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The Use of statistical models in Identifying Skipjack Tuna Habitat 1 

Characteristics during the Southeast Monsoon in Bone Gulf, Indonesia  2 

SAFRUDDIN1♥, RACHMAT HIDAYAT1, ST. AISJAH FARHUM1, MUKTI ZAINUDDIN1 3 
1Study Program of Capture Fisheries, Faculty of Marine Science and Fisheries, Hasanuddin University, Jl. Perintis kemerdekaan Km.10, Makassar- 4 

90245, South Sulawesi, Indonesia. email: safruddin@fisheries.unhas.ac.id. 5 

Manuscript received: 02 12 2021. Revision accepted: ....................  2021. 6 

Abstract. This study aimed to explore the relationship between the oceanographic factors with the distribution and abundance of 7 
skipjack tuna obtained by utilizing a pole and line in the Bone Gulf, Indonesia. The research was conducted during every southeast 8 
monsoon season (from April to September) from 2015 until 2018. Three oceanographic parameters were used in the process to 9 
understand this relationship, i.e., Sea Surface Temperature (SST), Sea Surface Chlorophyll-a (SSC), and water depth. Generalized 10 
Additive Models (GAMs) and Generalized Linear Models (GLMs) that were used to predict the spatial pattern of the skipjack tuna 11 
showed that all considered parameters have a significant influence on the distribution of skipjack tuna in the study area. The fish are 12 
mostly distributed from coastal to offshore, ranging between 50 to 2,000 meters and even wider. The concentration tends to be high 13 
within the interval of 29.5 to 30.5 °C of SST and 0.25 to 0.35 mg m-3 of SSC, and 500 to 1,000 meters of water depth. The research has 14 
also found that the Skipjack tuna migration to Bone Gulf may have followed the current water interruption during the southeast 15 
monsoon. The fished prefer warmer temperatures and lower primary productivities waters in the offshore areas. These preferred 16 
conditions may represent the optimal habitat of the skipjack tuna in the Bone Gulf during the southeast monsoon periods. 17 

Key words: oceanographic factors, pole and line, skipjack tuna, statistical models. 18 

Abbreviations (if any): Sea Surface Temperature (SST), Sea Surface Chlorophyll-a (SSC), Catch Per Unit Effort (CPUE), generalized 19 
Additive Models (GAMs), Generalized Linear Models (GLMs), Akaike Information Criterion (AIC), Cumulative Deviance Explained 20 
(CDE) 21 

Running title: Statistical Model for Skipjack Habitat 22 

INTRODUCTION  23 

Skipjack tuna (Katsuwonus pelamis) is the most crucial targeting by marine fisheries in the world’s oceans (Galland et 24 

al. 2016). Large schools of adult skipjack tuna are often associated with juvenile yellowfin (Thunnus albacores) and 25 

bigeye tuna (Thunnus obesus) (IOTC 2020). Skipjack tuna is a highly migratory pelagic species inhabiting all tropical and 26 

subtropical waters (Artetxe-Arrate et al. 2020). However, they are found mainly in the tropical areas of the Atlantic, Indian 27 

and Pacific Oceans, with the most incredible abundance seen near the equator. Since juvenile yellowfin and bigeye tuna 28 

often school with adult skipjack tuna, they are caught by purse seine and pole and line vessels that the main target is 29 

skipjack tuna (Hidayat et al. 2019; IOTC 2019; Safruddin et al. 2020). 30 

The dynamic of oceanographic factors could change the natural fluctuations of the skipjack tuna in distribution and 31 

abundance in the coastal and offshore areas (Mugo et al. 2010; Tseng et al. 2010; Wang et al. 2016). The distribution can 32 

also influence if the small pelagic fish such anchovy is abundant in the same area (Safruddin et al. 2018). Therefore, 33 

information is rapidly needed on the effects of oceanography factors related to skipjack tuna distribution (Andrade and 34 

Garcia, 1999). This information is needed to predict fishing ground potential zones for sustainable skipjack tuna fishery in 35 

the study area.  36 

Statistical models such as generalized additive models (GAMs) and generalized linear models (GLMs) as a method can 37 

be one of the most useful for determining the fish distribution in relation to oceanography factors such as sea surface 38 

temperature (SST), sea surface chlorophyll-a (SSC), and water depth (Safruddin 2013; Safruddin et al. 2018; Selao et al. 39 

2019).  40 

The Gulf of Bone is one of the best skipjack tuna habitats in Indonesian waters, with the peak fishing season lasting 41 

from early April until the end of September (southeast monsoon). Although skipjack tuna is an iconic species in Bone 42 

Gulf, local availability of skipjack tuna is a key economy for pole and line fishery. However, a lack of information about 43 

this tuna distribution spatially and temporally. As a result, this study offers the chance to investigate skipjack tuna under 44 



 

various oceanographic conditions connected to the use of pole and line fishing gear and discuss the oceanography elements 45 

impacting skipjack tuna distribution and apply statistical models. 46 

MATERIALS AND METHODS 47 

Study area 48 

The study area was located in Bone Gulf (3 - 5°S) and (120 - 122°E), South Sulawesi, Indonesia (Figure 1). The field 49 

surveys used a pole and line (local commercial fisheries) to investigate the fishing ground positions and the number of 50 

skipjack tuna catches during the study. Oceanography observations (satellite imagery data) were conducted monthly 51 

during the southeast monsoon (in April to September) from 2015 until 2018, respectively. 52 

53 
Figure 1. Map of Indonesia Seas with the Red Box was representing the study area. 54 

Procedures 55 

Data Collection  56 

In-situ data were obtained through the scientific survey, the fishing base at Murante fish landing site, Luwu district. We 57 

were gathered the fishery data from 508 fishing ground positions. A global positioning system (GPS) was used to 58 

determine fishing grounds coordinates (latitude and longitude). The In-situ field data consisted of fishing position and 59 

catch per unit efforts (CPUEs). The oceanographic images data (SST, SSC, and depth) were obtained from satellite 60 

oceanography imaginary data of high-resolution Moderate-Resolution Imaging Spectroradiometer (MODIS) aqua with a 61 

spatial resolution of 4 km April to September 2015 until 2018. The waters depth data was gained from the ETOPO2 62 

satellite database. In this study, we used monthly temporal resolution. Furthermore, the SST and SSC averaged during 63 

southeast monsoon were mapped as shown in Figures 2 and 3.  64 

 65 
Figure 2. The Profiles of SST average during southeast monsoon in 2015 until 2018 overlaid with the skipjack tuna distribution in Bone 66 
Gulf waters. 67 



 

 68 
Figure 3. The Profiles of SSC average during southeast monsoon in 2015 - 2018 overlaid with the skipjack tuna distribution in Bone 69 
Gulf waters. 70 

Data analysis 71 

Determining the effect of oceanographic parameters on horizontal distributions of skipjack tuna in the sea, statistical 72 

models (Hastie and Tibshirani 1990) are used for the CPUE and oceanographic datasets. The models, such as GAMs and 73 

GLMs, were created using the mgcv package in R-studio (Wood 2006) to predict the spatial patterns of skipjack tuna. The 74 

response variable used skipjack tuna catches (CPUE/fishing trip), and the predictor used oceanographic parameters (SST, 75 

SSC, and depth). 76 

So the hypothesized interactions between oceanographic parameters and skipjack tuna are most likely non-linear, GAM 77 

was employed as an experimental technique to determine the forms of the associations. The connections between the 78 

skipjack distribution and each predictor (SST, SSC, and depth) were also determined. In a GLM, the proper functions were 79 

utilized to identify these forms in the linear model, as indicated in Equations (1) and (2) (Safruddin 2013). 80 

g(μi) = α0 +s1 (SST) + s2 (SSC) + s3 (depth) + ε   (GAM model)                                      (1) 81 

g(μi) = β0 + β1 (SST) + β2 (SSC) + β3 (depth) + ε  (GLM model)                                     (2) 82 

where g is link function, μi is the expected value of the dependent variable for the presence of skipjack tuna (CPUE), α 83 

and β0 are the models constant, sn is the predictor variables smoothing function, and ε is a random error term, and βn is the 84 

vector of model coefficients.  85 

The Gaussian family with identical link functions was chosen since the skipjack tuna CPUE has a continuous 86 

distribution. Models were created from the ground up, with only one independent component, such as SST, and predictor 87 

components added later. Model selection was influenced by the predictor's significance, Akaike Information Criterion 88 

(AIC) reduction, and the deviance explained value. The best model was chosen from a group of seven to build the 89 

GAMs/GLMs. The GAMs/GLMs model was utilized to compare the results of the prediction models using a statistical 90 

criterion. They were also used to explain all observations with multiple variables, including inter-variable correlations 91 

(Safruddin 2013).  92 

RESULTS AND DISCUSSION 93 

Skipjack Tuna Fishing Ground 94 

Skipjack tuna fishing grounds were mapped on latitude and longitude scales, with SST, SSC, and depth overlay 95 

(Figures 2 - 4). CPUE marks the position along the railway in Figures 2 - 4, and each school is designated as a single point. 96 

Map contours with high SST, SSC, and depth, or the opposite, were also discovered.   97 



 

 98 
Figure 4. The profiles of bathymetric overlain with the skipjack tuna distribution during southeast monsoon in 2015 - 2018 in Bone Gulf 99 
waters. 100 

The lowest SST and the highest SSC for the southeast monsoon occur every year. On the otherwise, in the northwest 101 

season. Skipjack tuna was the least abundant in the lower SST area (Figure 3) due to changes in water temperature caused 102 

by water currents from the Flores Sea entrance to Bone Gulf. So it may be a strategy in biological processes under 103 

changing oceanographic conditions related to fish growth. Skipjack tuna stock is positively correlated with oceanographic 104 

factors. Skipjack tuna is distributed mainly in nearshore areas in the water depth range of 50 to 2,000 m (Figure 4). The 105 

horizontal profiles of the SST and SSC structures for the 2015-2018 southeast season, respectively (Figures 2 and 3), are 106 

warmer near the coast than offshore. Skipjack schools occupy areas in the offshore area where they prefer relatively warm 107 

SST and lower SSC (Figures 2 and 3). 108 

The environmental conditions of skipjack tuna fishing grounds were used for four monthly datasets (April – August). 109 

As a result, the preference range suggested a possible association between all of the factors examined. For example, figure 110 

4 shows that skipjack tuna were found in temperatures ranging from 29.5 to 31.05 °C. On the otherwise, the skipjack tuna 111 

schools concentrated in the narrow ranges of 0.15-1.00 mg m-3 regarding SSC. 112 

Effects of oceanographic factors on skipjack tuna distribution 113 

The oceanographic condition of the skipjack tuna schooling coordinate was employed in the current study for 114 

displaying the area and further analysis. Tables 1 and 2 show the models built using GAMs/GLMs on the skipjack tuna 115 

distribution scenarios utilizing predictor parameters (SST, SSC, and depth). 116 

Tables 1 and 2 present the results for each of the seven GAM and GLM models. Each model's predictor component (s) 117 

significantly affected the skipjack tuna distribution in p < 0.05 reference levels, except depth as two and three predictors 118 

(Table 1). However, only SST substantially contributed to a single model predictor, two model predictors, and three model 119 

predictors in GLMs (Table 2). For the final model combination of SST, SSC, and depth, the cumulative deviance 120 

explained (CDE) was 21.9% (GAMs) and 12.830% (GLMs), respectively. Thus, tables 1 and 2 suggest that the influence 121 

of oceanographic conditions may explain the fluctuation of skipjack tuna abundance distribution. Additionally, GAMs 122 

with the highest CDE were well-suited to characterize the influence of oceanographic conditions on skipjack tuna 123 

distribution and abundance. 124 

Tables 1 and 2 show the results of GAMs and GLMs, respectively. For both statistical models, the SST had the largest 125 

deviance explained among the single variable models. According to AIC (6048.045) and CDE (21.9%) and as the best 126 

model predictor of GAM, the combination of SST and SSC predicted relatively more significant variability in skipjack 127 



 

tuna catches. The AIC values for the three-parameter models were low (6049.831), and the most significant deviation was 128 

explained (21.9%). SST was the sole predictor model with the lowest AIC (6083.072) and the maximum CDE among 129 

GLMs model (12.870%) and was also found in combining two-parameter models between SST and SSC. The three 130 

parameter models had the lowest AIC and the highest CDE overall (12.830 % ). All of the results produced by combining 131 

predictor factors at various levels revealed an increase or decrease in CDE and a higher AIC value of variation. 132 

GAMs models were more effective than GLMs in understanding the effect of oceanographic factors on skipjack tuna 133 

distribution and abundance, as shown in Tables 1 and 2. The result of the GAM plots give impacts of each predictor on 134 

schooling density of skipjack tuna are shown in Figures 5 and 6. The observed data points are represented by the rug plot 135 

on the horizontal axis, while the think line shows the fitted function, and the grey shading represents the 95 percent 136 

confidence interval (Safruddin 2013). 137 

 138 
Table 1. Oceanographic factor influences on the skipjack tuna distribution (n=508), according to the GAMs Models. Also included are 139 
the significant factor, AIC value and CDE. 140 

No. Model 
Oceanographic 

factor 
P-value AIC CDE (%) 

1. SST SST <2e-16 *** 6054.183 20.400 

2. SSC SSC 2.22e-06 *** 6121.052 8.400 

3. Depth Depth 0.000109 *** 6132.647 4.970 

4. 
SST + SSC 

SST 2.46e-15 *** 
6048.045 21.900 

SSC 0.000293 *** 

5. 
SST + Depth  

SST 2.12e-14 *** 
6067.725 17.300 

Depth 0.296   

6. 
SSC + Depth 

SSC 0.000899 *** 
6121.672 8.350 

Depth 0.236307   

7. 

