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Abstract⎯ This study analyzed the population dynamics of mackerel scad (Decapterus macarellus) landed at the Sibolga 

Archipelago Fishing Port, North Sumatra, Indonesia, to assess growth, mortality, recruitment, and exploitation status. 

Length–frequency data from 200 specimens were analyzed using the FISAT II software. The asymptotic length (L∞) and 

growth coefficient (K) were estimated at 40.4 cm TL and 0.51 year⁻¹, respectively, indicating a moderately fast-growing 

species typical of tropical small pelagics. The total, natural, and fishing mortalities were 3.91, 1.08, and 2.84 year⁻¹, resulting 

in an exploitation rate (E = 0.73), which exceeds the optimum level (Eopt = 0.5), signifying overexploitation. Recruitment 

analysis showed two annual peaks (March–April and September–October), reflecting a bimodal spawning pattern. The 

length at first capture (Lc = 16.2 cm TL) was smaller than the length at first maturity (Lm ≈ 17.0 cm TL), suggesting 

premature harvesting. The yield-per-recruit model indicated E₀.₁ = 0.607 and Emax = 0.749, reinforcing that the stock is 

fully exploited. These findings underscore the urgent need to regulate fishing pressure through mesh-size adjustments and 

seasonal closures to sustain D. macarellus fisheries in western Indonesian waters. 
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I. INTRODUCTION1 

 

The mackerel scad (Decapterus macarellus) is one of 

the most economically valuable pelagic fish species 

distributed widely throughout tropical and subtropical 

waters. It plays a crucial role in the small pelagic 

fisheries sector across Indonesia, serving as a major 

source of livelihood for coastal communities and 

contributing to both domestic consumption and export 

markets. In the western part of Sumatra, particularly in 

the waters surrounding Sibolga, D. macarellus has long 

supported local economies and sustained the operations 

of traditional and semi-industrial fishing fleets [1][2]. 

However, in recent years, increasing fishing pressure and 

fluctuating environmental conditions have raised 

concerns about the sustainability of its stock and long-

term ecological stability[3]. 

Studies on small pelagic fish, including the genus 

Decapterus, have received significant attention due to 

their ecological importance and socio-economic 

contribution in the Indo-Pacific region [4]. The genus 

comprises several dominant species such as D. russelli, 
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D. macrosoma, and D. macarellus, which constitute a 

large proportion of artisanal and semi-industrial catches 

[5][6]. These species are key components of marine food 

webs, supporting higher trophic levels, and providing a 

vital protein source for coastal populations. Previous 

research in the Philippines and Malaysia has documented 

spatial and temporal variations in growth performance, 

mortality, and recruitment patterns of D. macarellus, 

influenced by environmental fluctuations and fishing 

intensity [7][8] Likewise, studies in eastern Indonesia 

have indicated differences in length weight relationships 

and exploitation levels that reflect localized fishing 

practices and seasonal dynamics [9]. 

Despite its high abundance and economic 

significance, scientific information on the population 

dynamics of D. macarellus in the western Indonesian 

region especially around the Sibolga Archipelago 

remains limited. Most existing investigations in the area 

have concentrated on other pelagic species such as 

Rastrelliger kanagurta, Sardinella lemuru, and 

Decapterus russelli [10][11]. Consequently, there is a 

lack of species-specific data regarding growth, mortality, 

and exploitation rates of D. macarellus in these waters. 

This knowledge gap hinders the formulation of effective 

fisheries management strategies and may lead to 

inaccurate stock assessments if generalized data from 

other species are applied [12]. 

In addition, environmental stressors such as sea 

temperature variability, oceanographic shifts, and coastal 

habitat degradation can significantly affect recruitment 

success and survival rates of pelagic fish populations 

[13]. Therefore, an updated assessment of biological 

parameters and population dynamics based on empirical 

data from the Sibolga landing site is urgently needed. 

Sibolga Archipelago Fishing Port is one of the key 

pelagic fish landing centers in western Indonesia, 
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providing continuous data that can serve as a valuable 

reference for evaluating the stock condition of D. 

macarellus [14]. 

