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X£ FLa 1.0649 0.1588 6.705 <0.001

XKFJi FL? ap -0.0373 0.0064 -5.795 <0.001

HIE month sin @3 0.0817 0.0471 1.737 0.084

cos @4 0.0770 0.0333 2314 0.021

JEREHSOR IR AT ART, HEVERBITERRGE B X — % (# 5-0).

RBEAE AR K TR I By i (& 5-e), {HlfEYE i 1 Z JCH I Logistic [81 19 2 A 14 I 5% 202
R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn



sRf, &%

K24, 2024, 48(6): 069306

i L /%
percentage

100
80 ||

60 FH

40 H | []

20 H |

o WLILH,

85 105 125 145 165
X A&/em
fork length
(a)
100
80
Q
=g 60t
28
m 2 40
2
20 + — B
0 .8 . H B S =1, H
5 6 7 8 9 10 11 12 1 2
Hr
month
()

H /%
percentage

N ]

125 175 225 275 325 375 425
RIE/m
depth
(©

i /%
percentage

100
- my
80 - |V
oIl
60 +H oll
o]

40 +

20 +
0 L L L ]

85 125 145 165 185
XK/em
fork length
(b)
100
ol |
Q
=g 60t
2 8
g2 40 m
& N ]
20 - || INE
0 H L AHE T BT
56 7 8 9 1011 12 1 2
Hr
month
(d)

H /%
percentage

100
80
60
40
20

0

125 175 225 275 325 375 425
RE/m
depth
€3]

E5 TRMANHOARESCEBMBREAESH
(@) MEPE, XA (b) MEPE, XA (o) #EME, Ay () MEME, A6y (o) MEME, HFROKIR: (O MM, HSROKER.
Fig. 5 Distribution of maturity grades of T. obesus

(a) male, fork length; (b) female, fork length; (c) male, month; (d) female month; (¢) male, depth; (f) female, depth.

HERIAHEFZREER (A7), dREH,
Tofe 0 R MR 4 A i R A SR i 2 S S 3
(P<0.001) (55 2)o Mk B 1l 2 B o 25 ¥ 75 7K I
T ZE N (P<0.001), H ¥ 35 A G X6T e 1 it ol 28
JE B SN 2 (P=0.195)  H J& X IEE AN A i
MR BCAE BA W52 (9%, P=0.004), HIIH
REB N, R WCPO HEME KR 446 11
P B SR T REAE 5—7 H AT AR

24 MRREANX K

il GLM 5L 73 AN ] 41 5] 1) KR 42 4 £
PEBC L0 5 SRR SR &R, ARAT P i il 4R

https://www.china-fishery.cn

(Logistic k), MRIFIMALER, 50% M XK
(FLso) 43 SR HREVE (96.13+1.24) em FIMEME (104.93+
2.60) cm (K& 6),

3 Wi
SAR A AR K 2 T B A Y PR
77 g 2 () R 1] A AR AL . B AR R (1 = B Y A A

FAUI , T REAE B AR AT A REAACL 32 33 B K %)
TEDRH AR 8 8 P 25 1 ol PR R 2 I B it U A A i
BRI YRR IR AR A, MEPE SRS
A B 5 PG R RSP S 2 A e 4

FRE K7 2E 4 E 7/ sponsored by China Society of Fisheries



TR fH, 55

IK P24, 2024, 48(6): 069306

T2 MHBRFEESEMERNZ TAF Logistic R SR

Tab.2 Output of multiple ordered Logistic model fit for sexual maturity grade and influencing factors

EIEEX WA PR i PlE
coefficients estimate SE t value P value
HEVE male BE  intercept, £, 110 5.8740 0.7809 7.523 <0.001
1T 6.5028 0.7948 8.182 <0.001
v 9.3033 0.8806 10.564 <0.001
v 11.2100 09171 12.223 <0.001
XK FL, B 0.0680 0.006 1 11.220 <0.001
WIRIKEE D, B, 0.3501 0.1154 3.033 <0.001
HFE  month sin f3 0.1017 0.1759 0.578 0.282
cos fi —0.3522 0.1339 —2.631 0.004
MM female FHE  intercept, S, I 7.0057 1.1519 6.082 <0.001
Jigjiis 8.7785 1.2085 7.264 <0.001
v 10.4298 1.2751 8.180 <0.001
Vv 13.6516 1.3833 9.869 <0.001
XK FL, B, 0.0905 0.0098 9.235 <0.001
WHIKIE D, B, -0.1419 0.1650 ~0.860 0.195
A month sin B ~0.1668 0.2424 ~0.688 0.246
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Fig. 6 Maturity curve of T. obesus
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Reproductive biology of bigeye tuna (Thunnus obesus) in
the tropical western and central Pacific Ocean
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(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. National Engineering Research Centre for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China;
3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education,
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Shanghai Ocean University, Shanghai 201306, China;
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Abstract: Understanding the reproductive biology of bigeye tuna (Thunnus obesus) and quantifying size-specific
parameters provides the means for accurately predicting the effects of fishing on the reproductive potential of stock
and the basis for improving the assessment and management of bigeye tuna stocks. In this paper, a total number of
886 T. obesus were sampled by pelagic longline fishing in the tropical western and central Pacific Ocean (WCPO,
2°3'-11°17'S, 163°14'-173°35'E) from May 2018 to March 2019 and then their reproductive biology was investig-
ated. The effect of biological factors, such as individual fork length, and temporal and spatial factors, such as fish-
ing depth and month, on the reproductive traits of 7. obesus was assessed by a generalized linear model (GLM)
and polytomous logistic regression for the ordinal response model, combined with the circular statistics method.
The results showed that the mean fork lengths of male and female 7. obesus were (132.2+19.1) cm and
(125.4+16.8) cm, respectively. The sex ratio (female: male) of sampled 7. obesus was (0.54+0.74), and a signific-
ant negative correlation between fork length and sex ratio was detected (r=—0.263 P=0.016). Males would domin-
ate the sample group when the fork length is greater than 140cm. The output of the GLM fit showed that there was
a significant quadratic relationship between gonadosomatic index (GSI) and fork length (P<0.001), which means
GSIs of T. obesus increased with fork length, peaked at a certain fork length (130-140 cm for males and 140-150
cm for females, respectively) and then decreased with fork length. Based on circular statistics, a significant effect
of fishing months on GSIs was also detected. It is found that the GSIs of males in the first half of the year are
higher than those in the second half (sine significant, P<0.001), while GSIs of females at the end and beginning of
the year are higher than those at the middle of the year (cosine significant, P=0.021). The output of the ordered
multivariate logistic model fit indicated that gonad maturity stages increased significantly with fork length
(P<0.001) and gonad maturity stages of male 7. obesus were relatively higher during May and July (cosine signi-
ficant, P=0.004). In addition, fishing depth has a significant effect on the maturity stage of males (positive correla-
tion, P<0.001). Fork lengths at 50% sexual maturity were (96.13+1.24) cm and (104.9342.60) cm for males and
females, respectively. The findings in this paper reduce uncertainty in current stock assessment models, which will
ultimately assist the fishery in becoming sustainable for future generations and will contribute to scientific conser-

vation and sustainable yield of this species.

Key words: Thunnus obesus; reproductive biology; circular statistics; polytomous logistic regression for the
ordinal response; tropical western and central Pacific Ocean
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