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SUMMARY

(3 B 2 o %)

Title

Carbon cycle change and ecosystem response under the Southern Ocean warming

II. Purpose and Necessity of R&D

O Understand current status of heat and carbon uptake capacity in the West
Antarctic region and investigate the variability of material cycle and marine
ecosystem response
- Analyze the variability of oceanic factors controlling global climate including
heat exchange, carbon uptake, and material cycle in the Southern Ocean
through monitoring physical, chemical, and biological parameters in West
Antarctic region where experiencing rapid temperature increase
- Tracing coastal environment change and low-trophic marine ecosystem change

under the rapid glacier retreat and glacier meltwater intrusion

III. Contents and Extent of R&D

O Assessment of heat transport change and carbon uptake evolution in the
Southern Ocean

O Understand the variability of biogeochemical cycles in the Southern Ocean
coastal region under shrinking cryosphere (global warming)

O Detect biological production change and tracing marine ecosystem response

O

Establish an optimal site for the Southern Ocean long-term monitoring research

station through the domestic and international research collaboration

IV. R&D Results

1. Physical properties of seawater and heat transport in West Antarctica : From

January 2020 to December 2022, during the research project period, three field
expeditions were conducted using Araon to track the behavior of Circumpolar
Deep Water and calculate poleward heat transport from observation of water
mass and current in the Southern Ocean. During the first expedition conducted
in January 2020, the physical properties of seawater were measured on the
continental shelf of West Antarctica to reveal the spatial distribution

- xii -



characteristics of glacier meltwater and the influence of ocean circulation. In the
second expedition in December 2020, four long-term ocean moorings were
installed on the shelf break in the Little America Basin in West Antarctica to
identify the time-series variability of heat transport supplied to the continental
shelf. In addition, the vertical temperature, salinity, and currents were observed
at each station to investigate the spatial distribution of the Antarctic slope front
and currents and their effects on the CDW's intrusion onto the continental shelf.
The most recent field expedition was conducted in November 2021 at 20
stations near the Southeast Indian Ridge, one of the areas where the polar front
passes, and the spatial distribution of heat transport was confirmed. In addition,
one long-term ocean mooring and 16 current and pressure recording inverted
echo sounders were successfully installed to investigate the heat transport
process through the polar front to the Southern Ocean.

Characteristics of water mass properties and future changes in the Antarctic
marginal seas : The Antarctic marginal seas are an important area in predicting
future marine climate because the inflow of high-temperature Circumpolar Deep
Water (CDW) located in the middle layer of the Southern Ocean causes ice shelf
melting and dispersion of melt water, affecting ocean circulation and water mass
properties. In this study, the water mass properties and the future changes in
Antarctic marginal seas due to global warming were analyzed using the results
of simulations of the present-day climate (PD) and the future climate of carbon
dioxide doubling (2xCO2) based on a high-resolution climate model (Community
Earth System Model, CESM) with a spatial resolution of 1/10°. In PD experiment,
the Amundsen and the Bellingshausen Seas showed more distinct decadal-scale
variability compared to the Ross Sea, which is consistent with the results of
previous observational-based studies on CDW fluctuations within the continental
shelf. The CDW temperature in the Antarctic marginal seas in PD experiment
was above 0°C in the Amundsen and Bellingshausen Seas and below 0°C in the
East Antarctic coastal waters as well as the Ross and Weddell Seas, consistent
with the results known in the previous studies. In the future climate (2xC02)
experiment, we showed that the Antarctic shelf bottom water increased by
0.43+0.16°C in the entire western Antarctic seas, from the Bellingshausen Sea to
the Ross Sea, compared to PD experiment. The analysis to identify the main
mechanisms occurring in the future in the west Antarctic continental shelf
through the investigation of the main mechanisms governing the changes in the
physical environment leaves important implications for understanding and

prediction of global ocean climate change.

. Characteristics of inorganic carbon system in the West Antarctic Ocean : This
study was conducted for three years of research period, from January 2020 to
the end of December 2022. During the period, field observations in the Ross Sea
were limited due to covid-19. However, in addition to the collection of sea

water samples, research and analysis using artificial intelligence and Earth
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system models, as well as research on the Antarctic coastal environment based
on the King Sejong Station were conducted. The subject of the study was largely
divided into four sub-items. First, a carbon stable isotope (613C) analysis system
in dissolved inorganic carbon in seawater was established, and through this, the
distribution of anthropogenic carbon dioxide in the Southern Ocean and the Ross
Sea has been estimated. Also, using an artificial intelligence, the distribution of
dissolved carbon dioxide over the past 21 years was reconstructed in the Ross
Sea using the existing carbon dioxide observation data base data and marine
environmental variables. This enables us to understand a long-term
spatio-temporal distribution of fCO2 in the Ross Sea. In addition, the Earth
system model was used to estimate the past, present, and future of carbon
dioxide and inorganic carbon in the Southern Ocean. The inorganic carbon cycle
study was also conducted based on the King Sejong Station, King George Island,
where the environment is rapidly changing due to the global warming.

. Characteristics of dissolved organic carbon and environmental variables (nutrient
and trace metal) in the Southern Ocean : To investigate the characteristics of
dissolved organic carbon and nutrient in the Southern Ocean, seawater samples
were collected during the research period (January 2020 to the end of
December 2022) on board the Korean icebreaker R/V Araon. In addition, the
concentration of water-soluble organic carbon in marine aerosols was
investigated to improve the understanding of the sea-air interaction in terms of
the carbon cycle. Furthermore, we established a clean seawater sample collection
system for trace metal observation in the study area and upgraded it, which
enables us to fill the data gap in the knowledge of trace metals, including iron,
a limiting factor for phytoplankton growth. A survey of literature and existing
research results in the study area revealed that about 48.8 Tg of carbon is
produced by primary production in the Ross Sea, and that about 39 Tg of
carbon and 3 Tg of carbon existed in the form of particulate and dissolved
organic carbon, respectively. It also revealed that about 15-20 Tg and about 4
Tg C of particulate and dissolved organic carbon are transported to and stored
in the deep layer. In addition, previous studies reported a high concentration of
iron in front of the Dotson Ice Shelf in the Amundsen Sea, which was supplied
to the surface layer due to the influence of ice shelf melting water. Based on
the results obtained during this project, we will conduct a more thorough
assessment of the carbon budget by connecting organic carbon data to

environmental variables, including the nutrient and trace metal datasets.

. A study on variability in phytoplankton carbon and nitrogen uptake rates and
glacial retreat rates in Maxwell Bay and Marian Bay, near King Sejong Station :
Rapidly changing conditions in high-latitude coastal systems can significantly
impact biogeochemical cycles because these systems are strongly influenced by
freshwater discharged from melting glaciers and streams on land. Generally,

Antarctic coastal areas are considered high-productivity areas in which
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phytoplankton growth prevails under various environmental conditions (e.g,
oceanographic and meteorological conditions). A total of three investigations were
in situ carbon and nitrogen uptake of phytoplankton during the Marian Cove
and Maxwell Bay from January 2020 to the end of December 2022. As a result,
during the phytoplankton growth period (December-January), carbon and nitrogen
uptake rates showed a wide range, and it was confirmed that they were
controlled by differences in light transmittance (euphotic depth) and preferred
nutrients. In addition, through satellite optical/imaging radar data built for the
purpose of observing coastal glaciers near the King Sejong Station, the coastal
glacier of Marian Cove changed by about 1900 m over the 66-year period from
1956/1957 to 2021/2022, and the retreat rate of 31.71 m per year was
calculated. Even within a year, irregular boundary changes were observed on

fluctuations of several meters.

. Environmental factor controlling phytoplankton community structure in the west
Antarctica : To understand the distribution of phytoplankton community and the
influential environmental factors in the West Antarctic Ocean, three field surveies
were conducted during the austral summer in Antarctica. Phytoplankton
community dominated by Phaeocystis antarctica (Prymnesiophytes) and/or
diatoms during the bloom periods, and they play different roles in the
ecosystems and biogeochemical cycle in this area. In January 2020,
phytoplankton species abundance was investigated using an automated
continuous observation instrument, the Imaging FlowCytobot. The spatial
variations of the phytoplankton community structure were slightly different in
the Amundsen Sea Polynya and Wrigley Gulf Polynia, indicating an unstable
response of the phytoplankton to environmental changes such as rapidly thinning
ice shelves in West Antarctica. Phytoplankton biomass averaged 4.55 ug/L and
0.40 ug/L, respectively, in the coastal areas (the Amundsen and the Ross seas)
and the Southeast Indian Ridge area. Although P. antarctica was dominant in the
coastal areas and diatoms were dominant in the oceanic area, there were some
differences between the dominant species in the coastal areas as well, indicating
that the phytoplankton biomass and community structure during the bloom

period showed large spatial variations.

