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Abstract 
 
The rapid growth of aquaculture has led to increasing demand for fishmeal and fish oil – 
especially to feed carnivorous fish species at the expense of terrestrial livestock feeds. 
But raw material production from industrial ‘feed-grade’ fish has not increased – nor will 
it in the future. Fishery controls, especially quotas, govern production. The industry 
supports the FAO Code of Conduct for Responsible Fisheries and its call for ecosystem 
management over and above that of TAC’s of individual stocks. This is reflected in 
widespread controls for feed grade fisheries based on advice from Government agencies, 
such as ICES in Europe, IMARPE in Peru and IFOP in Chile, - which are outlined. 
Much of the criticism levelled against the industry is misplaced, but not all feed grade 
fisheries are fully sustainable and specific areas for improvement are commented on. 
 
 
Introduction 
 
This paper considers the role of so-called ‘industrial fisheries’ producing ‘feed’ fish for 
use mainly in livestock and aquaculture diets (as opposed to food fish for direct human 
consumption). Particular attention is focused on the sustainability of such fisheries and 
the associated supply chain. This has drawn criticism from environmental groups and 
consumers on a number of issues. For example, the largest user of fishmeal and fish oil 
today is aquaculture, which is now itself the fastest growing food-producing industry in 
the world: - does this not in turn result in over-harvesting of wild fish to fuel production 
of farmed fish and in any case what is the eco-efficiency of this transformation process? 
At one extreme the question is asked whether poorer nations would not readily accept 
feed-grade fish as food; at the other extreme whether demand for fishmeal is causing a 
shift down the food chain to harvest forage fish that support complex marine 
ecosystems? Behind some of these questions is the implicit assumption that management 
of such feed fisheries is poor. These issues will be addressed and also some information 
given as to the feed grade fish stocks in some key regions as well as the management 
controls in place to avoid overfishing. 
 
 
Fish meal and fish oil production and use 
 
Data from the Food and Agriculture Organisation over the past 20 years indicate 
landings of industrial or feed fish have remained fairly stable at around 20 to 25 million 
tonnes per year since 1984 (IFFO 2004), excluding those years where El Niños have 
reduced catches in South America. To this should be added over 4 million tonnes per 
year of ‘trimmings’ which are also used as fishmeal (i.e. processing waste from food 
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fish). Peruvian anchovy at 6.2 million tonnes in 2003 account for the biggest feed fish 
catch, followed by blue whiting (2.4 million tonnes) and Japanese anchovy (2.1 million 
tonnes). In general feed grade fish are short-lived and fast growing and therefore less 
vulnerable to overfishing or to climatic stress. For example, every few years El Niños 
severely reduce production in Chile and Peru, but recovery is usually within a year to 18 
months, particularly in recent times, perhaps reflecting more carefully controlled fishing. 
Such fish are generally small, bony and unsuitable for human consumption; continuing 
efforts to upgrade them commercially to food grade products have had limited success 
despite the value adding incentive to fishermen and processors. 
 
Over the past 20 years fish meal and fish oil production have ranged between 6.2 and 7.4 
million tonnes and 1.0 and 1.7 million tonnes respectively, except around the more 
severe El Niño years, 1992 and 1998. This picture of overall stability of pelagic feed fish 
harvested and resulting fishmeal and fish oil supply is against a background of changing 
use due to market forces. Fish meal is used in aquaculture and for land animals, but as 
aquaculture demand has increased, this has been met by diverting supplies away from 
land animals, with use now increasingly confined to starter and breeder diets for poultry 
and pigs. Fish oil - previously used largely for hardening for margarines/bakery products, 
is now used mainly for aquaculture. Small amounts go to human nutraceuticals including 
capsules; use for hardening has almost been phased out. 
 
