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Spring Diel Migration of a Euphausiid Euphausia pacifica
in Toyama Bay, Southern Japan Sea

Naoki IcucHI?

Abstract

This paper describes the diel vertical migration (DVM) of each developmental stage
of a euphausiid Fuphausia pacifica in Toyama Bay, southern Japan Sea, based on the
samples obtained with multiple MTD nets and a PCP net on 9-11 March 1992. Eggs
were laid near the surface and occasionally sank down into deep water (600m depth)
before hatching. The naupliar I stage hatched out at depth, and during development
probably moved up to the surface layer by Calyptopis I. Calyptopis I to Il stages proved
to be non-migratory, occurring in the surface layer (<100m depth) throughout the day
and night. The onset of prominent DVM took place in the Furcilia II stage, linked to the
morphological change of their pleopods as they adapted to swimming behavior. The
amplitude of the DVM increased with developmental stage: 200m in Furcilia II to 300m
in adults (including females attached with spermatophore). As a whole, however, the E.
pacifica population did not perform DVM due to the predominance (57% to the total
numerical abundance) of non-migratory stages (Calyptopis I to III). Surface dwelling of
Calyptopis I (the first feeding stage) throughout the day might be closely associated with
their feeding mode during early development and survival in the dense phytoplankton
layers.

Key words : Euphausia pacifica, euphausiid larvae, Japan Sea, spawning behavior,
vertical migration
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I ACATERE IR < A5 %KM A * 7 I o —8& Euphausia pacifica (38~ 5 v 7 +
VIERBDAZRRHABBERETH Y, —RCHE 2 — P VICRSBERBRNEBE 21T 5 &
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E. pacifica 3, HAREBETOEILEBZRC, 875 v 7 b vVEHEREOFEFH T 5E
E&TH30% T Hd, B—FEE LTIRE S LTk ) (HIRAKAWA ef al. 1992), YS¥gikic kit
BIER AW EEREYINET A AD@EME L L TEEAMEY LD 5. H0 5019931 X il
BB AR (BHED) ORBIFELRFIC ST 2 RAOMEE, Al - TERD, 6
12AREBECHFLELLOKK LT, 9 HIiX100m BATICEE - 7. & DA O BREH
EBE -5 — v OFHHELEEXB KR OFEHEN LG D CIEN, YEOREE, BEK
OMERE 7o & DA e R L BERBEEY b0 EEZE 2 bRS. L, BIIBIEE T
E. pacifica DFEIHTH Y, FOSCYEDERICE » TEREIICHY T 2ER KT
%, KAEOBKNEBE L ABRE L OB OV TIE, REBELMCIR TR,

ABFgeiE, BILEB KI5 E. pacifica D EIVERER OWIsh 4 0 B R E R B 2 H3
HZEREMEL, BARERCESE, ENTHEEFTORBEEIIBERAE S 1% H
LaneT B eI, Fhb LS L OBIEIC O WTHN. Bk, ABIREREEZOH
EBE) & —v GFab 1993) & OB BRI 21T\, BF8 T E. pacifica DEIER BT 5%
HEDOBRREBE L HEE L 7.

RIS, R 7e B AREBROKE SEATHRET/ NI EETE, FIRIEA
WEREMRER, AREEIH & HE R 20 - o Btk B i B R B B R 5.
Tie, BAORKC WA T B AU KERFERITRS T 2 AEB TR R 75 b O RAMA
BoJ <t L ET 5.

mE e HE

19924£ 3 A 9 ~10H T CEIUBE RO 1 48 GREH1000m) kst (Fig. 1D, B®
% 10, HAEHXKKEFZEHALNL LT 50 )k b MTD % v + (B4& © 0.35mm,
HE&56cm, fIE1.7m, MoTopA 1971) ¥V TREOBRER T oo, T OFEHIL, KEHH
RN TULLARTEESY, EEBONERRKE TROAABEEKOEEGOHELYZITS
WHESEE Vo, BILBOBHME LTEFONB25E3FHD, Lo TEILBEG»RETS

[—l

Fig. 1. A: Location of Toyama Bay in the southern
Japan Sea. B: Location of the sampling sta-
tion (circled star) in Toyama Bay, and super-
imposed depth contours (200, 500, and
1000m).
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Table 1. Depth sampled for Euphausia pacifica in the daytime and nighttime with MTD nets.

