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Original article ABSTRACT
Article history Introduction: Silvofishery is an innovative environmentally friendly aquatic cultivation concept currently
Received : March 7, 2024 widely developed in coastal areas with various cultivation commodities. The purpose of this research is to
Accepted : February 13, 2025 analyze the feasibility of saline tilapia (Oreochromis niloticus) as a biological, ecological, and financial
Published : March 30, 2025 commodity for silvofishery cultivation. Methods: This research method utilized a causal ex-post facto
design on four silvofishery ponds. The parameters studied include water quality, biological parameters of
Keyword fish, plankton abundance, and financial feasibility parameters of the business. Results: The research
Brackish water; results show that the weight of saline tilapia ranged from 3.01 to 21.24 grffish (13.37 £ 6.53) and biomass
Feasibility analysis; growth ranged from 3.010 to 19.116 kg (12.886 + 7.79). Silvofishery water quality parameters resulted in
Oreochromis niloticus; pH data of 7.8-8.2 (8.0 + 0.14), dissolved oxygen of 4.01-5.92 mg/L (4.90 + 0.55), temperature of 31.00-
Silvofishery; 32.75°C (31.80°C £ 0.60), salinity of 5-8 gr/L (6.3 + 1.28), and organic matter of 54.32-73.87 mg/L (62.90

+ 6.33). Plankton abundance ranged from 10,000 to 90,000 cells/ml with the dominance of the genus
Chilorella sp. The business feasibility analysis results showed a profit value of Rp. 8,840,000,-, R/C Ratio
of 1.55, BEP unit of 297 kg, BEP sales of Rp. 4,428,000,-, profitability of 25%, Net Present Value of Rp.
101,528,000,-, IRR of 20.45%, and payback period of 2.7 years. This means that based on growth
performance, pond water quality conditions, and business profit levels, the use of saline tilapia
commodities in silvofishery pond cultivation is highly recommended. Conclusion: This research concludes
that saline tilapia commodities are highly suitable when used as primary cultivation in integrated and
comprehensive silvofishery activities.
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INTRODUCTION

Aquaculture is a very important agribusiness activity that supports the world's food security system (Mardiana et
al., 2024). The aquaculture sector contributes to 75% of the world's total animal protein needs (FAO, 2021). The need
for animal protein from fish and shrimp biota is currently increasingly popular because of the low risk of disease
produced (Linayati et al., 2024). In the first quarter of 2021, Indonesia's fish production in the global market reached
7,500 tons (FAO, 2021). This has great potential to be developed as a form of effort to improve the world's food
security system from aquaculture results.

Saline tilapia (Oreochromis niloticus) is an adaptive and easily cultivated fish species (Ariadi et al., 2020). The
advantages of saline tilapia include high survival rates, rapid growth rates, and high feed conversion ratios, and its
seeds are easily obtained (Ariadi et al., 2022). Saline tilapia seeds are easily obtained due to their wild egg
reproduction system, allowing for a high hatching process (Ariadi et al., 2021). Tilapia is a fish species with a relatively
high egg-hatching rate (Lukman et al., 2021). Additionally, the selling price of saline tilapia in the market is relatively
stable compared to other cultivated fish species (Ariadi et al., 2021).

Silvofishery is an integration concept between aquaculture activities and mangrove restoration carried out in an
integrated manner (Musa et al., 2020). Silvofishery is widely developed as an adaptation form of environmentally
friendly aquaculture models. Some advantages of silvofishery include a variety of cultivation productions (fish, crabs,
shrimp) and cultivation models that do not pollute the surrounding environment (Lukman et al., 2021). Silvofishery is
also developed as an integrated mangrove restoration model (Leon-Herrera et al., 2015).

