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Abstract. Putri ARS, Zainuddin M, Musbir, Mustapha MA, Hidayat R. 2021. Mapping potential fishing zones for skipjack tuna in the 

southern Makassar Strait, Indonesia, using Pelagic Habitat Index (PHI). Biodiversitas 22: 3037-3045. Southern Makassar Strait is one 

of the potential fishing grounds for skipjack tuna in the Indonesian waters. Oceanographic factors become the primary factors that limit the 

distribution and abundance of fish. The study aimed to identify the relationship between fish distribution with sea surface temperature (SST) 

and primary productivity (PP) and map out the potential fishing grounds of skipjack tuna in the southern Makassar Strait. It used pelagic 

habitat index (PHI) analysis, which is strengthened by the results of correlation analysis in the form of generalized additive models (GAM) 

and Empirical cumulative distribution function (ECDF) analysis. The results showed that the distribution of skipjack tuna was significantly 

associated with the preferred range of SST 29-30.5°C and PP 350-400 mg C/m2/day. The potential fishing zone is well established near the 

coast to offshore of Barru and Polman waters (3°-6°S and 117°-119°E), with the peak season in May and October. The spatial pattern of 

potential fishing grounds for skipjack fishing is associated with hotspots (oceanographic preference), leading to increased feeding 

opportunities. This study suggests that the spatial pattern of high potential fishing zones could improve fishing, management, and 

conservation strategies along the southern Makassar Strait. 
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INTRODUCTION 

Makassar Strait, as one of Indonesia's unique waters, is 

the primary route for the Indonesian throughflow (ITF) and 

passes through the South China throughflow (SCTF), 

which connects the Pacific and the Indian oceans. The 

water masses of ITF and SCTF significantly influence the 

oceanographic characteristics of waters (Fan et al. 2013; Li 

et al. 2018). The pelagic fishing productivity in these 

waters is very high (Nurdin et al. 2017; Putri and 

Zainuddin 2019). Skipjack tuna (Katsuwonus pelamis) is 

one of the critical economic valuable fish resources, which 

is the primary target of fishing (Putri and Zainuddin 2019; 

Putri et al. 2018a; Putri et al. 2018b). Makassar Strait is 

part of the Fisheries Management Area (FMA) 713 and has 

recorded the potential of skipjack tuna fish FMA 713 that 

reached 419,342 tons in 2015 (DKP 2016).  

Skipjack tuna (Katsuwonus pelamis) is one of the most 

exploited tuna species in Indonesia (McKechnie et al. 

2016). In 2014, the total of tuna caught reached 185,675 

tons in Indonesia, of which almost half (around 43%) was 

comprised of skipjack tuna species (Irianto et al. 2015). 

Skipjack tuna is the third-highest marine fish production 

globally, after anchovy (Engraulidae) and Alaska pollock 

(Gadus chalcogrammus) (FAO 2016). 

Fishing operations should be carried out effectively and 

efficiently, which refers to exploiting the maximum amount 

of fish possible while remaining accountable. Potential 

fishing areas are places in the waters where a high 

abundance of fish and suitable for fishing operations. 

Understanding the oceanographic factors that affect fish 

distribution is important to find out the possible fishing 

grounds. This can be detected and monitored periodically 

through remote sensing satellite data (Nurdin et al. 2017). 

Oceanographic factors become the primary factors that 

limit the distribution and abundance of fish (Chen et al. 

2009; Mugo et al. 2010; Sartimbul et al. 2010). Warm 

water masses from the Pacific Ocean to the Indian Ocean 

and the effects of climate change such as El Nino, La Nina, 

and the Indian ocean dipole (IOD) will undoubtedly affect 

the temperature of the waters passes through the Makassar 

Strait. Sea surface temperature (SST) is a limiting factor for 

the physiology, abundance, and distribution of skipjack 

tuna (Mugo et al. 2010; Muhling et al. 2015; Nurdin et al. 

2017; Putri et al. 2018a; Schaefer and Fuller 2019; Ashida 

2020) and also indirectly encourages migration patterns 

(Fromentin et al. 2014). Another parameter that is no less 

important is the primary productivity (PP) of the oceans. 

PP can be used as an indicator of water fertility and refers 

to forming organic compounds through photosynthesis. 

Therefore, increased productivity will benefit species at a 

higher trophic level, including fish (Sigman and Hain 2012). 

