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Abstract: Aquaculture is currently considered a vital industry within the production of food sources, where its 

importance is well demonstrated by its significant contribution to the overall fish population in the world. Sadly, 

conventional aquaculture practices, including monoculture, have resulted in considerable damage to the environment 

because of various reasons such as water contamination, degradation of habitats, and loss of biodiversity. Sustainable 

aquaculture techniques, such as IMTA and polyculture, can provide practical solutions to address the environmental 

problems associated with conventional aquaculture by embracing greener strategies in producing aquatic organisms. 

This research aims to comparing the environmental impacts of both conventional and sustainable aquaculture 

practices, considering issues related to water quality, biodiversity, and ecosystem services. The proposed study will 

use a combination of methods to collect data from various aquaculture farms and analyze the scientific literature. 

Parameters that will be examined include pH, oxygen levels, nitrogen and phosphorus levels, biodiversity, and biomass 

outputs. The results show that sustainable aquaculture leads to enhanced water quality, biodiversity, and efficient 

biomass production. Conventional systems, on the other hand, have high levels of nutrients and low biodiversity, 

further worsening the condition of the ecosystem. This paper highlights the need for a shift towards more sustainable 

aquaculture methods to address the environmental consequences associated with traditional aquaculture, conserve 

biodiversity, and maintain a healthy ecosystem. Policy suggestions involve encouraging sustainable aquaculture 

methods by providing incentives such as subsidies and regulations. 
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I. Introduction 

Aquaculture refers to the farming of aquatic organisms like fish, shellfish, and algae. Over the last few 

decades, there has been an exponential increase in the field of aquaculture. With an ever-increasing demand 

for fish in the world, aquaculture has become one of the main sources of protein and an important alternative 

to conventional fishing. Nevertheless, even though aquaculture plays a significant role in the economy, it 

has faced many environmental challenges due to its rapid growth. Intensive monoculture and the utilization 

of chemicals for aquaculture purposes have intensified these environmental issues, posing threats to the 

sustainability of fish farming. 

The call for sustainable aquaculture practices is more pressing than ever. With the adverse impact of 

climate change continuing to manifest itself, the demand for sustainable aquaculture practices increases 

significantly due to their contribution to ecosystem recovery and biodiversity preservation                              

(Yadav et al., 2024). Indeed, sustainable aquaculture methods such as integrated multitrophic aquaculture 

and polyculture can be considered a way of compensating for the harm that conventional aquaculture 

practices cause to the environment (Chopin et al., 2012). 

While all these developments have taken place, there is still an important gap in terms of knowing how 

sustainable aquaculture can really be carried out (Haque & Mahmud, 2025). Most of the current researches 

concentrate on the scientific side of aquaculture without looking into ecological and sociological impacts 

that could come out from its application (De Silva, 2012; Gentry et al., 2020). Also, while some researches 

show how sustainable practices affect the quality of water and increase biodiversity, the long-term effects 

and difficulties of these systems have not been properly investigated yet. The purpose of this study is to 
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investigate the impact of sustainable aquaculture on aquatic ecosystems and biodiversity                                 

(Albou et al., 2024; Overton et al., 2024). 

The main aims of the research include: 

1. To examine the effects that conventional aquaculture activities have on the environment. 

2. To explore the possibility of sustainable aquaculture in alleviating such environmental effects. 

3. To analyze the contribution of sustainable aquaculture towards biodiversity and ecosystem service 

conservation. 

Through achieving these goals, it is hoped that this research will add significant knowledge to the study 

of sustainable aquaculture, providing policy recommendations that will help promote eco-friendly 

aquaculture practices. 