Mangroves in silvofishery serve as a medium for absorbing organic waste from aquaculture activities to prevent
environmental pollution (Rahman & Mahmud, 2018). Mangrove breathing roots also provide an ideal habitat for fish
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breeding and crab living media (Wijayanti & Pratomo, 2016). Silvofishery is widely developed due to the increasing
unfriendliness of aquaculture activities in coastal areas. Some main commodities commonly used for silvofishery
cultivation include milkfish and mullet (Musa et al., 2020). Physiologically, milkfish and mullet have low growth rates
when cultivated in brackish water (Linares-Cordova, 2024). Therefore, it is necessary to develop new commodities
that are more profitable for silvofishery cultivation in brackish water.

Saline tilapia is a potential candidate that can be used as a commodity for silvofishery cultivation (Ariadi et al.,
2024). The physiological characteristics of saline tilapia which are easily adaptable to brackish water salinity conditions
are very supportive to be used as a cultivated biota (Taufiqurrohman et al., 2023). In addition, the silvofishery system
that uses the agroforestry concept is also very suitable for brackish water fish commodities (Ariadi et al., 2024).
Therefore, there needs to be a study on the feasibility test of commodities for silvofishery cultivation using saline
tilapia as the cultivated.

Based on the above gap analysis, the purpose of this research is to analyze the feasibility of saline tilapia
(Oreochromis niloticus) as a biological, ecological, and financial commodity for silvofishery cultivation. This research
hopes to provide a feasibility study for the development of silvofishery cultivation in brackish waters.

METHODS

This research was conducted using the concept of causal ex-post facto design or natural field observation. The
study took place in the silvofishery ponds of Krapyak Village, Pekalongan City, for one cultivation cycle. There were
four silvofishery ponds observed, utilizing saline tilapia as the cultivated commodity.

The variables observed during the study included water quality parameters (pH, dissolved oxygen, salinity,
temperature, and organic matter), fish biological parameters (fish weight, fish biomass, and daily feed intake),
plankton abundance, and the financial feasibility analysis of the business, which encompassed profit analysis, R/C
Ratio, BEP unit, BEP sales, profitability, Net Present Value, Internal Rate of Return, and payback periods.

The method of financial feasibility analysis, including profit analysis, R/C Ratio, BEP unit, BEP sales, profitability,
Net Present Value, Internal Rate of Return, and payback periods, was calculated based on equations developed by
Primyastanto (2016) as follows:

Profit analysis

Business profit is the value of the difference between revenue (TR) and production costs (TC) calculated by the
formula:

n =TR-TC
exp :m = profit results
TR = total revenue
TC = total cost

Where 1t represents profit, TR denotes total revenue, and TC refers to total cost. Profitability is a key indicator of
business performance, reflecting the efficiency of resource utilization and cost management (Chiladze, 2018). For
instance, in aquaculture enterprises, total revenue is generated from fish sales, while total costs include expenses for
feed, labor, pond maintenance, and other operational expenditures (Arikan & Aral, 2019). A positive profit (m > 0)
indicates financial sustainability, whereas a negative profit (m < 0) suggests a need for cost reduction or revenue
enhancement strategies. Effective cost management and market-driven pricing strategies are essential to optimizing
business profitability (Larka & Pavlenko, 2021). By analyzing these factors, aquaculture businesses can identify areas
for improvement and implement targeted strategies to enhance their overall financial health and competitiveness in
the market.

R/C ratio

The R/C ratio is the value of the division between revenue (TR) and production costs (TC) calculated by the
formula:

R/C =TR/TC
exp :R/C = ratio between rent and cost from business
TR = total revenue
TC = total cost

Where R/C indicates the relationship between revenue and costs, TR represents total revenue, and TC refers to
total costs. An R/C ratio greater than 1 (R/C>1) suggests that the business is profitable, as revenue exceeds production
costs. Conversely, an R/C ratio below 1 (R/C<1) indicates financial inefficiency, implying that the business is operating
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at a loss (Chen et al., 2011)and may need to reevaluate its pricing strategy, reduce expenses, or improve operational
efficiency to enhance profitability. In the context of aquaculture, the R/C ratio is commonly used to evaluate the
economic feasibility of fish farming systems. For example, a study by Musa et al. (2020) on silvofishery ponds found
that businesses with an R/C ratio of 1.5 or higher were considered financially viable, demonstrating that every $1
spent on production generated at least $1.50 in revenue (Musa et al., 2020). Factors influencing the R/C ratio include
feed efficiency, stocking density, water quality management, and market price fluctuations (Bethke, 2019). By
monitoring and optimizing the R/C ratio, business owners can make informed decisions to enhance profitability and
long-term sustainability.

