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Surface biomass of net-zooplankton in the Indian Ocean sector
of the Southern Ocean during the icebreaker
Shirase cruises of JARE-39, -40

Sakae Kudoh?, Chie Ikura?, Akinori Takahashi®, Jun Nishikawa?,
Akira Ishikawa®, Naoki Washiyama®, Tohru Hirawake!, Tsuneo Odate’,
Kentaro Watanabe' and Mitsuo Fukuchi'

Abstract:  Wet weight of the net zooplankton biomass (>315 gm, collecting
NGGS54 netting) in the surface water of the Indian Ocean sector of the Southern
Ocean was analyzed using continuously pumped-up water from ca. 8 m depth
during the two cruises of the 39th (4 Dec.-13 Dec. 1997 and 15 Feb.-19 Mar. 1998)
and 40th (3 Dec.-20 Dec. 1998 and 24 Feb.-19 Mar. 1999) Japanese Antarctic
Research Expeditions (JARE). The biomass varied widely; even samples col-
lected from the same water body (difference of distance among the samples were
several-100 miles away) sometimes had differences of 2-3 orders of magnitude.
The biomass obtained around ocean frontal regions such as the Sub-tropical Front,
Sub-Antarctic Front and Polar Front, an ocean ridge area (Kerguelen plateau) and
off Prydz Bay tended to show higher biomass than other areas, often exceeding 500
mg/m?®.  The mean biomasses among the 4 water bodies separated by the ocean
fronts, were 50, 68, 76 and 137 mg/m? in the Sub-tropical, Sub-Antarctic, Polar
Frontal and Antarctic Zones, respectively. In the Antarctic Zone, the biomass
tended to decrease from north toward south, and the west and eastward distribu-
tion showed high biomass over a relatively extensive area east of Prydz Bay and
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slightly high abundance offshore of Amundsen Bay. According to previous
JAREs and other studies carried out in the Indian Ocean sector, areas which
showed constantly higher zooplankton biomass seem to agree well with areas
reported as showing higher phytoplankton production or biomass. In spite of the
methodological difference, the present results obtained by continuous sampling
during the two cruises were very similar to the previous results of K. Takahashi er
al. (Mem. Natl Inst. Polar Res., Spec. Issue, 52, 209, 1998), which was summarized
over 22 years data of NORPAC net sampling, and we were able to confirm the
surface biomass and distribution of net zooplankton in the Indian Ocean Sector of
the Southern Ocean during austral summer. The method applied in the present
study is one good way for long-term monitoring of the surface zooplankton
biomass along the JARE cruise track, because the sampling requires non-ship time
and gives a good estimation of the biomass.
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Fig. 1. Zooplankton continuous sampling on icebreaker ‘Shirase’ during JARE-39 (Dec.

1997 -Mar. 1998, open circles) and JARE-40 (Dec. 1998-Mar. 1999, closed circles).
Circles indicate where continuous sampling of the surface zooplankton was started/
ended (an example is illustrated in the lower parel).
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Fig. 2. Changes of temperature and salinity in the surface water along the Southward-leg of
JARE-39 (upper) and JARE-40 (lower).
Orange, green, sky-blue and blue background colors in the figure indicate Subtropical,
Sub-Antarctic, Polar Frontal and Antarctic Zones, respectively.
STF: Subtropical Front, SAF: Sub-Antarctic Front, PF: Polar Front.
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Fig. 3. Zooplankton biomass (wet weight, mg/m?) in the surface water of Southward-leg,

JARE-39 (upper) and JARE-40 (lower).

The biomass was plotted against latitude. Square marks of line edges are starting/
ending points of sampling. Red marks (lines) indicate that the data were obtained
around ocean fronts. Background colors in the figure express the same meaning as
in Fig. 2.
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Fig. 4. Changes of temperature and salinity in the surface water along the Eastward-leg of
JARE-39 (upper) and JARE-40 (lower).
Blue background color in the figure indicates that the Eastward-leg was in the
Antarctic Zone.

