
Page 1/24

Modular system pond cultivation model for the
survival of milk�sh (Chanos chanos): case study of
Pangkajene Kepulauan Regency, Indonesia
Abdul Haris Sambu  (  ah.sambu@unismuh.ac.id )

Universitas Muhammadiyah Makassar
Burhanuddin Burhanuddin 

Universitas Muhammadiyah Makassar
Abdul Malik 

Universitas Muhammadiyah Makassar
Tamrin Tamrin 

Politeknik Kelautan dan Perikanan

Research Article

Keywords: Pond Design, Modular Cultivation System, Milk Fish, Survival

Posted Date: January 22nd, 2024

DOI: https://doi.org/10.21203/rs.3.rs-3874438/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

https://doi.org/10.21203/rs.3.rs-3874438/v1
mailto:ah.sambu@unismuh.ac.id
https://doi.org/10.21203/rs.3.rs-3874438/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/24

Abstract
This study aims to to analyze survival rates in milk�sh modular cultivation systems and their correlation
with �uctuations in temperature and salt content. The modular system method was used, with three
plots: plot A as the nursery plot, plot B as the �rst rearing plot, and plot C as the enlargement plot 2. The
research was conducted over one year with three maintenance cycles, each cycle lasting four months.
The organisms were placed in plot A for a period of 1–8 months. Thus, in one year, plot A gets the
opportunity to rest for four months while preparing, then in grow-out plot 1 and grow-out plot 2 for two
months each, so that each grow-out plot gets the opportunity to rest while preparing for the next
maintenance cycle. Results revealed the temperature, salt content, pH, and dissolved oxygen were within
the optimal range, with an average value of 29.40C., pH of 6.9, and dissolved oxygen of 31 ppm. However,
the salt content �uctuated a lot, with values ranging between 5 and 45 ppt with an average value of 26.9
ppm. The average survival rate was 91% with a correlation of R2 = 0.906 (cycle 1), 95% with a correlation
of R2 = 0.890 (cycle 2), and 97% with a correlation of R2 = 0.997 (cycle 3). To conclude, the modular
cultivation system, apart from increasing survival rates, can also improve the pond soil environment. This
system is highly suitable as a promising approach for sustainable �sheries development in the region.

INTRODUCTION
Pangkajene dan Kepulauan (Pangkep) Regency, located in South Sulawesi, Indonesia, is a coastal
regency with a coastline that spans 250 km. The islands in the regency have a coastline length of 207.43
km, which accounts for 82.97% of the total coastline, while the mainland coastline measures 42.57 km or
17.03% (BPS, 2020). These features present a signi�cant potential for developing capture �sheries and
aquaculture, including pond and offshore aquaculture, making Pangkep Regency an area of interest for
researchers and nature scientists looking to study marine biodiversity and ecosystem dynamics.

The Islands have a potential coastline of 207.43 km for capture �sheries, which is distributed in three
sub-districts, namely Tupabiring, Liukang Tangngaya, and Kalmas. This region has high potential for
developing offshore aquaculture, including seaweed cultivation, �sh and shrimp cultivation with the
Floating Net Cages (Keramba Jaring Apung, KJA) system, and other sustainable aquaculture practices.
The Islands also offer opportunities for pond aquaculture, particularly for milk�sh and different varieties
of shrimp, as there are suitable areas for pond farming on several islands. These �ndings have been
documented in various scienti�c studies, including Fauziah (2019), Garcia (1990), and Garg and
Bhatnagar (2003).

Six coastal sub-districts in South Sulawesi, Indonesia, namely Mandalle, Segeri, Ma’rang, Labakkang,
Bungoro, and Pangkajene, are home to scattered pond farming areas that cover a total of 10,201.00
hectares. Some of the pond farming areas in Pangkep Regency have historical signi�cance as the oldest
milk�sh ponds in South Sulawesi and the eastern part of Indonesia, making them a signi�cant milk�sh
producer. This has earned Pangkep the distinction of being the only regency in Indonesia known as the
‘Milk�sh City,’ as it is the largest producer of milk�sh in South Sulawesi and even eastern Indonesia. The
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unique �avor of the grilled milk�sh found in various Indonesian cities can be attributed to the speci�c
taste of the milk�sh produced in this region. These �ndings were reported by Amsari et al. (2017), in their
study on the milk�sh industry in South Sulawesi.

As the global population continues to increase, the demand for �sh and shrimp also rises, particularly in
Indonesia. To meet this demand, there have been efforts to increase production through both land
extensi�cation and intensi�cation. However, these efforts have led to new environmental challenges.
Extensi�cation has resulted in the conversion of paddy �elds and mangroves into ponds, which can have
serious impacts on biodiversity and ecosystem services. Intensi�cation, on the other hand, has resulted in
the use of chemical fertilizers, agricultural lime, and medicines without proper environmental
management, leading to soil complexity and decreased natural food availability in ponds. As a
consequence, milk�sh production has suffered. To address these issues, there is a need for sustainable
aquaculture practices that consider both ecological and economic factors (Barman et al., 2005; Sambu,
2013; Bhatnagar, 2010).

