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Fig. 1  Stratified random sampling stations of the bottom trawl
survey in Haizhou Bay and adjacent waters
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Fig. 2 Variations in the average mantle length of Loligo japonica
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Tab.1 Theanalysisof variancein average mantle length of Loligo japonica in both spring and autumn

(I-1) ¥J{H2 mean difference trifE1R standard error P
(DA year (DAEAR year
%7 spring  BZF autumn  FZE spring kT autumn  FZFE spring HZF autumn
2011 2013 -0.50 1.93 4.28 1.76 0.908 0.278
2014 —4.33 —4.65 4.16 1.83 0.302 0.013"
2015 -1.84 5.67 4.16 1.76 0.659 0.002"
2013 2014 -3.83 -6.58 4.84 1.98 0.431 0.001"
2015 -1.35 3.74 4.84 1.91 0.782 0.054
2014 2015 -2.49 10.32 4.73 1.98 0.601 0"

e *FRn 22 5 WL (P<0.05).
Note: * indicates significant difference (P<0.05).
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Fig. 3 Seasonal variations of spatial distribution in individual sizes of Loligo japonica in Haizhou Bay and adjacent waters
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Fig. 4 Seasonal variations of resource density of Loligo ja-
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* indicates significant difference between seasons(P<0.05).
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Fig. 5 Movement trends of the center of gravity in resource
density of Loligo japonica
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Tab.2 Theinterannual and seasonal confidence interval for the center of gravity of
Loligo japonica in Haizhou Bay and adjacent waters (95%)

%7 spring #Z autumn
\ > N o N e N e N
TR e EERRKE o BEKE gl BEKE 0 BN
year . confidence . confidence . confidence . confidence
longitude . latitude . longitude . latitude .
interval interval interval interval
2011 120.32 120.14-120.46 35.14 35.00-35.26 120.25 120.02-120.52 35.20 35.03-35.31
2013 120.05 119.81-120.33 35.25 35.13-35.34 120.45 120.22-120.60 35.11 35.01-35.21
2014 120.50 119.87-120.75 35.31 35.11-35.39 120.12 119.77-120.55 35.03 34.92-35.19
2015 120.24 119.89-120.55 35.00 34.81-35.26 120.45 120.18-120.59 35.04 34.92-35.19
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Fig. 6 The interannual and seasonal semivariogram plots for resource density of Loligo japonica and fitted model
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Tab. 3 Parameters of semivariogram theoretical model for resources density of Loligo japonica

A [E] time FR{P A theoretical model  #R4:{H nugget B sill é;Liit%fF AR F#/km range ﬁ)%%RfSﬁW
2011 % spring 2011 $54UBIM exponential model 0.230245 3.253406 0.070770 74.71 0.015
2013 % spring 2013 BREIBIAY spherical model 0.030789 0.132933 0.231613 19.32 0.032
2014 % spring 2014 BREIBIAL spherical model 0.039720 0.312109 0.127263 19.36 0.023
2015 % spring 2015 FKMHEAE spherical model 0.008552 0.028687 0.298114 19.06 0.518
2011 #k autumn 2011 ERTEIFEHY spherical model 2.259255 5.936299 0.380583 34.10 0.019
2013 #k autumn 2013 $54BE5 exponential model 0.842457 2.998233 0.280984 63.58 0.127
2014 FK autumn 2014 BREIBIA spherical model 7.304763 37.191233 0.196411 23.99 5.422
2015 Fk autumn 2015 ERIEAEAY spherical model 5.741651 40.256071 0.142628 18.38 9.527
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Analysis of temporal and spatial heter ogeneity of Japanese squid
(Loliolusjaponica) in Haizhou Bay and adjacent waters

DU Yu, XU Binduo, XUE Ying, REN Yiping, ZHANG Chongliang
College of Fisheries, Ocean University of China, Qingdao 266003, China

Abstract: Numerous commercial fish populations have declined in recent years owing to the impacts of overfish-
ing, climate change, environmental pollution, and other factors. However, the cephalopod fishery has continued to
develop, including increasing harvests of Japanese squid Loliolus (Nipponololigo) japonica (Hoyle 1885). L. ja-
ponica plays an important role in the food web of the Haizhou Bay ecosystem, where it is a primary catch in bot-
tom trawls and some net fishing. The species spawns in the bay and adjacent waters annually in early May, and it
uses these waters as a nursery ground. Despite the ecological and economic importance of the species, few studies
of its spatio-temporal patterns of distribution are available, and spatial autocorrelation of data is often lacking in
the studies. Analysis of temporal and spatial heterogeneity in the distribution of L. japonica in Haizhou Bay and
adjacent waters has significance for sustainable utilization and scientific management of this fishery. To study this,
we used the survey data of bottom trawls in Haizhou Bay and adjacent waters, collected in 2011, 2013, 2014 and
2015, for spatial analysis of center of gravity and semivariogram plots to investigate temporal and spatial distribu-
tion of L. japonica resource density and average body size. The average mantle length of L. japonica was larger in
spring than in autumn for each of the four sample years, and the average mantle lengths did not significantly differ
(P>0.05) for spring, but did significantly differ for autumn, except in 2011 and 2013, 2013 and 2015. The L. ja-
ponica population was distributed throughout Haizhou Bay and its adjacent waters, and local distribution showed
no correlation with size. In both spring and autumn, the dominant size class was 20—50 mm mantle length. The
resource density of L. japonica differed significantly (P<0.05) between spring and autumn, except in 2013, and
was greater in autumn than in spring. Center of gravity of the resource density changed in opposite directions be-
tween spring and autumn: squid were more concentrated in the autumn than in the spring of each year; yet in both
seasons, the resource density was relatively centered in the middle of Haizhou Bay and adjacent waters; differ-
ences in center of gravity among the years and seasons were not significant. Spatial heterogeneity in resource
density of L. japonica appeared to be caused less by randomness than by structural variations. The spatial distri-
bution of L. japonica in the study area displayed a well-organized structure, with medium to strong spatial auto-
correlation in 20-30 km.
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