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Abstract. In situ data of Longtail tuna fishing location and satellite-based oceanographic data 

of chlorophyll-a concentration (chl-a), sea-surface temperature (SST), and salinity were 

employed to figure out the impacts of oceanographic condition on the pattern of potential 

fishing zones for Longtail tuna in waters around Madura Island. The relation of those 

parameters to the dissemination of Longtail tuna was analyzed with a maximum entropy 

(Maxent). The predictive model performance was estimated using the area under the curve 

(AUC). The jackknife test was then employed to examine each parameter’s model contribution. 

The results from the Maxent model exhibited a high predictive success of the model with AUC 

value of 0.932. Maxent prediction showed a high probability occurrence of Longtail tuna 

occurred in the offshore area of the Java Sea. The results also revealed that the Longtail tuna 

habitat selection was significantly controlled by the salinity ranges from 32.3 –  32.5 ppt, SST 

ranges from 29.5–30.5°C, and chl-a ranges from 0.2 – 0.4 mg/m3. Besides, among the set of 

oceanographic variables utilized (SST and chl-a), salinity exhibited the highest value of the 

jackknife test. Therefore salinity expressed to be the most significant factor in the geographic 

dissemination of Longtail tuna in the waters Madura Island.  

 

1. Introduction 
Longtail tuna, Thunnus tonggol, is an economically important pelagic species inhabiting tropical and 
subtropical provinces of the Indo-Pacific region [1]. From northern Australia, Papua New Guinea, and 

Indonesia and northwest through Malaysia and Thailand, the species has continuous dissemination to 

the northeast to southern Japan and the northwest to Iran and the Red Sea. Yaki [2] reported that the 
dissemination of Longtail tuna is unique compared to others in the Thunnus genus. Longtail tuna 

nearly exclusively occupy neritic areas close to landmasses and are rarely found offshore. The species 

is being exploited by commercial and artisanal fisheries in several countries throughout the Indo-

Pacific [2, 3]. Along the Indian Ocean region, the highest contribution to Longtail tuna catch is by Iran 
(34%) and Indonesia (31%) followed by Taiwan, Thailand, Oman, Pakistan, Malaysia, India, and 

Australia. It is the second smallest of eight species of Thunnus and grows to a maximum size of 142 

cm total length and 35.9 kg [4]. 
 Longtail tuna are massively utilized by small-scale commercial fisheries in at least 17 countries 

throughout the Indo-Pacific. They are mostly targeted by purse-seine, gillnet, and trolling and 

constitute a significant portion of multispecies fisheries for small neritic tuna, including mackerel tuna 
(Euthynnus affinis) and frigate tuna (Auxis thazard and A. rochei) [2]. Thailand, Indonesia, Malaysia, 

and Iran contribute most to reported annual landings, which reached 248 000 t in 2007 [5]. As 
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Longtail tuna add to essential artisanal and subsistence fisheries in many countries, these reported 

landings are likely to be underestimates.  

 Most studies of Longtail tuna have concentrated on its fishery and size composition in the catch [6, 

7, 8, 9] and growth studies [10, 11], biology and population characteristics [3, 12, 13] age and growth 

[14, 15, 16, 17, 18] or investigation of otolith microstructure from a small sample size (n = 26) [19] or 

truncated size dissemination (13–49 cm LF) [10]. However, integrated fisheries data and 

environmental data from remotely sensed data in habitat modeling, have not been used to detect the 

potential fishing zone for Longtail tuna (Thunnus tonggol). Therefore, the purpose of this study was to 

investigate how Longtail tuna dissemination is affected by the oceanographic condition and to 

describe the potential fishing zones of Longtail tuna is in the water around Madura Island based on 

remotely sensed data and fisheries data. 

 
2. Material and methods 
2.1. Study Area 
This study was conducted in the waters around Madura Islands, spanning between 112�66’ – 114�66’ 

BT and 6�5’ – 7�4’ LS (figure 1). The south side of the Madura Islands is Madura Strait meanwhile 

the north side is the Java Sea.   

 

 
 

Figure 1. Map of the study area 
 

2.2. Data 
In this study, we employed fishery and satellite remotely sensed data.  Longtail tuna data and remotely 
sensed data environmental data during northeast monsoon (October 2018 – March 2019) were 

evaluated. The period northeast monsoon was chosen for analysis because it corresponds with the 

available in situ data from local fishermen. 

