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The development of artificially fertilized and reared larvae
of the yellowfin tuna, Thunnus albacares

Keiichiro MoORI, Shoji UEYANAGI and Yasuo NISHIKAWA

(Far Seas Fisheries Research Laboratory)
Synopsis

The results of experiments carried out during the summer of 1970 on the artificial fertili-
zation, hatching, and subsequent rearing of yellowfin tuna larvae are presented, with emphasis
on the description of the development from hatching through the pre- and post-larval stages.
The primary objective of this study is to verify identifications made in the past on larvae
collected from the sea.

On July 26, 1970, two mature yellowfin tuna were captured in a purse seine set in Kuma-
nonada waters (off Kii Peninsula). The fish yielded 1.27 million ripe eggs, whose diameters
ranged between 0.90 and 1.04 mm with a mode at 0.98 mm. The eggs were fertilized on the
seiner and transferred to a laboratory about 5 hours after fertilization.

Hatching occurred in 24 to 38 hours in water temperature approximately 26°c. The newly
hatched larvae were about 2.7 mm total length. (Fig. 3).

Rearing was carried out in 1/2- and 1-ton capacity plastic tanks, as well as in larger,
circular 15- and 35-ton tanks. The water was aerated, but not circulated, and its temperature
ranged between 25° and 28°c. during the rearing period. The larvae absorbed their yolk sac
3 days after hatching and began to feed. They were fed oyster larvae, rotifers and plank-
tonic copepods, in that order, and all were found acceptable. Growth of the larvae during
the first 8 days after hatching is shown in Figure 1. Mortality was heavy at hatching, the
fifth to sixth day (Fig. 2), and after the 13th day. The longest-lived larvae were reared for
20 days after hatching and were 8.5 mm. total length.

Development of the larvae is shown in Figs. 3-11. Yellow pigment spots on the finfold
was conspicuous in the prelarval stage (Figs. 4 and 5). Red pigment spots appeared on the
ventral edge of the trunk on the third day after hatching and persisted through the postlarval
stage. Small black pigment spots [appeared along the ventral edge of the trunk in the pre-
larval stage and disappeared in the postlarval stage 10 days after hatching (Fig. 10). The
black pigment spots on the dorsal and ventral edges of the trunk in the advanced postlarval
stage (Fig. 11) resembled the characteristic juvenile pigmentation.

The pigment patterns of the reared larvae—absence of black pigment spots on the dorsal
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and ventral edges of the trunk, presence of red pigmsnt spots on the mid-veatral edge of the
trunk, and presence of black p2gment spots oa the tip of the lower jaw—agres with past de-

scriptions of this species.
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HAE, RS 2O Ic L, EEMERNOBRETLS 2B E LTED LN TN G *
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Table 1. Records of artificial fertilization

‘ Body Body Ov_ary Maturity condition No. of eggs
Fish length* weight* weight* collected
cm kg g of ovary (a)

Ovary enlarged.

X1000
Almost all eggs 420

A 150 60 1800
nearly transparent;
some free from tissue
B 150 60 1400 Nearly same as A 855

Ovary fairly enlarged.
C — — 2000 ?
Eggs not transparent.

*Estimated. 1275

* Dr. William J. RICHARDS (NMFS, Tropical Atlantic Biological Laboratory, Miami) 75 MDi§
Bick s,

# R ANZDATLSL - (THEBAFOMIC, BATECRET 27 0~ s odhfa (3 37) OBRERER ST
T3 OKEFTFRAEDFNED 1970, LM 1971,
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T3 Gk 1970, Zh o OIEMM TIREI NS + X DR RE D SERIPORM E ATEREETIE, 24
pEd (REARD Wik l, —HIIREAKT, i3 HEDOEAKEMILH, BEKRFENBCHREL
T, ZHEIBD L, SMLFROREAREITES ¢ Ladhm L,

