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Fig. 1 Distribution of sampling stations in the

Yangtze River estuary
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Tab.1 Collinearity test for predictor variables

Eat) % i Kl N pead e PR M4t 2Ka
season Lon Lat T S DO PH Chl
HZE  spring 1.87 (1.19) 5.55 1.97 (1.97) 4.17 (1.76) 1.78 (1.70) 1.16 (1.09) 1.35(1.33)
"7 summer 1.79 (1.20) 4.50 1.27 (1.23) 3.37 (1.57) 1.08 (1.08) 1.13 (1.13) 1.09 (1.08)
H*ZE  autumn 1.55(1.13) 3.72 1.40 (1.39) 3.36 (1.21) 1.52 (1.51) 1.22(1.19) 1.09 (1.08)
X7E  winter 1.69 (1.19) 425 1.52 (1.49) 3.87 (1.20) 1.45 (1.45) 1.47 (1.46) 1.90 (1.89)

e S W IEUE DR B R A B VIF(E

Notes: the value in parentheses shows the VIF value of variables exclude the latitude
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Tab.2 Parameters of the optimal model in each season
F i S e Pl R FE Nl 1
season optimal model  degree of freedom P value AIC Accumulation o.f deviance  Deviance explanation of
explanation each factor
#% spring £ Lon 2.117 0.110 427.43 22.6% 22.6%
#E S 6.979 0.000 49.1% 26.5%
RRRIL  PH 7.887 0.002 57.2% 8.1%
H#A DO 8.767 0.000 69.6% 12.4%
HZ% summer KR T 8.456 0.004 435.09 0.6% 0.6%
#HE S 7.193 0.000 47.5% 46.9%
F2TE  PH 6.958 0.107 55.9% 8.4%
ZE  autumn Z% Lon 3.621 0.428 418.22 0.8% 0.8%
Kilk T 4232 0.019 12.8% 12.0%
#HE S 6.479 0.014 28.3% 15.5%
HH4gz  aChl 3.814 0.061 34.9% 6.6%
F2TE  PH 1.000 0.004 38.9% 4.0%
WtE DO 8.255 0.001 51.4% 12.5%
A7 winter Kilk T 8.853 0.002 324.87 28.2% 28.2%
HhE s 4.733 0.257 30.9% 2.7%
F2TE  PH 4293 0.246 34.5% 3.6%
#fEE DO 1.000 0.021 47.4% 12.9%
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Fig. 2 Relationship between each significant factor and fish density in each optimal GAM in each season
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Fig.3 Linear regression of cross validation test for GAM in each season

(The light gray solid lines are 100 linear regression lines, the black solid line is the mean of cross validation results, and the black dashed line is the 1:1 line.
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Analysis of spatiotemporal fish density distribution and its influential factors
based on generalized additive model (GAM) in the Yangtze estuary

MA Jin ", HUANG Jinling *, CHEN Jinhui*’, LIBai‘, ZHAO Jing’,
GAO Chunxia®’, WANG Xuefang’, TIAN Siquan’

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China,
2. College of Marine Culture and Law, Shanghai Ocean University, Shanghai 201306, China;
3. Center for protection and research of aquatic wild living plants and animals in Shanghai, Shanghai 200092, China;
4. School of Marine Sciences, University of Maine, Orono 04469, USA;
5. National Distant-water Fisheries Engineering Research Center, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Understanding the relationship between fisheries resources and environmental factors, also
the spatial and temporal distribution of fisheries resources, plays an important role in the process of
making fishery management and protection strategies. Under the policy background of “the Yangtze
River Great Protection”, carrying out such research has an important ecological significance for
fisheries protection and recovery in the Yangtze estuary. Based on the survey data from 2006 to 2017
in the Yangtze estuary, relationship between fish density and environmental factors was conducted
based on GAM, meanwhile, the secasonal distribution of fish density in 2017 was predicted. The results
showed that explained deviance in the seasonal optimal model was 69.6%, 55.9%,51.4% and 47.4%
respectively, the mean slope of regression line of 100-time cross validation ranged from 0.62 to 0.88.
Salinity, water temperature and dissolved oxygen (DO) were found to be the significant environmental
factors. In general, in Spring, Summer and Autumn, salinity was considered to have a positive
relationship with fish density. In Summer, Autumn and Winter, water temperature was found to be the
significant environmental factor, and in Autumn, a positive relationship was found. In Spring, Autumn
and Winter, DO was found to be the significant environmental factor, and in Winter, a positive linear
relationship was found. In 2017, there was a relative high value of fish density in summer. In the four
seasons, relatively low value of fish density was found to exist in the natural extension waters of the
southern branch of the Yangtze estuary. In the natural extension waters of Chongming Island to the
sea, the fish density is relatively higher.

Key words: fisheries resources; spatiotemporal distribution; impacts of environmental factors; Generalized
additive models; the Yangtze estuary
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