JARE-40 XV & SR RIOWIK OKINFEDORE 2 Z 2T IR AT LU 727204, LIEL
1R RARIE TSy O 23838 L Tua 7z, JARE-40 TIXELR 40°-75° R AR - MBI
HERSR OBERR D7z O KRB L 12720, KEERESHEO T — 5 13 RBHTH 205, LI
DR 75°-150° fE] Tk JARE-39 X D iAW EFITL TWalzicd s, HIELD b 0RESDE
WA CRIRIZERREE) ZHi T L7,

JARE-39 TIRER SO D7 L > ¥ VI, 6507V v Y& & 8k 75-87 O¥EE T 200
mg/m?® L OB S > 7 b USRS Nz T, WThOEETY 200mg/m? 21 2
ZEiEshrol (5 E)., JARE-40 T3 JARE-39 L[RBEIC T AV V¥ Vi, 7V vV, B
VHERE 51000 1T TE 75 > 7 b BEEMN200mg/m® 282 2 K& 2flHE L o7
(B5F). £72, Zo0OfiE THREE 110-150° il T/ & M7z JARE-40 12 81 {84 JARE-39 &%



1AV FEREROEY7Z 7 VBHE 287

1400
— TARE=39
1200 s ;
1000 f
800 b e L e T L
o0 |
o~ 400
E
g 40 80 80 100 120 140
S’
- 1400
-& 1200 |-
* pu—
"é’ 1000 |
- 800 |
)
3 600
400
200
0
© 80 80 100 120 140

Longitude (°E)

5 JARE-39 5 X (F JARE-40 ERHEITHIC B 2 REKD OB 75 > 7 v HTER
ARHREX B OB ICN U CHfFR 2 R0R (BRERMR/ET S 20T, FREXM % ER
THRR)., HREIEK4 L FEROEK,

Fig. 5. Zooplankton biomass (wet weight, mg/m3) in the surface water of the Eastward-leg,

JARE-39 (upper) and JARE-40 (lower).
The biomass is plotted against latitude. Square marks of line edges are starting/

ending points of sampling. Blue background color in the figure expresses the same
meaning as in Fig. 4.
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Fig. 6. Changes of temperature and salinity in the surface water along the Northward-leg of
JARE-39 (upper) and JARE-40 (lower).
Orange, green, sky-blue and blue background colors in the figure indicate Subtropical,
Sub-Antarctic, Polar Frontal and Antarctic Zones, respectively.
STF: Subtropical Front, SAF: Sub-Antarctic Front, PF: Polar Front.
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Fig. 7. Zooplankton biomass (wet weight, mg/m?) in the surface water of the Northward-leg,

JARE-39 (upper) and JARE-40 (lower).

The biomass is plotted against latitude. Square marks of each line were starting/
ending point of sampling. Red marks (lines) indicate that the data were obtained
around ocean fronts. Background colors in the figure express the same meaning as
in Fig. 6.
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Zoular UCREICL T 2-3 OFHT 150 mg/m® L EDEARRL 7.

JARE-40 T, 55 AL 0 & S ERIT 200 mg/m® % 2 2 5 K & 2fELNA S 1, Mg
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T ZEZRTHEDTH 5,

HFEEICHD TRERENR SN S L SR, [F—HiEE Lz TR L 723 08HE !
bEHERD SN T35, JARE-39 F#EIC B 1T 5 k& 56° 13, JARE-40 I B\ TOEE
60° 1 (X12,4) 70 &3 2 DHAFIT Y H 5, FeOBlE[E—HEERIZE L 2055 & REAPOH)
W7o b EFERED 1000 EIREDERZENELC T I L 2RTORNL, Zhsofl
AN Tt EREE U 7o BORH R OB EhRERE (S0 ~ A VHiT#R) T, 87 7 > 7 b L BIFER
DREAPIZBNTE 10056 OHEZLZECIRZIEIE, TPk > Tl E2E
BRLT W3, 2hoDZ e, MAETOEY 77 > 7 b VEREFEHEIC B W THERER L HIR
SENTHEHEDAD T — F ICHD LGS, It L 2R~ BEbn a2 EEAN TS 2 & K ED
WeERRZ 2D falnid 5 2 E A EBRL T\ 5 (%, Hardy 1936a, b),

42. FBEHAME L TR LN IEBEEET RN

ARG TRHENR - 12877 > 7 b U BIFEREE T 210h 72 D, SRR & i
ORI HEEDWT, EEANCHR, EREET, B RO =2>1eXaL (K1, & 1), £
FEOBI A FhE U 7RI FE L EROPE IS Y 3 2 EEICER OB 2 BB LERHIL 72 & ©
TH Y, EEERITHIES I IBLE 2> S PR BN, b EARE - TR @8O v 2 1l L
BHEIL:Z s, # LICREAMEDFNZTRONBE ETEoNEY TS > 7 ~ VHEE
DFEEHE#ELL T b, JARE-39 & JARE-40 2T 5 & § R TOMBKIC B THEEDIZS
PRI2BEEREREE RS> TW I EBbnb,

