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Abstract 

As global fish consumption rises, driven by population growth, aquaculture has emerged as a vital 

solution to meet fish demand, particularly with the declining capture fisheries and constrained terrestrial 

food production. A narrative literature review was conducted, focusing on the impact of cage fish 

farming on the environment, and the economic contributions of aquaculture. While cage farming offers 

economic opportunities and ensures food security, it also raises serious environmental concerns, 

including, water pollution, eutrophication, disruptions to water transport and aquatic biodiversity and the 

risk of disease transmission to native fish populations. The expansion of aquaculture has led to conflicts 

with traditional fishing practices and environmental degradation. This review analyses literature, 

focusing on the balance between cage fish farming development and environmental sustainability, 

emphasizing the need for effective management practices to mitigate negative impacts of cage fish 

farming and ensure long term health of aquatic ecosystems. 
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Introduction 

Cage fish farming is the raising of fish in a confined structure that is placed in an existing 

water body. (Mensah, 2018) [3]. Globally, fish production in natural environments has been 

declining and this has been attributed to overfishing, use of illegal fishing methods and 

pollution of water bodies. In an effort to achieve the United Nations sustainable development 

goal SDG 14, cage fish farming has been adopted to replenish the dwindling fish stocks to 

meet global fish demands (FAO, 2018) [11].  

Capture fisheries production is unlikely to rise, and terrestrial food production is constrained 

by the availability of freshwater and arable land, setting a ceiling on global food production 

(Holmer, 2010) [8]. Aquaculture plays important role in satisfying the global demand for fish, 

as fish stocks are being overfished (Karikari et al 2021) [1]. This demand is anticipated to grow 

due to the rising global population, along with improvements in income levels and 

urbanization. Aquaculture is the fastest expanding sector globally and is widely regarded as a 

viable practice for bridging the growing gap between the demand for fish and its supply (Njiru 

et al., 2019) [4]. In 2022, global fisheries and aquaculture production hit a record 223.2 million 

tonnes, valued at USD 472 billion, providing an estimated 20.7 kg of aquatic animal foods per 

capita (FAO, 2024). In 2022, global production of aquaculture accounted for 50.9% of the 

total output from both capture and aquaculture, an increase from 49.4% in 2020. In many 

countries, particularly leading aquaculture producers like China, India, Vietnam, and 

Bangladesh, aquaculture production has surpassed capture fisheries for several years. This 

trend is also seen in smaller producers with limited capture fishery resources, such as Uganda, 

Jordan and Lesotho. 

Despite the rapid growth of the cage fish farming sector, many concerns have been raised 

regarding the environmental effects of cage culture, specifically on its impact on water quality 

and the biotic composition of water bodies (Degefu et al, 2011) [22]. Cage fish farming relies on 

natural water sources and natural food chains and its expansion could negatively impact water 

quality (Nabirye et al., 2016) [2]. In addition, fish cage farming releases significant quantities of 

nutrient rich waste, including feacal matter, leftover feed, and metabolic byproducts, into the 
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water in high concentrations severely impacting water quality, 

both directly and indirectly (Karikari et al., 2021) [1]. 

Therefore, a thorough understanding of the impacts of cage 

fish farming on the aquatic ecosystems is essential for 

sustainable utilization of water resources.  

 

Methodology 

A narrative literature search was conducted following a 

modified method previously used by Komakech and Kang, 

(2019) [23] and Baluku et al, (2024) [24] across academic 

databases, including Google Scholar, Scopus, and Web of 

Science, using keywords such as "cage fish farming" and 

"environmental impacts of cage fish farming." The inclusion 

criteria focused on peer-reviewed articles published between 

2010 and 2025. The collected literature was categorized into 

key themes: socio-economic benefits and ecological impacts, 

facilitating qualitative analysis to identify trends and gaps. 

The findings from the literature review were synthesized to 

provide a comprehensive overview, informing evidence based 

information for sustainable practices.  

