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SUMMARY

(3 B 2 o B)

Title
Study on polar ecosystem change by warming and adaptation mechanisms of
polar organism

Purpose and Necessity of R&D

[] The aim is to track the ice environment changes of polar organisms and
long-term observe the behavior, community structure, potential emergence
of pathogens, and adaptation processes of key species in the food web in
response to the future +2°C warming. This will help to understand the

vulnerability, health, and resilience of polar organisms in the future and

contribute to conservation policies.

O The shrinking of sea ice and glacier retreat caused by global warming is

a major factor that disrupts the habitat of ice-dependent polar organisms,
leading to extinction, community change, invasion of invasive species, and
changes in the composition and function of polar ecosystems.

While data is accumulating on King George Island, a relatively easily
accessible area in the western Antarctic, research on glaciers, sea ice,
and coastal ecosystems in the Terra Nova Bay (TNB) area where Jang
Bogo Station is located is still in the early stages. In particular, rapid
melting of the Campbell Ice and decreasing sea ice, as well as increasing
freshwater, are expected to have a significant impact on benthic
organisms and top predators, such as seals, that rely on ice
environments.

Despite the ecological importance of seals (Phocidae) as top predators in
the Antarctic ecosystem, there has been no systematic research on this
taxonomic group in Korea. It 1S necessary to measure extreme
adaptations and diving behavior using seal behavioral data and apply it to
ocean observations. International cooperation is urgently needed to secure
a Korean hub for seal research and establish a long—term research basis.
According to the IPCC Special Report on 1.5°C in 2018, Arctic warming

exceeds the global average, and the temperature of the permafrost, which



accounts for one—fourth of the Northern Hemisphere's land area, has
increased by about 0.29°C in the past decade. In 2014, a giant DNA virus
(Pithovirus sibericum) that infects amoebas in permafrost from 30,000
yvears ago was reported. Although they were reported to infect only
harmless amoebas 1in humans, the possibility of ancient harmful
microorganisms buried in permafrost or glaciers being released due to
climate change is looming. In fact, cases of mass death of reindeer due
to anthrax from a corpse originating from permafrost in Siberia in 2016
and deaths of Russian nomads suggest the potential for infectious disease
outbreaks that may be affected by polar climate change on a global scale.
The project aims to track changes in the habitat of polar organisms
caused by global warming and to observe the behavior, community
structure, potential emergence of pathogens, and adaptation processes of
key species in the food web for a long time, thereby understanding the
vulnerability, health, and resilience of polar organisms in the future and
contributing to conservation policies. The research will focus on: 1)
changes and losses of key biological indicators according to habitat
environmental changes such as sea ice and Campbell Ice Cap melting,
freshwater input, etc., 2) seal behavior research and monitoring of habitat
changes through ocean physical environment observations, 3) risk
assessment and countermeasures through the identification of the
distribution and mechanisms of harmful pathogens, and 4) establishing
long-term ecological observation and collaborative research based on
scientific research stations in various countries and sharing data will
allow us to position ourselves as a leading group in polar biology
research with the largest amount of data available.

The five questions related to the impact of global climate change on
polar ice sheet freshwater and ecosystem response among the 80
questions in the SCAR Horizon Scan are directly or indirectly related to
the main theme of this project.

SCAR Horizon Scan questions: What are the impacts of changes in
freshwater inputs on ocean circulation and ecosystem processes? How did
the Antarctic and Southern Ocean ecosystems respond to warmer climate
conditions in the past? What are the most vulnerable ecosystems and
food webs in the Antarctic and Southern Ocean? Which species are at
the highest risk of extinction? How do threshold transitions vary in space
and time, and how will future environmental conditions affect ecosystem
functions? What are the synergistic effects of various stressors and
environmental change factors on the biota of the Antarctic and Southern
Ocean? Which are the key oceanic species for trophic interactions, frontal

dynamics, and stratification?



[ll. Contents and Extent of R&D

[ Advancement of observation technology for polar habitat environmental
changes due to global warming and analysis of adaptation mechanisms of
organisms for diagnosing and predicting ecosystem interactions
O To understand how polar organisms have adapted and evolved to their

unique habitats in Antarctica and the Arctic, and how they will be
affected by rapid changes in oceanic environments, sea ice, and glaciers
caused by a +2TC increase in temperature, this project aims to build
comprehensive information on Kkey species in food webs, from
microorganisms to top predators, through long-term observation of polar
habitats. The goal is to predict ecosystem health and resilience.

O Final achievements:

- Biological and ecological long-term observation data, including adaptation
mechanisms of polar organisms, underwater observation data, polar
biodiversity, key species information, and genetic information.

- Assessment of the risks and spread potential of harmful microorganisms
in polar regions caused by global warming, and presentation of indicators
to measure the health of polar organisms.

- Development of a predictive model of the mutual response between ice
environment changes and coastal ecosystems caused by global warming.

- Strengthening of international research networking and enhancement of
observational equipment and technology through collaboration with Russia,

New Zealand, Australia, and the United Kingdom.

(] Project Overview

O (Subproject 1) Investigation of environmental factors and major ecological
characteristics of Jang Bogo coastal area, study of habitat environmental
factors and ecosystem responses, and evaluation of sea ice and glacier
effects on coastal ecosystems.

O (Subproject 2) Acquisition of habitat information and trapping technology
for polar bears, establishment of observational data on underwater
environments through behavioral data, and identification of ecological
mechanisms for the adaptive behavior of polar bears In extreme
environments.

O (Subproject 3) Establishment of analysis methods of harmful
microorganisms in the Arctic region and verification of pathogenicity of
exploratory microorganisms, establishment of domestic and international
expert group research network for accurate risk assessment of harmful

microorganisms in the Arctic region.

_’IO_



IV. R&D Results
<Subproject 1> Establishment of a Testbed for Predicting Ice Environment
Changes and Ecosystem Impacts

O Satellite-based cryosphere analyses of Campbell Glacier and Drygalski
Glacier (2016 - 2025) were completed. Calving events were identified in
both glaciers. While Drygalski Glacier exhibited rebound characteristics,
Campbell Glacier showed no clear recovery trend.

O Polynya activity and meteorological data around Jang Bogo Bay (2003 -
2018) were synthesized. Linear and nonlinear modeling approaches were
compared to quantify their impacts. Based on these results, a machine
learning - based rolling forecast model integrated with physical modeling
1s planned to predict fast-ice extent.

O Physical and biogeochemical data were collected from 19 points in Jang
Bogo Bay. Analyses of temperature, salinity, dissolved oxygen, and
chlorophyll revealed spatial differences between the western and northern
sectors of Terra Nova Bay. The coastal environment near Jang Bogo
Station was characterized as being influenced by cold, saline water
formed by katabatic winds from the Nansen Ice Shelf, with increasing
biological activity and dissolved oxygen toward the north.

O A vyear-round seawater intake - based ocean monitoring system
continuously measured physical parameters (temperature, salinity) and
ecological indicators (dissolved oxygen, pH, pCO. , chlorophyll, CDOM,
turbidity). Continuous observations were completed, although calibration
gas depletion in August 2024 limited subsequent corrections. The system
was relocated from the intake tank to the pump house in 2025.

O A summer chlorophyll-a bloom occurring in late January was associated
with freshwater inflow from glacial meltwater, suggesting that iron
supplied by terrestrial runoff acted as a trigger for the bloom.

O Three sets of 27 m sea-ice cores and terminal sea—ice microalgae
samples were collected from three stations in December 2024.

O Data from two benthic moored biologgers were successfully retrieved and
redeployed (PAR sensor malfunction repaired through technical
collaboration in New Zealand).

O A vertical biogeochemical model linking sea ice and underlying water
column ecosystems (SPBM: Sympagic - Pelagic - Benthic Model) was
developed and evaluated against observational data to integrate biological
activity from sea ice to sediments. Model evaluation indicated insufficient
representation of under—ice biological processes and concentration

mechanisms, highlighting the need for further refinement

<Subproject 2> Establishment of an Integrated Polar Biological Census in polar
oceans

_’I’I_



O Sea-ice microalgae and planktonic invertebrate samples were collected
through scientific diving. Quadrat (20 m) photo and video surveys of
macroalgal communities at 8 m depth were conducted, and annual
coverage changes were analyzed.

