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Seasonal Variability of the Zooplankton Assemblage and Its
Relationship with Oceanographic Structures at
Yamato Tai, Central Japan Sea
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Abstract

This paper describes the seasonal variability in biomass (wet weight) and taxonomic com-
position of the zooplankton asssemblage, in relation to the hydrographic conditions at Yamato
Tai, central Japan Sea. Samples were taken 1-5 times a year by vertical hauls (0-500 m depth)
with a NORPAC net from 1987 to 1997. According to the combined monthly data, the total zoo-
plankton biomass increased from winter to spring with an annual maximum in April. Of the four
dominant groups (copepods, amphipods, chaetognaths and euphausiids), copepods were the
most important and accounted for 43% of the total biomass. The typical herbivorous groups,
copepods and euphausiids (mostly Fuphausia pacifica) mainly peaked in spring and played a
major role in determining the seasonal pattern of the zooplankton biomass. For carnivorous
groups, amphipod (mostly Themisto japonica) showed several seasonal peaks (spring, autumn
and winter), whereas the chaetognath biomass markedly increased in summer (July). The spatio-
temporal distributions of the zooplankton groups at Yamato Tai were closely associated with the
interrelation between the cold- and warm-water masses (i.e., the “Subarctic Water”, “Deep
Water” and “warm Tsushima Current” ), and also affected by upwellings and the different
ecological characteristics of the zooplankton groups to such local hydrographic events.

Key words . amphipods, chaetognaths, copepods, euphausiids, spatio-temporal distribution,
water masses, Yamato Tai, zooplankton biomass
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KA, (ZIFHARBO PRI E L, &l - SRS O GIRGRK & AR - K35 o
FERT AR EDTHAE A LTl ) #gaif (70 > MBIZH 720, FIC2ODRE HKED
WA ZITTWD, ZOMAKRBEEL L T, AKX, BRI NNRLAL XA 7,
FWYEDAT v 55, BT 7 MR, 7 73R EOHRBIIBITHAENMEGELE L L
THLPHHAMOHNT WS, 710 2 MBI SN A BH & LT, (D@BETIEmE) 2
HELAHZEICED, PURKE FEHOEANEE: L, FEEER I, 2ol My 77 > 7 +
YOEVEFENHEFEE NS 2 &, (FNIHECE T T L7 b B L, REATERE S
BT HIE, MAQHBEPRERREE L TERA LAKZERSEL L, 2MREE LTI
FIFSNTEACFEE 1960 2H). LA LAad S, HARETIE 702 MBI 2 A WA
BT B IR R L T D720, ABFETIE, 5 0EMN - IEAEMHEEED D
L, 9, KRG OBEEELZ L T ETEERBERZO—DLEZ LN LEREY
(B - W77 > 7 b ) REE - WFEOEYMEHORERE — L ZOREE L OFMEICEN &b,
NS DRGHEDZ GOV THRET L 7.

KAMAITN BT LB T 7 > 7 b > ORENIEN S, EFEOEW T 7 > 7 b 2B
BIIBEARE L DG AKIRTE L, BT 7 b BEOTTEAA T SEFEESEEE 5 D
CEDHS D E o s (R FEREERSS v % — 1992). F 72, HAR#EHRIE X OBk
BIFTLEZEDON AT 2 HEEEEO A % S~ 7-MesHCHERYAKOVA (1960) (2 X AU, AUk IC B
WTHA T VEISG R OMICIRARMRE D £ 8T MRS 25582 /R L7z, B2, PHES (1995)
iE, YA UVHOMMB S HEEREOFTHZLISHIS L TEE L, EF, 6T ITIIREAKRD
S & FEI KRR D56 B & O BRER R OBEHA -, KPR N 2 KPR R IR
HERBEOHB T2 2@ L. L2LAads, AARICBU 28 - 7o 7 b 8
O MERICET A5t HEE, Bz Stho 7o v FRIIZ BT S A (EE 1984 |
ANEF - NE 1985 5 YaMAaMOTO and NisHizawa 1986 ; YAMAMOTO et al. 1988 5 BB 19917z &) & Hh#x
LTAh%, 72, ZOFMEALRBERAEFEREEICET A2 MAIEH L7252,

AWFFE T, KA OB ERN & U TR R ZEEEEY 77 > 7 b o DA & s
ThHIZD, BT T M OSEENES L EESEHEOFEHZALZARL L LI, £
NS Lk, REEEBICHY 77 7 b BARE(Z7 007 4 VaifE) & ORISR
BEPELPICTAIEEHKE L.

