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Fig.1 The fork length distribution of bigeye tuna
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Fig.2 Sample area of bigeye tuna
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i F Nikon ZOOM645S &K BB Xt 222 Xt
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Bl RIERTABIRE M KRB REA
TR, i THRBEARKKE, WX H

DX k4, 5 37, R BRI R BA K2V
DI XA A [ R BE BB , DRy T A 5 o T 2 4
F,EFEX W) XA X B ge it iR &
FXMEX, F|FH Image-Pro plus version 3.1
B HTERE ISR R B A SMERHLE , 9] 2532 € 75 Tl
BIIMERHE , B ¢ K3 AT ARG , e 4 it
HHRMEEE R X K (wing length, WL) (e K IEEE
(maximum statolith width, MSW) | X Fij & ( wing
front length, WFL) 32 [X J5 K ( wing back length,
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Fig.3 Schema of sagittal otolith domes of bigeye

tuna (F;, =106 cm) and morphologic parameters
a. WL; b. MSW; c¢. WFL; d. WBL; e. DL; f. DFL; g. DBL; h.
DBLW; i. DBLL; j. WA; k. DA; 1. MST,

SRR B ¢ Ik A R E

AFILESHIEESR
FRAEBG T TR EA SRS S
WE R TTRRER

RFAMBMEMT D AR EAREES
BEFHERR, M XK ESREAER . &F
SSEHIRR

R 88 20N R RO E R T
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BB MG LB, BRX A K2 H L&
BB , I A BE B BN S T X A
IX 5 5 2 d o6, e M1 JA Bl R BRI 45
Al X2 B A B TR, b T A 3 R /N A — B
Rk, TEH X5 M B — e e B A, ML AL TR
R BRI e P 1 A, A3 X O — A B Y
=MW X T LEAL e, 25 5 E W) IX B IX 32
FAb 5 e W 5 0 DX A A SR AR T i — ELAE fif
Bt , BRI AR

NERESHIELE, AL FHREA
BAEARAREEEZS (FHE=0.762,P =
0.9999), EEXMEBEELESHERERK (K
D), EARBARMARH B EEER, BTUE
BT R R AR E S ERER KR 2P
RHAZERBAHETT.

®1 KRERBXEAMSHE

Tab.1 The morphological statistics of bigeye
tuna sagittal otolith

EHA HEA
HAESH
BN RK S BN RK

WL/ pum 491.1 1192.3 506.6 1092.9 0.81
WFL/ pm 342.4 865.7 390.2 835.7 0.87
WBL/ um 190.7 636.8 177.9 437.5 0.93
DL/ pm 279.6 761.4 276.0 761.4 0.82
DFL/pum 188.6 502.3 195.6 502.1 0.43
DBL/pum 143.6 379.9 128.0 370.6 0.71
DBLL/ um 125.9 733.1 261.5 733.2 0.83
DBLW/ um 142.1 389.3 143.6 342.9 0.65
MSW/ pum 237.8 476.7 223.9  469.5 0.34
MST/ wm 133.6 324.4 135.2 326.6 0.83
WA/(°) 106.7 143.7 106.6  133.3 0.99
DA/(°) 107.2 134.5 106.2 140.1 0.88

2.1.2  FERSaHr

1 E R TR, S — R R = AR I
E RO ERIY B S EUN TR AR5 5 9 53. 54% |
13. 55% .9. 44% F 6. 25% , B il 5THR X N
82.78% . M2 HATLIEH, 5 —F WA AR
2% DL WFL 1 WL A 8RR, H 2 &
BOBEKR , 43512 0. 38,036 1 0. 355 55 — F il
LSS H DA AER IR, B8 R
K, 0.56;5 = ERDMEES T WA FEK
RS , ELEAT R 2R, O 0. 715 58 U 3 iy
LSS HMST ARAMAM N, BB R EUR
K, 090.87, 55— F I RAFIEIE N 6. 42, Eff
BT BRI 53.54% 5 — R BT B A
KB 5 — = M EE R AL,
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RINH X Je M A X I M R/ 5 26 10 =
RANF ARG EKEERFE, B, fELERE
AFTAEE S, DLWFL fil WL 2K ES
%, DA FI WA BAIESH, MST BRIEESHL .
*2 AREREBEXHEASEESSH
WERHR TR
Tab.2 Weight coefficient and contribution rate of

