Original Research Article

Food Habits and Stomach Content Analysis of Skipjack Tuna (Katsuwonus pelamis, Linnaeus 1758) caught in Mamuju waters, South Sulawesi, Indonesia

 

ABSTRACT
Skipjack tuna is a fast-swimming pelagic fish that has the ability to migrate between water areas. This study aims to determine the food habits and stomach fullness of skipjack tuna in Makassar Strait, Indonesia. The survey was implemented for 12 months from April 2019 to March 2020. Trolling lines were used for fish sampling. A total number of 252 fish was used for fish sampling. Food habits and stomach fullness of skipjack tuna were observed for data collection. The results showed that the food types found in the skipjack tuna stomach consists of fish 24.82-30.72%, (27.8 ± SE 1.31%), crustacean 22.48-30.24% (26.3 ± SE 1.47%), cephalopods 26.37-35.29% (31,7 ± SE 1.61%)  dan unidentified 11.10-19.49% (14.3 ± SE 1.45%). The stomach fullness (SF) varied, which consisted of bursting 9.52-14.92% (11.90 ± SE 1.58%), ¾ filled 14.29-23.81% (22.22 ± SE 1.76%), ½ filled 28.57-33.33% (29.76 ± SE 1.47%) and empty 33.33-47.62% (36.11 ± SE 2.07%). Food types of skipjack tuna were dominated by cephalopods, and stomach fullness was mostly in empty condition.
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1. INTRODUCTION







Skipjack tuna is a pelagic fish that lives in groups with tuna and mackerel [1]. Skipjack tuna has high economic value and has a large market share. Skipjack tuna has been sought-after by local fishermen of Indonesia using  varieties of fishing gear such as hand lines, trolling lines, purse seines, pole and line fishing rods, and gill nets. Indonesia has the second longest coastline in the world and has potentially become a skipjack tuna fishing grounds. Mamuju waters of West Sulawesi is known as one of the skipjack tuna fishing ground in Indonesia. Mamuju waters is a part of Makassar Strait, which is included in the Fisheries Management Area of ​​the Republic of Indonesia (WPPRI) Number 713. The WPPRI 713 includes the Makassar Strait, Flores Sea, Bone Bay, and the Bali Sea. 

Many studies on skipjack tuna have been documented in WPPRI 713. [2], the size of the reproductive fit of fishing in Bone. [3] and [4] examined the size distribution and stock assessment in the Flores Sea. [5] and [6] in the waters of Bulukumba and Makassar Strait, examined stock assessment. [7] observed the stomach contents of skipjack tuna. [8], observed stock assessment in the Mamuju Sea. [9] and [10] reconstructed food webs through the stable isotope analysis (SIA) method using carbon (δ13C) and nitrogen (δ15N) to determine the trophic position of consumers. Referring to several previous studies in WPPRI 713, there is still less research on the biological aspects that specifically analyze the type of food and stomach contents which can be used as a reference in determining the migration of skipjack tuna in finding food. This study aims to determine the food habits and stomach fullness of skipjack tuna as basic information in implementing management strategies in Mamuju waters.

2. MATERIALS AND METHODS
2.1 Time and place of research
The present study was conducted in the waters of Mamuju, Makassar Strait. Sampling was carried out for 12 months from April 2019 to March 2020. Fish sampling was performed at the Fish Landing Site. Fish and stomach contents observations were carried out in the fisheries biology laboratory of the Institute of Technology and Maritime Business.

2.2 Research Procedures
The sampled fish were caught using trolling line with hooks numbered 6 and 7. The sampled fish was collected at the Mamuju Fish Landing Place in the Makassar Strait from a ship operating by catching fish. The fork length and stomach length were measured using a ruler with an accuracy of 0.1 cm. The stomach of the fish was dissected and then observed the stomach fullness and type of food.  A total 252 of fish or 21 fish samples per month was used for sampling landed at the fishing port in Mamuju, West Sulawesi.  The fish stomach was placed in a bucket containing 4% formalin and then observed in the laboratory.

2.3 Data Analysis
The observation of the stomach fullness of skipjack tuna used based on [11], namely the "Index of Preponderance" method with the equation:



Where:  	
IP: Preponderance Index, 
vi: food weight percentage,           
oi: frequency of food

The oi value or FK equation: 	                
               FK = 

Where      

Fk = the present of food type (oi)
A  = the present of food type to 1 in organism
B  = total organism 

The index of preponderance formula is modified, by replacing Vi or the percentage for certain types of food with the percentage of weight, therefore, the expected results are more accurate. If a type of food has an IP value of > 40%, it means that the type of food is included in the main food, an index of preponderance value of 4 to 40% means that the type of food is a complementary food, and if the IP value is <4%, then that type of food is an additional food. [12]. While the stomach filling of skipjack tuna was observed based on the category 1/4 full, 1/2 full, 3/4 full, and full, as stated by [13] and [14].

