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S U M M A R Y

. Title

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

western Antarctic Ocean (Amundsen Sea)

. 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

 Comparison krill acoustic data with environmental data and estimates densities of ice 

krill using acoustic classification technique in the Amundsen Sea.

 Understanding the feeding ecology and role of zooplankton using dietary lipid 

markers in the bay of Amundsen Sea 

. Contents of the study

1. Period of the study

 2013. 1. 1 - 2013. 12. 31

2. Contents of the study

 Analysis os time series current data

   - Related process for CDW input into the Amundsen Sea

  Estimating sinking fluxes of biogenic elements using time-series sediment traps 

  - Recovery and re-deployment of sediment traps at two sites of the Amundsen Sea 

  - Analysis of organic carbon, CaCO3, biogenic Si, and lithogenic material at the 

sinking particles 

 Analysis of acoustic data

- Comparison krill acoustic data with environmental data in the Amundsen Sea.

- Based on the acoustic characterization, identification of ice krill using biological 

acoustic data, Amundsen Sea, Antarctic Ocean.
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 Understanding the survival strategy and feeding ecology of dominant zooplankton 

including Antarctic krill using dietary lipid markers and stable isotope ratios  

. Results of the study

1. Time series measurements of current and the sinking fluxes of biogenic elements

 Recovery of current meters and sediment traps

   - Mooring station K1 

     Recording period: 2012. 3. 4 ~

     Location: 72° 23.237‘S, 117° 42.821‘W

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

   - Mooring station K2 

     Recording period: 2012. 2. 15 ~

     Location: 73° 16.827‘S, 114° 57.227‘W

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

   - Mooring station K3 

     Recording period: 2012. 2. 16 ~

     Location: 74° 11.202‘S, 112° 31.782‘W

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

 Investigating the seasonal variation in the sinking fluxes of biogenic elements  

- Total mass fluxes range from 4.06 to 515 mg m-2 day-1, with high values in 

summer and low values in winter 

- Organic carbon fluxes range from 1.19 to 36.8 mgC m-2 day-1, and organic 

carbon contents vary from 6.6 to 33.2%

- CaCO3 fluxes  range from 0.26 to 3.15 mg m-2 day-1, and CaCO3 contents vary 

from 0.26 to 3.15%

- Biogenic Si fluxes range from 1.01 to 333 mgC m-2 day-1, and biogenic Si 

contents vary from 13.7 to 68.3%

- Lithogenic fluxes range from 1.04 to 105 mgC m-2 day-1, and organic carbon 

contents vary from 17.5 to 54.0%

2. Krill acoustics

 Comparison krill acoustic data with environmental data in Amundsen sea.

   - Relationship between ice krill density and temperature of Antarctic Surface Water



- 8 -

 Applied to krill classification technique using acoustic data/model prediction

   - Acoustic target strength experiment of ice krill (Euphausia crystallorophias)

   - Comparisons of measured acoustic data with the model prediction

   - Estimates of ice krill density using acoustic technique used to identify ice krill

3. Understanding the survival strategy and feeding ecology of zooplankton in marine 

ecosystem of Amudsen Sea 

 Understanding the role of Euphausia sp. and Calanoides acutus in marine ecosystem 

of Amudsen Sea

  -  During the austral summer (December-February), Euphausia sp. and Calanoides 

acutus intensively accumulated lipids as an energy storage for overwintering and 

spawning in the following year.  

 Understanding the feeding ecology of zooplankton through biochemical approaches 

(dietary lipid markers, stable isotopes) 

  -  The ice krill (E. crystallorophias) from Amundsen Sea appeared to be omnivorous, 

according to the composition of dietary tracking fatty acids. Especially, ice krill 

collected from pine island bay mainly fed on phytoplankton (Phaeocystis sp.) 

bloomed at the time of sampling. 

. 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 

 Accumulated know-how of bioacoustic survey in the Antarctic area. 

 Study of the fishery resources change in the Antarctic area. 

