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Biological Characteristics and Feeding Dynamics of Indo Pacific Tarpon (Megalops cyprinoides Broussonet 1782) in Estuarine Waters of North Kalimantan, Indonesia








ABSTRACT
[bookmark: _Hlk212357660]The Indo-Pacific Tarpon (Megalops cyprinoides) is a species that has important ecological and economic value in tropical estuarine and coastal ecosystems, but information on its biology in Indonesian waters is still very limited. This study aims to analyze the size distribution, growth patterns, condition factors, and feeding habits of  M. cyprinoides from Tanjung Palas, North Kalimantan, Indonesia. This research was a quantitative survey and analyzed using descriptive narrative methods. It was conducted from July to September 2025, with samples obtained from fishermen's catches at the Tanjung Palas fish landing site. The results showed that the total length of the fish ranged from 19.4-48.9 cm (35.12 ± 5.130 cm) with the highest frequency in the 36–38 cm size class (10.75%). The length-weight relationship showed a negative allometric growth pattern (b = 2.6827) with a strong correlation (r = 0.9780), which indicates that weight gain is slower than length gain. Condition factor values ​​ranged from 0.6516- 1.5618 (1.0860 ±  0.1621), reflecting variations in physiological status and the influence of the habitat environment. Stomach content analysis showed that shrimp, decapods, and aquatic insects dominated the main diet, while fish were only a supplementary component. The results of this study provide important information as a scientific basis for analyzing the population dynamics of this species in estuarine waters, and can support sustainable management and conservation efforts.
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1. INTRODUCTION







