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1. History

• Concern in late 1990s about aquafeed 
volume growth

• A perception that aquaculture was driving 
additional pressure on fisheries stocks 

• Original use in 2000 by Naylor et al

• Method to account for FMFO use in 
aquafeed, calculated back to whole fish 
equivalents

• FIFO is often cited by NGOs, academics 
and consumer groups 

• Evolved into different versions

• Incorporated into certification standards
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2. Rationale

• A method of calculating how much wild fish 
was used in producing farmed fish, kg:kg

• Monitoring the amount of fishmeal and fish 
oil in aquafeed was thought to mitigate 
against additional pressure on reduction 
fisheries……

• In reality, mainly applied to farmed salmon
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3. Science (hypothetical)

• Tacon & Metian (2008) – original 
calculation

• Jackson (2009) – refined 
calculation

• Byelashov & Griffin (2014) –
critique

• Terpstra (2015)
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3. Science (hypothetical)
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4. Amended calculation, Jackson (2009)

• Takes into account global market for FMFO

• Products not produced in isolation 
(salmon utilize more FO, less FM; shrimp 
utilize more FM, less FO)

• Accounted for byproduct use (currently 
c.34% of raw material)
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4. Calculations, according to the method of Jackson (2009)
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5. Does FIFO achieve what it set out to do (mitigate against overfishing of 
reduction fisheries)?

• Monitoring the amount of fishmeal and 
fish oil in aquafeed, and extending back 
through supply chains to the 
management of fisheries?

• The lack of specific links between FMFO 
production and use made this highly 
unlikely…..



Fishery performance, or why the 
rationale for FIFO does not hold

• Fisheries are managed irrespective of, 
and unrelated to, the FIFO concept

• Reduction fisheries differ from other 
(food) fisheries (species, life history, 
ecology)

• These can be highly productive fisheries 
and environmental factors play an 
important role in stock biomass

“Ninety-one percent of 
the total catch volume in 
this analysis comes from 
stocks that are 
reasonably well-
managed (or better)”……

5. Does FIFO achieve what it set out to do (mitigate against 
overfishing of reduction fisheries)?



The role of 
Certification
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• Importantly, Certification can exist 
even where regulations are not 
effectively implemented;

• Independently-audited schemes 
objectively review performance;

• Standards promote traceability, 
thereby strengthening those specific 
links between production and use 
that are an important feedback into 
fishery management…..

5. Does FIFO achieve what it set out to do (mitigate against 
overfishing of reduction fisheries)?
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6. Other issues

• FIFO does not take into account the nutritional 
value of FMFO in aquafeeds (e.g. amino acids, 
omega-3 fatty acids);

• Also that fish nutritional requirements change 
with life stage (FMFO increasingly used 
strategically where nutrition needs optimized);

• Commercially, feed companies were changing 
formulations in response to FMFO supply, not on 
the basis of FIFO.



Importance of 
nutrition: amino acids

6. Other issues
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7. Additional points

• FIFO does not account for the weak food market for 
the fish species used in FMFO production (incorrectly 
assumes they would/could all be eaten as food)
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7. Additional points

• A focus on FIFO, particularly within certification 
standards, has an impact on end-product 
quality (e.g. omega-3 content of farmed 
salmon) even if the FMFO is responsibly 
sourced

• This is not what it was designed to do…..

www.scottishsalmon.co.uk



Aquafeed volume
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7. Additional points

• FMFO production flat over time, as aquafeed 
volume & aquaculture has grown, there is therefore 
no additional pressure on fisheries resulting from 
FMFO sourcing as aquaculture has grown – because 
fisheries are (largely) managed
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7. Additional points

• Inclusion rates declined as aquafeed has grown, anyway….

• Feed companies changed formulations to take FMFO supply into 
account

• Source: Fry, J.P. et al., 2016. Environmental health impacts of feeding crops to farmed fish. Environment 
International, 91, pp.201–214. Available at: http://dx.doi.org/10.1016/j.envint.2016.02.022

http://dx.doi.org/10.1016/j.envint.2016.02.022
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7. Additional points

• FIFO is an oversimplification, because there are other 
factors involved:
• Nutritional value FMFO the “FI” is more than just protein 

and energy
• Health (& welfare) benefits to farmed fish
• Health benefits to the consumer
• Aquaculture product is more than edible portion – the 

“FO” part of the ratio has a series of 
byproducts/coproducts
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8. Summary

• FIFO does not achieve what it was conceived to do, i.e. 
improve fisheries management and FMFO sourcing

• There are better ways of doing this (regulations, 
certification), and it is/was already happening

• FIFO underestimates the nutritional contribution from 
FMFO, the “FI”

• FIFO underestimates the value of the aquaculture 
product, the “FO”
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