AR, BAMRERAIC STV 7o HAR X K EERTZE AT SERAA “A 313" B
L UREE AT IR R OMEB L OB O H AR WX AGEFZET R BB GR H A
WEEREEE) O HO T £ IZHALB L LiF 5. F72, AE2 80 012H720, A DHLGE
2 TS & THW 70 K F R A SR B3 B & O ARk Al (BB UK E KK
FEBHIZ) IO HEE KT S.

il

R E AR E
ICFNHENE B A gD iy B (AB#E39° 207, BAX135°007) 2 fulh, MRl Hh S -ALEIC T T
SRR AR % #9230 kS b 72 o TIEA > T b (Fig. 1). T OAKIBIZ BT, 1987~ 19974F
FCOIEMIZDY, BARBEXOKEMIEFTEERAENR AT 2FL T2 REOR
& BUMRZ: SIS X 28 TS > 7 b UL FEAH) S EA0H) o, IR
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Fig. 1. Maps showing the location of Yamato Tai (lower panel), and the position of the present study
(Stns. 1-9) and reference (Stns. PM 8 , PM 9 and OT 8) sampling stations at Yamato Tai and its
adjacent waters (upper and lower panels, respectively). Bathymetric contours (300, 500 and
1000 m) for Yamato Yai are also given. The broken line denotes schematically the position of
the subarctic front.

) o 72 L 09%E 5 (Fig. 1) I2B W TEEL~LE, FI23EEMR S N7z (Table 1). 215 OB
T b REESIIRIMEICBIT 500 R 5 KIBUCEE SNz (B & Stns. 8B L O
9(K#E 1 530~610 m), PHEL : Stns. 18 X U2 (K : 530~2000 m), RI#E . Stns. 638 £ U7 (K
& © 1000~2800 m), L : Stns. 338 & U4 (K#E : 740~1020 m), HouEB (HETEER) & Stn. 50K
E310m)). BTy braEHE, S8y 2k y PO 45 em, H8E 033 mm) %
AT, 875> 27 OB ESEBHICL 2BEMTOEY S v 27 bV BFEEDERE
TELRY/NSLTH720, 500 mE(E L, KEHE500 mELEDStn. 5TIX300 mig) » 5 K F
TOHERXICL > TERZMDTIRES N, REDE, v MOLIERICIZEAS (A
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Table 1. Data on the zooplankton sampling at Yamto Tai and adjacent waters in 1987-1997

Sampling Sampling No. of Research
No. date station Vessel
1 16-18 April 1987 9 Tanshu-Maru
2 18-23 June 1988 8 Mizuho-Maru
3 20-21 September 1988 8 Mizuho-Maru
4% 10-11 October 1989 8 Mizuho-Maru
5 9-10 May 1990 9 Mizuho-Maru
6 13 February 1991 1 Ohtori-Maru
7* 6-7 October 1991 9 Mizuho-Maru
8 23-24  July 1992 7 Mizuho-Maru
9 21-22  August 1993 9 Mizuho-Maru
10 2-3 October 1993 9 Mizuho-Maru
11 20-21 April 1994 9 Mizuho-Maru
12+ 23-25 August 1994 9 Mizuho-Maru
13* 8-10 October 1994 9 Mizuho-Maru
14 22 February 1995 2 Seihu -Maru
15 25 April 1995 7 Mizuho-Maru
16 16  June 1995 5 Mizuho-Maru
17* 25-30  August 1995 9 Mizuho-Maru
18 27-29 October 1995 8 Mizuho-Maru
19 21 April 1996 1 Mizuho-Maru
20 21-22  October 1996 7 Mizuho-Maru
21 17-24 January 1997 5 Kaiyo-Maru
22 28 April 1997 4 Mizuho-Maru
23 6 October 1997 6 Mizuho-Maru

* double hauls at Stn. 5
** Reference data
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Birolz. KB 75> 7 by (KE ©#2 mmll E) 344 7 (11) 205 AR TRyl -
B L, OB T M (KRR 2B F)E LTI A VAR s b
FEIZFTESE (12~1/8) L7z, #h b % BHRFEMRBEMEE T C&#p - 51 L 72, 4 053
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F 72, FEFFIZKEN T, CTD(Neil Brownft#si\ (3Sea Birdft#) 12 X % B 24T\, 0
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30, 40, 50, 60, 75, 100, 150 & UF200 mi)ZBF 57 01 7 1 ad L RER ORI
FEHDORKEAT>72. 27007 1 vailfEDOBEIIHM ETHRAK200 m 2 HEE L7, B
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1990). HEIEEEONEIIFKE HER(—20C) LTHBHIFY, StrickLAND and Parsons (1968)
WKHEL T, A= b7 FIAF—ME(TT ¥ - L—~"HE) ZHCTITo72. TIEOHFERE
WKHETA7F-5 D55, RFETRE~FIIBWCEY 7T 7 b v O—BOFEEHIEE
> TW519954 (4H, 6H, 8HBLTI0A) ICB I 2 HIEHEURL, 6FIKER - EHOH) %
R L.