SST + SSC + Depth 

SST 2.44e-15 *** 

6049.831 21.900 SSC 0.000289 *** 

Depth 0.832189 

Note: Sig. codes: 0.001 '***' 0.01 '**' 0.05 '*' 141 

Figure 5 describes the impact of oceanographic conditions on skipjack tuna distribution. Around 29.5 – 30.5 °C, the 142 

SST (Figure 5a) had a noticeable positive effect on skipjack tuna distribution. The confidence intervals are broader 143 

because there are fewer data points at 30.5 - 31.0 °C. In the SSC plot (Figure 5b), there was a beneficial influence on 144 

school distribution in the SSC ranges of 0.25 - 0.35 mg m-3. A consistent influence on skipjack tuna distribution of 50 - 145 

2,000 m was seen for depth (Figure 5c). The study also found that models combining SST and SSC produced the most 146 

significant model prediction, with the lowest AIC and highest CDE (Figure 5d). Skipjack tuna distribution in the Northern 147 

Pacific Ocean near Japan waters had SST and SSC optimal temperatures of 20.5 - 26 °C and 0.3 - 0.37 mg m-3, 148 

respectively, according to Mugo (2010). The findings of this study corroborated those of Zainuddin et al. (2017), who 149 

discovered that distribution of skipjack tuna in the coastal area was primarily around 50 m depth. 150 

Table 2. Oceanographic factor influences on the skipjack tuna distribution (n=508), according to the GLMs Models. Also included are 151 
the significant factor, AIC value and CDE. 152 

No. Model 
Oceanographic 

factor 
P-value AIC CDE (%) 

1 SST SST <2e-16 *** 6083.072 12.960 

2 SSC SSC 0.89413 6154.549 0.194 

3 Depth Depth 0.17566 6152.724 0.165 

4 SST + SSC SST <2e-16 *** 6084.600 12.870 

SSC 0.494   

5 SST + Depth  SST <2e-16 *** 6084.987 12.800 

Depth 0.772   

6 SSC + Depth SSC 0.385 6153.966 0.117 

Depth 0.109   

7 SST + SSC + Depth SST <2e-16*** 6085.819 12.830 

SSC 0.282   

Depth 0.379   

Note: Sig. codes: 0.001 '***' 0.01 '**' 0.05 '*' 153 



 

 154 
Figure 4. Skipjack tuna distribution responses of oceanographic factors; (a) SST, (b) SSC, (c) depth, and (d) best model predictor. 155 

Discussion 156 

Oceanographic circumstances such as SST, which have the most significant impact on growth stages of fish and 157 

distribution (Yuniarti et al. 2013; Syah et al. 2020), the main role in the natural oscillations of skipjack tuna stocks. As a 158 

result, SST is a great indicator for the fishing ground of skipjack tuna to have been used by fishermen and investigators for 159 

decades. Furthermore, changes in oceanic (physical and biological) parameters may significantly impact migration patterns 160 

and fish growth (Safruddin et al. 2018).  161 

Because the SST in the research region may vary, measurements should be obtained frequently. More samples may be 162 

required to accomplish this goal. Therefore, one of this research objective about how oceanographic data will be used in 163 

research (e.g., correlation with skipjack tuna distribution and abundance). Temperature fluctuations are often linked to the 164 

biological richness (Iskandar et al. 2017; Takarina et al. 2018), such as anchovy distribution and abundance as prey for 165 

skipjack tuna, and they have an important influence on fish physiology (Kunarso et al. 2011; Olson et al. 2016; Duffy et al. 166 

2017).   167 

Satellite remote sensing imagery directly indicates horizontal and large-area information on oceanographic conditions, 168 

which may be utilized to understand oceanographic processes in the surface water better. The combination of satellite data 169 

with acoustic technology will, of course, increase the accuracy of the data. For example, they combine CTD and satellite 170 

data when conducting data observations (Safruddin 2013). As a result, four-year datasets of oceanographic conditions 171 

(SST, SSC, and water depth) on skipjack tuna position were employed, with scatter plots and optimal ranges indicating a 172 

possible association among all variables observed as shown in Figure 5.  173 



 

Skipjack tuna can be found in coastal areas, where it can sometimes be found in great numbers, particularly in 174 

upwelling areas (Sari et al. 2018; Wijaya et al. 2020). The study detailed the interaction between skipjack tuna and their 175 

oceanographic variable at the aspect of temporal and spatial scales to comprehend the numerous processes involved and 176 

how they might be utilized to model their dynamics and forecast their abundance (Prista et al. 2011; Selvaraj et al. 2020).  177 

Oceanographic conditions are essential variables to assess the abundance of fish in the waters, especially skipjack tuna, 178 

representing the original habitats. The distribution of skipjack tuna observed during the daytime is closely related to the 179 

dynamics of oceanographic variables and fishing operations in Bone Gulf. As shown in Tables 1 and 2 and Figure 5, the 180 

effect of oceanographic parameters on the abundance and distribution of skipjack tuna for water depths is also a reference. 181 

The p-value, AIC, and CDE can all be used to assess the impact of changing oceanographic conditions on skipjack tuna 182 

CPUE. As a result, oceanographic variables connected to skipjack tuna distribution are critical to understanding skipjack 183 

tuna habitat preferences.   184 

Oceanographic phenomena in the waters such as frontal oceanic zones, eddies, and upwelling area often occur make 185 

different characteristics like in the Bone Gulf and the Flores Sea (Zainuddin et al. 2017, 2019; Hidayat and Zainuddin 186 

2018; Hidayat et al. 2019b). This event makes the waters very dynamic and affects the horizontal distribution of fish in the 187 

Bone Gulf. The dynamic oceanographic parameters in this area produce highly productive habitats and serve as foraging 188 

grounds for various commercially and ecologically important species such as anchovies and skipjack tuna (Safruddin et al 189 

2018; Hidayat et al 2019b) 190 

The results of this study indicate that the SST tolerance value for skipjack tuna is in the range of 29.5 to 30.5 °C and 191 

for SSC parameters in the range of 0.25 – 0.35 mg m-3 (Figures 5a and 5b). however, in addition to SST and SSC, 192 

Indonesian throughflow (ITF) and Asian monsoons also influence the location of the optimum habitat for skipjack tuna 193 

(Gordon 2005). changes in the value of SST in the waters are heavily influenced by the seasonal cycle, in contrast to the 194 

SSC, which is not much influenced by the seasonal cycle. Therefore, the migration of skipjack tuna in the northern waters 195 

of Bone Gulf is thought to have followed the mass movement of water in the southeast monsoon by occupying relatively 196 

warm areas in offshore waters. 197 

Based on the lowest AIC value and the highest CDE, the GAM nonlinear model is the best statistical model to 198 

understand the effect of oceanographic parameters on the distribution and abundance of skipjack tuna. This study is also 199 

supported by previous findings in the Makassar Strait, which reported that the GAM model effectively assessed the effect 200 

of oceanographic parameters on skipjack tuna (Hidayat et al. 2019a) and small pelagic fish such as anchovies in Bone Gulf 201 

(Safruddin et al. 2018).  202 

This study concludes that the GAM statistical model has succeeded in explaining the effect of oceanographic parameter 203 

conditions on the distribution of skipjack tuna in Bone Gulf. This study also shows the vital role of oceanographic 204 

parameters in understanding the habitat of skipjack tuna related to its abundance and distribution in the waters. The 205 

distribution of skipjack tuna in the ocean shows a strong relationship with several parameters such as SST, SSC, and water 206 

depth. Suitable or optimal conditions for skipjack tuna represent skipjack fishing areas during the study in the southeast 207 

monsoon period. Oceanographic parameters associated with fish catches correspond to the spatial and temporal 208 

distribution of skipjack tuna and have become a hot topic of discussion worldwide (Andrade 2003; Mugo et al. 2010; 209 

Zainuddin et al. 2019). From the results of this study, it can be suggested that management decisions to increase fishery 210 

yields need to consider oceanographic conditions and characteristics in the waters. 211 

ACKNOWLEDGEMENTS 212 

We thank the Ministry of Education, Culture, Research, and Technology and Hasanuddin University for their 213 

outstanding contribution in supporting this research through PTUPT research grants (2017 - 2019) and PDUPT in 2020 214 

and 2021. We also thank thanks to all parties involved in this research.   215 

REFERENCES 216 

Andrade HA. 2003. The relationship between the skipjack tuna (Katsuwonus pelamis) fishery and seasonal temperature variability in the south-western 217 
Atlantic. Fish. Oceanogr. 12 (1): 10–18. https://doi.org/10.1046/j.1365-2419.2003.00220.x 218 

Andrade HA, Garcia CAE. 1999. Skipjack tuna fishery in relation to sea surface temperature off the southern Brazilian coast. Fish. Oceanogr. 8 (4): 245–219 
254. https://doi.org/10.1046/j.1365-2419.1999.00107.x 220 

Artetxe-Arrate I, Fraile I, Marsac F, Farley JH, Rodriguez-Ezpeleta N, Davies CR, Clear NP, Grewe P, Murua H. 2020. A review of the fisheries, life 221 
history and stock structure of tropical tuna (skipjack Katsuwonus pelamis, yellowfin Thunnus albacares and bigeye Thunnus obesus) in the Indian 222 
Ocean, 1st ed, Advances in Marine Biology. Elsevier Ltd. https://doi.org/10.1016/bs.amb.2020.09.002 223 

Duffy LM, Kuhnert PM, Pethybridge HR, Young JW, Olson RJ, Logan JM, Goñi N, Romanov E, Allain V, Staudinger MD, Abecassis M, Choy CA, 224 
Hobday AJ, Simier M, Galván-Magaña F, Potier M, Ménard F. 2017. Global trophic ecology of yellowfin, bigeye, and albacore tunas: 225 
Understanding predation on micronekton communities at ocean-basin scales. Deep. Res. Part II Top. Stud. Oceanogr. 140: 55–73. 226 
https://doi.org/10.1016/j.dsr2.2017.03.003 227 

Galland G, Rogers A, Nickson A. 2016. Netting billions: a global valuation of tuna. Pew Charitible Trust 1–22. 228 
Gordon AL. 2005. Oceanography of the Indonesia Seas and Their Throughflow. Oceanography 18 (4): 14–27. 229 

https://doi.org/https://doi.org/10.5670/oceanog.2005.01 230 



 

Hastie T, Tibshirani R. 1990. Generalized Additive Models. Chapman and Hall, London. 352 pp. 231 
Hampton J. 2010 Tuna Fisheries Status and Management in the Western and Central Pacific Ocean. Oceanic Fisheries Program. New Caledonia. 23 232 

pages. 233 
Hidayat R, Zainuddin M, Safruddin S, Mallawa A, Farhum SA. 2019a. Skipjack Tuna (Katsuwonus pelamis) catch in relation to the Thermal and 234 

Chlorophyll-a Fronts during May – July in the Makassar Strait. IOP Conf. Ser. Earth Environ. Sci. 253 (1): 012045. https://doi.org/10.1088/1755-235 
1315/253/1/012045 236 

Hidayat R, Zainuddin M, Putri ARS. 2019b. Skipjack tuna (Katsuwonus pelamis) catches in relation to chlorophyll-a front in Bone Gulf during the 237 
southeast monsoon. AACL Bioflux 12 (1): 209–218. 238 

Hidayat R, Zainuddin M. 2019. Detection of cyclonic and anti-cyclonic eddy in relation to potential Skipjack Tuna fishing ground in Makassar Strait. 239 
IOP Conf. Ser. Earth Environ. Sci. 241 (1): 012011. https://doi.org/10.1088/1755-1315/241/1/012011 240 

IOTC. 2019. Nominal Catch by Species and Gear, by Vessel Flag Reporting Country. IOTC-2019-DATASETS-NCDB. https://www.iotc.org 241 
IOTC. 2020. Review of the statistical data and fishery trends for tropical tunas. https://www.iotc.org 242 
Iskandar I, Sari QW, Setiabudiday D, Yustian I, Monger B. 2017. The distribution and variability of chlorophyll-a bloom in the southeastern tropical 243 

Indian ocean using empirical orthogonal function analysis. Biodiversitas 18 (4): 1546–1555. https://doi.org/10.13057/biodiv/d180433 244 
Kunarso, Hadi S, Ningsih NS, Baskoro MS. 2011. Variabilitas Suhu dan Klorofil-a di Daerah Upwelling pada Variasi Kejadian ENSO dan IOD di 245 

Perairan Selatan Jawa sampai Timor. ILMU Kelaut. Indones. J. Mar. Sci. 16 (3): 171-180. https://doi.org/10.14710/ik.ijms.16.3.171-180 [indonesia] 246 
Mugo R, Saitoh SI, Nihira A, Kuroyama T. 2010. Habitat characteristics of skipjack tuna (Katsuwonus pelamis) in the western North Pacific: a remote 247 

sensing perspective. Fish. Oceanogr. 19 (5): 382–396. https://doi.org/10.1111/j.1365-2419.2010.00552.x 248 
Olson RJ, Young JW, Ménard F, Potier M, Allain V, Goñi N, Logan JM, Galván-Magaña F. 2016. Bioenergetics, Trophic Ecology, and Niche Separation 249 

of Tunas. Adv. Mar. Biol. 74: 199–344. https://doi.org/10.1016/bs.amb.2016.06.002 250 
Prista N, Diawaia N, Costa MJ, Jones C. 2011. Use of SARIMA models to assess data-poor fisheries: A case study with a sciaenid fishery off Portugal. 251 

Fish. Bull. 109 (2): 170–185. 252 
Safruddin. 2013. Estimates of Japanese sandeel (Ammodytes personatus) distribution and biomass  in  the  northern  coast  of  Hokkaido,  Japan,  using  a  253 

quantitative echosounder. [Dissertation]. Hokkaido University 254 
Safruddin, Rachmat H, M Zainuddin, 2018 Effects of environmental factors on anchovies Stolephorus sp distribution in Bone Gulf, Indonesia AACL 255 

Bioflux 11(2):387-393. 256 
Safruddin, R. Hidayat, Y. K. Dewi, M. T. Omar, S. A. Farhum,  A. Mallawa, M. Zainuddin, 2020. The Distribution of Yellowfin Tuna Based on Sea 257 

Surface Temperature dan Water Depth Parameters In The Bone Gulf, Indonesia. IOP Conf. Ser.: Earth Environ. Sci. 654 (1):  012064. 258 
https://doi.org/10.1088/1755-1315/564/1/012064 259 

Sari QW, Siswanto E, Setiabudidaya D, Yustian I, Iskandar I. 2018. Spatial and temporal variability of surface chlorophyll-a in the gulf of Tomini, 260 
Sulawesi, Indonesia. Biodiversitas 19 (3): 743–751. https://doi.org/10.13057/biodiv/d190306 261 

Selao A, Malik AA, Yani FI, Mallawa A, Safruddin. 2019. Remote Chlorophyll-a and SST to  Determination of Fish  Potential Area in Makassar Strait 262 
Waters Using MODIS Satellite Data. IOP Conf. Ser. Earth Environ. Sci. 370 (1): 012047. https://doi.org/10.1088/1755-1315/270/1/012047 263 

Selvaraj JJ, Arunachalam V, Coronado-Franco KV, Romero-Orjuela LV, Ramírez-Yara YN. 2020. Time-series modeling of fishery landings in the 264 
Colombian Pacific Ocean using an ARIMA model. Reg. Stud. Mar. Sci. 39: 101477. https://doi.org/10.1016/j.rsma.2020.101477 265 

Syah AF, Gaol JL, Zainuddin M, Apriliya NR, Berlianty D, Mahabrort D. 2020. Detection of potential fishing zones of Bigeye tuna (Thunnus obesus) at 266 
profundity of 155 M in the eastern Indian Ocean. Indones. J. Geogr. 52 (1): 29–35. https://doi.org/10.22146/ijg.43708 267 

Takarina ND, Nurliansyah W, Wardhana W. 2019. Relationship between environmental parameters and the Plankton community of the Batuhideung 268 
fishing grounds, Pandeglang, Banten, indonesia. Biodiversitas 20 (1): 171–180. https://doi.org/10.13057/biodiv/d200120 269 

Tseng CT, Sun CL, Yeh SZ, Chen SC, Su WC. 2010. Spatio-temporal distributions of tuna species and potential habitats in the Western and Central 270 
Pacific Ocean derived from multi-satellite data. Int. J. Remote Sens. 31: 4543–4558. https://doi.org/10.1080/01431161.2010.485220 271 

Wang J, Chen X, Chen Y. 2016. Spatio-temporal distribution of skipjack in relation to oceanographic conditions in the west-central Pacific Ocean. Int. J. 272 
Remote Sens. 37 (24): 6149–6164. https://doi.org/10.1080/01431161.2016.1256509 273 