The distribution and migration pattern of skipjack tuna 

is extensive because it is a fast swimmer with long-distance 

highways ranging from archipelagic waters to ocean waters 

(Matsumoto et al. 1984; Hall and Roman 2013; Hidayat et 

https://ukm.pure.elsevier.com/en/organisations/school-of-environmental-natural-resource-sciences
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al. 2019; Venegas et al. 2019). Skipjack tuna migrate in 

schooling because they look for waters rich in food, 

looking for places to spawn, and changes in several aquatic 

environmental factors (Mugo et al. 2010; Wang et al. 

2018). Skipjack tuna is found in warmer and shallower 

waters than other types of tuna (Hall and Roman 2013; 

Grande et al. 2016; Hermida et al. 2019). Skipjack tuna 

fishing season in the temperate Western and Pacific Ocean 

(WPO) is from June to October (Ashida 2020). 

Skipjack tuna lay eggs and spawn continuously 

throughout the year, commonly known as multiple 

spawners with indeterminate fecundity (Andrade and 

Teixeira Santos 2004; Ashida et al. 2008; Grande et al. 

2012). Skipjack spawning depends on oceanographic 

conditions. This condition will affect reproductive 

characteristics such as spawning season, Batch Fecundity 

(BF), and Fork length at 50% maturity (Schaefer 1987; 

Schaefer and Fuller 2019; Ashida 2020). In a study in the 

western Pacific Ocean's subtropical and temperate region, 

almost all female skipjack tuna that we can lay eggs 

appeared at SST >24°C. The spawning frequency of 

skipjack tuna in high latitudes is lower than in the tropics 

and subtropics due to the shorter duration of favorable sea 

conditions for spawning (Ashida 2020). And the upper 

limit for spawning is SST 30°C (Schaefer and Fuller 2019). 

This study aimed to determine the potential fishing 

zones of skipjack tuna in the southern Makassar Strait. 

Besides being presented spatially and temporally on the 

map, this study also explains how the abundance of 

skipjack tuna catches each concentration of SST and PP. 

PHI analysis was considered a valuable method in ecology 

by combining primary data and satellite imagery data. The 

PHI model was based on a suitability index that reflects 

habitat quality as a function of one or more environmental 

variables (Chen et al. 2009). The importance of 

determining potential skipjack tuna fishing zones formed 

the primary basis for this research. It is hoped that this 

research can be used to further research and manage 

skipjack fisheries in Indonesia. 

MATERIALS AND METHODS 

Study site 

We followed the skipjack tuna purse seiner in the 

Makassar Strait, Indonesia to obtain fishery and 

oceanographic data. Makassar Strait is one of the leading 

fishing grounds for skipjack tuna. This area is illustrated in 

Figure 1. It presents a productive ecosystem; ITF carries 

warm water masses from the Pacific Ocean into the Indian 

Ocean (Iwatani et al. 2018). Some previous studies have 

proven that skipjack tuna habitats tend to like warm water 

pools (Muhling et al. 2015; Putri et al. 2018a). 

 

 

 

 
 

Figure 1. Study area map of Makassar Strait with the ITF and SCTF routes. The ITF and SCTF routes were obtained from (Fan et al. 2013) 
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Primary data 

In situ fisheries data was collected in this study. This 

included the daily data of catch position (latitude and 

longitude), the skipjack tuna catch per unit effort (CPUE), 

and SST data from May to December 2017 and 2018 as 

many as 200 fishing sets. SST data retrieval in this section 

only validated SST (remote sensing) data accuracy, while 

remote sensing data were used in the PHI model. Skipjack 

tuna CPUE is expressed in skipjack/setting, which indicates 

the number of catches (fish) per catch set. To achieve the 

objectives of the study, we focused our analysis on the high 

catch period (May to December) of skipjack tuna in 

Makassar Strait. 

Remotely sensed oceanographic data 

Remotely derived monthly oceanographic variables 

from May to December in 2017 and 2018 included SST 

and net primary production (NPP), which will be referred 

to as PP later in this journal. SST, moderate resolution 

imaging spectroradiometer (MODIS) aqua standard mapped 

images (SMI), with a spatial resolution of approximately 4 

× 4 km, were downloaded from the Ocean Color 

(http://oceancolor.gsfc.nasa.gov), and PP data is available 

at http://sites.science.oregonstate.edu/ocean.productivity/ 

with the same spatial resolution with SST. According to the 

study area, the oceanographic data was processed and 

cropped using the SeaWiFS Data Analysis System 

(SeaDAS) software version 7.5.3 (NASA, Greenbelt, MD, 

USA). Furthermore, the data was overlayed and analyzed 

in the ArcGIS 10.2 package (ESRI, Redlands, CA, USA). 

