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INTRODUCTION

Shrimp farming is an agribusiness activity 
that plays a crucial role in maintaining the bal-
ance of global food availability (Pazmino et al., 
2024). Shrimp farming activities are widely de-
veloped in tropical countries such as Indonesia, 
Thailand, Vietnam, Ecuador, Brazil, and the Phil-
ippines (Hong et al., 2020; Muthu et al., 2024). 
In Indonesia, shrimp farming has been practiced 
since the 1970s, with the main commodities be-
ing Penaeus monodon and Litopenaeus vannamei 
(Goss et al., 2000; Primavera, 2000). In 2023, 
shrimp production in Indonesia reached 1.079 
million tons, representing an 18% increase from 

the previous period (IFA, 2024). The increase in 
shrimp production intensity in Indonesia is close-
ly linked to the rising global demand for shrimp 
and the stable selling prices compared to other 
fishery commodities (Supono, 2021). Addition-
ally, Indonesia’s warm aquatic conditions are 
considered highly supportive of intensive shrimp 
farming (Asmild et al., 2024).

In Indonesia, shrimp farming not only im-
pacts the economic income of communities but 
also results in various other consequences. Mas-
sive shrimp farming activities have had effects on 
labor absorption, foreign exchange earnings, food 
safety stability, and the creation of new job op-
portunities (Hukom et al., 2020; Delphino et al., 
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2022; Indrotristanto et al., 2023; Asmild et al., 
2024). Litopenaeus vannamei is the most widely 
farmed shrimp species in Indonesia’s aquatic ar-
eas (Ariadi et al., 2023). L. vannamei is a type of 
crustacean native to the western coastal waters of 
the Americas (Khanjani et al., 2023). L. vanna-
mei was officially introduced to Indonesia in 2001 
as a substitute for Penaeus monodon, which suf-
fered from massive harvest failures (Ariadi et al., 
2019). L. vannamei has several advantages over 
P. monodon, such as higher disease resistance, 
faster growth rates, better feed conversion rates, 
and the ability to adapt to fluctuating environ-
mental conditions (Madusari et al., 2022; Yang et 
al., 2024; Huang and Li, 2024).

The progress of shrimp farming in Indonesia 
has continued to see an increase in farming activi-
ties. This condition is highly ideal when referring 
to the food security vision declared by the Gov-
ernment of the Republic of Indonesia in the agro-
complex sector (Kusumastanto et al., 1998). The 
increase in shrimp farming activities in Indonesia 
correlates positively with the rising pollution from 
aquaculture waste in coastal areas (Ariadi et al., 
2019). One of the impacts of this waste pollution 
is the reduction in the carrying capacity of aquatic 
environments for shrimp farming (Gharibzadeh et 
al., 2023). Many areas that were initially suitable 
for farming have become polluted and no longer 
support shrimp farming (Mardiana et al., 2024). 
This is due to improper management practices in 
shrimp farming (Kaewtrakulchai et al, 2024). The 
lack of waste management facilities and opera-
tional activities outside the designated aquaculture 
zones significantly contributes to the high levels 
of water pollution and the decline in carrying ca-
pacity for shrimp farming (Mardiana et al., 2024).

The high intensity of shrimp farming activities 
and the waste load generated have prompted many 
stakeholders to consider appropriate solutions to 
address this issue (Linayati et al., 2024; Madusari 
et al., 2024). Some of the efforts that can be made 
include developing more sustainable farming sys-
tems and developing more suitable farming man-
agement models (Cruz-Suarez et al., 2010; Viera-
Romero et al., 2024; Ghosh et al., 2024). These 
initiatives are intended to ensure the sustainable 
development of shrimp farming by farmers. In this 
review, we attempt to summarize shrimp farming 
activities along with the waste pollution mecha-
nisms generated from the operational cycle of in-
tensive shrimp ponds to understand their impact 
on the carrying capacity of the ponds. The results 

of this review are expected to provide important 
insights into the efforts that can be undertaken to 
minimize excessive waste accumulation in the 
ecosystem of intensive shrimp ponds.

This study is a review analysis of case studies 
on waste pollution from intensive shrimp farm-
ing in Indonesia. Based on the findings from these 
case studies, a qualitative descriptive analysis was 
conducted by comparing various related research 
findings from different locations. 

