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Abstract

IPSO25 and a combination of phytoplankton biomarkers and IPSO25 (termed PIPSO35) have been proposed as qualitative sea
ice proxies in Antarctica. Exploring the effects of hydrodynamic conditions on the proxies might prompt the development of
quantitative sea ice reconstruction. We investigated the variabilities of IPSOags, brassicasterol, PRIPSO2s (B indicates using
brassicasterol as the phytoplankton biomarker) in a sediment trap, and the distributions of these proxies, and mean grain size
and sorting (o), which are indicators of hydrodynamic conditions in surface sediments from Prydz Bay. The proxy signals in
sediments decoupled with the information from the upper layer reveal that the export of biomarkers to sediments would be
affected by the hydrodynamic conditions. Accordingly, we normalized IPSO25 and PgIPSOg2s to the sorting to compensate for
different deposit environments. The accuracy of summer sea ice reconstruction increased from ca. 23% (based on IPSO25 or
PgIPSO2;5 alone) to 63% (based on PRIPSOa5 xo2).
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Key Points:

e We investigate the IPSOs and PgIPSOys (sea ice proxies) in a sediment trap and surface
sediments from Prydz Bay, Antarctica.

e IPSOyand PglPSO,s in sediments would be affected by hydrodynamic conditions
alongside its production mechanism.

e The accuracy of quantitative summer sea ice reconstruction increased from 22% based on
PBIPSOZS to 63% based on PB|P80250.
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Abstract

IPSO,s5 and a combination of phytoplankton biomarkers and IPSO,s (termed PIPSO,s) have been
proposed as qualitative sea ice proxies in Antarctica. Exploring the effects of hydrodynamic
conditions on the proxies might prompt the development of quantitative sea ice reconstruction.
We investigated the variabilities of IPSO_s, brassicasterol, PgIPSO,s (B indicates using
brassicasterol as the phytoplankton biomarker) in a sediment trap, and the distributions of these
proxies, and mean grain size and sorting (o), which are indicators of hydrodynamic conditions in
surface sediments from Prydz Bay. The proxy signals in sediments decoupled with the
information from the upper layer reveal that the export of biomarkers to sediments would be
affected by the hydrodynamic conditions. Accordingly, we normalized IPSO,s and PgIPSO5s to
the sorting to compensate for different deposit environments. The accuracy of summer sea ice
reconstruction increased from ca. 23% (based on IPSO,s5 or PglPSO_5 alone) to 63% (based on
PB|PSOZ5 XGZ).

Plain Language Summary

Antarctic sea ice plays a vital role in the global climate system. Understanding the variabilities of
sea ice conditions in the long term could help in the accurate prediction of climate in the future.
Recently, IPSOs; and PglPSO25 have been proposed as alternative proxies for sea ice
reconstruction alongside the traditional ice proxies based on microfossils in Antarctica. These
proxies were based on the assumption that the chemical compound was produced by diatoms in
the sea ice, subsequently sinking to and being preserved in the underlying seafloor. However,
based on the results from a sediment trap and surface sediments from Prydz Bay, Antarctica, we
found that the information of sea ice conditions reconstructed from IPSO,s and PgIPSO,s5 signals
in sediments mismatched with satellite observations. This is attributed to the effect of current
transport from the top to bottom sediments. Hence, we adjust the sea ice proxies to the grain size
parameters which are indicators for current conditions to offset the effects of the currents. The
accuracy of sea ice reconstruction increased from ca. 23% based on IPSO,s or PglPSO_5 alone to
63% based on PglPSO,s, Which is the PgIPSO,s proxy normalized to grain size parameters.

1 Introduction

The complex figure (satellite observations) of Antarctic sea ice shows that sea ice
modestly increased to an overall extent (with opposing regional trends) during 1979-2014
(Maksym, 2019), followed by an unprecedented and consistent decline in all regions (Parkinson,
2019). Sea ice play a vital role in the climate system by affecting the ecosystem (Arrigo, 2014)
and global carbon cycle (Stephens & Keeling, 2000), regulating the exchange of heat and gas
between the atmosphere and ocean (Thomas, 2017), and driving the formation of bottom water
(Ohshima et al., 2013), so it is essential to understand that the mechanisms controlling the
variabilities. One of the methods is to determine the changes in sea ice before direct observations
through sea ice proxies (de Vernal et al., 2013).

