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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

* Understanding of spatial-temporal distribution and biomass estimates of Antarctic krill
around the Polynya, Amundsen Sea, Antarctic Ocean.

» Understanding the feeding ecology and role of zooplankton using dietary lipid markers in

the bay of Amundsen Sea

[ll. Contents of the study

1. Period of the study
*2012. 1. 1-2012. 12. 31

2. Contents of the study
* Analysis os time series current data
- Related process for CDW input into the Amundsen Sea
- Relation between current intensity and wind field
¢ 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 and CaCOs; at the sinking particles
* Based on the acoustic data, understanding of krill distribution and relationship with
environmental parameters, polynya and adjacent regions, 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 Kl
Recording period: 2010. 12. 31 - 2012. 3. 2
Location: 72° 24.163°S, 117° 43.341°W
- Mooring station K2
Recording period: 2011. 1. 1 - 2012. 2. 12
Location: 73° 16.28°S, 114° 58.23‘W
* Analysis of current meter data
- Verification of the inflow of CDW near the bottom
- Suggestion of possible mechanism for the relation between the wind field and current
intensity
* 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’', with high values in
summer and low values in winter
- CaCO; fluxes range from 0.26 to 3.15 mg m? day’', with high values in summer and

low values in winter

2. Kirill acoustics field
* Hydroacoustic survey to know distribution of ice krill around the coastal polynya during
austral summer in 2010/2011 and 2011/2012
- Understanding spatial distribution around the polynya and adjacent regions
- Net sampling and analysis in acoustic scattering layer.
- Estimates of ice krill density using acoustic data and biological data
* Comparison krill acoustic data with biological/environmental data.

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

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



ecosystem of Amundsen Sea

* Understanding the role of Antarctic ice krill, Euphausia crystallorophias, in marine

ecosystem of Amundsen Sea

- During the austral summer (December-February), FE. crystallorophias intensively
accumulated lipids as an energy storage for overwintering and spawning in the
following year.

* Understanding the feeding ecology of Antarctic ice krill, FEuphausia crystallorophias,

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

* 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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Table 3.1.1. Location of recovery mooring stations

Depl t Ri
Station Latitude Longitude Depth epioymen ceovery
Name (S) W) (m) Date Time Date Time
(UTC) (UTC)

K1 72° 24.163 © | 117° 43.341° 530 | 2010/12/31 | 12:06 | 2012/03/02 | 23:07

K2 73° 16280 © | 114° 58.230 830 | 2011/01/01 | 08:00 | 2012/02/12 | 08:55
b ARA 2 HA2A7) AAF

obEAs olsjdoenE Ao nesv) YR o SUHUTE M ol
oo HE AAL F% ARISS AW AFA AF AW 2% (FF K1, KL 1445
ot T4 AAE AASAT (Table 3.1.2). F A EF 1ApdEs FdsiA A7 74
= FABHARAL (9 K29 200 m siFA A9), B KlelA= 300 m Sl 171, 44
K29l A= 500-600 m ol 2718 2445 F7F AA st A3 K29 s 7A +4 2
558 SR A2 @ CID #5 AAE Fuste] $4 200m 3¢ HFAE 700m
Zo2 $AM ANSETh Dotson W ¢ (74 1000m)el AZe AF AL F7
(dgia K3), 31l aIFA (4,%85%)2 3]

st silFA, CTD 3 =

308 ¥ 30Eo = dAsAT. Ze A HAEANNE
74, S3Ee7], siFA 2 Ve A=

of 71&= o] it

FeAAE 2

Table 3.1.2. 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° 232374 117° 42.8214 525 2012/03/04 02:03 2n
K2 73° 16.8265 ' 114° 57.2270 ' 823 2012/02/15 07:23 2n
K3 74° 11.2019 7 112° 31.7818 ' 1057 2012/02/16 18:27 1™
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Z1¢1 Hl Fig. 3.1.6°1 o] 2oz HH3Yt}. Fig. 3.1.69 #FHZL th
A AelA o AR Aso] ZstEo] CDWYE oA 2 FUE A
= AY9H v i, F 7194 dsE e £ o o v
< CDW A7} ofZ A& o]l <4 ®Est] CDW frYo] &0l
A B A2 Bop A71A s e Wt ot y]ZH <l utg Wt o
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0 30°E ﬁO"E 90"5 120°E 150°E 1BG° lSD‘W lZG"W 90“"-'\" 60°W 30"W (i

-10 (m/sec) -5 0 5 10
Fig. 3.1.4. Annual mean zonal wind for the period of 1978-2011 based on NCEP reanalysis-II

data (1000 mb geopotential height). Blue and red colors mean easterly and westerly winds,

respectively. The yellow line represents the southern boundary of the ACC front. The black
lines are the contour of 1000 m depth.

Latitude( S)

2011

Fig. 3.1.5. Daily mean zonal wind averaged over a zonal band between 70W and 80W as
shown in a dashed box in Fig. 3.1.4.
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AW 4

Fig. 3.1.6. Different types of CDW response to wind field change. (left) short term local

wind change and (right) long term climatic wind change.
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3. 47149 : BB~

7b A8

Sl foll A AABerA AA4EY] w82 fd BFA A=ELFA=dd A7 /U=
A ARE FrlEC] A E Aol o8l A FFE wrerh 23 JA FY92e
e AN, A=A I Holgg, 7IFHEd tF HAE 7E BE Sl IF
= WX AATF gAaege] AN B, sjddAe AR FH2E ] olitste
a5 Az AAss 7 a3 WrlUE F stuelth ks dir] oitdes %
E Asts sldY 92 olalstal s oA Ao RS =8-S dgetstr] 93]
A& S8 20 g A77F 283 = AT (Fisher et al 2000)

oldt] <% dh(Subtropical Convergence, ca 45°5)2] & f|x|sta Y& Y
(Southern Ocean) 7] o]4tsl&tA ¢33 AAF A= 7] U714 (biogenic silica) 2ol

