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Biomass and distribution of Antarctic Krill, Euphausia superba, in the
Northern part of the South Shetland Islands, Antarctic Ocean

Donhyug KANG, Doojin HWANG* and Suam Kim

Polar Rescarch Center, Korea Ocean Research & Development Institute, Ansan P. O. Box 29, 425-600, Korea
*Department of Marine Science and Technology, Yosu National University, 550-749, Korea

To estimate biomass and distribution of the Antarctic krill (Euphausia Superba), hydroacoustic survey was conducted on board of

R/V Yuzhmorgeologiya, which was chartered by Korea Antarctic Research Program (KARP) grou
in the northern part of the South Shetland Islands, Antarctic Ocean. The scientific echo sounder Et
Norway) with echo integrator (BI-500) at 38 kHz frequency and recorded mean backscattering cross-section
per 1 mile’ of sea surface. Also, Bongo net sampling was carried out to determine the size of krill and CTD

500 (SIMRAD
coefficient (SAS

from 18 to 21 December 1998,
owing body type) used was EK-

(Conductivity, Temperature and Depth) casting to understand physical structure. Water column was divided into 5 layers (22~65m,
65~115m, 115~165m, 165~215m and 215~315m) to know vertical distribution of krill biomass. The standard length of krill
collected was between 30 mm and 51 mm, and adult krill had single mode (41 mm). Maximum horizontal length of krill patch was

about 35 nautical niile and vertical thickness was about 275m. High densi

of krill was appeared in frontal area between

Circumpolar Deep Water (>1C) and very low temperature water mass (<—0.5C) that originate from Weddell Sea. According to
the results calculated using target strength equation, krill density was totally higher in continental slope and open water areas than
in coastal area. In the study area, krill seems to distribute in depth; density was low at first layer (p=17.0 g/m*) and higher at fourth
layer (p=40.19 g/m’). The estimated krill biomass at total survey area and water column was about 2.77 million metric ton (p=151.0
g/m”) and coefficient of variance (CV, %) was 19.92, The proportions and biomass of krill biomass at each layer were as follows;
layer 1(11.3%, 0.31 million metric ton, CV=16.24), layer 2(13.3%, 0.37 million metric ton, CV=34.91), layer 3 (23.7%, 0.66
million mefric ton, CV=41.5), layer 4 (26.6%, 0.74 million metric ton, CV=27.84) and layer 5 (25%, 0.69 million metric ton, CV=

26.83).
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South Shetland Islands

A

rhu

¥ (Euphausia superba)2 ‘=3 sk eh Aol A 4
3he ¥AAE AFde
TEEFIE Vted MR &

A A o] =AY
o FAA TEY §F Hydy
I 9ok weA, Fes A AE o)ty
el ikt e] folee 2
grefstefof gk, A 2de) A7 A
FAbst 2 9o} (El-Sayed, 1988). A8 9
of of 36 & AEN2Y, HZde AT
Az g2t (e, 1999). of2jdt a8 X 9
Z2%8S Bo HE9) 317 Y3 @8 AE 23
add &g A57F A8 AN dFsA FAHL Uk (He-
witt and Demer, 1991; Sprong and Schalk, 1992; Zhou et al,
1994; NOAA, 1997; Ichii et al, 1998).

Ade FAM (Polar front) I 5 1§ Aol 9 circumpolar
T2 EX¥de Aoz zAHJASH (Marr, 1962;
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Miller and Hampton, 1989), & X X9 Mo} 23
glotal, A43] 5ok B4 sdojn, JEY, HAFANT T3
¥t (Antarctic divergence zone) #2222 48 A Sttt (Amos,
1984; A %, 1991). ¥l 3 dz g2 2% AdHe gy, 2
g9 dEFe 548 A WY x g4 #F A4 5
d i Az & HAE Holx gt} e o]fe ¥
ZAel o] mj 2 AFE UL B ofUzY 52, GE, FHE
THAE Sy Bxol 22 374F ¥ a4 23y ¥y, 1
A A8 A% §9 w8 wio X} FUSA E3

Zgtd| 7]
daan A £t (Amos, 1984; Hamner, 1984). A% 71#7}
AAET e FFWE HAE9 South Shetland X9 Brans-
field P A ZEY L7} o § & A9 el
ol EAlO 9 A Fod bz o YA 28
2ALE A8 G (Hewitt and Demer, 1991; NOAA, 1991, 1993,
1997, Gutierrez, 1997; Ichii et al, 1998). South Shetland TE€
B&o2 fNYH Y %S AE8IE Drake Passage, 5202 %
43, F&ol = Bransfield 1Lz 4o Qg of Ade
dES HRe g8 4 AT E 8 HYPAY 3€ 290

o] 2ojA R o™ (Ichii et al, 1998), "=& #HEFYr=
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(National Oceanic and Atmospheric Administration ; NOAA) 9]
I AT 2F 98 “Antarctic Marine Living Resources”
olgte ojFog o A9dA 19803 FHHEE 10 o W Bt
A% 23 A 3 HFEE A4S AAE 23 Ao (NOAA,
1997).

