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Growth during the Early Life History of the Pacific Tarpon,
Megalops cyprinoides

Youichi Tsukamoto and Muneo Okiyama

Ocean Research Institute, University of Tokyo
1-15-1 Minamidai, Nakano-ku, Tokyo 164, Japan

The early growth of the Pacific tarpon, Megalops cyprinoides, was studied by larval otolith analysis
and rearing of larvae and juveniles in the laboratory. Morphology of the sagitta, validation of sagittal daily
increments, age at the start of metamorphosis, decrement of standard length in early metamorphosis, and

growth under rearing conditions are described.

The sagitta of fully-grown Pacific tarpon leptocephali were transparent and circular, with regular
intervals between the neighboring rings becoming wider at the onset of metamorphosis. Alizarin com-
plexone treatment of larvae confirmed the daily formation of the sagittal rings.

Metamorphosis was estimated to start about one month after hatching. After drastic shrinkage during
the first several days of metamorphosis, the body length more or less stabilized for one month and then
resumed rapid growth. The early growth of Pacific tarpon was divided into four phases as follows: A)
leptocephalus positive growth phase; B) leptocephalus negative growth phase; C) sluggish growth phase;

and D) juvenile growth phase.

4 & 314 Megalops cyprinoides (3571547 YBA+d
1 %} (Elopiformes: Megalopidae) IZJ89 2 H%ET, 1 v
Foe KPEOBFEL S BHAFRICHIAHLTVAS
(Nelson, 1984). A2 v + B & BRI EEIFA (lep-
tocephalus) DREEBEEZE S I LMSHSN TV 5, B
FRAZERELS T 3 8ISV TIRID S DFEBEPRARK
BhoTNTORBEMOERLRET 5 MR
REETH 570, TEHICET 3RESE- 8L 13
73K, {&MiZ< 7+ I Conger myriaster iZ>\\ T, Z5HE
oG ERE T itk - TlEONERSE b &
i, BEHICEY 2EREBIE L 2HE (EH, 1961; &
i3, 1978) HHISHBICBEL V., AFICBVWTH
REINIHEBOREERBIGAKBEHICEPLTS
D, BEOREDE bARTEOTEHICE EE>TL
3 (i3, 1958; Wade, 1962). %= TAHTIIEIC
BRHEHD A 2 71 ERAFRLERE HELTESN
rEAHEARBO 7 — 5 2T LT, KE S HER LERES
BAEA T 2 EHCEER I B A (AR O L Eico 01T
Bt L0 THLS 3.
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RELRE 1 &I ERFRIT 1989 FOF P
MBAEEOZRIFLIEH (24°24'N, 124°9'E) & T
EAERT DS AR (35°11'N, 140°22°E) @ 2 AP T
g1

GEEOZE)ITOREIZ1989FES 18 HB»5TH
4 HichiF, A0 S5 800m LFoRSTIEY @4 H
WTBIE -1, TORIPEFES 60cmXiE 60cm X
E& 3m, HE Smm OSHFHEOMHICE X 60cm X g 3m,
H& 5mm O % 8 LTt ong: Eifichig s
L, 9lE@IRICR NI 2FRERERE L 2. REIAW
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TEBIMN -1, JOKEICIERERY & ERICHES 5-
10% DK %G1 L, BB EAKES&EL, #0 51#
KUBEMHSEHBEBI M-, KEISHEPEE%2ECT
28-30°C DHEIPHTH » 7o, GEEEKHIEH TEREKT
T 5 DI OVWT A, MdERELBELS v &
3 XY K7 LY Brachionus sp. % 10 fi{&,/m/ IEE DO
ETEEEA . ARIARETEL SEEISERESN
1.

