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World capture fisheries is stable while 

aquaculture production increases

FAO, 2016

Farmed/ Wild
Crustaceans > 100%
Finfish > 60%
Aquaculture 
1980 : supplied  9% of seafood 
Today : supplies  43% of seafood
By 2030 :  has to supply  > 80 mio tons



S. Kaushik, 2016

Aquaculture: 

some groups more « farmed » than others

Main groups Capture (tons) Culture (tons) % Culture / Capt

Crustaceans 6 269 785   6 446 818   102.8

Finfish 77 571 421   44 151 155   56.9

Aquatic Invertebrates 579 563   379 086   65.4

Aquatic Plants 1 107 381   23 776 449   2147.1

Molluscs 6 926 089   15 193 140   219.4

Amphibians 3 316   485 457   

Mammals 500   

Total 92 458 055   90 432 105   

FAO Fisheries and Aquaculture Department, March 2014
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Aquaculture is global, 

but concentrated in Asia
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Aquaculture is diversified 

• Species: More than 300 species 
– Plants / Macroalgae, Finfish, Bivalves, Shrimps
– Feeding ecology / Trophic levels

• Systems: 
– Ponds, raceways, pens / cages, Indoor (RAS), Integrated 

with other productions

• Feeds: 
– Natural food web -> Formulated complete feeds

• Objectives / Purpose of aquaculture
– Food for man
– Healthy food (unique source of w3 LC-PUFA, rich in minerals, proteins 

of high biological value), Under aquacultrure, we can tailor flesh 
quality & food safety

– Restocking Natural Bodies
– Leisure & Pleasure (Sport fishing, Ornamentals...)
– Spatial planning, Wetland management, Ecoparks…
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Aquaculture: Diversity of species

> 300 species reported under aquaculture
< 5 species represent 50% of volume produced
< 25 species represent 90% of volume produced

Finfish
Cyprinids > 60% of volume 
Majority of fish from low trophic levels
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Aquaculture: Diverse farming systems

Extensive to 
Intensive Systems

Oysters, Ponds, 

raceways, 

Floating pens, Off-
shore cages, 
Recirculated
systems
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Aquaculture: From Natural productivity 

to live prey to Complete feeds

Trophic levels range from 2 to 4
Reliance on fertilisation of water bodies ± supplementary feeds / 
Integration with other animal productions
Complete Feeds
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Trends in fish nutrition/fish feeds

• Growth aquaculture sector  mainly in fed species

Source: FAO, 2016. The State of World Fisheries and Aquaculture .



Projected growth of aquaculture by 2050
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By 2050: if we need to produce 
80 million tons more, we will 
need 2-3 million tons of more 
feeds per year
Digestible protein required : 0.5 
to 1.2 million tons / yr

Fatty acids, micronutrients… 

Large number of species farmed, 
quantitative data on nutrient
requirements limited to a few 
species
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A portion of capture fisheries used for non-food 

purposes
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Source: redrawn from OCDE 2012

Whole fish from fishing fleets 17-18  Mio tons

Trimmings & rejects food fish   5-6  Mio tons

Total raw material 22-23  Mio tons

Production of: 

Fishmeal 5-6  Mio tons

Fish oil <   1 Mio tons
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Trends in fish nutrition/fish feeds

Protein, % Fats, % Ash, % Carbs, %

Fish 30 - 48 7 - 40 6 - 16 7 - 35

Pigs 14 - 20 4 - 6 5 - 8 54 - 65

Poultry 15 - 24 6 - 11 10 - 12 41 - 57

Fish feeds are nutrient / energy rich
High level of Technology involved : 

particle siez range very high
(<50 µ to > 20 mm..) 
water stability, 
bouyancy, …..

Fat levels in feeds have been increasing

More and more plant protein and fat sources used Ytrestøyl et al. 2015. Aquaculture 448: 365-374.
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Environmental issues

Maintain Water quality : Aquaculture depends on it

Reduce pressure on wild stocks

Prevent damages to ecosystems

Life cycle analysis, Carbon foot print, Climate change

Economic Issues

Cost of production

Competition with other users

Will “sustainability” issues make my fish more expensive?

Is “sustainability” good for business?

How do I deal with “international trade”?

Societal Issues

Animal welfare and health standards

Nutritional value and food safety standards

Food miles / Local / Circular Economy

Producers’ efforts should be matched by equal engagement and 

participation from consumers

Common commitment

Aquaculture Sustainability Issues



Nutrition, aquaculture & environment

Aquaculture, more than any other food 
production sector, is dependent on the quality 
of its immediate environment

Three major symposia “Nutritional strategies 
for Management of Aquaculture Wastes”

Nutrient balance can be used to estimate losses at farm levels

At the farm level,  well recognised by all the 
actors of the sector

Models exist, verified at farm levels

At the global level, integrative indicators exist

Canada 1990 – 275 p.

Denmark 1994 – 98 p.

Portugal 1997 – 109 p.



A major issue which has been dealt with: 
Reduced reliance on capture fishery derived feedstuffs (fish meal & 
fish oil) in fish feeds
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(Recalculated by Sachi Kaushik from Tacon & Metian, 2008, 2015; FAO, 2014)
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European research initiatives in fish 
nutrition

EU projects (FP5&FP6) last 15 years, fishmeal (FM) and oil (FO): 

 PEPPA  FM replacement by plant protein sources (trout, gilthead 

seabream)

 RAFOA  FO replacement by veg oils (salmon, trout, European seabass)

 Gutintegrity  effects of dietary factors on gut (salmonids)

=> FORM for collective dissemination to stakeholders

 Aquamax, FP6 integrated project, combined replacement  of FM 

& FO (salmon, trout, seabream, carps)
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Improved knowledge on nutrient requirements
Novel nutrient delivery vectors
Long-term trials with low FM/FO feeds
Ensure growth, physiological well-being, health of fish
Ensure nutritional value, quality and food safety
Prepare fish for the future ? 

Public & Private partnerships

Studies on five major species of fish
with different biological cycles 

Grant number: FP7-288925
Jan 2012 → Dec 2016
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Some outcomes

http://sparos.pt/wastest/

Tools / biomarkers for assessing 
physiological  status

http://www.nutrigroup-iats.org/arraina-biomarkers/

Web-based tools 
For assessing physiological status 

To assess environmental impacts of feeds



Farmed fish are efficient convertors
of feed protein / energy?

WRI, 2014

But not all aquaculture 
systems perform equally well
There is still room for 
improvement in terms of 
resource use and efficiency
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Thank you