Studies of paleo sea ice reconstruction in polar regions are commonly based on
microfossils (foraminiferal assemblages and diatoms) associated with sea ice. However, their
application may be limited by the selective degradation of the microfossils in the water column
and sediments (de Vernal et al., 2013). Recently, a suite of highly branched isoprenoids (HBIs)
has been proposed as alternative or additional sea ice proxies in the Arctic and Antarctica (Belt,
2018). A mono-unsaturated C,s HBI called IP25 is considered a sea ice biomarker in the Arctic
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(Belt et al., 2007). The source of IPys, its time-series studies, and modern spatial distributions
(over 500 samples) have been investigated to evaluate its applicability for the qualitative
reconstruction of sea ice (Belt et al., 2008; Brown et al., 2011, 2014). Other biomarkers
(brassicasterol) have been combined with IP,s (the so-called PIP,s index) to improve the quality
of sea ice reconstructions (Mduller et al., 2009, 2011; Stein et al., 2016). Further, IP,5 and PIP,5
proxies have been calibrated with sea ice concentrations (SIC) to explore their potential for
quantitative sea ice reconstruction (Belt, 2018). Interestingly, IP,s has not been found in
Antarctica. A di-unsaturated C,s HBI (termed as IPSO,s; Fig. S1), a structure analog of 1P, has
been confirmed as a product of sea ice algae by the identification of the algal products, §*C
value of IPSO,s in sediments, and its distribution characteristics in the surface water column and
surface sediments (Belt et al., 2016; Smik et al., 2016; Vorrath et al., 2019). Hence, IPSOs and
the combined index of phytoplankton biomarkers and IPSO,s (termed PIPSO,s) following the
PIP2s index in the Arctic have been considered as promising sea ice proxies in Antarctica (Masse
et al. 2011; Vorrath et al. 2019). Further, the highest concentrations of IPSO,s are located in
coastal areas, which are partially covered by land-fast ice (fast ice), together with the only known
producer of IPSO,s, Berkeleya adeliensis (Medlin) which is the dominant species on fast ice,
leading to the proposal that IPSO,s signals might reflect the ice types (Belt et al., 2016).
However, variations in IPSOys distributions might be caused by factors apart from sea ice
conditions such as hydrodynamic conditions. It has been reported that biomarker records (e.g., n-
alkanes, lignin, GDGTSs, IP2s) could be affected by hydrodynamic sorting as they reside in
different particle size fractions (Feng et al., 2013; Mollenhauer et al., 2006; Navarro-Rodriguez
et al., 2013). Therefore, we hypothesize that the accuracy of sea ice reconstruction based on
IPSO35 and PIPSO2s might be affected by hydrodynamic conditions.

As such, we investigated the temporal variations in IPSOs and phytoplankton biomarkers
(and calculated PIPSO,s) from a sediment trap deployed at Prydz Bay (PB), and compared these
with the SIC to explore the effects of the deposition process on the distribution of these proxies
in sediments. We established the distribution of these proxies in surface sediments from PB, and
compared IPSO,s and PIPSOys with the satellite-derived sea ice types. We analyzed the grain
size parameters which are indicators for hydrodynamic conditions. These parameters, along with
SIC, were combined with sea ice proxies to further explore the potential of these indices for the
guantitative reconstruction of paleo-sea ice.

2 Materials and methods

2.1 Study area

PB (Fig.1) is the largest continental embayment in East Antarctica. The oceanic
circulation in PB is composed of a closed cyclonic gyre called the Prydz Bay Gyre (PBG) and a
narrow westward Antarctic Coastal Current (ACC) along the face of the Amery Ice Shelf (AIS)
(Williams et al., 2016). In PB, sea ice freezes from March until reaching its maximum value in
September. The sea ice then begins to melt in October, reaching its minimum value in February
of the following year (Zheng, 2011). The types of sea ice in PB comprise fast ice, pack ice, and
polynyas. Fast ice is restricted to the vicinity of the AIS (Nihashi & Ohshima, 2015). There are
two polynyas named the Mackenzie polynya (MP) and Barrier polynya (BP). The rest of the
study area is covered by pack ice in the austral winter. There were nine types of sediments in the
PB. Silt and slightly gravelly sediments were mainly located in central PB and the Four Ladies
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Bank (FLB), while sandy silt and slightly gravelly muddy sand were widely distributed in the
Fram Bank (FB) and the front of the AIS (Wang et al., 2015).
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Figure 1. Map of PB showing the sampling locations and oceanographic setting. The locations
of the sediment trap and surface sediments are shown as a black square and white dots,
respectively. The black lines are the PBG and the black dashed line is the ACC. The yellow
dashed line indicates the location of the MP and BP. The green dashed line delineates the
boundary of the landfast ice with the frequency of its occurrence higher than 60% during the
period 2003-2011 (Nihashi & Ohshima, 2015). The contour shows the bathymetry (Fretwell et

al. 2013).

