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

Naoki Icuch' and Ryo TsuimMoro®

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 Toyama Bay,
southern Japan Sea. Samples were taken using two different mesh sizes (0.35mm and 0.06mm)
and 10 ! Van Dorn samplers during a series of monthly field observations from April 1995 through
March 1996. The total number of adult copepods (0.35mm mesh net samples) peaked in March-
May (spring) and in September-December (autumn). While the spring peak was mainly formed
of a combination of a few cold-water (Oithona atlantica and Metridia pacifica) and eurythermic
(probably Corycaeus affinis) species each with a high abundance, the autumn peak was composed
of many warm-water species each with a lower abundance. The spring peak synchronized with
the seasonal increase of both copepodids (0.06mm mesh net samples) and nauplii (10 ! seawater
samples) of Oithona spp. which formed a major constituent of the copepod assemblage. However,
there were no autumn peaks of copepod nauplii. We suggested that the intensified reproduction
in spring of oithonid copepods plays a significant role in the food availability for the first feeding
anchovy larvae, depending on the phytoplankton bloom in Toyama Bay.
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Fig. 1. A . Location of Toyama Bay in southern Japan Sea; B : sampling stations (solid circles) in
Toyama Bay; 200, 500 and 1000m depth contours are superimposed.
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Fig. 2. Seasonal variations in temperature (upper) and salinity (lower) at Stn. 2 and Stn. 5 in Toyama
Bay. Sampling dates are indicated by solid triangles on upper abscissa. The star denotes the
lowest value of surface salinity (26.8) which lies off the axis.
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Fig. 3. Seasonal variations in chlorophyll @ (mg m®) in the upper 150m depth range at Stn. 2 in
Toyama Bay. Sampling dates are indicated by solid triangles on the upper abscissa.
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Fig. 4. Seasonal variations in the total number of copepods (adults) for the samples collected with

0.35mm mesh nets in Toyama Bay.
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50~79%), ElZiZHarpacticoida(50~76%) 7S FNENFEEREEIFE L Lo 72D LT, Fk
1213 4 2D 7V — 7 H81213¥)% (Calanoida : 33~44%, Poecilostomatoida : 34~46%, Cyclopoida :
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Table 1. Dominant copepod species identified in Toyama Bay from April 1995 to March 1996.
Dominant copepods were determined using the definition and formula of Hosokawa et al. (1968).

Dominant species Stn. 1 Stn. 2 Stn. 3 Stn. 4 Stn. 5 Stn. 6

Total number of dominant species 20 26 21 25 23 24
CALANOIDA
Calanus sinicus

O

ON®)
ON®)

Calanus minor

Calanus spp. (copepodids)
Canthocalanus pauper
Mesocalanus tenuicornis
Eucalanus spp. (copepodids)
Paracalanus aculeatus
Paracalanus parvus
Acrocalanus gracilis

O CRONONCNG®)
OO0O0O0O00 000

Clausocalanus minor

OO0O0O0OO0O0O0

Clausocalanus furcatus

O 00O 000 0O

Clausocalanus arcuicornis ?
Clausocalanus pergens
Clausocalanus spp. (copepodids)

O
(ON@)

Ctenocalanus vanus
Pseudocalanus newmani
Scolecithricella minor
Centropages furcatus
Centropages bradyt
Temora discaudata

OO0O0O0
OO000 OO00O0

Metridia pacifica

OO0 O0O0OO0OO0OOOOOO O0O0O0O0
O0OO0O0OO0OOO0O0O OO O0O0OOOOOO 00

Lucicutia flavicornis
Candacia bipinnata

OO0O0O0O0O0

Labidocera japowica

Acartia danae
POECILOSTOMATOIDA

Oncaea venusta

Corycaeus spp.
CYCLOPOIDA

Oithona atlantica

oo 0O O 000 00O 0000

OO0 00 O
OO0 0O
OO0 00 O

Oithona plumifera
Oithona simailis
Oithona nana

OO0O00O 00 O
o o000 OO0 O

O
O
O
O

Oithona spp. (copepodids)
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Oijthona spp. _—
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Calanus minor —_—
Lucicutia flavicornis
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Fig. 5. Seasonal variations in abundance (ind. m®) of the dominant copepod species at the six stations
for the samples collected with 0.35mm mesh nets in Toyama Bay. Species are arranged in order
of the height of annual maximum abundance. Solid circles and open circles indicate cold-water
and warm-water species, respectively.
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Fig. 6. Seasonal variations in the total number and composition of the four copepodid groups for the
samples collected with 0.06mm mesh nets in Toyama Bay.