morphologic parameters of bigeye
tuna left sagitta otolith

" ES Yy
HESH 1 2 3 4
WL/ pm 0.35 0.03 0.13 -0.16
WFL/ pum 0.36 0.09 -0.02 -0.04
WBL/ pum 0.22 -0.25 0.56 0.01
DL/ pm 0.38 0.16 -0.13 -0.08
DFL/pm 0.34 -0.06 -0.18 0.01
DBL/ pum 0.32 0.09 0.00 -0.27
DBLL/ pum 0.34 0.27 -0.24 -0.11
DBLW/ um 0.21 -0.54 0.19 -0.04
MSW/ pm 0.33 -0.31 -0.08 -0.04
MST/ um 0.22 -0.07 0.09 0.87
WA/(°) -0.03 0.34 0.71 -0.17
DA/ (°) 0.15 0.56 0.10 0.29
LRI 6.42 1.63 1.13 0.75
TIHRER/ % 53.54 13.55 9.44 6.25
ZIBIEkR/ % 53.54 67.09 76.53 82.78

2.1.3 RHAZESSHEHELKR

it DL 5 REARE &S S HLE
BATHR T AT FI (3R 3) , DL 5 ENTZIRIFEAE B
AR FR(EHE =1226.90,P =0.000 1),
K WA 1G53 0.998 4, Hd DL 5 WA/DL
fE7E 1/l 32, 5 WL/DL. WFL/DL., WBL/DL.
DFL/DL. DBL/DL. DBLL/DL. DBLW/DL ., MST/
DL .MSW/DL.DA/DL 7#7EIEAHE, H i, A &
AR oAk b S, H2
WFL fjA K BEZE KT WBL A K#EEE, (15
WA Z5/N, DA B8 K, B % UL B ] W) X 5[]
%3,

2.1.4 DL 5 MST %%

A%t 8L 20 FRL 2B
AP CUMA LA RBEA TR KE DL 55 K%
JEMST XK, & XRRAN(FK4),6 FHER
AIC 1RAHIE , Ho b 38 800G 7 1 AIC fH &% /)N, DL
5 MST Bk R FHEHRIB (R 4) ., BEFKX
KERMEK , REA B KEE WL —E B A
W fm, MST ZEfb 2 (R i/ =81.83,p =
0.000 1),

®3 XEREEKSEEREHISHSHILENHEXRE
Tab.3 The correlation coefficient between the sagittal otolith total length and the ratios of the sagittal
otolith morphologic parameters to the sagittal otolith total length

WL/DL WFL/DL WBL/DL DFL/DL DBL/DL DBLL/DL DBLW/DL MSW/DL MST/DL WA/DL DA/DL

AR REL 0.78 0.87 0.37 0.88 0.81

0.96 0.37 0.71 0.44 -0.04 0.48

&4 HADL5MSTHISELER
Tab.4 The fitting results between DL. and MST
of the bigeye tuna sagittal otolith

K AIC
2R Mg = 0.200D, + 189.072 1 884.651
bar ¢ Mg = 159.080 LnD; -712.410 1 888.650
4 Mgy =222.400 x EXP(5.613 107D, ) 1 884.174
Mg =4.179 x10 75D, % + 0.130D, +
I st L L 1 886.283
EIA 217.600
R Mg =16.004 x D %462 1 886.130
Mg =956.859/[1 + EXP(1.274 -
BLik s 8 g 1 884.503

8.973 x1074D;) ]
T R P Mgy AERJEEE (MST) ;D AF XK (DL) .

2.1.5 DL 5 DAHXZR

SEABEHLIT 2T, DA 25K R DL 4%
ARt B3 (RO f =22.173,P =0) . XK
DL 41 DA #4728 LB AT (% 5), B S
18 ,DL 7£ 300 ~ 400 pm.400 ~ 500 pwm, 500 ~ 600
wm B DA AR KA 600 ~700 um 700 ~

800 pwm XA — AR, PR 22 A% B
F(HIWHE F=11.48""), i DA 7£ DL
500 ~600 wm 1 600 ~700 wm B AEALA 5

x5 FRERKEERXRAMSELR
Tab.5 The multiple comparisons of DA
among different DL groups