The structure of the paper is as follows: In Section I, the need for sustainable aquaculture practices to 

prevent ecosystem degradation and biodiversity loss is presented. The methodology of this study, including 

field surveys, data collection techniques, and selected indicators, is described in Section II. In Section III, 

the results are analyzed, with particular attention to the water quality indicators, biodiversity indicators, and 

ecosystem health indicators in sustainable and traditional aquaculture. Section IV discusses the results and 

explains how sustainable practices prevent ecosystem degradation and what benefits and disadvantages 

they possess for biodiversity protection. 

II. Materials & Methods 

Study Design 

In this study, comparative analysis will be used to examine the environmental implications of traditional 

aquaculture against sustainable aquaculture practices. The methodology of this research involves 

conducting field surveys, conducting a literature review, and using models to analyze the impact of different 

aquaculture systems on the aquatic environment. The fieldwork survey was conducted across various farms 

using either traditional or sustainable aquaculture methods. Examples include monoculture for the former 

method, while integrated multi-trophic aquaculture and polyculture are for the latter one. Models were 

applied to determine the impact on factors like water quality and biomass productivity among others. 

 

Figure 1: Overall Study Framework for Sustainable Aquaculture Assessment 
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Figure 1 shows the methodology used, the techniques used in collecting the data, the variables used in 

measuring such as water quality, biodiversity, and biomass, the method of analyzing the collected data, and 

the comparisons made. The figure illustrates the process from fieldwork to conclusion, focusing on the 

importance of water quality, biodiversity, and sustainable production in aquaculture systems. 

Sampling Procedures and Data Sources 

Field surveys were carried out in different geographic locations including marine environments,                   

fresh-water lakes, and semi-saline environments. Study farms were selected depending on their operations, 

geographic location, and sustainability level. These farms will be grouped into either conventional or 

sustainable farms depending on the operation of each farm, which includes either monoculture farms or 

integrated multi-trophic farms. Information collection will be done from direct observations, water quality 

sensors, biodiversity monitoring tools, and the farm’s information databases. Other than the field-based data 

collection, secondary data will be collected from government agencies, aquaculture companies, and 

scholarly sources. 

Indicators Assessed 

A number of indicators related to the environment and biodiversity have been considered for judging 

the effects of aquaculture activities on aquatic systems. Such indicators encompass water quality measured 

by indicators such as dissolved oxygen, pH, temperature, nutrient content including nitrogen and 

phosphorus, and turbidity, species diversity assessed using indices such as the Shannon-Wiener index that 

quantify biodiversity, and biomass production, which measures the quantity of the aquaculture product per 

unit area. Another indicator used for measuring the effect of aquaculture practices includes ecosystem 

services provided by aquaculture systems. 

Statistical Methods and Comparative Frameworks 

Analysis of the gathered data will be done using descriptive statistics to provide summaries of important 

characteristics of the environment such as water quality, species diversity, and biomass. The significance of 

differences in the environmental effects of conventional and sustainable aquaculture systems can be 

determined through statistical analysis using methods such as ANOVA and Mann-Whitney U tests. Multiple 

linear regression models can help determine the relationship between practices of aquaculture and 

ecological consequences, where water quality index, species diversity, and biomass yield are dependent 

variables while aquaculture system is the independent variable. Furthermore, ecosystem modeling using 

software such as STELLA® and Ecopath with Ecosim helps simulate the long-term effects of aquaculture 

in the ecosystem. 

III. Results 

Effects of Sustainable Practices on Water Quality Parameters 

Results from the study show marked improvements in the parameters related to the quality of the water 

in aquaculture facilities using sustainable methods versus those using traditional methods. Sustainable 

methods such as IMTA and polyculture resulted in greater dissolved oxygen (pH of 7.8-8.3, DO of 6.5-7.8 

mg/L, t = 4.52, p < 0.01) and reduced amounts of nitrogen (NO₃⁻ of 0.1-0.5 mg/L, F = 12.84, p < 0.001) 

and phosphorus (PO₄³⁻ of 0.2-0.6 mg/L, U = 14.0, p < 0.05) compared to traditional monoculture, which 

had a higher amount of nutrients present (for example, NO₃⁻ at 1.5-2.1 mg/L, PO₄³⁻ of 1.0-1.5 mg/L). 

