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Diel Vertical Migration of Chaetognaths in the
Tsushima Current Area of the Japan Sea™ '’

Shirou NisuiHAMA' and Kazumasa HiRakAwA*’

Abstract

Vertical distribution and diel migration of chaetognaths were studied in Toyama Bay and
at Yamato Tai, areas affected by the Tsushima Current in the Japan Sea. Contrary to the
common pattern, immature individuals of the cold water species Sagitta elegans migrated
vertically while mature individuals did not vertically migrate. Migration of immature S. elegans
occurred in periods of weak stratification, and in strongly stratified periods all S. elegans
stayed below 200 m. On the other hand, the epipelagic species, S. nagae, and S. enflata,
showed migration during the strongly stratified period. S. minima, an epipelagic species,
showed no migration or an uncertain pattern. Migration patterns and their variations of the
chaetognaths in the Japan Sea were closely related to the temperature profile and its seasonal
variation.

Key words : chaetognath, diel migration, Japan Sea, maturity stage, water temperature
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X L IR O T A Y AW (pelagic food web) DT, HEZRE L TEELRVEL &
HDTVWBEVDLNTBEY, TNEDHM/SY — > OB EB 2R 5 2 L3, BHo%E
ARSI T 5 ECLEARRTHLLEEZLND.

AEFFETIE, HARBHRIBRAMEAIR L BB ICBWT, BT v 7+ FEROAEER
TERHAT 5200 EO—BE LT, FTEYLVEOSESMA NS — 2 L FORKREE
BoRE L7z, BRI, MK TTEEICHIRT 58, elegansiioVWTid, A4 X(KE) T 72103
FELE PR ERE AT & FOBEEALERFT LT, TNETIZALN TV L3RR 50/
Ny — R BEWHL-0T, ET 5.

R, BAMREREIC S TEV 72 B AR K EMRITRALMN ‘A" OfE
IS EB O H 4 IHALE L LT 5.

MK EHE

B 7T s b oREBRHRER, KMHEOES(39°00'N, 135°00°E) TiX, 198846 H,
19944E 8 A, B L1994 E10H 12, EHICEIIBEHREEDER (37°00'N, 137° 14" E) TI131995
2 BIAT 272 (Fig. 1). BREIZHARBXKENFEHOREM “ATIIAL” (156 )I2&kh, M
TD/KERESA v b (042 56cm, HAV : 0.35mm) (MoTopa, 1971) # AW TAT - 72, &ilE
O HAT & IREFEE & Table 1 [I/R L7z, —EORSER, E£E(0-200 miE) O 9 FRERE & /2
(RANHETI12250-900 miE, & ILE TIE250-700 miE) D 6 ~ 7 FHREERE 5T TTV, £430
SREFEICRMAL, Shz Bl EeEMIciTo 72, 19884 6 A £ 19944100 o kAMHETIX, CT
DX V1000 miEE T, 19954 2 AN EIETIE, 500 miEE COXKBELIESTDODTT T 7 4 )V
REEIL 72, 72, 19944E 8 B O KAIHETIE, X B TIZ X Y500 miEF TOKBDADEIHZ
fTo7-.

137 30

Fig. 1. Locations of the sampling stations (solid circles) at Yamato Tai (left) and Toyama Bay (right).
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Table 1. Stations, dates and sampling depths for zooplankton with the MTD net.

Station Date Sampling Time Sampling Depth (m) Remarks
Yamato Tai 18 June 1988 10:34-11:05 0, 10, 20, 30, 50, 75, 100, 150, 200 Day
39°00'N, 185°00'E 18 June 1988 12:46-13:15 250, 300, 400, 500, 700, 900 Day
18 June 1988  22:65-23:25 0, 10, 20, 30, 50, 75, 100, 150,200  Night
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 19.June 1988 00:30-0100  250,300,400,500,700,900  Night
Yamato Tai 23 Aug. 1994 22:04-22:34 0, 10, 20, 30, 50, 75, 100, 150,200  Night
39700'N, 135°00' E 23,24 Aug. 1994  23:37-00:07 250, 300, 400, 500, 700, 900 Night

24 Aug. 1994 11:17-11:47 0, 10, 20, 30, 50, 75, 100, 150, 200 Day

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 24 Aug. 1994 1236-13:06__ 250, 300, 400, 500, 700, 900 Dy

Yamato Tai 8 Oct. 1994 21:12-21:142 0, 10, 20, 30, 50, 75, 100, 150, 200 Night
39°00'N,135°00'E 8 Oct. 1994 22:45-23:15 250, 300, 400, 500, 700, 900 Night

