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Seasonal Changes in the Copepod Assemblage as Food for Larval
Anchovy in Western Wakasa Bay, Southern Japan Sea

Naoki IeucHr'’ , Yozo Wapa®' and Kazumasa HIRAKAWA '’

Abstract

This paper describes the seasonal variations in abundance and species composition of the
copepod assemblage as a food source for larval anchovy (Engraulis japonicus) in western
Wakasa Bay, southern Japan Sea. Samples were taken 1-3 times a month from May 1995 through
April 1996 using NORPAC nets and 10 ¢ Van Dorn samplers. The total number of copepods (adults
and copepodids) peaked in March-May (spring) and September (autumn). While the spring peak
was mainly formed of a few temperate species {(mostly Calanus sinicus and Corycaeus affinis),
the autumn peak was characterized by many temperate-subtropical species such as Fucalanus
attenuatus, Oncaea venusta and Centropages furcatus etc. The spring peak is considered to
provide a food source for reproduction success of anchovy, and subsequently anchovy larvae
showed a seasonal peak in abundance from June through July. We suggest that the food availability
for spring larval anchovy depends on the naupliar abundance of several copepod species (Calanus
sinicus, Corycaeus affinis, Oithona spp., Ctenocalanus vanus and Acartia omorii) of which
their egg production is closely associated with the spring phytoplankton bloom.

Key words . copepod assemblage, copepod nauplii, larval anchovy, phytoplankton, Wakasa Bay
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HELAMETHL., 72, BFEOFRETOWRER, FEINOBEEEIFEBEL TVE I LH
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Fig. 1. (A) Location of Wakasa Bay in southern Japan Sea. (B) The sampling stations (circled stars) in
Wakasa Bay; 50, 100, and 200 m depth contours are superimposed.
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MHFAE A Qi) F TIRRERD SEBEMNT T TKRRITIEITZE & % -7 RlOFEBREKER
(93C) 133 H EmicEBgEsn. KESAK(=33.0) 134 A% BV TERHEICEERRL, 5
28 AASILA T TIRBEMEE TLA > T, ZOE - EIZBIT A EIEMEIEE, B
L7 EREMNIKOF A & > THRY FilE TS M- KRIE 2 B R E K Ok - 20CLL
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Fig. 2. Seasonal variations in temperature (upper) and salinity (lower) at Stn. a and Stn. c in western
Wakasa Bay.
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Fig. 8. Seasonal variations in maximum chlorophylla (g ¢ ~') in the water column at Stn. a and Stn. c.

RATH»SHE 4 AP T CHRBIHBET TEL, REARIE 3 AHICERKEK(103T)
Lol 330LUTOERES K, 7ARH2ASIIA THICATTHEL, ROEREIZOAH
L7275, 118 EAICI390 mELBIC $ TR o 72, Z1EStn. a & RIS BIERFE KD
wLEzohs, i), 340U LOEESKIIERTIZI3~6 AlCoAHEL, 8~9 AT
BB I Z0mPLBICHEEL 2.

Stn.a &£Stn.c DAAEFICBITE 7007 4 VaEEORKMEIX, TEML DIL - FERICH
<, $HIcStna TR 1AL 3 H EHICELLEWEGSugl ) E/RL7. F72, Stn.c TiE
2HE4AHICHEBMOY =2 (%432, 35ugl AL NZA, BEMIZIISt. ak V1 ~
25 ABENTHE LA, FAEYMZEBLT, XVIBETHAStn. a D7 ET T 1 VaiEED
Stn. ek ) b EWEM % /R L7z (Fig. 3).

2 I T EEEOEFEHEL
(1) HA035mmigBAl /W3y 7 2y bikk
AWFECRZE I N2 A A 7 VIR E S A b T57HE (Calanoida 38f&, Poecilostomatoida
10%#, Cyclopoida 7 f#, Harpacticoida 2f#) T& o7z (Tablel). F7:, &FEMB 2 B L
T1RTOEL Lz A7 2 HHI3Stn. a TI324%, Stn. cTII25H (54EEE) TH Y, 20H b,
BRKMERE DS SR DT7I~80% % 5, Hilk L7z,
Stn. all B 27 4 7 VHEOBREBRBOFTH L E A5 & (Fig. 4), HFF(3~5H) L#F
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Table 1. List of the copepod species identified from western Wakasa Bay from May 1995 through

April 1996. O: Warm-water species, @: Cold-water species, 2A: Eurythermic species.

