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Spawning time and frequency of bigeye tuna, Thunnus obesus
Hideki NIKAIDO*, Naozumi M1vABE** and Shoji UEYANAGI***

Abstract

The purpose of this study is to investigate whether bigeye tuna, Thunnus obesus is a multiple
spawner or not, and if so, then to know how often and how many eggs they spawn.

Bigeye tuna analyzed in the present study were captured by two longline training boats of
Japanese fisheries high schools, one operated in the waters off Java (12°-14°S, 109°-115°E) from
January 25 th to March 5 th of 1988, the other in the waters of south-western offshore of Hawaii
(11°-13°N, 163°-176"W) from May 27th to July 10th of 1988. Materials used for histological
examinations were composed of 72 and 97 ovaries sampled from the former and latter areas,
respectively, and 50 testes from the latter area. The gonads examined were collected from the fish
over 100 cm in fork length. The length measurement data by sex and gonad weight data which
cover the whole operations were also used.

Most of the bigeye tunas taken by the two longline boats were sexually very active and
judged to be spawning. From the analysis using information on gonosomatic index, mean egg
diameter of the most advanced egg group by time as well as the occurrence of postovulatory
follicles and maturation stages of the ovaries through the histological examination, it was inferred
that the spawning took place from at around 19: 00 to midnight in both areas.

The occurrence of postovulatory follicle and its degenerating stage by time indicated that the
degeneration process takes about one day. Females with postovulatory follicle account for more
than 90 % of the mature females (in tertiary yolk stage or more advanced stages) in most cases.

This fact suggests that the same fish could continue to spawn nearly every day, although the
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duration of spawning period could not be determined because of the limitation in sampling from the
same fish.

Relationship between fork length (X cm) and number of eggs spawned per day (Y) was
estimated for the two areas based on the counts of the most advanced egg group in the ovary. The

equations are :

Y =0.0058 X3:994:cueeee. waters off ]ava
Y =0.0018 X*#175--ennene south-western offshore of Hawaii
I. % E

FSAEOENARICEL T, EIE, EIAKE, EAEER, BEAEZICOLTORIREFEZ VS,
BETNREA R EEIN S BRI R T c IS N TR WL, 72, EREEIN Tw 3 EE LN D OEIIE
WZOWT LRI OLESH 2,

BT, 7% 7 F4 78 (Hunter and Goldberg, 1980 ; Hunter and Macewicz,1985) <% 4 (&
W IF7, 1986 ; Matsuyama et al.,1988) =XFRI1Z, FTERKFGETEDEMBFERETIC L > T, EINZE
HOWERNPED SN T2, AHEOFEEZAVT, 2 CA2ELZDIBEEICOVTY, ENSEIED
g Tbi, F\% Thunnus albacares® 71 # Katsuwonus pelamis T3 1EI1EEHEIIT 2 AJREMEH
RHEEX N T3 (Schaefer,1988 ; Hunter ef al.,1986), %7z, A~ Euthynnus lineatus Tl EEIIREIREHS
BHE W FERBE SN T3 (Schaefer, 1986) . FiZ, ¥V 7 Scomberomorus niphoniusil 2»>Th,
PR DML BAINOBEEZICEDWT, FHEIMBEL 1.11~1.36 He#EESs T3 (BH - &H,
1989) .

IS DENLENICET 2T HEICIIABIL T2 o0hHE [1. HIIDZEH & % 2 JRINE % A v
2HE; 2. kIR AE] sAVOND, IRSDOFHREIV TR RAMEGR 2R L TE
SRR EHET 5 HEThH D, MEBRERORH x AEOEINMROHE L BARFEHT OEINERE L E
T332 TRENRFETH 2, FHIVEEAV S HiEE, FHIVEORRARITERE 2 H#BFHCIEEL
TELADLENDZH, PHIIOEEZRECLS23 N TEREORVEENAETHLZ, —75, &
AKIIEF GV ABE I FOHRKMBSEN C Lo, —RWICERENREE T, EINMROHEEMEIZEHE
HENZEDOREMDH % (Hunter and Macewicz, 1985),

