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Abstract. Tuna hand line is a fishing gear used by fishermen to catch tuna on Morotai Island, Indonesia.
So far, there is little scientific information related to the performance of the tuna hand line business. This
study aims to analyze the productivity and feasibility of the hand line tuna business based in Morotai
Island’s Integrated Marine and Fisheries Center (IMFC). The research was conducted on Morotai Island,
North Maluku Province, Indonesia, from April to September 2022. Data on tuna production, number of
units and trips for fishing in the 2015-2021 period were obtained through reports from the Department of
Marine Affairs and Fisheries of Morotai Island Regency. Data related to business feasibility were obtained
through interviews with hand line tuna fishermen. Analysis of production and productivity data was
carried out by using descriptive statistics. Business feasibility analysis was carried out by calculating net
present value (NPV), internal rate of return (IRR), benefit cost ratio (B/C ratio), and payback period (PP).
The productivity of hand line tuna in the 2015-2021 period had an increasing trend, from 85 kg per trip
in 2015 to 250 kg per trip in 2021. Productivity based on the number of tuna fishing units ranged from
1.82-3.42 tons per unit per day, yearly. Tuna hand line business required an investment of 3057 USD.
The total cost of production was 9752 USD per year, the total revenue was 12,90 USD, so the net benefit
achieved was 2538 USD. The investment criteria calculated were NPV>0, which was 9739 USD, an IRR >
deposit interest rate is 77%, B/C ratio >1 is 4.19, R/C>1 is 1.25, and PP is 0.5 years.
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Introduction. Morotai Island Regency, which is located on the Pacific Rim, has a sea
area of 79.6% of the regency total area of 2476 km?, with a coastline length of 311.21
km, and consists of 33 islands. The regency’s entire area is surrounded by the sea,
namely: to the north it is bordered by the Pacific Ocean, to the west it is bordered by the
Sulawesi Sea, to the south by Morotai Strait, and to the east by the Halmahera Sea
(Ratnawati et al 2019). This geographic condition provides an opportunity for the marine
fisheries sector to be the leading sector to be developed.

As an effort to develop the marine and fisheries sector, the government has built
the Morotai Island’s Integrated Marine and Fisheries Center (IMFC) in 2015. Its
development was based on the Regulation of the Minister of Marine Affairs and Fisheries
of the Republic of Indonesia Number 48/PERMEN-KP/2015 concerning General Guidelines
for the Development of Integrated Marine and Fishery Centers on the Small Island and
Border Area. The IMFC development was focused on four goals, namely: increasing
added value, increasing competitiveness, modernization and corporatization of business,
and strengthening the production and productivity of the main players and fishery
business actors (KKP 2017). The area has been equipped with a Fish Landing Center
(FLC), Processing Center, Export and Marketing Center, Logistics Center, and Integrated
Service Center (KKP 2019), involving many business actors in the fishing industry
development (Adam 2012).
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The development of the Morotai fishing industry is generally focused on
developing tuna fish resources (Sofiati & Alwi 2018; Sofiati & Deto 2019). The
opportunity to develop tuna as a leading commodity in Morotai Island Regency is
reasonable because the regency’s high potential for tuna, and because tuna has a stable
market price (Sofiati & Alwi 2019; Abdullah et al 2020). Morotai tuna businesses were
carried out mostly in the form of small-scale businesses using motorboats and hand-line
tuna fishing gears. The motorboats used had a capacity of 1.5-15 GT (Sofiati & Alwi
2019). The number of hand line tuna vessels continued to increase yearly due to several
factors, including: relatively low costs, the good quality of the caught fish, being
marketed as an export commodity, fishing activities do not depend on season, and
fishing areas are relatively fixed around FADs and have a high productivity (Nurdin et al
2015).