2.2 Sediment sampling

The sediment trap (McLane, USA) was deployed at PB (M7, 75.38° E, 68.49° S; water
depth: 620 m; Fig.1, Table S1) during the 30™ Chinese National Antarctic Research Expedition
(CHINARE) and installed 490 m below the sea surface. After recovery, three of the aliquots
collected during October, 2014 to February, 2015 were used for the particulate organic carbon
(POC), biogenic silica (BSi), and biomarker analyses. Further details are described in Han et al.
(2018) and the supporting information.

Surface sediment samples were collected during the CHINARE cruises in 2009, 2011,
and 2013 using a box corer (Fig.1, Table S2). All samples after collection were preserved at -20
°C until the analyses of total organic carbon content (TOC), grain size, and biomarkers were
conducted.
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2.3 POC, BSi, TOC, grain size, and biomarker analyses

The analyses of POC and TOC followed Han et al. (2019) and (Sun et al. 2016). Briefly,
after removing the inorganic carbon (Schumacher, 2002), the carbon content of each sample was
measured using an elemental analyzer (Elementar, Germany). A sodium carbonate leaching
analysis procedure was used to determined BSi concentration as described in Han et al. (2019).

The unground samples were scattered by a NasP,O- solution prior to the analysis. The
grain size was analyzed using a laser particle size analyzer (Malvern 3000). The grain-size
parameters, including the mean grain size (Mz) and sorting (o) were calculated graphically

following Folk (1968).

For biomarker analyses, in brief, the internal standards, including 7-hexylnonadecane
(provided by Simon Belt from Plymouth University) and cholest-5-en-33-o0l-D6, were added to
the freeze-dried samples before the extraction. Samples were extracted in ultrasonication. HBIs
and sterols were purified using the silica gel chromatography. Furthermore, sterols were
derivatized with BSTFA. Both fractions were analyzed using an Agilent gas chromatography
coupled to a mass selective detector. Further details concerning biomarker analyses are described
in Belt et al. (2012), Smik (2016) and supporting information (Text S1).

2.4 Calculation of PIPSO,s

The PIPSOys indices were calculated according to the equation (Vorrath et al., 2019):

IPSO;5
IPSO,5 + phytoplankton X ¢

PIPSO,5 = 1)

The detailed calculation of the balance factor c is described in supporting information
(Text S2). Diatom biomarkers were chosen to represent the phytoplankton biomarker as
phytoplankton is mainly composed of diatoms (> 80%) that are the main component of the
settling particles in summer in PB (Han et al., 2019; Sun et al., 2003). Brassicasterol and HBI 111
(a tri-unsaturated C,s HBI; Fig. S1) have been recognized as phytoplankton diatom biomarkers
(Massé et al., 2011; Maller et al., 2009; Rampen et al., 2010). Brassicasterol was used to
calculate PgIPSO_s, and HBI 111 was used to calculate P;IPSO2s.

2.5 Data presentation and storage

The daily SIC data used in this study were obtained from the Institute of Environmental
Physics at the University of Bremen (Spreen et al., 2008). The remote sensing chlorophyll a (Chl
a) data derived from the European Space Agency (ESA). The detailed calculation of SIC and Chl
a used in this study were described in supporting information (Text S3).

3 Results

3.1 Temporal variability in environmental conditions and the fluxes and/or concentrations
of POC, BSi, and biomarkers

According to satellite observations, the sea ice melting season at the M7 started on
November 18, 2014 and ended on November 26, 2014. The site was then ice-free until refrozen
in March. Furthermore, ice floes were observed twice at the end of November and December,
respectively (Fig. 2a). After large-scale sea ice melting, the surface Chl a concentration increased
gradually and reached a maximum in mid-January 2015 (Fig. 2a).
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169  Figure 2. Time series of the bulk parameters, biomarkers, and PgIPSO_s values measured at
170  station M7 from October, 2014 to February, 2015. (a) Satellite-derived SIC (Spreen et al. 2008)
171 and Chl a (https://www.esa.int/); (b) BSi and POC flux; fluxes and concentrations of

