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Abstract 

Tuna and skipjack are large pelagic fish that have high economic value and have a very wide export market. The 

need for and the high market demand for tuna and skipjack causes the intensity of catching this fish to increase. 

To ensure that the potential of these fish resources remains sustainable, it is necessary to properly manage 

fisheries.The purpose of this study was to examine several aspects of biology, aspects of capture fisheries, aspects 

of utilization and management of yellow fin tuna and skipjack tuna. Data collection for yellowfin tuna was 

focused on one location, namely PPS Bungus, while data collection for skipjack tuna was focused on 4 location 

points, namely PPS Bungus, PPP Carocok Terusan, PPI Kambang and PPI Tiku. Productivity and cultivation 

levels of yellowfin tuna in West Sumatra have tended to decline in the past 4 years (2017-2020). Skipjack tuna 

in the West Sumatra region caught by boat charters was indicated to be overfishing, while skipjack tuna caught 

by troll showed the fish caught had not spawned yet. The productivity of skipjack tuna has fluctuated over the 

past 5 years (2016-2020). 
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1. Introduction 

Marine and fishery resources are a very large natural resource potential and receive serious attention in 

Indonesia. In short, two-thirds of Indonesia's territory consists of sea, has more than 17,000 islands and 

a coastline of 81,000 km. The 2015-2019 National Medium-Term Development Plan (RPJMN) 

emphasizes that the greatest focus is given to the maritime sector, which includes fisheries by 

optimizing the utilization of marine resources in a sustainable manner (Firdaus, 2019).Indonesian 

waters include deep sea waters and the EEZ (Exclusive Economic Zone) has fish resources of 12.5 

million tons per year (KepmenKP Number 50/Kepmen-kp/2017). Over the past 5 decades, the use of 

these fish resources has continued to increase by an average of 5.45% annually. This is related to the 

advancement of fishing gear technology which is increasingly advanced and the increasing ability and 

number of companies and fishermen's RTP (Fishery Households) (Witomo & Wardono, 2012). 

Skipjack andtunais an important commodity in the waters of West Sumatra which is included in the 

tuna, skipjack and cob (TCT) group. The average total catch of tuna and skipjack in Fishery 

Management Areas (WPPNRI) 572 and 573 in 2005-2016 reached 1.6 million tonnes/year(Jatmiko et 

al., 2020). In 2010, the export volume of tuna, skipjack and cob commodities amounted to 122,450 tons 

with the main export destination being Japan.(Chodrijah et al., 2013).Tuna and skipjack are the main 
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commodities to increase the industrialization of capture fisheries which has been shown by most of the 

coastal communities of West Sumatra who have jobs as fishermen both in the business of catching, 

processing, trading and supporting industries. Therefore tuna and skipjack play an important role in 

enhancing fishery development in Indonesia, especially in the waters of West Sumatra(Prasetyo et al., 

2018). 

Tuna and skipjack are large pelagic fish that have high economic value and have a very wide export 

market. The need for and the high market demand for tuna and skipjack causes the intensity of catching 

this fish to increase. This increase in fishing intensity occurred in all Indonesian territorial waters. It is 

feared that the high intensity of fishing will threaten the preservation and sustainability of the utilization 

of tuna and skipjack fish resources. To ensure that the potential of these fish resources remains 

sustainable, it is necessary to properly manage fisheries(Jaya et al., 2017). Even though these fishery 

resources can be recovered (renewable resources), the speed of recovery may not be balanced with the 

rate of utilization.If exploitation continues to occur freely (open access) without clear rules/rules of 

management and control, overfishing may occur or there will be an imbalance with the utilization 

rate.(Susaniati, 2019).Therefore, the government of West Sumatra is responsible for determining the 

management of fishery resources in the waters of West Sumatra for the benefit of the whole community 

by taking into account the sustainability and sustainability of these fishery resources (Jamal et al., 2011). 

Research on the level of utilization of tuna and skipjack in the waters of West Sumatra is still small, so 

current information is needed regarding the status of utilization of tuna and skipjack. This information 

is very much needed in efforts to manage it more sustainably. 

 

2. Materials and Methods 

Method of collecting data 

This research was carried out from March to June 2021 using the method of direct interviews with 

fishermen. The data obtained comes from field records made by fish landing officers at Bungus PPS, 

Terusan PPP, Kambang PPI and Tiku PPI during the 2015 – 2020 period, also conducted interviews 

with fishermen using a questionnaire to find out the characteristics of fisheries and the efforts made by 

the government in management based on the results of data analysis. 

 

Standardization of Fishing Gear 

Considering the variety of fishing gear used to catch tuna and skipjack resources, namely (trolley, net, 

hand line and others) in the West Sumatra region. To measure equivalent fishing gear units, 

standardization of effort between fishing gear is carried out using standardization techniques, 

namely(Susiana & Rochmady, 2018): 

 

(1) RFPᵢ =
𝐶ᵢ/𝐸ᵢ

𝐶𝑠/𝐸𝑠
 



Information: 

RFPi = capture power factor of the fishing unit which will be standardized in year i 

Cᵢ = number of catches of the type of fishing unit that will be standardized in year i 

Cs = number of catches of the type of fishing unit used as standard in year i 

Eᵢ = total fishing effort for the type of fishing unit that will be standardized in year i 

Es = number of fishing efforts for the type of fishing unit used as standard in year i. 

 

After obtaining the RFPi value, to calculate the standardized fishing effort using the formula: 

 

(2) Standard effort = FPIᵢ × Effort 

 

Catch Per Unit Effort(CPUE) 

The formula that can be used to determine the value of the catch per unit of fishing effort 

(CPUE) is as follows(Rahmawati et al., 2013): 

 

(3) CPUEᵢ =
𝐶𝑎𝑡𝑐ℎᵢ

𝐸𝑓𝑓𝑜𝑟𝑡ᵢ
 

Where : 

CPUEᵢ = catch per unit of fishing effort in year i (tonnes/unit) 

Catchᵢ = catch in year i (tonnes) 

Effortᵢ = fishing effort in year i (unit) 

 

Maximum Sustainable Yield(MSY) 

Maximum Sustainable Yield(MSY) can be estimated using the Schaefer model with catch and 

effort data over several years. MSY can be estimated using the formula(Yusron, 2005): 

(4) Catch Per Unit Effort = =
Y

f

Y(i)

f(i)
 

Information: 

Y(i) = Catch in year i 

f(i) = fishing effort in year i 

i = 1, 2, ..., n 

 

Determining the value of a (intercept) and b (slope) requires a linear regression f(i) to Y(i)/f(i). 

After the values of a and b are obtained, the optimum effort (fMSY) and maximum sustainable 

catch (MSY) can be calculated using the formula(Mayu et al., 2018): 

 

(5) fMSY= -
a

2b
 and MSY= -

a2

4b
 



The management model with the MSY approach like this still has weaknesses because it is based solely 

on biological factors. Clark (1992) states some of the weaknesses of the MSY approach include: (1) it 

is not stable, because even a small estimate can lead to stock depletion, (2) it does not consider the 

socio-economic aspects of resource management, and (3) difficult to apply in conditions where fisheries 

have a diversity of species (multispecies) (Wiguna & Yuarsa, 2008). To calculate TAC (Total of 

allowable catch) use the following formula(Zahra et al., 2014): 

 

(6) TAC = 80% x MSY 

 

According to the Minister of Maritime Affairs and Fisheries of the Republic of Indonesia No. 47 / 

KEPMEN-KP / 2016 the number of total allowable catches (TAC) is 80% of the maximum sustainable 

potential 14 which can be utilized optimally in order to realize sustainable fisheries. 

 

Utilization Rate 

To determine the level of fish resources by percentizing the number of catches in a certain year with the 

maximum production value (MSY)(Latuconsina, 2010): 

 

(7) Utilization Rate =
Yi

Cmsy
 x 100% 

Information: 

Yi = Number of catches in year – i 

CMSY = Maximum Sustainable Yield 

 

According toIrhamsyah et al. (2013), the level of utilization of fishery resources used by the commission 

for estimating National Marine Fish Stocks (1997) consists of four levels, namely: 

1. Low level if the catch is still a small part of the sustainable yield potential (0 - 33.3%), where fishing 

effort still needs to be increased.  

2. Moderate level if the catch has become a real part of the sustainable potential (33.3% - 66.6%) but 

additional    efforts are still possible to optimize yields. 

3. The optimum level is when the catch has reached the share of sustainable potential (66.6% - 99.9%), 

additional efforts cannot increase yields. 

4. The level of excess or overfishing when the catch has exceeded the sustainable potential (> 100%) 

and additional efforts can be dangerous to resource extinction. 

 

After knowing the level of utilization, it is also necessary to know the level of effort. The fishing gear 

effort level is obtained after knowing the optimum effort level. Fishing gear effort levelcan be calculated 

by the formula(Listiani et al., 2017): 



(8) Effort Rate =
Ei

Emsy
 x 100 

Information: 

Ei = first year fishing effort (trip) 

EMSY = Optimum fishing effort (trip) 

3. Results and Discussion 

Catch Per Unit Effort (CPUE) Tuna Fish 

Catch Per-Unit of Effort (CPUE) is the catch per fishing gear effort at maximum biomass conditions or 

is a number that describes the ratio between the catch per unit effort or effort(Setiyawan et al., 2016). 

The data used in this analysis is secondary data in the form of data on production and catching effort 

for yellowfin tuna based on capture fisheries statistics from 2016 to 2020. This data is obtained from 

the port where the data was collected. The fishing port which is the location for data collection is PPS 

Bungus. 

Fishing Power Index(FPI) is a standardization of fishing gear that is carried out by calculating the value 

and starting with determining the standard fishing gear. Handline is used as standard fishing gear for 

catching yellow fin tuna, because it has a higher average Catch per Unit Effort (CPUE) compared to 

trolling, lift net and purse seine. Next is the standardization process by multiplying FPI with each fishing 

gear to get a standard effort with the results presented in table 1: 

 

Table 1. Standardization of yellowfin tuna fishing gear 

Year Handline 
Troll 

Line 
Lift Net 

Purse 

Seine 

Standard Total 

Effort (standard 

fishing gear trip) 

CPUE (tons/trips 

of standard 

fishing gear) 

2016 136 9 8 24 177 2.30 

2017 161 29 11 26 227 2.44 

2018 142 23 6 7 177 2.74 

2019 135 10 7 12 164 2.84 

2020 55 18 4 18 94 2.88 

 

Based on the standard effort data and total production that has been presented in table 1, further analysis 

can be carried out regarding Catch Per-Unit of Effort (CPUE). Catch Per-Unit of Effort (CPUE) is the 

catch per effort of fishing gear at maximum biomass conditions or is a number that describes the ratio 

between catches per unit of effort or effort. The following is the fluctuation of tuna CPUE in 2016-2020 

presented in Figure 1: 

 



 

 

Figure 1. Development of catch production, effort, and CPUE of yellowfin tuna 

 

During the last 5 years, production trends have shown a level of fluctuation as shown in Figure 20. 

The results of the CPUE analysis in the 2016-2020 period have increased with an average value of 

2.64 tons/trip of standard fishing gear. Statistical data for tuna fisheries in the West Sumatra region in 

brackets 2016-2020 show that the highest production yield occurred in 2017, namely 552.18 tons with 

an effort level of 350 trips of standard fishing gear which was the highest effort level compared to 

other years, and the lowest occurred in 2020 with a production yield of 271.31 tons with an effort level 

of 167 trips of standard fishing gear. In 2017, catch production increased, however, the addition of 

trips in 2017 resulted in a decrease in CPUE (figure 2). 

 

 

Figure 2. Relationship between CPUE and effort in the linear equation of yellowfin tuna 

 

Based on Figure 2, the relationship between CPUE and effort shows that the value of the 

estimation parameter for skipjack tuna is obtained by intercept (a) = 3.2342 and slope (b) = -

0.0035 so that it forms the Schaefer linear equation, namely CPUE = -0, 0035x + 3.2342. 

From this equation it shows that (1) the regression coefficient (b) of 0.0035 states a negative 

relationship between production and effort that every reduction (due to a negative sign) 1 trip 

will cause CPUE to increase by 0.0035 tons per tripstandard catch. However, if the effort 

increases by 1 trip for standard fishing gear, then CPUE is also predicted to experience a 
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decrease in production by 0.0035 tons per trip. (2) the coefficient of determination (R2) is 

0.4345 or 43.45%. This means an increase or decrease in CPUE of 43.45 which is caused by 

fluctuations in the effort value. 

 

Catch Per Unit Effort(CPUE) skipjack tuna 

If the CPUE trend increases, this indicates overfishing of fish in certain waters(Alimina et al., 2016). 

The data used in this analysis is secondary data in the form of skipjack tuna production and fishing 

effort based on capture fisheries statistics from 2016 to 2020. This data was obtained from the port 

where the data was collected. The fishing port which is the location for data collection is PPS Bungus. 

The catching power factor is obtained from secondary data on the production of fish species per type of 

fishing gear to calculate the catch per unit gear (CPUE), which can be seen in table 2: 

 

Table 2. Productivity of skipjack tuna 

Productivity (tonnes/trip) 

Year Purse Seine Troll Line Lift Net 

2016 1.51 1.74 1.48 

2017 1.88 1.68 1.40 

2018 2.70 1.46 1.36 

2019 2.58 1.71 1.97 

2020 1.71 1.52 1.60 

 

Based on table 2, there are differences in fishing productivity between fishing gear by boat liftnets, troll 

lines and purse seine, so it is necessary to standardize fishing gear, in order to obtain the Fishing Power 

Index (FPI). Fishing Power Index (FPI) is a standardization of fishing gear which is done by calculating 

the value and starting with determining the standard fishing gear.Fishing Power Indexskipjack tunacan 

be seen in table 3: 

 

Table 3. Fishing Power Index of skipjack tuna 

Index Purse Tonda Lift Net 

CPUE 2.08 1.62 1.56 

FPI 1 0.78 0.75 

 

The standard fishing gear is the fishing gear that has the highest average fishing productivity(Putra et 

al., 2012).Purse seineused as a standard fishing gear for catching skipjack tuna, because it has a high 

average Catch per Unit Effort (CPUE) compared to trolling gear and boat liftnets. Next is the 

standardization process by multiplying FPI with each fishing gear to get a standard effort with the results 

presented in table 4: 

 



Table 4. Standardization of skipjack fishing gear 

Year 
Purse 

Seine 

Troll 

Line 
Lift Net 

Standard Total Effort 

(tripstandard catch) 

CPUE 

(tons/tripstandard 

catch) 
 

2016 23 95 56 175 2.05  

2017 25 103 50 178 2.03  

2018 29 130 59 218 1.96  

2019 27 91 44 163 2.37  

2020 24 146 65 235 1.97  

 

Based on the standard effort data and total production that has been presented in table 15, further 

analysis can be carried out regarding Catch Per-Unit of Effort (CPUE). Catch Per-Unit of Effort 

(CPUE) is the catch per effort of fishing gear at maximum biomass conditions or is a number that 

describes the ratio between catches per unit of effort or effort. The following is the fluctuation of 

skipjack tuna CPUE in 2016-2020 presented in Figure 3: 

 

 

Figure 3. Development of catch production, effort, and CPUE of skipjack tuna 

 

During the last 5 years, production trends have shown a level of fluctuation as presented in Figure 3. 

The results of the CPUE analysis in the 2016-2020 period have increased with an average value of 

2.08 tons/trip of standard fishing gear. Statistical data for skipjack tuna in the West Sumatra region in 

brackets 2016-2020 show that the highest production yield occurred in 2020, namely 462.82 tons with 

an effort level of 297 trips of standard fishing gear which was the highest effort level compared to 

other years, and the lowest occurred in 2016 with a production yield of 358.18 tons with an effort level 

of 220 trips of standard fishing gear. Fishing effort is related to the dimensions of fishing gear and 
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vessels, the number of trips in operation, and the use of fishing technology(Shah et al., 2019). The 

fishing effort in 2016 was 220 trips for standard fishing gear then jumped in 2018 to 274 trips for 

standard fishing gear. Therefore, the addition of trips to the standard gear resulted in a decrease in 

CPUE (figure 4): 

 

 

Figure 4. Relationship between CPUE and effort in the linear equation of skipjack tuna 

 

Based on Figure 4, the relationship between CPUE and effort shows that the value of the estimation 

parameter for skipjack tuna is obtained by intercept (a) = 2.8397 and slope (b) = -0.0039 so that it forms 

a Schaefer linear equation, namely CPUE = -0, 0039x + 2.8397. From this equation it shows that (1) the 

regression coefficient (b) of 0.0039 states a negative relationship between production and effort that 

every reduction (due to a negative sign) is 1 tripstandard fishing gear will cause CPUE to increase by 

0.0039 tons per trip of standard fishing gear. However, if the effort increases by 1 trip of standard fishing 

gear, CPUE is also predicted to experience a decrease in production of 0.0001 tons per trip of standard 

fishing gear. (2) the coefficient of determination (R2) is 0.5158 or 51.58%. This means an increase or 

decrease in CPUE of 51.58 which is caused by fluctuations in the effort value, while the remaining 

48.42% is caused by other variables not discussed in the model. 

A large CPUE value is obtained from a fishing effort carried out on a high abundance of stock, on the 

other hand a small CPUE value is obtained from a low abundance of stock and the CPUE variability can 

describe the abundance index of fish in a waters (Nugraha & Hufiadi, 2012). 

 

Maximum Sustainable Yield for Tuna 

The purpose of using the production surplus model is to determine the optimum level of effort, namely 

the effort that can produce a maximum sustainable catch without affecting long-term stock productivity 

or maximum sustainable catch (Rahmawati et al., 2013). Based on yellowfin tuna production data in 

the last 5 years (2016 – 2020) it can be calculated maximum sustainable yield (MSY) using the 

production surplus method from Schaefer, it can be seen the sustainable potential value and optimum 

effort of yellowfin tuna during observation so that it can be determined when overfishing occurs by 
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comparing efforts and catches each year. The data used in calculating the maximum sustainable yield 

(MSY) is data for the last 5 years (2016-2020).  

Based on CMSY and EMSY calculation data for tuna in the West Sumatra region using the Linear 

Schaefer model above, it can be seen that the MSY value is 737.54 tonnes at the optimum fishing effort 

(EMSY) of 456 trips. So as to form a maximum sustainable yield (MSY) curve based on the Schaefer 

model, the results can be seen in Figure 5: 

 

Figure 5. Maximum Sustainable Yield (MSY) curve based on Schaefer 

 

Based on Figure 24, the results of calculations using the production surplus method from Schaefer for 

the last 5 years data show that optimal utilization of yellow fin tuna resources produces a sustainable 

production catch (CMSY) of 737.54 tons with an optimal fishing effort (EMSY) of 456 trips, and a 

value of Total Allowable Catch (TAC) is 80% of the MSY value, which is 590.04 tonnes/year. So the 

number of catches can still be increased to the value of the Total Allowable Catch (TAC) or the Number 

of Allowed Catches (JTB) so that resources can be properly optimized. This model can be used as a 

reference standard for management, for example by regulating or limiting fishing trips to ensure the 

sustainability of resource use. 

 

Maximum Sustainable Potential (Maximum Sustainable Yield) of Skipjack Fish 

Maximum Sustainable Yield(MSY) is a management parameter resulting from the assessment of fishery 

resources. Estimation of these parameters requires annual production catch data (time series). Based on 

data on skipjack tuna production in the last 5 years (2016 – 2020) it can be calculated the Maximum 

Sustainable Yield (MSY) with the production surplus method from Schaefer. overfishing by comparing 

effort and catch each year. The data used in calculating the maximum sustainable yield (MSY) is data 

for the last 5 years (2016-2020).  

Based on CMSY and EMSY calculation data for skipjack tuna in the West Sumatra region using the 

Linear Schaefer model above, it can be seen that the MSY value is 512.64 tonnes at an optimum fishing 

effort (EMSY) of 361 trips. Thus forming a maximum sustainable yield (MSY) curve based on the 

Schaefer model, the results can be seen in Figure 6: 
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Figure 6. Maximum Sustainable Yield (MSY) curve based on Schaefer 

 

Based on Figure 6 the results of calculations using the production surplus method from Schaefer for the 

last 5 years data obtained optimal utilization of skipjack fish resources resulting in sustainable 

production catches (CMSY) of 512.64 tonnes with optimal fishing effort (EMSY) 361 trips, as well as 

a Total Allowable value Catch (TAC) is 80% of the MSY value, which is 410.11 tonnes/year. This 

model can be used as a reference standard for management, for example by regulating or limiting fishing 

trips to ensure the sustainability of resource use. 