Order CALANOIDA
Family Calanidae
O Calanus minor (CLAUS)
O Calanus sinicus BRODSKY
O Mesocalanus tenwicornis (DANA)
O Cosmocalanus darwing (LUBBOCK)
O Undinula vulgaris (DANA)
O Canthocalanus pauper (GIESBRECHT)
Family Eucalanidae
@ Eucalanus bungi bungi JOHNSON
O Eucalanus attenuatus (DANA)
O Eucalanus crassus GIESBRECHT
O Eucalanus subcrassus GIESBRECHT
O Eucalanus subtenuis GIESBRECHT
FEucalanus spp.
Family Paracalanidae
O Paracalanus aculeatus GIESBRECHT
O Paracalanus parvus (CLAUS)
O Acrocalanus gracilis GIESBRECHT
Family Calocalanidae
O Calocalanus plumulosus (CLAUS)
O Calocalanus pavo (DANA)
Family Pseudocalanidae
O Clausocalanus arcuicornis (DANA)
O Clausocalanus farrani SEWELL
O Clausocalanius minor SEWELL
O Clausocalanus furcatus (BRADY)
O Clausocalanus pergens FARRAN
O Clausocalanus parapergens FROST & FLEMINGER
A Ctenocalanus vanus GIESBRECHT
@ Pseudocalanus newmani FROST
Family Euchaetidae
FEucheata spp.
Family Scolecitrichidae
O Scolecithriz danae (LUBBOCK)
Family Centropagidae
@ Centropages abdominalis SATO
O Centropages bradyi WHEELER
O Centropages furcatus (DANA)
O Centropages yamadai MORI
Family Pontellidae
O Lapidocera japonica MORI
Family Candaciidae
O Candacia bipinnata (GIESBRECHT)
O Candacia catula (GIESBRECHT)
Family Temoridae
O Temora discaudata GIESBRECHT

Family Metridinidae
Pleuromamma spp.

Family Lucicutiidae

O Lucicutua flavicornis (CLAUS)
Family Acartiidae

O Acartia danae GIESBRECHT

@ Acartia omorii BRADFORD

@ Acartia hudsonica PINHEY
Family Tortanidae

O Tortanus forcipatus (GIESBRECHT)

Order POECILOSTOMATOIDA
Family Corycaeidae
O Corycaeus affinis MCMURRICH
O Corycaeus agilis DANA
O Corycaeus astaticus F. DAHL
O Corycaeus catus F. DAHL
O Corycaeus crassiusculus DANA
O Corycaeus pacificus F. DAHL
O Corycaeus speciosus DANA
Family Oncaeidae
O Oncaea conifera GIESBRECHT
O Oncaea media GIESBRECHT
O Oncaea venusta PHILIPPI
Family Sapphirinidae
O Sapphirina spp.

Order CycLOPOIDA

Family Oithonidae
@ Oithona similis CLAUS
@ Oithona atlantica FARRAN
O Oithona longispina NISHIDA
O Oithona plumifera BAIRD
O Oithona setigera DANA
O Oithona nana GIESBRECHT
O Oithona davisae FERRARI & ORSI

Oithona spp.

Order HARPACTICOIDA
Family Ectinosomatidae
I\ Microsetella norvegica (BOECK)
Family Miraciidae
O Euterpina acutifrons (DANA)
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(9 ATz, AF(1A)CHIBHRE LY — 7 2B SN/, HAREREEAE (LD
BAIZBIT B0 47 VEBETIE, MBMEREE BB L OMIZEHBE P ERE SN H
(Hrakawa and Ocawa 1996), ARAFZETIL, MEMEOKEVWEIZ L b 5T, FERZA
17 HEBREAREIIEHORARE — 27 (F1000fEE m " )IEL T, A 7 I 524
HOMBHOFHENE RS & (Fig. 4), BFEY -7 3BKEED S 5, FICRFHEETDH
% Calanus sinicus, Corycaeus affinis, Centropages abdominalis, Paracalanus parvus
D AFETHER I T, $72, £FY— 27133 L A EParacalanus parvus 1 FETH - 7-.