Generalized Additive Model (GAM) 

A GAM was used to analyze the effect of 

oceanographic variables on CPUE. To apply this model, we 

used RStudio software with the following formula 

(Andrade et al. 1999): 
 

 
 

Where: 𝛼 is constant; 𝑠(SST) and s(pp) denote the 

smooth spline function of SST and PP, respectively; and ɛ 

represents the random error term. 

Empirical Cumulative Distribution Function (ECDF) 

The ECDF method was used to show the distribution of 

CPUE data based on oceanographic variables (SST and 

PP). This method is considered the best method to check 

the distribution of data. From the ECDF histogram, the 

optimum range of oceanographic variables can be seen. 

The ECDF formula is given below (Andrade et al. 1999; 

Zainuddin 2011; Sukresno et al. 2015): 
 

, with the indicator function,  

 

 
 

 
 

 

Where, f(t) is empirical cumulative frequency 

distribution function; t is SST or PP; n is the number of the 

fishing ground; l(xi) is indication function; g(t) is catch-

weighted cumulative distribution function; yi is CPUE at a 

catch point;  is the estimated mean value of CPUE for all 

fishing trips; D(t) is the absolute value of the difference 

between the curve of f(t) and g(t) at any point t; max 

represents the specific value of the variables at which the 

difference between the two curves (|g(t)-f(t)|) was maximum. 

Potential fishing zones 

The pelagic habitat index (PHI) method was developed 

to map spatially and temporally the skipjack tuna hotspots 

in the study area. CPUE (fish abundance index) and fishing 

effort frequency (fish event index) in relation to influential 

oceanographic variables (SST and PP) were considered. 

The PHI equations can be written as follows (Zainuddin et 

al. 2017): 
 

 
 

 
 

 
 

Where: PICPUE represents the mean probability index 

for skipjack tuna based on the relationship between CPUE 

and the two oceanographic variables (SST and PP) for each 

histogram graph; CPUE indicates the CPUE value of the 

oceanographic variable i for the interval class j; CPUEmax 

presents the maximum CPUE value in the oceanographic 

variable i; n represents the total number of variables; Plf 

indicates the average probability index based on the 

relationship between the frequency of skipjack tuna catch 

and the oceanographic variables for the histogram graph; F 

is the fishing frequency value of the oceanographic variable 

i for the interval class j; Fimax indicates the maximum of 

fishing frequency value in the oceanographic variable i, 

and PHI refers to the pelagic hotspot index. 

This PHI analysis results use a 0-1 weighting system 

(the closer the value to 1, the higher the probability of 

finding skipjack tuna). A PHI value of ≥ 0.75 indicates 

suitable habitat for skipjack tuna. Conversely, a lower 

value indicates an area with a low probability of finding 

skipjack tuna. The ArcGIS 10.2 Package was used to map 

the skipjack tuna potential fishing zones after conducting 

the PHI analysis.  

Next, we validate the model by making scatter plots 

that match the PHI with skipjack tuna CPUE. This plot can 

prove whether this model is suitable or not. 

RESULTS AND DISCUSSION 

Skipjack tuna in relation to oceanographic data 

The results of the GAM analysis reveal that both 

oceanographic variables (SST and PP) had a significant (P 

http://oceancolor.gsfc.nasa.gov/
http://sites.science.oregonstate.edu/ocean.productivity/
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< 0.01) effect on skipjack tuna catches (Table 1). The 

significant value of each variable was SST 0.00131 while 

PP was 0.0000000000000002. Oceanographic variables 

(SST + PP) explained a 41.4% deviation of the CPUE 

skipjack tuna. This result is in line with the results of 

previous studies where the SST parameter plays an 

essential role in the skipjack tuna catch (Mugo et al. 2010; 

Putri et al. 2018a; Schaefer and Fuller 2019), and PP 

parameters are an indicator of fertility that attract fish to 

come in their preferred PP concentration range (Sigman 

and Hain 2012). 

The effect of the distribution of catches on 

oceanographic variables can be observed in the GAM plot 

(Figure 2). The dotted line shows the 95% confidence 

level. The CPUE of skipjack tuna increased at SST 

intervals from 29 to 30 °C, and PP concentrations ranged 

from 350-400 mg C/m2/day. The dotted line farther from 

the centerline indicates a lower confidence level, which 

means the unclear effect of oceanographic variables on the 

CPUE of skipjack tuna (Zainuddin et al. 2013). 

The in-situ data histogram illustrates that skipjack tuna 

were caught in the SST range 28.5-31.5 °C with the highest 

number of catches in the 29.5-30.0 °C range, that is, 14,714 

skipjack/setting (Figure 3.A). Indeed, several studies in 

tropical waters have also found that skipjack tuna is caught 

in the same range as this study, such as a study conducted 

in Indonesian waters with an SST range of 29.5-31.5 °C 

(Zainuddin et al. 2017) and 30-32 °C (Boyce et al. 2008).  