. Marine Biogeochemical and Ecosystem modeling : The Southern Ocean strongly
influences global climate and biogeochemical cycles. In the Antarctic Ocean
divergence region south of the Antarctic gyre, water from the deep layer upwells
to the surface layer, and Subantarctic Mode Water and Antarctic Intermediate
Water move northward, and the surface water mass sinks and continues to move
northward at intermediate depths, transporting nutrients to the thermocline at the
lower latitudes. In addition, the relatively warm Circumpolar Deep Water upwells
from the depths to the Antarctic coastal surface layer such as the Ross Sea,
melting the ice shelf and supplying iron to the region. The Southern Ocean

dominates the absorption of heat and carbon dioxide due to the southward shift
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and strengthening of the mid-latitude westerlies by increasingly strong climate
warming. Through the biological sedimentation of fixed organic matter and the
decomposition of particles in the Antarctic continental shelf, nutrients are vertically
transported and then migrated back to the northern waters, where they are
supplied close to the surface layer. On the other hand, some organic matter and
nutrients remain in the deep layer. Climate change is predicted to change the time
scale for the movement of sedimentary particles to the bottom in the Antarctic
Ocean and the circulation rate of each water mass, which in turn affects
productivity and carbon dioxide absorption mechanisms in the low latitudes as
well as the high latitudes. However, it is difficult to fully understand the
mechanism by various regulatory factors in a large-scale complex environment
change only through observation. Thus, this study aims to help understanding the
geographical differences and causes of change in primary productivity and
biogeochemical cycles in the Southern Ocean through one-dimensional modeling
studies.

Observations of phytoplankton community structure under the influence of
glacial meltwater at Marian Cove in the West Antarctic Peninsula in summer
2019 : Four summertime field surveys were conducted at 5 stations and 3
water depths from January to February 2019 in Marian Cove to identify the
temporal and spatial distribution patterns of the summer phytoplankton
community due to environmental changes in the West Antarctic Sea. The mean
carbon biomass of Marian Cove was 86.93%+138.34ug L-1. The first field survey
showed the highest carbon biomass during the survey period. Moreover, at the
first field survey, diatoms were dominant at all stations, and the proportion of
micro size diatoms was higher. The proportions of nano-size diatom and
nanophytoflagellate were higher in the other field surveys. Carbon biomass
tended to be higher in the outer cove, the entrance to Marian Cove, than in the
inner cove. The proportions of dominant phytoplankton groups varied depending
on the locations of the survey stations. It is necessary to conduct a long-term
study to understand the changes in the marine environment and the patterns of
phytoplankton community changes caused by variations in the ice shelf.

. The spatial distribution of mesozooplankton community in the west Antarctica :
To understand the spatial distribution of mesozooplankton community in the
west Antarctica, field observations using the icebreaker R/V ARAON were
conducted at 10 stations in the coastal areas in the Little America Basin in
December 2020 and at 12 stations in the oceanic areas in the Southeast Indian
Ridge. All samples were vertically collected from 200 m depth using a Bongo
net (330 pym mesh size), and composition and abundances were analyzed.
Mesozooplankton community structures between coastal and oceanic areas
presented distinct characteristics. In the Little America Basin, the mean
abundances averaged 17.40 ind. m?>, and crustacean nauplius, Metridia gerlachei,

and Calanoides acutus were dominated. In contrast, in the Southeast Indian
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Ridge, the mean abundances averaged 284.02 ind. m?>, and chordata and small

calanoida spp. were dominated.

10. Variability of macroalgal assemblage and macroalgal succession in King George
Isalnd, Antarctica : Temporal variability and vertical distribution of a intertidal
macroalgal assemblage has been investigated in Barton Peninsula, Maxwell Bay,
King George Island of the Antarctic coast. Sampling was performed during the
two seasons of austral summer from November 2016 to January 2019. Sampling
for short-term variability had an interval time of 1-2 months. 15 algal species
were identified, and relative coverage of the predominant red Iridaea cordata
and endemic brown Phaeurus antarcticus reached 75.5%. The change of
abundance in summer can be summarized as a shift from I. cordata (season
responder) to P. antarcticus (season anticipator) and the change in color can be
intuitively inferred through the contour plot that was first attempted in this
study. This study area, which is dominated by two species, should investigate
the effects of global warming on macroalgal assemblage by studying long-term
monitoring and interactions between the two species. Meanwhile, ecological
macroalgal succession in newly free areas remained at the pioneer seral stage,
despite six decade of glacial retreat history in Marian Cove, King George Island,
Antarctica. In this study, spatial and vertical distributions were identified by
examining subtidal macroalgal assemblage from six sites of Marian Cove to a
depth of 25 m. The structure of macroalgal assemblage was analyzed for six
sites 0.2, 0.8, 1.2, 2.2, 3.6, and 4.1 km away from the glacier. To investigate the
effect of melting water, differences in the coastal environment were analyzed
based on data collected from 5 sites 0.4, 0.9, 3.0, 4.0, and 5.0 km away from
the glacier. Both macroalgal assemblage and marine environment were divided
into two groups, inside and outside the cove, based on the region 2-3 km away
(ice free since 1956) from the glacier, showing significant differences. This study
showed that macroalgal assemblage in the Antarctic fjord-like cove responded to
the glacier retreat, and is a valuable study for understanding macroalgal

succession in Antarctica for the future.

V. Application Plans of R&D Results

O Obtain observation-based scientific outcomes to evaluate the Southern Ocean
regulation of climate

O Estimate carbon uptake capacity of Pacific sector of the Southern Ocean

O Establish an integrated long-term monitoring observation network for
investigating the Southern Ocean heat transport variability, carbon sink change,
and material cycle

O Contribution to highly impact scientific research publications and provide
scientific background for coming IPCC reports

O Understand the distribution and concentration of glacier meltwater and its

mixing and dispersing processes in the West Antarctic coastal region
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O

O

Identify the influence of glacier meltwater discharge on water mass property
and current circulation

Quantify the trace metal supply and its variability from the glacier meltwater in
the West Antarctic coastal region

Detect a link between trace metal supply and phytoplankton distribution
Develop an ocean circulation model for Marian Cove, Antarctica under rapid
glacier retreat environment

Suggest indicator species and long-term monitoring of their variability
Assessment of perturbation and adaptation of the benthic-pelagic ecosystem
under glacier melting in the Marian Cove

Exhibit a schematic of the benthic-pelagic coupling and trophic relationships in

the Marian Cove
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Physical properties of seawater and heat transport in West Antarctica

Tae-Wan Kim
Division of Ocean Sciences, KOPRI

Abstract: From January 2020 to December 2022, during the research project period, three
field expeditions were conducted using Araon to track the behavior of Circumpolar Deep
Water and calculate poleward heat transport from observation of water mass and current
in the Southern Ocean. During the first expedition conducted in January 2020, the physical
properties of seawater were measured on the continental shelf of West Antarctica to reveal
the spatial distribution characteristics of glacier meltwater and the influence of ocean
circulation. In the second expedition in December 2020, four long-term ocean moorings
were installed on the shelf break in the Little America Basin in West Antarctica to identify
the time-series variability of heat transport supplied to the continental shelf. In addition,
the vertical temperature, salinity, and currents were observed at each station to investigate
the spatial distribution of the Antarctic slope front and currents and their effects on the
CDW's intrusion onto the continental shelf. The most recent field expedition was conducted
in November 2021 at 20 stations near the Southeast Indian Ridge, one of the areas where
the polar front passes, and the spatial distribution of heat transport was confirmed. In
addition, one long-term ocean mooring and 16 current and pressure recording inverted echo
sounders were successfully installed to investigate the heat transport process through the

polar front to the Southern Ocean.

Figure 3.1.1. Map of study area. Red dots and Blue dots denote the CTD and mooring
stations visited during ANA10B expedition.
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Figure 3.1.2. Map of study area. Orange dots and Red dots denote the CTD and mooring
stations visited during ANA11A expedition.
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Figure 3.1.3. Map of study area. Blue diamonds and Red dots denote the CTD & C-PIES

and mooring station visited during ANA12A expedition.
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Figure 3.1.4. Potential temperature-salinity diagram at 29 stations. The color code indicate
the longitude of each stations and gray solid line indicated the connection line of

endmember of each water mass (CDW, WW, GMW).
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Figure 3.1.5. Vertical distribution of potential temperature at five sections. The distance is

from the northernmost station.
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Figure 3.1.6. Vertical distribution of salinity at five sections. The distance is from the
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Figure 3.1.7. Schematic diagram of four long—-term mooring systems installed at shelf break

near the Little America Basin in December 2020.
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Figure 3.1.10. 12 CTD stations of Little America Basin conducted by USCGC in 1976 and
11 CTD stations conducted by Araon in 2020 and geostrophic velocity calculation points.

