EFOHYORAVIMSURREREICEITS
BERE. HEMF X3V XTI NTHAOVBBLUBREREED
B M/ — BT AR

—FHAKE

B (EF)

RERRKPHRAF
HYEFHRER
B FER

ERE 10 £ E
(1998)



%g ........................................................................ 1
BLEA VAT AOXXT IHHNRE L EZDOGTREBER - 6
FE L BBIT w oo e m e e e e 6
BEBE & S5« v e et e e e 8
%Erﬁjﬁﬁlv\’%ﬁaﬁ ................................................ - 8
ﬁﬁgﬁ?ﬁlj .......................................................... 8
FF T TASATIIE oo 11
B L e 12
Tﬁﬁéﬁﬁ .......................................................... 12
L AR A N ¥ B e 14
T T S A cr e e e e e 17
BRI L D427 IBERMRIB LUHBEDE N v e 20
%ﬁ ...................................................................... 26
s 26
ﬁﬂ:ﬁiﬁ ............................................................ 29
ﬁﬂﬁﬁiﬁ .......................................................... 29
BoOERAY - A T AR —VDFET I - AN HA T OB — 2 e 39
L 2 R 32
;H—;H_ & jfff ................................................................ 33
E}ﬁﬁﬁjﬁﬁ J:U:% 45 I I I 33
Tﬁ#ﬁ{ﬂﬂ .......................................................... 33
FET IBEUANTHA T UEOSHT o v 36
%% ...................................................................... 40

AR TDERT B LOAF AL T VRO 2 RETDER- 40
WEIC B 57 B LUNTHA TSRO~ 7 02— VAT 50
BEERBIUVRERI BT X 7T IBIUANST A T ESHD

et D A SR e £




2;% ...................................................................... 65
R A DR D AT TIYET o 65
FET IO T T s b AR T AEREIE e 86
A=A JART = NDNTTATIEGTT e 67

EBI3FEFT X a s Ay beABLUOT I SR X o OREHEZOREER - 69

O T 69
S 70
TAZHEIR IS L ORI - - v e 70
BERFEDBBITEZ -+ oo 70
FREOBMEIIA - oo vt 79
FEBL e 78
F L F g I Ay A OERREIE e 78
F Ty A DRI 78
N B o e T R - 5 89
N o e D D s - 82
= S 83
G bAoA DERBEIRTERE c v v v v 86
O Ry o = 1:1:1.5: 3, A 90
BAB EABEBL e 94
8 B 99
R 102




o
i

MAOHER

F i F g 2 FXT I (Euphausia superba)id, —IREECERWVEFIZIEDEMENTEL,
LS VIH, TYTUE, BEH, ARRBIUCAMER S oXRESOEEREL
Mo TREY, MEBERROBETHD., LIt T, AEOSHAEEE DT, —KRE
ESMERBL, BRAREF~DTRANF—HERETDHLESZAOND, Lo TREEH
L AMELABROEEOA NI LEBET L7200, REDABLEPLE LIEFRE
BAREARTHY, Z< OFENRZZIN T A(e.g Miller and Hampton, 1989; Nicol and
Endo, 1997), ¥/ AMRMEEHEEL LTCHLEETHY . Ao TIHEC Y BEIZEVE
# 50 F hodsigBan, VERBHRIIZICERAEICLIVEMN 8 T FoRESRES
hTwa, HFE, BEXASEVERICETLTRY, BTERETIRAMAETILEZDE
BRI IR TV B (Agnew, 1992; Ichii et al,, 1996; Agnew and Nicol, 1996; Croll and
Tershy, 1398) .
CCAMLR(AHBEHEAYRIFERTEADIILL L. X7 IHNMHIL 3 2OMERAT—
M=o, AV, =L 2R 7r—\THXDHLENSHD L LTS EC-CAMLER, 1992),
TRy —AFEE. H 1000km OHERER 40 AR TH AA—FBLOT, ElBE
BRSO 2 TR SRR L L b0 THE, A VR #EIZ, & 100km DME
BAEK 10 EMTHA—F50LT, BRAVEBRREZ2HRLLZLDOTHS, (70
TR —AGAE. 3 10km OEERAEERANLHBETIA—FTELOT, BTEETLS
RAEEORER 2 E2MRLLALLOTHES, N oTE, RRABRIZETS4%7T 3
SEFEALDICT B0, v /a2 r—ARENEIITRR, FlAT, 1980/81 FiZit,
ERLFABMEFIBEX)IC LY KAERE S > FEETAIRT7T IEFEENRE LN (E
la), TOH, X7 IBEDTF—F b, TFT7TINFGRAV R LOREDEBRIZEFT S
T EMEHLACAY (R 1b ; [chil, 1990; Everson and Goss, 1991), i b DMz 8
ELTEAYA—LRABREITORE LI ko, ZOHRE. 37 I5FEHORH
RERIZOWTEOPDRBAPBBHEND LT hol, —H, A7 uRF—LDORE
OoWTHL, RELBAEEORETHOEFELEMT IO IIEETHITNEL, I
ETHEVITOATIRM o0, R, SREEFECHEEM L LTANFTHATVED
EEMNERINIED T E 7 (Jansen et al., 1998; Casaux et al., in press), ¥ HA U
BEOBHFIONWTIEE, AV, w4 700 TROAT—NMZONT LA RSED TZ LW,
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Fig. 1. (a) The study sites (shaded areas) where krill hydroacoustic surveys were carried

out during FIBEX (1980/81).