ERIP & N

1970427 B128 &0 8 A 4 B TOM, IEMM 7 TS BARIND 72 ICTM Lo, T ORIZE K% A %%
12110 BigiE L7 s, BEERBO F A FOREEARLTHBRIZ 26 HIGRESh -7, T ORI 1 EZSP
BROBSGES L (B 18, 7H 26 BY %, =HEE=RIFIEE < BHR27EORIGT=FIME GSEER
BEGETRR, BEKSAKBEFRESE 1, H2=Z8EA19.5 b o) MIELIZF 4 26 Boic IR A £ - 7ok 3
RBOEHSNI-DT, T ORMHEIEHIDS MINETH -7, HIVEREEEIC X D IEETE 572 (20 B 30
D)o TREREDKIRIT 26.2°C, MEAKHEIR 1.0255 ThHotco B 1RITR LI BEKCH S R ULINZ, £
IRHSERERICIET L, REBRICREL WAoot Bb 3, STHIRRY) = F Ly BclAE L, BHEE
HAL, BEFED 2 02K ICRT 25 U OKREEH 80 0 REOKMICH:X( L GIERK O KR
26.0°C), 27HA] 1 Kl & (CSEREH0 5 D I BEKEICRIE &, LIPS, ITIREER~c, 1%
IR LIc & Sic, BT TOSHIO4AERIZA, BREKTZNEHN 81%, 67%THD, IPOFAERR
FEEICE LTV, 128, ABKIC OO TINEBEAICEER LT BRI AIEMIZ 0.90~1.04 mm @
#FT, ®=— FI30.98 mm icA Shi,

IPFEAEL LTS

DT oz, BBARICEONTHEET LW 1 TROIIC DV TOBRRICEIEbDTH 5,

St SBAM (BRL1 M) OKES ) —v w4 — 2 —ELRINACREKT ERE 17.954 %, AR
kiR 26.1°C T, ZDHRAMLICEZBOKEBEDZELZ 0.3°C OFIHTH - 7o, IIOINERICITINER 7 B
REL, B0 L S5 IcIlR T TIcREIGE LTV, ORI EES/NS <, KE 1.0228 0%

of yellowfin tuna.

No. of viable eggs at No. of viable eggs Survival of eggs Stage of development
time of fertilization 5 hours after fertiliza- of eggs 5 hrs after
(b) | tion © (¢/b) | fertilization
X1000 %1000 %
420 340 81 morula
850 570 67 morula
0 0 0 —_—
1270 910

AR BT HEIICIFELE S T 20550 <, SINRKINEREICHRETRA E LT—RICEN T, FEIP
PAic o T B R R BRI T T 2 FOBRKIBE I NS - 7o, BB 17 KREE Tioik
O  HSEARE S 7D, 19 KRR 139 T I B S AN & 75 5 TIRIE SIEAL, OIROME B S hTv i,
20 PR EED S IIAT A O MB) 052 S h 23 Bi#RICIE yolk sac RENICH/NIRERMASEEINE LS
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1o toe WRDAREE 75D s 7o 17 BRI ED & JRIFENZ R, A2 ICK BT - T thkEd 2 D53
B, 0KEBETICR BEAELTOIL BIEICH T Lz, COBRRIE EAAEERE TS LINC
DTHE YR UKZICHES LTV S, ZHL 0K 24 BETENOSMLTFAMNEE SN, MOIPDOKES
b CHUCHN TS LD, O & 38 BfftE S TOBEH S S bt e, ERAEERBICENTS 27
H 20 I 40 3t (2414 24 BRHD 2 5 5 bdsEE 0, ST @ B R AL, SUTFRIZ 2R 2.7 mm
THoto, i, WOREFEHRSEETTOHT « ~OIEIP, EHEFEAEINC OO TOIMEREHREH» S, IFED/N
BNIRE EFREDPINCTNOIEIL T 2[5 pdsbivic,

SALERA 7K 1 TR O 518 5 N S LITRIZHEER 3500 B TH - 72,

185, SMEROERMSHEED I »IC, 100 KOIPE/NIARICINAEL, REEBROK (LE 1.0212, Cl
16.411 %) LREMH 5 < 1 VDM ET I U cigk (Wb 1.02425, Cl 18.428) #MWVT, 1@, Mg
ERafT18 o7 GKIR 26°C) 58, SMEREBHIET 7 WIGELZDICH L, HETIE 3% & EVEERL
7Zo

FaDiEHEREE

SMuFROAE IREKE, TARIEERS, BEKRAGESE (FESE0B&RREARTHLLIS
1t 2 A B OFfaZE L CRESTEbN) O3 yFcdd T iisbhnic, HEIKiR0.5 F b 15 b
v, 35 b VICRSEKR, D2V IPBEBEME LT ANSH, WFRLEEKIE IEKTBESETRY, [EE
B TIESLE 15~17 B oiukRich A TRESTE b, FIHEEE LTh 05t v2 31X
VR LAVERY, HMEESAEL O AEERE CREHOEE 2 -4 %85 Lic, FESETIESA{LE
8 AHIC, RE/KMATR I ARICAFTHNMES B ABENPIES N, AEERETEIEE 20 AMEE
HEife,

B4 OFRBERC & ICBRESHOEVEBRADE - T A0, BEERBICET 2 HERRIC OV TIERI®
WEIh T3 (REMf1971) oT, 2T, BE/KRICE T2 FEEEEEICOOTET,
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DAYS AFTER HATCHING

