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Horizontal Distribution and Diel Vertical Migration of Euphausia pacifica
Hansen in the Tohoku Waters, Northwestern Pacific in Spring

Kenji TAKI

Horizontal distribution and diel vertical migration of Euphausia pacifica were surveyed in the Tohoku waters, western
North Pacific in the middle of April, 1998. The larval and immature stages of E. pacifica were few or not present in the
cold waters strongly affected by Oyashio. The depth of distribution during the day tended to increase with the develop-
mental stage from the calyptopis to adult stage in the offshore areas. The calyptopis stage, however, took diel vertical
migration in the mid-deeper layer in the coastal areas, where adult E. pacifica were abundant in the upper layer during
the night. The daytime distribution of adults was observed at a shallow layer compared with that of previous reports in
the same area during the summer period. In the case of low concentration of chlorophyll @, E. pacifica was distributed
in the deeper layers during the daytime. The diel vertical migration patterns in spring were explained to prevent canni-

balism and predation.
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M EFHE

VT FFT IOREGM L BIHE S AT D -
%, 199844 F 17~23 HIZHALK K EERF 28 77 i 8 25 e by o
ALHET MOCNESS-1 (Bt ¥ 4 — i % £ BRpSBaEAs % o
b, OB L4m?, HA 033 mm; Wiebe e al, 1985) %
W BEET -7, HEORSZ L LR, s
SBOKEEFI200m 12V - 72 4 5, 143°30°E 1290 — 7= e ~ 2%
BIPD 653 R UE R 144°~145°ED 25T h % (Table 1).
FHRIZ BV TERE 12 @AOBElE -7, v/ F o7

F7IOREIZODCTUE, MBE2 . w P CHITLEAS

A ERE RIS U TIEIF 4521274 3 £ S 12 MOCNESS-
[ZERRE LTz, REANER, BREETR
0-25m, 25-50m, 50-100m, 100-150m, 150-170m O =N
hAElE T 0-25m, 25-50m, 50-150m, 150-250m, 250~
400 m, 400-600 m, 600-1,000m 9 7 & 2% L 7~

PREEARIZ, B Ech 0 Ts%hirL~y ViEiGETHE
FE L7z, FERBCBWCEREMELHNTY 2V F o4+

TIeRREEM REOEZ, 91, /-7y 2,

=TV, AVT W, vy -2y 7H, %k
B, BRER) IERIL A, 205 B, Sz onTid, M
BREFBIELZN TOW A WS
Tabb, il NG (1994) #819924F 4 A O B k1B A 1|7
THF7 SFHDOAHREET 728510, %7 3OS 5

Table 1.
using MOCNESS-1.

. ROPGETEHL L 7=,

BIFT&+F7 3054

VI YFFT INES L B LA F7 200
FAXCETE, KO EE 0.40-0.50 mm, SR EE
0.30-0.38mm & AEDINE AL L=, /—F Y 2HKS
x&/—fU¢Z%uﬁﬁﬁ@%&5i,%h%h@ém
BUEARBULIND 0.1% RF 4.3% 1@ E I A3 E i
DX ez k @'ﬂ'ﬂﬁi@"ﬂﬁiaﬁ%“fiﬁof’k%i bh
2. XD, THOERRONE» BB L. 2y 7
PEZHRY T 7 - YU THIZDOWTIE, Suh e al (1993)
LR THTAF—C F TR 7~ TZr—=1) 7H
PR REERMEIZ OV TIE 0.1mm DHMTE2RE (KA
ﬁw#b%%@f«if)%@?bt.iﬁﬂuh@%ﬁ
20 EDWTE, B RMEMRBEROEREIC & 0 Rk,
HECor i, & 5IzlC DO TIZ BRI I O RSB A R3S L
T BT TR & 22 RBMEIZ 5313 7=

BREF BRI hwaﬁrmm&v@ﬁmwmﬁ@%&
('ﬂflf* : m"3 O L <R -m™) i3, Mo LAk
gtz B ’é:ht(ﬂfﬂ\_rgt%?ﬁ v FEERE A S L ItE
mbt_&h, AEREHNEIZ 6 5 F10EkE (=SD)
i, 0-25m:106m’® (£32m?), 25-50m:97m’ (£23m?), 50—
100m: 168 m° (£47m’), 50~150m:414m® (x111m?), 150-
170m:65m’ (*16m’), 150-250m:468m® (*=135m?), 250—
400m:757m’ (£220m’), 400-600m:918m’ (+194m?) 600~
1,000m: 1,882 m* (663 m*) T - 7=,