The decline in pond production, particularly of milk�sh, has created a pressing need for alternative
sources of income for Pangkep's farmers. Many have transitioned to more lucrative professions to
support their families. To revitalize Pangkep's reputation as the "Milk�sh City," a modular milk�sh farming
system could be implemented. This system involves moving �sh from one plot to another, which can
improve survival and growth rates. Additionally, reclamation techniques such as drying, basic soil
processing, and the use of livestock manure may help restore the environment, which has become
saturated due to current technology. By utilizing these methods, we can create a more sustainable and
pro�table farming system while also improving the ecosystem's health.

The implementation of a modular model for �sh seed stocking can effectively ensure a continuous
supply of �sh seeds. By purchasing �sh seeds in large quantities and stocking them in nursery plots for
multiple maintenance cycles, this system can offer �sh seeds as needed and promote better survival
rates. Stocking �sh seeds can facilitate acclimatization and adaptation, which are crucial processes for
the success of �sh populations. Additionally, this approach can reduce the pressure on wild �sh
populations, promoting sustainable �sheries management practices (Tsai et al., 1970; Lawson, 1995;
Garg & Bhatnagar, 2003; Bhatnagar, 2010). The objectives of this research are: (1) to analyze the
�uctuation of water quality parameters during the maintenance cycles, (2) to analyze the survival rate in
the modular milk�sh farming system and its correlation with temperature and salinity �uctuations.

MATERIALS AND METHODS

Study Setting
This study was conducted over a period of one year, from September 2021 to August 2022, in Manakku
Village, which is located in the Labakkang District of the Pangkep Regency in South Sulawesi, Indonesia.
Manakku Village was selected as the research site to represent coastal villages in Labakkang District that
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engage in �sh farming practices. The research location is depicted in Fig. 1. The study was designed to
adhere to scienti�c principles and methodologies to ensure the reliability and validity of the �ndings.

LABAKKANG DISTRICT MAP

Tools and Materials
The research was conducted using a comprehensive set of tools and materials, including precision
instruments such as a refractometer, pH meter, soil tester, and thermometer, as well as basic tools such as
a pen, pencil, compass, ruler, hoe, crowbar, shovel, small boat, and roller meter. The materials used in the
research included paper, questionnaires, and scienti�c references such as books on village potential, sub-
districts, and districts, as well as reports of research results, theses, dissertations, and peer-reviewed
research articles. These tools and materials were carefully selected to ensure the accuracy and reliability
of the data collected and analyzed.

Data Collection Techniques
In the present study, the data can be classi�ed into two broad categories: primary data and secondary
data. Secondary data was obtained from prior research studies, literature reviews, published reports,
student research papers, theses, dissertations, and journals at different levels, ranging from local to
international. On the other hand, primary data was collected through �eld observations and experiments
conducted using a modular cultivation system.

Research Procedures
Before conducting any research on aquaculture, several factors need to be determined to ensure the
accuracy and validity of the results. These factors include (1) the selection of an appropriate research
location, (2) the careful selection of a representative research sample, (3) the utilization of an appropriate
technology package, (4) the establishment of a suitable stocking period, and (5) the consideration of the
construction design of the pond selected for the research or test. It is important to note that the selection
of an appropriate research location is crucial for the success of the study. In this study, the
Muhammadiyah University of Makassar educational pond was chosen as the research location due to its
suitability for the research objectives and the availability of the necessary resources.

Location Determination
Before conducting any research, it is imperative to carefully select the study site, taking into account its
representativeness of the larger ecosystem. In this particular study, the research was carried out in
Manakku Village, situated in Labakkang District, Pangkep Regency, South Sulawesi Province, Indonesia,
which was chosen for its ecological relevance and suitability for the research objectives.

Modular Pond Design
Modular system cultivation is a well-established agricultural technique, where farmers move between
different plots with varying maintenance periods. This system has been used in various regions for a long
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time, but it lacks proper structuring (Bosmo et.al., 2016; A'yun and Takarina, 2017; Baiduri et al., 2019).
The modular pond design consists of three plots, with speci�c areas designated for each stage of the
cultivation process. Plot A serves as the nursery plot, with an area of 10% of the total trial plot. It has a
maintenance period of 1–8 months. Plot B, with an area of 30%, is used for the second maintenance
period of approximately two months. Finally, Plot C is used for the third maintenance period, with an area
of 60% of the total trial area and a maintenance duration of approximately two months. The design or
construction of research ponds is presented in Fig. 2. This modular system cultivation technique has
proven to be effective in optimizing crop yield and reducing the risk of pest infestation and soil
degradation.