=] %

1 BTS20 b HEOEHEIL

KRAMAIBI MBS 28 77 >~ 7 b Y BEOFEEOMEL BT 5720, BT >
7 b oBfFEREGREER D mg/m’) 25 AT EREE X O RSB OFERL % 198744
HH»B1974 10 T THOET— ¥ e T ¢ 17 o 72.

Table 2. Percentage composition in biomass of the 11 zooplankton groups at Yamato Tai, according
to totaled data over the study period (1987-1997).

Zooplankton %
Copepoda 42.6
Amphipoda 18.0
Chaetognatha 17.3
Euphausiacea 8.5
Hydromedusae 6.2
Ostracoda 3.7
Mysidacea 1.3
Appendicularia 0.9
Gastropoda 0.6
Non-pelagic invertebrate larvae 0.2
Others 0.7

(1) BREME . SR EL, €877 0 7+ OEFHEFEREICH T 4 Copepoda( 5 A
7 ¥), Amphipoda (i #%H), Chaetognatha (¥ 4 3 #f) B X ¥ Euphausiacea(F+ ¥ 7 2 ) 7%
FINGHEBORBE S AL L, INOFEEDH L, 14 T VHEIIERD26%% 5O, &
% CHI L7 (Table 2). H 4 7 VHITHNT, MHE080%), Y4 ¥173%), +*7
IH(85%)DIETHHAEEINE L, WTHOGHEED 2HROKI0B L LERLZ. 2ol
Mo, RKBUIZBTDEM T 7 > 7~ RFEBRAEL, AT UH, A X7 I, mEEB X
OV LVEOAIRERTH L Z LWL LR,
(2) FWHEAL . EEHMT I VO BLUEEHW T T 07 N OMGEFE(BIA T VHE, %
TIH, WPEBLIUYLAVE)OBRGEREOFHEATARL DI, &7 -5 % BRI A
Eb¥T, FoREENHOFEYEL TN EMEL UTEIRL /2.

EHW T v (Fig.2) &8 797 M BERIE, 1205481200 THEmML,
F72, W0ACEEBOET LMY 2EMER LD, 2R L CEEPOE - BMEIIATT
WALz, BRBIZBILEM TS0 7 b Y BEGEEICET 2BA0ME (FRR 1985) 124 % &,
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Fig. 2. Seasonal variation in the total biomass (wet weight) of zooplankton at Yamato Tai, according to
the combined monthly data in 1987-1997. Numbers in figures denote the sampling numbers in
Table 1. “X” denotes the mean value for all stations over the study period.
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AT VHE(Fig. 3 LX) @ A4 7T VEOBFREX, £FQ~20)»0KFWQH)HML,
FEERA (142 mg/m®) 2588k T A ERNA LNz, F72, KEQOA) IS Nt R L7
bOoo, BMUTE - KFEB~10H) P TIEFT L EEWVERZ R L2, —i&IS, £F0»5
MEGH) T TCOBAEIX, B -KEOZFNS LKL, EHETHEHERERZRL, &
D RESEE L.

X7 IHEFig. 3 TH) | 77 IHOBHFRER, 747 VEOBFE LIZIZFAMEICLE(Q
~2H) S FEFAR) I THEML, & - KFG6~100) ITITBEVWBFELFR L. BFIC
A B A (100 mg/m®) & [ IR R IK (<0.1 mg/m®) 2 RTEEDSH LN, FOLEEIEL,
MOFEHOLEEIRE LNFE L KEDo 7.

wi M (Fig. 4 EX) @ wiMBEOBF=EE, £F0H), EHAR) B L UBFEQ0R) ICi3F/Ar
T 275, KAFEHHE -2 2L, FFIC19964E10 8 TIIARFRALIM %8 L TR A (93
mgm)IEL. L2ALedS, Thonfizhind, BffR gty Rae28%
NET, WERNEE L -FHELE R L.

YLUH(Fig 4 TH) | YA YEOBFEE, £F0~20)»0%FF, BILEFIINT TR
EIZHEAL, THIZIEEAGS mg/m’) ISE L. 20%, KBEAEEIR, 8~9HITHA L7127,
AP ELRSOEMTAEAEZ R L. SRICHELAZEF(TH) KB T 2BHEEDOEE)
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Seasonal variations in the biomass (wet weight) of copepods (upper panel) and euphausiids (lower
panel) at Yamato Tai, according to the combined monthly data in 1987-1997. Numbers in

figures denote the sampling numbers in Table 1.

over the study period.