BEETEIW OLOREXBTEY 75 > 7 b VHEELN S0mg/m® 2 2 5 & 5 5k
o T BB E SRR O Tz, JAREOEEED 7 L7 L AT (R 56° i),
JARE-40 3% L OifE 40-42°, 46°, 60° 23 AUCHIY T 5, I o OFFEBRTR TR S 2k
BB H B 2 EMEFEI N T, TS OAR AR, #OMNE 52 BEOBH
HRLEESE S L, B KBEE S b D87 2 MERRICHNS T 20, DI
BEADEA L T 2BICHY L Tz e FE 2 55 (Nagata et al., 1983; Odate and
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#R1 JARE-39 5 XU JARE-40 EFTHHIC[ L o ¥ BB L GHiEE: BF (7)—<>
NV ~BEFIEEHD), AT (RARAIEH~FEE 150°), Jbb (F#& 60" ffili~> F=—)) T
BonlREKFOEBY 7S > 7 b v OBfFR

Table 1. Biomass of net-zooplankton (wet weight, mg/m?®) in the surface water along the

three icebreaker ‘Shirase’ cruise tracks (Southward-leg: Fremantle- Syowa Sta-
tion, Eastward-leg: Syowa Station-150° E, Northward-leg: 60-64° S of 150° E-
Sydney (34°S)). The samples were collected continuously from a pump (sam-
pling depth, ca. 8 m), and concentrated with NGG-54 plankton netting (mesh
size, 315 um) for several hours. Nearly twice higher biomass were recorded in
every legs in JARE-40’s than those of JARE-39’s.

27}t 7 il A A N TS RATHLEE dt_EmuEs
Zooplankton Southward-leg Eastward-leg Northward-leg
(mg/m?) (Fremantle-Syowa (Syowa Station- (64°S 150" E-
Station) 64°S 150° E) Sydney)
JARE-39
SEHME (mean) 93.7 84.8 70.2
EHEZ= (S.D.) 160.6 110.8 450
Maximum 649.3 638.8 163.3
Minimum 6.6 1.3 11.9
B INVE (n) 29 41 26
JARE-40
SEYIE (mean) 227.4 200.6 138.6
IEHEEZE (S.D) 271.8 206.9 92.5
Maximum 1030.1 1274.7 396.9
Minimum 13.4 26.0 15.1
TR (n) 47 57 28

Fukuchi, 1995a, b), XFFREEOWEAR IO EASIIEDEEESGVE VbR TED
(Fukuchi and Tamura, 1982), S[EHEZ sNE8Y 7T > 7 b > OEEESMHIZ IS E0WE
VEETON T O EBEICIG L TWwizbDEBbis, 72720, KE-EFEDOKRELTE
BOBREBRICLT LOEY T 707 P VEEENKELRI2DITTELEVWESITH S,
JARE-39 B IC B\ T, AKR-HESZ b & THBVERTER, TR, RATHER, P4
WRLIEHEINS Y 7 VIR Z O TH B3, Z 6 OEBERFOEY) 75 > 7 k>
HEFERIZIZ ORIBRELEL THOARERVWHDTH o7z,

HEERTR TR O N ELRE, 2HETHR T 28R & LT, JARE-39 8 L ClifkE#
55 & D b EREE TOSHRIVNS Ot L, JARE-40 TR0 EERE L 0 b K& X
BE2EDHDNBELBoTHZeEnbIFons, ZOEREAITCORERDENKE ¥
L, FK (BT 2®8-ETH, JAREA0 D5 23 FHE T 2 ELL EAE 2l &
o7z (1), JARE-39 TI3EMIEMEZ S JARE-40 L 0 & 1 AMIZERE» o7, 2 OBH
EHAOEEH TN IEDE 2 E U S TO-aJREM S H 5. JARE-39 TR EEEHEEO
BRI THEEIERCT 2EMEEEF ORI/, 877 > 7 b v O4Y)
BHEMNE ClCi3vlo Tk 2 L L, JARE-0 Tk 1HEEIZ E & L o4& EREN
DHEBRE £ - 128 28I L7720, REBRENE AR H L5065 ThH S, JARE-39
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B &V -40 HEE TOFBRAREICFEITV F#E 55-65° HifR D AR5 %2 4% &, JARE-39 icBW»
TAERTHIIARIR CHRAERE 03 <, JARE-40 238 « (BI5r TH 2H» 5 (K 3,5), JARE-40
DERBEERY TISEHPKOREN L D EITL, BBrOHENC L W REBADED Sh Tz
EVD ZEETEARDT —F2IRT EZAHTHS, 20 &5 REHIFHAD 33 LSS
SRR OFE THIR S WP T L ERERHEAEIC 5L TRBRTE 2V L0 L Ebh
%,