South Shetland T%= FHAM FAHE Lyre 28 # x4
w3 FEa AL WA FUAT @AAA] A7 43 s
T8 (water circulation), 4% 87 (feeding environments) L&
3 4+ 27 (spawning environments) 5°] I ‘—T‘;SQ] sz3

12k ¢eix ot
g3t 4 ¢33O 2+ Antarctic Deep Water, Winter Waters
d F EAste £HY A9302 YHHE 2880 (eddy) &
TE, 8L o] &3 ¥ F (geostrophic current) A4to] F& o]
FolA X Qo HZH Ho|lZ o|&do EZ 5E (Ichii et al,
1998) %, 2239 47 (ADCP)E °ol&3td (3 7, 1998) oI

of Aol N WWHL S AFE W G

$39 582 2SS 44 87 A7E F2 289 29
wolol 4EEFALY 2X 2 FRo| 0@ 7AYo AL

AEZFaE di4 (blooming)ol Yolut
289 HAd =&L F2 itk Miller and Hampton, 1989).
T3 ¢ 5L g NFRdA %02 T=2E Circumpolar
Deep Waterd] &2 A8 fA49 24 o 4&E&0] F7)8q
& A 870 3“45“3}

ade 4EF 2 REE
of AH&3tdt. 2, o
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A8 IS B
1} (Kalinowski and Witek, 1980; Everson, 1982; Miller and
Hampton, 1989) AA# < EAde &4dE 7z ot 282
2 gREy ZAe F 7HA Wyl J-% AHEE T Sl

dadldMe e FHe ST FHEo Y 2¥ A9
Fo] X 3 HEFE ZAMEY 1’]‘5"}"1 A5 21t} (Ehrenberg,
1974; Inoue et al,, 1985; Everson et al., 1990; Hewitt and Dcmer
1991; Zhou et al, 1994). °12{& o] AZHEe olfE, &S
NHE BT AL ZAME F doH, Fo 4 %ﬂl‘ﬂ adg
o] THE o|F& B4 U, OE % (Euphausia crystallophias,
Thysanoessa macrura)®] 3 4@ o2 $32S H447] o
Folth (Zhou et al, 1994). 198013 Fut o] F aY 2ALE %
gEEe] FF2AA AAF (hullmounted)F o) 1A (towing
body) 9 MAMelA A3 FrFE 38, 120 kHz ojn}, A7
AME $E target strength HEE °] 5 FIFE Qo2 A4
8ttt (Foote, 1990).

Lelvele 9= MRS F9 A9y HYEA =
Y FEEYAE ASENEH A¥Y EIE FEHo=
gou (A 5, 1991; Lee et al, 1994) A% 7147} 9445
King George /8 320 Bransfield 313, Weddell 3] %A <<

30 it f2 X Hu oot X
2
M

G3NE F Y83 Elephant 4 244 £2 d+E
o1 South Shetland T% H% Qe AFE 44
metA 71&e] AT 2RE 3 @] FRIctn 42X South
Shetland TE 5% G4 2EY —rE 2 }%%} gtets 93
Ne s B 2Abe vl 3 247} é
g dFe o] AYe AEE YxHe F
A A7 Y BrtAe Algdelg, & °4%L
ol Gt South Shetland T5 EZ YA
71 o) &% d& B AFE 0136}01 AEy FAHEY X (T
3, FAEY) 2 A9F Jgs FEHOR YL £ AY
AME e EFAE UEES o)E% AFE HAs }%ED%,

g o] &3 AT AAY £ F2o FAHH FAL oty
23 I 43 XS FEsuA g

ey

A2 Y

A7 A¥-L Livingstone 47 King George Al T =0l e
South Shetland & 8£02 4= &8 AN oA =2+
g3 87 (Antarctic Circumpolar Current) 2] °3d°] ARHo =
o Ae Roltk (Fig. 1). ol Q& o 30 miles] F& 7HAm €2
5% (insular shelf, <200m)22 A= e A% (in-
shore area), ¥4 AAIH A2 t& 449 dl57t i gle
A9 (frontal area) 122 %Y (oceanic area)?] 3¢ &
F 7HAZ ik ZAF 71702 1998 129 18~21Y olieH, 11

7he] Ao Z FEFA 407 miled) ZH S8 L 4
BZo AHgE ZAMAL 50008 RS 2AoF ZAMAQ Yuzh-
morgeologiya AT,

€% D5 AME 4 97 38 kHz FHFY A
AE ARG (EK-500, SIMRAD). 2879 £X 4§ 383 ¢
71 HEMe dAR e FAE dotor B, o]F H3tq doe

A tHoR £ 9 £AE #Z3E Time Depth Rocorder

41 4

41 -

Latitude
N

1 -

Longitude

Bathymetry and acoustic transect line for the survey on
December, 1998. C (1,2,3) represents CTD station and
B represents Bongo net sampling station.



g3 d4E2E I &Y H99 28 X 3 YT 739

(TDR, VEMCO Ltd)E o439t} TDRE A Wi %
2l vf 200t} $4 B £28 &AgPeH 49 £xe A
ZAL A9 2H 8~9 knosZ A9 YA £AsgS. 28
T BEY FAL A 27 98 dAFuel dxgd
TDR A& g 27 A el A 2A 713t 234 F4]
15m WY E FA3gen #22& —01~01tC Q9. 2822 &
29 AA F49) A Aolg dI Folof 3N wely =
49 A4 &4 F4x dshA do.

38, 28 A4F Aol AHEE dg BHAEASF (mean
area backscattering coefficient, Su) A14& 913 92 AR E A7)
#3 1 2ot GPS ASE AFEHA 98 Azed, 1 Fa
(nautical mile) @ echogram, S. #3 ©lEo] ZAJHY $JAjE
ZAHE 29593, 5 88 BHHSZ echogram™ AL AL
A Sy S BI-500 softwared o]-&3ted AZA A (Fig. 2).

