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Fig. 1 Sampling stations of O. oratoria in the marine

area of Shandong
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Tab.1 Composition of O. oratoria sampled from different seasons in the marine area of Shandong

Kok 3 W time it B

depth/m sex 201610 201701 201705 201708 sum total biomass

0<d<20 MEPE female 56 161 730 497 1444 2651
HEPE  male 50 72 775 310 1207

20<d<30 WMk female 115 162 322 175 774 1424
HEPE  male 90 89 316 155 650

d>30 HEPE female 105 66 160 54 385 745
HEPE  male 126 54 116 64 360

Hil sum 542 601 2419 1258 4820
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Fig.2 Length distribution of O. oratoria in different seasons in the marine area of Shandong
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Tab.2 Parameters of length distribution of O. oratoria in different seasons in the marine area of Shandong

ESa 2H AR

season composition A w(mm) °
=  autumn 102.40 20.87
X2 winter fk#4H  low age cohort 0.59 68.86 14.36

kY4l high age cohort 0.41 122.17 17.51
#Z  spring fK#E4H  low age cohort 0.40 76.87 1132
kY4l high age cohort 0.59 110.62 16.50
HZ=  summer fK#Y4H  low age cohort 0.37 85.39 15.90
kY4l high age cohort 0.63 119.56 14.16

T MORAFEBIRMEEEI LG wEoR TR KPR ofOR TR I B R L

Notes: A means the proportion of different population; p means the mean length of subpopulation; 6 means the dispersion degree of the length of

subpopulation
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Fig. 3 Length distribution of female and male O. oratoria in
different seasons in the marine area of Shandong
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Tab.3 Parameters of length distribution of female and male Oratosquilla oratoria in
different seasons in the marine area of Shandong
E R WMk female HEYE male
season composition A Wmm . A wmm p
ZF  autumn 97.84 19.65 / 107.14 21.09
U441 low age cohort 0.60 65.92 14.31 0.53 72.82 11.59
A7 winter
Sii% 20 high age cohort 0.40 121.85 17.70 0.47 119.83 18.85
fR#Y4H  low age cohort 0.49 75.04 11.11 0.39 80.99 11.73
#HZ=  spring
F4 4l high age cohort 0.51 107.31 15.54 0.61 115.11 15.70
fR#Y4H  low age cohort 0.71 95.76 21.09 0.25 85.83 14.42
HZ= summer
FRS 4L high age cohort 0.29 123.64 9.33 0.75 119.78 15.39
A AR RBEMEBI S pFR TRARN IR K oFR TR R 10 B B B

Notes: A means the proportion of different population; p means the mean length of subpopulation; ¢ means the dispersion degree of the length of

subpopulation
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Fig. 4 Length distribution of O. oratoria in different depths in the marine area of Shandong
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Tab. 4 Parameters of length distribution of O. oratoria in different depths in the marine area of Shandong

KR /m ZiNgY

depth composition A wmm °
fK#4H  low age cohort 0.50 79.52 15.18
0<d<20
& 20 high age cohort 0.50 118.53 15.56
{RHY4 low age cohort 0.32 75.00 12.59
20<d<30
k4L high age cohort 0.68 11227 17.67
{RH4 low age cohort 0.74 93.53 19.46
d>30
FiW4 4l high age cohort 0.26 113.03 12.24

T MORAFEBIRMEEEI LG wEoR TR KPR ofOR TR I B R L

Notes: A means the proportion of different population; p means the mean length of subpopulation; 6 means the dispersion degree of the length of

subpopulation
5 WHRSEARKREEOTHAKIHHSH
Tab.5 Parameters of length distribution of female and male O. oratoria in
different depths in the marine area of Sha dndong
VAN I
K (m) sk WEPE  female HEME male
depth composition 0y Wmm p A Wmm p
fiK#41  low age cohort 0.55 76.55 14.91 0.50 86.13 15.21
0<d<20 N
ke 4l high age cohort 0.45 117.46 14.52 0.50 122.10 15.20
k#5841  low age cohort 0.36 73.23 13.11 0.25 76.10 10.18
20<d<30
k4l high age cohort 0.64 109.07 17.25 0.75 114.68 17.91
fK#41  low age cohort / / / 0.18 74.03 9.05
d>30
%4 high age cohort / 94.64 19.79 0.82 108.84 14.37

s MR IS wEoR TR K TR ooR TREM A B e L

Notes: A means the proportion of different population; p means the mean length of subpopulation; ¢ means the dispersion degree of the length of

subpopulation
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Fig. 5 Seasonal variation of length frequency of Oratosquilla oratoria in
different depths in the marine area of Shandong
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different depths in the marine area of Shandong