Fig. 1. Rearing record of yellowfin tuna larvae during the first 9 days after
hatching (growth in length, food, water temperature)
Legends: Cr---trochophore larva of Crassostrea nippona, Br---Brachionus
plicatilis; a---fertilization, b,---begin to hatch out, b,---cease hatching,
c---opening of mouth, d.--begin to feed, e---absorption of oil globule;
vertical lines along the growth curve.--size range of larvae in length
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RIBICR~c &k Hic, EBMELTL b ykKMERAD, 1 HRHOINCONTESLETED, Boni{fa
#3,500 BRIV TO SRS RMBEETE o 70 MBKBIEKE L, TLPOEEETT - 70,
BRI SLESD D% 9 RRIC~VIET 2 =7 - ~
3 TOFAORES & Oz ORIcE T 2 BEME, ‘
ABOBAER L bDTH B, F1c, HELRH 10}
DIFROBFEIC OV TIEE 2 KlicR Lic, RRNICIE
WERX E UTHRE LR EX (307 KAldicE
i 11 E—H—i2 100 BOITAEERE) OFE0
RFERTLE b HFe TR L,
SHSMEBROFAEIZALE 2.7 mm FIRT, WERkE
i OBRBRTIEEL TS, bk 21
THAER2E 3.4mm iK&EL, ©Xv bEESH
% LB TE AR T HEIME» S ORI R UG T
PUEE FEEETIC L BB TkhiclRIE, #IELT
N3, Mg 28 ERITIFIAEE &, REkic bEM
BB O NI, MLk 35 B THEWEEIDO Uk
TR BB A DT DT 4 7 H F D% REK
lcc b 37 DEETHRA LI, BHETHEIAS
N otc, L% 3 B HICIE HMERE SE4IC TIL
L, B oiERET D, EAMERELY, HAKS
B EicmA 2B EHSRONE L KT, T
DEX D A 77 %O 5 LYhEEEE LT 5 DI 10
XNt OT B4t % 5~10 Fk/cc FREHRE T p—— . e
U, 4BE»BCRIKMATYA IXYRT L% Fig. 2. Survival record of yellowfin tuna
0.2~0. 3@k /cc BEELIcE A, FRADT LYD larvae reared under laboratory con-
BRI BT TH -7, 4BHE~5BBICH dition during the first 9 days after
DS RNDTELS b, ©DERANNTED hateling, | . ,
A---record in a 1-ton capacity rearing
BHHEE 2RicR Lk i, BREROFHEDE tank
ISR O E—KLTED, WEREINEDOTHE B---record under non-feeding condi-
DEFHCRIEDSS - 7o IEKOELE BN TR el
BAAHIC Uiionic, RIEBEHORIETHICH HA&ﬁ;ﬁémmb%m“%t°e“
LT FRICH LT O BB AET $ 77 £
D) EEZDND, 4 THFSEEE, VA IXYRY LAY EBFROBEIZETT, MEHTRIRE S
TREESHERSONE» T, ZORHOFEDOLERYY 3.7 mm B, KXV DT 4.0 mm g2
Utze L2 6 BEED S, EBMOKENELL, [FEEL0RICHD Uiz, UEEE v+ IX YRy A
v 0.1~0.3 fik/cc BEOHFEEZITIIV, FTRDEESRIFTH -7/chs, FREL LB oT, 7
BEXDFARE L b kD SBREK 2000 ZANTZ0.5 b Y KIMICH Lic, € DKL OKETORED (7
LGB RTH o7, ZOHRSA~IBEHIMI T, HEMENEHE LI C bbb >T, HEKDED A
KERBEICENLL, FARIZSEEIBETETNVELLDT, AEEREhik Lk,
PIEMRBARTOEBERETH 505, ERAEREBRETIE, iRk Sic, Hbk 20 BREEEHSR, £
E 8.5mm BEF THFEORENS LN/, 108, FAORMEI, Sk 1BMMAE TR A XL, zohT
HERICHLEEE SR 5 ~6 ARTRDBEEECTH o 7o, F/c, 13 BUBICS I UREDSTRE L 125 7,
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2. fFR DR E

SHEE®RED 18 AEE CORBTITFADOEIEIC SO T FiIcli~5 25, HE LB FRaDTEIC DV THH
7B Uiz,

BREREEZZEDT R LIELRD No.1~No.7 ZRE/KATHE Licb D, 14k No,8 & No.9 i
BERAREBRSTEHE L&D TH Y, No.1~No.7 L2 TiE, RF—YficEznEh 10 REE Db
DTSR, Z20dDT20R) OBEETREALAD S brLRAILSDTH S,

