Cosmonaut Sea and the Cooperation Sea reached
57.7% and 50.9%, respectively, indicating an ecosystem dominated by
smaller phytoplankton (Fig.7). In such an ecosystem, we found a sig-
nificant positive correlation between 613CPOC in SSW and rsmaller chl-a
(Fig.8) in both the Cosmonaut Sea and the Cooperation Sea, but not with
temperature (figure not shown). This suggests that phytoplankton size
influences the variation of §'%Cpoc in ecosystems dominated by small
phytoplankton, and that 813Cpoc increases with the biomass of smaller
phytoplankton. This finding contrasts with previously reported diatom-
dominated ecosystems, where smaller phytoplankton were associated
with a larger isotopic fractionation factor, resulting in lower 613Cpoc
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Figure 8. The relationship between 8'3Cpoc and rymaiier chra in the SSW. The
red circles represent the stations at sections C3 and C4 in the Cosmonaut Sea,
and the black circles represent the stations at sections C8 and C9 in the
Cooperation Sea.
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values (Popp et al., 1999; Burkhardt et al., 1999). However, our results
are consistent with observations in the control region of the SOIREE iron
release experiments, where §'3Cpoc was 2-4%o higher for pore sizes
5-70 pm than for >70 pm (Trull and Armand, 2001). Based on the in-
tercepts of our fitted lines, the 5!3Cpoc values for the larger net-
phytoplankton in the Cosmonaut Sea and the Cooperation Sea were
estimated to be -31.4 + 0.4%o and -30.2 + 0.5%o, respectively (Fig.8).
These lower §'3Cpoc values may be related to the species of phyto-
plankton. The dominant species in our study area are mainly central
diatoms, pennate diatoms, and Phaeocystis antarctica (Davidson et al.,
2010). The sizes of central diatoms, pennate diatoms, and Phaeocystis
antarctica are > 20 ym, ~ 2 ym and 5—7 pm, respectively (Davidson
et al., 2010; Kopczynska et al., 1995). Laboratory culture experiments
showed that the fractionation effects of carbon isotopes in the assimi-
lation of CO, and HCOj3 by central diatoms are -20.9%o and -29.9%o,
respectively, while those of pennate diatoms are -16.9%o and -26.0%o,
respectively (Wong and Sackett, 1978). The greater isotope fraction-
ation effect of central diatoms leads to lower 613Cpoc values, which may
explain the lower §'3Cpg values of net-phytoplankton in the Cosmonaut
Sea and the Cooperation Sea. Therefore, the observed increase in
613Cpoc values with increasing rsmaller chi-a in the Cosmonaut Sea and the
Cooperation Sea might be explained by an increase in the abundance of
pennate diatoms and a decrease in central diatoms.

The effect of phytoplankton size and species on 8'3Cpoc is also
evident in the relationship between 5'3Cpoc and POC content in smaller
particles in our study area. We found a significant positive linear cor-
relation between POC and Chl-a in SSW of all sections except section C4.
The linear fitting equations of sections C3, C8 and C9 are as follows: POC
(umol/L) = (11.76 + 2.61) - Chl-a (ug/L) + (3.56 + 1.12) (r* = 0.63, p =
0.0007) (section 3); POC (pmol/L) = (7.48 + 2.25) - Chl-a (pg/L) +
(1.09 + 0.86) (r? = 0.44, p = 0.005) (section 8); and POC (pmol/L) =
(8.34 £ 2.20) - Chl-a (pg/L) + (1.10 £ 0.91) (> = 0.677, p = 0.07)
(section 9)(Fig.9). The positive correlation between POC and Chl-a
suggests that fresh biogenic organic matter was the primary factor
influencing POC variations in our study area.

Notably, no positive correlation between POC and Chl-a was
observed in section C4, mainly due to the influence of station C4-05,
which had higher Chl-a concentrations but lower POC contents. The
anomalies at station C4-05 may be related to changes in phytoplankton
community composition. Davidson et al (2010) noted that the cellular
carbon content of Phaeocystis antarctica in the 30—80 °E seasonal ice
zone is much lower than that of diatoms, which have higher cellular
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Figure 9. The relationship between Chl-a and POC in the SSW. Red, blue, and
black circles represent samples from sections C3, C8, and C9, respectively.
Green circles indicate samples from section C4. Blue dotted circles denote
samples collected at depths of 0 m and 25 m at station C4-05.
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carbon contents. Therefore, although we lack direct evidence, the
abnormally low cellular carbon content at station C4-05 may be due to a
greater abundance of Phaeocystis antarctica.