 

Tuna Utilization Rate 

Utilization of marine fish is important to know the amount of fish that can be utilized without disturbing 

the fish biomass stock and can be maximized without disturbing future prospects for 

exploitation.(Rochmady & Susiana, 2014). The level of utilization is analyzed based on the fishing gear 

used. The following is the level of utilization of yellowfin tuna which can be seen in Figure 7: 

 

Figure 7. Utilization rate and level of cultivation of yellowfin tuna in West Sumatra 

 

Based on Figure 7, the value of the level of utilization of skipjack tuna in the last 5 years indicates that 

the level of utilization has fluctuated from 2016 – 2020. The average level of utilization of fishery 
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resources for yellowfin tuna in the West Sumatra region is 59%. This shows that the level of utilization 

of tuna resources based on the estimation of National Marine Fish Stocks (1997) is in the moderate stage 

(33.33-66.66). 

 

Level of Utilization of Skipjack 

The level of utilization is analyzed based on the fishing gear used. The following is the level of utilization 

of skipjack tuna, which can be seen in Figure 8: 

 

 

Figure 8. Utilization rate and level of cultivation of skipjack tuna in West Sumatra 

 

Based on Figure 8, the value of the skipjack tuna utilization rate in the last 5 years indicates that the 

utilization rate has increased from 2016 – 2018. The average level of utilization of skipjack fisheries 

resources in the West Sumatra region is 78%. This shows that the level of utilization of skipjack tuna 

resources based on the estimation of National Marine Fish Stocks (1997) is classified into the dense 

catch or optimum stage.(66.80 – 100).  

4. Conclusion 

Based on the maximum sustainable catch value, the total catch from 2016-2020 has not reached or has 

not yet approached its sustainable potential value (MSY). Therefore, it can be said that skipjack and 

tuna are still below the MSY value. The level of utilization of tuna resources is classified into the 

moderate stage while the level of utilization of skipjack fish resources is classified into the optimum 

stage. Tuna catch production has decreased due to low fish prices and several fishing vessels that have 

suffered losses. The sustainable potential of skipjack tuna shows that fishermen's catch has exceeded 

the total TAC catch so that if this continues it will affect skipjack fisheries resources in the future. 
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As a reviewer, I first appreciated the hard effort of all authors to complete the manuscript. However, 

you need significantly more effort to make it scientifically sound and readable to audiences. 

Followings are my comments: 

1) Authors need to improve the English standard of the text even though it is not our mother 
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Abstract 

Tuna and skipjack are large pelagic fish that have high economic value and have with high economic value and 

a very wide export market. The need for and the high market demand for tuna and skipjack causes the intensity 

of catching these fish to increase. To ensure that the potential of these fish resources remains sustainable, it is 

necessary to properly manage fisheries. This study aimed to examine several biological aspects, fisheries, and 

The purpose of this study was to examine several aspects of biology, aspects of capture fisheries, aspects of 

utilization and management of yellow fin tuna and skipjack tuna. Data collection for yellowfin tuna was focused 

on one location, namely PPS Bungus, while data collection for skipjack tuna was focused on 4 location points, 

namely PPS Bungus, PPP Carocok Terusan, PPI Kambang and PPI Tiku. Productivity and cultivation levels of 

yellowfin tuna in West Sumatra have tended to decline in the past 4 years (2017-2020). Skipjack tuna in the West 

Sumatra region caught by boat charters was indicated to be overfishing, while skipjack tuna caught by troll 

showed the fish caught had not spawned yet. The productivity of skipjack tuna has fluctuated over the past 5 

years (2016-2020). 

Keywords: fisheries management, yellowfin tuna, skipjack tuna, biological aspects, fishing season. 

1. Introduction 

Marine and fishery resources are a very large natural resource potential and receive serious attention in 

Indonesia. In short, two-thirds of Indonesia's territory consists of sea, has more than 17,000 islands and 

a coastline of 81,000 km. The 2015-2019 National Medium-Term Development Plan (RPJMN) 

emphasizes that the greatest focus is given to the maritime sector, which includes fisheries by 

optimizing the utilization of marine resources in a sustainable manner (Firdaus, 2019). Indonesian 

waters include deep sea waters and the EEZ (Exclusive Economic Zone) has fish resources of 12.5 

million tons per year (KepmenKP Number 50/Kepmen-kp/2017). Over the past 5 decades, the use of 

these fish resources has continued to increase by an average of 5.45% annually. This is related to the 

advancement of fishing gear technology which is increasingly advanced and the increasing ability and 

number of companies and fishermen's RTP (Fishery Households) (Witomo & Wardono, 2012). 

Skipjack andtunais an important commodity in the waters of West Sumatra which is included in the 

tuna, skipjack and cob (TCT) group. The average total catch of tuna and skipjack in Fishery 

Management Areas (WPPNRI) 572 and 573 in 2005-2016 reached 1.6 million tonnes/year(Jatmiko et 

al., 2020). In 2010, the export volume of tuna, skipjack and cob commodities amounted to 122,450 tons 
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with the main export destination being Japan.(Chodrijah et al., 2013).Tuna and skipjack are the main 

commodities to increase the industrialization of capture fisheries which has been shown by most of the 

coastal communities of West Sumatra who have jobs as fishermen both in the business of catching, 

processing, trading and supporting industries. Therefore tuna and skipjack play an important role in 

enhancing fishery development in Indonesia, especially in the waters of West Sumatra(Prasetyo et al., 

2018). 

Tuna and skipjack are large pelagic fish that have high economic value and have a very wide export 

market. The need for and the high market demand for tuna and skipjack causes the intensity of catching 

this fish to increase. This increase in fishing intensity occurred in all Indonesian territorial waters. It is 

feared that the high intensity of fishing will threaten the preservation and sustainability of the utilization 

of tuna and skipjack fish resources. To ensure that the potential of these fish resources remains 

sustainable, it is necessary to properly manage fisheries(Jaya et al., 2017). Even though these fishery 

resources can be recovered (renewable resources), the speed of recovery may not be balanced with the 

rate of utilization.If exploitation continues to occur freely (open access) without clear rules/rules of 

management and control, overfishing may occur or there will be an imbalance with the utilization 

rate.(Susaniati, 2019).Therefore, the government of West Sumatra is responsible for determining the 

management of fishery resources in the waters of West Sumatra for the benefit of the whole community 

by taking into account the sustainability and sustainability of these fishery resources (Jamal et al., 2011). 

Research on the level of utilization of tuna and skipjack in the waters of West Sumatra is still small, so 

current information is needed regarding the status of utilization of tuna and skipjack. This information 

is very much needed in efforts to manage it more sustainably. 

 

2. Materials and Methods 

Method of collecting data 

This research was carried out from March to June 2021 using the method of direct interviews with 

fishermen. The data obtained comes from field records made by fish landing officers at Bungus PPS, 

Terusan PPP, Kambang PPI and Tiku PPI during the 2015 – 2020 period, also conducted interviews 

with fishermen using a questionnaire to find out the characteristics of fisheries and the efforts made by 

the government in management based on the results of data analysis. 

 

Standardization of Fishing Gear 

Considering the variety of fishing gear used to catch tuna and skipjack resources, namely (trolley, net, 

hand line and others) in the West Sumatra region. To measure equivalent fishing gear units, 

standardization of effort between fishing gear is carried out using standardization techniques, 

namely(Susiana & Rochmady, 2018): 
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(1) RFPᵢ =
𝐶ᵢ/𝐸ᵢ

𝐶𝑠/𝐸𝑠
 

Information: 

RFPi = capture power factor of the fishing unit which will be standardized in year i 

Cᵢ = number of catches of the type of fishing unit that will be standardized in year i 

Cs = number of catches of the type of fishing unit used as standard in year i 

Eᵢ = total fishing effort for the type of fishing unit that will be standardized in year i 

Es = number of fishing efforts for the type of fishing unit used as standard in year i. 

 

After obtaining the RFPi value, to calculate the standardized fishing effort using the formula: 

 

(2) Standard effort = FPIᵢ × Effort 

 

Catch Per Unit Effort(CPUE) 

The formula that can be used to determine the value of the catch per unit of fishing effort 

(CPUE) is as follows(Rahmawati et al., 2013): 

 

(3) CPUEᵢ =
𝐶𝑎𝑡𝑐ℎᵢ

𝐸𝑓𝑓𝑜𝑟𝑡ᵢ
 

Where : 

CPUEᵢ = catch per unit of fishing effort in year i (tonnes/unit) 

Catchᵢ = catch in year i (tonnes) 

Effortᵢ = fishing effort in year i (unit) 

 

Maximum Sustainable Yield(MSY) 

Maximum Sustainable Yield (MSY) can be estimated using the Schaefer model with catch and 

effort data over several years. MSY can be estimated using the formula (Yusron, 2005): 

(4) Catch Per Unit Effort = =
Y

f

Y(i)

f(i)
 

Information: 

Y(i) = Catch in year i 

f(i) = fishing effort in year i 

i = 1, 2, ..., n 

 

Determining the value of a (intercept) and b (slope) requires a linear regression f(i) to Y(i)/f(i). 

After the values of a and b are obtained, the optimum effort (fMSY) and maximum sustainable 

catch (MSY) can be calculated using the formula(Mayu et al., 2018): 

 

Commented [g10]: A linear relation between CpUE and 

Effort 

Commented [g11]: State the formula used, what and 

how "a" and "b" obtained? 



(5) fMSY= -
a

2b
 and MSY= -

a2

4b
 

The management model with the MSY approach like this still has weaknesses because it is based solely 

on biological factors. Clark (1992) states some of the weaknesses of the MSY approach include: (1) it 

is not stable, because even a small estimate can lead to stock depletion, (2) it does not consider the 

socio-economic aspects of resource management, and (3) difficult to apply in conditions where fisheries 

have a diversity of species (multispecies) (Wiguna & Yuarsa, 2008). To calculate TAC (Total of 

allowable catch) use the following formula(Zahra et al., 2014): 

 

(6) TAC = 80% x MSY 

 

According to the Minister of Maritime Affairs and Fisheries of the Republic of Indonesia No. 47 / 

KEPMEN-KP / 2016 the number of total allowable catches (TAC) is 80% of the maximum sustainable 

potential 14 which can be utilized optimally in order to realize sustainable fisheries. 

 

Utilization Rate 

To determine the level of fish resources by percentizing the number of catches in a certain year with the 

maximum production value (MSY)(Latuconsina, 2010): 

 

(7) Utilization Rate =
Yi

Cmsy
 x 100% 

Information: 

Yi = Number of catches in year – i 

CMSY = Maximum Sustainable Yield 

 

According toIrhamsyah et al. (2013), the level of utilization of fishery resources used by the commission 

for estimating National Marine Fish Stocks (1997) consists of four levels, namely: 

1. Low level if the catch is still a small part of the sustainable yield potential (0 - 33.3%), where fishing 

effort still needs to be increased.  

2. Moderate level if the catch has become a real part of the sustainable potential (33.3% - 66.6%) but 

additional    efforts are still possible to optimize yields. 

3. The optimum level is when the catch has reached the share of sustainable potential (66.6% - 99.9%), 

additional efforts cannot increase yields. 

4. The level of excess or overfishing when the catch has exceeded the sustainable potential (> 100%) 

and additional efforts can be dangerous to resource extinction. 

 



After knowing the level of utilization, it is also necessary to know the level of effort. The fishing gear 

effort level is obtained after knowing the optimum effort level. Fishing gear effort levelcan be calculated 

by the formula(Listiani et al., 2017): 

(8) Effort Rate =
Ei

Emsy
 x 100 

Information: 

Ei = first year fishing effort (trip) 

EMSY = Optimum fishing effort (trip) 

3. Results and Discussion 

Catch Per Unit Effort (CPUE) Tuna Fish 

Catch Per-Unit of Effort (CPUE) is the catch per fishing gear effort at maximum biomass conditions or 

is a number that describes the ratio between the catch per unit effort or effort(Setiyawan et al., 2016). 

The data used in this analysis is secondary data in the form of data on production and catching effort 

for yellowfin tuna based on capture fisheries statistics from 2016 to 2020. This data is obtained from 

the port where the data was collected. The fishing port which is the location for data collection is PPS 

Bungus. 

Fishing Power Index(FPI) is a standardization of fishing gear that is carried out by calculating the value 

and starting with determining the standard fishing gear. Handline is used as standard fishing gear for 

catching yellow fin tuna, because it has a higher average Catch per Unit Effort (CPUE) compared to 

trolling, lift net and purse seine. Next is the standardization process by multiplying FPI with each fishing 

gear to get a standard effort with the results presented in table 1: 

 

Table 1. Standardization of yellowfin tuna fishing gear 

Year Handline 
Troll 

Line 
Lift Net 

Purse 

Seine 

Standard Total 

Effort (standard 

fishing gear trip) 

CPUE (tons/trips 

of standard 

fishing gear) 

2016 136 9 8 24 177 2.30 

2017 161 29 11 26 227 2.44 

2018 142 23 6 7 177 2.74 

2019 135 10 7 12 164 2.84 

2020 55 18 4 18 94 2.88 

 

Based on the standard effort data and total production that has been presented in table 1, further analysis 

can be carried out regarding Catch Per-Unit of Effort (CPUE). Catch Per-Unit of Effort (CPUE) is the 

catch per effort of fishing gear at maximum biomass conditions or is a number that describes the ratio 

between catches per unit of effort or effort. The following is the fluctuation of tuna CPUE in 2016-2020 

presented in Figure 1: 

 



 

 

Figure 1. Development of catch production, effort, and CPUE of yellowfin tuna 

 

During the last 5 years, production trends have shown a level of fluctuation as shown in Figure 20. 

The results of the CPUE analysis in the 2016-2020 period have increased with an average value of 

2.64 tons/trip of standard fishing gear. Statistical data for tuna fisheries in the West Sumatra region in 

brackets 2016-2020 show that the highest production yield occurred in 2017, namely 552.18 tons with 

an effort level of 350 trips of standard fishing gear which was the highest effort level compared to 

other years, and the lowest occurred in 2020 with a production yield of 271.31 tons with an effort level 

of 167 trips of standard fishing gear. In 2017, catch production increased, however, the addition of 

trips in 2017 resulted in a decrease in CPUE (figure 2). 

 

 

Figure 2. Relationship between CPUE and effort in the linear equation of yellowfin tuna 

 

Based on Figure 2, the relationship between CPUE and effort shows that the value of the 

estimation parameter for skipjack tuna is obtained by intercept (a) = 3.2342 and slope (b) = -

0.0035 so that it forms the Schaefer linear equation, namely CPUE = -0, 0035x + 3.2342. 

From this equation it shows that (1) the regression coefficient (b) of 0.0035 states a negative 

relationship between production and effort that every reduction (due to a negative sign) 1 trip 

will cause CPUE to increase by 0.0035 tons per tripstandard catch. However, if the effort 

increases by 1 trip for standard fishing gear, then CPUE is also predicted to experience a 
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decrease in production by 0.0035 tons per trip. (2) the coefficient of determination (R2) is 

0.4345 or 43.45%. This means an increase or decrease in CPUE of 43.45 which is caused by 

fluctuations in the effort value. 

 

Catch Per Unit Effort(CPUE) skipjack tuna 

If the CPUE trend increases, this indicates overfishing of fish in certain waters(Alimina et al., 2016). 

The data used in this analysis is secondary data in the form of skipjack tuna production and fishing 

effort based on capture fisheries statistics from 2016 to 2020. This data was obtained from the port 

where the data was collected. The fishing port which is the location for data collection is PPS Bungus. 

The catching power factor is obtained from secondary data on the production of fish species per type of 

fishing gear to calculate the catch per unit gear (CPUE), which can be seen in table 2: 

 

Table 2. Productivity of skipjack tuna 

Productivity (tonnes/trip) 

Year Purse Seine Troll Line Lift Net 

2016 1.51 1.74 1.48 

2017 1.88 1.68 1.40 

2018 2.70 1.46 1.36 

2019 2.58 1.71 1.97 

2020 1.71 1.52 1.60 

 

Based on table 2, there are differences in fishing productivity between fishing gear by boat liftnets, troll 

lines and purse seine, so it is necessary to standardize fishing gear, in order to obtain the Fishing Power 

Index (FPI). Fishing Power Index (FPI) is a standardization of fishing gear which is done by calculating 

the value and starting with determining the standard fishing gear.Fishing Power Indexskipjack tunacan 

be seen in table 3: 

 

Table 3. Fishing Power Index of skipjack tuna 

Index Purse Tonda Lift Net 

CPUE 2.08 1.62 1.56 

FPI 1 0.78 0.75 

 

The standard fishing gear is the fishing gear that has the highest average fishing productivity(Putra et 

al., 2012).Purse seineused as a standard fishing gear for catching skipjack tuna, because it has a high 

average Catch per Unit Effort (CPUE) compared to trolling gear and boat liftnets. Next is the 

standardization process by multiplying FPI with each fishing gear to get a standard effort with the results 

presented in table 4: 

 



Table 4. Standardization of skipjack fishing gear 

Year 
Purse 

Seine 

Troll 

Line 
Lift Net 

Standard Total Effort 

(tripstandard catch) 

CPUE 

(tons/tripstandard 

catch) 
 

2016 23 95 56 175 2.05  

2017 25 103 50 178 2.03  

2018 29 130 59 218 1.96  

2019 27 91 44 163 2.37  

2020 24 146 65 235 1.97  

 

Based on the standard effort data and total production that has been presented in table 15, further 

analysis can be carried out regarding Catch Per-Unit of Effort (CPUE). Catch Per-Unit of Effort 

(CPUE) is the catch per effort of fishing gear at maximum biomass conditions or is a number that 

describes the ratio between catches per unit of effort or effort. The following is the fluctuation of 

skipjack tuna CPUE in 2016-2020 presented in Figure 3: 

 

 

Figure 3. Development of catch production, effort, and CPUE of skipjack tuna 

 

During the last 5 years, production trends have shown a level of fluctuation as presented in Figure 3. 

The results of the CPUE analysis in the 2016-2020 period have increased with an average value of 

2.08 tons/trip of standard fishing gear. Statistical data for skipjack tuna in the West Sumatra region in 

brackets 2016-2020 show that the highest production yield occurred in 2020, namely 462.82 tons with 

an effort level of 297 trips of standard fishing gear which was the highest effort level compared to 

other years, and the lowest occurred in 2016 with a production yield of 358.18 tons with an effort level 

of 220 trips of standard fishing gear. Fishing effort is related to the dimensions of fishing gear and 
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vessels, the number of trips in operation, and the use of fishing technology(Shah et al., 2019). The 

fishing effort in 2016 was 220 trips for standard fishing gear then jumped in 2018 to 274 trips for 

standard fishing gear. Therefore, the addition of trips to the standard gear resulted in a decrease in 

CPUE (figure 4): 

 

 

Figure 4. Relationship between CPUE and effort in the linear equation of skipjack tuna 

 

Based on Figure 4, the relationship between CPUE and effort shows that the value of the estimation 

parameter for skipjack tuna is obtained by intercept (a) = 2.8397 and slope (b) = -0.0039 so that it forms 

a Schaefer linear equation, namely CPUE = -0, 0039x + 2.8397. From this equation it shows that (1) the 

regression coefficient (b) of 0.0039 states a negative relationship between production and effort that 

every reduction (due to a negative sign) is 1 tripstandard fishing gear will cause CPUE to increase by 

0.0039 tons per trip of standard fishing gear. However, if the effort increases by 1 trip of standard fishing 

gear, CPUE is also predicted to experience a decrease in production of 0.0001 tons per trip of standard 

fishing gear. (2) the coefficient of determination (R2) is 0.5158 or 51.58%. This means an increase or 

decrease in CPUE of 51.58 which is caused by fluctuations in the effort value, while the remaining 

48.42% is caused by other variables not discussed in the model. 

A large CPUE value is obtained from a fishing effort carried out on a high abundance of stock, on the 

other hand a small CPUE value is obtained from a low abundance of stock and the CPUE variability can 

describe the abundance index of fish in a waters (Nugraha & Hufiadi, 2012). 

 

Maximum Sustainable Yield for Tuna 

The purpose of using the production surplus model is to determine the optimum level of effort, namely 

the effort that can produce a maximum sustainable catch without affecting long-term stock productivity 

or maximum sustainable catch (Rahmawati et al., 2013). Based on yellowfin tuna production data in 

the last 5 years (2016 – 2020) it can be calculated maximum sustainable yield (MSY) using the 

production surplus method from Schaefer, it can be seen the sustainable potential value and optimum 

effort of yellowfin tuna during observation so that it can be determined when overfishing occurs by 

y = -0,0039x + 2,8397
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comparing efforts and catches each year. The data used in calculating the maximum sustainable yield 

(MSY) is data for the last 5 years (2016-2020).  