Bk, BEROMAZEOF MM A 1 1R L,

D LB D EE Nol, £& 2.3mm (Fig. 3) o BARE : 7 H27 B 23K

SMEEBOFARLE 2.7mm AIET, KEIZRKETH S, KEHEL, MOEH (FRES FEEL T
B, (TAFEZIERICEE D, HUTRIPYOE EHETRADEE 0 ER L, Bii%E— LT yolk-sac (CiE
T %, Yolk-sac K&, ©PMELAIAET, BRBTAHALEDK 449 & &y, TPLEHEID PP
BIH IR T 5, liEki3 yolk-sac O FHBICAE L, yolk-sac |3 & FEAICIE B E - THIEW, LR
13 yolk-sac dpHh, ffkorhlk 0201 l, B 12HH FICKET 2, HEliE S, BHRES
EOD 20% 1LV, HIEZHAKICAED LN,

BRIV E UTRET, EMICRLEBHICED, RICRELBERSREELTELITBEWTD
5o WUAE L7 /NS BB R R NAASERSS, FRFE b, NS LICBlUcEEY 5130, EMEAOFTS, 5E R itk
ORI S & CRBIEREIC b MEFEET 2, It SIEEMLIC 1 SoRBRR1H 3.

C DERFEDIFAEMEE i UCMBNEE TKm T2 %0 LT 3,

2) SHtEH A No.2, £K 3.3mm (Fig. 4 . BARBE : 7H 28 A 18K 3049

KIZMEL, IIEORINALICHEA (BRTEED 10 %iCHily), BEE & HEROBBIC L 5 hER b /)
L, JiicedasciEng, 3 20MEBELZAESE, KO 1/3KE, HEHFEHOHBFIcH S, O
BARFETEROMLEA LD LN LIRBPRIEAE b - k—EDEROMEERT . IiEd, Ao
{FRICHRTEMRT A TZO@EmS L, $RHBICE0TY, BHE &AM, EA4EHL, FTED
BERRENAONS, WEFRETZLEALDOENE,

EAEREIEEIRO bovs, 4558, BAT, IPHERICH L, BE LT hEHTicgEh LT3, [E
EPOBEAKEIEALEHONELRY, KUGEH ETR, AR TEmIc 1 4 & BFRSHEEOEEmICK,
NE1ED B, BIIKRLEBILLTHED, SHMEEROTRICEA LD S5NE L - e BREsELERI 3 75
FEICHEL TS, INORESBEREETAMEBOPKOESLE LTAEH SN, WIRTHHAKICHE
Wk 2,

T DEO TR, BRUCEZKKEOH KB TREETIK LTRELTEO, 1bKkOBEE&E, #IHKRET
B2 ekl LT 28, MRE B 0B LasolEkafEcohizii>, WTFhoBabiffldcn
WD 3 ety b Eliost U Tl T A2 R Sl G %0

3) L% 2 A ;A No.3, ©E 3.6mm (Fig. 5) . ZAFEE : 78 29 A 105 10 4>

RREICHEL, FHOEHANAEBE-TLED 15% KL, Ik « MEROBINGEATHO B 1EZMEL
WIERE EDZLD B EB BN,

%9, OB I OO EZ S IBE I FNEFEnsE L, BREBEHL TV S, mig3SEiE sk
RTH 2059 Tic pectoral bud OEMEITAX TEH O EKAID S FHEEL THW 3, B TR EOFEHSTIEEEBEA
ETHEH, BIHOERICHARTOOBMOMM S pdib s, KAIKEIC neuromast 28EQIC 44, &
flic55rAEpohnd (Fig. 5) 78, BHEHAELSRBBERLIZL L,

RRTTICEAICRILLTV S, BEHTRIBERO R BHRIL 0 ER L, HIEE, AEHE, v, RES
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e NENEAEMBPSS 2, WEPEHEICORORSRAL, chlEELCBEYE T BEARITNE
ZRLTHS, it kicd BEERNSEONEH, MEKLECE ALH50En), BRERO BREERD S
B, BT IR0 TNOMEIERT bR S kN2 r OB BENDSH 503, TLFH & BN O O B A EMI Mk
KL THHRE1IEAEZETT 250 EL{EVDONHZ, HERIBRIEICHKEL, F2HHBTMObDIZ LR
1T - THEE U TS RLIIC I LT B o AR chsl 5 1551 th o B B35 3 13 T 512 - TR LRSS & ik
LTHREE s TS, EREEhOEAERS K E 5570, Ao icFaMHT & kg Emic b & 1 7D
HOERBPSREL TS,

OB FAER, BEBEE T LUTERLTOWEY, BiIrERWIcE, thofFaodxicmMREIhnT
R Rk EY 73 SRR D KT 1) O U kBN E % 4R R 3, BRI E) X biEMTH 523, WHIZARNERIZH E DT
BHTHEE T LI BRRBDEIFEL TN S,

Fig. 5. Specimen No. 3.

