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Mariculture, a sustainable and rapidly growing aquaculture sub-sector, meets
global seafood demand while reducing strain on wild fish stocks and continues
to expand worldwide. However, rising feed and seed costs pose significant
challenges, overshadowing other farming expenses. Climate change exacerbates
the profitability of sea cage farming, increasing volatility. The surge in fishmeal costs
has a detrimental impact on operational expenditure (Opex) and continues to be a
threat. Consequently, sea cage farming in India is at a critical juncture, needing a
balance between technological advancements and stakeholders'’ fiscal needs. In
this context, this study examines peer-reviewed synthesized data by employing
metrics to evaluate the implications of feed and seed costs in Asian Seabass (Lates
calcarifer) sea cage farming over a 10-year horizon. The total sales revenue over
the 10-year period was US $100,848, with a net profit of US $55,198.89. A 30%
increase in feed and seed prices significantly altered the economic dynamics of
the enterprise, leading to an 8.8 and 9.2% rise in the respective break-even points.
There was also a significant effect on the Benefit—Cost Ratio (BCR), with a 30%
increase in each factor resulting in a 10 and 18% change in the projected BCR,
respectively. Therefore, the significance of feed and seed cost has been established,
necessitating an inevitable shift from low-value fish to formulated feed adaption
for sustainable mariculture development. The study suggests improvements to
existing practices to maximize efficiency and minimize production costs.

KEYWORDS

mariculture, Asian seabass, Opex, economic analysis, climate change, sustainability,
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1 Introduction

In the wake of the impending Ocean 4.0 blue economy era, sea
farming has been identified as a potential marine business and an
investment opportunity for all maritime nations. Among them, India
is the third largest fish producer, accounting for 8% of global
production and with an export value of up to US $8.09 billion in the
year 2022-2023 (MPEDA,
cultivable land for aquaculture, driven by the growing population,

2022). Due to the non-availability of

open sea mariculture is acquiring significance as a potential and
innovative solution to improve global food security (Ye et al., 2022).
Asian seabass, Lates calcarifer, is a finfish species with considerable
economic significance and importance with its widespread area of
distribution and popularity on a global scale (FAO, 2023). The
expansive occurrence of this particular species extends across tropical
and sub-tropical regions, especially within the Indo-West Pacific,
spanning from the eastern edge of the Persian Gulf to China, Taiwan,
and southern Japan, and further southward to include southern
Papua New Guinea and northern Australia (FAO-FAD, 2020; Fish
Base, 2023). Owing to the technological advancements in seed
production standardization and hatchery production, Asian seabass
has emerged as a prominent marine finfish variety (Arasu et al., 2008;
Thirunavukkarasu et al., 2009), cultured in marine ecosystems, ocean
nursery brackish estuaries, and fresh waters as monoculture or
polyculture (Sorphea et al., 2019). Globally, seabass has a vast domestic
and international market demand for its products (Hassan et al., 2021;
Future Market Insights, 2021). These major factors have incentivized
the fishermen and stakeholders to engage in Asian seabass mariculture
in sea cages along the territorial waters. However, as a high-value
mariculture species, seabass requires high-protein diets, which have
traditionally relied on fishmeal and fish oil derived from wild pelagic
fish resources. Edwards et al. (2004) have duly reported that
conventional aquaculture methods that rely on low value as a direct
feed are unlikely to grow considerably in the future. This places the
fishermen in a difficult predicament and can lead to financial losses.
In addition, economic projections centered around seabass cage
culture, especially on implications of feed and seed costs in the face of
climate change are still relatively scarce.

Feed is an integral component of production economics (Bakl and
Yiicel, 2017), with low-value fish making up the majority of the feed
in the marine aquaculture (Bunlipatanon et al., 2014). Nevertheless,
the same scenario (low-value fish as feed) has prevailed from the
genesis of the indigenous sea cage farming activities since 2007. Of the
total aquaculture production, 20 million tons are used for non-human
consumption, mainly for fishmeal and fish oil production (16 million
tons, 81%). The global fishmeal market is expected to reach US $10.31
billion by 2027, with an increasing CAGR of 4.1% during 2021-2027
(Fish Meal Market: Global Industry Trends, Share, Size, Growth,
Opportunity and Forecast 2022-2027, 2024). Despite all these
statistical assessments, the use of low-value fish is exponentially found
in other feed industries (Allen, 2004; Funge-Smith et al., 2005). Hence,
relying on low value for a long time in commercial aquaculture may
not lead to positive revenues. Species such as anchovy, capelin, sand
eel, and sardines, used for commercial fishmeal, are fast-growing,
short-lived pelagic species. The productivity of these species
experienced a 50% decline in the North Atlantic Ocean and a 20%
reduction globally. This decrease resulted in a diminished supply of
raw materials essential for fishmeal production (Schmittner et al.,
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2003). Moreover, the short-term (El Nifio, ENSO) climate variability
patterns cause significant reductions in Humboldt anchovy production
(Chavez et al,, 2003). The production of fishmeal from wild-catch
sources is gradually decreasing, leading to the development of
low-cost, eco-friendly feed for various species (Baruah etal.,, 2017). As
a direct consequence of all these factors, there have been reports of
decreased worldwide fishmeal production in the first 7 months of 2022
(IFFO Reports, 2024). This has caused a demand-supply disruption
in the fishmeal industry, which has subsequently led to higher prices.
According to the Global Animal Protein Outlook 2023 report, the
price of fish meal in 2022 reached US $1,600 per ton, which was
significantly higher than the prices seen in recent years (Animal Feed
Protein Market Share Statistics Report 2023-2032, 2024).

