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Seasonal Productivity of Purse Seine Fisheries for Short Mackerel in Jepara Waters, Indonesia: Implications for Fisheries Logistics Planning
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ABSTRACT 

	The capture fisheries sector is a strategic priority in Indonesia, including Jepara Regency (northern Java), where small-scale fishers rely on economically important commodities such as short mackerel (Rastrelliger spp.). Limited systematic information on seasonal dynamics is available. This study analyzed production trends, fishing effort (monthly trips), and seasonal patterns of short mackerel in Jepara waters to support sustainable fisheries logistics planning. Secondary monthly landing data from the Ujungbatu Fish Landing Site (2020–2024) were used, with effort defined as the total number of mini purse seine trips per month. Catch per unit effort (CPUE) and the fishing season index (FSI) were calculated using a simple moving average (SMA). The results showed highly fluctuating monthly production, a gradual decline in fishing effort during 2022–2024, and fluctuating CPUE (highest 238.38 kg/trip in July 2024 and lowest 7.84 kg/trip in December 2020). FSI analysis identified March to July as the productive fishing season, with a peak in July, while January to February and August to December were mostly non-seasonal. The findings indicate that CPUE dynamics are influenced not only by fish stocks but also by socioeconomic and logistical factors, including labor constraints and operational costs. Seasonal information provides a scientific basis for adjusting fishing effort and planning logistics to stabilize supply and support sustainable short mackerel fisheries in Jepara, Indonesia.
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1. INTRODUCTION 
The fisheries sector remains one of the strategic priorities of Indonesia, particularly through the continued downstream development of natural-resource-based industries to strengthen national economic resilience. This sector plays a pivotal role in regions such as Jepara Regency, which is located along the northern coast of Java and is characterized by the dominance of small-scale fishers operating in coastal waters (Ekosafitri, 2017; Ayunda et al., 2018; Sarwati et al., 2025). Previous studies have highlighted that Jepara exhibits a marine and fisheries-based economic structure, resulting in a substantial proportion of its population depending on capture fisheries activities (Imron et al., 2020; Wijayanti et al., 2021). Central Java plays a significant role in Indonesia ’smarine capture fisheries production (Ujianti et al., 2024, Kusumawardhani & Wardhani, 2025). As a coastal regency within this province, Jepara possesses economically valuable capture fisheries commodities. Among these, short mackerel (Rastrelliger spp.), locally known as kembung, represents one of the important commercial species in Jepara waters, Indonesia.
However, the limited availability of reliable and systematic information regarding the seasonal dynamics of short mackerel in Jepara waters constitutes a significant constraint to maintaining supply continuity. Seasonal variability affects production stability, logistic efficiency, price volatility, and distribution chains. Despite the economic relevance of short mackerel, the distribution structure from fishers to end consumers has not been comprehensively documented. Therefore, a deeper understanding of production levels, fishing effort (number of trips), and seasonal patterns is essential to support adaptive fisheries logistics planning that can respond to catch fluctuations.
Optimizing the logistics system for short mackerel in Jepara waters is expected to enhance fisher welfare, strengthen the role of the FLS as a regional logistics hub, and contribute to Indonesia’s downstream fisheries development agenda. Accordingly, this study analyzed production trends, fishing effort (trips), and fishing seasons of short mackerel in Jepara waters to establish a sustainable logistics development strategy.

2. material and methods 
This study applied secondary data obtained from monthly landing statistics at the Ujungbatu Fish Landing Site (FLS) in Jepara Regency, covering short mackerel (Rastrelliger spp.) production and fishing effort from 2020 to 2024. Fishing effort was defined as the total number of trips conducted by mini purse seine vessels landing short mackerel each month. The dataset was processed using Microsoft Excel to estimate catch per unit effort (CPUE) and the fishing season index (FSI). CPUE was calculated by dividing the monthly catch volume by the corresponding number of fishing trips, providing a measure of vessel productivity and forming the basis for identifying seasonal patterns, following the standard method described by Sparre and Venema (1999).


Notation:
C	= Total monthly catch of short marckerels
E	= Number of purse seine vessel trips per month
[bookmark: _Hlk223965440]The seasonal pattern of the short mackerel fishery was analyzed based on fluctuations in monthly fishing vessel productivity over a five-year period (2020–2024). To smooth the data and identify seasonal patterns, a three month (3-month) Simple Moving Average (SMA) was applied, assuming that the productivity in a given month (𝑃𝑡,𝑏) is influenced not only by the conditions in that month but also by the preceding two months (𝑃𝑡,𝑏−2 and 𝑃𝑡,𝑏−1). The SMA method was calculated using the formula SMA𝑡 (Taylor, 1965), which effectively isolates seasonal and annual fluctuations in productivity.

