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Tab.1 Scenarios for different settings of prior distributions for parameters

prior distribution a b 7 (1/0%)
gamma distribution Ga (1.753,227.273) Ga (164.193, 53.763) Ga (0.001, 0.001)
normal distribution N (7.700x107, 8.281x107%) N (3.053, 0.058) Ga (0.001, 0.001)
uniform distribution U (8.000x10°*, 3.680x10°%) U (2.300, 3.822) Ga (0.001, 0.001)

/117
Ga(p,A)~ xP e x>0.
'(p)

P
Note: The following form of gamma distribution was used: Ga(p, 1) ~ Lx”’le’“ for x>0.

I(p)
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Tab.2 Summary statistics of the estimated parameter a and b based on each set of prior distribution
data model parameters gamma distribution normal distribution uniform distribution
a (x107) 7.237,7.138, (5.120, 9.903) 7.312,7.242,(5.122,9.969)  7.381, 7.255, (5.108, 10.382)
Model I B 3.0774,3.0773, (2.9496, 3.2067)  3.0774,3.0773, (2.9496, 3.2067) 3.0706, 3.0709, (2.9314, 3.2076)
spring a (x107) 6.186, 6.113, (4.633, 8.150) 6.185, 6.128, (4.594, 8.107)  6.170, 6.098, (4.575, 8.161)
Model 11 B 3.1360, 3.1367, (3.0228, 3.2465) 3.1361, 3.1357, (3.250, 3.22498) 3.1374,3.1377, (3.0224, 3.2514)
a(x107)  5.016,5.010, (4.635, 5.435) 5.026,5.019, (4.625, 5.447)  5.024, 5.018, (4.623, 5.461)
Model I B 3.1668, 3.1669, (3.1344,3.1981) 3.1661, 3.1663, (3.1335, 3.1989) 3.1662, 3.1663, (3.1325, 3.1990)
autumn a (x107) 4.892,4.891, (4.679, 5.113) 4.896, 4.895, (4.682,5.118)  4.890, 4.889, (4.677,5.113)
Model II B 3.1774,3.1774, (3.1566, 3.1981)  3.1770, 3.1770, (3.1561, 3.1978)  3.1776, 3.1776, (3.1566, 3.1983)
a (x107) 4.389, 4.384, (3.953, 4.859) 4.382,4.373,(3.953,4.850) 4.372,4.367, (3.930, 4.845)
Model I B 3.2310, 3.2310, (3.1895, 3.2727)  3.2317,3.2319, (3.1902, 3.2727) 3.2326, 3.2325, (3.1906, 3.2750)
winter a (x107)  4.479,4.473, (4.101, 4.891) 4.486, 4.483, (4.095,4.894)  4.472, 4.468, (4.086, 4.876)
Model I b 3.2206, 3.2207, (3.1810, 3.2593)  3.2199,3.2197,(3.1807,3.2599) 3.2213,3.2212,(3.1824, 3.2610)

95% 95%

Note: The statistics are point estimate, median, lower limit of 95% confidence interval and upper limit of 95% confidence interval for each

parameter.

+3.00%

, b
DIC

—19.63%~-16.99%,

1.87%~2.13%;

. a

+0.40%
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Tab.3 DIC values for two models based on each set of prior distribution

DIC
data model
gamma distribution normal distribution uniform distribution
spring Model I 830.9 831.4 831.6
Model II 808.3 808.3 808.4
autumn Model I 1025.0 1025.0 1025.0
Model II 263.9 263.9 263.9
winter Model 1 451.9 452.1 452.1
Model II 328.6 328.7 328.8
32 32 3 32
28 HF 28F  BE 281 &F
= 24 spring = 24 autumn = 241 winter
0.3 201 2078 20 @20t
i = 16} i 2 16t B = 16f
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5 MR
Fig. 5 Scatter plot of fork length and body weight of Japanese anchovy E. japonicus
Points inside of the cluster were removed to clearly display the distribution of the weight—length data.
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Tab. 4 Summary of parameter a and b of Japanese anchovy E. japonicus in different years