Understanding the population dynamics of D. 

macarellus is essential for developing sustainable 

management frameworks that ensure the rational use of 

marine resources. Key parameters such as growth rate, 

mortality, recruitment, and exploitation levels are crucial 

indicators for assessing stock status and guiding 

decision-making [15][16]. By integrating these 

parameters, fisheries managers can identify whether the 

current exploitation level remains within biologically 

sustainable limits [17]. This approach aligns with the 

FAO Code of Conduct for Responsible Fisheries [18], 

which emphasizes the importance of scientific evidence 

in maintaining ecological balance and economic 

viability. 

Therefore, this study aims to analyze the population 

dynamics of mackerel scad (Decapterus macarellus) 

landed at PPN Sibolga [19], including the estimation of 

growth parameters, natural and fishing mortality rates, 

recruitment patterns, and exploitation levels. The 

findings are expected to fill the existing data gaps and 

provide baseline information for future management 

interventions. The outcomes of this study will contribute 

to a more comprehensive understanding of the biological 

and ecological status of D. macarellus in western 

Indonesian waters. Furthermore, the findings will 

support policymakers, fisheries managers, and local 

stakeholders in developing effective management plans 

to ensure sustainable utilization of small pelagic 

resources. In a broader context, this research also 

provides a scientific basis for comparative studies on 

pelagic fish dynamics across the Indo-Pacific region, 

fostering regional collaboration and sustainable fisheries 

governance. 

II. METHOD 

Study Area 

This research was conducted at the Sibolga 

Archipelago Fishing Port (PPN Sibolga), located in 

Sarudik District, Central Tapanuli Regency, North 

Sumatra Province, Indonesia. The Sibolga Bay area is 

part of the western Sumatra coastal ecosystem, 

characterized by semi-enclosed waters influenced by the 

Indian Ocean. The region serves as one of the main 

landing sites for small pelagic fish, particularly mackerel 

scad (Decapterus macarellus), which are caught using 

purse seines, operated by artisanal and semi-industrial 

fishing fleets. 

 

Data Collection 

Data collection was conducted through direct field 

observation (observational method) at PPN Sibolga from 

January-April 2024. Samples of D. macarellus were 

randomly collected from commercial landings. Each fish 

sample was measured for total length (TL, cm) using a 

measuring board with 0.1 cm precision and body weight 

(W, g) using an electronic balance with 0.1 g precision. 

A total of n = 200 specimens were recorded and grouped 

into 1 cm length-class intervals to construct the length-

frequency distribution, which was used as the basis for 

growth and population dynamics analysis. 

 

Data Analysis 

Growth Parameter Estimation 

Growth parameters were estimated using the von 

Bertalanffy Growth Function (VBGF) (von Bertalanffy, 

1938) based on the analysis of length-frequency data 

through the ELEFAN I routine in the FiSAT II software 

(FAO-ICLARM Stock Assessment Tools) [20]: 

 
where, = length at age t (cm), = asymptotic 

length (cm), = growth coefficient (year⁻¹), = 

hypothetical age when the fish length is zero. The growth 

performance index (φ') was calculated to compare 

growth parameters across populations using the equation 

[21]: 

ϕ′=log10 (K) + 2 log10 (L∞) 

 

Length–Weight Relationship 

The relationship between length and weight was 

determined using the allometric equation: 

 
where W = body weight (g), L = total length (cm), a = 

intercept, and b = allometric coefficient. The nature of 

growth is classified as isometric if b = 3 and allometric 

(positive or negative) if b ≠ 3. 

 

Mortality and Exploitation Rate 

The total mortality rate (Z) was estimated using a 

length-converted catch curve (Pauly, 1980). The natural 

mortality rate (M) was estimated using Pauly’s empirical 

equation, which incorporates growth parameters and 

mean environmental temperature (T, °C): 

 

Fishing mortality (F) was derived from the relationship: 

 
and the exploitation rate (E) was calculated using the 

Beverton–Holt (1957) formula: 

 
An exploitation rate of E = 0.5 is considered the 

optimum level, indicating a balance between sustainable 

yield and stock preservation [22][23]]. 

 

Recruitment Pattern 

Recruitment pattern analysis was performed using the 

restructured length-frequency data in FISAT II to 

estimate the temporal distribution of new individuals 

entering the fishery throughout the sampling period. 