 Development of multidisciplinary polar study (coastal circulation and ecosystem) to 

improve the domestic research level

 Estimating the amounts of CO2 removed into the ocean from atmosphere by 

"Biological pump" in the Amundsen sea

 Application for understanding ecological function of ice krill and for developing 

useful biological resources in Amundsen Sea
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Fig. 3.1.1. Location map of mooring. Pink dots indicate CTD stations in the 2012 
survey cruise. Background contours are bottom topography.
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Station
Name

Latitude 
(S)

Longitude
(W)

Depth
(m)

Date
Time

(UTC)
No. 

deployment

K1 72° 23.2374 117° 42.8214 525 2012/03/04 02:03 2nd

K2 73° 16.8265 114° 57.2270 823 2012/02/15 07:23 2nd

K3 74° 11.2019 112° 31.7818 1057 2012/02/16 18:27 1st

Table 3.1.1. Location and date at anchor drop on the surface in mooring stations of the 
central shelf of Amundsen sea
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Fig. 3.1.2. Temporal evolution of total mass flux at station K1 in 2011.
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Fig. 3.1.3. Temporal evolution of organic carbon flux (a), CaCO3 

flux (b), and biogenic Si flux (c), and lithogenic flux (d) at 

station K1 in 2011.
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Fig. 3.1.4. Temporal evolution of organic carbon content (a), 

CaCO3 content (b), biogenic Si content, and lithogenic content (d) 

at station K1. 
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Fig. 3.1.5. The location of the Udintsev Fracture Zone.

Fig.3.1.6. The schematics of 

the Antarctic Circumpolar 

Currents. The red lines 

indicate the Drake Passage 

and Udintsev Frature zone 

(Orsi et al., 1995). 
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Fig. 3.1.7. Mooring 

locations of current meters 

and inverted echo 

sounders.  
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Fig. 3.1.8. Distribution of surface drifters on December 12, 2013 (top) 

and December 23, 2013 (bottom). The drifters deployed from the 

Araon is marked by a black circle. 
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μ

Fig 3.2.1 System configuration 

for acoustic experiment of ice 

krill.
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Fig. 3.2.2 Example of acoustic analysis program.
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Parameters Unit Value 

 Frequency kHz 38 120

 Source Level dB//μPa 217.8 221.6

 Beam Width degree 10.1 7.5

 Data Threshold dB 130 130

 Ping Rate pps 2 2

 Pulse Width msec 0.1 0.10

 Collection Range m 1 7 1 7

Table 3.2.1 Echosounder specifications.

Fig 3.2.3 Size and weight of ice krill used in experiment.
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Fig 3.2.4 Example echogram for 27.6 mm (a) and 34.2 mm (b) of 

ice krill at 120 kHz.
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Fig. 3.2.5 TS histogram for 20 mm (a) and 37 mm (b) of Ice krill 

at 38 and 120 kHz.

Fig. 3.2.6 Mean TS (dB re 1 m2) of ice krill at 38 kHz 

(a), and 120 kHz (b). 
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π

Fig. 3.2.7 Comparisons of the measured mean TS values with the model predictions at 

38 kHz (a) and, 120 kHz (b).
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Fig. 3.2.8. Comparisons of the least-square regression with the model predictions at 38 

kHz (a) and, 120 kHz (b).

  

  수중에 어류와 동물플랑크톤 등이 혼재되어 있을 경우 단일 주파수를 이용한 생

물의 분리가 불가능하다. 따라서 생물 음향기법을 이용하여 음향 신호 내 생물 분

리시 다중 주파수의 반사강도 차이를 이용한다(Simmonds and MacLennan, 2005). 38 

kHz와 120 kHz의 다중 주파수를 이용하여 남극해 내에 획득한 음향 신호에 대해서 

남극 크릴 신호와 다른 생물체에 의한 음향 반사강도의 차이는 일반적으로 2~16 

dB로 실측 자료와 생물 음향 모델로 연구가 되었다(Fig. 3.2.9, Foote et al. 1990; 

Greene et al. 1991; Madureira et al. 1993). 본 실험에 사용한 아이스 크릴 13~36 mm
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에 대한 38 kHz와 120 kHz의 반사강도 차이는 7~20 dB로 측정되었다(Fig. 3.2.9). 

