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Abstract : Acoustic survey for density and biomass estimate of Antarctic krill, Euphausia superba, was
conducted in the large area between South Shetland Islands and South Orkney Islands, during November
30-December 30, 2002. Considering oceanographic and geographic properties, the study area was divided
into six sub-regions. Acoustic system and frequency used in the survey were quantitative echo sounder
(Simrad EK500) and 38, 120-kHz split beam transducers. In order to discriminate krill aggregations in all
acoustic signal, difference of mean volume backscattering strength (AMVBS) method of the two
frequencies was introduced. Averaged krill density for the overall surveyed area was 23.5 g/, and
spatially averaged estimates of krill density were 44.9 g /m? (north of the South Shetland Islands), 30.3 g/m?
(Bransfield Strait), 11.3 g/m? (near the Elephant Island), 13.6 g/m? (north of the Elephant Island), 18.1 g/m?
(between Elephant Island and South Orkney Islands) and 21.7 g/m? (northwest of the South Orkney Islands)
at each sub-area. In the two sub-regions with surveyed area, estimated krill biomass in the north of the
Elephant Island was 0.315 million tones with a CV of 18.35% (6,766 mile?), and between Elephant Island
and South Orkney Islands was 1.26 million tones with a CV of 9.45% (20,299 mile?). As a whole, the krill
density in the early summer season was low level, comparing with that of January-February. This suggested
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that major krill swarms in the around South Shetland [slands were reached in the mid-summer seasons from
western part of the Antarctic Peninsula, and the low krill density also affects the density variation of the krill
between Elephant Island and South Orkney Islands.
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58l =¥ (Antarctic krill, Euphausia superbaye *1&
EgaE] Z2zte|n, Ao A4, HE, 2F 59 F
8 SRR G= QAL Ho] AN F2T FEE
kA 85L A ThEverson 2000). E£3 28 AA| = AL F
ZHA QAF] A A A OE JHA7 222 X
A, AHLF, ADE olF 54 F oEF At 1Y
o] glckMiller and Agnew 2000; Pauly et al. 2000). ‘&=
3 A A ZEY A ANH L 26 E HEE
32 ¢l O LH(El-Sayed 1988), °15 AY-L 3] A9
WX Zlo] ol dF AQol| JFHLE E¥ein
otk o] 7hEd] B3 R BA] sG] fX]F South
Shetland #=& @F3dA 28 d%7t & AY 7H
9 shte]tk(Everson and Miller 1994).

Scotia SeadllA] 9] ARHAQI o]F ARE = W
A Ze)] £]32)8l Bellingshausen Seadl]d A& Bl &,
33 #-F-(Antarctic Circumpolar Current, ACC)$ FH
o5 2% we} South Shetland Z<E A A Elephant
4] FwW3} South Orkney #%9 %8 F33to ©e
56° 2-29] South Georgia A7 olFshs Aoz 4
A gthNicol 2003). o] AGelX =H AYP3S ZAMS
7] 918 A AR RS 23 AR 1981/1982d9 A
AlH A vFg BIRS 1URFe AW F5oE 4
A3t ZAHFirst Intemational Biomass Experiment; FIBEX)
A FA7MFL FANEE S AL 7IEE o183 E=
¥k Scotia Sea, South Georgia A1 | ollA] 3}A] 7} 7kl
AZHo 2 38 AYHFE ZASIY K(Trathan et al.
1995). 1990'd ol ¥ AE 28 AH|o} £+4- T &
g EX(acoustic target strength)S 7|WtOZ A|2-¢ 2E
& & F(standing stock) FAL7H A G HA 21, 1999/2000
' SHA 717kl Bld S (@A B 2105 kel A
o, Y8, G5, GAlot § liFe] YT SF A"
I ZA BTE olf3ld Y AdF 2ALE AAISRT
(CCAMLR 2000; Hewitt ef al. 2004a).

