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SUMMARY

I. Title

Analysis of characteristics of the circulation and lower trophic level ecosystem in the

western Antarctic Ocean (Amundsen Sea)

II. Objectives of the study
* Examination of the role of the circulation to melting sea ice in the Polynya area in
the Amundsen Sea
* Investigating the seasonal variations in the sinking fluxes of biogenic elements in the

Amundsen Sea

Ill. Contents of the study

1. Period of the study
*2014. 1. 1 - 2014. 12. 31
2. Contents of the study
* Field surveys
- Deployment of current meters and sediment traps moorings
- Deployment of surface drifting buoys
* Analysis of current data
* Estimating sinking fluxes of biogenic elements using time-series sediment traps

- Analysis of total mass, organic carbon, and CaCOs at the sinking particles

IV. Results of the study

1. Field surveys
a. Deployment of current meters and sediment traps moorings
* Mooring station 1
Recording period: 2014. 1. 2 ~
Location: 72°23.188 S, 117°42.757 "W



Equipments installed: 2 current meters, 1 sediment trap, 2 CTD
* Mooring station 2

Recording period: 2014. 1. 6 ~

Location: 73°16.790 " S, 114°57.024 " W

Equipments installed: 2 current meters, 1 sediment trap, 2 CTD
* Mooring station 3

Recording period: 2014. 1. 10 ~

Location: 73°49.176 " S, 113°02.712 " W

Equipments installed: 2 current meters, 1 sediment trap, 2 CTD

b. Deployment of surface drifting buoys and data analysis

* Number of drifters: Amundsen Sea 4, Southern Ocean 26
(provided by NOAA)

* Deployment dates: 2013. 12. 26. ~ 2014. 1. 10.

2. Analysis of current data
a. Current meter time series data
* Analysis of deep currents characteristics

* Analysis of seasonal variability

b. Trajectories of drifters
* Observation of an eddy and westward coastal current

* Observation of the Antarctic Circumpolar Current in the Udintsev Fracture Zone

3. Measurements of the sinking fluxes of biogenic elements
* Analysed data

- Mooring station Kl
Recording period: 2012. 2. 15 - 2013. 2. 12
Location: 72°24.163°S, 117°43.341°W

- Mooring station K2
Recording peroiod: 2012. 2. 24 - 2013. 2. 21
Location: 73°16.28°S, 114°58.23‘W

- Mooring station K3



Recording period: 2012. 3. 4 - 2013. 3. 1
Location: 74°11.23S, 112°32.40°W

* Annual total mass fluxes

- Station K1: 15.6 g m™ yr’

- Station K2: 159 g m? yr'

- Station K3: 7.49 g m? yr'

* Annual organic carbon fluxes

- Station K1: 1.02 gC m™ yr’

- Station K2: 1.08 gC m? yr’

- Station K3: 0.62 gC m™ yr'

* Annual CaCO; fluxes

- Station K1: 0.50 g m? yr’

- Station K2: 0.24 g m™ yr'

- Station K3: 0.20 g m™ yr’

V. Application plan of research outputs

* Understanding of the ocean environmental variation in the rapid changing area in the
Antarctic Ocean

* Opening time series data in the Amundsen Sea to the international research
community

* Development of multidisciplinary polar study (coastal circulation and ecosystem) to
improve the domestic research level

* Estimating the amounts of CO, removed into the ocean from atmosphere by

"Biological pump" in the Amundsen sea
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Fig. 3.1.1. Map of mooring stations of current meter and sediment trap, and positions
of surface drifter deployment in the central shelf of Amundsen Sea. Background
contours are bottom topography.