WKxt LT, EVY — 7 I3 EFHBM (Calanus sinicus, Corycaeus affinis) DB,
Fucalanus attenuatus, Oncaea venusta, Centropages furcatus, Paracalanus aculeatus
% EE RO — EE I L DR S Tw .

Stn. ¢ (2B HBMEAEROFEE LA L HD & (Fig.5), 2O~ P3FEF(4~5H)
RFE(9 T ICERE SN, FEFY— 7 PMEMEAMEF1500AE m ) 2R L7z, KEE—-271
BB OWTIZEFE =7 L 0w, ZHICHLb0 47 VEPOBR I TV,
ZOECTESERE SRR T 54F (12~ 1 ) IZBWTH RS N R E R L7z,
F7, AT OB GELEOMAENC L AFERIEARD L (Fig. 5), HEFY— 7 LR
> 2 (Calanus sinicus, Corycaeus affinis) i\Z& o THFE SN Twizolzxt LT, *&F
¥ — 7 13Stn. a & [FAFF IS B0 R — B MR (Bucalanus attenuatus, Temora discaudata,
Centropages furcatus’s E)IZ & > TEBEL SN T Wz,

(2) FRAREH

HAT ) =TIV AGNEOSIRER % B L2 FHELE A5 L (Fig.6), MEHED T~
81 &Stn.c DA AzEKRE, ZORKEDKEMIREISHIT I Z/R L. KD/ —
7)Y A GEREStn. a Tid 3 AP AIICER R K (744 X 10ME4E m™*) 2R L7z, 05, Stn.
cTIREFEORIICBIT 2 EMERIA SN, BHORM(9 A%, 2 A%, 4 AT
~5 A EA0)12Stn. a & H# L C/ANEIE S ¥ — 2 (3.35~3.84 X 10MEfR m ™) S L 7z.

3 HEIFATIONBLUHFA

HErFATVINEMES L bEFEE(S AT 2EmEZRL, F5iCStn. a TIIEE(1 KR
W 7= 0 205M8) 1B L 72 (Fig. 7). FAGTH+&) 30— 2% 6 A~ 7 A LA
{CE KRB (Stn. a @ 7UEMR, Stne: 7K 2R L, PREEMIZStn. a TE < I AHHA % 7R
L7.

Z =

FARBWEERAIBIZ BT B A4 7 VEESEONIUIEEHIER L, &KL LTEFE - EF
WAIHESARE D/ S VIR D I A 7 2 34 (Calanus sinicus, Corycaeus affinis, Centropages
abdominalis, Paracalanus parvus) e L, KEIIZEEMEO K S Wik —Fafto
HAT VHEBENEMT AT R L7 (Figs. 4, 5). RHIERICBIT S04 7 VHEBEEOFHE
b %, 18 Ut BRE I AL 9 4 LU 1R (Hirakawa and Ocawa 1996) & & L& (O - AR
19N IZBIFLENS EIbET AL, 3iEEE b 74 7 VHEBEEREOFEHBEINIES &
FIIRIY, KFEE— 7 3SR — BB L > TR SN A TRRLTH - 72,
L2 LAads, BFEY—70FEHAE LR CIXEHES 4 7 2 HCalanus sinicus,
Paracalanus parvus, Ctenocalanus vanusTdH Y, EE & UERZ R L7, BILEIC
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Fig. 4. Seasonal variations in the total number of individuals (ind. m~ %), number of species and SHANNON-
WEAVER diversity index of copepods (upper), and abundance (ind. m™*) of the dominant copepod
species (lower) at Stn. a in western Wakasa Bay.
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Fig. 6. Seasonal variations in the number of copepod nauplii collected from the surface water and 30 m
depth (Stn. a) and surface, 30 m and 50 m depth (Stn. ¢) in western Wakasa Bay.