Based on CMSY and EMSY calculation data for tuna in the West Sumatra region using the Linear 

Schaefer model above, it can be seen that the MSY value is 737.54 tonnes at the optimum fishing effort 

(EMSY) of 456 trips. So as to form a maximum sustainable yield (MSY) curve based on the Schaefer 

model, the results can be seen in Figure 5: 

 

Figure 5. Maximum Sustainable Yield (MSY) curve based on Schaefer 

 

Based on Figure 24, the results of calculations using the production surplus method from Schaefer for 

the last 5 years data show that optimal utilization of yellow fin tuna resources produces a sustainable 

production catch (CMSY) of 737.54 tons with an optimal fishing effort (EMSY) of 456 trips, and a 

value of Total Allowable Catch (TAC) is 80% of the MSY value, which is 590.04 tonnes/year. So the 

number of catches can still be increased to the value of the Total Allowable Catch (TAC) or the Number 

of Allowed Catches (JTB) so that resources can be properly optimized. This model can be used as a 

reference standard for management, for example by regulating or limiting fishing trips to ensure the 

sustainability of resource use. 

 

Maximum Sustainable Potential (Maximum Sustainable Yield) of Skipjack Fish 

Maximum Sustainable Yield(MSY) is a management parameter resulting from the assessment of fishery 

resources. Estimation of these parameters requires annual production catch data (time series). Based on 

data on skipjack tuna production in the last 5 years (2016 – 2020) it can be calculated the Maximum 

Sustainable Yield (MSY) with the production surplus method from Schaefer. overfishing by comparing 

effort and catch each year. The data used in calculating the maximum sustainable yield (MSY) is data 

for the last 5 years (2016-2020).  

Based on CMSY and EMSY calculation data for skipjack tuna in the West Sumatra region using the 

Linear Schaefer model above, it can be seen that the MSY value is 512.64 tonnes at an optimum fishing 

effort (EMSY) of 361 trips. Thus forming a maximum sustainable yield (MSY) curve based on the 

Schaefer model, the results can be seen in Figure 6: 
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Figure 6. Maximum Sustainable Yield (MSY) curve based on Schaefer 

 

Based on Figure 6 the results of calculations using the production surplus method from Schaefer for the 

last 5 years data obtained optimal utilization of skipjack fish resources resulting in sustainable 

production catches (CMSY) of 512.64 tonnes with optimal fishing effort (EMSY) 361 trips, as well as 

a Total Allowable value Catch (TAC) is 80% of the MSY value, which is 410.11 tonnes/year. This 

model can be used as a reference standard for management, for example by regulating or limiting fishing 

trips to ensure the sustainability of resource use. 

 

Tuna Utilization Rate 

Utilization of marine fish is important to know the amount of fish that can be utilized without disturbing 

the fish biomass stock and can be maximized without disturbing future prospects for 

exploitation.(Rochmady & Susiana, 2014). The level of utilization is analyzed based on the fishing gear 

used. The following is the level of utilization of yellowfin tuna which can be seen in Figure 7: 

 

Figure 7. Utilization rate and level of cultivation of yellowfin tuna in West Sumatra 

 

Based on Figure 7, the value of the level of utilization of skipjack tuna in the last 5 years indicates that 

the level of utilization has fluctuated from 2016 – 2020. The average level of utilization of fishery 
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resources for yellowfin tuna in the West Sumatra region is 59%. This shows that the level of utilization 

of tuna resources based on the estimation of National Marine Fish Stocks (1997) is in the moderate stage 

(33.33-66.66). 

 

Level of Utilization of Skipjack 

The level of utilization is analyzed based on the fishing gear used. The following is the level of utilization 

of skipjack tuna, which can be seen in Figure 8: 

 

 

Figure 8. Utilization rate and level of cultivation of skipjack tuna in West Sumatra 

 

Based on Figure 8, the value of the skipjack tuna utilization rate in the last 5 years indicates that the 

utilization rate has increased from 2016 – 2018. The average level of utilization of skipjack fisheries 

resources in the West Sumatra region is 78%. This shows that the level of utilization of skipjack tuna 

resources based on the estimation of National Marine Fish Stocks (1997) is classified into the dense 

catch or optimum stage.(66.80 – 100).  

4. Conclusion 

Based on the maximum sustainable catch value, the total catch from 2016-2020 has not reached or has 

not yet approached its sustainable potential value (MSY). Therefore, it can be said that skipjack and 

tuna are still below the MSY value. The level of utilization of tuna resources is classified into the 

moderate stage while the level of utilization of skipjack fish resources is classified into the optimum 

stage. Tuna catch production has decreased due to low fish prices and several fishing vessels that have 

suffered losses. The sustainable potential of skipjack tuna shows that fishermen's catch has exceeded 

the total TAC catch so that if this continues it will affect skipjack fisheries resources in the future. 
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Abstract 

Tuna and skipjack are large pelagic fish with high economic value and a very wide export market. The need for 

and the high market demand for tuna and skipjack causes the intensity of catching these fish to increase. To 

ensure that the potential of these fish resources remains sustainable, it is necessary to properly manage fisheries. 

This study aimed to examine several biological aspects, fisheries, and aspects of utilization and management of 

yellowfin tuna and skipjack tuna. Data collection for yellowfin tuna was focused on one location, namely Bungus 

Ocean Fishing Port (OFP), while data collection for skipjack tuna was focused on 4 location points, namely 

Bungus Ocean Fishing Port (OFP), Carocok Terusan Coastal Fishing Port (CFP), Kambang Fish Landing Base 

(FLB) and Fish Landing Base (FLB). Productivity and level of effort of yellowfin tuna in West Sumatra have 

tended Tiku to decline in the past 4 years (2017-2020). Skipjack tuna in the West Sumatra region caught by boat 

charters was indicated to be overfishing, while skipjack tuna caught by troll showed the fish caught had not 

spawned yet. The productivity of skipjack tuna has fluctuated over the past 5 years (2016-2020). 

Keywords: fisheries management, yellowfin tuna, skipjack tuna, biological aspects, fishing season. 

1. Introduction 

Marine and fishery resources are a very large natural resource potential and receive serious attention in 

Indonesia. In short, two-thirds of Indonesia's territory consists of sea, has more than 17,000 islands and 

a coastline of 81,000 km. The 2015-2019 National Medium-Term Development Plan (RPJMN) 

emphasizes that the greatest focus is given to the maritime sector, which includes fisheries by 

optimizing the utilization of marine resources in a sustainable manner (Firdaus, 2019). Indonesian 

waters include deep sea waters and the EEZ (Exclusive Economic Zone) has fish resources of 12.5 

million tons per year (Ministry of Marine Affairs and Fisheries (MMAF) Number 50/Kepmen-kp/2017). 

Over the past 5 decades, the use of these fish resources has continued to increase by an average of 

5.45% annually. This is related to the advancement of fishing gear technology which is increasingly 

advanced and the increasing ability and number of companies and fishermen's RTP (Fishery 

Households) (Witomo & Wardono, 2012). 

Skipjack and tuna are important commodities in the waters of West Sumatra which is included in the 

tuna, skipjack, and mackerel tuna (TSM) group. The average total catch of tuna and skipjack in Fishery 

Management Areas (WPPNRI) 572 and 573 in 2005-2016 reached 1.6 million tonnes/year (Jatmiko et 

al., 2020). In 2010, the export volume of tuna, skipjack, and mackerel commodities amounted to 
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122,450 tons with the main export destination being Japan.(Chodrijah et al., 2013). Tuna and skipjack 

are the main commodities to increase the industrialization of capture fisheries which has been shown 

by most of the coastal communities of West Sumatra who have jobs as fishermen both in the business 

of catching, processing, trading, and supporting industries. Therefore tuna and skipjack play an 

important role in enhancing fishery development in Indonesia, especially in the waters of West 

Sumatra(Prasetyo et al., 2018). 

Tuna and skipjack are large pelagic fish with high economic value and a very wide export market. The 

need for and the high market demand for tuna and skipjack causes the intensity of catching these fish 

to increase. This increase in fishing intensity occurred in all Indonesian territorial waters. It is feared 

that the high intensity of fishing will threaten the preservation and sustainability of the utilization of 

tuna and skipjack fish resources. To ensure that the potential of these fish resources remains sustainable, 

it is necessary to properly manage fisheries(Jaya et al., 2017). Even though these fishery resources can 

be recovered (renewable resources), the recovery speed may not be balanced with the utilization rate. 

If exploitation continues to occur freely (open access) without clear rules/rules of management and 

control, overfishing may occur or there will be an imbalance in the utilization rate.(Susaniati, 2019). 

Therefore, the government of West Sumatra is responsible for determining the management of fishery 

resources in the waters of West Sumatra for the benefit of the whole community by taking into account 

the sustainability and sustainability of these fishery resources (Jamal et al., 2011). 

Research on the level of utilization of tuna and skipjack in the waters of West Sumatra is limited, so 

current information is needed regarding the status of the utilization of tuna and skipjack. This 

information is very much needed in efforts to manage it more sustainably. 

  

2. Materials and Methods 

Method of collecting data 

This research was carried out from March to June 2021 using the method of direct interviews with 

fishermen. The data obtained comes from field records made by fish landing officers at Bungus OFP,  

Terusan CFP, Kambang FLB, and Tiku FLB during the 2015 – 2020 period, also conducted interviews 

with fishermen using a questionnaire to find out the characteristics of fisheries and the efforts made by 

the government in management based on the results of data analysis. 

 

Standardization of Fishing Gear 

Considering the variety of fishing gear used to catch tuna and skipjack resources, namely (troll, lift net, 

hand line, and purse seine) in the West Sumatra region. To measure equivalent fishing gear units, 

standardization of effort between fishing gear is carried out using standardization techniques, 

namely(Susiana & Rochmady, 2018): 

 



(1) RFPᵢ =
𝐶ᵢ/𝐸ᵢ

𝐶𝑠/𝐸𝑠
 

Information: 

RFPi = capture power factor of the fishing unit which will be standardized in year i 

Cᵢ = number of catches of the type of fishing unit that will be standardized in year i 

Cs = number of catches of the type of fishing unit used as standard in year i 

Eᵢ = total fishing effort for the type of fishing unit that will be standardized in year i 

Es = number of fishing efforts for the type of fishing unit used as standard in year i. 

 

After obtaining the RFPi value, to calculate the standardized fishing effort using the formula: 

 

(2) Standard effort = FPIᵢ × Effort 

 

Catch Per Unit Effort(CPUE) 

The formula that can be used to determine the value of the catch per unit of fishing effort 

(CPUE) is as follows(Rahmawati et al., 2013): 

 

(3) CPUEᵢ =
𝐶𝑎𝑡𝑐ℎᵢ

𝐸𝑓𝑓𝑜𝑟𝑡ᵢ
 

Where : 

CPUEᵢ = catch per unit of fishing effort in year i (tonnes/unit) 

Catchᵢ = catch in year i (tonnes) 

Effortᵢ = fishing effort in year i (unit) 

 

Maximum Sustainable Yield (MSY) 

Maximum Sustainable Yield (MSY) can be estimated using the Schaefer model with catch and 

effort data over several years. MSY can be estimated using the formula (Yusron, 2005): 

(4) Catch Per Unit Effort = =
Y

f

Y(i)

f(i)
 

Information: 

Y(i) = Catch in year i 

f(i) = fishing effort in year i 

i = 1, 2, ..., n 

 

Determining the value of a (intercept) and b (slope) requires a linear regression f(i) to Y(i)/f(i). 

After the values of a and b are obtained, the optimum effort (fMSY) and maximum sustainable 

catch (MSY) can be calculated using the formula(Mayu et al., 2018): 

 



(5) fMSY= -
a

2b
 and MSY= -

a2

4b
 

The management model with the MSY approach like this still has weaknesses because it is based solely 

on biological factors. Clark (1992) states some of the weaknesses of the MSY approach include: (1) it 

is not stable, because even a small estimate can lead to stock depletion, (2) it does not consider the 

socio-economic aspects of resource management, and (3) difficult to apply in conditions where fisheries 

have a diversity of species (multispecies) (Wiguna & Yuarsa, 2008). To calculate TAC (Total of 

allowable catch) use the following formula(Zahra et al., 2014): 

 

(6) TAC = 80% x MSY 

 

According to the Minister of Maritime Affairs and Fisheries of the Republic of Indonesia No. 47 / 

KEPMEN-KP / 2016 the number of total allowable catches (TAC) is 80% of the maximum sustainable 

potential 14 which can be utilized optimally in order to realize sustainable fisheries. 

 

Utilization Rate 

To determine the level of fish resources by percentizing the number of catches in a certain year with the 

maximum production value (MSY)(Latuconsina, 2010): 

 

(7) Utilization Rate =
Yi

Cmsy
 x 100% 

Information: 

Yi = Number of catches in year – i 

CMSY = Maximum Sustainable Yield 

 

According toIrhamsyah et al. (2013), the level of utilization of fishery resources used by the commission 

for estimating National Marine Fish Stocks (1997) consists of four levels, namely: 

1. Low level if the catch is still a small part of the sustainable yield potential (0 - 33.3%), where fishing 

effort still needs to be increased.  

2. Moderate level if the catch has become a real part of the sustainable potential (33.3% - 66.6%) but 

additional    efforts are still possible to optimize yields. 

3. The optimum level is when the catch has reached the share of sustainable potential (66.6% - 99.9%), 

additional efforts cannot increase yields. 

4. The level of excess or overfishing when the catch has exceeded the sustainable potential (> 100%) 

and additional efforts can be dangerous to resource extinction. 

 



After knowing the level of utilization, it is also necessary to know the level of effort. The fishing gear 

effort level is obtained after knowing the optimum effort level. Fishing gear effort levelcan be calculated 

by the formula(Listiani et al., 2017): 

(8) Effort Rate =
Ei

Emsy
 x 100 

Information: 

Ei = first year fishing effort (trip) 

EMSY = Optimum fishing effort (trip) 

3. Results and Discussion 

Catch Per Unit Effort (CPUE) Tuna Fish 

Catch Per-Unit of Effort (CPUE) is the catch per fishing gear effort at maximum biomass conditions or 

is a number that describes the ratio between the catch per unit effort or effort(Setiyawan et al., 2016). 

The data used in this analysis is secondary data in the form of data on production and catching effort 

for yellowfin tuna based on capture fisheries statistics from 2016 to 2020. This data is obtained from 

the port where the data was collected. The fishing port which is the location for data collection is PPS 

Bungus. 

Fishing Power Index(FPI) is a standardization of fishing gear that is carried out by calculating the value 

and starting with determining the standard fishing gear. Handline is used as standard fishing gear for 

catching yellow fin tuna, because it has a higher average Catch per Unit Effort (CPUE) compared to 

trolling, lift net and purse seine. Next is the standardization process by multiplying FPI with each fishing 

gear to get a standard effort with the results presented in table 1: 

 

Table 1. Standardization of yellowfin tuna fishing gear 

Year Handline 
Troll 

Line 
Lift Net 

Purse 

Seine 

Standard Total 

Effort (standard 

fishing gear trip) 

CPUE (tons/trips 

of standard 

fishing gear) 

2016 136 9 8 24 177 2.30 

2017 161 29 11 26 227 2.44 

2018 142 23 6 7 177 2.74 

2019 135 10 7 12 164 2.84 

2020 55 18 4 18 94 2.88 

 

Based on the standard effort data and total production that has been presented in table 1, further analysis 

can be carried out regarding Catch Per-Unit of Effort (CPUE). Catch Per-Unit of Effort (CPUE) is the 

catch per effort of fishing gear at maximum biomass conditions or is a number that describes the ratio 

between catches per unit of effort or effort. The following is the fluctuation of tuna CPUE in 2016-2020 

presented in Figure 1: 

 



 

 

Figure 1. Development of catch production, effort, and CPUE of yellowfin tuna 

 

During the last 5 years, production trends have shown a level of fluctuation as shown in Figure 20. 

The results of the CPUE analysis in the 2016-2020 period have increased with an average value of 

2.64 tons/trip of standard fishing gear. Statistical data for tuna fisheries in the West Sumatra region in 

brackets 2016-2020 show that the highest production yield occurred in 2017, namely 552.18 tons with 

an effort level of 350 trips of standard fishing gear which was the highest effort level compared to 

other years, and the lowest occurred in 2020 with a production yield of 271.31 tons with an effort level 

of 167 trips of standard fishing gear. In 2017, catch production increased, however, the addition of 

trips in 2017 resulted in a decrease in CPUE (figure 2). 

 

 

Figure 2. Relationship between CPUE and effort in the linear equation of yellowfin tuna 

 

Based on Figure 2, the relationship between CPUE and effort shows that the value of the 

estimation parameter for skipjack tuna is obtained by intercept (a) = 3.2342 and slope (b) = -

0.0035 so that it forms the Schaefer linear equation, namely CPUE = -0, 0035x + 3.2342. 

From this equation it shows that (1) the regression coefficient (b) of 0.0035 states a negative 

relationship between production and effort that every reduction (due to a negative sign) 1 trip 

will cause CPUE to increase by 0.0035 tons per tripstandard catch. However, if the effort 

increases by 1 trip for standard fishing gear, then CPUE is also predicted to experience a 
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decrease in production by 0.0035 tons per trip. (2) the coefficient of determination (R2) is 

0.4345 or 43.45%. This means an increase or decrease in CPUE of 43.45 which is caused by 

fluctuations in the effort value. 

 

Catch Per Unit Effort(CPUE) skipjack tuna 

If the CPUE trend increases, this indicates overfishing of fish in certain waters(Alimina et al., 2016). 

The data used in this analysis is secondary data in the form of skipjack tuna production and fishing 

effort based on capture fisheries statistics from 2016 to 2020. This data was obtained from the port 

where the data was collected. The fishing port which is the location for data collection is PPS Bungus. 

The catching power factor is obtained from secondary data on the production of fish species per type of 

fishing gear to calculate the catch per unit gear (CPUE), which can be seen in table 2: 

 

Table 2. Productivity of skipjack tuna 

Productivity (tonnes/trip) 

Year Purse Seine Troll Line Lift Net 

2016 1.51 1.74 1.48 

2017 1.88 1.68 1.40 

2018 2.70 1.46 1.36 

2019 2.58 1.71 1.97 

2020 1.71 1.52 1.60 

 

Based on table 2, there are differences in fishing productivity between fishing gear by boat liftnets, troll 

lines and purse seine, so it is necessary to standardize fishing gear, in order to obtain the Fishing Power 

Index (FPI). Fishing Power Index (FPI) is a standardization of fishing gear which is done by calculating 

the value and starting with determining the standard fishing gear.Fishing Power Indexskipjack tunacan 

be seen in table 3: 

 

Table 3. Fishing Power Index of skipjack tuna 

Index Purse Tonda Lift Net 

CPUE 2.08 1.62 1.56 

FPI 1 0.78 0.75 

 

The standard fishing gear is the fishing gear that has the highest average fishing productivity(Putra et 

al., 2012).Purse seineused as a standard fishing gear for catching skipjack tuna, because it has a high 

average Catch per Unit Effort (CPUE) compared to trolling gear and boat liftnets. Next is the 

standardization process by multiplying FPI with each fishing gear to get a standard effort with the results 

presented in table 4: 

 



Table 4. Standardization of skipjack fishing gear 

Year 
Purse 

Seine 

Troll 

Line 
Lift Net 

Standard Total Effort 

(tripstandard catch) 

CPUE 

(tons/tripstandard 

catch) 
 

2016 23 95 56 175 2.05  

2017 25 103 50 178 2.03  

2018 29 130 59 218 1.96  

2019 27 91 44 163 2.37  

2020 24 146 65 235 1.97  

 

Based on the standard effort data and total production that has been presented in table 15, further 

analysis can be carried out regarding Catch Per-Unit of Effort (CPUE). Catch Per-Unit of Effort 

(CPUE) is the catch per effort of fishing gear at maximum biomass conditions or is a number that 

describes the ratio between catches per unit of effort or effort. The following is the fluctuation of 

skipjack tuna CPUE in 2016-2020 presented in Figure 3: 

 

 

Figure 3. Development of catch production, effort, and CPUE of skipjack tuna 

 

During the last 5 years, production trends have shown a level of fluctuation as presented in Figure 3. 

The results of the CPUE analysis in the 2016-2020 period have increased with an average value of 

2.08 tons/trip of standard fishing gear. Statistical data for skipjack tuna in the West Sumatra region in 

brackets 2016-2020 show that the highest production yield occurred in 2020, namely 462.82 tons with 

an effort level of 297 trips of standard fishing gear which was the highest effort level compared to 

other years, and the lowest occurred in 2016 with a production yield of 358.18 tons with an effort level 

of 220 trips of standard fishing gear. Fishing effort is related to the dimensions of fishing gear and 
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vessels, the number of trips in operation, and the use of fishing technology(Shah et al., 2019). The 

fishing effort in 2016 was 220 trips for standard fishing gear then jumped in 2018 to 274 trips for 

standard fishing gear. Therefore, the addition of trips to the standard gear resulted in a decrease in 

CPUE (figure 4): 

 

 

Figure 4. Relationship between CPUE and effort in the linear equation of skipjack tuna 

 

Based on Figure 4, the relationship between CPUE and effort shows that the value of the estimation 

parameter for skipjack tuna is obtained by intercept (a) = 2.8397 and slope (b) = -0.0039 so that it forms 

a Schaefer linear equation, namely CPUE = -0, 0039x + 2.8397. From this equation it shows that (1) the 

regression coefficient (b) of 0.0039 states a negative relationship between production and effort that 

every reduction (due to a negative sign) is 1 tripstandard fishing gear will cause CPUE to increase by 

0.0039 tons per trip of standard fishing gear. However, if the effort increases by 1 trip of standard fishing 

gear, CPUE is also predicted to experience a decrease in production of 0.0001 tons per trip of standard 

fishing gear. (2) the coefficient of determination (R2) is 0.5158 or 51.58%. This means an increase or 

decrease in CPUE of 51.58 which is caused by fluctuations in the effort value, while the remaining 

48.42% is caused by other variables not discussed in the model. 

