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Diet of Larval Sardine, Sardinops melanostictus in Toyama Bay,
Southern Japan Sea*

Kazumasa HIRAKAWAY and Tsuneo GOTOY

Abstract

The types and size of food particles eaten by larvae of the Japanese sardine,
Sardinops melanostictus, were determined by gut content analysis of larvae (SL: 4.3-8.0
mm) captured during daylight hours from Toyama Bay in May 1994. Copepod eggs and
nauplii were numerically the most important food items. Food composition changed as
the larvae grew; the proportion of eggs decreased with increasing size of larvae, while
correspondingly the proportion of nauplii increased. The nauplii eaten consisted of
various species. As a whole, cyclopoid (Oithona spp.) nauplii were the most important
dietary component, with calanoid (mainly Paracalanus type) nauplii second. Such food
composition is in part a reflection of the abundance and species composition of copepods
in the field. Maximum prey size (length and width) increased with size (SL) of larvae,
whereas minimum prey size increased less; the size of prey consumed showed a large
range in sizes, from 0.07 to 0.45mm in length and 0.05 to 0.20mm in width. Within these
size constraints, rare copepod species such as Calanus sinicus and Oithona plumifera seem
to make a major contribution to larval growth (SL: 5.1 to 8.0mm) because of their large
body size, although the more abundant and smaller sized copepods (possibly Oithona
similis) are more commonly eaten.
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YHEO /-7 ) v REETHD, #Ek, = v (LEBOUR 1921, 1924 ; MARSHALL et al.
1937 ; BHATTACHARYYA 1957) %% v 4 (SHELBOURNE 1953, 1957) offfarc & TRHE S h
7 7 v 7 by (FE LU THRER L ORBEERE TlRWI EXHALME RS .

ok, BEFROEIEANBTYCEET MR, RENEOHRCHAERBE M LICL Y,
REEWCEE I h>o5H %5 (ARTHUR 1976 ; LAST 1980 ; NAKATA 1988 ; fFHH 19957¢ &). #*h
LDoH, w4V VRBILOWTADLE, BIWERDO A7 8/ -7V v 2EOMK E T
NIHFFERR D 2 Hlic$ X 7sus. ARTHUR (1976) (34 Y 7 x A = 7RI 3\~ T Sardinops
sagax DRI X > THAEINRLEIA T EHD 7 —F V) v 2814 %K~ H (Calanoida,
Cyclopoida ¥ X O Harpacticoida) v _ATa#F), H# L7, ¥4, $HE (1995) (ZEEHL
W2 ~4 7 AFROERAEYIEBEREDO/N D A 7D 7 —F ) 7 RGENLE S
ERBE L. BREBRBVTOHAREEHO 1 7 o Ei~ 1 vV AT RO E L TEER
BEERICLTOBZ ERTHENS. UL, EROFRTIEILEREHE LD, —F
Vo AGERFICH, B, BiRREDSERICENL T, —EL TR FE-> T B,
B A7 o EBEOTEMAN & £ BIE U i fF oo EaH A RBA M (X BAREC oL,

AT TS BRI ET 2 EILELORE Lo~ 1 7 SAFBELERNEY O 5 ks
R, hb~=A7 AFROBRAMRR E TOV A4 X bcT 5 L3k, HLERN
BN E BB A7 7 v 7 vEREKR L OXMIGERERN, EEYERLEE o~
17 o OYUREBLCE T BRI O VLT HHE LD TRE T 5.

RN D, B RETREC BRI S SRR I ATy
OB CCEABEOH « LB L ET 5. Fh, KRXO TKREEZEN 7 B A#EX KED
NI FEEBEERBRICEH OB YET .
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1 BHBFRELIUTS 7 b EE

AP TR B SSEERITREEBR ‘2370 E” X 5B B AUKERICK T 5
<1 v IR ERFAEM S (19944 5 H18H ~31H), #Ax» b (A 80cm, fMH :
0.5mm ) OFHTHR (0~75m B TEHEELILARD S b, FAPSLECHBELLELED 5 &
2 (Fig. 1) 268730k 2 e,