Climate change significantly challenges marine cage farming by
causing extreme weather events that disrupt the ocean’s biophysical
environment and mariculture operations. These changes negatively
affect the growth, activities, survival, and overall production of marine
cage culture species, impacting the industry’s economic and social
aspects (Chang et al., 2013; Parsons and Lear, 2001; Takasuka et al.,
2007). Instances of severe mortalities in marine sea cages due to
extreme weather conditions have been reported, resulting in
substantial economic losses. For instance, Hsieh et al. (2008) and
Chang et al. (2009) documented cases of mass mortalities in the
Penghu Archipelago, Taiwan Strait, which led to a loss exceeding
US$10 million. Such incidents demonstrate the vulnerability of cage
mariculture to the intensifying effects of climate change (Callaway
etal, 2012; Chang et al., 2013; Rosa et al., 2012).

Another major challenge in Asian seabass aquaculture is the
limited availability of productive genetic lines and high-quality seeds,
hindering commercial mariculture expansion (Pham, 2019). Effective
aquaculture practices and prevention of wild fishery depletion require
specific seed production management strategies (Shah et al., 2020). It
is beyond one to successfully grow marine fish throughout their whole
life cycles due to the complexity of their eggs and the tiny size of their
larvae when they are first fed (de Jesus-Ayson and Ayson, 2013). In
India, the culture of marine fish has taken off as a result of the
development of indigenous open sea cage farming of Asian seabass by
the Indian Council of Agricultural Research (ICAR)-Central Marine
Fisheries Research Institute (CMFRI) and the advancement of
hatchery methods by Rajiv Gandhi Centre for Aquaculture (RGCA),
which has allowed the production of fry at a regulated price
(Kandan, 2009).

Currently, seed dissemination is not well organized and requires
a substantial overhaul (Idris et al., 2022). Finding private hatcheries
capable of effectively managing and supplying improved brood stock
for mass-scale breeding is challenging. Additionally, climate change
poses long-term consequences, including the limited availability of
wild stock due to reduced growth and survival rates (Barange et al,
2018). The same scenario is reflected majorly across the country coast
with capture-based mariculture of seabass in cages. The cost and
availability of fishmeal are critical limiting factors for the production
of formulated feed required in Asian Seabass culture. Due to climate
change, the availability of low-cost fish species (Barange et al., 2009)
used for fishmeal production has decreased, leading to increased
fishmeal costs. This rise in fishmeal costs subsequently increases feed
costs, ultimately affecting the productivity and economic feasibility of
seabass culture. This demonstrates a clear connection between feed
availability, seed costs, and the broader impacts of climate change on
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the aquaculture industry. To meet the rising demand for stockable size
seeds, central and state administrations have initiated efforts.
However, gaps in the consistent supply of stockable size seeds and
seasonal integration for sea farming in India need resolution.

Given these considerations, we have analyzed time series data over
a decade (2009-2020) to elucidate the dynamics of economic
efficiency in seabass cage farming in India and to project the future
economic efficiency of this farming innovation directly or indirectly
under changing climate conditions. The main objective of this study
was to provide an economic analysis of Asian seabass cage farming,
focusing on the input costs of feed and seed, and to develop a climate-
resilient and sustainable mariculture system in India.

2 Methodology
2.1 Data and cost assessment framework

For the purpose of optimizing investment choices and anticipating
the interaction of economic elements in aquaculture enterprise
building, we base our projections on data that has been spatio-
temporally validated and gathered over a period of 10years (2009-
2020) from peer-reviewed data extraction from the publications.
We utilize credible, peer-reviewed data sources that are technically
reliable and consistent with the expanding sea cage farming industry
in India. The collected data were then segregated into categories, with
a specific focus on the farming system (sea cages), biological
production outputs (harvests/produce), dimension (size of the cages/
production volumes), and input cost structures (Capex and Opex). By
evaluating the changes over time and across different locations along
the coastline, insights into the spatio-temporal dynamics of the
production system along with production capacity were considered.
The costs associated with seed and feed were the central part of the
analysis. Changes in production were then compared using relevant
metrics and developed a framework for authentic data collection as
shown in Figure 1.

In view of the importance of baseline in reliable assessment,
we have conducted a baseline economic assessment of Asian Seabass
(L. calcarifer) in order to have a better understanding of how the cost of
feed and seed contributes to the overall cost of production under
climate changes. Operational costs such as labor charges, capacity
building costs, maintenance expenses, administrative overhead, and
depreciation were excluded during the analysis as their implication is
insignificant to the total production cost while feed and seed costs
contribute the maximum production cost of the facilities (Bakl and
Yiicel, 2017; Aswathy and Imelda, 2018). Market data were gathered
through primary surveys and secondary sources from the coastal states
of India. By accounting for both long-term trends and short-term
fluctuations, these data support a comprehensive evaluation of market
dynamics and aid in making well-informed judgments within the
model. Furthermore, real-time data were collected by team members
and validated using available peer-reviewed literature in the public
domain and from institutional research and development repositories,
including Mojjada et al. (2013), Mojjada et al. (2012a), Rao et al. (2013),
Mojjada (2015), and Aswathy and Imelda (2018, 2020) for Asian
seabass cage farming. These data were considered in the analysis to
arrive at reliable fiscal projections and input decision optimization
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(Table 1). The enterprise budget of sea cage culture is represented in
Table 2.