O Genetic markers were developed for Antarctic scallop populations to
estimate effective population size and assess population status.
Phylogenetic analysis confirmed an independent evolutionary lineage
within Pectinidae.

O Benthic invertebrate diversity indices at Jang Bogo Bay stations were
higher than those of comparative sites (Cape Evans, Italian Station,
Gondwana).

O During three austral breeding seasons (2021 - 2025), stable isotope, fecal,
and motion—capture camera data from Cape Hallett, Inexpressible Island,
and Jang Bogo Station were analyzed to assess dietary shifts in south
polar skuas. Individuals near Jang Bogo Station exhibited greater dietary
variability, indicating opportunistic predation in response to environmental
change.

O Four Weddell seals (two females and two males) inhabiting the Campbell
Glacier Ice Tongue were equipped with CTD tags. Data were received
via the CLS Argos satellite network and verified through the SMRU
Data Portal. Most individuals primarily foraged beneath the ice sheet of
the Campbell Glacier Ice Tongue.

O Preparatory work was completed for a joint underwater warming
chamber experiment with the British Antarctic Survey (BAS) and New
Zealand collaborators. A New Zealand technical team visited Jang Bogo

Station to finalize installation plans (deployment scheduled for February
2026).

<Subproject 3> Distribution and Mechanisms of Harmful Microorganisms under
Environmental Change

O Viral diversity analyses were completed using metagenomic datasets
obtained from large—scale continuous permafrost regions.

O Five comparative genomic analyses of plant pathogens and corresponding
pathogenicity assessments were completed.

O Transcriptomic analyses were conducted to investigate
temperature—-dependent pathogenicity mechanisms in animal-pathogenic
bacteria.

O Research outcomes were presented at the International Arctic Science
Committee (IASC) poster session, and project information was shared

internationally.

<Collaborative research network and technological cooperation>

_12_



O Conducted joint coastal Ross Sea expeditions in partnership with the
New Zealand Antarctic Programme (ASP).

O Established a population genetics consortium with NIWA (New Zealand)
and three universities.

O Conducted joint ocean warming simulation experiments with the British
Antarctic Survey (BAS).

O Performed collaborative sea-ice microalgae surveys in East Antarctica
with the University of Genoa (Italy).

O Formed an international consortium with the Chilean Antarctic Institute
(INACH) for terrestrial and marine invasive species investigations.

O Served as Co-Leader of the SCAR ANTOS program (preparing Phase II
coastal ecosystem project).

O Exchanged tundra samples with a Russian institute (IB) for harmful
factor analysis.

O Conducted collaborative research with the University of Wyoming (USA)

on infection mechanisms of polar pathogenic fungi.

V. Application Plans of R&D Results

[] It is expected that the advancement of observation technologies for polar habitat
environmental changes due to global warming, and analysis of adaptive
mechanisms of organisms will be utilized for the diagnosis and prediction of
ecological interactions.

O Long-term observation of polar habitats and comprehensive information
including key organisms and harmful microorganisms is expected to be
utilized for diagnosing and predicting ecosystem interactions to
understand how polar organisms have adapted and evolved to their
unique habitats and how they will be affected by rapid changes in ocean
and ice environments caused by +2°C climate change in the future.

O Developing a prediction model for the disappearance of fast ice in the
vicinity of Jang Bogo Station through the correlation analysis of
Campbell ice shelf and sea ice changes with observable meteorological
and oceanic environmental factors 1is expected to be utilized in
establishing supply and coastal and ocean research plans.

O Analysis of seasonal variations in phytoplankton patterns around Jang
Bogo Station will contribute to understanding changes in dominant
groups and their role in primary productivity on the Antarctic Peninsula.
This information can be used to predict future oceanic changes.

O Research on the distribution and pathogenic mechanisms of harmful
microorganisms in the Arctic region, including Russia, can be used to
quickly detect and assess risks associated with harmful microorganisms
in the Arctic.

_13_



O Long-term continuous observations of wolverines during winter can
provide insights into how to adapt to glacial melting and changes in
oceanic physical environments.

O The development of polar oceanic physical satellite communication
technology will be enhanced through the tagging of marine mammals.

O Research on wolverine ecology can be utilized in public outreach efforts.

O The international marine mammal network can be used to acquire

samples for comparative research by region.

_14_
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Combined Historical & Future Predictions
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ste E23E (570, J2|1 platelet ice?t &7 xZEIE S2IE (R)

oot

U 71=] 1 A (74°38'16.32"S, 164°13'49.53"E)oll A B&H sl 2F+

% (Phyllophora antarctica, crustose coralline algae, [ridaea sp.)

F7F S48 4 8mell X FEHd 20mE YR FPI T 1m 7

2 7ol Wy 4 B0emx50cm)E  AASa WES Ul sExF{F 9=

(coverage) w4 (29 25)

o] A9 dxiF FH- wdw ikl P oantarctica (B3] = 5875%, &

= 100%) fAte] v okwkelo] =¥ ¥ FAX 3 %EF (crustose coralline algae,

W d = 14.00%, FdEdHNE 100%)v wedLo= w$ A74s Jej=2 ddd
1.

Iridaea sp. (H 3% 1656%, FHE=TAHNE 40%) = FHHoz g 3o Iges
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LRy

TEob} QI QFRbe] E Xl dlEF v A WE S 2023-24 A=
2024-25°] P. antarctica= °F 15%, 43| x2/F= &

Yot (19 26%) FAITA R fong Afol= ofd

209 =7 (20234 119 219 vs. 20243 129 11¥9) ZAME P, antarctica ¥ =9

=

Bat dEfFe Aol nhE wagge] ol sbg 2 aole] Fu (20234
A Lim vs. 20249 4 27m)el sk Ao® wudm F sjxFel @

bl
o,
J®

\r

o == _
SAS B AU £40] a4

a8 26 si=F PR HX[E sEE

Ere

AN £37] 2 Bl gy BANE B4

A7 EE WA mE FIFEEP] F2o B2 % Ak AL & A
°ol& HZFst7] Hal FAREA(ANOVA) 3

WAool whE o) BeAh gel Aol 202122 WAL EhtA ggte
W, 202228 WA E frelnl@ AolE wel QAmAE Mol YFuE)
) a7k the Aol ue) gagiel wob AR Mol el oEeh: Aoz
B ER, RIIA A, Q2T AE 4, ATy wHR dagol o
A vbed Aol wet Wole] YAwAsL BRE Ao F4 (% 3, 1Y 20)
WA A7) whe "ol B99at Adzads unsa A2 F AejelA e
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3, L™ 28, 29). EE 2023/24 WA7]9} 2024/25 WA Yol FRIVA] FH w]
WH e A4 2 W gho] delo] o] thE woldg A Ao A
H (3 3, 1§ 29).
E 3 K| Y HAP0 IE2 HI=SU| KX oEY oy Sz (average + SD)
2021/22 2022/23 2023/24 2024/25
Inexpressible Island
n 13
13C (%) -23.67 = 0.66
J15N (%) 12.01 £ 0.54
Jangbogo Station
n 51 20 25 10
J13C (%) -2563 £ 050 -2546 + 027 -2489 + 046 -2485 + 0.33
J15N (%) 1155 £ 2.16 13.78 £ 0.57 1411 £ 0.24 1423 + 0.19
Cape Hallett
n 9 33
J13C (%) -2564 £ 011 -2542 £+ 0.35
J15N (%) 12.88 = 1.07 10.08 + 0.51
-20 200
L]
230 4 18.0
| 160
-2‘-104; %
140 4 1 4
§ -25.0 4 3
1m0 g grgu gkt & o
% 280 | ' il 100! @
2704 . =3 | -
-28.0 4 o 50 :
290 .- 40 . .
CH JBG CH JBG
(N=9)  (N=B1) IN=8)  (N=51)
J8 27, 2021/22 HAX[o mE HIESZ07| R=
o sol oMM S Bt (=) & EA () 2t b
m (CH: #Alo|=&al, JBG: ZETI|X| 2I2)
=0 19 i g
i
230 - nt. . 14.0 4
;’E -24.0 ;!_E -
[+ L z 1204 .
= 250 - s ©
E [%l 11.0 4 . .
28,0 H . 100 %
-27.0 T T T 2.0 T T T
CH JBG [} CH JBG 1}
(N=33) (N=20) (N=13) (M=33) (N=20) {N=13)
% 28. 2022/2344 HAIX|of| WE HI=FHO0fT| 7x2
sof olyA Sl B (F) Y A4 (D) 3 HIZ(CH:
Alo|=&2l, JBG: HEIZ|X| 22, I QAAZAIE M)