T, BBEEERE CTHIL L - ROMEREKICU D LHBINEEILEREA (K
1957) ICB B St 35EAD 5B, St 18ICB\TH £ 7 o HRHEDTERIR A <D 1, /
Aoty 7%y b (BEHE C0.06mm) &IV A50m B HER F CORERERT-7. Thb
DOFBHIHER R v PERERBE L DM ETEBIZS ~10% 1=V VK TRESE L 7.
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#— (—HED 1100pum, X100 XAWTRIE L 2. 2ok, BHE CHEE 2GR, L) B
LTHBL, ABHEZERRCY L. HLERBEWoEELZ0Y 4 X (KK, ®iIB)
WEXEBR~17rv 2 —2— (—HED 1 10um, X100) % A\ THEYPEBEE T TIT- 7.
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Fig. 1. Maps showing the location of Toyama Bay (left panel), and position of the
present sampling stations in Toyama Bay (right panel). Bathymetric con-
tours (200, 500, 1000 and 1200m) in Toyama Bay are also shown.

Table 1. Feeding incidence® of postlarval sardine (Sardinops melanostictus) used for gut content
analysis. Samples were collected from the five stations in Toyama Bay on 21 May 1994.

o Sampling " JNeotlarse Feding jcidenc
20 11 :56-12 . 12 75 49.3
18 08 : 49-09 - 06 25 80.0
16 05 :36-05: 52 21 71.4
14 02 :31-02 : 48 42 2.3
13 00 : 34-00 : 51 119 1.7

@ percentage of larvae containing at least one food particle for a particular (ARTHUR 1976)
" sun rise: 04 : 32.

EF (12:12) @hFTEMBLAStn. 16, 18K X V0 THRE I hFATE - GO
~80%). —7, FERZIHER (00 :34~02 : 48) 1T 5 72 Stn. 133 X V14 THRE S hifF
BT, EEFAOHBBESZERBEOZTAL LKL, BELIE -7 (W2%). i,
BECHEYER - WAT 51 v o EHFAOEETE (BERNER 1959 ; de MENDIOLA 1974 ;
ARTHUR 197675 &) AEENCIIIHI I 21X 5D EFE 2N LD T, KPFFETIE~A
7 AFROERHERE B HE O HEILERNBWHEBIC L » TREZI®TI W EHMTL e,
BELERNBYFRCRBINI DA TVED 7 — 7Y v 2%41E, 3, DIETRICH (1915)
X O'BJORNBERG (1972) @ X Cit# S hicb» 14 7 ¥ 3 B [Calanoida, Cyclopoida
(Poecilostomatoida % &%s) I X Of Harpacticoida] 23135 7 — 7"V v 2 gt D REDIEA
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5.1-6.0
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Fig. 2. Percentage composition of the gut contents of postlarval sardine (Sardinops
melanostictus) in the four length groups (SL: 4.1-5.0, 5.1-6.0, 6.1-7.0 and 7.1-
8.0mm). 1: copepod eggs, 2: copepod nauplii, 3: copepodids, 4: dinoflagellates,
5: unidentified, N =total number of food items.

Table 2. Composition of copepod nauplii in the gut of postlarval sardine (Sardinops melanos-
tictus) in the five length groups (SL: 4.1-5.0, 5.1-6.0, 6.1-7.0, 7.1-8.0mm). Numbers
denote their relative abundance (%) to the total ().

Larval size (SL)

Copepod nauplii 4.1-5.0  5.1-6.0  6.1-7.0  7.1-8.0 i 4.1-8.0
(N =6) (N =34) (N =86) (N =26) (N =152)
Calanoida
Calanus spp. 2.3 3.8 | 2.0
Paracalanus type® 5.9 18.6 46.2 19.7
Cyclopoida
Oithona spp. 83.3 88.3 74.4 2.4 1 724
Poecilostomatoida
Corycaeus spp. 1.2 0.7
Harpacticoida
Microsetella spp. 2.9 2.3 3.8 1 2.6
Unidentified 16.7 2.9 1.2 3.8 2.6

3 including both Paracalanidae and Pseudocalanidae.