172 brassicasterol (c), HBI 111 (d), and IPSO2s (). The grey shades indicate the events of sea ice
173 melting.
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During the study period, the average fluxes of POC and BSi were 508.99 pmol m™? d™*
and 2034.63 pmol m™ d™*, respectively (Fig. 2b). Brassicasterol was detected in all samples (Fig.
2¢). Brassicasterol flux increased after the sea ice melted and peaked abruptly in mid-December.
Its concentration ranged from 448.40 to 2868.46 pg/g OC; the temporal variation trend of
brassicasterol concentration was similar to that of Chl a. HBI I11 was present in most samples,
apart from those collected during late spring (Fig. 2d). The HBI 111 flux abruptly peaked at 26.85
ng m?d*, subsequently decreasing until the end of the sample collection period. Its
concentration increased to its highest (3353.69 ng/g OC) in early January 2015 and subsequently
decreased drastically. The trend pattern of HBI 111 concentration is different from that of
brassicasterol, which might be caused by HBI 111 degradation as it is more vulnerable to
degradation than brassicasterol (Rontani et al., 2011, 2019). Hence, we do not evaluate the
applicability of P,;IPSOs in this paper.

IPSO,5 was detected in all the trap samples except for that collected from January 26,
2015 to February 3, 2015 (Fig. 2e). The highest concentration of IPSO,s occurred in the end of
November (3003.56 ng/g OC). IPSO,s flux peaked in the end of November (4.17 ng m?d™) and
mid-December (6.73 ng m? d™) and then decreased drastically after the occurrence of the second
peak.

3.2 Spatial distributions of TOC, grain size, and biomarkers

The TOC values ranged from 0.2 to 1.87% (Table 1). The average values of TOC were
similar in the fast ice (1.04 £ 0.84 %) and non-fast ice zones (including the pack ice and polynya
zones; 0.90 + 0.40 %). The value of sorting ranges from 1.45 to 2.76 ¢, and shows a disparity
between the fast ice and non-fast ice zones. For the fast ice zone, the average sorting value is
1.88 £ 0.41 ¢, indicating a poorly sorted condition; for the non-fast ice zone, the average sorting
value is 2.14 + 0.43 ¢, indicating a very poorly sorted condition (Table 1; Fig. S4).

The concentration of brassicasterol ranged from 62.04 to 290.47 pg/g OC (Table 1; Fig.
S3). The average brassicasterol concentration in the fast ice zone (87.87 + 32.21 ug/g OC) was
lower than that in the non-fast ice zone (98.70 £+ 96.63 ng/g OC). Increased concentrations of
brassicasterol were found in the region close to the continental slope between 67° S and 68° S,
which is in accordance with the satellite-derived Chl a maximum (Herraiz-Borreguero et al.,
2016, Fig. 2a), and align well with the BSi distribution pattern in Prydz Bay from (Harris et al.,
1998; Hu et al., 2007). This additionally supports the use of brassicasterol as a diatom proxy in
the study area. The distribution pattern of HBI I11 is in contrast to that of brassicasterol: the
average concentration of HBI Il in the fast ice zone is twice that in the non-fast ice zone (Table
1; Fig. S4).

IPSOy5 was detected in all surface sediment samples, with average values up to 791.13 +
384.58 ng/g OC in the fast ice zone to 179.49 + 200.02 ng/g OC in the non-fast ice zone (Table 1,
Fig. S3). The distribution pattern of PgIPSO,s was similar to that of IPSO,s (Table 1; Fig. S4),
with the average value of PgIPSO5s in the fast ice zone (0.74 £ 0.07) being twice that in the non-
fast ice zone (0.34 + 0.18).
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4 Discussion

4.1 Seasonal variability of biomarkers and its linkage with sea ice conditions

Diatoms are the main constituent of phytoplankton in PB. The mismatch between the BSi
fluxes and the changes in the phytoplankton biomass represented by satellite Chl a data might be
affected by the dissolution and/or lateral transport of BSi in the deposition process (Fig. 2a, b).
However, there was a significant correlation between the fluxes of BSi and brassicasterol, which
is resistant to degradation (R?=0.81, p<0.01), indicating that the mismatch between the fluxes of
phytoplankton proxies and phytoplankton biomass might mainly be caused by the lateral
transport. Lateral transport is mainly controlled by sinking rates; ballast materials (i.e., opal,
CaCOg, and lithogenic minerals) attached to sinking particles could affect the deposition
velocities (Alldredge & Gotschalk, 1988). However, it has been suggested that opal is not an
efficient ballast material during diatom blooms as they tend to form low-density aggregates in
the water column (Bach et al., 2016). Therefore, at the beginning of the ice-free period,
lithogenic materials derived from the melting ice floe attached to the phytoplankton aggregates,
thereby increasing the velocities of the aggregates, which in-turn increased the BSi and
brassicasterol fluxes. In contrast, the sinking rates decreased when there was no melting of ice,
and hence decreased the amount of lithogenic materials. Therefore, the residence time of
phytoplankton in the water column was extended and phytoplankton aggregates were more
susceptible to being carried by the current, leading to low fluxes of BSi and brassicasterol when
the phytoplankton biomass increased.

