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Preparation of this document

This document was prepared by a group of experts under the leadership of Dr Mohammad
R. Hasan as part of the FAO Aquaculture Management and Conservation Service’s
(FIMA) on-going programme entity “Monitoring, Management and Conservation
of Resources for Aquaculture Development”. A number of country reviews and case
studies from Asia, Africa and a regional review for Latin America were commissioned
to provide an overview of aquaculture and an analysis of feed and fertilizer use for the
sustainable development of the sector. To reflect the diversity of aquaculture systems
and practices in these regions seven countries were selected from Asia (Bangladesh,
China, India, Indonesia, the Philippines, Thailand and Viet Nam), six from Latin
America (Brazil, Chile, Cuba, Ecuador, Mexico and the Bolivarian Republic of
Venezuela) and eight from Africa (Cameroon, Egypt, Ghana, Kenya, Malawi, Nigeria,
Uganda and Zambia). The country reviews for Asia and sub-Saharan Africa were
synthesized, and a global synthesis was prepared on the basis of the three regional
reviews (Asia, Latin America and sub-Saharan Africa). In addition and as part of the
FIMA work programme, a targeted workshop on “Use of feeds and fertilizers for
sustainable aquaculture development” was held in Wuxi, Jiangsu Province, China, on
18-21 March 2006. The workshop was organized by FIMA of FAO in collaboration
with the Freshwater Fisheries Research Centre (FFRC) of China and the Network of
Aquaculture Centres in Asia-Pacific (NACA).

Eight Asian and six African country reviews, a case study from Viet Nam, the three
regional reviews and the global synthesis and the report of the workshop are included
in this document. The report and recommendations of the workshop were circulated
among the participants of the workshop and FAO FIMA technical officers for comment
and the final report is incorporated in this technical paper.

The manuscripts in this technical paper were reviewed and technically edited by
an editorial team led by Dr Mohammad R. Hasan. With a few exceptions, most of
the reports included in the document were reviewed and edited in early 2007 before
the FAO FishStat data for 2005 was released and hence data contained in most of the
reports are for 2004. Updated aquaculture data for 2005 are available on FishStat (2007)
(www.fao.org/fi/statist/ FISOFT/FISHPLUS.asp). For consistency and conformity,
scientific and English common names of fish species were used from FishBase (http://
www.fishbase.org/home.htm). Most of the photographs in the country reviews and in
the regional syntheses were provided by the authors. Where this is not the case, due
acknowledgements are made to the contributors.

Much gratitude is due to the review and case study authors, who faced an enormous
task and showed equally enormous patience with the editors. We acknowledge
Ms Helen Nakouzi, Ms Hasini Wijesuriya, Ms Elena Irde and Ms Marika Panzironi
for their assistance in word processing, Ms Tina Farmer, Ms Francoise Schatto and
Ms Chrissi Smith-Redfern for their assistance in quality control and FAO house style
and Mr José Luis Castilla Civit for layout design. The publishing and distribution of the
document were undertaken by FAO, Rome.

Finally, Mr Jiansan Jia, Service Chief and Dr Rohana P. Subasinghe, Senior Fishery
Resources Officer (Aquaculture), FAO Aquaculture Management and Conservation
Service are gratefully acknowledged for providing the means, technical advice and moral
support to initiate the study and to complete the publication.



Abstract

This compendium provides a comprehensive overview of feed and fertilizer use for
sustainable aquaculture development in developing countries. It comprises of a series
of review papers, including eight country reviews from Asia (Bangladesh, China, India,
Indonesia, the Philippines, Thailand and Viet Nam), six country reviews from Africa
(Cameroon, Egypt, Kenya, Malawi, Nigeria and Uganda), one case study report from
Asia, three regional reviews (Asia, Latin America and sub-Saharan Africa), a global
synthesis as well as the final report of the FAO Expert Workshop on “Use of feeds and
fertilizers for sustainable aquaculture development”, held in Wuxi, Jiangsu Province,
China, on 18-21 March 2006.

The country reviews provide an overview of the current status of aquaculture,
a synthesis of the availability, accessibility and use of feed and fertilizer resources
in relation to the diversity of farming systems and practices and an analysis of the
nutritional, economic and social constraints of using these inputs. The regional reviews
provide a synthesis of the country reviews by considering production trends and feed
and fertilizer use from a wider geographic perspective and also analysed the projected
expansion of the aquaculture sector in relation to the future availability of input
commodities. The global synthesis provides a general overview and summarizes the
future challenges facing the sector with respect to the use of feeds and fertilizers. The
reviews as well as the case study reports provided the background information for the
working group sessions of the workshop.

The working groups focused on the important role of farm-made aquafeeds in
Asia and the need to develop and promote the use of farm-made feeds in sub-Saharan
Africa, considered issues pertaining to the production and safe use of aquafeeds and
deliberated on the constraints faced by industrial and small-scale aquafeed producers.
Several key issues and constraints were identified, categorized and prioritized and
appropriate actions were recommended. The workshop recommended that FAO
undertake the following actions to assist regional organizations and member country
governments to address the following identified issues and constraints on a regional
and global perspective:

® review existing national standards and legislation regarding nutrient specifications
(where these exist) for the manufacture of industrial and farm-made aquafeeds, and
to provide guidelines and advisory material for different farming systems, practices
and feed types;

* review existing national incentive mechanisms, subsidies and taxes affecting
the animal feed manufacturing sector and feed ingredient usage, including feed
commodity imports and exports and developing domestic promotion strategies;

* compile synopses of the nutritional requirements of major cultured fish species
and the feed ingredients currently used in compound/farm-made aquafeeds,
including national/regional feed ingredient source books containing information
on nutrient composition, quality control criteria, seasonal availability and market
price;

e encourage the strengthening of national/regional dialogue, exchange of information
and assist with the setting of research priorities between researchers, the public
sector and the aquaculture sector (including farmers and feed manufacturers), by
supporting the activities of national/regional organizations, implementation of
joint research projects, establishment of national farmer/aquafeed associations, and
the development of web-based information and research networks; and



e strengthen capacity of farmers, feed manufacturers, private service providers,
researchers and extension workers in aquaculture nutrition and feed technology,
including on-farm feed management in developing countries (particularly in sub-
Saharan Africa), and promote interregional cooperation.

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

Aquaculture has shown significant growth over the last three decades and it is anticipated
that global aquaculture production will continue to increase. Total global fish production
in 2005 was 157.53 million tonnes, of which aquaculture contributed about 40.0 percent
(FAO, 2007)". The average annual growth rate (APR) of the aquaculture sector during
the period 1990 and 2004 was 9.4 percent per year. Aquaculture has been the fastest
growing food production sector in many countries of the world for the last two decades,
while capture fisheries have experienced a declining trend. Aquaculture has therefore,
contributed significantly to food security and poverty alleviation in different parts of the
world in parallel with the development of profit-oriented entrepreneurship.

