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Abstract. Decapterus maruadsi is a small pelagic fish and is of great significance to the ecosystems in 

the northern South China Sea. We collected and analyzed the data recorded by the fishing vessels in the 

western Guangdong waters in winter and summer and remote sensing data including sea surface 

temperature (SST), chlorophyll a concentration (Chl a) and sea level anomalies (SLA) from 2011 to 2015, 

using generalized additive model (GAM). Results showed that the catch per unit effort (CPUE) of D. 

maruadsi in the western Guangdong waters had a significant positive linear correlation with longitude, 

and the D. maruadsi populations were concentrated in the east of the study area. The total explanation of 

D. maruadsi CPUE in GAMs was 47.40%, among which, the factors year, month, lunar phase, latitude, 

Chl a, SLA and water depth explained 9.30%, 13.50%, 6.50%, 1.90%, 1.70%, 4.60%, and 9.90%, 

respectively. The D. maruadsi populations in the study were concentrated in the area of latitude 21°N, 

Chl a 0.1- 0.5 mg·m-3, SLA -0.05 m and water depth 80 m. Results of this work will help in 

understanding the environmental factors affecting D. maruadsi distribution in the western Guangdong 

waters. 

Keywords: generalized additive model, environmental factors, habitat suitability index (HSI), fisheries, 

main spawning habitats 

Introduction 

Decapterus maruadsi, a pelagic fish in the family Carangidae (Perciformes), lives in 

warm waters, and is widely distributed along the coasts of Southeast China (Deng et al., 

1991). It is one of the major species captured by pelagic trawls and light luring seine 

fishing vessels (Zheng et al., 2014; Thanh and Do, 2018). D. maruadsi has a short 

lifespan and fast growth and reproduction rate, and as an R-selected species, it is 

susceptible to fishing intensity and marine environment (Chen et al., 2003; Dai, 2017; 

Austin et al., 2018). The populations of D. maruadsi in the northern South China Sea 

shifted towards younger age and smaller size due to overfishing since the 1990s (Lu, 

2000; Chen and Qiu, 2009). But the D. maruadsi resource is beginning to recover due to 

summer fishing moratorium and other fishery industry restructuring policies in recent 

years (Chen et al., 2010; Geng et al., 2018; Abija and Nwankwoala, 2018). As a small 
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pelagic fish, D. maruadsi has an important impact on the ecosystem output of the 

northern South China Sea (Chen and Qi, 2009). The sea area off western Guangdong is 

one of the main spawning habitats for D. maruadsi in the northern South China Sea 

(Chen et al., 2003), so it is of great significance to investigate the temporal and spatial 

distribution of this species in this area. At present, the existing studies on D. maruadsi 

are mostly focused on its biology (Jiang, 2012; Huang, 1995; Da, 2017), resource 

assessment (Chen and Qiu, 2003; Jamil et al., 2018), etc. Acoustic assessments indicate 

that carangid fish such as D. maruadsi along the east coast of Peninsular Malaysia are 

concentrated at 40-60 m below the ocean surface (Hashim, 2017; Tao, 2018). The 

studies that assessed the relationship between D. maruadsi fisheries and environmental 

factors in the northern South China Sea in different seasons based on the habitat 

suitability index (HSI) model indicated that chlorophyll a (Chl a) concentration is the 

determinant of the distribution of D. maruadsi fisheries in spring. In recent years, due to 

the increase in offshore fishing intensity, changes in ecological environment and 

climate, the resource stock and spatial distribution of many marine species have 

changed, which has a profound impact on fish habitats and ecosystems. Therefore, 

evaluating the correlation between D. maruadsi distribution and marine environmental 

factors in western Guangdong is important for the sustainable development of fisheries. 