AOFECHATHIEE & U TR L 22 ¥EiE, 13ITFERE 60-64° ORBARER VLICHIE T 2 b
D 5 FREEEN TH 5. Z OFBK AT EEKOEFE T 2 BFRBICHES T 5, 2O
2 BT JARE-39,40 & & BEEROBE ICHS T 2 2 A FaICBE 2 EM L 72, WTFhoB
HNZ BT B R 75- 110 FED 7Y v VEA, Bibpr» ol uc» 0 T 7> > 7 b ol
EEEICIFEL T, )y VEBERCBOWTEY TS > 7 b BKEL R 281, &
N F TOHAFEMSHISRERIB O E S BHIES R 2H D £ & o7 Takahashi et al. (1998), H 5\
13 % NLLARTO Voronina (1967) O+ FREDERTH 5. [FHEOFH 75> 7  EHE
DOFRBREREER L D bRE VLI EEE, SHO 2HFIb i 2REARTOB 75 > 7 b >
EFRETORRL LIk s, 7Y v VB RERCELEE L 0 bS5 2 b
BUAREX R8T HY (Suzuki and Fukuchi, 1997), ZOKELHEY 7S > 7 b o8&
BEEOB TS 27 N OFEERXZ T ATREMSE W EHEI NS, 12720, ZowsE
U b TNICHEAL, FETOCHETEBEM T 77 b EIZIO2HEME b EbHTESL,
EEENIR LAREE SR 7Y v Y B CBEE L THEEL T 3 2 & IIER I ERED
ZETHS,

TS EO 2 OMOKEIC B W TIE, 742 € 2 BT 2R E HE 40-60° B SR HH
0 LIE L D /NS ODMET, 240 & b B 40-60° i 110° LIS X 0 KRB A%
FATL /o0, 872 > 2 b HERZFEEARARE TRITE VXD /S 2 2EH
(Foxton, 1956; Hosie, 1994; Hosie ef al., 1997, Takahashi et al., 1998) % 3& 2 72 AJgEMAIH W
LHESND, 7o, FEE 101507 O¥EEIC 5 Tid JARE-39 T 100 mg/m?, JARE-40 T3
200 mg/m® % HULCZE) L JARE40 TOBFREN 2EE ERE o Tinrens, oML
LT JARE-39 g8 & O RBEGHITH - 7oER, Fobil 7z & 5 REIREEN T RRER A &
DIZEEWT T > 7 b @i s IEA RAR 2 7 HTREME b B %, FEEE Tl AR
i EFEMPROTEAERIAE <, 207 DIFERBICAST 5T FVF —BDD 5 55T
LED. SO LY7o > 7 b > OXEEIEBIC X 5 ERARE LA L 0 bEIHRHES
BTLED EHEZSN, MR L TREH TR L D b EMERERNKE R0 2T, 20
ZEDTHEVERFLL TOEY TS > 7 b VEFREICKIRE W ATREM DS 5,

It EARE T3 JARE-40 TOEBERIT JARE39 L D b BEZB K& ik & D 2208
BILTW2D0FBETH 5, FEiE 60-50° 12 TORE - EHELE # % & JARE-39 Ti3F
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7 ST fHE TR & 2B /KRTEGE %8 L7 Dt L, JARE40 I BW TR FHEk
S5-STAHETADATED, & 51K S5 BMEORE LA I0CICET L2 Y, HiFE &
DY 3C HKBERRBKENT L EHS, JAREA 2B W CIIMEATHYERICHY T 248
BiEbo TEMZASEEEZ L Tt E 03, 374205, JARE-40 OEEEMH OFE
FRETE L D EHECHEERTRS A DA L O R CRES N0, BB TiERE T 5
EDLEMEEDSE ST > 7 b VIREREEED TOI AR H 5,
DEDZemoBEHINLEREZED S E, > FERORBILNE TIIEERTHRROK
BB OBBEADEC T LRXEHETEY 77 > 7 P VIRERSKE LB n 2
L, £72, 7TV EERT) v VB EEEREEAO W DO DOBITT 2HiER B LT
B L CHEENSEVEFMNEET S 2 &, BIU, MBEROREMET L e TIIRER
EBRHDEIRIERDHITONSE, ThO3BEOHMARELHOETHEZL L, WThbE
V) (ERE) AEHORNEFES b RR RSN D,