For the fitting relationships in sections C3, C8, and C9, the intercept
represents the detrital POC content. The detrital POC content in the SSW
of section C3 (3.56 +£1.12 pmol/dms) is higher than that in sections C8
and C9 (1.09 + 0.86 and 1.10 + 0.91 pmol/dm®, respectively).
Assuming the detrital POC content was constant in each section, the
biogenic POC (bPOC) was estimated by subtracting the intercept from
the POC measurement. Further assuming that the partitioning of bPOC
in smaller and larger particles is the same as that of Chl-a, the concen-
tration of biogenic POC in smaller particles was estimated by the
following equation:

bPOCsmaller = bPOC- Tsmaller Chl-a (2)

where bPOCgpa1er represents organic carbon content in the smaller
biogenic particles (umol/dm®), bPOC represents total biogenic organic
carbon content (pmol/dm3), and Tsmaller chl-a Fepresents the contribution
of nano- and pico-phytoplankton to the total biomass (%).

Our estimates indicate that bPOCgpayier in the SSW of the Cosmonaut
Sea and the Cooperation Sea ranged from 0.33 to 3.21 pmol/dm? and
0.17 to 4.49 pmol/dm®, respectively, accounting for 32-71% and
25-75% of the bPOC. The proportion of smaller POC in the Cosmonaut
Sea was slightly lower than that in the Cooperation Sea, possibly
reflecting differences in the composition of phytoplankton communities.

Interestingly, the relationship between 613Cpoc and bPOCmalter
differed between the Cosmonaut Sea and the Cooperation Sea, showing
a negative correlation in the former and a positive correlation in the
latter (Fig. 10). This discrepancy may reflect variations in isotope frac-
tionation due to the distinct species of smaller phytoplankton in the SSW
of these two seas. Phytoplankton community composition from the same
voyage indicates that smaller phytoplankton in sections C8 and C9 of the
Cooperation Sea are dominated by pennate diatoms, while in section C3
of the Cosmonaut Sea, Phaeocystis antarctica and pennate diatoms are
predominant. Changes in the C/N ratio in particulate organic matter also
indicate differences in phytoplankton species between the two seas. Our
results showed that the C/N ratio in the SSW of the Cosmonaut Sea is
higher than in the Cooperation Sea (Fig. S3), likely reflecting the lower
C/N ratios associated with the efficient nitrogen uptake by diatoms
under nutrient-rich conditions (Martiny et al., 2013). In contrast, the
cysts of Phaeocystis antarctica are primarily composed of polysaccharides
with a high C/N ratio (Davidson et al., 2010; Pasquer et al., 2010).
Therefore, in the SSW of the Cooperation Sea, increased pennate diatom
biomass and enhanced photosynthesis result in more bPOCgpajler and
heavier carbon isotopic compositions due to the absorption of more
dissolved CO,, leading to a positive correlation between 5'3Cpoc and
bPOCmalter (Fig.10b). This positive correlation between 5'3Cpoc and
POC, driven by photosynthetic mechanisms (Rau et al., 1989), aligns
with previous findings in Prydz Bay (Kopczynska et al., 1995; Zhang
et al., 2014; Ren et al., 2015) and the 40-53 °S region of the Southern
Ocean (Soares et al., 2020). Unlike the Cooperation Sea, the negative
correlation between 8'3Cpoc and bPOCgmaner in section C3 of the
Cosmonaut Sea is not explained by photosynthetic mechanisms but may
be due to changes in species among smaller phytoplankton and their
different isotope effects (Fig. 10a). Laboratory studies have shown that
Phaeocystis antarctica exhibits greater carbon isotope fractionation when
assimilating inorganic carbon (fractionation factors for CO; and HCO3
absorption are -26.4%o and -35.5%o, respectively) compared to diatoms,
resulting in a lower 8'3C value in the synthesized organic matter (Wong
and Sackett, 1978; Kopczynska et al., 1995). This indicates that as the
abundance of Phaeocystis antarctica relative to pennate diatoms in-
creases in the smaller phytoplankton of the Cosmonaut Sea, the 5!3C
value in the total POC decreases. Notably, the 613Cpoc in section C3 of
the Cosmonaut Sea is significantly lower than that in sections C8 and C9
of the Cooperation Sea (Fig. 6¢), which cannot be attributed to the
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Figure 10. Relationship between 5'3Cpoc and bPOCymaier in SSW of the Cosmonaut Sea (a) and the Cooperation Sea (b). In subgraph (a), black circles denote samples
from section C3. In subgraph (b), blue and black circles represent samples from sections C8 and C9, respectively.

isotope effect of central and pennate diatoms. Thus, changes in species
among smaller phytoplankton may explain the negative correlation
between §'3Cpoc and bPOCgmayer in section C3 of the Cosmonaut Sea.