- A4 -



-230 4

bk

<3 4
i?) g 12.0 | L
w360 4 =] =
. ﬁ "o :
== ’
2609 10.0 ﬁ
=
=270 T aa
202122 2022/23 2021/22 2022123
(N=B)  (N=33) (M=) (N=33)
O 29. Alo|=&g dI=SZoi7| fx9| 47t &
of OlMA Zolela BtA (Zh) X A4 () Z HIR
'_'.5 = =
—_ 1 E -
|
- . B
= M - +— | = o
27 S o =
o 1EHEH Sl I
1_'!‘:1 g i} o _é_ '_r: b ;;
2 b 4 b
& . : | .
2022 2023 2024 2025 2122 2073 2024 2025
Breeding season Breeding seascn
38 30. FEDI[X| oIZ SI=SL0f7| REo| oA7F EH oIFYN S|4 Bt (=) ¥ A () g "]
- 7 A3 AN AR GFESEY FAA Holde] AN slele BAL
Stable Isotope Mixing Models (MixSIA Model) & 33t e. #A2 o]l
ofo]~a4 Waad, P29, ofd A, AN, ALd=HY AL 7

< Hong (2021)3} Calizza et al. (2021),

(2020) ©] %5 (3 4), Trophic Enrichment Factor(TEF)

A13C=1.1%0, A15N=2.8% < =

O
TEE

N

| dellM= g

o

2021/22 A7)l =
2 glERe (2" 31), 2022/23 w2 7]
B Qs Al Heldt A fFx E

3

Pinkerton et al. (2013), Rumolo et al.
= =529 71¢ TEF
28392 (Bearhop et al. 2002)

T A A BEE A et oo
= Aol

T

Holgg ol &



T dskergion (1d 33, 34), ol FW S Wstel] wE kg wolxked
bl

H 4. SH|EZ|OHE QotoM HAlst= HFESZ047|e] HAX|Yo| E A o[ H HEY S
@4 Zh (CH: FHlo|=&2l, JBG: HETTX], lI: AAUAZHAIE M)
Food sources 513C (%) 515N (%) CH JBG I Reference
Antarctic Krill -27.41£057 3.65+0.58 0] X X Hong et al. 2021
Ice Krill -2452+0.77 6.12+0.51 X 0] O Hong et al. 2021
Fish -24.79+0.97 10.48+0.89 0] 0 O  This study
Antarctic Silverfish -25.00+0.80 10.30+0.80 0] 0 O  Pinkerton et al. 2013
Emerald Rockcod -23.25+0.67 11.77+£0.21 0] 0] O  This study
Ad¢lie Penguin -25.80+0.23 7.10+0.33 0] 0 O Calizza et al. 2021
Adélie Penguin Egg -27.50+0.33 920+1.11 0] 0] O  Calizza et al. 2021
Emperor Penguin -25.00£0.75 13.40+0.43 0] 0 X Calizza et al. 2021
Emperor Penguin Egg -28.30+0.65 12.3+1.10 0] 0 X Calizza et al. 2021
Weddell Seal -21.30+0.70 15.70+0.60 0 0 O  Rumolo et al. 2020
g Mttt nighogs Statios
) ag

GTe] ol Te[ale

02 31, 2021/2244 X[l M2 H3==znyr| Sxo| Holel 7|0 blm

Lame Halier Bemghage St Erosprmgiibie fignf

| ? :
2o 42 24 ;’L o
i = By
. w ?H B i
4 | gf ¥ A :

%

T 32 2022023 Koo M2 HR=SZohy| fxo| HolY J|oE Hlm
HiresE EEREE
o E S

g

24 :_ij
i | .. -
a2l 33, Fo|= U2 =SZ0i7| fxo ol

7|0{= H|m



Hak
ES

FEHATE

oE

o

el

g3

jmint
=

)

;OO
ﬁo

o

/g—

7] (12¢ =) &
el 2017/18 WA 71k 2021/22 R4 7]l

= =
T

o

—

<
=

~

E
K

2023/24

2016/17 2017/18 2021/22 2022/23

2015/16

Breeding season

2024/2
5

10
-24.85

+ 033
14.23

25
-24.89

+ 046

20
-2546 =+
0.27

20 51
-25.63 =
0.50

-2490 *=
0.60

50
-25.00 +
0.52

42
-25.02 =
0.63

513C (%)

+ 019
1.83

14.11
+ 024

0.57

13.78 =

1223 + 1155 =
0.49 2.16

1319 +
0.60

13.16 +
0.58

515N (%)

177 1.70 174 +
+0.47b

+0.42b

1.85 173
+0.45b

+0.36ab

1.98

+

Clutch size

0.44b

+0.12a

0.38ab

425

17.4

31.79

17.3

10.7

34.6

39

Breeding success

(%)
Sea Ice
Concentration (%)

18

8.8

45

28

3.2

- R I71A R

19 98 2021/22 W27 2E 2024/25 WA 7] 7}

A EYEE 7hvet

L
=

o1 g3 AN B,

=
=

A who] @ & 7

o

=K

iz

7] FQF AR IVA ]

2021/22 3

WA (100%)7F <1

el A AZbS Bl Ao yEhd (27 35)

478 A (66%) 7 A
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I3 35, 2021/22 =RV = =) Z 0| &S
AZ. HAIX|el ZETT[X| 222 F2HZ, FH EMHI HAX|E
2HHZ FA

FQ AelA] §F7] Bek BAo] AN B S ol BAAN fx
AN FE TGN, FAUTR 5o IRE FFAGCM, AN FEsh T )
g velt A% 94 (14 30)

a0
&0
3 ?
E Bl
A 50
o, ]
- 20 83
9 3
0 . ;
zZ®| i3 2 36
It A3
f -
Siiverfish.  Antarctic cod  Uncertain Benguin Uncerain
Tish
Diet

a8l 3. Sx BUEE lolto) ol oS
Zojz|o] Yol |= Z0| sl
ol EAME 24 Al A9gel wgt BEAME Y FH7E A b2 FelEglon,
Aol st 3} A o] ZYAE (Cape Washington), 1] AZH A E Aore= ol dlg] =]
A W 24 oAl A AUEE 9 Hol &9l 53] AR WHAX F

Wl Aoz ™M= o] Hol &l v, AR 7| A FHdA = 27

o]&. Aolz A= =avet AL A L& ol &t Aol el Wi, &

B A AL GEE el 9 ol WA BT 24 A gl B A
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qFed A7 FHE Y3 CTD Hlo]2ZAE Sea Mammal Research Unit
(SMRU, Scotish Oceans Institue, University of St Andrews, UK)2] Argos CTD
(105x7x4 cm, 545g)S A& (FE 6). Hlo]| o2 AE FEAHdo SMRU® Tag Config
(Version 213)& ©]&3}e] activationdte] standby mode=® A3}, 23 & d
= Asske] 73
=] CTD Hho]l &7 (biologger) F-#-& $lste] "@#o] Al7]E 11#shdd,
20243, 2025\ 249 = AR 387X - Campbell Glacier Ice Tongue®]
Fobe AEEH NA2024E 50A ¢ A 3, A 2, 2025 4/0A ¢ A 2,
205 £33k CTD &
N EHe A Z7|= Aol 256m, A Fo] 400kg ©]% (Perrin et al., 2009) o &
ole} fFALEHAl Hol= JHAIE Addste] 28 Al S ERlEE wHolE vtE L
AFS HFFste] v A(Zoleti 60, Virbac, Sydney, Autralia; 1:1
Tiletamine:Zolazepam) & %< 24. v3A Fo F2 L2l A 72 54
Aol odgs udsle] HUAHor HL& < (Phelan and Green, 1992; 0.3 -
1.Img/kg, IM)S blow pipe (Teledart, Germany, Remote injection blowpipe