The patterns of IPSO,s fluxes, to some extent, link with the sea ice conditions. During the
strict ice-free period (without ice floe melting events), the IPSO,s flux and concentrations were
extremely low or undetectable, consistent with the finding that the flux of the ice algae proxy
was low during this period in the Arctic from Bai et al. (2019) and Fahl and Stein (2012). During
the melting season (late spring and summer), the biomass of sea ice algae sharply increases when
the strength of the light increases in polar regions. Moreover, the ice algae are subsequently
deposited to the underlying sediments when the ice melts (McMinn et al., 2010). Thus, IPSO5s
fluxes should evidently increase during the melting season (Bai et al., 2019). However, in this
study, the IPSOys fluxes did not increase during large-scale sea ice melting in mid-November.
This might be due to the ex-situ melting of sea ice and/or the ice algae from the melting ice being
carried elsewhere by strong currents. Additionally, there were time lags between the peak of
IPSO35 fluxes and ice floe melting events, likely due to hydrodynamic conditions. As such,
although IPSO,s5 could be used for qualitative sea ice reconstruction to some extent, the effects of
hydrodynamics cannot be ignored when the proxy is used for quantitative sea ice reconstruction.

4.2 Testing the applicability of the combined open-water phytoplankton biomarkers and
IPSOys in different sea ice conditions

The spatial distribution pattern of IPSO,s likely refers to the different sea ice types, with
the highest IPSO,5 concentrations located in the fast ice zone and lower IPSO,s concentrations in
the non-fast ice zone, which is consistent with the results of Belt et al. (2016). Owing to the
different processes of sea ice formation, the ice structures in the fast ice and non-fast ice zones
are different (Allison, 1989). Columnar ice is the main component in the fast ice zone; as for the
non-fast ice zone, the ice contains significant amounts of frazil ice (Gow et al., 1982; He et al.,
1998), leading to different ice algae compositions in the two regions (Ackley & Sullivan, 1994;
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257 Scott et al., 1994). For example, B. adeliensis is recognized as one of the dominant species in the
258  bottom section of fast ice, but not in pack ice (Riaux-Gobin et al., 2003; Saggiomo et al., 2017).
259 This might lead to a disparity in the distribution patterns of IPSO,s in the two regions.

260  Additionally, the phytoplankton biomass (brassicasterol concentrations) in the fast ice zone was
261 slightly lower than that in the non-fast ice zone, and when combined with the characteristics of
262  the IPSOys distribution pattern, it leads to higher PgIPSO,s values in the fast ice zone.
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265  Figure 3. Pearson correlation coefficients of sea ice proxies with the mean austral spring SIC
266  and austral summer SIC. The dot size and the color indicate the magnitude of the correlation
267  coefficients. Single asterisk and double asterisks indicate that the correlation is significant at a
268  level of 0.05 (2-tailed) and of 0.01 (2-tailed), respectively.

269 To further test the applicability of IPSO,5 and PgIPSO,s5 for quantitative sea ice

270  reconstruction, we compared the IPSOys concentrations and PgIPSOys values with spring SIC
271 (SICsgp) and summer SIC (SICsum). Both IPSO,s concentrations and PglPSO2s values did not
272 exhibit any clear correlation with SICg, but showed a positive correlation with SICs,m (Fig. 3),
273 suggesting that the proxies are mainly affected by the presence of summer sea ice. Indeed, the
274 sympagic algae biomass sharply increases during the ice melting season, and sea ice melts
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quickly during summer in PB (Ginther & Dieckmann, 1999; Lei et al., 2010; Zheng, 2011).
Further, the linear correlation of IPSO,5 and PglPSO,s5 against SICsym can be described as:

IPSO5 = 10.123 x SICgym - 16.786 (R*= 0.23, p < 0.05) (2)
PgIPSO,5 = 0.0067 x SICsum + 0.2082 (R*= 0.22, p < 0.05) (3)