Technology Package Determination
The research at hand proposes the implementation of a semi-intensive monoculture cultivation system
for milk�sh. The system involves varying stocking densities for each rearing cycle, as follows: (1) the
nursery plot, also known as Plot A, with a stocking density of 90 individuals per cubic meter (90 e cor m-
3) or 9,000 individuals per cycle, (2) the second-period maintenance plot, also known as Plot B, with a
stocking density of 1 individual per cubic meter (1 m-3), and (3) the third-period maintenance plot, also
known as Plot C, with a stocking density of 0.5 individuals per cubic meter (0.5 m-3), resulting in a
stocking number of 5,000 individuals per hectare (5,000 Ha-¹).

Determination of Stocking Period
The present study was conducted over a period of one year, from September 2021 to August 2022, in
order to investigate the e�cacy of a modular system for crop cultivation. The experimental setup
involved three maintenance cycles or periods, each lasting four months, and comprising the following
phases: (1) the initial period from September to December, (2) the intermediate period from January to
April, and (3) the �nal period from May to August. The maintenance schedule for the entire year has been
detailed in Table 1, and was designed to minimize any potential confounding factors and ensure the
validity of the results obtained.
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Water Quality Data
The data pertaining to water quality parameters, namely temperature, salinity, pH and dissolved oxygen,
are measured and analyzed during each maintenance cycle of Plot B and Plot C. The resulting values are
then averaged to obtain a representative measure of each parameter. The analysis of these water quality
parameters is crucial in understanding the correlation between survival rate and growth rate of aquatic
organisms with respect to �uctuations in temperature and salt content. The results of this analysis are
presented in a graphical format.

Analysis Model
The analysis models used in the research include (1) viability formula (SR), (2) correlation formula
between �uctuations in salt levels and survival rates, and (3) business feasibility analysis formula both
per cycle and in total over three cycles.

Survival formula
Survival or survival rate is the percentage of the number of �sh alive at the end of the rearing period
compared to the number of �sh at the beginning of rearing. The survival rate is calculated using the
formula (Aris et al., 2021):

Information :

SR = Survival

SR = NtNo × 100%
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Nt = Number of �sh at the end of the study (tails)

N0 = Number of �sh at the start of the study (tails)

Correlation formula
To determine the relationship between survival rate and growth rate with �uctuations in temperature and
salt content of cultivated organisms, it can be analyzed using the formula approach introduced by Ali and
Sambas (2007) as follows:

Y : Survival and Growth Rate

a : Pond area (Considered the same)

x1 : Tide Fluctuations

x2 : Temperature Fluctuations

x3 : Fluctuations in Salt Levels3

Data Analysis
The research methodology employed in this study included both quantitative and qualitative analyses.
The quantitative analysis focused on numerical data while the qualitative analysis provided a deeper
understanding of the phenomena under investigation. The results of these analyses were then interpreted
using a descriptive approach to effectively communicate the �ndings. This approach allowed for a
comprehensive and rigorous evaluation of the research objectives, ensuring scienti�c soundness in the
�nal outcomes.

RESULTS

General Description
Manakku Village is a coastal settlement located in Labakkang District, Pangkep Regency. It is situated at
the con�uence of three water bodies, namely the Lompoa River in the north, the Cakarri River in the east,
and the Bontoala River in the south. The western boundary of the village is formed by the coastal waters
of the Makassar Strait. From a geographical perspective, the village is a unique ecosystem that is home
to a diverse range of �ora and fauna. The village is surrounded by mangrove forests, which serve as a
natural barrier against coastal erosion, and provide a habitat for a variety of aquatic and terrestrial
species. The village is also home to several endemic species of birds and reptiles, making it a popular
destination for nature enthusiasts and researchers. Administratively, Manakku Village shares its northern
border with Gentung Village, its eastern border with Labakkang Village, its southern border with
Pundatabaji Village, and its western border with the Makassar Strait.

Ecological Conditions of Ponds

Y = a + bX1 + bX2 + bX3
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As supporting data in this research, the ecological conditions of the ponds that are described in this study
are (1) distance from the beach and elevation, (2) average tides, (3) tide periods, (4) pond construction,
and ( 5) modular system pond design. Manakku Village is located approximately 5 km inland from the
beach, and the agricultural land in the village is irrigated by two large rivers - the Lompoa River to the
north and the Bontoala River to the south. The elevation of Manakku Village from the sea level is between
0-1.5 meters, which makes it vulnerable to the ingress of salt water into the rice �elds that are close to the
pond land. The tidal conditions are highly variable, ranging between 0-1.5 meters. The West Coast of
South Sulawesi is a region that experiences three tidal periods in a year, namely the afternoon tidal period
from September to February, the morning tidal period from March to August, and a transition tidal period
in September and March. During these transitional periods, the tide conditions have not yet entered the
pond, which is referred to as "Konda sibilant" by the Pangkep people. Aquatic organism cultivation in a
pond is heavily reliant on the condition and construction of the pond itself.