The relationship between fishery resources and marine environment is very 

complicated, as it is non-linear and non-additive (Stenseth et al., 2002, 2004; Dingstor 

et al., 2007; Tianlei, 2019), and the use of different observational scales can cause large 

differences in results (Fauchald et al., 2000). Therefore, it is crucial to choose a suitable 

method for quantitative analysis of the relationship between fishery resources and the 

marine environment. As the nonparametric extensions of generalized linear models 

(GLMs), generalized additive models (GAMs) provide flexible method for uncovering 

the nonlinear relationship between response and predictor variables (Hastie and 

Tibshirani, 1990; Jegatheesan and Zakaria, 2018), and thus are suitable for exploring the 

nonlinear relationship between fishery resources and marine environment (Stoner, 2001; 

Agenbag, 2003). GAMs not only can be used for different species or different seas, but 

also can be combined with a variety of environmental factors to better reveal the 

relationship between environmental factors and the variation, spatial distribution, 

temporal distribution of fishery resources (Venables et al., 2004; La et al., 2016; Bacha 

et al., 2017). The studies based on GAMs have shown that zooplankton biomass and the 

location of oceanic fronts have an impact on the distribution of Clupea harengus in the 

vicinity of the Shetland Islands (Maravelias et al., 1997). The spatial distribution of 

Loligo spp. and Tachysurus in the Arabian Sea was well predicted based on the data of 

sea surface temperature (SST), chlorophyll a (Chl a) concentration, photosynthetically 

active radiation (PRA) and sea level anomalies (SLA) in the study of Solanki (2017). 

The interaction between upwelling index, year and latitude had a great influence on the 

spatial distribution of sardines in Mauritanian waters (Bacha et al., 2017; Abdullah and 

Rahim, 2018). Wang et al. (2018) reported that prey density, water depth, bottom water 

temperature and distance to shore had a great influence on the distribution of Chinese 

white dolphin in western Pearl River Estuary. 

In this study, generalized additive models (GAMs) were used to quantitatively 

analyze the main environmental factors affecting the spatiotemporal distribution of D. 

maruadsi, and to explore the formation mechanism of D. maruadsi fishery in the 

western Guangdong waters, and to provide a theoretical basis for fishery management 

and marine protected area planning under climate changes. 
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Materials and methods 

Data collection 

Fishery data 

The data of D. maruadsi resource were from the observational records of large-scale 

light-luring seine fishing vessels in western Guangdong waters (19.75° to 21.75°N, 

111.25°E to 113.75°E) in January, February, August and September from 2011 to 2015. 

The data (including working time, voyage, longitude, latitude and fish catch) were 

generated at a spatial resolution of 0.5° × 0.5° in latitude and longitude (one fishing 

area), and summarized by day (Fig. 1). 
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Figure1. Distribution of D. maruadsi CPUE in western Guangdong waters 

 

 

Environmental data 

The remote sensing data including chlorophyll a concentration (Chl a), sea surface 

temperature (SST) and sea level anomalies (SLA) were used in this study. Among them, 

Chl a and SST were from MODIS Aqua Level 3 data products 

(https://oceancolor.gsfc.nasa.gov), with a temporal resolution of one day and a spatial 

resolution of 4 km. SLA data were from CTOH/LEGOS website 

(https://www.aviso.altimetry.fr/en/home.html) with a temporal resolution of one day 

and a spatial resolution of 0.25°. Water depth data were acquired from Google Earth, 

with a spatial resolution of 70 m (Jaimes, 2017). 

 

Data processing 

CPUE (catch per unit effort) calculation (Campbel, 2004) 

 

  (Eq.1) 

 

where, CPUE is the average daily D. maruadsi catch by a vessel (unit: tons per day), c 

is daily D. maruadsi catch in a 0.5° × 0.5° fishing grid (unit: tons), f is the number of 

operations in a 0.5° × 0.5° fishing grid (days). 
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Remote sensing data fusion (Fu et al., 2009) 

The remote sensing data (Chl, SST and SLA) of the study area were extracted and 

merged using the formula as follows: 

 

  (Eq.2) 

 

where, Averagej is the mean value of fused environmental data (Chl, SST and SLA) in 

fishing grid j, j is a 0.5°×0.5° fishing grid, m is the number of pixels of environmental 

data (Chl, SST, SLA) in fishing grid j, Value(i) is the value of a single pixel in fishing 

area j. 