A large CPUE value is obtained from a fishing effort carried out on a high abundance of stock, on the 

other hand a small CPUE value is obtained from a low abundance of stock and the CPUE variability can 

describe the abundance index of fish in a waters (Nugraha & Hufiadi, 2012). 

 

Maximum Sustainable Yield for Tuna 

The purpose of using the production surplus model is to determine the optimum level of effort, namely 

the effort that can produce a maximum sustainable catch without affecting long-term stock productivity 

or maximum sustainable catch (Rahmawati et al., 2013). Based on yellowfin tuna production data in 

the last 5 years (2016 – 2020) it can be calculated maximum sustainable yield (MSY) using the 

production surplus method from Schaefer, it can be seen the sustainable potential value and optimum 

effort of yellowfin tuna during observation so that it can be determined when overfishing occurs by 
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comparing efforts and catches each year. The data used in calculating the maximum sustainable yield 

(MSY) is data for the last 5 years (2016-2020).  

Based on CMSY and EMSY calculation data for tuna in the West Sumatra region using the Linear 

Schaefer model above, it can be seen that the MSY value is 737.54 tonnes at the optimum fishing effort 

(EMSY) of 456 trips. So as to form a maximum sustainable yield (MSY) curve based on the Schaefer 

model, the results can be seen in Figure 5: 

 

Figure 5. Maximum Sustainable Yield (MSY) curve based on Schaefer 

 

Based on Figure 5, the results of calculations using the production surplus method from Schaefer for the 

last 5 years data show that optimal utilization of yellow fin tuna resources produces a sustainable 

production catch (CMSY) of 737.54 tons with an optimal fishing effort (EMSY) of 456 trips, and a 

value of Total Allowable Catch (TAC) is 80% of the MSY value, which is 590.04 tonnes/year. So the 

number of catches can still be increased to the value of the Total Allowable Catch (TAC) or the Number 

of Allowed Catches (JTB) so that resources can be properly optimized. This model can be used as a 

reference standard for management, for example by regulating or limiting fishing trips to ensure the 

sustainability of resource use. 

 

Maximum Sustainable Potential (Maximum Sustainable Yield) of Skipjack Fish 

Maximum Sustainable Yield(MSY) is a management parameter resulting from the assessment of fishery 

resources. Estimation of these parameters requires annual production catch data (time series). Based on 

data on skipjack tuna production in the last 5 years (2016 – 2020) it can be calculated the Maximum 

Sustainable Yield (MSY) with the production surplus method from Schaefer. overfishing by comparing 

effort and catch each year. The data used in calculating the maximum sustainable yield (MSY) is data 

for the last 5 years (2016-2020).  

Based on CMSY and EMSY calculation data for skipjack tuna in the West Sumatra region using the 

Linear Schaefer model above, it can be seen that the MSY value is 512.64 tonnes at an optimum fishing 

effort (EMSY) of 361 trips. Thus forming a maximum sustainable yield (MSY) curve based on the 

Schaefer model, the results can be seen in Figure 6: 
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Figure 6. Maximum Sustainable Yield (MSY) curve based on Schaefer 

 

Based on Figure 6 the results of calculations using the production surplus method from Schaefer for the 

last 5 years data obtained optimal utilization of skipjack fish resources resulting in sustainable 

production catches (CMSY) of 512.64 tonnes with optimal fishing effort (EMSY) 361 trips, as well as 

a Total Allowable value Catch (TAC) is 80% of the MSY value, which is 410.11 tonnes/year. This 

model can be used as a reference standard for management, for example by regulating or limiting fishing 

trips to ensure the sustainability of resource use. 

 

Tuna Utilization Rate 

Utilization of marine fish is important to know the amount of fish that can be utilized without disturbing 

the fish biomass stock and can be maximized without disturbing future prospects for 

exploitation.(Rochmady & Susiana, 2014). The level of utilization is analyzed based on the fishing gear 

used. The following is the level of utilization of yellowfin tuna which can be seen in Figure 7: 

 

Figure 7. Utilization rate and level of cultivation of yellowfin tuna in West Sumatra 

 

Based on Figure 7, the value of the level of utilization of skipjack tuna in the last 5 years indicates that 

the level of utilization has fluctuated from 2016 – 2020. The average level of utilization of fishery 
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resources for yellowfin tuna in the West Sumatra region is 59%. This shows that the level of utilization 

of tuna resources based on the estimation of National Marine Fish Stocks (1997) is in the moderate stage 

(33.33-66.66). 

 

Level of Utilization of Skipjack 

The level of utilization is analyzed based on the fishing gear used. The following is the level of utilization 

of skipjack tuna, which can be seen in Figure 8: 

 

 

Figure 8. Utilization rate and level of cultivation of skipjack tuna in West Sumatra 

 

Based on Figure 8, the value of the skipjack tuna utilization rate in the last 5 years indicates that the 

utilization rate has increased from 2016 – 2018. The average level of utilization of skipjack fisheries 

resources in the West Sumatra region is 78%. This shows that the level of utilization of skipjack tuna 

resources based on the estimation of National Marine Fish Stocks (1997) is classified into the dense 

catch or optimum stage.(66.80 – 100).  

4. Conclusion 

Based on the maximum sustainable catch value, the total catch from 2016-2020 has not reached or has 

not yet approached its sustainable potential value (MSY). Therefore, it can be said that skipjack and 

tuna are still below the MSY value. The level of utilization of tuna resources is classified into the 

moderate stage while the level of utilization of skipjack fish resources is classified into the optimum 

stage. Tuna catch production has decreased due to low fish prices and several fishing vessels that have 

suffered losses. The sustainable potential of skipjack tuna shows that fishermen's catch has exceeded 

the total TAC catch so that if this continues it will affect skipjack fisheries resources in the future. 
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Abstract 

Tuna and skipjack are large pelagic fish with high economic value and a very wide export market. The need for 

and the high market demand for tuna and skipjack causes the intensity of catching these fish to increase. To 

ensure that the potential of these fish resources remains sustainable, it is necessary to properly manage fisheries. 

This study aimed to examine several biological aspects, fisheries, and aspects of utilization and management of 

yellow finyellowfin tuna and skipjack tuna. Data collection for yellowfin tuna was focused on one location, 

namely Bungus Ocean Fishing Port (OFP), while data collection for skipjack tuna was focused on 4 location 

points, namely Bungus Ocean Fishing Port (OFP), Carocok Terusan Coastal Fishing Port (CFP), Kambang Fish 

Landing Base (FLB) and Fish Landing Base (FLB). Productivity and level of effort of yellow finyellowfin tuna 

in West Sumatra have tended Tiku to decline in the past 4 years (2017-2020). Skipjack tuna in the West Sumatra 

region caught by boat charters was indicated to be overfishing, while skipjack tuna caught by troll showed the 

fish caught had not spawned yet. The productivity of skipjack tuna has fluctuated over the past 5 years (2016-

2020). 

Keywords: fisheries management, yellowfin tuna, skipjack tuna, biological aspects, fishing season. 

1. Introduction 

Marine and fishery resources are a very large natural resource potential and receive serious attention in 

Indonesia. In short, two-thirds of Indonesia's territory consists of sea, has more than 17,000 islands and 

a coastline of 81,000 km. The 2015-2019 National Medium-Term Development Plan (RPJMN) 

emphasizes that the greatest focus is given to the maritime sector, which includes fisheries by 

optimizing the utilization of marine resources in a sustainable manner (Firdaus, 2019). Indonesian 

waters include deep sea waters and the EEZ (Exclusive Economic Zone) has fish resources of 12.5 

million tons per year (Ministry of Marine Affairs and Fisheries (MMAF) Number 50/Kepmen-kp/2017). 

Over the past 5 decades, the use of these fish resources has continued to increase by an average of 

5.45% annually. This is related to the advancement of fishing gear technology which is increasingly 

advanced and the increasing ability and number of companies and fishermen's RTP (Fishery 

Households) (Witomo & Wardono, 2012). 

Skipjack and tuna areis an important commodity commodities in the waters of West Sumatra which is 

included in the tuna, skipjack, and mackerel tuna (TSM) group. The average total catch of tuna and 

skipjack in Fishery Management Areas (WPPNRI) 572 and 573 in 2005-2016 reached 1.6 million 
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tonnes/year (Jatmiko et al., 2020). In 2010, the export volume of tuna, skipjack, and cob commodities 

amounted to 122,450 tons with the main export destination being Japan.(Chodrijah et al., 2013). Tuna 

and skipjack are the main commodities to increase the industrialization of capture fisheries which has 

been shown by most of the coastal communities of West Sumatra who have jobs as fishermen both in 

the business of catching, processing, trading, and supporting industries. Therefore tuna and skipjack 

play an important role in enhancing fishery development in Indonesia, especially in the waters of West 

Sumatra(Prasetyo et al., 2018). 

Tuna and skipjack are large pelagic fish that have high economic value and have with high economic 

value and a very wide export market. The need for and the high market demand for tuna and skipjack 

causes the intensity of catching this these fish to increase. This increase in fishing intensity occurred in 

all Indonesian territorial waters. It is feared that the high intensity of fishing will threaten the 

preservation and sustainability of the utilization of tuna and skipjack fish resources. To ensure that the 

potential of these fish resources remains sustainable, it is necessary to properly manage fisheries(Jaya 

et al., 2017). Even though these fishery resources can be recovered (renewable resources), the recovery 

speed may not be balanced with the utilization ratespeed of recovery may not be balanced with the rate 

of utilization. If exploitation continues to occur freely (open access) without clear rules/rules of 

management and control, overfishing may occur or there will be an imbalance with in the utilization 

rate.(Susaniati, 2019). Therefore, the government of West Sumatra is responsible for determining the 

management of fishery resources in the waters of West Sumatra for the benefit of the whole community 

by taking into account the sustainability and sustainability of these fishery resources (Jamal et al., 2011). 

Research on the level of utilization of tuna and skipjack in the waters of West Sumatra is limitedstill 

small, so current information is needed regarding the status of the utilization of tuna and skipjack. This 

information is very much needed in efforts to manage it more sustainably. 

 

2. Materials and Methods 

Method of collecting data 

This research was carried out from March to June 2021 using the method of direct interviews with 

fishermen. The data obtained comes from field records made by fish landing officers at Bungus OFP,  

Terusan CFP, Kambang FLB, and Tiku FLB during the 2015 – 2020 period, also conducted interviews 

with fishermen using a questionnaire to find out the characteristics of fisheries and the efforts made by 

the government in management based on the results of data analysis. 

 

Standardization of Fishing Gear 

Considering the variety of fishing gear used to catch tuna and skipjack resources, namely (troll, lift net, 

hand line, and others) in the West Sumatra region. To measure equivalent fishing gear units, 

standardization of effort between fishing gear is carried out using standardization techniques, 

namely(Susiana & Rochmady, 2018): 
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(1) RFPᵢ =
𝐶ᵢ/𝐸ᵢ

𝐶𝑠/𝐸𝑠
 

Information: 

RFPi = capture power factor of the fishing unit which will be standardized in year i 

Cᵢ = number of catches of the type of fishing unit that will be standardized in year i 

Cs = number of catches of the type of fishing unit used as standard in year i 

Eᵢ = total fishing effort for the type of fishing unit that will be standardized in year i 

Es = number of fishing efforts for the type of fishing unit used as standard in year i. 

 

After obtaining the RFPi value, to calculate the standardized fishing effort using the formula: 

 

(2) Standard effort = FPIᵢ × Effort 

 

Catch Per Unit Effort(CPUE) 

The formula that can be used to determine the value of the catch per unit of fishing effort 

(CPUE) is as follows(Rahmawati et al., 2013): 

 

(3) CPUEᵢ =
𝐶𝑎𝑡𝑐ℎᵢ

𝐸𝑓𝑓𝑜𝑟𝑡ᵢ
 

Where : 

CPUEᵢ = catch per unit of fishing effort in year i (tonnes/unit) 

Catchᵢ = catch in year i (tonnes) 

Effortᵢ = fishing effort in year i (unit) 

 

Maximum Sustainable Yield (MSY) 

Maximum Sustainable Yield (MSY) can be estimated using the Schaefer model with catch and 

effort data over several years. MSY can be estimated using the formula (Yusron, 2005): 

(4) Catch Per Unit Effort = =
Y

f

Y(i)

f(i)
 

Information: 

Y(i) = Catch in year i 

f(i) = fishing effort in year i 

i = 1, 2, ..., n 

 

Determining the value of a (intercept) and b (slope) requires a linear regression f(i) to Y(i)/f(i). 

After the values of a and b are obtained, the optimum effort (fMSY) and maximum sustainable 

catch (MSY) can be calculated using the formula(Mayu et al., 2018): 



 

(5) fMSY= -
a

2b
 and MSY= -

a2

4b
 

The management model with the MSY approach like this still has weaknesses because it is based solely 

on biological factors. Clark (1992) states some of the weaknesses of the MSY approach include: (1) it 

is not stable, because even a small estimate can lead to stock depletion, (2) it does not consider the 

socio-economic aspects of resource management, and (3) difficult to apply in conditions where fisheries 

have a diversity of species (multispecies) (Wiguna & Yuarsa, 2008). To calculate TAC (Total of 

allowable catch) use the following formula(Zahra et al., 2014): 

 

(6) TAC = 80% x MSY 

 

According to the Minister of Maritime Affairs and Fisheries of the Republic of Indonesia No. 47 / 

KEPMEN-KP / 2016 the number of total allowable catches (TAC) is 80% of the maximum sustainable 

potential 14 which can be utilized optimally in order to realize sustainable fisheries. 

 

Utilization Rate 

To determine the level of fish resources by percentizing the number of catches in a certain year with the 

maximum production value (MSY)(Latuconsina, 2010): 

 

(7) Utilization Rate =
Yi

Cmsy
 x 100% 

Information: 

Yi = Number of catches in year – i 

CMSY = Maximum Sustainable Yield 

 

According toIrhamsyah et al. (2013), the level of utilization of fishery resources used by the commission 

for estimating National Marine Fish Stocks (1997) consists of four levels, namely: 

1. Low level if the catch is still a small part of the sustainable yield potential (0 - 33.3%), where fishing 

effort still needs to be increased.  

2. Moderate level if the catch has become a real part of the sustainable potential (33.3% - 66.6%) but 

additional    efforts are still possible to optimize yields. 

3. The optimum level is when the catch has reached the share of sustainable potential (66.6% - 99.9%), 

additional efforts cannot increase yields. 

4. The level of excess or overfishing when the catch has exceeded the sustainable potential (> 100%) 

and additional efforts can be dangerous to resource extinction. 

 



After knowing the level of utilization, it is also necessary to know the level of effort. The fishing gear 

effort level is obtained after knowing the optimum effort level. Fishing gear effort levelcan be calculated 

by the formula(Listiani et al., 2017): 

(8) Effort Rate =
Ei

Emsy
 x 100 

Information: 

Ei = first year fishing effort (trip) 

EMSY = Optimum fishing effort (trip) 

3. Results and Discussion 

Catch Per Unit Effort (CPUE) Tuna Fish 

Catch Per-Unit of Effort (CPUE) is the catch per fishing gear effort at maximum biomass conditions or 

is a number that describes the ratio between the catch per unit effort or effort(Setiyawan et al., 2016). 

The data used in this analysis is secondary data in the form of data on production and catching effort 

for yellowfin tuna based on capture fisheries statistics from 2016 to 2020. This data is obtained from 

the port where the data was collected. The fishing port which is the location for data collection is PPS 

Bungus. 

Fishing Power Index(FPI) is a standardization of fishing gear that is carried out by calculating the value 

and starting with determining the standard fishing gear. Handline is used as standard fishing gear for 

catching yellow fin tuna, because it has a higher average Catch per Unit Effort (CPUE) compared to 

trolling, lift net and purse seine. Next is the standardization process by multiplying FPI with each fishing 

gear to get a standard effort with the results presented in table 1: 

 

Table 1. Standardization of yellowfin tuna fishing gear 

Year Handline 
Troll 

Line 
Lift Net 

Purse 

Seine 

Standard Total 

Effort (standard 

fishing gear trip) 

CPUE (tons/trips 

of standard 

fishing gear) 

2016 136 9 8 24 177 2.30 

2017 161 29 11 26 227 2.44 

2018 142 23 6 7 177 2.74 

2019 135 10 7 12 164 2.84 

2020 55 18 4 18 94 2.88 

 

Based on the standard effort data and total production that has been presented in table 1, further analysis 

can be carried out regarding Catch Per-Unit of Effort (CPUE). Catch Per-Unit of Effort (CPUE) is the 

catch per effort of fishing gear at maximum biomass conditions or is a number that describes the ratio 

between catches per unit of effort or effort. The following is the fluctuation of tuna CPUE in 2016-2020 

presented in Figure 1: 

 



 

 

Figure 1. Development of catch production, effort, and CPUE of yellowfin tuna 

 

During the last 5 years, production trends have shown a level of fluctuation as shown in Figure 20. 

The results of the CPUE analysis in the 2016-2020 period have increased with an average value of 

2.64 tons/trip of standard fishing gear. Statistical data for tuna fisheries in the West Sumatra region in 

brackets 2016-2020 show that the highest production yield occurred in 2017, namely 552.18 tons with 

an effort level of 350 trips of standard fishing gear which was the highest effort level compared to 

other years, and the lowest occurred in 2020 with a production yield of 271.31 tons with an effort level 

of 167 trips of standard fishing gear. In 2017, catch production increased, however, the addition of 

trips in 2017 resulted in a decrease in CPUE (figure 2). 

 

 

Figure 2. Relationship between CPUE and effort in the linear equation of yellowfin tuna 

 

Based on Figure 2, the relationship between CPUE and effort shows that the value of the 

estimation parameter for skipjack tuna is obtained by intercept (a) = 3.2342 and slope (b) = -

0.0035 so that it forms the Schaefer linear equation, namely CPUE = -0, 0035x + 3.2342. 

From this equation it shows that (1) the regression coefficient (b) of 0.0035 states a negative 

relationship between production and effort that every reduction (due to a negative sign) 1 trip 

will cause CPUE to increase by 0.0035 tons per tripstandard catch. However, if the effort 

increases by 1 trip for standard fishing gear, then CPUE is also predicted to experience a 
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decrease in production by 0.0035 tons per trip. (2) the coefficient of determination (R2) is 

0.4345 or 43.45%. This means an increase or decrease in CPUE of 43.45 which is caused by 

fluctuations in the effort value. 

 

Catch Per Unit Effort(CPUE) skipjack tuna 

If the CPUE trend increases, this indicates overfishing of fish in certain waters(Alimina et al., 2016). 

The data used in this analysis is secondary data in the form of skipjack tuna production and fishing 

effort based on capture fisheries statistics from 2016 to 2020. This data was obtained from the port 

where the data was collected. The fishing port which is the location for data collection is PPS Bungus. 

The catching power factor is obtained from secondary data on the production of fish species per type of 

fishing gear to calculate the catch per unit gear (CPUE), which can be seen in table 2: 

 

Table 2. Productivity of skipjack tuna 

Productivity (tonnes/trip) 

Year Purse Seine Troll Line Lift Net 

2016 1.51 1.74 1.48 

2017 1.88 1.68 1.40 

2018 2.70 1.46 1.36 

2019 2.58 1.71 1.97 

2020 1.71 1.52 1.60 

 

Based on table 2, there are differences in fishing productivity between fishing gear by boat liftnets, troll 

lines and purse seine, so it is necessary to standardize fishing gear, in order to obtain the Fishing Power 

Index (FPI). Fishing Power Index (FPI) is a standardization of fishing gear which is done by calculating 

the value and starting with determining the standard fishing gear.Fishing Power Indexskipjack tunacan 

be seen in table 3: 

 

Table 3. Fishing Power Index of skipjack tuna 

Index Purse Tonda Lift Net 

CPUE 2.08 1.62 1.56 

FPI 1 0.78 0.75 

 

The standard fishing gear is the fishing gear that has the highest average fishing productivity(Putra et 

al., 2012).Purse seineused as a standard fishing gear for catching skipjack tuna, because it has a high 

average Catch per Unit Effort (CPUE) compared to trolling gear and boat liftnets. Next is the 

standardization process by multiplying FPI with each fishing gear to get a standard effort with the results 

presented in table 4: 
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Table 4. Standardization of skipjack fishing gear 

Year 
Purse 

Seine 

Troll 

Line 
Lift Net 

Standard Total Effort 

(tripstandard catch) 

CPUE 

(tons/tripstandard 

catch) 
 

2016 23 95 56 175 2.05  

2017 25 103 50 178 2.03  

2018 29 130 59 218 1.96  

2019 27 91 44 163 2.37  

2020 24 146 65 235 1.97  

 

Based on the standard effort data and total production that has been presented in table 15, further 

analysis can be carried out regarding Catch Per-Unit of Effort (CPUE). Catch Per-Unit of Effort 

(CPUE) is the catch per effort of fishing gear at maximum biomass conditions or is a number that 

describes the ratio between catches per unit of effort or effort. The following is the fluctuation of 

skipjack tuna CPUE in 2016-2020 presented in Figure 3: 

 

 

Figure 3. Development of catch production, effort, and CPUE of skipjack tuna 

 

During the last 5 years, production trends have shown a level of fluctuation as presented in Figure 3. 