Location of stations, sampling time and depth in the Tohoku waters survey during the 17-23 April 1998

Intermediate Depth (m),

Sta. location during Date when upward

upward towing towing commenced

Tow time

Tow range (m)

1 36°33'N/143°32'E 17 6,504 7:29-8:58(DAY) 0-23, 23-50, 50-152, 152-252, 252401, 401-599, 599-961

1 36°35'N/143°30'E 17 6,535 [:13-2:36(NIT) 0-25, 25-50, 50148, 148-247, 247-401, 401-596, 596-973

2 37°37'N/143°30'E 17 4,201 16:20-17:51(DAY) 0-17, 17-47, 47147, 147-246, 246-396, 396-599, 599987

3 38°33'N/143°25'E 18 2,136 7:31-9:07(DAY) 0-23, 23-48, 48-148, 148-248, 248-400, 400-599, 599-984

3 38°34'N/143°32'E 18 2,791 1:06-2:16(NIT) 0-21, 21-49, 49-147, 147-248, 248-401, 401-600, 600-1,000
4 39°35'N/143°27'E 18 2,624 16:05-17:31(DAY) 0-22,22-47, 47-146, 146-247, 247-399, 399-600, 600-994

5 40°28'N/143°29'E 19 2,217 7:09-8:26(DAY) 0-22, 2247, 47-146, 146-249, 249-400, 400-600, 600-992

5 40°25'N/143°29'E 19 2,226 1:25-3:43 (NIT-DWN*)  0-22, 22-47, 47-146, 146-248, 248-399, 399601, 601-980
6 41926'N/143°30'E 19 1,804 15:31-16:46(DAY) 0-21, 21-47, 47-149, 149-247, 247-395, 395-596, 596-1,000
6 41°27'N/143°31'E 19 1,717 20:30-22:13(NIT) 0-21, 21-49, 49-149, 149-248, 248-400, 400-600, 600-993

8 41°25'N/144°37'E 20 4,182 10:58-12:41(DAY) 0-22,22-48, 48151, 151-249, 249-401, 401-597, 597-992

8 41°26'N/144°35'E 20 4,383 21:15-22:52(NIT) 0-25, 25-48, 48-149, 149-249, 249-400, 400-599, 599-993

9 40°30'N/144°55'E 21 5,997 6:52-8:11(DAY) 0-25, 2545, 45-146, 146-247, 247-399, 399-596, 596-991
12 40°30'N/142°03'E 21 214 20:24-20:35(NIT) 0-24, 24-50, 50-97, 97147, 147-169

13 39°32'N/142°12'E 22 221 2:07-2:18(NIT) 0-24, 24-50, 50-95, 95-146, 146-166

14 38°31'N/141°51'E 22 207 9:07-9:20(DAY) 0-25, 25-50, 50-97, 97148, 148-165

14 38°3I'N/141°51'E 22 204 19:50-20:05(NIT) 0-25,25-51, 51-98, 98149, 149-167

15 37°30'N/141°34'E 23 203 6:20-6:34(DAY) 0-25,25-51, 51-99, 99148, 148172

15 37°30'N/141°35'E 23 204 1:58-2:10(NIT) 0-23, 23-48, 48-97, 97146, 146-172

*: Dawn
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5 Pennak (1943) O JF I & O HY B AP LG IS PO 6
80% O HI I ARk 7=, HEIhREE I, ZOEELD
WL ZAIZERDS0%DERRATET S I & 217,
7=, DA 5 80%D HIRFEH & 13, O EREE & D%
WEZARUTHREELORENLEZIAIZZRThEERD
10% DEFEEATET S I 28T, kk, WThoRFH
e ¢ izl A BOBAREIL 1 E S L < idE
B2BICIZIFRE 7=,