 
Aquaculture demand for fish meal production 
 
Figure 1 shows that during the period of rapid aquaculture growth there has been no 
resulting upward trend in fishmeal production. In addition the underlying shift in 
fishmeal use from land animals to aquaculture could be seen as environmentally friendly 
in view of fish being more efficient feed converters than terrestrial livestock (Tidwell & 
Allen, 2001) 
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Figure 1 - Production of Aquafeed and Fishmeal 1984-2002 (excludes carp) 
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Tacon (2005) has estimated that 2.94 million tonnes of fish meal and 0.80 million tonnes 
of fish oil were used for aquaculture in 2003 (i.e. 53% and 87% of total production 
respectively). Of note is the high demand of salmonids for these products - especially 
fish oil. Total use - 535 TT, is over half global production. However, use in the future for 
this purpose is likely to fall - Tacon (2004) estimates use by 2010 to fall from an 
inclusion level of 25%-30% to only 8% inclusion in salmon feeds as a result of 
substitution with vegetable oils. He has further shown this would result in the production 
of one tonne of salmon from only 1.3 tonnes of wild fish, i.e. a 1.3 : 1 ratio. In 2003 this 
was between 3 and 4 : 1. In global terms, the farming of fin-fish and crustacea reared on 
dry feeds in 2002 required around 20 million tonnes of wild fish to produce around 20 
million tonnes of farmed fish and crustaceans (Pike, 2005). He concluded that with 
increasing efficiency of feeding and substitution, aquaculture from now on will provide 
more fish than it uses – due to the major proportion of fish feed diets now accounted for 
by vegetable ingredients. The overall picture is therefore of gradual substitution of 
fishmeal and fish oil and increasing ecoefficiency in aquaculture, which need not 
therefore result in undue pressure on feed fish stocks despite continuing fast growth.  
 
 For all the species shown in the table I below, catching vessels have to be registered and 
are subject to satellite tracking. 
 
Table I. Management and control of the fish stocks used to produce fishmeal 
Species TACs 

Note 
1 

Area 
catch 
limit 

Clo-
sed 
area 

Seas
onal 
bans 

By-
catch 
limits 

Type 
of 
gear 
Note 
2 

Any 
effect 
on 
sea-
bed 

Min 
mesh 
size 

Min 
fish 
land-
ing 
size 

North East Atlantic and North Sea 
Capelin      P No   
Blue 
whiting 

     MT No   

Sandeel      T Slight   
Sprat      P No   
Herring      P No   
Norway 
pout 

     P No   

South America 
Anch-
ovy 

     P No   

Jack 
Mackerel 

     P No   

Horse 
Mackerel 

     P No   

Sardine      P No   
 
Note 1. Total catch limits for the North East Atlantic and the North Sea are agreed by the 
EU Council (with advice from ICES). In South America the Institutes of Fisheries 
Research in Chile and Peru advise national governments. Note 2. P is Purse Seiner, T is 
Trawler and MT is Mid Water Trawler.  
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Management and control of feed-grade fish stocks 
 
A general overview of the controls used to produce fish meal is given in Table I. These 
refer to South America and Europe. It should be noted that no mention is made of those 
countries whose fishmeal producers are not members of the International Fish Meal and 
Fish Oil Organisation (IFFO): Members account for around two-thirds of world 
production. For the purpose of this paper, sustainability and the measures to achieve it 
will concentrate on reports from FAO, the International Council for the Exploration of 
the Sea (ICES) and government agencies such as Instituto del Mar del Peru (IMARPE) 
and Institute of Fisheries Research, (IFOP) in Chile. Both ICES and IMARPE advise on 
fisheries controls based on ecosystem effects. This approach is a multi-step procedure 
which includes identification of ecosystems, identification of relevant ecosystems 
components and linking human activities to impacts on the ecosystem.  
 
 
North Sea and North East Atlantic Feed Grade Fish Stocks 
 
Current specific management issues are as follows: 
• Blue whiting has received considerable attention over the last few years. According 

to ICES (2004) blue whiting is classified as having full reproductive capacity but 
harvested unsustainably. Recruitments in the last decade appear to be at a much 
higher level than earlier. In principle agreement has been reached for a long-term 
management plan consistent with a precautionary approach including sharing out the 
quota among the main fishing nations. In practice Member States continue not to 
agree on individual state quotas. The European fish meal industry has urged all 
involved parties to come to an agreement as soon as possible in a letter to EU 
Member State Governments and stakeholder organisations. 

• There are a number of fish stocks where their current status is unknown, namely 
Icelandic capelin, sprat, horse mackerel and spring spawning herring in the North 
Sea. Time is needed to gather more information about the structure of the stocks to 
facilitate an adequate assessment. 

• Further stocks including Barents Sea capelin, sandeel and Norway pout are classified 
as having reduced reproductive capacity and steps are being taken to constrain the 
fishery. 

For more details of these stocks see the FIN Sustainability Dossier (FIN, 2005). 
 
Sandeel are of especial interest because of the ecosystem considerations. ICES considers 
their mortality to be determined mostly by natural causes rather than fishing. In the ICES 
2003 report “Ecosystem Effects of Fishing Activities” they concluded that the impacts of 
feed grade fishing that have been identified are relatively small - less than 20% of the 
total annual production of sandeel. There was no evidence to support the view that the 
cod fishery is limited by sandeel availability. 
 