AFETRESAEDOIBTHEANF 2 ED DT, TOENZEEEZHG»ICT S I 2R AT
FEoESE,» S, HIMER A2 AEE2EAL, AEOETERHERE L EING - EIRE, Efo
1H®7ZDEREZL OV THRNEONTOTHRET 5,

I. ¥Rk U FHE

1. # 8 o &R

ANFIRIEZ b, 2, EHVZEORETRESNS, B, BABbRETEIRAINERDE
BRSNS 2 ERM SN TB Y ORI1,1953 ; Kume, 1962 ; ZEiE42,1973), # D7 O ARWFET
Rtz ANF OAEFERRIZRIKREC L D EREL 72,

EARE I KESEEREBMCHIEEE L1z, ANTOERE, BMREN=AKESEFROEF
HIFLCE D, ¥ UFIkE (12°-14°S, 109°-115°E) T 1988 & 1 A~3 B ORI E s ni 72 @FED
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IR MEFRTIEEKESSZEROFE—D HTICLD, N7 AFEEAE (11-13°N, 163-176'W)
T 1988 45 A~7 A OHAICERE s 7z 97 ERDIIE & 50 [EEDRERTH 2,

INFEFTOHR» SEAERITE L L THRRE (BEXE) 100cmMlEobDicRohns 2 &, KD
HTh 2 EINLEIMDEREEHO 12 010 3 EHEREBRORREZ(L 2 LR T 20ESH S 2 ik
S, BAFEONRAIIAER 100cmlL LT, LM EH) EFenREETEE T bDE LT,
AL U ERORERZ, FRE2SRLE, FHEEEFHEEL, EE2HE L, Z0BIHEICHE
A% 10%7 V<) > CEEL 2, FHERE (UT TR TEMFHTRT) 3, BROBME#ETHS
14K»SFHD2RICOI 2K 12 R TH 2, FERIWEER & b 14 S EFERICD R ERRH 2
28, FRLSHIRD IR % <, EREREORBARE P HINE O BRI E (L sBIE e L Hm s i (&
190

ATERR R BRE L e o IO EERIC DL T b RER, MHlB & CERERER 2L 7,

Table 1. Number of ovary samples by time at capture.

Time
Area
14 15 16 17 18 19 20 21 22 23 0 1 2

Off Java 3 8 8 13 7 il 8 7 2 2 3 3 1

South-western

offshore 3 14 10 10 T 12 7 8 4 16 4 2 0
of Hawaii

2. HEBERDOIER
INEOHFREIBL BN ZTIDH L, /$F 7 4 VEEICHEY, EE 6 4O & L, Haematoxylin-
Eosinfethic X 0, HABEAEZERL 72,

3. BREIOHBRUIENRIE

FEBIEAER OB L FRRICINE PRI L D 1 EREOMMBMA 2V L, EABEMET CINR % o8
L7ze 2D 5, NEHERORFEEIPHCHL T 20080%, EEEICIDHEEL -,

R, RPGATRICH 2 JNEIID MR 2R 2 72 12, SEITKIEED o JE7E A 2 HH L7200, %300
FAC DV TEFRBEMBEOREIRYA 7 0 X —F —12 X Y IR (INEIRR TRV H DIRER) % 0.025 mm
B THIE L7, DBEITRIEED € — N IZIIE 0.2 mmA T Tz R oz vz o (Yuen,1955), HIE 1300
Z0.2mm EDIlz DWW TITo 72,

4. KFHOPHERUEZDRAE

PREREFICTRAF L C O EIRIOATINCDOWT, ARV Y S —2RALTLERE (cc) 2HEL,
B2 1ecHh DI 5 £F RO EHETE Uce 72, EMEA IR L7249 100 K12 D v CIIEER & [F
ROTETIMEERRE U7z, AKTFIIR 100 {E47: b 0EE %{EERE 127 cm, 135cm, 163 cm® 3 {EEICD
WT, EBFRFFICLD 0.1 mgBfI THIE L 72,