MMECESE, £40BIKFILI. Thdb/ —7 ) v 25EIRTEE L TCESHHERE OH
RBERB (HIE, Mo & FolEFIRERSE) »EEDHE (OGILVIE 1953 ; FABER 1966 ; BJORNBERG
1972 ; /& 1984) L LT, WHEERIR b BicE THOEL 1o
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1 HEERRYHERL

HHBICERE 21T - 7o M THE b B E RIS B 1 5 SRR R I o HALE WAL
(EH@HECcoOHBEE) % Fig. 2 1rd. BILERNEW I A 7o EHOI, 7 -7 v 2%
A, aXELA g, RBEERESCECARLHENMD O > T 5. KR EHEECH
{LENBEWHARZ BT 5 &, R4 1~5.0mm OfF R TRINALHED61.1% % Hd Tt
2, B 5o 2 E S MFROEBENRENT A N THMERZRL TW5., f£-T, &E5.1
mm LA BT — 79 7 RGENBEENBY DO0% U EERL, Hic, #&ET7.1~8.0mm i
72D EEVERB O KBS (@4k092.8%) hHT e, AL, FEERIfFEOREI
FE, AT EHOIINS 7 — 7 ) 7 RGEANE XA L T L HFAIDRD b,
HLERND 2 — 7 ) v 24413 Calanoida, Cyclopoida, Poecilostomatoida ¥ X ¢ Har-
pacticoida » bR Y, TOMBEHFRADOEKEHEEMHEINICH S & (Table 2), {45&4.1~7.0mm
DfF i Cyclopoida @ Oithona |& (Oithona spp.) NEEDT0~90% % 53, HHHEMT
FTEREEYTH -7, ), #HEKET7.1~8.0mm OfFf Tk Calanoida IZ)&3 5 Paracalanus
type D/ — 7Y v RAGENEERDL6.2% % HD, FHEERAY E LT Oithona o 7 — 7V v
AW (D42 .4%) Thinioic. Fig, = O E % T Calanoida » Calanus J&
(Calanus spp.) ¥ X Of Harpacticoida ® Microsetella J& (Microsetella spp.) @ /7 — 7"V o &
WEFEER DT 3 8RICBE I oDy, ThbliZoHBMEISG X Paracalanus type O
/=7y REE LT, FRBEETAICONT, KEEHINTAEAARLI. Ll
N, ZEEEERZEL (o MBEISG TR S L, Oithona |BD 7 — 7V v REHED, &40
72.4% % 5%, Dl L S THLERABTHRL XM T 2R b, 4H&8.0mm AT~ 17 oAfF
e ->Tid, A0/ =7V 2G4ED S BbENCRSEELREREY TH L Z LWL,
Elgote.

2 BEFRAOGFRCERY M X EDEEE
BEFROBREELTEEHHNTHI LA T VEHONB IO, — 7Y v 2D HLERD S A
R (&, @i &oB#EIzoWThLSE (Fig. 3), HADMEEH 4. Imm » 5H8.0mm ~ & 4
LTd, BRI TWBEY 1 XOR/MEIMGE, ABEDSCRBREELL ko7 (K4
0.07mm, 0.05mm). ZHIEH LT, FHRIITWBEEY 1 XADRAEIMFADCKEDOHEINT
P THRE, HRIEE S IEinL, 4E8.0mm TI24& 40.45mm, 0.20mm IZFEL T3, B,
—icfloBECHFRATILAORTVWB X 51 (bl - #H 199D, ~1 7o fFRTHHE
(kT 4.1mm 2 58.0mm) TH12oh T, & L TERhCK LIED 1 AR A 2 7R
L, FIFHATRE 7e 88kt 1 X D& 345 T0.07mm £>50.45mm, 4§ <0.05mm %*50.20mm
ANEFEF TN ZERW BN E o T