“X” denotes the mean value for all stations
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Fig. 4. Seasonal variations in the biomass (wet weight) of amphipods (upper panel) and chaetognaths
(lower panel) at Yamato Tai, according to the combined monthly data in 1987-1997. Numbers
in figures denote the sampling numbers in Table 1. “X” denotes the mean value for all stations
over the study period.
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HATVEBIOA X7 IHEOBFEIL, FELTERICHEMLAZZ LRSS, IROWHHE
HOFMHEONY — 38T 7 > 7 b P BFROFH/ Y — v EEM L@ AR L.
T/, WHEGRE, =& ¥ 2/ 2 Themisto japonica) DZEERIEEINIERIC D> THBY,
HATVHEBIOAF 7 IFEPEML-ERICORBEN. BIBICBLTY, MHEIZE
BRI THE2EFOMICETICOMMT 52 &G SN T (IKEpa et al. 1992). =
D EDS, WHEIL, KBSIMEZILL-sTEDLNEIATVEBLIUAFT IH(E
2, Y/ F U F ¥ T I EBuphausia pacifica) & & b2, KKBUCBIF A EZFORY 75~ 7 b
VRIS IEMT TV N OREEER IR A LT, AILAEETHLY L VHEHE
WEL, LOVEMGZSEETHL LV A,

2 1995F%%F, EERUMFICH I ZBAERE

(1) IR

KR - 5 OSRIERTE (Fig. 5) 199544 H, 6, 8A B L U10A 2B 5400 mELiE o Kii
EXE DERIE AT % B (Stns. 1, 2, 5, 8, 9) Lt (Stns. 3, 4, 5, 6, 7)DUFHITH S &,
200~300 mPAEDKIR - WAIIHEADOEEREBLTIIEIH —-Tho/z. TOKMIT “HAE
wBEAK v BT OkiR : <1.0C, #4 :34.05~34.10 PSU) & L TX4r&h, AR
WA 3 5 (NIsHIMURA 1969) .

AFCIZHEE D100 mBliE, B L ORIRER (Stn. 7) ©40 mLEIZ BV TER - BRSO
10~12C, ¥i4 :34.3~34.5 PSU) /R A A LN, —T5, PULEBE BmEAT (Stn. 6) T
AR - S, EOEEICBVT UMD E SIS THICE L, FRICStn. 2TIRE K (5~
SC)NHE LK EXAEMERL. TNHBKBLOGARBIIEAEHE - BlEs “WERE
TAHE A (KiE D 10~20TC, ¥4 [ 34.2~34.6 PSU) B L O - (KIE 74 “Hi &R RoK”
(kim : 5~18C, #isr : <34.1 PSU) & L TER SN A (M KEGRMHEL > ¥ — 1992). 6
AICiE “SHEBRERRRREA” OFBIIWN - EililBW T LD ild o725, BT Nk
oz, “HFERRAKT Fd - HRICBWTIELS EEAE ERTAEAE R L. 8A DK
W, @030 mElEIC A Sz IR ER K" (VNI 1981 BH) LI TV 55
- R K ORKIR  >20°C, #4550 <34.1 PSU) DAL L » THMO TS, ZOTRE
(30~50 miF) I mii - B DK ( K EBRR B A" ) DS RS A bR { BT A L I
DITHF LT, I TIE “HERRAK R —ARICHAH LT, 8A LK, 10HDE
BT “WEREEREAK BLU WERRARTEAK BHALTWDS, EOKE - SRES
HOEHII8A LV BIAA 72, LALADSH, KBRIZEBHAGENILY, 8AITHNS LK%
D, ZOMRIRERS (RKEE 40 m) 2 E -7z, —F, “WSEREARPBAK OTIZIE
Kig - KD 0 “HERRK PEELAVWEIHEAL, EH TR F—2 R MmER L.

RSN BT BIEEREEORE REMIIE L LCH AR ( “HARBEAK L0 “HER
FOK” ) B L UBEASE ( “HEBIBREREK” B LU WEBBRERATEK ) OBZEESAMICE -
TRESINEIETHAD. Thbb, “HEFRK CL2NUFzHELTOERB IV “WE
BRE - PR OFEWEMSETONL. BIZ, EFAH) OBERLEILAFTHREREGD
B L BKIRDEEBA/NELAAZETH D7D, EFQ@HA)ITIITREEDFREICLY
BOVWEERE R L. THUIEEE L FEHAAKRERE (10~50 mEfA ) OF & £E~DEE
BKDOFAAERT 5.