However, the accuracy of the sea ice reconstruction based on IPSOys or PgIPSO,5 alone is only ~
23%, which might be attributed to IPSO_5 concentrations in sediments being affected by the
hydrodynamic conditions during the sinking processes as mentioned before, alongside the sea ice
conditions. Hydrodynamic conditions may trigger the lateral transport and differentiation of
biomarker records residing within the different particle classes, and then the decoupling of
proxies (Kim et al., 2009; Mollenhauer et al., 2006). Grain size parameters such as the Mz and
sorting have been used as indicators of hydrodynamic energy for particles undergoing sediment
processes (Robert Louis Folk & Ward, 1957; Prodger et al., 2016). The Mz in the fast ice zone is
larger than that in the non-fast ice zone, and the sorting value in the fast ice zone is lower than
that in the non-fast ice zone (Table 1), indicating a stronger hydrodynamic condition of
sedimentation in the fast ice zone. In a stronger sorting environment (fast ice zone), the
deposition of fine particles is difficult as their sinking rate is slower than the current speed
(McCave & Hall, 2006; Yoon et al., 1998). Large parts of organic carbon are associated with
smaller particles because of their high surface area (Mayer, 1994), likely leading to the loss of
organic carbon, which is absorbed in a fine fraction. However, ice algae are subject to relatively
rapid sedimentation as they tend to form aggregates and the lithogenic material derived from
melting ice can be incorporated into the aggregates, enhancing their sinking velocities (Han et
al., 2019; Riebesell et al., 1991; Van der Jagt et al., 2018). Thus, in the fast ice zone, the material
derived from the ice algae contributes greatly to the organic carbon than that derived from the ice
algae in the non-fast ice zone. In contrast, in a weaker sorting environment (non-fast ice zone),
the deposition of small sized particles is relatively easy; this, along with a higher biomass of
phytoplankton, leads to the dilution of the IPSO,s signals. Overall, the IPSO,s concentrations and
PslPSO,s values in the fast ice zone were higher than those in the non-fast ice zone.
Accordingly, we normalized the IPSO_5 concentrations and PgIPSO2s by introducing the Mz and
sorting (o) to compensate for the different hydrodynamic conditions and calculated the possible
combinations. Most of the normalized sea ice proxies show better correlations with SICsyn (Fig.
3), suggesting that this approach provides a more reliable approach for sea ice reconstruction.
The highest correlations between normalized proxies and SICg,m are as follows:

PgIPSO,s, = PglPSOys x o2 (4)
PglPSO,s,= 0.0458 x SICgm + 0.3 (R*= 0.63, p < 0.01) (5)

The accuracy of the summer sea ice reconstruction significantly increased from 22% based on
the sea ice proxies without normalization to 64% based on the normalized sea ice proxy (i.e.,
PslPSO,s.). This indicates that the introduction of sorting to sea ice proxies can effectively boost
their certainty for summer sea ice reconstructions in the study area. However, further work is
necessary to evaluate the applicability of this approach in other Antarctic regions.

5 Conclusions

The mismatch between the records of IPSO,5 and PglPSO,5 in sediments and the
information from the upper layer was attributed to the effect of the deposition process on their
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distribution. Therefore, the use of these proxies alone to reconstruct sea ice conditions should be
cautious. The normalization of IPSOys and PglPSOys to sorting increases the precision of these
proxies for summer sea ice reconstruction in complex sedimentary environments. The accuracy
of summer sea ice reconstruction increased from 22% based on IPSO_s or PgIPSO,5 alone to
63% based on PgIPSO,s,, providing a promising method for the quantitative summer sea ice
reconstruction in Antarctica.
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Table 1. Average of the TOC, Mz, sorting, biomarker data, and satellite-derived austral summer and spring SIC in areas with different
sea ice conditions.

TOC Sorting  Mean Size Brassicasterol HBI 111 IPSO5 PgIPSOy5 SICspr SICsym
(%) (o) (o) (ng/g OC) (ng/g OC) (ng/g OC) (c=0.0031) % %

Fast ice zone 1.04+0.84 1.88+0.41 4.92+1.63 87.87+32.21  578.58+281.23 791.13+384.58 0.74+0.07  47.48+£19.37 47.48+19.37
Non-fast ice zone  0.90+0.40 2.14+0.43 5.37+1.08 98.70+96.63  174.98+194.34 179.49+200.02 0.34+0.18  27.00£12.90 27.00+12.90