Pond Preparation and Design
The success or failure of a pond or pond cultivation depends on how the preparations, including (1)
drying (2) improving pond construction, (3) processing the pond bottom soil, (4) liming, (5) pest control
and disease, (6) fertilization, and (7) natural food growth in ponds. The preparation of ponds or water
bodies serves several objectives, which are explained below: (1) Drying ponds: The primary objective of
drying ponds is to facilitate maintenance activities such as repairing embankments, processing the
bottom soil of the pond, and controlling pests and diseases. Liming is an essential activity during pond
drying, as it helps break the cycle of pests and diseases and neutralizes the pH of the pond soil; (2)
Improving pond construction: The construction of ponds must be done with precision to ensure e�cient
management of aquatic organisms. This objective is achieved by optimizing the pond's size, shape, and
depth, and ensuring adequate water exchange and circulation; (3) Processing the bottom soil of ponds:
The structure and texture of the soil at the bottom of the pond must be improved to promote the growth
of aquatic organisms. Processing the bottom soil also helps break the cycle of pests and diseases,
removes toxic substances such as NH3 and H2S, and neutralizes the pH of the soil; (4) Liming: The
purposeful application of lime to the soil helps increase its pH, which is essential for the growth of
aquatic organisms; (5) Control of pests and diseases: The control of pests and diseases is critical to
improving the survival and growth rate of aquatic organisms. This objective is achieved by implementing
appropriate measures such as the use of natural predators, biological control agents, and chemical
pesticides; (6) Targeted fertilization: Fertilization is essential to provide the necessary nutrients for the soil
to function optimally. This objective is achieved by adding organic and inorganic fertilizers to the pond
water, which promotes the growth of phytoplankton and zooplankton; (7) Growing natural food: The
sustainable availability of natural food is critical to the growth and survival of aquatic organisms. This
objective is achieved by promoting the growth of natural food sources such as algae, aquatic plants, and
zooplankton in the pond water.

Water Quality
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The parameters of water quality, being the primary cultivation medium for aquatic organisms, play a
crucial role in supporting their survival and growth rate. Therefore, it is imperative to ensure that the water
quality meets the necessary requirements for the cultivation process. To that end, monitoring and
measuring the average water quality during cultivation activities is crucial. The resulting data can be
presented in a tabulated format, such as Table 2, to provide a comprehensive understanding of the water
quality parameters that affect the cultivated organisms.

Table 2
Average water quality parameters for one year in three

maintenance cycles
Month Water Quality Parameter

Temperature Salt Content pH Oxygen

October 32 45 6.5 26

November 31 43 6.9 28

December 28 15 7.0 29

January 27 5 7,5 30

February 27 16 7,5 35

March 28 20 7,5 35

April 29 23 7,4 37

May 29 25 7,3 36

June 29 26 7,1 35

July 30 30 7,0 33

August 31 35 6,7 27

September 32 40 6,5 26

Average 29.4 26.9 6.9 31

The water quality parameters were measured during a single cultivation cycle with three maintenance
cycles in two rearing plots. The �uctuations observed during the year will be presented in Fig. 3. The tidal
�uctuations signi�cantly impact several water quality parameters such as oxygen, temperature, and
salinity. The salinity parameter is particularly affected due to the temperature �uctuations.

Survival Rate
In recent times, there have been concerns raised by the pond farming community in Pangkep and the city
of Bandung regarding the low survival rate of �sh and shrimp farming. However, with the implementation
of a modular cultivation system, there has been a marked improvement in the sustainability of �sh
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cultivation. Trials of cultivating milk�sh using this system have produced highly encouraging results, with
the average survival rate exceeding 90%, as presented in Table 3. These �ndings indicate the e�cacy of
modular cultivation systems in enhancing the survival rates of �sh and shrimp, and underscore the need
for further research in this area. During the third cycle, the survival rate peaked at 97% during the
maintenance period from June to September

Table 3
Average survival rate of milk�sh over three

maintenance cycles
Sampling Maintenance Cycle

Cycle 1 Cycle 2 Cycle 3

1 92 96 98

2 90 94 96

Average 91 95 97

Correlation of Survival Rates
The �ndings from the analysis of the survival rate of milk�sh cultivation using a modular cultivation
system, as presented in Table 3, indicate that the adaptive capacity of milk�sh increases with the
duration of their stay in the nursery plots. The survival rate showed a sequential increase from cycle to
cycle, with 91% in the �rst cycle, 95% in the second, and 97% in the third. Moreover, the relationship
between �uctuations in temperature and salt content and the survival rates is explained in Fig. 4,
highlighting the importance of these factors in the cultivation of milk�sh using a modular system.