) H~

o

o

KitB16) % dart-syringes (Teledart, Germany, dart-syringes 5ml and injection
needles 60mm)E ©]-&3to] 5o FASIA 5. o] F 10-20% ¥ & npF AR &
golsla wH 7t HYuta FaEE AR oFAHS 959 head bagS XY Aok
E Algste B4 (L9 3B)

CTD wpe] e 279 H-22 sjdErlo]l 47| flste] EWoz e o u
£ 998 AR +9% $4902 AF Ghe T Fo] ol olnl ¥ A4

2] ol F3elel . dEER Aae Fiy 72 CTDY wiedel] Ao
o 2= Al (Devcon 14270, 5 Minute Epoxy)E =¥ % dd WES @A Eol o
Al7b sk wi7hA mlol e = AE 2ARE AA BA B FR R o] shA %
U AYE FASHL vE A A wkx] ALHow JHE Qg T WAL (2L
2 38)

-2 mlo] e 2 A = A dEH o] et ol F st A9 CTD A=k 7iAd
ol 54, & Aol 71=5H, CLS Argos 9A%ES 53 sld A&7t 415

o] SMRU Data Portale =3 &<lg 4+ &

E 6. SMRU £=F CTD MM X

CTD Sensor Range Accuracy Resolution

Temperature -5C to 35C + 0.005°C 0.001°C

Conductivity 0 to 80mS/cm + 0.01mS/cm 0.002mS/cm
Pressure (Depth) 0 to 2000dBar + 2dBar 0.05dBar
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TS,

a2 38 YUY =8 o

| 9 CTD & 2y

- 9AE CTD wlol o2/ Eolo] A5HE FRY % FF5H AR Fu

ZH 313738 7]1 2] - Campbell Glacier Ice Tongueol 4] CTDE
9/A dlely 4 ®7

Arogs location level A &=7} vt

%=

==

2 A, B, Z class®} 1500m ©]*2] errorg A
9lat7] $1sted 1 class o]F o= HAEsto] A2 39)

CTDell 71549 92l % Holed we &5 v JfAvith gdsiA o
Elykom KR245 (2393860)7F S 71.974, E 173566 (Class 3, 2024-04-17, 12:40:51
GMT)Z HAxe 9A&, KR238 (239858)7F S 77.44495, E 168.98671 (Class 2,
2024-06-07, 09:38:50 GMT)Z HI1H=E 7]5(219 39)

ddEHe] CTD Hpolo2A FA % JjAE o5 A+ KR206°] 3660.47km=
71w AYE o]Fd Aow yEykon tgow 3013.73km (KR238),
2453.64km (KR245), 1628.42km (KR448), 12]3 KR450¢] 577.41km= 7} A&
AgE o5 ZAoR 2l A A ols SxE WMAYE olFste AL
=A &0 HASAE o HlHsE Ao® &l (R 7)

=] CTD F2 /fAE 2H7te
T AIZE, ZFa zlol, S RAIE F1

Ant o o

7. 98 YUY 4ef W CT0 Hlojef £ Y=

HHHS P s ol MY AEem) 2 2y 2N Z2d 0S4l
KR233 239856  AA A 282 20240213 15:30 20240219 18:43 7
KR206 239857 A 2 230 20240217 16:50 20240917 10:25 214
KR238 239858  AA| 2 234 20240222 16:10 20241102 18:19 255
KR244 239859 MM @ TH 233 20240226 13:30 20240911 05:16 199
KR245 239860 A4l 2AA 200 20240226 14:40 20240627 09:08 123
KR445 239861 oA 2 252 20250203 12:00 20250724 07:14 172
KR448 239862 MA@ A 225 20250203 14:30 20251002 06:25 242
KR450 239863  AdA| A 200 20250203 16:00 20250401 18:40 58
KR449 239864 MM A 220 20250203 15:20 20250405 13:15 62
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239856
239857
239858
239859
239860
239861
239862
239863
239864

L]
L]
@
L]
L]
L]
[
®
o

170°0°
1

O3 39. A=Y JHAME olF B(Argos location level 1 class 0[4h)

= 8 CTD HIO|227{ 7|2 GPS 2 TDR H|0[E{ol 2 0| & 4 =4

MRS AH2lkm)  S=km/day)  ESis = AlZHs) = 210[(m) EEFIAIZHS)
KR233 83.91 11.99 18 524.80 =+ 495.04 9494 + 10643 18383 + 12098
KR206 3660.47 17.11 1349 512.24 + 45619 135.34 + 144.86 17950 + 131.79
KR238 3013.73 11.82 1272 45061 + 399.86 13894 + 156.03 14374 £ 11263
KR244 672.00 3.38 320 45175 + 341.35 155.83 + 13561 231.15 = 14191
KR245 2453.64 19.95 755 34322 + 301.03 117.78 + 14433 12464 + 112.01
KR445 619.50 3.60 362 47806 + 562.03 119.87 + 162.56 205,11 & 147.02
KR448 1628.42 6.73 708 396.68 + 345.93 11714 + 101.57 12697 + 11833
KR450 577.41 9.96 30 670.40 =+ 48594 23450 + 206.16 176.90 £ 99.25
KR449 624.49 5.23 466 310.88 =+ 359.66 101.75 £ 136.96 15442 + 136.26

- el F-2E CTD 914 * o JuE o] &3 F

2
CTD wutole 27 el 7]5¥ ol SA% I+ 54 A
(foraging area) 235 9ste] Hdl & 4 50m o] A5E& ZHH 3Hd
F+2% (Foster-Dyer et al., 2024)

F=9 FFdolE Y Ak B AR ARE ZEote HAHIIRE I
Kernel Density Estimation®] Utilization Distribution 95, 75, 50%2] #¥ %= |2}
F8 HAXNY9E JERE First Passage Time (FPT)o] 714 =2 x9jo] 2]
Idr=E A Adw3li= Kernel Density Estimation® Utilization Distribution 75% <}
A go] T2 HAow 3AFHAoH(Goetz et al, 2023), Kernel Density
Estimation®] Utilization Distribution W22 50%0°] 4 10,607.57 km? 75%0°l A
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28,894.20 km?, 95%°1 4 94,768.77km*= <21 (717 40)

o AR VA QoA FAHE dEERS Fa HAGAS CTD & o|F o]F A
4R AR 7] A] 2] Campbell glacier Ice Tongue?] Ice Sheet ofefjoll A F=
HA & sle AoR sl o, o]F o]F Continental shelf, break, slope %<&
o] HAA &go] AA ey I F Crary Banke] &go] =4 #3

2 40. CTD B&H geE8 9o7fA|el FAIQoA= (Kernel density Estimation, Utilization
Distribution 95, 75, 50%) % ==& X}Z (GEBC02024) H|11

— oﬂ ol =2

EHo] 12y CTD Hlo]| L2 AE E35l0] AEHE= Uty 7 A z3)
o ABEN Al vlo]LE A wet/dry sensorZb e} WHE-SHAA] CTD AlA