In intensive aquaculture feed accounts for 60-80 percent of operational cost, while
in semi-intensive aquaculture systems feed and fertilizers account for about 40-60
percent of production costs. Feeds and fertilizers will continue to dominate aquaculture
needs. The importance of feed in aquaculture is further emphasized by the fact that
about 28.2 million tonnes (44.8 percent) of total global aquaculture production in 2005
was dependent on single dietary ingredients, farm-made aquafeeds and industrially
manufactured aquafeeds (FAO, 2007). In 2006, approximately 25.4 million tonnes of
compound aquafeed was produced (Gill, 2007)? and used mainly for the production of
non-filter feeding carps, marine shrimp, salmon, marine finfish, tilapia, trout, catfish,
freshwater crustaceans, milkfish and eels (Tacon, Hasan and Subasinghe, 2006)°.

It is estimated that in 2006 the aquaculture sector consumed about 3.06 million tonnes
(56.0 percent) of world fishmeal production and 0.78 million tonnes (87.0 percent) of
total fish oil production (Tacon, 2007)*, while aquaculture’s share of global industrial feed
output was only four percent (Gill, 2007). In addition to fishmeal and fish oil, low value
fish or ‘trash fish’ is used in many parts of the world as a complete or supplementary feed
for farmed fish, crustaceans and a few mollusc species. It is estimated that approximately
5 to 6 million tonnes of low value/trash fish is used as direct feed in aquaculture (Tacon
Hasan and Subasinghe, 2006).

Considering the dependency of carnivorous finfish and shrimp aquaculture on finite
marine resources, it is unlikely that this sector will show major expansion in the near
future, unless significant breakthroughs are made on the efficient use of alternatives
to fishmeal and fish oil. It is anticipated that the production of freshwater finfish and
crustacean low on the food chain will be the major contributors to global aquaculture
production in future. Much of the expansion is likely to take place in semi-intensive
farming systems and feed and fertilizer availability and accessibility will be the major
limiting factors to achieving regional and global production targets.

To address these issues the Aquaculture Management and Conservation Service
(FIMA) of the FAO Fisheries and Aquaculture Department initiated a work programme

! FAO. 2007. FAO Fisheries Department, Fishery Information, Data and Statistics Unit. Fishstat Plus:
Universal software for fishery statistical time series. Aquaculture production: quantities 1950-2005;
Aquaculture production: values 1984-2005; Capture production: 1950-2005; Commodities production
and trade: 1950-2005; Total production: 1970-2005, Vers. 2.30 (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.

3 Tacon, A.G.J., Hasan, M.R. and Subasinghe, R.P, 2006. Use of fishery resources as feed inputs for
aquaculture development: trends and policy implications. FAO Fisheries Circular. No. 1018. Rome, FAO.
99 pp.

* 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.



xii

entitled “Study and analysis of feeds and nutrients (including fertilizers) for sustainable
aquaculture development”. After reviewing the existing status of aquaculture in relation
to feeds and fertilizers and based on the recommendations made by COFI Sub-committee
on Aquaculture (Beijing, Peoples’ Republic of China and Trondheim, Norway®), the
following key issues were prioritized and undertaken: a) an analysis of the status and
trends in aquaculture production (with particular reference to fish and crustacean species
that are dependent on feeds) and b) analyses of issues, trends and challenges in feed and
fertilizer resource use for sustainable aquaculture development in developing countries
in Asia, Africa and Latin America. The work programme is executed by FIMA in close
collaboration with the FAO regional and sub-regional offices and in consultation with
Regional Organization (e.g. NACA), government Department of Fisheries, Universities
and National Research Institutions of FAO member countries.

To broaden the horizon of the consultative process and to review and analyze
critical issues related to the use of feeds and fertilizers for sustainable aquaculture
development, a targeted workshop on “Use of feeds and fertilizers for sustainable
aquaculture development” was organized in Wuxi, Jiangsu Province, China on 18-21
March 2006 in collaboration with the Freshwater Fisheries Research Centre (FFRC)
of China and the Network of Aquaculture Centres in Asia-Pacific (NACA). The
workshop combined technical presentations and working group discussions. A number
of country reviews from Asia and Africa, case studies, three regional syntheses (Asia,
Africa and Latin America) and a global synthesis were commissioned prior to the
workshop and selected reviews, case studies, syntheses were presented at the workshop.
The workshop brought together 21 experts in the field of aquaculture nutrition and
aquafeeds, including the authors of the country reviews, case studies, regional and global
syntheses and experts from FAO, FFRC and NACA. The workshop identified several
key issues and constraints in relation to the use of feeds and fertilizers for sustainable
aquaculture development and recommended appropriate actions to address these issues
and constraints.

This technical paper presents the report of the workshop, a summary of the working
group discussions and the recommendations made by the workshop, the country
reviews, case study reports as well as the regional and global syntheses. It is anticipated
that the identified key issues and recommendations will assist policy makers on a
regional and global level to promote improved aquaculture practices and farming
systems through optimal use of feed and fertilizer resources and that this will help FAO
member countries to implement the provisions of the Code of Conduct for Responsible
Fisheries.

Jiansan Jia

Chief

Aquaculture Management and Conservation Service
FAO Fisheries and Aquaculture Department

> FAO, 2003. Report of the Second Session of the Sub-Committee on Aquaculture. Trondheim, Norway,
7-11 August 2003. FAO Fisheries Report. No. 716. Rome, FAO. 91 pp.
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Executive summary

For the last two decades aquaculture has been the fastest growing food production
sector in many countries of the world and has contributed significantly to food security
and poverty alleviation in different parts of the world in parallel with the development
of profit-oriented entrepreneurship. The global average annual growth rate of the sector
during the period 1990 and 2004 was 9.4 percent per year, while capture fisheries have
experienced a declining trend.

Aquaculture in Asia, Latin America and Africa is growing rapidly and this presents
significant growth opportunities for the aquafeed sector. Except for salmon in Chile,
warm- freshwater, omnivorous fish contribute the bulk of aquaculture production in
these regions. There are notable differences among the three continents in terms of
production and the use of aquafeeds and each region has its own set of priorities for
developing the aquafeed sector. In Asia, farm-made aquafeeds play a dominant role in
fish production, although intensification of farming practices is driving the growth of
the industrial aquafeed sector. In Latin America, industrial aquafeeds are widely used
in most production systems. In sub-Saharan Africa, where aquaculture production is
small, but actively growing, on-farm feed manufacturing by small- and medium-scale
entrepreneurs is beginning to play an important role in aquaculture development.
Understanding these differences and setting of priorities are critical to the future
development of the aquafeed sector, particularly in the tropics.

Asiaaccounted for 92.1 percent of global aquaculture production in 2005 (57.97 million
tonnes), to which China contributed 74.6 percent. Nine other countries contributed
22.7 percent. Aquaculture in Asia is primarily rural and pond-based semi-intensive
farming of species low on the food chain, with the exception of shrimp and some
freshwater and marine carnivorous species. Farm-made feeds are used throughout the
region primarily for semi-intensive farming while nutritionally-complete, industrially
manufactured feeds are used for intensive farming of high-value species.