Estuaries are highly productive coastal ecosystems and play a crucial role as habitats for various fish species, including spawning, nursery, and feeding areas (Nagelkerken et al. 2008). One species commonly found in tropical estuaries is the Indo Pacific Tarpon, known for its economic and ecological importance. This species is used as a source of protein for coastal communities and has the potential to diversify processed fishery products (Blaber 2000).
Indo Pacific Tarpon, particularly in Kalimantan waters, is a common catch for traditional fishermen. The waters of Tanjung Palas in Bulungan Regency, North Kalimantan, are part of Fisheries Management Area 716, which is rich in small pelagic, demersal, and crustacean fishery resources (Ministry of Maritime Affairs and Fisheries, 2014). However, pressure from intensive fishing activities and degradation of coastal habitats, particularly mangroves and estuaries, can affect the population structure, size distribution, and biological condition of the Indo-Pacific Tarpon.
Previous research has shown that fish growth patterns vary across locations and are heavily influenced by environmental factors and food availability. Research in estuarine waters in South Kalimantan reported that estuarine fish tend to exhibit negative allometric growth patterns, indicating faster growth in length than in weight. Furthermore, fish condition is used as a biological indicator to assess population fitness and food availability in their habitat (Froese, 2006).
Scientific studies of M. cyprinoides in Indonesia over the past five years have shown a wide variety of research directions, from biology, population ecology, and fisheries utilization perspectives. Harahap et al. (2020) examined the growth of M. cyprinoides in Lake Siombak, Medan, using body length and weight as variables and found that this species has a growth pattern close to isometric with a b value of around 3.0. Meanwhile, Muhtadi et al. (2024) expanded the study at the same location by adding variables such as population dynamics, exploitation levels, and estuarine habitat conditions, revealing that the level of exploitation of this species has approached sustainable limits, necessitating an ecosystem-based management strategy. These studies provide an important foundation for understanding the population dynamics of M. cyprinoides in Indonesia's coastal and estuarine ecosystems.
In addition to biological aspects, research is also directed at the use of M. cyprinoides as a raw material for value-added processed products. Cahyani et al. (2023) studied the application of foam-mat drying technology to produce flavor enhancers from moonfish, focusing on the variables of chemical composition, protein content, and amino acid profile as quality indicators. The results showed that this method was able to maintain flavor and nutritional content optimally. Sinuraya et al. (2024) studied the effect of washing frequency on surimi gel characteristics, including gel strength, folding test, and whiteness, and recommended a specific washing frequency to obtain optimal surimi texture. The results of this study confirmed that M. cyprinoides has both an ecological role and high economic value, making it a local fish resource with potential for sustainable development.
Feeding habits are also an important aspect in the ecological study of the Indo Pacific Tarpon. Feeding habits studies indicate that this species is opportunistic, with a tendency to feed on shrimp, decapods, aquatic insects, and small fish, confirming the role of estuaries as a primary food source (Zakaria & Rajpar, 2015; Rosmawati, 2018; Adams et al., 2019). Research on the size distribution, growth patterns, condition factors, and feeding habits of the Indo Pacific Tarpon in Tanjung Palas waters is crucial for analyzing the biological and ecological dynamics of this species. The research results are expected to provide a scientific basis for sustainable estuarine fisheries management, while also filling the gap in specific data related to Indo Pacific Tarpon in northern Indonesia.
2. MATERIALS AND METHODS
2.1 Sample origin and research location
Indo Pacific Tarpon samples were obtained from the catch of fishermen operating in the waters of Tanjung Palas, Bulungan Regency, North Kalimantan, Indonesia. Measurements and observations of samples were carried out from July to September 2025, utilizing all the catches of fishermen landed at the Tanjung Palas Fish Landing Site. Each individual fish obtained was measured for total length and body weight to analyze growth patterns and condition factors. Analysis of feeding habits was carried out through observation of stomach contents carried out at the Bulungan Regency Animal Quarantine Office, with the aim of identifying the composition and proportion of natural food consumed by Indo Pacific Tarpon.
2.2 Research procedures
All fish caught by fishermen were measured for total length and weighed using a digital scale with high accuracy to obtain accurate morphometric data. Samples for the analysis of feeding habits used 30 fish selected proportionally from the previous sample by considering the representation of small, medium, and large sizes, as many as 10 fish each. Each sampled fish was carefully dissected to remove the stomach organs, which were then placed in sample bottles and preserved using 4% formalin solution to prevent decomposition. The stomach samples were then taken to the Animal Quarantine Laboratory of Bulungan Regency, North Kalimantan, for identification and analysis of stomach contents, so that information regarding the composition and frequency of natural food types consumed by Indo Pacific Tarpon was obtained.
2.3 Data Analysis
2.3.1  Size distribution
[bookmark: _Hlk210569451]A length and weight distribution analysis was conducted to obtain an overview of the population structure of the Indo Pacific Tarpon in Tanjung Palas waters. Total length and body weight data obtained from the measurements were then processed to determine size distribution based on length frequency within specific class intervals. This approach was used to identify dominant size groups within the population and assess fish growth and recruitment dynamics.

2.3.2 Growth patterns
Growth patterns were analyzed to determine the developmental pattern of the Indo Pacific Tarpon. Fish growth patterns are divided into two categories: isometric and allometric. The b value is an indicator for determining the type of fish growth. This analysis also includes a coefficient of determination (r²) calculation to assess the closeness of the relationship between body length and weight. This approach is based on the method proposed by Effendie (1997), which is widely used in fisheries biology studies to analyze the growth dynamics and physiological conditions of fish in the wild.
W=aLb.....................................(1)
Where: 
W = body weight of the Indo Pacific Tarpon (g),
L = fork length of the Indo Pacific Tarpon (cm), 
a and b re constants.

2.3.3 Condition factors
Condition factor analysis was conducted to determine the fitness level and body proportions of the Indo Pacific Tarpon, which reflects the individual's physiological state in relation to growth patterns. Condition factor values ​​are used to assess whether the fish are fat, normal, or thin, which can be influenced by food availability, season, age, and aquatic environmental conditions.
This approach is widely used in fisheries biology studies because it provides a quantitative description of the balance between length and weight growth in fish using the Fulton condition factor equation (Bagenal & Tesch 1978):
………………….(2)
Where:
Kn = relative condition factor,
W’ = predicted body weight using the 
         length-weight relationship equation,
W  = observed body weight