2.2 Production model and profit impact
evaluation

The baseline economic, biological, and technical data from
Mojjada et al. (2013), Mojjada et al. (2012a), Rao et al. (2013),
Mojjada (2015), and Aswathy and Imelda (2018, 2020) have been
integrated, and compared in the evaluation process to increase the
validity. We used an extensively practiced and locally developed
floating sea cage farming system to study the dynamics and
interactions of economic factors. Specifically, we focused on a floating
sea cage with a 6-m diameter and a production volume ranging from
150 to 170 m? actively promoted under national schemes and
recognized as a farmer-scale model, for data acquisition and analysis.
Table 3 illustrates the anticipated cost structure and life expectancy
of the capital items utilized for the culture of this species through
which the results depicted in Table 4 were obtained. To enhance the
business model and improve fiscal decision-making, we developed a
baseline by integrating peer-reviewed studies and data on the
mariculture of Asian seabass (Lates calcarifer). This comprehensive
approach utilized findings from Mojjada et al. (2013) and Mojjada
(2015), ensuring a robust foundation for optimizing economic
strategies in mariculture operations. To address the variability in
culture system sizes, production volumes were standardized, and
production quantities were calculated per unit of output for
rationalization and easy understanding. The culture species, growth
performance, and culture duration (harvest time) were the biological
components of the study. The important biological and production
variables were considered, including increases in length and weight
(%), increment in weight per day (grams), the specific growth rate
(SGR), and survival rate (%), as shown in the following equations
(Equations 1-5) (Table 4):

Weight gain (%)
3 |:Final mean body weight — Initial mean body weight

Initial mean body weight

}100
1

Weight Increment

_| Final mean body weight — Initial per day(g)body weight @
Number of Days

Length Increment
| Final mean body length — Initial per day( g) body length
Number of Days 3

Specific Growth Rate (%)
| In final mean body weight — In initial mean body weight
Number of Days

:|x100 (4)
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2010

Total Barvest. Total harvest Total harvest.
4000 kg 3,032 kg 3456.5 kg
Total feed cost Total feed cost: Total feed cost:
USD $3634.47 USD $425 64 USD $38052
0N USDI k) (014 USD3 kz) (1.10 USD$kg)

Philipose et \In” v(!
al., 2010 al

Feed used: Trash fish Foed used: Pellet foed Feed used: Trash fish Feed used: Trash fish Feed used Pelletand  Feed used: Trash fish

FCR: NA FCR: NA FCR: 1id
--------- L o D et ® ST T TR s BEPS
) ot Philipose et \owathy and Aswathy et al,,
al, 2013 Joseph, 2018 2020
Total harvest: Total hary Total harvest
1764 kg 804 kg 880 kg
Total feed cost Total feed cost: otal feed cost
USD $587 14 USD $1779.76 USD $3,502.37
033 USDS & QA UsDI (1.21 USDS kg

trash &ed
Market Feed ‘unit cost $0.18%kg e Nfatket Feed /fumit cost: $0.30kg
FIGURE 1
Timeline of Asian Seabass harvest indicating increase in FCR and per unit feed cost.
i 0 Cash Flows
Survival rate ( A’) Internal rate of return = — Intial Investment (7)
| Number of fishes at the end of the experiment +100 (1 +r )
Number of fishes at the start of the experiment ®)
where r =discounted rate and i =time;
The financial and production data that were synthesized from the )
baseline were employed in order to realize the consequences of feed z" OM
t= N\
and seed costs on the production cost. The economic feasibility of the Benefit to cost ratio(BCR) = (1+i) ®)

project was then assessed using a variety of important economic
metrics, including the Net Present Value of the Project (NPV),
Internal Rate of Return (IRR), Benefit-Cost Ratio (BCR), Repay Back
Period, Net Profit Margin, and Breakeven point analysis (BEP)
represented by the equations (Equations 6-11) below:

Net Present Value =—INV + Z NCF;
=1 (1 + r)

(6)

where INV =initial investment, NCF = net cash flow, = weighted
average cost of capital for discounting, and ¢t =time period of the
cash flow.

Frontiers in Sustainable Food Systems

04

Cash outflows

2 (1+i)

where i=discount rate, n=number of periods, t= period that the
cash flow occurs.

Initial i
Payback period = nitial investment

©)
Cash flow per year

Net sales — Operation cost

Net profit margin = (10)

Net sales
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TABLE 1 Details of variable, semi-variable, and fixed cost.

Particulars Cost (§)  Percent
Variable cost and semi-variable cost
Cost of seed 544 17%
Cost of feed 1,100 34%
Transportation, including seed and feeding 60 2%
Labor for Feeding, cage maintenance, boat, and Lots
harvesting. 31%
Total variable cost and semi-variable cost 2,719
Annual fixed cost
Depreciation 418 13%
Insurance on installations 97 3%
Administrative expenses 18 1%
Total fixed cost 533
Total cost of production 3,251
Source: Mojjada et al. (2023).
Breakeven point (BEP)
Fixed annual cost ()

~ Sale price per unit —Variable cost per unit

Sensitivity analysis has been performed to assess the future point
of fiscal risks of the enterprise and to understand the magnitude of
price reaction to changes in underlying factors. Another important
element in the assessment of projects is the sensitivity to production
costs, which will directly reflect the operational components such as
feed and seed. The potential threat to revenue from rising input costs
was thoroughly analyzed. Net profit sensitivity, BCR sensitivity, and
net present value (NPV) sensitivity were conducted. Therefore, the
present research measured the profit sensitivity with respect to the
changes in the feed and seed costs, and the sensitivity test suggested
positive or negative factor modifications.