CCALMR(Convention on the Conservation of Antarctic
Marine Living Resources)-2000 ZANE 2 2A} 0| 4]
ol] South Shetland =, South Orkney =, South Georgia
A i A9 7 ZA 1AL Sole FHE RAE

walatgdet. ola] A7 As4elA South Orkney % 9
9] 3¢ Axe & 2 H& 7P A4 YERH(South
Shetland T-%; 37.7 g/m?, South Orkney T-%=; 150.4 g/m?,
South Georgia A; 39.3 g/m?), o] x| =3 A% =
oM Fad A FEAZE EAHAHCCAMLR
2000). 2221} 1980 o} % HI7HA] EFE] oA &<
oA zZPe] dx F 23X A3 A Ha2e &l
I Aejery 849 ulel South Shetland += FHHA
South Georgia 4] H-2oA HAFH R AAHYoER
Cd 5 1999; Hewitt and Demer 1993, 1994; Ichii et al.
1998; Murphy et al. 1998; Brierley et al. 1999; Hewitt et
al. 2004a, 2004b), A HZ 22 South Orkney &%= FH
Aele) 28 BEE A9 T Ade] Hla) 75 WA Rt
= ek

X173 54°~45° 1 X|§ Elephant 43} South Orkney
59| 7+ X937} South Orkney &= R 8 £
t Aok Y&, Gl o3l o d BE ZARIE T3 A
Ao zqt A gti(Kasatkina er al. 1997; Sushin
1998). ¢-zivtate] 79, 200120023 &3 FALE F3
2222 South Orkney &= FHE| T3k A8 ZALE
AEEFo I A A Ao 2 F7 AUY
A7 49742 AR FAe At AA S THE] Fe AT
2002). ¥ A, 2de] Hd YEE South Shetland =
T BZE 93} H)s3 BXE Ho|HA gE xge| v
3 =2 UEE HAFI YA wapd, dSS F=F
e 28 £XE JE3] Hetsly] AsiMe 2 T8
°]% 7294l Elephant 445} South Orkney 5 I43}
£ &7+ A9t South Orkney 2% FH o ojs =¥
ZAPLY F7tE ookt {it),

W, Y AGUARE FF ¥ B Y=e
AF BAGENY A=, AE STHIE &4 A7 55
)l et & @ HEL RoFT oh(Hewitt er al
2003). CCAMLR-2000 &A}el|A 3teld South Orkney
& FFe] ¥HE Fo| YAIA BEAA o™
Yo vt & AU 7| it A& =
At B,

£ Aalas ol2id a7 Zedel 2 South
Shetland FX9} BE0] CCAMLR-2000 Al =8 &)
TAE #EXZ A #4532 Qe South Orkney <&
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Fig. 1. Major currents and krill spawning areas (cross-
hatched) within the Scotia Sea. PF indicates the
Polar Front; SACCF the Southern Antarctic Cir-
cumpolar Current Front; and SBACC the South-
ern Boundary of the Antarctic Circumpolar Current
(from Hewitt et al. 2004b).
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3047kA1 2002/2003 &= 8HAl Z17HE¢ AAHAT =
AP A7) B S AR 9 Y WM B &
3 GM, T o] FMer] o]FojRon, F SF A
A AGe o 2,9007kd o]t}

A7 Xg-& FA X (Polar Front, PR3} E3 tlF Alo]
oA BT UFE FHOE AR $BoZ B2t
TR ACCTF EAlzle HFe2, @ <8R/ 95 A
A (Southern Antarctic Circumpolar Current Front, SACCF),
G 879 9% 7 A F(Southern Boundary of the
Antarctic Circumpolar Current, SBACC)7} EAJ&13L 2L
th(Fig. 1, Hewitt et al. 2004b). 3, §¢Y A=27} o2
AFE G WE FZ9] Weddell SeadlA] FY=T 3l
F7F 97 A9e2 9= At SBACCE South
Shetland &%, Elephant 4 52, South Orkney 49| &
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Fig. 2. Acoustic transects conducted during 2002/2003
austral summer. Regions from Al to A6 indicate
separated sub-area. (1-Trinity island, 2-Deception
island, 3-Livingston island, 4-King George island,
5-Antarctic Peninsula, 6-Elephant island, 7-Clar-
ence island, SSI-South Shetland Islands, BS-Brans-
field Strait).
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71ed 3% A9 71 37 PRl AL Ha UE
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o= WAL e AEFE FsAL
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AR o] 29L& 43] 9 °"%* A7} o] FojR 2
2 EEFE FFAAT. ¥ AF A= F 1 097ﬂ}?4
o|ict.