The results of the CPUE analysis in the 2016-2020 period have increased with an average value of 

2.08 tons/trip of standard fishing gear. Statistical data for skipjack tuna in the West Sumatra region in 

brackets 2016-2020 show that the highest production yield occurred in 2020, namely 462.82 tons with 

an effort level of 297 trips of standard fishing gear which was the highest effort level compared to 

other years, and the lowest occurred in 2016 with a production yield of 358.18 tons with an effort level 

of 220 trips of standard fishing gear. Fishing effort is related to the dimensions of fishing gear and 
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vessels, the number of trips in operation, and the use of fishing technology(Shah et al., 2019). The 

fishing effort in 2016 was 220 trips for standard fishing gear then jumped in 2018 to 274 trips for 

standard fishing gear. Therefore, the addition of trips to the standard gear resulted in a decrease in 

CPUE (figure 4): 

 

 

Figure 4. Relationship between CPUE and effort in the linear equation of skipjack tuna 

 

Based on Figure 4, the relationship between CPUE and effort shows that the value of the estimation 

parameter for skipjack tuna is obtained by intercept (a) = 2.8397 and slope (b) = -0.0039 so that it forms 

a Schaefer linear equation, namely CPUE = -0, 0039x + 2.8397. From this equation it shows that (1) the 

regression coefficient (b) of 0.0039 states a negative relationship between production and effort that 

every reduction (due to a negative sign) is 1 tripstandard fishing gear will cause CPUE to increase by 

0.0039 tons per trip of standard fishing gear. However, if the effort increases by 1 trip of standard fishing 

gear, CPUE is also predicted to experience a decrease in production of 0.0001 tons per trip of standard 

fishing gear. (2) the coefficient of determination (R2) is 0.5158 or 51.58%. This means an increase or 

decrease in CPUE of 51.58 which is caused by fluctuations in the effort value, while the remaining 

48.42% is caused by other variables not discussed in the model. 

A large CPUE value is obtained from a fishing effort carried out on a high abundance of stock, on the 

other hand a small CPUE value is obtained from a low abundance of stock and the CPUE variability can 

describe the abundance index of fish in a waters (Nugraha & Hufiadi, 2012). 

 

Maximum Sustainable Yield for Tuna 

The purpose of using the production surplus model is to determine the optimum level of effort, namely 

the effort that can produce a maximum sustainable catch without affecting long-term stock productivity 

or maximum sustainable catch (Rahmawati et al., 2013). Based on yellowfin tuna production data in 

the last 5 years (2016 – 2020) it can be calculated maximum sustainable yield (MSY) using the 

production surplus method from Schaefer, it can be seen the sustainable potential value and optimum 

effort of yellowfin tuna during observation so that it can be determined when overfishing occurs by 
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comparing efforts and catches each year. The data used in calculating the maximum sustainable yield 

(MSY) is data for the last 5 years (2016-2020).  

Based on CMSY and EMSY calculation data for tuna in the West Sumatra region using the Linear 

Schaefer model above, it can be seen that the MSY value is 737.54 tonnes at the optimum fishing effort 

(EMSY) of 456 trips. So as to form a maximum sustainable yield (MSY) curve based on the Schaefer 

model, the results can be seen in Figure 5: 

 

Figure 5. Maximum Sustainable Yield (MSY) curve based on Schaefer 

 

Based on Figure 24, the results of calculations using the production surplus method from Schaefer for 

the last 5 years data show that optimal utilization of yellow fin tuna resources produces a sustainable 

production catch (CMSY) of 737.54 tons with an optimal fishing effort (EMSY) of 456 trips, and a 

value of Total Allowable Catch (TAC) is 80% of the MSY value, which is 590.04 tonnes/year. So the 

number of catches can still be increased to the value of the Total Allowable Catch (TAC) or the Number 

of Allowed Catches (JTB) so that resources can be properly optimized. This model can be used as a 

reference standard for management, for example by regulating or limiting fishing trips to ensure the 

sustainability of resource use. 

 

Maximum Sustainable Potential (Maximum Sustainable Yield) of Skipjack Fish 

Maximum Sustainable Yield(MSY) is a management parameter resulting from the assessment of fishery 

resources. Estimation of these parameters requires annual production catch data (time series). Based on 

data on skipjack tuna production in the last 5 years (2016 – 2020) it can be calculated the Maximum 

Sustainable Yield (MSY) with the production surplus method from Schaefer. overfishing by comparing 

effort and catch each year. The data used in calculating the maximum sustainable yield (MSY) is data 

for the last 5 years (2016-2020).  

Based on CMSY and EMSY calculation data for skipjack tuna in the West Sumatra region using the 

Linear Schaefer model above, it can be seen that the MSY value is 512.64 tonnes at an optimum fishing 

effort (EMSY) of 361 trips. Thus forming a maximum sustainable yield (MSY) curve based on the 

Schaefer model, the results can be seen in Figure 6: 
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Figure 6. Maximum Sustainable Yield (MSY) curve based on Schaefer 

 

Based on Figure 6 the results of calculations using the production surplus method from Schaefer for the 

last 5 years data obtained optimal utilization of skipjack fish resources resulting in sustainable 

production catches (CMSY) of 512.64 tonnes with optimal fishing effort (EMSY) 361 trips, as well as 

a Total Allowable value Catch (TAC) is 80% of the MSY value, which is 410.11 tonnes/year. This 

model can be used as a reference standard for management, for example by regulating or limiting fishing 

trips to ensure the sustainability of resource use. 

 

Tuna Utilization Rate 

Utilization of marine fish is important to know the amount of fish that can be utilized without disturbing 

the fish biomass stock and can be maximized without disturbing future prospects for 

exploitation.(Rochmady & Susiana, 2014). The level of utilization is analyzed based on the fishing gear 

used. The following is the level of utilization of yellowfin tuna which can be seen in Figure 7: 

 

Figure 7. Utilization rate and level of cultivation of yellowfin tuna in West Sumatra 

 

Based on Figure 7, the value of the level of utilization of skipjack tuna in the last 5 years indicates that 

the level of utilization has fluctuated from 2016 – 2020. The average level of utilization of fishery 
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resources for yellowfin tuna in the West Sumatra region is 59%. This shows that the level of utilization 

of tuna resources based on the estimation of National Marine Fish Stocks (1997) is in the moderate stage 

(33.33-66.66). 

 

Level of Utilization of Skipjack 

The level of utilization is analyzed based on the fishing gear used. The following is the level of utilization 

of skipjack tuna, which can be seen in Figure 8: 

 

 

Figure 8. Utilization rate and level of cultivation of skipjack tuna in West Sumatra 

 

Based on Figure 8, the value of the skipjack tuna utilization rate in the last 5 years indicates that the 

utilization rate has increased from 2016 – 2018. The average level of utilization of skipjack fisheries 

resources in the West Sumatra region is 78%. This shows that the level of utilization of skipjack tuna 

resources based on the estimation of National Marine Fish Stocks (1997) is classified into the dense 

catch or optimum stage.(66.80 – 100).  

4. Conclusion 

Based on the maximum sustainable catch value, the total catch from 2016-2020 has not reached or has 

not yet approached its sustainable potential value (MSY). Therefore, it can be said that skipjack and 

tuna are still below the MSY value. The level of utilization of tuna resources is classified into the 

moderate stage while the level of utilization of skipjack fish resources is classified into the optimum 

stage. Tuna catch production has decreased due to low fish prices and several fishing vessels that have 

suffered losses. The sustainable potential of skipjack tuna shows that fishermen's catch has exceeded 

the total TAC catch so that if this continues it will affect skipjack fisheries resources in the future. 
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Abstract 

Tuna and skipjack are large pelagic fish with high economic value and a very wide export market. The need for 

and the high market demand for tuna and skipjack causes the intensity of catching these fish to increase. To 

ensure that the potential of these fish resources remains sustainable, it is necessary to properly manage fisheries. 

This study aimed to examine several biological aspects, fisheries, and aspects of utilization and management of 

yellow fin tuna and skipjack tuna. Data collection for yellowfin tuna was focused on one location, namely Bungus 

Ocean Fishing Port (OFP), while data collection for skipjack tuna was focused on 4 location points, namely 

Bungus Ocean Fishing Port (OFP), Carocok Terusan Coastal Fishing Port (CFP), Kambang Fish Landing Base 

(FLB) and Fish Landing Base (FLB). Productivity and level of effort of yellow fin tuna in West Sumatra have 

tended Tiku to decline in the past 4 years (2017-2020). Skipjack tuna in the West Sumatra region caught by boat 

charters was indicated to be overfishing, while skipjack tuna caught by troll showed the fish caught had not 

spawned yet. The productivity of skipjack tuna has fluctuated over the past 5 years (2016-2020). 

Keywords: fisheries management, yellowfin tuna, skipjack tuna, biological aspects, fishing season. 

1. Introduction 

Marine and fishery resources are a very large natural resource potential and receive serious attention in 

Indonesia. In short, two-thirds of Indonesia's territory consists of sea, has more than 17,000 islands and 

a coastline of 81,000 km. The 2015-2019 National Medium-Term Development Plan (RPJMN) 

emphasizes that the greatest focus is given to the maritime sector, which includes fisheries by 

optimizing the utilization of marine resources in a sustainable manner (Firdaus, 2019). Indonesian 

waters include deep sea waters and the EEZ (Exclusive Economic Zone) has fish resources of 12.5 

million tons per year (Ministry of Marine Affairs and Fisheries (MMAF) Number 50/Kepmen-kp/2017). 

Over the past 5 decades, the use of these fish resources has continued to increase by an average of 

5.45% annually. This is related to the advancement of fishing gear technology which is increasingly 

advanced and the increasing ability and number of companies and fishermen's RTP (Fishery 

Households) (Witomo & Wardono, 2012). 

Skipjack and tuna is an important commodity in the waters of West Sumatra which is included in the 

tuna, skipjack and mackerel tuna(TSM) group. The average total catch of tuna and skipjack in Fishery 

Management Areas (WPPNRI) 572 and 573 in 2005-2016 reached 1.6 million tonnes/year(Jatmiko et 

al., 2020). In 2010, the export volume of tuna, skipjack and cob commodities amounted to 122,450 tons 
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with the main export destination being Japan.(Chodrijah et al., 2013).Tuna and skipjack are the main 

commodities to increase the industrialization of capture fisheries which has been shown by most of the 

coastal communities of West Sumatra who have jobs as fishermen both in the business of catching, 

processing, trading and supporting industries. Therefore tuna and skipjack play an important role in 

enhancing fishery development in Indonesia, especially in the waters of West Sumatra(Prasetyo et al., 

2018). 

Tuna and skipjack are large pelagic fish that have high economic value and have a very wide export 

market. The need for and the high market demand for tuna and skipjack causes the intensity of catching 

this fish to increase. This increase in fishing intensity occurred in all Indonesian territorial waters. It is 

feared that the high intensity of fishing will threaten the preservation and sustainability of the utilization 

of tuna and skipjack fish resources. To ensure that the potential of these fish resources remains 

sustainable, it is necessary to properly manage fisheries(Jaya et al., 2017). Even though these fishery 

resources can be recovered (renewable resources), the speed of recovery may not be balanced with the 

rate of utilization.If exploitation continues to occur freely (open access) without clear rules/rules of 

management and control, overfishing may occur or there will be an imbalance with the utilization 

rate.(Susaniati, 2019).Therefore, the government of West Sumatra is responsible for determining the 

management of fishery resources in the waters of West Sumatra for the benefit of the whole community 

by taking into account the sustainability and sustainability of these fishery resources (Jamal et al., 2011). 

Research on the level of utilization of tuna and skipjack in the waters of West Sumatra is still small, so 

current information is needed regarding the status of utilization of tuna and skipjack. This information 

is very much needed in efforts to manage it more sustainably. 

 

2. Materials and Methods 

Method of collecting data 

This research was carried out from March to June 2021 using the method of direct interviews with 

fishermen. The data obtained comes from field records made by fish landing officers at Bungus OFP,  

Terusan CFP, Kambang FLB and Tiku FLB during the 2015 – 2020 period, also conducted interviews 

with fishermen using a questionnaire to find out the characteristics of fisheries and the efforts made by 

the government in management based on the results of data analysis. 

 

Standardization of Fishing Gear 

Considering the variety of fishing gear used to catch tuna and skipjack resources, namely (troll, lift net, 

hand line and others) in the West Sumatra region. To measure equivalent fishing gear units, 

standardization of effort between fishing gear is carried out using standardization techniques, 

namely(Susiana & Rochmady, 2018): 

 



(1) RFPᵢ =
𝐶ᵢ/𝐸ᵢ

𝐶𝑠/𝐸𝑠
 

Information: 

RFPi = capture power factor of the fishing unit which will be standardized in year i 

Cᵢ = number of catches of the type of fishing unit that will be standardized in year i 

Cs = number of catches of the type of fishing unit used as standard in year i 

Eᵢ = total fishing effort for the type of fishing unit that will be standardized in year i 

Es = number of fishing efforts for the type of fishing unit used as standard in year i. 

 

After obtaining the RFPi value, to calculate the standardized fishing effort using the formula: 

 

(2) Standard effort = FPIᵢ × Effort 

 

Catch Per Unit Effort(CPUE) 

The formula that can be used to determine the value of the catch per unit of fishing effort 

(CPUE) is as follows(Rahmawati et al., 2013): 

 

(3) CPUEᵢ =
𝐶𝑎𝑡𝑐ℎᵢ

𝐸𝑓𝑓𝑜𝑟𝑡ᵢ
 

Where : 

CPUEᵢ = catch per unit of fishing effort in year i (tonnes/unit) 

Catchᵢ = catch in year i (tonnes) 

Effortᵢ = fishing effort in year i (unit) 

 

Maximum Sustainable Yield (MSY) 

Maximum Sustainable Yield (MSY) can be estimated using the Schaefer model with catch and 

effort data over several years. MSY can be estimated using the formula (Yusron, 2005): 

(4) Catch Per Unit Effort = =
Y

f

Y(i)

f(i)
 

Information: 

Y(i) = Catch in year i 

f(i) = fishing effort in year i 

i = 1, 2, ..., n 

 

Determining the value of a (intercept) and b (slope) requires a linear regression f(i) to Y(i)/f(i). 

After the values of a and b are obtained, the optimum effort (fMSY) and maximum sustainable 

catch (MSY) can be calculated using the formula(Mayu et al., 2018): 

 



(5) fMSY= -
a

2b
 and MSY= -

a2

4b
 

The management model with the MSY approach like this still has weaknesses because it is based solely 

on biological factors. Clark (1992) states some of the weaknesses of the MSY approach include: (1) it 

is not stable, because even a small estimate can lead to stock depletion, (2) it does not consider the 

socio-economic aspects of resource management, and (3) difficult to apply in conditions where fisheries 

have a diversity of species (multispecies) (Wiguna & Yuarsa, 2008). To calculate TAC (Total of 

allowable catch) use the following formula(Zahra et al., 2014): 

 

(6) TAC = 80% x MSY 

 

According to the Minister of Maritime Affairs and Fisheries of the Republic of Indonesia No. 47 / 

KEPMEN-KP / 2016 the number of total allowable catches (TAC) is 80% of the maximum sustainable 

potential 14 which can be utilized optimally in order to realize sustainable fisheries. 

 

Utilization Rate 

To determine the level of fish resources by percentizing the number of catches in a certain year with the 

maximum production value (MSY)(Latuconsina, 2010): 

 

(7) Utilization Rate =
Yi

Cmsy
 x 100% 

Information: 

Yi = Number of catches in year – i 

CMSY = Maximum Sustainable Yield 

 

According toIrhamsyah et al. (2013), the level of utilization of fishery resources used by the commission 

for estimating National Marine Fish Stocks (1997) consists of four levels, namely: 

1. Low level if the catch is still a small part of the sustainable yield potential (0 - 33.3%), where fishing 

effort still needs to be increased.  

2. Moderate level if the catch has become a real part of the sustainable potential (33.3% - 66.6%) but 

additional    efforts are still possible to optimize yields. 

3. The optimum level is when the catch has reached the share of sustainable potential (66.6% - 99.9%), 

additional efforts cannot increase yields. 

4. The level of excess or overfishing when the catch has exceeded the sustainable potential (> 100%) 

and additional efforts can be dangerous to resource extinction. 

 



After knowing the level of utilization, it is also necessary to know the level of effort. The fishing gear 

effort level is obtained after knowing the optimum effort level. Fishing gear effort levelcan be calculated 

by the formula(Listiani et al., 2017): 

(8) Effort Rate =
Ei

Emsy
 x 100 

Information: 

Ei = first year fishing effort (trip) 

EMSY = Optimum fishing effort (trip) 

3. Results and Discussion 

Catch Per Unit Effort (CPUE) Tuna Fish 

Catch Per-Unit of Effort (CPUE) is the catch per fishing gear effort at maximum biomass conditions or 

is a number that describes the ratio between the catch per unit effort or effort(Setiyawan et al., 2016). 

The data used in this analysis is secondary data in the form of data on production and catching effort 

for yellowfin tuna based on capture fisheries statistics from 2016 to 2020. This data is obtained from 

the port where the data was collected. The fishing port which is the location for data collection is PPS 

Bungus. 

Fishing Power Index(FPI) is a standardization of fishing gear that is carried out by calculating the value 

and starting with determining the standard fishing gear. Handline is used as standard fishing gear for 

catching yellow fin tuna, because it has a higher average Catch per Unit Effort (CPUE) compared to 

trolling, lift net and purse seine. Next is the standardization process by multiplying FPI with each fishing 

gear to get a standard effort with the results presented in table 1: 

 

Table 1. Standardization of yellowfin tuna fishing gear 

Year Handline 
Troll 

Line 
Lift Net 

Purse 

Seine 

Standard Total 

Effort (standard 

fishing gear trip) 

CPUE (tons/trips 

of standard 

fishing gear) 

2016 136 9 8 24 177 2.30 

2017 161 29 11 26 227 2.44 

2018 142 23 6 7 177 2.74 

2019 135 10 7 12 164 2.84 

2020 55 18 4 18 94 2.88 

 

Based on the standard effort data and total production that has been presented in table 1, further analysis 

can be carried out regarding Catch Per-Unit of Effort (CPUE). Catch Per-Unit of Effort (CPUE) is the 

catch per effort of fishing gear at maximum biomass conditions or is a number that describes the ratio 

between catches per unit of effort or effort. The following is the fluctuation of tuna CPUE in 2016-2020 

presented in Figure 1: 

 



 

 

Figure 1. Development of catch production, effort, and CPUE of yellowfin tuna 

 

During the last 5 years, production trends have shown a level of fluctuation as shown in Figure 20. 

The results of the CPUE analysis in the 2016-2020 period have increased with an average value of 

2.64 tons/trip of standard fishing gear. Statistical data for tuna fisheries in the West Sumatra region in 

brackets 2016-2020 show that the highest production yield occurred in 2017, namely 552.18 tons with 

an effort level of 350 trips of standard fishing gear which was the highest effort level compared to 

other years, and the lowest occurred in 2020 with a production yield of 271.31 tons with an effort level 

of 167 trips of standard fishing gear. In 2017, catch production increased, however, the addition of 

trips in 2017 resulted in a decrease in CPUE (figure 2). 

 

 

Figure 2. Relationship between CPUE and effort in the linear equation of yellowfin tuna 

 

Based on Figure 2, the relationship between CPUE and effort shows that the value of the 

estimation parameter for skipjack tuna is obtained by intercept (a) = 3.2342 and slope (b) = -

0.0035 so that it forms the Schaefer linear equation, namely CPUE = -0, 0035x + 3.2342. 