7 g 2ol o AESH FH L ALF AL 2
2% A%E 299 Target Strength (TS) EXE &7 93t A
44X Bongo WE (& 333 ym, 505 um) & o] &3t A&
Azsgd. 29 ARe HA s ggd U Aldelgla,
ezl e B 119Y ggold. YEY dd&Ew 3
knots® FAEQAoH, oF 300~400me] L ZF ¥, o A
T & 30~4087 AL AAFEY. =¢ UEY o9l HolE
&7 g8te] o) AAvict TDRS o] &3 ged 160~300m Ao
A AR "o A48 2L 93 L2 IFNAY 9,
#% oy s 548 F4Er] 3t FH sdY A HA
A CTD (SEA-BIRD ELECTRONICS)E o] &3 500 m 7149
F& 2 42E EFAY

GPS data
Display Unit Workstation
(BI-500 Software)
Color Printer
Sounder Unit
(EK-500)
Transducer TDR data

Fig. 2. Block diagram of scientific echo sounder and data flow.

A Zze £H

EK-500 AZolzexzoh o3 £Hd HALNRAF Si(n
mile?) 9 AAATAE S, ()Y Aloldie tdgo A A
Eig=y

Sa=4n - meanl [ Svdz] - (1852 m/n mile)? (1

Sa

8= (852 il - (1) @

A71A, o ot FFHEY F£4 FoL, & dTAME GPS
HYAE EQZ 1 n mile ot $£%EH (0. mile) I 499 F4
A g S A, $9, TVG (Time Varied Gain)®
20%jogRE ol&3tgem, B3 AEF 45UV BLERH
200m ©]39 FAAA gaind YIUde Fe EHAE Y47 A
gt YTl fle XA EFHHE S.& post-processing HA
A AAFAD, o] ¥4 A, ANBLZEE 200~315m 5
ME null Sy 1092 Ve, #34 448 &% dFsS
Table 1°] JEIY o, B2 £5& 1012 E2l3d AE8E HE
3t et

MA 23 (Calibration)

A% e ozt AA B % A B 199849 128
26 Livingstone A %9 2#9Ql 7]x g} E7telo} 71A] Ateld]
1= South Bayol A A A8 et (S 62° 38.61°, W 60° 2368 ; Fig.
19 & AA), BPL& WAZE (target strength, TS)2) izt
42 e BATE AL Adged, TS $4A o W & -
4 57] o5 (TS Transducer gain) @ Sv ZAHAY & - F£717] o]
% (Sv Transducer gain)2 W& 2o 93 TR

TS Transducer gain=

TS measured —TS sphere ()
5 -

OId transducer gaint+

o 71M, TS measured . EATFY &4 WA
TS sphere: A9 o] & WAL E
OId transducer gain : B3 BA9 %+ 17| o

At

S, Transducer gain=
10 log [Ss (measured)/S, (theory)

Old transducer gain+t @

& 71A, Sa (measured) : EA T8 &4 RAMAAS
Sa (theory) : BR T o]& WANTASF

Table 1. Transducer type and parameters used for this survey.

Parameters Value
Frequency 38 kHz
Beam type split-beam
Absorption coeff. 10 dB/km
Pulse length (medium) 1.0 ms

38 kHz (broad)
0.38 kHz (narrow)
Transmitt power 4 kw

Bandwidth

2-way beam angle —205%1 dB
Transducer gain 280+ 1 dB

3 dB beam width 7XT7x1 deg
Ping interval 1 sec
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E%‘Al 3 52 20T, 422 3393 hoy TR 112m 14494

A B R A }-*}* i‘r(f&"é) °¥W < 1413%
BSA AgA Y 3 =& Q. Adv (R =
i@ﬂ"ﬂﬁ ‘f‘a‘*ﬂ?’f}% 7132 %'ff&% 2344717 H3tef G elA

rzi
o
B
B
lgL
—- .

€ 3 ofd 5m FAd AT F, 2P F9F (acoustic
ax1s) el *éXIE]Ei Al 2L 3 ol BATE 2443

Aol AAe] F7t BAT TR FAE 7XE AAINAS. BF
of A&® T 357 (copper sphere) 2 Ao} 60 mmolth X
A7 A target strength (TS)T AP &) wiel W3Ich
#HE 9o & d2 2 MM +=4 28 E Mackenzie (1981)
9 55 AN E o] 319 1456.79 m/secE ©14 38 kHz =¥l
o Ad) TS B2 Zold wet —33.70~-33.80 dB o]t} (SI-
MRAD, 1998).

B3 A2% AR £ old transducer gain #& V1 EFOE &
38 kHz A4l tdt 7t ping? EAF J& TS, 4, S35
g3 247 9 2389t ol TS threshold 2 —60
dB, ping 73 122 g, #3d g2 ZTAEHY RS-232C

Aol &g %3td XWE}%IE} BAFI &Fo B0 T 308 §
o #zadon 2AE Mg 13397 ok Split-beamd] E49)
FA Y43 el 93t 5’_2“1 T YAe AMEE 7o
2 athwartship Z=€ 78%7F 49 £, fore-and-aft =& 98
%7t kel BEE Holx e, AT S AMHE rjFez
F4 243~27mE FAFL YU TSY FE= 771 259 9
A w —342 dBE At TS —3375 dB 9= 045 dBY AA
ZE Zol7b wAQY, FH, BHA A} TS gainF Sy
gain& 265 dBZ 4 (3)9} (4)& o4 A2 gaind 2673 dB
olitt o] HF AREHE EF FEA AT AAMY FHEe A
A #FxH 023 dB ¥A 4AH &S ¢ F UAT. wtA,
A (DB Q)E o433t HAR gain FS AA FHZF 5,0 ©A
TH . Fo AL Adn 334 dojA SH GIN2EN 57
dgsch

