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Abstract

This technical paper provides a comprehensive review of the use of wild fish as feed
inputs for aquaculture covering existing practices and their sustainability as well as
implications of various feed-fish fisheries scenarios. It comprises four regional reviews
(Africa and the Near East, Asia and the Pacific, Europe, and Latin America and North
America) and three case studies from Latin America (Chile, Peru and the study on the
use of the Argentine anchoita in Argentina, Uruguay and Brazil). The four regional
reviews specifically address the sustainable use of finite wild fish resources and the role
that feed-fish fisheries may play for food security and poverty alleviation in these four
regions and elsewhere. With additional information from case studies in China and Viet
Nam, a global synthesis provides a perspective on the status and trends in the use of
fish as feed and the issues and challenges confronting feed-fish fisheries. Based on the
information presented in the global synthesis, regional reviews and three case studies,
and through the fresh analysis of information presented elsewhere, an exploratory
paper examines the use of wild fish as aquaculture feed from the perspective of poverty
alleviation and food security.

Hasan, M.R.; Halwart, M. (eds).
Fish as feed inputs for aquaculture: practices, sustainability and implications.
FAOQ Fisheries and Aquaculture Technical Paper. No. 518. Rome, FAO. 2009. 407p.
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Preface

BACKGROUND

In 2006, global aquaculture production (including aquatic plants) was estimated at
85.9 million tonnes and valued at US$85.9 billion (FAO, 2008a)%. The average annual
percentage growth rate (APR) of the aquaculture sector between 1990 and 2004 was
9.4 percent (FAO, 2008b)’. In 2005, about 28.2 million tonnes or 44.8 percent of
total global aquaculture production (excluding filter-feeding species such as silver carp
and bighead carp) was dependent upon the direct use of feed, either a single dietary
ingredient, farm-made aquafeed or industrially manufactured compound aquafeeds
(FAO, 2007)*.

Fishmeal and fish oil are two major dietary ingredients used in compound aquafeeds.
Total estimated compound aquafeed production in 2006 was about 25.4 million
tonnes (Gill, 2007)> and about 42 percent of this amount was consumed by non-filter
feeding carps (Tacon and Hasan, 2007)°. In 2006, the total global industrial feed output
exceeded 635 million tonnes to which the aquafeed industry contributed only 4 percent
(Gill, 2007). World reduction fisheries have remained at between 20 and 30 million
tonnes for the last 30 years (FAO, 2008b). Global fishmeal and fish oil production has
remained relatively static over the last quarter century, fishmeal production fluctuating
from a low of 4.57 million tonnes in 1977 to a high of 7.48 million tonnes in 1994 (mean
of 6.07 million tonnes), and fish oil production fluctuating from a low of 0.85 million
tonnes in 2002 to a high of 1.67 million tonnes in 1986 (mean of 1.25 million tonnes)
(Tacon, Hasan and Subasinghe, 2006).

Aquaculture is the largest overall user of fishmeal. Pigs and poultry account for
around a quarter of total usage, with other livestock types account for the remainder.
Ruminants now account for only 1 percent and this is likely to drop. Total estimated
amount of fishmeal and fish oil used in the production of aquafeeds has grown over
three-fold from 0.96 million tonnes to 3.06 million tonnes and from 0.23 million tonnes
to 0.78 million tones, respectively, from 1992 to 2006, (Tacon, Hasan and Subasinghe,
2006”; Tacon, 2007). This increase has come from the land-animal sector, particularly

