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C. the base width of the fin ray; L. the vertical length of the fin from the
base to the end; 10%, 20%, 50%. the cross section of the central line of
different heights; R. fin slice surface radius; Ri. radius of ring i; d. fin

section diameter; di. the distance of i from one side to the ring line
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Fig. 3 Schematic diagram of fin ray age identification
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Tab.1 Age composition of each experimental group

i /a L10%7% L20%7% L50%7% Bt
age L10% method  L20% method  L50% method total
1 6 6 3 15
2 15 21 18 54
3 36 30 24 90
4 54 45 45 144
5 66 60 54 180
6 36 39 45 120
7 21 24 30 75
8 9 9 9 27
9 3 6 3 12
St total 246 240 231 717
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L50%i%  L50% method APE;=3.461%<10%
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Tab.3 Effective number of samples and fin ray radius for three groups
215 L10%3% L20%2: L50%% At
group L10% method L20% method L50% method total
AU the effective sample 246 240 231 717
MAKSEH/em  fork length range 57~108 61~109 61~107 57~109

g5 -2 /em  ray radius range

0.161 1~0.294 6 0.2111~0.351 2

0.231 1~0.388 2

0.161 1~0.388 2

T4 ZHRBRBEXRER
Tab.4 Three kinds of function model results
51 L10%i% L20%7%: L50%7%: it
group L10% method L20% method L50% method total
XK ANE KR Z AR R ERAg it FL=45.402¢>*"  FL=48.578¢>Y " FL=54.072¢" FL=56.933¢"%*
the relationship between fork Index model (AIC=298) (AIC=271) (AIC=313) (AIC=986)
length and radius of fin ray LR AR R FL=259.00R+31.01 FL=215.45R+35.10  FL=167.97R+44.36  FL=161.45R+49.64
Linear model (AIC=301) (AIC=272) (AIC=315) (AIC=983)
R AR FL=232.19R"*! FL=221.76R"*"" FL=186.56R"**’ FL=175.7R"***
Power function model  (AIC=270) (AIC=262) (AIC=308) (AIC=973)
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Tab.5 The corresponding inverse fork length of annulus
BRSO R RIS 5 X K em
T Hl/a FAKUR the corresponding inverse fork length of annulus
methods age number I 1 il v \% Vi Vil Vil X
MonastyrskyiZ: 1 15 77.25
Monastyrsky method
54 79.48 77.50
3 90 76.95 83.47 82.82
4 144 74.38 74.63 76.09 84.58
5 180 - 77.28 80.00 87.78 87.80
6 120 - 80.00 82.14 84.32 90.33 94.67
7 75 - - 90.28 84.85 90.63 92.94 104.74
8 27 - - - 86.16 86.12 95.32 105.50 102.97
9 12 - - - - 91.12 95.10 98.73 109.39 107.25
FHME/em 77.03 78.61 82.33 85.54 89.21 94.51 103.01 106.20 107.25
average value
T oMb KR il T AR K A T AR IR A H
Notes: “—” indicates the data that is not obtained due to the vasodetion of fin rays
Fo6 EREMEKER
Tab. 6 Growth rate and indicators
Fe/a ST X Ke/em AHX AR AR i AR K ERIS LN
age the average inverse calculated fork length RGR IGR GI
1 73 0.104 0.110 7.591
2 81 0.071 0.074 5.788
3 87 0.045 0.046 3911
4 91 0.043 0.044 3915
5 95 0.031 0.032 2.954
6 98 0.020 0.020 1.980
7 100 0.020 0.020 1.980
8 102 0.010 0.010 0.995
9 103 - - -
“FH{H  average value 0.043 0.044 3.639

e R e TR TR R SR BUE TEVE R B2 B E K S M

Notes:“—"indicates that the growth parameters of this stage can not be obtained because there is no subsequent data
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AT TR R, AR AR 118 A AT ol A T it
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FIBellXf b K-V A A7 B 5T i s 3] 1
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Fig. 8 Growth rate and growth indicators
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Tab.7 The advantages and disadvantages of age determination based on different materials