Fow b BRI BT A KIEE, MOCNESS-T Do 4

# L7 SEABIRD #l CTD V¥ —IZE k& h/-F— 4 %
B, &£7-, Sta. 1,3,5,8, 12,13, 15 DMK Sta. 2, 4,

6,9, 14 DHMPIZERANSN VA IZ T £y FERAREE AV
T0m, 10m, 20m, 30m, 50m KU 75m E» 5 100ml % F
AU, Whatmann GF/F & 5 A 7 74 /35— 7 4 L & — THA|
OB L2, MEER, 2mOT7E Y EANRTEWELRSE
BUZT 4 L E —%& AL, —20°C THWI & CTHIEMRTT L 7=,
IREEE EHIZHEREIZ BN TR GEE (HITACH]
139%) & FV T Yentsch & Menzel (1963) O EIZL D &
nu7 4l aiBEEREL .

# 2

BHEEDS 5, Sta. 1 & Sta. 2 1, 37°10'N, 143°40'E (2
D& FEOBEARMOBIRICHES L (IS, 2000), &K
KiRIZ 14.5~17.1°C 7R L7z (Fig. 1,2). Sta. 2 & Sta. 3 D
RN I BHEE Ao AT S 3E53% L T/, Sta. 3 Db ibd
Mk, HEKOBETIZAHD, FrlISn 4,5,6,8 9T,
100m BRI 1°C I OEKESRFAHL, 2D 55 Sta. 6,
8,9 TIZFEMA 57K 100m & L <L 200m (g T 2°C
FIGOERAREAEE LT, HMlE—0803, 38°N
Wk TR T L, 38°30'N—39°N & 40°N {38 THEH L Tuaie,
WED Sta. 12~15 &, W& HBE SO BIIC
L, RWIE62~8.6°C, P TEIZ4~TCETH 7z,
raa7 4 g BEE, MAETIE, Sta 9 FRRVLTHTR
LEBIZ 1 ug ' Y LET, Sta. 50 0-10m B3 6ug-I7',
Sta. 6 O 20-30m &L 7~8pug- /! LEHEFIIE MEATR L

(Fig. 2). LA L, Sta. 9 E&EIZHNT04pug- M HKWT
bHotz. —F, WETIE, Sta. 13& Sta. 15O 1 g

VY ETH o724, Sta. 12 & Sta. 14 DFEEIZ 0.7 ug 17!
i LKA - 72,
BERBEBICOWTHRAEDOEREIZH 7 5 HBIERE &
1998 -4 H D1 100 m RS KIEEE (IR K EMFZERT,
1998) EDEMREHIRT 5L, kO LS BREREAE LI,
UM, Sta. 1,2, 3, 5 2B AE LT 13x10°~101x10% {fl -
m2EELHILZA, 100miE 2°C FHKEMR & D IKKE
D Sta. 6, 8,9 & Sta. 12 ZEEL HRABR TITEERE
2X10ME - m2 KT H - 7z (Fig. 3,4). H )7 b & AHIL,
A TIE, Sta. 1 OHPIZ247X 1K - m 2 E S WL

i

=2 &8 & R
F IO |

Latitude (°N)
3

38+
371
36 T T oy
140 142 144 146140 142 144 146
Longitude (°E)
Figure 1. Distribution of temperature (°C) at the surface (left)

and at 100 m depth (right) in the Tohoku waters in April 1998
(adapted from Tohoku National Fisheries Research Institute,
1998) and location of sampling stations. Gothic number
shows the station number.