SHRIMP FARMING AND WASTE LOAD

Shrimp farming is widely conducted in coast-
al areas with warm aquatic conditions (Delphi-
no et al., 2022). The shrimp species commonly 
farmed are L. vannamei and P. monodon, with 
various farming models (Gusmawati et al., 2018; 
Sahabuddin et al., 2024). Generally, shrimp farm-
ing models are divided into three categories: tra-
ditional, semi-intensive, and intensive farming. 
The difference among these models lies in the use 
of technology and the stocking density of shrimp 
(Dorber et al., 2020; Dhar et al., 2020). Currently, 
supra-intensive shrimp farming models are also 
being developed (Taufiqurrohman et al., 2023).

Traditional farming is a method where shrimp 
are raised at low stocking densities without the use 
of supporting technology (Das et al., 2022). Tra-
ditional farming is often developed as a supple-
mentary farming activity, such as intercropping 
or using biofilter ponds. Semi-intensive shrimp 
farming is a slightly more modern approach, with 
the application of some technology within the 
farming system (Ariadi et al., 2019). Intensive 
shrimp farming is the most modern model and is 
widely developed by shrimp farmers to achieve 
optimal production results in every operational 
cycle (Davis et al., 2021; Muthu et al., 2024).

The development of shrimp farming mod-
els is driven by innovations in technology and 
scientific advancements applied in aquacul-
ture. L. vannamei and P. monodon are shrimp 
species highly sensitive to fluctuations in their 
habitat’s environmental conditions (Gusmawati 
et al., 2018; Ariadi et al., 2023). These fluctua-
tions in pond ecosystems are addressed through 
scientific methods to prevent disruption to the 
performance of farmed shrimp (Sun et al., 2023; 
Satanwat et al., 2023). In terms of farming tech-
niques, shrimp can be farmed in various pond 
models, such as HDPE ponds, permanent ponds, 
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circular ponds, earthen ponds, and floating net 
cages (Li et al., 2021; Wu et al., 2022; That and 
Hoang, 2024; Dong et al., 2024).

Intensive shrimp farming activities provide 
significant socio-economic benefits to coastal 
communities (Asmild et al., 2024; Wafi and Aria-
di, 2024). However, the intensity of these activities 
also leads to an increase in the waste load gener-
ated, which needs to be properly managed (Satan-
wat et al., 2023). Shrimp farming waste can come 
from leftover feed, shrimp excretion, suspended 
particles, organic matter, molting shells, and other 
water runoff waste (Coward-Kelly et al., 2006; 
Dong et al., 2024). The main source of waste in 
shrimp pond ecosystems comes from uneaten feed 
(Madusari et al., 2022). Of the 100% of feed pro-
vided to shrimp, about 15% becomes waste (Pri-
mavera, 2020). Additionally, high inputs such as 
fertilizers, lime, probiotics, and other materials 
into the pond ecosystem significantly contribute 
to waste accumulation (Li and Boyd, 2016).

The shrimp farming system for L. vanna-
mei in Indonesia, which predominantly uses 
intensive farming methods, requires high feed 
inputs (Ariadi et al., 2023). The intensive use 
of artificial feed has a major impact on the risk 
of ecosystem pollution due to the high nutrient 
content in the feed (Wang et al., 2023). Feed 
waste, which contains high levels of nutrients, 
impacts the release of nitrogen (N) elements 
into the pond water over time (Vinasyiam et al., 
2023). High nitrogen levels released into the 
water also affect the nitrification cycle and the 
trophic status of the pond ecosystem, leading 
to plankton blooms (Yuan et al., 2021). Feed 
waste also contributes to the accumulation of 
organic material due to the release of dissolved 
compounds and suspended solids (Silva et al., 
2010). The accumulation of waste that settles 
at the bottom of the pond can become toxic and 
pollute the environment if not managed prop-
erly (Chatvijitkul et al., 2017).

In addition to the waste from feeding activi-
ties, shrimp also produce waste in the form of 
metabolic byproducts, such as ammonium and 
phosphate, which, if in excess, can affect wa-
ter quality dynamics in the pond (Ruangwicha 
et al., 2024). The high organic matter result-
ing from the accumulation of solid waste in the 
pond ecosystem also contributes to the deple-
tion of dissolved oxygen and increases the risk 
of diseases due to hypoxic environmental con-
ditions (Geng et al., 2022). Therefore, proper 

waste management is crucial as it directly im-
pacts both shrimp health and the surrounding 
environmental conditions.