Sampling Sampling depth (m)

1st cast 2nd cast
09:29-12:00 0, 8, 30, 40, 60, 90, 110, 130, 170, 210, 260, 300, 340, 380, 430, 510, 600
21:43-00:20 0, 8, 40, 60, 120, 160, 260, 350, 400, 440, 530, 620

A THD (HIL 1993 ; IIH « K4 1994). MTD * » b (Z#9600m % 4> & FK A & C % 8-
(09 1 29~12 1 00) (X17/@8, R (21 :43~00 : 20) X12@1es 1944 ~58 BB L 1. &
BEXx v RIS LCBREGIC X hfIEL TRz (Table 1). MTD * v t B#DIE i
1212 CTD (Neil Brown #:50) % B\ T0~700m % TOKE - HH 2 RE L. R, 27
me 74l aEEORESAYTNS DT, »¥y KSR HAVCEERE O, 10, 20, 30,
50, 75, 100, 125, 150, 200, 300, 400m) %5, FoP(EREEIEEKL F-.
BXBick\ T, MTD x v FRE X FicE i is E. pacifica DENE S ATREE 2 5 hicd
572%, MTD % v b #&THDI0~11H I 3T, PCP (Palumbo-Chun-Petersen) # % v
(A& 1 0.04mm, A£E: 45cm, {5 : 180cm) % FA\~T100m HH HFKE ¥ TOHME X 5 ER4E
(0~10, 10~20, 20~30, 30~50, 50~75, 75~100m DE6/E) *1T - fo. EETHI6H IR
THE#EH (00 40~01:05), HHER (05:30~05:47), Hrh (12:35~13:00), H&EE
(18 : 00~18 : 23), E®&H (00:00~00:27) D5 EILH L. =hbdoOLFER ML
TEBLII0% M L =Y vV CREE L. E. pacifica D FE BME D555 13 SUH et al
(1993) D EFKHER SR, I, A (V—F Vo2 I ~1I#, #2/—FVv o2, »V
TrERAT~I, 74207 1T ~VIHD, @29 =71 A HONTRE L b HERED X FI 53 8]
A8), HUkME-REDOSH 6B I, Fhe, BT OWTE, TR OZEEADOMED
B, HTRHBEEAOBEOFELE « 1. Fic, INISEEESHE T c/NTTRE 282
L, 2OREBEFICI>TRDL AT —2 [ ~1ID 3 EEIXS L.
AT =21 [ IRRGEINFREEATE LT, B THROEYRT.
A5 =11 0 1 &odREBR.
27 =2 3xoftE (BhA 1, AL, K5 ORELHERHEKSI.

pi=] %

1 BHEE

BRESD0~T700m Fiz I} 5 & B 0 KR K O 5 DERE S i % Fig. 2 1Rd. KR GEEHE H>
H120m BEE TRIFE—E A1TC) TH o e, ThUETHABCE L, 200m B T2.5CIK
FELI. —, EOEERBORIE (33.54) ARLLH, BELET KON THEML, 150m &
TR (34.10) IKE Lz, KEOEME T EAIKOHEROFE I HbDEHE2LNS
(EH « 238 1993). LasLishib, BoB Bk T, ES34.20 LoEsEske LTE
FINDREBEER (YASUIL ef al. 1969) IEE I hich ol iz, 300m LR TEAKRE 1CLL
T, #E4534.0~34. 10 ISHE e AAREEAK (EH 1932, YASUI ef al. 1969) 2 FHEL 1.
ORRIRE - HAORES MR IEMETHEEIH, FEOF LB IR 5 REREHERE
& (GFB 1985) #RLTWAE VLS.
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Fig. 2. Vertical profiles of temperature and salinity.

2 BEHESH

(1) PR, —F Vv R

MTD % » FRERKICESL, RO — 7Y v 2$hEDOFEB B OBRBES xR
% & (Fig. 3), IMZBRITII100m LI, #1240~60m TR S ML, 60m R THRA (1046
B,/ 100m3)Ic & Lie. fli ), %RITRINZ40m DR TR E S h, 160m R TRAD 51 (212
/100m>) RNEE X i-h, FOMEIIBEOHN1/5 Thote. TDT EIE, REIRENCIIEE
EREHIIO Y — 7 2R LI L ERLTWA. 300~600m T, BRETEZOHEE
wkER L, BIE—RRCHBET AEEAR L. FRERESOREZBRMER O HBEGE R
% & (Table2), BREITE, 27— 150 ~60mET56~88%, A7 —IIIxE1L170~260
m¥ETH7~87%, * 7 — TIITIX260m LHREDLBICE  48~81% % D, 2 7 — I HEA TN
3E, I hEFCrOHBEARHETEAEYR L. BRETEAT -2 LidbTnicHER L
P ThHy, BEE R aAERYR LY, A7 —11 - IIEER & 3EELL HhE
N TR N D