First cycle
Figure 5a presented above elucidates the correlation between temperature and the survival rate of
milk�sh during the �rst cycle. The equation Y = 1.8x + 34 with a correlation coe�cient of R2 = 0.952
suggests that 95% of the variation in survival rate can be explained by temperature. In Fig. 5b, the
correlation between salinity and the survival rate of milk�sh in the �rst cycle is presented. The equation Y 
= 14.8x + 64, with a correlation value of R2 = 0.906, indicates that salinity has a signi�cant in�uence on
the survival rate of milk�sh, with 90% of the variation in survival rate being attributed to salinity.

Second cycle
The graph presented in Fig. 5a elucidates the correlation between temperature and the survival rate of
milk�sh during the second cycle. The correlation equation obtained was Y = 0.7x + 26.5, with a correlation
coe�cient (R2) of 0.978, indicating that 97% of the variation in the survival rate can be attributed to
temperature. In the context of milk�sh culture, salinity and temperature are two critical abiotic factors that
signi�cantly impact the survival rate of milk�sh. Figure 4d illustrates the correlation between salinity and
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the survival rate of milk�sh in the second cycle, where the equation Y = 3x + 13.5 represents the
relationship between salinity and survival rate, with a correlation value of R2 = 0.890.

Third cycle
In Fig. 6a, the correlation between temperature and the survival rate of milk�sh in the third cycle is
elucidated as Y = In. The following information pertains to the correlation between salinity and the
survival rate of milk�sh in the second cycle. According to Fig. 6b, the correlation can be expressed as Y = 
4.7x + 21, with a correlation value of R2 = 0.997.

DISCUSSION
Based on the study conducted by the BPD in 2021, it was found that the Manakku Village has a pond
area of 453.00 hectares, which constitutes 17.32% of the total pond area in the Labakkang District and
4.44% of the Pangkep Regency's overall area. The farmers in Manakku Village predominantly use three
types of cultivation systems: (1) �sh monoculture, (2) shrimp monoculture, and (3) �sh and shrimp
polyculture. For the purpose of this research, the milk�sh monoculture cultivation system will be
employed. Furthermore, three levels of technology packages have been implemented in the village,
namely (1) traditional plus cultivation system, which covers approximately 75% of the farms, (2) semi-
intensive cultivation system, which covers around 20%, and (3) intensive cultivation system, which covers
only about 5% of the farms. It's worth noting that the intensive cultivation system's application in the
village is relatively short-lived.

Intensive cultivation systems, which rely heavily on agricultural technologies, can often lead to short-term
gains but are not sustainable in the long run. These systems often force nature to produce beyond its
carrying capacity, leading to environmental degradation and depletion. Such practices can result in barren
and rugged lands that take a long time to recover. To ensure sustainable agriculture, it is essential to
adopt ecologically and climate-based practices that work in harmony with nature. The location of the
pond land in Manakku Village is promising, as it is surrounded by water sources, including the coastal
waters of the Makassar Strait and three rivers, namely the Lompoa River to the North, the Cakarri River to
the East, and the Bontoala River to the South. However, recent �eld interviews have revealed that it is
challenging to �nd mustard greens or pond workers in the area. This is likely because the pond products
are not pro�table enough to meet household living needs, and many are seeking alternative jobs that
offer better economic opportunities. Therefore, it is crucial to develop sustainable agricultural practices
that are economically viable and promote environmental conservation (BPD, 2021).

One of the challenges faced by pond farmers is the low survival rate of milk�sh, which can sometimes be
as low as 50%. Previous research studies (Budiasti et al., 2015; Barman et al., 2012) have reported slow
growth rates and suspected that in addition to seed quality, pond quality may be a contributing factor,
particularly in cases where ponds have reached saturation levels (Aris et al., 2021). To address this issue,
farmers have explored the use of modular cultivation systems or relocation, as aquatic organisms tend to
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thrive in new environments. These �ndings highlight the importance of considering both seed quality and
pond management strategies to improve milk�sh survival and growth rates in pond farming (Lin, 1985;
Lawson, 1995; Lekang, 2007; Barman et al., 2012).

The elevation of Manakku Village from the sea level is between 0-1.5 meters. As a result, the rice �elds
that are susceptible to saltwater intrusion may be converted into pond land, which can have signi�cant
impacts on the ecology of the area. Moreover, the tidal conditions are highly variable, ranging between 0-
1.5 meters. However, scienti�c research has shown that the average tide height is between 0.8–1.2
meters. During certain months, such as December and May, high tides reaching 1.5 meters occur only
during a full moon. This phenomenon has led to the opening of new �shponds, which are vulnerable to
intrusion by foreign water during high tides. This inconsistency in saltwater seepage poses a signi�cant
challenge for rice �eld maintenance. Consequently, many rice �elds are being converted into �sh ponds.
However, this conversion is also not without its challenges, as regular saltwater intrusion is necessary for
the �sh ponds to function effectively. As a solution, many new ponds are being constructed with drilled
wells to ensure regular saltwater seepage, thereby allowing for the effective conversion of rice �elds into
�sh ponds.

