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Abstract. Hidayat R, Zainuddin M, Mallawa A, Mustapha MA, Putri ARS. 2021. Mapping spatial-temporal skipjack tuna habitat as a 

reference for Fish Aggregating Devices (FADs) settings in Makassar Strait, Indonesia. Biodiversitas 22: 3637-3647. Skipjack tuna 

(Katsuwonus pelamis) has a high economic value in the international market. Catching skipjack tuna using fish aggregating devices 

(FADs) without knowing its habitat characteristics can damage the ecosystem. This study aimed to determine suitable fishing areas for 

setting skipjack’s FADs. The data used included that on catch, sea surface temperature (SST), and sea surface chlorophyll-a (SSC) in the 

Makassar Strait obtained for 2017-2019. The generalized additive model (GAM) and empirical cumulative distribution function (ECDF) 

analyses were used to investigate the skipjack’s tuna habitat. A pelagic habitat index (PHI), with PHI > 75%, was applied to determine 

suitable FAD positions. The gravity center of the skipjack tuna habitat for ten months (January-October 2020) was calculated to validate 

the model’s results. The results showed that the optimum SST range was from 28.78°C to 31.25°C, while the SSC from 0.18 to 0.28 mg 

m-3. The best skipjack habitats in the southern Makassar Strait are criterion 4 (PHI > 90%) and criterion 3 (PHI = 85-90%), having a 

relatively high consistency of the average PHI values. These results can help determine the optimal positions for setting FADs to benefit 

the global management and sustainable development of skipjack tuna fisheries. 
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INTRODUCTION  

Spatially and temporally, the science of oceans is very 

complex. Various physical, chemical, and biological events 

appear to have a significant impact in identifying the 

habitat characteristics of aquatic organisms (Worm et al. 

2003; Safruddin et al. 2019). Therefore, many researchers 

have studied the habitats of organisms. Habitat correlates 

with the environmental parameters or the oceanographic 

parameters (Polovina and Howell 2005). Fish habitats are 

usually described as areas with high biological activity and 

are influenced by environmental factors, so they are 

essential in controlling the distribution and migration of 

marine organisms (Malakoff 2004; Palacios et al. 2006; 

Sydeman et al. 2006). Fish is one of the most important 

organisms for humans. Several types of fish, such as tuna 

and skipjack tuna (Katsuwonus pelamis), have high 

economic value (Galland et al. 2016). In the last few 

decades, skipjack tuna has become one of the contributors 

to the global production economy, amounting to 3 million 

tons/year (FAO 2016). Compared to other tuna species' 

total production, skipjack tuna production reached 58.1% 

of the total tuna catch in 2010 (FAO 2018). Even in 2018, 

the total catch of tuna amounted to 5.1 million tons, 

dominated by tropical tuna constituting 95% of the total 

(ISSF 2020). 

Makassar Strait is an area that has a high potential for 

catching skipjack tuna. The potential for skipjack tuna 

fishing in the Indonesian Fisheries Management Area, 713 

in 2016, was recorded at 419,342 tons with moderate 

utilization status, including the Makassar Strait (KKP 

2017). In recent years, fishing aids such as fish aggregating 

devices (FADs) have become increasingly popular since 

they minimize the time for finding tuna schools and reduce 

operation costs (Davies et al. 2014). In addition, the service 

life of FADs is also quite long. The results of interviews 

with fishers, FADs can survive productively in waters for 5 

- 10 years. In the Makassar Strait area, the distribution of 

FADs used is still traditional, with most using FADs 

anchored on the sea surface. The main construction of 

FADs consists of a clump body which also functions as a 

buoy, attractor, main rope, and ballast. The materials used 

are also still traditional, where the body of the FAD is 

usually made of bamboo combined with foam as a buoy 

with dimensions of about 3 (length) x 2 (width) x 0.5 

(height) m. The attractor usually uses natural leaves from 

the Cycadaceae family, such as coconut (Cocos nucifera) 

and palm (Nypa fruticans) leaves. Concrete is used as 

ballast for FADs with a weight ratio adjusted to the depth 

of the FAD setting area. The main rope used is usually 

made of polyethylene with a rope diameter adjusted to the 

setting area of FADs.  
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Tropical tuna and tuna species such as skipjack tuna, 

which is a high-value species, are among the most 

abundant species found around FADs (Artetxe-Arrate et al. 