  
2.3. Fisheries Data sets 
Fishing location of Longtail tuna were obtained from local fisherman. Data collection on fishing 

positions was carried out on the north (Java Sea) and south (Madura Strait) sides of Madura Island. 

However, not all regions have Longtail tuna catches. Longtail tuna catch only obtained from the water 

of the north side of Madura Island (Java Sea).  
 

2.4. Environmental Data 
We used satellite-derived data—chlorophyll-a concentration (chl-a), sea surface temperature (SST), 
and salinity — as environmental factors in the maximum entropy models. Monthly chl-a and SST 

values were collected from satellite images were downloaded from NASA Goddard Space Flight 

Center (http://oceancolor.gsfc.nasa.gov/). These data were processed with the SeaDAS package, vers. 
7.4. Monthly salinity was produced and distributed by the marine Copernicus website 

(http://marine.copernicus.eu/). The grid function of the software package Generic Mapping Tools, vers. 
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GMT 4.5.7 was used to resample to 1-km resolution and converted to Esri ASCII grid format or 

comma-separated values (CSV) format, as required by the software program Maxent. 

 
2.5. Maximum entropy model 
We used the Maxent software (version 3.3.3k). A cross-validation procedure was used to calculate the 

performance of the models. The data were randomly split into 2 categories, training data (75%) and 
test data (25%). The test points were then used to calculate the area under the curve (AUC) metric of 

the receiver operating characteristic (ROC) [20]. The jackknife test was then used to examine the 

parameter's model contribution. The test executed by the subsequent omission of the environmental 

parameter, producing a model with remaining environmental factors and achieving a model applying 

each environment factor in solitude [21]. The response curve achieved for each environmental factor 

was used to examine the favorable environmental ranges. Derived environmental ranges reflect the 

favorable environmental conditions of the potential Longtail tuna fishing zones. 

 

3. Results and discussion  
3.1. Spatiotemporal dissemination of fishing locations and environmental data 
In this study, we collected 130 fishing position data during the northeast monsoon. Figure 2 showed 

the dissemination of fishing position of Longtail tuna around the water of Madura Island. As stated in 
the previous chapter, data collection was carried out on the north and south sides of Madura. However, 

the results showed that the fishing activities for Longtail tuna occurred in the water of the north part of  

Madura Island.   
 

 
 
Figure 2. Fishing vessel position of Longtail tuna (black dot) during northeast monsoon (October 

2018 – March 2019). 
 

 Figure 3 showed the environmental (SST, chl-a, and salinity) conditions during the northeast 

monsoon (October 2018 – March 2019). In general, SST and chl-a in Madura Strait were higher rather 

than in the Java Sea. In contrast, salinity in the Java Sea was higher compared to Madura Strait. 

During the period, the study area has value SST between 29.23– 33.11 �C, chl-a between 0.18 – 13.95 
mg/m3 and salinity between 31.12 – 33.06 ppt. 
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Figure 3.  Images of mean values during the northeast monsoon (October 2018 – March 2019) 

obtained from remotely sensed data for (A) sea surface temperature (SST) (�C), (B) 

chlorophyll-a concentration (chl-a) (mg/m3) and (C) salinity (ppt) 

 
3.2. Model performance and potential fish habitat 
Fishing position and oceanographic data were used to detect the potential fishing zone for Longtail 

tuna using a maximum entropy model. The results showed a high predictive success of the model, 

indicating by AUC > 0.5 (AUC = 0.932). The contribution of the environmental parameters to model 

prediction is shown in figure 4. Results showed that among the three variables examined, salinity was 

mostly accounted for the corresponding increase in model gain. SST reported the least contribution in 

the model developed for Longtail tuna. Model-derived preferred ranges for each environmental 

variable are shown in figure 5. The derived environmental ranges in Longtail tuna potential zone were 

between 29.5–30.5 °C, 0.2 – 0.4 mg/m3 and 32.3 –  32.5 ppt for SST, chl-a, and salinity, respectively. 
 

 
Figure 4. Jackknife test results of variable importance derived from the model. 
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Figure 5. Response curves for each environmental variable (A) sea surface temperature (SST), (B) 

chlorophyll-a concentration (chl-a), and (C) salinity 
 

3.3. Prediction potential fishing zone 
Figure 6 showed the predicted map of the potential fishing zone for Longtail tuna during the northeast 

monsoon. During this period, the predicted probability of Longtail tuna occurrence mostly occurred in 

the Java Sea with high probability (HSI � 0.6) in the offshore area (113�40’ – 114�15’ E and 6�5’ – 

6�6’ S). In general, the dissemination of Longtail tuna form on the HSI revealed acceptable spatial 

correlation with actual fishing position from local fisherman. 
 