RIZ, <A 7 MEO—FEDY A XRPOERNICED L S h A 7TV EHOIB IO — 7Y
7 APEDK T B OO TR T BIcDdIL, ThbOMLERDY 1 X% Fig. 3 Lok
R LT, BERbY A 20 5 biERIZOWTHR S &, 0.07~0.09mm DORERF 1 XEiFHIZH 17
SHDIRDZIT X - T, Tz, 0.10~0.25mm DEEE 1 A& Corycaeus J&, Microsetella
J&, Paracalanus type 3 X X Oithona JgD 7 — 7V 9 AhHED S5, 2 ~4 70— 70HER
X o TR IR T, Big, 0.26mm LBk 1 JFHRIc>W»THh S5 E, 0.26~0.31
mm Tk Otthona |& 7 — 7Y 7 ZGHED 5 b KEMEEKIC L - T, Fi, 0.35~0.45mm Tik
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Relation between prey sizes (upper panel; length, lower panel; width) and
larval standard length of Sardinops melanostictus. Vertical bars on the right
denote the size ranges of copepod eggs (A) and five naupliar taxa (B:
Corycaeus spp., C: Microsetella spp., D: Paracalanus type, E: Oithona spp., F:
Calanus spp.) found in the guts.
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Calanus JBD 7 — 7V U APAEIL L » TH AR IN T e, 20X 5 e &y 1 KEH K
SHELT-EERL , — 70 v 2R oOHER CINELo Corycaeus - Microsetella- Pavacalanus -
Oithona J& 7 v — 7 oKD Oithona-Calanus |& 7 2 — 7)) i3, iz oW b AR B
It

Lo T, =4V Aok gfns gy X (LT, hEE2RT) S0k s oY
HEBLCADLE, FROBRECH > CER —7 ) v 2A9E0HRBHEL, Z05b, kK
R Oithona |7 — 7 ) 7 AR IO Calanus J& 7 — 70 9 ASENSLER I DL 74—
70, FEIFIHET 28R 4 REEAIAL T BECEESEBEYER K-> TV 5
ZEBEBL M E Lo

3 BHMIBITBR AT HOHIRERR

Stn. 18THREINICHA T D/ =7V v A~ A4 7 o fF O BRI &
s - 7z Cyclopoida, Calanoida @ 2 H & Zofiic XBIL, Bz, ZomBIEOWTIHELY <
CEE L. Cyclopoida Tt Oithona BOZNHE L, BEHREK CL£EOHTO% Y 5D, HES
L T\ 7z (Table 3). —J, Calanoida Ti3Fiz Calanus J&Is X O Paracalanus type 23HEBL L
oo TD 5 b, BEFEKRD10.8% % i, Oithona BOREL L Ticdd, giZidb Tl
B (3% 1, FERBRCER s Thithote. Zofho s — 70 v 2GEE,
& LT Poecilostomatoida ¥ X ¢¥ Harpacticoida 2>bHER X 1, £4&D17.3% % L i,

Table 3. Composition of copepod nauplii collected at Stn. 18 in Toyama
Bay on 21 May, 1994. Numbers denote their relative abundance
(%) to the total (N =578 ind/m?*)

Copepod %
Calanoida
Calanus spp. 2.7
Paracalanus type® 10.8
Cyclopoida
Oithona spp. 69.2
Others® 17.3

¥ including both Paracalanidae and Pseudocalanidae.
P mainly Poecilostomatoida and Harpacticoida.

FRET CEEEIhich 1 7 O a BL A 4R L OO & KBEHOLH 1
7 vEoOBEBERK T 5 €4 % Table 4 /R34, » 4 7 > i Calanoidad 7,
Cyclopoida 3 f&, Poecilostomatoida 2 #&LJ_E, Harpacticoida 1 #EDFH10fELL EAAHE L,
Cyclopoida ¥ X ¢f Harpacticoida Tl &« 1 B L HER L chot. T B4 HD S b,
Cyclopoida (Oithona J&) Ti%, O. similis B3&H 4 7 D42 2% % 5D, mELEE -7
DR L, fit2 & (0. plumifera 3 L O O. nana) TR (0.3~1.0%) Lizic@E b -
7z. F+1z, Calanoida TiX Paracalanus parvus D EAR 024 .5% % 5%, O. similis X\ T
N & fe o e, Calanus sinicus 7o Al 3 ik B (0.9~3.5%) LiziclkE - 7.
¥z, Poecilostomatoida ¥ & O8 Harpacticoida T¥, Oncaea |& (Oncaea spp.) k0
24 .0% % \5%, Paracalanus parvus ZVSECT HREEHL 725y, Microsetella norvvegica I T
B (1.3%) Thote. ThbDIZEMNDL, =AU MFARGHALIER TR L4 Bk
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T O. similis 17 X - TRFEEh % Cyclopoida (Oithona |&) NEkD43.5% % D, 7 —7
Yoo AhAE RIS, 2 SREA ARSI OCRATORGELS L W BT Z LT
7.

