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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
« 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

M. 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, CaCOs, 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.



« Understanding the survival strategy and feeding ecology of dominant zooplankton

including Antarctic krill using dietary lipid markers and stable isotope ratios

IV. 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? day”’, with high values in
summer and low values in winter
- Organic carbon fluxes range from 1.19 to 36.8 mgC m? day”, and organic
carbon contents vary from 6.6 to 33.2%
- CaCO; fluxes range from 0.26 to 3.15 mg m™ day”, and CaCOs contents vary
from 0.26 to 3.15%
- Biogenic Si fluxes range from 1.01 to 333 mgC m? day”, and biogenic Si
contents vary from 13.7 to 68.3%
- Lithogenic fluxes range from 1.04 to 105 mgC m? day”, 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



» 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.

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

« 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 CO, 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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o 1985 oF, 1986\ @ AL, 1986d AL/E, 1992d 7L southeastern
Weddell Seacl|x {3+ F= =8 E. superba, E. crystallorophias, Thysanoessa
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201335 & 20123 29 - 39 ol 59 oflREAs €Al 7|F 37) AA
ARSI 3FA 2 HAESFFV A7 FFo] AEFHJY (Fig. 3.1.1, Table
3.1.1).

70°5 B :
71°S
72°5 __

s T e

74°5 7]

755

-900 -800 -700 -600 -500 -400 -300 -200 -100 0

AT Recovery, V¥ : Deployment, ® :CTD

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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9]), A KlolAE 300 m Zo] 170, AA K29 A& 500-600 m Zof] 2709 424
A7t F7b AREo] ok AH K29 sFA FAL 354 sFAe A8 2 CID
#F 2AHAE Fastd SFA A F4ol 1AdEd HE Bo AF HX o
Ut Dotson yH ¢ (4 1000m)oll F3H K3ol= 3d /A (&.F3+3)7F AF
go] 93 453 %9 sFA Lo CTDE HAHo Ut} sJFA, CID &
2AAE 28 T 337 A 71E A 47 1AL 308 B 3022 HF
HAT 2 A HHEAYZE Y 2FAT B4, AF &3, S92
71, SFA 2 7g AX] Aue] FRE 71E BIA (FAATE, 2012)9 7]EEH o]
Atk AR FHEY IHFE 2014d 19 olHLIE 0] & A= VT F AANEG
o 7g o]t

Table 3.1.1. Location and date at anchor drop on the surface in mooring stations of the
central shelf of Amundsen sea

Station Latitude Longitude Depth Date Time No.
Name (S) (W) (m) (UTC) | deployment
K1 72° 23.2374 7 | 117° 42.8214° 525 2012/03/04 | 02:03 2"
K2 73° 16.8265 " | 114° 57.2270° 823 2012/02/15 | 07:23 2"
K3 74° 11.2019 © | 112° 31.7818 ° 1057 | 2012/02/16 | 18:27 1
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ol¥t] 4#Huj(Subtropical Convergence, ca 45°S)9] FZo| X3l e B
Wk (Southern Ocean)2 wj7] o|3tslets: £33 AAF A& 7)Y 514 (biogenic
silica) £8o] F28 WL 3 7] WEA A2 B Blo] AFHE Ao
t}(Bakker et al. 1997; Rabouille et al. 1997). &L AFAE0] FHFgA A|ALE
¥ & & E#(Time-series sediment trap)2 o] &3la] Px} E2H2E A=3 2, ¢
A EYzsk 1 ey 24 AU A% o) v A - FHHoZ WS
& W3S RoFr(Fisher et al. 1998, Collier et al. 2000; Palanques et al.
2002). FHFAA AR FH2= FE LAAANHA IFS F= btE, dAFed,
AN, 7+ S e 7T ARY 93] FHrh(Fisher et al. 1998; Collier et al.
2000). webA S FAA Bt T AR SHEE BSSHH FFT) )FHE &F
4s A4 Atk

o Alsf(Amundsen Sea)= A=l HAst Uow ol FA Eh
(polynya)(~27,000 km?)$} ol A= (Pine Island) Z&]1k(~18,000 km?)7} =) 3
t. 53] ol A FYPue EToA M =2 dAANHEES Holy AWIE

2

] & Ao 2 A=Y HArrigo and van Dijken, 2003). o} EA S| Z koA &
23 g2a0 AVPRFEEE 22 mg m 02 AN BEF FH(15 mg m?

Bt} 40% 713 =kt}. Fisher et al. (1988)c] ¢4l s)(Weddell Sea)oll /] YAZH 2

o] AARIE #=3lgG 2, Collier et al. (2000)2 Z 23| (Ross Sea)oll A PAEH
2o AR B AHstE BEANT. HAT FH7A LEANNN AL BB
E 3 (time-series sediment trap)S ©]-&3F AV|LYLA AFZH 20 i A7 A

d FRFHA FAoh £ AFoAE olEAS Zukst ey wpgs gl HHE
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Fig. 3.1.2. Temporal evolution of total mass flux at station K1 in 2011.