South Orkney ZE 447 89 (46)
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Fig. 3. Identification of krill/non-krill using mean volume
backscattering strength difference (AMVBS) method
and virtual echogram technique.

olgsh= Al7loltl. FUF AT AR T Al7|ER
A Y=yt HMEHEE A wE 28 YU W
g Blwslr] fatd 54 s Felr A A7V HHE
F A ol &% AEE vwEct. olAF v AHLS
Bransfield 3 ¥ (A2), Elephant 4 5% 3| & (A4), Ele-
phant 4 - South Orkney &%¢] 7t 3 (A5 T
gt

2% A2 2 3Y d4x ALt

S A& 9% N2He EK-500 HF2ER7E
o] gatgom, AFE AX & split-beam A< 383} 120
kHzE AM-3HITHSIMRAD 1997). ZF Aol chidt 99
W45 (Sv gain, TS gain, absorption loss, 2-way beam
angle, angle sensitivity, beam widthy® A} 717k <t
= AA A FALY 718 FY e AHREE LR, $A
FAols 2002d 39 U AAME AT v|Fe o
= 3Y A "ol AAE HARE o] g3ttt o]
BZ HPELS CCAMLR-2000 A AME-3F wigel o
XA HTHCCAMLR 2000). 2& &% FAMo|A ESDU
(Elementary Distance Sampling Unity= 1712 2331
TH(MacLennan and Simmonds 1992).

FAE &3 A 7L A 2F Asnke Bl
W7l A8k 7129 AlZH B4 tiAl 5§ dolg
71 Ade) A F 7R Fg 548 o83k e
A& At Ao H(mean volume backscattering strength
difference method; AMVBS method)S ©|- 8394 5
2003; Watkins and Brierley 2002). 3, ¥<le] A& o)A
120 kHz9} 38 kHz®| B A& ADZ=MVSV, dB) &
°o]7} “2 dB < AMVBS jj0kz-38x1: < 16 dB”& B3 A
< AP 9% &3 A2 YAATH(Fig. 3). AMVBS
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< 9% A8 A 7MY ol =2 (virtual echogram) 71
WS ALR-EHE A 2799l Echoview 2ZE &
0]-8-8}0 o1 (SonarData 2000), HE 7+ FHA
250 m $d71A ot}

Aol &3 Ad= HWA Uk AS (S, 2/milez)
2 FAHEY o)RAL @3] 48 B A5 TS
olmgtct, 2 ug S ARERE A A U
@S ANE] Hide 28 S AR (target
strength, TS) ghret P Zol-FA g A& ol83}
A ©t} 38, 120 kHezoll tist 28] SF NTAEE
CCAMLROIA A3k 2lE 41 o] 431 tH(Greene et
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2000 ZA} A}719) Scotia Sea A oA HAlBte] o]
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2 A8 THCCAMLR 2000). oo A A tiF-&-&
A Zdol7t 52 mme Esh= cluster 391, Bransfield 3l
¥ 7} Elephant A FZ S5t Ao Zol7t 48 mmdl] 3
3= cluster 201 HFEHUALL

AP BF Aolol tigh TS 213 o] A Hegy
H fEHe 7t oo 3 A%\ Al (con-
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Fig. 4. Frequency of the mean density at each surveyed region for 38, 120-kHz. A krill density was calculated with
ESDU of 1 mile. (A1; north of the South Shetland Islands, A2; Bransfield Strait, A3; around Elephant island,
Ad4; north of the Elephant island, AS; intermediate between Elephant island and South Orkney Islands, A6;

northwest of the South Orkney Islands).
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Table 1. Krill density and estimated biomass at each acoustic transect and survey area.