Notation:
Pt,b   = Productivity in the current month
Pt,b-2 = Productivity two months prior
Pt,b-1 = Productivity one month prior
[bookmark: _Hlk223965453]The smoothed productivity values (Pt,b) were then standardized to calculated a monthly fishing season index (Mt,b). This index was derived by subtracting the annual monthly mean (𝑃̅𝑡,𝑏) and dividing by the standard deviation (𝑆𝑃𝑡,𝑏), using the formula Mt,b (Spiegel, 1961; Fardilah et al., 2024). Months with Mₜ,ᵦ > 0 were classified as short mackerel months, while Mₜ,ᵦ ≤ 0 indicated non-fishing months.


Notation:
Mt,b	= Monthly fishing season index
𝑃𝑡,𝑏	= Productivity in the current month
𝑃𝑡,𝑏 i	= Productivity in the i-th month
𝑃̅𝑡,𝑏	= Average productivity for the month
𝑆𝑃𝑡,𝑏	= Standard deviation of monthly productivity
m	= 12 (Number of months in a year)
[bookmark: _Hlk223965463]The fishing season period was determined based on the frequency of short mackerel months over the five-year period. A month was considered part of the fishing season if it occurred at least four times (≥ 4) in 60 months, except for January and February, which had a threshold of three occurrences (≥ 3) due to the SMA calculation. The Mₜ,ᵦ values were then plotted to visualize and identify the seasonal periods of short mackerel fishing for purse seine vessels (Fardilah et al., 2024).

3. results 

3.1. Catch per Unit Effort
Catch per unit effort (CPUE) is widely used as an indicator of fish stock status because it reflects relative abundance, whereas production levels may also indicate economic performance (Hoyle et al., 2024). Evaluating CPUE trends in a fishery provides important information about its overall condition and sustainability. In this study, CPUE was calculated to assess the annual productivity of the purse seine fishery by dividing the total catch by the number of fishing trips (effort) (Figure 3). In addition, the simple moving average (SMA) method was applied as a time series approach to estimate values for the following months based on historical data.
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Fig. 1. Monthly Short Mackerel Production Based at Ujungbatu FLS in Jepara from 2020 to 2024

The catch production of short mackerel by purse seine vessels landing at Ujungbatu FLS Jepara from January 2020 to December 2024 showed considerable monthly fluctuations (Figure 1). The highest catch was recorded in February 2020, reaching approximately 8,700 kg, while the lowest catch occurred in November 2020, with approximately 900 kg. In 2021, peak catches were observed in April and October, both exceeding 5,000 kg, whereas the lowest production months were January and May, with catches near 1,000 kg. In 2022, the highest production occurred in June at approximately 5,600 kg, and the lowest values were in August and December, each near 1,000 kg. In 2023, catch production increased again, peaking at approximately 7,000 kg in October, while the lowest catch was recorded in July with just over 1,000 kg. Early 2024 demonstrated more stable catch volumes, with a peak of approximately 3,000 kg in February and a minimum of approximately 1,300 kg in May. The five-year average monthly catch, represented by the red dashed line, was approximately 3,000 kg. The simple moving average (SMA), shown as a black line, smoothed the data to reveal seasonal and annual trends, highlighting months with consistently high or low catch production.
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Fig. 2. Monthly Short Mackerel Fishing Efforts Based at Ujungbatu FLS in Jepara from 2020 to 2024

Fishing effort fluctuated each month, with the highest effort recorded in 2020 and the lowest in 2024. The effort values were derived from the number of fishing trips conducted by purse seine vessels. Several effort values exceeded the average line (Figure 2). The simple moving average (SMA) line indicates a gradual decline in purse seine fishing effort during 2020–2024, although the actual data exhibit sharp monthly fluctuations. 
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Fig. 3. Productivity of the Purse Seine Vessel (kg/trip) Based at Ujungbatu FLS in Jepara from 2020 to 2024

The CPUE productivity value in 2020 reached its highest level in March (233 kg/trip) and its lowest in December (7.84 kg/trip; Figure 3). In 2021, the highest CPUE value occurred in April (98.43 kg/trip), while the lowest was recorded in August (8.36 kg/trip). In 2022, the highest value was observed in June (131.27 kg/trip), and the lowest in August (45 kg/trip). In 2023, the highest CPUE value occurred in September (131.28 kg/trip), while the lowest was recorded in January (19.26 kg/trip). In 2024, the highest CPUE value occurred in July (238.38 kg/trip) and the lowest in December (26.94 kg/trip). Based on the SMA line, productivity showed an increasing trend in 2024 after experiencing a period of fluctuation and decline from the end of 2020 to 2023.
	
