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Fig. 2 Sketch map of cutting location and measurement pa-
rameters of spine cross section
A. Cutting location of spine, L: length of spine; C: width of
condyle base. B. measurement parameters of spine cross section,
R: radius of spine section; d: diameter of spine cross section; R;:
radius of annual ring 7; d;: distance between annual ring 7 and
the diatal spine edge beyond ring i.

;R

1.2.3

B

Antoine ¥

[15] [16]

Sun

2-9

CCD
Olympus-SZX-ZB7 , 0.8~5.6

0.8



538 19
, ( 2 ) Fraser-Lee’s Monastyrsky ),
Fraser-Lee’s
. . _ R
Media Cybernetics Image-pro L= (20 )(FL—by)+b, (5)
plus 6.0 R
, - () & (2) ; Monastyrsky
R
di; (3) L= (?")bz ~FL (6)
R, i Ri, . R=d/2, Ri:di_R(
: FL (mm),
2B) 1 ym
L, n (mm), R
1.3
) Rn (mm)s bl
1.3.1 SPSS 15.0 , _ b
100 mm , B T
’ 135
1.3.2  Wilcoxon R version von Berta
2..9.2 Wilcoxon (Wilcoxon lanffy [20] Excel
signed ranks test) ) von Berttalanffy
133
L=L, [1 — k) ] (7)
Lt mm), L, , k
(FL)- (R) : f (mm)
, ¢ > Lo 0
FL= a1R+b1 (1)
: 2
FL= a,R " )
‘ 2 2.1
461 ,
FL= a:e”" 3)
570~1 820 mm, 910~1 500
: FL (mm), R (mm),
83.99 3
ag a) as b2 b3 9[7] i /0( )
(AIC)[]7] 25%;
, 20%) n=461
, AIC & []
AIC=nxIn(RSS/n)+2k 4 g%
i » RSS ", 5 10%}
k AIC B
5%
134 AIC - 0% H.ﬁ.ﬂ.ﬂ. s 4 L L lHlH |||||

600 800 1000 1200 1400 1600 1800
S /mm fork length

3
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Tab. 1 Relationship between fork length and spine section radius for three groups
/mm (FL) ®)
. relationship between fork length (FL) and spine section radius (R)
valid fork length /mm
group number ran, di
ge radius range .
linear regress exponent regress power regress
FL=282.0R+158.06 FL=471.8¢"**""% FL=392.86R"**%
I 175 >80~1820 1.627~5.732 (AIC=745,n=175) (AIC=765,n=175) (AIC=746,n=175)
FL=239.2R+319.29 FL=520.97¢"%*! FL=464.35R"%6%
1 50 600~1590  1.525-5.105 (AIC=222,1=50) (AIC=231,1=50) (AIC=224,1=50)
— — 0.2277R — 0.7428
I 114 600~1700 1.634~5.161 FL=248.5R+254.58 FL=498.05¢ FL=446.7R

(AIC=522,n=114)

(AIC=524,n=114)

(AIC=530,n=114)
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Fig. 5 Weighted back-calculated fork length and predicted ( )

fork length for three groups
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Tab. 2 Results of variance analysis of back-calculated fork length for three groups

source dr SS MS F P
( ) location(factor) 2 1104 552 0.0064 0.9937
residual 18 1562886 86827
total 20 1563990

£3 3INAFWSEHE AICE

Tab. 3 Parameters and AIC value for three groups

group sample number RSS parameter number AIC
I* 175 1.40 8 -7.92
11 50 60.26 7 21.07
11 114 23.89 7 14.59

.k

Note: * indicate the suitable cutting location of age determination.
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Tab. 4 Radius corresponding to each annual ring and weighted ring radius
pm
annual ring
age number [ Il il v A VI VIl Vil
1 8 1604(7)
2 9 1941(8)  2478(9)
3 47 2025(2) 2408(37) 2941(45)
4 39 - 2504(13) 3051(38) 3424(39)
5 39 - 2225(6)  3043(19) 3499(39) 3903(34)
6 19 - - 3237(3) 2577(9)  3976(19) 4346(17)
7 14 - - - 3653(1) 3957(9)  4348(14) 4650(14)
8 1 - - - - - 4236(1) 4675(1)  5038(1)
total 175 17 (65) (105) (88) (62) (32) (15) 1)
weighted ring radius 1812 2420 3008 3475 3933 4343 4651 5038
Note: “—”” means no data owing to vascularization. Numbers in brackets represent the numbers of specimens.
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Fig. 6 Ring structure of Thunnus obesus spine cross
section(0.8%10) >
A. rings aged 2, vascularized area forms within ring 1; B. rings , L.,
aged 5, vascularized area expands and accessory ring appears. i
b
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b b
[25]
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Tab.5 Growth parameters of Thunnus obesus for von Bertalanffy growth function
fem L, /cm k/a™! to/a
source method fork length range sea area
this study D 58-182 Southern Indian Ocean 250.5 0.105 —-1.8500
Stéquert  (2004)™ 30-165 Western Indian Ocean 169.0 0.3208  -0.3380
Stéquert  (2004) 0 30-165 Western Indian Ocean 169.1 0.32 -0.3400
Stéquert  (2000) 2! 0 30-165 Western Indian Ocean 303.9 0.14 —-0.4579
Chantawong(1998) ¢! L 90-178 Eastern Indian Ocean 211.5 0.45 -0.1205
Tankevich(1982) " V.S 42-200 Indian Ocean 269.5 0.094 —1.3400
Sun  (2001) D 45-189 Pacific Ocean 208.7 0.20 -0.9906
Gaikov  (1980)") D 31-189 Atlantic Ocean 253.6 0.17 -0.1500
Alves  (2002)1"% A% 44-179 Atlantic Ocean 264.0 0.12 -0.6800
Weber(1980) 27 L 43-188 Atlantic Ocean 491.6 0.054 —0.9500
: 0. , L. , V. ,S. , D.
Note: O.otolith, L.length frequency, V.vertebrae, S.scales, D.dorsal spine.
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Relationship between age and growth of bigeye tuna (Thunnus obe-
sus) in the southern Indian Ocean
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Abstract: There is a need for a simple, practical, and accurate aging method to document the population structure,
age, and growth of bigeye tuna(Thunnus obesus). We collected samples of the first dorsal spine of bigeye tuna that
were collected in the Southern Indian Ocean between September 2008 and May 2009. We evaluated whether the
location at which the spine was sectioned affected the estimation of age. The spine sections were divided into three
groups based on the cutting position. There was a linear relationship between spine radius and fork length. There
was no significant difference in estimated age between the three groups. However, AIC values suggested that the
best cutting location was at 10% of the total length from the condyle base. The fork length of bigeye tuna ranged
from 570mm to 1 820 mm. The majority of fish (83.9%) were between 910—1 500 mm in fork length(FL) and 3, 4,
and 5 years in age. The mean value and standard deviation of radius by rings 1 and 2 were (4.23 £ 0.71) mm and
(5.72 £ 0.48) mm. The von Bertalanffy growth function was L=250.5x[1—¢ 03189
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