In the seven major Asian aquaculture producing countries (China, India, Indonesia,
the Philippines, Viet Nam, Thailand and Bangladesh) an estimated 19.33 million tonnes
of farm-made feed and 10.30 million tonnes of industrial aquafeeds were used in
2003-04. It is predicted that feed usage over the next five years will increase to
30.73 million tonnes and 22.24 million tonnes for farm-made and industrial aquafeeds,
respectively, representing a growth of 60 and 107 percent from current levels. The
current and continuing importance of farm-made feeds in Asian aquaculture calls for
increased efficiency in the production and use of farm-made feeds.

Increased production of high-value aquatic species and intensification of existing
culture practices of freshwater finfish, has contributed significantly to the increased
production and utilization of industrial aquafeed in the region. To sustain the predicted
increase in the use of aquafeeds requires a concerted regional research and development
initiative, improvements in production technology and feeding practices. In particular
these initiatives should focus on the use of fishmeal and soybean meal. It is pertinent to
note that the demand and use of fishmeal in some of the emerging aquaculture countries
in Asia is increasing rapidly. For example, Viet Nam already uses approximately
62 500 tonnes of fishmeal per year, solely for aquaculture. Further, in 2004 China alone
imported an estimated 20.2 million tonnes of soybean, accounting for over one third
of world soybean imports. Intensification of aquaculture in Asia is likely to further
increase fishmeal usage with China being a decisive factor with respect to supply and
demand. The search for suitable and cost-effective alternative protein sources for use
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in industrial aquafeeds will be the most critical factor in the development of intensive
aquaculture in Asia.

Aquaculture in Latin America is dominated by Chile and Brazil (50.9 percent and
18.4 percent of Latin American production in 2005). The balance (30.7 percent) was
produced by 30 other countries. On the species-group level, salmonids (primarily
Altantic salmon, Salmo salar), shrimp (Pacific white shrimp, Litopenaeus vannamer), and
tilapia accounted for about 77 percent of regional aquaculture production. Freshwater
aquaculture species includes tilapia (Oreochromis spp.), catfish, carps (common and
Chinese carps), rainbow trout and a number of native species, such as tambaqui
(Colossoma macropomum), and pact (Piaractus mesopotanicus). Of these species,
tilapia shows the highest growth rate in production with an annual average increase of
15.7 percent between 1999 and 2002 followed by other species such as tambaqui, and
Pacu. The industry in the region is generally well developed, with production almost
exclusively realized through semi-intensive and intensive farming systems.

Industrially manufactured feeds are readily available in most countries. Large feed
manufacturers in Chile, Brazil, Mexico, Costa Rica and Colombia produce salmon,
shrimp, tilapia and trout feeds. Farm-made feeds are rarely used in the region except
in localized areas in selected countries where a small number of small-scale farmers
occasionally utilize some agricultural by-products to replace or complement formulated
complete diets. Opportunities to integrate aquaculture into the traditional agricultural
systems by small-scale farmers is constrained by the high cost of formulated feeds, and
the lack of knowledge on the use of locally available ingredients to produce low cost,
farm-made aquafeeds.

The aquafeed industry in Latin America is largely dependent on conventional sources
of protein and fishmeal and fish oil continue to be the core dietary protein and lipid
sources, respectively. Other major protein sources include a number of ingredients such
as soybean meal, maize gluten meal and rendered animal byproducts. A wide range
of other agri-industrial by-products and other potential nutrient sources are readily
available in countries like Brazil, Ecuador and Mexico, but their use in aquafeeds is
constrained by limited research.

Total production in Africa in 2005 was estimated to be 656 370 tonnes, to which Egypt
alone contributed about 82.2 percent. Sub-Saharan Africa accounted for 16.8 percent of
the total African production. Aquaculture in sub-Saharan Africa (SSA) is dominated by
Nigeria contributing about 51.5 percent, while the other nine top producers contributed
about 41.0 percent of SSA production. Between 1999 and 2005, overall production in SSA
increased by 99 percent from 54 997 tonnes to 109 446 tonnes. However, aquaculture
in SSA is widely dichotomous: more than 70 percent of the regional total production
is produced on commercial farms by less than 20 percent of farmers, while less than
30 percent is produced by small-scale subsistence farmers that comprise over 80 percent
of all farmers. The systems used by the commercial sector range from semi-intensive to
intensive pond, cage and tank culture of catfish (Clarias spp.) and tilapia (Oreochromis
spp.) and high-value products such as shrimp (Madagascar and Mozambique) and
abalone (South Africa) while non-commercial subsistence aquaculture primarily consists
of small-scale pond culture of tilapia, catfish and common carp (Cyprinus carpio).

Large-scale commercial aquaculture is primarily dependent on industrially
manufactured feeds. The feeds are either produced within country or imported. In most
SSA countries, conventional aquafeed formulations rely heavily on imported fishmeal
to provide much of the dietary protein. The price of fishmeal coupled with high import
tariffs and taxes in most countries will affect the development of the aquafeed industry
in and the development of the sector in the region as a whole. The situation therefore
warrants careful evaluation of alternative, locally available protein sources of animal
origin, as well as greater and improved use of agricultural by-products in aquafeed
formulations.
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Farm-made feeds are manufactured by individual farmers as well as small and
medium-scale entrepreneurs. In some countries this is a rapidly emerging manufacturing
sector and the technologies employed by these entrepreneurs are simple and the feed
is generally affordable but has a limited shelf life. Country reviews of seven selected
countries (Cameroon, Ghana, Kenya, Malawi, Nigeria, Uganda and Zambia) of SSA
revealed that approximately 12 000 tonnes of industrial feeds were produced in 2005
contributing to a maximum of 15.6 percent of total fish production, while the production
of farm-made aquafeeds produced by medium- and small-scale entrepreneurs as well as
by farmers during the same period was 98 500 tonnes. The growth of the small-scale
sector in the region is constrained principally by an inadequate knowledge base on
the use of farm-made feeds. In addition, small-scale farmers are constrained by the
availability of animal manure because of the free range nature of animal husbandry, and
the cost of inorganic fertilizers. There is not much that can be done about the latter and
hence there is a need to focus on farm-made feeds.

Already there is a substantial body of regional knowledge of the allowable inclusion
levels for many locally available and on-farm feed ingredients but little has been done
to evaluate these data with respect to farm economics and to translate the findings into
practice. Further, information on appropriate feed mixes and preparation techniques
for farm-made aquafeed, subregional databanks on seasonal availability of agricultural
commodities and a suitable mechanism to disseminate this information are lacking.
These needs must be addressed if the region is to realize its potential and production
capacity. A greater degree of regional cooperation between Asia and Africa has been
identified as one of the mechanisms to address these needs.