43. BXEA U FEROEBEOEN TS0 + VIFE

AR TR T2FREA ~ FEROEB 7 Z > 7 + VIREFERICHE L T, Takahashi er al.
(1998) |IYFLERTHR TR 4> X 15 BEEVETIEE, - HEREARYE I - RRATRTEE - mtRiEE O DI K5
L, ZRNZTNOFIE R LR L, HEEREE D S BRI 0 1 IRF R OFEHEH BN
TAEANH S 2 &, BEHERTRA LD, MRS IEEHRER L D b8 TS bR
IR T L BRI U T AR OFER E 2 S ORI L X € TEYE L AEHERE S
KROTHLDOH, £2ThH5, K246 DKE-EIECETE, ZhFThOEEEXSL
728, SWBENREERICEONT - (3,5 7TCHRTER) 3, £5o0ERicHkT
Z2HOPEMITERVLEWVIERBT, R2BIUBRTLEIOBHCBLTREEFLCH
%,

ARG B 5 N7- 7 — 4 1Z Takahashi er al. (1998) OF — ¥ [EHEICE—EEANTL b
TRELSEFL Tz, Ko S N7 EHEIEEOHE TERIL Tz, #7505 EEDH
FIFA L7282 DT — 5 BAREATH 5 72012, SEOPFETHE S - RO FHIREE ©
OEIDEBEREREEEBTE 2V LDD, FNZNOEE TOFIRERIIIZLA EEL
<, WEFFEBRICBVWT 25 BIIEOERETRTICE Ko7, AR TCIIRERD HRETE
Bl & BRI H» T TRRICKE L o THE Y, BATREE L D MBS TRA L %5
72D %S Takahashi ef al. (1998) OFER L L TMNICERD L 22 THS, ZOEVIISEIFEREL
Te TN Y TIRELRRD T 77 bty MRELOFEOEICERN T SHREMS D 5.
W7o 27 b OSRESARICERSH - 1255, SEO X D 25 5 —EAKED B> S DK
BRETIE, 2 v MAERELR L D VEEREZE/NH 25 WLIBRKFHT 25508E 0P TVLET
X206 Ths, ZORBECEL TIRSHBAED LICKOERER &2 Ei L THEMI
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R2 WBERRCRXS U 4 ¥ (FEEVE, dHEfE, BRETER, M) s 28977
v 7 b DIEER (mg/md). Takahashi ef al. (1998) O F— ¥ L OLE.
Table 2. Mean net-zooplankton biomass (wet weight/m?®) at the surface in the 4 water
types in the Indian Ocean sector of the Southern Ocean.

Takahashi et al. (1998) Present results
¥ (Area) SR FEIfE FEHERE AR EEfE 1RHE(RE
(n) (mean) (§.D.) (n) (mean) (§.D.)
o BN YT 34 36.4 45.1 13 50.3 39.3
Subtropical Zone
fitleap by 27 79.4 75.9 16 67.6 74.7
Sub-Antarctic Zone
FRATER 31 172.5 200.5 21 75.7 73.5
Polar Frontal Zone
PR 259 133.9 176.6 162 136.9 155.1
Antarctic Zone
4 > FEX 351 124.0 167.4 212* 120.8* 139.8*
Indian Sector

* IAREEERCE S0z 16 B0 7T — 5 2R <.

* Total number of samples, mean biomass and standard deviation of the zooplankton
biomass in the Indian Sector were calculated without using the 16 data (red marks in Figs.
3,5 and 7) that were obtained around ocean fronts.