83 S st 7] W HZ B #Aol IAFTH= AYolth(Bakker et al
1997; Rabouille et al. 1997). B2 ATA=°] U GAA AAL E A= E](Time-series
sediment trap)2 o] &3l U} ZTY~S B=2F A, YA Y29 1 3343 =4S
A=t THE iAol Bl Al - FHH o= g
1998; Collier et al. 2000; Palanques et al 2002). ‘FH ol A Y=
Aol FEFe F= v, i, W, 7F S ot
(Fisher et al 1998; Collier et al 2000). ™etA FH oA A73F S A 925 &
ot A57) 71543 Fde dtd 3l

oME A3 (Amundsen Sea)= Ald=ol XS Jom  ofFAE]  ZEht
(polynya)(~27,000 km?) 9} 3210} 28 = (Pine Island) &2 F(~18,000 km?)7} A3t} &
3] o Als] ZEus E=olA M w2 dAAE S Holn Ad %

3=
o2 #HZHUHArrigo and van Dijken, 2003). oA ZEvkoll A BZ3

=49
ANFFEFEE 22 mg m° 22 A #5315 mg mO)ETE 40% 7HEF EUX
T}. Fisher et al. (1988)¢] @ all(Weddell Sea)oll A YAEH 29 AHHSIE BZ3H9 S
™, Collier et al. (2000)2 Z2:&l(Ross Sea)oll Al YAZE 29 Ad 9 dWstE #=3)
)= ©I

A AE
ATk AT ofA 7R ofF A oA AIAE E A= EF] (time-series sediment trap
43 ArIdda JAAEH 20 i A7 A FAEHA GFdn & dFolM s of=A
3l Zevpet Zuk nige el HAEERS 1d ¢ AlFst] Aridda IAAE
o Ald¥stE defstaat

A%
[>
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4 As H Oy

AAYE H3E EfES 20119 1€ 595 H 2012 1€ 587kA obE A8l &2 uf(St.

K2)¢} Z8uk vpgafdd(st. K1), 7 2ol AlFstASH(Fig. 3.1.1). |k b, AH
K1o] EAE EAS AFI 29 Y= G 72° 2416/, A7 117° 43.34°, A& 530m
oldth EEY, A Ko HAE ERS AlFT 3o X< E9 73° 16.28, A7 114°

5823, 412 830molAt. BX KlolAe HA= Efle 4 418mol A7 A
K20l A= 4] 414moll AlFstdh 2 Aol o] &3 AAE HAE EFAES 21709 A
S-S Zr McLane PARFLUX Mark 7GolR 3l 474l Aanderaa RCM8°| At 4=t
e 14, 2¢, 1292 HHE ARE 10¥ HAoE 23R 3¢5 11€9

15¢, vmA A= 30/31%_1 Aoz A, HHw EFRS AFSH] Al
Na-borateZ F3}3+ 5% Z=2Zd §AS A g Fo| HHE AR7F FHsHA] =&
stk B3 Kool AR HAZE o] 2hFs}A]

kol FlAEABE IAE31x EIU

O

11S)
rlo
=
o
ich
7
ol
o
fru
ro
9#
2
A
2
il
m A

o
B
Mo
T >
N
e
QO
=
6
E
o
QO
D>
E
N
il
o
ofo
p#
£
AN
o
pL
2
v}
b
uly
>
il
[t
r
=

o 2% % B9

obEAls] ZEiuk npgaigoll Yx|g A KlolA #=53 FAF F2 2(total mass

flux)= 1€l 515 mg m™? day’'©oZ 7} & #S 23 699 4.06 mg m? day' o=
7HE S THFig. 3.1.7a). FEAH FY2v @5 AEH 1959 299 FJFH, o] 73t
¢ BSE AA Z= 29| 83% 5 AA AT s (sea ice)’t P H= 3L FEHE AL
EY27t 543 aste, £30] Yo 3= 4€ ©o]FolE 10 mg m? day’ ©]3t
o w2 ZY2AE HAUT o|FA THAF YT AFHAN HFEH dojye=
AL FFdldA #BESFHE AAUA FY29 Il EAo|th(Fisher et al. 1998

Collier et al. 2000; Palanques et al 2002). B3 KlolA 1d&<t &

31.0 g m?o|Uth. f7eA FHaEe AWty ow FHF
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EFATHFig. 3.1.7b). f71%tA: EH 2% 1€ 368 mgC m™ day’'22 AU & e BHA
3 10¥ 119 mgC m? day' &2 7} Stk frletd S 199 299 JFH o]
] 71t B¢ B3H EY20) FHUEA EYa
241 gC m?o|}t} o] e FF HAxd=x 33
(Bransfield Strait)ellA 1@ &<+ #53 FH71e4 F222(6.80 gC m™ day)e] 1/3 7}
= TAF %‘3.3:9} o & ﬁl@tﬂ:@‘r% L
Etth 2€e] 315 mg m'2 day'o. 2 7}72»} Z e
7+ w3k th(Fig. 3.1.7c) CaCO; E8 e T2HF & =9
I 12¢0= HuA 52 HFES BAT AA k1A 1d5t #3H FCaCO; &Y
=039 g m‘2o]04ﬂr.

AU F7)

~

o

o
of¢
hined

. .
b B2y Fholge EYas
q

/-\

3
.\_4
=2
=]
)
N
3
&
5,
o
Q
<
l'ﬂi

6.6%% 7} w9

8 s ZH 27 22 A5 AUgs S WA &
A EY2Tt dE ALH frlgs TS Foh AR v EE #AE YER
o dd " frIgs FES 165%01UH. FEA: FES fries S we vl
3 AFAIE BA; 6€o 585%F JPF =da 2€e] 1.02%E 7PF WUTh(Fig.
31.8b). ¥ Bt FHLE FFE 275%0I1A0 B/ Ha HEE 6.07~9.959 HAE K
RO (Fig. 3.1.8c), ¥d HHH| &L 7222 Redfiled ratio (6.62)9} & #Fo]& HolxA| &
of, FrIet&7t Y71 dYS AN ET. CaCOs T2 049~13.9% 2] HHAE EAoH,
dd HF FFE 6.15%0 A THFig. 3.1.8d). CaCO; THFe Freta FFa Hs g
AstEdS B, 1978 12€71A HAHeow F7kstath CaCO; e TETE =49
29} RHlE] JAE Ko, HAEo] Bol FAH= A7ldle CaCO; ool w3tar, ¥ 3
Eo] AA FdHE AlVldle E3uth

rﬂ
ﬂ%
=
rlo
(@)Y
o
2
w
w
N
I
ftl
A
N
o
ir
O
0
k
N
o
=2

B KlolM #53 4T SH29 f78a F82e @5 52 147 24
o FFH 0, o 717 ¢ AFH FH2IF AA SY =9 A7 83% S} 74%E AA A

o
g FAYF FYf L Y2} BT AFH e Youhe
].