 

GAM analysis 

Generalized additive models (GAM) focus on exploring data nonparametrically, 

compared to generalized linear models (Feng, 2007; Sudhakaran et al., 2018). In order 

to avoid excessive computation and over-fitting, the linear correlation between D. 

maruadsi CPUE and each predictor variable was measured according to Pearson 

correlation coefficient R before GAM was constructed (Li, 2007; Le, 2017). When 

R > 0.5, the predictor variable has a linear relationship with D. maruadsi CPUE, and 

should be removed from the model. The R mgcv package was used to fit the GAM 

(Wood, 2004, 2011). The general form of the model can be written as: 

 

 g(μ) = β + ƒ1(x1) + ⋯ + ƒi(xi ) + ε (Eq.3) 

 

where g(μ) is the link function, which is the logarithm of CPUE + 1; β is the intercept 

term; ƒ is a smooth function, i is the number of predictor variables, ε is the error term. 

The GAM procedure uses smoothing splines s( ). 

 

Diagnosis of GAM 

The predictor variables influencing D. maruadsi CPUE that should be incorporated 

into the model were identified applying a stepwise GAM and according to Akaike 

Information Criterion (AIC) (Shih, 2014; Franco et al., 2018). Models were built by 

adding in new terms and seeing how much they improved the fit, and by dropping terms 

that did not degrade the fit significantly. The influence of the predictors was assessed 

via F-test and chi-square test (Quinn and Deriso, 1999). AIC was calculated as follows 

(Venables, 2004): 

 

 AIC = θ + 2dƒδ  

 

where θ is the deviance, dƒ is the effective degree of freedom, and δ is the variance. 

 

Violin plot 

A violin plot, similar to a box plot with a rotated kernel density plot on each side, 

simultaneously reflects the statistical features (maximum, minimum, median, and upper 

and lower quartiles) and distribution of a set of data (Hintze, 1998). The violin plot was 

made using the ggplot2 package in R software from D. maruadsi CPUE in winters 
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(January and February) and summers (August and September). Since the average CPUE 

differed greatly, the ordinate was scaled logarithmically. Then the violin plot was used 

to analyze the difference in D. maruadsi CPUE between winters and summers in 

western Guangdong waters (Cortez, 2016). 

Results 

Linear correlation analysis between D. maruadsi CPUE and the influencing factors 

Pearson correlation analysis on D. maruadsi CPUE and the factors influencing it 

including year, month, lunar phase, longitude (Lon), latitude (Lat), SST, Chl a, SLA and 

water depth (Table 1) showed that seven of the factors (month, lunar phase, longitude, 

latitude, SST, Chl a, SLA and depth) were significantly correlated with D. maruadsi 

CPUE (P < 0.05), and the correlation coefficient between longitude and CPUE was 

greater than 0.5 (R > 0.5), indicating that longitude had a strong positive linear 

correlation with D. maruadsi CPUE. Therefore, longitude was removed from the GAM. 

 
Table 1. Pearson correlation coefficient of Decapterus maruadsi CPUE and Impact factors 

Factors Cor P-value 

Year -0.067 0.345 

Month 0.292 2.514*10-5 

Lunar phase -0.146 0.038 

Lon 0.535 2.678*10-16 

Lat 0.205 0.003 

SST 0.261 1.830*10-4 

Chl a -0.167 0.018 

SLA -0.178 0.012 

Depth -0.163 0.021 

 

 

Analysis of longitudinal distribution of D. maruadsi CPUE (Fig. 2) revealed that the 

maximum values of D. maruadsi CPUE within longitude 115.25°E - 113.75°E were 

0.56 t/d, 1.00 t/d, 1.00 t/d, 3.00 t/d, 30.20 t/d and 18.00 t/d, respectively. The upper 

quartile of D. maruadsi CPUE increased with longitude increasing from 112.25°E to 

113.75°E. The median value and lower quartile of D. maruadsi CPUE also increased 

with longitude increasing from 111.75°E to 113.75°E. There were fewest data at 

111.25°E and most data113.25 °E. To sum up, D. maruadsi CPUE value showed a 

general decreasing trend from east to west in the study area, and the high CPUE values 

were concentrated within 113.25°E-113.75°E. 

