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Fig. 1 Average monthly fishing effort of squid fishing in the
southwest Atlantic Ocean from January to May in 2018-2019
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Fig. 2 Monthly variation of gravity center of
squid fishing in the southwest Atlantic Ocean from January
to May in 2018-2019
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Fig. 3 Spatial superposition of monthly average fishing effort (FE) and sea surface temperature
(SST) of squid fishing in the southwest Atlantic Ocean from January to May in 2018-2019
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Fig. 4 Spatial superposition of monthly average fishing effort (FE) and sea surface height
(SSH) of squid fishing in the southwest Atlantic Ocean from January to May in 2018-2019
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Fig. 5 Spatial superposition of monthly average fishing effort (FE) and bottom temperature (BT)
of squid fishing in the southwest Atlantic Ocean from January to May in 2018-2019
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Fig. 6 Spatial superposition of monthly average fishing effort (FE) and chlorophyll-a concentration (CHL-a)
of squid fishing in the southwest Atlantic Ocean from January to May in 2018-2019
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Fig. 7 Proportion distribution of monthly average fishing effort in four environmental variables
of squid fishing in the southwest Atlantic Ocean from January to May in 2018-2019
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Tab.1 Statistical parametersof GAM model

A3 formula FEARIH AR5 B HEN] AIC 5 2207 8%/% deviance explained HERB Ry J72% deviance
In(EF)=s(lon, lat) 6748.68 49.0 0.45 8700.44
In(EF)=s(lon,lat)+s(SST) 6687.53 523 0.48 8125.37
In(EF)=s(lon,lat)+s(SST)+s(SSH) 6658.13 54.0 0.49 7841.13
In(EF)=s(lon,lat)+s(SST)+s(SSH)+s(BT) 6642.38 55.1 0.50 7655.82
In(EF)=s(lon,lat)+s(SST)+s(SSH)+s(BT)+s(CHL-a) 6425.01 56.8 0.52 7220.39




%5 3 4

Pk A P R R P8 A 0 £ 3 A A b 2 18] A S S 3R B 5 AR 371

K2 GAM HEKIHHER

Tab.2 GAM model verification results

A5 i variable HHE df F P
lon,lat 122.446 6.209 <2e-16
SST 18.878 3.954 <2e-16
SSH 11.431 3.784 2.14e-05
BT 8.000 2.891 0.000352
CHL-a 2.907 3.508 0.017665
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Fig. 8 Two-dimensional (a) and three-dimensional (b) spatial maps of the effect of longitude and latitude
on fishing effort of squid fishing in the southwest Atlantic Ocean
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Fig. 9 Effects of four variables obtained by GAM model on fishing effort of squid fishing in the southwest Atlantic Ocean
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Abstract: Understanding the spatial pattern of human fishing activities is very important for fishery resource
supervision and spatial management. In order to understand the spatial distribution characteristics of squid fishing
vessels in the southwest Atlantic Ocean and its relationship with the marine environment, fishing effort
information was calculated based on the squid fishing vessels trajectory data in the southwest Atlantic Ocean from
January to May during 2018-2019 and analyzed for variation in the center of activity. The overlay maps of the
spatial distribution of environmental factors and fishing effort were plotted together with three environmental data
sets of the same period: sea surface temperature (SST), sea surface height (SSH), bottom temperature (BT) and
chlorophyll-a (CHL-a), to investigate the relationship between the spatial distribution of fishing effort and
environmental factors. The Generalized Additive Model (GAM) was used to construct a non-linear expression of
fishing effort on the marine environment, and to analyze the impact of changes in the marine environment on squid
fishing vessel activity in the southwest Atlantic Ocean. The results showed that the fishing effort of the boats in
the study area at first increased and then decreased from January to May, and the fishing effort was the highest in
February. The center of gravity of fishing boats has obvious zonal monthly changes. From January to May, the
center of gravity of fishing boats shifted from north to south as a whole. The operations of squid fishing boats are
mainly distributed in areas with sea surface temperature of 815 °C, sea surface height of 0.14-0.16 m, bottom
temperature of 5-8 ‘C and CHL-a concentration of 0.2-0.6 mg/m’. The GAM model shows that spatial factors
and environmental factors have a significant impact on the distribution of squid fishing in the southwest Atlantic
Ocean. The synergy of longitude and latitude contributed the most to the explanatory variance of fishing effort.
Four environmental factors, SST, SSH, CHL-a, and BT, all have important effects on fishing effort. The effects of
all variables on fishing effort are non-linear. The most closely affected range of SST is 14-15 °C, the most closely
affected range of SSH is —0.1-0.02 m, the most closely affected range of BT is 5-6 °C, and the most closely
affected range of CHL-a concentration is 0.2—-0.4 mg/m”.

Key words: southwest Atlantic Ocean; squid fishing; automatic ship identification system; fishing effort; spatial

distribution characteristics; marine environment; generalized additive model
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