Wijaya A, Zakiyah U, Sambah AB, Setyohadi D. 2020. Spatio-temporal variability of temperature and chlorophyll-a concentration of sea surface in Bali 274 
Strait, Indonesia. Biodiversitas J. Biol. Divers. 21 (11): 5283–5290. https://doi.org/10.13057/biodiv/d211132 275 

Wood SN. 2006. Generalized Additive Models: An Introduction with R. Chapman & Hall,  London. 392 pp. 276 
Yuniarti A, Maslukah L, Helmi M. 2013. Studi Variabilitas Suhu Permukaan Laut Berdasarkan Citra Satelit Aqua MODIS Tahun 2007-2011 di Perairan 277 

Selat Bali. J. Oceanogr. 2 (4): 416–421 [Indonesian] 278 
Zainuddin M, Farhum SA, Safruddin S, Selamat MB, Sudirman S, Nurdin N, Syamsuddin M, Ridwan M, Saitoh SI. 2017. Detection of pelagic habitat 279 

hotspots for skipjack tuna in the Gulf of Bone-Flores Sea, southwestern Coral Triangle tuna, Indonesia. PLoS One 12 (10): 1–19. 280 
https://doi.org/10.1371/journal.pone.0185601 281 

Zainuddin M, Amir MI, Bone A, Farhum SA, Hidayat R, Putri ARS, Mallawa A, Safruddin, Ridwan M. 2019. Mapping distribution patterns of skipjack 282 
tuna during January-May in the Makassar Strait. IOP Conf. Ser. Earth Environ. Sci. 370 (1): 012004. https://doi.org/10.1088/1755-283 
1315/370/1/012004 284 



SUBMISSION CHECKLIST 285 

 286 

 287 

Ensure that the following items are present: 288 

 289 

The first corresponding author must be accompanied with contact details: Give mark (X) 

• E-mail address X 

• Full postal address (incl street name and number (location), city, postal code, state/province, 

country) 

X 

• Phone and facsimile numbers (incl country phone code) X 

  

All necessary files have been uploaded, and contain:  

• Keywords X 

• Running titles X 

• All figure captions X 

• All tables (incl title and note/description) X 

  

Further considerations  

• Manuscript has been “spell & grammar-checked” Better, if it is revised by a professional 

science editor or a native English speaker 

X 

• References are in the correct format for this journal X 

• All references mentioned in the Reference list are cited in the text, and vice versa X 

• Colored figures are only used if the information in the text may be losing without those 

images 

X 

• Charts (graphs and diagrams) are drawn in black and white images; use shading to 

differentiate 

X 

 290 

  291 



6/21/22, 2:18 PM Universitas Hasanuddin Mail - [biodiv] Submission Acknowledgement

https://mail.google.com/mail/u/1/?ik=7ff423a659&view=pt&search=all&permthid=thread-f%3A1718000495595444386&simpl=msg-f%3A1718000… 1/1

Safruddin - <safruddin@fisheries.unhas.ac.id>

[biodiv] Submission Acknowledgement

1 message

Ahmad Dwi Setyawan <smujo.id@gmail.com> Thu, Dec 2, 2021 at 10:42 AM
To: Safruddin Hasyim <safruddin@fisheries.unhas.ac.id>

Safruddin Hasyim:


Thank you for submitting the manuscript, "The Use of statistical models in Identifying Skipjack Tuna Habitat
Characteristics during the Southeast Monsoon in Bone Gulf, Indonesia " to Biodiversitas Journal of Biological
Diversity. With the online journal management system that we are using, you will be able to track its progress through
the editorial process by logging in to the journal web site:


Submission URL: https://smujo.id/biodiv/authorDashboard/submission/10023

Username: safruddin_75


If you have any questions, please contact me. Thank you for considering this journal as a venue for your work.

Ahmad Dwi Setyawan


________________________________________________________________________

Biodiversitas Journal of Biological Diversity

https://smujo.id/biodiv/authorDashboard/submission/10023
https://smujo.id/biodiv


6/21/22, 2:19 PM Universitas Hasanuddin Mail - [biodiv] Editor Decision

https://mail.google.com/mail/u/1/?ik=7ff423a659&view=pt&search=all&permthid=thread-f%3A1728089983845438303&simpl=msg-f%3A1728089… 1/1

Safruddin - <safruddin@fisheries.unhas.ac.id>

[biodiv] Editor Decision
1 message

Ayu Astuti <smujo.id@gmail.com> Wed, Mar 23, 2022 at 7:29 PM
To: Safruddin Hasyim <safruddin@fisheries.unhas.ac.id>, Rachmat Hidayat <rh191993@gmail.com>, St Aisjah Farhum
<icha_erick@yahoo.com>, Mukti Zainuddin <muktizunhas@gmail.com>

Safruddin Hasyim, Rachmat Hidayat, St Aisjah Farhum, Mukti Zainuddin:


We have reached a decision regarding your submission to Biodiversitas Journal of Biological Diversity, "The Use of
statistical models in Identifying Skipjack Tuna Habitat Characteristics during the Southeast Monsoon in Bone Gulf,
Indonesia ".


Our decision is: Revisions Required


------------------------------------------------------

Reviewer A:

Dear Authors,

Thank you for submitting this interesting paper to Biodiversitas. The paper describes the use of models to identify
locations for skipjack tuna fishing. The paper has some potential value to those involved in fisheries. Overall, I found
the manuscript to be well formatted, with a clear message and repeatable methods. The results are well organised
(but see comments on the word manuscript), and the outcomes are clear in the discussion. There are a few relatively
small revisions required; details can be found on the manuscript. On the whole, an interesting and well designed
study.

Recommendation: Revisions Required


------------------------------------------------------


________________________________________________________________________

Biodiversitas Journal of Biological Diversity

A-10023-Article Text-1049291-1-4-20220321.doc

2705K

https://smujo.id/biodiv
https://mail.google.com/mail/u/1/?ui=2&ik=7ff423a659&view=att&th=17fb68af3b04935f&attid=0.1&disp=attd&safe=1&zw


Statistical Model for Skipjack Habitat 

 

The use of statistical models in identifying skipjack tuna habitat 1 

characteristics during the Southeast Monsoon in the Bone Gulf, 2 

Indonesia  3 
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Abstract. This study aimed to explore the relationship between the oceanographic factors and the distribution and abundance of skipjack 8 
tuna obtained by pole and line fishing in the Bone Gulf, Indonesia. The research was conducted during the southeast monsoon season 9 
(April–September) from 2015 until 2018. Three oceanographic parameters were used to understand this relationship, i.e., Sea Surface 10 
Temperature (SST), Sea Surface Chlorophyll-a (SSC), and water depth. Generalized Additive Models (GAMs) and Generalized Linear 11 
Models (GLMs) used to predict the spatial pattern of the skipjack tuna showed that all considered parameters significantly influenced 12 
the distribution of skipjack tuna in the study area. The fish are mostly distributed from coastal to offshore areas, ranging between 50 to 13 
2,000 meters and even wider. The concentration tends to be high within the range of 29.5 to 30.5°C of SST, 0.25 to 0.35 mgm-3 of SSC, 14 
and 500 to 1,000 meters of water depth. The research also found that the skipjack tuna migration to the Bone Gulf may have followed 15 
the current water interruption during the southeast monsoon, for preferred warmer temperatures and lower primary productivity waters 16 
in the offshore areas. This may represent the optimal habitat of the skipjack tuna during this period. 17 

Keywords: oceanographic factors, pole and line, skipjack tuna, statistical models. 18 

Abbreviations: Sea Surface Temperature (SST), Sea Surface Chlorophyll-a (SSC), Catch Per Unit Effort (CPUE), Generalized Additive 19 
Models (GAMs), Generalized Linear Models (GLMs), Akaike Information Criterion (AIC), Cumulative Deviance Explained (CDE) 20 

Running title: Statistical Model for Skipjack Habitat 21 

INTRODUCTION  22 

Skipjack tuna (Katsuwonus pelamis) is the most crucial target catch of marine fisheries in the world’s oceans (Galland 23 

et al. 2016). Large schools of adult skipjack tuna are often associated with juvenile yellowfin (Thunnus albacares) and 24 

bigeye tuna (Thunnus obesus) (IOTC 2020). Skipjack tuna is a highly migratory pelagic species inhabiting all tropical and 25 

subtropical waters (Artetxe-Arrate et al. 2020). However, they are found mainly in the tropical areas of the Atlantic, 26 

Indian, and Pacific Oceans, with the most incredible abundance seen near the equator. Since juvenile yellowfin and bigeye 27 

tuna often school with adult skipjack tuna, they are caught by purse seine and pole and line vessels whose main target is 28 

skipjack tuna (Hidayat et al. 2019; IOTC 2019; Safruddin et al. 2020). 29 

The dynamics of oceanographic factors could affect the natural fluctuations in the distribution and abundance of 30 

skipjack tuna in the coastal and offshore areas (Mugo et al. 2010; Tseng et al. 2010; Wang et al. 2016). The distribution 31 

could also be influenced by the abundance of small pelagic fish such as anchovy in the same area (Safruddin et al. 2018). 32 

Therefore, there is an urgent need for information on the effects of oceanographic factors on skipjack tuna distribution 33 

(Andrade and Garcia 1999) to predict fishing ground potential zones for sustainable skipjack tuna fishery in the study area.  34 

Statistical models such as generalized additive models (GAMs) and generalized linear models (GLMs) can be the most 35 

useful methods for determining the fish distribution in relation to oceanographic factors such as the sea surface 36 

temperature (SST), sea surface chlorophyll-a (SSC), and water depth (Safruddin 2013; Safruddin et al. 2018; Selao et al. 37 

2019).  38 

The Bone Gulf is one of the best skipjack tuna habitats in Indonesian waters, with the peak fishing season lasting from 39 

early April until the end of September (southeast monsoon). Although skipjack tuna is an iconic species in the Bone Gulf, 40 

its local availability is a key factor for the pole and line fishery economy. However, there is a lack of information about its 41 

distribution, both spatially and temporally. Hence, this study is an attempt to investigate the availability of skipjack tuna 42 

caught using pole and line fishing gear under various oceanographic conditions and to discuss the oceanographic elements 43 

impacting skipjack tuna distribution by applying statistical models. 44 
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MATERIALS AND METHODS 45 

Study area 46 

The study area was located in the Bone Gulf (3–5°S) and (120–122°E), South Sulawesi, Indonesia (Figure 1). The field 47 

surveys used the pole and line method (local commercial fisheries) to investigate the fishing ground positions and the 48 

number of skipjack tuna catches during the study. Oceanography observations (satellite imagery data) were conducted 49 

monthly during the southeast monsoon (April–September) from 2015 until 2018. 50 

 51 
Figure 1. Map of the Indonesian seas with the red box representing the study area. 52 

Procedures 53 

Data Collection  54 

In-situ data were obtained through a scientific survey at the fishing base at Murante fish landing site, Luwu district. We 55 

gathered the fishery data from 508 fishing ground positions. A global positioning system (GPS) was used to determine 56 

fishing ground coordinates (latitude and longitude). The in-situ field data consisted of the fishing position and catch per 57 

unit efforts (CPUEs). The oceanographic parameters (SST, and SSC) were obtained from satellite oceanography imagery 58 

data of high-resolution Aqua Moderate-Resolution Imaging Spectroradiometer (MODIS), with a spatial resolution of 4 59 

km, from 2015 until 2018 (April–September). The water depth data was gained from the ETOPO1 satellite database. In 60 

this study, we used monthly temporal resolution. Furthermore, the SST and SSC averaged during southeast monsoon were 61 

mapped as shown in Figures 2 and 3, respectively.  62 

 63 
Figure 2. The profiles of SST average during southeast monsoon from 2015 until 2018 overlaid with the skipjack tuna distribution in the 64 
Bone Gulf waters. 65 

 66 
Figure 3. The profiles of SSC average during southeast monsoon from 2015 to 2018 overlaid with the skipjack tuna distribution in the 67 
Bone Gulf waters. 68 
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Data Analysis 69 

To determine the effect of oceanographic parameters on horizontal distributions of skipjack tuna in the sea, statistical 70 

models (Hastie and Tibshirani 1990) were used for the CPUE and oceanographic datasets. The models, such as GAMs and 71 

GLMs, were created using the MGCV package in R-studio (Wood 2006) to predict the spatial patterns of skipjack tuna. 72 

The response variable used skipjack tuna catches (CPUE/fishing trip), and the predictor used oceanographic parameters 73 

(SST, SSC, and depth). 74 

The hypothesized interactions between oceanographic parameters and skipjack tuna distribution are most likely non-75 

linear. GAM was employed as an experimental technique to determine the forms of the associations. The connections 76 

between the skipjack distribution and each predictor (SST, SSC, and depth) were also determined. In a GLM, proper 77 

functions were utilized to identify these forms in the linear model, as indicated in Equations (1) and (2) (Safruddin 2013). 78 

g(μi) = α0 +s1 (SST) + s2 (SSC) + s3 (depth) + ε   (GAM model)                                      (1) 79 

g(μi) = β0 + β1 (SST) + β2 (SSC) + β3 (depth) + ε  (GLM model)                                     (2) 80 

where g is the link function, μi is the expected value of the dependent variable for the presence of skipjack tuna 81 

(CPUE), α0 and β0 are the respective model’s constant, sn is the predictor variable’s smoothing function, ε is a random 82 

error term, and βn is the vector of model coefficients.  83 

The Gaussian family with identical link functions was chosen since the skipjack tuna CPUE has a continuous 84 

distribution. Models were created from the ground up, with only one independent component such as SST, and predictor 85 

components were added later. Model selection was influenced by the predictor's significance, Akaike Information 86 

Criterion (AIC) reduction, and the deviance explained value. The best model was chosen from a group of seven to build 87 

the GAMs/GLMs. The GAMs/GLMs model was utilized to compare the results of the prediction models using a statistical 88 

criterion. They were also used to explain all observations with multiple variables, including inter-variable correlations 89 

(Safruddin 2013).  90 

RESULTS AND DISCUSSION 91 

Skipjack tuna fishing ground 92 

Skipjack tuna fishing grounds were mapped on latitude and longitude scales, with SST, SSC, and depth overlay 93 

(Figures 2–4). CPUE marks the position along the overlay in Figures 2–4, and each school is designated as a single point. 94 

Map contours with high SST, SSC, and depth, or the opposite, were also discovered.  95 

 96 
Figure 4. The profiles of bathymetric overlay with the skipjack tuna distribution during southeast monsoon from 2015 to 2018 in the 97 
Bone Gulf waters. 98 
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The lowest SST and the highest SSC occur every year during the southeast monsoon period. The reverse happens in the 99 

northwest monsoon season, skipjack tuna was least abundant in the lower SST area (Figure 2) due to changes in water 100 

temperature caused by water currents from the Flores Sea entrance to the Bone Gulf. This could be a strategy in biological 101 

processes related to fish growth under changing oceanographic conditions. Skipjack tuna stock is positively correlated 102 

with oceanographic factors. It is distributed mainly in nearshore areas in the water depth range of 50 to 2,000 m (Figure 4). 103 