Depth (m)
Depth (m)

{1111}
[[1]]

inif
80 100 120 140 160 180 200 220 240 260 80 100 120 140 160 180 200 220 240 260
Distance (km) Distance (km)

0 20 40 60

Depth (m)
Depth (m)

0 20 60 80 100 120 140 160 180 200 220 240 260
Distance (km) Distance (km)

40 60 80 100 120 140 160 180 200 220 240 260

Figure 3.1.11. Spatial distribution of vertical temperature and salinity along the Little

America Basin observed in 1976 (top) and calculated geostrophic velocity (bottom)
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Characteristics of water mass properties and future changes in the

Antarctic marginal seas

Taewook Park

Division of Ocean Sciences, KOPRI

Abstract: The Antarctic marginal seas are an important area in predicting future marine
climate because the inflow of high-temperature Circumpolar Deep Water (CDW) located in
the middle layer of the Southern Ocean causes ice shelf melting and dispersion of melt
water, affecting ocean circulation and water mass properties. In this study, the water mass
properties and the future changes in Antarctic marginal seas due to global warming were
analyzed using the results of simulations of the present-day climate (PD) and the future
climate of carbon dioxide doubling (2xCO2) based on a high-resolution climate model
(Community Earth System Model, CESM) with a spatial resolution of 1/10°. In PD
experiment, the Amundsen and the Bellingshausen Seas showed more distinct decadal-scale
variability compared to the Ross Sea, which is consistent with the results of previous
observational-based studies on CDW fluctuations within the continental shelf. The CDW
temperature in the Antarctic marginal seas in PD experiment was above 0°C in the
Amundsen and Bellingshausen Seas and below 0°C in the East Antarctic coastal waters as
well as the Ross and Weddell Seas, consistent with the results known in the previous
studies. In the future climate (2xCO2) experiment, we showed that the Antarctic shelf
bottom water increased by 0.43+0.16°C in the entire western Antarctic seas, from the
Bellingshausen Sea to the Ross Sea, compared to PD experiment. The analysis to identify
the main mechanisms occurring in the future in the west Antarctic continental shelf
through the investigation of the main mechanisms governing the changes in the physical
environment leaves important implications for understanding and prediction of global ocean

climate change.
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Table 3.2.1. Comparison of mean (standard deviation in parentheses) volume transport across

the sections (Indo-Pacific section, Drake Passage, and 30°S section) in unit of Sv (1 Sv

10° m*/s) based on CESM and ocean model reanalysis dataset

Ensemble reanalysis
CESM (Present Day) GLORYS12 ]
(Lumpkin and Speer)
Indo-Pacific section 162.90 (2.25) 175.0 (4.4) 141.50 (11.40)
Drake Passage 147.76 (4.26) 156.9 (4.5) 129.70 (6.80)
30°S section 13.82 (1.41) 19.0 (2.7) 14.30 (3.40)
Southwestern Pacific Ocean Ross Sea Amundsen Sea Weddell Sea South Indian Ocean
1 HE I Moorman et al., 2020
= | . 1 | B  Tompsonetal, 2018
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Fig. 3.2.1. Classification of cross—slope profiles into Fresh (green), Cool (blue), Warm (red),

and Dense (purple) shelf and transections (Moorman et al., 2020).
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Fig. 3.2.2. Mean temperature and salinity of ASBW in the simulation of (a) Present Day
(b) Doubled CO- experiment, and (c) difference between Doubled CO, and Present Day

simulation.
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CO, experiments.
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Fig. 3.2.5. Cross—slope transects at the referenced dense water formation regions (Tompson
et al., 2018; Choi and Nam, 2022) simulated by Present
Day (left) and Doubled CO, (right) experiment. From the top to bottom, Weddell Sea,

western Ross Sea, Adelie Coast, and Cape Darnley.
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Fig. 3.2.6. Cross-slope transects at the same region as in figure 3.2.5. Temperature (left)
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Breiman (2001)2] Aol AAE HY EH2EE= 7|ASF 3 /72, e 24 E

5)
2] (decision tree)E< gFole GAAE ot o] duElFe E

A
oF: XFS BE AFwobdA e &8&H1 vk 2% dF #S5ARS} JAFHE ARE
Ayl XY 2Eo SHAA WAIZ whe] 3 pCO2E F4 % Chen et al. (2019)2] Ao A
= Axel EFAEE 10 patm °ldtE RHuEHJT EI Ay TYP2EQ AAY nd
(Self-organizing maps—feed forward network; SOM-FFN)& A}-&3lo] =49 =3 pCO29)
A AFZL Ax7E A7 1484 patm, 1645 patmoe®, dAY IHAESY o= A}
SOM-FFN¢] A3 a4 24 5ol gel¥ AtH(Gregor et al, 2017).

2xdleh FFale) Sy gEoltaiRas B¥ 2 o A0d AEAL J)Fuse 9
e BAe AR glom, o Q]9 olAsithad F F499 dFs qde] v
HF A2 D gtk webd, Azl Aekae FHA BagEN QaE BIA S
9% 75 9 APANRE BYste] o] fE RUHIS FASA B ATALY RaS

g 2de B3 A4 S oldstm, vde) dFA BiE

| 21ZF 71 FrieAe] Hl&S #4867 flal Cavity
Ring-Dwon Spectroscopy (CRDS)E o]&3F DI13C ¥4 A|2~dS FA3AT. Al 2" F7
o] A FYste] FUIEAE oiisteir WEel= dAE Al2=" (APOLLO ARe]
AS-D1 ®d)& PICARROAMS] CRDSS! G213liol Adstel +AsAh(Fig.3.3.1). x84
2 Isotope Ratio Mass Spectrometry®] #4] Z3}9} H]ﬂ'§ 3l gHle At g
BAsgon, 7 A R=12 A A#RES YiglSS Helsl ¢l tHFig.3.3.2).
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3 Aol pCO2 Al~®3} (Fig.3.3.3) EA)o]l AIRICA (Automated Infra=Red Inorganic
Carbon Analyzer)& 7]AWo] dxlste] 7oA wiejetAinte] && 7o 48 s
A stk AIRICAT 5mlel A#e] AE2 15687 shue] A5 #4o] 7heste] A
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layer depth, MLD)+
tolE o] A7t W= 19989 F-H 20187k ot} HolH & TR TS sU3 025°%
NAzs R o, AR T EE ¥ 2 Ao 494 8 days, Y 59 AF
month® HS FHelgoh T3k 2d $HS 98] SOCAT v3 fCO2 A=7F A&
(Bakker et al., 2016).
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< 2dlo] YWz (feature) 2 A& T (skewness)7} & MLD$F 2=2=24
(Chl-a)2 Aol 7/MHAES 4821 WS stidth(Nakaoka et al, 2013;
Landshuster et al., 2014; Gregor et al, 2017). At5 2] AAWH3}ES T 37 st Ex <A
(day of year)E W42 &83 A7 (Zeng et al, 2014; Gregor et al. 2017)7F o 2 A
o A= Y(month)e] AFA T (sin_t)9F FAFQI T (cos )& F7HRITE &8t cos _t =
_t=sin ( 2 ® x month 12 ).

HEA JEHFE F FE9  %(total cloud cover; TCC), alHW FX(sea ice
concentration; SIC), ¥&=(sea surface temperature; SST), &< (Wind), 3% Nino <149~
(oceanic Nino index; ONI), cos_t, sin_t, logl0 (Chl-a), logl0 (MLD)¢|™, =¥ W 4=(label)©=
fCO2¢|t}. o] HolHE w3t 80%+ REe Frlol, 20%+ Ed HXEo| o&sdr. &
AT e F4o A =(random seed)E EElste] 10714 A2 v & 2849 FH-HZE dHo]
HAS FH 8T

C) 99 IYAE 3H
I

cos ( 2 m x month 12 ), sin

] 7 (bagging)2 FE~E W 334 (bootstrap aggregation) 2F-E = ot} Ay ¥ yPE
= A AAYE (decision tree)oll ¥l (bagging)S 483 R o|th(Breiman, 2001). 7|5
o dF e AHES FHst] AA F & AS5grh doly @43 md e F2 goldl
(Python) A& AFE-3te] S35t} Scikit-learn 71 A<} &4 o8] & add-on H7|A =
o] gste] el 4= 9 FY 1gil YL HUE ST dH EHZE 3 ARETESS 9
3 SJAMAAG U] e 50008 Akl on, iy 2 AES tE fHu|HES Tholxlo|
A A& =+ RandomForestRegressor &2 7] A #& A&ttt T3 H Ao £dS
el e Ao JdHHEF AFE AASELY FR st RE SA4S st s AAS

A9k E A9l bootstrap samplingS 8% 2 AA3 7] wjitol o] M3 YL EA s}
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Characteristics of inorganic carbon system in the West Antarctic

Ocean

Keyhong Park

Division of Ocean Sciences, KOPRI

Abstract: This study was conducted for three years of research period, from January 2020
to the end of December 2022. During the period, field observations in the Ross Sea were
limited due to covid-19. However, in addition to the collection of sea water samples,
research and analysis using artificial intelligence and Earth system models, as well as
research on the Antarctic coastal environment based on the King Sejong Station were
conducted. The subject of the study was largely divided into four sub-items. First, a
carbon stable isotope (8C) analysis system in dissolved inorganic carbon in seawater was
established, and through this, the distribution of anthropogenic carbon dioxide in the
Southern Ocean and the Ross Sea has been estimated. Also, using an artificial intelligence,
the distribution of dissolved carbon dioxide over the past 21 years was reconstructed in the
Ross Sea using the existing carbon dioxide observation data base data and marine
environmental variables. This enables us to understand a long-term spatio—temporal
distribution of £0O; in the Ross Sea. In addition, the Earth system model was used to
estimate the past, present, and future of carbon dioxide and inorganic carbon in the
Southern Ocean. The inorganic carbon cycle study was also conducted based on the King
Sejong Station, King George Island, where the environment is rapidly changing due to the

global warming.
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Fig. 3.3.1 Measurement system for dissolved inorganic carbon and d13C analysis.

11/2/2020
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3 6.102 | 137991 |2034.59| 3.52 721160000
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3.5 7.119 | 160368 [2033.71| 3.59 5 a0
3.5 7.119 | 160558 [2036.17| 3.57 & Ssto00
4 8.136 | 182743 [2033.03| 3.58 120000
4 8.136 | 182851 [2034.26] 3.71 110000
AVG | 2034.0 | 3.56 100000
STD 13 0.10 2
11/9/2020
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Fig. 3.3.2. A robust

measurement system.