The success of a fishing effort is highly depended on the productivity of the fishing
gear used (Iskandar 2010). The productivity of fishing vessels represents the level of
their ability to obtain fish catches in a period of time (Saputra et al 2011), providing
fishermen with information about the ability of a fishing gear (Nurhayati et al 2018).
Activity of using fishery resources can be measured by economic variables to assess the
feasibility of the business and the level of community welfare, especially for tuna
fishermen (Mustaruddin et al 2021). Information on available tuna resources,
productivity of fishing gear, and business feasibility will facilitate the development of
hand line tuna investments. This study aims to determine the productivity of hand line
tuna fishing gear and analyze the feasibility of a hand line tuna business based at Morotai
Island IMFC.

Material and Method. The research was conducted on Morotai Island, North Maluku
Province (Figure 1), from April to September 2022.

MOROTAI ISLAND
NORTH MALUKU PROVINCE

Isla Morotai Island

WS

Halmahera
Island

Figure 1. Research area in Morotai Island Regency, North Maluku, Indonesia.

The data collected in this study were primary and secondary data. Primary data were
obtained from primary sources through direct interviews and questionnaires. Purposive
sampling was performed. Purposive sampling is the determination of the sample with the
consideration that the population is chosen intentionally based on certain objectives and
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considerations. Respondents in this study were 100 hand line tuna fishermen based in
IMFC Morotai. The types of data collected consisted of: boat dimensions (length, width,
and depth), boat capacity (GT), type and engine power, investment costs, operational
costs, maintenance costs, humber of fishing trips, number of tuna catches, selling prices,
and fishermen wages. Secondary data was collected through sources from relevant
agencies, namely: the Department of Marine Affairs and Fisheries of the Morotai Island
Regency, the Planning and Development Agency for Morotai Island, the Ministry of Marine
Affairs and Fisheries of the Republic of Indonesia.

Data analysis was carried out using productivity analysis and business feasibility
analysis. The calculated productivity is based on fishing trips and on fishing units. Fishing
productivity is determined based on a ratio between production and the number of fishing
trips (Saputra et al 2011; Gogasa et al 2020).

2 catch (k
Productivity (kg /trip) = T;E]

Productivity is based on the comparison between production and the number of fishing
gear units, being calculated by the following equation (Setyorini et al 2009):

. . Ycatch (ton)
Productivity (ton/unit) = T fishing efforts (unit)

Business feasibility analysis was used to determine the feasibility of developing the
handline tuna business in Morotai waters. This analysis was carried out for the
development of tuna fish resources, which have abundant potential in Morotai sea (Sofiati
& Alwi 2018). The results of the investment and business feasibility analyses were
needed to strengthen the use of all fishing fleets, both non-motorized and motorized,
which can be further developed in Morotai Island Regency (Zamroni et al 2019). A
feasibility analysis was carried out on fleets of less than 5 GT, which were the dominant
sizes used by handline tuna fishermen in Morotai Island. The study adopted the business
feasibility analysis developed by Hanley & Spash (1993) that consists four components
described below.

1. The Net Present Value (NPV) was used to determine the value of the present
benefits obtained from an investment activity. If NPV>0, then the business is acceptable
(feasible) and if NPV<Q0, then the business is not acceptable. The formula for calculating
NPV is:

"]W_im_&
NPV = ) S
t—].{l L)

Where: Bt - gross benefit (income) at year-t (USD); Ct - gross cost at e=year-t (USD); i
- interest rate (%); t - investment period (i= 1, 2, 3, ..., n).

2. The Internal Rate of Return (IRR) was used to determine the extent to which
tuna fishermen are able to return the capital invested from the business compared to the
value of the cost of capital balance, namely the prevailing interest rate. A business
investment will be declared feasible if the IRR value is greater than the return value.
Mathematically, IRR is expressed by following equation:

IRR = i1 + _ NPV, (i,-iy)
NPV, - NPV,

Where: i1 - interest rate producing positive NPV; i - interest rate producing negative
NPV; NPVi - NPV at discount rate i1; NPV2 - NPV at discount rate i>.
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3. The Benefit-Cost Ratio (B/C ratio) was used to compare the present value of
benefits with the present cost value. Theoretically, the B/C ratio is a comparison between
all benefit values to all sacrifices or costs, calculated using the formula:

o ey
B/C Ratio = —
o

Where: B - benefit; C - cost; 1 - discount rate; t - period. The criteria analysis is as
follows: if net B/C ratio > 1, the investment is feasible since it produces benefits; if net
B/C ratio = 1, the investment is at balance (no benefits or loss); if net B/C ratio < 1, the
investment is not feasible (loss).