FAO. 2008a. FAO. Fishstat Plus: Universal software for fishery statistical time series. Aquaculture
production: quantities 1950-2006; Aquaculture production: values 1984-2006; Capture production:
1950-2006; Commodities production and trade: 1950-2006; Total production: 1970-2006, Vers. 2.30.
FAO Fisheries Department, Fishery Information, Data and Statistics Unit. (available at www.fao.org/fi/
statist/ FISOFT/FISHPLUS.asp).
3 FAO. 2008b. Report of the FAO Expert Workshop on the Use of Wild Fish and/or Other Aquatic Species
as Feed in Aquaculture and its Implications to Food Security and Poverty Alleviation, Kochi, India, 16-18
November 2007. FAO Fisheries Report No. 867. Rome, FAO, 29 pp.
FAO. 2007. Fishstat Plus: Universal software for fishery statistical time series. Aquaculture production:
quantities 1950-2005; Aquaculture production: values 1984-2006; Capture production: 1950-2005;
Commodities production and trade: 1950-2005; Total production: 1970-2005, Vers. 2.30. FAO Fisheries
Department, Fishery Information, Data and Statistics Unit. (available at www.fao.org/fi/statist/FISOFT/
FISHPLUS.asp).
Gill, C. 2007. World feed panorama: bigger cities, more feed. Feed International, 28(1): 5-9.
Tacon, A.G.J. & Hasan, M.R. 2007. Global synthesis of feds and nutrients for sustainable aquaculture
development. /7 M.R. Hasan, T. Hecht, S.S. De Silva and A.G.J. Tacon (eds.). Study and analysis of feeds
and fertilizers for sustainable aguaculture development, pp. 3-17. FAO Fisheries Technical Paper. No.
497. Rome, FAO. 510 pp.
Tacon, A.G.J., Hasan, M.R. & Subasinghe, R.P. 2006. Use of fishery resources as feed inputs for aquaculture
development: trends and policy implications. FAO Fisheries Circular. No. 1018. Rome, 99 pp.



from the poultry sector, which is continuously reducing its use of fishmeal because
the price has risen (FAO, 2008b). The aquafeed sector uses fishmeal, thus reducing
availability to the poultry sector and fish oil, thus reducing availability to the all other
sectors.

The estimate of fishmeal use for aquaculture varies from 46 to 56 percent and of fish
oil use is over 80 percent of total production. It is estimated that aquaculture sector
used about 3.06 million tonnes or 56.0 percent of the world’s fishmeal production and
0.78 million tonnes or 87.0 percent of total fish oil production in 2006 (Tacon, 2007)8,
with major consumers of fishmeal being marine shrimp (22.4 percent), marine fish
(18.3 percent), salmon (18.0 percent), carp (13.1 percent), trout (6.6 percent), freshwater
crustaceans (5.3 percent) and eels (5.1 percent), and over 64 percent of fish oil production
going into the diets of salmonids (salmon 49.7 percent and trout 14.8 percent) diets
(Huntington and Hasan, 2009)°. The trend in fishmeal use indicates a decrease in use for
salmon and trout although use may increase after 2010, while consumption of fishmeal
by marine finfish and penaeid shrimp is increasing and is likely to continue to increase
over the next few years.

Demand and use of fishmeal in some of the emerging aquaculture countries in Asia
are increasing rapidly. Viet Nam uses approximately 62 500 tonnes of fishmeal per year,
solely for aquaculture (Hasan et al., 2007'%). China is the single largest user of fishmeal
and used 1.6 million tonnes in 2004, of which 1.2 million tonnes were imported and
0.4 million tonnes were produced domestically (Weimin and Mengqing, 2007'!). Of
this 1.6 million tonnes of fishmeal, approximately 75 percent was used for aquafeed
production. It was estimated that the Asia-Pacific aquaculture sector uses about
2.4 million tonnes of fishmeal (equivalent to approximately 10.3 tonnes of raw material)
as a feed source. The low and high predictions for the year 2010, are in the order of
2.0 and 2.2 million tonnes of fishmeal, respectively (equivalent to 8.4 and 12.8 million
and/or 7.3 and 11.2 million tonnes of raw material, based on efficiency of raw material
to fishmeal conversion rates of 4.0 and 3.5, respectively) (FAO, 2008b).