KR OSEWE (Fig. 6) 48, 8AB I UI0F12B1F 5200 mELETO Y » B & AlyfEE
DERE AT % % 4 L H 0 & AL HOME TR L. IS REEDRE S & KBS &
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Fig. 5. Vertical distributions of temperature (upper two panels) and salinity (lower two panels) in the

upper 400 m of the east-west and south-north sections of Yamato Tai in April, June, August and
October, 1995.
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Fig. 6. Vertical distributions of PO,-P (upper two panels) and NO;-N (lower two panels) in the upper
200 m of the east-west and south-north sections of Yamato Tai in April, June, August and
October, 1995.



— 48— Fon-&F H-E OH-F O

DEGHE A BB 7212, Kifk - 5 OSHERHE (Fig.5) L 2 BT 2 &, U YHRIETIZ0.54mol/ ¢
DLEDEEER D, F 7-MERE T35 1 mol/ ¢ U EDEER OS5 AT I F— 2 IRDBE ) EATY
A, ENOLOMBIIEFEH & HIC "HEEGFRK OLFAHE T Tz, “HER
FK O FEIEE AR E B LCBY, T XD RN E OB, 6213, 19884k
Z(108) OfeB B O BRI CIIREBEFHOREIZIL b 2 ePHESIAL TV S
(5H5 1990). b0 b, REEOFEBIIAMFEESL LB LTWE I EHFHSL
Mol B, EFUA)ICR) VBER X UHBIEOSMER (K4, 0.5umol/l BLY
Spumol/ £ )AHITHRDKERE) EAN 2AETVE I LhnD, ZOPICIZERBE,»S LB
HANOEREORBEHOMEDVEATH 5722 LARBEENS,

7007 4 )vaigE OSHERTH (Fig. 7) : 4H, 8AB L U108 @200 mPLFEiICBIF A7 00 7 4
Vi B DERE S % % 4 P A L AL AR ORIE TR L2, 78187 1 )vadD EigEROE
EEF(>20~30ug/ L) 5FKFE(>08u g/ ¢ ) I TR L7225, £FHEHIIC EEH (10~
50 miE) IZBVTALNA., AFIIIHE -TH-FMCIREIE R o7z, £/, 8121350 migft
7007 4 VaREOBKEHIBIL, PREEZREET Sy FRIZGM L. Lol
L3S, COERFOERBBAMEITIIONICIEHEL, SHENRREZINS(RY, a7
£ IVaigBE S RA L7z, 19694EFkZFE (10H) 1B TR g (KRS KDOHA) IZ & - TR
FEOBWAHBESEEL TWAIZO 2 0DbET, 22 THOI OO T 1 VaiEEDERE SR
(B ROAERE © 20~30m) I3BEABER LHE L Tn5D 2 &2 HiE & T b (Oawapa 1971).
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Fig. 7. Vertical distribution of chlorophyll a in the upper 200 m of the east-west and south-north
sections of Yamato Tai in April, June, August and October, 1995.
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DS, KIAHEAKIBICBIT M 7T 22 b OBCHAFE (700 7 1 Vel i) 13iE A
U7-REE &S SRR - RIES 0K ( “HERRK” )IZiEALNT, BRE - LB E D 2D
PR Z T2 ELA — iR - SIS OKS, F & L TRERBRPRBAK—ICOMT S 2 LA
kol

(2) EEECRENW T 7 > 7 b 2 3REOKEGA & RS OKIR) & OB (Fig. 8)
BEOFXEEYW T 7 b BETHY, POBNFEOFEEETOHINATVHE, £F7
SEBLUORBEOSRAEREZWES 2T 720, 4H, 6H, SHBXUI0HICBIF2215
Bifi & (Appendixes 1~4 ZH8) DAT534 & BRI ( W BIERE - K" ) Lk ( “HAE
EAK” 3L “HERRK ) OBFIEEICY 725100 miE TOKEBSA & DOREEZ 7.

AT VH AT VHEOESABIIAA IR - WE ISR & 72495~ 10°C DEEAIRIC A
5N 72H3(75~96 mg/m®), 6H B L U8HIZIZ5TLL T D& A~ 47 L72(6H : 60~102 mg
/m®, 8 :30~43 mg/m®). Tz, REZI0A B FHRE2 S - HEICAS A7 ~
10C DIERIBL THBIZ0H T 545 % 7R L 72 (27~39 mg/m®) .