There are detailed studies of interaction of sandeels and seabirds, (Furness, 2002). 
Professor Robert Furness of the University of Glasgow, an ornithologist, looked at this 
interaction and concluded that predatory fish such as herring and mackerel take more 
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sandeel than feed fisheries or other wildlife. He was instrumental in establishing a 
constraint to sandeel fishing in kittiwake breeding areas of the North Sea. Such a fishery 
is closed if breeding success is less than 0.5 fledglings reared per nest, until the figure 
rises to 0.7 fledglings. In its report on multi-species fisheries management the UK 
Government Executive Agency CEFAS (2003) found no statistically significant 
evidence that the feed fishery was having any impact on kittiwake breeding success. 
 
 
South American Feed Grade Fish Stocks 
 
The controls in place in Peru and Chile are outlined below: 
• The Peruvian government imposes closed fishing seasons, closed entry of new 

fishing boats, and vessel licences to fish within the 200 mile limit. 
• Limits on the minimum size of fish that can be landed with local short term fishing 

closures if the level of small fish exceed the number allowed. 
• Fishing stops during February and March to protect the growth of anchovy and 

sardine juveniles. A fishing closure from August to October to protect the spawning 
stock. 

• To assess the environmental status of fish stocks (mainly anchovy) IMARPE 
undertakes a hydro-acoustic evaluation of pelagic resources along the entire Peruvian 
coastline. 

• The international surveillance company SGS (with Headquarters in Switzerland) was 
appointed during 2004 to monitor and record all fishing landings on the coast of Peru 
for government management purposes. Only authorised vessels with the correct 
licence are permitted to unload fish in the 115 unloading points. This system is 
effective 24 hours per day. 

• Fishmeal plants all have to have a working licence from the Ministry of production 
and health certification from the Ministry of Health. Plants are also formalising 
HACCP systems and working towards implementing quality control systems such as 
GMP Plus and FEMAS. 

• A Fishing Behaviour Code has been established which covers the owners of plants 
and vessels, technicians of plants, skippers and crewmembers. 

 
Chile 
• The Chilean Government undertakes regular monitoring surveys to establish the state 

of the fishery resources, and uses the results of these surveys to set the control 
measures required to protect the stocks.  

• The Chilean Government has introduced legislation to establish a maximum annual 
total catch limit for each species declared in full exploitation for each owner of a boat 
or group of boat owners.  

• Closed seasons for anchovy and sardine are set on an annual basis to protect the 
spawning stocks appropriate to the spawning cycle usually between August and 
September of each year in the northern part of the country. Closed seasons are also 
imposed during December to mid January to protect the recruitment process of 
anchovy.  

• In the central-southern part of the country closed seasons are set for anchovy and 
sardine to protect the spawning period (usually July and August) and also from mid-
December to mid-February.  
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• For jack mackerel several fishing bans can be imposed during the year to protect 
small-sized fish. Although minimum landing sizes are applied. These measures 
reinforce controls to protect stock recruitment.  

• All fishing boats are fitted with a Satellite Tracking System to ensure that boats do 
not operate outside non-prohibited areas (such as designated areas of recovery) or the 
zone reserved for small artisanal fisheries (first five miles offshore). 

 
 
General Overview of Feed Grade Fish Sustainability 
 
Sustainability has been defined by the World Commission on Environment and 
Development, 1987 as “Development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs”. 
 
The fish meal industry continues to support government-led stock management, the 
implementation of Total Allowable Catches (TACs) and effective control measures to 
conserve raw materials. The industry supports FAO’s Code of Conduct for Responsible 
Fisheries and its call for ecosystem management over and above that of TACs of 
individual fish stocks.  
 
FAO’s report (FAO, 2004) “State of World Fisheries and Future Sustainability Issues” 
summarised fish stocks. The overall conclusion is that from 1974 to 2003 there has been 
a consistent downward trend in the proportions of food and feed grade fish stocks 
offering potential for fishing expansion. At the same time there has been an increasing 
trend in the proportion of overexploited and depleted stocks in both categories. It is 
estimated that one quarter of the main fisheries monitored in 2003 are underexploited or 
moderately exploited and could perhaps produce more. About half the stocks are fully 
exploited and are producing catches close to their sustainable limits. Approximately one 
quarter are overexploited or depleted, up from an estimated 10% in the mid 1970s. A 
summary of the status of feed grade fish stocks used to produce fish meal and fish oil is 
given in Table II based on their status at December 2004.  
 