There are several pivotal issues related to feed and fertilizers that the aquaculture
industry in Asia, sub-Saharan Africa and Latin America will have to address in the next
few years. These are:

* reduced accessibility resulting from increasing costs of fishmeal and other

conventional protein sources;

e tougher environmental protection measures, and stringent food safety requirements
and quality standard imposed by local governments, regional and international
agreements, consumer groups and importers;

* mono- and oligopoly of feed industries resulting in regionalization of markets,
reduction of local competition and consequently restricting types, and quality of
products, particularly in Latin American countries;

e assurance of national quality standards for raw materials, feed additives and feeds;

e safe and appropriate use of aquafeeds produced by small-scale manufacturers and
support to improve their production technology; and

e development of on-farm feeding strategies and practices for improved utilization of
agricultural and terrestrial by-products and capacity building of small-scale farmers
to make more effective farm-made feeds.

These issues will have a profound impact on the future development of the aquaculture

sector on the three continents and must be addressed if sustainable development is to
be ensured.
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ADB
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Bangladesh Taka (currency)
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Centre for Brackishwater Aquaculture Development (Indonesia)
Centre d’Excellence pour la Production, I'Innovation et le
Développement

Common Effective Preferential Tariff

Compound Livestock Feed Manufacturers Association, India
Code of Conduct

Charoen Pokphand Foods Co. Ltd., Thailand

Department of Agriculture (Philippines)

Department of Agricultural Extension, Ministry of Agriculture,
Bangladesh

Di-Ammonium Phosphate

Department for International Development (UK)

Department of Fisheries

Department of Science and Technology (Philippines)
Department of Trade and Industry (Philippines)

Exclusive Economic Zone

Fertilizer Advisory, Development and Information Network for Asia
and the Pacific

Feed Conversion Ratio

Famine Early Warning System

Fertilizer Industry Association of the Philippines

Fisheries Investment for Sustainable Harvest
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NFA
NGO
NIFFR
NIOMR
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Forest Management Bureau-Department of Environment and Natural
Resources (Philippines)

Fertilizer and Pesticide Authority (Philippines)

Fisheries Sector Review, Bangladesh

General Authority for Fisheries Resources Development, Egypt
General Authority of Milling and Polishing, Egypt

Good Aquaculture Practice

Gross Domestic Product

Genetically Improved Farmed Tilapia

Genetic Improvement of Macrobrachium

Greater Noakhali Aquaculture Extension Project, Bangladesh
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Hazard Analysis Critical Control Point

Highly Pathogenic Avian Influenza

Highly Unsaturated Fatty Acid

International Development Research Centre, Canada

Innovative Fish Farmers Network, Malawi

International Institute of Tropical Agriculture

International Chemical Corporation

Institue of Agricultural Research for Development, Cameroon
Jambi Initiative for Commercial Aquaculture

Japan International Cooperation Agency

Lagos State Agricultural Development Agency (Nigeria)

Egyptian Pound, LE (Egypt Pound, EGP)

Local Government Unit

Laguna Lake Development Authority (Philippines)

Ministry of Agriculture, Animal Industries and Fisheries, Uganda
Microbound Diet

Malawi Bureau of Standards

Most Favoured Nations

Ministere de I’Elevage, des Péches et des Industries Animales,
Cameroon

Ministry of Fisheries and Livestock, Bangladesh

Marine Products Export Development Authority, India

National Aquaculture Centre of the Department of Fisheries, Malawi
National Mapping and Resource Information Authority (Philippines)
National Agricultural Research Organization, Uganda

National Aquaculture Sector Overview, FAO

National Capital Region

National Economic Development Authority (Philippines)

National Food Authority (Philippines)

Non Governmental Organization

National Institute for Freshwater Research, Nigeria

Nigerian Institute for Oceanography and Marine Research, Nigeria
National Meat Inspection Service (Philippines)

Nitrogen Phosphate Potassium

Mixed fertilizer containing nitrogen, phosphorus, potassium and
sulfur

National Statistics Office (Philippines)

National Special Programme for Food Security (Nigeria)
Potuakhali and Barguna Aquaculture Extension Project, Bangladesh
Philippine Coconut Authority
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SUMMARY

The aim of the study was to review status and trends concerning the use of aquaculture

feeds and nutrients (including fertilizers) within selected developing countries within

sub-Saharan Africa (Cameroon, Ghana, Kenya, Malawi, Nigeria, Uganda, Zambia),

Latin America (Brazil, Chile, Cuba, Ecuador, Mexico, Bolivarian Republic of Venezuela)

and Asia (Bangladesh, China, India, Indonesia, the Philippines, Thailand, Viet Nam).

This synthesis paper is based on a review of the results and conclusions reached by the

authors of the three regional review papers for Asia (De Silva and Hasan, 2007), Latin

America (Flores-Nava, 2007) and sub-Saharan Africa (Hecht, 2007). In addition, the

current paper also contains some personal observations and comments of the authors

concerning feed and ingredient use within the target countries and globally.
The following general observations were made on the regional reviews, namely:

1. the absence of precise official statistical information concerning the percent of
aquaculture production within most developing countries using industrially
compounded aquafeeds, farm-made aquafeeds or whole food items (such as trash
fish), either by major cultured species group or farming system;

2. the total estimated compound aquafeed production within the 20 selected countries
(that collectively accounted for 86.3 percent of global aquaculture production by
weight in 2003) was estimated to be just over 11.5 million tonnes (Latin America
select — 1.2 million tonnes, sub-Sahara select — 12 000 tonnes and Asia select — 10.30
million tonnes;

3. with the possible exception of China and the selected Asian countries (where total
farm-made aquafeed production was estimated at 19.3 million tonnes), the absence of
information on total current production of farm-made aquafeeds in the selected sub-
Saharan and Latin American countries;

4. the importance of farm-made aquafeeds within extensive and semi-intensive pond
farming systems in Asia and sub-Saharan African countries, and in particular for the
production of lower value freshwater fish species for home consumption;

5. with the possible exception of Brazil (in the case of freshwater fish species), the bulk
of aquaculture species produced in the selected Latin American countries were higher
value species destined for export to developed country markets, including salmonids
(Chile) and marine shrimp (Brazil, Cuba, Ecuador, Mexico, Bolivarian Republic of
Venezuela). A similar situation also existed in the selected Asian countries (with
the exception of freshwater food-fish species), with the bulk of penaeid shrimp and
marine finfish production destined for export; over 99 percent of global farmed
shrimp production being produced in developing countries, primarily for export to
developed country markets of North America, Europe and Japan;

6. the increasing national, regional and global competition for available feed and nutrient
resources between the aquaculture sector and the animal livestock sector, including
humans for direct food use and the need for the aquaculture sector to identify and
utilize more sustainable feed and nutrient sources as feed inputs to maintain the
growth and long term sustainability of the regional aquaculture sectors;

7. realisation that the bulk of small-scale farmers in sub-Saharan Africa and to a lesser
extent within the selected Asian and Latin American countries do not have the
financial resources to purchase feed and/or nutrient inputs for their aquaculture
operations;

8. the increased dependence and use of fishmeal and fish oil (including lower value trash
fish species) within feeds for higher value cultured species destined for exports;

9. although Latin American countries are currently self sufficient in fishmeal and fish oil
supplies, the selected Asian and sub-Saharan countries are currently all net importers
of fishmeal and/or fish oil;

10. the trend toward the development and use of more environmentally friendly feeds and
feeding regimes, including the increasing development and use of highly digestible
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11.