  음향 실험 및 모델 추정을 통한 아이스 크릴의 음향 반사함수 및 반사강도 차이

는 남극 아문젠 해의 생물음향 자료 처리시 크릴 신호 분리와 밀도 추정을 위해 활

용하였다.

Fig. 3.2.9. Target strength at 

120 and 38 kHz for ice krill 

(this study) and other studies 

for Antarctic krill; Measured 

Sv ranging 34-45 mm by 

Madureira et al., 1993, 

Measured TS ranging 30-40 

mm by Foot et al., 1990; 

linear regression curve based 

on measured Sv by Brierley 

et al., 1998.

Fig. 3.2.10. A map of the region with the acoustic transects, CTD stations, net stations 

and pack-ice boundary (orange dashed line) on the bathymetry of the central Amundsen 

shelf during 2011 (a) and 2012 (b). PB is the pack-ice boundary, CP is the center of the 

coastal polynya and IS is the ice shelf margin.
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Fig. 3.2.11. Acoustic signals of Antarctic krill (box with dashed line) and ice 

krill (boxed solid line) identified in the acoustic transect.
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Fig. 3.2.12. Scatter plots of the volume backscattering 

strengths (Sv) at 120 and 38 kHz attributed to Antarctic 

krill (triangles) and ice krill (dots) (b). Differences in the 

volume backscattering strengths (Sv) attributed to Antarctic 

krill (solid line) and ice krill (dashed line) at 120 and 38 

kHz (c).

Transect 

name
Year

Range 

(n·mile)

Ice krill density (g m 2)

Mean (SD) Median (SE)

PB
2011 68 12.8 (4.8) 11.8 (0.2)

2012 445 30.9 (13.4) 32.4 (0.9)

PC 2012 76 13.1 (4.1) 12.8 (0.2)

IS
2011 87 13.4 (7.3) 12.5 (0.2)

2012 51 19.0 (14.4) 17.9 (0.5)

Table 3.2.2 Mean (standard deviation) densities of ice krill (g/m2) determined using the 

SDWBA target strength model. Transect densities (pack-ice boundary (PB), ice-shelf 

(IS) and polynyacentre (PC) from each year are estimated from 120 kHz Sv using 

multi frequency analysis methods
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Fig. 3.2.13 Ice krill density in relation to mean potential temperature for each 

CTD station within the in PB and IS during January 2011 (a) and February 2012 

(b). The mean potential temperature was depth-averaged from the surface to 250 

m depth. 
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Fig. 3.3.1. Areas where krill Euphausia crystallorophias were sampled (dark grey circle) 

in January-February 2012.
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Fig. 3.3.2. Total lipid content and lipid class composition of krill (E. superba and 

E. crystallorophias) collected from Amundsen Sea in 2011-12.
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Fig. 3.3.3. Seasonal and annual variation of total lipid contents (% of dry mass, DM) 

with different life stages. Red and blue colored symbols indicate the lipid content of E. 

superba (left) and E. crystallorophias (right) in 2011 and 2012, respectively. Gray 

shaded areas indicate the winter season.

Fig. 3.3.4. Total lipid content and class composition (left) and seasonal variation of 

total lipid contents (in % of dry mass, DM; right). Red colored symbols indicate the 

lipid content of C. acutus in 2011. Gray shaded areas indicate the winter season.
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Fig. 3.3.5. Relative abundance (%) of grouped fatty acids in E. superba

and E. crystallorophias from Amundsen Sea, 2011-12.
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Fig. 30. Carbon and nitrogen stable isotope ratios in E. 

superba and E. crystallorophias in 2011-2012.
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