5. &ERAEIEH (Gonosomatic Index-GSI)
ATERROBE R RO TIEE L LT, £HEBEE (g) AR (cm) X10*%H Wz,
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1. By oMK
1.1 &% & # B
4V REDY ¥ 7R T A BEREARICOWT, BEHEFOFERHEKREZRK1CRT,
a. ¥ 7Kg
B Z2RbEER1IH2H2»5 3 A5 HE THKHRS WK TiTb /2, BERERIEITO 4 1
317 TR L7z,

ARARS : 1 H25H - 2H1H ;13 - 14" S, 113 - 115" E
B#fI: 2H3H - 2H148 ; 12° - 13 S, 109° - 111" E
CHIM : 2 A17H - 2 A25H ; 12° - 14° S, 111° - 114" E

DHEART : 2 260 - 38 5H ;12° - 13 S, 111° - 112° E
W 2 Tz ANF OERE#HFIZAER 50 cm2 5 160 cmic b7z 328, 2B U T, M e 10133
100 cmB_ FOEESKE S % HH T 2, FE 140 cmBl LD KBTI, M D HENE T WER A
sNhs, SR L EEMHBEICKE R R, BERBOGBEMAKRETRTAETH - EEZLS
3, iz BB TR 7EER 100 cmPA EOIUEEEBEEOERMERIE, 2F0ZnE L IRBL T
203, EAREOES ZAMMO 8% 2k %, ZOMTIE 20%FIH TN VAFEEKRLENTHEE
<,
b. /N7 A BETEKIE
Wz hbBEMToN5H2TH»5 7A 10 HE T2LUTO 3BT T, MR ARER %
RLU7T2. AHARE & B, CHIRI T3 EKIENEZ > T 3,
AfARS: 5 827H - 6 H3H ; 11° - 122 N, 175° - 1760 W
BEARSI: 6 H6H - 6 H25H ; 11° - 12° N, 164° - 169" W
CHARA : 6 H26H - 7H10H ; 12° - 13 N, 163 - 168" W
BHAR & b AR O HIREH 1312 IZREE T, 80cmAiy 5180cmTH 223, ER100cmEAT D b DAY
BNT LY vy VKR EBIT W S, BRI & b MO BEYRRAARIZEELL L T 223, &K 150cmld
FTRBES OISR E WERNEED 5D, BHMOARNSA, CHIM & N TREIO BAHK %=
RLTWw3, JIEEEMEDOEEMRR (NTEATTRT) &, SHEL b L2READOTILICEML TS
D, EROREEEIFA0~50% 2> T3,
1. 2 4FERFEREH (GSI) #H
Yy T ENT A EEOTKE TERE SN2 TOMEOGSIHR % FfcR L (K2), 7z, 12
e L7 EEDOGSIE BE TR L7z AR OB, #E100ecmPL T O 3BR 72D TGSIL.OLAT D b
DIFIFEAEHEL TR,
a. ¥ 7k
GSID&BIZ1. 0K 55> 510,012 .28, HEIIEIGSR.0OUTOHDIZIFEALHEET, 5.0
DbHDMWE,
b. /N7 A R
GSID HIE&FEIE, ¥+ 7 Mk b ERE, LEEIC A TWY S, CHIFTRIERMER T/NID b D DHE
SR Z W 2 £ R B L T, GSI2.0LLT D b O OEGMOHER & TRV, FREIFEDGSTIX
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Fig. 1. Length frequency distribution of bigeye tuna by sex. Shaded area represents fishes from which gonad samples were taken. N denotes the number
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of fish and the number of gonad samples (in parenthesis), respectively.



52 —EEXEeE OB oM ML 8 B %

Hawaii A
N = 57
0
= = Hawaii B
] 7}
= =
N =78
kS S
& @
-1 a
£ E
= =3
4 2
10
5
0 E: &
0 2 4 6 8 10
Gonosomatic index Gonosomatic index

Fig. 2. Frequency distribution of gonosomatic index of female bigeye tuna. Shaded area shows those
sampled for gonad. N denotes the number of fish with gonad weight measurement.