FreA EYae Anyow FAF FY29 FAGE AFEIE UG

(Fig. 3.1.3a). 478t ZY2% 194 368 mgC m” day ' 02 A & < HY

3 10€¢] 119 mgC m? day'o2 714 Iyth 71894 ZY2x 197 294
=

=
AFHo, o 71t B¢ B2 FYA7 135S BSH F AUds TYLY
74%% AARG. B3H Kleld 1d $¢ #35% F f79s Sg2E 241 gCm?

olgtt. o] e FF HAAIL 3P (Bransfield Strait)] A 19 F¢F F=23 17
Br 22680 gC m” day)e] 1/3 7} HQTHKim et al. 2005). CaCO; S8
FA% ZY29 oz U2 A-WEE Jelych 290 315 mg m” day'o =
M & e RA3 794 026 mg m” day o2 7} Q9kTh(Fig. 3.1.3b). CaCOs
2 4% 2924 frldd 2929 28 199 RYE Hag e

fr



FES BAth A KM 195 B33 % CaCO; EF2E 039 g m?o| ek

A7 DA EH2E 1.01~333 mgC m” day' o2 Y] 712 FAHARE 7180,
7 e ze BYrHFig 3.1.3c). A7)LFAE SHAE AvH oz {U|EA =¥
291 fAHE AdWEE Yehit 47974 EY2% 1994 333 mgC m” day”

oz AYd & e B3on, 687 7doe ANgHFoE A3 ArdTE FHE

£ FASA X3tk AVdta FYak 193 2494 FFTH, o 7% B¢
#5d E927t 1d ¢ #5F F AT E‘—E—i*«l 88% = x}xléllt} K

St FAE FY¥29 40%E AR AT AEE %—éﬂ.{:(hthogemc ﬂux)—E 1.04~105
! 2 EL & EYuiFig. 3.1.3d). 3
AdHsE Yehdt 48 EPaE 1

-éoﬂ 105 mgC m” day Z AY 2 %S AT 699 104 mgC m” day' o2

7 @it JAHAE ZSHAE 1893 2¢€94 FAFHo], o] 7|7k &<t J,}_f:sg_ ZYx
b 1dES B2F F HHE Y29 77%E AAAT. A KA 19 F¢ B

23 % HHE FY2E 958 gC m otk

AZYAY] fF71eh FF 69 3832%=2 /Mg =% 2¥€9 6.6%= 71
wokthFig. 3.14a). AREF O R {r|gh EFHAV & AFHA fUldh FEF
R frrled E¥27t we ALH fUjeh FHE wol, AR wlgEe
FAE YEdth 99 BE friEd FFe 165%0lUth. CaCOs TS
049~139%¢ WS Hgon, dd FF FZFL 615%]YT}t (Fig. 3.1.4b).
CaCO; FH2 f7Iga F3m 13 O HilddS 2o, 198 129714 3
AF o2 FIHtHTE CaCO; g FAF 829 vl BAE R, HHE
o] Bo|] FdHE Mﬂoﬂ% CaCOs ol @k, HHEo] HA FU=HE A7l
= =3t A7LTA FEFE CaCO; 37 Awdle] AdwsE: 1o, 294
683%=2 714 =41 9%101] 13.7%2 714 w9kthFig. 3.14c). AwtH oz A7 AT
A FY27t & qEHY FFL =43 EY2U 22 AE8Fd ¥R %
o A7 TA o] CaCO; g3y Auttie] AMWsE Bl AL A o
g $Hste AEEIHIE T4 dEde RS ZWSHTE} %, 744 E93
Eo] 943 71g Tt A% 9, MIdE FHIAELS ALY B 5 A4
¢ AeF Yyt 49 B AV|ATAE FF 401%01t HHE FHFL
CaCO; &7 FAHS AFWHEES B AT (Fig 3.14d). HAHE FFS 17.5~54.0% 9
HOE HPow, dd B 3L 30.9%°1Ath



40 4
~— —
> (@ (b)
o D
o 1 > |
c 30 B 3
[=2]
£ s
x j=2}
2 201 E 2
c x
g 3
8 8”
g 10 4 3 14
I O
=
° [m A
0 N e Y e 0 ﬂm
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
400 120
~ d
- _ (C) — | ()
g 2
S 300 S 90
o o
E £
= =)
£ E
x5 200 x 60
= =
%) Q
[3) c
B4 [
§’100 2 304
2 s
o -
0 |_||_| 0 |_||_||—| = e |
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

Month

Fig. 3.1.3. Temporal evolution of organic carbon flux (a), CaCOs;
flux (b), and biogenic Si flux (c), and lithogenic flux (d) at
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£z 747 83%E AANT. o|FA A%
Y2 5927} AT AFH Lot A I O AYelE B2
1 Qo) e A9 Bese gwndd SHoz BHAT. 471wk, 4719

A =20 74%, 88%, 77% S XA QT A9 CaCO; E=HAE= AT TYA
gk 2t e AEWEE vEhl, 1143 240x vad & gE Bk of