72A%, 100m ¥ 5°C AR K D KA TIE B EEL
T2xX10°R - m2 K TH »7=. £/, FIRFWRTE,
BEAE LT RXI0MEE m™ ki Pararz, 77—
) THIE, Sta. 10O B RUVRAD Sta. 12, 13, 14 D1EH
12 31X10°~100X10* Ak -m™2 & E B LD, 41T
b E RRRIZ, 100m % 5°C FHARIERR & O {KAGRB D
WA TIRBIE A LT 2x10ME & - m™ ki & Ak
Mo dz, FEEIE, BIREMROEBIZ 7X10>~26x 107/
A om? B HBELER, 2T FERMECIZT 7 —
) TH I ERRIS, 100mEE 5°C FHAHRE & D {EAKEMD
TR TIREEABEL CTI0MEK  m™? ki P hr -
7o kiR, RCEMERUSEEM) &, kR ETO
REBRMBEELZD , 100mE 2°C ZHREHRR & 0 KR D
MAHEEEGOERIChZ D BIL, B Sta. 6, 8 RUE
WA OEBIZ 121~427{ffF -m2 LB IR LA, &
7o, B CEIE T - 2EIC2n TR, WEh RO
FHnZ < MBL, R E O MBS 427 #k - m™?
EREEH o7 Sta, 4 TIZEBEDEN452fFICHEL. 2
OFEEIE, BHRIZHWTH v b2 5 Ol R5 DKM
HBRODBENRKZE A 57-ZLICERT S DEELI LN
5. ZFEMEHE, Sta. 1,3 RUYRF Sta. 12 DIEMHIZ 26~33
Tom2 L HE LA, 100m B 2°C FEAERE K DK
AIRMD Sta. 6, 8,9 & Sta. 12 & [H < BFE R T, Sta. 15
OEPIZ 2K - m2 BB LD, B < HEL
Thot, ik, MoxERL, WMATIE, Sa DR
TENFI 72%, 50%, Sta. 2 O HH T 53%, Sta. 3 DEIET
FRNEFINI0%, 37% L EmA 5 7=H, Sta. PO BIE T
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Figure 2. Vertical profiles of temperature and chlorophyll a at each station in April 1998. Chained thick, solid thin
and dotted thin lines show chlorophyll a, night and day temperatures, respectively. Temperatures were obtained

from CTD sensor attached to MOCNESS-I.

Sta. SOHHIZ23% #R L LIAMR 0% Th - 72, 72, i
FFCId, Sta. 12 DTEMINZ39% & &b - 7248, Sta. 13 DL
K UfsSta. 14, 15 DEIETIE Sta. 15 DHPIZ 7% &R L 7= L)
I 0%TH - 7=,

100 mER7K iR & A JF I 7= 2 3 F ER RS 45 o M IR (B4 5%
([ -m™) LDOBREAS L, 100mFE 1.3°CkiH (Fig.

1D 100mE 2°CE KRS L D IKABM OB EOKEIZHE
YT 3) 1T RO MBRMERIIA L, 1.3°C Lo
BEAEKE OBICHERB 2224 7z (Mann-Whitney
MFE 1 P<0.01; Fig. 5). 7=, 13°C YL EIZo0WwTa3 &,
1~4°C & 10~13°C DFHENZ 25X 102 - m~2 LI_E o> B 2
Moo, EURRMNEIIENT S 45~8°C T &
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Figure 3. Distribution and abundance of each developmental stage of Euphausia pacifica collected at night (except
for Sta. 5 at night-dawn time) and temperature distribution at 100m depth in April, 1998. The scales of circles for

each stage are proportional to the relative abundance.

&, 1~4°C KU 10~13°C D B A & O RIZH 38 e 32
AR X 7z (Mann-Whitney B © P<0.01). #Y 7 b
¥ 2 L 10~13°C O &R I 40 102 & - m™ DL Lo H 3]
BED LN, 77— U THERREKT L $124.5~8°C
DRIz Z 2R 60x 102K - m™2, 10X 10* @k - m™ L
FoOHB EDEN, AV TR, 7T -V Y 7,
FE AL T F R 4.5°C HAAHO W BUREE AP & <, 4.5°C
Yo WBREREEORIEE A EZS R X (Man-
Whitney 7 | P<0.01). @RMAIZEOEERIZIRL 724,
12 R°C AN IZ 100l (& - m™2 BLEO B A D 6 hi.
ZREMEHE, JiE R 13°CHRm TR, 1.3°C L Lo
BUE RS OBICHER LE2H &z (Mann-Whitney

B T P<0.05). 7=, 3~12°COHEPHIZ 2018 & - m™ LA

LOWMEAED LN,
Xiz, REBHBOMEIMEAS L, HAEONN

(Sta. 1~9) Tid, I VEROBEE T EEE I250m bl
I Sl A B - 7= (Fig. 6). WO A 7 P EATH
DD REBRBEIZOWTIE, Sta. 1 D7 7—¥ 17V,
VI 8], AR REA 100m TIZd o 7248, Th
YAt OIS TRV BB REIE som DURICIRS 1
. —F, BrhodBEhREizonTk, #) T HERT
HACI3 78 & FREIC R ISh o 7=, AU T PE RN
LI RE AT C DN TR A ICEL G5 EmZ R L7z,
LAL, Sta. 1T 77—Y ) 7VH, Stw 2 TE77—¥
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Figure 4. Distribution and abundance of each developmental stage of Euphausia pacifica collected during the day

and temperature distribution at 100 m depth in April 1998.

