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DESCRIPTION
Mariculture, the farming of marine organisms in controlled 
coastal and offshore environments, has developed into one of 
the fastest-growing food production sectors worldwide. Driven by 
increasing demand for seafood and the declining capacity of wild 
fisheries to meet global consumption needs, mariculture now 
provides a substantial proportion of fish, shellfish and algae 
consumed by humans. Intensive mariculture systems, 
particularly those designed for finfish and crustaceans, are 
characterized by high stocking densities, significant use of 
formulated feeds and the employment of engineered enclosures 
such as cages, ponds, or recirculating systems. These systems are 
highly productive, often yielding several tons of biomass per 
hectare annually. However, this productivity comes with 
ecological costs, especially regarding nutrient loading and 
cycling.

Nutrient cycling within mariculture systems refers to the 
movement, transformation and fate of key elements such as 
nitrogen, phosphorus and carbon. These elements are essential 
for the growth of cultured organisms but can also accumulate in 
surrounding environments, leading to ecological disruptions. 
Unlike traditional extensive aquaculture systems, which rely 
primarily on natural productivity, intensive mariculture 
introduces large amounts of external nutrients in the form of 
formulated feed, fertilizers and additives. The balance between 
nutrient inputs, retention by cultured species, transformations 
within the system and outputs to the environment determines 
the overall sustainability of mariculture operations        .

Nutrient inputs in intensive mariculture

The largest source of nutrient input in intensive mariculture is 
formulated feed. Finfish and crustacean diets typically consist of 
fishmeal, fish oil, plant proteins and carbohydrate-based binders, 
providing protein, lipids and energy for growth. However, the 
conversion of feed nutrients into biomass is inefficient.

Estimates  suggest  that  60-80%   of  nitrogen   and   phosphorus
inputs to mariculture originate from feed and only a fraction of
these nutrients are ultimately retained.

Water exchange with coastal or open-sea environments
introduces another layer of complexity. Tidal flows and seawater
intake can bring dissolved nutrients into farming systems,
altering nutrient dynamics. In integrated systems, nutrient-rich
water from one culture unit may support primary production or
filter feeders in another. However, in open-net systems, these
flows can also accelerate the discharge of excess nutrients into
surrounding environments        .

Nutrient outputs and environmental impacts

Nutrient outputs from mariculture can affect both the
immediate environment and broader coastal ecosystems.
Dissolved nitrogen compounds such as ammonia and nitrate
elevate nutrient levels in the water column, potentially triggering
phytoplankton blooms. While some blooms may be harmless,
others involve toxic or harmful algal species that threaten
aquaculture stocks and wild fisheries alike. Phosphorus release
also contributes to eutrophication, particularly in systems where
nitrogen is already abundant          .

Particulate waste accumulates in sediments beneath farms,
leading to organic enrichment, hypoxia and shifts in benthic
community composition. Sensitive benthic organisms may
decline, while opportunistic species that tolerate low oxygen
conditions become dominant. This process reduces biodiversity
and alters ecosystem functioning.

CONCLUSION
Nutrient cycling in intensive mariculture represents both a
challenge and an opportunity. On one hand, high feed inputs
and low retention efficiencies contribute to significant nutrient
loading in coastal environments. On the other hand, improved
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management and system design can enhance nutrient recycling 
and reduce ecological impacts. Advances in feed formulation, 
including the use of more digestible ingredients and precise 
feeding practices, can increase nutrient assimilation and 
decrease waste. Integrated Multi-Trophic Aquaculture (IMTA), 
which combines finfish with shellfish, seaweeds, or other 
extractive species, provides a promising approach to capturing 
and recycling waste nutrients within the system.

Technological innovations, such as recirculating aquaculture 
systems with biofilters and waste treatment units, also reduce 
nutrient discharges by retaining and processing wastes on-site. 
At the same time, ecological monitoring and modeling are 
essential for predicting nutrient flows and setting site-specific 
management thresholds.

The sustainability of intensive mariculture ultimately depends 
on how effectively nutrient cycles are managed. Continuous 
evaluation, adaptive management and the integration of 
ecological principles into production systems are essential to 
ensure that mariculture contributes to food security without 
compromising marine ecosystem health. By balancing 
productivity with environmental stewardship, mariculture has 
the potential to play a central role in meeting global seafood 
demand sustainably.
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