LT 1

calibration result of DIC and
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Fig. 3.3.3. Carbon dioxide continuous observation system (left) and semi-realtime dissolved

inorganic carbon observation system (right) installed in King Sejong Station.
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Fig. 3.3.4. Spatial distribution of DIC and dl13C measured from R/V Araon’s research

cruise.
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3¢ Suess effect (2011-2020)
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Fig. 3.35. (a) sea water sampling stations in the Ross Sea. (b) A comparison of vertical
distribution of d13C between 2011 GLODAP data and Araon’s 2020 cruise data. (c)
Calculated vertical distribution of Suess effect in the Ross Sea. There is a noticeable

intruision of anthropogenic carbon is estimated below the 100 m.
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Fig. 3.3.7. Observation results of DIC and d13C measured in the 4 stations in Marine Cove,
King George Island.
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Fig. 3.3.8. Resconstruction of monthly surface fCO2 distribution in the Ross Sea using a

machine learning technique. (a result of 2018).
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Fig. 3.3.9. Relative importance of environmental variables used in fCO2 estimate.
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Fig. 3.3.10 Monthly surface COZ2 distribution in the Ross Sea reconstructed from random

forest technique. The results are 21-year mean distribution.
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al., 2012; Dutrieux et al., 2014; Sherrell et al., 2015, Manen et al., 2022). w&tA] oAl &=
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A Qe Aol adlel: Estal o] sfjelM el FrIRtAsgtEe] A S8 AFA
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Characteristics of dissolved organic carbon and environmental variables

(nutrient and trace metal) in the Southern Ocean

Jinyoung Jung

Division of Polar Ocean Sciences, KOPRI

Abstract: To investigate the characteristics of dissolved organic carbon and nutrient in the
Southern Ocean, seawater samples were collected during the research period (January 2020
to the end of December 2022) on board the Korean icebreaker R/V Araon. In addition, the
concentration of water-soluble organic carbon in marine aerosols was investigated to
improve the wunderstanding of the sea—air interaction in terms of the carbon cycle.
Furthermore, we established a clean seawater sample collection system for trace metal
observation in the study area and upgraded it, which enables us to fill the data gap in the
knowledge of trace metals, including iron, a limiting factor for phytoplankton growth. A
survey of literature and existing research results in the study area revealed that about 48.8
Tg of carbon is produced by primary production in the Ross Sea, and that about 39 Tg of
carbon and 3 Tg of carbon existed in the form of particulate and dissolved organic carbon,
respectively. It also revealed that about 15-20 Tg and about 4 Tg C of particulate and
dissolved organic carbon are transported to and stored in the deep layer. In addition,
previous studies reported a high concentration of iron in front of the Dotson Ice Shelf in
the Amundsen Sea, which was supplied to the surface layer due to the influence of ice
shelf melting water. Based on the results obtained during this project, we will conduct a
more thorough assessment of the carbon budget by connecting organic carbon data to

environmental variables, including the nutrient and trace metal datasets.
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air-sea Carbon cycle in the Ross Sea
CO, exchange Unit—Tg C

Influx 0.57 — 2.18

(Batesetal., 1998)

e GPP 48.8 (cataanoetal., 2010) phytoplankton

zooplankton

Unknown

Deep ocean

Fig. 3.4.1. Schematic illustration showing the carbon cycle in the Ross Sea. Data were

obtained from Bates et al. (1998) and Catalano et al. (2010).
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Fig. 3.4.2. Spatial distributions of meteoric water and sea ice melt water fractions observed

during the 2015/16 ANAO06B and 2017/18 ANAOSB cruises.
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Conceptual diagram of clean seawater sampling system

Kevlar rope
(109, 5000 m)
Titanium shackle

S

/ Carefully moved into a clean container

(filled with air which was passed through an HEPA filter)

Polyurethane coating ||
Al frame

‘.‘

After sampling

Teflon-coated
Niskin-X samplers
(Acid-cleaned)

Auto firing module
with pressure sensor

Water samples will be subsampled inside of clean container

Fig. 3.4.3. A picture showing the Niskin—-X rosette sampling system and clean container for

trace metal measurement.
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400 1
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800 A

Depth [m]
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1400 A

—e— Stn.1 Clean
—O— Stn.1 Normal

1600

Fig. 3.4.4. (a) A picture showing testing the Niskin-X rosette sampling system for trace
metal measurement. (b) vertical profiles of iron (Fe) concentrations in seawater collected
from the Niskin-X rosette sampling system (closed circles) and normal rosette sampling

system (opened circles).
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Fig. 3.4.5. Vertical sections of (a) salinity, (b) potential temperature, (c) nitrite + nitrate
(NO; + NO3) (umol/L), (d) phosphate (POs) (umol/L), (e) silicic acid (Si(OH),) (umol/L), (f)
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(DOC) (UM C) in the Ross Sea observed in the summer of 2020.
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Fig. 3.4.6. (a) The entire cruise track with aerosol sampling location (orange circles). Each
aerosol sampling start points represent the end of the previous sampling period. (b)
Concentration of water-soluble organic carbon (WSOC) against sample ID. (c) Variations of
relative  contributions of marine humic-like (blue), terrestrial humic-like (gray),
tryptophan-like (orange) and tyrosine-like (cyan) components in the fine-mode aerosol
particle (PM2.5). Black solid lines with circles in (b) and (c) indicate the latitude of the

halfway point between each aerosol sampling point and endpoint.
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Fig. 3.4.7. (a) The aerosol sampling location (blue circles). Each aerosol sampling start
points represent the end of the previous sampling period. (b) Concentration of
water-soluble organic carbon (WSOC) against sample ID. (c¢) Variations of relative
contributions of humic-like (gray) and protein-like (blue) components in the fine-mode
aerosol particle (PM2.5). Black solid lines with circles in (b) and (c) indicate the latitude

of the halfway point between each aerosol sampling point and endpoint.
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Fig. 34.8. (a) Map of the study area with the cruise transect (gray dashed line), trace
metal sampled stations (colored dots) and approximate outline with use of percentage sea
ice coverage at the end of sampling (30th January 2018); 12 km spatial resolution
(AMSR-E/AMSR2) images (source: NASA Worldview). Transect plots of (b) dissolved

iron and (c) particulate iron along the sampled transect in the Amundsen Sea Polynya.
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Fig. 3.4.9. Transect plots of (a) dissolved iron, (b) particulate iron concentrations and (c)
meteoric water fraction obtained from oxygen isotopes ratio along the sampled transect in

the Amundsen Sea Polynya.
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A study on variability in phytoplankton carbon and nitrogen uptake
rates and glacial retreat rates in Maxwell Bay and Marian Bay, near

King Sejong Station
Sun-Yong Ha

Division of Ocean Sciences, KOPRI

Abstract: Rapidly changing conditions in high-latitude coastal systems can significantly
impact biogeochemical cycles because these systems are strongly influenced by freshwater
discharged from melting glaciers and streams on land. Generally, Antarctic coastal areas
are considered high-productivity areas in which phytoplankton growth prevails under
various environmental conditions (e.g., oceanographic and meteorological conditions). A total
of three investigations were in situ carbon and nitrogen uptake of phytoplankton during the
Marian Cove and Maxwell Bay from January 2020 to the end of December 2022. As a
result, during the phytoplankton growth period (December-January), carbon and nitrogen
uptake rates showed a wide range, and it was confirmed that they were controlled by
differences in light transmittance (euphotic depth) and preferred nutrients. In addition,
through satellite optical/imaging radar data built for the purpose of observing coastal
glaciers near the King Sejong Station, the coastal glacier of Marian Cove changed by
about 1900 m over the 66-year period from 1956/1957 to 2021/2022, and the retreat rate of
3171 m per year was calculated. Even within a year, irregular boundary changes were

observed on fluctuations of several meters.
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Fig. 3.5.3. Sentinel-1 GRD preprocessing workflow (Filipponi, 2019).
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Fig. 3.5.9. Glacier retreat detected at Marian Cove from DSAS analysis.
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Table 3.5.1. Sentinel-1 imaging radar data

No. Acquisition date No. Acquisition date
1 06 Dec 2016 20 25 Jan 2019
2 18 Dec 2016 21 06 Feb 2019
3 30 Dec 2016 22 18 Feb 2019
4 11 Jan 2017 23 03 Dec 2019
5 23 Jan 2017 24 15 Dec 2019
6 04 Feb 2017 25 27 Dec 2019
7 16 Feb 2017 26 08 Jan 2020
8 01 Dec 2017 27 20 Jan 2020
9 13 Dec 2017 28 01 Feb 2020
10 25 Dec 2017 29 13 Feb 2020
11 06 Jan 2018 30 25 Feb 2020
12 18 Jan 2018 31 09 Dec 2020
13 30 Jan 2018 32 21 Dec 2020
14 11 Feb 2018 33 2 Jan 2021
15 23 Feb 2018 34 14 Jan 2021
16 08 Dec 2018 35 26 Jan 2021
17 20 Dec 2018 36 07 Feb 2021
18 01 Jan 2019 37 19 Feb 2021
19 13 Jan 2019
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Table 3.5.2. Coastal glacier change and velocity estimated from
optical satellite imagery (The IDs are in order from top to bottom
in Fig. 35.9.)