1.1~3.0 DEIEH Y ¥ VHAKER £ AR TEZWERD A 5z,
1.3 ™ ke

kI« KRR ELL (HE M+ ) OZLEFE 2 IR LTz, MABRO SR A EB U CHOEE I E <

(54-68%), x —FEMREDRERMTAIL & b 1 M 2R L THAERICEBL Tz, ZOMEAIZ A NF D
EaEE @B L - ME - £ 2 51 (Kume and Joseph, 1966 ; AJI[,1966 : A% ,1969), ATz 213
EHEOEIEE

Yy VI TEBHM R E ok D HEOEIEAE LA, REMAK I ZRBMICIEEALEN TV, —F,
N A BRI T BEA TR ICHE OB A 2R LAY, o 2 HIf TR Ky, BEARIIE Mo 2 #iRIC
WAT, KEO@EEN SNtz ickdbneEzo02 (K1),

Table 2. Observed sex ratio (% : male/male+female) and the results of Chi-square test assuming
1: 1 sex ratio for bigeye tuna.

South-western offshore

Period/Area Off Java oF Hoawrail

Male Female Sex ratio Chi-squares Male Female Sex ratio Chi-squares

A 128 69 65.0 17.6701 ** 74 61 54.8 1.2519
B 97 84 53.6 0.9337 141 81 63.5 16.2162 **
C 92 44 67.6 16.9412 ** 113 83 57.7 4.5918 *
D 193 98 66.3 31.0137 **

Total 510 295 63.4 57.4224 ** 328 225 59.3 19.1844 **

* significant at 5 % level.
**significant at 1 % level.
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2 . EFEROMBATE
AETERR O BBGETR 2 REIICHRET T 2 720, AR DWW TUITOMET = LTz,
2. 1 BREIN OB
PIEOMER 2 BR LU ER, £L0ERIIBWT, JENOR S FHE L LIINE 3 RITEEKEILL
ORI 5T, IS DIREANICIE, 5 1R, B2 RINHEERIIS IR, RECHEOI
LIREL Tz, JIBOBERIMNEB R T 2720, FIEE, &b FE L IO IR #R S
WEIWT, RO LD 4ERICOEL 2,
83 wIIESRE  (Tertiary yolk stage-TY - Plate 1 ,A)
OB AEI N IHARIZINEOERMSITITRT L, IEEK (Fo4 v o HO/NEK) 2%
R o4& % THICHAT 2, £z, NRROMWERLFERICOMT 5, 2 OREEDINEIZ K
=) YEED DD THO.5-0.6mmAlED b D»N%E L EHEI N,
Whaf2ENEl  (Migratory nucleus stage-MN - Plate 1,B)
K EBANCBE L, NEROMEOBENPERSNS, I OEBEOITEDHERE 35
7% 0 By, JIFE0. 7Tmm-0. 9mmPEE,
B (Pre-mature stage-PM - Plate 1,C)
BIERBERTH, HET 225, IIEKOBMED 2 PRI WITEE 2 OBMICSHE
L7ze BIERIE#90.9-0.95mm,
HEE  (Mature stage-M - Plate 1,D)
WAk L 7SI O IR E e CRA L, ANEEROEE L T 1 D0MERe L THRES NS,
PR IZ#91.0-1. lmmIZET 2,

SEBELERZ, EEAEMBERLL 4 BREOMA»CHEIN, L, UTd~Ns L5
2, FERERZoREBEREDOLDOLETHERL 2.

A~y b BRUMKIEE]  (Spent and Resting stage)

PREEREALAR D FE LU RS EREZ S T, L OMEERIBREI NS IIEEL A b &
LTHELz, ARy Mg, EINVEMFICEINGEEI 2 BT 2RI E-EEZ NS, &
72, RERTARSSEINCES T2 L EbNI2EETH 28, WEBEBO A SNV RAR
IRl L » B e, FASHIER, BHNRER: 2 VIREERIEE UTasEL 7,

