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Fig.1 Fishery resources and environmental survey stations in the southern coastal waters of Shandong

Each point in the figure indicates a trawl station and the bolded numbers represent depth (m) of the isobaths
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Tab.1 Longitude, latitude, sediment types of survey sites in southern coastal waters of Shandong Province

UL 2054 G4 JEJFFTY L 2R 4% JRF AT
sites longitude latitude sediment types sites longitude latitude sediment types
1 119.50 35.00 MEFS 33 121.50 35.50 SS
2 119.75 35.25 MFS 34 121.50 35.00 MFS
3 119.75 35.00 SS 35 121.75 36.75 MS
4 120.00 35.50 SS 36 121.75 36.50 SC
5 120.00 35.25 SS 37 121.75 36.25 MS
6 120.00 35.00 SS 38 121.75 36.00 SC
7 120.25 35.75 SSC 39 122.00 36.75 MS
8 120.25 35.50 SS 40 122.00 36.50 MS
9 120.25 35.25 SS 41 122.00 36.25 MS
10 120.25 35.00 SS 42 122.00 36.00 SSC
11 120.50 36.00 SSC 43 122.00 35.50 SSC
12 120.50 35.75 SsC 44 122.00 35.00 SsC
13 120.50 35.50 SSC 45 12225 36.75 MS
14 120.50 35.25 SSC 46 122.25 36.50 MS
15 120.50 35.00 SS 47 122.50 36.75 MS
16 120.75 36.00 MS 48 122.50 36.50 MS
17 120.75 35.75 SSC 49 122.50 36.00 SC
18 120.75 35.50 SsC 50 122.50 35.50 SC
19 120.75 35.25 SS 51 122.50 35.00 SC
20 121.00 36.25 MS 52 123.00 36.50 MS
21 121.00 36.00 MS 53 123.00 36.00 SC
22 121.00 35.75 SSC 54 123.00 35.50 SC
23 121.00 35.50 SS 55 123.00 35.00 SC
24 121.00 35.00 SS 56 123.50 36.50 SsC
25 121.25 36.50 MS 57 123.50 36.00 SC
26 121.25 36.25 MS 58 123.50 35.50 SC
27 121.25 36.00 MS 59 123.50 35.00 SC
28 121.25 35.75 SS 60 123.83 36.50 SSC
29 121.50 36.75 MS 61 123.83 36.00 SC
30 121.50 36.50 SC 62 123.83 35.50 SC
31 121.50 36.25 MS 63 123.83 35.00 SC
32 121.50 36.00 SsC

T MFSRUEEHEIRD, SSHEMEIRD, SSCHE-FHid-Fit, MSHIMITRT, SCHRIRHH+
Note: MFS indicates middle fine sand, SS indicates silty sand, SSC indicates sand-silt-clay, MS indicates muddy silt, and SC indicates silt clay
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Tab. 2 Seasonal global Moran’s I index in the southern coastal waters of Shandong Province

Z5 seasons B Moran’s I index J7%  variance FrA#EZ  standard deviate P
%7 spring 0.30 5.13x10°° 4.44 <0.01
BZ  summer 0.28 3.35x10°° 522 <0.01
= autumn 0.34 4.19%x10° 5.46 <0.01
XZ  winter 0.16 5.02x107 2.42 <0.01
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Fig. 4 Seasonal Moran scatterplots for standardized relative biomass in the southern coastal waters of Shandong
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Tab.3 Seasonal high-value sites surrounded by high-value sties and indicators

= ulifir DFFITHEN UYE JEE i B S e FE o 2 B S
seasons sites DFFIT measure covariance ratio Cook’s distance diagonal of hat matrix
%7 spring 29 0.38 0.80* 0.06 0.02
35 —-1.75* 1.39% 1.43* 0.37*
39 0.78* 0.75* 0.26 0.05
45 0.51 1.22% 0.13 0.18*
HZE  summer 47 0.52 1.22%* 0.13 0.18*
48 0.42 0.80* 0.07 0.02
20 0.51 0.70* 0.11 0.02
25 0.99* 0.86* 0.44 0.10*
KZF  autumn 26 ~7.47* 1.70* 20.50* 0.70*
37 —-0.13 1.35% 0.01 0.24*
38 —2.38* 2.03* 2.67* 0.56*
41 0.51 0.73* 0.11 0.02
%47 winter 42 1.19* 0.75* 0.59 0.09
37 0.47 1.49* 0.08 0.31
38 0.51 0.69* 0.09 0.38
42 —0.21 1.57* 0.02 0.34*

T AR AR AR AR Rt A D 2% (8] 43 A A6 A SR

Notes: Sites with indicators marked by asterisk designate strong influential observations of spatial distributional pattern
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Spatial distribution characteristics and seasonal variation of Oratosquilla
oratoria in the southern coastal waters of Shandong Province

ingkun , induo ', ing ', ongliang iping ", in
LI Mingk ', XUBinduo', XUEYi g ', ZHANG Ch gliang ", REN Yiping 2 WANG Ji g :
(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 of Qingdao, Qingdao 266237, China)

Abstract: The present study analyzed the spatial distribution of Oratosquilla oratoria in the southern coastal
waters of Shandong Peninsula based on bottom-trawl surveys in October 2016, January 2017, May 2017 and
August 2017. We used center of gravity and Moran’s I index to estimate the distribution center of this species,
compared the seasonal differences of spatial autocorrelation, and explored the potential influential factors of the
spatial patterns. This study found substantial seasonal variations in the relative biomass of O. oratoria, which
showed the highest relative biomass of 3.02 kg/h in summer, followed by 0.75 kg/h in spring, 0.65 kg/h in autumn
and 0.22 kg/h in winter. The center of gravity showed remarkable seasonal changes, with the corresponding water
depth ranging from 20 m to 30 m in spring and summer and from 30 m to 50 m in autumn and winter. The
distributional pattern of O. oratoria was relatively consistent, exhibiting significantly positive spatial
autocorrelation in four seasons. Moran’ I index was the highest in autumn (0.34), followed by spring (0.30) and
summer (0.28), and was the lowest in winter (0.16). According to Moran’ I scatterplots, we identified survey sites
with strong influence on biomass concentration. The seasonal changes in spatial distribution of O. oratoria might
attribute to its spawning activities, and the biomass concentration implied that muddy silt and sand-silt-clay were
the preference of sediment types of O. oratoria. We discussed the implications of our results for the management

of O. oratoria and put forward the priorities for future fisheries research on spatial analyses.
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