3. 5% 4% 717 47 719

7F. Wl 3 42 78

FelA e AR 73 A= A AF 7)1FA A T3 AF

Aoty EF3Y B ERAST H§A dZH A3 FHFHOE FRo] =

S dF Ago] AH EF7A dAH AF A AHAHA @ FFo] 7t
T3t o]e mwE F&(heat flux)o] F83}T. ¥ FFddMe 5[/}
AEs oA FSUlF Fo2o d 54 FY 9L v 29d E5¢F
71 SH3te A GolA vtge FFo] FASA A FRFAAY dAvt FFE
Aegpgo g old mE a7t AFe EF d&0] e FrFHos 7
FAHE FASHE o] BF @& Z7|0F B Age 3% 450 83
. Ag7HA #53 2dy AHELS G5 FY 95N TE RA EE AM)
AESH FIEAF B AANAS) 28] eddy)l }oq 29 Aol #7)
Bt AAHoskth. 23y 2 Sekma et al. (2013)9] AFNAME AF 75
ol 3 7z (FAA TE FFY A} #E= ’\Hi—r— 717 & A A S A L
53], 3lAx AF 2HE WHe I FTY ZEAA ol 7|Fo] AT
Ao 2 HI3HY.

Udintsev Fracture Zone (UFZ)2 Y3 e|H g2l 38 East Pacific Rise$}
F=3]9] 3 H<Q Pacific Antarctic Ridged] ZAAINA FAEH 742 Fo] A= 3
Jolt} (Fig. 3.1.5). F aN#H o] HA F4L 2500 m A= H7] W&o ojng 2

e FAMA 4L PINE GIEBRE o AYL =Y AT + 43

UFZE 538 202 B3 gon ¥3&8R7 53 A9 3 A% Fol §
e Y2os F9A UtFig 316). & ATANE FF o}EAs JAY as
A ALE BHoE o] HAqMY E& J1F ATE AR A FF #EL
NGt £, & AFAGY BH ol A dHGoerE o2 of
53 AZozd 439FEBRS 49 1% AFHPANA ol HER
A9 AF T2 oSt W FasHA Uit R BEL 1Y FFol

AHGAT
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A NA): =golAdPolM e 8T 4TS & 1836 Sv I 2 o}
A dom sFe FFUF Aol A 147 Sv o] o2 HiaEo] Ut
10 sv =7l BB Fez Fd=H<ed UFZAAY 5% &0 7t53td
R P F(EAANG) 229 F49 FHA g 7 A57) H
AF59 UFZE 53 HEY 9 odF #F (OceranSITES 7]4]): 23 9]
o o3to UFZe E3AFFTY BB Y T3 T=2Y 7548 A= &
J€ul 9ol (Orsi, 2010) o9 &Rlo] HQ3dtm HA I AFF FAE
°l fet=d 7= 57 2.
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ESAF =AFE #ste] AOML/NOAAGA Ag3 &5 E70 3074E ot
235 37175 < 20139 129-19 9] Pacific Antarctic Ridge 3 J(2770)3 o} &
A3 JNGEMN)E B35ttt E7) drogue £4L 50 mo}y A FEE AOML
& B39 AZF dAHolth. NOAAZREH /] AFTL HYFAFE-NOAA
JPA(Joint Project Agreement) A}4 <] W&o 23t Aolt};. Fig. 3.1.87) F3} A
Fo B/ BEXEE & AMYOIA Fite FEL2 O3 9oz EAGAT

STATUS OF GLOBAL DRIFTER ARRAY

December 23, 2013 i

e

505 | # buoys= 1081 - T T "(M:Pazos and R. Lumpkin)
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i ——— . U'(MiFazos and R Lumpkin)
] I ] T T I 1

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.




ofojx A ™H(ce krill, Euphausia crystallorophias)e Y= = E(Antarctic krill,
Euphausia superba)@ T80 F2 AlgjAe) Ho] AAd F2g AL sn A
(Sala et al, 2002; Pakhomov, 1998). =3 =¥ AAF EWH A AF A +
Qo JHAL aBEE EXE 91X, ALE AAE olF 54 T O It
FP = Miller and Agnew, 2000; Pauly et al, 2000). 21 F o}o]A IEL

2 43 Aok 2o EAste], ¢ A AAAC & JFL Fuk

=8 T A7 A2l b g A 28 22X i B2 A7
Hol ok whd 3= ofE A 3] ¥ (Amundsen Sea)] F-¢ AE7I7HE e 9
# ¥z WAL AT At AFHE o] &3 AP} ofHE dFolth. wE
A oteAl e G2 93 g6l valN AFHoz A7 AAHAT

E A7 HyAQ ofg}E(IBRV ARAON)E o] 838t ol Zat 3
A 5F ZAE AAEAY 5% A 389 £F 2 dEE FAs=d MR

Aolg BT AN AUIA FE L olFL £F FFE £F UE FAA
2 A5 2

2 ATNE ofRAl HdoA AE 2Y N2 o8 ofolx 29 &
BEALZ} &= (acoustic target strength, TS)E SASIGY. & "= A9 =+

A sG] BESE Fo AR 2% YFE AES, BF Al

o
2y
ofy &

|4 47} = (volume backscattering strength, Sv)& & =
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2. A8

e

ki

7t 28 % 49

ofo]x =AY &3 A E AP 20129 89 HESFZG m x 5 m x 5 m)d
A AXSLTHFig. 3.21). AR AHL3 23 AJ2HL 78 o]F & x]7|(BioSonics
DT-X)o]1, SFA A<= split-beam FE|Z For-e ofEAs) & =F
93t 38 kHz9} 120 kHzE o] 8384 tH(BioSonics, 2005). A48 W4E 0.1 mse
NS E 05 sec HALE F-FAASAL, AA EE F 10~1583F —%%’ﬂi% GRS
At SF ANz=de AF A-F HAFE o] &3td AL AANAT AAG
F WgE ¥ 3210 FEskH.