Table 3.1.1. Information of location and date for deployment and recovery stations

Triangulation position Deployment Recovery
St Depth
' Latitude Longitude (m) Date Time Date Time
(S) W) (UTO) (UTC)
K1 | 72°23.210 © | 117°42.634° 525 | 2012/03/04 | 02:03 | 2014/01/02 | 20:19
K2 | 73°16.882 " | 114°56.999 823 | 2012/02/15 | 07:23 | 2014/01/06 | 07:06
K3 | 74°11.231 " | 112°32.399 " | 1057 | 2012/02/16 | 18:27 | 2014/01/09 | 04:10

Table 3.1.2. Location and date of new deployment of current meters and sediment traps

N Triangulation position Depth Bat Time _—

' Latitude Longitude (m) ate (UTC) ASHe

(S) W)

K1 | 72°23.188 ' 7 4,2'757 525 | 2014/01/03 | 12:45 KOPRI/KOIST
K2 | 73°16.790 14 5,7'024 840 2014/01/06 | 13:50 KOPRI/KIOST
K3 | 74°10.292 12 3,1'699 1028 | 2014/01/09 | 15:15 KOPRI
K4 | 74°10.576 ° 2 0,8'083 785 2014/01/08 | 22:06 KOPRI
K5 | 74°10.946 H3 0,3'823 774 2014/01/09 | 21:10 KOPRI
K6 | 73°49.176° 13 0,2'712 782 2014/01/10 | 12:20 KOPRI/KIOST
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Fig. 3.1.2. The position map of surface drifter deployment during the cruise (from Dec.
2013 to Jan. 2014). Yellow lines are the fronts of the Antarctic Circumpolar Current
(Orsi et al., 1995). Filled contour is topography.



Table 3.1.4. Information of the satellite-tracked surface drifting buoy (drifter) deployment

Buoy ID Date Time Latitude Longitude Releasing
(UTO) S) W) Area
116429 2013/12/26 17:40 55° 00.2° 172° 57.27
116431 2013/12/26 20:44 55° 30.2° 172° 17.17
116164 2013/12/26 23:22 56° 00.2° 171° 34.0°
116430 2013/12/27 02:07 56° 30.2° 170° 53.0"
116426 2013/12/27 03:34 56° 45.2° 170° 31.0"
116427 2013/12/27 04:56 57° 00.2° 170° 10.0"
116423 2013/12/27 06:19 57° 15.5° 169° 48.0°
116424 2013/12/27 07:40 57° 304’ 169° 25.7
116425 2013/12/27 10:24 58° 00.3" 168° 41.0"
116162 2013/12/27 13:13 58° 30.3° 167° 56.5°
116166 2013/12/27 16:02 59° 00.3" 167° 11.5°
116167 2013/12/27 18:53 59° 30.3" 166° 25.7
116428 2013/12/27 20:20 59° 45.4° 166° 02.2° Southern
116422 2013/12/27 21:45 60° 00.5° 165° 37.8" Ocean
116199 2013/12/27 23:06 60° 15.2° 165° 15.27
116165 2013/12/28 00:31 60° 30.2° 164° 48.6"
116202 2013/12/28 03:41 61° 00.2 163° 43.4"
116160 2013/12/28 06:51 61° 30.2 162° 38.0°
116203 2013/12/28 09:59 62° 00.2 161° 31.3°
116168 2013/12/28 13:05 62° 30.2° 160° 23.4
116163 2013/12/28 16:17 63° 00.3" 159° 14.6’
116300 2013/12/28 19:27 63° 30.3" 158° 04.3"
116206 2013/12/28 23:03 64° 05.2° 156° 41.7
116205 2014/01/18 11:12 66° 59.7° 153° 34.5°
116207 2014/01/18 20:15 66° 00.0 156° 50.5°
116204 2014/01/19 06:00 65° 00.0 160° 00.0"
116201 (A) 2014/01/08 00:15 73° 29.9° 112° 58.3"
116161 (B) 2014/01/08 11:55 73° 51.4° 112° 02.3" Amundsen
116208 (C) 2014/01/09 16:05 74° 10.2° 112° 33.37 Sea
116209 (D) 2014/01/10 13:10 73° 49.5° 113° 04.0°
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Fig. 3.2.5. Yearly progressive vector diagrams of current meters at 3 mooring stations
(A) from Jan. 2011 to Feb. 2012, (B) from Mar. 2012 to Dec. 2012 and (C) from Jan.
2013 to Dec. 2013. Color means the mooring depth (purple: ~250m, blue: ~450m, red:
700~850m).
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January 12, 2015 (bottom). The area where drifters deployed from the
Araon is marked by a black circle.
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S8T image:2014/12/19 Buoy: ~2014/12/30