Peaks in recruitment curves were used to identify major 

spawning and recruitment seasons. 

 

Length at First Capture (Lc) 

The length at first capture (Lc) was determined from 

the cumulative probability of capture curve using the 

logistic function: 
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where P is the probability of capture, S is the slope of the 

curve, and Lc is the length at which 50% of fish are 

vulnerable to capture. 

 

Exploitation Parameters 

The exploitation parameters describe the fishing 

pressure on the stock relative to its productivity and are 

crucial for evaluating resource sustainability. The 

following parameters were computed [24][25][26]: 

• E (Current Exploitation Rate): Represents the 

proportion of total mortality due to fishing 

( ). An E value greater than 0.5 indicates 

overexploitation, whereas E < 0.5 suggests 

underexploitation. 

• E < sub > max < /sub > (Maximum Sustainable 

Exploitation Rate): The exploitation level that 

produces the maximum yield per recruit (Y/R). It is 

obtained using the Beverton and Holt yield-per-

recruit model implemented in FISAT II. 

• E < sub > 0.1 < /sub > (Precautionary Exploitation 

Rate): Defined as the exploitation rate at which the 

slope of the Y/R curve is 10% of the initial slope. 

This value is considered a conservative management 

threshold to ensure long-term stock stability. 

• E < sub > 0.5 < /sub > (Biological Reference Point): 

Represents the exploitation rate that reduces the 

biomass per recruit (B/R) to 50% of its unexploited 

level. It serves as an additional indicator of 

sustainable exploitation[27][28]. 

The yield-per-recruit (Y/R) and biomass-per-recruit 

(B/R) analyses were performed using FISAT II, which 

models the relationship between fishing mortality, 

growth parameters, and exploitation levels as follows 

[29]: 

 
where = age at first capture and = asymptotic 

weight. Interpretation of the results was based on the 

criteria: If E < E₀.₁ → underexploited, If E₀.₁ ≤ E ≤ Emax 

→ optimal exploitation, and If E > Emax → 

overexploited. 

 

Data Interpretation 

All estimated parameters (L∞, K, M, F, Z, E, and Lc) 

were compared with reference studies from nearby 

regions and FAO small pelagic datasets to assess stock 

condition and exploitation status. The sustainability level 

of D. macarellus in Sibolga waters was evaluated based 

on the criteria of Gulland (1971) and FAO (1995) for 

tropical small pelagic fisheries [30][31]. 

 

III. RESULTS AND DISCUSSION 

 

Growth Paramaters Estimation 

Analysis of the length frequency data of Decapterus 

macarellus landed at the Sibolga Archipelago Fishing 

revealed an asymptotic length (L∞) of 40.4 cm TL and a 

growth coefficient (K) of 0.51 year⁻¹, as estimated using 

the von Bertalanffy Growth Function (VBGF) (Figure 1). 

The growth performance index (φ′) was 0.436, indicating 

a moderately fast-growing species, which is typical of 

small pelagic fishes inhabiting tropical waters. 

The length frequency analysis of Decapterus 

macarellus landed at PPN Sibolga produced an 

asymptotic length (L∞) of 40.4 cm TL and a growth 

coefficient (K) of 0.51 year⁻¹. This combination indicates 

a moderately fast-growing species with the potential to 

reach a relatively large maximum size compared to other 

small pelagic fishes. The growth performance index (φ′ ≈ 

2.92, recalculated from L∞ and K) aligns with the 

expected range for Decapterus species in tropical waters 

[32][33] 

Spatial variations in growth patterns are common 

among Decapterus species and are often influenced by 

food availability, oceanographic conditions, and fishing 

intensity. In this study, the relatively higher L∞ suggests 

favorable environmental conditions and moderate fishing 

selectivity, while the K value implies a stable growth 

response typical of small pelagics under tropical 

temperature regimes [34]. 

 

 

  
Figure 1. Von Bertalanffy growth curves for D. macarellus landed at PPN Sibolga 

 

These findings are consistent with previous studies 

on Decapterus species from other regions of Indonesia 

and the Philippines. For example, D. macarellus 

populations from the southern Makassar Strait exhibited 

an L∞ of 39.7 cm TL and K of 0.55 year⁻¹ [35], 

suggesting similar growth potential in comparable 

tropical environments. In the Banda Sea, reported L∞ 

and K values of 38.5 cm TL and 0.60 year⁻¹, 
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respectively, reflecting slightly faster growth rates, 

possibly influenced by higher water temperatures and 

nutrient-rich upwelling conditions that promote prey 

availability [36]. 