Table 4. Species composition of copepods (copepodids and adults) col-
lected at Stn. 18 in Toyama Bay on 21 May, 1994. Numbers
denote their relative abundance (%) to the total (N =143 ind/m?)

Species (%)

Calanoida

Calanus sinicus 1.6

Paracalanus parvus 24.5

Clausocalanus arcuicornis 3.5

Acartia sp. 0.9
Cyclopoida

Oithona similis 42.2

O. plumifera 0

0. nana 0.3
Poecilostomatoida

Oncaea spp. 24.0

Corycaeus affinis 0.7
Harpacticoida

Microsetella norvegica 1.3

LS REAMRERR LG e 4 7 oo MBIEHR (Table 3, 4 &~1 7 oAFAD
HILENBYMH (Table2) E# ML TAB L, FRCBREIW O, -7V v 24D
5 by b EEICBTRHEWREBEE & 72 o 7 Oithona BD 7 — 7V v A%, THATH RES
L, oHBEIE (69.2%) F&AREEMAEZEL CHLERERDCED HEIE (72.4%) &1
IF—F L T\t T 12, Calanus BD 7 — 7 ) 7 AGAEEHLERNR L OBA & b IBic Lo
Hllghrotc b Wiy R LU, B, BT Oithona similis iwX\~CHEH L«
Paracalanus parvus ¥ X O° Oncaea spp. D 2 _EX A M hERB X OBED 55, P parvus X
FRoMLENRIER TILL Paracalanus type @ 7 — 7 ) 7 24514 & LT Oithona B 7 —
TV RMEORCELE LB 2BRD. L LD, Oncaea J& TIIVEER 1175 L =Bk
MEPLHEHBLLIcicd b b T, IEILRHLAL, — 7 ) v 2EMTFROEILENEY
ELTEBEINEh o, D2 LY, Oithona |8, Calanus J&¥ X O Pavacalanus type
OHE LR, WILERNEYI IR EBEAREEREOR—FETRL T 5.

% =

HILERNBYOLHER YL 5 L, BBEBEYEBLEETH I LI~ 1 7 2R (B (8mm)
DEELE LCEER A 7V EO 7 — 7Y v AGERERBEOEN « hick - TEHERT
WBH ELRISFT T ENTES (Table2). ZhaBsFEOKE (Table3, 4 LRHLTS &
MILERND 2 — 7V v 254D 55, Oithona I&, Calanus |83 & O Paracalanus type @ B
HEXFHCBT A LN LDOEFE EBERBEEY D &b, HLEASYHEB T ik
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FHH 47 HOBBERARY IERMRL TS50 L2 5.

MILERNEY & LTRAEST 5 Otthona |83, 7 —7 ) v REENLRMAELREL THN S
v 7 vERERHICLEEICAB L TR Y, BB KECETs~1 7 o oWfiEE & LT
REOAATVEHTHDELETZENTES. e, O. similis 3 (1) IEE% d DRUIKME %
DT, Hr AT HEPTRES LA & (Tabled), ¥#, (2) Ao/ —7 ) v 21 ~VI
o9 1 ZEHEZ0.11~0.23mm 12 % (GIBBONS and OGILVIE 1933) = &, Fig, (3) =
VA REH L~ 1 v AFRICE 5 T, T IR ek 4 X o®iFE (0.07~0.45mm) i<
EENBZ EnD, Oithona BOMTIX, —7 ) 9 RGEE LT~ 7 FRCERICE S F
HAEh T ERTENTES.