D7 IVEE, Sta. 4 Ti2H ) TP EZAUE, Sta. 6 T
77— Y T FNFR200mTICE L 2 LERE
PEATEFNUEE B3 idhh o7, HERUERR
B, Sta. 9 &RV 2=l Tl 100-200m 3R IZ & o 7=
A%, Sta. 9TIF400mBLHIZ 2 6 DHIBAR S Iz fthd
IS & 540D 400-600m B & HERA RO, HEPRES
300m L& ED 7. AF, Sta.1,2,3 DEIRE Sta. 5D
Hepic B L -2 Bk HREE L, Fh Pk Bl
VHEE KERBOLEZED O WL -7,

WO (Sta. 12~15) TiZ, YO HBHRER VTR
Hs5omEICH 0, MAOBEBIZHARTEVEICEERT
BIEIZH - 7= (Fig. 6). &L, WEHRS LAV T E
ZHAREFEOBICHEL, HEPMEROTROMR S

S0mBIEICH »7z. LAL, WTFhollEs 77—V U7
IHILIBERE DI O THB PR RELS R L I12ELS &S
HErAED R, KREEEREE25mPlEIZH - 72,
—7, Ht (Sta. 14 & Sta. 15) 13, #VU S ERH~7 7 —
> 7 AT 80% HYBLEEH 28 100 m LIRIZ R OY, FHK
R FEORBICERT2ERICS 72, 77— U7
M DIE O R FEFERE L, Sta. 14 DRZTREME Z R VT
SOmPIRICH B RREAN D > 72, Sta. 14 12FB 1T B RTE
MO, RERMEEOD 150-170m ISR 7=, Xk,
Sta. 12 DIEH & Sta. 15 O HAPIZHBL L A5 EBMHZ DT
i, TNENTIROFEE ITRZRBMER O L D &> 724,
HWEPIEIZ Z D LRRTH - 7.
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Figure 5. Relationship between the temperature at 100 m depth and the abundance of each developmental stage of
Euphausia pacifica. Solid and open squares show the offshore stations surveyed at night and during the day, re-
spectively. Solid and open circles show the coastal samples surveyed at night and during the day, respectively.
Solid triangle shows the offshore samples surveyed at night-dawn time (Sta. 5).

REMCHEE ITITRFE LA, EEECHEY T 3 RED
EBEBADPIZEDENED 528, Terazaki er al.
(1986) DIEM L /- H b O LHEH & R & O E N 25
RIZMEL T E L h > 72,

z =

HEOHILMERIZBWT, Y/ F VA FT7 IDREMR
VI 100 m ¥ 2°CEH R & 0 EARRMANZ IR L 7221,
HNTIERH, 77— 20 7HRUSRE AT X 5 258
ATRR & 0 EARRMBNC IR PR & 117z (Fig. 3, 4, 5). Af#
D=7 A THIZKIE 5~20°C DFEHTIRIKAKRIEE
AT PERIHE TORBFEPEL 5D, 1°C TR
RETHETEIEVEAFEHFTHL M IZEA TS
(Iguchi and Tkeda, 1994). F D728, &, EYNT 100m B
2°CEAKIRBAEIZ E TRA TS, HEIRTE . 5 (KK
TN EEIR S IR UL L7z — 77y o 28, KT
B FIZHE < SeCARMDIRABIZ K D RERE S EBHL, &
D7 T EZR I ETORESARBTH -7 EZ N5,
ZDESIZRBOHEDMAHFENRTHE & 0 BRI PR
bN7=Z &, EIEE (1981) AHME — SR CH A~
ERE—F U2, —H, 2RI 100mEE 2°C FRER &
DRAIRM & EOIROFEIIC R L 2. 207280, Rk
F TOFRFER JEAIRD 7= D HHRTE S 5 KAE M~ D