The Manakku Village has annual ups and downs in tidal patterns require farmers to adapt their �sh and
shrimp stocking schedules to reduce mortality rates. The �uctuations in salt levels during these tidal
transitions are closely related to the osmoregulation process of �sh and shrimp. High salt levels are
necessary during their young age, while low salt levels are required in old age. Therefore, the farmers
must monitor the salt levels closely and adjust their farming practices accordingly to ensure optimal
growth and survival rates (Lekang, 2007).

Aquatic organism cultivation in a pond is heavily reliant on the condition and construction of the pond
itself. According to studies conducted by Lin (1985), Lawson (1995), and Lekang (2007), a pond unit
comprises of bunds, channels, and doors. The dike, which functions as a water-holding structure, must be
solid and free from leaks. The channel connecting the water source and the pond must be of an
appropriate width to match the outside perimeter of the pond and be free from grass, rubbish, and
sediment to withstand currents. Moreover, the pond unit must include systems to regulate the volume of
water in the pond. These factors are critical to the success or failure of aquatic organism cultivation and
must be considered when constructing and maintaining a pond (Tsai et al., 1970; Lawson, 1995; Garg &
Bhatnagar, 2003; Bhatnagar, 2010)

The construction of a pond involves various interconnected systems, including the pond bottom, the
bottom of the door, and the channels (Buschman et al., 2004; Rangka & Asaad, 2010). In order to achieve
the desired cultivation goals, it is essential that the pond bottom is higher than the bottom of the gate, the
bottom of the gate is higher than the bottom of the channel, and the bottom of the channel is higher than
the lowest tide in coastal waters. This ensures that water management can be achieved through gravity,
without the need for a pumping system. Proper design of the pond and its components is crucial for the
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maintenance of a healthy aquatic ecosystem and the sustainability of the cultivation practices (Tsai et
al., 1970; Lawson, 1995; Garg & Bhatnagar, 2003; Bhatnagar, 2010)

According to the �ndings of our observations, it has been noted that the construction of ponds in
Manakku Village often fails to comply with the recommended technical guidelines for constructing
ponds. The following observations can be made in a sequential order: (1) The pond bottoms are often
shallow, which limits their capacity to accommodate large volumes of water. This can potentially lead to
water scarcity and affect the aquatic ecosystem within the pond; (2) The bunds, or embankments, are
often found to be low and prone to leaks and seepage. As a result, maintaining the desired water level in
the pond becomes a challenge, which can have a signi�cant impact on the aquatic habitat's health and
diversity; (3) The main and hatch doors of the ponds are generally narrow, which can limit their ability to
regulate the water volume effectively. This can result in the accumulation of water in some areas and
water scarcity in others, which can lead to imbalances in the aquatic ecosystem; (4) The narrow channels
leading to the ponds often contain grass, rubbish, and sediment, which can impede the �ow of water in
and out of the pond unit. This can lead to water stagnation, which can adversely affect the health and
diversity of aquatic life within the pond. It is essential to adhere to the recommended technical guidelines
for pond construction to ensure the proper functioning of aquatic ecosystems within the pond.

The seven pond preparation steps must be carried out thoroughly because they are interrelated to achieve
the goal of cultivating aquatic organisms (Lawson et al., 1995; Garg and Bhatnagar 2003;
Bhatnagar,2010; Lekang,2007). Previous research has shown that the low survival rate and slow growth
rate of milk�sh in ponds is a major challenge faced by pond farmers (Bhatnagar, 2003; Bhatnagar, 2010;
Lekang, 2007). According to Bhatnagar (2003), poor quality seeds and the condition of ponds that have
already reached saturation are among the factors causing low �sh survival and slow growth rates. To
overcome the issue of saturated pond soil, proper preparation and provision of nutrition to ponds are
required, such as the provision of manure. However, in general, pond farmers do not consider pond
preparation to be very essential. Therefore, it is necessary to raise awareness among farmers about the
importance of pond preparation and the provision of proper nutrition to improve the survival rate and
growth rate of milk�sh (Tsai et al.,1970; Lawson, 1995; Garg & Bhatnagar, 2003; Liao et al., 2004;
Bhatnagar,2010).