9 Oct. 1994 11:16-11:46 0, 10, 20, 30, 50, 75, 100, 150,200  Day

9 Oct. 1994 250, 300, 400, 500, 700, 900 Day

Toyama Bay 22 Feb. 1995 0, 10, 20, 30, 50, 75, 100, 150, 200 Day

37°00'N, 137" 14'E 22 Feb. 1995 13:44-14:14 250, 300, 350, 400, 500, 600, 700 Day
22 Feb. 1995 22:33-23:03 0, 10, 20, 30, 50, 75, 100, 150, 200 Night
22 Feb. 1995 21:00-21:30 250, 300, 350, 400, 500, 600, 700 Night

BoRT Y TN ETIO% WA 7 + V<) Y TREEL, BEEOMERICELFE->TY L
UHAE L. REIOmm EOEAKE S THIRTHRVE L, 10mmAkFEo@EEiE, 37
Na 1/256 171281258 L C, EMRBEME T CENZITo7-. BHIL-Y 2 S HITMEEIC
FHEL, S elegansiZ oV CITAEFARE OSE L SNERBOME (& BEEHOREZ )LD
MR % B 72O ENIZE L 722. S elegansDHEEDHFNIE, Zo(1973) D 7= f{E
FIHEV, OIFEPEC RSN Vb D% Stage I, QFRER LOINR T H 5 A RAIIAFLD
SNavd D% Stagell, @WHAIIAT1 DL EFFOONL b D% Stagell & L7z, 72721, KA
HeD1988ME 6 A L 19944 8 HOH v T i, BNV EW-®IZ, 1ZLALDERORAE Y
AT E Dok,

1 KBEESDHESH
(1) K

19884F 6 H Tid, EHEIKiRIZ164TT, EL 22 IIONTEHAITKT L, 100mET54C,
200 mZETL7C, 300mUETIZ 1 CLUTFTH -7 (Fig. 2a). FEMEIRETHOTNICE
< (PSU: 34.17-34.19), 200 mELiECidi3iT—% (34.07) TH - 7.

19944 8 HiZid, |WE/KEIZ271CE, 19884F 6 H & H $10CLLEE A - 722, 100 mA
HETIHI9884E 6 B L IZIFF LT, 100miET54C, 200mEETIE1.2°C, 250 mELiE 1 CLL
TCTdHh-o72(Fig. 2b).

19944E10 4 12id, RWEAKEIZ23.0CE, 8 AT 2525, 100-300 m/g Tl
SAINIRRE L, 100miET86C, 200miET22CTTH -7, 300mLlETIZ1TUT
T o7z, HSEERRB TR L (PSU: 33.3-33.7), 50-100mfE@ CT# T8 < & 1) (34.3-34.5),
100 mEMETIE—ETHh - 72 (Fig. 2¢).
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Fig. 2. Profiles of water temperature (solid lines) and salinity (dotted lines) during each cruise at
Yamato Tai and Toyama Bay.

(2) EILTE19954 2 A

BB BBROTE LR XTI 5720, 2HTHEBED 5150 mFE TOKIRIZ1I1ICH]
BTH o7z, BHE KRR 200 mEMEICH Y, 250 mPLEIZ2.5CLLTF, 400 mELgEIE
1 CUTTHo7z. FEFIIEB TR LMK (PSU: 33.8-33.9), 150 mEfHETEL %0
(34.16), 250 mEAEE TlE—5E (34.07) Td - 7= (Fig. 2d).

2 YLVEOBRKEHESH
(1) KFNHE19884E 6 A

WLV A V8T, &TS elegans & FE S N7z, Fig 3 IC&BEOBE S LR L7z,
AL, BREICIZI00mE L2550 MIECEEDOE — 7 RO SN, KEIZERICERITE W
¥ — 7 (1260fE4/100nd ) 251, BRBEHFER S N7z,

COREDY T VBB AE 720, WAEOHF % TE Lo b, HEEREEZRD S
CENTE, 22T, ¥4 XKRE) 7 7 ABDOFA DB IR T 572012, EEBICY
A A ER L7z (Fig. 4)., 4 ZHBEOE— FIZ, BEEDICERBIITIEIERE kS
THY, 72, 50mPUERICIEHHPIZY A TEIEIFENT, HHEICEITEKRE20mmA O K )
HI LA, 618, T0mPIETON A X2 BR BT L L, ZELALDBTRELR
ZAEH R VT, 200mETOH A A2 HBELL = FPRL > TWiz, ZORERFE
FETid, HFIZIZ10mmEK @ OBEEOEEAH DI T, HEICIE15-25mm D &4 555
{poTWiz, I, HHIC200 mGEFE D & /N EMEERA Z N ELEDOBABE L TW15b 2
EERLTWA,
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Fig. 3. Day-night vertical distribution of Sagitta elegans in June 1988 at Yamato Tai.