B B3 24 AFAAAE )%

=

ol

e CTD o] 2AZHFYH F4Ald Y3 Ex8E<Q  Conductivity  (Salinity),
Temperature, Depth (Pressure)™ Ocean Data View (Version 5.7.2)5 ©]-&3}¢]
Alzkst (L9 41)

e o]% Temperature A2 E Potential Temperature® XA %  Potential
Temperature (@, C) - Salinity (psu) diagram (T-S Diagram), ¥% < 2 <
oA 72 2 93 A8 s (1F 42, 43)

e =&Y AuEHEH AHEHE T-S diagram® point, FHE =& 2 A& A=5E 0

olg H o] ~3tsto] Y] Holy
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Potential Temperature 8 [degC]

140°E 160°E 180°E 160°W

J2 41. CTD 7|2 XMA 3! XA Potential Temperature (&, C) -

Temperature [C] @ Pressure [dbar]=first

180°E

2l 42. CTD 7|18 MY

Temperature [C]

Pressure [dbar]
Pressure [dbar]

Ocaan Dt Vivw

Salinity [PSUJ

Salinity (psu) diagram (T-S Diagram)

Salinity [PSU] @ Pressure [dbarj=first

Salinity [PSU]

™

g

8
Ovwn D v

Y

&

o 200 400 600

37.5

32.5

27.5

22.5

T2 43. CTD 7|2 2| U $Aly
gdEre F2¥ CTD ve| o2 AE F3te )
« AZEE )2 delE F e W AR gtel o4 +H B sl $AH 7|
Fol wet IQR WA B3l AR 99 ol 4N AAZ AAste] AA 2w
- 27 dolHd 542 wetsn Feu gR weh F3E TR sk
smoothing 7]% <% Moving Average, Loess Smoothing, Savitzky-GolayE % -&

(Bashmachnikov et al., 2004)
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°
i

ATolM =59 ALERY Fa FEvd W A3 Seal-CTD Profile
-S diagram< reference?! W= Ross Sea CTD Profile®] T-S diagram¥} H]
tol A 39 ¢ =gt ARE vwder 7 fFAS st
A ZteH(Wang et al., 2024) (713 44)

3 2 EA A A3 7] 233 A5 &l w=EHo] w2 dE
AEstY ukgo] ksl 42391 Antarctic Surface Water (AASW) 29l
Continental shelf®] 34.7psu ©]/d¢] =& AR -1.8°C AL A7k =
} 5 <43 High Salinity Shelf Water (HSSW) $&el. o] HE &<
(upwelling)ell o] &l ai*] ofefjoll Al Wz} 51 diEstol] ola] FAH= -1.9°C W29
2k 7FE %9k 34.5psu o] AES 7H <l Ice Shelf Water (ISW) <l
w3k Continental shelf®] HSSW7} shelf break % slopeE AXW | AZF59 &
Tt 9 APE A =7 gdFFd 3 Modified Shelf Water
(MSW) el wpAlgt o= 0°C o]/e] 2&=9F of 345psud] o= = HFo=w

9 e
ox, o ~{01'
© do *r

Horo

oo

Moo
ot
=
_\7\_1‘

!
N

A FHtste H 8% 9T sty Weo] w= dH 43S vAE wEsta 947
o] =& 32l Circumpolar Deep Water (CDW)7} SW (Shelf Water)$} #Z< t}
2 St A TyA FAAEE= oF —1.0°C - 0.3°Ce 2% 99 345 - 34.6psu
o] A& WYE 717 43 Modified Circumpolar Deep Water (mCDW) el

oA Fold thx A<l 5709 43 Antarctic Surface Water (AASW)<}

High Salinity Shelf Water (HSSW), Ice Shelf Water (ISW), Modified
Circumpolar Deep Water (mCDW), Modified Shelf Water (MSW)2] &3FE3E A
7tsl (19 45)

Y ARE 35 Y% 849 $9 2 22 54 4L 99 ARE T4 /)
T-5 Diagram

Dty i

DL

Eatarthid | Ter

Salinity (PEL)

8! 44, 2= CTD profilese| T-S Diagram. SW: Shelf Water, mSW: Modified
Shelf Water, HSSW: High Salinity Shelf Water, ISW: Ice Shelf Water, DSW: Dense
Shelf Water, mCDW: Modified Circumpolar Deep Water
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“
=
i
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37 BX. AASW:
Antarctic Surface Water, mSW: Modified Shelf Water, HSSW: High Salinity Shelf Water,

ISW: Ice Shelf Water, DSW: Dense Shelf Water

O aigdsdd | AR 7% deo dd idaEd =4

Y A4 sy 2 Adxd AE 8 s gr 9 4
o W el o3 AEHA WHeS Heofstr] f8) 2017dNE ARV, HL9

Gondwana”] #|, /w2 WA =2] Cape Evans”7| Aol A #=3F =2 A& Chlorophyll a
A5 FHste] A AE A AA (29 46)

o Aol miyEE = 2025W7HA] @A adle] gk ARE GHE £ Y
s S xAbete] Y] ARG S BT Ao, Y JFd g
A 8 WE s AEH R HE 7 de ARE FHFA F
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ALEH o Wgtet=AE MEELs & AF<]
A A7 AAFR 714, 5L Gondwana’] A, FF2 A= Cape Evans”]#])ol A
Agelnte] ABANE BAE]| 98] REZ 1S FE35lo] A

=] -3 %4 (Canonical Correspondence analysis, CCA)& 2 A&+

9 A7 M FET SEAE

Environmental parameter JBS-2018  JBS-2019 Gondwana lg:\?zﬁles
Maximum daily seawater temperature (°C) 0.63 0.63 1.30 0.63
Minimum daily seawater temperature (°C) -1.99 -1.99 -1.91 -1.99
Annual daily seawater temperature (°C) -1.70 -1.71 -1.42 -1.70
Maximum daily salinity (PSU) 35.27 35.33 36.38 35.27
Minimum daily salinity (PSU) 31.59 33.55 34.42 31.59
Annual daily salinity (PSU) 33.48 35.01 35.44 33.48
Maximum chlorophyll a (pg/L) 21.54 31.31 36.34 21.54
Minimum chlorophyll a (pg/L) 0.98 0.79 0.05 0.98
Annual daily chlorophyll a (ug/L) 2.77 2.28 2.72 2.77
Sediment (%) 11.79 28.84 8.91 39.36
Rock (%) 0.00 0.00 0.00 0.42

AMAETHozRE 48 AFHSEEAH Aids CCA-1XFHF)] F #2H

774%, CCA-2(Y=)7} & 4 16.0%S AWsele] F 934%9 =2 AdyS U

Bl (19 48)

R AT AN A A M B x s T

W= Cape EvansollA 382 T2/ F95=0] $HE7F oA F &1 Zhol
!

H
g uge 59 Toshpld A7 AP FEFF THE §

ru
s
|

T3 A% 2 chlorophyll a9 % & 95 Ao wel Maximum daily
seawater temperature, Annual daily seawater temperature, Maximum chlorophyll

a, Minimum daily salinity %5°] +23F 2fo]S H.