Fig. 3.2.8. Weekly mean velocity vectors estimated based on trajectories shown in Fig.
3.2.7. Colour image represents composite sea surface temperature from satellite data in

the period of December 19~30, 2014. White image means the area where the sea
surface is covered by ice.
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Fig. 3.2.9. Trajectories of the satellite-tracked surface drifting buoys released in the

trough in front of Dotson Ice Shelf in the central Amundsen Sea in early January of
2014. The releasing locations are marked by cross symbol.
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Fig. 3.2.10. Eddies tracked by surface drifters in front of Getz Ice Shelf (Glade
bay) from January to March of 2014.
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A3 A AAdds A% TG 4E

1. A&

Gl A A Qs w2 Y HoM AHEEFAEd AT
71E A4 A" wrl=el Az el & A dEFE Ted £ A
FE e I A, A=l W Holgs, 7St g HAE 7S
BHE ol FFS v AAT vhaedhe] drlo Wi, s efelMe] dAr =
gas g7 olitste s Az Al sk MY Tt WrkdE S shuolth. w
2 7] oitstgta TS Asks sl TS olsfietal d el T
A8k s dotsty] fla dA EE Lol tid A rh 2] FRE S

t}(Fisher et al 2000)
o}dd] 4=Hth(Subtropical Convergence, ca 45°S)9] W&ol A3la &=
TR (Southern Ocean)2 th7] o|AbstebA =33} ARG AE7]| Y4 (biogenic
silica) =8kl T3 kS stal 7] wied HZ B wilo] FHFHE= Aol
t}(Bakker et al. 1997; Rabouille et al 1997). B& AFx50] FHIF A Al A
o EZAE EW(Time—series sediment trap)S o] &3] Az} S8 A~E H=3 2
I, JA FY2e 1 3t 2L AR TR sl HlE) Al-gihAoR
] -§- = H3 kS Ho]FE=tH(Fisher et al. 1998; Collier et al. 2000; Palanques
et al. 2002). @ FNA JA EH2e F2 dAANH JFS F= vk, @l
Fog W, 5 T 22 71FAR e o H9-Hh(Fisher er al 1998;
Collier et al. 2000). webA S gl Z7IZF F<F AAF S AE A58 A5
7] 715%3t e gt = 3
ol Ald] (Amundsen Sea)™ Ag=ol At Qo ofAls] Zhuk
(polynya)(~27,000 km*)¢} FQletd W= (Pine Island) FH&]F(~18,000 km?)7}
A 53] ofEAls] EEve weelA TR & A S Holm Az
WAl o9 2 ez #AFE At (Arrigo and van Dijken, 2003). oFT-Al3] =]
Lpoll A #=53E J54
(1.5 mg m?)ET 40% 71% =
Sea)oll Al YAr=e 2o AAASE
(Ross Sea)dllA] YAr=e2=9] Ad 9 Awst
N AAE EHHEEF (time—series sediment trap)S ©]-&3 A7|dUAx

El
HAdEYzol g Aq7F ds FAEA Gk 2 ATl s obEAls] Edu,

ANFFFEE 2.2 mg m PR ZadolA #AFH3 Fh
=t} Fisher et al. (1988)¢] &3] (Weddell
#53kom, Collier et al. (2000)2 Z2=3]

2 D= AT o} A of
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T ARG ZEg uged, 3 Add HAZEENRS 20129 293E 20139 2¢
7HA 1A E)t AFskel A 2o AdwstE stefstaat d

2. Alg ¢ 9hi

AAE EAHEEHS olpAld] ZFuR(St. K2, K3)oF ZEvk upza] 9 (St.
K1), Al 3tell ARt th(Fig. 3.3.1). ZF vigae, A Klo H4& EfS
A3 3o Y= FY 72° 24.16', A7 117° 43.34', 4 530mol vk AH
KlolMde HHEZENS 54 418mell, 20123 2¢¥ 159 20133 2¢ 1297}
2 3629wt ATt Eevk TGl A A K2 @9l 73° 16.28',
73 114° 58.23' YA A1 830mo] itk A K2 HHAEENS
41 414mell, 2012 29 2492E 20139 29 219744 3629 B¢ AFEA
o ZEu FEs o] X3 A™ K3E @9 74° 11.23', A7 112° 32.40'0 9
A 418 1057mel k. A K3olHe HHEERS 4] 507mel, 2012

