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Fig. 1 CPUE distribution of longline yellowfin tuna in western and central Pacific from 2007 to 2017
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Table 1 F-test value of the spatio-temporal GAM model of

yellowfin tuna in western and central Pacific
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Table 2 Statistical characteristics of the spatio-temporal GAM

model of yellowfin tuna in western and central Pacific
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In(CPUE + 1) = s(year) + s(month) 27 879.19 3.16 0.031
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s(month) + s(lon)
In(CPUE+1) = styear)+ 19 965.13 453 0.452

s(month) + s(lon) + s(lat)
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Table 3 Statistical characteristics of the spatio-temporal GAM

model for subsurface environmental variables
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Table 4 GAM model test value of subsurface environmental variables

AN AICTH W ZE MR /% P RAR
In(CPUE + 1) = s(upwd) 25918.51 15.9 0159
In(CPUE + 1) = s(upwd) + s(upsd) 25508.2 18.4 0.183
In(CPUE + 1) = s(upwd) + s(upsd) + s(downwd) 25266.73 19.8 0.197
In(CPUE + 1) = s(upwd) + s(upsd) + s(downsd) + s(downwd) 24 769.75 22.6 0.226
In(CPUE + 1) = s(upwd) + s(upsd) + s(hd) + s(downsd) + s(downwd) 24 666.62 23.2 0.232
In(CPUE + 1) = s(upwd) + s(upsd) + s(hd) + s(downsd) + s(downwd) + s(intensity) 24 622.31 23.5 0.234
In(CPUE + 1) = s(upwd) + s(upsd) + s(hd) + s(downsd) + s(downwd) + s(intensity) + s(D12) 24 409.33 24.7 0.246
In(CPUE + 1) = s(upwd) + s(upsd) + s(hd) + s(downsd) + s(downwd) + s(intensity) + s(D12) + s(D18) 24 066.41 26.6 0.265
In(CPUE + 1) = s(upwd) + s(upsd) + s(hd) + s(downsd) + s(downwd) + s(intensity) + s(D12) + s(D18) + s(sdc) 23 784.19 28.1 0.279
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Fig. 2 The effects of spatial-temporal predictors on CPUE of western and central Pacific
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Fig.3 The effects of subsurface environmental variables on CPUE of yellow tuna in the western and central Pacific
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Analysis of the influence of the vertical structure of water temperature on
the catch rate of yellowfin tuna in the tropical central and
western Pacific based on the GAM model

Yang Shenglongl’z, Fan Xiumei!, Wu Zuli!, Wu Yumei'!, Dai Yang1

(1. Key Laboratory of Oceanic and Polar Fisheries, Ministry of Agriculture and Rural Affairs, East China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Shanghai 200090, China; 2. Key and Open Laboratory of Remote Sensing Information Technology in
Fishing Resource, East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China)

Abstract: The foraging depth of yellowfin tuna (Thunnus obesus), which is primarily influenced by the vertical
structure of the water temperature, has a significant effect on longline catch rates. Therefore, the generalized addit-
ive model (GAM) was applied to analyse the influence of subsurface environmental variables on the longline catch
per unit of effort (CPUE) in the central and western Pacific. The results show that subsurface environmental factors
have significant impacts on the spatial distribution of yellowfin tuna catches in longline fisheries. The longline
CPUE for the yellowfin tuna in the tropical central and western Pacific rise rapidly after 2012. A high catch rate ap-
pears in the northern hemisphere during summer in the region near 10°S, 140°E. The upper boundary temperature
and depth of the thermocline, the lower depth of the thermocline, the depth of the isotherm at 18°C, and the relative
depth between A8°C and the lower depth of thermocline greatly influence the longline fishing rate. These key en-
vironmental factors affect the tropical central and western Pacific yellowfin tuna longline catch. The CPUE in-
creases as the temperature and the depth of the upper boundary of the thermocline increased. The strongly associ-
ated relationships between the upper boundary temperature and depth with CPUE were 27-28°C and 70—-90 m,
respectively. High catch rates are observed when the lower boundary depth of the thermocline is from 250 m to 280 m.
Then, as the lower boundary depth increased, the CPUE value quickly decreased. The effect of the 18°C isotherm
depth on the CPUE of longline fishing initially fluctuated and then increased. The nonlinear effects of the relative
depth between A8°C and the lower depth of the thermocline first decreased and then increased slowly. The strong
associations between CPUE and the 18°C isotherm depths and relative depth are at 230 m and 70 m, respectively.
The catch rates reaches a maximum when the vertical habitat is compressed, making it consistent with hooking
depth. The catch rates could be changed by adjusting the depth of hooks. The vertical habitat of tuna should be

taken into account in fisheries stock assessments and fishing grounds analysis.

Key words: Thunnus obesus; subsurface environmental; vertical structure of the water temperature; CPUE
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