 

Environmental effects on D. maruadsi CPUE based on GAM analysis 

The GAM was built by adding in the temporal, spatial and environmental factors 

stepwise and seeing how much they improved the fit. The temporal, spatial and 

environmental variables included in the model were year, month, lunar phase, latitude, 

Chl a, SLA and depth (Table 2). The GAM could explain 47.40% of the variability in 

D. maruadsi CPUE in total, and the residual degrees of freedom was 185.23. 
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Figure 2. Box plot of longitudinal distribution of D. maruadsi CPUE 

 

 
Table 2. Generalized additive models (GAMs) fitted to D. maruadsi CPUE and analysis of 

deviance 

Factors 

Residual 

degree of 

freedom 

AIC 

value 

Cumulative 

of deviance 

explained 

Log(CPUE + 1) = NULL 200.00 16.34 0.00 

Log(CPUE + 1) = s(Year) 196.28 4.16 9.30% 

Log(CPUE + 1) = s(Year) + s(Month) 193.73 -23.09 22.80% 

Log(CPUE + 1) = s(Year) + s(Month) + s(Lunar phase) 191.87 -37.14 29.30% 

Log(CPUE + 1) = s(Year) + s(Month) + s(Lunar 

phase) + s(Lat) 
191.08 -40.88 31.20% 

Log(CPUE + 1) = s(Year) + s(Month) + s(Lunar 

phase) + s(Lat) + s(Chl a) 
190.24 -44.22 32.90% 

Log(CPUE + 1) = s(Year) + s(Month) + s(Lunar 

phase) + s(Lat) + s(Chl a) + s(SLA) 
190.24 -54.73 37.50% 

Log(CPUE + 1) = s(Year) + s(Month) + s(Lunar 

phase) + s(Lat) + s(Chl a) + s(SLA) + s(Depth) 
185.23 -83.23 47.40% 

Log(CPUE + 1) = s(Year) + s(Month) + s(Lunar 

phase) + s(Lat) + s(Chl a) + s(SLA) + s(Depth) + s(SST) 
184.21 -82.33 47.70% 

 

 

The contribution of each factor included in GAMs to D. maruadsi CPUE indicated 

their influence on D. maruadsi CPUE (Table 3). Among them, the most influential 

factor was month, which explained 13.50% of the variability in D. maruadsi CPUE, 

followed by depth, year, lunar phase, SLA, latitude, Chl a, which explained 9.9%, 

9.30%, 6.50%, 4.60%, 1.90%, and 1.70% of the variability in D. maruadsi CPUE 

respectively. The F test and Chi-squared test showed that after SST was added into the 

model, it did not degrade the fit significantly (P > 0.05), while AIC value increased, 

suggesting that SST had no significant effect on D. maruadsi CPUE, so it was removed 

from the model. 
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Table 3. Statistical significance and contribution of the factors in GAM 

Factors 
Degree of 

freedom 
P-value F-test Chi-square test 

Contribution of 

selected variables 

Year 3.69 1.35*10-3 6.71*10-4 4.51*10-4 9.30% 

Month 1.00 1.92*10-6 6.02*10-7 1.70*10-7 13.50% 

Lunar phase 1.91 2.80*10-4 1.88*10-4 1.27*10-4 6.50% 

Lat 1.72 1.30*10-2 0.02 0.02 1.90% 

Chl a 1.00 1.76*10-2 0.03 0.03 1.70% 

SLA 2.76 1.47*10-3 5.47*10-4 4.20*10-4 4.60% 

Depth 2.71 7.32*10-7 1.61 6 4.31*10-7 9.90% 

SST 1.00 0.317 0.32 0.32 0.30% 

 

 

Relationship between D. maruadsi CPUE and the influencing factors (Fig. 3). 

Among all temporal factors, the year factor showed a positive effect in 2011-2013 and 

2014-2015 (Fig. 3a) and a negative effect in 2013-2014, with no significant change in 

the confidence interval (Fig. 3b). From January to February, and from August to 

September, D. maruadsi CPUE increased monotonously over time; the width of the 

confidence interval decreased between different seasons (from February to August), and 

increased within the same seasons (January to February, August to September). D. 

maruadsi CPUE monotonously decreased with lunar phase changing from 1 to 15, and 

monotonously increased with lunar phase changing from 15 to 30 (Fig. 3c), with no 

significant change in the confidence interval. 