3 Results

The economic analysis could examine how the market price and
input cost, specifically seed and feed cost in the present study, affect
the cage aquaculture profitability in particular to Asian seabass
(L. calcarifer), which is a highly sought-after mariculture species in
cages (Supplementary Table S1). Evaluation of the net profit margin
demonstrated favorable returns from the first year of farming
(Figure 2). The total sales revenue was recorded to be US $100,848
from the data analysis over the 10-year horizon, with a net profit of US
$55,198.89. With an average net profit margin of 56.6%, it was clearly
established that the business is quite profitable after sales. The findings
suggest that even a relatively modest increase in feed and seed prices
can have a substantial impact on the economic viability of the
enterprise. An 8.8-9.2% increase in break-even points indicates that
the business would need to generate significantly more revenue to
cover its costs, highlighting the importance of managing input costs
effectively. The results indicated that shifts in the feed and seeds had a
significant effect on BCR, with an increase of 30% in each of these
factors resulting in a 10 and 18% change in the projected BCR,
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TABLE 2 Projected profit and loss statement.

Particulars Year- 10-year
1(8)  cumulative ($)
Sales 6,815 100,848
Direct cost
Cost of seed 544 8,047
Cost of feed 1,100 16,273
Seed transportation 60 894
Labor for feeding and cage maintenance 1,015 15,021
Total 2,719 40,235
Gross profit 4,096 60,613
Fixed cost
Insurance (2% on investment) 97 967
Administrative expenses 18 268
Total 115 1,235
EBITDA (earnings before interest and 3,981 59,378
taxes)
Depreciation 418 4,179
Net profit 3,563 55,199

All values denominated in US ($) have been rounded to the nearest whole number (Mojjada
etal, 2023). The sales price is derived from the total produce multiplied by the sold price and
the same is projected for 10 crops which reflects one crop per year.

respectively (Figure 3). Furthermore, the farming operation could
make the indicated profits if the capacity utilization was to the fullest
extent and since fixed cost structures remain the same across different
levels of capacity utilization, higher capacity utilization results in a
higher net profit (Figure 4). Overall, the benefits from this investment
were calculated using the BCR and were found to be twice the cost.
Figure 5 illustrates the sensitivity of the net present value with regard
to the capacity utilization and the direct cost. According to the results,
the net present value (NPV) dropped to US $14,998.82 for the most
hostile instance of the capacity utilization scenario (a decline in
capacity utilization by 25%), while it was reduced to US $20,849.09
when the capacity utilization was reduced to 15%.

4 Discussion

The adverse effects of climate change on agricultural production
pose significant challenges to the quantity and quality of global food
security (Fatima et al., 2023). Over 50% of the world’s population relies
on staple commodities such as wheat, rice, maize, vegetables, legumes,
and fish to ensure their food security (Tripathi et al., 2016). However,
these essential dietary sources are under considerable pressure as a
result of climate change. In India, significant techno-scientific
endeavors spanning more than a decade have given rise to the
establishment of sea cage culture enterprises (Vijayakumaran et al.,
2009; Mohamed et al., 2010; Rao et al., 2010, 2013; Mojjada et al,,
2012a,b; Philipose, 2013). The stakeholders optimize the available
marine resources because of the exceptional durability and resilience
of sea cages, and the technology has been adopted with relative ease
because of the higher economic returns (Swathilekshmi et al., 2018;
Vipinkumar et al., 2021; Divu et al., 2023b; Divu et al., 2023a).
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TABLE 3 The cost structure of the indigenous cage farming system and life expectancy of components.

Name of the Details/Particulars Economic

Investment Annual

Component cost %

component life (years) ($) of the overall cost depreciation ($)

Cage system Cage floating frame 10 3,625.07 75.0% 362.51

Cage Net bags Inner/Grow-out Net 2 211.46 4.4% 105.73
Outer/predator protection net 2 169.17 3.5% 84.58
Seed rearing/Hapa nets 2 30.21 0.6% 15.10
Bird protection net 2 12.08 0.3% 6.04

Mooring materials Mooring Chain 3 241.67 5.0% 80.56
Shackles 3 60.42 1.3% 20.14
Swivels 3 18.13 0.4% 6.04
Gabion Box 3 45.92 1.0% 1,267
Anchor Blocks 3 60.42 1.3% 20.14
Shock absorber 3 18.13 0.4% 6.04
Ballast 3 60.42 1.3% 20.14
Mooring assembling charges 3 38.67 0.8% 12.89
One-time installation charges 3 241.67 5.0% 80.56
Total 100.0%

The dollar rate calculated as on 04/10/2022 at 82.78 INR per 1 USD. Source: Board of Governors of the Federal Reserve System (2022). The Fed - Foreign Exchange Rates - H.10 - October 17,
2022 (retrieved from https://www.federalreserve. gov/releases/h10/current/, Accessed October 21, 2022; Mojjada et al,, 2023).

TABLE 4 Growth parameters of Asian Seabass and production based on
Mojjada et al. (2012b) and Mojjada (2015).

