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Conversion factors for estimating live weight from gilled-and-gutted

weight of bigeye and yellowfin tunas

Yasuo MORITA
(Far Seas Fisheries Research Laboratory)

The necessity for estimating a conversion factor to obtain live weight from gilled-and-
gutted weight has been generated for tuna species caught by longline fighery which are
mostly gilled-and-gutted on board for storage to keep better quality. Therefore, it is
necessary to make the conversion for the study on the production from the sea. In addition,
the recent catch statistical system for tuna longline fishery by Statistics and Information
Department of the Ministry of Agriculture and Forestry has been changed since 1971 as such
that the weight is estimated from the number of fish recorded on the loghook reported to the
Fishery Agency. In this case, the conversion from the number to weight is based on the
average weights of the fish by area which are obtained in terms of gilled-and-gutted weight.
This also makes it indispensable to estimate the relationship between gilled-and-gutted
weight and live weight. In this study, the conversion factors of bigeye and yellowfin tunas
are estimated.

It is desirable to analyze data simultaneously measured on live weight and gilled-and-
gutted weight of the same fish. Unfortunately the nature of fishery does not afford much
data of this kind. As a next better step, estimating the relationship between live weight
and length, it is compared with the length and gilled-and-gutted weight relation that has been
already obtained. Before the comparison, covariance analysis on the regression between live
weight and length was applied for the areal difference among 4 major areas (Fig. 1). The
data from the Indian Ocean were eliminated because of heterogeneity.

Conversion factors are calculated by the following formula;

L =W, /W, =2 LP/a’ « LB oot (1)
where r;, =conversion factor, W, =live weight and w;, =gilled-and-gutted weight at the length /,
respectively, and a, b=parameters of Allometry equation between length and live weight and
a’,b’=parameters of the equation between length and gilled-and-gutted weight. Equation

(1) is transformed by taking logarithmic expression as under ;

log rlzlogf—l—(b—b’)log Ly owisovssssiueamesesssssimammmm s (2)
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The conversion factors by size for bigeye tuna are almost stable on the average, whereas
those for yellowfin tuna indicate a tendency that the value becomes lower as size in length
gets larger. [For a practical purpose, it seems that the factors are given by following
equations ;

log r,;=0.0741—0.0050 logL,, for bigeye tuna and,
log r; =0,5707—0.2445 logL,, for yellowfin tuna.
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Table 1. Number of bigeye and yellowfin tunas sampled and
their length range by area.

Spécies ‘\ Area \ Number \ Length range (cm)
“ Western Pacific (1) 481 45,5~163.8
B | Eastern Pacific (2) 15 65.5~173.0
1geze ung [ r—— 99 50.2~175.5
| Todian Ocean (1) | 62 ’ 73.5~166.5
“ Western Pacific (1) 2043 | 26.0~157.0
- ) | Eastern Pacific (2) 46 63.4~148.0
ellowiin tuna Atlantic Ocean  (3) 313 46.9~169.5
Indian Ocean 4) 339 79.5~162.5
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Fig. 1. Sampling localities of bigeye and yellowfin tunas in the four
areas, Striated areas indicate general extents of sampling

localities. (B. E. : bigeye tuna, Y.F. : yellowfin tuna)
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Table 2. Parameters in the logarithmic regression equation on fork
length and live weight by species and area.
(logW=1og a+b + logL)

Species Area b log a
1 3.024669 —4.704856
B ) 2 3.021632 —4.703494
HERRS TLEA 3 2.973242 —4.601058
4 2.832860 —4.307864
1 2.939597 —4.599961
TP . 2 2.868069 —4.456534
Wit tuna 3 3.026546 —4.779577
4 2.750437 —4.181286
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Table 3. Covariance analysis for the similarity of linear regression

among areas for bigeye tuna.