3. Revenue-cost ratio analysis was used to find out how far each cost spent in
business activities can provide a number of revenue values as benefits. The formula used
to calculate R/C is:

R C_TR
/ TTC

Where: if R/C > 1, business is profitable; if R/C < 1, business is loss; and if R/C = 1,
business is in break event point.

5. The Payback Period (PP) is used to determine the length of the period required
to return the capital invested in a business activity. A business is said to be feasible if the
PP obtained is less than a specified period. The formula used is as follows:

PP = I/n

Where: PP - payback period; I - investment or budget needed for procurement of capital
goods or fixed capital (USD); n - income (USD).

Results and Discussion

Integrated Fishery and Marine Center of Morotai Island. The development of IMFC
is based on the principles of responsible, competitive, and sustainable management of
marine and fisheries resources by involving all stakeholders (local governments, related
ministries/institutions, BUMN/BUMD (national and local business organizations), private
sector, cooperatives, local communities, and other relevant stakeholders. The
implementation of IMFC development can integrate community-based marine and fishery
business processes through optimizing the sustainable use of marine and fishery
resources in small islands and/or border areas.

The activities of the Morotai Island IMFC started in 2016. The objectives of the
Morotai Island IMFC are: 1) increasing fish production, 2) improving the quality of fishery
products through the industrialization of fishery in order to create added value, 3)
bringing in foreign exchange through the export of fishery products, 4) increase economic
growth in the fishery sector, and 5) increase job opportunities and business opportunities
for fishermen and business actors in the fishery sector.

Some of the infrastructure owned by IMFC Morotai Island includes: integrated cold
storage with a capacity of 200 tons, refrigerated transport cars, and a 10 tons ice factory.
IMFC Morotai Island has exported tuna loins to several countries that contribute to
improving national welfare and foreign exchange. In 2018, there were 74 tons of tuna
loin exports with a value of 626153.96 USD. In 2019, tuna loin exports from IMFC
Morotai increased to 251 tons with a value of 2259000 USD. In addition to tuna loin,
IMFC Morotai Island also produces tuna and baby tuna in an average of 10 tons per
month, with a value of 12036.74 USD and an average of 2.7 tons per month of ice worth
4371.24 USD.
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Handline tuna fishing units. Most tuna fishermen in Morotai Island area use handline
fishing gear because it is very simple. The main parts of the handline fishing gear consist
of the main line, base line, fishing line, swivel, and weights. The specifications consist of:
the main rope made of nylon number 150 with a length of 300 m, the base rope made of
nylon number 80, with a length of 10 m, fishing swivel nhumber 1, tuna hook no. 4, the
main weight made of tin and additional weights using stones measuring 300-500 kg, bait
in the form of fish or squid. Handline tuna boats are made of fiberglass; have a length
ranging from 7 to 10.8 m, 1-1.2 m width, and 0.5-0.8 m height. The dominant propulsion
engines used are 15 and 40 HP, each boat using 1-2 engines.

Fishing operations are carried out for one day (daily trip), starting at 06:00 and
finishing at 15:00 local time. The fishing grounds are in Morotai territorial sea, especially
those that have been installed with FADs. The operation is carried out by hooking the bait
on the fishing line. The bait is tied to additional ballast (stone), which is lowered and
dropped to a predetermined depth. The average catch per trip per unit ranges from 2-5
fish per trip with an average fish weight of 30-40 kg per fish.

Handline tuna production and productivity. Tuna production in Morotai Island district
for the 2015-2021 period increased yearly. Total production of 309 tons in 2015
increased to 2612 tons in 2021. Tuna production experienced a drastic increase in 2018,
due to an increase in the number of boats and additional fishing trips since the operation
of the IMFC (Table 1).