Average production 3456.5kg

Average harvest weight 996.62¢
Average harvest length 29.45cm
Feed conversion ratio (FCR) 0.17
Maximum length 482mm
Minimum length 203.2mm
Maximum weight 1.3kg
Minimum weight 0.45kg
Daily average increment in body length 0.10cm
Daily average increment in body weight 5.4¢g
Specific growth rate (SGR) 2.05g

Significant technological advancements in breeding, seed production,
and grow-out of marine finfish and shellfish species in artificial
enclosures have facilitated profitable farming in open sea, coastal, and
estuarine waters (Parappurathu et al., 2023). Grow-out technologies
for several commercially important marine species have also been
demonstrated in sea cages especially Asian Seabass (Shingare et al.,
2020; Daet, 2019).

Feed and seed are the key components in influencing overall
farming system profitability (Neori et al., 2004; Baki and Yiicel, 2017).
The economic and environmental sustainability of aquaculture is
considerably impacted by the nature and quality of the fish feed,
which contributes to a majority share (40-60%) in the operational
cost (Suloma and Ogata, 2006). However, marine resources used for
fish feed cannot sustain the rising global aquaculture demand
indefinitely. While fish meal demand is projected to grow, global
fishmeal output has recently declined (Fish Meal Market: Global
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Industry Trends, Share, Size, Growth, Opportunity and Forecast 2022-
2027, 2024). This decline is partly due to climate change affecting
ocean circulation and reducing the productivity of key fish stocks such
as Peruvian anchovy and sardines (Pike and Barlow, 2003). The
average use of pelagic fishmeal in aquaculture feed has significantly
decreased over the past decade (Olsen and Hasan, 2012), increasing
feed vulnerability and impacting farming profitability (Rana et al.,
2009; Maulu et al., 2021). Additionally, the lack of improved seabass
strains and high-quality seeds remains a major barrier to sustainable
aquaculture development (Pham, 2019). Due to the intricacies of
these diverse ecological and socioeconomic factors, stakeholders
encounter challenges in understanding the growing cost structure of
feed and seed for commercially significant finfish. Therefore,
we carried out a comprehensive economic analysis to optimize
investment decisions and foresee the interplay of economic factors,
such as feed and seed costs of Asian seabass farming. This analysis will
assist stakeholders in addressing crucial aspects of sea cage farming
ventures, such as increased climate vulnerability of feed and seed and
their cost structure, and ultimately improving the return on revenue
by assessing the risk appetite of the uptaken components (Bakl and
Yiicel, 2017).

Various studies have examined the economic aspects of several
aquaculture species in different countries, including Egypt, Nigeria,
Korea, and the Philippines (Soliman and Gaber, 1988; Olagunju et al.,
2007; Lipton and Kim, 2007; Hurtado et al., 2001). The crucial
deliverable of this study is to understand how the major influential
factors in operational cost impacted over a period of 10-year horizon.
Furthermore, the study examines future vulnerabilities associated
with using low-value fish as feed during the grow-out cycle. By
consolidating data and examining the correlation between feed and
seed costs, the study enables aquaculture industries to understand the
economic implications impacting production cost and viability
(Adwan, 2017). We have revisited the existing techno-scientific and

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1352131
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.federalreserve.gov/releases/h10/current/

Divu et al.

10.3389/fsufs.2024.1352131

Year 1
56%

Year 2
A

Year 9

L Year 3

wn
2
o

Year 4

Your7 g Year 5

Year 6

-4+ Net Profit Margin (%)
FIGURE 2

Net profit margin implication over a period of 10-year horizon.

3] 2.50
n ------
2.00
1.50
-30% -25% -20% -15% -10% 0.00 10% 15% 20% 25% 30%
Extreme Low (%) Standard (%) Extreme High(%)

= Change in Seeds -0~ Change in feed
FIGURE 3

-0~ Change in Labor Cost

Benefit to cost sensitivity against change in feed and seed cost.

Frontiers in Sustainable Food Systems

07

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1352131
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Divu et al. 10.3389/fsufs.2024.1352131
5428
4222
e
g 3016
o
&
]
r4
1809
603
603 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Capacity Utilization (%)
FIGURE 4
Net profit on the background of different capacity utilization.
30625
24500
e
-E 18375
12250
6125
0
0% 5% 10% 15% 20% 25%
Variation (%)
= Capacity Utilization —— Diurect Cost
FIGURE 5
Net present value sensitivity variation (%).