12.

13.

14.

15.

16.

extruded aquafeeds by the commercial aquafeed sector, in particular within those
countries where environmental degradation and water pollution are major/potential
aquaculture development issues;

the trend within some regions, including the Latin American region, toward the
consolidation of the commercial aquafeed manufacturing sector, which in some
cases has resulted in regionalization of markets, thus reducing local competition and
consequently restricting types, presentations and even quality of products;

the recognition of the important role played by national feed industry associations
and government policy, to improve feed manufacturing, feed storage and quality
control guidelines, import restrictions, duties, customs clearance procedures and
incentives and by so doing facilitating the sustainable development of the resident
aquafeed manufacturing sector and ensuring that the farmer receives a consistence
quality product targeted to the dietary needs of the cultured species;

the lack of information and regulation concerning the presence of heavy metal and
other environmental contaminants within aquafeeds (and consequently the cultured
aquaculture product) and possible short and long term effects on human health,
including possible export/import restrictions;

the lack of resident expertise and training opportunities in aquaculture nutrition and
feed manufacturing technology within most sub-Saharan African countries, including
feeds and feeding based development projects and undergraduate and postgraduate
university training courses;

the lack of ready available practical information concerning the dietary nutrient
requirements of the major fed aquaculture species, including up-to-date information
concerning aquaculture nutrition, feed ingredient usage, feed formulation feed
manufacture and on-farm feed management, including the development and use of
appropriate on-farm research methods; and

the recognition of the global importance of China in the production of farmed
aquatic produce, including importation of key feed ingredients and nutrients, and
possible long terms effects on global fish supplies, fish prices and the long term global
sustainability of the aquaculture sector.
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1. INTRODUCTION

This paper presents a global overview of aquaculture feeds and feeding, with particular
reference to the production and use of feeds and fertilizers by the rapidly growing
aquaculture sector in Asia, sub-Saharan Africa and Latin America. Although this
overview draws heavily upon the findings and conclusions of three regional review
papers of De Silva and Hasan (2007) for Asia (country reviews: Bangladesh, China,
India, Indonesia, the Philippines, Thailand, Viet Nam), Hecht (2007) for sub-Saharan
Africa (country reviews: Cameroon, Ghana, Kenya, Malawi, Nigeria, Uganda, Zambia)
and of Flores-Nava (2007) for Latin America (country reviews: Brazil, Chile, Cuba,
Ecuador, Mexico, the Bolivarian Republic of Venezuela), other available information
sources were also consulted where relevant.

Total aquaculture production by continent

2. GLOBAL OVERVIEW OF AQUACULTURE
FIGURE 1 PRODUCTION AND FARMING SYSTEMS

In 2005, global aquaculture production reached
63.0 million tonnes, valued at US$78.4 billion

Oceania - 162 156 tonnes

Africa - 656 370 tonnes

North America - 862 160 tonnes
South America - 1 165 435 tonnes

Europe - 2 140 442 tonnes

Asia-57 972 483 tonnes

(FAO, 2007). Moreover, the sector has been
growing at an average compound rate (APR) of
9.2 percent per year since 1990, increasing over
3.7 fold from 16.83 million tonnes in 1990 to
63.0 million tonnes in 2005.

By continent, Asia is by far the largest
producer of aquaculture products (Figure 1).

In 2005 Asia produced 57.97 million tonnes

or 92.1 percent of total global production

20 30 40 50 60 70| by weight (80.5 percent by value),
followed by Europe 2.14 million tonnes

TABLE 1

Summary of reported total aquaculture production in Asia in 2005
Country/species Production (tonnes) Value (US$ billion)
Total 57 972 483 63.14
Top 10 countries by production
China 43 269 413 39.79
India 2 842 419 3.92
Indonesia 2124 093 2.32
Philippines 1895 848 0.90
Viet Nam 1467 300 2.94
Japan 1253963 4.27
Thailand 1144 011 1.69
Republic of Korea 1057 386 1.45
Bangladesh 882 091 1.25
Democratic People’s Republic of Korea 507 995 0.30
Top finfish & crustacean species groups
Freshwater fish 24 419 668 24.76
Crustaceans 3 644 151 14.26
Marine fish 1305 507 4.23
Diadromous fish' 1032377 2.21
Top cultivated finfish & crustacean species
Carps, barbels & other cyprinids 19 088 487 17.36
Miscellaneous freshwater fish? 3741 385 5.78
Shrimp 2 376 161 9.19-
Tilapia 1589 796 1.61
Freshwater crustaceans 998 598 4.35

"Includes salmonids, milkfish, eels and sturgeons;
2Includes catfishes, mandarin fish (in the case of China), snakehead and gourami, etc.

Source: FAO (2007)



Global synthesis of feeds and nutrients for sustainable aquaculture development

(3.4 percentby weight), South America 1.16 million tonnes (1.85 percent), North America
0.86 million tonnes (1.37 percent), Africa 0.66 million tonnes (1.0 percent) and Oceania
0.14 million tonnes (0.26 percent) (FAO, 2007).

On the basis of the three geographic regions surveyed in this report, total aquaculture
production by major producing country and by major cultivated finfish and crustacean
species groups is summarized in Tables 1, 2 and 3.

TABLE 2

Summary of reported total aquaculture production in Latin America and the Caribbean in 2005
Country/species Production (tonnes) Value (US$ billion)
Total 1401 554 5.69
Top 10 countries by production
Chile 713 706 3.12
Brazil 257 783 0.91
Mexico 117 514 0.47
Ecuador 78 300 0.31-
Colombia 60 072 0.28
Honduras 29 380 0.05
Peru 27 468 0.17
Costa Rica 24 038 0.08
Cuba 22 635 0.03
Bolivarian Republic of Venezuela 22 210 0.07
Top finfish & crustacean species groups
Diadromous fish' 617 540 2.85
Freshwater fish 351 242 0.99
Crustaceans 279 303 1.27-
Marine fish 8 521 0.12
Top cultivated finfish & crustacean species
Salmonids 617 540 2.85
Shrimp 278 385 1.26
Tilapia 182 266 0.48
Miscellaneous freshwater fish? 92 260 0.32
Carps, barbels & other cyprinids 76 716 0.18

'Includes salmonids and sturgeons; 2Includes catfishes, pacu and Colossoma, etc.
Source: FAO (2007)