Table 1
Tuna production of Morotai Island Regency in 2015-2021

Year Production (ton) Boat (unit) Trip
2015 309 121 3635
2016 325 189 1757
2017 496 277 2041
2018 1863 544 6978
2019 1985 737 7089
2020 2223 784 9665
2021 2612 802 10448

The level of fishing productivity will provide a picture of the fishing effort carried out in an
area. Catch productivity can be measured simply by comparing the production volume of
the catch with the amount of effort made.

In this research, productivity is defined as productivity based on fishing gear units
and productivity based on fishing trip units. The productivity of handline tuna catching in
Morotai in the period 2015-2021 has an increasing trend, both productivity according to
fishing trip units and productivity according to the number of fleet units. The average
fishing productivity according to fishing trips in 2015 was 85 kg per trip, increasing to
250 kg per trip in 2021, and the average fishing productivity according to the number of
fleet units each year fluctuated between 1.72 to 3.42 tons per unit (Figure 2).

The average value for this productivity is higher than the average CPUE of
handline in Bitung waters, namely 1516 kg per trip (Darondo et al 2020). Productivity
experienced a significant increase in 2018, indicating the positive impact of the operation
of the IMFC on Morotai Island. The operation of the IMFC was followed by the assistance
regarding the fishing fleet, resulting in an increase in the number of fishing trips. Nurdin
et al (2015) stated that the fluctuations in catch could be influenced by the number of
fleets and the number of fishing trips each year. A greater number of trips will be
positively correlated with the catch (Alhuda et al 2016; Damayanti 2020). The facilities
available at the IMFC such as fish landing centers, ice factories, cool storage, and
marketing can be convenient and provide motivation for fishermen and business actors in
carrying out tuna fishing activities. In addition, the formation of cooperatives facilitated
the marketing of the catch. Fleet unit assistance and FAD assistance by the local and
central government had a very positive effect on increasing tuna catch production.
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Figure 2. Productivity graph of tuna hand line.

The increase in handline tuna productivity was also thought to be related to the
availability of tuna resources in the waters. Wiyono (2010) stated that high productivity
can reflect the abundance of fish in a sea water body. Imron et al (2020) stated that if
the productivity value increases, it indicates that the condition of the resource is good.
Morotai Island Sea is part of the Pacific Ocean, thought to be a good tuna fishing area,
because it is one of the entry gates for the Indonesian Through Flow (Haikal et al 2012).
The assumption that the waters of Morotai Island is a good fishing area for tuna is
strengthened by oceanographic conditions, such as sea surface temperature, chlorophyll-
a concentration, and the size of the fish captured. BAPPEDA office of North Maluku
Province (2022) reported that the Morotai area sea surface temperature varied between
28.9-31.2°C, the distribution of chlorophyll-a ranged from 0.023-1.4 mg L!, and the
average size of tuna caught was 30 kg. Paillin et al (2020) stated that a water with a sea
surface temperature between 29-30°C is good as a fishing area. Widodo (1999) stated
that if the chlorophyll-a concentration is greater than 0.2 mg m3 in water, then it is
categorized as a potential fishing ground. The size of yellowfin tuna that is said to be
suitable for catching is 20 kg, because at this size the fish has spawned once (FAO 2016).

The feasibility of a handline tuna business. The investment costs for the hand line
tuna fishing business are used to procure boats, propulsion engines, fishing gear and
accessories. Tuna handline business requires an investment of 3057 USD. The largest
investment proportion is in propulsion engines, reaching 56% and in boats, with 41%,
while fishing gear and equipment have only 3% of the investment (Table 2).

Table 2
Investment budget for a tuna handline business in Morotai Island Regency

Investment item Cost (USD) Proportion (%)
Boat 1267 41
Engine 1710 56
Fishing gear 79 3
Total 3057 100

Operational costs are total costs used for a tuna fishing business activity, consisting of
variable costs and fixed costs. The amount of variable costs was 9197 USD. The biggest
variable costs were fuel, reaching 56% and crew wages, with 32%. Other operational
costs include supplies, ice, and bait in very low quantities, with a proportion of only 3-
5%. Fixed costs only consist of depreciation costs and maintenance costs amounting to
554.78 USD, with the largest value being depreciation with a proportion of 73%, while
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the maintenance value was 27%. The total operational cost for one year is 9752 USD,
while the total revenue is 12290 USD, so the net benefit is 2538 USD (Table 3).