Agol AHEE AgE 2012d 19 olEA Zhd sigeld En MEQOS5m’
mouth area, 505-um mesh)2 HFAE zZEE HF FA] L2210 % buffer, pH
7)& ol&3le :AIYPT. ZE AgE SF Ao g WAl E(0.1-mm
monofilament line)Z wjiEo} AlA A olg] 2.0 mo] %] A FHT}t SF AFA A B
7 AAe] ¥ S Hode AL UAEY] A AR oldE 05 m AL F
FA 305 kg)F W2Uth Fol e A|507] W&o F Jt =
S 3A WAE 3YS FAL, AR AAZ FAE H3) SHA &
7 gt g o] 83t & AAB G FF A AN % 4 =3
A EEE AEA 2 m91 HAE At 49 F 449 =2
o] & FFFS FA}A

_:

1:1[0 ob
oot

Acoustic system
[BioSonics]

Transducers
5m — 5 (38, 200 kHz)

2m for acoustic experiment of ice
krill.

Fig 3.2.1 System configuration

| Underwate|
0.5m Camera

5m

Weight




=3 A5 Ao AHEE Z2aRE 33 Al&E AZA AFEe A5 HE

=]

2 B8 239l Visual Acquistion & Analyzer (BioSonics)®} &3 A5 HE
S8 =232 Echoview software (ver 4.50; Myriax, 2008)8 & &3} A}&3}H

ThFig. 322). olo]z Ade] &8 WARE Ae F 2 SFEH (o, = 1071)
£ ojg3tq T § U3, APAE gg 2ot

s Eabsn ’ mean 1010glo (U_bs) (321)
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Fig. 3.2.2 Example of acoustic analysis program.



Table 3.2.1 Echosounder specifications.

Parameters Unit Value
Frequency kHz 38 120
Source Level dB//uPa 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

A E2GU fFolA A53 BEF A8 BN AEE 2= FHS
& BIAL} & (Target strength, TS) $4=71 B @3t} whaba
3495 e oF MR d3e dAFA

Ao A1 83 MASFE F 21 AAoln, A|E AL ZAols} TA ExE 7z}
13~36 mm (mean: 22 mm)$} 0.01~0.38 mg (mean: 0.10 mm) o]It}(Fig. 3.2.3). 2
g A8 Zol(l, cm)E FAW, mg)E o] &3 ¥4y W = 0.001218 x 10°L*%
(> = 097) oAtk 21 AA L Ago] T SFANE F YW 25 ELXE Y

20 A M &F AEE BEHS AAEAH-

Weight (mg)
o e @
N @ =
’ o

e
-

5 10 15 20 25 30 35 40
Body length (mm)

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.

Fig 325 €% 48 A 858 T34 8 23 WALEY X Aot 24
# 2y AR £F WALE RIE AAHOR A NEFE JFOR FF 2

g2
r
B
o
o
o
o
i

¥ (Gaussian distribution)S 7}%x ot EAS BAY. Hd 2 F
A 3 YA E HEE X, 38 kHzolA 20 mm= -110 ~ -98 dB, 38 mm&
-95 ~ -86 dB, 120 kHzol|4 20 mm= -95 ~ -85 dB, 38 mm+= -86 ~ -78
dBE F a9t A9 St met 2F A5 FUHE HAT

Fug H vlwA] 120 kHze] &3 wRAA =) 38 kHzo| HlsiA FslA A=
ATk ol YaHoz el P SE EIFAES AS 38 KHzol WA 40
o7 3FQ 120 kHzolA A3 SF TAREEZ vYeua, FE7F e o/ 9
2S¢ AFo =z AFuel 38 kHzolA 73 vAMY=7F YeEldtH(Simmonds and
MacLennan, 2005). WA £ Z#= 7t gle $ETFIEY dvr32 Ay
FAST. A% 2% ABAY Tzade ogde 22d a9 Wo| A 8T
WAZE Amel hEtd BT $F WALBE R 83 F4E =250 AA 4
(321)e o &3tk



8

TSpoai = 31.6 logio(L) - 1299 (95% CI: 258 to 37.3, -122.2 to - 137.7; 1* =

ofolz =YL YHOE UNE $F WARE ARE
9 £F WARE G548 =E3AT
TSssazz = 57.0 logo(L) - 177.4 (95% CI: 458 to 68.7,

H

(SC-CAMLR, 2005).
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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.
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-120 . : : : :
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Fig. 3.2.6 Mean TS (dB re 1 m® of ice krill at 38 kHz

(a), and 120 kHz (b).

-1623 to -1925; r* =

dutdow WEASY dws ¥FE AR dolo 2aFE Ut
2o A% 8 &% WALEE Qold WS AHL B



49g FAA 95T £F WARE Fae) 22E AN 249 HELT 2
I e AUA YESF ZdL2 4 3322 E5 2E9 &F 54 Y
3l &% g<o]ltH(Greene et al. 1991).