& dgel= #FHI Qlo], F5a JAAA Sz A SHo g FAddAn. §)
ARE CaCO; ¥ 2E FAY ZH2U 718 929 o b8 AdWHstE yet

, 1183 12€9 % HlwF 52 gES Btk oA Z2uvk npgsddA 1d
o =8 FAF FYH2E 310 g m? AU1EE SY2E 241 gC m?, CaCO; EHY =

rr

o

e J
o

B'N "
o

2

o
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Fig. 3.1.7. Temporal evolution of total mass flux (a), organic

Ife-mnEl

Month

12

carbon flux (b), and CaCO; flux (c) at station K1 in 2011.
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Fig. 3.1.8. Temporal evolution of organic carbon content (a), total nitrogen content (b),

C/N molar ratio (c¢), and CaCO; content (d) at station KI.
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A2dyE F EA

1. BE SF A

7t A&
d=39Y (Antarctic krill)2 A& FFIES EAAolH, FAlo A, FE, =/ 59
T AAARZ G5 A Ho] AAAA FaI} FES AASL AT (F T,

o
=
L

2005; Everson, 2000). 3+ I A= ALTF SHolA QAF A TAF APo=E 7
A7b 2B BRI A, AU, ALY oJF 54 5 0@ A7t 29Hw Yo
(Miller and Agnew, 2000; Pauly et al., 2000).

dEal hed ATa 2ol e sdeldt 2Y BEe) talA Be AT Hol
At 1Y F= obHEAl Y (Amundsen Sea)d] 75 Al Al7]AE s & g
goz AWML AL Aik ATHE o] &8 AL ol e ool wepy e o

= el HlsfA Lo g AF7F AgH oz AAFH AT

2 A Ay d7AQ olgl2E (JBRV ARAON)E ©|§, @2 A7) HA &e @
= ofEAl sgolA Z2d FFRAE AASAT & AFE el ES olEAs s
A HY A T2 FobZ sty BEd FAANHS &8I ALY A3
T2 %ot g AxE 34 S, YEE AR F ARee] 4Hd E4E TF
Y 1A e X B deobg A

Y= ol ZAl oA B A 717F = 20109 12€ 259-2011E 1€ 14¥9 3 20129
2¢ 9 2 z

92012 39 9% % 230 A 2F AE AASGTH

=% ZAE AT A" AA BRE 943 o' 7] EK60E AHEE R, 23 Al
split-beam A4 FE|Z F3}4= 38, 120, 200 kHzo|th (SIMRAD, 2003). &% 2%
g al 2 ofgf2sol HAE Fl & 3 Aulet AFEY BAF H ek
T M= T3H7] 918k synchronization unit< ©]-83te] ZA3IAT AA BAL
& A F W AY ZAAA e BAG T AASATE ZAM AMES S AlA
o] A"l J2}HE = Table 32101 At A3 £4& 24 4 F83F 120
kHzE AF&3td o™, 2011/2012\ 39 A3+ 38 kHz T35 &4 A&ttt

Ak ol Bl o3 S obe) F/WES FHE AW AHA WE FHo 2 4P
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=0 otgteE A& STt wE =¥ AEE EUHT 2, % A3E 6 RE 9]
7d A E7] el o3 kol= wjiol A&e] hAo] FAsATh whekA

2L Ho
o

A dor o> o
£ e
r

oo
ot
R

Table 3.2.1 Acoustic EK60 setting.

2010/2011 2011/2012

Frequency 38 kHz 120 kHz 200 kHz 38 kHz 120 kHz 200 kHz
Pulse duration (ms) 1.024 1.024 1.024 1.024 1.024 1.024
2-way beam angle (dB) -20.60 -21.00 -20.70 -20.60 -21.00 -20.70
Absorption coefficient (dB/km) 10.0 259 396 99 248 38.9
Sound speed (ms™) 1454 .9 14549 14549 1449.39 144939 1449.39
Collection depth (m) 400 400 400 400 400 400
Transducer depth (m) 7.5 7.5 1.5 7.5 7.5 1.5

AA 24 AY 7heH 6 E w|gke] A E S A8 E

_1 {

5% 9 A v 7Y
o7 & "o (Fig. 3.21). Al&Estd W A9 (1) pack ice zone (PI), (2) pack ice
boundary (PB), (3) center of costal polynya (CP), ZL2]3l (4) margin of ice shelf (IS) &
2 PI AY9L2 10% o142 s =& 7I+o= AAsAH (Arrigo et al., 2012).
AESE Aol HEF SF FAE 201072011 3HA Al719] A HE B (IS1),
Ak ZEukel # ofolx A (PB1), LB thFAIE EZ H olo]x A (PI1)o]xL
2011720121 3FA] Al71ol= Getz9t Dotson W5 F& (IS2-1, 1S2-2), 4%t EEu Y
(CP2) Lgjar A%t Egufel # ofolx A (PB2) side= % 7 7/t
A 86 =E FFFA AR B A2+ Table 3.2.2¢0 423ttt
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72°s

73°s 1

74°S 1

0 .
758 Marie Byrd Land

(a)

e CTD
¥ Net

== Acoustic transects

0 7205

60 7303 4

74°S 1

75°S
(b)

7195

Marie Byrd Land

= Acoustic transects
e CTD
¥ Net

124°W 120°W 116°W

Fig. 3.2.1. A map of the region with the acoustic transect, CTD stations,

112°W

108°W

o

104°W 124°W

120°W 116°W

112°wW

108°W 104°W

net stations and

pack-ice boundary on the bathymetry of the central Amundsen shelf during 2010/2011 (a) and
2011/2012 (b). IS is the margin of ice shelf, CP is the center of the coastal polynya, PB is
the pack-ice boundary and PI is the pack ice zone.