economic information and subsequently spatio-temporally reassessed
the economic performance of the seabass cage operation and
feasibility over the course of a decade, comparing our results with
legitimately published data from the Indian subcontinent
(Vijayakumaran et al., 2009; Mohamed et al., 2010; Rao et al., 2010,
2013; Mojjada et al., 2012a,b; Philipose et al., 2013). The insights
derived from our study are transferrable and applicable to regions
where seabass culture has been implemented. The adaptability of our
findings extends beyond the specific context of the Indian
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subcontinent, providing valuable implications for areas globally
engaged in seabass aquaculture. We stress the essential alignment of
economic sustainability with environmental considerations, a
prerequisite for Goal 14 of the Sustainable Development Goals (SDGs)
for 2030 (Arru et al., 2019). Furthermore, this is the first empirical
research in this sector to assess the economic implications of fish feed
and seed into the input production cost, thereby facilitating the
development of climate-resilient and sustainable Asian seabass cage
farming in the Indian subcontinent.
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Both the demand for fish feed and seed, along with their prices,
are expected to escalate. This escalation will make it more challenging,
particularly for smaller-scale producers, to continue their mariculture
enterprises. Without anticipating the input cost escalations and the
intricacies of Capex, stakeholders may find themselves facing money-
losing ventures. Furthermore, the operational cost structure changes
compel the Indian aquaculture sector to raise the cost of raw materials
used for fish feed. Hence, the immediate need of the hour is to explore
scenarios that could help reduce the feed and seed costs in cage
farming systems. Several researchers have looked at alternative raw
materials, such as insect-based or plant-based sources for fish feed to
counter the problem of growing feed costs and to enhance the long-
term viability of mariculture systems in a sustainable way (Van Huis,
2013; Arru et al,, 2019; Jannathulla et al., 2019). Skretting, being one
of the international aquafeed companies, has also recently revealed an
R&D breakthrough with their micro-balanced feed formulation,
producing a fishmeal-free feed (Fishmeal-Free Breakthrough for
Skretting, 2023). However, despite these technological advancements,
there is still a pressing need for an economic analysis of seabass cage
aquaculture. We require a thorough and diligent examination to
obtain the necessary social or entrepreneurial approval.

Numerous countries, such as Singapore (Liu et al., 2024; Yue
et al., 2017), Vietnam (Khang et al., 2018), Thailand (Joerakate,
etal, 2018; Senanan et al., 2015), and Malaysia (Idris et al., 2022)
have initiated breeding programs for the Asian seabass to improve
its growth. The Asian seabass culture in open sea cages proved to
be a successful and futuristic mariculture business due to its
exceptional market demand across the globe. In our study, the
evaluation indicated that the venture’s cumulative average return on
revenue (RoR) was 52% at 67.8% capacity utilization and could
reach 63% at 100% capacity utilization. Therefore, sea cage
cultivation is a significantly profitable venture under the present
circumstances, and input costs can be recovered speedily. The
scheme provisions of the Government of India would further boost
these technology ventures. Moreover, data show that the average
production from the farmer-scale model was 3.45 tons, yielding a
net profit of US $2,024.64, based on a total input cost of US
$4,789.91 (with an annual fixed cost of US $1,713.65 and total
operational costs of US $3,076.27). The NPV of the investment was
US $23,564.71, with the BCR of the investment of 0.5 for the first
year and 1.5 for 10 cumulative years. The IRR or RoR was 29.7% for
1 year and 34.3% for 10 cumulative years.

The present study indicated that the fish cost was US $1.45 per kg,
but their selling price was US $2.28 per kg. Aswathy et al. (2020)
recorded that the cost/kg of the fish was US $2.13, while the selling
price was US $4.83 per kg. This difference may be attributed to the
regional and seasonal demand of the species as the average selling
price per kg of seabass in India was US $1.81 in 2010 (Ravisankar and
Thirunavukkarasu, 2010), representing a 2.67-fold increase in cost
over 10years. The cage-reared seabass in the brackish waters of
Vennangapattu and Mammalapuram, Tamil Nadu (East coast), was
priced at US $4.83 in 2017 (Kumaran et al, 2021), which is
approximately 2.6 times the selling price in 2010. Therefore, the
variances clearly indicate the geographical (Eastern and Western
coastal states of India) demand for the species, demonstrating that
seabass has achieved remarkable incremental price realization in
nearly all situations. In addition, this suggests that the net profit from
seabass aquaculture has the potential to increase.
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The contribution of low-value fish to the total price of production
was recorded to be 34% when the seabass market price was US $1.81
per kg. In contrast, if the computed production cost uses current
market prices with the expected feed conversion ratio (FCR) (1:1.5),
the feed cost amounts to US $12,203.23, which is expensive and may
lead to a loss-making enterprise. However, a subsequent increase in
the market price of the seabass has also been documented, and at
present, it ranges from US $6.95 to 9.15 per kg (Sea Bass Wholesalers
and Wholesale Dealers in India, 2024; Connect2india, 2024). This has
helped to maintain the breakeven threshold and equalize the input
costs. This demonstrated the association between the cost of feed and
the cost of production, as well as how seabass farming may still prove
to be a lucrative endeavor despite all these factors. In addition, one
might argue that it will continue to generate a profit up to the point
when the ratio of the cost of feed to the price of seabass on the market
is maintained at a linear level, which is very well depicted in Figure 3.
Considering these intricacies and after recognizing that seabass
farming has a significant potential for growth, several international
companies have only recently entered the Indian market for
seabass cultivation.

Over the past decade, feed costs have risen, leading farmers to
adopt formulated feed to combat this trend. The FCR significantly
impacts total feed costs (Bai et al., 2022). Initially, FCRs were high
with fish meal feed, escalating production costs, as shown in Figure 1.
This elevated FCR had a direct impact on production costs, causing a
noticeable escalation in profits. It is important to note that these
findings are based on data derived from institutional demonstration
experiences. However, by the end of the decade, the switch to
formulated feed led to reduced FCR and overall production costs.
Formulated feed has proven to be superior to fish meal, with an
increased focus on alternative protein sources (Arru et al., 2019;
Jannathulla et al., 2019; Hodar et al., 2020). The lower FCRs with
formulated feeds are due to species-specific diet formulations with the
required protein content. In light of climate change, replacing fishmeal
protein is crucial for cost-effective feeds. Skretting, a multinational
company, has been working on the formulation and manufacturing of
a feed that does not include fishmeal (Fishmeal-Free Breakthrough for
Skretting, 2023). Growel Feeds Ltd., Apex Frozen Foods Ltd., Avanti
Feeds Ltd., Coastal Corporation Limited, and Adinath Bio Labs are
some of the leading Indian aquafeed companies with environmental
agenda and innovative approaches to develop cost-effective species-
specific fish feeds (INDmoney, 2024).