Managing shrimp farming waste presents 
an important challenge for modern shrimp 
farmers. Many techniques have been devel-
oped to address this issue, such as the use of 
biofiltration systems to reduce harmful sub-
stances in the water, environmentally friendly 
feed, waste treatment technologies that con-
vert organic waste into fuel or fertilizers, and 
proper timing for farming seasons (Cahill et 
al., 2010; Akber et al., 2017; Widiasa et al., 
2024). In addition to developing technical sys-
tems for shrimp waste management, holistic 
and sustainable waste management approaches 
are also being developed (Varga et al., 2016; 
Kamali et al., 2022). These holistic and sus-
tainable waste management systems aim to 
develop concepts of resource conservation 
and environmental protection to ensure shrimp 
farming remains sustainable (Madusari et al., 
2024). The integration of technical farming 
methods and resource conservation efforts 
will be key to developing a sustainable shrimp 
farming model in coastal ecosystems.

Once we understand effective shrimp farm-
ing waste management techniques, it is ex-
pected that there will be a reduction in waste 
discharge in the surrounding aquatic environ-
ment, an increase in farming productivity, and 
support for the overall sustainability of the 
aquaculture industry (Wik et al., 2009). Waste 
management in shrimp farming is a global 
challenge that requires collaboration between 
science, technology, and policy to achieve 
sustainable goals in the future shrimp farm-
ing industry (Goss et al., 2000; Varga et al., 
2016). This means that significant efforts and a 
comprehensive problem-solving approach are 
needed to provide concrete solutions related to 
shrimp farming waste management.

POLLUTANT WASTE IN SHRIMP POND 
ECOSYSTEM

Pollution in shrimp farming ecosystems is a 
major issue that leads to a decrease in farming 
productivity. Pollution in the pond ecosystem 
causes fluctuations in water quality parameters 
(Qiu et al., 2024). Shrimp living in the pond will 
experience stress (Shirly-Lim et al., 2024). These 
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fluctuations in water quality are caused by anom-
alies in certain parameters that lead to causal rela-
tionships with other water quality parameters (Li 
et al., 2021). Pollution in shrimp ponds is a com-
plex phenomenon involving various mechanisms 
and factors that potentially disrupt environmental 
balance. In the context of shrimp farming, there 
are several key mechanisms causing ecosystem 
pollution, both directly and indirectly (Samsuri et 
al., 2024). The impacts of waste pollution mecha-
nisms are very complex.

The primary cause of pollution in shrimp 
pond ecosystems is excess feed waste, suspended 
particles from plankton lysis, shrimp excrement, 
byproducts from farming practices, and organic 
matter aggregation (Li et al., 2021; Khanthong et 
al., 2021). Leftover feed and shrimp excrement, 
which are rich in nitrogen, will increase the ac-
cumulation of NH4

+ compounds and Total Am-
monia Nitrogen (TAN) in the water. These com-
pounds will decompose through the nitrification 
cycle into nitrite (NO2

-) and then nitrate (NO3
-) 

(Widiasa et al., 2024). This nitrogen assimilation 
process triggers ecosystem eutrophication in the 
pond and threatens plankton blooming in suitable 
conditions (Ariadi et al., 2019) (Figure 1).

The first mechanism is the intensive use 
of commercial feed during the shrimp farm-
ing cycle. The intensive use of feed in farming 
practices is one of the main mechanisms of envi-
ronmental pollution in shrimp pond ecosystems 
(Madusari et al., 2022). Feed waste pollution is 
the primary source of environmental pollution in 
shrimp ponds (Kamal et al., 2022). In addition 
to the pollution caused by toxic compounds due 
to abnormal environmental conditions, pollu-
tion in the pond ecosystem is also caused by the 

accumulation of organic matter (Aschenbroich 
et al, 2015). High organic matter causes turbid-
ity and increased oxygen consumption by detritus 
during decomposition (Martinez-Durazo et al., 
2019). Moreover, improperly managed organic 
waste can trigger the growth of anaerobic bacteria 
at the pond’s bottom (Ariadi et al., 2019; Marti-
nez-Durazo et al., 2019; Li et al., 2021).

The second mechanism involves the accumu-
lation of dissolved particle waste that causes en-
vironmental conditions changes in the pond eco-
system. Dissolved particle waste from byproducts 
of farming materials and shrimp excretion leads 
to nutrient enrichment and water quality degra-
dation in the pond (Li et al., 2021; Kaewtrakul-
chai et al., 2024). Additionally, dissolved particle 
waste residues that accumulate in water and soil 
around the pond are considered to pollute the wa-
ter and even affect the sanitation of the surround-
ing environment (Sabu et al., 2022).