 

Socio-economic impacts of Cage Fish Farming 

Fish cage culture has been identified as a strategic practice 

with the potential to increase fish production (Mbowa et al., 

2017) [15]. In sub-Saharan Africa forexample, Uganda holds 

the second position in aquaculture production in Sub-Saharan 

Africa, growing substantially from 800 tons in 2006 to 

138,558 tons in 2021 (Harikrishnan et al., 2024) [19]. This 

growth is largely credited to Nile tilapia (Oreochromis 

niloticus), a widely farmed species that accounts for around 

49% of the country's total annual aquaculture output. Kenya’s 

fisheries sector contributes valuable foreign exchange to the 

government, accounting for approximately 0.5% of the 

country's earnings (Mwamburi et al., 2021) [18]. Unlike 

Uganda and Kenya, where fish farming is well developed, 

Tanzania's aquaculture sector remains largely small-scale, 

contributing only 4% to the country's total fish production 

(Harikrishnan et al., 2024) [19]. 

Globally, a study by FAO (2024) showed that approximately 

61.8 million individuals were employed as full-time, part-

time, occasional, or unspecified workers in the primary sector 

of commercial fisheries and aquaculture in 2022, accounting 

for 36% of the global work force. Another study by Guloba et 

al., (2023) [17] showed that Employment opportunities in the 

fishing sector on Lake Victoria had significantly expanded, 

rising from 34,889 jobs in 2000 to over 60,000 by 2020, 

highlighting the sector's growing importance for livelihoods 

in the region  

With declining catches from capture fisheries, cage fish 

farming has emerged as a vital solution to boost fish 

production, meet local market demands, and ensure food 

security (Okechi et al., 2022; Naylor et al., 2021) [5, 6]. This 

aquaculture method allows for increased fish yields in 

controlled environments, providing a steady supply of fish 

that supports local economies and livelihoods. In a study done 

by Mbowa et al., (2017) [15] the findings indicated that 

innovative technologies like floating cage culture were 

significantly more productive than traditional capture fisheries 

with farmers utilizing floating cage technology generating 12 

times the annual tonnage compared to those engaged in 

capture fishing.  

The economic advantages of cage farming can reduce reliance 

on capture fisheries. Cage fishing enhances food availability 

and affordability, especially in communities that depend 

heavily on fish as a primary protein source. Cage culture is a 

high profitable aquaculture system used in various regions 

globally, including Europe, North America, Latin America, 

and Asia and if managed properly, it holds significant 

potential to boost economic growth in the Lake Victoria area. 

(Njiru et al., 2019) [4].  

Poorly planned cage farms create conflicts with other existing 

activities, such as capture fishing, recreational activities, 

conservation efforts and water extraction for domestic and 

industrial use. In addition, floating cages that protrude above 

the water surface interfere with water transport on water 

bodies (Fig 1). The likelihood of these challenges is 

heightened by the establishment of cage aquaculture 

enterprises that often do not fully adhere to best management 

practices (Musinguzi et al., 2019) [16]. 

 

 
 

Fig 1: Floating fish cages on Lake Victoria 

 

Effects of Cage Fish Farming on Water Quality  

Whereas cage fish farming offers economic benefits, it also 

raises significant environmental concerns. Like other animal 

production sectors, aquaculture produces waste, and 

managing the waste from fish farming is both challenging and 

costly, as it disintegrates and becomes diluted in the culture 

water. Due to waste generated from uneaten fish feed and 

faecal matter, Cage farms lead to increased nutrient loading in 

surrounding waters. This nutrient overload results in 

eutrophication, characterized by excessive growth of algae, 

increased turbidity, and in severe cases, anoxia (Okechi et al., 

2022) [5]. Increased turbidity reduces light penetration, which 

negatively impacts phytoplankton production and may hinder 

the photosynthesis of benthic aquatic vegetation (Price et al., 

2015) [10]. In addition, anoxia, the complete absence of oxygen 

results in the death of aquatic organisms, disrupting 

ecosystems and causing loss of biodiversity (Riedel et al 

2014) [9]. 

In addition, a study done by Zhang et al., (2020) [7] indicates 

that a substantial portion of nitrogen and phosphorus from 

fish feeds remains unutilized by fish, resulting in higher 

nutrient concentrations in waters surrounding cage farms 

compared to natural aquatic ecosystems. This nutrient 

enrichment often promotes the growth of invasive species 

such as water hyacinth (Eichhornia crassipes), which can 

further disrupt local ecosystems. While the discharge of 

dissolved nitrogen and phosphorus from fish farms may be 

challenging to quantify, the secondary impacts associated 

with nutrient enrichment are of greater concern, as they 

fundamentally alter aquatic habitats (Price et al., 2015) [10]. 