waters sampling date @ (<107 b length rar/l(;: length type sources (XalT()L3) a0

North Yellow Sea }gggjggg 4.741*  3.1100 - - FL [9] 3.548 0.00473

Daya Bay 1985-1986 3.670  3.1960 4.00~12.00 - SL [10] - -
Yellow Sea 1987.11-12 4.000  3.0900 - - TL [11] 4.000 0.00506
Laizhou Bay 1998-1999 6.392* 3.1067 8.00~13.50 312 FL [12] 4.786 0.00633
South Yellow Sea 2001.01 4.948* 3.0785 - - TL [13] 4.948 0.00608
South Yellow Sea 2004.01 4.011* 3.1671 - - TL [13] 4.011 0.00621
South Yellow Sea 2006.10-11 3.600  3.2040 4.80~12.20 35 TL [14] 3.600 0.00614
Jiaozhou Bay 2008.09-2009.08  24.000  2.4960 10.90~13.90 &3 TL [15] 24.000 0.00597
North Yellow Sea 2012-2014 spring 6.186  3.1361 8.50~15.20 231 FL this study 4.619 0.00660
North Yellow Sea 2012-2013 autumn 4.892  3.1774 5.05~15.20 589 FL this study  3.639 0.00579
North Yellow Sea  2011-2013 winter  4.479 3.2206 5.50~15.20 284 FL this study 3.318 0.00591

* a ( g cm g

Note: Values (with *)of parameter @ with length in cm and weight in g converted from those with length in mm and weight in g in the literatures.
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+ (o)}
T T

4 K/em
o

total length

<
T

4 6 8 10 12 14 16 18

MK /em
fork length

6 fig
1838 ;6

s

Fig. 6 Scatter plot of total length and fork length of Japanese

anchovy E. japonicus

The regression line in the figure was drawn according to 1 838
sets of FL and TL data but only the points in the outline of the
cluster were drawn to clearly display the relationship between

TL and FL.
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Parameter estimation of the weight—length relationship of Japanese
anchovy in the north Yellow Sea using Bayesian methods

ZHU Lixin', HOU Gang’, LIANG Zhenlin'

1. Marine College, Shandong Universtiy, Weihai 264209, China;
2. Fisheries College, Guangdong Ocean University, Zhanjiang 524088, China

Abstract: The weight—length relationship of the Japanese anchovy Engraulis japonicus in the north Yellow Sea was
estimated using Bayesian methods. The relationship was calculated for both the assumption of an additive error struc-
ture and for a multiplicative error structure. The species form factor was calculated according to estimated parameters
from this study and those found in the literature. Samples were obtained from the commercial catch of trawls at Weihai
Port and Shidao Port and of set nets in Shuangdao Bay in Shandong. Bayesian methods effectively estimated parameters
a and b of the weight-length relationship and their uncertainties. The deviance information criterion selected the
weight-length relationship with multiplicative error structure as the best model from the candidate models. The
weight—length relationships of Japanese anchovy in spring, autumn, and winter were W=6.186xL>"% w=4.892x1>'""
and W=4.479xL***% respectively. There were significant differences among the seasonal curves of the weight-length
relationship. The springtime curve was located above those of autumn and winter, while the autumnal curve was similar
to that of winter. Thus, the relationship for pooled data across seasons would underestimate the weight in spring and
overestimate autumn and winter weights. Parameter a varied irregularly between 1964 and 2014, while parameter b
showed an increasing trend since 2004, where estimated values between 2004 and 2014 were distinctly larger than those
prior to 2004. The weight-length curves since the late 1990s were located above those from the 1960s to the1980s, im-
plying the mean weight for a given size fish had increased. The total length—fork length (TL-FL) relationship of Japa-
nese anchovy in the north Yellow Sea was TL=0.0615+1.0909FL. The form factor of Japanese anchovy ranged from
0.004 73 to 0.006 60 (median=0.006 03), which could serve as an index for the characteristic shape of Japanese anchovy.
Thus, this study provided basic parameters needed to evaluate Japanese anchovy stocks and to further investigate the
response mechanism of Japanese anchovy to fishing pressure and environmental changes.

Key words: Engraulis japonicus; weight—length relationship; Bayesian method; form factor; north Yellow Sea
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