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Fig. 1 Fishery resources and environment survey station in
the coastal waters of Shandong
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74 11U AT 34 VR U3 135 43 1 27.00 kg/km?,
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Tab. 1 Averageresource density of Oratosquilla oratoriain
different seasonsin Shandong coastal waters

ZHT season 44 ¥E I B B/ (kg/km?) average resource density
#Z spring 27.00
HZ summer 68.90
k2 autumn 23.29
A&7 winter 7.93

2.2 O%FEES 7 B S mEF
GLM. GAM FI BP-NNM 3 Flii 154 fit) 21
EIRFERIT N 44.02% ,46.90%F1 41.95% (3 2),
GAM RIS . 78 GLM H, i | /K
V2 T B IR KOS 2 R B A R 1) 52 AR e
(P<0.05), ZhJZ M TTHRFE IR KN 40.19%, /K
JZRE R Z SR E M TTER RS 508 1.91%H
1.92%, GAM HZhE | /K2 £8 B A 2 1R %
() 5% i i & (P<0.05), 45 ¥ 1 5Tk R i KN
F2 =MEMPESER

Tab. 2 Fitting results of three models

AR BEUREMRER :
. e Rk
o mil T  [%accumulaed 1% chif AlIC

model ?ggtz‘: de\‘/)ilzr_lr(:sdex- importance square test

GLM N 40.19 40.19 <0.001 430.27
SBT 42.10 191 <0.01 426.55
SBS 44.02 1.92 <0.05 422.70

GAM N 40.60 40.60 <0.001 430.27
SBS 45.20 4.60 <0.05 42291
SBT 46.90 1.70 <0.05 419.89

BP-NNM N 18.30 18.30 - -
SBT 37.48 19.18 - -
SBS 41.95 4.47 - —

TE: N FOREEE; SBS FURip/KIRIRERAL; SBT FoRifE /K2 ML,
<0.05 /R 22 57 ik %, <0.01 F1<0.001 /K2 T 2 3%, BP-NNM
BERUARAR LR IR 0 A0 AIC &55R.

Notes: N represents latitude; SBS represents bottom salinity; SBT repre-
sents bottom temperature; less than 0.05 represents significant difference;
less than 0.01 and less than 0.001 represent extremely significant differ-
ence; BP-NNM model does not provide chi-square test and AIC results.
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Fig. 2 Resource density distribution of Oratosquilla oratoria in different seasons in the coastal waters of Shandong

40.60%; U= TR K IR 2 EE B sT k%N 4.60%,
TR KR 2 B SRR RN 1.70%; 7 BP-NNM
T BT IR e K ISR KIRZ 3R, O 19.18%; 4
JE R KOG )2 R B 1 BT R 2 4300l Ol 18.30% Al
4.47%,
2.3 IMETERIR NI

1 GLM H ([l 3), 4. /KK JE R E FUK
JZ ER X 1 i IR % B Y ) i 3 (P<0.05);
1R st 0 B2 U5 R 26 . KR 2 IRE |
AR JZ SR BE 1 T e T 34

TE GAM (&l 4), ZhFE . MK IK)Z IR E FUR
JZ 3 B 11 M b Y 0 U % R T 3 B 3 (P<0.05),

TR B KO R IR R AR, W
V52 P B 25 JFS 2 3 B8 1) T v e 16 n s a1 - 2%,
I I I JZER S 325 171 Mt % Y5 8% 8 i 45 5 1) 1
R E M E A TR, RELSEAN
36.50°N,
2.4 FEREESE
GLM 1 GAM my¥ iR 2 . B #EE A
R? RAZE AN, T b 750 14 5 00 7 i AR AR D
BP-NNM B35 iR 22 {64 0.397, W /NT GLM
1 GAM; R* >4 0.140, 1T GLM Fl GAM (3 3).
7E BP-NNM (8] 5), 1 Wik 35 5 25 i Fiti 25 JiF
BN R b K A, B KR 2R E

25

~ 35 = o
N%f?s.o ”%_@3'0 %@2.0

g Z 215
2870 2825 23°
i g m 3 o
w21 ¥ 320 1 305
Eglo =3 =3 o
05 L sl L

350°  355°  36.0° 36.5° ' 10 15 20 25 20 25 30
Z5F latitude JRZW/KIERE/C SBT JEEMEKEEEE SBS
K 3 R R -5 11 B R PR 2 (R S R

Fig. 3 Relationship analysis diagram between each influence factor and resource density of Oratosquilla oratoria
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Fig. 5 Relationship analysis diagram between each influence factor and resource density of Oratosquilla oratoria
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Tab. 3 Cross-validation results of the three models

e YyormiR 2 RE OBE RERE
mode  root mean squared error  slope intercept R?
GAM 1.045 0.440 1.121 0.422
GAM 1.051 0.437 1.123 0.417
BP-NNM 0.397 0.494  0.199 0.140
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Relationship between Oratosquilla oratoria spatial distribution and
environmental factorsin coastal Shangdong
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Abstract: Recently, Oratosquilla oratoria (Crustacea) abundance and economic status have significantly increased
in marine ecosystems, but the relationship between spatial distribution and environment factors is still unclear. To
understand O. oratoria habitat distribution and the influence of the main environmental factors, the present study
was carried out in 2016-2017 in the coastal waters of Shandong. Four surveys of the fishery resources and envi-
ronmental factors were carried out, and the results were analyzed comparatively using generalized linear, general-
ized additive, and back propagation neural network models to determine the relationships between O. oratoria
spatial distribution and environmental factors. The results indicated significant seasonal differencesin O. oratoria
density, with the highest density in summer, followed by spring and autumn, and the lowest in winter. O. oratoria
density in the near shore was higher than that in the far shore, and it gradually increased from south to north. The
model analysis showed that latitude, bottom-layer temperature, and bottom-layer salinity significantly affected O.
oratoria density distribution. Among the three models, the generalized additive model was the best fit, and the
back propagation neural network model had the best prediction accuracy. By comparing the results of the different
models, this study revealed O. oratoria spatial distribution characteristics and key environmental factors affecting
distribution, and provided theoretical support for rational O. oratoria fisheries development and utilization.

Key words. Oratosquilla oratoria; generalized linear model; generalized additive model; back propagation neural
network model (BP-NNM); model comparison; environmental factors effect; coastal Shangdong
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