 

 

Figure 3. Effects of different factors on D. CPUE from GAM analysis. The shadow area 

indicates the 95% confidence intervals. Rug plots on the x-axis indicate data density 

 

 

D. maruadsi CPUE increased monotonically with latitude increasing from 20°N to 

21.5°N (Fig. 3d). The width of the confidence interval decreased within 20.5°N -

21.0°N, suggesting increased reliability of the estimation. The width of the confidence 

interval increased within 20.0°N -20.5°N and 21.0°N -21.5°N suggesting decreased 

reliability of the estimation. 
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D. maruadsi CPUE changed little with Chl a increasing (Fig. 3e). The data were 

concentrated within Chl a range of 0.1-0.5 mg·m-3, and the narrow confidence interval 

indicated high reliability of the estimation. With Chl a increasing in the range of 0.5-

3.0 mg·m-3, the amount of data decreased, the width of confidence interval increased, 

indicating the reliability of the estimation decreased. It showed the effect of SLA on D. 

maruadsi CPUE (Fig. 3f). With SLA increasing from -0.15 to -0.05 m, D. maruadsi 

CPUE increased, and the width of confidence interval decreased. As SLA increased 

from -0.05 to 0.10 m, D. maruadsi CPUE decreased, the confidence interval became 

narrower, indicating the reliability of the estimation increased. As SLA increased from 

0.10 to 0.20 m, D. maruadsi CPUE increased again, while the confidence interval 

became broader, and the reliability of the estimation decreased. The data were 

concentrated within SLA range of -0.8 to 0.13 m. It showed the effect of water depth on 

D. maruadsi CPUE (Fig. 3g). In detail, D. maruadsi CPUE increased with depth 

increasing from 30 to 80 m, while the width of confidence interval increased, indicating 

that the reliability of the estimation increased. With water depth increasing from 80 to 

100 m, D. maruadsi CPUE declined, while the width of confidence interval increased, 

indicating that the reliability of the estimation reduced. 

 

Seasonal variation in D. maruadsi CPUE 

According to GAM analysis, the effect of the month factor which was most 

influential to D. maruadsi CPUE was further analyzed. The fishing vessels were 

operated in the sea area within 19.75°-21.75°N and 111.25°-113.75°E in January, 

February, August and September every year. Our data revealed that D. maruadsi CPUE 

was high in summer, with a maximum value of 18.00. t/d, a median value of 1.28 t/d, a 

minimum value of 0.00 t/d, and the abnormally high value in summer was 30.20 t/d. D. 

maruadsi CPUE was low in winter, with a maximum value of 1.25 t/d, a median of 

0.20 t/d, and a minimum value of 0.00 t/d. Comparing the kernel density distribution 

plots of D. maruadsi CPUE between summer and winter, we found that the distribution 

of D. maruadsi CPUE in summer was discrete, with a peak value around 0.60, and that 

in winter was concentrated, with a peak value around 0.20. All the maximum value, 

upper quartile, median, and lower quartile of D. maruadsi CPUE in summer were 

higher than in winter (Fig. 4). 
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Figure 4. Violin plot of CPUE distribution of Decapterus maruadsi in summer and winter 
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Discussion 

Relationship between D. maruadsi CPUE and temporal/spatial factors 

GAMs analyze the relationship between response and predictor variables based on 

data model. They possess obvious advantages in analyzing the highly nonlinear and 

non-monotonic relationship between response and predictor variables, and can be used 

to reveal the unknown ecological relationships in fishery (Hastie et al., 1999; La et al., 

2016; Bacha et al., 2017). Among all the factors included in GAM, the month factor 

made the greatest contribution to the GAM, up to13.50% (Table 3). There was an 

obvious seasonal variation in D. maruadsi resources in western Guangdong waters, and 

its CPUE was higher in summer (August and September) than in winter (January and 

February) (Fig. 3b). Studies have shown that the spawning period of D. maruadsi 

begins at the end of winter and ends in summer (Chen et al., 2003; Wu, 2000). Previous 

studies on D. maruadsi in the Beibu Gulf and the Taiwan Strait indicates that summer is 

an important season for D. maruadsi to fatten up (Huang, 1995; Yang, 2016). D. 

maruadsi populations are able to increase during summer fishing moratorium (SFM) in 

June and July, and then gradually decrease from August to November due to the 

continuous high-intensity fishing in this period, resulting in significant difference in D. 

maruadsi CPUE between winter and summer. 