Rigig A
BEE AF PP 2E (Ve ARUY 229 a3z

B A5 A5 494 Folgte S ¢ YR
(Foote, 1983), 289 A% (¢4 Wag agdy)e AU
T AZNFAF (8)S 9 A8y T 9ud (9o u

o224 A4E = 9ltk (MacLennan and Simmonds, 1992; He-
witt and Demer, 1993). £ 282 AA % p (biomass, g/m?) <
A 29 Foz AN F U A8 & F37d dE
299 g x4 Greenes (1991)0] A¢d HHE AHE3t
Atk &, CCAMLRAIA A|et8t 120 kHz F3to] gt 289
A Azdny A9 § - 59719 34 (wavenumber) 25-E
B AL (correction factor) & ©] 8§34 th39 oz At A
o,

TS =10 logio (ki/ki) =~ 127.45+34.85 logio (D
=—132.44+34.85 logi (D (5)

238, 2Y Zol (I, mm)d WE 38y NEFF= (19 ¢ ¥

At dR A o (41002 ohe 3 o] xdEE

o=4 g 10713 348 (6
g8 A7 AddM AHP 289 EFELo (mm)E Makarov
and Denys (1981)7F A& & (rostrum)o] A 228 (telson) 7HA]
g 233909 T3 AF (w, mg)e 5% 34 30 =2
de Zojg AF9 FAE Uiy oz e

w=0.02286 (D> M
agez AAFE A3 AL 4 (), (NDEFH taF Zo
vt A ",

p=(Ss/0) - w=9302 T §, (8

4y g AT A Zoly #
F2 pdsgdenz 9 A& gy gutFe He] Fxd #F
2oz wHite] Fojof g} S, BE Hol9 I 9T g
oo aYY BF 2ol $EE 9 A9 Feaol ek o) 3
o A7 AdolM HFT 2de FFE Aol A W=
(relative frequency) Z#E o] &390, 21382 AT A HA
#2d 449 S, A2 RE A Ho| £XF 1 de A
HE AAF A2 oldg 2ol vehd £ gtk

HelA HEH BE FEL
Ao 7

p=9302 2 £ (1) 5, o)
471N, £ EZAR [ BE 299 FUNE, S h=1

A YAFE A7) 943A Jolly and Hampton (1990) ol
o8 AtE WS o] 43} Jolly and Hampton (1990) ] <]
3 Ao A #3E &% BT U Fd % A4
22 188 & glon, =% 59 7 B¢ A 2A AGA
2o ARE e AE2 18 § 4 Ao (Hewitt and De-
mer, 1993). IH 22 2A g9 HF AAF U= ()& AL
371 A3t 2 FHAA dojA A8E 7tF HT (weighted
mean) 3t °]§ gt

p= Frpcn (10)
71, p, =R ZA9 7 9%
p=i1% AAL | n mile2 4 A &
N=AA9 %

a2 9F YA F Do) ¥ (variance, van) 3 A3 A A
(B)& trg3 o] XYt



Var(P—): Nljl Z(é)ii_p)z) o an
= n’
oA7IM, Ae AR ZAF AF (mDoln A YA Fe WEFsy v

B4 (coefficient of variance, CV) = ©<# 2t}

var(B) = A*Xvar (p )
B
cv= @ (12)
24 1|.

22 . dme) 257z

CTDE #Z% Al AH & South Shetland TE] 2o FA
go] 9lE o 30 n. mile? WNEEH 3000m °l3te] Ay A2
e gAY AHolth A Y EF 2N 30m AAE EE
%% (surface mixing)ol FAHALH, ol F 33 & 25 ge
EAL Hol: 3} EF E¥EY £ 2 AR EXE C1Y)
A= 01T, 33.95%, C2¥ 0.15T, 33.96 %, C3& —0.1C, 34.10%
2 A%Boz 245 dgol Frhaad

Atde 7t B CldAle 98 §99 971 EHgte A
22 YERt 90~150m FAME ~03~-06C & £ELE
tAs H4 X% (cold water mass)S FAL Yed ole
e AL 7FAE Winter Waterd ¥%o)t}h % 200m
o3t M= 1.4°C o] 49 124 (warm water mass)7} FAA v
ElbEs o] %2 Circumpolar Deep Waters 38 7142 ¢}
o} (Fig. 3-a).

AR GE AT 32 ClFEe g8 G4E Holm Yt
30~60m o FAHE -02C9 #2 EXE Winter Waterd &
H&oln, 100 m7FA 8] 43t 422F (thermocline) & A £ 300
m 744 —1.0CY B F23o Ygua it (Fig 3-). o] &
& South Shetland AFH-E @i} 2= Weddel 3ol 7198 F+&
AFdl ot Ao2 Weddel IZ%H King George 413 Ele-
phant 4 Ao ZU2E #ifF7F TEY AHES g GAE
o2 s2w AR A4dr #F x99 FH & O3He
5n mile A5 A oo EARFATN C3 g UE FAFL
L’rE}Lﬂ—!— 100 238 Cl19] FAFz7} FaAe g Ko

A Qe Aog Kol Yudn dUddS w zes £
o2 HdE (Fig 3-b). A 39 ZE AZE T-S diag-
ram®] YEPHE W, C17} C27F 2”9 § 29 3& YA
ghibzdl o] 37t Circumpolar Deep Water® UEhln | o}
Hg9 ALFE Weddell 3ol 7198 & 3o} (Fig. 3-d).

l

HE 224w oF §~12
Ay zpol7t ved 2 2ol E RET e 4R
o Ad BlAM UME A 23 22 93 Salp? 9% Ao
" Az Aole UAE of A A echograml ZEHEH ¢

00
PRy s -ua
(o) (b)
sor sof-
ool 10|
130 150 |-
T wor T wof
= z
§ = E of
300 |- 300
3501 sk
ol wol
ol asof
Station ¢ C1 Statlon : €2
1 Des 19 1098 2343 Time : Deo 20 1MA3 00:24
00 00
et
e o e o oo
Sakntwiren)
no e Tor om0 s
P 2__ 2
(c)
sof
T-5 diagram
oo ] 20
L isalin (d
ol Vi
20
E ®r
g i E Lo
£ somg, § "l
8 i =
it o
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300 - é
§ ne
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w0l
2.0
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Statlon : C3 R -3, . L
TWne : Des 20 1908 OS:14 Vi n.0 .0 35.00
1l Salinity (peu)

Fig. 3. Temperature, salinity and density profiles at each sta-
tion and T-S diagram.