TABLE 3

Summary of reported total aquaculture production in sub-Saharan Africa in 2005
Region/country/species Production (tonnes) Value (US$ billion)
Total 109 466 0.296
Top 10 countries by production
Nigeria 56 355 0.159
Uganda 10 817 0.012-
Madagascar 8 500 0.034
South Africa 6 142 0.036
Tanzania 6011 0.001
Zambia 5125 0.009
Congo 2 965 0.007
Zimbabwe 2 452 0.005
Togo 1535 0.003
Mozambique 1278 0.007
Top finfish & crustacean species groups
Freshwater fish 88 831 0.213
Crustaceans 7 907 0.043
Diadromous fish 1045 0.004
Marine fish 594 0.003
Top cultivated finfish & crustacean species
Miscellaneous freshwater fish' 59 069 0.159
Tilapia 27 004 0.050
Shrimp 7 893 0.042

"Includes catfishes, snakeheads and African bonytongue, etc.
Source: FAO (2007)
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Interestingly, despite the differences in size between the three target regions, the
growth of the aquaculture sector within each region has been remarkably similar; total
production in Asia increasing 4.0 fold from 14.50 million tonnes in 1990 to 57.97 million
tonnes in 2005 at an average APR of 9.7 percent, total production in Latin America and
the Caribbean increasing 6.1 fold from 230 658 tonnes in 1990 to 1 401 554 tonnes in
2005 with an average APR of 12.8 percent, and in sub-Saharan Africa total production
increasing 5.9 fold from 18 410 tonnes in 1990 to 109 466 tonnes in 2005 at an average
APR of 12.6 percent (FAO, 2007).

Moreover, aquaculture production within each region is currently dominated by one
country, namely China (43.27 million tonnes or 74.6 percent of total Asia production;
Table 1), Chile (713 706 tonnes or 50.9 percent of total Latin America and Caribbean
production; Table 2) and Nigeria (56 355 tonnes or 51.5 percent of total sub-Saharan
Africa production; Table 3). However, the production of major fed species within these
regions is quite different, ranging from mainly freshwater fish species and crustaceans
in sub-Saharan Africa (includes catfishes and tilapia on the African mainland, and
penaeid shrimp in Madagascar and the Seychelles), primarily freshwater fish and
crustacean species in Asia (includes carps, tilapia, mandarin fish, snakehead, catfishes,
freshwater crabs and prawns, milkfish, eels, and marine fish and penaeid shrimp), to
mainly diadromous salmonid and penaeid shrimp species in Latin America and the
Caribbean.

In general the farming or production systems employed by farmers within the
different regions reflect the intended market (domestic or export) and value (high or
low) of the cultured target species. Thus farming systems typically range from the use
of lower-cost earthen pond-based extensive and semi-intensive production systems for
the mass production of lower-value freshwater fish species (mainly cyprinids, tilapia
and the diadromous milkfish) destined for local domestic consumption, to the use
of more intensive pond, cage or tank-based production systems for the production
of higher-value carnivorous fish species (marine fish, salmonids, eels, mandarin fish,
snakehead) and crustaceans (marine shrimp, freshwater prawns, crabs, etc) for export
or high-end domestic markets.

With the possible exception of Brazil (in the case of freshwater fish species), the bulk
of aquaculture species produced within the selected Latin American countries were
higher-value species (in marketing terms) destined for export to developed country
markets, including salmonids (Chile) and marine shrimp (Brazil, Cuba, Ecuador,
Mexico, Bolivarian Republic of Venezuela). A similar situation exists in the selected
Asian countries (with the exception of freshwater food-fish species), where the bulk of
marine finfish and shrimp production is also destined for export. It is also of interest
to note that over 99.67 percent of global farmed shrimp production in 2005 (2 675 336
tonnes) was produced in developing countries (FAO, 2007) and exported mainly to the
developed country markets of North America, Europe and Japan.

Finally, with the possible exception of the recent reduced growth observed in the
production of the lower-value filter feeding fish species in China (FAO, 2007), the
growth of fed-species within all three regions continues to exhibit double digit growth
rates. The current major production constraints for fed-species are either market related
(decreasing market prices due to increased production and/or international competition)
or environmental (intensification of farming practices leading to eutrophication of
receiving waterbodies, increasing disease occurrence and/or due to increasing concerns
regarding food and feed safety).

3. REVIEW AND ANALYSIS OF AQUACULTURE FEEDS AND FEEDING

Feeding methods

Globally the feeding methods employed by farmers can be divided into three basic
categories, namely:
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* no feeding: fish/crustacean growth dependent upon the natural productivity
of the waterbody or culture environment (typical of traditional extensive pond
farming systems);

e endogenous feeding: fish/crustacean growth dependent upon the increased
endogenous or in-situ production of natural food organisms and plants within the
culture system either 1) indirectly through the application of substrates so as to
increase the surface area available for natural food production (by using woody
branches and plant stems or artificial substrates) and/or 2) directly through the
application of chemical fertilizers and/or organic manures as a source of nutrients for
natural animal and plant biota (typical of modified extensive pond farming systems);

e exogenous feeding: fish/shrimp growth dependent upon the external supply of
feeds, either (i) in the form of single agricultural feed ingredients or simple feed
mixtures/mashes (usually used as supplementary feeds in combination with
endogenous feeding regimes), (i) in the form of a single food item of high nutrient
value (such as trash fish, marine invertebrates — worms, crabs, shrimp) and/or (iii)
in the form of a formulated nutritionally complete compounded diet (the latter
either produced on-farm or off-farm by a commercial feed compounder.

As with farming systems, the choice of the feeding method is based upon a variety
of different factors (which in turn may vary from country to country and farmer to
farmer), including the aim of the farming activity (local/home consumption or cash
crop/export), the market value of the cultured species, the financial resources of the
farmer and the local market availability of appropriate fertilizers and feeds. Thus
feeding methods may range from the use of lower-cost endogenous feeding strategies
based on the use of fertilizers and manures within controlled eutrophic or green-water
extensive pond culture systems for the production of lower-value (in marketing terms)
filter feeding and/or benthic detritivorous fish species (such as silver carp and bighead
carp, mullet and milkfish, respectively), to the use of higher-cost nutritionally complete
extruded pelleted diets for the production of high-value carnivorous marine finfish
within intensive floating cage farming systems.