AARDOPRVBEEETH 548, KIKICHEET 5 & wEKERKA
EARMEIZIED O A IMAERT B2 60 LR & h 3. 40
D& S L A EROBRIE, oA F7 IFHICON
THIE &N, Thysanoessa raschii & T inermis \ZACFRITIZ
BOTELENLAWY, il oBMashzgDickd
R A L Tw3 LEZ 5T % (Einarsson, 1945).
100m & 4.5~8°COWFIBIZ BT 2O HBE, 1.3~
4°C JO 10~13°C DAL D & 44 <, BEINIAKERLD,
SOBRIZEHBEIATEEELLNS (Fig. 5). I0D
TR & UTRRBEHROREIZBE D 2 R0 Z>D e %ET
bhd. —2iF, RIFICKSHAVIC k5 EMRAREET S
=%, EEREATEBIZ 121~27fE m2e S PHEHL
FIRF RIS & AKE I 2= T FICEEIR L O]
BUETHE. v/ T F T IREEMERSEART A, Z
NETOLZAZOHFNEYH S REOIPH YT P E R
HAMNEE X =& &0 (Endo ef al., 1985; Nakagawa et
al., 2001). —75, B EN=HAA T IHEHIIOWTE, 7D
BEEDORKYA ZABY /T FFT7IDHNTIER
MO S 4 IZHEE T3 2.10mm &HEE XN T 5 (Naka-
gawa et al., 2001), FD7=%H, WhE5H ) 7 EZANHE
TORFERBITREAOSERF L EBT 5L, MAIZk 5
FHuWFOERELH S, &5 —2iF, MLER £ Tici
BIGEL TRESIFET 2TER AW S 3772010, BEINEE
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Figure 6. Vertical distributions of developmental stages form egg to adult and fertilized female of Euphausia paci-
Jfica in each station. Diamonds, asterisks and triangle show the median depth of each sample collected at night,
during the day and at night-dawn, respectively. Vertical bar shows the range of 80% of abundance. F and NF ¢
show the fertilized and non- fertilized females, respectively.

ISIERIETIT b, KEOERVIBERTREEBIHAShT
W=TREMETH S, LA L, ZhoERIET 220100,
YR Y BR B & AR D BB K & DBIRIZDWT X 51z
DT -8 RRETIMHERD B, £/, BFICELT
(FEEONRERE, EEURVREE, UNOMREGERE Iz O WT  METT B
WBERD B,

MWEIRIZ B 5 H ORI B gLl iZ 97-326m
(F¥156m) & (Fig. 6), £FDH Y 7 + b = 7 iR
(150400 m; Brinton, 1967), FEDEILE ($300m; F I,
1995) , BZED =FEM (250-500m; Taki, 1998) 12T i%
WEBA AL N, BT 7y o b v OHRBSERETH
HTREICBET A2 EOBEICHAERE LT, TROEK
T 2 O] (7121, MacLaren, 1963, 1974) ,
A &E A 6 OEGEE (B1413, Russel, 1927; DeRobertis
et al, 2000) HEAFETF SN TS, 2D BRAHOIIH &
DERIZOWTHE T2 &, HEEOHALER TIRIEKSEE
g a RO TIERE~ TR —REAKRED 7=, H
H1100-200mEIZ B W TRBOIH A TRETH B L E 2 &
5. L2L, St 2 TIEEE~100m OKIEH 12~16°C
DERIRER LA HROHEPYAEIZ97m & D - 7
DIZH L, Sta. 9TIEERED 5 TEF T2oCERHOEAE
P U7 H o B REIE 326m &S5 FD
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Figure 7. Relationship between the median depth during day-
time of adult Euphauia pacifica and the average integrated
concentration (mg-m™>) of chlorophyll @ from 0 to 75m
depth in each station. Numbers show station number. Square:
offshore station, circle: coastal station.