28 ATRRE BH8A 2 ANTHY E4ol 2 AT FHEE Fas) 7
FHE 54 ER 3740 mUHAS Foke] 7 AT ZUEE Awd
AL Fole] peolu g% Mal Fol weshs wxel wg e FHow
BHE 5 92 oz Buy
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™ Cinpaina
l'\;flulli.k-.'.b
PofMer
- o= -..'I'.-I'.-' e
N s o Y Sediment Echim: 'f;‘l.rm}riwu
a - s i - his W
g Max, Chi
Min. Sal.
o O "'|I=.I|Ir|-'I.'l
Mo e
'? +
i 1 I i
=2 -1 ] i 2
CeA-1
02 48, BETPAUCRRE BAE YRS A3t
O #ArunA 2 F=ohy A7 AA
- ARar)A JE ANFRFEE
« AAFAFEFEY 2AHE S8kl A 12mitE 22mel ol2E 20m FHEAS 2
N AAskal Gt
o AU FAEdd FAE vAE 7IFeE Im HFoR2 JPde] Wy F (50cm x
S0cm) & A4ty Ades ANFAFEEE AAFE sl (& 10)
E 10. 2EDV|X] Y MMEHFSE L= (ind./m2)
Rank Species Taxon Line 1 Line 2
1 Sphaerotylus antarcticus Porifera 19.2 20.4
2 Alcyonium antarcticum Cnidaria 7.6 11.0
3 Adamussium colbecki Mollusca 8.6 56
4 Polymastia invaginata Porifera 6.8 6.0
5 Homaxinella balfourensis Porifera 3.0 3.2
6 Clavularia frankliniana Cnidaria 26 58
7 Sterechinus neumayeri Echinodermata 2.2 0.4
8 Inflatella belli Porifera 1.8 1.2
9 Ophiosparte gigas Echinodermata 14 3.6
10 Displasterias brucer Echinodermata 1.2 1.2
11 Laternula ellptica Mollusca 0.8 1.6
12 Parborlasia_corrugatus Nemertina 0.6 0.2
13 Odontaster validus Echinodermata 0.2 0.6
14 Neobuccinum eaton/ Mollusca 0.2 0.8
15 Trematomus sp. Chordata 0.0 0.2
e F 16%9 HFAHFEEo EdAeH, HISHETS slWsE  Sphaerotylus
antarcticus’t ¥ 207-A)/m*> A A sta, AELEE Alcyonium antarcticunr= °F 9
A/m?, QAANEE  Adamussium colbecki= ©°F THA/m? &NHEE Polymastia
invaginatas °F 63-A/m>7F A2 (718 49)
- 2Ed 4R ANTHFEE
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Fe=o MATE o (R 1D

o <>  SY-sE  Sterechinus

neumayeri7t °F 17WA/m* M A&k, 5988 Odontaster validuse <F 14707
m

/m?%, AAFE Laternula elliptica= °F 27 A/m?*7F 212 (717 49)

" X SR
. Ao i

O8 49, ZEDI[X| HHE RBEZ Sphaerotylus antarcticust

Alcyonium antarcticum (%)), Z=2fLt ™ XHEZE  Sterechinus
neumayer2} Odontaster validus ()

= 11 —T'—EQI'I‘l' x-|x-| X-IA-I 7-(_-!2_"_ =' IE (lnd/m2)

: Density (ind./nd)
Rank Species Taxon 18m 3m 8m
1 Sterechinus neumayeri Echinodermata 30.6 13.2 7.8
2 Odontaster validus Echinodermata 20.6 12.8 7.2
3 Laternula elljptica Mollusca 4.0 1.2 0.0
4 Ophionotus victoriae Echinodermata 0.4 0.4 0.0
5 Neobuccinum eatoni Mollusca 0.4 0.0 0.0
6 Trematomus sp. Chordata 0.4 0.2 0.0
7 Clavularia frankliniana Cnidaria 0.4 0.2 0.0
8 Ophiosparte gigas Echinodermata 0.2 0.2 0.0
9 Displasterias brucer Echinodermata 0.2 0.8 0.4
- AT AR 2 v

-

AunsA A4 AATxE 4 2mAx suge] waHel gom 22mel 4

FAAAE DA (a2 TAH 9o £ 10mPE 2mAAE 7 3

AE olm gor] AYALe] RREA ARl Fred Fu)

ZEsht gAe ALTRE £ 20m7A Jlurete] wEkEo] glon 20moly
t A4AE (sandE FAS Qom £4 20mAAe slweke] A

FRA7A Gl Bl v grtety BaEde) Aol gle AAAE =FE

o
e

Fruz1A ek e A E 77 1557 9% FAFEE] Fdsden
ol mE FEAM FuI)A Mol Be $ES BY (E 12)
7 A

A FEY3 Aol e AASE A colbecki®] AA {9 =t AR

o
o2
o
X

—r
o
2

ol o] F35E S neumayeri®t O. validus® =% o2 Yeld
FR7A GHAA VeV slHEE, AxsE, 1831 AAEE (A colbecki)
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< EA oA HAAEN T35 W FREdd 23H FYEdS Holdow
ol gtn glon JriHoE e FEe] RaEAY Fxo] o FojAE 2o}
QAo = Fredo oEatA g FAEQ0 SyEEo] F2 A4
Auanr|Hel mEeht Aol BAH Aold st R T Aol FF
WA BAo] Faste, WA sddstE RRRAc 4PHoE 9P Fi
AuIANA AR A A5 RUHY S Fa vsto] whE At A4 W
slo] zo] HQ 3t
E 12, ZEDI|X| et ZELt AT Ao LIEIt RFHESES CfY
= X+ AR
Diversity index Gondwana Jangbogo
Total species (N) 9 15
Richness (d) 2.271 3.433
Evenness (J) 0.484 0.770
Diversity (H” ) 1.064 2.085
Similarity (%) 26.793

e

7 m] AT FAR AR5E B3 fFEaATaY] =4 L AU A FHo)
FaAo] A=" MDNA (12S rRNA, 16S rRNA)9}t 770 ¢ microsatellite v} =
ol &3t 7t s (bE &g AE7 grE F9), dud, AFE AT T

2073070 A ‘/"%7}E]H] Al=¢] genomic DNAE gR3st 14 tAd H7t

MtDNAZE o] &3 fx4 tdAd> ARLEQUIN (Excoffier and Lischer 2010) %
2aWS o] g WA S (number of haplotypes; NH), ©43& 4% (haplotype
richness; HR), 3-8 (private haplotypes), ©43 A, A714 49 v <]
T 5 AAkste] ArFela, AFE A A (Tajima’s D, Fu's Fs mismatch
distribution)& &3l 7 AL 27 HE FF FH

MicrosatelliteE o] &3t F3%4 tdAHdS ARLEQUIN, FSTAT (Goudet 2001),
GENEPOP (Rousset 2008), BOTTLENECK ver. 1.2.02 (Piry et al. 1999) =71
A o] g3 Hir HHFAA F(average number of alleles across loci; Ny), ¥
o] & A &t = (observed heterozygosity; Ho), o = o] & # 3 = (expected

heterozygosity; Hg), = alu] #<$=, microsatellite 23} two-phase mutation
model (TPM) 714+ 7fA<] W58 3 (bottleneck) 5 AZ3ste]l A =71
H] JRAIEe] e e B7F (GE 13)

o 74] H & (linkage disequilibrium; LD) WS A 83F9] NeESTIMATOR v2.01
(Do et al. 2014) 2ZEolE o]gslA =7t MAT KA A7)
(contemporary effective population size; Ne)E& At= (3% 13)

FRa7)A QI el AP Gt JRARE Y ARE FdH vgE &
A Ay vAds AT (young)el Na=11.43, PA=257l, Hp=0.7032, Hg=0.9063,
F1s=0.2281, HWE P<0.001, /4<% 7R (mature)®] Na=12.43, PA=327l, Ho=0.6120,
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Hp=0.8884, F1s=0.3171, HWE P<0.001% &¢lso] 7z} &y §472 thddol &
AVSHAlL YERE(E 13)
JF7ren] AA RS oA EAst B4 Ay Tajima’'s D=-1.831,

P=0.011, Fu's F+=-1.790, P=0.0162.% &<l% 31, mismatch distribution +4] 2
o

¥ stzo g HIFHE tE 3 (skewed unimoda) = #HA WA+ =27 F7F e
<+ WA =Z7]7F ¥ 3 (population expansion)dt oS AlAFSHE 13, 29 50)
A ;g'

A, F=7rEE AA AT BlaA w=e e f4

o
| =
I Qo (E 12), HEAY B A %X L-shaped #X FAifo] olxo] H
2

o

il

= 13, 27l2ld| JHAZel oA 77 microsatelites RXA CitM I JiAZE HESHA X EA Hu}
Age N Na PA He Ho hs iz Median of A,
group P-values
Young 15 11.43 25 0.9063 0.7032 0.2281 <0.0001 o (9.4~0)
Mature 28 12.43 32 0.8884 0.6120 0.3171 <0.0001 127.8 (13.6~00)
Total 43 16.00 - 0.8974 0.6455 0.2836 <0.0001 oo (81.7~c0)
Demographic history o
N - Bottleneckdistribution shape
Tajima” s D P-value Fu® s Fs P-value
43 -1.831 0.011 -1.790 0.016 Normal L-shaped distribution