The year factor explained 9.30% of the variability in D. maruadsi CPUE (Table 3). 

D. maruadsi CPUE fluctuated during 2011-2015 (Fig. 3a), and the decrease in 2014 

was probably due to the unusually late summer monsoon season in the South China Sea 

in this year (Yuan, 2014). As an R-selected species, it is susceptible to environmental 

influence (Chen et al., 2003; Yan et al., 1987). The reduced fishing intensity during 

summer moratorium from June to July (Zhu, 2009; Qu, 2018), and the increased 

primary productivity caused by the upwelling in western Guangdong waters (Song, 

2012) provide favorable conditions for the replenishment of D. maruadsi resources. It is 

widely accepted that summer winds may be the reason for the strong upwellings in the 

study area from June to July (Xie, 2016). The summer monsoon in the South China Sea 

in 2014 started unusually late, which might delay the occurrence of upwelling in this 

area, as a result, the D. maruadsi resources were not sufficiently replenished. In 2015, 

the summer monsoon in South China Sea occurred at the usual time (Si et al., 2016), 

and thus the D. maruadsi resources were able to recover during moratorium, so its 

CPUE in 2015 was higher than in 2014. 

Lunar phase explained 6.50% of the deviance of the model (Table 3). The 

relationship between D. maruadsi CPUE and lunar phase was represented by an 

inverted U-shaped curve, with the minimum CPUE value at lunar phase 15 (Fig. 3c), 

which might be caused by the light luring seine used by the vessels. The moon is at its 

brightest when full in a month, and the moonlight lowers the attractiveness of light 

luring seines to cephalopods (Chen et al., 2006; Yan, 2015). As the major catch of light 

luring seine fishing in western Guangdong waters (Yang et al., 2009), similar results 

were obtained in D. maruadsi in our study. In addition to the influence of moonlight 

intensity, whether the changes in the marine environment caused by lunar phase have an 

impact on D. maruadsi CPUE needs to be further studied. 

Correlation analysis indicated that there was a positive linear correlation between 

longitude and D. maruadsi CPUE in western Guangdong waters (Table 1). The violin 

plot (Fig. 2) showed that the maximum value, median value, and the amount of data of 

D. maruadsi CPUE were all higher at longitude 113.25°E-113.75°E. GAM analysis 
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showed that latitude and D. maruadsi CPUE had a high positive correlation near 

longitude 21°N (Fig. 3d). D. maruadsi tends to spawn in the areas where seawater is 

diluted by fresh water, and the spawning season lasts for a long period until the end of 

summer (Chen et al., 2003; Zhu, 1984). Therefore, D. maruadsi population tends to 

concentrate in the Pearl River estuary in winter and summer. The decreased water depth 

along coasts may be the factor restricting the positive effect of latitude, increasing the 

width of confidence interval north of 21°N, and reducing the reliability of the 

estimation. 

 

Relationship between D. maruadsi CPUE and environmental factors 

Among the environmental factors, water depth was the most influential to GAM, and 

it explained 9.90% of the deviance (Table 3). In detail, D. maruadsi CPUE increased 

monotonously with depth increasing from 30 to 80 m, and the reliability of the 

estimation was higher at depth 50-80 m. With further increase in water depth, D. 

maruadsi CPUE declined monotonously (Fig. 3g). D. maruadsi is a pelagic fish (Deng, 

1991). Acoustic assessments indicate that three carangid species including D. maruadsi 

along the east coast of Peninsular Malaysia are concentrated at depth of 40-60 m, and 

their density is 0 when water depth exceeds 80 m. The depth of study area is about 0-

200 m. While some researchers believe that D. maruadsi in this sea area lives at or near 

the bottom of the sea (Fan, 2018). The GAMs showed that in western Guangdong 

waters, the high CPUE values of D. maruadsi appeared at about 80 m, which might 

have been affected by light luring seines. 