Fish and crustacean species

Although no official statistical information exists concerning the farming systems
and feeding regimes employed by farmers for each of the major cultivated finfish and
crustacean species within each of the regions targeted within this report, it is estimated
that only 34.46 million tonnes or 54.7 percent of total global aquaculture production in
2005 was dependent upon endogenous and exogenous feeding (calculated from FAO,
2007), including:

* 8.79 million tonnes of filter-feeding carp species (major species — silver carp,
bighead carp, rohu, catla: usually cultured as a polyculture of mixed species under
extensive pond culture conditions using endogenous feeding and/or low-cost
supplementary feeds);

® 16.85 million tonnes of herbivorous/omnivorous fish species (major species
— grass carp, common carp, crucian carp, Nile tilapia, milkfish, mrigal carp, white
amur bream, channel catfish, amur catfish, flathead grey mullet: usually cultured
as a monoculture under semi-intensive and intensive culture conditions using
endogenous and/or exogenous feeding);

® 3.96 million tonnes of crustaceans (major species: Pacific white shrimp, giant tiger
prawn, Chinese river crab, oriental river prawn, giant freshwater prawn, red swamp
crawfish, banana prawn, swimming crabs: usually cultured as a monoculture
under semi-intensive or intensive culture conditions using endogenous and/or
exogenous feeding); and

® 4.66 million tonnes of predominantly animal protein consuming or carnivorous
fish species (major species: Atlantic salmon, rainbow trout, black carp, snakehead,
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FIGURE 2
Finfish production by feeding habit (values expressed in thousand tonnes - tt, live weight
equivalents)

tt GROWTH (% APR) 1970 -1980 1980 -1990 1990 -2000 1970 -2002 2002 -2003
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Source: Tacon, Hasan and Subasinghe (2006)

Japanese eel, Japanese seabass, mandarin fish, Japanese amberjack, swamp eel,
coho salmon, gilthead seabream, silver seabream, large yellow croaker, grouper)
and 0.20 million tonnes of reptiles (major species: soft-shell turtle): usually
cultured as a monoculture under semi-intensive or intensive culture conditions
using exogenous feeding (complete pelleted feeds and/or trash fish).

Figure 2 shows the reported increase in production of cultured finfish by feeding
habit, from which it is evident that the highest overall growth rate was recorded
for carnivorous finfish species (10.3 percent), followed by omnivorous/herbivorous
species (9.2 percent) and filter feeding species (8.6 percent). Of particular note, was the
significant decline in the production rate of filter feeding species over the last decade.

Compound aquafeed production

In most developed countries, almost all cultured finfish and crustacean species are
currently reared on industrially compounded aquafeeds and total aquafeed production
is annually reported. Unfortunately in most developing countries there is no precise
statistical information concerning the percent of aquaculture production that is
attributable to industrially compounded aquafeeds, farm-made aquafeeds or whole
food items (such as trash fish), either by major cultured species group or farming
system.

On the basis of the information presented in the three regional reviews (De Silva
and Hasan, 2007; Flores-Nava, 2007; Hecht, 2007), total estimated compound aquafeed
production within the 20 selected countries (which collectively accounted for 86.3 percent
of total global aquaculture production by weight in 2003; FAO, 2007) was estimated to
be just over 11.5 million tonnes (Latin America select — 1.2 million tonnes, Asia select
— 10.30 million tonnes and sub-Saharan Africa select — 12 000 tonnes). These estimates
compare very favourably with those reported by Tacon (2004a) of 1.3 and 10.9 million
tonnes for the same selected countries in Latin America and Asia, respectively.

Tacon (2007) estimated that the global production of industrially compounded
aquafeeds in 2005 was about 23.13 million tonnes (Figure 3). This figure compares
favourably with Gill (2007), who estimated global aquafeed production to be
approximately 25.4 million tonnes or 4 percent of global industrial animal feed
production of 635 million tonnes in 2006.
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Of particular note is the general trend FIGURE 3
within some regions, and in particular Estimated global compound aquafeed production in
the Latin American region, toward the 2005 for major farmed species
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and feed associations can play critical roles
included the establishment of good feed
manufacturing practices (feed storage, quality control guidelines, record keeping and
good on-farm feed management), the setting and/or removal of feed ingredient import
restrictions and duties and through the establishment of improved customs clearance
procedures and export incentives. Apart from ensuring the sustainable development
of the aquafeed manufacturing sector, attention to the above mentioned issues would
in turn ensure that farmers would receives a consistent cost-effective quality product
targeted to the dietary needs of the cultured species (FAO, 2001).

Farm-made aquafeed production
Except for Asia, where total farm-made aquafeed production was estimated at
19.3 million tonnes (De Silva and Hasan, 2007), there is no accurate information on
the current production of farm-made aquafeeds in the selected sub-Saharan (except
Nigeria) and Latin American countries. Hecht (2007) noted that approximately
70 percent of the 35 570 tonnes of aquafeed used Nigeria consisted of farm-made feeds.
According to De Silva and Hasan (2007) farm-made aquafeed production within the
selected Asian countries was as follows:
e China — 10.88 million tonnes (compared with 7.8 million tonnes of industrially
compounded aquafeeds);
e India — 6.16 million tonnes (compared with 238 883 tonnes of compound aquafeeds);
e Viet Nam — 800 000 tonnes (compared with 696 000 tonnes of compound
aquafeeds);
e Thailand - 762 173 tonnes (compared with 822 500 tonnes of compound aquafeeds);
e Philippines — 384 896 tonnes (compared with 204 396 tonnes of compound

aquafeeds); and
e Indonesia — 275 850 tonnes (compared with 490 000 tonnes of compound
aquafeeds).

However, no indication was given if farm-made aquafeed production was based on
a wet, semi-moist or dry weight basis.

The important role played by farm-made aquafeeds within extensive and semi-
intensive pond farming systems and in particular for the production of lower value,
freshwater fish species for home consumption was particularly highlighted. For
example, in India farm-made aquafeeds represent 96.3 percent of the total feed used by
farmers (De Silva and Hasan, 2007), and provide the mainstay of feed inputs within the
selected sub-Saharan countries (Hecht, 2007).
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4. PROBLEMS AND CONSTRAINTS
The following problems and constraints to feeds and feeding were reported within the
regional reviews, namely:

Use of trash fish as fish feed

A problem reported in some Asian and sub-Saharan countries has been due to the
increased competition between humans and aquaculture for the use of low value fish
or ‘trash fish’ as feed (Edwards, Tuan and Allan, 2004; FAO, 2004; Hecht, 2007). Fish
species generally considered under this category include small pelagic filter feeding
species such as anchovy, herring, sardines, pilchards, omena, pony fish and small
sergestid shrimp.

Although there are no official estimates concerning the amount of low value fish
used in aquaculture, Allan (2004) and Tacon (2004a) have estimated that the total use is
between 5 and 6 million tonnes, respectively. For example, according to D’ Abramo, Mai
and Deng (2002) the marine aquaculture sector in mainland China in 2000 consumed
4 million tonnes of ‘trash fish’. Similarly, Edwards, Tuan and Allan (2004) estimated that
the total use of ‘trash fish’ by the aquaculture industry in Viet Nam was between 176 420
and 323 440 tonnes, with trash fish representing an estimated 36 percent of the total
marine fisheries catch in 2001. The above estimates also agree with the disposition of
the global fisheries catch (FAO, 2007), for which the difference between the proportion
of total landings destined for non-food uses (28.28 million tonnes) and reduction (21.38
million tonnes) in 2003 was around 6.9 million tonnes (FAO, 2007).