N: Number of individuals analyzed; Na: Number of alleles; PA: Private allele; He: Expected heterozygosity; Ho: Observed heterozygosity; As:

inbreeding coefficient, HWE: P values for multilocus tests for Hardy-Weinberg Equilibrium; A Effective population size

180 = [Ihs == Fap

=] 550 =0.002
P =0,740

Frequency

Palrwise difference

8 50. E=37t2|H] A HMT CHA mismatch distribution 241 Zot

Mz g8 A AT AR gERE S
differentiation) % %% F-Z(genetic structure) 2 i

2B JRAITEe] A kA F A xR ARHA WSk E7F (2" 50)
Microsatellites 7}71 = STRUCTURE (Pritchard et al. 2000) Z 2138 ©] 83}
individual-based Bayesian 7N #| &% #4S 4335t1, GENETIX (Belkhir et
al. 2004) Z=afo= A I FH14 BA HAHE o]&3te] PCoA (principal
coordinates analysis) 4] 3(19 51, 52)

STRUCTURE &4 A3, d=d 3 dxdd /Al 25 K=22 &5l F+ 719



Coardimate T (7,76 %)

T4 F2E A= Aoz dEpd(E 51). 2018 JRAE(N= 22)% 2019 7H
AT(N= 21) 1+ 314 E3=(Fsp)e 0.0097, p=0.0015= F WA 1+ SAH L
2 o 14 E3hE vER. o)gd A3k 20184, 20199 7] Al= JRA
T3 A Aol EA s AdE AnF

s WA (Young)# A< 7NAIT(Mature) 1F -
p=0.0139=2 yet v s JRAT I s JRAlE E
W, olE 7 % I A A7t A flas B
=k AfARe] Axd 9 AR A
analysis) =4 A3 201833} 2019 JHA o] F-14 Zol7f EAggS At
(29 52). 53], 20199 7Aool 2018 7 Aol vls] o E4kE S Rl
o= 20199 AATe] FdH Wol7h AdiHeR U E5s 9V

(young) WA A< (mature) WA ol A 44 22 T3t 9l
5 UEY

2 AFAA Feek FA Ay mEw F 4370A1[2018 (N = 22) 2 2019 (N
= 21); Young (N = 15) @ Mature (N = 28)] /HAS o & 770 microsatellite
7 7Rk FA A gEd B FEAAT A7I(NVDE B R, ol Eall &
=7heH] AAAE S A A FAaA Al tE Vx ARE SRS

(Fsr)= -0.0044,

.
= a
HA Eah EAEA fo

i\ :lO e

79 PCoA (principal coordinates

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

H f 1
E {ﬁ‘) 1{8} Foow-D0MEA, p o A3 w2 i
: ; |
; i

IS 3

H H

{ 1

t i

H :

t ;

! s i B o AN S G : EITRCI N e, I = i, 3

2018 2018 ; Young Mature i

{N=22) {N =21} : (N = 15) N =28) i
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW e e
T2 51. STRUTURE =22 0|83 H37l2/H| =g 3 oI3H JxZe |3

TE (A H3olele] d= JHA 220184 FTH N=22, 2019 AT N=21), (B) =272l
H| o239 JHA|2(0| A= JHAM=2 Young N=15, A== JHX|= Mature N=28)

- & I - 8 Yuuig
. & 10 - - @ Matirn
s - -
5
= 5 : .
T " s _'E 1 t
L] w L a L ] - » . .
s, —Hireet : Paa, il e
r < ket lE.' ] :
a L} b
o -
Coordinaie 1 (1924 %) Coordinate 1 [19.24 %)

J8! 52, H=37iz[d] AZE(A) 2 oA=HHEB) JHXZol cHEt microsatelite PCoA (principal coordinates
analysis) 24 Zut

w3, Gk ALY AHE 79

ol

Faah, 12bd =o SRgh v EZEg o}
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AsTE TFata, 734 YA
12719 mEZ=gol o

Z]H<%E RNA (RNA) F37
(concatenated)d}o] A& -2
Pectinidae 12%F 9] 49 4% A
st o, ZF f429 A9 HHAL Geneious Prime® (Biomatters Ltd., New
Zealand) ZZ1H ] o5 FE 7|5S 7] AAGORE A&t £

& A3 (Neighbor—Joining, NJ) #4](Saitou and Nei, 1987)S MEGA vIi2
(Kumar et al, 2024) Z213oA <3l ow, Tamura-Nei Ag =23
(Tamura and Nei, 1993)2 AF&3F1 3L, 1,0008] HWHE 7 3 (bootstrap; Felsenstein,
1985)& 33

FH - (Maximum Likelihood, ML) #4& 93] jModelTest v2.1.10 =213}
S o] 83}o] Akaike FEH 7]+ (Akaike Information Criterion, AIC)l| uwiz} &
Rd=2 TVM+F+I+G4E Q3R . ML AlESTE IQ-TREE v2.4.0 (Minh et al.,
2020)S Abg3Eto] F=3EF9 ow, ultrafast bootstrap (UFBS) WAoo 2 10003] wk
B 7% 392 (Hoang et al., 2018)

W=7k v = Argopecten, Chlamys, Mimachlamys, Mizuhopecten 59 A%
(clade)® W33 B W Qo Mimachlamys varia (NC_061741)¢} 7V4 71 7h-&
FABAAE YeEFW L, oldl td bootstrap A A== NJ/ML #2414 z-2F 96/100
=%, ol E=7FH7t Pectinidae WellA =249l X3t d=5 7

e

z
i)
K
ol,
do
2

Z}H(protein—coding genes, PCGs)¢ 371 <]
ZIREO. R F 6,706 bp #Hold AIdE dF

o W
A BFTYS MG (19 53)
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ieET Argapecten irradians NC 009687

10a/100 || Argopecten irradians irradians NC12977

100100 L Argopecten (rradians concentricus KT 161259

Argopecten purpuratus NC 027943

10072

1001100 | Argopecten ventricosus KT161261

Amusium Pleurcnectes NCO57147

Mimachiamys varfa NC081741

96/100 | Adamussium colbecki

‘ : Placopecten magellanicus NC 007234

T 100/00 Mimachlamys senatarfa NC 022416

Mimachlamys nobilis NC 011608
88/9% 4,— Chlamys farrerf NC 056656
10aro0 Mizuhopecten yessoensis NC 056656

0050

2l 53, =20t2|H|(Adamussium colbeck)ES EEHSH Pectinidae 1352 Ao =
miDNA R8N HEE 2235 NJ L ML AEREY FA 2 o7 & E). Node
of E7|=l =XH= ZtZt NJ (21Z%) 2 ML (2EZE) EAM9| pootstrap X|X|=E LIE}

Il,:l-ll
o A A ATE A
59 DNA F7F &1 A
s A el o
Ao Fdd o d& AL

e Getino Mamet 5(2021)2 EHb ko] ojuju| {F& oz g Ao
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o 2025/26 dHAIA O bAA AV FES HEE F 0, +1, 2% ¥ AP0

A e

il

Ol 54 A= =074 HS2E FEINI(X|of =5 243 DA S
TS gl (9), & S0 2d Sl durSAY | oAl (ofzh)

O Al 7|9 AXABE 54 2 7 st 7ls A
- Google Earth Engines &-&
- AR A RS g EAE AAS 98 AAAE A AT Ve A
5 AE

-

FHAT G4 Az 2 MEA 94 F 230 A4 ¥Eow Fu groly
67 AitA 29Ae s ERAHRLE AW (ho)a
W %)