TS(L) = -127.45 + 34.85 logw(L) + 10 logio(ks / kizow) (3.2.2)

o7]e A, L(cm) = body length (cm), k = 2nf/c: acoustic wave number,
f (kHz): carrier frequency 12|31 ¢ (m/s): sound speed& U E}HTL
T WA AESY¥ EIdL SDWBA  (Stochastic Distorted Wave Born
Approximation) R 2 th AF Zo], MiEI g EFH] 2EH(Qd S5
Mo B 2T WrS BPSA PPPEY F WAPPES 2 PTHConti and
Demer, 2003). ¥ Ao =H3 olojx mde] Uxn] Y 2¢Hl°ﬂ s xe of
Z d77t Hol JA &2, V& d7E @5 AL TEHF FH5He 77
1.03573 1.0279 |tk metA E5 ZEe SF A4S wd oF TAEFE
7—‘1]45‘}01 v 3 &
A9 B4 Y58 £ WAR wd A% w@ay] 9k

SDWBA =@ o] §3le ool aYe) YEulg S5u12 o4 ST

i
i
_‘:_J‘
©

701 (a) 70
sf e 80
90 -901
m ”’a' b
UEJ 100 I e 100
= " .. .. -
° Ice krill (SDWBA) Ice krill (SDWBA)
-110 __ Antarctickril sbwea)y [ ~1107 __ Antarctic krill (SDWBA)
» — Antarctic krill (Greene et al.) — Antarctic krill (Greene et al.)
-120 T T v T T -120 T T . . x
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Fig. 3.2.7 Comparisons of the measured mean TS values with the model predictions at
38 kHz (a) and, 120 kHz (b).



B AY 279 7€ d7E 95 AdY SYHFE o] &%
ko] Hlm A S WAL 549 xolE HYrhFig. 3.27). &
= Greene et al. (1991)9] AE 23w dyo] ¥lnA] 38 kHze] 79 11~24 dB, 120
kHz®] 7% 4~9 dB @A SAHJY. d= 2489 & 54 S ©] &3 SDWBA =
dz A2 A3} ulwA], 38 kHze} 120 kHzE z+2t 2~12 dB9} 4~9 dB WA 33
HAh

Fig. 3.2.89] 3]AHL& SDWBA REd& o] &3] ofo]x APl 449 I
2 dasl A7z "WxH e 24H|9 HYE Ztzt 1.0000~1.00099F 1.025~1.029 o]

o}
O Te 38 kHz 0 T 120 kHz
-80 1 - =80 1
@ -90 = 90 1
=
) P )
F 100 -100 1
110 Least-square regression | {10 1 Least-square regression |
—— g=1.000,h=1.025 — ¢ =1.000,h=1.025
F - —.9g=1.009,h=1.018 - —.9g=1.009 h=1.019
120 7 A g =1.0045,h = 1.0245 420 +——== g =1.0045,h =1.0245
10 20 30 40 10 20 30 40
Body length (mm) Body length (mm)

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

ol o5 T = 2
E-O/] w27t =7Fs ettt WPE}H e 5F7IHE olgstd 5F A5 i 8= &
Al b FI] WA R ZfolE o] £-3Htk(Simmonds and MacLennan, 2005). 38
kHz9} 120 kHz®] Y5 Fi4E ol &ato] H=dl el 53 5 Ao tfsiA
g A Azet g Al o —3—?‘% REARZE 9] zfol= YURbA o & 2~16
dBZ A g AE 3 2=z A7l FHthFig. 3.2.9, Foote et al. 1990;
Greene et al. 1991; Madureira et al. 1993). & A 3o A}&3t ofo]~ A= 13~36 mm

v mlm
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== Greene efal, 1991 (model) 8 ]
.65+ ™™ Brierley eral, 1998 c&) | Fig. 3.2.9. Target strength at
O Madureira et al, 1993 & 120 and 38 kHz for ice krill
.704 A Footetal., 1990 @ L

(this study) and other studies

B This study Al

751 - for Antarctic krill; Measured
g $0- | Sv ranging 34-45 mm by
0 Madureira et al, 1993,
857 [ Measured TS ranging 30-40
-90- L mm by Foot et al, 1990;
054 | linear regression curve based
on measured Sv by Brierley
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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.



g2 olEAl Zau ddoN 9= A4 717 = 20108 12¢ 259 ~ 20113 1€
1493} 20129 2¢ 9¢ ~ 39 9¥ F 23)d] ZAA SFZAIE AAFAT. XA}
of AHEE A|2RE HAY A5 o|THA7] EK6OS o] &3, +F FH+< 38
kHz$} 120 kHzE ©] &3tk AA 2ARIY 5 488 SFARE 58 sid92
A 4 Ngoz FERATH(Fig. 3.210). AEstd Al A9 (1) pack-ice boundry
(PB), (2) the coastal polynya center (PC), 18]1 (3) ice-shelf margin (IS) & PB
AHL 10 % o9 HYEEE 71Foz HAA3Ah(Arrigo et al, 2012)