4.2. Isotope fractionation in the remineralization of particulate organic
matter

Below the SSW in the Cosmonaut and Cooperation Seas, the POC
content and 5'%Cpoc gradually decreased and increased with depth,
respectively, reflecting the effect of organic matter remineralization on
POC and its isotopic composition (Fig. S2). During the settling of par-
ticulate organic matter, POC was gradually degraded and converted into
dissolved CO,, with 12C being preferentially released. This process re-
sults in a continuous enrichment of '3C in the residual particulate
organic matter (Trull et al., 2008). For example, the rapid degradation of
amino acids and carbohydrates in middle and deep waters leads to the
accumulation of '3C in the residual POC, although some 12C—enriched,
non-degradable lipids remain (Eadie and Jeffrey, 1973; Cavagna et al.,
2013; Schmittner et al., 2013). Contrary to this general trend, a few
studies have observed a decrease in 5'3Cpoc with depth, attributing it to
changes in the organic composition of sinking particulate organic matter
(Cavagna et al., 2013; Close and Henderson, 2020). The observed
changes in POC and 613Cpoc in the Cosmonaut and Cooperation Seas
followed typical vertical distributions, indicating that the reminerali-
zation of particulate organic matter is the the primary factor controlling
the isotopic composition changes in the middle and deep waters. Un-
fortunately, few studies to date have assessed carbon isotope effects in
the remineralization of particulate organic matter in the Southern
Ocean. Here, a Rayleigh model is employed to address this gap.

Assuming that the POC in mid-deep water is entirely derived from
the export of biogenic POC in the upper water and that the isotopic
fractionation coefficient is constant during the remineralization of par-
ticulate organic matter, the change in 5'3Cpoc in mid-deep water can be
described as follows (Mariotti et al., 1981; Freudenthal et al., 2001):

8"*Cresiduatroc = 8"*Cinitiatroc — e Inf 3)
where 8'3Cinitial poc and 5'3Cresidual PoC represent the carbon isotopic
composition of the initial particulate organic matter input into the mid-
deep water and the carbon isotopic composition of the residual organic
matter after remineralization (i.e., the measured 613Cpoc in the mid-
deep water), respectively. ¢ denotes the fractionation coefficient of
carbon isotopes during the remineralization of particulate organic

matter. The term f represents the fraction of the residual POC to initial
POC. Here, f is estimated by dividing the measured POC at each depth
below 50 m by the maximum POC in the entire water column (occurring
at 0 or 25 m). This estimate has certain uncertainties. For example, POC
in upper waters will remineralize and may not all settle to deep water,
and upwelling and lateral transport may lead to POC in deep water not
being entirely derived from biogenic POC in upper water. However, in
the study area where biogenic particle deposition is dominant, the
estimated f approximates the fraction of POC that is not degraded. Our
results show a significant linear negative correlation between 613Cpoc
and Inf in both the Cosmonaut Sea and the Cooperation Sea. The slopes
of the fitted lines indicate that the fractionation coefficients of carbon
isotopes during remineralization are 1.5 £ 0.2%o and 1.6 + 0.2%o in the
Cosmonaut Sea and in the Cooperation Sea, respectively (Fig. 11). The
small fractionation coefficient implies little change in carbon isotopic
composition during the degradation of particulate organic matter, which
is consistent with our observed small difference in §'°Cpoc between
TCW and CDW (Table 1). The small isotope effect also suggests that the
carbon isotope signal in the upper waters can be well preserved in deep
water, thus providing the possibility for reconstructing changes in
paleoproductivity (Bentaleb et al., 1996; Fischer, et al., 1998; Combes
et al., 2008). For comparison, the difference in 513Cpoc in settling par-
ticles in the upper and deep waters of Ryder Bay and Marguerite Bay in
the Antarctic Peninsula was only 0.4%. (Henley et al., 2012). The
813Cpoc in the small-sized POC (1 - 53 pm) varied only 1%o to 2% in the
mid-deep waters of the Atlantic section of the Southern Ocean (Cavagna
et al., 2013). Similarly, Fischer et al. (1997) found that the difference of
5'3C in plankton and sinking particulate organic matter in the upper
Atlantic Ocean was less than 2%o. In contrast, some studies have shown
that carbon isotopes have larger fractionation coefficients during the
degradation of organic matter. For example, 5'°C values in large-sized
POC (> 53 pm) and some organic components (cholesterol and brassi-
costerol) in the Atlantic section of the Southern Ocean increased by
2—5%o with depth (Cavagna et al., 2013). The 613Cpoc difference be-
tween sinking particulate organic matter and surface sediments reaches
0.5-3.2%o in the tropical-subtropical Atlantic Ocean and 3.0%o in the
Southern Ocean (Fischer et al.,1998). Additionally, the fractionation
coefficient of carbon isotopes of easily degradable organic matter in
subtropical eastern Atlantic sediments during early diagenesis was
estimated to be 4.39%o (Freudenthal et al., 2001). The larger isotope
effect means that the §!3C of the sedimentary organic matter differs from
that of the source organic matter, leading to a deviation from the upper
marine ecosystem. Therefore, the fractionation effect of carbon isotopes
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Figure 11. The relationship between 613Cp0c and In(f) in WW, TCW, and CDW of the Cosmonaut Sea (a) and the Cooperation Sea (b). Here, f represents the fraction