2020). About 40% of the world’s tuna catch comes from 

the use of FADs (Taquet 2013). The associative behavior 

of fish to approach floating objects encourages these 

objects to assist certain fishing activities (Matsumoto et al. 

2016; Rodriguez-Tress et al. 2017; Khan et al. 2020). 

Although they increase the productivity of fishing, FADs 

can have negative impacts if they’re placed without proper 

supervision (Cheung et al. 2009; Marshall et al. 2009; 

Davies et al. 2014). The use of FADs can increase the 

bycatch during the fishing operation (Mallawa et al. 2018). 

Usually, a strong associative behavior between different 

organisms can lead to the catch of non-target organisms 

(Romanov 2008; Dagorn et al. 2012). Another supporting 

factor is the high density of FADs in the waters caused due 

to their settings without referring to the correct potential 

areas (Marsac et al. 2000; Hallier and Gaertner 2008). 

This research attempts to show the potential areas for 

placing FADs by studying the characteristics of suitable 

habitats for skipjack tuna. The combination of the skipjack 

habitat and the associative behavior of fish with regard to 

floating objects are the basis for making an accurate area 

estimate as a reference in determining the positioning of 

FADs in waters (Lezama-Ochoa et al. 2018). The main 

parameters in identifying the skipjack habitat are sea 

surface temperature (SST) and sea surface chlorophyll-a 

(SSC), as both are positively correlated to the distribution 

of marine organisms, especially fish (Andrade 2003; 

Zainuddin et al. 2008; Zainuddin et al. 2017). SST is an 

essential variable in influencing the growth of 

phytoplankton and directly affects the physiological 

condition of fish (Yuniarti et al. 2013). Meanwhile, SSC is 

closely related to productivity, which is indicated by the 

amount of phytoplankton biomass, the first food chain for 

pelagic fish (Kunarso et al. 2011). The magnitude of the 

level of water fertility can be estimated by knowing the 

concentration of SSC. The main objective of this study is to 

provide a reference for the placement of FADs for skipjack 

fishing areas in the Makassar Strait. 

MATERIALS AND METHODS  

Study area and dataset 

The research was conducted in the waters of the 

Makassar Strait, with fishing bases in Barru, Pinrang, and 

Pangkep districts, Indonesia. The spatial boundaries of the 

Makassar Strait used are 115.38-120.10° E and 1.11° N - 

8.45° S (Figure 1). These coordinates refer to the Fishing 

Management Area (FMA) 713, consisting of four waters: 

Makassar Strait, Bone Gulf, Flores Sea, and Bali Sea. 

Makassar Strait was chosen because these waters are fertile 

areas with a large production of skipjack tuna. In addition, 

the status of the use of skipjack tuna in these waters is still 

in a moderated state (KKP 2017). 

 

 

 
 

Figure 1. The study area in Makassar Strait, Indonesia 
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Observation data on skipjack tuna 

Data on skipjack tuna catch were collected directly by 

following the purse seine fishing operation in the Makassar 

Strait. The total observation data comprised 56,542 

skipjack tuna from 229 fishing efforts. The fishing effort 

used is not a trip but the number of fishing operations. 

Catch per unit effort (CPUE) can be calculated using Total 

catch (skipjack tuna)/fishing effort (fishing operation). 

Data on skipjack tuna catch ware collected directly by 

following the purse seine fishing operation in the Makassar 

Strait. The total observation data comprised 56,542 

skipjack tuna from 229 fishing efforts. The fishing effort 

used is not a trip but the number of fishing operations. 

Catch per unit effort (CPUE) can be calculated using Total 

catch (skipjack tuna)/fishing effort (fishing operation). The 

Catches data were collected from January 2017 to 

December 2019. 