The horizontal profiles of the SST and SSC structures for the 2015–2018 southeast monsoon season (Figures 2 and 3) are 104 

warmer near the coast than offshore. Skipjack schools occupy offshore areas where they prefer relatively higher SST and 105 

lower SSC (Figures 2 and 3). 106 

The environmental conditions of skipjack tuna fishing grounds were used for four monthly datasets (April–August). As 107 

a result, the preference range suggested a possible association between all examined factors. For example, Figure 4 shows 108 

that skipjack tuna were found in temperatures ranging from 29.5 to 31.05°C. Likewise, the skipjack tuna schools 109 

concentrated in the narrow ranges of 0.15–1.00 mgm-3 with respect to SSC. 110 

Effects of oceanographic factors on skipjack tuna distribution 111 

The oceanographic conditions of the skipjack tuna schooling coordinates were employed in the current study for 112 

displaying the area and further analysis. Tables 1 and 2 show the models built using GAMs/GLMs on the skipjack tuna 113 

distribution scenarios utilizing predictor parameters (SST, SSC, and depth). 114 

Tables 1 and 2 present the results for each of the seven GAM and GLM models. Each model's predictor component(s) 115 

significantly affected the skipjack tuna distribution in p < 0.05 reference levels, except depth as predictor two and three  116 

(Table 1). However, only SST substantially contributed to a single model predictor, two model predictors, and three model 117 

predictors in GLMs (Table 2). For the final model combination of SST, SSC, and depth, the cumulative deviance 118 

explained (CDE) was 21.9% (GAMs) and 12.830% (GLMs), respectively. Thus, Tables 1 and 2 suggest that the influence 119 

of oceanographic conditions may explain the fluctuation of skipjack tuna abundance distribution. Additionally, GAMs 120 

with higher CDE were well-suited to characterize the influence of oceanographic conditions on skipjack tuna distribution 121 

and abundance. 122 

Tables 1 and 2 show the results of GAMs and GLMs, respectively. For both statistical models, the SST had the largest 123 

deviance explained among the single variable models. According to AIC (6048.045) and CDE (21.9%), and as the best 124 

model predictor of GAM, the combination of SST and SSC predicted relatively more significant variability in skipjack 125 

tuna catches. The AIC values for the three-parameter models were low (6049.831) and the most significant deviation 126 

explained was 21.9%. SST was the sole predictor model with the lowest AIC (6083.072) and the maximum CDE on the 127 

GLMs model (12.870%) and was also found as a combined two-parameter model between SST and SSC. The three-128 

parameter models had the lowest AIC and the highest CDE overall (12.830%). All results produced by combining 129 

predictor factors at various levels revealed an increase or decrease in CDE and a higher AIC value of variation. 130 

GAMs models were more effective than GLMs in understanding the effect of oceanographic factors on skipjack tuna 131 

distribution and abundance, as shown in Tables 1 and 2. The result of the GAM plots shows the impact of each predictor 132 

on schooling density of skipjack tuna as shown in Figures 5. The observed data points are represented by the rug plot on 133 

the horizontal axis, while the thin line shows the fitted function, and the grey shading represents the 95% confidence 134 

interval (Safruddin 2013). 135 

 136 
Table 1. Oceanographic factor influences on the skipjack tuna distribution (n=508), according to the GAMs models. Also included are 137 
the significant factor, AIC value, and CDE 138 

Model 
Oceanographic 

factor 
P-value AIC CDE (%) 

SST SST <2e-16 *** 6054.183 20.400 

SSC SSC 2.22e-06 *** 6121.052 8.400 

Depth Depth 0.000109 *** 6132.647 4.970 

SST + SSC SST 2.46e-15 *** 6048.045 21.900 

SSC 0.000293 *** 

SST + Depth  SST 2.12e-14 *** 6067.725 17.300 

Depth 0.296 

SSC + Depth SSC 0.000899 *** 6121.672 8.350 

Depth 0.236307 

SST + SSC + Depth SST 2.44e-15 *** 6049.831 21.900 

SSC 0.000289 *** 

Depth 0.832189 

Note: Sig. codes: 0.001 '***' 0.01 '**' 0.05 '*' 139 

Figure 5 describes the impact of oceanographic conditions on skipjack tuna distribution. Around 29.5–30.5°C, the SST 140 

(Figure 5a) had a noticeable positive effect on skipjack tuna distribution. The confidence intervals are broader because 141 
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there are fewer data points at 30.5–31.0°C. In the SSC plot (Figure 5b), there was a beneficial influence on school 142 

distribution in the SSC ranges of 0.25–0.35 mgm-3. A consistent influence on skipjack tuna distribution was seen at a depth 143 

of 50–2,000 m (Figure 5c). The study also found that models combining SST and SSC produced the most significant 144 

model prediction, with the lowest AIC and highest CDE (Figure 5d). Skipjack tuna distribution in the Northern Pacific 145 

Ocean near Japan waters had SST and SSC optimal values of 20.5–26°C and 0.3–0.37 mgm-3, respectively, according to 146 

Mugo (2010). The findings of this study corroborated those of Zainuddin et al. (2017), who discovered that the distribution 147 

of skipjack tuna in the coastal area was primarily around 50 m depth. 148 

Table 2. Oceanographic factor influences on the skipjack tuna distribution (n=508), according to the GLMs models. Also included are 149 
the significant factor, AIC value, and CDE 150 

Model Oceanographic factor P-value AIC CDE (%) 

SST SST <2e-16 *** 6083.072 12.960 
SSC SSC 0.89413 6154.549 0.194 
Depth Depth 0.17566 6152.724 0.165 
SST + SSC SST <2e-16 *** 6084.600 12.870 

SSC 0.494   
SST + Depth  SST <2e-16 *** 6084.987 12.800 

Depth 0.772   

SSC + Depth SSC 0.385 6153.966 0.117 
Depth 0.109   

SST + SSC + Depth SST <2e-16*** 6085.819 12.830 
SSC 0.282   

Depth 0.379   

Note: Sig. codes: 0.001 '***' 0.01 '**' 0.05 '*' 151 

  152 
Figure 4. Skipjack tuna distribution responses of oceanographic factors; (a) SST, (b) SSC, (c) depth, and (d) best model predictor. 153 

Discussion 154 

Oceanographic conditions such as the SST, which have the most significant impact on the growth stages of fish and 155 

their distribution (Yuniarti et al. 2013; Syah et al. 2020), play a main role in the natural oscillations of skipjack tuna stocks. 156 

As a result, SST is a great indicator for the fishing ground of skipjack tuna to have been used by fishermen and researchers 157 

for decades. Furthermore, changes in oceanic (physical and biological) parameters may significantly impact migration 158 

patterns and fish growth (Safruddin et al. 2018).  159 
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Since the SST in the research region may vary, measurements should be obtained frequently. More samples may be 160 

required to accomplish this goal. Therefore, one of the objectives of this research was to determine how oceanographic 161 

data can be used in research (e.g., correlation between skipjack tuna distribution and abundance). Temperature fluctuations 162 

are often linked to the biological richness (Iskandar et al. 2017; Takarina et al. 2018), such as anchovy distribution and 163 

abundance as the prey for skipjack tuna, and they have an important influence on fish physiology (Kunarso et al. 2011; 164 

Olson et al. 2016; Duffy et al. 2017).  165 

Satellite remote sensing imagery directly provides horizontal and large-area information on oceanographic conditions, 166 

which may be utilized to understand oceanographic processes in the surface water better. The combination of satellite data 167 

with acoustic technology will, of course, increase the accuracy of the data. For example, CTD and satellite data are 168 

combined when conducting data observations (Safruddin 2013). As a result, four-year datasets of oceanographic 169 

conditions (SST, SSC, and water depth) on skipjack tuna position were employed, with scattered plots and optimal ranges 170 

indicating a possible association among all variables observed, as shown in Figure 5.  171 

Skipjack tuna can be found in coastal areas, sometimes in great numbers, particularly in upwelling areas (Sari et al. 172 

2018; Wijaya et al. 2020). The study detailed the interaction between skipjack tuna and their oceanographic variables, 173 

considering the aspect of temporal and spatial scales to comprehend the numerous processes involved and how they might 174 

be utilized to model their dynamics and forecast their abundance (Prista et al. 2011; Selvaraj et al. 2020).  175 

Oceanographic conditions are essential variables to assess the abundance of fish in the waters, especially skipjack tuna, 176 

representing the original habitats. The distribution of skipjack tuna observed during the daytime is closely related to the 177 

dynamics of oceanographic variables and fishing operations in the Bone Gulf. As shown in Tables 1 and 2 and Figure 5, 178 

the effect of oceanographic parameters on the abundance and distribution of skipjack tuna is also a reference for water 179 

depths. The p-value, AIC, and CDE can all be used to assess the impact of changing oceanographic conditions on skipjack 180 

tuna CPUE. As a result, oceanographic variables connected to skipjack tuna distribution are critical for understanding 181 

skipjack tuna habitat preferences.  182 

Oceanographic phenomena in the waters, such as frontal oceanic zones, eddies, and upwelling areas, often occur with 183 

different characteristics as seen in the Bone Gulf and the Flores Sea (Zainuddin et al. 2017, 2019; Hidayat and Zainuddin 184 

2018; Hidayat et al. 2019b). This event makes the waters very dynamic and affects the horizontal distribution of fish in the 185 

Bone Gulf. The dynamic oceanographic parameters in this area produce highly productive habitats and serve as foraging 186 

grounds for various commercially and ecologically important species such as anchovies and skipjack tuna (Safruddin et al 187 

2018; Hidayat et al 2019b) 188 

The results of this study indicate that the SST tolerance value for skipjack tuna is in the range of 29.5–30.5°C and in 189 

the range of 0.25–0.35 mgm-3 for SSC parameters (Figures 5a and 5b). However, in addition to SST and SSC, Indonesian 190 

Throughflow (ITF) and Asian monsoons also influence the location of the optimum habitat for skipjack tuna (Gordon 191 

2005). Changes in the value of SST in the waters are heavily influenced by the seasonal cycle, in contrast to the SSC, 192 

which is not influenced much by the seasonal cycle. Therefore, the migration of skipjack tuna in the northern waters of the 193 

Bone Gulf is thought to have followed the mass movement of water in the southeast monsoon, occupying relatively warm 194 

areas in offshore waters. 195 

Based on the lowest AIC value and the highest CDE, the GAM nonlinear model is the best statistical model to 196 

understand the effect of oceanographic parameters on the distribution and abundance of skipjack tuna. This study is also 197 

supported by previous findings in the Makassar Strait, which reported that the GAM model effectively assessed the effect 198 

of oceanographic parameters on skipjack tuna (Hidayat et al. 2019a) and small pelagic fish such as anchovies in the Bone 199 

Gulf (Safruddin et al. 2018). 200 

 201 

Conclusion 202 

This study concludes that the GAM statistical model has succeeded in explaining the effect of oceanographic 203 

parameters on the distribution of skipjack tuna in the Bone Gulf. This study also shows the vital role of oceanographic 204 

parameters in understanding the habitat of skipjack tuna related to its abundance and distribution in the waters. The 205 

distribution of skipjack tuna in the ocean shows a strong relationship with several parameters such as the SST, SSC, and 206 

water depth. Suitable or optimal conditions for skipjack tuna represented skipjack fishing areas during the study in the 207 

southeast monsoon period. Oceanographic parameters associated with fish catches correspond to the spatial and temporal 208 

distribution of skipjack tuna and have become a hot topic of discussion worldwide (Andrade 2003; Mugo et al. 2010; 209 

Zainuddin et al. 2019). From the results of this study, it can be suggested that management decisions to increase fishery 210 

yields need to consider oceanographic conditions and characteristics in the waters. 211 
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 The use of statistical models in identifying skipjack tuna habitat 1 
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Abstract. This study aimed to explore the relationship between the oceanographic factors and the distribution and abundance of skipjack 8 
tuna obtained by pole and line fishing in the Bone Gulf, Indonesia. The research was conducted during the southeast monsoon season 9 
(April–September) from 2015 until 2018. Three oceanographic parameters were used to understand this relationship, i.e., Sea Surface 10 
Temperature (SST), Sea Surface Chlorophyll-a (SSC), and water depth. Generalized Additive Models (GAMs) and Generalized Linear 11 
Models (GLMs) used to predict the spatial pattern of the skipjack tuna showed that all considered parameters significantly influenced 12 
the distribution of skipjack tuna in the study area. The fish are mostly distributed from coastal to offshore areas, ranging between 50 to 13 
2,000 meters and even wider. The concentration tends to be high within the range of 29.5 to 30.5°C of SST, 0.25 to 0.35 mgm-3 of SSC, 14 
and 500 to 1,000 meters of water depth. The research also found that the skipjack tuna migration to the Bone Gulf may have followed 15 
the current water interruption during the southeast monsoon, for preferred warmer temperatures and lower primary productivity waters 16 
in the offshore areas. This may represent the optimal habitat of the skipjack tuna during this period. 17 
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Running title: Statistical Model for Skipjack Habitat 21 

INTRODUCTION  22 

Skipjack tuna (Katsuwonus pelamis) is the most crucial target catch of marine fisheries in the world’s oceans (Galland 23 

et al. 2016). Large schools of adult skipjack tuna are often associated with juvenile yellowfin (Thunnus albacares) and 24 

bigeye tuna (Thunnus obesus) (IOTC 2020). Skipjack tuna is a highly migratory pelagic species inhabiting all tropical and 25 

subtropical waters (Artetxe-Arrate et al. 2020). However, they are found mainly in the tropical areas of the Atlantic, 26 

Indian, and Pacific Oceans, with the most incredible abundance seen near the equator. Since juvenile yellowfin and bigeye 27 

tuna often school with adult skipjack tuna, they are caught by purse seine and pole and line vessels whose main target is 28 

skipjack tuna (Hidayat et al. 2019; IOTC 2019; Safruddin et al. 2020). 29 

The dynamics of oceanographic factors could affect the natural fluctuations in the distribution and abundance of 30 

skipjack tuna in the coastal and offshore areas (Mugo et al. 2010; Tseng et al. 2010; Wang et al. 2016). The distribution 31 

could also be influenced by the abundance of small pelagic fish such as anchovy in the same area (Safruddin et al. 2018). 32 

Therefore, there is an urgent need for information on the effects of oceanographic factors on skipjack tuna distribution 33 

(Andrade and Garcia 1999) to predict fishing ground potential zones for sustainable skipjack tuna fishery in the study area.  34 

Statistical models such as generalized additive models (GAMs) and generalized linear models (GLMs) can be the most 35 

useful methods for determining the fish distribution in relation to oceanographic factors such as the sea surface 36 

temperature (SST), sea surface chlorophyll-a (SSC), and water depth (Safruddin 2013; Safruddin et al. 2018; Selao et al. 37 

2019).  38 

The Bone Gulf is one of the best skipjack tuna habitats in Indonesian waters, with the peak fishing season lasting from 39 

early April until the end of September (southeast monsoon). Although skipjack tuna is an iconic species in the Bone Gulf, 40 

its local availability is a key factor for the pole and line fishery economy. However, there is a lack of information about its 41 

distribution, both spatially and temporally. Hence, this study is an attempt to investigate the availability of skipjack tuna 42 

caught using pole and line fishing gear under various oceanographic conditions and to discuss the oceanographic elements 43 

impacting skipjack tuna distribution by applying statistical models. 44 
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MATERIALS AND METHODS 45 