(b) Trawling positions of Japanese krill fishing vessels from

1980/81 to 1993/94 in the Atlantic Sector (Ichii and Naganobu, 1996).
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HEOEME LUATRORE

z - ARG, MEWERE, —KREE, BREEAIFTI - NFHAUI) B
FUBRBEEGRETEOREMM LY - 2 AV AT VB LN~ J B R —
TEABIEZL0, (AT ISHE—REEPREL., ARBEEFIIRIHNRO L
MR TEAT Al VS MEABEFTORERHFEERFELRIEL., S HICEMEEE M
NATRNE-BEHETSHILABMNE L

AFFRIEBEEBIT VG T A Y b Ty FEBBRTITONL, ZIILEEER A
FIABAEREND, FFRTIBBRT LT R, DAL T AT R EDREE
B S A A KIEAER., BEUOY VR b RES, YU AT =—HER
FUH IR a— T B EOBMEABICHEREANSNE L), VTR TV FEDR
BT, B% 15 Efich - ThNREDERF L 2-TEY, IBYES 1991/92 FiZ4 %
FIRENGEGRLTA L1, EEBBEOF TRLIABENRZSVEBETHLD, BFERES
BB SN, FEE THL oL bEELRER DT LAZEIKLETLNTVD
(Ichn, 1987).

AT, 7 S 2 ¥ (Pygoscelis antarcticayB LT ¥ a Ay A
(Arctocephalus gazelldy DBERFRENN L LR - TW D, 7 I I~ ¥4, 3HEMN 200
FENERLTRY., ¥ 7RV Y FA o FEFBRIZONT 2 FRIRERTFE 2 L—v
g &l TV B (Woehler, 1993), Ty ¥ a3y hEAIZ20TiE, 19 EHEREDIILS
40 FRERM L E b WA a2 L—i 3 ‘/?ﬁﬁﬁﬁ.ﬁﬁ LOFB L, MEIETREETH D,
BiRIIEE 11%87% THEM$E TH 5 (Stackpole, 1955, Bengtson et al., 1990; Torres,
1996 ; Anon, 1396},

AT, BROISIZBEEHBLOART IREEFORE - BEEEBSEER
WETHA D ENDS, CCAMLR(EBEFEAYERRGFEER)E=F U » VHBEIOX 8
e 2o TS, CCAMLR =4 Y v /atli &t %7 JBEDDWVITRELHIC
FoTRIER-IENZDH LARVLAFT IRFEREOETE, %7 IHEEORME - ¥
FERG A—FEREL LTE -7 55 E TH 5 (SC-CAMLR, 1992; 1995: Nicol and
de la Mare, 1993). - T. %7 I LHAFOMEREEYLNIIT D T LT, AR
KBWTRIERCEELRETH D,

S50, RBEEDSEEBEERCSZAREL TSIV IEANL L,
AEHAKEEE SNTW5, Thih, ITFORMRAZEREOERICILY . REED
ARBIIEEPEZ - THHEEZLATRY., Fr¥as4x7 IRFEENBIERIZ
B A FTHEME DRI AT\ B (Loeb et al., 1997),
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Fig. 2. Distribution of Antarctic krill fishing grounds in relation to continental and insular
shelves and pack-ice edge during austral summer in the Antarctic.

(a) Shelves distri_bution. (b) Fishing ground distribution.
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RIOHBITKOLBYTHLS, 1 BT, BEDEMSE. EH7 7027 0 F
XT IONHE A YA —NTHSN, X7 IHHOREERCOVTHALMIILE, F
2 BT, AFTIBLIUANS DAV VHEOSHOBEREESZ L0FLUEEL. £y
Rz A7 T A2 ¥ FORKBAESE ORIME & BE-SIT 272010, BEDERES
TS R —F XTI NEFHA T OB E A A T RAT— TR
., EIBTRI VX Ay bEABLUT I AR X 0EEEB LU
EL., IRNOHBEOEEEN, XTI LN TVEORMIZEIMELTNED
DEHR L, REDEO LVERTEE LT D a2 TR L, FRICHE 4 &
WCRBWT, BT b b ART I o NE AT VESHAOER, ELIEED 1K
HESFUXa/ART I AN FAAAVVESCRRKBREELRNLLI ALY —BEHEL
T, REBBEOEREROFEIZONWTE L DT,
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F1E AYAT=ILDAXTEIRHNI— 2 EFTDHREER

[T C&HIZ

FEBERTIAART I OKENRERBENIEE SN T 5 Siegel. 1988), T2 5,
EEICIEMAEAE LPEIZB Y, FITEREZTV. REUEGHEIIAE LR LA,
BERHMARATORVAT — R LIBRIOO S, KA D LE LR REKICEE
L. BEAFERERIIKIES LIERBYEE, ZORIRFIFRT IHMOENGKIINT
TOFEHERITHOVTIL, A5 7 IBRBORELB IR EN TS (chii et al.,
1998), /bbb, WEQ2 BYEBED ST TOMRIZIZN > TWZ0R, &
B(1~2 B)Thd b HEE SNSRI E R Y. EIRRERE~E AIZAD LiaRBICERY
5 1-1),