Remotely sensed oceanographic data 

The SST and SSC data were obtained from Aqua’s 

satellite imagery with a moderate resolution imaging 

spectroradiometer (MODIS) sensor. This data was accessed 

from https://oceancolor.gsfc.nasa.gov/ with a 9km or 4km 

spatial resolution. This study uses one calendar month's 

worth of data (28, 29, 30, or 31 days depending on the 

month) to be the monthly average data with a resolution of 

4km from 2017 to 2019. The data categories are SST 26 to 

32°C, and SSC 0 to 1.5 mg m-3 in waters is used to avoid 

bias in coastal waters. The data was extracted using the 

SeaDAS v.7.5.3 analysis software. According to the 

distribution of skipjack tuna, oceanographic factors as a 

predictor proved to be effective in Indonesian waters, 

particularly the Makassar Strait, Bone Gulf, and Flores Sea 

(Zainuddin et al. 2017; Hidayat et al. 2020).  

Data analysis 

Statistical model to determine the relationship between an 

environmental variable and skipjack tuna catch 

We employed the GAM method using the R-Studio 

software (version 1.3.959). GAM analysis is a non-

parametric statistical analysis that corresponds to non-

linear data (Zainuddin et al. 2008; França et al. 2012). The 

used GAMs function comes from the mgcv package, with 

the number of catches as a response variable and 

environmental factors (SST and SSC) as predictor 

variables. The GAM is as follows (Guisan et al. 2002): 

 

 (1) 

 

Where: g: the fine spline function; ui: the expected 

value of the response variable; a: the constant-coefficient 

model, s: a predictor variable smoothing function; : a 

random error term. 

In addition to using the GAM to determine the 

distribution of catch based on oceanographic parameters, 

this study uses the ECDF analysis. The results of this 

analysis provide specific references to the optimum range 

of SST and SSC values for the catch. This method is 

divided into several stages (Andrade and Garcia 1999; 

Zainuddin et al. 2008) as follows: 

 (2) 

 

With the indication function: 

 

 
 

 (3) 

 

 (4) 

 

Where: f(t): empirical cumulative distribution function 

(ECDF) g(t): catch-weighted cumulative distribution 

function; l(xi): indication function; D(t): the absolute value 

of the difference between the two curves f(t) and g(t) at any 

point t, assessed by the standard Kolmogorov-Smirnov test; 

n: the number of fishing trips; xi: the measurement for 

satellite-derived oceanographic variables in a fishing trip; 

i,t: an index ranking the ordered observations from the 

lowest to the highest value of the oceanographic variables; 

yi: the catch per unit effort (CPUE) obtained in a fishing 

trip i; y: the estimated mean of CPUE for all fishing trips. 

The  coordinate label represents the specific value 

of the variables at which the difference between the two 

curves (|f(t)-g(t)|)) was absolute. 

Determining skipjack habitat using environmental 

probability indices 

In determining the skipjack tuna habitat in the Makassar 

Strait, we used the fish abundance index value and 

combined it with the fishing frequency index associated 

with oceanographic variables (SST and SSC). The 

multiplication index was obtained from the total CPUE at 

certain intervals in a histogram. Thereafter, the total CPUE 

in an interval was divided by the highest CPUE value of all 

intervals. This calculation was repeated as many times as 

the oceanographic variables produced an environmental 

probability value based on the CPUE (Eq. 5). Meanwhile, 

the fishing frequency index was obtained from the 

frequency value at certain intervals divided by the highest 

frequency value. Subsequent calculations followed the 

same method to obtain environmental probability values 

based on the fishing frequency (Eq. 6). The determination 

of the best habitat was calculated based on the mean of 

probability, which had a value of more than 0.75 (PHI > 

75%). Meanwhile, the lowest PHI value indicated either an 

unsuitable area or area without skipjack tuna habitats (Eq. 