2. 2 HEBPYE (postovulatory follicle) 0:EfT:8%2

HEIOE E, RO ISR & 0 SREEEABEN S - o ZBoMiaRE (OHMElOFKESREE & AEID
SRCHRRE) X% 2 IEREME T, BEONOIM L % %,

FBEAREET 2 L, HHNERTH S 2 &2 nR T 2B LHINRESE > 5, HEEaEE L b
BITBEAL EEZ N ZTEL OBEBEOBIVENSTED 54, IHERD 3EBICHHEL Iz, BITHEI
H e & BRI I IR Ic BN S L, HET B EEZ 5N B,

YIHAPEUNE  (Early stage: Plate 2,A)

PEOER S L WERBREOEWL D EEZ NI BRI TH 2, BITIZIEE ICHR TERITOH
Bz, AFMIAHAZV—TREET 5, FRIFESKRT, ZoREIFEEEDOH
B2 % 2 R D RERCRE AR ICERSI L T B,

FHAPEITE  (Middle stage : Plate 2,B)

PEOtE 5 2 RERSRBL TW2 LEZ N IERETH 2, PR ZBITOMERZ R L, BT
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FIZ2RCIHEL T b, FERIE ELEHIAEE U, BRI B T3 & 2 3 —EME O EEHEH &
s, HROEIIITEETH 2,
B HABEINE
BEIME OBTRINDIZ TR 2B L E 2 5N 5, Z DR TIRIBMIEFERICIEEL TWw 3,
FERIEFCES, BHEL BB AR SET 2, FRAMEIZIEL A CHRETE S, BFEL
e b TP IHEIATE L LD IR 2 5,

WIEAHEINE X, Hunter et al., (1986) »34 Y A2 DWW THRE L Ty 2 HEINE K » & 2 BERIRE O HEIR
JRIZ, % 7:Schaefer, (1988) 23 % /512D T L T 2 0-6HFRIPN O HEINEICHTIG LT\ 3, S iAHE
TRIE I3 AT OHEIRE 24 IR E O HEINEIC, BB O18-24RMB ORI, thZ2nditd 2 b0
LHrE NIz, B, LLEOHRIME L3R, EROFKEERBOIMRINBITEE 24 U, e DR
1A OESIEN GRITZEMEDD | Atretic follicle) DEMBENERE I N IIE S &5 iz,

(Late stage : Plate 2,C)
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Fig. 3. Frequency distribution of egg diameter (>0.2 mm)

by developmental stage of ovary.
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. premature stage.

: mature stage.

: ovulating in mature stage.

TY-PS : postspawning in tertiary yolk stage.
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2. 1 TERLUNERBER (B3R
OREERE, PRI EHE, mURkE, BOPER)
ZHnZ T, BEINH R EEIRE: 0 B RE (T ah)
DWT, ZRENIET 2 IIEER L S
BATCINEAMER R 3 1R LTz, 272,
ORI IZHIN S Wiz lBINIE & T »
2,

3o S IURIND R, FEBfE s L
i, FHYIE0.5mmE K 2 5% 3 RIF
BERHAD INE»3 S BEFEE L CIRIRE Ehit,
AR & 42 CRBIN & 72 2, IR Immis
B LRI OKFIR) 13 & PR
HICHEII S h, RS AR (ESR) s b,
iz uEE b HD (R3DTY
-PS), Z DHFA I ATFINLBITRINE 1L
5, 2, ZORP»S, 5 3 RIIHERIAGH
HnFEEERBL, TRINEICKET 20
WFEATL T, OIER0.5mmEL T DI RF
EL, HIEOEMNTON BRI, IF
ZEE—FH0.5mm% 8 2 % 5 3 RINEBR
BN R R T 2 R0 2 pdsb i b,
2.4 BHEOBRB

FEHEONERHMEMIE, HEMEERcHEZ
N 7z/NZE (lobule) & 2R L, /NENODEE
BITER LSRR S L BT ERSE
Zah: (Plate3,A), BREMIED S
TEISFEREAMEI T L DIER T, BEAMAL
D TR F 2370 L (Plate 3,B), /NED @
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B L R NVE A~ OEAE DB S iz (Plate 3,C) . GSIZS0.36 (kK 112cm, FEHEES0) D &£ 52/
SRR THYETIEL S 5 h, Bi/IVE BT L T 2R FHEE S L7z (Plate 3,D,E) JERD
RESIZhhbo T, FBATHFRESMTONTE D, JIRORR L EFEROBRMX R TH -7,