D NSM(m) SCE(m) EPR(m/year) LRR(m/year)
1 1434.99 1434.99 21.97 26.65
2 1573.46 1573.46 24.09 29.49
3 1726.27 1746.49 26.43 33.58
4 1830.11 1830.11 28.02 34.97
5 1902.41 1902.41 29.13 35.66
6 1971.63 1971.63 30.19 36.39
7 1952.11 1952.11 29.89 35.70
8 1695.53 1705.61 25.96 32.67
9 1482.94 1663.83 22.70 30.26
10 1397.90 1397.90 21.40 25.81
11 1547.95 1579.99 23.70 29.20
12 1718.81 1750.69 26.32 31.61
13 1500.29 1500.29 41.46 39.27
14 1610.59 1610.59 44.50 40.73
15 1581.63 1581.63 47.66 39.16
16 759.06 759.06 34.28 29.49
17 783.05 783.05 35.36 35.51
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Environmental factor controlling phytoplankton community structure in

the west Antarctica

Youngju Lee

Department of Ocean Sciences, KOPRI

Abstract: To understand the distribution of phytoplankton community and the influential
environmental factors in the West Antarctic Ocean, three field surveies were conducted
during the austral summer in Antarctica. Phytoplankton community dominated by
Phaeocystis antarctica (Prymnesiophytes) and/or diatoms during the bloom periods, and
they play different roles in the ecosystems and biogeochemical cycle in this area. In
January 2020, phytoplankton species abundance was investigated using an automated
continuous observation instrument, the Imaging FlowCytobot. The spatial variations of the
phytoplankton community structure were slightly different in the Amundsen Sea Polynya
and Wrigley Gulf Polynia, indicating an unstable response of the phytoplankton to
environmental changes such as rapidly thinning ice shelves in West Antarctica.
Phytoplankton biomass averaged 4.55 ug/L and 0.40 ug/L, respectively, in the coastal areas
(the Amundsen and the Ross seas) and the Southeast Indian Ridge area. Although P.
antarctica was dominant in the coastal areas and diatoms were dominant in the oceanic
area, there were some differences between the dominant species in the coastal areas as
well, indicating that the phytoplankton biomass and community structure during the bloom

period showed large spatial variations.
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(b) Phytoplankton biomass

Fluorometer Fluorometer Algae Online Analyzer

(c) Photosynthetic pigments  (d) Phytoplankton abundance

HPLC Imaging FlowCytobot

Fig. 3.6.1. (a) Study areas and sampling stations in the Amundsen Sea Polynya (ASP,
Wrigly Gulf Polynya (WGP), the Little American Basin (LAB), and the Southeast Indian
Ridge (SEIR) in the Amundsen and Ross seas, west Antarctica. (b-d) Analytical methods

for phytoplankton biomass, photosynthetic pigments, and phytoplankton species abundance.
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structures in the coastal waters of the Amundsen Sea, West Antarctica in January 2020.
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Fig. 3.6.4. Spatial distributions of phytoplankton biomass and
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Marine Biogeochemical and Ecosystem modeling

Hyoung Sul La

Department of Ocean Sciences, KOPRI

Abstract: The Southern Ocean strongly influences global climate and biogeochemical
cycles. In the Antarctic Ocean divergence region south of the Antarctic gyre, water from
the deep layer upwells to the surface layer, and Subantarctic Mode Water and Antarctic
Intermediate Water move northward, and the surface water mass sinks and continues to
move northward at intermediate depths, transporting nutrients to the thermocline at the
lower latitudes. In addition, the relatively warm Circumpolar Deep Water upwells from the
depths to the Antarctic coastal surface layer such as the Ross Sea, melting the ice shelf
and supplying iron to the region. The Southern Ocean dominates the absorption of heat
and carbon dioxide due to the southward shift and strengthening of the mid-latitude
westerlies by increasingly strong climate warming. Through the biological sedimentation of
fixed organic matter and the decomposition of particles in the Antarctic continental shelf,
nutrients are vertically transported and then migrated back to the northern waters, where
they are supplied close to the surface layer. On the other hand, some organic matter and
nutrients remain in the deep layer. Climate change is predicted to change the time scale
for the movement of sedimentary particles to the bottom in the Antarctic Ocean and the
circulation rate of each water mass, which in turn affects productivity and carbon dioxide
absorption mechanisms in the low latitudes as well as the high latitudes. However, it is
difficult to fully understand the mechanism by various regulatory factors in a large-scale
complex environment change only through observation. Thus, this study aims to help
understanding the geographical differences and causes of change in primary productivity
and biogeochemical cycles in the Southern Ocean through one-dimensional modeling

studies.
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1. A&

= 'Hob‘ﬁﬂﬁ]}:‘ 7] & olibsteta SUFE QIS A 2dEl, eEF o 93 z9
A7 5 A AFA AR &5 o Atk (Kang et al, 1997, Ruckamp et al., 2011;
Lee et al, 2015). 2 #7|3F S84 o2 <tAH T A AS35e] Astsk = AHEL 7

3=
2 A4 ] Wstel = RIFeHA FEFs e Ak AW 50d F AT ] SEE i
06C S7Fg vt 22 7[3F &<k WAP W7]|2%+ 15C A5ttt (Clarke et al, 2007
Cook et al, 2016). AxAA e F5AFHA7 A7} A ME=RtE (Western Antarctic
Penins; WAP) 3192 F4d &<k 2ustel s o] wstr meA AP e A s 3
t}olt} (Hansen et al, 1999; Vaughan et al., 2003; Ducklow et al., 2006; Turner et al., 2016;
Cook et al.,, 2016; Rignot et al., 2019). HZAd Adlg vhdde] Jgs v glom A<
90% o]4o] Walz Holgdtl (Park et al, 1998; Simoes et al., 1999). w}&]eFAavke 2 50
e FEAdEs W ~1.7kme et FESIA A (Park et al, 1998 Lee et al, 2008;
Ruckamp et al, 2011) H<* Wste] FEEEE ¢F 272 m y o]t (Kim et al, 2022). 4=
A G A= e AGH D] Aded wE AEAe Wsrh FsiskAl vebdth @ Ak
AEAIE AL = *ﬁﬂﬂﬁm J\]CE“O] A&E 7] M= AR o go]l w9
%23}t (Clake and Leaky, 1996). Hog oA dAABLS AEEHIAE 7 T A
717F Ml & qrxwek ok 35%7} FAske] EdstARE FSaod = 2

ZgdaEo] ¢AsA veEbdTE (Moline et al, 2004; Lee et al., 2015; Schofield et al., 2017;

A7)17F 2

Mascioni et al., 2019). ¥=9 &% AHeA= Addoz sy AW o3 oJgko] =

(Sakshaug and Holm-Hansen, 1984), 94 A2 AST2ZHEH T3] FaSAN F58 LA}

Fp e oz AZEGAEY AEHFS 92 dHolt) AT A= AN Tt
:l

=
e FHTRE A tHE WEE FASY AEEHAEY ALkgo] vl A =t} (Smith,
1987). ol&= Folu Fxxlol o o & ol -
Al
2]

2} | 4
sk W3le] 3 E = Nano-sized A EZHIAE AEHS F7FAZ L (Moline et al, 2004) 2 &



FYaEs TYTEE WAAA AFPAAN FFL WA sbsAel Arh (Clarke et al,
} =

2007; Meredith et al., 2017). ¥ A= n} FaAES FHF

rO
B>
rlj
ok
_O‘L
o
)

2. A8 2 B

nhElekinte] 5709l A 3749 FAolA 20199 19 1493EH 29 25U7HA 43 G @
Zo] o]Fo -}t (Fig. 3.81). & AZ2 5L Niskin #o| &= Rosette Samplesi A
At =2 23 9 SBE 10 plus V2 CTDE o] &89 A3 Chl-a #=%
w4 5t7] 918 GE/F ZE & AR&ste] a5 o #stqlth. Chl-adl Z7]¥ s%=5 457 9
31 20 ym, 2 i, GF/F ZHE A&ete] o3etsith. A= 90% ohAlES H7hsto]l Wetad
BASA L 1247 & 5 d33 %7 (Trilogy, Turner Designs)E o] &3dlo] S3 =S =4
st AEZHIE 3 BEAS 98] HPMA(N-(2-hydroxypropyl)methacrylamide) < 2F
ol=& AFst . HMPA Egtol=% H3 W< Utermohl method9t A8 Crumpto,

1987; Kang et al., 2002; Jeon et al., 2021). 24 10709 fields ©]A E=+= 3007 o] A9 Alx=
Zeiss Axiophot Microscope® F3%t3 FF-& Foto] AFEHa 20081 4008 ol A =
micro-sizeE 10008] ol 5] = nano-size®} pico-sizeE A3ttt FR2F= 7Hsd 35 e
3 FEoR TASYT 20 mm BT =77 AAY FES flagellatess Haptophyceae,

Prasinophyceae, Crytophyceae F+ 2 =2 AAFH S ‘jr A5 ZHAE2] carbon biomasst 3%

dArd (Axio)= ol&ste] 7zt E7F79Y Ax ZHol T FHa 2070 ol hE S5t FA
sttt "t AE H3I = appropriate geometrical shapesS AR&3to] AAFE$I A carbon

biomass¥ 44 ¥ Strathmann equationsS AF-&38te] A4t (Smayda, 1978).