FETIEAFT IFOTHATE(27~100 mg/m®) 134 A 12135C LT D%k (g gh 5 &
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Fig. 8. Horizontal distributions of the biomass (wet weight) of copepods (top panel), euphausiids (second
panel from the top), amphipods (second panel from the bottom) in the upper 500 m and temperature
contours at the 100 m depth horizon (bottom panel) at Yamato Tai in April, June, August and October,
1995.
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X ILERIERRD bk o7,
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W ZEMND, RO T T Y METRE STV 2 AW A EBR (FH 1960 ) o —i % B
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Ty P HEEOEENEEEZITRTVEVZ LY.

L7225 T, AR CELRZEW 7T > 7 P VEEOERRINMA, T4abb, (DFREERE
12 & BB R L R L 2 S MEIE, BT 727 b oA ERRICRIZT
BRAMNETE L CTEBIEREHEEZ ML T L THEELERT O DI EPHL N Lo 7.



KHHEZBT L8 T T > 7 HEdE — 5] —

X [

DoLGANOVA, N. T., Hirakawa, K. and TakaHasHi, T. (1999) Seasonal variability of the copepod assemblage of the
copepod assemblage and its relationship with oceanographic structures at Yamato-Tai, Central Japan Sea.
Bull. Japan Sea Natl. Fish. Res. InsL (49), 13-35.

i vA (1967) 1965 FH D H A Za H77 MY AOEM. HKBIERE, (17), 49-66.

R 54 (1969) H A AL J‘%*JL7 /Vxﬁkﬁﬂ DR, HARBERE, (21), 17-34.

HAGEE (1984) AvifpE e il oy 77 > 7k /ODGMﬁ TSRO, ATIERE, 16,457-461.

Al 98 (1991) ZReipiE kIR (86B) & £ DL ABEIIC BT 2877 > 7 b » OFES . FrIBEREO W
HiGcsk. JbKkBiER, (55), 59-77.

Hirakawa, K. and IMaMura, A. (1993) Seasonal abundance and life history of Metridia pacifica (Copepoda: Calanoida) in
Toyama Bay, southern Japan Sea. Bull. Plankton Soc. Japan, 40, 41-54.

IkEDA, T., HiRAKAWA, K. and IMaMURA, A. (1992) Abundance, population structure and life cycle of a hyperiid amphipod
Themisto japonica (BovaLLius) in Toyama Bay, southern Japan Sea. Bull. Plankton Soc. Japan, 39, 1 -16.

T & KIEERY - LS (1992) KA EoBAKE. BRAKFIFHAE, 12, 355-365.

Isopa, Y. (1994) Warm eddy movements in the eastern Japan Sea. /. Oceanogr., 50, 1 -15.

AR - B - PP SESE (1990) HANELS J‘Zsﬂi%ﬁiﬁ@’u‘ﬁ V. 3 BBE R OSE S . ppld3 -
194, WAN634E B Bl o B B FI F AR AR e O RS 35, BHAFU TR se i 56, St

(ﬂ(fﬂ(ﬁﬁﬁﬁr St 57 — (1992) HAMEARAIAERE. SR 3 R P & i A & 4 0 B 56 SRR A iR s 3 (R 3%

), M3 4ERE No.l5, M KEREME > ¥ —, Hul, 125.
1‘?# - ANER (1985) BEAMB L O ZFOEMO 7075 v 7 b OsAi L BRI L. A TEERE,

17, 414-419.

Kun, M. S. (1951) The feeding of mackerel in the Sea of Japan, according to data of 1948 and 1949. [zv. TINRO, 34,
67-69 (In Russian).

MESCHERYAKOVA, 1. M. (1960) Seasonal modifications of plankton in the open waters of the Sea of Japan. Izv. TINRO,
46, 95-144 (In Russian) [(AARBEHNERILIZBT L 7T 7 by OFEEEL. B 7 @EREHA IR
IR SCHk (&5 - ERR), KEEIT, 69pp.)

MILLER, C. B. and TErAzAKI, M. (1989) The life histories of Neocalanus flemingeri and Neocalanus plumchrus in
the Sea of Japan. Bull. Plankton Soc. Japan, 36, 27-41.

FRZTE (1985) AARMICBUT 28 75 7 b ok, KEBTEMEAH, (47/48), 63-66.

MORIOKA, Y., NAGAHARA, M. and Komaki, Y. (1977) Calanoid copepods as indicators of the cold watermass in the Japan
Sea. Bull. Japan Sea Reg. Fish. Res. Lab., (28),51-58.

R ER - AR - R - IRARE = (1973) KRFIHEIZ BT 5 AN A A4 A eI B 2 8R4
FIZT AL THFT I/ I Parathemisto japonicaDRENIDWT, Tk, KEMBEMIESH], (22), 149
-151.

PEVELER - JECIER - FIIAILE (1995) H AR IS KAEAIIZ BT 5V 4 S HoRBIEB L O OF
EiZAL. HAKBIERE, (45),47-58.