In Philippine waters, D. macarellus populations 

have been shown to exhibit a comparable growth pattern, 

with L∞ values ranging from 37.8 to 41.2 cm TL and K 

values between 0.45 and 0.60 year⁻¹ [37][38]. Such close 

similarity across tropical regions indicates that D. 

macarellus demonstrates adaptive growth plasticity 

under varying ecological conditions but remains within 

the expected range of small pelagic species dynamics. 

The growth performance index (φ′) observed in this 

study (0.436) was slightly higher than that reported by 

for D. macarellus in the Bohol Sea (φ′ = 0.423), 

indicating favorable environmental conditions in the 

Sibolga fishing grounds. This could be related to the 

productive coastal upwelling system in the western 

Sumatra region, which enhances primary productivity 

and supports pelagic fish growth. 
 

  
  Figure 2. Length weight relationship of D. macarellus landed at PPN Sibolga. 

 

Length Weight  

Relationship The relationship between length and 

weight followed the allometric model   with a coefficient 

of determination (R² = 0.90) (Figure 2). A b-value 

greater than 3 indicates allometric growth, meaning that 

the weight of the fish increases faster than its length. In 

other words, the body proportions of the fish change as it 

grows larger, with weight gain being more dominant 

than length growth. This contrasts with isometric growth, 

where the body proportions remain relatively constant as 

the fish increases in size [39]. The length weight 

relationship exhibited positive allometric growth (b > 3), 

indicating that weight increased faster than length. This 

pattern reflects good feeding conditions and the 

accumulation of body reserves during the reproductive 

cycle. Similar findings were reported for D. macrosoma 

in Makassar Strait and D. russelli in Manila Bay [40] 

both of which showed allometric coefficients (b = 3.1–

3.3). However, this condition also implies that selective 

fishing on larger, heavier individuals could reduce the 

population’s reproductive potential, emphasizing the 

need for size-specific harvest regulations. 

Mortality and Exploitation Rates 

The total mortality (Z) derived from the length-

converted catch curve was 3.91 year⁻¹. Using Pauly’s 

empirical equation with an average sea surface 

temperature of 29°C, the natural mortality (M) was 

estimated at 1.08 year⁻¹, while fishing mortality (F) was 

2.84 year⁻¹ (Figure 3). The resulting exploitation rate (E 

= F/Z) was 0.73, slightly above the optimal exploitation 

level (E = 0.5) recommended by Gulland (1971). This 

indicates that D. macarellus in Sibolga waters is fully 

exploited, with fishing pressure approaching the 

biological limit of sustainability.  

The total mortality (Z = 3.91 year⁻¹), natural 

mortality (M = 1.08 year⁻¹), and fishing mortality (F = 

2.84 year⁻¹) resulted in an exploitation rate (E = 0.73). 

According to Gulland’s (1971) criterion (Eopt ≈ 0.5), 

this indicates an overexploited stock. The high fishing 

mortality corresponds with intensive purse-seine and lift-

net operations in Sibolga waters, where fishing effort has 

increased due to market demand. 

`Comparable studies across Indonesia and the 

Philippines reveal similar trends. [41] reported E = 0.57 

for D. macarellus in the Sulu Sea, while observed E = 

0.55 for D. russelli in the Makassar Strait. Although 

these areas exhibit heavy fishing pressure, the 

exploitation rate in Sibolga (E = 0.73) is substantially 

higher, suggesting that the stock is under greater stress 

and requires immediate management intervention 

[42][43]. 
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Figure 3. Length converted catch curve for D. macarellus landed at PPN Sibolga. 

 

 

 
 

Figure 4. Length frequency distribution of D. macarellus landed at PPN Sibolga. 

 

Length Frequency Distribution 

From a total of 200 individuals of the sampled 

species, the mean body length was 23.8±17.8 cm (Figure 

4). 