Another significant factor that contributes an average of 17% to the
overall production cost of seabass farming in cages is the cost of the seeds.
Seed quality and quantity are regularly central concerns in the growth of
the marine aquaculture enterprise. Ravisankar and Thirunavukkarasu
(2010) recorded the seabass seed price to be US $0.12 for each piece for
the year 2010, contributing 10.67% to the total production cost. However,
at present, the market prices are US $0.37-0.49 (Vimala et al,, 2021).
Concerning this, there has not been a lot of research conducted on the
economic viability of hatcheries and seed rearing in order to determine
whether it would be possible for the activity to be expanded in terms of
economics and business. According to Kumaran et al. (2021), the BCR
was 2.76 and 1.9, respectively, while the IRR was 300 and 130%, suggesting
the economic feasibility of nursery rearing under differing salinity
regimes. In the present study, when the seed price increased by 30%, the
project’s BCR decreased by 18%, and the break-even point increased to
9.2%. More dependency on natural seeds would be a risk in terms of input
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cost structure flux and sustainability. The results of these studies explicitly
indicated that nursery rearing serves solely as a livelihood development
activity for coastal fisher families, involving active engagement from
coastal communities. Thus, mass-scale seed production is an imminent
need for sector expansion. The establishment of finfish hatcheries to
ensure a steady supply of seabass seeds is a critical aspect in supporting
the widespread acceptance of nursery rearing as a sustainable sea cage
farming activity.

The free cash flow demonstrated an increase from year one,
eventually reaching a peak during year eight, and is expected to follow
a similiar trend throughout years 9 and 10 of the farming activity,
according to the cash flow study. By analyzing offshore rock bream
culture in Korea, Lipton and Kim (2007) proposed a remunerative
production method with a positive NPV of US $3,151,402 for a 10-year
cash flow and an 8% discount rate. The IRR was calculated to be 29.7%
for a single year and 34.3% for a cumulative 10years. Here, we take into
consideration the projected value of cash flows along with the time value
of money. The results of sensitivity analysis showed that net profits are
sensitive to increases in feed and seed prices. Therefore, if seed costs rise
by 30%, the project net profits fall by 13.1%, whereas if feed prices rise
by 30%, the project net profits rise by 17.8%. It showed that a lowered
selling price with an FCR of 1.5 would make both production processes
commercially feasible (de Bezerra et al., 2016). The results of sensitivity
analysis in two types of aquaculture systems (offshore and inshore) in
Italy divulged that offshore farming practices fetched greater
commercial feasibility than coastal farming practices by varying input
and production costs in combination with optimized FCR and stocking
density. Inshore aquaculture systems were found to have lower
economic viability than offshore aquaculture systems. This showed that
prudent market selection decisions and effective farm business strategies
would aid in enhancing the venture’s lucrative valuation and cashflow.