The issue of pond land saturation can be addressed through the use of a modular cultivation system,
which involves the movement of the cultivation system from one plot to another within a single
maintenance cycle (Jamerlan et al., 2014; Hanke et al., 2020). This system allows for the occupation of
multiple plots by the cultivated organisms during one rearing cycle. In the present study, milk�sh will be
used as the cultivated organisms and will occupy three plots. Plot A will serve as the nursery plot and will
function as a seed reservoir for a year, providing acclimatization and seed production capabilities. Plot B
will serve as the �rst stage of the enlargement plot, with a maintenance period of approximately two
months. Lastly, plot C will serve as the second stage of the enlargement plot, with a maintenance period
of approximately two months.
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The present study was conducted over a period of one year, and involved three stages or maintenance
cycles. Each maintenance cycle lasted for a duration of four months, during which two rearing plots were
utilized for the cultivation of organisms. The two grow-out plots, namely plot B and plot C, were provided
with the same opportunity of two months each for the pond preparation period as previously described -
from drying to growing natural food. The modular cultivation system employed in this study offers a
potential solution to improve the survival and growth rate of milk�sh (Santander et al., 2015; Saraswaty
et al., 2017; Rinaldi et al., 2019). The construction of modular cultivation system ponds.

The results indicate that the overall average of the measured parameters is still within the optimal range
for plant growth. However, the salt content in the water during August, September, October, and November
was found to be above the optimal range for milk�sh cultivation. Despite this, the milk�sh were able to
survive during these months, but could only be harvested during the third cycle in August and September.
In contrast, during the start of the �rst cycle in October and November, and as we enter December and
January, the growth of milk�sh accelerates faster. According to experts in the �eld (Villalus & Ungguni,
1983; Swan, 1997; Burt et al., 2011; Banman et al., 2012; Cheng et al., 2018; Aris et al., 2021), all aquatic
organisms require salt levels for their maturity, including milk�sh. It is essential to note that �uctuations
in the salt levels of the water during the year can have a signi�cant impact on aquatic life.

The present study revealed that tidal �uctuations signi�cantly impact several water quality parameters
such as oxygen, temperature, and salinity. The salinity parameter is particularly affected due to the
temperature �uctuations. The research conducted by Kale (2016), Amsari et al. (2017), Guanzon et al.
(2004), Muanif et al. (2019), Astuti & Warsa (2020) indicates that there is a direct linear correlation
between temperature and salinity. An increase in water temperature by 1–2 degrees Celsius leads to an
increase in salinity by 1–2 ppt. These �ndings have been supported by various other researchers as well
(Jania, 2006; Portner, 2009; Aris et al., 2021).

The present study’s �nding suggest that a longer nursery period, which involves stunting or restraining the
growth rate of the �sh seeds, can lead to higher survival rates. This is consistent with prior research in the
�eld and highlights the importance of carefully managing the growth and development of milk�sh in
aquaculture settings (Tsai et al., 1970; Malle et al., 2019; Fauziah, 2019; Amsari et al., 2019; Borlongan et
al., 2003; Mwangamilo & Jiddaw, 2003; Pramata. Et al., 2017; Ofori et al., 2018).

The �rst cycle recorded a low survival rate of 91%, which can be attributed to the high temperature of
32°C. Previous studies have shown that aquatic organisms, including milk�sh, have a range of optimal
temperatures that support their survival rate (Ismail et al., 1993; Santander et al., 2015; Ramadhani et al.,
2021; Adul et al., 2022). The literature suggests that the high survival rate for milk�sh (Chanos chanos) is
within the range of 27–31°C, which is consistent with the results obtained by several researchers (Tsai et
al., 1970; Lawson, 1995; Garg & Bhatnagar, 2003; Liao et.al, 2004; Bhatnagar, 2010).

The results suggest that salinity has a slightly lower impact on survival rates compared to temperature,
owing to the relative stability of salinity as compared to temperature �uctuations. It is noteworthy that a
survival rate of 91% was achieved at a salinity of 42 ppt, which can be attributed to the euryhaline nature
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of milk�sh, as it is capable of surviving in a range of salinities from 0–50 ppt (Mmochi & Mwandya,
2003; Chang et al., 2019; Beeltram et al., 2020; Barman et al., 2021), although milk�sh require an optimal
salinity range of 10–25 ppt (Adul et al., 2022).

During the second cycle, the survival rate of milk�sh showed a signi�cant improvement, reaching 95%.
However, this rate is still lower than that observed during the third cycle, which was 97%. The increase in
the survival rate during the second cycle can be attributed to a decrease of 1 degree Celsius in the highest
temperature, which fell within the tolerable range of 27–31°C for milk�sh survival, as reported in previous
studies (Adul et al., 2022; Ismail et al., 1993). Similar �ndings were reported by Salam and Darmawati
(2017), thereby providing additional support to the notion that milk�sh survival is optimal within this
temperature range (Kumagai, 1990; Jaikumar et al., 2013).