Another factor to consider is the manage-
ment of solid waste in ponds. Solid waste con-
sists of sediment and other organic materials at 
the bottom of the pond (Khanthong et al., 2021). 
If this solid waste is not regularly removed, it 
can produce toxic gases, such as hydrogen sul-
fide (H2S), which can poison shrimp or disrupt 
the pond ecosystem (Iber and Kasan, 2021). To 
ensure the sustainability of shrimp farming, it is 
crucial to apply environmentally friendly farm-
ing practices (Ariadi et al., 2023). These prac-
tices include using technology to improve pond 
water management, reducing the use of harmful 
chemicals, implementing efficient waste man-
agement, and educating farmers about the im-
portance of maintaining long-term ecosystem 
balance in the ponds (Liu et al., 2021).

Figure 1. The dynamic of waste and nutrients in the intensive shrimp pond, modified from Widiasa et al., 2024
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Waste pollution in shrimp pond ecosystems is 
caused by the accumulation of feed waste and oth-
er organic materials at the bottom of the pond wa-
ters (Dong et al., 2024). In intensive shrimp farm-
ing, the use of commercial feed plays a crucial 
role in supporting optimal shrimp growth (Yuan 
et al., 2021). However, the intensive use of com-
mercial feed poses a risk of pollution to the shrimp 
farming ecosystem (Primavera, 2000). Feed waste 
includes uneaten feed remnants and dissolved sub-
stances such as phosphorus and nitrogen (Zhou 
et al., 2021; Su et al., 2023). The increased con-
centration of these nutrients can trigger excessive 
algal growth, leading to eutrophication and dis-
rupting the local ecosystem (Mata et al., 2010; So-
eprapto et al., 2023). Excessive plankton growth 
can reduce oxygen levels in the water at night, po-
tentially causing stress to shrimp and resulting in 
mass mortality (Ariadi et al., 2023; Kamali et al., 
2022; Gharibzadeh et al., 2023).

Feed waste contaminating pond water can 
also pose problems for soil quality around the 
pond (Rahman et al., 2013). Increased nutrient 
levels in the water can lead to the movement of 
excess nutrients into the soil, which may reduce 
soil fertility or even contaminate groundwater in 
the surrounding area (Ariadi et al., 2019; Li et al., 
2021). Another impact of shrimp pond ecosystem 
pollution due to aquaculture waste is the potential 
spread of diseases (Linayati et al., 2024). Decom-
posing aquaculture waste at the pond bottom can 
become a breeding ground for bacteria and other 
pathogens that threaten shrimp health (Ariadi et 
al., 2019). Such conditions can lead to decreased 
harvest production and lower shrimp quality.

The solution for this issue, an integrated ap-
proach involving shrimp farmers, scientific re-
search, and policy implementation needs to be 
adopted. Using properly digestible feed, closely 
monitoring the amount of feed given, and imple-
menting technologies to reduce feed waste can be 
effective initial steps (Cahill et al., 2010; Hukom 
et al., 2020). Additionally, educating and train-
ing shrimp farmers on environmentally friendly 
and sustainable farming practices is essential for 
maintaining the sustainability of shrimp pond 
ecosystems (Jiménez-Montealegre et al., 2002). 
Through proactive measures like these, shrimp 
pond pollution caused by feed waste can be 
better managed, ultimately supporting the sus-
tainability of the shrimp farming industry and 
preserving the balance of aquatic environments 
(Dong et al., 2024).

The high intensity of waste discharge from 
shrimp farming activities in pond ecosystems can 
be very dangerous if not properly managed. One 
of the risks is the reduction in the pond’s carrying 
capacity to accommodate waste from farming ac-
tivities. Carrying capacity refers to the maximum 
environmental capacity of a pond ecosystem to 
support a healthy and productive shrimp popula-
tion (Mardiana et al., 2023). Carrying capacity 
is a key concept for maintaining the balance of 
the pond ecosystem and for developing sustain-
able aquaculture management practices (Ariadi 
et al., 2022). In intensive shrimp farming areas, 
detailed environmental management and carrying 
capacity assessment are essential. This is neces-
sary to provide scientific information on how well 
the farming area’s environment can neutralize the 
waste load generated by intensive shrimp farm-
ing activities. Furthermore, carrying capacity as-
sessment is also an important way to determine 
whether the water area is still suitable for shrimp 
farming activities.

POND CARRYING CAPACITY

Carrying capacity refers to the maximum 
environmental capacity of a shrimp pond to 
support the shrimp population so that they can 
live healthily and productively (Mardiana et al., 
2023). It is a crucial concept for maintaining 
the balance of pond ecosystems and developing 
sustainable aquaculture management strategies 
(Ariadi et al., 2022). The carrying capacity con-
cept is designed to ensure that shrimp farming 
activities remain sustainable without causing ad-
verse effects on the surrounding aquatic environ-
ment (Yang et al., 2017). The carrying capacity 
level varies across different ponds and aquacul-
ture sites, depending on biophysical conditions 
and the surrounding environmental profile (Wafi 
et al., 2021; Ahmed et al., 2023).