ﬁ‘
off

W39 498 20139 39 1974 3629 B¢t AFSIH B oAt o] 83k
ANAL H4% EfNS 21702 AJ8¥S zZH= McLane PARFLUX Mark 7Go]$aL
#4741+ Aanderaa RCMS8o]th A} Y7 we 19, 249, 1298 HAE A
72 109 HF4os TSR 393 119+ 15¢, U A A= 30/31Y
HAo 2 R0 Y. HA4E ERE AlFst7] Aol Na—borate® F3}3 5% L=
A glg AR Yol HAE AR7t FashA] d=F el

HAE Alne SHRTE 3W AFsta AR $d ¥ Azt A
25 HAE AR FAE SAHS A FAF ZH2E AT SEA/AA F
&S CNS 942 7](Carlo—Erba EA 1112)E o]&3dlo] ZA3IATH BE A8
T i BAs Ay B4 AYUEE 3% F71e A S-S coulometrics BRAE
A71(UIC CM5130)& ol&ste FA4ste=d, 4 AE4EE 2%39t. f7lea

FF TEHE FFA T

Zrell el 1M Na,COsE ©]-&3t
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Fig. 3.3.1. Location map of mooring and CTD stations. Background contours
are bottom topography.
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opimAla] Euk npgai el YXg A KlelA @53 T2 &9~ (total
mass flux)¥= 190 833 mg m™? day ' % 714 & S BPa 49~11¢Y9 =<
of 5.0 mg m™* day ' °o]3t= vl$- Skth(Fig. 3.3.2a). A& KlolA 2012 2¢
15958 20139 29 1297h4] ddBser SA43 4% ZY2E 156 g m?
yrolol itk 2011delE 2A% Z8 27 190 500 mg m 2 day ! oo ® 743
=S S BAAT 20139 1€99E 13.2~27.0 mg m~? day ‘o2 20110l A
1720 el HA &tk SAF E927F 2011del =199 29 wil$ %2 %
1 9, 20139 1~2€9el= wlg- WA #SHA=, oA 20139 1~2¢
HAEES AR sl siyo] ] o} AEANH] A A7 Wi
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of vl =9kth(Fig. 3.3.2b). AA K204 20124 29¢9 244X 2013 2¢

2147k4] 9 B¢t 4% A ZY2E 159 g m 2 yr o2, A Kl A

a oFgF =Skt 2012 12€5-E SiWo] AMA3] H7] AlZfetHA FAEF FE€
7V 52438 F7 ek 2013 199 Ha ghs RAAT o] AL EAjsA] &=
2o = 7

o3y FAFY Y27t 9438 FAste] 5 mg m? day ‘elate] Wi ut
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vhora 12¢€ ¥ 1€ vlud =okth(Fig. 3.3.2¢). A4 K34 2012d 3€
B 20139 3¢ 197bA] 4l ot S FAY FTH2E 749 g m Y yr o2,
A3 K13 K20l #laf 1/2 Aok sie] A5 K029l Hla] A K03olA o)
How AAFole & stal B4 K3olA FHF 82+ 44 K2ol b8 1/2
FEo R gt}
A" KloAd f718h 2825 0.053~52.1 mg m™? day 'o] H9=E,
W 3hs Hlth(Fig. 3.3.3a).
A Kol ddset SA4T f7lgs 28245 1.02 gC m™” yr ok A4
KlolA f7]1gta g2 5 .
Z2dte] 20129 12€93 20139 1€ 714 wgton, A Hyt F7]Eks 3
& 11.1% A H(Fig. 3a). fr71eha §=Fo] 20121 4~6€0 Th& Al7]o] Hlaf o)
Mo =2 ZL o] AV FEIZFAE AEFo] FTUIE] Wi Aoz A
e A K2olA S7ekA ZYA= 0.34~22.1 mg m 2 day lel WY,
2012 2¥€5E 11970+ diARZ 9@k, 20129 12958 A S748H
2013 1¥9] Ha & Hoow, 1.0 mg m 2 day 'olst® F43 A
s TH(Fig. 3.3.3b). AH K204 o vt fF718hA T2 9.46%= A3 Kl
vlal] oFzh wkokth AA K2l oy Eek SAS Uk 84w 1.08 gCm?
yr'o 2, A K13 w9 fFARGh A K2olA 7] o}
2 20129 390 M =9ga 1 T2 HA gAaske] 20129 1199 7 woro
W, 2 Fo tA] F7bate] 2013 29l 14.6% 2 R ATH(Fig. 3.3.3b). A4 K2
oA Ad He Fr1eA FS 9.46% =2, A Klol vlal tha #skth. A K3
N F7leks ZYAE 0.42~12.0 mg m? day '9] WHAR, 20133 1€t =
S e B 1 o] 7|ZklE 5 mg m? day ! o]gtE  SEtH(Fig. 3.3.3¢).
AH K3elA ddset 4% frlda T2 062 gC m™? yr ' o2, AH K1
I K2olA SAT el 60% 7HEF HAT A KO3elA frieka RS
4.10~205%% 2012 39 Hu %S B 2 52 Hx @Fasgrst 20139
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19l vA] Z7F8F vk (Fig. 3.3.3¢). B3 K3old dad
9.59% =, A3 K2olA gk k3 FAFsElth A4 KlelA
Bha gheFo] wrokd whA, A K29F K3olA & f7eka 3
ket