India is currently adopting a planned approach to mariculture
development. Divu et al. (2021), Divu et al. (2023b), and Divu et al.
(2023a) have developed a mapping model that assesses various factors
including environmental, socio-economic, infrastructural, and
regulatory aspects to determine the suitability of sites for mariculture.
This approach ensures logical and practical developmental activities,
promoting sustainable and efficient mariculture practices. Due to the
increasing demand for seabass in the global marketplace, cage farming
of this species is a confirmed lucrative enterprise, and this trend may
continue, as predicted by several reports with a rising CAGR at above
5%. Furthermore, the market value of sole seabass was projected to
reach US $960 million in 2023 and is expected to reach US $1,492
million by 2033 (Future Market Insights, 2021). This substantial
demand opens the opportunities to tap the forex earnings and also
catalyzes the expansion of seabass farming, and the most deserved
farming system would be in sea cages due to its high production
possibilities. However, there is an impending threat to the availability
of feed and seeds as a result of climate change-induced reductions in
raw material availability and rising prices (Jannathulla et al., 2019;
Maulu et al., 2021), which is the greatest obstacle to mariculture
enterprises and other stakeholders. Climate change can create rapid
alterations in marine environments and the dynamics of marine
organisms. It can elevate seawater temperatures, alter hydrological
patterns, cause rare and extreme oceanic events, and reduce marine
fish populations (Yatsu et al., 2005; Lloret et al., 2008; Knutson et al.,
2010). Additionally, variations in ocean conditions such as ocean
currents and reduction in coastal upwelling also adversely affect
marine productivity (IPCC, 2007). The global sea surface temperature
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(SST) has risen by 0.7°C over recent decades but in the tropical Indian
Ocean, this increase is more pronounced at 1.0°C. The northern
Arabian Sea has shown the most accelerated warming, with a rate of
0.18°C per decade from 1976 to 2005 (Roxy et al., 2020; Krishnan
etal,, 2020). Climate change has also affected species richness within
marine assemblages by altering their habitat quality (Wilson et al.,
2008). In Asian seabass aquaculture, climate change poses a significant
challenge by impacting both productivity and economic sustainability.
For example, most fishmeal plants are located on the Southern coast
of India where a traditionally high abundance of low-cost fishmeal
species is available. Indian oil sardine is extensively utilized in the
preparation of fish meal for aquaculture feed (Alder et al., 2008;
Barange et al.,, 2014) in the southern regions of India (Ponnusamy
et al,, 2012). Investigations into the climatic impacts on the Indian
Ocean fishery have indicated a latitudinal extension of Indian oil
sardine populations toward the Northern Arabian Sea habitats. This
shift is attributed to the increase in SST in the southern region and the
resulting changes in oceanic circulation patterns (Vivekanandan et al,,
2009; BoBP, Chennai, 2008; Bharti et al., 2019). Consequently, the
availability of species for fishmeal production in the southern region
of India has been diminishing, leading to an increase in costs.
Therefore, there is a need to build resilience and sustain the
production system in a changing climate, and the aquaculture
producers must adapt to the available options in the short term while
mitigating the effects by making necessary adjustments in their
production practices in the long term, which is being recommended
as climate change mitigation strategy by the FAO (Barange et al.,
2018). Considering the significance of feed and seed variables to the
aquaculture enterprise and the fact that it is highly vulnerable to the
effects of climate change, the operational production costs are likely
to rise. Therefore, the performed economic analysis assists the
entrepreneur/stakeholder’s investment in addressing the key attributes
where the farmer is expected to optimize the input cost, investigate the
risk profile of uptaken components, and develop mitigation measures
while venturing into seabass cage farming in open seas. Suitable
species for cage farming can be selected based on market demand,
location suitability, rapid growth, and availability of specialized feed,
seed, and nutritional requirements (Rao et al., 2013). Moreover, India
is emphasizing the expansion of mariculture, the promotion of sea
cage farming, and the doubling of fish production (Pradhan Mantri
Matsya Sampada Yojana, 2020). Therefore, in the context of doubling
seabass production, feed and seed are the primary market segments
where this technological disparity exists. Hence, we recommend cost-
effective species-specific fish feed formulations and climate-resilient
hatcheries development with the help of the present investigation of
the vast market potential of Asian seabass. Moreover, it is proposed
that policymakers and entrepreneurs undertake bigger dimension
production models at industrial scales in the Indian context with
seasonal resource assimilation in order to tap into the full extent of the
seabass market. This is crucial for the mariculture sector’s long-term
viability, given the expected challenges such as increased feed and seed
costs, heightened climate vulnerability, and economic implications.

5 Conclusion

This research has shed light on the challenges posed by the
vulnerability of feed and seed, the escalation in the market cost, and
the factors that impact the economics of farming ventures in the
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mariculture sector. It is anticipated that the impact of climate change
is directly or indirectly affecting the profitability of the aquaculture
ventures discussed in this article, most importantly in terms of the
feed cost. Therefore, there is an urgent need for an economic analysis
of sea cage farming for economically important finfish species. A
comprehensive fiscal evaluation that is capable of investigating the
productivity of farming Asian Seabass (L. calcarifer) in cage farming
systems over the course of 10 years has been carried out. This research
in an Indian context culminated in the development of a baseline
economic study that offers critical output insights into making
efficient use of significant resources such as feed and seed, along with
other input expenses. Farmers and stakeholders will be able to make
better input cost decisions as a result of this, which will allow them to
circumvent the challenges of an increased input cost structure
stemming from the feed and seed aspect of the marine cage operation.
With the enormous flow of funds from various Government schemes
such as “Pradhan Mantri Matsya Sampada Yojana” as well as the
recommendations for geospatial planning for earmarking critical
mariculture zones along the Indian coastline (Divu et al., 2021), the
wagers for the expansion of offshore cage farming of Asian seabass in
Indian waters is imminent. We emphasize that the economic aspect of
sustainability must go hand in hand with the environmental one,
which is a necessary prerequisite in compliance with Goal 14 of the
Sustainable Development Goals for 2030. Therefore, additional
research in this field is required to improve knowledge on this topic in
order to better respond to future challenges, support the aquaculture
sector, and assist policymakers in making wise and prudent decisions.
With the newfound knowledge, we will be able to assist stakeholders
in making more informed decisions, and the government will be in a
better position to subsidize aquafeed enterprises in the development
of cost-effective species-specific fish food formulations.

We propose several recommendations for addressing climate
change impacts on feed and seed vulnerability, along with risk
mitigation strategies for seabass mariculture:

1 To bolster the resilience of the aquafeed sector, climate
economics and technological innovations should be integrated
to formulate cost-effective feeds that substitute for fishmeal.
This approach, coupled with technological development, will
enable stakeholders to better prepare for and adapt to future
climate change.

In light of the declining supply of fishmeal and the growing
demand for it, the use of alternate protein sources should
be explored for the use of cost-effective feed formulation,
indicating the sector’s resilience for fishmeal replacement to a
certain level. Future research should evaluate the economic
effects more robustly on the aquaculture cost structure of using
other eco-friendly fish feed (e.g., insect species and poultry
meal) for seabass production and other fishes, evaluating the
impacts of accounting for different FCRs.

The economic feasibility of farming seabass may easily
be equivalent to that of farming shrimp provided new
technological interventions can minimize the cost of feed and
seed as well as the duration needed for pond rearing. The
problem of an inadequate supply of seeds for stocking may
be circumvented by the expansion of existing hatcheries and
nurseries into more sophisticated facilities. In addition,
filleting, convenience processing, and live fish marketing have
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the potential to provide Asian seabass farming in India the
boast needed for rapid expansion.
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