113

Slope Position

Area

Fo } &4 Fo } d.f.
1~4 6. 3884%* 3, 650 ! |
1~3 1.2980 2, 590 0.4135 2, 592
1,2, 4 7.9879%* 2, 552
1,3,4 9,5197** 2, 637
2~4 4.,6489* 2, 111
1,2 0.0006 1, 492 0.2969 1, 493
1,3 2.5664 1, 157 0.6284 1, 158
1y 15,7545** 1y 539
2,3 0.5556 1, 111 0.1642 1, 112
2, 4 3.0441 1, 73 0.2041 1, 74
3, 4 7.6806%* 1, 158

* Significant at 0.05 level.
** Significant at 0.01 level.
d.f.: Degree of freedom.

Table 4. Covariance analysis for the similarity of linear regression

among areas for yellowfin tuna.

Slope Position

Area

F, ‘ d.f. Fo a.f.
L | 11.3728%* ‘ 3, 2133
1~3 107068 | 2, 23%
1, 2, 4 6.5016™* 2, 2422
1y 35 4 16.0886** | 2, 2689
2,3, 4 17.6546%% | 2, 692
1, 2 1.4470 L1, 2085 0.2602 1, 2086
1,3 19.552°% | 1, 2352
1, 4 11.4358* | 1, 2379
2,3 10, 1655** ' 1, 355
2, 4 2.6518 1, 381 24.4166** 1, 382
3, 4 28.6261% | 1, 648

* Significant at 0,05 level.
** Significant at 0,01 level.
d.f.: Degree of freedom.
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Table 5. Calculated live weight in kg of b1geye tuna by area.

\ Parameter* ‘ Fork length (cm)
Area | —
b ’ log a \ 80 | 90 | 100 \ 110 \ 120 \ 130 \ 140 | 150 ‘ 160 \
1| 3.0u47 —4.7049 \11.3\161 2.1 29.5 384‘489‘612 754‘916‘ 110.0
|
2 ‘ 3.0216 ‘ —4,7035 ‘ 11.1 | 15.9 21.9 | 29, 2 31.9 i 48.3 | ‘ 60.4  74.5]90.5| 108.7
3 2.9732 1 —4.6011 11.4 ‘ 16:2 | 22:2:| 29, 4 38,1 48.3 1 60.2 » 74.0 | 89.6 107.3
4 2.8329 ‘ —e3079 | 121 16,9 2.8 29.9 | 38.2 | 47.9| 59.1| 719 | 86.3 ‘ 102.5
i ol L . ‘ \
Max. difference of values | | w l |
between A}Alrea—4 and eithder one ‘ L0 1.0 ‘ 0.9 ‘ 0.7 \ 0.3 ‘_1'0 }_2'1 1_3'5 —5.3 \ =75
of other three areas, and its % v 5 Ger 5 ;
e ‘ 8.3%) 5.9% 3.9% 2.3/0‘ 0.7%| 2. 1/‘ 3. 6/‘ 4.9% 6. 1/£ 7.3%
|

Max. difference among values | 0.3 \03 \03 1 0.3 ‘05 ‘06 ‘10 1.4 \20 | 2.7

for Area-1~3, and its ratio to
the min. value. | 2.7%) 1.9% \ L4% 1. 0/‘ L1% 1 9/‘ g, 2/| 2.5%

* Parameter of logarithmic regression equation of live We1ght (W) on fork length (L).

logW=1og a+b -« logL

201 O——O AREA-I ( WESTERN PACIFIC) 2

801 0—-—--0 AREA -2 (EASTERN PACIFIC) { 3
s—— -+ AREA-3 (ATLANTIC OCEAN)