3.2. Fishing season index of short mackerel
Information on the seasonal fishing pattern in a particular fishing ground is needed to identify the most appropriate time and season for fishing. This information is important to improve the effectiveness and success rate of fishing operations.
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Fig. 4. The FSI of Short Mackerel and Its Simple Moving Average (SMA) at Ujungbatu FLS in Jepara

Based on the applied criteria, a total of 16 months were categorized as productive months for the purse seine fleet targeting mackerel (Figure 4). Positive Mt,b values (Mt,b > 0) were observed from March to July during the five-year period, each occurring with a frequency of ≥3 times or approximately 60% of the five possible occurrences. Within these five years, March, May, and June each appeared four times as productive months (80%). July occurred five times, or 100% of the five possible occurrences, making it consistently a productive month throughout the 2020–2024 period. This result indicates that the period from March to July represents the mackerel fishing season in the waters of Jepara, with July identified as the peak season. Conversely, January to February and August to December can be categorized as off-season months for mackerel fishing, as their occurrence as productive months was only one to two times out of the five possible observations.
	
4. discussion
Changes in the dynamics of fishing effort and mackerel fishing productivity during the 2020–2024 period were influenced not only by biological factors but also by socioeconomic and logistical factors. The decline in the number of trips and active fishing vessels until 2024 is consistent with findings indicating that reductions in fishing effort are often accompanied by changes in catch per unit effort (CPUE). In some cases, CPUE may increase while the total catch decreases because fishing operations become more selective and intensive (Dereli et al., 2025). Field information obtained from fishers also supports this observation, indicating that limitations in crew members and rising operational costs have encouraged fishers to reduce the frequency of fishing trips. This phenomenon is consistent with the relationship between production factors, operational strategies, and fishing outcomes reported in other Indonesian fisheries studies (Astuti et al., 2025). The reduction in fishing effort due to labor constraints and logistical efficiency considerations, such as fuel, ice supply, and catch distribution, directly contributed to the increase in productivity values (kg/trip) in 2024, although the total production remained relatively low. Similar relationships have been documented in purse seine fisheries studies, where CPUE fluctuations occur over long periods and may increase when fishing effort declines due to more selective fishing strategies (Saragih et al., 2023). Therefore, the increase in productivity observed in this study is more likely to reflect changes in the operational structure and logistical efficiency under specific socioeconomic conditions rather than a direct indication of increased fish stock abundance.
The seasonal pattern of fishing is also closely related to changes in fishing effort and productivity dynamics during the study period. The decline in the number of trips and purse seine vessels until 2024 indicates that fishing activities are influenced not only by the availability of fish resources but also by the socioeconomic and operational conditions of fishers. Limitations in crew members and rising operational costs, such as fuel and logistical expenses, have encouraged fishers to be more selective in determining their fishing periods. Consequently, fishers tend to concentrate their fishing activities during periods with higher catch opportunities, namely, the fishing season from March to July. This condition can lead to an increase in productivity per trip (catch per unit effort/CPUE) despite a decline in overall effort, as fishing operations become more targeted and efficient. A similar phenomenon has been reported in fisheries studies, indicating that changes in fishing operational strategies can influence CPUE fluctuations (Rahman et al., 2024). A similar pattern was also reported by Wijayanti et al. (2021), who found that differences in vessel characteristics (gross tonnage/GT) and fishing effort (number of trips) in purse seine fisheries can result in varying CPUE values across months. In this context, CPUE is closely related to the determination of the fishing season index (FSI).
The FSI can be used as an indicator to determine the most potential periods for fishing activities (Syahrir et al., 2010). Through FSI analysis, fishers and fisheries managers can identify periods when fishing opportunities are relatively high compared to other times. However, fishing season dynamics often change and are not always consistent across different waters. These differences are influenced by oceanographic and ecological characteristics that affect fish distribution and abundance. In addition, variations in fishing unit characteristics, such as vessel size, fishing gear dimensions, and the intensity of fishing effort, also influence seasonal fishing patterns at a particular fishing ground (Wijayanti et al., 2021; Wijayanti et al., 2025). Therefore, information on the FSI of mackerel in the waters of Jepara is essential for fisheries logistics planning. Adjusting fishing effort to the fishing season allows for a more stable fish supply for markets and processing industries. Conversely, a mismatch between fishing effort and seasonal fish availability may lead to supply (logistic area) imbalances and fluctuations in fish prices in the market (Lestari, 2016; Purnomo et al., 2020; Wijayanti & Rema., 2025).

5. Conclusion
The production and productivity of mackerel fisheries in the waters of Jepara showed significant seasonal fluctuations during 2020–2024, with the peak fishing season occurring in July. The decline in fishing trips and active vessels during 2022–2024 indicates that CPUE dynamics are influenced not only by fish stock availability but also by socio-economic factors and logistical efficiency, including limited crew members and increasing fuel and distribution costs. The FSI analysis identified March to July as the productive fishing season. Understanding seasonal fishing patterns is essential for optimizing fishing effort and ensuring efficient, stable fisheries logistics from harvest to market.
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