=& A5 &4
(Myriax, 2008), ¥
al. 2004).

e =
Z‘?B&J—

%, A 5ol s
=

[k

AR (Fig 3.2.2).

il%‘% Myriax Echoview software (Ver.
% CCAMLR 2000 ZARA Al B3 -<&

4 250 m o]3} 1E]al
3 (Virtual echogram)

£33} 4

Table 3.2.2. The acoustic survey transect.

45005 ©l
83 AT (Hewitt et

&3 T

o] AZTE AA
[e)

gow Fue

Location

Transect name

Transect start time
(date, time UTC)

Transect end time
(date, time UTC)

Distance run (km)

Ice shelf
(1)

Pack Ice Boundary
(PB)

Center of Coastal Polynya
(CP)

Pack Ice zone
(P1)

1S1

1S2-1

1S2-2

PB1

PB2

CP2

PI1

2011/01/01 18:08

2012/02/1620:48

2012/02/17 21:39

2011/01/0518:10

2012/02/1210:37

2012/02/1323:33

2011/01/01 18:00

2011/01/02 07:00

2012/02/17 16:33

2012/02/18 13:51

2011/01/06 06:36

2012/02/1316:02

2012/02/1502:15

2011/01/02/01:30

154

50

46

157

120

133

204
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38 kHz 120 kHz 200 kHz
(raw data) (raw data) (raw data)

¥

Noise 38 kHz Noise 120 kHz Noise 200 kHz

(rainbow noise) r (rainbow noise) | (rainbow noise)

Resample 38 kHz Resample 120 kHz
(time & depth) (time & depth)

Resample 200 kHz
(time & depth)

Fig. 3.2.2. post-processing method for acoustic signal.

@ 873 2 4% A5 8§

2% Azt Y BA YT Aot UMM CTDE ©| 83 Y #74 BE% vE
g olg@ 2 AWS AN

%7 AsE ZE AYAA CID (SBE 9l1plus)E o] &dte] &, d&, 224 5

=
i (Fig. 321), A& A== 54 AA (Tlme depth recorder, TDR)7} 2t
net)E ©|&, target trawling WHS 53] AHSAL A EEL

|Z2FNAN =F AESe FAde FAd F HEE 2-3 REE FA8HH 20~30
A

e de rﬂ o

2011/2012% &}A] A7)0+ target trawling 2o dF A o|A MOCNESS (Multiple
Opening/Closing Net and Environmental Sensing System)E ©]&3to FH (0-25,
25-50, 50-75, 75-100, 100-125, 125-150, 150-200, 200-bottom or 400 m) P& HA k3

.

FEF ABE APl F EFG $AF Aot F, AR TAE ZHs] AT
BANE HEAAYG. AR-RA BAAES 2P| WT B HEAAT, FH F RE
A EEBAOR 14l BT
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(AASW)&} Modified Circumpolar Deep
EAst= Ao 2 AT (Fig. 3.2.3).

1200

0.5 . F 1000
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800
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400 400

]
|
0.5 L ‘Ji f/ 4 Feoo
AASW | }: ‘ Ay
p e -

Potential temperature (°C)
Depth (m)
Potential temperature {°C)

200 200

Salinity (psu) Salinity (psu)

Fig. 3.2.3. The potential temperature (&) - salinity (S) diagram for the Amundsen Sea
polynya in 2010/2011 (a) and 2011/2012 (b). The boxes denote the approximate & and S
characteristics that correspond to the Antarctic Surface Water (AASW) and Modified
Circumpolar Deep Water (MCDW).

AE ZAF A3 201072011393 201172012 kAl A7l 2% A-E ZE T ice krill
(Euphausia crystallorophias) = 95 %°] Bl&& AP om, dF HAHANA ice krill?} F=
& E csuperba’} FESIATE Ice krille] HE Zole 24 mm ©]3, 20107201133}
2011/2012d Zo] ExE Z}Z; 7~37 mmet 9~37 mmE UE¥ =7
2 Ut (Fig. 3.24). =% ice krill®] Zo] 22X &= olH9 t& E5AHY ZHo] X
o} fFAFSHA T (Siegel, 1990; Sala et al., 2002; Guglielmo et al., 2009).

Z49 ice krill o] EXE F ASE I¥ EEE IEE A4 HE AF=E

2§33t

Aol g Ao
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Fig. 3.2.4. Ice krill length-frequency distributions in Amundsen Sea coastal polynya during
2010/2011 (a) and 2011/2012 (b).

(2 9 YU AZANY ice krill®] FIF EX
Fig. 3.2.5% 120 kHz &% tlolE 8 A9d 2 Exolth (A9 &/ Fig. 3.21 F=X).
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BE Ao AA #5250 m FA BE3AT
Ice krille] 7% £XE #o}3lr] 9l ©E FUAFRZE (Sy, dB re 0.1 m’/mile’)E
Al4tsl ATk (Fig 3.2.6). 1714 Sy 0.1 n'mi (Width)x0.1 n'mi (Height)x250 m (Depth)
AFo| A F21== AZLEAS (Volume scattering coefficient)®] FO2 ice krille] &
&= WH3E gotd 5 ok
4 A3, 2010/20113-2 PB1 F2olA 159 ice krille] SA S ATH (Fig. 3.2.5(a)).
IS19] 7% Martin peninsula o4 £ "BE2 A5 24 Dotson W% ol A
= duFes ve Uxa EA5A Y (Fig. 3.2.5(b)). Getz9} Dotson W& F2 ice
krill ¥E& Getz W&o dMHo] Dotson W& 3MIET "LE7F EUTH Pl AGL
2010/2011'd ¥ 2011/2012'3 sHA A7l T 7HE w2 RE2 AT (Fig. 3.2.5(c)).
2011720123 stA Al7]1ol ZAFSE margin of ice shelf (IS2), pack-ice boundary (PB2-1,
PB2-2) 18]3l center of costal polynya (CP) ¥ A5 A= A HRE jce krill ¥
AN Z zol7t Bt AE WE+ PB2 A9 F St3 (800 m)¥ St.5 (500 m) HF-ol A
7V =2 UE7F S1EAY (Fig. 3.25(d)). E8F western channel (St.3) oAl 4]
o] YoldfrE WURyl Zadtes AEFS HYA, Ste FoAs /M g UEE EA)
= dHHes ¥ F4 (<500 m) oA A
=