 
Conclusions 
 
In a recent report accepted by the Fisheries Committee of the European Parliament, 
Stevenson (2005) concluded that worldwide the feed fisheries are well managed and 
sustainable (with the exception of blue whiting) and highlighted the positive features of 
health, welfare and ethics related to this industry as well as its close relationship with 
aquaculture.  
 
The European and South American feed grade fish stocks are being carefully monitored 
by government agencies, in particular ICES, IMARPE and IFOP. Working with the 
industry, limits are in place aimed at controlling fishing with regard to sustainability, 
including ecosystem management, using internationally recognised procedures and 
FAO’s Code of Responsible Fisheries. Not all the feed grade fish stocks are, however, 
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Table II. Status of Feed Grade Fish Stocks 
 Whether used for 

human consumption 
Commentary on status of fish 
stocks at December 2004 

Source of 
Status info 

EUROPE 
Capelin Roe used for human 

consumption. Frozen 
capelin for specific 
markets. Mainly used 
for fish meal. 

Icelandic - present state not 
known. Barents Sea - reduced 
reproductive capacity - no 
fishing recommended Spring 
05. 

ICES 

Blue 
whiting 

Potential use for 
human consumption 
although there are 
processing difficulties. 
Mainly used for fish 
meal. 

Stock classified as having full 
reproductive capacity, but 
harvested unsustainably. 
Spawning stock has remained 
stable at a high level 2002-
2004. 

ICES 

Sandeel Not used for human 
consumption. 

Stock classified as having 
reduced reproductive capacity. 
21% reduction in quota in 2005 
over 2004. 

ICES 

Sprat Potential uses for 
human consumption 
but mainly used for 
fish meal. 

State of the stock is unknown. 
Indications of a good 2003 
class recruiting to the 2004 
fishery. 4% increase in quota. 

ICES 

Herring Primarily used for 
human consumption, 
but non-food grade 
fish and trimmings 
may be used for fish 
meal. 

There are 5 herring stocks. 3 
have full reproductive capacity, 
harvested sustainability, 1 has 
full reproductive capacity but 
harvested unsustainably and the 
5th has very low abundance. 

ICES 

Trimmings Trimmings generally comprise small pelagic species (50%) i.e. 
mackerel and herring and trimmings from the food fish processing 
sector i.e. cod (50%). 

SOUTH AMERICA 
Anchovy Very small amount for 

human consumption. 
Majority used for fish 
meal. 

Biomass increasing following 
97/98 El Niño. Controlled by 
licensing, satellite tracking, 
closed seasons, min landing 
size. 

FAO/ 
IMARPE 

Jack 
mackerel 

Used for human 
consumption (Africa). 
Majority used for fish 
meal. 

Biomass increasing following 
97/98 El Niño. Controlled by 
company catch limits, satellite 
tracking, closed seasons and 
minimum landing sizes. 

FAO/ 
IMARPE 

Horse 
mackerel 

Primarily used for 
human consumption. 

Closed seasons, company catch 
limits. 

FAO/ 
IMARPE 

Sardine Primarily used for 
human consumption. 

Closed seasons, company catch 
limits. 

FAO/ 
IMARPE 
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fully sustainable. Blue whiting in Europe is currently being overfished in the absence of 
official quotas and governments are being urged to introduce quotas as soon as possible. 
In South America the short-lived species of feed grade fish, especially anchovy, now 
regenerate quickly after adverse environmental changes due to El Niño. The fishing 
controls should ensure that mortality due to fishing does not overwhelm the stock even 
when natural climatic changes may do so from time to time. On the other hand there is 
overcapacity of the industrial fishing fleet at some locations and this does not represent a 
good use of capital investment despite being controlled by fishing stops 
 
Overall the fishmeal and fish oil industry has come a long way and it’s clear that much 
of the criticism (e.g. poor management of the fisheries, unsustainable demand from 
aquaculture, wasteful resource use etc) is either highly exaggerated or simply wrong, 
although it is accepted that there are some areas for improvement (e.g. blue whiting 
controls). In any event global fishmeal supplies are likely to remain at around 6 million 
tonnes per year, except in El Nino years, and given its high nutritional value this means 
fishmeal will be used selectively at the critical stages of the life cycle in animal 
production, especially in culture of high value carnivorous species, complementing the 
inclusion of cheaper but lower specification vegetable ingredients. Future areas of 
development may include more focus on fishmeal production from seafood waste or 
discards and also an interest in sustainability accreditation of fish stocks for human 
consumption being also applied to specific feed fisheries. 
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