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Fig. I The sampling positions of Thunnus obesus
in the Indian Ocean from 2013 to 2018
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Tab. 1 Biological data for Thunnus obesusin the Indian Ocean from 2013 to 2018

A % 1 Z2J¥ the st quarter % 2 Z2J¥ the 2nd quarter % 3 Z2J¥ the 3rd quarter % 4 Z2J¥ the 4th quarter Bt
year Jb# north Jt# north Jb#8 north  FAF south  JL# north  FAF south  total
2013 622 622
2014 288 5 25 318
2015 164 164
2016 235 1478 48 1761
2017 601 378 358 64 1316 599 3316
2018 27 257 447 322 1458 114 2625
1.2 EKEHE W =al’e’, £eN(0,0,2) (1)
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IR R 22 S 0 BOE 2550
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BT, b AREAERKSE METIE, A0
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InW =Ina+binL+¢, ¢ N(0,0.) (2)
1.3 RERMSH
ARG L PEEARY (generalized linear
model, M) & KR MAIRK AT RN —
JBCRAE, FHERAETR A RN BT A HAR KA G
R0 25 T (M2~MS8, % 2), 3T 10TC %tk
IR AR A BFF A B, JEHZ CPUE AR A
GEURPEAL, HLLAR—ZR B Sy i ] e B 1 STk
MR <G £ A 70 A A [R5 XY 32 2 37 90 A1
ARWFFELL 15°8 Sy SA B EE I 73 Dy g AL P i3,
171 0V 35 S L) 80°E Ay 43 Ay AR A 10,
FT T 3 ] R HR < A 0 i BA A BT 38 0 AR PR S A ol
Wb (& 1), MELASRAG R AR A faAEAS, PR AR 3T
HAESE T BRIV AR IR A R AR K 25 5
xk2 HEFARECBEAK-AFEXRNIESIEE
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Tab.2 The constructions, AIC and root mean squared

error (RMSE) of the alternative models for length-weight
relationships of Thunnus obesus in the Indian Ocean

i model  FEALALN random effect AIC RMSE
M1 J& none —11194 0.611
M2 Z=E quarter -11504 0.588
M3 A5y year -12061  0.575
M4 X35 region 11313 0.611
M5 R +AE() quarter+year —-12365 0.571
M6 ZF+ X quarter+region  —11551 0.585
M7 FAp+IX 3, year+region -12092 0.573
M8 25 UE HAE 73 1 X Ik ~12365  0.568

quartertyear+region

T M1 T PR, M2~M8 S IR A R 7.
Note: M1 is the generalized linear model, and M2-M8 are the
mixed effects models.
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FRAE P S45 00, T BEALASN FH T3 B A [8) B4
SRR s A S BRI R R [ AR 4 (2013 —
2018) ., ZEJE (4 />R ) FHi DX (AL 5 R e 3 Y B AL
RO T 254 R e, B

InW =1na+blnL + ¢ =
(FE+RE)+bInL + ¢ 3)
A, FE b H[E 2800 (fixed effects), RE APl
Vi (random effects).
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RE,). ZJ¥+[X (M6, RE=RE+RE,) . 4F1/ 11X 45§
(M7, RE=RE+RE)HIZ= [ +4- )+ X (M8, RE=
RE,+RE,+ RE,).

133115 AIC (akaike information criterion){H
N7 HiR 2 (root mean squared error, RMSE){H
K LB RIS LA RICR, P ()N, R
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AIC=2k—2In(LH) 4)

N
2 (G-y)’
RMSE = ':IT (5)
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Fig. 2 The length variations of Thunnus obesus during 2013-2018 in the Indian Ocean
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Fig. 3 The weight variations of Thunnus obesus during 2013-2018 in the Indian Ocean
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Fig. 4 The observations and predicted curve from the Fig. 6 The variations of length-weight relationships in

generalized linear model for length-weight relationships

of Thunnus obesus in the Indian Ocean
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Tab.3 The spatial and temporal variations of
a estimates in the length-weight relationships for

Thunnus obesusin the Indian Ocean

SRt variation HEHLALSL Ina a(x107)
random effect

It north 0.00334 —11.28 1.26
R#F south —0.00334 -11.29 1.26
51 BJE the Ist quarter 0.042859  —11.24 1.32
%% 2 Z2J% the 2nd quarter 0.019195 —11.26 1.28
%% 3 Z2F the 3rd quarter —-0.03812 -11.32 1.21
%5 4 ¥ the 4th quarter -0.02393 -11.31 1.23
2013 —0.0093 -11.29 1.25
2014 —0.05052 -11.33 1.20
2015 0.084914  —-11.20 1.37
2016 0.05424 -11.23 1.33
2017 —0.04559 -11.33 1.20
2018 —0.03376 -11.32 1.22
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The spatial variations of length-weight relationships
for Thunnus obesus in the Indian Ocean

different quarters for Thunnus obesus in the Indian Ocean
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Fig. 7 The variations of length-weight relationships in
different years for Thunnus obesus in the Indian Ocean
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Abstract: As a commercially important tuna in the high seas, bigeye tuna (Thunnus obesus) has become one of the
most important target species in Chinese distant-water fisheries. The research and management of T. obesus is re-
ceiving more interest, especially for its life history, stock assessment, and fishery management. The fish life his-
tory traits including growth, is the fundamental and key process of population dynamics and stock assessment,
with an increasing attention in recent years. Based on the data collected by Chinese observers onboard from 2013
to 2018, the growth of the bigeye tuna was analyzed, with the spatial-temporal variations. A total of 8806 indi-
viduals were measured, including the wet weight (kg; after removing gills, gut, and tail) and fork length (cm). The
predicted power length-weight function indicated that the estimated condition factor a is 1.07 (0.99—1.14)x107,
while the estimated allometric growth parameter b is 3.08 (3.07—3.10). Mixed effects models were established to
estimate the variations from different years, quarters, and regions, while 7 model candidates were considered with
different random effect sources. AIC (Akaike Information Criterion) and Root Mean Square Error values revealed
that the mixed effect model performed best with all variations from years, quarters, and regions. Results from the
best model indicated that: (1) there were no substantial differences between bigeye tuna in the north or south In-
dian Ocean divided by 15°S; (2) individuals collected in the first and second quarters tended to gain more weight
than those collected in the third and fourth quarters at the same longitude; and (3) individuals collected in 2015
and 2016 grew better, while those collected in 2014 and 2017 gained much less weight at the same fork length.
The outcome from this study could assist the stock assessment and fishery management for this important tuna
species in the Indian Ocean, and the methodology used in this paper can also be applied to the heterogeneity stud-
ies of other species in both coast water and far ocean.

Key words: distant-water fisheries; trophic tuna; length-weight relationship; mixed effects model; spatial-temporal
variations
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