Approximately 89% of the variation in survival rate can be explained by the variation in salinity. However,
it is essential to note that the impact of salinity on survival rate is relatively lower compared to
temperature. This is primarily because temperature �uctuates more signi�cantly than salinity. The
survival rate of milk�sh is signi�cantly affected by temperature, especially during sudden temperature
changes. On the other hand, salinity is relatively stable and less variable than temperature. Based on the
data presented in the �gure, it can be observed that a survival rate of 95% is achieved at a salinity range
of 42–45 ppt. This is possible because milk�sh is one of the euryhaline aquatic organisms that can
tolerate a wide range of salinity, from 0 to 50 ppt. However, it is important to note that milk�sh prefers an
optimal salinity range of 10–25 ppt. In summary, the correlation between salinity and survival rate of
milk�sh is signi�cant, but its impact is relatively lower than temperature. The optimal salinity range for
milk�sh culture is between 10–25 ppt, although the species can tolerate a wider range of salinity (Tsai et
al., 1970; Lawson, 1995; Garg & Bhatnagar, 2003; Liao et al., 2004; Bhatnagar, 2010).

The third cycle exhibited a noteworthy increase in the survival rate of milk�sh, which escalated to 97%.
This improvement was attributed to the fact that the highest temperature in the third cycle was lowered
by 1 degree to 31oC, which falls within the range of temperature that milk�sh can endure, as evidenced
by previous research (Tsai et al., 1970; Lawson, 1995; Garg & Bhatnagar, 2003; Liao et al., 2004;
Bhatnagar, 2010). The aforementioned research highlights the high survival rates of milk�sh (Chanos
chanos) within the range of 27-31oC degrees Celsius. Similar results were also obtained in the research
�ndings of Salam and Darmawati (2017).

Approximately 99% of the variation in survival rate can be attributed to variation in salinity. It is important
to note that the in�uence of salinity on survival rates is lower than that of temperature, as temperature is
more prone to �uctuation while salinity remains relatively stable. Nonetheless, based on the data
presented in the above �gure, it can be seen that a survival rate of 95% is achieved at a salinity of 42–45
ppt. This is possible because milk�sh are euryhaline, meaning they are capable of living in a wide range
of salinity levels, from 0–50 ppt (Borlongan, 1992; Borlongan & Caloso, 1993; Borlongan & Caloso, 1994;
Barman et al., 2021). However, it is worth noting that milk�sh require an optimal salinity range of 10–25
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ppt for optimal survival and growth (Requintiana et al., .2006; Wu Lie, 2012; Davidson et al., 2014; Adul et
al., 2022).

CONCLUSION
Based on the results of the data analysis of the modular system of cultivating milk�sh in Manakku
Village for one year with three maintenance cycles, this study draws the following conclusions: (1)
�uctuations were observed in water quality parameters, including temperature, salinity, pH, and dissolved
oxygen. While temperature, pH, and dissolved oxygen remained within the optimal range for milk�sh
cultivation, �uctuations in salinity were observed outside this range, indicating suboptimal conditions for
milk�sh growth and survival. (2) The average survival rate of milk�sh was found to be 91% with a
correlation of R2 = 0.906 (cycle 1), 95% with a correlation of R2 = 0.890 (cycle 2) and 97% with a
correlation of R2 = 0.997 (cycle 3). These �ndings suggest that the modular system of cultivating milk�sh
in Manakku Village can be improved by optimizing salinity levels in the water.

Based on the results of scienti�c research on milk�sh cultivation, the modular cultivation system not only
enhances pond production but also has the potential to promote a healthy pond soil environment.
Traditionally, complete pond preparation has not been carried out, which involves drying and processing
the pond bottom soil and cultivating natural food. However, the modular system is designed to promote
sustainable agricultural development, emphasizing ecological sustainability through a comprehensive
approach to preparing and processing the pond bottom soil. Such a method allows the land to recover
from saturation, which in turn helps improve the overall feasibility of milk�sh cultivation. Nonetheless,
further research is still required to assess the growth rate and analyze the farmer income related to this
method.
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Figures

Figure 1

Map of Labbakang District, Pangkep Regency
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Figure 2

Modular Pond Construction Design. A. 10% = Nursery Plot, B. 30% = Magni�cation Plot 1, C. 60% =
Magni�cation Plot 2

Figure 3

Tidal �uctuations in the coastal waters of the District Labakkang, Pangkep Regency
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Figure 4

The correlation between �uctuations in temperature and salt content and the survival rates. A.
Temperature and Survival Rate, B. Salinity and Survival Rate

Figure 5

The correlation between salinity and the survival rates in the �rst cycle. A. Temperature and Survival Rate,
B. Salinity and Survival Rate
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Figure 6

The correlation between salinity and the survival rates in the third cycle. A. Temperature and Survival
Rate, B. Salinity and Survival Rate