7). Furthermore, the probability data visualization of all 

variables was carried out using ArcGIS 10.2 software. The 

PHI is as follows (Zainuddin et al. 2017): 

 

 (5) 

 (6) 

 

 (7) 
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Where: PHI: the pelagic habitat index; Plcpue: the 

mean probability index for skipjack tuna based on the 

relationship between CPUE and the oceanographic 

variables (SST and SSC) for each histogram graph; Plf: the 

mean probability index based on the relationship between 

fishing frequency and the oceanographic variables for the 

histogram graphs; cpueij: the value of CPUE concerning the 

oceanographic variable-i for class interval-j; cpuei max: the 

maximum value of CPUE among the oceanographic 

variables; fij: the value of fishing frequency in relation to 

the oceanographic variable-i for class interval-j; fi max: the 

maximum value of fishing frequency among the 

oceanographic variables; n: the total number of variables. 

Persistent habitat for skipjack tuna 

The mapping of the persistent habitat of skipjack tuna 

in the Makassar Strait shows a high probability indication 

in a water area (> 75% probability). It makes persistent 

maps of the skipjack tuna habitat using the monthly 

average habitat composition data for three years (2017-

2019). The criteria for the map values range from zero (0) 

to (3), where zero (0) denotes an area that is considered to 

have no skipjack tuna habitats or a probability value of < 

75%, while criteria one (1), two (2), and three (3) describe 

the persistence habitat of skipjack tuna in a specific area for 

one year, two years, and three years respectively. 

The gravity center of potential areas for setting FADs 

The gravity center of a potential area describes a 

specific area in the form of an imaginary point and 

represents the state of the area surrounding it. Calculating 

the center of gravity of a fishing area involves calculating 

the gravity center of a fixed object, but there is a 

fundamental difference between a moving fish and a fixed 

object. The gravity center’s ability to characterize the 

potential areas of fish distribution reflects the fishing 

ground’s credibility. This method represents specific water 

characteristics in several coordinate points, and in the end, 

these coordinates are tested based on their performance in 

several months outside the time of analysis (January-

October 2020). The formula used to determine the gravity 

center for a potential area is as follows (Zainuddin et al. 

2019): 

 

 (8) 

 

Where: GCij: the center of gravity of a potential area; 

Lij: the latitude and longitude of fishing point; PHIij: the 

pelagic habitat value at position ij. 

RESULTS AND DISCUSSION 

Temporal variation of catch data and environmental 

variables  

During the study period, the highest CPUE value was 

observed in October (Figure 2.A). The average catch of 

skipjack tuna in October was 722 fish/sets. The SST and 

SSC values were in the range of 27.05-31.50°C with a 

mean of 29.78 ± 0.94°C (Figure 2.B) and 0.15-0.59 mg m-3 

with a mean of 0.27 ± 0.09 mg m-3 (Figure 2.C). The 

interesting oceanographic characteristics provided in 

Figures 2.B and 2.C were seen in June, when a relatively 

low SST increased SSC. These events were linear with 

nearly consistent warm SST events in the other months in 

line with the consistent SSC values in the range 0.2-0.3 mg 

m-3. Apart from the highest CPUE value in October, the 

low CPUE value seen in December tended to occupy a 

relatively high SST and a fluctuating concentration of SSC. 

Skipjack tuna’s relation to oceanography variables 

Oceanographic data has a significant relationship, 

especially with SST parameters (Tseng et al. 2010; Wang 

et al. 2016). As seen in Figure 3, the GAM test results 

show that the skipjack tuna catches have a relationship with 

SST parameters (Figure 3.A) and SSC (Figure 3.B). These 

results show that several models have high significance 

values (Table 1). The best model for testing is determined 

by considering the AIC value and the deviation explained 

as the basis for the conclusion. Akaike information 

criterion (AIC) is the best model assessment method for 

evaluating the catch effect of skipjack tuna. The assessment 

is accurate when the AIC value gets the smallest value of 

all the models tested (Johnson and Omland 2004; Mugo et 

al. 2010). 

The deviation explained is used to find the total 

deviation described in a particular model. Referring to the 

AIC values and deviation explained, the best model should 

combine SST and SSC. Table 1 shows that the AIC value 

obtained is 3107.54, and the explaining deviation is 23%. 