701 AREA-4 (INDIAN OCEAN)

601

H
(o]
L

in kg

30

25+

Body weight

201

30 00 110 120 130 140 150 180
Fork length in cm

Fig. 2. Length-live weight relationships for bigeye tuna by area.
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Table 6. Calculated live weight in kg of yellowfin tuna by area.
-—7] Parameter* 7‘\ Fork length (cm)
Area ; ——- ‘ — S ,
b | loga | 70 | 80 | 90 | 100 110 | 120 | 130 | 140 | 150 | 160
1 2.93% —6000 | 67| 9.9 14.0 ‘ 19.0 | 25.2 | 32.5 41| s 626 | 7.7
2 | 2.8681 —4.4565 6.8 i 0.0 14.1 19.0 ‘ 25.0 | 32.1 | 40.4 | 50.0 | 60.9 | 73.3
‘ |
3 3.0265 ; —4.7796 6.4 9.6 ‘ 13.5 ‘ 18.8 | 25.1 ’ 32.6 | 41.5 | 52.0 | 64.0 | 77.9
4 ‘ 2.7504 | —4.1813 | 7.8|1L3 | 15.6 | 20.9 | 27.1 ‘ 34.5 | 43.0 | 52.7 | 63.7 | 76.0
| R R | A T . e
Max. difference of values ‘ \ ‘ | \
between Area-4 and either one | 1.4 \ L7 ‘ 2.1 1 2.1 2.1 ‘ 2.4 2.7 2.7 | 2.8 2.7
of Stiiey fuiee Wraes, Bod.1is 17.9%15.0%13.5% 10.0%) 1.1% 1.0% 6.3% 5.1% 4.4% 3.6%
- | | I J\ | |
‘ \
Max. difference among values 0.4 } 0.4 0.6 ‘ 0.2 0.2 ‘ 0.5 | 1.1 | 2.0 |3.1 4.6
for Area-1~3, and its ratio to | | |
the min. value. ‘ 6.3%‘ 4.2%‘ 4.49%| 1.1%| 0.8%| 1.6%| 2.7% 4.0%)1 5.1%| 6.3%
| | | |

* Parameter of logarithmic regression equation of live weight (W) on fork length (L),

logW=1log a+b - logL

80

o
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60

50
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Body weight
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o AREA-2 ( EASTERN PACIFIC)

e-------¢ AREA-3 ( ATLANTIC OCEAN)
AREA-4 ( INDIAN OCEAN)

Fig. 3.
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Lnegth-live weight relationships for yellowfin tuna by area.
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DIEFIRA TR 6 % ChbHo BB E LI L T HEAITE, MARKTELATEFE L CIE s hRE—4EE
ERAXEZACIXRETHS o 1oL, BBDOBRESFEINDILEAIL, F7RITR LI K b ARk
R (AL LOEARZ LI UTEHE LX) 2EBT 52 & L EANTITIER DS 5 o

HERK (r,) OEHIILERE—FEERS LAKBIEE —GGHERRXN D VETHIN, BEICOVWUL
BIRD & S ITAKFEED b DITONT LG 2 BN TR CONEECH Do CNOLEHACT, 2EE-GGD
AR LRE 2 RO T AERIILITO®E D Th %o
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8ED ERIT, KWEE (WE—1, 2) BIXOKEF (BR—3) NnOLORAREZ Z T LTORDICERE—
A EEEARNICECCEHE LIcEE 10 cm BEEAEEEHMELY, TRITAK - HIE (1964) 2KTFED D
DITDNTHEE L 3 DGR BRDICEER G GEEME R T o

Fio, Ihb 4 ODFEIBEMEEARITRT . FHERITRIND 4 2OREIFGAD /7 2= 2 - %2RITHT
1, FE (L)) LHBEFRE (r;) OBREZEEINCRD S E, LITDO LD Thbo
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BALBOMBRRE (3), @), 6) RD1T 2 — X —DHEWRFHE L o TROTCHRD L,
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Table 7. Calculated live weight and gilled-and-gutted weight in kg of yellowfin tuna.