ART INMEEROLBEER L LTI, KO3OPHEETHAD LZNTVDH, T2
bbb OB L - T4 U 5B SOl Macaulay et al., 1984; Nast et al., 1988;
Witek et al., 1988 Brinton, 1991). @&W—RAE 2 ¥ OF @2 HRE (Helbling et
al 1993; Villafafie et al., 1993), & LU@IRCHIMNE D AETRITE LIz 4@ EIRE
(Hofmann et al.,1992)T& 5,

AFRETRINGOBEERNCEEEFHALNIIT LD, UTOSEHRLMAILI,
. BEYORBIIEBICENTHY, HERHELR CERORBENLFETHH L,
(2T & 72V (SC-CAMLR, 1994a; 1994b), EHEMQRFEER V. LALBEY Z2+500h
NR=LREXTRILENRDD, 22T, AFETIIATHERERER A 2 AV
Sy V2 MAETHEERREBIZR . Rz, EFEWTHrda74%7 i
OAXF I -HEAHEDTE < (Marr, 1962: Nemoto, 1972; Kawamura, 1981; Miller
and Hampton, 1989; Nishino and Kawamura, 1996), #iCEH#EEA* F 8T 2D TRV
D& E 2 LTV B Meyer and El-Sayed, 1983; Gonzdlez, 1992; Kopczynska, 1992), L
FMoT, SZTiR7aa7 a0 a REIMAT, EREOSMEE IOV THH LML
L. 3 HEHORBROBRIEIZOWTIE, ERBORM/ T~ LBIFEHEE L OREREHE~
7o



H T T T 1 T T T T T T T T T T T T T I T T T T T T T T T T I
el Dec
81 -
" Elephant ¢
62" - -

o

oy King George |.

Lmngslon 1.,

Antarctic
' peninsula

Fig. 1-1. Trawling positions of Japanese krill fishing vessels in relation to slope (shaded area) from December through May for
the 1981/82 - 1993/94 period (Ichii et al., 1998).
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REREE & UHRE

WAL hTy REBOBENFEER 1-2 107 Lz, A#FBOALANZE, BRICKEE 200
m LA 30 = A LDIETEN - T Y, BAREIIKE 200 m 725 3000 m £ TOHE
BiAZ & fp s T d, ZOHEE THAE 4000 m OHFEAEELALRIZHT TE-TH
%, —F. EEEAICIESMAIE L AETEE LRV, T TR T 4 FIBETIIK
ZEMEE L T 1000 m LAEE & 7%,

A KEFOREMEERIC LY EIZ 1990/91 FIZER LI, AX7 14944 Ll
BE ORI ALELLIRET 50, AEIN 1 » B ORMET LEG I(#15) & LEG (&
B)D 2 EAT 572 (K 1-3).

LEG I oIt %7 I SEEROFMKIT T, 257 I LIS DR R IRES ISP
b APE ~OEMET ik Ei2H D & PR E N5 Siegel 1988), £ LT, MELFOIEE
PHUEVI R UBBIVF L Va—VUHOREETO, VWhwiH A FT I DE
WRER L A B VY. 12 B 22~29 BRI THRE L, — . LEG 1L i34 %7
BEEROMEBNTHS, FIT, TLT 7Y EBERLYELSZ M BETOIRNE
MirBWT U v RECBRASERT. 15 18~2 8 3 AIIHT TH#ELIHAAE L. k.
VEYF R R BOMEORERE VI F IR T0EDRIE, RRICEDZLDOTHS,

BERN

FE RS2V T Sea-Bird Electronics, Inc.#¢ CTCSBE-19IZ X 28I Z21T-72
(LEG 17386 &, LEG ITix 71 & ; & 1-3), BRATREEREA S 1000 m FTEL, KE
351000 m LB OB AL, HEEF THRAEE L L, 20 5%, LEGI® 25 5. LEG
I 51 AT T rkEic L3 &BEKERE 0, 10, 20, 30, 40, 50, 75 3 X T 100 m
DEHSBYFPER L, BonlEARE 200 ml 3T RT 7 AT 4T
(Whatmann GF/F, 47 mm)T5i8%, %% 900%7 & h @R TGO L, 8RR Y 7
TET 4 g BEREIE LT (Sato et al, 1981), T, REAKDIEKE 200 ml 2/
— VEFEEEEE (Utermohl, 1958) TEEL. ¥ 772 b ORBR L L7, ZOBKR
SHImE S, EEY B TE&E L., BYBEMET T 400 F0FFICLY ., %7 I0H
LY B A A5 mEl E)DEBEICOWTE I LIZEL,

RENVAEIZOWTIE, ATHERBIA T A % 1990/91 412 4 E(RFEBRER, C-2243 &),
1994/95 4247 2 IBCEEEEHR. C-2340 ANVRA L TH#~, 71, REAI9909LF
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Fig. 1-2. Bathymetric chart around the South Shetland Islands. Depths in meters.
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Fig. 1-3. Cruise tracks and sampling stations for each leg.