Fig. 3-5. Prelarval stages of Thunnus albacares
Fig. 3. Specimen No. 1, just after hatching, T.L. 2.3 mm.
Fig. 4. Specimen No. 2, 20 hrs., T.L. 8.3 mm.
Fig. 5. Specimen No. 3, 38 hrs., T.L. 3.6 mm.

4 HE#3 A A No. 4, £F 3.4mm (Fig. 6) , #AREE : 7 4 30 B 10 ¥ 05 4

PRI TIKBIRZ N, hERODL E AR ERA LD SN, B H OEAIC A~ TEEBIC B 1 3 2(ED8
FLV, FFATRE LB ORI & 150 MIRSA A2 LT 5 THAZEE LTINS, FTEIZELHEL
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Z DS EBEME VAT HICREE LT3, THEICBVLTOHR TALMIE D FHEEEOES, SMuotES
NBEEBICHEES, EMEBWERIN TS, FEEREOMILIBRIZASNE, #HENL LY
oNBEIICD, MEEPGIEOBER AR S 18 - 7o, JEHHIEZORFPS TIHRICEAZH LTS,

A DOEATRIEETSH - -BiIcH 0 2 RAEZMOBHEISE LW, THER, A4S, wikkhL, BRE&RIc
Ho7cbDIIETHEL, T HIBO & RATRICE 1E, MEROM»EEBEARBOEESS SN S D
HTHD, BEEHOZRBEMCOVTIRATAOEAL ZZAKTHD, BRHERAINT TR, BRkMEHS
ElmEERbD I, ElE 1~ 2O NIRBEENELEHONS,

WREEHR, M L BEEIIERIBEA T S, o FRIEEAIBEE DI icERERE L T2 THEELEL T
5, i, BAEMELEEEIIC, BEER LICICFOE®RE » 5 BHEE ToMic 17 A X REARDEFER
QO PIE) »satwong, FaaEidrr<) VicEET 2 EHAT 20T, chiIEEMOBRIC X
55DTH5,

Z DIRFHRD (FREIC DT, FEifEthnic & & PR S L/,

5) 3kf&5 H A No.5, £E 3.4mm (Fig. 7) ., EAFEE : A 1ASZX

2EOEFIAIEDOSHEEHIAHDO bD ERERBND, PITOX S WEEERLEAONS,
THEIEICRELTEHCHU TV S, ERPAI TREICEAZELTEY, CheeTlEbAEL
5TV BDOTEHEDRIFTEMCE T B EEOWERDEA NG, MEENEAEPRRE STAESEMLL, Fnl
[ En ST ULAKEMICEEIGEL 185 T3, FAIBEEEETMETELS S - T3,

FHESIC B B BAEMOBHEIE S, W EBEERICS CHMUNG 1 BEEBTOH ST 51, —J, FHske
5 (RAD IcBaRESHE (ERCE > TS 1 ooy, BROE(BHE) LTb, REETROR
EEIREMEDSDERNT1I~37H 5,

6) 5Lk 7 B I #A No.6, £& 4.3mm (Fig. 8 ., EAREE : 8 A3 A

BRI DE ST, FROERICHNTHEICHEALTOS (BEO 2550, BEBTHED 4.4 2% 5 5%, A
REFHREOMALIEE D, BNE THDE DTS BRI 1 O E £ THRIE L,

EOBRERIC VT, MORBARBEHEL, —F, Bifh SHEHERIC T THADBAEEE
NEGHE LTV S, THEMOBRBERZHR~ 12 Bh4<d c ik 1 REBR SOk 1 ~3 5%
BL, LrdbEimoRMOEGEMIC 1 ESDRBIZAELRITICES LT 2 EEREL 2050, BEAED
TEEBRERMITIC 1 ~4 SORBERESL, chiOAIFOKERE, TME ToMIcd 3 BaEMIEIH
OERICHENTPRPHEML, 2R 2~34, KEOAETHAZY, el BafRERLHiidbd 3,