3

nhElebagkel A Hit £ 0991034 T2 ASHATh A7 Hb 2 19 1490
0.79+0.39C, 1€ 3149 097+0.33TC, 2¢ 8Y 1.11+0.28T, 2¥ 25¢ 1.08+0.27C= #=
(Fig. 3.82). AA A} 712 5 29 8Y MCI199] :xZFolA 161T=E 71 =4 & A

}J

4 149 MC169 #FZoA 031CE 7Hd A #==Adnh 2 A7)E 5 4 &
o Al vkt om eutol A EdTE WA Wt G 34.1240.15 psuE HZH AT AA FAF 7
b = 2¢ 25¥99] MC79 102meolA 3429 psuz 7FE =4 #=FHAow 1€ 319 MC169]
EToll A 3351 psuz 7HE WA YERS A7 Ho AR 19 1499 34.16%0.10 psu, 1
4 31¥ 34.08+0.20 psu, 2¢¥ 8% 34.09+1.14 psu, 2¢¥ 25% 34.14+0.13 psuz T=FHJch 7+
A7 WS o AR MC169] E3ollA 7 e el #EHJL T3 AR MC79
102mell A 7Hd =8 dio] #SHAA o] AL WEo I FAAAY HFF dFS o
E ARl FARY dA4% d ol i dR okFo] FAHAS Aol mpEetArnte] &
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(MC16)AA-FH A% 5 - (MCl19)e=2 24

o vhelebant HEEFAaES] AT 5
() 4EEFAES] YSh-a 55

ZAF 717F 5 mpgjekAawte] total chl-a®l ¥ FEE 07961346 pg L2 EAEAT
(Fig. 3.8.3). A17]1¥ #Hit F=E 19 1490l 22082.210 pg L, 1¥ 319 0.261+0.227 pg L7
29 8¢ 0.388+0.377 pg L' 29 259 0.327+0.292 pg L'2 EAHAT. AA A 1 F 1
4 159 MC19¢] 15moll A 5500 g L'2 718 =4 EA=E990m 29 84 MC139 95meol A
0013 wg L'2 7} @A £A59 Micro chl-a9 ¥%3+ 0428+1.012 pg L2 A5 9},
A7 HiF FEE 19 1494 1610£1521 g LY 19 319 0.024:0.016 pg L', 29 8¢
0.023+0.017 pg L1, 29 259 0.056+0.045 pg L2 EAEAt} Nano chl-ad %+ Hif
0.160+0.132 pg L2 EA=A. 1718 Hit wxE 19 1499 012640072 pg L7, 1€ 31
d 0.1470.109 pg L™, 29 8% 0.205+0.171 pg L, 2€ 259 0.162+0.152 pg L'& &A= Aoh.
Pico chl-a® B3 FE+ 0.128+0.150 pg L2 EA LT A7E Hir 5E5E 19 1494
0.199£0.225 pg L', 1€ 31¥¢ 0.096+0.114 pg L', 299 8¥ 0.129+0.136 pg L' 29 25¢
0.087+0.069 pg L'® EA LAt AEZZAE blooming © AU 19 1494] micro chl-a
7F F AEAS TR 80% o= AAET AE AT HH nano chl-a o AT FIHA

[¢]
TESAS B, A7IeE B glo] W& uivbellA ojit® Z= chl-ad w%7F FolbAl=

g

ko] A EZ A% carbon biomass® 1t 32590443565 pg C L1E EA =}
19 149l 75.352+66.964 pg C L, 149 319 17.404+12.730 pg C L', 24
8 15.357+14.075 pg C LY, 29 259 21.234+19587 pg C L& EA Lt AA AL 7]17H
T 19 14¢ MC199] 15mel A 194254 pg C L'2 7Hg =4 24=%o0 29 259 MC79)
102mell A pg C L2 7bg @A 2= 42233 E9 carbon biomass: chl-a & %9
kel FARRE S melow WE Wrbel A wmpgekant igQl oJuto v A= A b
st AdS el ti524719 19 Fols diatomo] A A- A 43k 2™ micro
size diatom®] H|&o°] O E}aL thFA 7] o]l +=
=< HES AAsAY. BE A7AdA ®We diRke] AR MC13¥% MC169] F 3ol A
nanophytoflagellate®] H]&o] & Ao 7 #H&HA} (Fig. 3.84).

o,

nano size diatom¥ nanophytoflagellate”}

(3) AEZFHIAEY +HFZE
ANEZGaE9 52472 19 1499l Thalassiosira spp., Pseudo-nitzschia lineola,

Pseudo-nitzschia  heimii, Pseudogomphonema sp. Pseudo-nitzschia prolongatoides,

Actinocyclus divisus, Fragilariopsis spp. 7} 33t o FZFo] A2 sl= vt =27]9
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Thalassiosira spp.7b AA AR 2 FANA aA 43t
MC7) %S4 micro size diatom®] H|& (79% ©]73)o]
o] ®Z°lA nanophytoflagellate”} 28% o]/ +H3FIth 52 o]Fd= F= nano size
diatom¥}  nanophytoflagellate’}  dstg o  ®ueol  ulex  Qutozr Ay =
nanophytoflagellate®] H| &2 FEAY. AA| A7l Minidiscus spp.¢ Thalassiosira spp.,
Fragilariopsis spp., Pseudo-nitzschia spp.7} -F3 33} (Table 3.8.1). Unidentified

nanoflagellate, Phaeocystis sp., Cryptomonas sp., Pyramimonas sp.= <J%He] % ZFo] H X3}
o1 picophytoplankton< E& ARNA v 7]oE HAT wiEtiw AEZSHAE

A
TATEE §959 FUOE sl

o

A MZol AA JeEUE Aoz duHc)
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Observations of phytoplankton community structure under the influence
of glacial meltwater at Marian Cove in the West Antarctic Peninsula

in summer 2019

Misa Jeon and Eun-Jin Yang

Department of Ocean Sciences, KOPRI

Abstract: Four summertime field surveys were conducted at 5 stations and 3 water depths
from January to February 2019 in Marian Cove to identify the temporal and spatial
distribution patterns of the summer phytoplankton community due to environmental changes
in the West Antarctic Sea. The mean carbon biomass of Marian Cove was 86.93+138.34ug
L' The first field survey showed the highest carbon biomass during the survey period.
Moreover, at the first field survey, diatoms were dominant at all stations, and the
proportion of micro size diatoms was higher. The proportions of nano-size diatom and
nanophytoflagellate were higher in the other field surveys. Carbon biomass tended to be
higher in the outer cove, the entrance to Marian Cove, than in the inner cove. The
proportions of dominant phytoplankton groups varied depending on the locations of the
survey stations. It is necessary to conduct a long-term study to understand the changes in
the marine environment and the patterns of phytoplankton community changes caused by

variations in the ice shelf.
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Fig. 3.8.1. Map of the King George Island in Southern Shetland Island (a), showing

Maxwell Bay, (b) showing Marian Cove fjord and (c) Marian Cove.
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Fig. 3.8.2. Vertical distribution of water Temperature (a-b-c-d) and Salinity (e-f-g-f),

along the Marian Cove fjord transect, during summer 2019.

_93_



(a) ] 2019.01.14

- 6.00 r 140
F 5.00 F 120
L o400 [ 100
L300 F 0.80

L 060
[ 200 + 0.40
F 1.00 F 020
t 0.00 000

—Micro  E—Nano s Picg  =Se=Tola| Chla

(d) 2019.02.25
r 0LED

k0,60
040
F 020

= .00

= Micro B Nano @ Pico  =e=Total Chl-a i e Nano e Pico  —@=Total Chl-a

Fig. 3.8.3. Spatial distributions of total chl-a and size—fractionated chl-a concentration

Marian Cove fjord transect, during summer 2019.
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Fig. 3.8.4. Temporal distribution of cell size carbon biomass of micro diatom, nano diatom,
nanophytoflagellate and picophytoplankton along the Marian Cove fjord transect, during

summer 2019.
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Table 3.8.1. Broad ranking of most abundant (>90% of total cells abundance) and most

recurrent (>50% total samples) phytoplankton taxa at the sites of Marian Cove

Group Type Speces Cuter Inner
Thalzssiosia spp.(20<A<40) 3.3E+03 - 35E+05 GTE+C2 - 79E+04
Adtnocyaus divisus 1.2E+04 1.3E+03
Thalzssiosirs spp.{=40) 13 E+03 ATE+02 - 36E+04
Centric Odonizlz sp. 55E+01
Chaetocercs dichaets 40E+03
Corethron pennatum 3.7 E+O1

Micro Diatoms

Dachyfiosalen spp.
Breudo-ntschiz lineals
Breudo-nit=chia heim
Beudogomphonems sp.
Eraudo-nischiz prolongstoides
Fagianopss spp. (20<A<40
Cocoonels costata

Lismeaphars graais

Mizsohia soiculans

23E+04 - Z2E+05
27E+02 - Z3E+04
ADE+03 - 21.E+04
20E+03 - 1.2E+0d
A0E+D3 - 33E+04
1.3E+03 - 7 E+02

1.3E+03 - AQE+02

21E+04 - 34F+04
33E+03 - 14E+04
17E+02 - 47E+03
33E+02 - T3E+03
40E+03 - 12E+04
A0E+023 - 12E+04
20E+03 - 33E+03

Mano Diatoms

Pennate Fragilaropsis spp. {>40) 1.3E+03 - 2TE+32 6.7E+02
Synedropses fragiis BOE+D3
MNavicwls glaasl 20E+03 6.TE+02
Cocapnels fasacizia 1.3 E+03
Fagiaropsis rhombica 6.7E+Q2
Gwrosigma fasciols A6E+02
Manguines fusiorms SSE+0 - TAE+D
Heurasigma directum 37E+01
Haslea trampi 1:8E+01
Minidiscus spp. 1.8E+06 - B&E+D6 27E+05 - 1.0E+06
— Thaiassiosia spp. (<10} 2IE+05 - BTE+05 CBE+04 - 1.8E+05

Pennats

Thalassiosia s pp (<20}

Chaetocercs socals

36E+04 - 23 E+05

6&2E+02 - 6.1.E+04

Fragiaropsis cylindrus (<10)
Fragiarops's pseudonana (<10}

Aagianops’s spp, (<20)

3.3E+04 - 1.5E+CE
G7E+04 - 1.9E+05

OE+02 - 53E+03

Manop hyflagelates

Neno fagedates
Phaeocystis sp.
Cptomonas sp.