O: CTD stations, (J: CTD and water sampling stations, @: CTD, water sampling and
KYMT (blind tow) stations, A: KYMT (aimed tow) station, &: CTD, water sampling and
KYMT (aimed tow) stations.
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Bl mXES4moOA—7 8 1 1994/95 FILER 094 mX & = 8.6 m OHER)E K
EHF30mHmic 2L 3B, %7 INELHm LALIEEBO~40 m & : KET,
199) DB & W7, TA DBPNIT VTR AT AT -7, BT — %3, #H m
URADEBHEREOREET. 1 AF 12ENEST D T LN TEZ,

FXT7IHHE
HERABATL

AXT IONMBLURTRITENFEFHCTHE~N:, FEAHEIL FQ-H0 (HHE
A AV, ERHEENTB L UREBRBIIKP A ZICEVB®ERIT o7, 2EIOAIE
EOEIDLTHTHY  FEMETOEZHBOHNED  BRER T LI LA LR o720K
EEFF. 1993), #ITHIIZIEER, UTORECTEHI Y THF7 I 0hER A RELRE
(Volume backscattering strength, AT SV £8P & HIFE L7z, BiE4 : 200 kHz, EZ#&
%6F : 10-200 m, ESEH 1 A, 7L RIE: 1.8 msec, Ty T A—F 20 dB. A
Ly isa/ B 156 dB, TVG : 20 LogR. WAL : 39.7 dB/km, #2E : 10-40 m
X 10m &, 40-120 m iX 20m £, 120-200m {3 80m &, S HMEKIFELHRIZILY . 10~
20m O TE S HI,

PEBEOMTESZ
FFE7 Iz a—%E SV F—FERBIL, TAOESBELR L. HoEHEIC
EEFWICER LT, @i 5 EEL4E (Area backscattering strength, LI F SA ZB&$)
RO, T SA [dB] &AFT IDOFHRE 4 [B/m?] (CIIRBBRAZEROBEIK
A B
SA=10log d+ TS
ICTTSEAFTINVRYEYOFEHF—F v FR kL7 Z(Target strength) [dB] T
HDH, ZOTSixH*7 ImEE BL [mm] OEET. BEiE 200kHz OHBEIZIFKRADN
A% b 3Z->(Trathan et al., 1992),
T5=34.85%og BL-125.23
BRE. dR3AXTIFHEELRUTHEHEEE (g/m?] WRE L, %7 I0FEE
& BW [mg] 3R DFEE—FEHBE L 0 H#E L7 (Siegel, 1986).
BW=0.000925 BL?*%®
B DOA 5T I EHEEBLUEOSBOEEIX. M7 227 Fik(Mackett, 1973;
Anon, 1986; Ichii et al., 1992)iZ L -o7-,
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v MIKLABRERE

FE7 I OHREIIKYMT R —4 Fo— LEEARRE e — D8 3m X3 m,
B4 3.4 mm)% Fv o, B#E5EIESTEE CIIKE 100 m A5 OHRARGSE 3 ko, &
ELATLEOART Iy FHRFHERECIVRERINLECE, TOHRERELEE
WEE LT, EEELR Y b= (HBFERE. MK 1400 m & %V i 200 m A)
CEDEELE, EARBEORESIILEG 17519 4, LEG UM 33 5, ERLSOERE
SIZLEGIA 1A, LEGII 33 S TH-7(K 1-3),

B L4 T LB ERLHAE, PRV T (10%) TEE Lz, RESHEZ 150
B(150 BB RVESREETEREOERLHEI L, HFBHMB TR & A
BesEE L, BRIZEA TH O RERGE TL U RBE T Makarov and Denys(1981)
T Eotr. EEMRES FORMBELEE - LEG MICERHT BRI, FAENORER
TOFFT I BEGEERETHE L, BEEMT 10 v AV OESEE) TEAMTIT LIS
KEMRE DT — R I213 Akamine(198TIZ L A8 70 7 7 W Hv iz,

BR

BARE
AKEHIE

WERROK EEERE Y BIBT 52017, 10m RICKT 2 0ESOKRESMHER LIS
(B 1-4), AEBOLAERTIL. BHAEIE - THES T o v MEESHH) 33.7-342 O
WL ERNHRENTEY, RETEES 2o, —FH. T2V AT 4=V FEET
. Toy MIEREN AT, o T, AFERE S EE(Oceanic area), Fifn 7 o
v M (Frontal area). 45k (Inshore area)d X UF7 7 v A7 4 — /b NIk Bransfield
Strait area) @ 4 ¥EIEIZ[X 5 L7,

ME7oy MIoWTH, 20ESARICHEREMNSR L. LEG I Tk, YEr 7=
FrBodtim Ty oy MSHEMEETH -0 80 km T 0.5 DEML), =T 7 b
BoOTEM T3 FERE R 27¢ 100 km T 0.3 ODENE 1-4a), Znd* LEG 1
R B EAMEQIRESKOBNNEEY . BREOREKEOMIC-RBERELFMEY 2 b
ETBRT 5 L9107 o 72(§ 40 km T 0.5 OEAL)(K 1-4b), TORELME7 7 MIY
B R MBI sy FEETER L TR LN,
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Fig. 1-4. Distribution of salinity at 10 m depth for each leg. Frontal zone shaded.
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RN T — L, SME. RET oY b, RS TRECR R o2 (X 1-5).