DL/ pm 400 ~500 500 ~600 600 ~700 700 ~800
300 ~400 3.7 7.09* 11.79** 10.89**
400 ~ 500 0.41 3.41 3.22
500 ~600 11.48**  3.56
600 ~700 0.27

" RAREFBE; © T RRERMEE,

2.2 XKEXRBEREER.SESSHHXEA
BRIEX S (WA) 5P FL S REAHERE
BSPIFEEMK (K 6) , AR FLASKH
AR ESHREEZNHRBE (P <0.01), HH
HHR R B =i )29 OW \WFL Fl DL, ¥°KF0.75,
He5 OW MK MR, BF] 0.91, BEHGX 3 1
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SRS FL # AT EIE 0T, LM B 16 5
LR R BRI 48 s A A X
K5 OW.DL M WFL iR R (R 7) , iR T 1J i,
OW 5 X K UL IR & 7B AIC {H& /D,
DL \WFL 5X K 2 [a] LGZ B % e B & 7 i

) AIC {E 5/, F I, FH 2k FX OW 5
KZEMRR, FHZHE % ARk DL WFL
5XKZEIMRRRE, BEEXKHEK,0W,
DL 71 WFL iAW K (B 4) o

®6 XRS5XHEAWMSSHABBXSH

Tab.6 The correlation analysis and significance test between FL and the sagittal otolith morphology parameters

WL WFL

WBL DL DFL DBL

DBLL DBLW  MSW MST WA DA ow

LitES<s 0.69 0.81 0.46 0.76 0.66 0.66

0.68 0.41 0.63 0.44 -0.06 0.39 0.91

#7 XKFL5EXEREOW,.HX{K DL MEXH K WFL fX &
Tab.7 The fitting results between FL. and OW, DL, and WFL of bigeye tuna otolith

TR AlC
A Oy = 0.863F; -43.175 963.035
bar ¢ Oy, = 81.661LnF; -329.735 1 361.808
=2 Oy =9.637¢%5FL 817.945
ow LI Oy =3.299 x10 3 F;? +0.131F -3.743 -880.370
PR Oy = 0.008F -5 -427.739
BRI Oy, =81.832/[1 + EXP(6.476 -0.063F; ) ] 1217.482
R Dy = 3.881F; + 206.186 2 121.165
bar ¢ Dy =381.020LnF; —1148.450 2135.035
DL T Dy =331.300¢%%5FL 2 138.480
LR Dy = -0.007F; % + 5.492F; +120.486 2 119.707
TR D =28.412F %! 2 118.501
Y ) Dy =979.042/[1 + EXP(1.388 - 0.018F;) ] 2115.717
R W = 3.494F + 170.569 1.922.939
bar 4 Wy, =340.980LnF; -1 039.720 1932.615
WFL Bt Wy, =285.200¢> 7L 1 945. 815
LI Wy, = —0.008F; 2 + 5.167F; + 82.384 1919.259
PR Wy, =23.232F, %67 1917.752
BRI W, =859.706/[ 1 + EXP(1.429 - 0.019F,) ] 1916.937

iﬁf%q’ OW %%EE?;FL jbiﬁ;DL %%TIZK;WFL%JEIZW&O

3 itie

3.1 XEREHSSHENXE

DGR ERRRERANEZAREA
EZRARZE, RBAOFWER G EEER
(P>0.05) . AROFTRALARBEABERE
P @ 22 5200k AR ST 4 SR — B
i, R H RBAH#ETIE S0
EW RN, RBA T XK (DL) EXAK
(WFL) B XK (WL) Fif K& B (MST) ] I3k
RIEH AR BEARA, B X (DA) ME Xk
A (WA) ATHRFAL R B A e, X T
WEE R EAH KKENEN, KHA &30 REH
FARLAE R, 3 X AT AR KRB, 15 X A3 X (6] 19
MAABIAE KNG, B Xk AR, BRX MR
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N RER G WX s, Bk, 45
FEMREEATE SR, b Tk B 25,
AT X K (DL) (B K (WFL) R X K
(WL) 5 KJERE (MST) #5 X e #1 (DA) FIE X Je
£ (WA) BEATIUSE R