HEROEFAETOREIZI989FESHI6HLS
20 HoHGUS, L SF Sy EEHVTE I 12,
BREMAR K S0 AT, £0>B8HI18HE20H
ICEREE L 749 200 BRI > W TiddED Lo & TR
wBERRAcR bR RBEFE A A 0. FEKEIRA
HOKHERIE 30/ B v 54 bAKETHES ERIEEIC
SE L1ohs, Z0%AN 2 D DRBIENT X ARKKE (W
45cm X 150cm X H45cm, W50cm X200cm X H50cm) (Z
DI TEEEB I >, FoBkidBIC 1 E2KED
HSHD1II>0WTEIE 7. EBEKIZ 28°C 1T
Ltz —ER5y Mide—y—TmELE FHESH
FERERRIC I 32%0 T H - 1205, EBRED S EHKEK
2MA 3 BET25%E LT, TDRIITE ST IDF
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ST 54 v al) VT Artemia salina @ nauplius % 5
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BBOETE 1989F6 AL 5 9 Hich i, FEFAETA
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OEEOERITIVF ) vyeary 7Ly vy (1,2-
dihydroxyanthraquione- 3-4 l-methylamine-N, N-diacetic
acid, FIEAE T 2%Y, LIk ALC) TEH L, EH% 0N
BHHEBRBHOBFRIIDVLWTHAELL. ALC BHKOD
BEEI3 100ppm & L7, ALC &i&ld 100 HEE75 2
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FAERIET COME HBFEHEETROS 5, 1989 4 8
A18AL2S 108 2 Hich i TR B HEAZEIC
1231 OERERCBI 3HREROE(IOVTHESRS
Tt 1, BilEE COERESHEOHETIZES
N - -EZBEFEBE D F — ¥ % Tsukamoto et al.
(1988) DIE#ED SHFL, 1 &1 DFPRELHETE L
to. BEBEFEBEROERICOVWTE, BEREAG
BALEHSEIC—BTH S LIREL, 8 A 16 HABRER
DIRTELHEEOTEGED S 8 A 16 HEF S % 33 Hif &
HEL, ThCR0BEF-HETORMBEREMEL
1.

REREOEE [ M OFEEICE 1S REERRKE
I3 Wade (1962) 2% L, AREORDHSHIET 2T
BT, REOBDH S | SRS ERICET S
T TEEENN, ARLERA L BIZREREE 5D BT
ANBETELREELY, ChUBoREARESENE L
FHLZ. $BcERFRELTROKREL TV A1
WAERAMEI SR &7 3.
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LKA E AN DRENSIET IS, EKEME, S 40 H
HoOMETIEPLOEA~NE/LL TS (Fig. 1B). %7
FNEEBFICES L, BRI RIPFBICL >
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Fig. 1. Sagitta of Megalops cyprinoides. A, fully grown leptocephalus, 31.2mm SL; B, young, 28.1mm SL; C,
young, 26.0mm SL (a, narrow interval rings, b, wide interval rings). A and B, photographs by optical
microscope; C, photograph by scanning electron microscope.

1=,

A ORI IZEEDH 1.0-1.5 um DIEASTELE
T 5. REAOBRSTERIGERFRIPICERS 1 s
TR OB W ERANSESE L TV 50, BRABEHD S
ZHEERTHIC ) TR E N/ 853 D SRERRMIAL 1 - T
W3 (Fig. 1IC). C O¥ISEHRIZ Y F ¥ Anguilla japonica
(KFIR, 1991) ®~ 7+ I (Tanaka et al., 1987) X & DH
A bBEINTEY, ERFRANEELTIABEO]
E@%ﬁ?é%t%i%hé.it%%@tﬁﬁEﬁﬁ
ENREETT LR, ABCBLTREERLT TS
SHERIIRRE LB AlRETH 5 2 & OFAK « mhill, kF

%), BLULTHEICE VWAL AR &
ALTLBT&ED5, CLALEBEHOELICE B HE
HROENMBEOHFHEERBML TV S bDLHEFESN
3,

F BRI EETIHETRE L BRORTEL % i
LR, BAMAEEOERIAD SNilh -1,

HBOEE ERKTITERARIEDOLLEL -
fz. ALC iZH%oZLBEKE TOMICE LR EAH
B DSEEE D% Table 1 1ORY. BESBICHE U RE
AEREC (NR) & fAE HE (RD) & O 2BHBE S FERY
HERY 5 (Fig. 2), IROBRLEBEREMSEShT.
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NR=1.001RD—0.179 (r*=0.988)