The GAM test results show a significant value of SST and 

SSC. The determination of SST and SSC ranges using 

ECDF analysis is required to obtain the optimal range of 

values. The optimum range of SST and SSC is a range of 

values explaining the distribution of skipjack tuna in 

waters. In the ECDF analysis, the optimum range is 

explained by looking at the distribution of the D(t) value 

which is the difference between the two curves f(t) and g 

(t). The ECDF method shows that the optimum SST range 

is between 28.78 and 31.25°C (Figure 4.A). The SSC 

optimum value in this study was between 0.18 and 0.28 mg 

m-3 (Figure 4.B). 

Determining skipjack habitat using environmental 

probability indices 

The probability of each oceanographic parameter is 

derived from the relationship between catch and 

oceanographic parameters (Figure 5). The probability value 

is the CPUE value for each interval divided by the largest 

CPUE value for a particular variable. This method applies 

to SST and SSC as well as the fishing frequency of each 

variable. Note that the best SST value was around 29°C to 

represent CPUE, which is relatively high at ± 35% (Figure 

5.A) and capture frequency ± 23% (Figure 5.C). As for 

SSC, this study obtained an extraordinary SSC value of 0.2 

mg m-3, representing ± 57% CPUE (Figure 5.B) and ± 48% 

capture frequency (Figure 5.D). The focus of this study is 

to reveal the characteristics of PHI that occurred in October 

from 2017 to 2019 (Figure 6). 
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Figure 2. Temporal variability of the (A) Mean CPUE of skipjack 

fishery, (B) Mean SST, and (C) Mean SSC 2017-2019 in 

Makassar Strait, Indonesia 

 

 

Persistent spatial distribution of pelagic habitat 

hotspots for skipjack tuna 

For three years (2017-2019), persistent habitat was 

found in different areas every month. In this study, the 

biggest habitat was observed in October with the highest 

average CPUE (Figure 2.A) and the habitat area reached 

152656.14 km2 for areas with one-year persistence, 

46338.91 km2 for two-year persistence and 19755.36 km2 

for three-year persistence. This study validates the data 

(Figure 6) by overlaying the PHI raster’s fishing spot in 

October 2017, 2018, and 2019. The results are very 

positive where the fishing spot is located right in the PHI 

quarter 3 area (PHI> 75%). The testing of PHI values was 

also carried out in August-October 2020. This test aimed to 

see the consistency of the model with data that does not 

include analytical data. The test results show that the 

coordinates of fishing spots in August-October 2020 are in 

the areas with high PHI values (PHI > 75%), so this model 

consistently shows the appropriate fishing areas (Figure 7). 

The persistence and consistency of the model for three 

years (2017-2019) in October therefore becomes a 

reference for placing the best FADs in the Makassar Strait 

(Figure 8). 

Prediction performance of the potential fishing area  

Based on Figure 8, there are four criteria for high PHI 

areas: areas with PHI values of 75-80% (criterion 1), 80-

85% (criterion 2), 85-90% (criterion 3), and > 90% 

(criterion 4). The development of these criteria was aimed 

at proving the persistence of the area relevant to the 

obtained PHI value. The formation of imaginary point 

utilizes the center of gravity method for each location that 

has a probability based on the criteria in Figure 8.B. This 

method produced 21 coordinates; all of these points were 

tested using the PHI raster for the period of January to 

October 2020 to note the performance for each coordinate 

(Figure 9.A). The test results obtained the best performance 

for the criterion where PHI > 90% (red), with an average 

PHI value for January-October 2020 of ± 71% (Figure 

9.B). In addition, this study also shows that the 

performance of criterion 3 is good, where the average PHI 

from January to October 2020 was ± 67% (yellow). For 

details, in Figure 9.C, the average monthly performance of 

criterion 4 shows the best consistency, while criterion 3 has 

a pattern that is almost the same as criterion 4. This study 

showed the area with categories 3 and 4 dominant in the 

southern Makassar Strait areas and can be applied to find a 

potential area for setting FADs in the Makassar Strait. 

 

 

 

Table 1. The results of statistical model testing using GAM. Deviation explained and AIC are the determinants in selecting the best 

model that can be used for the optimum effect of environmental parameters on the skipjack tuna catches 

 

Model Deviation explained (%) AIC p-Value 

(SST) 19.50 3110.94 < 0.001 “***” 

(SSC) 6.73 3149.45 0.0597 “.” 