Waste products from cage fish farming result in spread of 

pathogens and parasites, infecting fish and other aquatic 

organisms (Azizpour et al., 2025) [25]. Furthermore, fish waste 
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and unutilized fish feed rich in protein elevate ammonia levels 

near the cages (Fig: 2). Excessive ammonia is highly toxic to 

fish, with harmful concentrations of unionized ammonia for 

tilapia ranging from 0.6 to 2.0 mg/L. Even at concentrations 

as low as 0.08 mg/L, unionized ammonia can reduce the 

appetite of tilapia, while prolonged exposure to levels as low 

as 0.2 mg/L can result in fish fatalities (Njiru et al., 2019) [4]. 

Metallic components on cage fish farming systems corrode 

and generate trace metals such as copper and zinc that 

accumulate in sediments below fish cages over time (Kalantzi 

et al., 2013) [26]. 

 

 
 

Fig 2: schematic generation of aquaculture waste 

 

Effects of cage fish farming on aquatic organisms 

The rapid expansion of aquaculture has raised concerns about 

a rising number of escapees entering natural ecosystems. 

Increased Breakdown of aquaculture systems and cages in 

open waters of have led to unintentional release of predatory 

fish such as North African catfish into the lakes (Harikrishnan 

et al., 2024) [19]. For example, Fishermen along rivers and 

Lake Victoria wetlands have reported cases of catfish 

disrupting local ecosystems by preying on native fish species 

while also creating competition for food and resources 

between native fish and non-native fish. The invasive nature 

of North African catfish highlights its detrimental impact on 

indigenous aquatic fauna. 

In addition, when farmed fish escape into the wild, they 

interact with native fish populations, they potentially 

introduce diseases and parasites that the wild fish have not 

been exposed to. This can disrupt the balance of the 

ecosystem, as native species may lack the immunity to these 

new pathogens, leading to increased mortality rates. 

(Kashindye et al., 2015) [14].  

Further, cage fish farming facilitates rearing of large numbers 

of fish in a small confined area. This overcrowding increases 

oxygen demand by fish, resulting in reduced oxygen levels in 

their rearing environment (Mrcelic and Sliskovic, 2010) [20]. 

Cage fish farms produce and release wastes rich in nitrogen 

and phosphorus into the water column and bottom sediments. 

High nutrient inputs lead to eutrophic conditions 

characterized by phytoplankton blooms, high ammonia built 

up, high nitrite, low dissolved oxygen and high turbidity. This 

increased nutrient enrichment decreases the species diversity 

of benthic macro-invertebrate communities. In addition, 

studies have showed that cage fish farming can cause 

localized and significant changes on macro-invertebrate 

community structure as manifested in the observed reduction 

of species diversity and increased abundance of pollution-

tolerant forms such as Chironomus sp. and Melanonids 

tuberculate (Nabirye et al., 2016) [2]. However, when well-

managed, cage farms can also serve as refugia from fishing 

pressures and natural predation. They can stimulate a 

periphyton-based benthic food web, which may help restore 

and sustain aquatic biodiversity while supporting regional 

food security (Okechi et al., 2022) [5]. 

 

Conclusion 

Cage fish farming offers significant economic opportunities, 

particularly as global demand for fish continues to rise. It has 

the potential to enhance fish production improve food 

security, improve local livelihoods and foreign exchange 

earnings. However, this review showed that cage fish farming 

presents a number of environmental challenges including, 

eutrophication, disease transmission, alterations in aquatic 

biota, and degraded water quality. These issues threaten the 

ecological balance of aquatic ecosystems, which is important 

for the communities that depend on it. Therefore, too fully 

harness the potential of cage fish farming as a sustainable 

aquaculture strategy, it is important that future developments 
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integrate advanced waste management and environmental 

monitoring systems. In doing so, the aquaculture sector can 

contribute not only to economic growth but also to the long-

term sustainability and resilience of aquatic ecosystems. 
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