In addition to fishmeal and fish oil used in compound and farm-made aquafeeds,
low-value fish or “trash” fish are used in different parts of the world as a complete
or supplementary feed for farmed fish, crustaceans and a few molluscan species. It is
generally estimated that an approximate 5 to 6 million tonnes of low-value/trash fish
are used as direct feed in aquaculture worldwide (Tacon, Hasan and Subasinghe, 2006),
particularly for marine carnivorous fish species in China and in several Southeast
Asian countries (e.g. Viet Nam, Indonesia, Thailand), marine crustaceans (lobsters and
crabs) and certain freshwater fish species. A recent estimate placed the Asian use of
trash fish as fish feed at about 1.6 to 2.8 million tonnes per year and the low and high
predictions for the year 2010 are in the order of 2.2 to 3.9 million tonnes of trash fish/
low-value fish, respectively as direct feed inputs (FAO, 2008b). The total use of trash

8 Tacon, A.G.J. 2007. Meeting the feed supply challenges. Paper presented FAO Globefish Global Trade
Conference on Aquaculture, Qingdao, China, 29-31 May 2007.

? Huntington, T.C. & Hasan, M.R. 2009. Fish as feed inputs for aquaculture — practices, sustainability and
implications: a global synthesis. /7 M.R. Hasan and M. Halwart (eds.). Fish as feed inputs for aquaculture:
practices, sustainability and implications, pp. 209-268. FAO Fisheries and Aquaculture Technical Paper.
No. 518. Rome, FAO. 407 pp.

10 Hasan, M.R., Hecht, T., De Silva, S.S. & Tacon, A.G.J. (eds.). 2007. Study and analysis of feeds and
fertilizers for sustainable aquaculture development. FAO Fisheries Technical Paper. No. 497. Rome,
FAO. 510 pp.

"' Miao, W.M. & Liang, M.Q. 2007. Analysis of feeds and fertilizers for sustainable aquaculture development
in China. /n M.R. Hasan, T. Hecht, S.S. De Silva and A.G.]. Tacon (eds.). Study and analysis of feeds and
fertilizers for sustainable aquaculture development, pp. 141-190. FAO Fisheries Technical Paper. No. 497.
Rome, FAO. 510 pp.

12 Edwards P, Tuan, L.A. & Allan, G.L. 2004. A survey of marine trash fish and fish meal as aquaculture feed
ingredients in Viet Nam. ACIAR Working Paper 57. 56 pp.



fish by the aquaculture industry in Viet Nam was estimated to be between 176 420 and
323 440 tonnes in 2001 (Edwards et al, 2004)'2. Tt is further projected that Viet Nam
will use nearly 1 million tonnes of trash fish and China will require approximately
4 million tonnes by the year 2013 to sustain their marine cage-culture activities (De Silva
and Hasan, 2007)". Available information indicates that a significant quantity of trash
fish/low-value fish (conservatively estimated at 2.3 million tonnes per year) is being used
by the pet food industry (FAO, 2008b).

Other fishery products used in the production of aquafeeds are krill meal, squid
meal, squid liver powder and squid oil, shrimp meal and crab meal, and the market size
for these products as inputs to aquafeeds is currently estimated to be about 0.29 million
tonnes (range: 0.19 to 0.52 million tonnes) (Tacon, Hasan and Subasinghe, 2006). Finfish
and crustacean aquaculture is, therefore, highly dependent upon capture fisheries for
sourcing feed inputs in the form of fishmeal and fish oil, low-value/trash fish or other
marine resources.

The issue

Although capture fisheries provide a significant input for the growth of aquaculture
production, questions surrounding the ethics and long-term sustainability of this practice
are often raised. The global fishmeal industry observes that there might not be enough
demand (i.e. for direct human consumption) for 90 percent of the wild-caught fish that
is reduced to fishmeal. However, on a regional or on an individual country basis, it is
possible that a good portion of the reduction fishery products is simply not available
for human consumption, though if available, a certain portion of it would certainly have
been consumed. In Asia and Africa, small pelagic fish are an important component of
the diet of lakeside and coastal communities. In several countries, the increasing demand
for pelagic fish by the animal feed industry is reducing the availability of fresh fish for
poor communities, and this has a negative impact on food security. Nevertheless, it has
also been shown that reduction fisheries and downstream animal production activities
contribute to employment generation and eventually contribute to improved living
standards and, hence, food security (Hecht and Jones, 2009)!*. This may be the case
when the fishmeal is used in the country of origin, i.e. employment generated through
the production of fishmeal as well as created through the aquaculture or the animal feed
industries where fishmeal is used in aquafeeds.