UEDZ &5, 19884 6 B O KMMHETIZ, S elegansD KEMEK (KE : 25mml«1J:)
R TREBEZITDT, F~/DEUEGE (R | 25mmAil) 25K M2, £12200 m
THEPORBNEFLLZDDEEZ LT,

(2) KRMHE19944F 8 H

HIBEL-ELRYLVHEIZ, S nagaeksS. elegansTd o 72, FiE 13100 mLiEIZHHi L T
By, HFIZS0mEL, KEIEERBICOAOE -2 BALN, BEBEVFRED N, —
W, BEIIEEE DL _200 mPURIZH A LTBY, BEBEIIZRD b Nk o>72(Fig.5). S
elegansid, Stage I & Stage I 2SHIR L7225, BB L7-d D% L, MEEREE - 1 XH
DA DBNERETTH I LI TELh o7,

(3) RANHEI9944F10AH

ERHIRFEILS. elegans, S. nagae, S. minimaB L US. enflata TH > 72. S. elegans®
Stage I 1%, 1Z& A EDREERDBRK E 12150 mPAEIZHA L TWiz2s, T —EBA R I
50 miE F TiF L L7z, Stage I OERIZER & 12200 mELEIZHOA L, BEROZEALIZFAD S
iz o7 (Fig.6).

A 3MIIET, 100mMRICAERTARBETH-72. ThHD) DB, S minimaldd:
"L DI mEE FLIAMLTBY, BEBENIIRO N h o7, S nagaeld 8 A L&
CRIKRIS, HAHITIZE0 migls, KRICIZEBIIEBEOY -2 2R L7, S enflataldFKETE
DOHFTId D EE I L’C;}‘o D, BEICIZ30mEIC, KEICIIEBIEENY -7 %
TR L7z (Fig. 7).
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Fig. 4. Day-night changes of the size frequency distribution of Sagitta elegans from each sampling
depth in June 1988 at Yamato Tai. Numbers in each histogram indicate the number of
individuals per haul.
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Fig. 5. Day-night vertical distributions of Sagitta elegans and S. nagae in August 1994 at Yamato Tai.
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Fig. 6. Day-night vertical distribution of Sagitta elegans stages I and Iin October 1994 at Yamato Tai.
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Fig. 7. Day-night vertical distributions of the three epipelagic chaetognaths (Sagitta nagae, S. minima
and S. enflata) in October 1994 at Yamato Tai.
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(4) EILIE19954 2 A

HILL 7=V L T8I, S elegans, S. nagaeB L VS, minima® 3FETHo72. S nagae
(3100 mPMRICHIB L, BE20 mED S S BRM S Nz0s, BROGH/NY — Y IZHELE
IR SN h o 72 (Fig. 8). S. minima d100 mELRICHIE L, BRBICIZ30 miEc, #KH
WX mEICEBEDO Y — 27 2 L7 (Fig. 8).

S. elegansDERE AL Fig. 9 1T/R L7z & 918, BBEREICL > TRR > Tz, Stage I
ORI, BEIIZ150 mELEICAAA L, 200miECHEEOE—2 %R L7z, LML, 20
AT = VI3KMI00 mLRIZ D LREICHBIL, BEO Y — 21330 miE &£ 200 miED WHRE T
FHOHNI, TNIIxF LT, Stagell & Stage I DEAKIZIS0 mEEICHA L, FA/8F — >
WCBEROELIZBO SN o7z, BEOE -7 BWAT— V& I, BK250 miEfHiEic
Holz.
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Fig. 8. Day-night vertical distributions of the two epipelagic chaetognaths (Sagitta nagae and S.
minima) in February 1995 in Toyama Bay.
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Fig. 9. Day-night vertical distribution of Sagitta elegans in February 1995 in Toyama Bay.
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AR THRE LA TEOVLIHEHD Y B, S nagaeB L VS, elegansiZoWCiE, KIE
WlIH CTEKREBEZ T FEHHH S, Nacasawa and Marumo (1975) 1F, BRimEIcB W
TS. nagaeDERBEDA % FMICANTWE, FRICE B E, &RE(EREERE2@EL C) D
BEOAR D S0, BEOBEBEIAD SN h o 7205, AR EICHND &, HEE T,
HHEIZE L LML T ARE)NY — VSRR b7z, KB TlES nagae D BB % 573
T TWhwOT, BEEBRTETCOBBHELOLEIRTELZY, UL, KFETEE LS.
nagae®I0%LL 13, INEPIREEORKABMAETH >0 T(FE FKHEFK), Fig.5,7, 8
VR LA BEEE A, REAMEAEKO EFHAEEOEEELTHLEELILNA,
o7, 8 ABLTIOR DKMEETIE, S nagaeD REFEFIZEEBEI 2T - TVt EZ
bhb,