Rentability
Rantability is the percentage of profit (L) divided by working capital (M) during the business operation:
Rentability =x100%

exp : Rentability = comparison between profit and capital that generates profit
L = profit
M = working capital

Where L represents profit, and M denotes the working capital used during business operations. A higher rentability
percentage indicates a more efficient use of capital, signifying that the business generates substantial profit relative to
its investment (Bardash et al., 2019). In aquaculture, rentability is an essential indicator for evaluating the financial
performance of different production systems. For example, a study by Braga et al. (2016) on intensive and semi-
intensive shrimp farming found that businesses with rentability above 30% were considered financially attractive,
while lower values indicated a need for better cost management or increased revenue (Braga et al., 2016). Several
factors influence rentability, including feed conversion efficiency, operational cost control, and market price stability
(Anuar & Wahab, 2022). By analyzing rentability, business owners can assess the viability of their investment and
implement strategies to improve financial sustainability.

Net present value

Net Present Value is the difference between gross revenue and total expenditure divided by the discount factor in
business investment:
NPV =Y (Bt —Ct)/(1 + i)t

exp :NPV = Net Present Value from business activity
n = business duration
i = constanta for-i
Bt = gross revenue
Ct = total expenditure
t = business time

In aquaculture investment, NPV is commonly used to determine the long-term profitability of fish farming systems.
For example, a study by Engle et al. (2017) found that shrimp farms with an NPV exceeding $10,000 over five years
were considered financially sustainable, while farms with negative NPV values required adjustments in operational
costs and revenue generation strategies. Factors such as fluctuating feed prices, market demand, and environmental
conditions can impact NPV calculations. By analyzing NPV, investors can make informed decisions about the feasibility
and sustainability of their business ventures.

Internal rate of return

Internal Rate of Return is the internal return rate based on the Net Present Value and the bank interest rate
calculated using the following formula:

IRR =i"+(i"=1)
exp :IRR = Internal Rate Return
NPV = Net Present Value
i = bank interest rate

In aquaculture investments, IRR is a crucial indicator for assessing financial feasibility. A study by Mukta et al.
(2019) on tilapia farming found that an IRR exceeding the prevailing bank interest rate indicated a profitable business,
whereas a lower IRR suggested potential financial risks. Generally, an IRR higher than the market interest rate is
desirable, as it implies that the investment yields better returns compared to other financial instruments, such as
savings or bonds (AlZoubi, 2022). However, IRR calculations must also consider external factors such as feed costs,
market fluctuations, and operational efficiency, which can influence long-term profitability (Siagian & Hakim, 2023).
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By analyzing IRR, investors can make informed decisions about capital allocation and business expansion strategies.
Understanding the various components that affect IRR can help stakeholders optimize their farming practices and
enhance overall financial performance.

Payback periods

The payback period is the analysis of investment return, whether constant or not, during the business operation:
PP =x1years

exp :PP = Payback Periods
Invest = invest cost for business activity
Deposit/year = investment cost for business years

In aquaculture, the payback period is essential for evaluating the feasibility of different fish farming systems. For
instance, a study by Marin-Riffo et al. (2021) on shrimp farming revealed that businesses with a payback period of
fewer than three years were considered financially viable (Marin-Riffo et al., 2021). However, factors such as
fluctuating market prices, feed costs, and environmental conditions can impact the actual payback duration (Vu Thi et
al., 2018). By analyzing the payback period, business owners can assess investment risks and make informed decisions
about scaling operations or optimizing cost structures.