The situation in Europe and the Americas, however, is very different from that in
Africa and Asia. The catch of the large feed fisheries targeted for fishmeal and fish oil
in Europe is considered to have few alternative uses (Huntington, 2009)">. However,
some fish such as blue whiting, capelin, anchovy, herring and sprat can be used for direct
human consumption. The portion that goes for human consumption is not determined
by technical limitations but depends largely on economic and cultural factors, which are
more difficult for the fishery industry to address directly. Despite their relatively low
cost, products originating from small pelagic fisheries do not contribute significantly

BDe Silva, S.5. & Hasan, M.R. 2007. Feeds and fertilizers: the key to long term sustainability of Asian
aquaculture. 7z M.R. Hasan, T. Hecht, S.S. De Silva and A.G.]J. Tacon (eds). Study and analysis of feeds
and fertilizers for sustainable aquaculture development, pp. 19—-47. FAO Fisheries Technical Paper.
No. 497, Rome, FAO. 510 pp.

% Hecht, T. & Jones, C.L.W. 2009. Use of wild fish and other aquatic organisms as feed in aquaculture — a

review of practices and implications in Africa and the Near East. /7 M.R. Hasan and M. Halwart (eds.).
Fish as feed inputs for aquaculture: practices, sustainability and implications, pp. 129-157. FAO Fisheries
and Aquaculture Technical Paper. No. 518. Rome, FAO. 407 pp.
Huntington, T. 2009. Use of wild fish and other aquatic organisms as feed in aquaculture — a review of
practices and implications in Europe. 77 M.R. Hasan and M.H. Halwart (eds). Fish as feed inputs for
aquaculture: practices, sustainability and implications, pp. 209-268. FAO Fisheries and Aquaculture
Technical Paper. No. 518. Rome, FAO. 407 pp.
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towards ensuring the food security in any part of Europe, due to the ready availability
of other nutritional options. Although Japanese and Eastern European markets have
shown interest in utilizing feed-fish species such as capelin for human consumption,
the volumes consumed are low and are not likely to grow significantly. In case of Latin
America, some fish species (e.g. mackerel, anchovy), even though acceptable for direct
human consumption, are available in too large quantities relative to the size of nearby
markets.

Further, there are issues related to the long-term ecological sustainability of reduction/
feed fisheries. Feedfish are mainly short lived, small pelagic fish that show a high level
of inter-annual variability that may depend upon extrinsic, often climate-related factors.
For example, the Peruvian anchovy fishery (which represented over a quarter or
28.5 percent of the total estimated marine fisheries landings destined for reduction in
2003) is extremely vulnerable to the El Nifio southern oscillation events (Tacon, Hasan
and Subasinghe, 2006). Although the high levels of fecundity of small pelagic fish species
and the relatively short life cycles permit stocks to recover relatively quickly and thus
provide a certain degree of protection from high levels of exploitation, the consequences
of stock variability on natural predators, as well as the contribution of fishing mortality
to these variations in stock sizes, are not fully understood.

Although quality and price are the main determinants for fishmeal purchasers in
the aquafeeds industry, the sustainability of feed-fish sources is beginning to become
more important. At present, most buyers depend upon the FIN Sustainability Dossier'®
for information on what stocks are “sustainable”, but there is a recognized need for
a comprehensive analytical framework that integrates target stock assessment with
the wider ecosystem linkages (Huntington, 2009). To a degree this exists with the
development of ecosystem models and approaches such as the MSC (Marine Stewardship
Council) criteria for responsible fishing”. Once such a framework has been created and
is accepted as a suitable benchmark by the aquafeed industry and its detractors, then it
will be easier for purchasers to purchase only from sustainable feed-fish stocks. This
process will inevitably have consequences, such as greater pressure on those stocks
deemed sustainable as well as possible effects on market economics. This implies that
greater use of vegetable-based substitutes will be essential, which in turn may require a
reduction in consumer attitudes towards their inclusion in farmed-fish diets.