AN g K HR 446 £ LB DL 3k 600
wm =47, DA 7E DL 7 500 ~700 pm B A5 LA 3
%, DL g 500 ~ 700 m Bt S 7 f ok R 4 4 £
£H76 ~127 ecm /47, FARLEY 2134 2k 50%
MR R AR 4 £ P R g 102 em 2275 5
NOOTMORN"" W22 % B 7% Bl 5 ¥ K HR 440 . 76
XK g 85 em B Hi B AR B4 4 MOHRI
NISHIDA ™ A Sy K HR 44t £21 F) 1 AR UK 7E 80
em Ak 5 CALKINS'™ A 2y A HR 4 4 £ F) 1 A2
XAy 100 ~ 130 em, FF LA K HR 44 #.99) U 1 A
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Fig.4 The relationships between FL
and OW, DL, and WFL

3.2 XKEXEAESSEHXER

XK GRBEAEESEMAIFE R HTE L,
WA 53K A% ; OW DL, WFL 5 X K AH%
RYPEE T, SXRKZ B BAER LG X RE 7 R
¥, MEAKMNEK, REAER . & KE
KR, FRIMEKR, BX AW/, HPFX
KMBE XA KBEZE R/, Hit,EE
XA, A AT R, FREK, K XK
HXERKMHEEER, REAZKOHE WFL 728
KiaH XAMX 7B, X —4R 5 EREA
BILR R BN L—3

DL 1 WFL B [E4F2H X 53 X 8] Mg Y
P, X R BT X 5 3 IX[E] i 9 YA 7E KR 48
BRHABAA KSR EIFEEER, FHI,
A[F DL Al WFL RAE KR &R BAKRE,
ARKHIPKIN #1 BIZIKOV ") %if 3k & 55 5 38 £ T
WF5E, R EA W) X A8 46 5 3k 2 280 B it 3h A
Wk s ER X, KIRSwaREATEH 3 %

B F 111 3% , 3 AT B 2 I E5L 9 S ) o B O 3 3R
18, % 2l i A A R iC 0 A — 2 5T

P AMR 22 A R A R ]
PR M AR A =N R R, (HAS SRS BER
W DGR B WA i T3, Br g LRI
R HR At f H E 24 PAY U, TG 325 0 DT JH P 530 0 %
PUZSEIRR, R REZ8 D b7 B KR A
MMEEIHECR , B, REBAIEREMNE
AR BT Y XA X AR AR, A< SCRVEH:
AEAR S Gak XKL ROPITR, H50 BA
HE AR, X EE N R AE S IR BB FE P BN LA

=
75%0
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Morphology of bigeye tuna otolith in waters near Marshall Islands

SONG Li-ming"*?, LU Kai-kai’, YANG Jia-liang’, HU Zhen-xin®

(1. National Distant-water Fishieries Engineering Research Center, Shanghai 201306, China ; 2. College of Marine Sciences
Shanghai Ocean University, Shanghai 201306, China; 3. The Key Laboratory of Sustainable Exploitation of Oceanic Fisheries
Resources, Ministry of Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The otolith of fish is an important source of ecological information. It is a popular and successful
tool in discriminating between and within fish stocks to study the morphologic characteristics of the otolith. A
total of 222 pairs of sagittal otolith were collected randomly from Nov. 2009 through Jan. 2010 in waters near
Marshall Islands. The morphologic characteristics of them were observed and measured. There were three
channels on them which divide the sagittal otolith four areas ( dorsum, wing, rostrum, and lateral). There
was no significant difference between the morphological parameters of the left sagitta and the right sagitta (P =
0.999). The result of principal component analysis on 12 morphologic parameters showed the dorsal length
(DL) , wing front length (WFL) , wing length ( WL) and maximum statolith thickness ( MST) can be used to
represent the size features of the sagittal otolith; the dorsal angle (DA) , and wing angle (WA) might reflect
its angle features; these six parameters can be used to indicate the morphologic characteristics of the otolith.
The optimum relationship between DL and MST was described by exponential function, the optimum
relationship between fork length (FL) and DL was described by quadratic multinomial, while the optimum
relationship between FL and weight of sagittal otolith (OW) was the logistic function. The sagittal otolith was
growing and the core of sagittal otolith was shifting to the dorsum, rostrum, and lateral areas while the fork
length was increasing. There was fluctuation for DA when the length of DL was between 500 wm and 700 pm
by One-way random block design. The DL was about 600 pm and the forklength was about 80 — 130 c¢m while
bigeye tuna was mature.

Key words: Thunnus obesus; otolith; morphology ; Marshall Islands
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