Study area 46 

The study area was located in the Bone Gulf (3–5°S) and (120–122°E), South Sulawesi, Indonesia (Figure 1). The field 47 

surveys used the pole and line method (local commercial fisheries) to investigate the fishing ground positions and the 48 

number of skipjack tuna catches during the study. Oceanography observations (satellite imagery data) were conducted 49 

monthly during the southeast monsoon (April–September) from 2015 until 2018. 50 

 51 
Figure 1. Map of the Indonesian seas with the red box representing the study area. 52 

Procedures 53 

Data Collection  54 

In-situ data were obtained through a scientific survey at the fishing base at Murante fish landing site, Luwu district. We 55 

gathered the fishery data from 508 fishing ground positions. A global positioning system (GPS) was used to determine 56 

fishing ground coordinates (latitude and longitude). The in-situ field data consisted of the fishing position and catch per 57 

unit efforts (CPUEs). The oceanographic parameters (SST, and SSC) were obtained from satellite oceanography imagery 58 

data of high-resolution Aqua Moderate-Resolution Imaging Spectroradiometer (MODIS), with a spatial resolution of 4 59 

km, from 2015 until 2018 (April–September). The water depth data was gained from the ETOPO1 satellite database. In 60 

this study, we used monthly temporal resolution. Furthermore, the SST and SSC averaged during southeast monsoon were 61 

mapped as shown in Figures 2 and 3, respectively.  62 

 63 
Figure 2. The profiles of SST average during southeast monsoon from 2015 until 2018 overlaid with the skipjack tuna distribution in the 64 
Bone Gulf waters. 65 

 66 
Figure 3. The profiles of SSC average during southeast monsoon from 2015 to 2018 overlaid with the skipjack tuna distribution in the 67 
Bone Gulf waters. 68 
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Data Analysis 69 

To determine the effect of oceanographic parameters on horizontal distributions of skipjack tuna in the sea, statistical 70 

models (Hastie and Tibshirani 1990) were used for the CPUE and oceanographic datasets. The models, such as GAMs and 71 

GLMs, were created using the MGCV package in R-studio (Wood 2006) to predict the spatial patterns of skipjack tuna. 72 

The response variable used skipjack tuna catches (CPUE/fishing trip), and the predictor used oceanographic parameters 73 

(SST, SSC, and depth). 74 

The hypothesized interactions between oceanographic parameters and skipjack tuna distribution are most likely non-75 

linear. GAM was employed as an experimental technique to determine the forms of the associations. The connections 76 

between the skipjack distribution and each predictor (SST, SSC, and depth) were also determined. In a GLM, proper 77 

functions were utilized to identify these forms in the linear model, as indicated in Equations (1) and (2) (Safruddin 2013). 78 

g(μi) = α0 +s1 (SST) + s2 (SSC) + s3 (depth) + ε   (GAM model)                                      (1) 79 

g(μi) = β0 + β1 (SST) + β2 (SSC) + β3 (depth) + ε  (GLM model)                                     (2) 80 

where g is the link function, μi is the expected value of the dependent variable for the presence of skipjack tuna 81 

(CPUE), α0 and β0 are the respective model’s constant, sn is the predictor variable’s smoothing function, ε is a random 82 

error term, and βn is the vector of model coefficients.  83 

The Gaussian family with identical link functions was chosen since the skipjack tuna CPUE has a continuous 84 

distribution. Models were created from the ground up, with only one independent component such as SST, and predictor 85 

components were added later. Model selection was influenced by the predictor's significance, Akaike Information 86 

Criterion (AIC) reduction, and the deviance explained value. The best model was chosen from a group of seven to build 87 

the GAMs/GLMs. The GAMs/GLMs model was utilized to compare the results of the prediction models using a statistical 88 

criterion. They were also used to explain all observations with multiple variables, including inter-variable correlations 89 

(Safruddin 2013).  90 

RESULTS AND DISCUSSION 91 

Skipjack tuna fishing ground 92 

Skipjack tuna fishing grounds were mapped on latitude and longitude scales, with SST, SSC, and depth overlay 93 

(Figures 2–4). CPUE marks the position along the overlay in Figures 2–4, and each school is designated as a single point. 94 

Map contours with high SST, SSC, and depth, or the opposite, were also discovered.  95 

 96 
Figure 4. The profiles of bathymetric overlay with the skipjack tuna distribution during southeast monsoon from 2015 to 2018 in the 97 
Bone Gulf waters. 98 
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The lowest SST and the highest SSC occur every year during the southeast monsoon period. The reverse happens in the 99 

northwest monsoon season, skipjack tuna was least abundant in the lower SST area (Figure 2) due to changes in water 100 

temperature caused by water currents from the Flores Sea entrance to the Bone Gulf. This could be a strategy in biological 101 

processes related to fish growth under changing oceanographic conditions. Skipjack tuna stock is positively correlated 102 

with oceanographic factors. It is distributed mainly in nearshore areas in the water depth range of 50 to 2,000 m (Figure 4). 103 

The horizontal profiles of the SST and SSC structures for the 2015–2018 southeast monsoon season (Figures 2 and 3) are 104 

warmer near the coast than offshore. Skipjack schools occupy offshore areas where they prefer relatively higher SST and 105 

lower SSC (Figures 2 and 3). 106 

The environmental conditions of skipjack tuna fishing grounds were used for four monthly datasets (April–August). As 107 

a result, the preference range suggested a possible association between all examined factors. For example, Figure 4 shows 108 

that skipjack tuna were found in temperatures ranging from 29.5 to 31.05°C. Likewise, the skipjack tuna schools 109 

concentrated in the narrow ranges of 0.15–1.00 mgm-3 with respect to SSC. 110 

Effects of oceanographic factors on skipjack tuna distribution 111 

The oceanographic conditions of the skipjack tuna schooling coordinates were employed in the current study for 112 

displaying the area and further analysis. Tables 1 and 2 show the models built using GAMs/GLMs on the skipjack tuna 113 

distribution scenarios utilizing predictor parameters (SST, SSC, and depth). 114 

Tables 1 and 2 present the results for each of the seven GAM and GLM models. Each model's predictor component(s) 115 

significantly affected the skipjack tuna distribution in p < 0.05 reference levels, except depth as predictor two and three  116 

(Table 1). However, only SST substantially contributed to a single model predictor, two model predictors, and three model 117 

predictors in GLMs (Table 2). For the final model combination of SST, SSC, and depth, the cumulative deviance 118 

explained (CDE) was 21.9% (GAMs) and 12.830% (GLMs), respectively. Thus, Tables 1 and 2 suggest that the influence 119 

of oceanographic conditions may explain the fluctuation of skipjack tuna abundance distribution. Additionally, GAMs 120 

with higher CDE were well-suited to characterize the influence of oceanographic conditions on skipjack tuna distribution 121 

and abundance. 122 

Tables 1 and 2 show the results of GAMs and GLMs, respectively. For both statistical models, the SST had the largest 123 

deviance explained among the single variable models. According to AIC (6048.045) and CDE (21.9%), and as the best 124 

model predictor of GAM, the combination of SST and SSC predicted relatively more significant variability in skipjack 125 

tuna catches. The AIC values for the three-parameter models were low (6049.831) and the most significant deviation 126 

explained was 21.9%. SST was the sole predictor model with the lowest AIC (6083.072) and the maximum CDE on the 127 

GLMs model (12.870%) and was also found as a combined two-parameter model between SST and SSC. The three-128 

parameter models had the lowest AIC and the highest CDE overall (12.830%). All results produced by combining 129 

predictor factors at various levels revealed an increase or decrease in CDE and a higher AIC value of variation. 130 

GAMs models were more effective than GLMs in understanding the effect of oceanographic factors on skipjack tuna 131 

distribution and abundance, as shown in Tables 1 and 2. The result of the GAM plots shows the impact of each predictor 132 

on schooling density of skipjack tuna as shown in Figures 5. The observed data points are represented by the rug plot on 133 

the horizontal axis, while the thin line shows the fitted function, and the grey shading represents the 95% confidence 134 

interval (Safruddin 2013). 135 

 136 
Table 1. Oceanographic factor influences on the skipjack tuna distribution (n=508), according to the GAMs models. Also included are 137 
the significant factor, AIC value, and CDE 138 

Model 
Oceanographic 

factor 
P-value AIC CDE (%) 

SST SST <2e-16 *** 6054.183 20.400 

SSC SSC 2.22e-06 *** 6121.052 8.400 

Depth Depth 0.000109 *** 6132.647 4.970 

SST + SSC SST 2.46e-15 *** 6048.045 21.900 

SSC 0.000293 *** 

SST + Depth  SST 2.12e-14 *** 6067.725 17.300 

Depth 0.296 

SSC + Depth SSC 0.000899 *** 6121.672 8.350 

Depth 0.236307 

SST + SSC + Depth SST 2.44e-15 *** 6049.831 21.900 

SSC 0.000289 *** 

Depth 0.832189 

Note: Sig. codes: 0.001 '***' 0.01 '**' 0.05 '*' 139 

Figure 5 describes the impact of oceanographic conditions on skipjack tuna distribution. Around 29.5–30.5°C, the SST 140 

(Figure 5a) had a noticeable positive effect on skipjack tuna distribution. The confidence intervals are broader because 141 
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there are fewer data points at 30.5–31.0°C. In the SSC plot (Figure 5b), there was a beneficial influence on school 142 

distribution in the SSC ranges of 0.25–0.35 mgm-3. A consistent influence on skipjack tuna distribution was seen at a depth 143 

of 50–2,000 m (Figure 5c). The study also found that models combining SST and SSC produced the domost significant 144 

model prediction, with the lowest AIC and highest CDE (Figure 5d). Skipjack tuna distribution in the Northern Pacific 145 

Ocean near Japan waters had SST and SSC optimal values of 20.5–26°C and 0.3–0.37 mgm-3, respectively, according to 146 

Mugo (2010). The findings of this study corroborated those of Zainuddin et al. (2017), who discovered that the distribution 147 

of skipjack tuna in the coastal area was primarily around 50 m depth. 148 

Table 2. Oceanographic factor influences on the skipjack tuna distribution (n=508), according to the GLMs models. Also included are 149 
the significant factor, AIC value, and CDE 150 

Model Oceanographic factor P-value AIC CDE (%) 

SST SST <2e-16 *** 6083.072 12.960 
SSC SSC 0.89413 6154.549 0.194 
Depth Depth 0.17566 6152.724 0.165 
SST + SSC SST <2e-16 *** 6084.600 12.870 

SSC 0.494   
SST + Depth  SST <2e-16 *** 6084.987 12.800 

Depth 0.772   

SSC + Depth SSC 0.385 6153.966 0.117 
Depth 0.109   

SST + SSC + Depth SST <2e-16*** 6085.819 12.830 
SSC 0.282   

Depth 0.379   

Note: Sig. codes: 0.001 '***' 0.01 '**' 0.05 '*' 151 

  152 
Figure 4. Skipjack tuna distribution responses of oceanographic factors; (a) SST, (b) SSC, (c) depth, and (d) best model predictor. 153 

Discussion 154 

Oceanographic conditions such as the SST, which have the most significant impact on the growth stages of fish and 155 

their distribution (Yuniarti et al. 2013; Syah et al. 2020), play a main role in the natural oscillations of skipjack tuna stocks. 156 

As a result, SST is a great indicator for the fishing ground of skipjack tuna to have been used by fishermen and researchers 157 

for decades. Furthermore, changes in oceanic (physical and biological) parameters may significantly impact migration 158 

patterns and fish growth (Safruddin et al. 2018).  159 
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Since the SST in the research region may vary, measurements should be obtained frequently. More samples may be 160 

required to accomplish this goal. Therefore, one of the objectives of this research was to determine how oceanographic 161 

data can be used in research (e.g., correlation between skipjack tuna distribution and abundance). Temperature fluctuations 162 

are often linked to the biological richness (Iskandar et al. 2017; Takarina et al. 2018), such as anchovy distribution and 163 

abundance as the prey for skipjack tuna, and they have an important influence on fish physiology (Kunarso et al. 2011; 164 

Olson et al. 2016; Duffy et al. 2017).  165 

Satellite remote sensing imagery directly provides horizontal and large-area information on oceanographic conditions, 166 

which may be utilized to understand oceanographic processes in the surface water better. The combination of satellite data 167 

with acoustic technology will, of course, increase the accuracy of the data. For example, CTD and satellite data are 168 

combined when conducting data observations (Safruddin 2013). As a result, four-year datasets of oceanographic 169 

conditions (SST, SSC, and water depth) on skipjack tuna position were employed, with scattered plots and optimal ranges 170 

indicating a possible association among all variables observed, as shown in Figure 5.  171 

Skipjack tuna can be found in coastal areas, sometimes in great numbers, particularly in upwelling areas (Sari et al. 172 

2018; Wijaya et al. 2020). The study detailed the interaction between skipjack tuna and their oceanographic variables, 173 

considering the aspect of temporal and spatial scales to comprehend the numerous processes involved and how they might 174 

be utilized to model their dynamics and forecast their abundance (Prista et al. 2011; Selvaraj et al. 2020).  175 

Oceanographic conditions are essential variables to assess the abundance of fish in the waters, especially skipjack tuna, 176 

representing the original habitats. The distribution of skipjack tuna observed during the daytime is closely related to the 177 

dynamics of oceanographic variables and fishing operations in the Bone Gulf. As shown in Tables 1 and 2 and Figure 5, 178 

the effect of oceanographic parameters on the abundance and distribution of skipjack tuna is also a reference for water 179 

depths. The p-value, AIC, and CDE can all be used to assess the impact of changing oceanographic conditions on skipjack 180 

tuna CPUE. As a result, oceanographic variables connected to skipjack tuna distribution are critical for understanding 181 

skipjack tuna habitat preferences.  182 

Oceanographic phenomena in the waters, such as frontal oceanic zones, eddies, and upwelling areas, often occur with 183 

different characteristics as seen in the Bone Gulf and the Flores Sea (Zainuddin et al. 2017, 2019; Hidayat and Zainuddin 184 

2018; Hidayat et al. 2019b). This event makes the waters very dynamic and affects the horizontal distribution of fish in the 185 

Bone Gulf. The dynamic oceanographic parameters in this area produce highly productive habitats and serve as foraging 186 

grounds for various commercially and ecologically important species such as anchovies and skipjack tuna (Safruddin et al 187 

2018; Hidayat et al 2019b) 188 

The results of this study indicate that the SST tolerance value for skipjack tuna is in the range of 29.5–30.5°C and in 189 

the range of 0.25–0.35 mgm-3 for SSC parameters (Figures 5a and 5b). However, in addition to SST and SSC, Indonesian 190 

Throughflow (ITF) and Asian monsoons also influence the location of the optimum habitat for skipjack tuna (Gordon 191 

2005). Changes in the value of SST in the waters are heavily influenced by the seasonal cycle, in contrast to the SSC, 192 

which is not influenced much by the seasonal cycle. Therefore, the migration of skipjack tuna in the northern waters of the 193 

Bone Gulf is thought to have followed the mass movement of water in the southeast monsoon, occupying relatively warm 194 

areas in offshore waters. 195 

Based on the lowest AIC value and the highest CDE, the GAM nonlinear model is the best statistical model to 196 

understand the effect of oceanographic parameters on the distribution and abundance of skipjack tuna. This study is also 197 

supported by previous findings in the Makassar Strait, which reported that the GAM model effectively assessed the effect 198 

of oceanographic parameters on skipjack tuna (Hidayat et al. 2019a) and small pelagic fish such as anchovies in the Bone 199 