of residual POC relative to the initial POC entering the deep water.

during remineralization in different sea areas may be related to changes
in the size and composition of organic matter, as well as the microbial
species involved.

4.3. Bottom §"3Cpoc as an indicator of AABW formation

The 8'3Cpoc values in the bottom water of sections C8 and C9 in the
Cooperation Sea are unusually high, ranging from -23.3%o to -18.2%,
with an average of -21.8 + 1.3%o0 (Table 1). These values cannot be
explained by the remineralization of particulate organic matter in the
water column, suggesting input from other sources with high &'°C
characteristics. Previous studies have reported 513Cpoc values of -21.9 +
3.0%o in intact ice, -19.9 £ 3.0%o in layered floating ice, and -20.1 +
2.2%o at ice-water interfaces in the Weddell Sea, and 613Cpoc values
ranging from -15%o to -8%o in ice cores from Prydz Bay (Gibson et al.,
1999). These elevated SISCPOC values reflect the influence of ice algae
under limited supplies of dissolved carbon dioxide and nitrate within the
ice mass (Kennedy et al., 2002). Numerous studies have shown that the
loose structure of ice provides nutrients for ice algae growth, promoting
the formation of high-abundance communities at the bottom of ice
shelves (Arrigo et al., 1995; Van Leeuwe et al., 2018). The biomass of ice
algae communities at the bottom of ice shelves accounts for 44.2% of the
total biomass in the ice environment of East Antarctica (McMinn et al.,
2007). Therefore, ice algae may be a source of particulate organic matter
with high §'3Cpoc characteristics in the Cooperation Sea. However, the
transport mechanism of this *C-enriched particulate organic matter
from ice algae to bottom waters remains unclear. The formation of
AABW in the Cape Darnley polynya may play a crucial role in this
transport. Previous studies have shown that DSWs produced by sea ice
formation in the Cape Darnley polynya mix with rising CDWs to form
AABWSs, which descend along the continental slope and enter the bottom
of the open ocean, being transported westward to 68 °E and northward
to 65.5 °S (Pu, 2002; Ohshima et al., 2013; Jia et al., 2022). The sites
with high 5'3Cpoc characteristics in the bottom water observed in this
study fall within the AABW influence area. Therefore, ice algae released
from ice shelves are likely to affect bottom waters in our study area
through AABW transport. Several studies have confirmed that ice algae
exported from ice shelves provide food for zooplankton and benthic
organisms in the open ocean (Liu et al., 2021; Van Leeuwe et al., 2018),
supporting the claim that some organic matter in bottom water is
contributed by ice algae.