The carrying capacity concept has been devel-
oped as an adaptive approach to shrimp farming 
patterns that can be integrated with the status of 
an aquaculture site (Ariadi et al., 2022; Mardiana 
et al., 2024). In the initial phase of cultivation, 
shrimp farmers carefully and thoroughly prepare 
the farming environment. During this phase, they 
measure water quality parameters, record tem-
perature, salinity levels, and oxygen content (Ni 
et al., 2021; Colette et al., 2022). These steps are 
essential to ensure an optimal environment for 
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shrimp growth (Ariadi et al., 2019). Once these 
conditions are met, farmers proceed with the 
stocking of shrimp post-larvae in alignment with 
the pond’s carrying capacity.

Carrying capacity is influenced by various 
technical and non-technical factors throughout 
the operational cycle of shrimp farming, as il-
lustrated in the causal loop diagram in Figure 
2. During the shrimp farming cycle, farmers 
regularly monitor shrimp growth (Reis et al., 
2022). They ensure that there are no signs of 
overpopulation, which could negatively impact 
water quality and shrimp health. This monitor-
ing is conducted through responsible manage-
ment practices, such as the appropriate use of 
feed and disease control, to maintain the pond 
environment in optimal condition (Madusari et 
al., 2024). During total harvest, farmers collect 
all remaining shrimp for analysis regarding har-
vest tonnage and feed consumption (Fonseca 
and Navedo, 2020). A well-planned harvesting 

process helps sustain the environment and en-
sures the availability of natural resources for 
the future (Lourenco et al., 2017). Experienced 
farmers recognize the importance of maintain-
ing carrying capacity to keep the ponds produc-
tive over time by implementing partial harvest-
ing, adding aerators, and determining appropri-
ate shrimp stocking densities (Mardiana et al., 
2023; Ariadi et al., 2023).

Additionally, natural factors such as climate 
change and pollution can affect the carrying ca-
pacity of an aquaculture site (Do and Ho, 2022). 
Therefore, continuous research and innovation 
in aquaculture technology are crucial to assist 
farmers in managing shrimp farming operations 
effectively. In shrimp farming, the application of 
proper and responsible farming practices signifi-
cantly determines sustainability while preserving 
the aquatic ecosystem (Lien et al., 2023).

Based on this study, several findings have 
emerged. First, waste load in shrimp ponds 

Figure 2. Causal loop model of carrying capacity effect correlation in intensive shrimp farming
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continues to increase due to the diverse dynam-
ics of operational activities. Pond management 
patterns significantly impact the level of waste 
pollution. Excessive waste loads lead to a de-
cline in carrying capacity. In intensive shrimp 
ponds, carrying capacity is influenced not only 
by biotic and abiotic parameters but also by 
farm management practices. Currently, waste 
management methods in intensive shrimp farm-
ing remain limited and tend to be uniform across 
different farming locations.

Given these findings, there is a research gap 
that needs to be addressed to resolve waste pol-
lution issues in intensive shrimp pond ecosys-
tems. First, effective shrimp pond waste manage-
ment solutions should be explored through more 
technical approaches. Second, an ideal standard 
for waste load carrying capacity should be de-
veloped to optimize shrimp farming operations. 
Third, studies on waste treatment using natural 
biofilters should be conducted as a cost-effective 
and mitigative approach to intensive shrimp 
pond waste management. Finally, an effective 
shrimp farming strategy should be developed, 
considering ecological status and surrounding 
environmental conditions.

CONCLUSIONS

Intensive shrimp farming activities con-
tribute to environmental pollution due to the 
continuous accumulation of aquaculture waste. 
This condition leads to a decline in environ-
mental quality and increases the intensity of 
disease outbreaks. One of the efforts to prevent 
excessive waste accumulation is to implement 
proper waste management strategies. This is-
sue directly affects the carrying capacity of 
shrimp ponds in their operational activities. 
The high waste load in intensive shrimp farm-
ing requires a significant amount of dissolved 
oxygen for the decomposition process. The 
retention of dissolved oxygen influences the 
oxygen carrying capacity, which is essential 
for both shrimp respiration and the survival of 
aquatic microorganisms within the pond eco-
system. If this situation persists, it will nega-
tively impact shrimp farming productivity, 
leading to a decline due to mass shrimp mor-
tality caused by hypoxia and the degradation 
of the pond ecosystem.
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