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Tab.1 Environmental survey data of threereef areas

HHESHL environmental parameters

522 =y
region seson wate:Jt(;ijr]r%q/;;ature DO/(mg/L) sjﬁfﬁy COD/(mg/L) inﬁziﬁéflrirtlilggn Eiﬁzzi%fi;(igtr;g/m
K & i IX 4 spring 10.83+3.24 10.21+0.87 32.13+0.75 0.78+0.29 0.12+0.06 0.03+0.01
rce}?ﬁ:o H summer  20.25+3.71 7.89+1.42 31.80+0.72 1.3820.61 0.120.04 0.08+0.05
# autumn  18.81+4.06 8.18+1.79 31.82:0.98 1.36+0.29 0.08+0.08 0.13+0.06
£ winter 8.62+4.17 9.24+1.57 31.48+0.99 0.55+0.48 0.16£0.03 0.16+0.03
PEEE X 4 spring 12.23+3.69 9.90+0.58 32.10+0.94 0.93+0.41 0.05+0.02 0.04+0.02
i‘eg‘flzlr‘:: H summer  21.04+2.52 7.93+1.32 31.83+0.45 0.86+0.21 0.1120.01 0.070.02
# autumn  19.31+1.83 7.38+0.20 32.02+0.56 1.03+0.19 0.05+0.02 0.15+0.02
% winter 7.25+3.31 9.77+0.74 32.27+0.23 0.84+0.63 0.11+0.03 0.18+0.01
Wi =H@mX 4 spring 14.00+1.00 8.47+0.25 30.36+0.18 0.81+0.59 0.10+0.07 0.08+0.05
r%i:fn:f;dao K summer  25.33£1.61 8.08+2.38 30.79+£1.56 1.68+0.31 0.10+0.08 0.09+0.04
K autumn  20.93+3.03 7.99+1.22 29.11+0.12 1.4240.29 0.12+0.07 0.20+0.00
£ winter 6.80+3.36 9.97+1.66 29.80+0.65 1.13+0.82 0.10+0.03 0.15+0.01
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Fig. 3 Distributions of body length and body weight of Sebastes schlegelii in different years, seasons and regions
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Fig. 4 Length-weight relationship of Sebastes schlegelii in Changdao (a), Xixiakou (b), and Qiansandao (c) reef areas
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Tab. 2 Themodel constructions for body length-weight
relationship of Sebastes schlegelii and fit statistics

£ 7 %l

FELAY it AL 355 7 AIC RMSE R
model random effect

Ml & —997.091 0.176 0.9791
M2 FEARIEE —999.915  0.175 0.9794

M3 Ef-REE

M4 ARG AR R

M5 F-RER

M6 ZFET-FER

M7 ET-EERR R

M8 i

M9 IR

MI10 RS~ AR

M1l AR{R IR R

MI2 AR R RER

MI13 ARG AT R A A

Mi4  AEG RIS~

MI15  ARAR FIEE

M16  AF {53 FITE Bl — 80 AR 32

MI17 =95 RIS

MI8  ZE 15 FIE IR

M19 =3RRI R A A

M20 AR, 2RI

M21 ARGy IR AR

M22 i{?é*ﬁ%ﬂ(&iﬂk—&&ﬁ%ﬂ -1099.870  0.170 0.9806
T ML OGS SRR, M2-M22 2tk IR A A0M R . AIC
TRUAE EEI, RMSE 45 J7 i 2%, AIC Fil RMSE {H /), 1R
TR i
Note: M1 is the generalized linear model, and M2-M22 are the
linear mixed-effects models. AIC is the Akaike Information

Criterion, and RMSE is the Root Mean Squared Error. The smaller
values of AIC and RMSE indicate the better fit of the model.

-997.864  0.175 0.9793
—-1070.700  0.172 0.9801
-1012.810 0.174 0.9796
—-1010.400 0.174 0.9796
-1012.960 0.174 0.9796

—998.898  0.176 0.9791

-998.898  0.176 0.9791

-999.199  0.175 0.9792
-1026.700  0.173 0.9798
-1018.910  0.173 0.9797
-1099.120  0.170 0.9806

-997.915  0.175 0.9794
-1018.910  0.173 0.9797
-1067.620  0.172 0.9801
—-1010.810 0.174 0.9796
-1018.910  0.173 0.9797
—-1010.880 0.174 0.9796
-1026.700  0.173 0.9798
-1018.910  0.173 0.9797