Fig. 3.211& 2012'd oAl a9 FF A4 F PB afgoA 53 120 kHz &+
T AEANT Y dojth. 3 A8 EAA SF BAH T IFH EXY AolE B
%}l PB &9 0~100 kmollX &3 A5E F4 50~150 mollA] -90~-70 dB ¥
o 5% ATAEI SHAUSD. ¥ PB 3 100~140 kme FFHE 50 m F
ZolA -70 dB o] Fe] A $F AFAsIt SAHHAT B A G4 A
A7 PB % 0~100 kmo| A E olo]x = o], PB 3] 100~140 kmo A E G5
Ado] 33 ATS. FF FHA =53 38 kHzé 120 kHz vFF34 ARE
w3 Ay} ofolx IAPH F3e) ZYd 93 FFNEE Z o8 HY:, F
Z9o] &3 AARE o] L ALY BEF /YL ALe3te 38 kHzE -80 dB, 120
kHze -65 dB o]3to] Also] s 53 D= FZA| 83 h(Fig. 3.2.12).
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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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Table 3.2.2 Mean (standard deviation) densities of ice krill (g/m?) 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

Transect Vear Range Ice krill density (g m™?)
name (n-mile) Mean (SD) Median (SE)
o 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)
" 2011 87 13.4 (7.3) 12,5 (0.2)
2012 51 19.0 (14.4) 17.9 (0.5)




2 dTE T #FE olol: A HiF SDWBA ®d ZHie 7|Ee] =
aEE o83ty ofEA EFEU SF MY £F 4dEE FHIAT ofol==a™
BE 9% 4 A 201149L 132 g/m’ (SD = 04), 2012d-& 132 g/m’ (SD =
28.6)02 FAHANY. =¥ A B9 HTFA FIF A€ L= FAEEG
(Table. 3.2.2). Hd YE(309g/m’)E 2012'd PB s go = 2011 de] HI3|A] 2u] o
A FAPAY. IS sgMe & BrE 297 AL Ad FAEHA SRFY
TH2011d 134 g/m? 2012'@ 19.0 g/m).
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2 FF e (0~250 m) Feo] AH AAAS (coefficient of determination, r’)= 2z}
Z} 0559} 077 o|t}. B AAE E&)A ice krille] Yo} ofFA Y] AASWA
% F& EFote FAAPP<0.05) HYa, Ao R e £ ZAgA ice
krille] R=7} 24 Yehys 4%e 2o

(a) 50 L L L L (b) 50 " " A
Jan. 2011 Feb. 2012 ®

Ice krill density=23.56 + 47.06 (r2=0.55) Ice krill density
=78.836 + 132.2 (r*=0.77)
40 1 I 401
&
E
o 301 301
g o
5
= 20 20
8 o
101 ® 101
0 T T T T 0 T T T T
1.8 -1.6 -1.4 -1.2 -1 0.8 -1.8 -1.6 -1.4 -1.2 -1 -0.8
6(°Cc) 6(°C)

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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95 AL AAXEAAHeg 240, oF, zA:)St 2EQ Hel AU A4
FHAEg I, 847 712 A HESFIAELRE FAHY e H
Z ddt YA FZ2 o]Fo] A A HQuetin and Ross, 1991; Loeb et al., 1997).

Y AE 2 A3 WEo] A 3 xRS BAE dFE T
A|A BUAAT AGAHNAR FAET fgA G5 o] g 70t i S
A AL #E] 2 WE S dS3ted 82 F WU HiEd Fad AT £k
E B4 23 oy, HIAT 5984 ' 77 ¢ AgFHoH. 59, £
A7 A9 EF oA S| (Amundsen Sea)= TE HS | Ho v FiFHeo=
712 Aol Fol #HTH A4S WolFAT, AL EEOIAUSY HEdE W
F29 fgo] FAL FHSE ¥ QlojA Umte =zl o] wig oz ofF
7hA) A7 dl§- w3 AAo]tH(Arrigo and van Dijken 2003, Alderkam et al.
2012, Arrigo et al. 2012).

g G MAFeE FEEFHIE T, 9= Z¥(Antarctic krill)o]g} EF=
Euphausia sp. (2 Euphausia superba)= Z 7/, o5, ANIFERFFHF 5 OIS 49 =
A F8 Holde® Jd= AEA HolwelA FxAAAe FAXARE
23 F= TFHA 982 st JUtH(ElSayed 1985). 53], F=olA HF T
 gASE 93 3™y e Az A AA qFABe 3 oy DHE Ao
ZA "} (Gulland, 1970; Laws, 1977; Anon, 1986). ]2 A F= S| FA e A Ho|
N 39 JFVAS 49 FFUAE ABNFE Euphausia sp. ThFE 7|20
2 433, 53 REY 28 FAES 2X dqgdA AES s Y F
2ol fel Al F2 Adete Aoz LHA Ao A2 9 P
A WA olEe] AAA Aol FeAUA FI|N 15 Ael/AHE olsat
7l 9% A7sh 29s A9 it 53 BUdos 1Y Be wWsE Hol
W3 olAslel AuA WEE olsas] AN Wl wolH dux 589
249 982 S 9F 299 44 AU olsi7h B o] cWalker et al.
2007).