Db b oRERICEY 2BEIIAERTH B C
MRS n ., SEIHER S HETE -0 RO
WERE, AL ERERBLIBEOBRBUCRShTWA. L
L& < omERE THEAN OB GRS ALY
S5h3 & (Table 2), AREEFERRICERFROIESE
B9 FFIILHARMERSI NS I & (Unezawa et
al., 1989), ERAFEYIC BT 2ROV EHREUIMERD
[EVEREUCE BRIl T, RN A 2 E &
BLTWBEEZONBIERELSHAERTSH 2k
HEAKEV, FLEL OEREEINEELT 2EERETE
FIES IR LERTD S BB BRI D S bicEkEh T
BY (Table 2), WEFIIOBMEFILAL—HKLTVE
bDEEZOLND, 1T ICBVTIEIFLEOERY
ok BOWLHEERTEROVLY, AREEBRED
¥ — # » M. atlanticus DAL DFZEE (Breder, 1944) 7>
SHMET 5 &, BMLEKIBICIRENR S OEICER
DEEMNBIEbhEbDEEISNS,

BEEEGOAR KEOOmEAE % Table 3 IZ/RL
7o, ERFAHOHBERL TVWEEEZ SNARRD
BOBREEIC SO TRERIE L SFEHEE L b 29-36
AOHHICH - 12, ZREERLAEREROEFEHE
I IIERE SUKETHIN R BEEZEED ST -
el EhS, AR L ARIOERFAREEXD, 5
FCE BERBIBEAEBVLDEHEFETE B,

FEOBLAEE 3mm L{EL, RAHBEMOMRE
DROVBREE L EED, S, ERFAPOBKREREHE
T 5 & 0.85mm/day S8 B, T OfEiR Y F FBER
HFHEDOBEBREERH 0.56-0.60 mm/day & 753 DITE~X
(Tsukamoto et al., 1989, 1991), 7S D FWMEE X > TW
3,
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Fig. 2. Relationship between days after alizarin
complexone (ALC) treatment and number of
increments outside ALC mark in sagitta of
Megalops cyprinoides leptocephali. Open circles,
specimens reared in Ocean Research Institute;
solid circles, specimens reared in Yaeyama
Branch of the Okinawa Prefecture Fisheries
Experimental Station.

BRoHKERL TV EEbN S, GRITEREL
RO A BEFTEVERSS ONE. INRERIID
HEDAEEIA/NS W &, T10b LERERGA 5D

Table 1. Results of alizarin complexone staining of Megalops cyprinoides leptocephali

No. rings after treatment

Days reared after treatment No. fish
Mean=*+SD Range
Group I:
Ishigaki specimens
10 10 9.9%0.32 9-10
14 5 13.8+0.84 13-15
Group II:
Onjuku specimens
7 10 6.81£0.42 6~ 7
30 25 29.91+1.56 27-33

— 382 —



BA -l 1€ 1 O9RE

BAEKEALVEVWCEILLEZbDEELSNS. L
L, IXTCOMEADFKHEAED 32mm THH, KHE
BHESERIC AR OBDDSIAE B L IRE L 1aicid, R
DILEWERE & AR ORIV RIS IR D S s
Mot IO ERRBEARNORBOEL,IBEIC L
LEEDORIE E—H LTV RV, b L EBEABEKE
WCTAARENGEET SalREtE 2R L TV 5,

R BEROAEROIHRE HHIFEE% Table 4 17K
Lz, zhThoffifkE b48H 2-5mm ¢ >E&EIIGHE
L7z, BIHOERRICX T 2 IUMEHRIE 8-10% L2, Th
FEEE A (1978) HSHEBE L= 7 F T OIHEE 2-
ARICHE LT, 2R AMBINEEETH 5. AREIR—
MENCBRAMEBICEINE & oEKBICEA L TL 5.
C DRRIIRERM, FICESORSEDRICEEICH