S
et T, A 4% e s10 H (54 oF

ice krill

[e] L
PN
o T4

00 m)

o

o

=~
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and Barber, 2007).

Getz W% s H(1S2-2)9] A=
A A=A (Fig. 3.2.5()). 4 A3}, 2010/2011,
PB1, PB2 oA =2 AE U=r SAHHAL, o] AHL&

7F 13t ice krilldlAl Ik AAAE AFstr] WlEo®E ATHT (Smith Jr.

=

U =7} Dotson W&

8l < (1S2-1)°ll H
2011/2012 A&

A Fket F o

50 50 (b)' |
g 100 100 _@
= [ b8 A
3. 150 | L 150 #agl
a i g
200 A LEAd L o004 !
Gy L & i
250 - ; = .I - T — T T T ] 250 L
0 10 20 30 40 50 60 70 80 80
g 1 y 1 d
50 4 R 50 4 () )
4 AT [ i
g 1009 { f‘ - L 100 A 3
=
2 150 | L 150 4 ! L
Q
a
200 { L 200 1
Pl i PB2
250 4L 4 250 T T : : T T
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[} I' ‘.I ] [}
50 : (e) 50 4 Nyl
E 100 i L 100 -r.f
5 i
B 150 4 4 L 150 1
Q i
s ; .
200 {1 % ol L 200 E
Y 1s21, | cP J
250 L] L] L] ‘I‘ L] L] [] 250 L} L] L] L] L] T T
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Distance (nmi)

Distance (nmi)

Fig 3.2.5 The vertical distribution of ice krill with each subdivided area for the top 250 m of

the water column. PI is the pack ice zone, PB is the pack-ice boundary, CP is the center of

the coastal polynya and IS is the margin of ice shelf. In 2010/2011, PBI1, IS1 and PI

represent the pack-ice boundary, the ice shelf margin and the pack ice zone, respectively; In

2011/2012, PB2, IS2-1, 1S2-2 and CP represent the pack-ice boundary, margin of the Dotson

ice shelf, margin of the Getz ice shelf and center of the coastal polynya, respectively.
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Fig 3.2.6 The distribution of Nautical area scattering strength (Sp, dB re 1 m”n-mi*”) along
transect in 2010/2011(a) and 2011/2012(b). So dimensions are 1852 m (1 n-mi) along-track by
20-250m.

-0.24

-0.44 =] B

0.6 B

0.8+

Mean potential temperature (°C)

S, (dB re m2nmi-2)

Fig. 3.2.7 Relationship between the mean nautical area scattering strength (Sa) and the
surface potential temperature (blue squares) and mean potential temperature (red circles) of
the AASW. The mean potential temperature was depth-averaged from the surface to a depth
of 250 m, whereas the surface potential temperature was averaged from the surface to a

depth of 20 m.
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() Ice krill# &AL 5 }e] FAY &4

Ice krill®] 2 2 FHARJ] X5 4 AR Hlwg Ay, £330 ARG BA
O AU vnE ASA ice krill?] SAE AASWE BF Fo3 HF FoZ A4
A1 (Pearson’s correlation) 3} th (Fig. 3.2.7).

g5 obeAl Y SHA AV & BEE -18~0 °C 0E HuE A BT F
EZHE 20 m 7HA], B 2L ice krill®] X FAIQlI FFHE 250 m 7HA B
stod 2§kt

AA 48 ce krille] =9} EF 2 (0~20m) ¥ HH 2 (0~250 m) #o] 43 2H

H

rlo

ol

@) |t ZTy AZAYGANAY ice krill BE X

Ice krille] A 9E W= ALkS A Greene TS B ©]83tATH (Greene et al.,
1991). Greene TS R4 log-linear #A A o= UAWtHom = I AAdF Ao A}
|3t 71 A7 AFlA dce krill®] TS E& A @2 (Zo]-TS)o] f17] wiEel, & «
Toll= E superbast ice krille] Zo] E Aol FAST L 714 Ste] Greene TS Ed
= AH&StA T

AHE FaFo] A AT 2ol E o] &3k 71l MVBSpas® W= Greene TS

RdE o]g3sld, MRS oflo|~ade] do] EXE 1HYPS u 7~19 dBE HASIH T
=, 4o A AN 120 kHze 38 kHze Hd A% A4d3= (MVBS, dB) o7} 7
dB<AMVBS120kHZ 3ngZ<19 dB, E U]— ]"E‘ 7/‘1% 1ce kr111°ﬂ 3] :l' P%ﬂii 7‘39]3}%3}

AMVBS 25 AH2lE S 7M oAZIdANAM +43% A=E A7 20250 m <+ 0.1
nmileZ £E3te EA3AT BxE W3 FakdAS (Sa, mP/nemile’)oll WH3A S
(conversion factor, & &3t A4t ATE 7|4 HE A

Shatsk=d a3t /IA=E ofo]~a e Hol-FA AA A dol-7F gk T A (o)
o FAXOZ F= H} (Jarvis et al., 2010).