From this equation it shows that (1) the regression coefficient (b) of 0.0035 states a negative 

relationship between production and effort that every reduction (due to a negative sign) 1 trip 

will cause CPUE to increase by 0.0035 tons per tripstandard catch. However, if the effort 

increases by 1 trip for standard fishing gear, then CPUE is also predicted to experience a 
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decrease in production by 0.0035 tons per trip. (2) the coefficient of determination (R2) is 

0.4345 or 43.45%. This means an increase or decrease in CPUE of 43.45 which is caused by 

fluctuations in the effort value. 

 

Catch Per Unit Effort(CPUE) skipjack tuna 

If the CPUE trend increases, this indicates overfishing of fish in certain waters(Alimina et al., 2016). 

The data used in this analysis is secondary data in the form of skipjack tuna production and fishing 

effort based on capture fisheries statistics from 2016 to 2020. This data was obtained from the port 

where the data was collected. The fishing port which is the location for data collection is PPS Bungus. 

The catching power factor is obtained from secondary data on the production of fish species per type of 

fishing gear to calculate the catch per unit gear (CPUE), which can be seen in table 2: 

 

Table 2. Productivity of skipjack tuna 

Productivity (tonnes/trip) 

Year Purse Seine Troll Line Lift Net 

2016 1.51 1.74 1.48 

2017 1.88 1.68 1.40 

2018 2.70 1.46 1.36 

2019 2.58 1.71 1.97 

2020 1.71 1.52 1.60 

 

Based on table 2, there are differences in fishing productivity between fishing gear by boat liftnets, troll 

lines and purse seine, so it is necessary to standardize fishing gear, in order to obtain the Fishing Power 

Index (FPI). Fishing Power Index (FPI) is a standardization of fishing gear which is done by calculating 

the value and starting with determining the standard fishing gear.Fishing Power Indexskipjack tunacan 

be seen in table 3: 

 

Table 3. Fishing Power Index of skipjack tuna 

Index Purse Tonda Lift Net 

CPUE 2.08 1.62 1.56 

FPI 1 0.78 0.75 

 

The standard fishing gear is the fishing gear that has the highest average fishing productivity(Putra et 

al., 2012).Purse seineused as a standard fishing gear for catching skipjack tuna, because it has a high 

average Catch per Unit Effort (CPUE) compared to trolling gear and boat liftnets. Next is the 

standardization process by multiplying FPI with each fishing gear to get a standard effort with the results 

presented in table 4: 

 



Table 4. Standardization of skipjack fishing gear 

Year 
Purse 

Seine 

Troll 

Line 
Lift Net 

Standard Total Effort 

(tripstandard catch) 

CPUE 

(tons/tripstandard 

catch) 
 

2016 23 95 56 175 2.05  

2017 25 103 50 178 2.03  

2018 29 130 59 218 1.96  

2019 27 91 44 163 2.37  

2020 24 146 65 235 1.97  

 

Based on the standard effort data and total production that has been presented in table 15, further 

analysis can be carried out regarding Catch Per-Unit of Effort (CPUE). Catch Per-Unit of Effort 

(CPUE) is the catch per effort of fishing gear at maximum biomass conditions or is a number that 

describes the ratio between catches per unit of effort or effort. The following is the fluctuation of 

skipjack tuna CPUE in 2016-2020 presented in Figure 3: 

 

 

Figure 3. Development of catch production, effort, and CPUE of skipjack tuna 

 

During the last 5 years, production trends have shown a level of fluctuation as presented in Figure 3. 

The results of the CPUE analysis in the 2016-2020 period have increased with an average value of 

2.08 tons/trip of standard fishing gear. Statistical data for skipjack tuna in the West Sumatra region in 

brackets 2016-2020 show that the highest production yield occurred in 2020, namely 462.82 tons with 

an effort level of 297 trips of standard fishing gear which was the highest effort level compared to 

other years, and the lowest occurred in 2016 with a production yield of 358.18 tons with an effort level 

of 220 trips of standard fishing gear. Fishing effort is related to the dimensions of fishing gear and 
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vessels, the number of trips in operation, and the use of fishing technology(Shah et al., 2019). The 

fishing effort in 2016 was 220 trips for standard fishing gear then jumped in 2018 to 274 trips for 

standard fishing gear. Therefore, the addition of trips to the standard gear resulted in a decrease in 

CPUE (figure 4): 

 

 

Figure 4. Relationship between CPUE and effort in the linear equation of skipjack tuna 

 

Based on Figure 4, the relationship between CPUE and effort shows that the value of the estimation 

parameter for skipjack tuna is obtained by intercept (a) = 2.8397 and slope (b) = -0.0039 so that it forms 

a Schaefer linear equation, namely CPUE = -0, 0039x + 2.8397. From this equation it shows that (1) the 

regression coefficient (b) of 0.0039 states a negative relationship between production and effort that 

every reduction (due to a negative sign) is 1 tripstandard fishing gear will cause CPUE to increase by 

0.0039 tons per trip of standard fishing gear. However, if the effort increases by 1 trip of standard fishing 

gear, CPUE is also predicted to experience a decrease in production of 0.0001 tons per trip of standard 

fishing gear. (2) the coefficient of determination (R2) is 0.5158 or 51.58%. This means an increase or 

decrease in CPUE of 51.58 which is caused by fluctuations in the effort value, while the remaining 

48.42% is caused by other variables not discussed in the model. 

A large CPUE value is obtained from a fishing effort carried out on a high abundance of stock, on the 

other hand a small CPUE value is obtained from a low abundance of stock and the CPUE variability can 

describe the abundance index of fish in a waters (Nugraha & Hufiadi, 2012). 

 

Maximum Sustainable Yield for Tuna 

The purpose of using the production surplus model is to determine the optimum level of effort, namely 

the effort that can produce a maximum sustainable catch without affecting long-term stock productivity 

or maximum sustainable catch (Rahmawati et al., 2013). Based on yellowfin tuna production data in 

the last 5 years (2016 – 2020) it can be calculated maximum sustainable yield (MSY) using the 

production surplus method from Schaefer, it can be seen the sustainable potential value and optimum 

effort of yellowfin tuna during observation so that it can be determined when overfishing occurs by 
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comparing efforts and catches each year. The data used in calculating the maximum sustainable yield 

(MSY) is data for the last 5 years (2016-2020).  

Based on CMSY and EMSY calculation data for tuna in the West Sumatra region using the Linear 

Schaefer model above, it can be seen that the MSY value is 737.54 tonnes at the optimum fishing effort 

(EMSY) of 456 trips. So as to form a maximum sustainable yield (MSY) curve based on the Schaefer 

model, the results can be seen in Figure 5: 

 

Figure 5. Maximum Sustainable Yield (MSY) curve based on Schaefer 

 

Based on Figure 24, the results of calculations using the production surplus method from Schaefer for 

the last 5 years data show that optimal utilization of yellow fin tuna resources produces a sustainable 

production catch (CMSY) of 737.54 tons with an optimal fishing effort (EMSY) of 456 trips, and a 

value of Total Allowable Catch (TAC) is 80% of the MSY value, which is 590.04 tonnes/year. So the 

number of catches can still be increased to the value of the Total Allowable Catch (TAC) or the Number 

of Allowed Catches (JTB) so that resources can be properly optimized. This model can be used as a 

reference standard for management, for example by regulating or limiting fishing trips to ensure the 

sustainability of resource use. 

 

Maximum Sustainable Potential (Maximum Sustainable Yield) of Skipjack Fish 

Maximum Sustainable Yield(MSY) is a management parameter resulting from the assessment of fishery 

resources. Estimation of these parameters requires annual production catch data (time series). Based on 

data on skipjack tuna production in the last 5 years (2016 – 2020) it can be calculated the Maximum 

Sustainable Yield (MSY) with the production surplus method from Schaefer. overfishing by comparing 

effort and catch each year. The data used in calculating the maximum sustainable yield (MSY) is data 

for the last 5 years (2016-2020).  

Based on CMSY and EMSY calculation data for skipjack tuna in the West Sumatra region using the 

Linear Schaefer model above, it can be seen that the MSY value is 512.64 tonnes at an optimum fishing 

effort (EMSY) of 361 trips. Thus forming a maximum sustainable yield (MSY) curve based on the 

Schaefer model, the results can be seen in Figure 6: 
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Figure 6. Maximum Sustainable Yield (MSY) curve based on Schaefer 

 

Based on Figure 6 the results of calculations using the production surplus method from Schaefer for the 

last 5 years data obtained optimal utilization of skipjack fish resources resulting in sustainable 

production catches (CMSY) of 512.64 tonnes with optimal fishing effort (EMSY) 361 trips, as well as 

a Total Allowable value Catch (TAC) is 80% of the MSY value, which is 410.11 tonnes/year. This 

model can be used as a reference standard for management, for example by regulating or limiting fishing 

trips to ensure the sustainability of resource use. 

 

Tuna Utilization Rate 

Utilization of marine fish is important to know the amount of fish that can be utilized without disturbing 

the fish biomass stock and can be maximized without disturbing future prospects for 

exploitation.(Rochmady & Susiana, 2014). The level of utilization is analyzed based on the fishing gear 

used. The following is the level of utilization of yellowfin tuna which can be seen in Figure 7: 

 

Figure 7. Utilization rate and level of cultivation of yellowfin tuna in West Sumatra 

 

Based on Figure 7, the value of the level of utilization of skipjack tuna in the last 5 years indicates that 

the level of utilization has fluctuated from 2016 – 2020. The average level of utilization of fishery 
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resources for yellowfin tuna in the West Sumatra region is 59%. This shows that the level of utilization 

of tuna resources based on the estimation of National Marine Fish Stocks (1997) is in the moderate stage 

(33.33-66.66). 

 

Level of Utilization of Skipjack 

The level of utilization is analyzed based on the fishing gear used. The following is the level of utilization 

of skipjack tuna, which can be seen in Figure 8: 

 

 

Figure 8. Utilization rate and level of cultivation of skipjack tuna in West Sumatra 

 

Based on Figure 8, the value of the skipjack tuna utilization rate in the last 5 years indicates that the 

utilization rate has increased from 2016 – 2018. The average level of utilization of skipjack fisheries 

resources in the West Sumatra region is 78%. This shows that the level of utilization of skipjack tuna 

resources based on the estimation of National Marine Fish Stocks (1997) is classified into the dense 

catch or optimum stage.(66.80 – 100).  

4. Conclusion 

Based on the maximum sustainable catch value, the total catch from 2016-2020 has not reached or has 

not yet approached its sustainable potential value (MSY). Therefore, it can be said that skipjack and 

tuna are still below the MSY value. The level of utilization of tuna resources is classified into the 

moderate stage while the level of utilization of skipjack fish resources is classified into the optimum 

stage. Tuna catch production has decreased due to low fish prices and several fishing vessels that have 

suffered losses. The sustainable potential of skipjack tuna shows that fishermen's catch has exceeded 

the total TAC catch so that if this continues it will affect skipjack fisheries resources in the future. 

 

70% 71%

83%
75%

90%

48% 49%

60%

45%

65%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2016 2017 2018 2019 2020

P
e
r
se

n
ta

g
e
 (

%
)

Year

Tingkat Pemanfaatan Tingkat PengupayaanUtilization Rate Effort Rate



References 

Agustina, M., Sulistyaningsih, R. K., & Wujdi, A. (2020). Length-Weight Relationship and Condition 

Factors of Yellowfin Tuna (Thunnus albacares Bonnaterre, 1788) Landed in Prigi, East 

Java. BAWAL Widya Research on Capture Fisheries, 12(3), 109-117. Retrieved from 

http://ejournal- 

            balitbang.kkp.go.id/index.php/bawal/article/download/9190/7350 

Ali, S. A., Nessa, M. N., Djawad, I., Omar, S. B. A., & Djamali, A. (2005). Relationship between 

Gonad Maturity of Flying Fish (Hirundichthys oxycephalus Bleeker, 1852) with Several 

Environmental Parameters in the Flores Sea, South Sulawesi. Journal of Marine Science 

and Fisheries, 6(6), 403-410. Retrieved from 

http://repository.unhas.ac.id/bitstream/handle/123456789/4139/Kematangan Gatefish and 

the environment.pdf 

Alimina, N., Wiryawan, B., Monintja, D. R., Nurani, T. W., & Taurusman, A. A. (2016). Estimation 

of Catch per Unit of Effort and the Proportion of Yuwana in Tuna Fisheries in Southeast 

Sulawesi. Marine Fisheries: Journal of Marine Fisheries Technology and Management, 

7(1), 57-68. https://doi.org/10.29244/jmf.7.1.57-68 

Arifah, P. N., Solichin, A., & Widyoroni, N. (2015). Biological Aspects of Tongkol (Euthynnus affinis) 

Caught by Payang at TPI Tawang, Kendal Regency. Journal of Management of Aquatic 

Resources, 4(3), 58-64. 

Ashari, F., Redjeki, S., & Kunarso. (2014). Linkage of Small Pelagic Fish Catches with Chlorophyll-a 

Distribution and Sea Surface Temperature Using Modis Imagery in the Java Sea and 

Makassar Strait. Journal of Marine Research, 3(2), 366-373. Retrieved from 

           https://ejournal3.undip.ac.id/index.php/jmr/article/viewFile/6009/5797 

Azizi, N. A., Saputra, S. W., & Ghofar, A. (2020). Length - Weight Relationship, Condition Factor and 

Size of First Catch of Yellowfin Tuna (Thunnus Albacares) at Cilacap Ocean Fishing Port. 

Journal of Maquares, 9(2), 90-96. Retrieved from  

           https://ejournal3.undip.ac.id/index.php/maquares/article/download/27764/24168  

Chodrijah, U., & Faizah, R. (2018). Reproductive Biology of Bentong Mackerel (Selar 

crumenophthalmus Bloch, 1793) in Kwandang Waters, North Gorontalo. Bawal Widya 

Capture Fisheries Research, 10(3), 169-177. Retrieved from http://ejournal- 

            balitbang.kkp.go.id/index.php/bawal/article/download/5587/6140 

Chodrijah, U., Hidayat, T., & Noegroho, T. (2013). Estimation of Komo Tuna (Euthynnus affinis) 

Population Parameters in the Java Sea Waters. BAWAL Widya Research on Capture 

Fisheries, 5(3), 167-174. Retrieved from http://ejournal-

balitbang.kkp.go.id/index.php/bawal/article/download/636/643 

Courtney, Y., Courtney, J., & Courtney, M. (2014). Improving Weight-Length Relationships in Fish 

to Provide More Accurate Bioindicators of Ecosystem Condition. Aquatic Science and 

Technology, 2(2), 41-51. https://doi.org/10.5296/ast.v2i2.5666 

Dagorn, L., Menczer, F., Bach, P., & Olson, R. J. (2000). Co-Evolution of Movement Behaviors by 

Tropical Pelagic Predatory Fishes in Response to Prey Environment: A Simulation Model. 

Ecological Modeling, 134, 325-341. Retrieved from  

            http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.2.1354&rep=rep1&type=pdf 

Dahlan, M. A., Omar, S. B. A., Tresnati, J., Umar, M. T., & Nur, M. (2015). Sex Ratio and Size at First 

Gonad Maturity of Deles Kite Fish (Decapterus macrosoma Bleeker, 1841) in Bone Bay 

http://ejournal-/
http://repository.unhas.ac.id/bitstream/handle/123456789/4139/Kematangan%20Gatefish%20and%20the%20environment.pdf
http://repository.unhas.ac.id/bitstream/handle/123456789/4139/Kematangan%20Gatefish%20and%20the%20environment.pdf
https://doi.org/10.29244/jmf.7.1.57-68
http://ejournal-/


Waters, South Sulawesi. Torani (Journal of Marine Science and Fisheries), 25(1), 25-29. 

Retrieved from http://journal.unhas.ac.id/index.php/torani/article/view/260 

Demena, Y. E., Miswar, E., & Musman, M. (2017). Determination of Potential Fishing Areas for 

Skipjack (Katsuwonus pelamis) Using Satellite Imagery in South Jayapura Waters, 

Jayapura City. Scientific Journal of Marine and Fisheries Students Unsyiah, 2(1), 194-199. 

Retrieved from https://media.neliti.com/media/publications/186950-ID-penentuan-daerah-

potensial-penangkapan-i.pdf 

Diningrum, T. D. B., Triyono, H., & Jabbar, M. A. (2019). Biological Aspects of Skipjack (Katsuwonus 

pelamis, Linnaeus 1758) in Southeast Sulawesi. Journal of Fisheries and Marine Extension, 

13(2), 139-147. https://doi.org/10.33378/jppik.v13i2.195 

Fadhil, R., Muchlisin, Z. A., & Sari, W. (2016). Length-weight relationship and morphometrics of 

julungjulung (Zenarchopterus dispar) from the north coast of Aceh. Journal of Chemical 

Information and Modeling, 1(1), 146-159. 

Faizah, R., & Prisantoso, B. I. (2010). Length and Weight Relationship, Length Frequency 

Distribution, and Condition Factors of Bigeye Tuna (Thunnus Obesus) Caught in the Indian 

Ocean. BAWAL Widya Tangkap Perikanan Research, 3(3), 183-189. 

https://doi.org/10.15578/bawal.3.3.2010.183-189 

Firdaus, M. (2018). Profile of Tuna and Skipjack Fisheries in Indonesia. Marina Scientific Bulletin of 

Marine and Fisheries Socio-Economics, 4(1), 23-32. Retrieved from http://ejournal-

balitbang.kkp.go.id/index.php/mra/article/download/7328/6008 

Fuadi, Z., Dewiyanti, I., & Purnawan, S. (2016). Length Weight Relationship of Fish Caught in Krueng 

Simpoe, Bireun District, Aceh. Scientific Journal of Marine Fisheries Students Unsyiah, 

1(1), 169-176. Retrieved from https://media.neliti.com/media/publications/187864-ID-

hubungan-panjang-berat-ikan-yang-tertang.pdf 

Hargiyatno, I. T., Anggawangsa, R. F., & Wudianto. (2013). Longline Fishing in Palabuhanratu: 

Technical Performance of Fishing Gear. Indonesian Fisheries Research Journal, 19(3), 121-

130. 

Hartaty, H., & Sulistyaningsih, R. K. (2014). Estimation of Population Parameters and Utilization Rate 

of Madidihang Fish (Thunnus albacares) Landed in Benoa, Bali. Indonesian Fisheries 

Research Journal, 20(2), 97-103. Retrieved from http://ejournal- 

           balitbang.kkp.go.id/index.php/jppi/article/download/733/733 

Hasan, U., & Afriani, D. T. (2019). Size Class and Sex Ratio of Sembilang Fish (Plotosus canius) in 

Belawan River. Bawal Widya Riset Perikanan Tangkapa Capture Fisheries Research, 6(1), 

26-30. Retrieved from http://ejournal-

balitbang.kkp.go.id/index.php/bawal/article/download/3629/3122 

Hasanah, N., Restiangsih, Y. H., Omar, S. B. A., & Nurdin, M. S. (2019). Size Structure and Growth 

Performance of Skipjack (Katsuwonus pelamis) Landed at PPI Labuan Bajo, Donggala 

Regency, Central Sulawesi. Proceedings of the VI National Marine and Fisheries 

https://media.neliti.com/media/publications/186950-ID-penentuan-daerah-potensial-penangkapan-i.pdf
https://media.neliti.com/media/publications/186950-ID-penentuan-daerah-potensial-penangkapan-i.pdf
http://ejournal-/


Symposium, 217-222. Retrieved from 

https://journal.unhas.ac.id/index.php/proceedingsimnaskp/article/view/7751 

Hikmah, N., Kurnia, M., & Amir, F. (2016). Utilization of FAD Technology for Fishing in the Waters 

of Jeneponto Regency. Journal of IPTEKS PSP, 3(6), 455-468. 

Irhamsyah, Azizah, N., & Aulia, H. (2013). Utilization Rate and Maximum Sustainable Yield of Squids 

in Tanah Bumbu Regency, South Kalimantan Province, 21(2), 181-192. 

Jamal, M., Sondita, M. F. A., Haluan, J., & Wiryawan, B. (2011). Utilization of Skipjack (Katsuwonus 

pelamis) Biological Data for Responsible Fisheries Management in Bone Bay Waters. 

Journal of Natur Indonesia, 14(1), 107-113. https://doi.org/10.31258/jnat.14.1.107-113 

Jatmiko, I., Hartaty, H., & Bahtiar, A. (2015). Reproductive Biology of Skipjack (Katsuwonus pelamis) 

in the Eastern Indian Ocean. BAWAL Widya Research on Capture Fisheries, 7(2), 87-94. 