270m otfeld Ze Y ZHo] EAEL, 20m FEFAE
o] A FAo] HA Y& ‘5—%‘% Holx YAt HE A
FA 400me] AolES EHov TDR #Aao] 9543 44 o)
AR FAHLE 160m%ATh Wb 270m ok EAjste 2P
Aol FHUL SalpT F2 Fo] AFE Aoz Yegd, FH
B2olAE o Ade] 10704 ez Aol H vl &
&9 o] Y echogram 4L ~275 m°ﬂ"1 aYTo] B
HEA tha AeA EXIAG T3 AL 600m ERoY
Al AF F4L 300m o) 12 1"} A4 349} oL " A 719

A7y YA FA Fod, olv T AT
ol W& Aoz AvtH

A3 Bl B2ote 28 2L Atdd 448 33 B3y F$,
FARY A5 #¥o] YA ved & B A 7] echog-
ram 2H2E 145~275m A FHAA Z3 AEFo] g YA
3tn EAsts oz L}E}‘»)Eoni HEE o] &A= 320 /HA ¢
adE Assch olm AolEL 600 m7t EFF o, TDR A&
o &ty Hof AR FAL 2600mZ VER AFY 23 echo-
gramol A UEd ZE7S BHYdte Ao ¢ 4 o 229
RE dole 3]" 30mmolA H Slmm7A BEEXE YElWe
o, A 2EL 4l mmAlA e med Yehga 9o 30
mm "2 HA4H 2¥e AFHA i (Fig 4).
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4% (g/m)E Aok AL
] 10709 4 & 7Fd 65m % ";—‘
28 A &5 FH)7} GUAA
E g Ar= ok 4 A
(2 m ZoNELZRE 315m Hold o2 A% Us
12 Jed 27 dAFoz AJgroge dEAEY
z2 _E_E_E_ odouq ZJ/HBii__ lu] ;(4)\-]_,] 75‘7} 213]
o Al 3T A M sked | 7, 8, 99 FHY %
a8 1199 A B ZF Ax E¥s Jegc o
AT A sz 7 dRAM L IxE
o2 Hol BRI} AFH Ad M 4HASE & & UK
(Fig. 5). £¥ ¥ $2 29, 10~100g/m?e] X7} 7F% 2& 429
%E Holi ier 500g/m? ol LEEs HA S 78%
dgstAct 7MY 2Tt 2 19l AAe 7 BN
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1076 g/m’2 et on], AP e 11 H FAA A=
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e A9 156% 9ok A 29 HHF DEE 1510 g/m* Y} (Table
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Fig. 5. Horizontal distribution of mean density (g/m*) of krill
biomass between 22 m and 315 m depth.

Table 2. Krill Abundance estimates for the survey at each la-

yer.
Weighte M Biomass

Layer meagn Sf blomasts:a(g/mz) (X10° ton) Ccv (%)
22~ 65m 33.83 17.00 3127 16.24
65~115m 40.08 20.14 370.5 3491
115~165m 71.34 35.85 659.5 4149
165~215m 7997 40.19 7393 27.84
215~315m 7522 37.81 6954 26.83
Total 151.01 2,777 19.92




etz i (Fig 6-a). ©l *iow A AN FF L 17
OymE AsEAen o 22 BIE vlY +F ted
g B¥o|t}(Table 2). AA A £XZE 8% A FolA 100
g/m® vlgtel ¥ X8 Hglon (0g/m® " —612%, 10~100g/m
—-369%), 100~500g/m*e} BEE 2% Ak 1,000 g/m? ©}4
o I¥xE B¥E A 2AgA dgon FA swe dEE A
Aol M ¢ 6 ym’E M} e BEE L}E}Lﬁﬂ AR
65~115m %9 BX
e il AR

BE7 718% 9
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Fig. 6. Mean density of krill biomass per 2 n mile at each la-
yer ; {(a) 22~65m, (b) 65~115m, (c) 115~165m,
(d) 165~215m, and (e) 215~ 315 m.
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01gm?e g 4ERude 4 Jebdt (Table 2). 019 2
A B2 HA L, 5 108y F

AR

EEXe AA 283 1139 43

BRAM 29 ZNe AFe g FAAg 1959 F3Ho| §

AEY7) qEUT A Dre AA 2HlA 4544 g/m>% 0.1

AA 2R AS ok 7 mile, A4 11W9 A$ & 8 miled] BA
0

29 (Fig. 60) o] £%9 HE YT 35
o 2w ol EA Yebgtth (Table 2). 59
1ol 2t B22ZA ¢ 22 n miled] 24 ol $ A8 ofo] ¥
J A A3 AL A A3 deg 843g/m§ 29
ot X g2 By ok g9 %9 A 100 gym® HIRe] #
¥E HYAT 10% 5 AASE 100~50g/m* EXEL 05% 8 #
AgE 00gm? o4 NTE 2E7 ALF ZA FFE v

A 1L 21%15}.