I NECBRALETA 1 BIOTA 5 WY SEBERRFIZE - T 3000 m
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R a—UTICEFE L,

MET R MECBALETA 2, 74 3 BLUTA 6 1h S, EMERD ST
R 728X 3R U@ 1-ba-c), ZO#E., 74 2BLUTA 3 20Tk, gnEnly
VIR R A=V T ERB LU L 7 7 FEDREEIZE Y AT 1-6a.b).
BEHE L T BAE VT, ZOB. BOLRTIHEBRENTH DI L, BDE
B THERNENER TH -T2, ZORE. 74 21 3BOILRIC 90 BRI LAFE L7223,
ARNCIE 156 BRI LOSTE LN o 7o( 1-8a), —F. 7 6 .22V Tid, mARAFHT
THOAREEEMND 25 ABMIE L. Z0%IREEOC 3000 m FEHRILH > TEERR
IS 1-50). 85 B 7 RA— 7 = —BBIZBEF L,

IMBEICIRA LT A 4 1. BEANERINV ORBB RN E - TIEITh, HMIIEAE
SRS, TOERERL, U E Y 7R P SILROBERIZS HEICE YA £7(E 1-5b),
T BB AL, MERICBALETA 2B LVTA 3 LWMORBAAE I LMD, KEH
RN A - TV B Z EMNTRETL72(E 1-5a,b).

PLE. AMESIC AR ER & OBV FRILCES 12.6km/ B)BE# L TW DI L, W
ST TE A X B8 2 FAL(EY 3.7 km/BMRA L LTREE LTV (E 1-8e), AFE
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Fig. 1-5.

open ¢ircles with buoy identification numbers,

(200 m depth or less).
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(a) - (¢) Buoy tracks in the South Shetlands area.
Open circles indicate buoy positions cach 10 days.

Dotted lines indicate 3000 m depth co

Dates indicating tracking periods.

ntours.

(d) Combined tracks of all buoys.

Buoy launch sites indicated by double
Shaded areas indicate insular shelf
(¢) Schematic circulation

patterns derived from buoy tracks. Arrow lengths indicate approximate distance buoys drifted every 10 days.
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EZEMmr oy MERTERP 21O, BELLSZERE7 2y PR LUPRERTE 2

o1,

BEEN

KICFRAKROEBRODHEE (cellER 1-7 (I L, BB OREKDOES S
Zud bEEE, 100m BEOKEDOEDR TS 7 FCoRTFEEXBLTWA (Jacques
and Panouse, 1991: Villafane et al., 1995; 1997: Helbling et al.. 1995),

9 LEG 1 Tid, RSB TO 2272 1-Ta), $74@b5h, 700740 ailk
FEoEofE 7 2 MI(FES 1.7X10% cel)0 7 7 20 A 7 4 — )b FIBE(EEE 1.4 X 10°
cell)THA7 <, T O OWR TITEERANEEMIZE L EE L Tuizhil, 1993),
SR T, SHER(TEY 6.4X10° cell) TR LEBREN L7, LEG I 12723 &,
HERIIZ7 00740 alREDEDPT2RE 7 0 2 MEEEE 259X 10° cell/)Rin Rk (H
75 19.3X10% cell/) T L. LEG [ BRI _—HILAL®WERE L7 L7 (K 1-7h), Sk
(E) 6.3 X 10% cellNTEERE  FR L AORVIBIR E 2 o7, LA B, ERBAITILEGI 725 LEG
2 CREZ 2> Ml L Ue R CRRE T M L7,

WICEREOMBE A5 &, @ LEG & LIZIERRO/NE — T, SERTIT Nitzschia
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Fig. 1-7. Distribution of diatom densities in surface water for each leg.
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Fig. 1-9. Stratification of the survey area and transects for each zone during Leg II.

21



Table 1-1. Mean density and biomass of krili for each zone

during the Leg ||

Zone Area Mean density Biomass cv n
(10%kn?) (gn %) 103 %)