Retrieved from http://ejournal-

balitbang.kkp.go.id/index.php/bawal/article/viewFile/285/291 

Jatmiko, I., Nugroho, S. C., & Fahmi, Z. (2020). Characteristics of Large Pelagic Purse Seine Fisheries 

in Indian Ocean Waters (WPPNRI 572 and 573). Journal of Indonesian Fisheries Research 

(JPPI), 26(1), 37-46. Retrieved from http://ejournal-

balitbang.kkp.go.id/index.php/jppi/article/download/8184/6681 

Jaya, M. M., Wiryawan, B., & Simbolon, D. (2017). Analysis of Tuna Resource Utilization Level with 

Spwaning Potential Ratio Method in Sendangbiru Waters. Journal of Tropical Marine 

Science and Technology, 9(2), 597-604. Retrieved from  

           https://pdfs.semanticscholar.org/9629/52590bafa2a631e4d2c91f2e59d5c42e0be7.pdf 

Kantun, W. (2012). Temperature and Behavior of Yellowfin Tuna (Thunnus albacores) Relationship 

with Management Model. STITEK Balik Diwa, 1-19. Retrieved from 

https://www.academia.edu/download/32858889/tingkah-laku_ikan_tuna-termoklin.pdf 

Kholis, M. N., Amrullah, M. Y., Martasuganda, S., & Saputra, F. (2020). Study of FAD Construction 

Design of Lubuk Larangan in Bungo Regency, Jambi Province. Journal of Applied 

Fisheries and Marine Science and Technology, 1(2), 71-81. 

https://doi.org/10.15578/plgc.v1i2.8919 

Kholis, M. N., Wahju, R. I., Mustaruddin, & Jaliadi. (2018). Size Structure and Length Weight 

Relationship of Kurau Fish in Bengkalis Island. ALBACORE Journal of Marine Fisheries 

Research, 2(2), 197-208. https://doi.org/10.29244/core.2.2.197-208 

Lambert, Y., Yaragina, N. A., Kraus, G., Marteinsdottir, G., & Wright, P. J. (2003). Using 

Environmental and Biological Indices as Proxies for Egg and Larval Production 

of Marine Fish. Journal of Northwest Atlantic Fishery Science, 33, 115–159. 

https://doi.org/10.2960/J.v33.a7 

Latuconsina, H. (2010). Pendugaan potensi dan tingkat pemanfaatan ikan layang (Decapterus 

spp) di perairan Laut Flores Sulawesi Selatan. Agrikan: Jurnal Agribisnis 

Perikanan, 3(2), 47. https://doi.org/10.29239/j.agrikan.3.2.47-54 

Listiani, A., Wijayanto, D., & Jayanto, B. B. (2017). Analisis CPUE (Catch Per Unit Effort) 

dan Tingkat Pemanfaatan Sumberdaya Perikanan Lemuru (Sardinella lemuru) di 

Perairan Selat Bali. Jurnal Perikanan Tangkap: Indonesia Journal of Capture 

Fisheries, 1(01), 1–9. Retrieved from 

https://ejournal2.undip.ac.id/index.php/juperta/article/download/1844/1195 

Makmur, S., & Prasetyo, D. (2006). Kebiasaan Makan, Tingkat Kematangan Gonad Dan 

Fekunditas Ikan Haruan (Channa Striata Bloch) Di Suaka Perikanan Sungai 

Sambujur Das Barito Kalimantan Selatan. Jurnal Ilmu-Ilmu Perairan Dan 

Perikanan Indonesia, 13(1), 27–31. 

https://doi.org/10.31258/jnat.14.1.107-113
https://doi.org/10.29244/core.2.2.197-208


Masuswo, R., & Widodo, A. A. (2016). Karakteristik Biologi Ikan Tongkol 

Komo(Euthynnusaffinis) yang Tertangkap Jaring Insang Hanyut di Laut Jawa. 

BAWAL Widya Riset Perikanan Tangkap, 8(1), 57. 

https://doi.org/10.15578/bawal.8.1.2016.57-63 

Masyahoro, A. (2009). Model Simulasi Numerik Hubungan Panjang Bobot Ikan Tongkol 

(Auxis thazard) pada Pangkalan Pendaratan Ikan Labuan Bajo Kabupaten 

Donggala. Jurnal Agroland, 16(3), 274–282. 

Mayu, D. H., Kurniawan, & Febrianto, A. (2018). Analisis Potensi dan Tingkat Pemanfaatan 

Sumberdaya Ikan di Perairan Kabupaten Bangka Selatan. Jurnal Perikanan 

Tangkap, 2(1), 30–41. 

Melmambessy, E. H. P. (2010). Pendugaan Stok Ikan Tongkol di Selat Makassar Sulawesi 

Selatan. Jurnal Ilmiah Agribisnis Dan Perikanan, 3(1), 53–61. 

https://doi.org/10.29239/j.agrikan.3.1.53-61 

Meretsky, V. J., Valdez, R. A., Douglas, M. E., Brouder, M. J., Gorman, O. T., & Marsh, P. 

C. (2000). Spatiotemporal Variation in Length–Weight Relationships of 

Endangered Humpback Chub: Implications for Conservation and Management. 

Transactions of the American Fisheries Society, 129(2), 419–428. 

https://doi.org/10.1577/1548-8659(2000)129<0419:svilwr>2.0.co;2 

Muhammad, N., & Barata, A. (2012). Stuktur Ukuran Ikan Madidihang (Thunnus albacares) 

yang Tertangkap Pancing Ulur di Sekitar Rumpon Samudera Hindia Selatan Bali 

dan Lombok. Bawal Widia Riset Perikanan Tangkap, 4(3), 161–167. Retrieved 

from http://ejournal- 

           balitbang.kkp.go.id/index.php/bawal/article/download/685/691 

Nikijuluw, V. P. H. (2017). Status of Indian Ocean Tuna Resources: Implications for 

Indonesia. Indonesian Fisheries Policy Journal, 1(1), 31. 

https://doi.org/10.15578/jkpi.1.1.2009.31-44 

Novianto, D., Nugraha, B., & Bahtiar, A. (2017). Size Composition, Sex Ratio, and Gonad 

Maturity Level of Shortnosed Toadfish (Tetrapturus angustirostris) in the Indian 

Ocean. BAWAL Widya Tangkap Perikanan Research, 3(2), 123. 

https://doi.org/10.15578/bawal.3.2.2010.123-128 

Nugraha, B., & Hufiadi. (2012). Productivity of Tuna Longline Fisheries in Benoa (Case 

Study: PT. Perikanan Nusantara). Marine Fisheries: Journal of Marine Fisheries 

Technology and Management, 3(2), 135-140. 

https://doi.org/10.29244/jmf.3.2.135-140 

Nugraha, B., Mardlijah, S., & Rahmat, E. (2010). Size Composition of Skipjack (Katsuwonus 

pelamis) Caught by Huhate Landed in Tulehu, Ambon. BAWAL Widya Tangkap 

Perikanan Research, 3(3), 199-207. https://doi.org/10.15578/bawal.3.3.2010.199-

207 

Nugraha, B., Novianto, D., & Barata, A. (2011). Genetic Diversity of Bigeye Tuna (Thunnus 

obesus) in the Indian Ocean. Indonesian Fisheries Research Journal, 17(4), 277-

284. Retrieved from http://ejournal-

balitbang.kkp.go.id/index.php/jppi/article/viewFile/3388/2905 

Nugraha, B., & Suwarso. (2006). Yellowfin Tuna (Thunnus albacares) Fishery in Marisa 

Waters. Tomini Bay. BAWAL Widya Capture Fisheries Research, 1(3), 107-111.  

            https://doi.org/10.15578/bawal.1.3.2006.107-111 

Nugroho, S. C., Jatmiko, I., & Wujdi, A. (2018). Growth Patterns and Condition Factors of 

Madidihang, Thunnus albacares (Bonnaterre, 1788) in the Eastern Indian Ocean. 

http://ejournal-/


Indonesian Journal of Ichthyology, 18(1), 13-21. 

https://doi.org/10.32491/jii.v18i1.371 

Nurhayati, Fauziyah, & Bernas, S. M. (2016). Length-weight Relationship and Growth 

Pattern of Fish in the Musi River Estuary, Banyuasin Regency, South Sumatra. 

Maspari Journal, 8(2), 111-118. 

Omar, S. B. A., Salam, R., & Kune, S. (2011). Sex ratio and size at first gonad maturity of 

endemic bonti- bonti (Paratherina striata Aurich, 1935) in Lake Towuti, South 

Sulawesi, 1-10. 

Prasetyo, F. W., Manu, L., & Pamikiran, R. D. C. (2018). Productivity Assessment of 

Skipjack Tuna Fishery Caught by 20 - 30 GT Purse seine Vessels at Bitung Ocean 

Fishing Port. Journal of Capture Fisheries Science and Technology, 3(1), 16-24. 

Retrieved from  

            https://ejournal.unsrat.ac.id/index.php/JITPT/article/viewFile/18909/19335 

Pregiwati, L. A., Wiryawan, B., Wisudo, S. H., & Satria, A. (2017). Commodity Selection 

and Leading Fishing Technology in Anambas Islands Regency. Marine Fisheries: 

Journal of Marine Fisheries Technology and Management, 8(1), 113-122. 

https://doi.org/10.29244/jmf.8.1.113-122 

Putra, E., Gaol, J. L., & Siregar, V. P. (2012). Relationship between Chlorophyll-A 

Concentration and Sea Surface Temperature with the Catch of Main Pelagic Fish 

in Java Sea Waters from Modis Satellite Imagery. Journal of Fisheries and Marine 

Technology, 3(1), 1-10. 

Rachmawati, P. F., & Hartati, S. T. (2017). Biological Aspects of Layur Fish (Lepturacanthus 

savala Cuvier, 1829) in Pangandaran Waters, West Java. BAWAL Widya Capture 

Fisheries Research, 9(2), 133-143. https://doi.org/10.15578/bawal.9.2.2017.133-

143 

Rahmawati, M., Fitri, A. D. P., & Wijayanto, D. (2013). Analysis of Catch Per Catch Effort 

and Season Pattern of Anchovy (Stolephorus spp.) Fishing in Pemalang Waters. 

Journal of Fisheries Resources Utilization Management and Technology, 2(3), 

213-222. Retrieved from  

           https://ejournal3.undip.ac.id/index.php/jfrumt/article/download/3851/3754 

Restiangsih, Y. H., Panggabean, A. S., & Nurdin, E. (2020). Estimation of Skipjack 

(Katsuwonus pelamis) Spawning Season in the Southern Indian Ocean Waters of 

Java and Nusa Tenggara. Bawal Widya Capture Fisheries Research, 12(1), 1-10. 

https://doi.org/10.15578/bawal.12.1.2020.1-10 

Rochmady, R., Omar, S. B. A., & Tandipayuk, L. S. (2012). Sex Ratio and Size of First 

Mature Gonad of Mud Clam Anodontia edentula, Linnaeus 1758 in Tobea Island, 

Napabalano District, Muna Regency. Agrikan: Journal of Fisheries Agribusiness, 

5(2), 25-32. https://doi.org/10.29239/j.agrikan.5.2.25-32 

Rochmady, & Susiana. (2014). Estimation of Grouper Stocks in the Makassar Strait Waters 

of South Sulawesi for the Period 1999-2007. Agrikan: Scientific Journal of 

Fisheries Agribusiness, 7(2), 60-67. https://doi.org/10.29239/j.agrikan.7.2.60-67 

Safitri, T. G., Kurniawan, R., & DGR, W. (2021). Analysis of Length Distribution and 

Length-Weight Relationship of Yellowfin Tuna Landed in Benoa Harbor, Bali. 

Journal of Fisheries and Marine Research, 5(1), 35-41. Retrieved from 

https://jfmr.ub.ac.id/index.php/jfmr/article/download/393/223 

Salmah, T., Nababan, B. O., & Sehabuddin, U. (2012). Management Options for Tembang 

Fish (Sardinella fimbriata) in the Waters of Subang Regency, West Java. Journal 

of Marine and Fisheries Socio-Economics, 7(1), 19-32. 

https://doi.org/10.29239/j.agrikan.7.2.60-67


Setiyawan, A., Sadiyah, L., & Samsuddin, S. (2016). Important Factors Affecting CPUE 

(Catch Per Unit Effort) of Bitung-based Huhate Fishery. Indonesian Fisheries 

Research Journal, 22(1), 43. https://doi.org/10.15578/jppi.22.1.2016.43-50 

Simarmata, R., Boer, M., & Fahrudin, A. (2014). Resource Analysis of Tembang Fish 

(Sardinella fimbriata) in Sunda Strait Waters Landed at PPP Labuan, Banten. 

Marine Fisheries, 5(2), 149-154. 

Supriatna, A. (2015). Development Model of Skipjack Tuna Tuna (TTC) Fishery Supply 

Chain in Indonesia. Retrieved from https://adoc.pub/download/model-

pengembangan-rantai-suplai-perikanan-tuna-tongkol-caka.html 

Supriatna, A., Hascaryo, B., Wisudo, S. H., Baskoro, M., & Nikijuluw, V. P. (2014). Value 

Chain Model of Tuna, Tongkol, and Skipjack Fisheries Development in 

Indonesia. Journal of Indonesian Fishery Product Processing, 17(2), 144-155. 

Retrieved from https://core.ac.uk/download/pdf/194416300.pdf 

Suryanto, Adi, T. R., Watupongoh, N. N. J., Nugroho, D., & Akbar, M. A. (2016). Policy to 

Increase Energy Efficiency of Tuna Skipjack Tuna (TCT) Fishing Business in 

Eastern Indonesia. Indonesian Fisheries Policy Journal, 8(2), 65-76. 

https://doi.org/10.15578/jkpi.8.2.2016.65-76 

Susaniati, W. (2019). Skipjack Fish Sex Ratio for Responsible Fisheries Management in 

Flores Sea Waters, South Sulawesi. OCTOPUS Journal of Fisheries Science, 8(2), 

36-43. 

Susiana, S., & Rochmady, R. (2018). Stock estimation of Loligo sp. squid in the waters of 

Pangkajene and Islands Regency, South Sulawesi, Indonesia. Journal of Aquatic 

Management, 1(1), 14-30. Retrieved from 

http://journal.unhas.ac.id/index.php/jpp/article/view/4115 

Syah, A. F., Setyowati, N., & Susilo, E. (2019). Preliminary Findings on Distribution of Bali 

Sardinella (Sardinella lemuru) in Relation to Oceanographic Conditions during 

Southeast Monsoon in Bali Strait Using Remotely Sensed Data. Journal of Marine 

Science, 1(1). https://doi.org/10.30564/jms.v1i1.662 

Talib, A. (2017). Tuna and Skipjack (A Review: Potential Resource Management in 

Indonesian Waters). Agrikan: Scientific Journal of Agribusiness and Fisheries, 

10(1), 38-50.  

           https://doi.org/10.29239/j.agrikan.10.1.38-50 

Tilohe, O., Nursinar, S., & Salam, A. (2014). Parameter Analysis of Population Dynamics of 

Skipjack Landed at the Fish Landing Base of Tenda Village, Gorontalo City. 

Scientific Journal of Fisheries and Marine, II(4), 140-145. Retrieved from 

http://ejurnal.ung.ac.id/index.php/nik 

http://ejurnal.ung.ac.id/index.php/nik


Utami, N. F. C., Boer, M., & Fachrudin, A. (2018). Population structure of black anchovy Stolephorus 

commersonii in Palabuhanratu Bay. Journal of Tropical Marine Science and Technology, 10(2), 441-

454. 

Wahyudewantoro, & Haryono. (2014). Length Weight Relationship and Condition Factors of Mullet Liza 

subviridis in the Waters of Ujung Kulon National Park-Pandeglang, Banten, 16(2), 95-102. 

Widiyastuti, H., Ramadhani, A., & Pane, P. (2020). Catchable Size of Small Pelagic Fish in Kendari Waters, 

Southeast Sulawesi. Marine Fisheries: Journal of Marine Fisheries Technology and Management, 

11(1), 39-48. https://doi.org/10.29244/JMF.V11I1.28167 

Wiguna, M. E., & Yuarsa, R. A. (2008). Application of the Gordon-Schaefer Bioeconomic Model for 

Economic Feasibility Analysis of Millennium Net Fisheries, 40-60. Retrieved from 

https://stipwunaraha.ac.id/ejournal/index.php/ISLE/article/download/287/338 

Witomo, C. M., & Wardono, B. (2012). Portrait of Tuna, Skipjack and Kite Capture Fisheries in Bitung 

City. Buletin Riset Sosek Kelautan dan Perikanan, 7(1), 7-13. Retrieved from http://ejournal-

balitbang.kkp.go.id/index.php/mra/article/download/4592/3984 

Yanglera, A., Nur, A. I., & Mustafa, A. (2016). Study of Some Biological Characteristics of Skipjack 

(Katsuwonus pelamis) in Menui Islands Waters, Morowali Regency, Central Sulawesi. Journal of 

Aquatic Resources Management, 1(3), 285-298. Retrieved from  

           http://ojs.uho.ac.id/index.php/JMSP/article/download/2475/1828 

Yusfiandayani, R., Jaya, I., & Baskoro, M. S. (2014). Construction and Productivity of Portable Tuna FADs 

in Palabuhanratu Waters, West Java, (1), 698-711. 

Yusron, M. (2005). Analysis of Potential and Utilization Level of Small Pelagic Fish in the Waters of 

Samataha Islands and its Surroundings. 

Zahra, A. N. A., Susiana, & Kurniawan, D. (2014). Sustainable Potential and Utilization Rate of Mackerel 

(Atula mate) Landed in Kelong Village, Bintan Regency, Indonesia. Journal of Aquaculture, Coastal 

and Small Islands, 3(2), 57-63. Retrieved from  

           https://stipwunaraha.ac.id/ejournal/index.php/ISLE/article/download/287/338 

Zedta, R. R., Tampubolon, P. A. R., & Novianto, D. (2017). Parameter Estimation of Skipjack (Katsuwonus 

pelamis, Linnaeus, 1758) Population in Indian Ocean Waters. BAWAL Widya Capture Fisheries 

Research, 9(3), 163-173. https://doi.org/10.15578/bawal.9.3.2017.163-173 

 



63

Copyright © 2022, Indonesian Fisheries Research Journal (IFRJ)

___________________
correspondence author:
e-mail: elimumtaza@gmail.com
DOI: http://dx.doi.org/10.15578/ifrj.28.1.2022.63-76

Available online at: http://ejournal-balitbang.kkp.go.id/index.php/ifrj

e-mail:ifrj.puslitbangkan@gmail.com

INDONESIANFISHERIESRESEARCHJOURNAL
Volume 28 Nomor 2 December 2022

p-ISSN: 0853-8980

e-ISSN: 2502-6569
Accreditation Number RISTEK-BRIN: 85/M/KPT/2020

Study of Resources and Management of Tuna…… in The Fishing Port of West Sumatra (Yusriza., el al)

STUDY OF RESOURCES AND MANAGEMENT OF TUNA AND SKIPJACK TUNA
THAT LANDED IN THE FISHING PORT OF WEST SUMATRA

Yusrizal1, Eli Nurlaela1, Erick Nugraha1, Bongbongan Kusmedy1, Priyantini Dewi1, Aman Saputra1, Hari
Setiawan1, Ratna Suharti1,Mira Maulita1, Basuki Rachmad1, Hery Choerudin1, Rahmat Muallim1, Eddy Sugriwa

Husen1 dan Syarif Syamsuddin1

1Fishing Technology Department, Politeknik Ahli Usaha Perikanan, Indonesia
2Aquatic Resourches Technology Department, Politeknik Ahli Usaha Perikanan, Indonesia
Received; April 27-2023 Received in revised from June 17-2023; Accepted July 3-2023

ABSTRACT

Tuna and skipjack are large pelagic fish with high economic value and a very wide export
market. The need for and the high market demand for tuna and skipjack causes the intensity of
catching these fish to increase. To ensure that the potential of these fish resources remains
sustainable, it is necessary to properly manage fisheries. This study aimed to examine several
biological aspects, fisheries, and aspects of utilization and management of yellowfin tuna and
skipjack tuna. Data collection for yellowfin tuna was focused on one location, namely Bungus
Ocean Fishing Port (OFP), while data collection for skipjack tuna was focused on 4 location points,
namely Bungus Ocean Fishing Port (OFP), Carocok Terusan Coastal Fishing Port (CFP), Kambang
Fish Landing Base (FLB) and Fish Landing Base (FLB). Productivity and level of effort of yellowfin
tuna in West Sumatra have tended Tiku to decline in the past 4 years (2017-2020). Skipjack tuna in
the West Sumatra region caught by boat charters was indicated to be overfishing, while skipjack
tuna caught by troll showed the fish caught had not spawned yet. The productivity of skipjack tuna
has fluctuated over the past 5 years (2016-2020).

Keywords: Fisheries management, yellowfin tuna, skipjack tuna, biological aspects, fishing
season.