3. RESULT AND DISCUSSION
3.1 Food Habit
The Skipjack tuna food was dominated by cephalopods ranging from 26,37-35,29% (31,7 ± SE 1,61%), fish species ranged from 24,82-30,72%, (27,8 ± SE 1,31%), crustaceans ranged from 22,48-30,24% (26,3 ± SE 1,47%) and the lowest for unidentified food types ranged from 11,10-19,49% (14,3 ± SE 1,45%) (Figure 1). Based on the percentage of food types obtained during the research, it shows that all the food eaten by skipjack tuna is included in the complementary food category.
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Figure 1.  The amount of food found was based on the time of observation (top image) and the type of food found in the skipjack  stomach (bottom image) in the Mamuju waters of the Makassar Strait.

The type of food found in the stomach of skipjack tuna showed that skipjack tuna is not selective in looking for food. Based on the data in Figure 1 shows that the type of chepalopods food is the highest of several other types of food found in the stomach of skipjack tuna. However, none of the types of food found in the stomach of skipjack tuna are categorized as the main food and also included in the category of complementary foods (IP of 14.3-31.7%). Even so, the dominant type of food found was cephalopods, but it was not the main food.
However, the dominant type of food found is cephalopods, but it is not the main food. This dominance is thought to be in the fishing area for this type of food which is available and abundant, making it an easily accessible prey. On the other hand, this type of food is rich in protein and essential fats which are needed by skipjack tuna to support its high activity as a fast and active swimming fish. Chepalopods have behavior and adaptations related to movements that attract the attention of skipjack tuna and the ink secreted by chepalopods can respond to hunting from skipjack tuna to catch fast-breeding prey. Another possibility is that the number of skipjack tuna is too large so they fight over each other when looking for a certain type of food. The diversity of food types found in the stomach of skipjack tuna is also an indicator of water fertility and the catching of squid that is lacking or food sources are moving and distributing to other areas both temporally and spatially.

However, the low number of types of food that cannot be identified is thought to be due to the digestive process of skipjack tuna which requires immediate energy from the food consumed which causes the food in the stomach to quickly break down into a form that can no longer be recognized so that the suit can be identified specifically. The food eaten by skipjack tuna has soft tissue that breaks down quickly in the stomach so it is absorbed quickly. During the digestive process, the food that has been swallowed is mixed with gastric juice and digestive enzymes, making it difficult to identify the type of food.

[bookmark: _GoBack][15] the types of food found in the stomach of skipjack tuna in Bitung, North Sulawesi consisted of malalugis (Decapterus macarellus), sardines (Clupeidae), crab (Portunidae), mackerel (Rastrelliger sp.), and crushed fish. The main food items were 57% of malalugis (Decapterus macarellus), 9% of sardines (Clupeidae), and 4% of mackerel (Rastrelliger sp.) as complementary food, 0.09% of crab (Portunidae), and 30% of the unidentified fish species. [16] found the types of food in the stomachs of skipjack tuna in the form of fish, squid and shrimp in the coastal waters of Puger, Jember Regency. Several previous findings, [17] found that the main diet of skipjack tuna is relatively diverse, such as crustaceans consisting of stomatopods and megalops, while food is in the form of mollusks from the squid type. Meanwhile, the type of food consists of acanthurids, gempylids, lutjanids, nomeids, scombrids, serranids, and synodontids. [18] found that skipjack tuna is carnivorous with a composition of 55.7% sardines fish (Sardinella spp); 34.7% anchovy (Stelophorus spp); 7.9% flying fish (Decapterus spp); 0.9% squid (Loligo sp); 0.7% was in the form of crushed fish whose species could not be identified and 0.1% was in the form of crustaceans. [19] stated that the main natural food of tuna fish which are caught in the waters south of Seram Island and around Nusa Laut Island, the Banda Sea are crustaceans, mollusks, and fish, especially in the juvenile stage. [20], three main components are skipjack fish food, namely fish consisting of bait fish (Stolephorus spp), crustaceans and mollusks. Meanwhile, [15] explained that the food composition inside the stomach of skipjack tuna caught in the waters of the Celebes Sea included various types of small pelagic fish such as mackerel (Rastrelliger sp.), Malalugis flying fish (Decapterus macarellus), sardine (Clupea sp.), and crabs (Portunidae sp.) However, the dominant food is the flying fish (57%). 