Gulf (Safruddin et al. 2018). 200 

 201 

Conclusion 202 

This study concludes that the GAM statistical model has succeeded in explaining the effect of oceanographic 203 

parameters on the distribution of skipjack tuna in the Bone Gulf. This study also shows the vital role of oceanographic 204 

parameters in understanding the habitat of skipjack tuna related to its abundance and distribution in the waters. The 205 

distribution of skipjack tuna in the ocean shows a strong relationship with several parameters such as the SST, SSC, and 206 

water depth. Suitable or optimal conditions for skipjack tuna represented skipjack fishing areas during the study in the 207 

southeast monsoon period. Oceanographic parameters associated with fish catches correspond to the spatial and temporal 208 

distribution of skipjack tuna and have become a hot topic of discussion worldwide (Andrade 2003; Mugo et al. 2010; 209 

Zainuddin et al. 2019). From the results of this study, it can be suggested that management decisions to increase fishery 210 

yields need to consider oceanographic conditions and characteristics in the waters. 211 
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The use of statistical models in identifying skipjack tuna habitat 1 

characteristics during the Southeast Monsoon in the Bone Gulf, 2 

Indonesia  3 
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Abstract. Skipjack tuna (Katsuwonus pelamis) is the main fishery product in the Bone Gulf, Indonesia, since it has high economic value 8 
and is widely accepted by the market. The migration of skipjack tuna can be described by oceanographic dynamics, influenced by seasonal 9 
changes. This study aimed to explore the relationship between the oceanographic factors and the distribution and abundance of skipjack 10 
tuna obtained by pole and line fishing in the Bone Gulf, Indonesia. The research was conducted during the southeast monsoon season 11 
(April–September) from 2015 until 2018. Three oceanographic parameters were used to understand this relationship, i.e., Sea Surface 12 
Temperature (SST), Sea Surface Chlorophyll-a (SSC), and water depth. Generalized Additive Models (GAMs) and Generalized Linear 13 
Models (GLMs) used to predict the spatial pattern of the skipjack tuna showed that all considered parameters significantly influenced 14 
the distribution of skipjack tuna in the study area. The fish are mostly distributed from coastal to offshore areas, ranging between 50 to 15 
2,000 meters and even wider. The concentration tends to be high within the range of 29.5 to 30.5°C of SST, 0.25 to 0.35 mgm-3 of SSC, 16 
and 500 to 1,500 meters of water depth. The research also found that the skipjack tuna migration to the Bone Gulf may have followed 17 
the current water interruption during the southeast monsoon, for preferred warmer temperatures and lower primary productivity waters 18 
in the offshore areas. This factor may represent the optimal habitat of skipjack tuna during the period and can be the basis for 19 
determining the skipjack fishing schedule in the Bone Gulf. 20 

Keywords: Fishing schedule, Oceanographic factors, Satellite Data, Skipjack Tuna (Katsuwonus pelamis) Habitat, Southeast monsoon 21 
season. 22 

Abbreviations: Sea Surface Temperature (SST), Sea Surface Chlorophyll-a (SSC), Catch Per Unit Effort (CPUE), Generalized Additive 23 
Models (GAMs), Generalized Linear Models (GLMs), Akaike Information Criterion (AIC), Cumulative Deviance Explained (CDE) 24 

Running title: Statistical Model for Skipjack Habitat 25 

INTRODUCTION  26 

Skipjack tuna (Katsuwonus pelamis) is the most crucial target catch of marine fisheries in the world’s oceans (Galland 27 

et al. 2016). Large schools of adult skipjack tuna are often associated with juvenile yellowfin (Thunnus albacares) and 28 

bigeye tuna (Thunnus obesus) (IOTC 2020). Skipjack tuna is a highly migratory pelagic species inhabiting all tropical and 29 

subtropical waters (Artetxe-Arrate et al. 2020). However, they are found mainly in the tropical areas of the Atlantic, 30 

Indian, and Pacific Oceans, with the most incredible abundance seen near the equator. Since juvenile yellowfin and bigeye 31 

tuna often school with adult skipjack tuna, they are caught by purse seine and pole and line vessels whose main target is 32 

skipjack tuna (Hidayat et al. 2019; IOTC 2019; Safruddin et al. 2020). 33 

The dynamics of oceanographic factors could affect the natural fluctuations in the distribution and abundance of 34 

skipjack tuna in the coastal and offshore areas (Mugo et al. 2010; Tseng et al. 2010; Wang et al. 2016). The distribution 35 

could also be influenced by the abundance of small pelagic fish such as anchovy in the same area (Safruddin et al. 2018). 36 

Therefore, there is an urgent need for information on the effects of oceanographic factors on skipjack tuna distribution 37 

(Andrade and Garcia 1999) to predict fishing ground potential zones for sustainable skipjack tuna fishery in the study area.  38 

Statistical models such as generalized additive models (GAMs) and generalized linear models (GLMs) can be the most 39 

useful methods for determining the fish distribution in relation to oceanographic factors such as the sea surface 40 

temperature (SST), sea surface chlorophyll-a (SSC), and water depth (Safruddin 2013; Safruddin et al. 2018; Selao et al. 41 

2019).  42 

The Bone Gulf is one of the best skipjack tuna habitats in Indonesian waters (Zainuddin et al. 2020), with the peak 43 

fishing season lasting from early April until the end of September (southeast monsoon). Although skipjack tuna is an 44 

iconic species in the Bone Gulf, its local availability is a key factor for the pole and line fishery economy. However, there 45 

is a lack of information about its distribution, both spatially and temporally. Hence, this study is an attempt to investigate 46 
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the availability of skipjack tuna caught using pole and line fishing gear under various oceanographic conditions and to 47 

discuss the oceanographic elements impacting skipjack tuna distribution by applying statistical models. 48 

MATERIALS AND METHODS 49 

Study area 50 

The study area was located in the Bone Gulf (3–5°S) and (120–122°E), South Sulawesi, Indonesia (Figure 1). The field 51 

surveys used the pole and line method (local commercial fisheries) to investigate the fishing ground positions and the 52 

number of skipjack tuna catches during the study. Oceanography and bathymetric observations (satellite imagery data) 53 

were conducted monthly during the southeast monsoon (April–September) from 2015 until 2018. This study only focuses 54 

on fishing activities in the southeast monsoon, which is due to the peak season for skipjack fishing in the Bone Gulf takes 55 

place in the southeast monsoon. 56 

 57 
Figure 1. Map of the Indonesian seas with the red box representing the study area. 58 

Procedures 59 

Data Collection  60 

In-situ data were obtained through a scientific survey at the fishing base at Murante fish landing site, Luwu district. We 61 

gathered the fishery data from 508 fishing ground positions. A global positioning system (GPS) was used to determine 62 

fishing ground coordinates (latitude and longitude). The in-situ field data consisted of the fishing position and catch per 63 

unit efforts (CPUEs). The oceanographic parameters (SST, and SSC) were obtained from satellite oceanography imagery 64 

data of high-resolution Aqua Moderate-Resolution Imaging Spectroradiometer (MODIS), with a spatial resolution of 4 65 

km, from 2015 until 2018 (April–September). The water depth data was gained from the ETOPO1 (Amante and Eakins 66 

2009) satellite database. In this study, we used monthly temporal resolution. Furthermore, the SST and SSC averaged 67 

during southeast monsoon were mapped as shown in Figures 2 and 3, respectively.  68 

 69 
Figure 2. The profiles of SST average during southeast monsoon from 2015 until 2018 overlaid with the skipjack tuna distribution in the 70 
Bone Gulf waters. The gradient from green (low temperature) to red (high temperature) illustrates variations in SST in the waters. The 71 
red dot on the maps represents the location of the skipjack tuna fishing coordinates during the study 72 
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 73 
Figure 3. The profiles of SSC average during southeast monsoon from 2015 to 2018 overlaid with the skipjack tuna distribution in the 74 
Bone Gulf waters. The gradient from blue (low concentration) to yellow (high concentration) illustrates variations in SSC in the waters. 75 
The red dot on the maps represents the location of the skipjack tuna fishing coordinates during the study 76 

Data Analysis 77 

To determine the effect of oceanographic parameters on horizontal distributions of skipjack tuna in the sea, statistical 78 

models (Hastie and Tibshirani 1990) were used for the CPUE and oceanographic datasets. The models, such as GAMs and 79 

GLMs, were created using the MGCV package in R-studio (Wood 2006) to predict the spatial patterns of skipjack tuna. 80 

The response variable used skipjack tuna catches (CPUE/fishing trip), and the predictor used oceanographic parameters 81 

(SST, SSC, and depth). 82 

The hypothesized interactions between oceanographic parameters and skipjack tuna distribution are most likely non-83 

linear. GAM was employed as an experimental technique to determine the forms of the associations. The connections 84 

between the skipjack distribution and each predictor (SST, SSC, and depth) were also determined. In a GLM, proper 85 

functions were utilized to identify these forms in the linear model, as indicated in Equations (1) and (2) (Safruddin 2013). 86 

g(μi) = α0 +s1 (SST) + s2 (SSC) + s3 (depth) + ε   (GAM model)                                      (1) 87 

g(μi) = β0 + β1 (SST) + β2 (SSC) + β3 (depth) + ε  (GLM model)                                     (2) 88 

where g is the link function, μi is the expected value of the dependent variable for the presence of skipjack tuna 89 

(CPUE), α0 and β0 are the respective model’s constant, sn is the predictor variable’s smoothing function, ε is a random 90 

error term, and βn is the vector of model coefficients.  91 

The Gaussian family with identical link functions was chosen since the skipjack tuna CPUE has a continuous 92 

distribution. Models were created from the ground up, with only one independent component such as SST, and predictor 93 

components were added later. Model selection was influenced by the predictor's significance, Akaike Information 94 

Criterion (AIC) reduction, and the deviance explained value. The best model was chosen from a group of seven to build 95 

the GAMs/GLMs. The GAMs/GLMs model was utilized to compare the results of the prediction models using a statistical 96 

criterion. They were also used to explain all observations with multiple variables, including inter-variable correlations 97 

(Safruddin 2013).  98 

RESULTS AND DISCUSSION 99 

Skipjack tuna fishing ground 100 

Skipjack tuna fishing grounds were mapped on latitude and longitude scales, with SST, SSC, and depth overlay 101 

(Figures 2–4). CPUE marks the position along the overlay in Figures 2–4, and each school is designated as a single point. 102 

Map contours with high SST, SSC, and depth, or the opposite, were also discovered.  103 
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 104 
Figure 4. The profiles of bathymetric overlay with the skipjack tuna distribution during southeast monsoon from 2015 to 2018 in the 105 
Bone Gulf waters. 106 

The lowest SST and the highest SSC occur every year during the southeast monsoon period. The reverse happens in the 107 

northwest monsoon season, skipjack tuna was least abundant in the lower SST area (Figure 2) due to changes in water 108 

temperature caused by water currents from the Flores Sea entrance to the Bone Gulf. This could be a strategy in biological 109 

processes related to fish growth under changing oceanographic conditions. Skipjack tuna stock is positively correlated 110 

with oceanographic factors. It is distributed mainly in nearshore areas in the water depth range of 50 to 2,000 m (Figure 4). 111 

The horizontal profiles of the SST and SSC structures for the 2015–2018 southeast monsoon season (Figures 2 and 3) are 112 

warmer near the coast than offshore. Skipjack schools occupy offshore areas where they prefer relatively higher SST and 113 

lower SSC (Figures 2 and 3). 114 

The environmental conditions of skipjack tuna fishing grounds were used for four monthly datasets (April–August). As 115 

a result, the preference range suggested a possible association between all examined factors. For example, Figure 2 shows 116 

that skipjack tuna were found in temperatures ranging from 29.5 to 31.05°C. Likewise, the skipjack tuna schools 117 

concentrated in the narrow ranges of 0.15–1.00 mg.m-3 with respect to SSC (Figure 3). As for the depth of water, skipjack 118 

is found in waters with a depth of 50 – 2,000 meters (Figure 4). 119 

Effects of oceanographic factors on skipjack tuna distribution 120 

The oceanographic conditions of the skipjack tuna schooling coordinates were employed in the current study for 121 

displaying the area and further analysis. Tables 1 and 2 show the models built using GAMs/GLMs on the skipjack tuna 122 

distribution scenarios utilizing predictor parameters (SST, SSC, and depth). Tables 1 and 2 present the results for each of 123 

the seven GAM and GLM models. Each model's predictor component(s) significantly affected the skipjack tuna 124 

distribution in p<0.05 reference levels, except depth as predictor two and three (Table 1). However, only SST substantially 125 

contributed to a single model predictor, two model predictors, and three model predictors in GLMs (Table 2). For the final 126 

model combination of SST, SSC, and depth, the cumulative deviance explained (CDE) was 21.9% (GAMs) and 12.830% 127 

(GLMs), respectively. Thus, Tables 1 and 2 suggest that the influence of oceanographic conditions may explain the 128 

fluctuation of skipjack tuna abundance distribution. Additionally, GAMs with higher CDE were well-suited to characterize 129 

the influence of oceanographic conditions on skipjack tuna distribution and abundance. 130 

Tables 1 and 2 show the results of GAMs and GLMs, respectively. For both statistical models, the SST had the largest 131 

deviance explained among the single variable models. According to AIC (6048.045) and CDE (21.9%), and as the best 132 

model predictor of GAM, the combination of SST and SSC predicted relatively more significant variability in skipjack 133 

tuna catches. The AIC values for the three-parameter models were low (6049.831) and the most significant deviation 134 

explained was 21.9%. SST was the sole predictor model with the lowest AIC (6083.072) and the maximum CDE on the 135 

GLMs model (12.870%) and was also found as a combined two-parameter model between SST and SSC. The three-136 
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parameter models had the lowest AIC and the highest CDE overall (12.830%). All results produced by combining 137 

predictor factors at various levels revealed an increase or decrease in CDE and a higher AIC value of variation. 138 

GAMs models were more effective than GLMs in understanding the effect of oceanographic factors on skipjack tuna 139 

distribution and abundance, as shown in Tables 1 and 2. The result of the GAM plots shows the impact of each predictor 140 

on schooling density of skipjack tuna as shown in Figures 5. The observed data points are represented by the rug plot on 141 

the horizontal axis, while the thin line shows the fitted function, and the grey shading represents the 95% confidence 142 

interval (Safruddin 2013). 143 

 144 
Table 1. Oceanographic factor influences on the skipjack tuna distribution (n=508), according to the GAMs models. Also included are 145 
the significant factor, AIC value, and CDE 146 

Model 
Oceanographic 

factor 
P-value AIC CDE (%) 

SST SST <0.001 *** 6054.183 20.400 

SSC SSC <0.001 *** 6121.052 8.400 

Depth Depth <0.001 *** 6132.647 4.970 

SST + SSC SST <0.001 *** 6048.045 21.900 

SSC <0.001 *** 

SST + Depth  SST <0.001 *** 6067.725 17.300 

Depth 0.296 

SSC + Depth SSC <0.001 *** 6121.672 8.350 

Depth 0.236 

SST + SSC + Depth SST <0.001 *** 6049.831 21.900 

SSC <0.001 *** 

Depth 0.832 

Note: Sig. codes: 0.001 '***' 0.01 '**' 0.05 '*' 147 

Figure 5 describes the impact of oceanographic conditions on skipjack tuna distribution. Around 29.5–30.5°C, the SST 148 