2.3.4 Feeding habits
Analysis of the feeding habits of the Indo Pacific Tarpon was conducted to determine the composition and relative role of various types of food consumed, including main, complementary, and additional foods. Identification of food types was carried out through observation of stomach contents, then analyzed using the Relative Importance Index developed by Natarajan and Jhingran (1961). This method combines the frequency of occurrence, quantity, and volume of food to determine the relative dominance of each food type in the fish's diet, thus providing a comprehensive picture of the trophic preferences and ecological position of the species in the aquatic ecosystem, with the formula:
IRP = W x F.......................(3)
Where: 
W = the weight of a food type relative to the
        weight of all food types in the fish's
        stomach (%);
F =  the incidence of a food type relative to 
       all food types in the fish's stomach (%).

3. RESULT AND DISCUSSION
3.1 Size distribution
The total length of the Indo Pacific Tarpon ranged from 19.4 to 48.9 cm (35.12 ± 5.130 cm) from 837 samples measured. Meanwhile, the weight ranged from 0.11 to 2.13 kg (1.112 ± 0.532  kg). The total length distribution of the Indo Pacific Tarpon from the research results is shown in Figure 1.

[bookmark: _Hlk210565340]Figure 1 Distribution of length sizes of Indo Pacific Tarpon during the study
The distribution of length and weight measurements obtained in this study reflects the diversity of age classes and growth conditions of the Indo Pacific Tarpon population in the study area. According to Effendie (2002) and Kantun et al. (2014), variations in length and weight within a fish population can reflect recruitment dynamics, exploitation levels, and the availability of suitable habitat.
The size-weight distribution of the Indo Pacific Tarpon in Tanjung Palas is also consistent with the biological characteristics of this species, which is known for its slow growth and relatively long lifespan compared to other small pelagic fish (McBride et al. 2009). The maximum recorded weight was 2.13 kg, indicating the presence of mature individuals, thus ecologically playing a role in maintaining stock sustainability through reproduction. However, the presence of small sizes (±19.4 cm, 0.11 kg) also indicates that most fish are still in the recruitment phase. If fishing efforts are too intensive for small sizes, there is potential for growth overfishing (Froese, 2004). This shows that the population in Tanjung Palas tends to have a larger average size compared to some other areas, which may indicate environmental conditions that are relatively supportive of growth or fishing pressure that is not yet too intensive.
The total length distribution of the Indo Pacific Tarpon in Tanjung Palas waters shows that the highest frequency is in the 32–34 cm length class at 10.75%, while the lowest frequency is recorded in the 46–48 cm length class at 2.87%. This distribution pattern indicates the dominance of medium-sized individuals in the population, which generally represent groups of young adults. According to Effendie (2002), the length distribution can be used to describe population structure, where the high frequency of a particular size indicates the dominant age class that is developing in a stock.
The high proportion of moonfish in the 32–34  cm class in Tanjung Palas also indicates that the majority of the population has passed the juvenile phase and entered the reproductive phase. This is consistent with the results of research by Heemstra (2022), which found sizes ranging from 33.7–50.0 cm, indicating that the population in the region is dominated by juvenile individuals until they reach adulthood. Meanwhile, Williams et al. (2024) in the Red Sea found a total length of M. cyprinoides of 43.9 cm.
The low frequency of fish in the 46-48 cm length class (2.87%) in Tanjung Palas can be caused by two factors. First, relatively high fishing pressure for small sizes, so natural recruitment is not fully expressed in the waters. Second, environmental factors such as food availability and habitat quality influence growth and survival in the early stages. These results, in a management context, reinforce the importance of setting minimum catch sizes to prevent growth overfishing, a condition where fish are caught before they reach their optimal size to contribute to the reproductive stock.
3.2 Growth patterns
The growth pattern of the Indo Pacific Tarpon obtained from this study is negative allometric with a b value of 2.7120, accompanied by growth components as shown in Table 1.
Table 1. Growth pattern, length, and weight of Indo Pacific Tarpon during the study.
	Parameter
	Length (cm)
	Weight (g)