Oceanic 44. 0 8 352 22 10
Frontal 17.2 36 619 26 10
Inshore 11 10.3 27 278 25 9
Inshore | 2.1 131 275 33 )
Total 73.6 1524 14 34
CV : coefficient of variation, n : number of transects
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Fig. 1-10. Krill length compositions during Leg I by station (a) and zone (b),
Station locations given in (c). Solid bars indicate krill larger than 50 mm.
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Table 1-2. Mean density and biomass of gravid krill for each zone

during the Leg |1

Zone % of gravid krill Mean density Biomass
in the population (gm_z) (1031)
Oceanic 43 3 132
Frontal 64 23 396
Inshore |1 4 1 10
Inshore | 3 4 8
Total 36 546
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Fig. 2-3. XBT stations for each leg in 1994/95.
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Fig. 2-4. Color echo charts showing krill and myctophid fish aggregations in 120 kHz and
50 kHz. Myctophid fish show up better in 50 kHz than in 120 kHz. Red notches along
uppermost of each picture were marked at intervals of approximately 300m.
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Fig. 2-5. Surface distribution of salinity during the tracking of predators, line-transect surveys and 55° W transect survey
for each leg in 1994/95.
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Fig. 2-6. Surface distribution of temperature during the tracking of predators, line-transect surveys and 55° W transect survey
for each leg in 1994/95.
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Fig. 2-7. Surface distribution of chlorophyll a concentration during the tracking of predators, line-transect surveys

and 55° W transect survey for each leg in 1994/95.
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Fig. 2-8. Krill abundance during the tracking of predators, line-transect surveys and 55° W transect survey
for each leg in 1994/95. Data based on acoustic record in the upper 150m depth at 120 kHz.
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Fig. 2-10. Myctophid fish abundance during the tracking of predators, line-transect surveys and 55° W transect survey
for each leg in 1994/95. Data based on acoustic record in 150-300m depth range at 50 kHz.
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Tabie 2-1. Catch per towing time for mid-water trawling conducted at night in 1994/95

CPUE (kg/hr.)
Trawling LEGI LEGII
Depth (m) Krill Myctophids  Jellyfish Kl Myctophids  Jellyfish
0-50m 57.6X57.6 05*05 54.0%9.0 31+31 789*551 142339
(n=2) {n=2) (n=2) {n=3}) (n=3) (n=3)
50-100m 195%*13.2 106.2X725 6.1*6.1 0 382.5 5

(n=4) (n=4) {n=4) (n=1) {n=1) (n=1)

meanzts.e,
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Fig. 2-12. (a) Krill abundance during tracking of predators in 1990/91. (b) Krill abundance near Seal Island.
Data are based on acoustic record in the upper 150 m depth at 200 kHz.
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Fig. 2-13. Surface water characteristics (salinity, temperature, chl-a), and krill/myctophid
and water temperature in the upper 400m depth during tracking of the seal during Leg I
(21-22 Dec.) in 1994/96. Krill and myctophid (SV) recorded at 50kHz.
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upper 400m depth during tracking of the penguin during Leg I (22-25 Dec.) in 1994/95.
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Fig. 2-15. Surface water characteristics (salinity, temperature, chl-2), and krill/myctophid
and water temperature in the upper 400m depth during tracking of the seal during Leg II
(26-27 Jan.) in 1994/95. Krill and myctophid (SV) recorded at 50kHz.
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Fig. 2-16. Surface distribution of salinity during the line-transect survey conducted
Slope front defined by bold countors.

at the beginning and end of each leg in 1994/95.
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Fig. 2-19. Krill abundance during the line-transect survey conducted at the beginning and end of each leg in 1994/95.
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Fig. 2-20. Myctophid fish abundance during the line-transect survey conducted at the beginning and end of each leg in 1394/35.
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Fig. 3-1. Outline of the foraging trip study of predators.
RT: Radio transmitter. TDR: Time depth recorder, PTT: Platform Transmitter Terminal
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# 35mm & £ 190mm OHE T, & 3mm £ X 200mm D7 7 FAMBLTRBY, 2
12 265¢ Th B,

1990/91 £ — X213 12 B 10 H~17 Bz Ty b4 16 SHICREER LU
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BHRE
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bbod., TELETHREFCEREIL, BETRAHESMLOBETELIANSLC
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EOREMRITA T YV a—/% 1 B 2 BIBERICHRE LTz,

PTT EEEEOBENY, TATIR VAT AILVITSN, MET—ZIZ2o0WTiE, BE
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ADOHERLE IV IARELLDOT, HrNAFOFRT I0EE - FRBRE 4 H~
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Table 3-1. Accurracy of PTT locations for each class.
The lower and upper 95 % of confidence limits

of the mean.
Class Estimated accuracy Sample
in lattitude and longitude size
(m)
3 123-188 61
2 233-305 78
1 566-922 79
0 1139-3556 16
A 515-883 90
B 4172-9678 88




Table 3-2. The number of PTT data
for each class during tracking

Class Number of data
3 5
2 20
1 56
0 6
A 42
B 123
Total 252




o

7PIeFRUXL

FAEARETEE 47 o 72 1990/91 B 1178 1994/95 &3, BRABHY v XL OWRERT A5
THoT=OT, 1987/88~1990/91 Fi8 L UF 1992/93~1994/95 F£DE 6 BINREIZL T
‘/Boniothr A fvT, BERERHMEE A, (Fabh, 199091 Fid. EREY
MENT A TR PFRETT, £ 1994/95 £k, FBTOERERT =& VU oV HEFH
EORTIEI B PRF v 7 RBEIZLY . v VE08 10 BEbhorl,) BREY
FEAL. MEATOREEMBEREZETT A I LICEVH~T, BRARDY TR ER
BB L UREHIZILTOEY TH D,