DY — 27 (FFHEEE) OHBBHE &L Cwizd, EFY—-2713H40.35mm*A v ~ OfE
MRERCTRREVH S0l 3= D) bEFY -7 0 HE0.3mmTIIBE S
o 2Bl 1 ©& LT, Harpacticoidald—#% (2 /NEIAE (Microsetella)@ % Euterpinal@ 7z &) %
ZEtIens, FOEKTHHA0IMmMEEY KT TLE s REEIEVE VR 5.
(3) BRKFE

BEEDEEB I BHAT V) — ) 7 AGED 5 7V — 7 (Calanus type, Paracalanus
type, Oithona type, Microsetella type, Others) DEEZE L% &5 & (Fig. 7), &eHMEAH
iEStn. 1, 3, 4TiE5 A TAIC5 ~14X 10 EAE m*DEEFE L E— 7 2R L7275, KR D3E
HCREV-72FHE— 73RO N o7z, TOY— 2 ORKME(14X10 i A m®) 13 H
ARl —AEh (e BB, HFHREEM BV T4 ANS 6 ADXKE THE SN 2RAHE
CFIT L7 (MK EERM 23 1962). / — ) W ALEEHRT A5 7V —TD5 b,
Oithona type TR TOESTIHEBMErBLTELETL L LI, BEFEE—-2 2T AE
FRE(93~96%) & % o 7=, )5, 25m - 50mEBICBVTIX, 4 ~6 ADOBMDS Lo 727-0
SHOY =27 DFBIZOWTIEIbL WD, T~3RICBULAATVE ) —T )7 A%
EDOEFHREBICKRE L FBHEMIERWE S e o7z, L Lad s, REFKKEOM
WA RE R D, 25m - 50mfE TldMicrosetella typedS7 ~ 8 HICEEREEL 2D
Oithona type & ) % { BT A45# %/~ L7 (Fig. 8, 9). ZHIZHA0.06mm % v b e
5 #T-aNKY A b OFEHZEAL(Fig. 6) 1232 T, Harpacticoida (Microsetella)d % &te) HYE
FEEBIC o722 L EFERET, &5 Microsetella)g D /) — 7)) 7 ARED 5B H
10mLLE T - 721 (1996) DG & —FH L7-.
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Fig. 7. Seasonal variations in the total number and composition of the five copepod naupliar groups on
the samples collected with Van Dorn samplers (10 [) from the surface waters in Toyama Bay.
The samples were concentrated using 0.02mm mesh.
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Fig. 8. Seasonal variations in the total number and composition of the five copepod naupliar groups on
the samples collected with Van Dorn samplers (10 ) from 25m depth in Toyama Bay. The
samples were concentrated using 0.02mm mesh. No samples were taken from April to June.
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Fig. 9. Seasonal variations in the total number and composition of the five copepod naupliar groups for
the samples collected with Van Dorn samplers (10 /) from 50m depth in Toyama Bay. The
samples were concentrated using 0.02mm mesh. No samples were taken from April to June.
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AFFED0.35mm A v NEREOFEITTEHES NI H A T VEHEEMEREOFEH L E 1L O
(ot B Ul ) 12 81 B # 1L (HiRakawa and Ocawa 1996) & H#id 5 &, Mikige bich 47
/iﬁﬁ%@ﬂﬁlﬁﬁf&f FEHEING, EFLMFIEEINLZLNE, TOEHNY —
E— RGBT KB TAONIEY 7T > 7 N HEBROFHLE Ny — VICHEML TV
(BOGOROV 1958). BKFEOE — 7 EHEMEIT VTN OKIET D BRKED 9 b iRt - HEAG R T
BB, LELEDS, EFY— 7 OFERERMEIL, [LHOEFCIACRNIET R TH 5 Calanus
sinicus, Paracalanus parvus, Ctenocalanus vanus’s ETHo7-DIZk LT, EILETIX
&K - LR TH A Oithona atlantica, Metridia pacifica, Pseudocalanus newmand,
Corycaeus spp. TH V), JHELRMEZ/R L. BET TCOMRIZL % & (Hirakawa et al. 1990
% E), BUBIIBIT S I 6 iR IZEMI2300~500miE (KiREB & 0.5~ 2 T) 25D
bbb o ens, ERREKENSEETHUCUTICELZWLOEMTCIRINS OfIZH
BLen>7:0THA ) (Hrakawa and Ocawa 1996). F 72, EIEOGKERIZ, TEERR
OEBIICH7-HE - BFICO BT 2 E R L7225, Sl CIE200mElR IC I 4ERH % 5l
UCKIBAIOCUUT L RIRTH B720 (Fig. 2), FARAERBZIVELTLILICZLY, £E
OFEKIERE AL, PR CTRIEICOZ VEAELZHERL TV 20 LifEEESNS.