 
 
 

 

Figure 6.  The spatial dissemination of fishing location (black dots) for Longtail tuna (Thunnus 
tonggol) during northeast monsoon (October 2018 – March 2019), overlain on maps 

suitability prediction. The suitability is illustrated as a Habitat Suitability Index (HSI) 

score ranging from 0 to 1, symbolizing “poor” to “good” habitat quality, respectively 
 

C 

A B 
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The Longtail tuna inhabits continental shelf and ocean waters in warm temperatures and tropical 

regions of the Indo-west Pacific. Because of their rapid acceleration, long tail tuna are regarded as 

sport fish but their very dark flesh gives them a low market acceptance. Griffiths et al. [11] reported 
that Longtail tuna is an important sport fish due to their size, fighting ability and because they targeted 

by small vessels in sheltered inshore waters and even from the shore. In this study, we used a fishing 

position of Longtail tuna and oceanographic factors in a maximum entropy model to detect the 
potential fishing zone for Longtail tuna during northeast monsoon in the water around Madura Island. 

In this study, during the northeast monsoon, the fishing activities for Longtail tuna occurred in the 

water of the north part of  Madura Island (Java Sea). It was indicated that the Java Sea is appropriate 

for fishing areas for Longtail tuna. 

The predicted dissemination of Longtail tuna in water around Madura Island during northeast 

monsoon also showed high probability (HSI � 6) on the north sides of Madura Island (Java Sea). 

Susilo and Suniada [22] reported that during northwest monsoon (December – May), the high 

epipelagic micronekton biomass found in the Java Sea, especially found close to shore of the Java 

Island. The epipelagic micronekton biomass in the Java Sea ranging between 1 – 2.5 g/m2, while at the 

coastal area are higher, approximately 2.5 – 3.5 g/m2. Longtail tuna is an epipelagic predator that 

mainly feeds on small pelagic fishes families Engraulidae and Scombridae, crustacean (Alima, 

Decapoda, and Penaeidae) and miscellaneous cephalopods, cephalopods and a range of crustacea [18]. 

In addition,  [23] reported that feeding ecology of Longtail tuna included 101 prey taxa, with most 

common taxa (in terms of biomass) being: small pelagic fishes (Engraulidae, Clupeidae, Scombridae, 
Belonidae, and Hemiramphidae), demersal fishes (Carangidae, Leiognathidae and Sillaginidae), 

cephalopods (Teuthoidea and Sepia spp.) and crustaceans (Portunidae, Penaeidae, and Squillidae).  

 The performance of the maximum entropy model was high showed by an AUC value of 0.932. 
The value reflected that the model had excellent agreement with the test data. Productivity and fish 

dissemination are determined by environment changes from the variation in sea surface temperature, 

currents, salinity, chlorophyll-a concentration, and wind fields [24,25,26]. In this study, salinity 
showed the highest contribution to the model gain. Longtail tuna is an epipelagic fish and highly 

migratory species. Salinity is very influential in physiology (osmotic pressure) of marine species 

including tunas. Faizah [27] pointed out that the dissemination of tuna is affected by various 

oceanographic factors including salinity. Our study showed that most Longtail tuna fishing appeared 

were located in a salinity value of 32.3 –  32.5 ppt. Collette and Nauen [28] reported that Longtail tuna 

tend to avoid areas near the mouths of large estuaries with low salinity or high turbidity. 
 Chl-a was the second-most important oceanographic factor for Longtail tuna dissemination. Our 

results pointed out that Longtail tuna presence mostly occurred in low chl-a concentration, 0.2 – 0.4 

mg/m3. This result was backed up by [29] who pointed out that chl-a was a significant parameter in 
the dissemination of tuna with relatively low chl-a values. Among the 3 environmental variables 

examined, SST exhibited the lowest contribution to the model prediction. Our results reflect that 

Longtail tuna mostly appear in the SST value of 29.5–30.5°C. Itoh et al. [30] reported that Longtail 

tuna can be found in a range of water temperatures between 16�C - 30�C, which optimal water range 

value of 24 – 25.6 �C [31,32]. 

 

4. Conclusion 
High potential fishing zone for Longtail tuna (Thunnus tonggol) appeared north of Madura Island 

(Java Sea). Salinity showed the highest contribution to the habitat suitability model, followed by chl-a 

concentration and sea-surface temperature. 
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