AA7HA] FEEZFZES] Hol AHE ol3isr] k] 9 &= (gut content)}
A4 438 T oI S0l 85 A § HEE BHe T3 ZEo] AR

b Hu o



97) Aol 4A% Holol ¥ 2 FHE $Ao2 AP FAY & AT AR
oWl HAT Holrt £AAYAY BEE ARFC] glo] 97} Ho] AL A9

]
qAS Holg 9 Y&E BHoze As #UAY 4 Ak TP IF oo

¢

B 2 TR wEt &30 =AY GA &3HH A GobA A7 fol FolsiAl
Hi old Afol 9 WEE A4S AA HHT HolE R}y Eude &3}
ofF& Holuts MegFHoz IFHsA HEZ HAHAZ Holo tid tiEAo] =%
AdE F Utk A HIde o ety WAL "ol AR, 4
TALAE V)S &t AEESY FEHA, AHT Hol, A 5§ F& o
33l Utk EHo R A2 EE AE JojA 5 FAHLLEN, FEE
FAE] AZS AR Ho| Fgo] BF2 AT U ASR o] &HH, T4, A
A, ol T BRI AqUAE FFIH F2 AW dassdlle HEHES TS
91 x] A (phospholipid), dUA Yoz ALF= Eg ol Z g A E(triacylglycerol) 3}
&2 o 2~H| Z(wax ester), 183 7|E} Z@| 2H E(cholesterol)¥} Tlolol A Z A E

o 8] 2 (diacylglycerol ether) 5°] At = ¥ F, E. superba= EZ oA
£ &, E. crystallorophiass= &2 A 2HEZE F oUX Yo E A3l ASE HIY
H3 ti(Hagen et al, 1996; Phleger et al, 2002; Ju et al., 2004). A& FA3}
© Aol 2HE FAA 53 RS Abe X3 At 5)2 Holg §
ST Y58 4 217 Wl AHA HelN ol WAL clsels FAARE
Zo] &8F3 u(Bottino, 1974; Virtue et al, 1993; Cripps et al., 1999; Cripps
and Atkinson, 2000). oj¢} Zo] A2 qUA AFAo=N AEA e 43, W
5 Az 2HY BAS AT A7 WE, AWl FF D FHL WL - B
ste] sl Aol AEAHEAF, Hol AH) B ABANS, ADE T 5 9
T}(Sargent et al, 1989; Lee et al., 2006; Budge et al., 2008). Z18}o] &2 % AL
HFFHEAE B4 ol oA g9 7dd ETAE Hotsi=d &84
o} £3] E23}9} Ho|WE o] AhH o2 34%9 AA dAFFYLL H] RJolE
Hol7] wjiEd] SFAEA =HolgodA FH-st FFLAE AdE F U
(Sgreide et al, 2006). Z1¥ B2 B AFdMe G Z2W iAol FAE A=}
ZFQ HolA¢l Euphausia sp.(E. superba, E. crystallrophias)E T3 Fo FEZFH
AE(Calanus acutus)®] A, AFFHLLE BAS FA £y, 45 HAFHA

A4e B 259 HolArsl A Welds] FFBAE olsjant st

¢

v
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7h ARAR 2 EH

52 Z 33 E(Euphausia sp., Calanus sp.) F= ol 399 vHbay) 5 (Fig.
331X F5 Al B EEB33, 505m)E o8&t AFHJUT 7 FH A
% 23] 9B AR HReH, YEs F4 200m7tA] F 202 A= 74 dFHAS
AP TEEFILEL HEZE AYE 549 78 &7)d 2ReH, 442 &
7171 A7A S (20T)RAHAT. £ TS TIEY HoldoeZ FHHE ¢
AF71E(HFE AEEFIE)S FE F71E AAE 93 ¥AzyE GF/F gH
(diameter: 47mm, pore size:0.45um)ol] FFE AFH3tA ANFT -, 2HR|] HA
HEZHHA Yol ¥F(20T)RA3HAH. EE ANR(FE, TETHILE, dAR7]
) A34E &A% 4 A7A 2AL WFL(-80T)d BRAS[Y. TEEF2
E A=t A58E B4 2 540 ¥ @ngdes F ds ERagon, o
9} gEo] g3 Ad9 ALdE= F Zol(total length), A& (body length), &5 F
(wet weight) 5& F71802 SA39th

135 W

Fig. 3.3.1. Areas where krill Euphausia crystallorophias were sampled (dark grey circle)
in January-February 2012.
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T AEHAY. SEEFIE O ARE &4 ¥3, EF /718
(CHCLxMeOH=1:1)Z A& FZE39H4(Bligh and Dyer 1959). 0|2 A F&2 A
W FEdY {U]EME ALUtEE &4Hd AAT ¥ TR F71EH
(CH:CLzMeOH=2:1)0] ThA] &-8jA1A A% classs} WA Ao ALEstgeh 22
B AW % 1.5-2ul chromarod (Mitsubishi Kagaku latron)o] Eojm®l &, &%