	N
	a
	b
	r
	Min
	Max
	Average
	Min
	Max
	Average

	837
	6E-0,5
	2,712
	0,9780
	19,4
	48,9
	35,12 ± 5,130
	0,11
	2,13
	1,112 ± 0,532



This pattern indicates that the fish's length increases faster than its weight. According to Effendie (2002), the theoretical b value for the length-weight relationship between fish is between 2.5 and 3.5; if b < 3, growth is negatively allometric, while b > 3 indicates positively allometric. The Indo Pacific Tarpon in Tanjung Palas allocates more energy to linear growth (body length) than to mass gain.
The results of this study are consistent with those of Khairul et al. (2014) in the Belawan River, which reported b values ​​of 0.991 to 2.212 for the moonfish, also indicating negative allometric growth. A similar study by Renjithkumar & Roshni (2023) in a microtidal tropical estuary on the Southwest coast of India found a b value of 2.98, close to isometric but still tending to be negative. These differences in growth patterns can be influenced by environmental factors, food availability, and the level of exploitation (Irsandi and Kantun, 2025). Variability in b values ​​between locations reflects specific ecological conditions, including habitat quality and fishing intensity. In addition, the physiological condition of the fish, especially related to the reproductive cycle, also plays a role in determining growth patterns.
The results of the study with a b value of 2.7120 in Tanjung Palas show that the population of Indo Pacific Tarpon in this area is in a growth phase that places more emphasis on length than weight, so it is important to consider this aspect in fisheries management, especially in determining the minimum catch size so that reproductive stocks can be maintained.
The analysis of the length-weight relationship between the Indo Pacific Tarpon in Tanjung Palas waters showed a correlation value (r) of 0.9780. This value indicates a very strong relationship between total length and body weight of the fish. According to Froese (2006), a correlation coefficient value approaching 1 indicates that length increases can explain weight variations almost perfectly, so that the obtained length-weight equation can be relied upon to predict fish biomass in nature.
The high correlation value also indicates that local environmental factors, such as food availability and habitat conditions, consistently support the growth of the moonfish. This is in line with research by Renjithkumar & Roshni (2023) in a microtidal tropical estuary on the Southwest coast of India, which reported a correlation value of r > 0.99 for M. cyprinoides, indicating a stable relationship between length and weight. High correlation values ​​are important in fisheries biology because they allow researchers and fisheries managers to use length as an indirect indicator of population biomass. According to Effendie (2002), a length-weight equation with a high correlation can be utilized in stock estimation, growth analysis, and minimum catch size management.
3.3 Condition factors
The condition factor of the Indo Pacific Tarpon obtained from this study ranged from 0.6516- 1.5618 (1.0860 ± 0.1621), with the condition factor components as shown in Table 2.
Table 2. Condition factor of Indo Pacific Tarpon during the study
	Parameter
	Condition factor

	N
	a
	b
	r
	Min
	Max
	Average

	837
	6E-0,5
	2,712
	0,9780
	0,6516
	1,5618
	1,0860 ±  0,1621



The condition factor (K) represents the relationship between fish weight and length, reflecting the level of fitness, energy availability, and environmental conditions that support growth (Effendie, 2002; Froese, 2006). K value close to or greater than 1 usually indicates that the fish is in good condition, with adequate food and an optimal environment, while a value <1 indicates poor condition due to energy limitations or environmental stress.
The results of this study show considerable variation in condition factors, which can be linked to differences in growth phase, habitat conditions, and reproductive cycles. The lowest value (0.6516) indicates thin individuals or individuals in a low-energy state, likely due to food limitations or anthropogenic influences on the estuarine habitat. Conversely, the highest value (1.5618) indicates individuals with high energy reserves, which is related to the pre-reproductive phase or access to habitats with abundant food.
These results are consistent with the research of Zakaria & Rajpar (2015) in Johor, Malaysia, which reported that the condition factor value of M. cyprinoides ranged from 0.82 to 1.76, with an average approaching 1.2, indicating relatively good population condition. Meanwhile, Khairul et al. (2019) in the Belawan River, Sumatra, found the condition factor in the range of 0.7121 to 0.2990, below the value found in Tanjung Palas.
Biologically, differences in condition factor values ​​indicate that the Tanjung Palas Indo Pacific Tarpon have varying fitness levels, likely influenced by seasonal fluctuations, water quality, and fishing pressure. The average value of 1.0860, which is close to the ideal value, indicates that the fish population is generally in fairly good condition. Although the presence of individuals with very low K values ​​signals the need for attention to environmental factors, including mangrove degradation or changes in estuarine ecosystem dynamics.
3.4 Feeding habits
The food habits of the Indo Pacific Tarpon consist of shrimp, fish, decapods, and aquatic insects found in the stomach as shown in Table 3.
Table 3. Factors of occurrence and types of food of the Indo Pacific Tarpon during the study.