=0 3015% 165~215m 29 BX% 1,000m S44L 74
AR AYGH ) FAHAN gutd BEE How] HAHoZ
120~170m 3% R4 2o} (Fig. 6-d). 1,000 g/m

1 £EXE Holn
2olge wu% B¥E Jeh)x] @i A 1 3, e £
A7 AH THY F HEAA 116 52 xmﬁ}% 100~ 500 g/m*¢]
IYUE B¥7} A A9 A¥L FUG o)AY o A
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Ago A A e @1 4% FMANY ZExE
Hehte Rez Heol adye] dAF Isg g4 dv £
Follgh ZatA 2XEE & £ Atk o] #59 HT YEE 4019
gm?e 2 A £ZF kY b & EEE 2YT (Table 2).
B2 A8 F /M FFA 25~315m F 9 T LEE 37,
8lg/m’Z & FEE Holx: I} o3 Exe HM 1y
3 FleElA 849 < 18 n mile A2y ZEE ZH ()
A% 527 gm)H 14 n mile AT 94 Hdel A% IF A&
}“E}(Fig 6-¢, Table 2).
Z(02~315mdAM FA4E AEFLE o 2779 E (Cv=
19.92 %)21 FEEZE 22~65m oA AA ¥ 113% (319
E, CV=1624%), 65~115m A 133% (379 €, CV=3491%),
115~165mol Al 237% (66T &, CV=415%), 170~220 mel A
266% (747 B CV=2784%) 282 215~315mol A 25% (693t
E, CV=2683%)F At} (Table 2). c]d3 AAZREH AA
%Xéf‘l AZ AYFY & 75%7F 115m 5o EE3f] 2P0
ESHUE £% o3l 24 £X¥L & 4 o
F20of £EERL O FEIFO( H
Al AA A AAE CTD &zf’— i*} A 7k FA 5
W] 3,000, 2,000, 1,000 me] SANE ot AAEHT Sz}
27, 387 9% X = CTD A% 13 299 #4 165~315m
A ¢ 2A dERD 993, 170m 4339 3$ Adae
2 9e 9 Y& H9u &H CTD A4 39 A%, 120m
FERAMT 10~100g/m2e] £XE EHI o3 FAAX = 10
g/m? Ulke] o} ¥ " e
CTD A2 Hws 2y 2859 BX= 1T o)< Circum-
polar Deep Water (B C1 9t AdZE A A H Weddell 3]
719 £ e —05C o3ty ¥ 2xF (C3) Aboldl &)
o (frontal area, A C2)NA d’“ﬂ Aok, Adge
%%%% A8 o™, 200m olste FAdAE
7t e 2% S 7 FAE Holx IUTh

r_ér

]
2k

) ol A IKMT (Isaacs-Kidd Midwater Trawl) &
3 FEEZFIE A A 3w TE o)9ex &
&% 3 EE (amphipods, copepoda, salps, other cuphau-
sids, Thysanoessa macrura)® %<& H£& AAdn o
(Loeb et al. 1992). oleig 2 FFAEES ¢ Fa
Az7 28 A4FE 57}*]?——_] 7Hsol e (Zhou et al,
1994), Wiebe 5 (1990)©] elongated model$ o] &3t} A 4tst
A, olgo] ¥ AdFd A FFL AR ¥ 10% v
22 Zg Fojgtx Y. 53], HE e *& AA}E Sa-
Ips (Salps thompsoni) & Aed AL HLo 2 FAs ] §)
9o 25 thH) (density contrast) 7} 2Ho} -S-3bo of 8 Akt
Zert okste] Fubatd Zwst Fox 3o (Hewitt & De-
mer, 1993). 2HEZ B d7 AQelA YEZ AJd 249

71E9] g EUZ #2E % ARE 2% 9% ez
AR ALFE oS35
WH29] echogram FE7F 71EY AT AFH} FASA Fo
He & 439 ?—-_Wﬂ Hol& 7HA A glon} dRgME
g ¥ Almu} Z, 4 250 m *oi‘%oﬂ*i
I Qe 250~350m FEAA F
NS Yo dl= point scattererd 57
g7t A& o2 e Fev /&Y A7
T X SA%E Y O Aoz IYY
olFd kel itk dSHAA HZ A7
5% A8 9% ]w (Electrona carIsbergi)
A B AFA FHE AUF] oAF
4 & d7 FPdF MER XH“Q AR E
THE T gt g FAHHE 28 AdFo] AAEYG B e
(over-estimation) 7F57dol ith
1980'd o} F I B 5H‘f’1°1 Elephant 4 F%¥ 3 Brans-
field AN 28 29} Y 4 < % 2AL
A 71 Bk (12€~28) AF5Hoz AP oM (Everson,
1982 ; Macaulay et al, 1984 ; Klindt, 1986 ; Macaulay and Ma-
thisen, 1991; Sprong and Schalk, 1992 ; Hewitt and Demer, 1993
; Torero, 1997 ; NOAA. 1997 ; 73} %, 1998 ; Castillo et al., 1998
; Gutierrez and Vasquez, 1998), South Shetland 2% 3| L3
o2 A79d 98 2A7F 5 A0k (Kalinowski, 1988; Nishikawa
et al, 1995; Ichii et al. 1998). A|7]e] whet E e £ ¥ 93] ¥
AdFo] Aolg Hold QA I AP gHE EFZ ¢
A Elephant 4 F<AA FHAZ adTo] FAHD, Ele-
phant 43} King George 4 AleldlMx 2 +3¢) A€} o
AEA 2ddEY BE F4L 250m 7HA &35 ‘/‘rE}‘)'°‘+
F2 150m FEFRAM & 7S AU o]y F X &
& 2 A7 Age & Roz dAxW Hol ol & o &4
(A, g ) 4 Aoz A4y, dA2 A7 2Dy
é??_l Bransfield 31 @lA 39 F<k (1988, 1989, 1991) #3573
A% A=, B3 Aage BA 2, 52 GF 7249
gloy Ad@Ee Az gz Jeyd o gd ¢l
o ¥4 @ EAte) dAg B e wet a¥FY
FX7F 88 sbsAol A7) WEolth (Gutierrez and Vasquez,
1998). Macaulay 5 (1984)2 8 739 34 24 € 2iH+=
#3E (1) 28] gy AAHg wd “}Vi}ﬂ 3*° ZHE9
Rol7i} olF e TAR B & #HE ¥ &
Ae FREYG FHA He @A (2) E 23/ E 4% A 3)
THol 24 w71A 2~3Y B¢ FAHT A (@) #3349 2
= 5
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2t By, &9 939 23] 1,000 g/m?
bk #3o] dEu T el oldE uExxe HUE
E YF AYGQA Yes £ Ao