Assuming that the particulate organic matter in the bottom water of
the Cooperation Sea originates from the sinking of local phytoplankton
organic matter and the horizontal transport of ice algae organic matter,
the following mass balance equations can be established:

10

flocal + fice algae = 1 (C))

)

where fioca1 and fice algae represent the fractional contribution of POM
from local deposition and ice algae, respectively; 613Cpoc, local and
513(:1)0(:) ice algae represent the characteristic §'3C values in POM from
local deposition and ice algae, respectively; 53Cpoc represents the
measured carbon isotopic composition of particulate organic matter in
the bottom water of the Cooperation Sea. To estimate the contributions
of the two sources, the values of 613Cpoc, local and 613Cp0c, ice algae WeTe
taken as the average 5'3Cpoc in the CDW of the Cooperation Sea and the
average 8'3Cpoc in an ice core collected from the Amery Ice Shelf during
the same voyage, which were -23.6%o and -12.4%o, respectively. Our
estimates indicate that the contributions of ice algae-derived and locally
deposited POM to POC in the bottom water of the Cooperation Sea
ranged from 6% to 48% and from 52% to 94%, with averages of 16% and
84%, respectively (Table 2). Except for station C8-04, the fi,c, values in
water within 60 m from the seabed ranged from 81% to 94%, indicating
that local deposition plays a dominant role in the source of POM in the
AABW of the Cooperation Sea. The variation of fice aigae Values in the
water within 60 m from the seabed shows that it is higher than 9% south
of 65.5 °S and less than 8% north of 65.0 °S, demonstrating a general
trend of decreasing from the continental shelf (Fig. S4). This spatial
variation indicates the influence of ice algae organic matter sources and
AABW transport pathways. The presence of horizontally transported ice
algal organic matter in bottom waters suggests that 8'>Cpoc in sediments
may not fully represent local productivity. Further studies are required
to elucidate the spatial variability of ice algal organic matter in Southern
Ocean sediments.

13 13 13
flocall'6 CPOC,local + fice algae'6 CPOC,ice algae = ) CPOC

5. Conclusion

This study examines the spatial variability of POC and §'Cpg in the
Cosmonaut and Cooperation Seas during summer. POC concentrations
decreased with depth, while 8'3Cpoc generally increased, indicating
diverse biogeochemical processes across different water masses. In the
upper SSW of both seas, 613Cpoc was positively correlated with the
proportion of small-sized Chl-a, suggesting that the photosynthesis of
small-sized phytoplankton primarily influenced 813Cpoc. However,
species-specific differences among small-sized phytoplankton led to a
negative correlation between 5'3Cpoc and bPOCgmaier in the Cosmonaut
Sea (dominated by Phaeocystis antarctica), and a positively correlation in
the Cooperation Sea (dominated by pennate diatoms). This highlights
that phytoplankton species also impact 8'3Cpoc changes. In deeper WW,
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Table 2
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POC, 5*3Cpoc, and the estimated fjocy and fice algae in the AABW near the Cape Darnley polynya in the Cooperation Sea. The fioca and fice aigae represent the contribution

fractions of POM from local deposition and ice algae, respectively.

Station Longitude ( °E) Latitude ( °S) Bottom depth (m) Sampling depth (m) POC (umol/dm®) 5'%Cpoc (%o) fiocal (%) fice algae (%)
C9-03 69.03 64.01 3319 3000 0.15 -21.7 83 17
3292 0.19 -22.9 94 6
C9-07 68.94 65.32 2764 2734 0.27 -22.4 89 11
C€9-09 68.98 66.00 2352 1850 0.36 -22.7 92 8
2320 0.29 -22.6 91 9
C9-10 69.01 66.33 2020 1990 0.28 -22.4 89 11
C8-04 65.02 64.32 3700 3000 0.21 -21.1 78 22
3670 0.29 -18.2 52 48
C8-06 65.00 65.00 3169 3110 0.1 -22.7 92 8
C8-08 64.91 65.69 2836 2806 0.26 -21.5 81 19

TCW, and CDW water masses, 5 °Cpoc decreased with an increasing
residual POC fraction, reflecting the remineralization effect of particu-
late organic matter. The carbon isotope fractionation coefficients during
remineralization in the Cosmonaut Sea and the Cooperation Sea were
estimated using the Rayleigh model to be 1.5 £ 0.2%o0 and 1.6 + 0.2%o,
respectively. These small isotope effects indicate that remineralization
does not significantly alter the carbon isotopic composition of biogenic
organic matter from the upper ocean. Additionally, abnormally high
513Cpoc values were observed in the bottom water outside Cape Darnley
polynya in the Cooperation Sea. These values cannot be fully explained
by the local export of upper POM and its isotope fractionation but are
likely supplemented by ice algae organic matter transported by AABW.
A simple isotopic mass balance estimate suggests that 6-19% of the POC
in the AABW of the Cooperation Sea is contributed by ice algae organic
matter transported from the continental shelf. Consequently, the po-
tential impact of phytoplankton communities and AABW transport
should be considered when applying 8'*Cpo in sediments to reconstruct
paleoproductivity in the Southern Ocean.
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