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F1 MARER, BARTRYS FHFKERETEEZREE
Tab. 1 Valuesof parametersfor maturity probability, natural mortality, mean length and standard deviation of length
I PR HARIET: R EL(fR) HARIET- R EL(5) RRCIUSS WA R 22
age maturity probability natural mortality (low) natural mortality (high)  mean length standard deviation of mean length
0 0.0000 0.7040 1.1872 35.0000 7.5310
1 0.0000 0.3200 0.5396 53.0000 9.3233
2 0.5000 0.3200 0.5396 87.0000 10.6596
3 1.0000 0.4560 0.7692 119.0000 11.5941
4 1.0000 0.4444 0.7492 134.0000 12.2218
5 1.0000 0.3452 0.5820 139.9762 12.6329
6 1.0000 0.3216 0.5420 144.1395 12.8978
7 1.0000 0.3204 0.5400 147.0689 13.0944
8 1.0000 0.3204 0.5400 149.9841 13.2940
9 1.0000 0.3204 0.5400 152.8993 13.4935
10 1.0000 0.3204 0.5400 155.8145 13.6930
11 1.0000 0.3204 0.5400 158.7297 13.8925
12 1.0000 0.3204 0.5400 161.6449 14.0920
13 1.0000 0.3204 0.5400 164.5601 14.2916
14 1.0000 0.3204 0.5400 167.4753 14.4911
15 1.0000 0.3204 0.5400 170.3905 14.6906
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Tab.2 Prior of parametersfor models
A model CPUE r q; qr 7 7
S1 J U(0.05, 1.5) U(0.0, 1.0) - G(0.001, 0.001) -
S2 J LM(0.46, 0.22) U(0.0, 1.0) - G(0.001, 0.001) -
S3 J LM U(0.0, 1.0) - G(0.001, 0.001) -
S4 T U(0.05, 1.5) - U(0.0, 1.0) - G(0.001, 0.001)
S5 T LM(0.46, 0.22) - U(0.0, 1.0) - G(0.001, 0.001)
S6 T LM - U(0.0, 1.0) - G(0.001, 0.001)
S7 J+T U(0.05, 1.5) U(0.0, 1.0) U(0.0, 1.0) G(0.001, 0.001) G(0.001, 0.001)
S8 J+T LM(0.46, 0.22) U(0.0, 1.0) U(0.0, 1.0) G(0.001, 0.001) G(0.001, 0.001)
S9 J+T LM U(0.0, 1.0) U(0.0, 1.0) G(0.001, 0.001) G(0.001, 0.001)

T LM FoRIESS i, U FoR 55040, G FonM o1 T URR#EAL CPUE >k H H AEZ8 £l ; T AR briffk CPUE k A hE &
;T FoR RN T BA S hE S SRR HEL CPUE; o5 o 4350 B A S o E & AR L CPUE X N AFEE; ¢, 5 gr 3% A A
55 [ B VS SR O X R BB R AL, T KR Bo USRI A AR AE 9 AN PPAN T s AR TR], PRI B

Note: LM denotes the log-normal distribution; U denotes uniform distribution; G denotes the gamma distribution. J indicates the standardized
CPUE from Japan longline fisheries; T indicates the standardized CPUE from Taiwan, China longline fisheries; J+T indicates the standard-
ized CPUEs from Taiwan, China and Japan longline fisheries; 7; and zr are precision corresponding to the standardized CPUEs from Japan
and Taiwan, China longline fisheries; ¢; and gr are catchability corresponding to Japan and Taiwan, China longline fisheries. Because the
prior distributions of K* and B, are same for all models, their prior distributions are not listed in this table.

criterion, DIC)REHAFERY, 24 CPUE ¥ A [RI,
A GRS 3 )7 1% 22 (mean square error, MSE).,
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Fig. 1

The prior distribution of intrinsic growth rate r esti-
mated by using demographic methods
The black dashed line is lognormal distribution with
median and coefficient of variance assumed
to be 0.75 and 0.15 respectively.
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Fig. 2 The results estimated by using model S1, S2 and S3

The dashed line is the prior distribution of the parameters, the solid line is the predicted standardized CPUE and

the points are the observed standardized CPUE; r is intrinsic rate of increase and X is carrying capacity;
Chmax 1 the maximum catch; By is the ratio of biomass in the first year to carrying capacity.