The above scenarios, therefore, call for a comprehensive study and analysis to
determine the sustainability of feed fisheries in relation to food security, poverty
alleviation, long-term ecological sustainability and the environment, and indeed the
growth and sustainability of important subsectors of the aquaculture industry.

Activities

With funding from the Government of Japan, the Aquaculture Management and
Conservation Service (FIMA) of FAO implemented the project “Towards Sustainable
Aquaculture: Selected Issues and Guidelines” (GCP/INT/936/JPN). Five key thematic
areas was identified for targeted action under the project. Component 4 of the project
addressed the issue of the “Use of Wild Fish and/or Other Aquatic Species to Feed
Cultured Fish and its Implications to Food Security and Poverty Alleviation”.
Component 4 assessed and reviewed the status of and trends in the use of wild fish as
aquafeeds, the types of uses (fresh or processed) for aquaculture, the relative amount

16 Fishmeal Information Network (FIN) Sustainability Dossier, an annually updated assessment initiated by
the Grain and Feed Trade Association (GAFTA) and funded by the United Kingdom Sea fish Industry
Authority (SFIA). FIN aims to provide the latest information available about fishmeal and its role in
livestock production. A key element of this is the assurance that fishmeal is produced from fish stocks that
are properly monitored according to independent scientific advice and managed to ensure that supplies
are not over-fished, or from the recycled trimmings from the food-fish processing sector. (www.nautilus-
consultants.co.uk/seafeeds/Files/IFFO-sustainability % 20dossier.pdf)
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used for aquaculture and the potential alternative uses, e.g. for human consumption. The
project is expected to develop policy and technical guidelines on sustainability issues of
feed-fish fisheries, including improved management and the criteria for the sustainable
use of fish as aquafeeds. These guidelines are expected to assist policy-makers in
deciding ways and means of utilizing low-value fish, inter alia through development
and application of methodologies to estimate optimal allocations of fish for animal and
human purposes.

Under this component, four regional reviews (Africa and the Near East, Asia and
the Pacific, Europe, and Latin America and North America) and three case studies
from Latin America were conducted. The regional reviews specifically addressed the
ways of feed-fish fisheries may impinge on food security and poverty alleviation in
the four regions and elsewhere, including the sustainable use of these finite resources
and the environmental implications of the direct use of fish as feed. On the basis of
the four regional reviews and the three case studies, an attempt was made to develop a
global perspective on the status of and trends in the use of fish as feeds and issues and
challenges confronting feed-fish fisheries.

As a part of the consultative process and to review and analyse critical issues
related to the use of wild fish to feed aquaculture species, a targeted workshop entitled
“Use of Wild Fish and/or Other Aquatic Species as Feed in Aquaculture and its
Implications to Food Security and Poverty Alleviation” was convened in Kochi, India,
from 16 to 18 November 2007. The workshop addressed the following thematic areas
and other issues of significance emerging from the regional reviews and case studies:
a) fisheries management; b) policy development; ¢) food security; d) poverty alleviation;
e) social and ethical issues; and f) aquaculture technology and development. Following
several working group deliberations, the workshop agreed on ten principles on the
use of wild fish as feed in aquaculture, concluded that such use should be governed
by the above ten guiding principles and recommended a number of actions for the
FAO to undertake to address the issues raised. The ten guiding principles adopted in
the workshop (for details see FAO Fisheries Report No. 867 available at www.fao.
org/docrep/fao/011/i0263¢/10263¢.pdf) will be elaborated to develop FAO Technical
Guidelines for Responsible Fisheries on the “Use of wild fish as feed in aquaculture”.

This technical paper has been published in response to the recommendation of the
workshop and contains a global synthesis, four regional reviews, selected case studies
and a review on the use of wild fish as aquaculture feed from the perspective of poverty
alleviation and food security.
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