Fig 2:

[bookmark: _GoBack]Meanwhile, the type of food, weight of food, frequency of occurrence, relative importance index, and nutritional status of fish by Indo Pacific Tarpon during the study are shown in Table 4.
Table 4 Relative importance index and nutritional status of fish by Indo Pacific Tarpon during the study.
	Type of Food
	W
	F
	IRP
	Food Status

	
	Volume (g)
	%
	Event Factors 
	%
	
	

	Shrimp 
	101,65
	42,63
	67
	41,10
	1752,40
	The main food

	Fish 
	9,19
	3,85
	10
	6,13
	23,65
	Complementary food

	Decapod
	48,21
	20,22
	38
	23,31
	471,38
	The main food

	Aquatic insects
	59,02
	24,75
	42
	25,77
	637,82
	The main food

	Not identified
	20,36
	8,54
	6
	3,68
	31,43
	Complementary food

	Amount
	238,43
	100,00
	163
	100,00
	 
	 




The presence of shrimp, fish, decapods, and aquatic insects in the stomach of the Indo Pacific Tarpon indicates that this species utilizes the unique food resources of estuarine ecosystems. Estuaries are known as one of the most productive ecosystems in the world because they serve as transition zones between sea and land, providing high nutrient levels and serving as important habitats for various aquatic organisms (Day et al., 2012).
In addition to crustaceans, the presence of small fish in stomach contents indicates the role of estuaries as juvenile habitats for various pelagic and demersal fish species. According to Sheaves (2025), tropical estuaries are a place for young fish to grow and shelter, which are then exploited by opportunistic predators such as M. cyprinoides. Meanwhile, the discovery of aquatic insects, especially semi-aquatic insects that fall into the water, indicates that estuarine ecosystems have close connectivity with terrestrial ecosystems, so that energy input can come from marine waters, and from riparian forests and coastal vegetation (Nagelkerken et al., 2008).
Similar results were also found in the Mahakam River estuary, East Kalimantan, where the Indo Pacific Tarpon consumed a mixture of crustaceans, small fish, and aquatic insects, with dietary variation strongly influenced by seasonal food availability (Rahardjo et al. 2011). Regionally, research by Brewer et al. (1991) in the Gulf of Carpentaria, Australia, showed that penaeid shrimps and decapods were the dominant components of the diet of estuarine fish, while fish and aquatic insects were supplemented depending on environmental conditions. This confirms that estuaries play a crucial role in providing food diversity for Indo Pacific Tarpon which supports their growth and survival at various ontogenetic stages.
The four food types found in the stomachs of the Indo Pacific Tarpon reflect the high diversity of biological resources in estuarine ecosystems. This consumption pattern also demonstrates that Indo Pacific Tarpon plays a role in maintaining the balance of the estuarine food chain, making the sustainability of mangrove, estuarine, and coastal ecosystems crucial for supporting the continued population of Indo Pacific Tarpon.
The results of the analysis of feeding habits indicate that shrimp is the main food of the Indo Pacific Tarpon with a frequency of occurrence of 41.61%, while fish were only found in 6.21%. The dominance of shrimp in the stomach of the Indo Pacific Tarpon reflects the high availability of crustaceans in the Tanjung Palas estuarine ecosystem, especially in the mangrove area and coastal waters which are important habitats for juveniles and adults of Indo Pacific Tarpon. The Indo Pacific Tarpon morphologically has a terminal jaw with small teeth and a wide esophagus, which is more suitable for capturing and swallowing small to medium-sized organisms such as shrimp, compared to catching fish which tend to be more agile (Blaber, 2000).