728, HHOSHEE G REOME 2 TREHETE S0
EEZLNS, K, HERMARELOBERERIT4D,
EHEOEEEL LT 0-75m OMEsoa T4 a B%2H
VW, I HPIZET 3 2R K0 BB IE L OBk % A
7z (Fig. 7). TR, £BO 007 4L a EH 100mg-
m7EBA SR TIEOTNE 100miE L&A 5 748,
50mg-m”> AKiMD Sta. 9, Sta. 14 {ZfhDiPA, IBRBIAIZH
RCEL BT, 20728, APOSHEEE ZEEHE
BE,OOEREE BB L T TAREES S 5. Lo L,
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HEEEOFMICED S THICHEOZ (LI L 272
e LT (Harris, 1953), SBIXHEE & & 3 ICHRED
FEiE, BEDBEBRAERB L TWS ZLPEETH .
—fBIZY JF A F 7 IO BSBEEEOHMRIL, £<
OERBYAFT7 IFERRRIC, 7V 7 EAHDEETH
Ml oM Tk EL A3 EAAED 5T 5 (Brinton,
1967; R, 1979; FF3, 1995; Taki, 1998). # ) 7 P EX
Ml s o HESE R A EB T TITbh 2 Hl e L
T, EREETIAEL | FBOWM T 5 v o b v & BNF
HE37-0TdbILinEF6NTWS (Mauchline and
Fisher, 1969; FFI1, 1995). ABIEIZH T, SEDLEEL
WAEREEEZ LN B3HED S5, WEOEMED 1B
RS A 100fM - m™ 25k TH -7 Sta. 1 TR, TNET
DIMEFH LRIz H ) 7 P ERTHPERE S EDRIZON
THMOBEEENEL & 5E[%MR L 72 (Fig. 6). L
L, &R0 &ERED HBREERLKS 121~427f# (K -m™ 25
LRSI, Welrnw - REEBOR TEEL S
#)T FEAEBRLECEIIAML, DERFEOMTL
L HITBIRD AR O HWERIE L & o T {HEA A A S
h, mEEDn s s ) 7 EABDBEOREEICES HE
SERE S — Y ERELS RE 5T

—F5, BT s v o b O R ESEBE) Sy - D%l
i, EEICRE XN TWAEAM S (Frost, 1988; Bol-
lens and Frost, 1989; Ohman, 1990; Bollens ef al., 1992), ffl
Z1E. ad U Pseudocalanus newmani {31 &E MO
IS HEBII AN & DRI IE, A A B S 22 IR E
HhEBOMEE L0 A EHEBIAT S Xt ad LR
X TV 5 (Ohman, 1990). ¥V / F ¥4 £ 7 I K,
FIoTEBIC R L (Ponomareva, 1963; &g, 1981), ik
D& IZPi~H 1) 7 R MR AEOBIEE Y 4 ZOH
FIZH%T 5. 2078, Ji~% ) 7 b ¢ MR ED
EEB ST L, MR X AEE LD GRS &
B, LS T, IRRBICAT LAY 7 23R
OHE B & REOSEHNTAT 2REA T ChEE
TICHIA , EAKEL BDRAELSDORY 27 HhEL
BT 7 —3 ) T AL & I A REE & RO & E RS
RETS FRBICE RIS T S H 5, Gk, P
TREIZE 27 7 E2HOSEEROMEIZDWTH
sl WU FUHIERT AR Y T EAHIL,
FIZF L) A ABMTHBI LA Suheral (199) 12D
FRENTWE, 2078, FEBIZBITA2REDEER»L
B AR R MR A EE G I N T B I L e ERT DI &,
BFLEWM T o v HAEEIZS S ERBICBEIL &<
TERTEREFZEWNTEIRBEIID/=EEFELENhS.
PEDESID, KFRIZBWTEEORMNEF ISz H
3y /A7 IOHRBSEREIL, Matiano
I 3D < AETFIRNE & B L BIRA S 5 Z L AVRIE S
7=,

E
KEOHD ZEHICELT, JTHE & TREEB - 2R
SRR ST BRI IR LA L BT
5. KHFEOHSEICH 720, Aika JE ETEW 2R
KEERF 22T IR A A B B v AR BE BT e B RS 2
oA HEEET. sua T4 aDHEIZHIZ-T
YRR B ORI T IR 2= B R K E
B HORMICHLA R L LTS, SEICHSD
7 T A TR 2= B K B2 T S R ARE E AL O AR R AIE
CIZEMBOF 4, FASHERD T 212 B 5.
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