Eyramimaonas sp

S6E+06 - ABE+06
32E+05 - 29E+06
25E+04 - 1.3E+06

42E+04 5 0E+04

82F+05- 1.4E+D6
33E+04 - 1.4E+06
22 E+03+5.0E+04
17E+04 - 33 E+04

Peop hypalankton

Peophypolankton

S.0E+06 - T.1.E+06

22E+06 - 5.0E+06
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The spatial distribution of mesozooplankton community in the west

Antarctica

Jeong-Hyun Kim and Eun-Jin Yang

Division of Ocean Science, KOPRI

Abstract: To understand the spatial distribution of mesozooplankton community in the
west Antarctica, field observations using the icebreaker R/V ARAON were conducted at 10
stations in the coastal areas in the Little America Basin in December 2020 and at 12
stations in the oceanic areas in the Southeast Indian Ridge. All samples were vertically
collected from 200 m depth using a Bongo net (330 pm mesh size), and composition and
abundances were analyzed. Mesozooplankton community structures between coastal and
oceanic areas presented distinct characteristics. In the Little America Basin, the mean
abundances averaged 17.40 ind. m®, and crustacean nauplius, Metridia gerlachei, and
Calanoides acutus were dominated. In contrast, in the Southeast Indian Ridge, the mean
abundances averaged 284.02 ind. m®, and chordata and small calanoida spp. were

dominated.
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Table 3.9.1. General informations about zooplankton sampling

Cruise  Station Date Tirne Latitude Longitude  Sampling Depth (m]  Flowmeter
&3 20200297(UTC)  13:52 - 1404 (UTC)  TEM1.9885 161°43.404'W 200 90865 - 31469
&4 20200277(UTC) 20074 - 2026 (UTC) 77426325 161°51.184'W 200 91465 - 52084
&5 20200218(UTC)  03:03- 0316(UTC)  TV23.868% 162173NW 200 92084 - 52738
66  20200218(UTC)  OT11-07220UTCH  TTO0A3155 163°00.381W 200 92738 - 93464

ANATIA 67  20200121B(UTC) 1100~ 1112{UTC)  76'4B4205 163°27.813W 200 93454 - 94396
3] 202012.18{UTC)  15:24- 1536 (UTC)  T6°29.863'5 162°31.54TW 200 94396 - 95032
89 202000 21%9(UTC) 0211 - 0224 (UTC)  76°01.298'5  162°35.064'W 200 95032 - 95681
0 20200 219(UTC)  11:58- 1211 (UTC) 76066895 162°53.855'W 200 95661 - 96298
m 20201292(UTC) 2257 - 2310(UTC)  TEM10.04E65  163°05.740W 200 96300 - 36938
72 202001220(UTC)  03:06- OX1B(UTC) 76140755 163*15.984W 200 96936 - 97574
05  2021.71.714(Local) 17:05- 1718 (Local) 56*18.0810°% 145°13.3682°F 200 38386 - 39603
08 2021.11.15(Local) 02:16 - 02:45 (Local} 56°09.96375 145°28.0963'F 200 40809 - 43525
10 2021.11.15(Local)  10:57 - 11:09 (Local) 55°59.2203'5 149°474819°F 200 43526 - 45156
15 20211116 Lacal) 0946 - 09:58 (Local) 55°428.3621'5 150°06.6347'E 200 46787 - 48075
01 2021.11.96(Local)  20:20 - 20:32 (Local) 55°37.5854'5 149°09.3539°E 200 43370 - 50940
ANATZA 02 20211197 (Local) 2217 - 22:29 (Local) 55°28.373ES 149°28.4034°E 200 52516 - 54079

11 2021.11.18(Local) 05:27 - 0541 (Local) 56°09.9573'5 150°06.7765°'E 200 54087 - 55949
12 20210118 (Local)  10:14 - 10:25 (Local}  56°27.63875 150°14.0216'E 200 55950 - 57752
17 2021.11.19(Local) 07:21- 0734 (Local) 573000065 151°00.9919°F 200 55538 - 60STT
18 2021.11.19(local) 16:14 - 16:27 (Local) 58°29.9590°5 151°45.0030°F 200 62352 - 63360
19 2021.11.20(Local) 0755 - 0B:07 (Local) 60"18.9065'5 152°16.9300°E 200 64315 - 65617
20 20211121 Local) 05:38 - 05:50 (Local) 62°53.9963'5 154°44 99&4'E 200 66931 - 58112
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(a) Little America Basin (LAB) (b) Southeast Indian Ridge (SEIR)

165°W

150w eE _TE 1S0°E _1S2E _14E 150 1567

60°S| i 2250m

Ocean Data View

H

Fig. 3.9.1. Station maps during (a) ANA11A and (b) ANAI12A cruises.
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Table 3.9.2. Species list and abundances of mesozooplankton in the Little America Basin

and the Southeast Indian Ridge

Little Arperica Basin (ANATIAY

Station 63 &4 &5 56 &7 &8 72 77 0 69
Water depth im} 504 579 547 613 &% 565 464 957 1687 2247
Amphipods
Unidentified Gammaridea GO3 000 06C 000 CO0 0 000 002 cos 4o oac
Unidentified Hypertides Got oo Q000 408 080 800 D02 Gan 406 092

Chastognatha

Unidentifiad Chastognatha 688 806 Q07 024 0G24 811 020 G8Y 078 (2%
Chordata

Fish larvae G338 408 002 0Dz Tas 4d o4 060 000 o4T

Salpa thompsond Get 408 007 406 Q40 o000 006 000 400 (080

Unidentified Appendicuiana Gol 408 080 800 Q40 600 000 000 426 000
Cridaria

Unidentified Cnidans Gz 4o 007 000 C08 0 0% 000 24 031 5.09
Copepoda

Calanoida spp. 45% 247 .08 227 135 2% 382 74 231 .94

Calancitdes acutus 678 845 G4z 049 Q30 056 106 887 835 £384

Calanus propinguus LoG 806 G120 808 017 840 828 82 tie 084

Calaes sipwfienus cet 40 Qoc o080 Gat 400 0 208 GO0 Q00 000

Haloptilus oxpeephaius e 600 000 0000 0000 000 000 000 028 OO0

Adetridha spp. 4.98 1.41 308 284 158 142 603 342 B30 O

Oithona spp. 254 307 240 1385 180 427 533 Q5E 1.1 (.58

Oncaeaspp. Gol 408 000 400 0ol 400 208 438 408 03

FParasuchaetaspp. .55 3.28 18 .49 {45 .74 283 332 3.23 234

Fhuncalanus gigas Gor 000 200 000 000 g0z 000 GO0 000 100
Crustacean nauplits 7 575F 528 374 G2 (42 185 o400 000 T.0C
Euphausia

Euphausia larvae G20 84 a0t o0 G482 8088 808 G5k 828 GO0
Ostracoda

Unidentified Ostracoda .53 80 Q07 038 Gi4 884 o062 287 128 058
Polychaeta

Unidentified Polychaeta 1 G080 GO0 002 Tes 402 00d 08s 057 048
Pteropeda

Chone spp. Gol 408 000 408 080 40 800 082 008 080

Limacirsg spp. G20 445 003 8289 (0408 426 024 0A8 408 015

Total abundances (ind. m™ 3181 1388 1286 1243 £5% 1097 2029 2372 2690 1439
Mean abundances iind. m™% 1740
Number of snecies 14 i3 14 i3 13 14 15 1% 16 14
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Table 3.9.2. continued

Southeast Indian Sidoe (ANATZA)

Station 35 & He 15 0% o8 11 12 17 18 19 20
Water depth im} 34T 3544 3647 ITSF  FFET 3685 3527 3383 3346 3614 2384 J983

Amphipods
Unidentified Gammaridea G800 093 4080 801 o008 8089 Qo0 0060 000 (19 Q80 408
Unidentified Hypertides 080 GO0 005 000 000 473 00Y oot 00 060 COT 033
Chastognatha
Unidentified Chastognatha 458 £16 422 4371 538 1044 1278 415 346 240 398 354

Chordata

Fish larvae Q00 087 8081 403 138 418 11 o1 403 Qo0 082 808

Salpa hompsond cOT 03 00 000 000 000 00C CcOT T2t CO8 TOC 000

Unidentifiad Appendiculania 102 112 4554 89271 8B40 37.72 6278 6245 5097 855 1187 (84
Cridaria

Unidentified Cnidans G808 092 401 847 008 833 Q00 067 Q02 G480 Q00 038
Copepoda

Calanoida spp. 107,87 5327 8321 331.77 11206997 44 15880 20746 9077 12413 13847 1183