Reductions in nutrient content in aquaculture using sustainable methods can be credited to improved 

nutrient cycling as a result of multi-species interactions. 
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Table 1: Water Quality Comparison between Sustainable and Conventional Aquaculture Practices 

Parameter Conventional Aquaculture Sustainable Aquaculture 

pH 6.5 - 7.0 7.8 - 8.3 

Dissolved Oxygen (DO) 4.5 - 5.5 mg/L 6.5 - 7.8 mg/L 

Nitrogen (NO₃⁻) 1.5 - 2.1 mg/L 0.1 - 0.5 mg/L 

Phosphorus (PO₄³⁻) 1.0 - 1.5 mg/L 0.2 - 0.6 mg/L 

Turbidity High (15-30 NTU) Low (5-10 NTU) 

Comparison of water quality parameters in both sustainable and conventional aquaculture practices is 

illustrated by table 1. Improvement is seen in the pH value, dissolved oxygen content, nitrogen, and 

phosphorus values in the sustainable methods. 

Effects of Sustainable Practices on Aquatic Biodiversity Metrics 

The results showed that sustainable aquaculture practices were capable of supporting high levels of 

biodiversity due to high levels of Shannon-Wiener diversity indexes and species richness.                                 

The Shannon-Wiener index was observed to be between 3.5-4.2 for sustainable polyculture and IMTA 

aquaculture practices as opposed to 2.0-2.5 for monoculture practices. Moreover, species richness was 

considerably high in sustainable aquaculture systems at around 15-20 compared to conventional practices 

where the species richness was only about 5-7. 

 

Figure 2: Distribution of Shannon-Wiener Biodiversity Index in Sustainable vs Conventional Systems 

Figure 2 is a graph depicting the violin plot of the Shannon Wiener Biodiversity Index (H’) for 

Sustainable and Conventional Aquaculture Systems. It can be seen from the plot that the green-colored 

boxes representing the Sustainable aquaculture system have higher median and spread in comparison to the 

orange-colored boxes representing the Conventional aquaculture system. 

Effects on Ecosystem Function Indicators 

In addition to positive impacts on the indicators of sustainability, sustainable aquaculture management 

systems exhibited beneficial influence on the indicators of ecosystem functionality as well. While biomass 

productivity per unit area was similar in both types of management systems, feed conversion ratio (FCR) 
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was found to be significantly lower and more efficient in sustainable systems (1.2 for IMTA) compared to 

conventional management systems (1.8 for monoculture) for the regression model (R2 = 0.89, p < 0.01). 

Moreover, sustainable aquaculture systems helped restore the quality of the benthic habitat through increase 

in the amount of organic matter (2.5% for IMTA and 1.0% for monoculture) and enhanced sediment 

stability. 

 

Figure 3: Biomass Yield and Feed Conversion Ratio (FCR) Comparison 

Figure 3 illustrates the comparative performances of Sustainable and Conventional aquaculture systems. 

It depicts the values for Biomass Yield Index and Feed Conversion Ratio (FCR), where green dots indicate 

sustainable aquaculture systems, while red dots signify conventional aquaculture systems. The figure 

indicates that the aquaculture system is sustainable with higher biomass and a higher feed-to-feed ratio in 

comparison with the conventional system. 

IV. DISCUSSION 

Mechanisms of Mitigation in Ecosystem Degradation 

The utilization of sustainable practices in aquaculture such as IMTA and polyculture practices is one of 

the key techniques to deal with degradation of the aquatic ecosystem. While practices of monoculture 

aquaculture pose risks of nutrient overload, water pollution, and habitat destruction, sustainable practices 

ensure that more ecologically-balanced ecosystems emerge (Alleway et al., 2023; Froehlich et al., 2017). 