(SST) + (SSC) 23.00 3107.54 < 0.001 “***” 

Note: Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 

 

A 

B 

C 
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A B 

Figure 3. GAM derived effect of oceanographic variables, A. SST and B. SSC on skipjack tuna CPUEs. The shaded region above and 

below the line indicate 95% confidence intervals. The x-axis represents the range of oceanographic factor values. The y-axis is the 

partial effect of the variable; the shadow portion is the standard error confidence interval 

 

 

 
A B 

Figure 4. The ECDF result between CPUE and SST (A) and how it relates to SSC (B) during 2017-2019 

 

 
A B 

 
C D 

Figure 5. Total skipjack tuna CPUEs (skipjack/fishing set) with SST (A) and SSC (B); the relation of fishing frequency to SST (C) and 

SSC (D) 
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Figure 6. The PHI map for October 2017-2019. The black dots on the map are the fishing spots for that month. The color gradient 

represents the PHI value, whereby the areas with the highest value are represented in red, and blue colors represent the lowest values 

 

 

 
 

Figure 7. The spatial distribution of skipjack tuna fishing spots (black dots) from August to October 2020 superimposed on the hotspot 

based on the PHI area 

 

 

Discussion 

Spatially and temporally, environmental parameters 

have a significant effect on the events that occur in water. 

Several environmental parameters are used to predict fish 

habitats and show a positive response. Several studies have 

even proven that oceanographic parameters have high 

significance for the distribution of fish in the waters (Wang 

et al. 2016; Artetxe-Arrate et al. 2020; Syah et al. 2020). 

This study focused on skipjack tuna and its relationship 

with certain oceanographic factors (SST and SSC). 

Andrade and Garcia (1999) define the natural relationship 

between skipjack tuna and SST, suggesting that both biotic 

and abiotic factors are significant in this relationship 

(Andrade 2003). In sub-tropical waters, such as in Japan, 

the optimal SST for skipjack distribution is not less than 

18°C (Kiyofuji et al. 2019). For tropical waters, 

temperature values are optimal between 28.5°C and close 

to 31.5°C (Zainuddin et al. 2013; Zainuddin et al. 2017). 

The ECDF method shows that the optimal SST range is 

28.78-31.25°C (Figure 4.A). Apart from SST, SSC plays a 

vital role in the distribution of fish. Skipjack tuna can be 

clearly identified in waters with an optimum SSC 

concentration of 0.2 mg m-3 (Zainuddin et al. 2017). 

Nevertheless, SSC does not directly affect skipjack tuna’s 

distribution (Hidayat et al. 2019b). The relation of SSC and 

skipjack tuna is more dependent on the indicators of 

skipjack tuna’s feed, namely small pelagic fish such as 

anchovies (Stolephorus sp.) and others (Safruddin et al. 

2018). Skipjack tuna and the other types of tropical tuna 

are certainly visual, opportunistic predators that eat various 

types of prey (Olson et al. 2016; Duffy et al. 2017). The 

dietary composition of tropical tuna will depend on body 

size, location, period, and depth (Olson et al. 2016). 

 



 B IODIVERSITAS 22 (9): 3637-3647, September 2021 

 

3644 

 
 

Figure 8.A. The persistent spatial distribution of pelagic habitat hotspots for skipjack tuna in the peak season of October 2017-2019; B. 

Spatial distribution of potential areas for setting FADs based on high pelagic hotspot values 

 

 

 
 

Figure 9.A. The prediction of potential areas for setting FADs based on the PHI criteria; B. A graphic of the pelagic hotspot index 

criteria in relation to the average pelagic hotspot index; C. The average performance of potential areas for setting FADs setting in 

January to October 2020 

 

 

The Makassar Strait is unique. The Indonesian 

Throughflow makes the distribution of oceanographic 

parameters very dynamic (Gordon 2005). Even with very 

dynamic fluctuations of SST and SSC in the waters, it 

results in alternating upwelling and downwelling events 

(Atmadipoera and Widyastuti 2015; Sari et al. 2018; 

Wijaya et al. 2020) and has the potential to cause biological 

responses in water (Iskandar et al. 2017; Takarina et al. 