Table 2.
increment deposition

boTL 200 FA5EIERETEZEh - /Y, Pfeiler
(1984) BEILH 54 7 vHDY b 72D | K Alubula
sp. IKDWVWTHEBIC L > TEEDEEICEN A SN DB C
EERHELTVWS, ThERBRICA €T 1 THESDOE
TR EOBRBERENEREORBSIEEIIKELEb-T
WBDTIEBHRWhEHETE S,

FERIRTCTORE FAFHOKEE{L%E Table 5 I
Ut FEERTHITIREEY ORI TR DU 2l
WD, ZDHOK 1 A ARIIAREOEESIZEAL
AoV, ShOEEER TR IOl
REOEHEEIC RS EBOED Sh b, ChidLfk
FNSEHRI L 2ROV D DBETH B E b EX
Sn 5D, REROEBICEHT 2L, BRRKEENIIEA
EELTOROWI EDS, & LAKRBICIRENSEH

List of fishes (pelagic egg spawners) with confirmed daily otolith increments and the time of initial

Time of initial

Species

Source

increment deposition

Clupeiformes
Sardinops melanostictus
Herklotsichthys castelnaui
Alosa sapidissima
Brevoortia tyrannus

Engraulis japonica after first feeding
E. mordax
Anguilliformes
Anguilla japonica at hatching
Gonorynchiformes

Chanos chanos
Perciformes

Morone saxatilis

Pristipomoides filamentosus

Pagrus major

Halichoeres bivittatus
Pleuronectiformes

Platichthys stellatus

Scophthalmus maximus

Parophrys vetulus

2-5 days after hatching
at hatching

at first feeding

after yolk sac absorption

at yolk sac absorption

at hatching

at hatching
4-5 days after hatching

Hayashi et al. (1989)
Thorrold (1988)

Savoy and Crecco (1987)
Maillet and Checkley (1989)
Tsuji and Aoyama (1984)
Brothers et al. (1976)

Umezawa et al. (1989)
Tzeng and Yu (1989)

Jones and Brothers (1987)
Ralston and Miyamoto (1983)
Tsuji and Aoyama (1982)
Victer (1982)

Campana and Neilson (1982)
Rosenberg and Haugen (1982)
Laroche et al. (1982)

Table 3.

Standard length and number of sagittal growth increments of Megalops cyprinoides leptocephali

captured at Ishigaki Island and Onjuku. A, narrow interval ring; B, wide interval ring

Nagura River, Ishigaki Is.

Iwawada Harbor Onjuku, Chiba

Mean=®SD Range Mean*SD Range
No. Fish 20 29
SL (mm) 25.7%2.22 21.3-29.0 29.4%1.36 26.1-32.2
No. Rings A 31.8%1.80 29-36 31.3+£1.60 29-35
No. Rings B 1.8£2.07 0-8 1.5+1.25 04
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Standard Length (mm)

1 0 ! | ) | L | L |

50 60 70 80 90 100

Number of Rings or Ages in days

Fig. 3. Early growth of Megalops cyprinoides, estimated from number of otolith rings and rearing days at
Ocean Research Institute, University of Tokyo. Reared specimens captured at Iwawada Harbor on 18 and
20 August, 1989. Asterisk indicates data from Tsukamoto et al. (1988); solid circles, specimens captured at
Iwawada Harbor; open triangles, specimens captured in Nagura River; open circles and vertical bars are
average and SD of reared specimens, respectively. A, leptocephalus positive growth phase; B, leptocephalus
negative growth phase; C, sluggish growth phase; D, juvenile growth phase.

TAMMESESMEET A 2R RET S DEE
Aoh b, KEOWEINAGBUREY % O EEEREY S
¥4 HERTH S, COAMBHREDOWEING, beHEC
D ICHBODTERICIZ Y, /NSEEEBED L1
WICRATE, FHEREOBMAEE > Ak b H 3
», ERAROEESECERLTVWEZE,S,
BOREUBREROEBHZ bDLEBbN S, ZHERL
H 582 A AT EIRROERI S 72 ) BEENK TS
5.