3 RSB BABYMY T
1987/88 1/31 ~ 2/1 53
1988/89 1/8 ~ 2/12 36
1989/90 /6 ~ 2/3 37
1990/91 1/21 ~ 2/15 28
1992,/93 1/13 ~ 2/17 35
1993/94 1/26 ~ 2/21 40
1994/95 12/29 ~ 2/1 10

IRHDH I ADH B, 1994/95 F0 12 BIZREENT b VA ANBIFRO LD
T, MOTRTOF VI FRBOCLDOTH T,

BARARYT  7ADRED, BREBATEHLERMAR > TEVFrOFAIC
T —=FTABAL, BAREFEALTEAEY )5 FdEMWilson, 1984; CCAMLR,
199D IZ L o7z, Bohiz 7, AEOEGORZENT A0 KENE & HIT
5B (Aw a2t/ X47 mm, 20 mm, 1.0 mm. 0.5 mm) {ZHF, BELAFT
THEEICHEL, FNETNOREEYHIE L, AEOERBLURE T0%7 a2 — A iF
T, FRUAOENEYT AL 10% PR A VIEERTEE L, BERICOFA
Brlrot, BREWMIIAXT I (Fuphausia superba) & BEIZKEIL., LTFOFEIZL
D HCRTDOEEAEMBEE RS HE L7,

FXT IV TIALONTIE, BEERTIIESTWAREOCEEY 2 TRLAKMGE
EEERE L, BREDT 7 EIC 150~300 B (M-n2WiEeid, R TE R
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B EESBIGBH L. AEMES JURREHR 7, BRI Makarov and Denys(1981)
2k R LA S E ARSI EE Ch -7 O T EREEMS; 1A1- TA3),
FRAEEMA; MA— IB), FARGHEEFES; OIB), Mkt FA, TA— DE)R L URME(1)D b
BT AE LR, ARIT. BALE»LEHEREE COR S(mm)ZBIE L7z, HiZLY
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PLBWT, BREHEE LIZ(F,1996), # %7 I 0ikEIL, K&k —#EBRN(keda et al,
1986) ¥ AWTHE LTz, 757 I0EHFEELARNEY T I E IR, BEEER
LaZ &Iz, BRPOBEKATOA X7 IHEREZHE LT,

I} NI ONT L. BROFRED S Williams and McEldowney(1990)i21€ > T,
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L. EEOXRT7HHiDRWERIZOWTiZ, 1 BTAE 1 BFHEST 5 & L, RED
FEI, ETEEVA AP LEELHEL., KR FEREXLRAVTHEELL
(Williams and McEldowney, 1990; Hecht,1987), “H LDEEAZLALET, BFD
BILRTORBEERTHE L,

HEMORESH

Zv MEETBLRIEAWIZHOVWT, T IOFRIIRBBNIC. AEHOBSIIEER
S EARRSSEL ¥ —ICEREL TR 6 msy Ok, Ml HEANR. HekE
VSRR, HIRSY) ODWEITok (& 3-3), SEAHOIo Y -SRI, EEMIC
FNENOEBENLHHCH - TVE I -BETC, TOREANTRHLE,

el — (k]) = CHEH T TEEEERY) x4.15+-HEBHEX5.65
+ #AAEHS < 9.40
#7271, 4.1864 ] =1cal & L7-, (Clarke,1980),

SHORE, FnU—FRiE. EBEBICIVERY, AT oW TZRAME(IC- I
D : 5.0kJ/i@) B3O B EEFE (3.9~4.3kIIQ £V bl ofe, NFAATVEDI T Y —F
Bit, %7 IRBMEL 0 &< . E antarctica, E. carlsbergi, G nicholsi T, T %
n 8.6kJig. 6.9kJlg. 58kJig TH o7z,
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Table 3-3. Chemical composition and calorific value of krill by maturity stage and myctophid fish

(meanzts.e.)

Species n Water Lipid Protein  Carbohydrate Ash Calculated calorific value
(% Wet wt.) (kJ/g wet wt.)
Euphausia superba
mature ¢ 4 77.3+£0.36 2.6+0.77 15.1x0.15 0.8+0.11 2.9+0.03 5.0+£0.07
d 4 80.5x0.53 0.9+0.06 142£0.49 2.1+0.33 3.6+0.05 3.9+0.13
immature ¢ 2 793+1.35 1.5x030 14.8£0.45 1.3+0.60 3.2 4.3+0.30
Jd 2 79.6x0.25 1.7£0.05 14.2+£0.25 1.4+0.0S 3.3%£0.10 4.3+0.05
juvenile 1 79.9 1.4 14.7 0.6 3.4 4.1
Electrona antarctica 3 71.7x0.55 14.84£044 11.5£0.12 0.03£0.03 .2.0£0.09 . 8.6x+0.18
E.carisbergi 3 73.8+0.66 89x0.12 13.9+0.32 0.8+0.07 2.7+0.19 6.9+0.15
Gymnoscopelus nicholsi 3 76.7+0.71 5.8+0.32 14.4%£0.30 0.7+0.17 2.4+0.03 5.8+0.24
Notolepis coatss 1 76.9 7.1 14.2 0.0 1.8 6.15
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Fig.3-2. Temporal change in locations of fur seals with PTT in 1994/95. Different symbols indicate different individual fur

seals with PTT. Solid lines indicate tracks-from Seal Island to foraging areas for fur seals during Leg I (a) and Leg II (b) in
1994/95. Broken line indicate tracks for fur seal in 1990/91 (a).
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Table 3-4. Frequency of occurrence (%) of krill and myctophid fish
in the scats of fur seals containing food remains in 1990/91.