INTRODUCTION

Marine and fishery resources are a very large
natural resource potential and receive serious attention
in Indonesia. In short, two-thirds of Indonesia’s territory
consists of sea, has more than 17,000 islands and a
coastline of 81,000 km. The 2015-2019 National
Medium-Term Development Plan (RPJMN)
emphasizes that the greatest focus is given to the
maritime sector, which includes fisheries byoptimizing
the utilization of marine resources in a sustainable
manner (Firdaus, 2019). Indonesian waters include
deep sea waters and the EEZ (Exclusive Economic
Zone) has fish resources of 12.5 million tons per year
(Ministry of Marine Affairs and Fisheries (MMAF)
Number 50/Kepmen-kp/2017). Over the past 5
decades, the use of these fish resources has
continued to increase by an average of 5.45%
annually. This is related to the advancement of fishing
gear technology which is increasingly advanced and
the increasing ability and number of companies and

fishermen’s RTP (Fishery Households) (Witomo &
Wardono, 2012).

Skipjack and tuna are important commodities in
the waters of West Sumatra which is included in the
tuna, skipjack, and mackerel tuna (TSM) group. The
average total catch of tuna and skipjack in Fishery
Management Areas (WPPNRI) 572 and 573 in 2005-
2016 reached 1.6 million tonnes/year (Jatmiko et al.,
2020). In 2010, the export volume of tuna, skipjack,
and mackerel commodities amounted to 122,450 tons
with the main export destination being Japan.(Chodrijah
et al., 2013). Tuna and skipjack are the main
commodities to increase the industrialization of capture
fisheries which has been shown by most of the coastal
communities of West Sumatra who have jobs as
fishermen both in the business of catching, processing,
trading, and supporting industries. Therefore tuna and
skipjack play an important role in enhancing fishery
development in Indonesia, especially in the waters of
West Sumatra(Prasetyo et al., 2018).
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Tuna and skipjack are large pelagic fish with high
economic value and a very wide export market. The
need for and the high market demand for tuna and
skipjack causes the intensity of catching these fish
to increase. This increase in fishing intensity occurred
in all Indonesian territorial waters. It is feared that the
high intensity of fishing will threaten the preservation
and sustainability of the utilization of tuna and skipjack
fish resources. To ensure that the potential of these
fish resources remains sustainable, it is necessary
to properly manage fisheries(Jaya et al., 2017). Even
though these fishery resources can be recovered
(renewable resources), the recovery speed may not
be balanced with the utilization rate. If exploitation
continues to occur freely (open access) without clear
rules/rules of management and control, overfishing
may occur or there will be an imbalance in the
utilization rate.(Susaniati, 2019). Therefore, the
government of West Sumatra is responsible for
determining the management of fishery resources in
the waters of West Sumatra for the benefit of the whole
community by taking into account the sustainability
and sustainability of these fishery resources (Jamal
et al., 2011).

Research on the level of utilization of tuna and
skipjack in the waters of West Sumatra is limited, so
current information is needed regarding the status of
the utilization of tuna and skipjack. This information
is very much needed in efforts to manage it more
sustainably.

MATERIALS AND METHODS
Method of Collecting Data

This research was carried out from March to June
2021 using the method of direct interviews with
fishermen. The data obtained comes from field records
made by fish landing officers at Bungus OFP, Terusan
CFP, Kambang FLB, and Tiku FLB during the 2015 –
2020 period, also conducted interviews with fishermen
using a questionnaire to find out the characteristics
of fisheries and the efforts made by the government in
management based on the results of data analysis.

Standardization of Fishing Gear

Considering the varietyof fishing gear used to catch
tuna and skipjack resources, namely (troll, lift net,
hand line, and purse seine) in the West Sumatra
region. To measure equivalent fishing gear units,
standardization of effort between fishing gear is carried
out using standardization techniques, namely(Susiana
& Rochmady, 2018):

RFP
i
= .................................................... (1)

Information:
RFPi = capture power factor of the fishing unit which

will be standardized in year i
C

i
= number of catches of the type of fishing

unit that will be standardized in year i
Cs = number of catches of the type of fishing

unit used as standard in year i
E

i
= total fishing effort for the type of fishing unit

that will be standardized in year i
Es = number of fishing efforts for the type of

fishing unit used as standard in year i.

After obtaining the RFPi value, to calculate the
standardized fishing effort using the formula:

Standard effort = FPI
i
× Effort ........................... (2)

Catch Per Unit Effort(CPUE)

The formula that can be used to determine the
value of the catch per unit of fishing effort (CPUE) is
as follows(Rahmawati et al., 2013):

CPUE
i
= ................................................ (3)

Where :
CPUE

i
= catch per unit of fishing effort in year i

(tonnes/unit)
Catch

i
= catch in year i (tonnes)

Effort
i

= fishing effort in year i (unit)

Maximum Sustainable Yield (MSY)

Maximum Sustainable Yield (MSY) can be
estimated using the Schaefer model with catch and
effort data over several years. MSY can be estimated
using the formula (Yusron, 2005):

Catch Per Unit Effort = .............................. (4)

Information:
Y(i) = Catch in year i
f(i) = Fishing effort in year i
i = 1, 2, ..., n

Determining the value of a (intercept) and b (slope)
requires a linear regression f(i) to Y(i)/f(i). After the
values of a and b are obtained, the optimum effort
(fMSY) and maximum sustainable catch (MSY) can
be calculated using the formula(Mayu et al., 2018):
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..................................(5)

The management model with the MSY approach
like this still has weaknesses because it is based
solely on biological factors. Clark (1992) states some
of the weaknesses of the MSY approach include: (1)
it is not stable, because even a small estimate can
lead to stock depletion, (2) it does not consider the
socio-economic aspects of resource management,
and (3) difficult to apply in conditions where fisheries
have a diversity of species (multispecies) (Wiguna &
Yuarsa, 2008). To calculate TAC (Total of allowable
catch) use the following formula(Zahra et al., 2014):

TAC = 80% x MSY .......................................... (6)

According to the Minister of Maritime Affairs and
Fisheries of the Republic of Indonesia No. 47 /
KEPMEN-KP / 2016 the number of total allowable
catches (TAC) is 80% of the maximum sustainable
potential 14 which can be utilized optimally in order
to realize sustainable fisheries.

Utilization Rate

To determine the level of fish resources by
percentizing the number of catches in a certain year
with the maximum production value
(MSY)(Latuconsina, 2010):

.............................. (7)

Information:
Yi = Number of catches in year – i
CMSY = Maximum Sustainable Yield

According toIrhamsyah et al. (2013), the level of
util ization of f ishery resources used by the
commission for estimating National Marine Fish
Stocks (1997) consists of four levels, namely:
1. Low level if the catch is still a small part of the

sustainable yield potential (0 - 33.3%), where fishing
effort still needs to be increased.

2. Moderate level if the catch has become a real part of
the sustainable potential (33.3% - 66.6%) but

additional efforts are still possible to optimize yields.
3. The optimum level is when the catch has reached

the share of sustainable potential (66.6% - 99.9%),
additional efforts cannot increase yields.

4. The level of excess or overfishing when the catch
has exceeded the sustainable potential (> 100%)
and additional efforts can be dangerous to resource
extinction.

After knowing the level of utilization, it is also
necessary to know the level of effort. The fishing gear
effort level is obtained after knowing the optimum effort
level. Fishing gear effort levelcan be calculated by the
formula(Listiani et al., 2017):

.................................... (8)

Information:
Ei = first year fishing effort (trip)
EMSY = Optimum fishing effort (trip)

RESULTS AND DISCUSSION
Results

Catch Per Unit Effort (CPUE) Tuna Fish

Catch Per-Unit of Effort (CPUE) is the catch per
fishing gear effort at maximum biomass conditions or
is a number that describes the ratio between the catch
per unit effort or effort(Setiyawan et al., 2016). The
data used in this analysis is secondary data in the
form of data on production and catching effort for
yellowfin tuna based on capture fisheries statistics
from 2016 to 2020. This data is obtained from the port
where the data was collected. The fishing port which
is the location for data collection is PPS Bungus.

Fishing Power Index(FPI) is a standardization of
fishing gear that is carried out by calculating the value
and starting with determining the standard fishing gear.
Handline is used as standard fishing gear for catching
yellow fin tuna, because it has a higher average Catch
per Unit Effort (CPUE) compared to trolling, lift net
and purse seine. Next is the standardization process
by multiplying FPI with each fishing gear to get a
standard effort with the results presented in table 1:

Util izatiqn Rate =
Cmay

Yi
X 100%

Table 1. Standardization of yellowfin tuna fishing gear

Year Handline
Troll
Line

Lift Net
Purse
Seine

Standard Total
Effort (standard
fishing gear trip)

CPUE (tons/trips
of standard
fishing gear)

2016 136 9 8 24 177 2.30

2017 161 29 11 26 227 2.44

2018 142 23 6 7 177 2.74
2019 135 10 7 12 164 2.84

2020 55 18 4 18 94 2.88

Study of Resources and Management of Tuna…… in The Fishing Port of West Sumatra (Yusriza., el al)
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Based on the standard effort data and total
production that has been presented in table 1, further
analysis can be carried out regarding Catch Per-Unit
of Effort (CPUE). Catch Per-Unit of Effort (CPUE) is
the catch per effort of fishing gear at maximum

biomass conditions or is a number that describes the
ratio between catches per unit of effort or effort. The
following is the fluctuation of tuna CPUE in 2016-2020
presented in Figure 1:

Figure 1. Development of catch production, effort, and CPUE of yellowfin tuna.

During the last 5 years, production trends have
shown a level of fluctuation as shown in Figure 20.
The results of the CPUE analysis in the 2016-2020
period have increased with an average value of 2.64
tons/trip of standard fishing gear. Statistical data for
tuna fisheries in the West Sumatra region in brackets
2016-2020 show that the highest production yield
occurred in 2017, namely 552.18 tons with an effort

level of 350 trips of standard fishing gear which was
the highest effort level compared to other years, and
the lowest occurred in 2020 with a production yield of
271.31 tons with an effort level of 167 trips of standard
fishing gear. In 2017, catch production increased,
however, the addition of trips in 2017 resulted in a
decrease in CPUE (figure 2).

Figure 2. Relationship between CPUE and effort in the linear equation of yellowfin tuna.

Based on Figure 2, the relationship between CPUE
and effort shows that the value of the estimation
parameter for skipjack tuna is obtained by intercept
(a) = 3.2342 and slope (b) = -0.0035 so that it forms
the Schaefer linear equation, namely CPUE = -0,
0035x + 3.2342. From this equation it shows that (1)
the regression coefficient (b) of 0.0035 states a
negative relationship between production and effort
that every reduction (due to a negative sign) 1 trip will
cause CPUE to increase by 0.0035 tons per
tripstandard catch. However, if the effort increases by
1 trip for standard fishing gear, then CPUE is also
predicted to experience a decrease in production by
0.0035 tons per trip. (2) the coefficient of determination

(R2) is 0.4345 or 43.45%. This means an increase or
decrease in CPUE of 43.45 which is caused by
fluctuations in the effort value.

Catch Per Unit Effort(CPUE) skipjack tuna

If the CPUE trend increases, this indicates
overfishing of fish in certain waters(Alimina et al.,
2016). The data used in this analysis is secondary
data in the form of skipjack tuna production and fishing
effort based on capture fisheries statistics from 2016
to 2020. This data was obtained from the port where
the data was collected. The fishing port which is the
location for data collection is PPS Bungus.
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The catching power factor is obtained from
secondary data on the production of fish species per

type of fishing gear to calculate the catch per unit
gear (CPUE), which can be seen in table 2:

Table 2. Productivity of skipjack tuna

Productivity (tonnes/trip)

Year Purse Seine Troll Line Lift Net
2016 1.51 1.74 1.48

2017 1.88 1.68 1.40

2018 2.70 1.46 1.36
2019 2.58 1.71 1.97

2020 1.71 1.52 1.60

Based on table 2, there are differences in fishing
productivity between fishing gear by boat liftnets, troll
lines and purse seine, so it is necessary to
standardize fishing gear, in order to obtain the Fishing
Power Index (FPI). Fishing Power Index (FPI) is a

standardization of fishing gear which is done by
calculating the value and starting with determining the
standard fishing gear.Fishing Power Indexskipjack
tunacan be seen in table 3:

Table 3. Fishing Power Index of skipjack tuna

Index Purse Tonda Lift Net

CPUE 2.08 1.62 1.56

FPI 1 0.78 0.75

The standard fishing gear is the fishing gear that
has the highest average fishing productivity(Putra et
al., 2012).Purse seineused as a standard fishing gear
for catching skipjack tuna, because it has a high
average Catch per Unit Effort (CPUE) compared to

trolling gear and boat lif tnets. Next is the
standardization process by multiplying FPI with each
fishing gear to get a standard effort with the results
presented in table 4:

Table 4. Standardization of skipjack fishing gear

Year
Purse
Seine

Troll Line Lift Net
Standard Total Effort
(tripstandard catch)

CPUE
(tons/tripstandard

catch)

2016 23 95 56 175 2.05

2017 25 103 50 178 2.03

2018 29 130 59 218 1.96

2019 27 91 44 163 2.37

2020 24 146 65 235 1.97

Based on the standard effort data and total
production that has been presented in table 15, further
analysis can be carried out regarding Catch Per-Unit
of Effort (CPUE). Catch Per-Unit of Effort (CPUE) is
the catch per effort of fishing gear at maximum

biomass conditions or is a number that describes the
ratio between catches per unit of effort or effort. The
following is the fluctuation of skipjack tuna CPUE in
2016-2020 presented in Figure 3:

Study of Resources and Management of Tuna…… in The Fishing Port of West Sumatra (Yusriza., el al)
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Figure 3. Development of catch production, effort, and CPUE of skipjack tuna.

During the last 5 years, production trends have
shown a level of fluctuation as presented in Figure 3.
The results of the CPUE analysis in the 2016-2020
period have increased with an average value of 2.08
tons/trip of standard fishing gear. Statistical data for
skipjack tuna in the West Sumatra region in brackets
2016-2020 show that the highest production yield
occurred in 2020, namely 462.82 tons with an effort
level of 297 trips of standard fishing gear which was
the highest effort level compared to other years, and

the lowest occurred in 2016 with a production yield of
358.18 tons with an effort level of 220 trips of standard
fishing gear. Fishing effort is related to the dimensions
of fishing gear and vessels, the number of trips in
operation, and the use of fishing technology(Shah et
al., 2019). The fishing effort in 2016 was 220 trips for
standard fishing gear then jumped in 2018 to 274 trips
for standard fishing gear. Therefore, the addition of
trips to the standard gear resulted in a decrease in
CPUE (figure 4):

Figure 4. Relationship between CPUE and effort in the linear equation of skipjack tuna.

Based on Figure 4, the relationship between CPUE
and effort shows that the value of the estimation
parameter for skipjack tuna is obtained by intercept
(a) = 2.8397 and slope (b) = -0.0039 so that it forms a
Schaefer linear equation, namely CPUE = -0, 0039x
+ 2.8397. From this equation it shows that (1) the
regression coefficient (b) of 0.0039 states a negative
relationship between production and effort that every
reduction (due to a negative sign) is 1 tripstandard
fishing gear will cause CPUE to increase by 0.0039

tons per trip of standard fishing gear. However, if the
effort increases by 1 trip of standard fishing gear,
CPUE is also predicted to experience a decrease in
production of 0.0001 tons per trip of standard fishing
gear. (2) the coefficient of determination (R2) is 0.5158
or 51.58%. This means an increase or decrease in
CPUE of 51.58 which is caused by fluctuations in the
effort value, while the remaining 48.42% is caused by
other variables not discussed in the model.
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A large CPUE value is obtained from a fishing effort
carried out on a high abundance of stock, on the other
hand a small CPUE value is obtained from a low
abundance of stock and the CPUE variability can
describe the abundance index of fish in a waters
(Nugraha & Hufiadi, 2012).

Maximum Sustainable Yield for Tuna

The purpose of using the production surplus model
is to determine the optimum level of effort, namely
the effort that can produce a maximum sustainable
catch without affecting long-term stock productivity
or maximum sustainable catch (Rahmawati et al.,
2013). Based on yellowfin tuna production data in the
last 5 years (2016 – 2020) it can be calculated

maximum sustainable yield (MSY) using the
production surplus method from Schaefer, it can be
seen the sustainable potential value and optimum effort
of yellowfin tuna during observation so that it can be
determined when overfishing occurs by comparing
efforts and catches each year. The data used in
calculating the maximum sustainable yield (MSY) is
data for the last 5 years (2016-2020).

Based on CMSY and EMSY calculation data for
tuna in the West Sumatra region using the Linear
Schaefer model above, it can be seen that the MSY
value is 737.54 tonnes at the optimum fishing effort
(EMSY) of 456 trips. So as to form a maximum
sustainable yield (MSY) curve based on the Schaefer
model, the results can be seen in Figure 5:

Figure 5. Maximum Sustainable Yield (MSY) curve based on Schaefer.

Based on Figure 5, the results of calculations using
the production surplus method from Schaefer for the
last 5 years data show that optimal utilization of
yellow fin tuna resources produces a sustainable
production catch (CMSY) of 737.54 tons with an
optimal fishing effort (EMSY) of 456 trips, and a value
of Total Allowable Catch (TAC) is 80% of the MSY
value, which is 590.04 tonnes/year. So the number of
catches can still be increased to the value of the Total
Allowable Catch (TAC) or the Number of Allowed
Catches (JTB) so that resources can be properly
optimized. This model can be used as a reference
standard for management, for example by regulating
or limiting fishing trips to ensure the sustainability of
resource use.

Maximum Sustainable Potential (Maximum
Sustainable Yield) of Skipjack Fish

Maximum Sustainable Yield(MSY) is a
management parameter resulting from the

assessment of fishery resources. Estimation of these
parameters requires annual production catch data
(time series). Based on data on skipjack tuna
production in the last 5 years (2016 – 2020) it can be
calculated the Maximum Sustainable Yield (MSY)
with the production surplus method from Schaefer.
overfishing by comparing effort and catch each year.
The data used in calculating the maximum sustainable
yield (MSY) is data for the last 5 years (2016-2020).

Based on CMSY and EMSY calculation data for
skipjack tuna in the West Sumatra region using the
Linear Schaefer model above, it can be seen that the
MSY value is 512.64 tonnes at an optimum fishing
effort (EMSY) of 361 trips. Thus forming a maximum
sustainable yield (MSY) curve based on the Schaefer
model, the results can be seen in Figure 6:
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Figure 6. Maximum Sustainable Yield (MSY) curve based on Schaefer.

Based on Figure 6 the results of calculations using
the production surplus method from Schaefer for the
last 5 years data obtained optimal utilization of
skipjack fish resources resulting in sustainable
production catches (CMSY) of 512.64 tonnes with
optimal fishing effort (EMSY) 361 trips, as well as a
Total Allowable value Catch (TAC) is 80% of the MSY
value, which is 410.11 tonnes/year. This model can
be used as a reference standard for management, for
example by regulating or limiting fishing trips to ensure
the sustainability of resource use.

Tuna Utilization Rate

Utilization of marine fish is important to know the
amount of fish that can be utilized without disturbing
the fish biomass stock and can be maximized without
disturbing future prospects for exploitation.(Rochmady
& Susiana, 2014). The level of utilization is analyzed
based on the fishing gear used. The following is the
level of utilization of yellowfin tuna which can be seen
in Figure 7:

Figure 7. Utilization rate and level of cultivation of yellowfin tuna in West Sumatra.

Based on Figure 7, the value of the level of
utilization of skipjack tuna in the last 5 years indicates
that the level of utilization has fluctuated from 2016 –
2020. The average level of utilization of fishery
resources for yellowfin tuna in the West Sumatra region
is 59%. This shows that the level of utilization of tuna
resources based on the estimation of National Marine

Fish Stocks (1997) is in the moderate stage (33.33-
66.66).

Level of Utilization of Skipjack

The level of utilization is analyzed based on the fishing
gear used. The following is the level of utilization of
skipjack tuna, which can be seen in Figure 8:
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Figure 8. Utilization rate and level of cultivation of skipjack tuna in West Sumatra.

Based on Figure 8, the value of the skipjack tuna
utilization rate in the last 5 years indicates that the
utilization rate has increased from 2016 – 2018. The
average level of utilization of skipjack fisheries
resources in the West Sumatra region is 78%. This
shows that the level of utilization of skipjack tuna
resources based on the estimation of National Marine
Fish Stocks (1997) is classified into the dense catch
or optimum stage.(66.80 – 100).

CONCLUSION

Based on the maximum sustainable catch value,
the total catch from 2016-2020 has not reached or
has not yet approached its sustainable potential value
(MSY). Therefore, it can be said that skipjack and
tuna are still below the MSY value. The level of
utilization of tuna resources is classified into the
moderate stage while the level of utilization of skipjack
fish resources is classified into the optimum stage.
Tuna catch production has decreased due to low fish
prices and several fishing vessels that have suffered
losses. The sustainable potential of skipjack tuna
shows that fishermen’s catch has exceeded the total
TAC catch so that if this continues it will affect skipjack
fisheries resources in the future.
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