 

Recruitment Pattern and Population Structure 

Recruitment analysis indicated two distinct peaks 

per year, occurring in March–April and September–

October (Figure 5). This bimodal recruitment pattern 

reflects continuous spawning behavior with higher 

intensity during transitional monsoon periods. 

Recruitment analysis revealed two major peaks, 

occurring in March–April and September–October, 

consistent with a bimodal recruitment pattern typical of 

Decapterus species in equatorial waters. This continuous 

spawning strategy enhances population resilience by 

maintaining a steady influx of juveniles (Hsieh et al., 

2006). However, excessive fishing during recruitment 

peaks may reduce juvenile survival and limit stock 

replenishment. Similar seasonal recruitment patterns 

have been documented for D. macarellus in the southern 

Philippines and for D. macrosoma in eastern Indonesia. 

 

https://www.nature.com/articles/nature05232#auth-Chih_hao-Hsieh-Aff1
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Figure 5. Recruitment Pattern of D. macarellus landed at PPN Sibolga 

 

Length at First Capture (Lc) 

The logistic curve analysis estimated the length at 

first capture (Lc) at 25.9 cm TL (Figure 6), while the  

 

length at first maturity (Lm) from previous studies in the 

same genus is approximately 26.1 cm TL. 

 

 
Figure 6. Length at First Capture (Lc) of D. macarellus landed at PPN Sibolga. 

 

The estimated length at first capture (Lc = 16.2 cm 

TL) is slightly below the length at first maturity (Lm ≈ 

17.0 cm TL. This implies that a considerable portion of 

the catch consists of immature individuals, increasing the 

risk of recruitment overfishing. Similar scenarios were 

observed for Decapterus species in Makassar Strait, 

where Lc < Lm led to concerns about premature 

harvesting. Adjusting the mesh size or implementing 

size-limit regulations could reduce the capture of 

juveniles and support the sustainability of this fishery. 

 

Exploitation Parameter’s 

The relative yield-per-recruit (Y’/R) and biomass-

per-recruit (B’/R) curves derived from the Beverton and 

Holt model (Beverton & Holt, 1957) are presented in 

Figure 7. The plot illustrates the relationship between the 

exploitation rate (E) and the relative yield and biomass 

of Decapterus macarellus in Sibolga waters. The 

maximum Y’/R was obtained at E = 0.749, indicating the 

point at which the yield per recruit reaches its biological 

limit before overexploitation begins.   

The Beverton–Holt model indicated that the 

maximum Y′/R occurred at E = 0.749, while the 

reference points E₀.₁ and corresponding B′/R were 0.607 

and 0.370, respectively. The current exploitation rate (E 

= 0.58) falls below E₀.₁ but is close to the optimal 

threshold, suggesting that the stock is fully exploited but 

not yet overfished. Fishing beyond E₀.₁ would rapidly 

reduce biomass and yield efficiency. Comparable E₀.₁ 

values for Decapterus species (0.60–0.61) have been 

reported in Makassar Strait and the Sulu Sea, indicating 

consistent stock dynamics within the Indo Pacific region. 
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Figure 7. Relative Y/R and B/R using selection Ogive for D. macarellus landed at PPN Sibolga. 

 

IV. CONCLUSION 

The present study revealed that Decapterus 

macarellus in Sibolga waters shows moderately fast 

growth (L∞ = 40.4 cm TL; K = 0.51 year⁻¹) and positive 

allometric growth, typical of tropical small pelagic 

species. The estimated exploitation rate (E = 0.73) 

exceeds the optimum level (Eopt = 0.5), indicating that 

the stock is overexploited. Recruitment occurs twice 

annually (March–April and September–October), 

suggesting continuous spawning under monsoonal 

influence. The length at first capture (Lc = 16.2 cm TL) 

being lower than the length at first maturity (Lm ≈ 17.0 

cm TL) implies that immature fish are being harvested, 

increasing the risk of recruitment overfishing. 

To ensure sustainable utilization, fishing effort 

should be reduced to maintain E ≤ 0.5, gear selectivity 

improved by enlarging mesh size, and seasonal closures 

applied during recruitment peaks. Strengthening port-

based co-management and continuous biological 

monitoring are also essential to support adaptive 

management and long-term sustainability of D. 

macarellus fisheries in western Indonesia. 
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