Dec. Jan. Feb. Mar.
Krili 62 61 38 83
Myctophid 0 61 81 100
(n=13) (n=33) {n=26) {n=6)

n indicates sample size.
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Fig. 3-3. Body length and maturity stage compositions of krill in a stomach content of fur
seal in February 1995 (a) and net samples in Leg IT (Jan. 1995) (b).

I: juvenile, MS: subadult male, MA: adult male, FS: subadulit female,

FA: adult female n indicates number of samples.
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Fig.3-4. Tracks from Seal Island to foraging areas for chinstrap penguins during Leg I (a) and Leg II (b) in 1994/95, and 1390/31
(©). A in (a) indicate iceberg on which the tracking penguin stayed for 5 hours (A) and 54 hours (B) during its foraging trip.
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Study period of (a) corresponds to incubation period, whereas those of (b)(c) correspond to chick-rearing period.
Solid and broken lines in (b) and (¢} indicate daytime and overnight foraging trip, respectively.
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Table 3-5. Food compositions (%) by wet weight and energy (kJ/g wet wt.) consumed by chinstrap penguins.
Food compositions for incubation are means in 1994/95, and those for chick-brood are annual means
during 1987/88-94/95 except 1990/91 and 1991/92. n indicates sample size.

Incubation Chick-brood
Daytime forager Overnight forager
% Wet wt % Energy % Wet wt % Energy % Wet wt % Energy
n 5 5 113 113 93 83
Krill 81.9 77.0 99.4 99.2 73.0 65.7
Myctophid 18.1 230 0.4 0.5 206 255
Other fish 0.0 0.0 0.2 0.3 6.4 8.8

Total 100.0 100.0 100.0 100.0 100.0 100.0




( a) Penguin lavage
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Fig. 3-5. Body length and maturity stage compositions of krill in lavage samples of
chinstrap penguins during incubation period (Dec. 1894) (a)

and net samples in Leg [ (Dec. 1994) (b).

See legend to Fig.3-4.
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a. DFOL LTHRILE, SEZRATRIIE> T AREZIN 12 38 (EF) U
SO B B SAE L TTEMAE . TRUBRICE o T E P EAIBRITRE LA
BettAiE\ \(Jansen et al,1998), £ I T, EF& BRI L TEEEFEOREL ST, 7
FL. 12 BLIE 14 B CRBERE- TR EFTARLSA L T BEL, REIEK
ERL7-fEEE LT,

By AR A AT OBEE% T3 &, BERE LS ¥, BEALEXT
2 BB LTV (R 345, —F, BRFE LSy ¥ T, NI T VRO ED
ZEIAHR. EEH 0% Thofm, A0 —B%THD L, FEFH 26% &40 TR
% < DIENXE =N T HA T ENLERT 2 I EAREENI, NEFA TR
fe s TlL. G nicholsi N LB L, K\ T E carlsbergi & E. antarctic Thol,

BAEHTOAET T IZ-OWTIE, 1990/91 F£35 L UF 1994/95 & OB BBEARD Y%
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Fig. 3-6. Maturity stage composition of krill in lavage samples

of daytime (open bar) and overnight (shaded bars) foraging trip chinstrap penguins.
Mean £ s.d. of 1990/91 and 1994/95.

I: juvenile, MS: subadult male, MA: adult male, FS: subadult female,

FA: adult female



Table 3-6. Foraging areas and food of chinstrap penguins

Incubation (Dec.) Chick-brood (Jan.)
Qvernight Daytime
Oceanic L-krill - -
Slope L-krill L-krill, Myctophid -
Inshore S-kirill S-krill S-krili

L-krill: Large-sized krilt ; S-krill: Small-sized krill
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(a)Fur seals
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( b) Chinstrap penguins
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Fig. 3-7. (a) Diurnal patterns in depths of dives by fur seals and vertical distribution of
myctophid fish including krill upper 50 m depth in the slope/oceanic region during Leg II
in 1994/95. Acoustic record measured at 50 kHz.
by chinstraps penguins and vertical distribution f krill in the inshore region during Leg II

in 1994/95. Acoustic record measured at 120 kHz.
All dive data are from Bengtson et al. (unpublished).
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(b) Diurnal patterns in depths of dives
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Fig. 3-8. Prey density in relation to depth by area during the daytime (a) and at night (b}).
Prey (krill and myctophid fish) density measured at 50 kHz.
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Fig. 4-1. Mean chlorophy!l a krill and myctophid fish density. and temperature by area in
December (a) and January (b) in 1994/95. The definition of oceanic [ and II and oceanic I’
and [T’ explained in the text.
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Fig. 4-2. Daily encrgy-flow (cal/m2/d) from phyloplankton to top-predators in inshore (a)

and slope () area in January in 1994/95.
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