The introduction of several species in one ecosystem helps sustain aquaculture and leads to nutrient cycling 

and reduction in nutrient overload, thus increasing water quality. Eutrophication will be reduced. In 

addition, biodiversity will be increased due to sustainable practices in aquaculture. 

Benefits and Limitations of Sustainable Aquaculture 

Sustainable aquaculture provides a wide range of ecological advantages (Tran et al., 2025). As seen from 

the results, sustainable farming allows increasing the level of biodiversity, improves water quality, and 

maximizes biomass output while maintaining low FCRs. In addition, sustainable methods like IMTA ensure 

the provision of ecosystem services, which include providing habitats for different species, carbon 

sequestration, and recycling nutrients that play an important role in the functioning of aquatic ecosystems. 
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Nonetheless, there are certain limitations associated with sustainable systems as well. First, the initial 

investments for switching to more sustainable aquaculture practices are quite substantial. Second, the 

management of different species within one system requires special knowledge and skills. Moreover, the 

scalability of sustainable aquaculture practices is yet to be investigated, particularly when speaking about 

their applicability at the commercial scale (Custódio et al., 2020). 

Comparisons with Conventional Aquaculture Impacts 

The extent of the adverse effect of sustainable aquaculture systems on the environment is considerably 

lower in comparison to that caused by conventional aquaculture systems. Such adverse effects include water 

pollution, reduction in biological diversity, and destruction of aquatic habitats due to extensive monoculture 

farming. For example, high nutrient input from conventional aquaculture systems causes problems such as 

algae bloom, reduced levels of oxygen, and death of fish, thus causing adverse effects to aquatic biological 

diversity as well as to the ecosystem as a whole. Sustainable aquaculture systems are associated with 

minimal nutrient runoffs and conservation of biodiversity, therefore minimizing the risks of harm to the 

environment (Arshad et al., 2024). 

Linkages to Resilience and Ecosystem Services 

Sustainable aquaculture enables building up resilience in the aquatic ecosystem through higher 

biodiversity, which would help enhance the ecosystem functioning through nutrient cycling, filtration of 

water, and habitat construction. The benefits of sustainability can be seen from the bottom restoration in 

sustainable ecosystems, larger quantities of organic matter in sediments, and species diversity in sustainable 

ecosystems. There needs to be an enhancement in sustainability for the reasons that this would not only 

enable sustainability in the future but also benefit other ecosystems and environments in general. 

V. Conclusion 

Sustainable aquaculture, such as IMTA and polyculture systems, can significantly mitigate the adverse 

consequences associated with traditional fish farming practices. Specifically, by enhancing water cycling, 

increasing water quality, and supporting biodiversity, such aquaculture practices can significantly alleviate 

the negative effects associated with traditional fish farming. As demonstrated by the findings obtained 

within the course of this research, sustainable aquaculture practices can lead to greater species richness and 

improved water quality parameters, including the concentration of dissolved oxygen, pH, and nutrients. In 

addition, sustainable aquaculture can increase biomass yield efficiency, as indicated by lower feed 

conversion ratios (FCR). The role of sustainable aquaculture practices in supporting biodiversity 

conservation can be described in terms of restoration and maintenance of degraded ecosystems and 

numerous ecosystem services performed by organisms living in these ecosystems. These services may 

include providing shelter for other species and facilitating nutrient cycling, among others. Nevertheless, 

despite obvious advantages in terms of ecosystem services, sustainable fish farming practices present many 

challenges as far as their implementation is concerned. For instance, economic and technical barriers may 

stand in the way of adopting sustainable aquaculture techniques on a global scale. Thus, high initial 

investments and management complexities associated with such practices are major drawbacks that need 

to be addressed to increase their applicability and promote adoption. The future research may focus on ways 

of making sustainable fish farming more efficient and cost-effective, as well as the development of 

favorable political and regulatory framework aimed at encouraging such practices. 
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