Tab.3 Theresultsestimated or computed based on the modelslisted in table 2

*3 BHEBHITHER

i model MSY(10° t) (80% CI) K(10°t) (80% CI) 7 (80% CI)  Feu/Fusy (80% CI)  Bew/Busy (80% CI) DIC MSE
S1 3.22 3.23 0.27 2.59 0.60 -158.56 0.01
(2.79, 3.47) (2.29, 4.73) (0.16, 0.41) (2.03,3.42) (0.50, 0.70)
S2 3.43 2.46 0.38 2.34 0.62 -110.61 0.01
(3.29, 3.54) (2.06, 2.97) (0.30, 0.47) (1.90, 2.94) (0.53,0.72)
S3 3.67 1.65 0.61 2.06 0.67 -108.28 0.01
(3.59, 3.75) (1.44, 1.89) (0.52,0.71) (1.65,2.62) (0.58, 0.78)
S4 4.65 7.23 0.20 0.53 1.77 -128.61 0.02
(3.08,9.01) (2.97, 12.73) (0.07, 0.66) (0.21, 1.00) (1.40, 2.26)
S5 5.62 3.85 0.42 0.40 1.94 —52.64 0.02
(4.37, 10.48) (2.68, 6.86) (0.32, 0.55) (0.18, 0.62) (1.62,2.34)
S6 7.32 2.79 0.73 0.28 2.14 -102.47 0.02
(4.94,21.03) (1.85,7.85) (0.60, 0.88) (0.08, 0.50) (1.78,2.53)
S7 3.19 3.63 0.24 2.07 0.72 -165.92  (0.01, 0.05)
(2.71,3.47) (2.49, 5.49) (0.14, 0.38) (1.56,2.76) (0.60, 0.88)
S8 3.45 2.55 0.38 1.86 0.74 -106.64  (0.01, 0.05)
(33.04, 35.62) (2.13,3.09) (0.30, 0.45) (1.44, 2.36) (0.62, 0.90)
S9 3.66 1.73 0.58 1.68 0.78 -98.12  (0.01, 0.05)
(3.59, 3.74) (1.52,1.98) (0.49, 0.67) (1.27,2.17) (0.65, 0.97)

TE: Bk MSE 4 DIC Z4b, R HEF/m iR 280 . 10 5 90 /M4 80% & {7 X 14 (80%CI); A 87, S8 J& S9 X 1 f)
A~ MSE 235l B A 5 vh [ & i i bR fb CPUE T4
Note: The data in the table are median and 80% confidence interval (80%CI) based on 10 and 90 quantiles of the parameters except MSE and
DIC; the two MSEs of model S7, S8 and S9 were respectively computed from Japan and Taiwan China standardized CPUE.
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Fig. 3  The results estimated by using model S4, S5 and S6
The dashed line is the prior distribution of the parameters; the solid line is the predicted standardized CPUE and

the points are the observed standardized CPUE; r is intrinsic rate of increase and K is carrying capacity;
Chmax 1s the maximum catch; By is the ratio of biomass in the first year to carrying capacity.
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Fig. 4 The observed and predicted standardized CPUEs and the posterior distributions of
their variance estimated by model S7, S8 and S9
The solid line is the predicted standardized CPUE and the points are the observed standardized CPUE; the CPUE; and

CPUE-~ indicates the standardized CPUE from Japan and Taiwan, China respectively; sz which equals 1/7y is variance of stan-

dardized CPUE of Japan and 0'% which equals 1/z is variance of the standardized CPUE of Taiwan, China.
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Assessment of the Indian Ocean yellowfin tuna (Thunnus albacares)
using a Bayesian biomass dynamic model

GUAN Wenjiangl’ 2 ZHU Jiangfengl’ 2 TIAN Siquanl’ 2

1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. The Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai
201306, China

Abstract: The aim of the present study was to assess the Indian Ocean yellowfin tuna (Thunnus albacares) using a
Bayesian biomass dynamic model and to analyze the impacts of two standardized longline CPUE (catch per unit
effort) series from Japan and Taiwan and the prior distributions of intrinsic rate of increase () on the results of the
assessments. (1) The models fit the standardized CPUE from Japan better than that from Taiwan, and the results
indicated that the stock was overfished and subject to overfishing when the standardized CPUE from Japan was
singly used in the models. The opposite might be achieved using the standardized CPUE from Taiwan. Further-
more, when both standardized CPUEs were used, the weighting of the model-estimated Japan standardized CPUE
was greater than that of the Taiwan standardized CPUE, and the results were similar for models where only the
Japan standardized CPUE was used. (2) If uninformative prior was assigned to r, the estimate of the parameters
seemed unreasonable because the » was likely to be underestimated, and the carrying capacity (K) was overesti-
mated. If informative prior was used for r, the estimates of » and k seemed more reasonable. Because there is often
a strong negative correlation between » and K in biomass dynamics models, it is difficult to correctly estimate r
and K simultaneously, especially under data-poor situations. However, by using informative priors, estimates of
parameters of biomass dynamics models can be improved. (3) Deviance information criterion (DIC) and mean
square error (MSE) were used to evaluate model fitness, and model S8 was selected as the best model for assessing
stock status. According to model S8, Indian ocean yellowfin tuna are overfished and subject to overfishing, which
was identical to the results based on Stock Synthesis.
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