3. HBBRENEEETL

IO RFZINE DK « IR OBIT « RO RXERE ORI LHERICOVLTRITT 5, &
BALIEEHEBL CERHEINIRETHE, -1, HHOERTHBPLL LI, FLhbEE
ORI IZ 148 5 B H2ED T2 T, 2N OEME» S EABE S e o7,

3.1 BREABEBEOEREL

LECORFR UM AR 3, R ENE, AUAE, BREME, 53 RINEKHAOIRIC HER T 24
MMB&HSNTZDT, ZOIEE, ZhsOBRBOBRIEIFERIAE, ¥ v 7HAKE LY A FHEAERICD
W, 412R L7z,
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Fig. 4. Occurrence of developmental stage of ovary with postovulatory follicle by time.
MN : migratory nucleus stage.
PM : premature stage.
M : mature stage.
TY : tertiary yolk stage.

a. ¥y 7HKE

RRIREENHAD IR L, HARERMGRO 4R, S1TRIC O D L, 18RFLIBEHIRL Ty, i
PO IR L, 17TR R EBEE— F & L TI5K» 5230 THIR T 5, REAINEIE, 19850 521851
D THR L, JIEERIATIE 19D & SRERDOK T 3 2 BEBFH & THIRL 7223, 19RLARTI I3 HIR
L Twizn,
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b. N7 A ETEAKER
FERIRSBIHAC & 72 B INEE I3 HERE DS o7k D i s o 72 A8, 14BEH S 1T THIBL, Zh LB HE
0Tz, HIREEAINSE I, 1582 T — P& L C14EH 021 E THIR T 2, BUBAIAINELIE, 19RRE
EE—F & U TI5Me 5 21RHC B2 A 5 5, INEERIADNSL X, 230F% E—F & L CL9R D S FRED
BT32 1R THELL,

A I U ¢, IR ENHA & BB O TRFZI O ISR 2 IS 4RSI E C HEE S L 5, IREERIITNE
DOHIRZENBRONELZERT 20T T, HEOE—I7BERLEZ> T3,

3. 2 HHNMERITAROEREIL

PR OBITBRIZRIECOED SEBMIcHEEI N, 209 bEMHINENR L ELBEEsH, T
FEONE R b D oTe, iz, B oEREOHINR, B2 EHHER & EE, e BRI BIZE
EhBEVELRonl, 2 THIEZD 3ERBICINZ T, FRFIC2EBENEEINLESEE2ED T,
ZN S OREFHBRI 2K 5 1R U7z, FIHIEEINE O HIRIEZNE, ¥ v 7 AT v d
ZOOTHS »RERIE D DA Z 208, N7 A Bl T 18R, 5 B HIEHC RV, ZodiiE
ER L3 L BbN b, %7z, BEAPEINE O HEREEZI3 148500 & 0B Je 3028, 15/ & 18K HUER oD & —
7 THERIC I BIHINEIZIE & A SHIEEL Twan,

D& RHINEO BRI S, BHINEDHE, SR E TRIZFE—HORMTTbN 2 b D L E
ZoNb, £z, BRBELSNTOEWLEEHL SFFIFIC 0 TAH, FEABEINE O E 4 KB EERH &
HEhs,
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Fig. 5. Occurrence of degenerated stage of postovulatory follicle by time.
E : early stage.
M : middle stage.
L : late stage.
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3. 3 BREENFAOFHIMEOERE(L
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Fig. 6. Changes in mean egg diameter of the most

advanced eggs by time, grouped by the
diameter range smaller (open circle) and lar-
ger than 0.7 mm (solid circle). Bars re-
present *standard deviation.
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Fig. 7.

Fig. 8.
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Table 3. Results of histological examination of ovaries from bigeye tuna taken by longline gear.