As for the water fertility parameter (PP), skipjack tuna 

was recorded as caught in the PP 300-750 mg C/m2/day 

and primarily caught in the range of 350-400 mg C/m2/day 

(total catch was 20,039 skipjacks/setting (Figure 3.B). 

Skipjack tuna tend to like ranges in the mesotrophic 

category (not at the highest/eutrophic water fertility level), 

as evidenced by skipjack tuna caught in the range 325.14-

703.72 mg C/m2/day. These results indicate that skipjack 

tuna tend to be concentrated in the PP range, not too high. 

From Figures 3.C and 3.D, it is known that 26.90% of the 

catching frequency of skipjack tuna is in the SST 29.5-30 

°C range, and 40% of the catch occurs in the PP 350-400 

mg C/m2/day range. These two ranges can be used as 

essential references for the range of SST and PP variables 

favored by skipjack tuna in tropical waters. 

The ECDF analysis in Figures 3.E and 3.F reinforces 

the results of the GAM analysis that SST and PP 

(independent variables) affect CPUE skipjack tuna as the 

dependent variable. The greater value of D(t) indicated the 

stronger influence of each oceanographic variable (SST or 

PP). The results show that the strong influence of the SST 

variable on the CPUE skipjack tuna occurs in the range 29-

30.5 °C and the PP range 350-600 mg C/m2/day (seen from 

the blue D(t) curve). The most vital relationship is shown at 

SST 29.5 and the PP 350 concentration. CPUE skipjack 

tuna tend to decline outside of this favorable range. The 

black graph (graph f (t)) shows the percentage of skipjack 

tuna CPUE within a specific SST and PP range. 

The combination of primary and secondary data has 

been illustrated in the map; thus, it is indicated that 

skipjack tuna tend to like the SST range of 29.5-30.5 °C, 

and the PP concentration range is between 350 and 400 mg 

C/m2/day, so this data is shown on a spatial and temporal 

map (Figure 4). These ranges are represented as the 

optimum ranges for the preferred habitat of skipjack tuna in 

tropical waters. Figure 4 explained that SST and CPUE 

data suitability is around 81.4%, while PP and CPUE are 

about 58.1%. This suitability value was calculated using 

the ArcGIS 10.2 Package. 

 

 

Table 1. Results of the GAM model test 

 

Variable Edf Df F value Pr (>F) 

s(SST) 6.810 7.886 3.356 0.00131** 

s(PP) 5.668 6.820 10.249 0.0000000000000002*** 

Note: Signif. Codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1; R-sq.(adj) = 0.359, Deviance explained = 41.4% 

 

 

 

  
A B 

 

Figure 2. The relationship between skipjack tuna catches with SST (A) and PP (B). Black vertical stripes on the x-axis indicate the 

distribution of the catch 
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Figure 3. Total skipjack tuna CPUE in relation to (A) MODIS SST and (B) PP; fishing frequency in relation to (C) MODIS SST and 

(D) PP; and empirical cumulative distribution frequencies for (E) MODIS SST and (F) PP 

 

 
 

The catch does appear to be concentrated in the 

optimum SST and PP ranges as obtained in the GAM and 

ECDF analysis, strengthening the results of the two 

previous analyses. The abundance of skipjack tuna is 

driven by optimum oceanographic conditions (SST and 

PP). During May-December, the central fishing of skipjack 

tuna in the southern Makassar Strait at the coordinate of 

117°-119°30 E and 3°30’-4°30 S. 

Potential map of skipjack tuna fishing zone 

The PHI analysis model was utilized to predict the 

potential index of the skipjack tuna fishing zone in the 

southern Makassar Strait (Figure 5). Combining two 

oceanographic factors (SST and PP) is reasonable to 

predict the potential for skipjack tuna fishing grounds. In 

this case, a high CPUE was assumed to correspond to the 

oceanographic element favored by skipjack tuna (Mugo et 

al. 2010). The southern part of the Makassar Strait waters is 

a potential area for skipjack tuna fishing during the 

research period. The PHI value demonstrated the 

probability of finding skipjack tuna spatially, and the PHI 

value 1 indicated the likelihood of finding skipjack tuna 

around 100. 