Sur iod) Distance (mile) Mean density Biomass Ccv
urvey area (perio /Area (mile?) (g g/m?), 120 kHz  (x10° tone) (%)
North of the South Shetland Islands, Al
(December 24-27) 344 44.9 - -
Bransfield strait, A2
(December 1, 12) 333 303 ) )
Elephant Island, A3
{(December 3) b 1.3 ) )
North of the Elephant Island, A4
(December 3, 10,17, 23) 552/6,766 13.6 315.6 18.35
Intermediated area, A5
(December 4, 7-10, 17-20, 22-23) 1,097/20,299 18.1 1,260.2 9.45
South Orkney Islands, A6 }
(December 5-7, 20-21) 321 217 )
Total 2,888 mile 23.5 - -
gk B Aee o2l Hos Z8EY HqPd 3 dx=s £ B4
n -0.274 South Shetland =5 SF(A1)
Cigin, = 1424 - Zf;'(li) M 238 ZAE A ZAF Y 7 7 =2 A7
i=1 T o aNMT AL as = ki ¢ XT ia
., 2002 1249 24~27d0IeH, 2 Ha YT 449
Craonn: = 0.288- 3 fIy """ (2) gmolth olgd W AL A A Y 7k R

i=1
2o A =AY BF AFI)Y 4 RE4E veRd
o} & (1), @) RMT UIE A3 ASE o] 43t 28 2
o] BXE ¥S o, HE Al 38 kHzolA 04753,
120 kHzolA 0.1506°] %1t}

3.4 ¥

20023 11€¥€ 29~12¢€ 3047+ South Shetland &=
| Elephant 47} South Orkney &% Alo]o|A] AAIs
3k ZAOA 38, 120 kHz F Fo7He) 38 dEe
2 2}0]E HolA] YUTHFig. 4). WElA, RE I U
© @ 3 AhF 2 Hel ARHAL = 120 kHz
o] A28 o|gNt W, FAE SF AS2HH 19}
d 38 UxE AElgen, o] ARE wgeR 7}
gy P =S Jehrhyct.

¥ AEE A Y, HY B € 28 EX NG9S
asted F o] A AQo 2 REAS o, ZE o
# YEE South Shetland = £Z 3 FGolA 449 g/m?
2 Ao, A= Elephant A FHAA #24 113
gm’Ach old, M A} A Y& v 2Ee HF U=
£ 23.5 g/m’E YeEPdTtH(Table 1). 222 3lF9 o5 7
2o & wovg 7} g Y i UL, A7
o) w2 W3l % B¥ EAL Fig 194 BAF2 e
5 TEF Q@AY 71&s

2o B2 Q1A% Bransfield sl HF Y=ol vis)
f 15 g/m?, Elephant 4 3 Buh= oF 30 g/m? o1 &
< 19 EXE HAFT glo] AT QLA =
¥ B0 wl 2 B Axrt o8 7 USS
AFL Aok 2P| FRE vpetsl] fstd 1kl 7 =
g UeE NESFE el ohFig. 4). 28 =& 15-25
gm*IA ) NEE vehdin, 30 gm? o3 YEE
WA 34491 7HeH) 2150kl A EEste B Wl
2 92 F3 UNR(Fig. 4(a)). ZE ZAL AH e HF
A9l 235gm>E JIFLE L W, W ol &
37%(127°HY), B oL 63%(2177HL) et

Fig. 194 RAFE 8|7 8 o]F ZARENE A
9] o]F ARE (1) §HHE A% — South Shetland &=
53— Elephant 4 F'H — South Orkney 4 (2) &=}
% AZ ¢4t — Bransfield 3] — Elephant 4 FH (3)
ST SZ(Weddell Sea)— South Orkney A (4) =
WIS FZ(Weddell Sea)— Elephant 4 FRHOE TEE
4> 9lth. South Shetland &5 H-ox 2] 2d ojF AR
= A7+e o, 129 242799 South Shetland +%. 5
QoM 71 w2 Y F=7F e, iAoz o]
E A7l 1289 %9} F4=|| Elephant 4 3} South
Orkney 4] W 28 W57} o] AGuc e A& 3
go] o] A7k T F ) 2002/2003 Al F<F South
Shetland % FH9] A o5 12¥ sk 7l A3
< Yep ok
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Bransfield 3J%(A2)

F W A 2E 2% ALRRE (129 14, 12€ 12
o), AR A HiE YEE 303 gm’ o= 7l AY 7k
g F A2 g4 Jeikt vl 2 38 des AA
B AT 235 gm?E 71202 Y& o, WL ol
oF 554%(184mtd), Wt oL 44.6%(1497Hd) AT
(Fig. 4(b)).