=7V o A0 5L, BRI CEREINIeh -7 (Fig. 3). T, THIXKRE400m &
wh B LA (1EE100m®), BEEREShIhoTfe. ), 22/ -7V TR
wie s &, mASMRE (RRE183MEE /100m?, ®RE14MEGA 100m®) (XEH & b 13EFR CRE
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Fig. 3. Vertical distribution in numerical abundance of eggs and three developmental stages
(Nauplius I and II, Metanauplius) of Euphausia pacifica obtained by MTD net hauls
during the daytime (open) and at night (shaded).
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Fig. 4. Vertical distribution in numerical abundance of two develop-
mental stages (Nauplius I and II) of Euphausia pacifica in five
PCP net hauls at ca. 6 h intervals. Sampling times are given in
the lower diagrams on the horizontal axis.
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Table 2. Relative abundances (%) of three developmental stages eggs at
each sampling depth.

Depth (m) I 11 11
Day
0 73.6 22.8 3.5
8 56.0 39.2 4.7
30 85.7 0.0 14.2
40 87.6 12.3 0.0
60 69.3 30.6 0.0
90 35.1 45.9 18.9
110 14.2 14.2 71.4
130 0.0 37.2 62.7
170 0.0 87.0 12.9
210 0.0 73.3 26.6
260 0.0 56.6 43.3
300 0.0 34.2 65.7
340 3.6 28.5 67.8
380 0.0 51.8 48.1
430 0.0 34.3 65.6
510 0.0 39.0 60.9
600 3.4 15.7 80.7
Night
0, 8, 40 Absent

60 0.0 100.0 0.0
120 0.0 85.7 14.2
160 0.0 34.6 65.3
260 0.0 73.0 26.9
350 0.0 45.6 54.3
400 2.4 42.6 55.0
440 2.8 47.2 50.0
530 4.0 28.6 67.2
620 3.3 23.3 73.3

(110-120m ¥) CHE S h B HE R L.

=7 )92 I RO MTD % v bR CERHBE LRS00, LTHEDTOHEL 2
W L7 oteD T, ThbOSMEoRRE L% PCP * v F BERFHCE S ESBEF L
(Fig. . 7 =79 v 21 &I, AHERN~HPOREO T TIHIL inh - eh, &
WAL, ks X 250m BIRICH A L, R & b e 5 B e s fafiIm O ZELiE A 5
nichs ot

2 »VF R, 71207 ROBE

MTD % v FRERRHICHESE, VT FER, 742 ) TROBMET CORBERMEEO HE
B L s BROES AR RS E (Fig.5), #V 720 5b 1 ~IHoHEIIE, BEE
HI3F100m DRI E S hfe. CoRERES, F 5708 325~60m BRI B~ 2696/# (4
100m?®, W~ 784MF 4k ~100m?, T1H | B ~444fk 100m?, & ~343{F{E 100m?, [IH @ &
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~243f@ &, 100m?, & ~171{EHE 7100m®) O g HiH cHE 3 h, Sf2HA L COHE
SRk, REMRCBRICE ABEZERERIIZD LRI - T,

TATY TROWTHADL E, WEOHBEERIY, #V 7t X EAEBERI00m LB Ee X
N, Bz T ~IVEIcRm & 50m B TRBSM L. Zhiex LT, BEoHBL100m LI
ZHRATED, VT IVEREBELNCERIGMAZ -V R L., BElOESHBERI
HIC110m % (1021846, 100m?®) £+3Tic, T ix110m 8 (12484 100m?®) &210m & (77
B 100m® 1w, Fio, ML &, 210m & (#1136, IVHE54, V18, VIHISMEk
S100mD e m bt bbb, 7o) 7 TREBHETT S oNT, BREIOSIMHEEH
RETIERANEBITL T BEAR bR, o T, 742 ) 7OHESMARERE, TTHIL
B b EBRICEDELS R, BEEHIH200m ITET S EXHLMT -7

BOAR T ik « BEIL WL L 7 BRBRE it R Le. B OE 4B 300m & (i © 20
B 100m?®, & © 1584 100mD I B b0t L, RN ERE AL (0 ~ 8 m %) (i
1814k, 7100ms, HE : 20fE4E 100m») ¥ T L L. ZoEHMBOBRRETcoOBEEHIT ~
N Y7 (ZaxFAnkEl) orh (§9200m) EHEL, #100m L& L 7.

