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Aquaculture is the fastest-growing sector of food production and arguably one of the most
innovative. It originated with rudimentary carp production in China more than 2,000 years ago, but
began in earnest only as hauls from capture fisheries started to plateau in the 1970s. By 2016, the
production of aquatic animals for human consumption surpassed that of capture fisheries [1]. The
projected demand for seafood is increasing due to growing populations and per capita
consumption. Kobayashi et al. estimated that the global seafood supply will increase from 154
million tons in 2011 to 186 million tons in 2030, and aquaculture will be entirely responsible for the
increase [2].

Global food production systems

Global food production systems are one of the largest drivers of climate change, accounting for 21–37% of total net
anthropogenic greenhouse gas emissions [3]. They are also a major cause of biodiversity loss and environmental
degradation. By the year 2050, the world population is expected to reach 9.8 billion and food demand to increase by
50%. Current food production systems cannot be scaled to meet future demand without exacerbating environmental
issues.

The EAT Lancet Commission evaluated the health benefits and environmental costs of various food groups [4]. To stay
within planetary boundaries, it recommended a shift toward largely plant-based diets, a reduction in beef, poultry, pork
and eggs, and an increase in seafood. In short, food production will be a defining issue of the 21st century, and
aquaculture has a crucial role to play.

Aquaculture challenges

For aquaculture to meet the global demand for seafood without exacerbating environmental impacts will require: a)
improved control to reduce disease risks and environmental impact; b) improved efficiency to produce more with less
land, less energy, less water, feed and labour; and c) improved trust to achieve market acceptance. These challenges
will require advances at each step in the production chain.

Animal health is a prerequisite for advances in production. Improved disease control is being achieved by more
sensitive and rapid diagnostics, improved biosecurity, better vaccines, probiotics, and bacteriophages. Fish welfare is
also improving, with new techniques for humane slaughter and stress reduction. WOAH can advance progress by
facilitating closer collaboration between governmental zone management systems and industry biosecurity
programmes at the regional and farm level.

Breeding is one of the key drivers of performance in aquaculture. Typical gains of 10–15% per generation can be
achieved for selected traits such as growth, multi-pathogen resistance, reproductive performance, and dietary soy
tolerance. These gains are increasing with genomic selection and will likely improve further if gene editing becomes
accepted.

Feeds are the single largest contributor to greenhouse gas emissions in animal production. Reducing emissions
associated with feed ingredients will be crucial through improved farming practices, such as carbon farming to
sequester CO2. At the aquaculture farm level, feed efficiency is being greatly improved through more sophisticated
delivery systems.
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Innovations and certifications

Fascinating innovations are occurring in grow-out systems, including open-ocean platforms, land-based recirculating
aquaculture systems, semi-closed net-pen systems, and intensive, self-cleaning ponds. Effluent wastes are being
captured through re-use systems, integrated multi-trophic aquaculture, and the use of artificial wetlands. Seafood
processing is also being transformed through automation, mechanisation and digital traceability.

Third-party certification has become a mainstream tool for market acceptance by providing credible assurances of
environmental, social, food safety and animal welfare compliance. The next challenge is to extend these assurance
programmes to smallholder farms through clusters and improvement programmes.

Key message

Food production will be a defining issue of the 21st century and aquaculture has a vital role to play. Innovation is needed
at every step of the value chain. WOAH can advance progress in animal health by facilitating closer hierarchical
collaboration between governmental zone management systems and industry biosecurity programmes at the regional
and farm level.
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The designations and denominations employed and the presentation of the material in this article do not imply the expression of any opinion
whatsoever on the part of WOAH concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation
of its frontiers and boundaries.
The views expressed in this article are solely the responsibility of the author(s). The mention of specific companies or products of manufacturers,
whether or not these have been patented, does not imply that these have been endorsed or recommended by WOAH in preference to others of a
similar nature that are not mentioned.
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