B 5 EFEREEEIZGK - JLEREEIIHOTH Y, Oithona atlantica, Metridia pacifica,
Pseuodocalanus newmani, Corycaeus spp.(E & L TCorycaeus affinis) TH-72. H#-> T,
FARBVEEARIE, AT =2 %20 720Stn cUPE) ICBIT A 0 4 7 VEBEOFTE LI,
ORI BITAZNEFEULTVBE E VR 5,

FRRBVEEHABIBNTH Y 7 FA T IAFEPHBEL-6~7Hid(Fig.7), #4724 (2
NRRFA b - B BEOFESFE — 7 RITHUT 275, BFEY— 7 TEEHKIETH > 7-Corycaeus
affinisB £ WCalanus sinicus\ZHZ T, Ctenocalanus vanus, Acartia omorii’s £H%5 | & i
L LTz (Figs. 5, 6). IWOEMEEINBIZBITA A5 7 T4 7 AFADOHEILENEYH
WHETIE, 5 7 F AT VHEAEND ) — 7)) 7 REIBEEF O A4 7 VHEBEMEE X
B LTz Z &2 5 (Hirakawa and Ocawa 1996 ; HirRakawa et al. 1997), EREVEERAKIE D 5 &
TFATUFRIGERO DA T VEED ) — 7)) AGEE EEEREE LTRIAL, BREL
TWhEHWENS., 727250, 4ERECHVZAY FOBA035 mm) Z@YikiFTLED
INFID 1 A T TV HET D B Oithonal@D, KR EHEOMP VA Y ML BZRETIIEREB IS
CHBETAHZEPHESNTBY (ZFH 1984, FIHS 1984), REFFEHTI ATV — 7
) AR ORERE D 5% { DOithona BB INT WS (FIH KRER) 2 &hb, RE
(Oithona similis, O. nana) DR L L TOFGOIHEESINL. Dozl ens, 17
HAAofE L LTLRI2 51 2N T & 7zCalanoida (B # 5 < Calanus sinicus, Paracalanus
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Fig. 7. Seasonal variations in the number of eggs, prelarvae and postlarvae of anchovy at Stn. a and Stn. ¢
in western Wakasa Bay.

purvus) D/ — 7 1) 7 A %A (Nakata 1990 ; MULLIN 1994 ; NAKATA et al. 1994) D &7z & ¢,
Poeciliostomatoida (Corycaeus affinis) % Cyclopoida (Oithonalg) D/ — 7 7 A LA HEZFD
FIREVEERARIBIZ BT BN 5 7 F A7 VIRIFROERICER 2 &XE 2 #H o Tn5 b o LHEH
ENB. AN TANZTHTEIAT L OMBEEE LT, NS AT V8, $IZ0ithona
similisD BEEMEDTRIE E N T 5 (ARTHUR 1977).

Y TFAT ORI E LT, RBEORBIE s CHEEIBTENLEIEL, 20
EIIKIRIZISCUETH L Z e O TS (BBH 1992). Lo T, MEHRIIBITS5 A (GE
BKE . >15C)DH 5 72 F 47 T OINAERE (Fig. 7)12id4 ~5 A0 A4 7 VEBEEDE— 2
(Figs. 4, 5)2RE L CEELRZE2H-oTWwEEEZOND, T/, TNOLDFELLFEL
LRI NBENY I FAT AT ~TAICHBALTYwS (Fig. 7). ZOAF 2 F4TY
HFEOTEEY THALIIA T VE — 7)) 7 A&, Stn.c TIEStn. a & B L THEELE
HNEEZ RS T, EFPOLEFIIPTTORRPICHI LA Eh0, 6 ~7THICHBELL
H 7 FA T AFAORREREIZMAE (Stn. ¢) DT ) ANREE(Stn. a) L D EEL Twizbwnz
b, INOOREMBICBITE ) —T) I AGEOFH BN —  OMEICIE, 74T
HRAEDOEE 2 BT 7 b > OREGEREY], I, W - ALFRBRESR G OMEL B E L
TWhreEEZOLNS,
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MEEIC BN TEEDOEBREAKREZLET LIS, XF~EFTOWMY TS 7 b v BG5ED
Bigss Nz (Figs. 2, 3). oML LT, @ Stn. a T (H I 2 5 OS5t fign & [
W2, IR X AWV GRIEREOHIH) 25 o722 812k b, @ i), Stn. c Tik
AFSHERA (Fig. 2) DR VERED S #EMIOFERL EBAMEHE SR I RkEE e
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