RIS L T EARE 2 LORBIE 0 ~60m iz,  F A BRI 13200~ 300m
N EhEGAMBIBE IR E0vh, TEROMEOSE S KA BN EH O T h
EHRTERIAOR oo, Ee, BB CHEUIBIZ I EEED, £ 5 ThRWRER
HER Uitk anm L.

= =

L EofER (Fig. 5) »b E. pacifica DFEE T BREBENT 7 LoV 7TIIHcltE b, R
BEENMELICON T, ZOBBE#AE T EBNHLMCR s, A2V T DL, Wk
e UCBshET 2 IEE I HICi3E®, i o3E A RBEETh 52, NHCcHBELE LN
A RFAE L, FEKIZE L2 P AROBREA LB T 5. i, T 2R -ER T 5.
T ORTBORKERR LPEBE OB —HKL Tk, FEENEBE OB,
AEOEOFFEIC L bl e fTB &I ENTE S, BT, SHEBB OB,
KZBBEOFE  EXMIBEL T B EEDLR TS, BBk %25 ¥ CIeiEE
L-BSERERESMBOELY AR T I EBTEL EHE 2R S.

E. pacifica DEINL, (VZEHOMI X 2 BRBEOHH, KB O40m LIRICIINGA L
TEHT, BEO60m Bicy — 7 2K T 5 & 5 ERIIOHESMAEN, QFRBEIEA LI
BETBEAMAL T ExB 1 Ghe5d, VEODESE LT, REEFELLLTERD
HED, HHETSICERB W TRBEIT B, SEERRCE EBATENIZT>TW5H 2 &0
TREXNG. BRE60M BBEB O L AINEE L s, RECHBRL T iR, ®
ficik, BRBEIhCEREERE -2 ZRbhikbb0 LERINS.

BEM S ToEEREc X % & (Fig 2), EHINEKRLI20m LIRE T AR 7 KRE T o8
L, #iz1C LT BARREAKA G00m L <3, S OEL M JcucH! and
IKEDA 1994), / =7V Y ADORAEROEEIZELLIFIEh D LFB2bh b, BEERICL S
EARFEDSAL 7 — 7V U ABIVE THEREYIF, SHEREBEKFEL TR0 T, KR1TCT
EEAYEAT A ) P e R TIICET S F T TRTET5C b h Tt % (IGUCHI
and IKEDA 1994). %7, M CHBT 5 E. superva DB EE KR 0, 1, 2C)TdH / —
TV o AGER, XIVEKETHRE=RAAF-2RISFAEL, » V7 A HcHER
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Fig. 6. Vertical distribution in the total numerical abundance (solid line) and the number of
Calyptopis I to III (shaded) of Euphausia pacifica obtained by MTD net hauls during
the daytime and at night, compared to the vertical profile of chlorophyll ¢ concentra-
tion (right panel).

RoMEIY»H 28 (10~14H) Mz 5&, Lo, EBEEL2THHTLTLE S Z L23H
LhieXhTtw5 (Ross and QUETIN 1989). ZhboMRICBHLTE 2 5L, BAEEE
KPesft, =70 v 2REAECE W RET5 Z L1, IHERR =X — I OHEH
OAFIZETH B, EEICHABEAKFCHATHMEBFBEELCHES L TOE0E S IEDL
TRV, AT 5Dy, SMhghAdERE CRER 2 28ICZ L\ B A E A K+
HHOIWAHL, HFELEMRECHIRBBHTHZLXNELRLTHSS.

I bEAE COERBERMEEBOHFELS ML E LD, 2L THBE (Fig.6), »V 7t
EANEEDST % H D, BRI Enb, HEMEERE L TOBRKREBEIZRE I
Dote. THEREREILETHEIRKG, 691281813 5200~300m 1E% 3 >ERHBER
BGGEnn 1993) EAXERY, HEFEHED E. pacifica DREBBERTHHE V25, &K
BOEFEELEDOFTOI ) 7 P EADOMNEBESTE, ZOKREBRFEBE»OE2DE, » V7
FERARBREBLTCEBIER LETA TS E V25, 2V 7 ROBEESAREHE
WM77v 7 b VBEROEETHL /7 re 74 VaBERRIEL THRB E, WEIXIIZ100m
PEckEhELZRLE (Fig.6). T enba ) 7 v 20HESMIE, £ RECR
AIRTHLERE L TCOWEY T 7 v 7 b v ORESMEBERBEEYRO D LEE 2 LR S.
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