RESULTS AND DISCUSSIONS

Saline tilapia growth rate

The growth rate of saline tilapia in silvofishery ponds is described as showing good progress (continuously
increasing) and progressive biomass growth (Figure 1.). Biomass growth appears to decline in week 11 due to
mortality. The weight of saline tilapia raised for 19 weeks ranged from 3.01-21.24 gr/fish (13.37 * 6.53), and fish
biomass growth in the pond ranged from 3.010-19.116 kg (12.886 + 7.79) (Figure 1). Ideal environmental conditions

and proper maintenance processes greatly influence the performance of fish cultured in ponds (Leon-Herrera et al.,
2015).

Saline tilapia is an omnivorous fish species, so its growth rate tends to continue increasing (Xing et al., 2022).
Omnivorous fish not only consume artificial feed but also plankton and leaf detritus (Wu et al., 2021). This synthesis
correlates with the silvofishery pond model located in mangrove forest areas. Mangrove leaves contain many
antioxidant and bioactive compounds that support fish growth rate (Lang et al., 2024). The progressive growth rate of
fish correlates with the increasing biomass of fish in the silvofishery pond.
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Figure 1. Fish growth rate (abw) and biomass increase in silvofishery ponds

Water quality in silvofishery ponds

The condition of water quality parameters can be seen in Figure 2. In general, pH, dissolved oxygen, temperature,
and salinity parameters tend to fluctuate dynamically. The pH value ranges from 7.8 to 8.2 (8.0 + 0.14), which falls
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within the optimal range for saline tilapia culture, supporting fish growth and survival. According to [relevant
reference], this pH range is suitable for maintaining physiological balance and metabolic processes in tilapia. Dissolved
oxygen ranges from 4.01 to 5.92 mg/L (4.90 % 0.55), temperature from 31.00 to 32.75°C (31.80°C * 0.60), and salinity
from 5 to 8 gr/L (6.3 + 1.28). The average salinity value in silvofishery ponds tends to be low due to the predominance
of freshwater in the silvofishery aquaculture ecosystem.
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Figure 2. Fluktuasi parameter pH, dissolved oxygen, temperature, and salinity

The organic matter content in silvofishery ponds can be seen in Figure 3. The organic matter content is depicted as
continuously increasing, but still within the standard threshold value for water quality. The organic matter content
ranges from 54.32 to 73.87 mg/L (62.90 £ 6.33). The low concentration of organic matter indicates that in silvofishery
ponds, there is an intense absorption process of organic materials by mangrove roots (Ariadi et al., 2023).

Mangroves play a crucial role in regulating water quality by trapping and breaking down organic matter, which
helps maintain a balanced aquatic ecosystem. Their extensive root systems not only stabilize sediments but also
promote microbial activity that aids in organic matter decomposition (Rajendran et al., 2016). Additionally, the
presence of mangroves can reduce the risk of excessive organic accumulation, which could otherwise lead to oxygen
depletion and deteriorate pond conditions (Zheng et al., 2022). These findings highlight the ecological benefits of
integrating mangroves into aquaculture systems, reinforcing their importance in maintaining water quality and
supporting sustainable silvofishery practices.
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Figure 3. Organic matter abundance and oxygen solubility rate in silvofishery ponds

From the display of several water quality data, it can be explained that the presence of mangrove habitat
significantly affects the stability of water quality in silvofishery ponds. Mangrove roots have the function of absorbing
organic matter and suspended particles (Jiang et al., 2024). Additionally, the wide stomata and physical characteristics
of mangrove leaves also influence the stability of water temperature levels (Sagala et al., 2024). Stable temperature
correlates with the level of oxygen solubility facultatively (Mardiana et al., 2023). As temperature increases, the
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solubility of oxygen in water decreases due to the increased kinetic energy of water molecules, leading to a reduced
capacity to hold dissolved gases (Chapra et al.,, 2021). This inverse relationship highlights the importance of
maintaining stable temperature levels to ensure adequate oxygen availability for saline tilapia, as sufficient dissolved
oxygen is crucial for their metabolic processes, growth, and overall survival.