A% KlolA CaCO; Z82E 0.25~23.5 mg m 2 day '9] HYZ, F7leks
EY 20 mR AR, 2012 290 7P wokom, 49 ~11ol= v W2 @S
HATH(Fig. 3.3.4a). A% KlolA 4y woF A3 CaCO; =82+ 0.50 g m™?
yr o]tk A KOololA CaCO; &2 1.56~18.4%% 201213 6¥€d 74 =9k
2012 39el 7E wtem, dd H CaCO; T2 6.46%ATH Fig.
3.3.4a). 2012 6¥€el CaCOs §&Fel 7Hd =& 2& o] Al7]l| pteropod®t o]
CaCO; AAES b= TEIZZAE AEFo] S/l Wil Aoz AyztAr.
A7 K204 CaCO; Z8 2+ 0.018~2.45 mg m * day '9] W=, 2012 12¢
72013 1€l th2 Al7]el vl e @ES BUvH(Fig. 3.3.4b). AH K2eA
Add Fok A3 CaCO; 28 2E 0.24 ¢ m™? yr'oez, A Kiol vl 1/2 A
= ogel]l HXx 2otk BH Ko20lA CaCO; dh&Fe 0.15~3.01% =, 2012 29 %
B HA st 2012 11€el] Har ks vrebwllar 2 o] ol oFgk FHAskqitt
(Fig. 3.3.4b). A4 K204 dd H CaCO; FHFL 1.44% =, A Klo wl&|
1/4 AE wroll =] ekgktl, A K3olA CaCO; Z82E 0.044~2.76 mg m ™2
day'e] ®I9IE, o3& 717+ 20124 129€%-¢ 20139 29744 Hlnd e #3S
B (Fig. 3.3.4c). A4 K3ellA dd 5 54§ CaCO; T8 2=% 0.20 g m™”
yrloe®, Ad K2 4 g fAERch AA K3elA CaCO; g
0.26~10.7% %, 2012\ 3¥HE 104744+ A2 vk 1195 #Aak 718t
o] 20133 29 FHxu #FHS HIH(Fig. 3.3.4c). B3 K304 dd H CaCOs
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4" K W 2012 29 1523 E 2013d 2¥ 12271#] dd EoF =A%)
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Fig. 3.3.2. Temporal evolution of total mass fluxes and sea ice coverage at
Stations K1 (a), K2 (b), and K3 (c) from February 2012 to February 2013. The

vertical bars indicate total mass fluxes, and solid lines indicate sea ice coverage.
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Fig. 3.3.3. Temporal evolution of organic carbon fluxes and contents at Stations Kl (a),
K2 (b), and K3 (¢) from February 2012 to February 2013. The vertical bars indicate

organic carbon fluxes, and solid lines indicate organic carbon contents.
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