1+ T4 OB L URLIEOKEICET 2 W% 0
s, BEFRESNB/MAKRAE 13.6mm T, T TIC

Table 4. Decrease in standard length (mm) of
Megalops cyprinoides leptocephali during early

metamorphosis
Days after capture
0 1 2 3
Specimen A 31 26 23 20
Specimen B 28 25 23 21
Specimen C 27 23 20 19

BRVBEH~NBHPOIRETS - 72 (Wade, 1962). % 72
AELABETHECHEUL-AEREEE, s — %
TRIESH 1.7 mm, B{LL2EHK 3.0mm THE &
DEEINTWS (Breder, 1944), CORERIEMSA
BoRLEEOAEE S Smm LITTh 2 JfEEMIER IS
o,

Table 5. Standard length of laboratory-reared
Megalops cyprinoides larvae and juveniles.
Specimens initially captured at Iwawada Harbor
on August 18 and 20, 1989

SL (mm) Range

Date No. fish Mean+SD (mm)
Aug. 18 9 21.1£3.02 18.7-27.0
Aug. 25 8 17.41+0.64 16.3-18.2
Sept. 4 7 17.3+1.78 15.2-20.2
Sept. 8 5 20.2+1.30 19.0-22.0
Sept. 20 16 18.5+1.56 16.1-22.3
Sept. 23 20 17.9+1.25 15.2-20.0
Sept. 28 16.8+0.78 16.2-17.3
Oct. 6 58 23.0£3.32 19.3-33.7
Oct. 12 8 28.1%2.13 26.0-32.8
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A OHR T EEEICAROELEE > THEL,
Z D1 DENMEHE X ORI HET UK &I L 78
DREICEEENEET 50050 BHSHATREL
B, EFES (1978) 3w 7 F TEBLWTHBERETT
EROEGEERIES B I HOWRANFGEEO2ED 62—
2mm EEEDBHLEEHRELTVLAIEMSS M E
TAIERBSEABERPEET 2 I EAEESN
5.

SERREAIAE TO/BREAA L T Fig. 3 1TRL
to. TCTHEEShizEMERE RS &1 €31 DRI
HIESIC BT BIEEOELICIZIR DTS 4 HOBREFD
Ao b, A) BER(FAMELY (leptocephalus positive
growth phase): #{ti%H SERAFRE L TARM MY
5, B) EF A UF P (leptocephalus negative
growth phase): (ARDSEBICE/L T 28, C) BE&S#H
1 (sluggish growth phase): AR DOWEH 1T & A SHEOE
1, D) MY (juvenile growth phase): U ARDS
09 5 ER.

FREOGEOEKR LR ZL» (1978) D=7+ T
OEREICE BRI EREEMLEBNE L, v T7FITTHR
BLEBICERNR OIS 2RIRICKELEHT 56
WHEAETZZLRBEOHATHS. L LZzoEIR<
7+ I TR 12 BETAEN 1 1 BLLLE b OREER
2HT5ORBENEHINCE. AR TREGR O
EZLZEB-> TOWE VO THEEE PHNNE L 78
R, b LEEmsRItLTLE - Tklb S 3
B, FICBRARIARICEERGROKEOBDHBIEFEICE
BTHdTE, I AFHEICEY B EETIIRRTS
AE208 mm THB2&, BIUZOROEENSEL
KT 52 EEDS, ARBITBVTIELE KPR
DREEHENEET S L3O, TH 5.

# ¥

AREB LI CHcn, BEAOEREL LU O
BEHICOVTEELRHMS A W2 W B RSB
R EREYT PR AR EPEIZIc#A TR OEE
£ 5. AHOBREICH-> TR, MEEKERRE/N\
HXBEOH 2 i 3EBREICH - 0 EREEG %28 -
1. BEEYHEFRO/NER—KICITEEEBFTOA
I ERFROREICHI:, BEECHEHERM LT
THO 7, bR 2 IFEELEL B3, AED S
b AEE T OHE M HEABRSYEEE REME O
BIEZHBIN -1 EEKEHEIEFCOMH
BEBLUHEORD £ &0 XM ERFMEERHDL

GREES 02954096) O—8EFRALEB -1z,

51 B X H
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+ TERGEOREEETHICO VT, EREBERLE,
(11): 25-31.
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