Table 3

Operational cost, total cost, total income, and net benefit of a tuna handline business

Components Value per year (USD) Proportion (%)
Variable (non-fixed) cost
Fuel (gasoline) 5,190 56
Supplies 466 5
Ice 243 3
Bait 380 4
Crew wages 2918 32
Total 9197 100
Fixed costs
Depreciation 402.73 73
Maintenance 152.04 27
Total 554.78 100
Total costs 9752 -
Total income 12290 -
Net benefit 2538 -

The handline tuna fishery business requires economic sustainability in order to meet the
needs of the actors involved in it. Table 4 shows that all the parameters analyzed meet
the criteria for feasibility. The NPV value of 9739 USD is higher than 0, indicating that the
investment provides a reasonable net benefit, even after considering the prevailing
interest rates. IRR was 77%, greater than the benchmark interest rate (10%). The B/C
ratio was 4.19, higher than 1, meaning that all handline fleets used by fishermen in the
area are eligible to continue their business throughout the year. The R/C of 1.25 is higher
than 1, indicating that the tuna handline business is feasible to continue. PP was 0.5
years, meaning that the business is feasible, and the return on capital being lower than
the estimated life of the project in a period of 10 years.

Table 4
Tuna handline business feasibility

Feasibility parameters Standard Values Category
NPV >0 9739 USD Feasible

IRR >10% 77% Feasible

B/C ratio >1 4.19 Feasible

R/C >1 1.3 Feasible

PP - 0.5 Feasible

Note: NPV - net present value; IRR - internal rate of return; B/C ratio - benefit/cost ratio; R/C - revenue-cost
ratio; PP - payback period.

Business feasibility is very important to determine the financial performance of a
business. Information about business feasibility becomes a reference for capital owners in
making decisions of investments in their business. The handline tuna fishery business has
a decent NPV value, reaching 9739 USD. This NPV value represents the net profit that
can be received over the life of the tuna handline business. The IRR (77%) value is also
considered feasible that shows investing money in a handline tuna business can yield a
decent profit ratio that can easily cover the interest on credit loans (10% per year).
Batista et al (2015) and Prabowo et al (2012) state that in addition to being profitable,
the value of investment returns must be large enough to cover all fishing expenses,
especially credit/loan interest, which is usually high. The survey results show that all
handline tuna fishermen in Morotai rely on loans either from banks or moneylenders for
boat purchases and fishing operational costs. The value of the B/C ratio indicates that the
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revenue is always greater than all the financing spent to support handline tuna
operations. Thus, the business can always generate profits in its operation. The R/C value
indicates that each business unit is feasible to be developed. Because NPV, IRR, B/C
ratio, and PP have good values, in terms of investment, the handline tuna business can
be developed in Morotai Island Regency.

Conclusions. The productivity of handline tuna fishing gear in the 2015-2021 period
fluctuated, but had an upward trend from 85 kg per trip in 2015 to 250 kg per trip in
2021. When the productivity value was based on the number of tuna fishing units, there
were fluctuations in productivity in the period 2015-2021 generated by each fleet. The
highest productivity occurred in 2018, with a tuna catch productivity value of 3.42 tons
per unit per year. Tuna hand line business requires an investment of 3057 USD. The
largest investment proportion is in the engine propulsion, up to 56%, and in the boat,
with a value of 41%. The total cost of production is 9752 USD/year, the total revenue is
12290 USD so the net benefit achieved is 2538 USD. The investment criteria are: NPV>0
(9739 USD, IRR > deposit interest rate (77%), B/C ratio>1 (4.19), R/C>1 (1.25), and PP
is 0.5 years. In terms of investment, the handline tuna business may be developed in
Morotai.
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