Parameter Fork length (cm) ‘
| Area ‘ — i Author
b | loga | 0 | 80 ; 90 \ 100 ) 110 J 130 ‘ 150 ‘
: | o |
- { \ ‘
vafa‘;eght Area-1,2,3| 2.9433 ; —4.6068 | 6.7 | 9.9 ‘ 14.0 | 19.1 ’ 25,2 | 32.6 | 41.2 | 5L3 | 62.8 J 76.0 .Present
[ | | - o ‘ ‘ | Kamimura
G.G. Pacific O. 3.1878 =5.1775 || 5.1 7.8 ‘ 11.3 15.8 ‘ 21.4 28.2 ’ 36.4 ‘ 40,1 57.8 | 70.6 ‘ anéilglgtg);lma
| I | I
Table 8. Calculated live weight and gilled-and-gutted weight in kg of bigeye tuna.
— . N : _— =
| Parameter ‘ Fork length (cm) [
Area ‘ | ‘ ‘ = | — — Author
b log a J‘ 80 90 100 ‘ 110 | 120 r 130 | 140 | 150 | 160 f 170 ‘
i | -
: ‘ i \ | ‘
&gieght Area-1,2,3 ﬁ‘z.ms? —4.6938 ‘1 1.2 | 16.0 | 22.1 ’ 2.4 | 3.2 | 487 | 60.9 | 75.0 { 91.2 | 109.5 | Present
_— | | | | |
A(forth of BIN) | 31056 | —4.9340 | 9.5 | 13.7 | 19.0 | 25.5 | 33.3 | 42.8 | 53.8 | 66.7 | 8L5 | 98.4 |
(S © ‘ Kume and
G-G | p(pourh of BN) | 30475 | —4.8273 | 9.4 | 13.4 | 18.5 | 24.8 | 32.3 | 41.2 | 5.8 63T | 76 | 933 SHiphama
| ; | |
C(East of 170°E) | 2.9180 | —4.5425 ’ 10.3 | 14.5 | 19.7 | 26.0 | 33.5 | 42.3 | 52.5 | 64.2 | 77.5 | 92.5 }
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Fig. 4. Length-weight relationships for live weight and
gilled-and-gutted weight of bigeye tuna.

Table 9. Conversion factors calculated by size for bigeye tuna.

Fork length (cm)

Area
80 100 | 120 | 140 | 160
A 1.19 L7 | s | s | L2
B 1.20 1.19 | 19 | 118 | 118
c 1.10 L2 | L4 \ L6 L8
Mean 1.16 1.16 1.16 | 1.16 1.16

PR A4
RE s EALBE LT ABEIL, KPE (EE—1, 2) EXEE (BE—3) KoV TEThThokE
—BRERR BN HRETH D 2 L3 T TRk~ oo KEEBNTHE (L) LIBERK (r,) OBHERY
THDBERDEHIIES,
KIEEE logr; =0.6493—0.2840 log L; +oveveemeiemi 75
kﬂﬁ‘g Iog 1'1, =(. 3979_0 1613 IOg LI ................................................ ( 8 )
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KR (JEE—1, 2) BIUKRELE (EH—3) nbOERY Z AT LT LicikE—4EERBRKI
TR ICHERE 10cm BEEOEERZYHE7EO LB, LA - A (1959) OEIFR X DRDI GG
HEYTRIERET. b2 o0EFEREZESRICRT. i, BTRIIRIND 2 DODEFRD/NRT A —
2 =% QR HULHHE L BERE (r,) OBEREZRDD L,

log r; =0.5707—0. 2445 log Ly ceeermmmmn e (9)
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Fig. 5. Length-weight relationships for live weight and
gilled-and-gutted weight of yellowfin tuna.

Table 10. Conversion factors calculated by size for yellowfin tuna.

FFork length (cm)

70 1w | 110 B 130 150

|
1432 ‘ 1.24 ‘ 1.18 } 1.13 1.09
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Table 11. Calculated live weight in kg of male and female. (Materials from
the Pacific, Atlantic and Indian Oceans are all combined)

Para—meter*
Species Sex Number
b log a
. 3 254 2.9940 —4.6439
Bigeye tuna ]
2 210 2.9722 —4.5955
Yellowfin ¢ 943 3.0505 —4,8248
owfin tuna
N 710 3.0237 —4.7770

* Parameter of logarithmic regression equation of live weight (W) on fork length (L).
logW=1loga+b - logL
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Fork length (cm)

o | s | 9 | w0 | w0 | 120 | 130 | 140 | 150 | 160

26 | 13| 16 | 221 | 294 | 31| 484 | 605 | 744 | 0.2

7.0 | 1.5 | 163 | 223 | 29.6 | 384 | 48.7 | 60.7 | 745 | 90.3

6.4 9.6 | 137 | 189 | 253 | 329 | 40| 57| 6.0 7.2

6.3 9.5 | 13.6 ‘ 18.6 | 249 | 323 | 4.2 | 5L6 | 635 | 702
X 0
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