BE¢ 2R3E 20 L TREEL TW I LERHLEBRTH S,

Lo L2adse, @7 20 480 Eic o7z 5 NORPAC HEHE 4 v MRETE S L 7 — 5 DIFH
BIfFE L ARIS 8 m O—EAGED & 7K LHEE U 7o SR O TR E R L ORI I3 BRATHREEER
DERBRL EFOEZIZEA LR, 202 L BVIE D STKOREAEEA > FEXKOEY 75
Y7 b FKEE S m OBIFR L RE SIKER 150m £ TEREE LML L - L 2 DBHFR
EDRNCKERET o/ I ERBW®RT 20D TH S, RSO 77 > 7 b Vi RE
WCEEE»oFEL, —REEDEZ 2ERICKBAPTHEACZENS 2HAEEL, B
CHEHWNEBEABITL AT 2L WS 94 79 A 7 A8 O L2 &, KFFCERERAR
DEY T T 27 b UHIEERBICB L TOERICEH L TOARHCHEY L TWwiz7e o, iFICK
EREVPELCZIELI IO LWL BHERBICB T 287707 v OBFRE S
SRR DFARHEREUCHERE L 72 S EIOWFSRIC & - THB:{EDS, @K 20 8nlicbi: 2E TR
TEEIZIZRICTH oz D Z &, A LicB LT oEHM 2L LB TS > 7
N UBFEOHEIL, KFEVSHEHATEL I LAHITRTHDTH S,

et o n-RBBE OB 7 Z > 27 o BfEE % Mann-Whitney ® UHRE CHE=
MEHRITH> THIDONERI TH S, EYEE L TR 2-3 FREDENDH - 1 HEVEIEE & B
W, B & ORRATHRIEE & AR IR R I S ICHEEIRD S 4L (p<0.05), F
7z, HFEGHE & BRETAREEEIC VB L F TIEVL R R W OO pfElL 0.06 FEETA X 2iE:
D3HBHIEEBERLTEBY, ok, BAEAS Y NEXOEY 77 > 7 b VHERE,
D7p < L ob FERREE TR AV S L ORRATRREE L O b K& <, o MEBER L D ik
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RI KHRTA>OEKTESNLEY T > 7 b U BHEFEEOBEZ (Mann-Whitney
D U RBTE) BIERR
Table 3. Results of Mann-Whitney's U-test of the difference of zooplankton biomass
among the four areas (Sub-Tropical Zone, Sub-Antarctic Zone, Polar Frontal
Zone and Antarctic Zone) in the Indian Ocean sector during the JARE-39
and -40 cruises.

B TR BR ARG FERRYE I
Sub-Tropical Zone | Sub-Antarctic Zone | Polar Frontal Zone | Antarctic Zone
HRE -
Sub-Tropical Zone 0.2542 0.2798 0.0053
iifeay s *
Sub-Antarctic Zone 0.2542 0.8541 0.0599
BRTARI 0.2798 0.8541 0.0299**
Polar Frontal Zone
RElmss 0.0053** 0.0599* 0.0299**
Antarctic Zone

*10% L)V THEBEZH D (Significantly different under 10% level).
5% L ~ULTHEBEZEDH D (Significantly different under 5% level).

ISR O ESHOS MICRKER LD THo7c EWVH T ENTE D,

F 72, SRl balse s, 2 EROBRRIRE Y £ & DAY S, BEREEOF TIEN D
DOSTFEIRD TRE SR LKMBEFEET 52 &, 72, BERIZESMEN/NE L, HE
WIS [E o TOREDSEIR T 218 2 181 LS 7. SHMEBRHI 2 1Th 2 U hid e & 2 WIEsRDOER
BHEECH R LN, RFRIR S N-BHHIRA [ U S ) OFTEINFRE % 25Kk 97 s 5
BEShE EWIWELEL, KEBTOBY 7S > 7 hSAEOE=Y ) v IHIFERIc L > T &
bOTENTHETHY, BB THIRERHECHETE2bDTHL, 5%, |
FELRPMBRORT Z kb, MEDLow | Hilk LicB2REBOEM T 7> 7 >
REEORHER CORBNERM 2 Do 2T b AIREL & 0, IREREEE B> TV 5T
By 38 \7 2 @RS O B X 2875 > 7 b > OB (Takahashi et al.,
1998) CBAL THERTESL LS Wb Bbns,

s &

KEFFRILEE 39 KR UE 40 RsEHss B EZTHO—R L LT, A - RFHFIENE
L7258 V A Gt £ =5 ) > IR ipkBEAE M) B AERRRREH T = ) >~
7] O—BHEB L L TRE-EREI N bOTH S, METOBRIEIERL T lz72n/8l
HIfA TL &8 ME 39 R)-%E (A0X) BREZIICHFEHE, B LU 39,40 KrastigiE:
HIBCE DM - FEIUICRESHT 5,
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