NISHIMURA, S. (1969) The zoogeographical aspects of the Japan Sea. Part V. Publ. Seto Mar. Biol. Lab., 17, 67
-142.

ANIEEE (1981) HAR MR P I A O st & 2 o EAaEss. I M EAGRIFR, 18, 1-96.

OHWADA, M. (1971) Distribution of chlorophyll and phaeophytin in the Sea of Japan. Oceanogr. Mag., 23, 21-32.

plgEHE (1965) HAHEM A 2B B AN A 1 71 Todarodes pacificus (STEENSTRUP) DR, H/AKWFH, (14),
31-41.

STRICKLAND, J. D. H. and Parsons, T. R. (1968) A Practical Handbook of Seawater Analysis. 1st ed., Bull. Fish.
Res. Bd. Canada, 167, 1 -311.

Suzuki, R. and Istimaru, T. (1990) An improved method for the determination of phytoplankton chlorophyll using
N, N-dimethylformaide. ./. Oceanogr. Soc. Japan., 46, 190-194.

FHERE (1960) miEfns. KiEF4EE 16, EEMEAM, #HL, 76-88.

YAMAGUCHI, A., IKEDA, T. and SHiGa, N. (1998) Population structure and life cycle of Pseudocalanus minutus and
Pseudocalanus newmani (Copepoda: Calanoida) in Toyama Bay, southern Japan Sea. Plankton Biol. Ecol.,
45, 183-193.

Yamamoro, T. and NisHizawa, S. (1986) Small-scale zooplankton aggregations at the front of a Kuroshio warm-core
ring. Deep -Sea Res., 33, 1729-1740.



—52— FoN-f H-E H-F

Yamamoro, T., NisHizawa, S. and Taniguern, A. (1988) Formation and retention mechanisms of phytoplankton peak
abundance in the Kuroshio front. J. Plankton Res., 10, 1113-1130.



KA BT 2877 > 7 b #EE — 53—

Appendix 1. Wet weight (mg /m”) of the 11 major zooplankton groups at Yamato Tai in April, 1995.

Sampling date Apr. 25 Apr. 25 Apr. 25 Apr. 25 Apr. 25
Stn. No. 1 2 5 6 7
Sampling time 10:42-10:50 08:11-08:20 05:34-05:52 14:40-15:05 17:04-17:32
Total wet wt.(mg / m®) 835 74.9 231.2 112.8 151.3
Copepoda 375 25.6 68.0 48.1 86.0
Amphipoda 11.9 204 278 20.1 16.0
Chaetognatha 11.5 11.3 13.8 3.0 3.8
Euphausiacea <0.1 1.1 99.7 27.1 29.5
Hydromedusae 18.9 75 134 6.9 6.0
Ostracoda 2.6 3.8 7.5 53 6.9
Mysidacea 04 2.2 <0.1 1.3 1.3
Appendicularia <0.1 0.1 <0.1 0.3 0.6
Gastropoda 0.1 2.7 - - 0.4
Non-pelagic invertebrate larvae - - 0.2 <0.1 0.2
Others 0.5 02 0.8 0.7 0.6
Sampling date Apr. 25 Apr. 25

Stn. No. 8 9

Sampling time 02:54-03:20 00:12-00:30

Total wet wt.(mg / m°®) 116.6 145.1

Copepoda 754 95.8

Amphipoda 175 16.7

Chaetognatha 7.1 74

Euphausiacea 4.8 6.5

Hydromedusae 3.9 9.8

Ostracoda 4.3 6.0

Mysidacea 24 0.3

Appendicularia <0.1 04

Gastropoda 0.9 0.1

Non-pelagic invertebrate larvae 0.3 0.5

Others <0.1 1.6

- :absent



— 54— N/ H-E OH-F O

Appendix 2. Wet weight (mg/ m®) of the 11 major zooplankton groups at Yamato Tai in June, 1995.

Sampling date Jun.16 Jun.16 Jun.16 Jun.16 Jun.16
Stn. No. 2 4 5 6 8
Sampling time 11:01-11:13 13:36-13:45 18:14-18:21 19:54-20:06 16:03-16:12
Total wet wt.(mg / m°) 69.6 74.9 115.6 126.8 194.6
Copepoda 23.8 19.9 60.1 68.4 101.7
Amphipoda 16.1 12.8 8.5 20.0 144
Chaetognatha 134 16.2 246 20.1 33.7
Euphausiacea 44 19.2 175 2.2 16.0
Hydromedusae 8.5 2.2 2.6 5.6 5.1
Ostracoda 1.7 0.7 0.3 3.3 9.5
Mysidacea 0.7 3.5 - 3.7 9.8
Appendicularia 0.5 <0.1 1.3 3.2 2.6
Gastropoda 0.3 0.3 - - 0.2
Non-pelagic invertebrate larvae <0.1 0.1 0.1 0.1 0.6
Others 0.2 <0.1 0.6 0.2 1.0

- absent
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Appendix 3. Wet weight (mg/m®) of the 11 major zooplankton groups at Yamato Tai in August, 1995.