Calencidles acutus 583 Z80 852 280 179 033 Q.34 415 518 5897 %83 353

Calanus propimges G480 080 9080 800 008 80 Q000 o0 Q00 80 Q00 o008

Calarrs simibimus 458 z43 182 149 358 038 168 G480 000 06l 000 400

Haloptilus cogreaphalus 042 093 153 033 080 231 168 000 0BE 179 000 160

Adetridia spp. 0.0 260 77 000 040 231 26% 000 17 c.ac C9s 032

Cithons spp. 45,29 1550 6558 7333 10592 7544 4337 9436 4757 716 19089 182

Oncaesspp. 407 896 652 1261 756 6923 206 1457 325% Ge3 1681 032

Farseuchaetapp. 814 280 537 S5m0 597 423 F¥2 763 172 418 (0853 160

Fhincalanus gigas 712 2BC 729 32B 985 1963 4G 97 518 597 4585 445
Crustacean nauplins 254 1.3% 1631 53 956 508 470 278 1037 G5% 6231 400
Euphausia

Fuphausia larvas G318 £2% 658 843 1473 733 B26 Y4 1298 ZEGE 797 130
Ostraceda

Unidentified Ostracoda 385 2% 268 327 27% 577 20% 624 000 0BG COD 0 1.52
Polychaeta

Unidentified Polychaets 305 224 253 904 883 312 476 1872 266 728 300 068
Pteropeda

Clione spp. COT 00 000 000 Q05 401 002 c8t 007 CcO4 T2 040

Limacing spp. G517 049 f0e 000 031 011 007 Cet 007 U444 T8 0.1

Total ahundances find, m™%) 207,10 112,42 261.57 358.55 3B56.86 384.87 330,13 436,73 236.29 203.78 448.36 39.55

Mean abundances find. m™ 2B4.02

Number of spacies iE 23 20 12 13 21 Eiy, 18 G 20 16 18
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Fig. 3.9.2. Relative proportions and total abundances of (a) zooplankton taxa and (b) copepods

species in the Little America Basin.
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Fig. 3.9.3. Relative proportions and total abundances of (a) zooplankton taxa and

copepods species in the Southeast Indian Ridge.
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(a) Little American Basin (LAB)

(b) Southeast Indian Ridge (SEIR)

2% >0%

1%
39% ; 1%
4% >0%
0% >0%
>0%

2%

® Amphipoda ® Chaetognatha m Chordata

= Cnidaria ® Crustacean nauplius ® Euphausia

m Ostracoda B Polychaeta m Pteropoda

® Calanoida spp. B Calanoides acutus | Calanus propinquus

m Calanus similimus ® Haloptilus oxycephalus n Metridia spp.
Oithona spp. B Oncaea spp. W Pargeuchaeta spp.

® Rhincalanus gigas

Fig. 3.9.4. Mean relative proportions of zooplankton in the (a) Little America Basin and (b)
Southeast Indian Ridge.
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AZAA atEN e 20004 FalE sz HEs AV A, 5Z25F 235 (Monostroma
hariotii, Ulva hookeriana), ZZ% T1&(Phacurus antarcticus, Desmarestia anceps,
Adenocystis utricularis, Ascoseira mirabilis, Desmarestia antarctica, Desmarestia menziesil,
Halopteris obovata), %5 6% ([ridaca cordata, Palmaria decipiens, €crustose coralline
algae, Plocamium cartilagineum, Phycodrys antarctica, Geogiella confluens)2-% % 15% 9]
=77 8k th(Table 3.10.1). o= 7= AXAAAA FqH =0 Ao Hle) F ot
FE7F =2 Aew Uey mlEREE 230017 AERAANA T3 lxF AL ew
FAH AT o] ANGA 71 -He= T2 L cordata$t P. antarcticus® 3 %7} 40-60% 21
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Plocamium

3t HH(Table 3.10.2).
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Variability of macroalgal assemblage and macroalgal succession in

King George Isalnd, Antarctica

Young Wook Ko - Han-Gu Choi

Division of Life Sciences, KOPRI

Abstract: Temporal variability and vertical distribution of a intertidal macroalgal assemblage
has been investigated in Barton Peninsula, Maxwell Bay, King George Island of the Antarctic
coast. Sampling was performed during the two seasons of austral summer from November
2016 to January 2019. Sampling for short-term variability had an interval time of 1-2
months. 15 algal species were identified, and relative coverage of the predominant red [ridaea
cordata and endemic brown Phaeurus antarcticus reached 75.5%. The change of abundance in
summer can be summarized as a shift from /. cordata (season responder) to P. antarcticus
(season anticipator) and the change in color can be intuitively inferred through the contour
plot that was first attempted in this study. This study area, which is dominated by two
species, should investigate the effects of global warming on macroalgal assemblage by
studying long-term monitoring and interactions between the two species. Meanwhile,
ecological macroalgal succession in newly free areas remained at the pioneer seral stage,
despite six decade of glacial retreat history in Marian Cove, King George Island, Antarctica.
In this study, spatial and vertical distributions were identified by examining subtidal
macroalgal assemblage from six sites of Marian Cove to a depth of 25 m. The structure of
macroalgal assemblage was analyzed for six sites 0.2, 0.8, 1.2, 2.2, 3.6, and 4.1 km away
from the glacier. To investigate the effect of melting water, differences in the coastal
environment were analyzed based on data collected from 5 sites 0.4, 0.9, 3.0, 4.0, and 5.0 km
away from the glacier. Both macroalgal assemblage and marine environment were divided
into two groups, inside and outside the cove, based on the region 2-3 km away (ice free
since 1956) from the glacier, showing significant differences. This study showed that
macroalgal assemblage in the Antarctic fjord-like cove responded to the glacier retreat, and

is a valuable study for understanding macroalgal succession in Antarctica for the future.
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Fig. 3.10.1. Sampling site at Barton Peninsula, King George Island.

Table 3.10.1. Short-term variation in the mean cover of all species in the

macroalgal assemblage

Sampling season

. 2018-19 2016-17
Species - -
Sampling time

Dec. Jan. Nov. Jan.
Iridaea cordata 34.07+6.67 25.54+6.12 34.96+4.65 18.69+7.20
Phaeurus antarcticus 14.07£3.85 21.93+£5.93 5.43+2.28 41.38+10.9
Palmaria decipiens 14.43+4.46 14.5443.58 0.04+0.04 0.38+0.26
Desmarestia anceps 0.50+0.36 9.75+€3.79 0.62+0.48 1.06+1.06
Crustose coralline algae 2.50+0.73 1.43+0.34 4.26+0.84 0.94+0.30
Adenocystis utricularis 0.93+0.38 0.54+0.23 1.02+0.21 3.81£2.03
Ascoseira mirabilis 1.68+1.04 3.39+1.42 1.02+1.02 -
Desmarestia antarctica - 3.11+1.64 0.09+0.09 0.13+0.13
Desmarestia menziesii 0.11+0.11 2.11+1.85 - -
Monostroma hariotii 1.00+£0.50 0.29+0.25 0.09+0.04 -
Plocamium cartilagineum - 0.14+0.14 - -
Halopteris obovata - - 0.11+0.05 -
Phycodrys antarctica - - 0.11£0.11 -
Ulva hookeriana 0.07+0.07 - 0.02+0.02 -
Geogiella confluens - - 0.04+0.04 -
Sum 69.36+6.41 82.75+5.59 47.7945.05 66.38+9.84
Richness (S) 10 11 13 7
Diversity (H') 1.381 1.753 0.979 0.984
Evenness (J') 0.6 0.731 0.382 0.555
Dissimilarity 21.65 35.39
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Fig. 3.10.2. Contour plots of total algal cover and major species cover from the

high tidal level to low tidal level between the sampling intervals.
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Fig. 3.10.3. Survey sites located in Maxwell Bay, King George Island, Antarctica.
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Table 3.10.2. List and coverage of macroalgal species in Marian Cove, King George
Island, Antarctica (mean * s.e.)

Species MC1 MC2 WP MC3 MC4 MC5
Adenocystis utricularis 0.05+0.05

Ascoseira mirabilis 0.25+0.25

Delisea pulchra 0.05+0.05

Desmarestia spp. 0.55+0.31 7.80+5.26  11.47+5.64  0.75+0.46 6.50+4.77 5.80+3.30
Gigartina skottsbergii 3.95+2.10

Himantothallus grandifolius 15.9+£7.05  23.55+6.83  6.53+4.45

Iridaea cordata 0.50+0.50

Melobesioideae 4.30+1.51 14.5+5.09 1.20+0.66 3.10£1.42

Notophycus fimbriatus 3.25+1.46

Palmaria decipiens 2.60+£1.08  14.60+5.30 33.87+7.05 47.00£6.90 22.80+5.96 11.40+2.21
Pantoneura plocamioides 0.20+0.14

Phaeurus antarcticus 0.35+0.35 0.07+0.07
Phycodrys antarctica 1.00+0.57

Picconiella plumosa 3.30+£2.33 2.10£1.02

Plocamium cartilagineum 19.7548.02  10.904£5.04 19.20+6.35

Trematocarpus antarcticus 0.45+0.36
Ulva hookeriana 0.60+0.26 0.20+0.14 2.05+1.60 2.55+0.68 0.60+0.47
Total cover 48.20+8.46 82.3+4.44 72.47+4.39 52.90+7.68 31.85+7.30 17.87+4.63
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Fig. 3.10.4. Contour plots of total macroalgal coverage and major species coverage from

surface to 25 m depth.
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