ge ol dF ARdAE F2 AMd U5
Ao1dol 91om, 3000m ool 9% A%
agFol A velA e FEHo] ok Nishikawa 5
(1995)& olg gt Aot e 1T ¥ X E Salpsd} A& SHAE
o] AEE o] &3to FAHNAEH HE EFAEY FEE Y
THY HEd H#stL, Salpse FHHH&HA et ol E
A%E Salpsst 2 Alole MZ o] A #AUYL FAET
ek, 2L} o] A Gl FAHE aLEY Z 4AL HETY
AARGE A7 Ay 2L HYEA HsEd 8 o 2
FES T3 AU (Everson and Murphy, 1987). 4 o]49 =€
AEE o8 of AFoA AETY 7HY (recruitment) & 34
(sea-ice) 9] AAAL ALl o] A FHHUS o 27
A4 (size index)7t A Yepkon, syo] o8 we 27] A
7% &A Jebdo} (Kawaguchi and Satake, 1994). 3159 729
Antarctic Deep Water, Winter Water, Weddell Seacl 7198 £

L

4 ol A2 We AAPoE ZE B& A X AMY0)
YAHL, o A g& F7+ FE (100 km TEIY &
FA 2EE (eddy)7t AHHA olEdte ¥ AT T
& 4879 £ 20¢ 23 U (Everson and Murphy,
1987). ol&i & @3 AYFo A FAH< Elephant A FH
ANE BEol HAUTH(AH A, 1998). 28 AW 2EE Fd
e A7) 2o A 9 5] gled sleked Kils
(1979 a, b)oll &J3td 280 A9 F4o] MEY] HiME 10~
15em/s8] 7% 8o HAdYy, §9 £ 20~40cm/s T
2 ojgeln o]yE f9L B U4~% FAA A5Y £ Yt =
3 A g AR Ao dE 39 £E& Zol9 114 A%
%4 (45mme} Ho)g 71x A8 AL 9 05 my/s). 1BEE A
7Y o)F e AA §9 THH A7 Sxo Pl wet =27
AR g2gx a8 FHo FAHE olfe N¥H AFY o
Y3 #¥e] Yeg 448 + gt

Elephant 4% Bransfield ;¥4 F%, South Shetland #%
229 g AEe §233% ZAMES olF1 gd §¥ ADCP
(Acoustic Doppler Current Profiler) #Z Z3}, Elephant 4 F
A South Shetland & EFd= 77t A2 U 957
(eddy)7} 84He oz (B3 7, 1998), oid 7S wg o
F3ld AYFo] o RdA 2 THL AT £ 9& EYF @
7ol ¥4e] A}, Bransfield PN ZETFY £X 94X} o
%3tAl eI, South Shetland % %9 gy T AA
gdolM 1y 28 FHo FAHE AFY A L W
A FFE TE steAel Yoz £ 2Ag dEo Y
874 27t 228 € 4 sith South Shetland TE HZE9
A%, oldd g d4e B A7 7% T AAE A AEY
CTD Agd M= Jehtz Qi

Everson (1982)0] 9&d 28 F3Y F3 ojF EAL Y
U0 Yole £3 AYE F4He 4L 291 ¥
I3y Hewitt & Demer (1993)€ %o 9dgn i EAge

tlo

A

2= Tk HF 99 28 ¥X R AT 745

e, 2o £AEHD el B"e P, 28 ojgo] A
o2 Jehde EF e dgg 98340 Sz 289 43
33 WA ol wet oA dehdta s o g X dee
Gutierrez (1997) 9] 279 % dAsy, £ AFJAT F - of ¢
7 olg9 FRY X Feirt JetA g Ao

YA R SHFE o) 4T 28 AT AFA By B 3
A7 AN 289 TS A3 we} A4F AL AFst ws)
¥ Macaulay 5 (1984)2 120 kHz F3<5o) didtd TS=
—972+20 log (D, w=0.0018 P*2] &4 4L Gutierrez (1997) ¢}
Castillo 5 (1998)2 A¥E %389 120 kHz FI5ol t)do
TS=—89.26+20 log (D, w=0.003851 P*2] #A4& A&3q}
olEo] A% 4& 19919 Greene 5 (1991)% CCAMLR Wor-
king Group (SC-CAMLR-X, 1991l 93 A€ 4] (TS=~127.
45+34385 log (D) E T 22 dojo Ao vlsh TS7F &4 o}
0. & o #3249 40 ug gy AIFE Yol f=
Hug AdF Aol AZ AolE XA Bd. FILE, CCA-
MLR Working Group®l ¢]3] A¢t€ 2] Stanton (1989) ¢ bent
cylinder 98] 2AZ Greene et al. (1991)¢] Target Strength
AL e H 29 of Ho] AP TS o2 Fo| ALE

= Aol ol WA (orientation) & F9A £ e
(body shape) E=& 29 TSo} 9FL Fu2 AYPE o
AN BAstooltt & o AYE AYFE 45 5 Yot