The pH value of the water also tends to be dynamic and controlled. This indicates that the conditions of the
silvofishery waters are quite stable and dynamic. The stability of water pH conditions is also influenced by the salinity
level in the aquatic ecosystem (Ariadi et al., 2023). Stable and controlled waters are very ideal for use as fish farming
media (Musa et al., 2020).

Plankton abundance

The abundance of plankton in silvofishery ponds tends to be diverse. From the four ponds studied, four classes and
ten genera of plankton were found, with an abundance range of 10,000-90,000 cells/ml (Table 1). The most dominant
plankton class is Chlorophyceae, and the most dominant plankton genus is Chlorella sp. Chlorella sp. is a plankton
genus that lives colonially and grows abundantly in fertile waters (Soeprapto et al., 2023). The dominance of Chlorella
sp., green algae rich in protein and essential fatty acids, suggests a readily available food source for saline tilapia
larvae and juveniles (Tikue & Workagegn, 2022). This nutritional contribution can enhance fish growth, immunity, and
overall survival rates in silvofishery systems.

The presence of nutrients becomes a limiting factor for the growth of the Chlorella sp. genus in fish ponds (Appoo
et al., 2024). The stable water quality conditions and the presence of mangroves as nutrient absorbers significantly
influence the abundance of plankton in silvofishery ponds (Damastuti et al., 2023). Saline tilapia raised in silvofishery
ponds are quite ideal when encountering Chlorella sp. Chlorella sp. is one of the plankton genera recommended to be
used as natural fish feed (Soeprapto et al., 2023). The protein and chlorophyll content in Chlorophyceae are highly
needed for fish fry growth (Samal et al., 2023).

Table 1. Plankton abundance in silvofishery pond

Plankton abundance in silvofishery pond (cell/ml)

No Class A B c )
Bacillariophyceae
1 Skeletonema sp. 10,000 10,000
2 Coscinodiscus sp. 40,000 30,000
3 Amphora sp. 10,000
4 Amphipora sp. 10,000
Chlorophyceae
1 Chlorella sp. 80,000 20,000 90,000
2 Gleocystis sp. 10,000 30,000 70,000
3 Chlamydomonas sp. 10,000 20,000 20,000
Cyanophyceae
1 Oscillatoria sp. 20,000 10,000 50,000
2 Microcystis sp. 20,000 30,000 60,000
3 Anabaena sp. 10,000 40,000
Genera 6 3 9 5
Total (cell/ml) 150,000 40,000 320,000 190,000

The level of plankton diversity, which tends to be moderate, is also good for the pond ecosystem's balance. This
indicates that the moderate plankton conditions indicate no dominance of specific genera (Ariadi et al., 2022).
Plankton in fish pond ecosystems generally is dynamic, following the dynamics of fluctuating nutrient abundance (N:P)
(Magyar et al., 2024). This condition is a concern in determining the type of fish farming pattern to be used.

Financial feasibility analysis

A financial feasibility analysis is conducted to predict whether silvofishery cultivation activities using saline tilapia
have promising profit projections. This analysis is essential in determining the potential return on investment and
sustainability of the business in the long term. Data for financial feasibility projections are obtained from the total
post-harvest selling price, which reflects the market value of the produced commodity. Financial feasibility analysis is
used as a form of investment feasibility assessment in a productive business (Ariadi et al., 2019), helping stakeholders
make informed decisions before committing resources. To analyze the level of financial feasibility of the business, it is
necessary to first determine the fixed capital and working capital values of silvofishery cultivation activities, which
form the foundation for further cost-benefit calculations (Mugsith et al., 2023). The cost of business capital for
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silvofishery cultivation using saline tilapia is presented in Table 2, serving as the initial step in evaluating the overall
financial performance of the enterprise.