Sampling date Aug. 30 Aug. 30 Aug. 25 Aug. 25 Aug. 25
Stn. No. 1 2 3 4 5-1
Sampling time 09:10-09:22 06:57-07:07 12:14-12:33 14:05-14:25 15:46-16:01
Total wet wt.(mg / m”) 77.9 774 784 98.8 64.9
Copepoda 20.0 24.2 30.4 37.5 38.8
Amphipoda 14.8 16.7 15.5 20.0 14.0
Chaetognatha 19.2 12.5 13.2 15.9 4.1
Euphausiacea 18.0 17.3 9.2 11.7 4.8
Hydromedusae 0.9 0.7 5.2 9.6 2.0
Ostracoda 2.5 2.6 35 1.9 0.2
Mysidacea 0.3 1.7 0.9 1.8 -
Appendicularia 1.3 1.3 0.1 0.1 0.7
Gastropoda 0.5 - - 0.2 -
Non-pelagic invertebrate larvae - 0.1 0.1 <0.1 -
Others 04 0.3 0.3 0.1 0.3
Sampling date Aug. 25 Aug. 25 Aug. 26 Aug. 30 Aug. 29
Stn. No. 5-2 6 7 8 9
Sampling time 04:41-04:31 18:25-18:35 11:53-12:12 01:33-15:59 12:13-12:42
Total wet wt.(mg / m”) 115.3 110.1 63.9 102.2 51.3
Copepoda 43.0 39.2 13.9 31.8 12.0
Amphipoda 289 13.3 10.6 23.6 6.6
Chaetognatha 16.3 125 194 18.7 11.1
Euphausiacea 212 215 10.9 18.3 10.3
Hydromedusae 4.1 19.7 7.1 4.0 6.4
Ostracoda 0.6 2.1 2.7 3.1 2.3
Mysidacea - 0.3 2.1 1.2 0.2
Appendicularia 0.7 1.3 1.6 0.8 1.1
Gastropoda - - - 0.1 0.1
Non-pelagic invertebrate larvae - - <0.1 <0.1 -
Others 0.5 0.2 0.6 0.6 1.2

- absent
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Appendix 4. Wet weight (mg/m’) of the 11 major zooplankton groups at Yamato Tai in October, 1995.

Sampling date Oct. 28 Oct. 28 Oct. 29 Oct. 29 Oct. 27
Stn. No. 1 2 3 4 5-1
Sampling time 04:10-04:38 01:34-02:02 03:35-04:05 01:25-02:00 23:30-20:46
Total wet wt.(mg / m®) 75.2 94.6 110.3 118.1 63.9
Copepoda 214 272 31.7 34.5 19.6
Amphipoda 9.4 17.5 329 315 19.6
Chaetognatha 20.7 249 25.6 27.3 11.2
Euphausiacea 4.1 39 2.6 6.2
Hydromedusae 11.0 94 6.8 8.2 10.0
Ostracoda 2.8 3.0 29 4.8 04
Mysidacea 0.3 6.1 2.8 1.7 -
Appendicularia 2.3 1.6 2.7 24 1.9
Gastropoda 0.2 - 0.1 0.1 -
Non-pelagic invertebrate larvae - - 0.1 - <0.1
Others 3.0 1.0 2.1 14 0.3
Sampling date Oct. 28 Oct. 28 Oct. 27 Oct. 27

Stn. No. 5-2 6 8 9

Sampling time 23:27-23:40 21:45-22:00 20:30-20:46 17:50-18:15

Total wet wt.(mg / m®) 111.3 69.0 1344 63.9

Copepoda 39.0 23.1 24.0 14.1

Amphipcda 19.3 16.7 93.1 224
Chaetognatha 29.5 14.0 3.7 10.6
Euphausiacea 5.0 34 1.8 4.2
Hydromedusae 8.9 5.8 5.7 6.7

Ostracoda 0.9 3.3 3.3 24

Mysidacea - 04 0.9 0.2
Appendicularia 3.5 1.9 0.5 0.8

Gastropoda - - 0.1 -

Non-pelagic invertebrate larvae 0.3 <0.1 0.1 -

Others 49 0.4 1.2 2.5

- :absent