BIEBICHRTAEREIA T VEHICEIEEFT TV I V7B RS S E L T B
BLCWARE 21X, M pacifica) bEREESI N TWAZ & 205 (Hrakawa and IMamura 1993),
3~ 5 HICHI L 72K (M. pacifica, O. atlantica) - JEIEMERE(C. affins) % & L7z
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H AT VHEBEOMAREIE L (Fig. 4), EEMIZIEENSOMEW L LT 70 7~
DEFETIV— I TIZLBEIMNUKFEL T2 0w 5. B, Oithona &0/ —71) 7
ANEDEBRE = 2B L Tz 2 &M 5, Oithonal@DEINEENILS HEICH S T4 L #
EENA. Oithona type® / — 7 1) 7 AED & S5 LWEMBIIATH 525, HA0.35mm
oy NERFITHRAADTEM L TV A0, atlantica??y T7%4 £, Harpacticoida® & 9 12 B £0.35mm
Py PRRECIHELEE LTI e A SHIL T WINEIRO. similisiZ & > THRER ST
WLLDEFEZLNLCEIN .

Hst - NI A972) NIRRT AN B IS BV TS AL 10 A 7 L8/ — 7 7 A4k
DY =7 &@ESEL, Wy 7T 7 AOMBARME L TWBILEEHLTVE., 72,
Hirakawa and Ocawa (1996) (3 EFLKIBOBEHEBICBWT, B A T I8/ — 7)) 7 A G4k
WL TCRELEN Y 772 7 ADWILENEN A FEF LB LR, #5470
DOHALENSHIRL 72/ =7 ) 7 ZAMEORMBIE K FHE — 7 # KT 2850 h 1 7 2 H
TEOMM AL TWAZ E XS,

—}, BlEOS B25H 6 HiIZBWTIXOithonal 8D / — 7 ) 7 ANEN K Y 7 F 47 1%
BT FERER & 7> T B 2 L5 (Hirakawa ef al. 1997), B 7 7 F 4 7 L &FA®
9 HHEBRETIANIETHS 212 7% - 720ithona typex Wk L7z / — 7 ) 9 A O FEF
V% TEMENEE LTCHH LEEL TWA I NS, LY LEAS, RITEEERRAN
BINGETHBETLE - AEIE, RIEKE 3RS P HPEREE -7 2R 2120 00b 5
T, =TT AEDOAEEE L IS NS 2 EAT I LA RIS, BRI, BL O
WERE L TELDAAT I/ — 7 7 AMEROWMINIAES 75 » 7 b OBIMSER$ %
ZEMHISN TS I LD S (CaeckLEY 1980 ; TiseLius et al. 1991 ; Uye and Stisuno 19927z &),
BRLIE LT 77 > 7 b &8 ZORHZ L2 & (Fig 3) 0N ZORRK L g S b,

INEDOZENS, BINETE - MFIELL Y 7 F 47 DHAFERED O 4 7 24
TR 2 S L 72 B NEALR 2 b D LHEE SN DBDS, AT VH/ — 7)) 7 AL HEOHH
WA ERDS DV dil, BEZEMOBGERAL VERRBEIRE L AERICLT LML
TWwheEFELL N, FdE, KRB ERINELBICB T2 5 7 F 47 200
FEAF A R (AR ERERIE) " 10X B &, BT AIE - BEEEAERPHFEL W FEE
LTLEDLOTHETH D L Vo BN A /R L2, TRk LT, Hsl - AI1979) 12 &
S, ORI B ABCRSETE, BERAERF LKL TEREI WS, 20
THIEL NS WOT, By 7 F AT B BERPHICE Z0EFEKEZIZITELTWDE I L
Vg SN TwD, Ledt> T, MRS 6 AL, RS 47 2 HEEE O A E
(/=T ZANEBOBEI SO & SR L FOLEC SN 7T 7 D
- ETN— Iy IO OMENS, MIERREIC BV Tid v 7747 L OERTFERES
MY A ET, BFEITL-IVIOZFNEEQICEBELENE DRI LRSS,
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