7) L% 8 H A No.7, £F 3.3mm* (Fig.9) , EAFE : 8 H 4 H 16 I

BUwiIKit Lick dic, BREARTREH R/ FRE L TRIEERBOEAIZ D TH %, BIEEOERE
BUTDX S SEREELBA LD EN G,

FEESREL, MEOLHRMSIZEEL{ LT3, AR AKE LY, F HHEEI®BFICME L THRR
HIRERAPIR & D RPH I OMBEIGEL TV 2, AERESHRBEOMIEEICHME L, F#cic LMD - 7.
L e D ES AL 4 BT S THRIB LTV 3, ICFIRTHOMEAIEE &2 LI LTV 3,

EEIERICONWTRATREOERERDE - TV, BHEPORBRESEMNL, —HREEROEH
FEIC OV TIRERICHA L THA» S R 52 05450, FIEOERICERTZOMERL TS, B
SR A FR X REEE ICA  RARERNRASNBNEEG B 2, EE FoBEERERIEATRRORAICHENT
BETHB,

* RUREAG EEORET K FRiIc S8 LTEY, 20»2ED fIEOEAL D/ NSWVEERLTH
b
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Fig. 6. Specimen No. 4.

Fig. 7. Specimen No. 5.

Fig. 8. Specimen No. 6.

Fig. 9. Specimen No. 7.

Fig. 6-9. Early postlarval stages of Thunnus albacares
Fig. 6. Specimen No. 4, 3 days after hatching, T.L. 3.4 mm.

Fig. 7. Specimen No. 5, 5 days, T.L. 3.4 mm.
Fig. 8. Specimen No. 6, 7 days, T.L. 4.3 mm.
Fig. 9. Specimen No. 7, 8 day days, T.L. 3.3 mm.

8) k%10 B : A No.8, £E 5.5 mm* (Fig. 10), {@AHE: 8 H6 H

FHIBDE SV OEAICHRTHICKE LS L L bICKELQITHAL, IMPHDOMBIRDPDHRE (B
1085 B, & IO AL, ED L « TERBIE S OILEE LS A L SN b,

FEIBICB W TRILIZDIENS S N T 29T 2 MEER L, WS HESTE, EEEROmMIZS5 ric
5 AW ORIASENIR E B Y, BREBHRBICS 1RSE LTV S, I EHERTFICI3E 1 SBHsELIIL
W, H2WHEOEARELREL T3, BRKmEH THICRTE ORI ST » REOCERERSRE, &
Mg D BEOMBEEENSE LTV S, BT/ BWARIIRTH 508, MEBEABEFICIEBEELEHSR
HLTW3, ILFETH O BRI REBEICE > T 5,

TR TRECEERSHES, N, M, BEE L iEE, cBEEBsHE LT s, EE EoBa®RE
HERFITIL 5 7203, JEREE, BRWMoFAic REBEIRRA LD ONT, RIEEN OB AN RIBR M T+
FRr&EeHEELTN S,

B, MEPOBBICK > T, HMEBEIRIKRBEBCRELGEROHMEL@EL A E» o5t (RAMIT7D,

*

Fov= ) YEERK S0 BRIE LcETH D, SERAEERIS CHEERICE L3 4 No.8 D s
A% 6.3mm, A No. 9 DBEAE4LE 8.5mm I#HEINTE (EEAM 197D,
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9 54L#R18AH : A No.9, £E 7.8 mm* (Fig. 11) , BAME : 8 H 16 H

HEIARESARD 36 % % hw, 4@ (EHERBICET3) BHRED 3BEBZ 3,

AT ESAB SFE LM RT A ICEE, FTEHOAKEESI M -T03, ORBAEL, MEEOMESTEL,
A BOMbHEEL L > TS, BILIEERE 20 LTI,

FEEEDOHL, BEOESIERIES, Fic B 1HiEs REISERSMHEL, BER UkE BELEDTH
%, EEEENTIEE 1 gL H 2 FiEoPR, RBEERTS, IEATHREN T TRE L THA LE&EEDIER
BARE & 78 5 TV B, NPT OEEIR 4 < kLT3, NiEZ Z0RMTIE EI AU 2R TH
%, MEEIME LT TICERUCE LI, &2 B2 T3,

RERERSIES, ETFHEmEC BRI, BT, FHEMMITIC ORI LTV 2, HINEICE
BRAIC BEEESIE LTV S, 1 FERICEGERBECHT LT S0, £ofiofgiciz @il 1 hE
LTS, 08 1 1FEERE s BELlictZBoMEsAs N5,

Fig. 11. Specimen No. 9.
Fig. 10-11. Postlarval stages of Thunnus albacares

Fig. 10. Specimen No 8, 10 days after hatching, T.L. 5.5 mm.
Fig. 11. Specimen No. 9, 18 days, T.L. 7.8 mm.