 

A B 

C D 

E F 
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Figure 4. The spatial position of the optimum oceanographic variables (SST and PP) distribution in the southern Makassar Strait, 

Indonesia 
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Figure 5. The potential fishing zone distribution of skipjack tuna in the southern Makassar Strait, Indonesia from May to December 

 

 

 

The PHI analysis revealed that the potential habitat 

index of skipjack tuna in this region is relatively high in 

each research month from May to December. The most 

productive water areas are in the waterway with positions 

3°-6° S and 117°-119° E. The high potential area becomes 

sufficiently narrow only in August and September. The 

PHI value of 1 implies that the probability of skipjack tuna 

existence is 100% based on SST and PP concentration in 

the area. The peak season for skipjack tuna in the southern 

Makassar Strait occurs in May and October. Zainuddin et 

al. (2017) also found May as the peak season for skipjack 

tuna in Indonesia’s waters. 

Discussion 

The oceanographic conditions of the preferred habitat 

of fish vary depending on their physiological tolerance and 

other limiting factors (Barkley et al. 1978; Drinkwater et al. 

2010; Kiyofuji et al. 2019). Therefore, it is necessary to be 

aware of the oceanographic conditions that are preferred by 

specific fish species. Several previous studies have 

revealed that the optimal combination of oceanographic 

factors can be a way to predict fish habitat (Chen et al. 

2009; Mugo et al. 2010; Yen et al. 2017; Zainuddin et al. 

2017; Wang et al. 2018), although it may not be the only 

determining factor of skipjack tuna fishing location (Mugo 

et al. 2010). Therefore, in this study, we combine primary 

data (fishing points, number of catches, and SST) and 

secondary data (SST and PP satellite imagery data) and 

compile them in the PHI model. 

SST plays a vital role in the physiological processes and 

distribution of fish (Muhling et al. 2015; Putri et al. 2018a; 

Kiyofuji et al. 2019), while the PP concentration is likely to 

be a pull factor for skipjack tuna to come together due to 

food chain events (Zainuddin et al. 2017). In addition, the 

water fertility factor is one of the driving factors for the 

existence of skipjack tuna in certain waters (Sigman and 

Hain 2012). The results of the GAM, ECDF, and spatial 

and temporal analyses both showed that the combination of 
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SST and PP was highly effective in predicting skipjack 

tuna habitat (Figures 2, 3, and 4). Based on these results, 

we continue with the PHI analysis to indicate the potential 

fishing zone of skipjack tuna. 

This study confirms previous research that skipjack 

tuna tend to like warm surface temperatures (Lehodey et al. 

1997; Hall and Roman 2013; Grande et al. 2016; Zainuddin 

et al. 2017; Hermida et al. 2019). We also found that 

skipjack tuna habitats contained specific PP concentrations 

(350-400 mg C/m2/day). This optimal combination of SST 

and PP is assumed to be strong enough to explain skipjack 

tuna habitat. 

It is important to note that this study can be used as a 

new reference source for further research regarding the role 

of PP concentration in influencing skipjack tuna catches 

because there has been no previous research that 

specifically addresses the relationship between PP and tuna 

CPUE skipjack. However, even in this study, it was found 

that the effect of PP was stronger than SST (Table 1). 

The spatial and temporal maps (Figure 5) show that the 

peak seasons for skipjack tuna in the southern Makassar 

Strait are May and October. Meanwhile, in August and 

September, the abundance of skipjack tuna is probably the 

lowest compared with other months during the study 

period. Two previous studies also found that May is the 

peak season for skipjack tuna in the Coral Triangle of 

Indonesia (Zainuddin et al. 2017) and the western North 

Pacific (Mugo et al. 2010). This reinforces the results 

regarding the reference for the peak season for skipjack 

tuna to be used to catch and manage skipjack tuna in the 

future. 

The research period data from May to October in 2017 

and 2018 showed that the total CPUE increases 

significantly with the increase in the PHI value (R2 = 

0.541; P < 0.01; Figure 6). The PHI value has a positive 

correlation with the CPUE of skipjack tuna. 

 

 

 

 
 

Figure 6. The relationship between mean CPUE and PHI value in 

the southern of Makassar Strait (R2 = 0.5411, P < 0.01). The black 

dot was the mean CPUE value in each range of PHI values 

 

The validation analysis results (Figure 6) prove that our 

prediction model is consistent in predicting the potential 

fishing zone of skipjack tuna in the southern Makassar 

Strait. This research can recommend that the prediction 

model used in this study can be used as new insights in 

modeling fish habitat. 

In conclusion, SST and PP are essential predictors in 

predicting skipjack tuna habitat. This study also confirmed 

that the skipjack tuna fishing location was in warm waters, 

and the concentration of PP was specific (low). The 

prediction results show that the peak seasons for skipjack 

tuna are in May and October. These results can provide 

new insights for future research and management of tuna 

resources. 
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