Ek AN 1 E A B
material different point of view advantages disadvantages
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YT TH S Qe UG DS RGO R A5 a, Bftar mian s Mk, ke

+or ek

i % Bk 75 T FEARHI 2 BB RIRA I X AR AR 2 = AR IR K TE R F AR R B &I e A, FELKE
fin Al Jr AT

YRTTTH Z R JE AR B T RIS AL TSR, BE LRSS — DA ZNE I

#, HAEMCR TR b R2mm A5 AR08 1) %5

HA B 5 B T HADB AR At A e i), KEESAR I B AR AE R RSk, 4B A
otoliths ZF S TR B> A, HAGWIR MRS AT E

SRTTTH JE I AT AL S T DTS e B R AL WA B ATHT s b, 1R M5 RS0 TAE
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Tab. 8 Age identification of cutting position

R S AL Sk

seas species the cutting position reference
EIEE#  Indian Ocean KIREHHE Thunnus obesus 10% [16]
ENEE¥Em#8  Southern Indian Ocean KIRGAE Thunnus obesus 10% [17]
ENEE¥ RSB Central and Southern Indian Ocean KIRGAE Thunnus obesus cr [5]
1P KFE  Central and Western Pacific #%  Katsuwonus pelamis cr [18]
ENFEVPEFPEES Mid-western Indian Ocean KRG Thunnus obesus cr [19]
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Age and growth of albacore tuna (Thunnus alalunga) in
the North Pacific Ocean based on sectioned fin ray

JIANG Jianjun *, XU Liuxiong >**,  ZHU Guoping ***, GUO Zhixun', ZHU Weijun ’

(1. Key Laboratory of Aquatic Product Processing, Ministry of Agriculture and Rural Affairs of the People’s Republic of China,
South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China;;
2. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
4. Key Laboratory of Shanghai Education Commission for Oceanic Fisheries Resources Exploitation,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: The North Pacific albacore tuna (Thunnus alalunga) is one of the main target species of tuna longline
fisheries, and the conservation and management of this species have been increasingly concerned by tuna regional
management organizations, such as WCPFC. T. alalunga is a kind of highly migratory species mainly living in the
tropical and subtropical waters. This species which lives in the North Pacific Ocean generally spawns at the
western and central part of the tropics and subtropics in spring and early summer. In the juvenile period of T.
alalunga, a number of albacores migrate from the North Pacific to the temperate waters of the eastern Pacific. The
spawns will migrate to the western tropical and subtropical regions of the Pacific to spawn. This set of patterns of
movement will be juvenile fish recorded. The migratory characteristics of this species can provide an important
basis for its sustainable utilization and management. Since the difficulty of sample collection, studies for the age
identification of the North Pacific T. alalunga were few. Therefore, we studied the age and growth of T. alalunga
in the North Pacific by the species’ spines data from the survey of the long-spines tuna fishery in the North Pacific
during the years of 2013 and 2014. The fin rays are the newest manifestation of the biological information of 7.
alalunga in the North Pacific, providing useful information for the sustainable utilization and management of 7.
alalunga in the North Pacific. Information on the age and growth is very important for conducting stock
assessment of this species. Based on 258 fin ray samples collected on the Chinese tuna longliner “Tianxiang 16”
operated in the North Pacific between October 19, 2013 and April 5, 2014, the age and growth of the North Pacific
T. alalunga were studied. Three different cutting positions were involved in the processing of section selection,
and three functions, the linear function, exponential function and exponential function respectively, were also used
to fit the relationships between the fork length and fin ray radius. The Von Bertalanffy growth function of the
North Pacific albacore was L=112.231x[1-¢ **7"“"49],

Key words: Thunnus alalunga; fin ray; age and growth; North Pacific Ocean
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