—77, S. elegansiZ OV Tid, Terazaki and MaruMo (1979) A3Ab#EE 1 7 0 H A g AL &R i35
0-250 mBICBITAFELITV, HERIIBHEEDICECEBIIOM L TCRHZTHLT, K
DHEAZEMEIZE, X VBEELBEBE L THI L2 R, L LENS, AETIE, K
D S. elegansld, KIRHERE VHE R (8 A)ICIIBHEBE Z1TH % h - 72, TerazaK]
and Marumo (1979) 2SdAAE 24T o 7- e L 3BPr1E, 7-8 BOHAREILETH Y, T OFARD
KERTOT77ANVICEAE, KBIIETTII20CTH 7275, 50mETIT2THEEL (K
TLTwA., —J, ZADPRAELIT- 722 D0 TIE, 2 CHEOKIERIZI mELED 5\ it
200 mELEICA SN, BEFEORMEAKRIZ20CLL LICE L (Fig. 2). o7, BARED DRI
FERTIE, WEBROBE TS A FEEITEVD, KIEER (FEHEKE : >20C)2%%ET 5
BEEALC 1L, S. elegansiy, ZOREEBZ TEBNOBENTE LR ho72E 2 515 (Fig.
5, 6). KEREBIEETDLERIZS elegansDBRNERBEI TR SN D I £1F, Conway
and WiLLiaMs (1986) 12 & o THI|ES N T 5,

KIFFTIE, S elegansDBEEBEBEICOWT, UTIRT 2 2O RBHROMBEAT]Z X
A, (VKA EEIETIE, S elegansDHAMBEIIERSTERH &3, REAMERLR(F
7IANEMER) DB BB AT o Tz Z & (Fig. 4, 9). Zhid, wWEFTICIES 2L
DVEFTHD, 2)2 BOEINETStage L DFHDOE — 7 Hh B LERRBO 2BIZ51PNT
BN TWZeTHha(CRLDA)., T02HIZ2WT, SERBHT L0054 7 —
Fix, RIEPELRTWER W, 72720, BFIZOWTIE, Pearre (1979) SR -<_T w5 L 912,
&L XL TOFEFERYZRERE, BIL, BEICL ) BERBERNICEESEZE TWD5E,
BT TOEEN ol B LY, —BERSHO T - AR REE LT EE
HHEZONL, ZO2HIZ20TIE, BOAA T VEHOSH L OEE, BHMERERY A X0
BERLEE, Yo 7) v I REORFELRERBLC, R2bliroRTTHLENSS ).

ARIFFEDOHEF % Table 2 12F L7z, AKIBAIOCLULEIZR D &, S eleganstZ & » THIEH T
HBELvbTWw5Z &5 (TiseLvs and PETERSON 1986), FAACIERL & L %, FKE KR
A319C % B0 Y U8 ASEZE 2 7 5356 (Strongly stratified) &, 19C% T Y 2355 < 4 53
& (Weakly stratified) 12531372, F£72, YA DHIEIEAOEGMEENPH, REWHME L FEMHE
FEIZ T 72, S, elegans|ZAL K FEFEDHIER KB TIX, SBAIMW L EEHETH 5D (BER 1959;
TErRAZAKI 1993), A% AT - - E1LE & KMHETIZ200 mLLEIC A DY — 2 3B 5 2 &
L, hMEELTL. ZORPL, REMEO) L S minimar B 2 X, REKELIE R
B BAE R & BB 21T\, ImEAEORER D 56 (I BB E) 7 1Th % W E(H
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Table 2. Characteristic features of the diel vertical distributions of the four chaetognaths in the Japan
Sea. "Y"; positive evidence for diel migration, "N"; negative evidence, "—"; the species was
absent or too few specimens were sampled to analyze, " ? "; uncertain.

Weakly Stratified Strongly Stratified
Toyama Bay (Feb.) Yamato Tai (June) Yamato Tai (Aug.) Yamato Tai (Oct.)

Epipelagic

Sagitta N - Y Y

S. enflata - — — Y

S. minima ? — - N
Mesopelagic

S. elegans Y Y N N

PWEZ A, —H, S elegansid, REAKRIE L, KEIV/HEE LA IIZERBHELITHT,
WEPSWIGA LR TIEMSH A, 2F D, ORBOYLVHOBEEHIL, #EFF0
INE = v RRL, FIILKIRDOEE A OFEEE (RIS, KRR O 5%E K & £8 oKk
) ICHBIN TS EVZ L.
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