(Figure 5a) had a noticeable positive effect on skipjack tuna distribution. The confidence intervals are broader because 149 

there are fewer data points at 30.5–31.0°C. In the SSC plot (Figure 5b), there was a beneficial influence on school 150 

distribution in the SSC ranges of 0.25–0.35 mgm-3. A consistent influence on skipjack tuna distribution was seen at a depth 151 

of 500–1,500 m (Figure 5c). The study also found that models combining SST and SSC produced the most significant 152 

model prediction, with the lowest AIC and highest CDE (Figure 5d). Skipjack tuna distribution in the Northern Pacific 153 

Ocean near Japan waters had SST and SSC optimal values of 20.5–26°C and 0.3–0.37 mgm-3, respectively, according to 154 

Mugo (2010). The findings of this study corroborated those of Zainuddin et al. (2017), who discovered that the distribution 155 

of skipjack tuna in the coastal area was primarily around 50 m depth. 156 

Table 2. Oceanographic factor influences on the skipjack tuna distribution (n=508), according to the GLMs models. Also included are 157 
the significant factor, AIC value, and CDE 158 

Model Oceanographic factor P-value AIC CDE (%) 

SST SST <0.001 *** 6083.072 12.960 
SSC SSC 0.894 6154.549 0.194 
Depth Depth 0.176 6152.724 0.165 
SST + SSC SST <0.001 *** 6084.600 12.870 

SSC 0.494   
SST + Depth  SST <0.001 *** 6084.987 12.800 

Depth 0.772   

SSC + Depth SSC 0.385 6153.966 0.117 
Depth 0.109   

SST + SSC + Depth SST <0.001 *** 6085.819 12.830 
SSC 0.282   

Depth 0.379   

Note: Sig. codes: 0.001 '***' 0.01 '**' 0.05 '*' 159 
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  160 
Figure 5. Skipjack tuna distribution responses of oceanographic factors; (a) SST, (b) SSC, (c) depth, and (d) best model predictor. The shaded 161 
area is the standard error indicating the 95% confidence interval. The stack of blue vertical lines on the x-axis indicates the density or 162 
distribution of the test parameter data. The y-axis is the partial effect of the variable, while the 3D graph depicts a combination model between 163 
significant SST and SSC to be the best predictive model. 164 

Discussion 165 

Oceanographic conditions such as the SST, which have the most significant impact on the growth stages of fish and 166 

their distribution (Yuniarti et al. 2013; Syah et al. 2020), play a main role in the natural oscillations of skipjack tuna stocks. 167 

As a result, SST is a great indicator for the fishing ground of skipjack tuna to have been used by fishermen and researchers 168 

for decades. Furthermore, changes in oceanic (physical and biological) parameters may significantly impact migration 169 

patterns and fish growth (Safruddin et al. 2018).  170 

Since the SST in the research region may vary, measurements should be obtained frequently. More samples may be 171 

required to accomplish this goal. Therefore, one of the objectives of this research was to determine how oceanographic 172 

data can be used in research (e.g., correlation between skipjack tuna distribution and abundance). Temperature fluctuations 173 

are often linked to the biological richness (Iskandar et al. 2017; Takarina et al. 2018), such as anchovy distribution and 174 

abundance as the prey for skipjack tuna, and they have an important influence on fish physiology (Kunarso et al. 2011; 175 

Olson et al. 2016; Duffy et al. 2017).  176 

Satellite remote sensing imagery directly provides horizontal and large-area information on oceanographic conditions, 177 

which may be utilized to understand oceanographic processes in the surface water better. The combination of satellite data 178 

with acoustic technology will, of course, increase the accuracy of the data. For example, CTD and satellite data are 179 

combined when conducting data observations (Safruddin 2013). As a result, four-year datasets of oceanographic 180 

conditions (SST, SSC, and water depth) on skipjack tuna position were employed, with scattered plots and optimal ranges 181 

indicating a possible association among all variables observed, as shown in Figure 5.  182 

Skipjack tuna can be found in coastal areas, sometimes in large numbers, especially in upwelling areas (Sari et al. 183 

2018; Wijaya et al. 2020). This study details the interactions between skipjack tuna and its oceanographic variables taking 184 

into account temporal and spatial scale aspects to understand the various processes involved and how they can be used to 185 

model dynamics and estimate their abundance (Prista et al. 2011; Selvaraj et al. 2020). The catch data used is the 186 

distribution of catches in Bone Bay. Although spatially, several fishing points are located in almost the same area, the 187 

dynamics of different oceanographic parameters each year make the description of the range of SST and SSC at each 188 

skipjack fishing point experience different.  189 

Oceanographic conditions are essential variables to assess the abundance of fish in the waters, especially skipjack tuna, 190 

representing the original habitats. The distribution of skipjack tuna observed during the daytime is closely related to the 191 

dynamics of oceanographic variables and fishing operations in the Bone Gulf. As shown in Tables 1 and 2 and Figure 5, 192 



Statistical Model for Skipjack Habitat 

the effect of oceanographic parameters on the abundance and distribution of skipjack tuna is also a reference for water 193 

depths. The p-value, AIC, and CDE can all be used to assess the impact of changing oceanographic conditions on skipjack 194 

tuna CPUE. As a result, oceanographic variables connected to skipjack tuna distribution are critical for understanding 195 

skipjack tuna habitat preferences.  196 

Oceanographic phenomena in the waters, such as frontal oceanic zones, eddies, and upwelling areas, often occur with 197 

different characteristics as seen in the Bone Gulf and the Flores Sea (Zainuddin et al. 2017, 2019; Hidayat and Zainuddin 198 

2018; Hidayat et al. 2019b). This event makes the waters very dynamic and affects the horizontal distribution of fish in the 199 

Bone Gulf. The dynamic oceanographic parameters in this area produce highly productive habitats and serve as foraging 200 

grounds for various commercially and ecologically important species such as anchovies and skipjack tuna (Safruddin et al 201 

2018; Hidayat et al 2019b) 202 

The results of this study indicate that the SST tolerance value for skipjack tuna is in the range of 29.5–30.5°C and in 203 

the range of 0.25–0.35 mgm-3 for SSC parameters (Figures 5a and 5b). However, in addition to SST and SSC, Indonesian 204 

Throughflow (ITF) and Asian monsoons also influence the location of the optimum habitat for skipjack tuna (Gordon 205 

2005). Changes in the value of SST in the waters are heavily influenced by the seasonal cycle, in contrast to the SSC, 206 

which is not influenced much by the seasonal cycle. Therefore, the migration of skipjack tuna in the northern waters of the 207 

Bone Gulf is thought to have followed the mass movement of water in the southeast monsoon, occupying relatively warm 208 

areas in offshore waters. 209 

Based on the lowest AIC value and the highest CDE, the GAM nonlinear model is the best statistical model to 210 

understand the effect of oceanographic parameters on the distribution and abundance of skipjack tuna. This study is also 211 

supported by previous findings in the Makassar Strait, which reported that the GAM model effectively assessed the effect 212 

of oceanographic parameters on skipjack tuna (Hidayat et al. 2019a) and small pelagic fish such as anchovies in the Bone 213 

Gulf (Safruddin et al. 2018). 214 

 215 

Conclusion 216 

This study concludes that the GAM statistical model has succeeded in explaining the effect of oceanographic 217 

parameters on the distribution of skipjack tuna in the Bone Gulf. This study also shows the vital role of oceanographic 218 

parameters in understanding the habitat of skipjack tuna related to its abundance and distribution in the waters. The 219 

distribution of skipjack tuna in the ocean shows a strong relationship with several parameters such as the SST, SSC, and 220 

water depth. Suitable or optimal conditions for skipjack tuna represented skipjack fishing areas during the study in the 221 

southeast monsoon period. Oceanographic parameters associated with fish catches correspond to the spatial and temporal 222 

distribution of skipjack tuna and have become a hot topic of discussion worldwide (Andrade 2003; Mugo et al. 2010; 223 

Zainuddin et al. 2019). From the results of this study, it can be suggested that management decisions to increase fishery 224 

yields need to consider oceanographic conditions and characteristics in the waters. 225 
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Abstract. Safruddin, Hidayat R, Farhum SA, Zainuddin M. 2022. The use of statistical models in identifying skipjack tuna habitat 

characteristics during the Southeast Monsoon in the Bone Gulf, Indonesia. Biodiversitas 23: xxxx. Skipjack tuna (Katsuwonus pelamis) 

is the main fishery product in the Bone Gulf, Indonesia, since it has high economic value and is widely accepted by the market. The 
migration of skipjack tuna can be described by oceanographic dynamics, influenced by seasonal changes. This study aimed to explore 

the relationship between the oceanographic factors and the distribution and abundance of skipjack tuna obtained by pole and line fishing 

in the Bone Gulf, Indonesia. The research was conducted during the southeast monsoon season (April-September) from 2015 until 2018. 
Three oceanographic parameters were used to understand this relationship, i.e., Sea Surface Temperature (SST), Sea Surface 

Chlorophyll-a (SSC), and water depth. Generalized Additive Models (GAMs) and Generalized Linear Models (GLMs) used to predict 

the spatial pattern of the skipjack tuna showed that all considered parameters significant influenced the distribution of skipjack tuna in 

the study area. The fish are mostly distributed from coastal to offshore areas, ranging between 50 to 2000 meters and even wider. The 

concentration tends to be high within the range of 29.5 to 30.5°C of SST, 0.25 to 0.35 mgm-3 of SSC, and 500 to 1500 meters of water 

depth. The research also found that the skipjack tuna migration to the Bone Gulf may have followed the current water interruption 

during the southeast monsoon, for preferred warmer temperatures and lower primary productivity waters in the offshore areas. This 

factor may represent the optimal habitat of skipjack tuna during the period and can be the basis for determining the skipjack fishing 
schedule in the Bone Gulf. 

Keywords: Fishing schedule, oceanographic factors, satellite data, skipjack tuna habitat, southeast monsoon season 

Abbreviations: Sea Surface Temperature (SST), Sea Surface Chlorophyll-a (SSC), Catch Per Unit Effort (CPUE), Generalized Additive 

Models (GAMs), Generalized Linear Models (GLMs), Akaike Information Criterion (AIC), Cumulative Deviance Explained (CDE) 

INTRODUCTION  

Skipjack tuna (Katsuwonus pelamis) is the most crucial 

target catch of marine fisheries in the world’s oceans 

(Galland et al. 2016). Large schools of adult skipjack tuna 

are often associated with juvenile yellowfin (Thunnus 

albacares) and bigeye tuna (Thunnus obesus) (IOTC 2020). 

Skipjack tuna is a highly migratory pelagic species 

inhabiting all tropical and subtropical waters (Artetxe-

Arrate et al. 2020). However, they are found mainly in the 

tropical areas of the Atlantic, Indian, and Pacific Oceans, 

with the most incredible abundance seen near the equator. 

Since juvenile yellowfin and bigeye tuna often school with 

adult skipjack tuna, they are caught by purse seine and pole 

and line vessels whose main target is skipjack tuna 

(Hidayat et al. 2019; IOTC 2019; Safruddin et al. 2020). 

The dynamics of oceanographic factors could affect the 

natural fluctuations in the distribution and abundance of 

skipjack tuna in the coastal and offshore areas (Mugo et al. 

2010; Tseng et al. 2010; Wang et al. 2016). The 

distribution could also be influenced by the abundance of 

small pelagic fish such as anchovy in the same area 

(Safruddin et al. 2018). Therefore, there is an urgent need 

for information on the effects of oceanographic factors on 

skipjack tuna distribution (Andrade and Garcia 1999) to 

predict fishing ground potential zones for sustainable 

skipjack tuna fishery in the study area.  

Statistical models such as generalized additive models 

(GAMs) and generalized linear models (GLMs) can be the 

most useful methods for determining the fish distribution in 

relation to oceanographic factors such as the sea surface 

temperature (SST), sea surface chlorophyll-a (SSC), and 

water depth (Safruddin 2013; Safruddin et al. 2018; Selao 

et al. 2019).  

The Bone Gulf is one of the best skipjack tuna habitats 

in Indonesian waters (Zainuddin et al. 2020), with the peak 

fishing season lasting from early April until the end of 

September (southeast monsoon). Although skipjack tuna is 

an iconic species in the Bone Gulf, its local availability is a 

key factor for the pole and line fishery economy. However, 

there is a lack of information about its distribution, both 

spatially and temporally. Hence, this study is an attempt to 

investigate the availability of skipjack tuna caught using 

pole and line fishing gear under various oceanographic 
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conditions and to discuss the oceanographic elements 

impacting skipjack tuna distribution by applying statistical 

models. 

MATERIALS AND METHODS 

Study area 

The study area was located in the Bone Gulf (3-5°S) 

and (120-122°E), South Sulawesi, Indonesia (Figure 1). 

The field surveys used the pole and line method (local 

commercial fisheries) to investigate the fishing ground 

positions and the number of skipjack tuna catches during 

the study. Oceanography and bathymetric observations 

(satellite imagery data) were conducted monthly during the 

southeast monsoon (April-September) from 2015 until 

2018. This study only focuses on fishing activities in the 

southeast monsoon, which is due to the peak season for 

skipjack fishing in the Bone Gulf takes place in the 

southeast monsoon. 

Procedures 

Data collection  

In-situ data were obtained through a scientific survey at 

the fishing base at Murante fish landing site, Luwu district. 

We gathered the fishery data from 508 fishing ground 

positions. A global positioning system (GPS) was used to 

determine fishing ground coordinates (latitude and 

longitude). The in-situ field data consisted of the fishing 

position and catch per unit efforts (CPUEs). The 

oceanographic parameters (SST, and SSC) were obtained 

from satellite oceanography imagery data of high-

resolution Aqua Moderate-Resolution Imaging 

Spectroradiometer (MODIS), with a spatial resolution of 4 

km, from 2015 until 2018 (April-September). The water 

depth data was gained from the ETOPO1 (Amante and 

Eakins 2009) satellite database. In this study, we used 

monthly temporal resolution. Furthermore, the SST and 

SSC averaged during southeast monsoon were mapped as 

shown in Figures 2 and 3, respectively. 

Data analysis 

To determine the effect of oceanographic parameters on 

horizontal distributions of skipjack tuna in the sea, 

statistical models (Hastie and Tibshirani 1990) were used 

for the CPUE and oceanographic datasets. The models, 

such as GAMs and GLMs, were created using the MGCV 

package in R-studio (Wood 2006) to predict the spatial 

patterns of skipjack tuna. The response variable used 

skipjack tuna catches (CPUE/fishing trip), and the predictor 

used oceanographic parameters (SST, SSC, and depth). 