SLA explained 4.6% of the total deviance (Table 3). The positive effect of SLA on 

D. maruadsi CPUE peaked at SLA around -0.05 m (Fig. 3f), which may be related to 

oceanic currents (such as eddies, upwelling) in this area. Remote sensing data about sea 

surface height such as SLA and sea surface height anomaly (SSHA) are the indicators 

of oceanic currents and density stratification of seawater (Thomas, 2012), and are 

widely used for eddy identification (Wang, 2015; Yi, 2014; Zhan, 2014). Eddies 

regulates SST, SSS, and Chl a by a complicated mechanism (Chelton, 2011; Schütte, 

2016; He, 2016). The center of anticyclonic eddies in the northeastern Atlantic is 

characterized by a negative SLA value and a reduced SST and SSS (Schütte, 2016). 

Along the coasts of the southwest Indian Ocean, the cold eddies have a negative SSHA 

value at their center, and stir up nutrients from the bottom, resulting in an elevation in 

Chl a. In the northern South China Sea, the positive effect of eddies on Chl a is stronger 

than the negative effect of anticyclonic eddies. And the eddies in the northern South 

China Sea increased seawater Chl a and promoted the transport of Chl a along 

longitude. In addition, SLA in upwelling region also exhibits a certain pattern. In West 

Africa, the upwelling center has a negative SLA, decreased SST and elevated Chl a 

(Nieto, 2017). The eastern Hainan-western Guangdong upwelling in the study area 

increased the Chl a and primary productivity in the area in summer (Song, 2012; He, 

2016). Therefore, it is speculated that the oceanic currents (eddies, upwelling, etc.) at 

SLA -0.05 m provide favorable conditions for D. maruadsi, so that the positive effect of 

SLA on D. maruadsi CPUE reaches the maximum level within this SLA range. 

No significant correlation between D. maruadsi CPUE and Chl a was observed in 

this study (Fig. 3e), but the data density plot indicated that D. maruadsi CPUE was 

concentrated at Chl a ranging from 0.1 to 0.5 mg·m-3, suggesting that D. maruadsi tends 

to live in waters with this range of Chl a. As an indicator of marine phytoplankton, Chl 

a has an important impact on fishery distribution. The study on the Pacific saury 
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(Cololabis saira) distribution in the northwestern Pacific Ocean based on empirical 

cumulative distribution function (ECDF) showed that high CPUE occurred when Chl a 

ranged from 0.4 to 0.6 mg·m-3 (Tseng, 2013). The study on yellowfin tuna (Thunnus 

albacares) in the western and central Pacific showed that the tuna tends to live in the 

waters with Chl a of 0.1-0.6 mg·m-3 (Wang, 2016; Kang, 2018). It has been reported 

that D. maruadsi in southern Taiwan Strait prefer to live in the waters with Chl a 

ranging from 0.2 to 1.0 mg·m-3 (Li, 2006). The data density distribution based on GAM 

analysis in this study revealed a Chl a range suitable for D. maruadsi in the western 

Guangdong waters. 

Conclusions 

To examine the relative influence of environmental factors on the distribution of D. 

maruadsi, data recorded by the fishing vessels and remote sensing including SST, Chl a 

and SLA in the western Guangdong waters, were analyzed using GAMs combined with 

correlation analysis in this study. Results showed that D. maruadsi CPUE in western 

Guangdong waters had a significant positive linear correlation with longitude, showing 

a general trend of decreasing from east to west. The final model explained 47.40% of 

the variability in D. maruadsi CPUE in total. Among all the factors included in the 

model, month was most influential to the distribution of D. maruadsi, followed by 

depth, year, lunar phase, SLA and latitude, Chl a and SST. The D. maruadsi resources 

were concentrated in the areas where the latitude was 21°N, Chl a ranged from 0.1 to 

0.5 mg·m-3, SLA was -0.05 m and water depth was 80 m. The fishing method (light 

luring seines) used in this study might affect the conclusions about the effects of lunar 

phase and water depth on D. maruadsi CPUE. Therefore, different fishing methods will 

be used verify the effects of the two factors in the future work. 
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