2019). The distribution of skipjack tuna in the waters 

correlates to the thermal front location, not far from the 

A B 

C 

A B 
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chlorophyll-a front area (Hidayat et al. 2019a). These 

events are mainly related to SSC and SST (Zainuddin et al. 

2019) and corroborate our argument for determining the 

habitat of skipjack tuna using these two parameters. This 

study resulted in a high PHI value (PHI > 75%) to identify 

areas with fishing opportunities. PHI can show suitable 

fishing areas (Figures 6 and 7), supported by the potential 

for upwelling zones (Atmadipoera and Widyastuti 2015) 

and eddy events (Nuzula et al. 2017; Hidayat and 

Zainuddin 2019) in this area. The test results also showed a 

consistent pattern of high PHI values in the southern 

Makassar Strait from January to October 2020 (Figure 9). 

Positive results from the determination of the habitat of 

skipjack tuna in the Makassar Strait can be a reference for 

setting FADs. FADs are very effective tools for increasing 

fish production in waters (Macusi et al. 2017a; Macusi et 

al. 2017b). The existence of skipjack tuna in FAD areas is 

caused by the natural behavior of fish to be attracted to 

floating objects (Matsumoto et al. 2016); this will be 

constructive for catching fish in a specific area. In addition, 

skipjack tuna is easy to get food in the FAD area because 

FAD has an attractor that can be a shelter from small 

pelagic fish (Mallawa et al. 2021). It is necessary to admit 

that so far, the installation of FADs in the waters without 

improved management and good governance will impact 

the assessment of FADs as unsustainable tools (Dagorn et 

al. 2013; Leroy et al. 2013). The characteristics of suitable 

habitats in the setting of FADs are expected to reduce the 

harmful effects of FADs, such as the number of by-catches 

caught.  

This study discusses the determination of potential 

areas to be used as a reference for setting FADs for 

skipjack tuna, thus offering the potential for sustainability 

for this tool. The role of oceanographic parameters is 

significant in selecting FAD targets. As in SST, although 

tropical tuna species are often equated with circumtropical 

species that inhabit marine pelagic areas in the world's 

oceans, there is a difference where skipjack tuna inhabits 

the epipelagic zone (surface up to 50 m), especially on 

mixed surfaces layer above the thermocline and waters 

with SST from 18 to 31°C (Pecoraro et al. 2017). In this 

study, the potential SST for skipjack tuna in the Makassar 

Strait was around 29°C (Figure 5.A and Figure 5.C). Other 

species such as yellowfin tuna and bigeye tuna inhabit 

mesopelagic waters (50 to 1000 m deep) (Goujon and 

Majkowski 2010). Typically, yellowfin tuna is at a 

temperature of 15 to 18.9°C (Song et al. 2008), and bigeye 

tuna is at 12 to 13.9°C (Song et al. 2009). The use of 

surface FADs is considered a solution to avoid catching 

other than skipjack tuna because, for the waters of FMA 

713, the status of utilization of other tuna species other than 

skipjack tuna has been over-exploited (KKP 2017). In 

addition, using fishing gear with a high selectivity value 

such as pole-and-line is also vital to reduce bycatch. The 

case is related to regulation and sustainable fisheries 

management. Combining Habitats that follow a suitable 

range of oceanographic parameter tolerances for skipjack 

tuna will significantly assist the accuracy of FADs. 

To conclude, this study indicates that the SST and SSC 

accurately identify the skipjack tuna habitat in the 

Makassar Strait (Figure 6 and Figure 7). Spatially and 

temporally, the Makassar Strait has potential areas for the 

setting of FADs. The correct habitat, combined with the 

skipjack tuna’s tendency to be attracted to floating objects, 

can suggest the ideal location for setting FADs. The best 

areas for setting FADs are represented by criteria 4 and 3 

with PHI characteristics > 90% and 85-90% respectively in 

the southern Makassar Strait. This research is expected to 

contribute and be a reference in the management and 

sustainable development of skipjack tuna fisheries. 
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