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DESCRIPTION
Aquaculture has emerged as one of the fastest-growing food 
production sectors globally, providing sustenance and economic 
support for millions of people. However, it also contributes to 
greenhouse gas emissions, with methane being a significant 
component. Methane emissions from aquaculture pond 
sediments have garnered increasing attention due to their 
environmental implications. Understanding these emissions, 
including their sources and contributing factors, is essential to 
improve management strategies.

Methane (CH₄) is produced in sediments under anaerobic 
conditions through a process known as methanogenesis. This 
process is mediated by methanogenic archaea, microorganisms 
that utilize organic matter and other substrates such as carbon 
dioxide, hydrogen, and acetate to produce methane. In 
aquaculture ponds, the organic-rich environment serves as an 
ideal setting for these microbes. Fish feed, fecal matter, and dead 
algae accumulate in pond sediments, increasing organic load. The 
decomposition of these materials under low oxygen conditions 
supports methanogenesis. Anaerobic conditions are necessary for 
methanogenesis. These conditions develop as the sediment 
becomes more oxygen-deprived with depth. Different 
methanogenic pathways dominate depending on the substrate 
availability. Acetoclastic methanogenesis, where acetate is used, is 
common in organic-rich environments, while hydrogenotrophic 
methanogenesis, utilizing hydrogen and carbon dioxide, occurs in 
more hydrogen-abundant settings [1-4].

Excessive feeding and the accumulation of organic matter in 
sediments serve as the primary contributors to methane emissions. 
The carbon inputs from fish feed, particularly uneaten feed and 
excreted waste, enhance the microbial activity that produces 
methane. High nutrient levels, particularly nitrogen and 
phosphorus, promote algal growth. As algae die and settle into the 
sediment, they decompose and provide additional organic material 
for methanogenesis. The physical and chemical properties of 

sediment, including particle size, organic carbon content, and 
porosity, influence methane production [5-7].

Fine-grained sediments tend to retain more organic matter and 
create conditions favorable for anaerobic activity. Methanogenesis 
rates are sensitive to temperature, with higher rates observed in 
warmer conditions. Aquaculture ponds in tropical and subtropical 
regions often experience elevated methane emissions compared to 
those in temperate zones. Practices such as aeration and water 
exchange can significantly affect methane emissions. Aeration 
increases oxygen penetration into sediments, potentially 
suppressing methanogenesis by promoting aerobic decomposition 
processes. The movement and activities of aquatic organisms, such 
as fish or benthic invertebrates, can influence sediment structure 
and oxygen diffusion, indirectly impacting methane production. 
Methane diffuses slowly from the sediment into the water column 
and subsequently into the atmosphere. In areas where methane 
concentration becomes sufficiently high, it forms bubbles that rise 
to the water surface, releasing methane directly into the 
atmosphere. Some of the methane produced in sediments is 
oxidized to carbon dioxide by methanotrophic bacteria as it passes 
through oxygenated layers. Methane is a potent greenhouse gas 
with a global warming potential significantly higher than carbon 
dioxide over a 100-year timescale. Methane emissions from 
aquaculture ponds contribute to the overall carbon footprint of 
aquaculture operations. Accumulated organic matter and methane 
production can deteriorate water quality, affecting the health of 
aquatic organisms. Methane emissions add to atmospheric 
greenhouse gas concentrations, exacerbating climate change. Using 
high-quality feed with better digestibility can reduce organic waste. 
Avoiding overfeeding minimizes the accumulation of uneaten feed 
in sediments. Regular removal of organic waste from ponds, such 
as sludge removal, can lower the organic content in sediments. 
Settling ponds or biofilters can capture organic matter before it 
settles into the main pond. Aeration increases oxygen levels in 
water and sediments, which can suppress anaerobic conditions and 
reduce methane production. However, aeration should be carefully 
managed to balance energy costs and benefits [8-10].
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CONCLUSION

Methane emissions from aquaculture pond sediments are a 
significant environmental concern that requires urgent attention. 
By understanding the biological and environmental processes 
driving methane production and implementing effective 
mitigation strategies, the aquaculture industry can reduce its 
impact on greenhouse gas emissions. Collaborative efforts 
between researchers, industry stakeholders, and policymakers are 
essential to foster sustainable aquaculture practices that balance 
productivity with environmental stewardship.
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