3. & %

F UK~k Hic, COF L HFEATZBICIRFT 2 & AD—2id, RARREFHERICET 206k
DEEMERERIET 2 LICd 72,

FALEMEINTOE1AE (ZEEKH 4mm PLEOKRIPTR) OHENREY (=7 oo RIBHFEacIt
BLIDDERRL) B, UTFTOL>TH2 (L) 1966, 1969, MATSUMOTO et al. MS),

1D JEHREH S BT COFRAERmICEBREOIHE LT, _

2) FBEasREERICHET 205, TIKBHBE LGSO, HELTHZOMEBRERHRBICRONG,

3) £F 4.5 mm FRE S RBEERITHSEmTC HEd 5,

4) ERIEICER L TORWES, BERO 70 7 4 — BT, IBROFULEAM L I S IcEO AL
BiZd B,

* I HOMAEEZR,
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ChoDEIBELT, AE0oEBEFEIC VW TRIILTAS L,

1D OFBEIONT @ HMLEHD»S 8 AHEE TOHFAICONT, BEERICHNIEBRBOEEDLSS
Lo, choDREFERIZ, L% 6 ~7 AfEREOTES & LTRBITRIE, HEommbsssh
7o LB 10 BEDOEATR AL BERENBALHONE ML o7, TBALE 18 HEDEATE 1 HiEor
D FEIBIc BRITTER DA S Ncds, R EBBRT 2 X5 IcHRIBTFAPTE BEBIROETH %,

2) OFEICONT : AEIOEBHFAEICONT, BEMIZES B s7chs, COBMIIZIASHCED S
h, BEEA (1971 & RBSHEZHREEZRE LTV 5,

3 OFEICDOWT ¢ MLk 5 BEAD SN A ED NI,

D OFBEICONT: RRULickSic, @8BFED07 07— rvoRRiZchicdHB LT3,

1D OER, =/ 0fli{faD>H FANLLEVvFHICBEHNTLEIOTHD, 2) ~4) DERF &%
v HERNT AFAUBHEBEINACDOTH S, (FRABTARICE S Y EOREHE»S, fEsko
E (L1966, 1969) MEUTH L &, Mlb, 1) ~4) OEAF L BRIBFROREREE LCHNTE
FTARNEEZOND, 108, FHNLITFRORIEEEE LT D ~4) OREAEATRICY-T, DTk
SIEHENEL NS,

AERETICH2b0R, RROLDEMBICHESTHBENMCOED N EREAETLICLREIONE LT
ATHD, BcBRERERICBOTENSEHFICENS L S ICBHND,

a) FHROSGE 18 B B OFAERR, &R, EoFK, AiilEEBOMILORES, KRICEREINS
BADFfaEIZEALHBIZASNTVD, KROLDTIE, £E 10mm PTOFATREREERREL
RNESTH B EAIPHIMBIC, 0EATRERENE (HEaRoBaREE 54 L»ohiz,

b) RARICMEINEF+NLFATIR, £2E 4mm B (Fig. 8§ OEAD REEMICHEY) UTodbo
TRTEERDBICRAEBNORERA SN NTNL S TH 2D, @EFFRIC DV TRIKDLSTHY, a) @
CEHANTHBRE T CHRAREROREASRNESICELLND,

c) FiEEma), b)) LIRRAHI EEOFRTHL., RPEmMOEBEIBOLAE L EEBRIELT, X
RTIHEINE FNLTARIICOOVTRAE 4mm P EObOTIE BEERICIIEAERS 2L ALHONE
N EmD, FERETTRCOREAEIBOBEIBESE SN TV AR IEINS,

ANFFHO B E SNT VAIEED, ®BUITFHIE @ LT REEmNIC BeREs iRt sclieh s
(MATSUMOTO 1962, F#I 1966) ©T, LEEDAIR, D4 /NF (Tl OAIcEE T 2R8EE U<, Hic
BET 20 E8H 5,

SR No.1~9 2, MERE FCAKERICRE LIcHEINE{TRTH D, 8K No. 5 (L5
E) 5 No. 7 (5L 8 B il Tl fABRETOR BT RENETBL N EAONBCE $72, EX
No. 8 & No. 9 BZNENDOHIICONTIRI2ULAB N T TEAL Ao b D% £ LIET
WA D, SICRIENS DD, FNFOTFAMOBREREONNEE, cNoOEAD Y ) —XhbEERES X
HTEZ BN B,