A4 Az}, 2010/2011EF 3 20117201239 120 kHzoll th3t ice krille] W3 A= 7z
ZF 018099} 017902 otm it Alake W3l AFE o] 83ty XY ¥ P AEE F
At (Fig. 3.28), A ZAF a9 Ho d=s AAE F = A5 75 HF

A4k & o] 83tA T (Jolly and Hampton, 1990).

oA e Zvk 2 Sy JdHML ice krill =+ 2010/2011d IS, PB, PIolA]
27} 174, 27.6, 109 g/m? 2011/2012'd IS, CP, PBolA Z}zt 19.3, 13.2, 185 g/m? &
2 FAAT A9H o= 1S9 PBoA AR & FErF IS, PIS CPol
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A AdFo g vre eyt yelsdth Ice krill €55 2010/2011F PBollA 7H8 =4 2

7 A3, 201072011 PlolA 7H8 9EA YEbsth #S G dig ice krille] &
A W= 2010/201130 21 g/m?, 20117201239 17 g/m* & FH =] Ao FARE H
=7 #EHAT

W 2010/2011
30+ B 2011/2012 |

204
10

O-II |I h I
1S CP PB PI

Fig. 3.2.8. The geographical distribution of mean ice krill densities determined

Ice krill biomass density (gm2)

using a log-linecar target strength model of the coastal polynya during
2010/2011 and 2011/2012 (IS is the margin of ice shelf, CP is the center of
the coastal polynya, PB is the pack-ice boundary and PI is the pack ice

zone).

ofzAls] ZEvk H Sy AT Aol AEstE AGol i FFEA A ice
2 2 zto]=Z B Yth 2010/2011, 2011/2012 =5 PBo|A =&

2 Ueh At ZEuket vy o] AAl A Hol ice krill®] F2 AAALS F74
o Iy A4S s sE7F =of 12k Aol B A9y A4, ud, Ry 2
< ice krill®] ZAAE0] Wol BFH = ZYuke] T A YL ice krillel 3] iz

ice krill ¥x7} 2¢€ Rt} 12 Ag4kdo] =2 1€

ft
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X

o

(o
>
1>
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b
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i)
b
o

A7te] W2 AFBAL B}
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& B oS &40 wEk fRle 2x7F AAH,
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83ttt =S ice krille] #X UE9 AT 4SS HsiAE 2ol TS #A 2 I
of7} At FEkol AAtE T Y= (Silver fish, other krill)#e] &3 54 Afo]

o
=
%
re
-
N
-
&3
fu)
2
o
ok
o
i)

= okeAsd ZYu A2 sigedA F =AE §F Ice kiill (Euphausia
aystallorophias)®] A H 3343, £22 22X SA4S 99str] sk (1) margin of
ice shelf (IS), (2) center of costal polynya (CP), (3) pack ice boundary (PB) 121l (4)
pack ice zone (PI) sl€o= Felsle 2010/2011A3 2011/2012%d &= 3HA| 713 &<t
=F 2AE AAEYEY. % A o] YUE (Bongo net, MOCNESS)E ©] &% A&
A% g CIDE °] 8% &7 A= &4& AT

24 A, AAH oz Zejupet 9 ofo|xo] A £ ice krill BE7F UERR
oh ol At EEukel ) ofolaTt IHY A Hol ice krille] FEld® MAAE AlEst
7] wWEolh vk At ZEurt IAHA ¥ AT W =T =oF 13 Aabdo] &
2 I olo]x AYA = FHOoR HE 49 ice krill HETF FRAFHATE. EF ice
krille] A9 B WU=e} $2, AEFHIE I3 Y Exet 22 314 A5

o

L = T
g B A Feste] &
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A 3 A SFAAENA HolB 54

1. A&
Y =r(Antarctica) 3l F- FHEA A eg 2, A7, L
d FRA=eg 22, 847 o8 FAHE HluF S AEA 7=
ATHQuetin and Ross, 1991; Loeb et al, 1997). =3 #4
ol oJ& 7Nz AL FEFS RXEA E
ok webs] = sl ok AU vlE 52 AEA
€2 g 7] HEd Fag AT BokE ¥4 2 Q)
T7F wl AgHoltt. E3], B AT A9 = 0}'5‘X]'3H(Amundsen Sea)t= A&
T o E Qe ol wlg o Aotk @FF A AEte FEEHIAE
%, &= ¥ (Antarctic krill)olz} Be+= Euphausja sp. (F& Euﬂuusia superba)~ &=
of A2ste ¥ ZAFI7E AdFASE Helo 30-90%E AA s dom, o= AzF A
AA e 3u) ol 4y wHE Aog FAHATHGulland, 1970; Laws, 1977, Anon,
1986). oAl S FHENA =HololA 9 FYTEAL A9 FIFEAE dZAF=
Euphausia sp.x~ &3 71202 d5sin, AW afdoA o AES S5t FEol #
oIy fe] A F2 AMAEE Aoz A Utk @5 SFAEANA o=
o] FaAol dFHAA EF9 oAy oA 259 AE/AEE olsfisty] s &
3] A77F P O‘Xl“P 2 AT AdeAe] A A= we P& Aol
olEAldl= AR F5 WY oA P wWE WHEE Holi fle ASE B
Hal Arh(Walker et al, 2007). wekal ol gk ®sto] mE sFAYeAS HEsS Fotat
Hol® Yol izl 59 TF4A &S st A8 Hol AHE o
ojof Ftt.
FaE2 Hol AHE olsistr] Aste] 9 HE=(gut content) &4
of AAZAAAN HHT Holo FH B FFHE A
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classll= A& FA43= AA A (phospholipid), dlHA YO E A5 = Egold =4
AN & (triacylglycerol) @ €2 o 2H Z(wax ester), 183l 7|E} Fd 2E & (cholesterol) ¥}
tolotd =8 Al E ol Bl E(diacylglycerol ether) s°l AT F= AL F, E superba= E
ot NES, E aystalloophiase &2 oA =HZE F ULz A§3t
(Hagen et al., 1996; Phleger et al., 2002; Ju et al., 2004). A& FA4st= A W4koly
ZHE FolA 5 AEER Ae BES A4 5)2 HolE T 52 3
71 ool AejA WelAe wHol #AAE oldste FAHAAER o] FEHI Ut
(Bottino, 1974; Virtue et al., 1993; Cripps et al., 1999; Cripps and Atkinson, 2000). o] 9}
ol A A Ao AEAe 44, U 5 AEH 2T AE JHAL
A7 WZel, Ao s L FAES vl - B4 S AEY HEFHEE, Hol
AE) 2 AZAN B S, AHHE olalE 4 dth(Sargent et al, 1989; Lee et al, 2006;
Budge et al., 2008). 15l ¥4 3 A Holwk ol A gaef 7]
5 Hotdted &89 1