3. ARATEE 3. RS e f3 WAE X F 7]F 7

- @esgt BE A F AT 59 ol sk MARY F AG(E=Y, A95UL
AAgstel WEbE BAS Ba Al WA WE melus BE U WMEY £AE

48 (19 55)

- et A 7Ivke 2 A2 HE contigs S olA viral contigsiHe AElH o g &3 H
TEH Y 9 v £Ro AES AAG A HFTHoE 7601709 ALEE viral
contigs7} Aol F. EAA R FostA = FUAIN, IAFFH Abo]Eo] v F=¢t
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PAMC 40244 CP-A-2 Pseudomonas CP025624_s + 3

¥
PAMC 40249 YN-A-8 Pseudomonas CP025624_s +
PAMC 40251 YN-A-6 Pseudomonas CP025624_s +
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PAMC 40277 YN-A-1 Pseudomonas CP025624_s +
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+ [+ |+ |+
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3
3
3
3
1
3
3
3
3
3
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2l 71. Bacillus mycoides PAMC 29538 M| 4! ASoHo| 2o M2 AR

- AAA EA4& 91% RNA =
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AAAE S SR IHE 2

A3, 3728 B AAA 242 9% RNA sx271
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E 14. Bacillus mycoides PAMC 295382| 2=0f W2 FALA|

Temperature('C) Sample name Total base pair (bp) Number of total reads Number of filtered reads
day1-20C-1 3680726774 24375674 23886362
day1-20C-2 2102234080 13922080 13579186
day1-20C-3 3674240418 24332718 23795874
day2-20C-1 2084502150 13804650 13416646
day2-20C-2 2049804766 13574866 13180016

20 day2-20C-3 3684261382 24399082 23822630
day3-20C-1 3658649064 24229464 23646744
day3-20C-2 2094818772 13872972 13460290
day3-20C-3 3693071024 24457424 23848624
day10-20C-1 3656505468 24215268 23662076
day10-20C-2 3664643764 24269164 23677100
day10-20C-3 3660652834 24242734 23641262
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day5-10C-2 3657669980 24222980 23683562
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day10-10C-1 3695048520 24470520 23873960
day10-10C-2 3661782616 24250216 23688616
day10-10C-3 3669904906 24304006 23734558
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o T

- Age structure of Antarctic scallop Adamussium colbecki (Smith, 1902) in Tera Nova Bay,
Antarctica (Estuarine, Coastal and Shelf Science) A=}

o Tr&tiI R

- Age structure and morphological characteristics of Antarctic scallop Adamussium colbecki
(Smith, 1902) in Tera Nova Bay, Antarctica. T+5%3. The Second International
Conference on Biodiversity, Ecology and Conservation of Marine Ecosystems (BeCOME
2022). 2022.01.03

- Population dynamics of Antarctic scallop Adamussium colbecki (Smith, 1902) in Tera Nova
Bay, Antarctica. 7-F#3%. 2022d I=3A A EE3] A7)Tge3]. 2022.10.20
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T2 HERMA M2 LHE 0|8 55 I7SES W HAY F A HYFH
A BMo Sy
o E=EAA ¢45
=g - Kim et al (2022) Characterization of antimicrobial resistance genes and
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virulence factor genes in an Arctic permafrost
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14 -
e A%-3Y 1-D 2¥E 0§ APYAA T4 79
o -3 1-D =¥ 7=
- SPBM W Ry =
o AeA =¥ (ERSEM) Hg
3 3 - YU AAEiAIo s AR A el H
& o FA LA ANA AWBEAALY FLAY A3
- sediment trap 0.2 Y= Zg k] 2B AEZHIE WHAo] Ky
- o8 7HA HEE A F5
- SPBM-ERSEM & -3 mE S o] §at sy AR Q3 25 s HEZ
FaE MY HY
3 7] o T H=E FHE-HW HH =Y 7=
T+ o A HFEYEHANA PIA= WY FLAS EHS o] &dtd HAFo=E 7
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o =i
AR - Potential impact of the sea-ice ecosystem to the polar seas biogeochemistry,

Frontiers in Marine Sciences, (mrnlF 92.38, 2023d 7€ 21¢)
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o YF7tEule AAT HE

- ZAR371A F4 MY W Gt AT 6Alolstel A e Ao
AN 717 =H1A. ol2 &, Al dFS vA, NAT FAE olojd JhE
dol m¢ =+

o @F7igHl e FAA ¥ Bt % 7= B}

- 3 ARAFAA AEAHR B Ax F 17323709 microsatellites vl Fxr gk
2, 3070 microsatellite primers 7| & th¥Ao] S Ao R oAEHE 1071 vl
7AE Adsted B84 HAF5 uAE o] P F=(heterozygosity), polymorphic
information content (PIC), &tt|-uiQlwWl== 33 (Hardy-Weinberg equilibrium;
HWE) P-values, %l #ujA <=(inbreeding coefficient; Fi5) & A4tste] §&
A A== 770 microsatellites v}7# W=

- F|EFZ=¢g o} DNA (mtDNA) A/ A H= 353t mtDNA 27) F %} wpA
(12S rRNA, 16S rRNA) &84 H7l 2%, 16S rRNAZ| 12S rRNAe] B3] 3o =
o7 =o gyAS ERHEI6S rRNA: N=22, # of haplotypes=5, # of SNPs=4;
12S rRNA: N=22, # of haplotypes=2, # of SNP=1)

of

. S=2712|H| microsatelites OFH 77l |&M ZHT =X

Maker

N Na Ho He Fs | piie | PIC

ACI-17

29 17 0.7241 0.9365 0.230 0.0163 0.9147

ACI-19

27 13 0.4815 0.8742 0.454 <0.0001 0.8440

ACI-21

28 19 0.6786 0.9338 0.277 <0.0001 0.9114

ACI-22

28 13 0.7500 0.8870 0.157 0.0833 0.8578

ACI-23

30 10 0.7333 0.8305 0.119 0.3652 0.7938

ACI-27

29 20 0.7241 0.9304 0.225 <0.0001 0.9083

ACI-30

30 15 0.8000 0.8932 0.106 0.6390 0.8674

Mean

- 15.3 0.6988 0.8979 0.225 <0.0001 0.8711

N:

Number of individuals analyzed; Na: Number of alleles; Ho: Observed heterozygosity; He:

Expected heterozygosity; Fis: inbreeding coefficient, HWE: P values for multilocus tests for
Hardy-Weinberg Equilibrium; PIC: Polymorphic information content

2 H4=2712[H] miDNA MESAAH As X=
(21%8) gl Annotated Gene Summary (2E%)

ofN
I
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- The dynamics of growth and maturation age in the scallop Adamussium colbecki
in Tera Nova Bay, Antarctica. Estuarine, Coastal and Shelf Science. (mrnlF
83.33, 2023.11¢¥)
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- Assessment for the potential risks of the pathogenic microbes in a changing
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- Tamara Contador, Sanghee Kim et al., (2024). When ice and sea are not barriers for
flies:first report of 7richocera maculipennis (Diptera) in South America. Insect
Conservation and Diversity (mrnlF90.74 , Grant FOVI220036*)
- Benitez, H. A., Sanghee Kim et al., (2024). An outsider on the Antarctic Peninsula: A
SRR new record of the non-native moth Plodia interpunctella (Lepidoptera: Pyralidae).

Ecology and Evolution (mrnlF55.67, Grant FOVI220036*)

Gemma Marie Brett, Sanghee Kim et al., (submitted) Ice shelf water- influenced fast ice
and sub ice platelet layer thickness distribution beside the Campbell ice tongoue in Terra
Nova Bay, Antarctica, Journal of Geophysical Research: Oceans (mrnlF85.93, =4#]|& &<
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Hugo Bentez, Sanghee Kim et al., (submitted) First record of Psychoda albipennis
(Zetterstedt, 1850) in King George Island: A new non-native species with high invasive
potential, Fontiers in Insect Science (mrnlF84.26, = #|&-%<1+)
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o Kim et al., (2025). Quantifying the Relative Impact of Atmospheric Variables and
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