Tab. 6 Seasonal variation parameters of length frequency of O. oratoria in

Ki/m 9 d<20 20<d<30 d>30
depth composition 2 wmm o A wmm o 0y wmm .
#*Z  autumn / 10342 25.04 / 107.14 2213 / 98.41  15.46
fR#Y41  low age cohort 0.60 64.88  14.37 0.60 7131 12.38 0.29 66.08 9.34
£ winter
=4l High age cohort 040  121.06  19.42 040 12743 1543 0.71  110.17  17.83
fR#Y41  low age cohort 0.40 11.06 0.45 78.09  12.50 0.64 89.70  20.82
HZ  spring
FWs 4l High age cohort 0.60 10841  18.01 0.55  116.63  13.50 036  117.25 9.78
fR#Y41  low age cohort 0.41 17.59 0.17 76.10 8.26 0.68 9421  19.21

HZ=  summer
744 High age cohort 0.59

123.19

12.62 0.83 104.08 20.45 0.32 111.15 6.40

T MRIRA R R A E H s

PRIRTRRI PR o TR K 1 B R R

Notes: A means the proportion of different population; p means the mean length of subpopulation; ¢ means the dispersion degree of the length of

subpopulation
1 HF Bk Al AR AR R, I8 T B B AR 5T
T B 1 MR i AR % AT MEA 20 A, A0 iy

A 0 il S 4 i S5 194 23 A Xk 10 M o A i AT
YA P AT [ A [ g 0 B o AR 2 A4 8y
I 2N B — 2L TS
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Population length structure analysis of Oratosquilla oratoria in
the marine area of Shandong based on finite mixture model

GENG Yuling ', ZHANG Chongliang ', LUAN Jing', BXUinduo', XUE Ying', REN Yiping ">
(1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for
Marine Science and Technology, Qingdao 266237, China)

Abstract: Individual length frequency is an important structural feature of fishery resource population. Generally,
analytical indicators such as average individual body length or average body weight are used in studies, which is
difficult to fully reflect the population composition differences with multiple age structures and different indi-
vidual growth rate. These study analyzed the temporal and spatial variation of individual size composition of
Oratosquilla oratoria, according to the bottom trawl survey data collected in October 2016 and January, May and
August 2017 in the marine area of Shandong, using the Finite mixture model to analyzed the length frequency dis-
tribution characteristics of individual size of O. oratoria with different time and depths. The research shows that,
the O. oratoria in the marine area of Shandong can be distinguished as high and low age cohorts except autumn,
and there is a certain difference in the distribution of male and female body length. The proportion of female O.
oratoria in the low age cohorts decreased first and then increased from winter to summer, while the proportion of
male O. oratoria decreased gradually. In terms of different depths, the individuals in the low age cohorts are
mainly concentrated in the offshore areas, and the proportion decreases gradually from offshore to the open sea.
The distribution of age cohorts showed seasonal differences. In spring, the proportion of O. oratoria in high age
cohort was the largest in the offshore area, and the proportion gradually decreased from offshore to open sea. The
percentage of O. oratoria in the high age cohort in summer was the highest in water depth of 20-30 meters. The
percentage of O. oratoria in the high age cohort in winter increased gradually from offshore to open sea. This
paper preliminarily analyzed the temporal and spatial distribution of O. oratoria in different age cohorts in the
marine area of Shandong, and the research results are of great significance for in-depth understanding of popula-
tion distribution dynamics and scientific fishery management.Previous studies on the size composition of O. ora-
toria were only grouped according to the size of body length, ignoring the differences in the growth rate among
individuals of different O. oratoria, and there might be overlap of body length frequency among different age
groups. Therefore, a Finite Mixture Model was used in this study to divide the body length frequency of O. ora-
toria into subgroups of different sources (different age groups) according to the statistical test results. This is a new
exploration of the distribution of O. oratoria resources. In future studies, the proportion of different age cohort
obtained by the Finite Mixture Model can be used to infer the spawning area of O. oratoria. Meanwhile, the distri-
bution of different age cohorts of O. oratoria can be studied in depth by combining Lipofuscin analysis. It is of
great significance to fully understand the temporal and spatial changes of O. oratoria distribution, and is helpful
for the scientific development and management of O. oratoria resources.

Key words: Oratosquilla oratoria; population age structure; length frequency distribution; finite mixture model,

seasonal
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