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Fig. 1 Fishery areas in the offshore waters of Shandong Province
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Tab.1 Explanatory variables in Tweedie-GAM
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2K type

ik description

JIK 27K IR/ C sea bottom temperature  SBT

JKJZELJE sea bottom salinity SBS
7K ¥R /m depth depth
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(current year)
T —4E i 55 55 1 1 /(kW-d)
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Al year year it [E] time

45 fishing
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Fig. 2 The annual mean CPUE of Sepia esculenta in the offshore waters of Shandong Province from 2018 to 2023
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Tab.2 Test and degree of multicollinearity of factors

influencing the fishing ground distribution of Sepia
esculenta in the offshore waters of Shandong Province

B8/
77

Ao (& F

JEEE | ORERE ARG 2 NMlEEE (Y AT factors Tw-GAM1  Tw-GAM2  Tw-GAM3
PSR E S ) )it T 2 Bt HHH T SBS 4.590 4.604
SRR, RN 2 R, VIF EHNT 10, £ peee™™ spr 1749 1792
W& R 7 Z [ AEAE 22 AL v, Y mT A S Ay depth 4.970 4.978
(] 1 A8 iﬁiﬁmrs effort(n=1) 1114 1121
effort(n=t-1) 1114 1134

2.4 Tweedie-GAM R IE(G
RWFFER R 34> Tweedie-GAM M 4552 ]
THM RS EANSER 2 s, TERLRL 1 v, AR RE

T SR szm R XN TR VIF .
Note: The numbers corresponding to the factors in the table
represent the VIF values.
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JRIZEREE | ARGy . HAEEI S i . KGRI —
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H i 25 AR AR R I TR T 2K R (22.6%) (3R 3)
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WO REAEAE— & 22 5. RIEIEMFEAR RS 0
RMSE, Tw-GAM3 ($ili#35 K7+ 3R 458 K 1+ B ] R )
HARAF W ERE, R %%, H RMSE 8K
(181 5) BRI, AWFFE PRI RI AT IR 21 734

%3 WHKEBEEWREME Tweedie-GAM H&EFRIHEESE

Tab.3 Parameters of each factors in the optimal Tweedie-GAMs

T model AIC AAIC

Z R 22 B R /% cumulative deviance explained i 7% fi# B % /% deviance explained

Tw-GAM1 (p=1.583)

SBT 239.17

+SBS 226.23 -12.94
+year 210.86 -15.37
+depth 207.74 -3.12
Tw-GAM2 (p=1.624)

year 258.09
+effort(n=t) 255.68 -5.53
+effort(n=t-1) 252.38 -3.30
Tw-GAM3 (p=1.579)

SBT 239.17

+SBS 226.23 -12.94
+year 210.86 -15.37
+effort(n=r) 207.28 -3.58
+depth 205.72 -1.56
+effort(n=t-1) 204.34 -1.38

22.6 22.6
29.6 7.0
39.3 9.7
435 3.8
113 11.3
15.0 3.7
16.4 1.4
22.6 22.6
29.6 7.0
39.3 9.7
412 1.9
44.0 2.8
45.6 1.6

T Fh p (HRE Tweedie 201 M RERS L.

Note: The p value in the table represents the energy efficiency parameter of the Tweedie distribution.
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Fig. 5 Estimates of R* and RMSE resulted from 100 times cross-validations of three Tweedie-GAMs
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Fig. 6 Effects of environment and fishing factors on CPUE of Sepia esculenta in the offshore waters of Shandong Province
Shaded regions represent 95% confidence intervals. The fishing effort in the current
year and that in the previous year are converted to natural logarithm values.
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Distribution of Sepia esculenta fishery in Shandong coastal waters and
its relationship with fishing and environmental factors

JIANG Yue', ZHANG Chongliang"?, XU Binduo"?, JI Yupeng" % REN Yiping"?, XUE Ying"*"

1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
2. Field Observation and Research Station of Haizhou Bay Fishery Ecosystem, Ministry of Education, Qingdao 266003,
China

Abstract: As an important fishery resource in the offshore waters of Shandong Province, the fishing ground
distribution of Sepia esculenta and its relationships with influencing factors have attracted much attention. This
study constructed a generalized additive model (GAM) based on Tweedie distribution to analyze the distribution
characteristics of Sepia esculenta fishing grounds in the offshore waters of Shandong Province and their
relationships with fishing pressure and environmental factors, using monitoring data of fishery production from
2018 to 2023. The results showed that Sepia esculenta fishing grounds are mainly distributed in the Haizhou Bay
fishing grounds and Qinghai fishing grounds in the central Yellow Sea. The center of gravity of the fishing
grounds for Sepia esculenta tended to shift northwards annually, and showed a trend moving from northwest to
southeast monthly. Through model comparison, the Tweedie GAM model, which includes fishing, environmental,
and time factors, had the best fitting effect and predictive performance. Sea bottom salinity, sea bottom
temperature, and depth that are suitable for the distribution of Sepia esculenta in autumn are 31-34, 16-22 °C, and
approximate 28 m, respectively. The fishing effort of the current year had a positive effect on the catch per unit
effort (CPUE) of Sepia esculenta, while the fishing effort of the previous year had a negative effect. This study
revealed the impact of external driving factors on the distribution of Sepia esculenta resources, which is of great
significance for the rational planning of commercial fishing production, strengthening the scientific management
and resource conservation of Sepia esculenta.

Key words: Sepia esculenta; fishery distribution; Shandong Province offshore waters; generalized addictive model;
Tweedie-like distribution
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