120 H [ K R 2 %30 &
1200 - 1200 - 4Ef} year
—2017
P 1000 1000 -
3 800 ¥
15} -
4 > 8001
2 600 g
o0 £, 600 |
HE] 400 | ‘ﬁ
£ ol & 400 -
o} 200 -
0 50 100 150 200 250 300 350 200 250 300 350
£+ /mm body length £+ /mm body length
REEGEKEERR (2HKL) ANRFEGEK-EELR (KA T200 mm)
interannual variationfs of length-weight relationships interannual variationfs of length-weight relationships
(The whole body length group) (Body length greater than 200 mm)
1200 - 1200 -
—— 5H May —— 5H May
= 1000 + ... 78 Jul. £ 1000 [~ - 7H Jul.
A= —— 104 Oct. J’_Sj) —— 10H Oct.
2 800 2 s00 L 12 Dec.
>
g 600 f ]
e o 600 |
HE‘ 400 @
® L
200 | £ 400
0t 200 -
0 50 100 150 200 250 300 350 200 250 300 350
{4 /mm body length {4 /mm body length
AREBFHRKARERR (SFKY) ARZEFHREALTRER (EKKT200 mm)
seasonal variations of length-weight relationships seasonal variations of length-weight relationships
(The whole body length group) (Body length greater than 200 mm)
1200 - 1200 -
| —— KEAMEKX Changdao e Chaned
=1 P R
B goo L T PHEHAMIX Xixiakou B  WELAPRK Xixiakou
i z 800 P
g 600 | g
- < 600 [
= 400 [ 2
g -
200 & 400
= 200 -
0 50 100 150 200 250 300 350 200 250 300 350
&K /mm body length A+ /mm body length
AR KRR (2K AR AR TR (MK F200 mm)
regional variations of length-weight relationships regional variations of length-weight relationships
(The whole body length group) (Body length greater than 200 mm)
K5 VPRSP RIAEG . 55 s i A KA E G &R
Fig. 5 The body length-weight relationships of Sebastes schlegelii in different years, seasons and regions
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Tab. 3 von Bertalanffy growth parameters obtained

by simulated annealing optimization
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Tab. 4 Growth and death parameters and exploitation rates of Sebastes schlegelii in three reef areas
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BIET: R EU(Z) total mortality coefficient 0.87 0.62 0.74
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i PET R BU(F) fishing mortality coefficient 0.43 0.29 0.34
JF % #(E) exploitation rate 0.49 0.47 0.46
T A& MRZS status of development AR AT K BT K&
50%iE 4K K (mm) 50% selected body length 63.60 95.50 93.03
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Fig. 6 The yield per recruitment curve of Sebastes schlegelii in Changdao, Xixiakou, and Qiansandao reef areas
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Growth heter ogeneity and resour ce assessment of Sebastes schlegelii in
three artificial reef areas of coastal Shandong

CHEN Shuyue', DONG Xiugiang®, YU Mengjie', LIU Shude?, ZHAO Wei', SHENG Huaxiang', TANG Yanli'

1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
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Abstract: This study aimed to explore the growth heterogeneity and evaluate resource development status of
Sebastes schlegelii in three artificial reef areas (Changdao reef area, Xixiakou reef area, and Qiansandao reef area)
in coastal Shandong from 2017 to 2021 based on ocean environment and resource survey data. The ELEFAN
method of Bootstrap was used to explore the growth characteristics of S. schlegelii, the Length-Converted Catch
Curve was used to explore the death characteristics of S. schlegelii, the linear mixed-effects model was used to
study the spatial and temporal heterogeneity of body length-weight relationship of S. schlegelii, and the
Beverton—Holt model and exploitation rate were used to explore the resource utilization of S. schlegelii. The
results showed that the growth condition factor (a) of S. schlegelii in the Qiansandao reef area was significantly
higher than that in the Xixiakou and Changdao reef areas. The asymptotic body length and asymptotic body weight
of S. schlegelii in the Qiansandao reef area were the largest, followed by those of the Xixiakou and Changdao reef
arca. The total death coefficient and natural death coefficient of the Changdao reef area were 0.87 and 0.44,
respectively, which were higher than those of the Xixiakou and Qiansandao reef area; the parameters a and b
obtained using the linear mixed-effect model ranged from 1.48x107 to 5.92x10° and 2.85 to 3.13, respectively.
With the same body length conditions, the individual quality of S. schlegelii in the spring and autumn of 2020 was
the highest in the Qiansandao reef area, followed by the winter of 2021, 2018, and 2017 in the Xixiakou reef area;
the summer of 2019 in the Changdao reef area was the lowest. The exploitation rate conformed to the mild
development indicators of the Gulland theory, and the Beverton—Holt model showed that the fishing current points
of the three reef areas were all located in the optimum yield area, but close to the edge of the optimum yield area;
thus, the fishing intensity should be controlled.
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