A I : ol g2 0.2 3-49,°]
Ao BT LLH 2HolE Hol7] W&ol s FYENA HolgolA F-at FIFTEA
S B 5 Ath(Sereide et al, 2006). 1HEE H AT = AW A FNA T
sE¥ae T 7 pAsH, FaAd e F8 Hold oz VA HEETAE)
o} A9 EXAE AHA3M= Euphausia sp.(E. superba, E. crystallorophias)®] A%, A&
Ada E4S A FIds, 4S5 BaAQ S T 159 HeldE ek A W
N el FIFAAE olalstaix AT

2. Az 5 Uy

7h NEAQF B EA
A3 FEEDAE NEE 5 oA 3199 RH(bay) FWH(Fig. 3.3.1)°l A
@ sHAl LU E(333, 505um)E ]85t 4l 5471 (Depth recorder)® 4} 200m
ARNA 72 AFstATh. 2 AHoA F 23] WHE AR H e, Hi AFAIES oF
202 A= AR A8 9 FESHIAE NEE HEZE A" F40] U+ 79 &
=71

71o] ¥olon, 434

o
495 Z

=2 Holde= ) GF/F ¥l sjE odste] A7
%, = 29A A4 AEZYA Yol ¥E(-20T)EAs AT BE N (AL, §
sEYIAE, Heddae)c A8HE A9 &4 A7HA -80ToA Hasiit &4
A AN NEE EAZ & AuBORE IAL(E aystallorophias)< =739 &
73 299 F Zol(total length), A7 (body length), = 27 (eye diameter), % & (wet
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€2
135 °W 130 "W 125 "W 120 "W 115 "W LID "W 105 "W 100 W

Fig. 3.3.1. Areas where krill Euphausia crystallorophias were sampled (dark grey circle) in
January-February 2012.

it
A

. A F= &

ofT Aol AHE Zde] A FF 5 7S Blwstr] Hsl, Al A H(inner bay,
outer bay, pine island bay)olA ANFH ZEARE T, 57/0A AAE B/ EF &
7]-& v [Dichloromethane:Methanol(CH,CL:MeOH)=1:1]2 A& A g &7]o Y11, £
7181 (CH,CL:MeOH=1:1)& H7}3] 4 1%}t sonicationdtAth. 1 %, &uje HF ¥l

&°] CHCLxMeOH:H,0=1:1:0.8°] HE5 F/FTE 7t § & EFHES £S04
T FoE A A 23 e otdlE S MEE fE A@ el &HT o &
S 3A4e 3 MBSt e FF - £259 t(Bligh and Dyer 1959). A% F=& 9o
AT fI8ME AL VH2E O AAS F, oA L e FY =F /718
(CH,CL:xMeOH=2:1)oll &3l A1A A & F cass 74 E48tA0 &3 {7180
(CHCLxMeOH=2:1)°ll A &3E AE FT HAHZF0.8-1.210)< chromarod(Mitsubishi

Kagaku latron)o] Hojxdl ¥ 3 /7] & (CH,CLxMeOH=11)E ¥ 3l HI=4
7|81 (Hexane:Diethyl ~ ether:Formic  acid=85:15:0.2)Z A% classE #2|3th
chromarodel Al #2d F8& A classe latroscan Mark-V  TLC-FID(Thin-Layer
Chromatography with Flame-Ionization Detector; IATROM LABORATORIES, INC)=
EAEAT(Ju et al. 1997). ZF AW classe FPHOE ol&He EFE =4
(phospholipid: 1,2-Dipalmitoyl-rac-glycero-3-phosphochline hydrate; cholestero:

cholesterol; free fatty acid: n-Nonadecanoic acid; triacylglycerol: Glyceryl trioleate;
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Sigma-Aldrich Co.)<& 7]&2

vl classe] o 2 HE] AL=EH
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ko
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ot
o A 84

AR FF 5l oclass 4 F o] 22 F AAHFH(SF 200u)S EF F7IEHE Al
3 48 AdBol ¥, 05N KOH/MeOHE #H7bste] 70ColA 308 F<¢F 71E3HA
Hexane:Diethyl ether=9:1)& %ol & 33| 24 JFAHAA
(&2 2 2HE)e e &7 £8 2 FEan 4TS FE8ta 32 &9
A pH7} 2 olatE HEZ2 QAKHCA)S H7Fse] KOH §71

(Hexane:Diethyl ether=9:1)& ©]&3l 3% A I4ke
BF3(Boron trifouoride methanol solution)/MeOHZ o 2~H 23}sto] 2|4k WE of 2~ H|
E(Fatty Acid Methyl Ester)2 #X3t313L, Holdle &% #718wE 24 722 AlA
%, CH,CL,E A}833t] GC-FID(Gas Chromatography-Flame Ionization Detector)®
g - 5—40}9\9\‘:} ¥+ EZ(internal standard; 19:0)S 7|02 3l 7 X4ks F7F
st om, ZF Agate] o s F AAE e AFEsiT A § B At

olF E(double bond) ¥ *|= GC-MS(GC-Mass Spectrum)E ©]-&3to] &= ATt

ot .
.
#
ot
o
Jo
N
oo d
=)
i
" °*
>_1Al
2
>
Ny
o
’
o
> r

M

o b

3. 43 € 1%
7h A9dE 389 AW g 2 74

1) Z2E A F=F 92 4

20121 obEAl &9 WHbay) W Al 3 < (Inner bay, Outer bay, Pine island bay; Fig.
331 Fx)ollA Z2Ee AFsIALH, 7 sigolA a2 A % HolAHE Bt
71 f1ste] AF ol Alete A2 AW T B TS EASATH(Fig. 3.3.2). Al
X NJd 2D Euphausia crystallorophias’t 71 A3t A}. E crystallorophias®)
AHy A AARE fGEE A EY, pine island baydlA AFHHA ZAHo] 7HH =2 A
W SFTFY 209846.17%)= H AT WY inner bay®} outer bayw 2 AT
15.44+3.98% <} 16.38+1.77% 2 o] F s FAM= AR ke BAT o= A€ A
FEZ A7 AU A Ade AR &2 o 2H E(wax ester) ok A2 A A<l
(phospholipid)® F4d=o] AATH. 53] outer bayolA AFYH ZAEL &2 A 2HETV}
ZT Ao 5432% % AAHET ¥ £9OH, pine island bay$} inner bayw 1A