Elephant 4] $¥(A3)

ZAL AG 7HeH P #e 33 Ao 124 399
ZAPL ol H . B 28 U=E 113 gm* = A A
g 7hed 7 we BXE Kol Ut 1t 7 =2
g uxe] Hixdes AA Hagol v 81% F=rt B
ugton, 10 g/m? FlTolA Ho) eSS dell 2R
o] agoe] EEFE & 4 JUch(Fig. 4(c)). South Shetland
759} Elephant 4 S0 tfg 28] ¥EE I54
o= mobetr] 98 CCALMR-2000 33 FAH41(1999
d 128 420008 3 28), B 4T A7 A71E
o7 Aol7} AR = 128 55 7l Elephant 4 T8
o] 38 9xe ¢ 31 gm?e2 Yeiton o33 Ix
BE¥E 39 271 A4HATHHewitt ef al. 2004b). T
A, B A A7l #2249 113 gm? Ha dEs 2
Y o] o} Elephant A FHOZ ol F3hA] Y%E
S BAF3 ot

Elephant 4 5& 9J8)(44)

o] Z19-& Yol South Shetland XS A} SACCF
£ ug BE%H0 2 A& olFdle FEE, dFY 14
oz(124 39, 109, 179, 23Y) AL olFolA 12¥
A A7) AR g UE BEE S 4 ok AA G
S 723 b HF EE 120 kHzolA 13.6 g/m?%
ok vkl F 2= R HA Bt o]t 83%E
AAIBE, 15 g/m? v|eke] e 3 D=7t HA Y 60%
£ A3 HF U5 B9 o} Wi 4olA] Elephant
4 Fu3) v)3 BEE B3 QUthFig. 4(d). ©l A9
o] 28 YEE F2 olF AEE wel South Shetland
Z59} Elephant 2] 28 A=} dF AAE F1 3
A Age WAl =Hedl, 128 se7A dEE W
R o] AG7A] BAZQ AYo] &3] 9gka-S vt
2ani=%

Elephant 4] - South Orkney & 57HAS)

S AR 1,097 E A A A9 7hed 7P |
& A GojjA o]Ro Rt ] AHE 5 2T Ad
ol B UEE 181 gm’E ¥ U5 EXE HAFT
e}, Elephant 4 FH3% 5F 9o vla] ¥ A

58°S —

59°S -

"\ South Orkney Is.-

64°S b

Fig, 5. Temporal variation of krill density during December
2002. (A2; Bransfield Strait, A4; north of the Ele-
phant island, A5; intermediate between Elephant
island and South Orkney Islands).

£ Bolx gt} 1vkY B Uk HEFA A HE o]
317} 70%= Elephant A F3 5% 2s]of ]3| o=
o2 3 3ol YUK Fig. 4e). T, +F F
A 74+t AZ] 121§ Elephant 9] 5% siHthe
Fz& 3290 South Orkney &% BAIZM 28 W=7t
=7 e T At o|# @ = X Scotia Sea A
A2 AT B85 A%e 2 olF IR 129 T4
9| Elephant A FH4 @& WEE I W, South
Shetland % — Elephant 44 5 — South Orkney 49|
o]% AR Hrole 3% $Z(Weddell Sea)— South
Orkney o2 A== olF AZZ5E Ado] fUs
< $AEL A

South Orkney =& 547 39(46)

o8 ZAR= 129 5~7, 20~21¢Y Afolof] AAE|Qon,
#2285 A8 71e-d SBACC ]3¢l &9 59.5%, A7 48
T E2 AGT ol 4digitt. B A8 U 217 gm?
2 Elephant 43} South Orkney %2 F%t sjH Kl
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Fig. 7. Krill density estimation from numerical model. The
model was made with yearly acoustic data (filled
circle) near the Elephant Islands from NOAA, USA.
The blank rectangular represented krill density
around South Shetland Islands, which is obtained
from acoustic survey of the Korea. And the dot-
ted line indicated apparently mean Kkrill density.
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