G5 BE B4 g &8 A ARE 2A=Z BF A7),
ZAL Yol 241 A9 WE d3d dxdy 2 ALFE 4
31tk (Table 3). 7 AFET EZQ) Elephant 4 #29 7
HFL 7~250m FAHAAN F 400X10°~2,220X10° BL2 A
H Ut (Hewitt and Demer, 1993). 2 9% 9o] Bransfield 7}
Yol 1988~1991d &2 7]7HEe A %9 biomassT 5,673X
10°~17,000X 10°E ) A I (Gutierrez, 1997), 1998 1€ ZA}

Table 3. Variation of krill biomass near the Elephant Island
and Bransfield Strait using acoustic equipment.
(* E : Near Elephant Island, B : Near Bransfield
Strait)

Survey Area Biomass .
Year Month G mile) (XI16° D Location Source

1983 Oct - Nov. 10507 2 E  Klindt(1986)

1984 Nov. - Dec. 10106 380 E  Klindt (1586)

1985 Mar. - Apr. 9283 6 E Kiindt(1980)

1988 Jan. - Feb. 9546 17000 B Gutierrez (197

1989 Jan - Feb. 10615 573 B  Gutierrez (1997)

199 Early Jan. 11925 465 E  Amos et al (190)
Late Jan. 10575 uR E  Amos et al (1990)
Eady Feb. 11925 2133 E  Amos et al (19%0)
Late Feb. 11925 UT5 E  Amos et al (1990)

191 Late Jan 12675 629 E  Macauly et al (191)
Feb. - Mar. 12525 97} E  Macauly et al (191

191 Jan - Feb. 16980 8434 B, E Gutierrez (197)

1992 Late Jan 10575 20 E  Hewitt& Demer(1993)
Eady Mar 10575 1075 E  Hewitt & Demer (1993)

1998 January 19829 19378 B, E Castillo et al.(1998)
1998 December (5, 302 5 2777 In this report
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oA 19000X10°E22 BT WX & 284 g/m?0] 3t} (Castillo et
al, 1998). HIx¥ 24 Yol 4AHE #3A o) utzt 2Y Y
Fo AEFol & AL ¢ £ U

2 ¢

# dTe 9I3VNE BAXd #3s South Shetland %
BZ HgolM FHo]ZYAIE o]4F 94 B2 AFE of
o] 289 FNHY X (¥, £IET) € ALF gg$
FEHoZ Yt =F A4F ALE Y3l EFAE VEE
o] 83 AL dANdYen, CTDE ol 43 4+ 99 &2
T2 #43 548 dYstd 28 3P 43 #4HNE 7
W3tz Aok

2YUEY AYFE 1T 9|42 Circumpolar Deep Water?} &
StZ&ol A FAHE Weddell el 7198 52 e —05C o]F e
ge 2xF Atolo] EA3e AAY (frontal area) oA FAHR
Stk 2EEY 2E YL A TH L oFE BF EE, 100~
200m 39 He w 2o d&F B¥, 200~300m 5%
Hd&HA X 223 300 m ©13+ point scatter £X F Y 7HA
54L& BHoH, echogram S 2R E Eald A FHY A +H
E2EE % 35 miled] 2 JdEeyod, A 3 £¥e HY 275
m FAE Beln JAd Ad 28y EF dole A 30
mmlA Zd Simm7tA 2EXE deygoen A4 2¥€e 4]
mmalA ste] Regk el 91910 ™ 30 mm PR v A
28L& AAHA gt

A9F 9xg NP2 Jeld 2, Ao g dagrds
YEART PolM B2 BXE Hgen A 39 FF UsE
151.0g/m*8ch. e 85 E¢o] Z3A dolvix % A7 F
4E5d AFee 2~65m $£FY EXE o] #3494 A A
o Hd 9EE 170gym’ZE ALHUALH, o]} 2& FEE 5749
F F el A g BEolt F3d HFEE 115~165m
FZAAE 1,000m FAE HAZ d3EY 2% T UF
AT Qg 202 AT YEFE ZoZE tRE] 10gym’
njgte] vk ofF FAo] vete ANE 5FE B 9
F59 ¥ UEE 359ym?E FEFFRY 24 oF EA e
et 3202 HoEE 165~215m £9 X% 1,000m $HA
& BAAZ A2 gEAIENA ke REE Holn, A F
SE120~170m F5 FAIE £XE Holn gith o] %9
BT 9E€ 02ym’e2 A £F 1Y MY 5L £XE R
Ak B8 AE F Y 29 205-315m F 9 HT UxE
378g/m’E YT v HL FARA EAFTE Yz
k.

Zt %A &8 A9Fo2RE 22~315m Alol9 £ 4 &
AQFLS G 277 B (CV=1992%) 0.2 AAHUen 382
£ 22~65m A Al %2 112% Q1T E, CV=1624%), 65~
115mol A 133% (379 €, CV=3491%), 115~165 mol A} 23.7%
(66T €, CV=41.5%), 170~220 m*1 X 26.6% (743 €. CV=27.
84%) 281 215~315mel Al 25% (69 &, CV=2683 %) 3}

AR}, o]y T A2 HY AN 458 28 ALFY & 75%71
115m &3¢ £X¥3o adFo] EFHIde F3 o3 =4
XL 4 4 ANk

ZAle)

uy

B 97 AYFARdA 38 ‘@38 FEAERY AL
AT (FAGS B=dd FEAEY 2X L A49%F 34 d7)
o A7 Ao, AFHE AL & AFFAR S FA=PY
. =g 4339 oge §HENA HH3] =dFE 24 Y-
zhmorgeologiya® +FAEAA 29t & A,

&%
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