Table 2. Silvofishery pond business capital

Capital Venture Unit Price Technique Age Total
(Pcs) (Rp.) (vears) (Rp.)
Fix Cost
Pond basket 8 375,000 5 3,000,000
Bamboo 85 15,000 5 1,275,000
Pond net mesh 0.1 mm 2 125,000 2 250,000
Acclimatization pond 2 2,750,000 5 5,500,000
Total 10,025,000
Operational Cost
Fry 3,600 1,000 1 3,600,000
Feed 225 13,000 1 2,925,000
Bacteria starter 10 35,000 1 350,000
Total 6,875,000
GRAND TOTAL 16,900,000

The results of the financial feasibility analysis are presented in Table 3. Generally, saline tilapia raised in
silvofishery ponds exhibit profitable business profitability and projections. The level of business profitability can be
seen from the harvest profit value of Rp. 8,840,000,-, R/C Ratio of 1.55, BEP unit of 297 kg, and BEP sales of Rp.
4,428,000,-. Furthermore, the business feasibility value can be observed from the profitability rate of 25%, Net
Present Value of Rp. 101,528,000,-, IRR of 20.45%, and payback period of 2.7 years.

Table 3. Silvofishery business feasibility analysis

No. Analysis Results Standard Assessment Criteria
1  Profitability (Rp.) 8,840,000 TR>TC Profitable
2 R/CRatio 1.55 R/C>1 Profitable
3 BEP Unit (Kg) 297 BEPu<Q Profitable
4  BEP Sales (Rp) 4,428,000 BEPs < TR Profitable
5 Rentability (%) 25 R>i Feasibility
6 Net Present Value (Rp) 101,528,000 NPV >0 Feasibility
7 IRR (%) 20.45 IRR > discount factor Feasibility
8 Payback Period (tahun) 2.7 PP < technique age Feasibility

In one cycle of silvofishery cultivation (4 months) using saline tilapia as the commodity in a 480 m2 pond, a profit
of Rp. 8,840,000,- was obtained. This value has a revenue and sales ratio of 1.55, which is deemed feasible as it is
greater than 1. The cultivation activity also yields a profitability rate of 25%, exceeding the average investment bank
interest rate of 15-20% (Kholodilin, 2024). The R/C ratio and profitability values will determine the estimation of
cultivation cycle improvement in the next cycle (Wafi et al., 2021).

The Net Present Value is also sufficiently high (>0), indicating that this business is highly feasible for development.
The Net Present Value is a business projection value that can serve as a reference for future business development
(Lampert, 2024). The IRR value is also higher than the bank interest rate of 15-20%, signifying that this business is
highly suitable for investment (Ariadi et al., 2021). The cultivation of saline tilapia using the silvofishery concept is
predicted to yield a payback period of 2.7 years. This means that the business will fully recoup its investment within
2.7 years. The payback period value is a primary consideration for an investor in determining investment decisions in
active businesses (Mugsith et al., 2023).

Overall, based on the data presentation from the research results, it can be concluded that saline tilapia can be a
strong candidate commodity for silvofishery cultivation. This statement is based on the biological growth
performance, pond water quality conditions, and good post-harvest financial performance. Saline tilapia is a popular
consumption fish in the Southeast Asian region (Dong et al., 2019). Saline tilapia is also easy to breed and has a high
survival rate (Ariadi et al., 2021). Therefore, it is highly suitable for this fish to be used as a primary commodity in
silvofishery cultivation.

Silvofishery cultivation, which offers a variety of harvest commodities, would be highly suitable if it has high-value
cultivation commodities. Saline tilapia is a type of fish demanded by the market and has a relatively stable selling price

31



Ariadi et al. Volume 16 Number 1 (2025), Pages 25-34

(Dong et al., 2019). Other advantages of saline tilapia in silvofishery cultivation include its adaptability to brackish
water conditions (Musa et al., 2020). This is crucial because the majority of silvofishery cultivation activities are carried
out in brackish water areas (Leon-Herrera et al., 2015).

CONCLUSION

In conclusion, saline tilapia is highly suitable as a primary cultivation commodity in silvofishery activities. This can
be observed from the performance of biological growth rate, correlation impacts on pond ecological factors (water
quality and plankton abundance), and the results of profitable financial feasibility estimation.
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