7181 (CH,CL:xMeOH=1:1)2 -5 % (focusing)dtd H|FA H7]-8& 1l (Hexane:Dietyl
ethyl ether:Formic acid=85:15:0.2)2 A% classE £, #4337t =2 AW class
+ latroscan Mark-V TLC-FID(Thin-Layer Chromatography with Flame-Ionization
Detector; IATROM LABORATORIES, INC)Z AHA/AHF EMFHAY(Ju et al
1997). Z& AW classe AYPFLRE ol&FH= HFE  EZ(phospholipid:
1,2-Dipalmitoyl-rac-glycero-3-phosphochline hydrate; cholestero: cholesterol; free
fatty acid: n-Nonadecanoic acid; triacylglycerol: Glyceryl trioleate; Sigma-Aldrich
Co)s 7IEL2 AA - AFIHNLH, T AW FF2 A F8 AW dass
o] oz iy AESHAT

o} A
A wzd & AWWE 200, Aze AuBl &4 ol 05N
KOH/MeOHE ¥i, 3027 70CZ 7t€g #, 33 24 £ #7181
(Hexand:Diethyl ether=9:1)2 FAAH(EIZE E 2HE)S £ ¥ FEIHU-

=
TRA o] FEHL E2 &g G HUlstd KOHE HAA 5, £
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BF3(Boron trifluoride methanol solution)/MeOH=Z o ~H|23}35la] A[HkAE o &
2 H| E(fatty acid methyl ester)Z § =393, o]& GCFIDE E2/E4389Y. &
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1995). ¥4, A4 AFFHYAE vl Y94 (Euro EA 3000-D, Italy)-Z# #4247
(Isoprime; GV Instrument, UK)E ©]&3ly EAFHIJT 4= VPDB(Vienna
PeeDee Belemnite), i+ th7]F NoE EF ERE AME3goH, &4, F4 <
e v

EX={(Rsample-Rsta) / Rsta} x1000(%o)

X="C or ®N, R="C/"C or "N/"N
3 e AWHE ol gatel ANHA.

7h 9 289 e 4R7e] AW dF R class 74 ¥

9 olEAsdd F2 SEEIRIE A44H 2 AE PHe oldanx,
2011-124d 3HA 717K1-2€9)5¢ 35 28 2 2A47E ARSFAt 4 AL G
A ARE 93 =299 F FAL A9u, 7 wRB 41 9 shopen sea)
ANX = Euphausia superba7} 717 A HowH, oF AT AA(HFE, 4,
Pine island bay(PIB))ollX= E. crystallorophias7} -3\t 2t S| GofX -3 =
@5 38 AW FF H class FAES 24 - HlasRY, F2vke}t PIBoA A
g - A FFo] ATHFY of 17-18%= M %oy, dFAMHAA APH
Ade A gl AFF F %= 7P 9A Ut thFig. 3.3.2). WEhA ofE
Ao A G5 289 AW FHS APA Ao @& Aol Hole ez ol
ARG 28U 7 AQeigy £HFo] v27] fi&Ed, olH AHE A FF
Zpol7t AT Aol2HE JIUZ AR AAXH, F= A-Ee AW class T
oAM= FAFA @2} FRE 2ot yEtE T diFAME, E8u, 282 PIBY
Xl 23 E. crystallorophias®] AW FE AXA]ZA(phospholipid)¥ €2 o AHZ
(wax ester)2 FAFROH, ujFo Zy 2H E(cholesterol)o] =] ARG 2
Hu} oA 2 AFAA E. superba= AA A E| o}l ZE] A E(triacylglycerol)
o] 7t A AESHAMNH. wEtA & AF wEt &9 - B 2AFR, FL
el B27] HEd Eqste FHER ol AL FF L 7Y AR
oz FHd4H
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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.

N

0114 W olzAl s aldA APY 22 B superbas] A} FFe 71E
o ATE ¢ Bdel M BAE AW A FF AWH WEID
23 X RO etk ok sldY AP Add) B LB Fol
Q3] 2012130 = E. superbart AR dgtor}, ol &g 2011-12d0] AFE E.
crystallorophias®] At &S 20113dH v} 201239 =A et o33 E
crystallorophias®] X% gF  Hole  AFAI7](2011d: 2010.12~2011.1;, 2012
3:2012.01~2012.02)¢] z}olo] wE HO]BE(HEZZTAE)Y T= AWy =4
JEatold] mE Aoz AfL 53 JBFN A&He WABES Fohel o
go] Burke AZEEA)NE AE1219)H o Be AWe Aud FFsn
A7) wjEolth(Fig.3.3.3). o= E. superbas} viz7iA 2, olu] = Y oA g
31%l E. crystallorophias®] AAZA A} g HeAAT dX3= RS2 YUEHT
(Fig. 3.3.3).
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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.
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ol W 2Ue) A 74
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(saturated fatty acid)®} ©d EF 3} Xk (monounsaturated fatty acid)S 713
Hehed BasR Afor, Beeol=RE s19sht branched AHAE W 7
H R Fig. 3.3.5). 2 E} ANG(WNEAIE, E8rty, PIB)o A E. crystallorophias2]
Age v BES APo] B AW 55-60%2 4 SPHYOH, T8
AR 239l E. superbadl] Wl AL FARIE HIAo o] oy}, E. superba
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and E. crystallorophias from Amundsen Sea, 2011-12.
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o2 FYAEA HolgoA B L AL HAFNLAE v B9 V9 9%
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superba and E. crystallorophias in 2011-2012.
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