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(a) 272 grid center points (geographic coordinate system: WGS84); (b)
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Fig. 3 Spatialy anisotropy for L. polyactis

Ellipses representing estimates of geometric anisotropy for each species
(green line: spatial variation in encounter probability; black line: spatial
variation in positive catch rate), where the line signifies the distance
from a point located at (0, 0) where the correlation will have dropped to
10%, e.g. an ellipse that is stretched Northwest-Southeast signifies that
densities are correlated over a longer distance moving Northwest-

Southeast than Northeast-Southwest
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Fig. 6 Power of fishing vessels and annual production of L. polyactis from 2001 to 2016
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Spatiotemporal distribution and the estimated abundance indices of
Larimichthys polyactis in winter in the Yellow Sea based on geostatistical
delta-generalized linear mixed models

HAN Qingpeng *,  SHAN Xiujuan ",  WAN Rong **, GUAN Lisha ',
JIN Xianshi *,  CHEN Yunlong', WU Qiang '
(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs,

Shandong Provincial Key Laboratory of Fishery Resources and Ecological Environment, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Function Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237, China;
3. College of Fisheries, Ocean University of China, Qingdao 266003, China;
4. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Larimichthys polyactis is an important economic bottom fish in China. Understanding the spatial and
temporal distribution and abundance index of L. polyactis contributes to the scientific management of L. polyactis
resources. In this study, the Geostatistical delta-generalized linear mixed models (geostatistical delta-GLMM) was
used to analyze the spatial distribution of the wintering population of the Yellow Sea and Bohai Sea L. polyactis
from 2001 to 2011 and from 2015 to 2017 in the central and southern Yellow Sea. The biomass index of L.
polyactis was estimated by geostatistical delta-GLMM, ordinary Kriging interpolation-based method and design-
based swept area method, respectively. The results showed that there were mainly three high-density areas of
biomass areas in the overwintering ground of the Yellow Sea in 2001 and 2002, namely, the north (36°00'-
37°37.5'N, 123°15’-124°15'E), the central (33°75'-36°00'N, 123°15'-124°75'E) and the southeast (32°00'-33°75'N,
124°00'-125°15'E), and the central region had the highest density. Since 2003, the biomass density of L. polyactis
has declined, and the density core area in the north and southeast has declined more than the central density core
area. In winter, the total biomass index of L. polyactis is contrary to the change trend of the annual yield of L.
polyactis and fishing boat power, showing a downward trend. In most years, the number of stations is more than
37, and the range of stations covers the study area. The factors of sampling stations can be excluded, which
indicates that the resources of L. polyactis are still facing overfishing and the population is in a declining state. By
2016—2017, the density core area became less obvious. The geostatistical delta-GLMM estimated the total
biomass index of the L. polyactis in the winter of 2001—2017 is more accurate than that estimated by the swept
area method and ordinary Kriging interpolation-based method.

Key words: Larimichthys polyactis; the total biomass index; spatial and temporal distribution; geostatistical delta-

generalized linear mixed models; Yellow Sea
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