3.2 Stomach Fullness
The stomach fullness of skipjack tuna caught using trolling line was dominated by empty stomach conditions ranging from 33,33-47,62% (36,11 ± SE 2,07%)and the lowest was 9,20 - 14,92% (11,90 ± SE 1,58%)  in other words, the stomach filling reached 63.89% (Figure 2).
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Figure 2.  The amount of food found was based on the time of observation (top image) and the type of food found in the skipjack stomach (bottom image) in the Mamuju waters of the Makassar Strait.

[21] revealed that skipjack tuna is a generalist predator in all waters, consuming cephalopods and crustaceans as prey, especially in less productive waters during migration. The results of studies from several previous researchers show that the diet of skipjack tuna consists of fish, molluscs and crustaceans in very varying proportions at each research location. [22] found fish larvae, cephalopods and pelagic crustaceans, as common food for skipjack tuna. Skipjack tuna is classified as a mesopredator, forming pelagic ecosystems well  and more widely [23].
[24] found that the composition of the stomach contents of skipjack tuna landed in Prigi, East Java was dominated by fish food at 63.78%. [25] found that the main food sources were anternfish (53%), krill (23%) and small pelagic fish (23%). Krill (Meganyctiphanes norvegica), flying fish (Exocoetus volitans), and anchovies (Engraulis encrasicolus) are the main prey of skipjack tuna in the Balearic Sea, Alboran Sea, and Gulf of Cadiz in the Mediterranean Sea [26]. Krill are the main prey of skipjack tuna on the coast of Baja California, while flying fish are important prey in offshore areas [27].
This study has a different result compared to the study conducted by [17]. Nakamura found that larger skipjack tuna eats more fish and fewer crustaceans. Skipjack tuna originated from coastal areas have eaten more coral-derived organisms than those that live offshore. In this study, the skipjack tuna samples were observed temporally based on time, while previous studies were spatially based on space and water depth.

The skipjack tuna tends to maintain their diet by always maintaining a balance of the types of food eaten (Figure 1). The skipjack tuna is more likely to maintain a balance between chepalopods and crustaceans. These findings indicate that these two types of food are a food menu that must always be available, hence, the quantity must always be maintained. The unidentified food based on the time of observation showed a decreasing trend from April to August. These findings suggest that at that time the food has been absorbed and entered the intestine. The increase and decrease in the amount of food in the stomach of skipjack tuna depend on the activity of fish movement, the level of competition and the number of herds, and the need for reproductive activities.

The level of stomach fullness reached 63,89% and the rest was empty, which is 36,11% on average because the food that has been eaten has been digested in the intestines so that when the fish is dissected, it is difficult to identify it. The speed of the skipjack fish digestion of the food eaten causes the volume of stomach contents to faster to empty. On the other hand, the high density and number of skipjack tuna in a school causes insufficient food availability to meet their needs so that many empty stomachs are still found.

Several research results that have been carried out at several locations have obtained varying results. The level of gastric fill in skipjack tuna may also be caused by feeding time. Differences in fishing time cause differences in the stomach volume of the fish caught. The predominance of high numbers of empty stomachs is predicted to be related to the fishing time which is carried out after sunset and is not the feeding time for skipjack tuna.
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Figure 3. Condition of unidentified food and empty stomach of skipjack tuna

Figure 3 shows a trend that if the condition of unidentified food increases, the condition of the empty stomach decreases. Likewise, if the empty stomach condition increases accompanied by a decrease in the amount of unidentified food.

When the skipjack tuna's stomach is full, it is possible that the food in the stomach is in the early stages of digestion so it is easier to identify. Conversely, an empty stomach indicates that the food has been completely digested, making identification more difficult. This could be related to the ongoing and different levels of digestion because when the skipjack tuna's stomach is full, the food that has just been consumed has not yet had time to digest and break down completely so there are still pieces that may be identifiable. However, when the stomach is empty or almost empty, the food has been completely digested leaving little residue that can be recognized as an indication that digestion has been going on for a long time. On the other hand, if food is quickly digested and moved to the intestines, the stomach will empty more quickly leaving little that can be identified. However, a full stomach indicates that the digestive process is still ongoing so more food can be observed and identified.

CONCLUSIONS

None of the types of food found dominated and all of them had the status of complementary foods and stomach occupancy reached 63.89%.  The diversity of food types found in the stomach of skipjack tuna is an indicator of food availability in the fishing area. Stomach fill depends on the availability of food in nature, the speed of digestion of food and the density of schools of skipjack tuna.
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