Mature*! Specimens Percent Spawning

Sampling period Survey area spI:cOi.mens specimens with POF** spawning frequency
(X) (Y) XY/X)  (X/Y)*3
JavaA 1988 1/25-2/1 13°-14°S,113°-115°E 26 24 22 91.7% 1.09
B 2/3-2/14 12°-13°S,109°-111°E 15 15 15 100.0% 1.00
C 2/17-2/25 12°-14°S,111°-114°E 11 1 7 63.6% 1457
D 2/26-3/5 12°-13°S,111°-112°E 20 20 18 90.0% 1.3
HawaiA 1988 5/27-6/3 11°-12'N,175°-176°W 25 23 22 95.7% 1.04
B 6/6-6/25 11°-12°N,164"-169°W 40 37 34 91.9% 1.09
C 6/25-7/10 12°-13°N ,163"-168'W 32 30 29 96.7% 1.03

* 1 Ovaries in tertiary yolk stage or in more advanced stages.
* 2 POF : Postovulatory follicle.
* 3 Days per spawning.
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Table 4. List of mature ovaries of bigeye tuna with hydrated eggs in its ovary and the calculated
number of hydrated eggs.

Volume of Number of hydrated egg
Sample Sampling FL GW GSI ovulated
No. time (cm) (8) egg _, Ovulated Unovulated Total
(cc) ~ 1ec (10°) (10%)  (10°)
F02B05 20:40 123 1000 5.37 360 1032 371 — 37
F03B01 20:30 127 510 2.49 46 1159 53 — 53
Fo3Bo02 23:10 118 580 3.53 99 1003 99 — 99
F04B03 23:20 123 700 3.76 207 1278 264 112 376
F12B05 0:30 163 1740 4.02 580 1054 611 — 611
F13B03 21:00 156 1800 4.74 685 1135 777 — 777
F14Bo01 23:10 135 1040 4.23 312 1260 393 = 393
F17B02 21:20 135 1050 4.27 323 1046 338 — 338
F25B01 1:10 125 1100 5.63 188 850 160 — 160
F26B03 19:00 152 1600 4.56 236 977 230 — 230
F28B05 21:30 131 1150 5.12 398 1132 450 532 982
F29B02 18:30 136 2300 9.14 541 1132 612 1680 2292
F33B02 18:00 117 1200 7.49 111 1178 130 1037 1167
F33B03 19:00 111 800 5.85 361 1024 369 156 525
F36B01 19:30 137 2700 10.50 214 929 199 2576 2775

FL : Fork length
GW : Gonad weight
GSI : Gonosomatic index
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Fig. 10 Number of eggs spawned per day by length for bigeye tuna. Estimated relationships (Y = a * X®)
between length and the number of eggs spawned per day are plotted for fish caught in the waters
off Java ( broken line) and south-western offshore of Hawaii (solid line), respectively.
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Table 5. Number of eggs spawned per day by size of fish.

(Unit : 10°)
Fork length South-western
(cm) Off Java offshore of Hawaii
100 0.56 0.40
110 0.83 0.63
120 1.17 0.86
130 1.61 1.20
140 2.16 1.64
150 2.85 2.19
160 3.69 2.87
170 4.70 3.69
180 5.90 4.69
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Plate 1.
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nucleus stage. X80.

C : Pre-mature stage. X80. D : Mature stage. X80.

Histological cross section of bigeye tuna ovary by developmental stage.
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o ,ﬂ? , 2 1
C : Late stage. X 180.

Plate 2. Histological cross section of bigeye tuna ovary by degenerating stage of postovulatory follicle.
g =granulosa cell layer t =thecal cell layer
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A : Outer part. Spermatogenesis near the periphery of lobule. x40.

£ %

Inner part. Small sperm duct and lumen of testis filled with spermatozoa.

Fork length 112 cm, gonad weight 50 g, GSI 0.36

Plate 3. Histological cross section of bigeye tuna testis.
I1=lobule wall s=spermatozoa

x100.
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E : Small sperm du
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Spermatogenesis in the lobule. X200.
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ct and lumen of testis filled with spermatozoa. X 100.
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