The hypothesized interactions between oceanographic 

parameters and skipjack tuna distribution are most likely 

non-linear. GAM was employed as an experimental 

technique to determine the forms of the associations. The 

connections between the skipjack distribution and each 

predictor (SST, SSC, and depth) were also determined. In a 

GLM, proper functions were utilized to identify these 

forms in the linear model, as indicated in Equations (1) and 

(2) (Safruddin 2013). 

 
g(μi) = α0 + s1 (SST) + s2 (SSC) + s3 (depth) + ε (GAM model)   (1) 

 
g(μi) = β0 + β1 (SST) + β2 (SSC) + β3 (depth) + ε (GLM model)  (2) 
 

Where, g is the link function, μi is the expected value of 

the dependent variable for the presence of skipjack tuna 

(CPUE), α0 and β0 are the respective model’s constant, sn 

is the predictor variable’s smoothing function, ε is a 

random error term, and βn is the vector of model coefficients. 

The Gaussian family with identical link functions was 

chosen since the skipjack tuna CPUE has a continuous 

distribution. Models were created from the ground up, with 

only one independent component such as SST, and 

predictor components were added later. Model selection 

was influenced by the predictor's significance, Akaike 

Information Criterion (AIC) reduction, and the deviance 

explained value. The best model was chosen from a group 

of seven to build the GAMs/GLMs. The GAMs/GLMs 

model was utilized to compare the results of the prediction 

models using a statistical criterion. They were also used to 

explain all observations with multiple variables, including 

inter-variable correlations (Safruddin 2013). 

 

 

 
 
Figure 1. Map of the Indonesian seas with the red box representing the study area 
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Figure 2. The profiles of SST average during southeast monsoon from 2015 until 2018 overlaid with the skipjack tuna distribution in 
the Bone Gulf waters. The gradient from green (low temperature) to red (high temperature) illustrates variations in SST in the waters. 

The red dot on the maps represents the location of the skipjack tuna fishing coordinates during the study 

 

 

 
 

Figure 3. The profiles of SSC average during southeast monsoon from 2015 to 2018 overlaid with the skipjack tuna distribution in the 

Bone Gulf waters. The gradient from blue (low concentration) to yellow (high concentration) illustrates variations in SSC in the waters. 
The red dot on the maps represents the location of the skipjack tuna fishing coordinates during the study 

 

 

RESULTS AND DISCUSSION 

Skipjack tuna fishing ground 

Skipjack tuna fishing grounds were mapped on latitude 

and longitude scales, with SST, SSC, and depth overlay 

(Figures 2-4). CPUE marks the position along the overlay 

in Figures 2-4, and each school is designated as a single 

point. Map contours with high SST, SSC, and depth, or the 

opposite, were also discovered. 

The lowest SST and the highest SSC occur every year 

during the southeast monsoon period. The reverse happens 

in the northwest monsoon season, skipjack tuna was least 

abundant in the lower SST area (Figure 2) due to changes 

in water temperature caused by water currents from the 

Flores Sea entrance to the Bone Gulf. This could be a 

strategy in biological processes related to fish growth under 

changing oceanographic conditions. Skipjack tuna stock is 

positively correlated with oceanographic factors. It is 

distributed mainly in nearshore areas in the water depth 

range of 50 to 2000 m (Figure 4). The horizontal profiles of 

the SST and SSC structures for the 2015-2018 southeast 

monsoon season (Figures 2 and 3) are warmer near the 

coast than offshore. Skipjack schools occupy offshore areas 

where they prefer relatively higher SST and lower SSC 

(Figures 2 and 3). 

The environmental conditions of skipjack tuna fishing 

grounds were used for four monthly datasets (April-

August). As a result, the preference range suggested a 

possible association between all examined factors. For 

example, Figure 2 shows that skipjack tuna were found in 

temperatures ranging from 29.5 to 31.05°C. Likewise, the 

skipjack tuna schools concentrated in the narrow ranges of 

0.15-1.00 mg.m-3 with respect to SSC (Figure 3). As for the 

depth of water, skipjack is found in waters with a depth of 

50-2000 meters (Figure 4). 

Effects of oceanographic factors on skipjack tuna 

distribution 

The oceanographic conditions of the skipjack tuna 

schooling coordinates were employed in the current study 

for displaying the area and further analysis. Tables 1 and 2 

show the models built using GAMs/GLMs on the skipjack 

tuna distribution scenarios utilizing predictor parameters 

(SST, SSC, and depth). Tables 1 and 2 present the results 
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for each of the seven GAM and GLM models. Each 

model's predictor component(s) significantly affected the 

skipjack tuna distribution in p<0.05 reference levels, except 

depth as predictor two and three (Table 1). However, only 

SST substantially contributed to a single model predictor, 

two model predictors, and three model predictors in GLMs 

(Table 2). For the final model combination of SST, SSC, 

and depth, the cumulative deviance explained (CDE) was 

21.9% (GAMs) and 12.830% (GLMs), respectively. Thus, 

Tables 1 and 2 suggest that the influence of oceanographic 

conditions may explain the fluctuation of skipjack tuna 

abundance distribution. Additionally, GAMs with higher 

CDE were well-suited to characterize the influence of 

oceanographic conditions on skipjack tuna distribution and 

abundance. 

Tables 1 and 2 show the results of GAMs and GLMs, 

respectively. For both statistical models, the SST had the 

largest deviance explained among the single variable 

models. According to AIC (6048.045) and CDE (21.9%), 

and as the best model predictor of GAM, the combination 

of SST and SSC predicted relatively more significant 

variability in skipjack tuna catches. The AIC values for the 

three-parameter models were low (6049.831) and the most 

significant deviation explained was 21.9%. SST was the 

sole predictor model with the lowest AIC (6083.072) and 

the maximum CDE on the GLMs model (12.870%) and 

was also found as a combined two-parameter model 

between SST and SSC. The three-parameter models had 

the lowest AIC and the highest CDE overall (12.830%). All 

results produced by combining predictor factors at various 

levels revealed an increase or decrease in CDE and a higher 

AIC value of variation. 

GAMs models were more effective than GLMs in 

understanding the effect of oceanographic factors on 

skipjack tuna distribution and abundance, as shown in 

Tables 1 and 2. The result of the GAM plots shows the 

impact of each predictor on schooling density of skipjack 

tuna as shown in Figures 5. The observed data points are 

represented by the rug plot on the horizontal axis, while the 

thin line shows the fitted function, and the grey shading 

represents the 95% confidence interval (Safruddin 2013). 

 

 

 
 

Figure 4. The profiles of bathymetric overlay with the skipjack 

tuna distribution during southeast monsoon from 2015 to 2018 in 
the Bone Gulf waters 

 

 

 

Table 1. Oceanographic factor influences on the skipjack tuna distribution (n: 508), according to the GAMs models. Also included are 

the significant factor, AIC value, and CDE 

 

Model Oceanographic factor P-value AIC CDE (%) 

SST SST <0.001 *** 6054.183 20.400 

SSC SSC <0.001 *** 6121.052 8.400 

Depth Depth <0.001 *** 6132.647 4.970 
SST + SSC SST <0.001 *** 6048.045 21.900 

SSC <0.001 *** 

SST + Depth  SST <0.001 *** 6067.725 17.300 

Depth 0.296 
SSC + Depth SSC <0.001 *** 6121.672 8.350 

Depth 0.236 

SST + SSC + Depth SST <0.001 *** 6049.831 21.900 

SSC <0.001 *** 

Depth 0.832 

Note: Sig. codes: 0.001 '***' 0.01 '**' 0.05 '*' 
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Table 2. Oceanographic factor influences on the skipjack tuna distribution (n: 508), according to the GLMs models. Also included are 

the significant factor, AIC value, and CDE 
 

Model Oceanographic factor P-value AIC CDE (%) 

SST SST <0.001 *** 6083.072 12.960 

SSC SSC 0.894 6154.549 0.194 
Depth Depth 0.176 6152.724 0.165 

SST + SSC SST <0.001 *** 6084.600 12.870 

SSC 0.494   

SST + Depth  SST <0.001 *** 6084.987 12.800 
Depth 0.772   

SSC + Depth SSC 0.385 6153.966 0.117 

Depth 0.109   

SST + SSC + Depth SST <0.001 *** 6085.819 12.830 
SSC 0.282   

Depth 0.379   

Note: Sig. codes: 0.001 '***' 0.01 '**' 0.05 '*' 

 

 

 
Figure 5. Skipjack tuna distribution responses of oceanographic factors; (a) SST, (b) SSC, (c) depth, and (d) best model predictor. The 

shaded area is the standard error indicating the 95% confidence interval. The stack of blue vertical lines on the x-axis indicates the 

density or distribution of the test parameter data. The y-axis is the partial effect of the variable, while the 3D graph depicts a 

combination model between significant SST and SSC to be the best predictive model 
 

 

Figure 5 describes the impact of oceanographic 

conditions on skipjack tuna distribution. Around 29.5-

30.5°C, the SST (Figure 5a) had a noticeable positive effect 

on skipjack tuna distribution. The confidence intervals are 

broader because there are fewer data points at 30.5-31.0°C. 

In the SSC plot (Figure 5b), there was a beneficial 

influence on school distribution in the SSC ranges of 0.25-

0.35 mgm-3. A consistent influence on skipjack tuna 

distribution was seen at a depth of 500-1500 m (Figure 5c). 

The study also found that models combining SST and SSC 

produced the most significant model prediction, with the 

lowest AIC and highest CDE (Figure 5d). Skipjack tuna 

distribution in the Northern Pacific Ocean near Japan 

waters had SST and SSC optimal values of 20.5-26°C and 

0.3-0.37 mgm-3, respectively, according to Mugo et al. 

(2010). The findings of this study corroborated those of 
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Zainuddin et al. (2017), who discovered that the 

distribution of skipjack tuna in the coastal area was 

primarily around 50 m depth. 

Discussion 

Oceanographic conditions such as the SST, which have 

the most significant impact on the growth stages of fish and 

their distribution (Yuniarti et al. 2013; Syah et al. 2020), 

play a main role in the natural oscillations of skipjack tuna 

stocks. As a result, SST is a great indicator for the fishing 

ground of skipjack tuna to have been used by fishermen 

and researchers for decades. Furthermore, changes in 

oceanic (physical and biological) parameters may 

significantly impact migration patterns and fish growth 

(Safruddin et al. 2018).  

Since the SST in the research region may vary, 

measurements should be obtained frequently. More 

samples may be required to accomplish this goal. 

Therefore, one of the objectives of this research was to 

determine how oceanographic data can be used in research 

(e.g., correlation between skipjack tuna distribution and 

abundance). Temperature fluctuations are often linked to 

the biological richness (Iskandar et al. 2017; Takarina et al. 

2018), such as anchovy distribution and abundance as the 

prey for skipjack tuna, and they have an important 

influence on fish physiology (Kunarso et al. 2011; Olson et 

al. 2016; Duffy et al. 2017).  

Satellite remote sensing imagery directly provides 

horizontal and large-area information on oceanographic 

conditions, which may be utilized to understand 

oceanographic processes in the surface water better. The 

combination of satellite data with acoustic technology will, 

of course, increase the accuracy of the data. For example, 

CTD and satellite data are combined when conducting data 

observations (Safruddin 2013). As a result, four-year 

datasets of oceanographic conditions (SST, SSC, and water 

depth) on skipjack tuna position were employed, with 

scattered plots and optimal ranges indicating a possible 

association among all variables observed, as shown in 

Figure 5.  

Skipjack tuna can be found in coastal areas, sometimes 

in large numbers, especially in upwelling areas (Sari et al. 

2018; Wijaya et al. 2020). This study details the 

interactions between skipjack tuna and its oceanographic 

variables taking into account temporal and spatial scale 

aspects to understand the various processes involved and 

how they can be used to model dynamics and estimate their 

abundance (Prista et al. 2011; Selvaraj et al. 2020). The 

catch data used is the distribution of catches in Bone Bay. 

Although spatially, several fishing points are located in 

almost the same area, the dynamics of different 

oceanographic parameters each year make the description 

of the range of SST and SSC at each skipjack fishing point 

experience different.  

Oceanographic conditions are essential variables to 

assess the abundance of fish in the waters, especially 

skipjack tuna, representing the original habitats. The 

distribution of skipjack tuna observed during the daytime is 

closely related to the dynamics of oceanographic variables 

and fishing operations in the Bone Gulf. As shown in 

Tables 1 and 2 and Figure 5, the effect of oceanographic 

parameters on the abundance and distribution of skipjack 

tuna is also a reference for water depths. The p-value, AIC, 

and CDE can all be used to assess the impact of changing 

oceanographic conditions on skipjack tuna CPUE. As a 

result, oceanographic variables connected to skipjack tuna 

distribution are critical for understanding skipjack tuna 

habitat preferences.  

Oceanographic phenomena in the waters, such as 

frontal oceanic zones, eddies, and upwelling areas, often 

occur with different characteristics as seen in the Bone 

Gulf and the Flores Sea (Zainuddin et al. 2017, 2019; 

Hidayat and Zainuddin 2019; Hidayat et al. 2019b). This 

event makes the waters very dynamic and affects the 

horizontal distribution of fish in the Bone Gulf. The 

dynamic oceanographic parameters in this area produce 

highly productive habitats and serve as foraging grounds 

for various commercially and ecologically important 

species such as anchovies and skipjack tuna (Safruddin et 

al 2018; Hidayat et al 2019b) 

The results of this study indicate that the SST tolerance 

value for skipjack tuna is in the range of 29.5-30.5°C and 

in the range of 0.25-0.35 mgm-3 for SSC parameters 

(Figures 5a and 5b). However, in addition to SST and SSC, 

Indonesian Throughflow (ITF) and Asian monsoons also 

influence the location of the optimum habitat for skipjack 

tuna (Gordon 2005). Changes in the value of SST in the 

waters are heavily influenced by the seasonal cycle, in 

contrast to the SSC, which is not influenced much by the 

seasonal cycle. Therefore, the migration of skipjack tuna in 

the northern waters of the Bone Gulf is thought to have 

followed the mass movement of water in the southeast 

monsoon, occupying relatively warm areas in offshore waters. 

Based on the lowest AIC value and the highest CDE, 

the GAM nonlinear model is the best statistical model to 

understand the effect of oceanographic parameters on the 

distribution and abundance of skipjack tuna. This study is 

also supported by previous findings in the Makassar Strait, 

which reported that the GAM model effectively assessed 

the effect of oceanographic parameters on skipjack tuna 

(Hidayat et al. 2019a) and small pelagic fish such as 

anchovies in the Bone Gulf (Safruddin et al. 2018). 

This study concludes that the GAM statistical model 

has succeeded in explaining the effect of oceanographic 

parameters on the distribution of skipjack tuna in the Bone 

Gulf. This study also shows the vital role of oceanographic 

parameters in understanding the habitat of skipjack tuna 

related to its abundance and distribution in the waters. The 

distribution of skipjack tuna in the ocean shows a strong 

relationship with several parameters such as the SST, SSC, 

and water depth. Suitable or optimal conditions for 

skipjack tuna represented skipjack fishing areas during the 

study in the southeast monsoon period. Oceanographic 

parameters associated with fish catches correspond to the 

spatial and temporal distribution of skipjack tuna and have 

become a hot topic of discussion worldwide (Andrade 

2003; Mugo et al. 2010; Zainuddin et al. 2019). From the 

results of this study, it can be suggested that management 

decisions to increase fishery yields need to consider 

oceanographic conditions and characteristics in the waters. 
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