The results of this study are in line with the research of Brewer et al. (1991) in the Gulf of Carpentaria, Australia, which reported that crustaceans, especially penaeid shrimp, made up more than 60% of the diet of Indo Pacific Tarpon, while fish only contributed around 10–15%. Another study by Sheaves (2025) in Indian waters also showed the dominance of penaeid shrimp in the stomach contents of juvenile Indo Pacific Tarpon, with fish contributing less than 10%. Meanwhile, a study conducted in the Mahakam River estuary, East Kalimantan by Rahardjo et al. (2011) found that although Indo Pacific Tarpon consumed a variety of foods, crustaceans remained dominant compared to fish and mollusks.
The high proportion of shrimp (41.61%) and low fish (6.21%) in the stomachs of the Indo Pacific Tarpon in Tanjung Palas indicates an adaptive resource utilization pattern, where this species utilizes the abundance of shrimp in estuarine habitats as a primary energy source. Meanwhile, the low fish contribution indicates that although Indo Pacific Tarpon is capable of acting as a nektonic predator, ecologically, it positions itself more as a crustacean predator, which has implications for food chain stability and community structure in coastal ecosystems.
Analysis of the stomach contents of the Indo Pacific Tarpon revealed an unidentifiable food fraction, amounting to 2.48%. The presence of unidentifiable food components in fish diet research is a common phenomenon, especially in opportunistic predatory species that have the habit of preying on diverse organisms with high levels of tissue fragility. According to Hyslop (1980), the level of identification of stomach contents is highly dependent on the level of food degradation that occurs due to mechanical processes in the mouth, chemical digestion in the stomach, and the length of time the food remains in the digestive tract. Soft-bodied organisms such as zooplankton, fish larvae, and aquatic insects tend to decompose more quickly, making them difficult to identify during laboratory analysis.
Research by Blaber (2000) on tropical estuarine predatory fish found that approximately 1–5% of stomach contents were unidentified, particularly in fish with diverse diets and those feeding on soft prey. Therefore, the presence of 2.48% unidentified food in the stomachs of the Indo Pacific Tarpon is within the acceptable range and reflects methodological limitations in fish diet analysis rather than a specific biological indicator.
Based on the results of the relative importance index (IRI) analysis, it is known that shrimp, decapods, and aquatic insects are the main food of the Indo Pacific Tarpon, while fish only play a role in supplementary food. This indicates that Indo Pacific Tarpon has an opportunistic diet with a strong preference for small crustacean organisms such as shrimp and decapods. These results are in line with the findings of Brewer et al. (1991) in the Gulf of Carpentaria, Australia, who reported that penaeid shrimp dominate the stomach contents of various predatory estuarine fish, including Indo Pacific Tarpon. Research by Rahardjo et al. (2011) in Indonesian estuarine waters also found that crustaceans, especially shrimp, are the dominant component in the Indo Pacific Tarpon diet, while small fish only appear at low frequencies.
The presence of aquatic insects as a primary food source also demonstrates the close relationship between aquatic and terrestrial ecosystems in estuarine areas. According to Sheaves (2025), aquatic insects entering the estuary play a role in the transfer of energy from terrestrial to aquatic ecosystems. The results of this IRI analysis confirm that the Indo Pacific Tarpon relies heavily on crustaceans and aquatic insects in its food chain, demonstrating an adaptive ecological strategy for food availability in tropical estuarine ecosystems.
CONCLUSIONS
The size distribution shows the dominance of certain length groups with negative allometric growth patterns, as well as a condition factor ranging from 0.1782 to 2.3824, reflecting the relatively good physiological condition of the population. The feeding habits of the Indo Pacific Tarpon are dominated by shrimp, decapods, and aquatic insects as their primary food, while fish only play a role as a supplementary food.
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