N
o o

rg

i

Al
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duE EAT 2011d ZAbol A o) §AFH (continental slope) ¥}
Z Y (polynya)oll A AP LT AEH HlwstAe ®, AW class 7S FASHA
ettt oy, A gheke 2012800 AR ado] oF 28] AE =A UEET oldd A
o] A4 ol mE A FF g¥] ztol= =83 &4 543 AP BE
Aol AE A=Atold o3k Ao =w FAHHAT

30
Phospholipid B Cholesterol
25 - Free fatty acid B Wax ester
=
A 20 4
&2
}'C_.J 15
=
O
O
= 10 -
o
5
5
0 |
Pine island bay Inner bay Quter bay
Stations

Fig. 3.3.2. Total lipid content and lipid class composition of krill FEuphausia
crystallorophias collected from pine island bay, inner bay and outer bay in the

study region.

20129 2¢¥ 12~26Y =
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501 Euphausia crystallorophias
2012.2.12-26
40 - :
i
Tt > i
B ad 4 = 2010.12.31 Furciliae
£ o -2011.1.82 A Juvenile
= = 7l ; G Adult (M+F)
[ P Prs
5 7 \)8 I & Adult (only F)
.3 v

EL \'\\ g & & Adult (only M)
L] " ™

10 4 s

[ Reproduction_|
0 w Spring bloom H:

Jun Jul Aug Sep Oct Moy Dec Jan Feb  Mar Apr May
Moriths

Fig. 3.3.3. Seasonal and annual variation of total lipid contents (in % of dry mass, DM)
with different life stages. Red and blue colored symbols indicate the lipid content of E.
crystallorophias in 2011 and 2012, respectively. Gray shaded areas indicate the winter

s€ason.

(2) ZB(E aystallorophias) B T+ A2 A4E 74

ZAF oA A-{E A8 E aystallorophiase TS Ak (g AT 14~2270) & §
rotal AATH(Fig. 3.34). oAl ol AXst= AL E aystallorophiase AEAE
18:1(n-9)E E33 &Y Ex3} A 4Hmonounsaturated fatty acid)e] 7} -3 3ste]
Eltom, 53] inner bayolA AMFEH AHoAA = 18:1(n-9)F BIF 20:1(n-11)8 F/d#]
7} & A el Hlgte] w9 E=A YEFETE Inner bay$l outer bayw A2 H o2 43|
Aeol= BF3taL outer bay®] ZE-E 14:0% 16:05 233 E3LA W AH(saturated fatty
acid)©] inner bay®| Z Bl HlglY HL2 FHFES BYH. & F al H(inner bay, outer
bay)oll ®l3] T =T Wrkel] X3 U pine island bayolA AFE DA AE E3}HA
WA 16:03 @ B3 A 18:1(n9), 18:1(n-7)°] =A YElgT) o]e} go] 29
At FAAL EE sHelA FAsk oY, Fa Aate] AR A Y w2t 2ol &
HAao =3 29| A4 AHE olsfistr] A dAAF7IEe] At 742 outer bay
ANX= B el Hls] E3} AWAF 16:03% 18:00] 7HE Eshom, AR BA HEEFA
= Phaeocystis sp. 53| Phaeocystis antarctica®l ™R /3 (bloom)o] oW pine island
bayol A= 3} Aiko] Hstr= stdloed, 2R B HEREFAA ZIde= A

A

o2 43 20:5n-3) 22:6(n-3)E I X AE EX3 AHH(polyunsaturated fatty

—

ol

=
=
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acid)el W% =A  UEET. SEEZIAEY  AAZEHE TR AR
AE TEoA AHHH, pine island baydll A&
233, inner bay°lX= 246, outer bayollX+ 2.52= Yel, Al A E aystallorophias
5 A e S A sk Aoz ERFHATH I3y 2011d tEAAES &
el A A 282 1.803% 1.699] HIE R ofAs| ol Hla) 2240 7H7he
{FEHE 7ML A< AAEL Ao ZF A ike E3tEo) e}l 1536t %-ﬁi‘ﬂ
obzAl sfollA AMFE A-dole ©dd X3} Aol 7 fAEoY, mAdE B
AAF=oNA 7] ¥938t= branched & odd-chain®] AW4HEeS Ao AZFHA FUATHFig.
3.3.5). ol 201189 thiEAIHS Z2ukollA AF-E ZE Y AGAE FAR FARSEA T
a2y, Al sidellA 83 FAH Holdd FHdae] ol F3 ]HL"L T4 A2
Aol vl wdston, dAdH e AuE ARSste dF Ao BE T8 ATES
ol Y E aystallorophiase {28 =&

]
‘Tl:r
A} 3FA T pine island bayolAl AH{E ZES AR FA 5o hHAT 2=25F
3}

ﬁ oo

-Z(Phaeocystis sp.)= T2 A48t A T2 &9

=
Lt F1AEQ BA(2HE, dULE, HAFIUL)S Babe] el

7
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Fig. 3.3.4. Relative abundance (%) of total
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Euphausia crystallorophias collected from pine island bay, inner bay

and outer bay in the study region.
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Fig. 3.3.5. Relative abundance (%) of grouped fatty acids in krill

Euphausia crystallorophias and particles sampled from pine island

bay, inner bay and outer bay in the study region.
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