DLk, BITFAEMOEELE PCBERETE - Tkic, FIFARICOL TR, AR0ORBTE, EEEE
& HICEERS A TIIVE S - 700, BEOHEEZM LD s HTFERT 5,

< 7 af@ (Thunnus) BFICONT, ALERBIC X BIBFENE CRBHE/ DR NBBHTTH 3 45,
= 7 udEP = 7 o RO KRBT X 0 BT (A (ORI E ©) ofME#R & LT, 7 o<=4 0 (SANZO
1932, PADOA 1956), &' ¥ F7#4 (SANzO 1933, PADOA 1956), ¥4 + (HOUDE & RICHARDS 1969),
¥4 b (DELSMAN 1926, 1931), Y o & # V4 OKF 1961) DL H 3,

FRFEIC X 2 HETH 700, RIPTFEIAE T HBHR/ HOUDE & RICHARDS (1969) D%
X, BOREICE LU CTHENIEINTVEY, b/ ofRORBEHHEOLDLEEITCINLSICEPN
3,

ch b OREICE S NHRF RO, HICBRIERIC OV TAS &, HAEEOTHEE, BEEE,
g~ HIE & %k, BARZMOEE, KA~OHE (FEh S ER~OBE) Mk —NEo Baimi
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THRS B ¢ & 12 { FEEA i THRITFRIBICET—28, BANCRUITANO BRI OIER E LTA LY
D05, o, BHIOHEICE LT, AF (1961 bil~<TW3 X Hic, FhaopsEhoiatRiEmkic-
WTHER T/ 2 — Y OMENH LD ENB LI THY, CORED~ 7/ o HOFIRTFEIICE Y 2 MO RED
HORFBP DI HEREZ 5N 5,

DELSMAN (1926) 25 7w = (Scomber kanagurta=Rastrelliger kanagurta) & LT il LH&IC
(1931) ¥4 b (Thynnus thunnina=Euthynnus affinis) &EFTE LB LTFHEIZ, SEORAEF &
DI, FRLIEE, AEBOSHIREE SEEUL T3, COBEABRESNIOKEE, ~ /o> b5+,
&, AVFH, ANFOERBEL ONZKIRTH 508, LLD X S cHBBEROIER, $4 — v ISFEICKHK
HIESDTH B0 5E, DELSMAN ('26,'31) DO LB, (FRaby 4 P THEL F 202N TH 3 HEH:
MEZOND,

HRIT, COMEOIHIC BAHEIE N S0 ZERREKEXRSINGEAINSMK I Ly BADK
%, BETAETFHAEREZES LT 0ol # Sk ER TR BEHEEIC, o+ 2 0RIRED
e < B A O o S D EEE/NUIEMEME - ZEL, BERGL, EMdL, B, BEEsL, WEER,
WHEADFT 2T OMILE EF 2, $72, COMED D ITHKSEHBEPREE Wz Yo ZBE BigL,
CERMBEICEE LT BHEEN I vt Mr. W, L. KLAWE, Mrs. H. NISHIMURA, = 7 aifD {FfidEaEh
oW TIERA Rt N/ Dr. W. J. RICHARDS, FCHRERICHIBIF 7z S U7z Mr. T. OTSU, Mr.
W.M. MATSUMOTO, EDIERICH I E Nz HIF T RICEHOELAET 5,
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Appendix table 1. Measurements for the specimens described and figured. Reared larvae of yellowfin tuna,

Thunnus albacares

Specimen No 1 2 3 4 5 6 7 8 9
Elapsed time after hatching 0 2hrs 3ghrs 3 days 5 days 7 days g davs 10988 184ays
Measurements in mm.

Total length 2.30 3.30 3.60 3.40 3.40 4.30 3.30 5.5 7.8
Standard length 2.23 3.18 3.45 3.25 3.20 4.15 3.10 5.3 6.8
Head length* 0.43 0.45 0.55 0.60 0.70 0.90 0.80 1.76 2.8
Snout length 0.20 0.25 0.55 0.95
Diam. eye 0.17 0.23 0.22 0.27 0.32 0.37 0.37 0.65 1.05
Diam. orbit 0.35 0.7 1.1
Upper jaw length 0.45 0.95 1.75
Diam. yolk sac 1.00 0.34 0.16 {

Diam. oil globule 0.25 0.15 0.07 ‘1

Body height at ventral origin ' 1.5 21
Body height at anal origin 0.25 0. 35 0.7 1.05
Snout to 1st dorsal 2:15 3.1
Snout to anal origin 3.15 4.25
Snout to anus 1.20 1.10 1.20 1.45 1.20 2.2 3.4
Pectoral fin length 0.32 0.30 0.48 0.6 0.9
1st dorsal finray length 0.8
Pelvic finray length 0.9

Counts:
Myomeres 12+27 8+29 8+30 8+31 9430 9-+30

* Before development of the operculum, the distance from the most anterior part of the head to

the most posterior part of auditory vesicle.
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