5, Oncaea B TIXEMMITE TS 2 <HEL A PR X OBMAO HEREWE S (&4
D24.0%) & Poecilostomatoida @ 7 — 7V v 251D HBIC S 2o B3, AT 5K
oMY IELEARYHEBRIC IR I T ok, & DOAR—FK%Y Oncaea J& D INEE
RoOIRDERE (#0.06mm) »HHEZT 5L, Bl —7 ) v 2AGAERKRBCIE~ 1 7 AP
& > THoRMRE Y 1 X TH 5 (ARTHUR 1977) 25, S FDH A XhMhd 7 — 7 ) &
ApAE L TR e, ARSI THMEICHE L, X EbEhd < GbHE 1973,
SANTOS and JOBLING 1988), *D7-dicfFEOMILENEY & L CRET LBZEI s>
bosFErzbhb.

Oithona |BD 5 b, fBELY 4 ZXHF230.24mm L EoEEF >R S T3 cof
TFIXH L . 707, BB L Oithona | 3D 5 bTix, KEIETH S O. plumifera ®
7 =70 w2 (1 ~VIHD OFREE0.15~#0.30mm (BJRONBERG 1972 ; SEJI[*) T
BHZ END, AEIPPRBEOMAIMAES. 1~6.0mm ED <1V AFAIHAL T\ 58
B4 X0RAME (0.26~0.3Imm) b &L/ — 7V 7 AGEL oo TS ATREEA E L.
Bz, Ry 1 X0.35mm LA LT, O. plumifera - T, Calanoida @3 % Calanus &
D=7 )y AGERTEERERETHS. BHAREOHKR (Table d) Tk, Calanus J& 1
H T Calanus sinicus 1L HBE L ich ot C. sinicus © 7 — 7V v 2814 (1 ~VIHD
DOFFRHEFE20.20~0.45mm (UYE 1988) TH B Z &b, KEL LV RBOLALGE
7.0~8.0mm D<A 7 fFHAICE > TOERIY 1 XD AE (0.36~0.45mm) *RT/ —
TV Y AGEE TR TOAABEME . D EnD, ABIMELEE L CRBEL -
by, B, O. plumifera LT, =4 7 FROBEICHE, FOERY 1 X OFH &Ik
KLTWK ) 2 TR REBEHTHHEF 2 bh b, BB, HUNTER Q977 EHh E2 27547
> D—F&, Engraulis movdax D @E A WICHBERICL D, R 1 XOKBLAMFROR
EEEXEGDS 5 L TOLETHHIEEZHREL 5D, BlloZ Lai<1 7 o DfFAIZO
TbFE2bhb.

s, EEHEBTIICHEAEATHEEEGDE W H 1 7 S EHOINE, AP BRI EING
% Calanoida DI TH », (FHZWELL /-7 V)V v 2G4 BRI HEMEREL L D
Cyclopoida, Poecilostomatoida s X 0¥ Harpacticoida DT 7c\~. HILERNEY & L TH
BB ERL0.07~0.08mm TH Y, ZhEBENRECHERLEBET S L, O. similis DR
i L 72/ Calanoida T % Paracalanus parvus DIRIC—3KT 5. ZDHh 4 7 EoOI
BEL IR <, ZOREMIMEC &5 3EH (HUNTER 1977) 5523, <1 7 ofFf
» Cyclopoida (Oithona J&) Ts&d 7/ —7 ) v 2B+ 5% F COMBIAER & L&

TRFEEER
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Vo TWBAEELFEZLNS.

HEoz &hb, BB ET A~ 4 7 oAFROERMEHS L, O. similis WX - T&EIh D
NI B AT oD ) =Ty ZEED BRI TRL, <A Y AFROBE EVOBA
Latb &, O. similis L DRy A4 XD KEfEE (B2 O. plumifera X O C. sinicus) O
=T 0 AMEELEE L TWBEEE 2 ORS. Bib, =4 7 o O@AERSE 2R L T
52T, BT A/ REoMIs, PEOATRES i - 188k h 1 7 N E L EE
BEEHERICLTWADDE 25, S0 X5 kst BRI RIS B 105 A AREGE ~ 1
7 OEERFEAREL T B 300 E 50, SHEK, Bk To~1 v o ffaAoH{b
BHAYER & FERFICH A 7 o EREOHRAFHN, rd TV LERDD.
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