Apart from the potential environmental polluting effect and disease risks of using
non-processed trash fish products as aquaculture feed, there are growing concerns
that the increasing demand for these products by the aquaculture sector may result in
increasing fishing pressure on available fish stocks (FAO, 2004) and drive up the cost
of ‘trash fish’ and out of the economic grasp and reach of the poor and needy for direct
human consumption (Edwards, Tuan and Allan, 2004; Normile, 2002). For example,
Allan (2004) reported that the price of ‘trash fish’ in Viet Nam has doubled due to the
increasing demand for the product from the domestic aquaculture sector.

Fish species reportedly commonly being fed trash fish include marine and freshwater
carnivorous fish species in China (D’Abramo, Mai and Deng, 2002) and Viet Nam
(Edwards, Tuan and Allan, 2004), and more recently tuna in Mexico (Flores-Nava, 2007
and personal observation). For example, according to Allan (2004) the on-growing of
wild-caught southern bluefin tuna in Australia requires 50 000 to 60 000 tonnes of
pilchards or ‘baitfish’ for a tuna biomass increase of 3 000 tonnes. This is equivalent to
a ‘pelagic fish’ to ‘farm fish’ conversion ratio of 16.6:1 — 20:1. Similar conversion ratios
have been reported by other authors for tuna, with mean food conversion ratios for
on-growing tuna in the Mediterranean region typically ranging from 15 to 20:1, to as
low as 8:1 and 12.5:1 for fingerlings and juveniles using baitfish in Japan (Ottolenghi
et al., 2004).

Use of fishmeal and fish oil as fish feed

One of the biggest problems and constraints facing the animal and aquafeed industry
is the current dependence of the aquaculture sector upon fishmeal and fish oil as a
cost-effective source of high quality animal protein and essential dietary lipids (Barlow,
2003; FIN, 2004; Hardy and Tacon, 2002; Huntington, 2004; Huntington et al., 2004;
New and Wijkstrom, 2002; Pike, 2005; Seafeeds, 2003). This dependency is particularly
strong for those higher value species feeding high on the aquatic food chain, including
all farmed carnivorous finfish species and most omnivorous/scavenging crustacean
species (Allan, 2004; Hardy, 2003; Pike and Barlow, 2003; Tacon, 2004a; Zaldivar,
2004). The apparent higher dependency of these cultured species for fishmeal and fish
oil is primarily due to their more exacting dietary requirements for high quality animal
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protein, essential omega-3 fatty acids and
essential trace minerals (Hardy et al., 2001;
Pike, 1998).

According to Tacon, Hasan and
Subasinghe (2006) the aquafeed sector
consumed about 52.6 percent and 86.8
percent of the total global production of
fishmeal (Figure 4) and fish oil (Figure 5) in
2003, respectively.

It is important to note here that the total
estimated amount of fishmeal and fish oil
used within aquafeeds has grown over three-
fold from 963 to 2 936 thousand tonnes and
from 234 to 802 thousand tonnes from 1992
to 2003, respectively (Tacon, Hasan and
Subasinghe, 2006). However, this increase
in usage is in line with the almost three-
fold increase in total finfish and crustacean
aquaculture production over this period,
from 10.9 to 29.8 million tonnes from 1992
t0 2003 (FAO, 2007).

Apart from the fact that the total global
supplies of fishmeal and fish oil are limited in
terms of quantity and availability (fishmeal
and fish oil supplies fluctuated between 5
and 7 million tonnes and 0.7-1.3 million
tonnes over the past decade, respectively)
(FAO, 2007), there is increasing competition
for direct human consumption of many the
pelagics currently used to make fishmeal for
animal feeding (Hecht, 2007; Wray, 2001;
Zaldivar, 2004).

Although Latin American countries
are currently generally self sufficient in
fishmeal and fish oil supplies, the Asian
and sub-Saharan countries surveyed in the
regional reviews were all net importers of
fishmeal and/or fish oil. In 2003, China

FIGURE 4
Estimated global use of fishmeal (percentage of dry
as fed basis) within compound aquafeeds in 2003
by major species. Total estimated fishmeal used in
aquafeeds was 2 936 thousand tonnes or 52.6% of
total reported world production in 2003
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Source: Tacon, Hasan and Subasinghe (2006)

FIGURE 5
Estimated global use of fish oil (percentage of dry
as fed basis) within compound aquafeeds in 2003 by
major cultivated species. Total estimated fish oil used
in aquafeeds in 2003 was 802 thousand tonnes or
86.8% of total reported world production
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alone imported 803 thousand tonnes of fishmeal, accounting for 22.5 percent of total
global fishmeal imports (FAO, 2005) and for about one third of world soybean imports

(Tacon, 2005a; Tuan, Fang and Cao, 2004);

Other reported regional constraints

In addition to the use of fishmeal and fish oil, the following other regional problems

and constraints were reported, namely:

® Realization that the bulk of small-scale farmers in sub-Saharan Africa and to a
lesser extent within many of the selected Asian and Latin American countries, do
not have the financial resources to purchase feed and/or nutrient inputs for their

aquaculture operations;

® General lack of resident expertise and training opportunities in aquaculture
nutrition and feed manufacturing technology within most sub-Saharan
African countries, including feeds and feeding based development projects and
undergraduate and postgraduate university training courses (Hecht, 2007);
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* Trend toward the development and use of more environmentally friendly feeds
and feeding regimes, including the increasing development and use of highly
digestible extruded aquafeeds by the commercial aquafeed sector, and in particular
within those countries where environmental degradation and water pollution are
major/potential aquaculture development issues (e.g. Chile — Tacon, 2005b);

® General lack of information and regulation concerning the presence of heavy
metal and other environmental contaminants within aquafeeds (and consequently
the cultured aquaculture product) and possible short and long term effects on
human health, including possible export/import restrictions (De Silva and Hasan,
2007; Tacon, 2005b);

® General lack of ready available practical information concerning the dietary
nutrient requirements of the major fed aquaculture species, including up-to-
date information concerning aquaculture nutrition, feed ingredient usage, feed
formulation, feed manufacture and on-farm feed management, including the
development and use of appropriate on-farm research methods;

 Recognition of the increasing competition and limited availability of available
land and freshwater for inland-based aquaculture operations (De Silva and
Hasan, 2007), and the need to further explore and expand marine-based off-shore
aquaculture technologies and opportunities; and

* Recognition of the global importance of China in the production of farmed
aquatic produce, including importation of key feed ingredients and nutrients,
and possible long terms effects on global fish supplies, fish prices and the long
term global sustainability of the aquaculture sector (Hishamunda and Subasinghe,
2003; Tacon, 2005a).

5. RECOMMENDATIONS CONCERNING FEEDS AND NUTRIENT USE
On the basis of the country reviews, regional syntheses/reviews and published
information/literature, the following recommendations and policy guidelines
concerning feeds and nutrient use can be made:
® The need for governments within major aquaculture producing countries to limit
the use of ‘trash fish’ or low value fish species for use as feed for the production of
high value fish or shellfish species, and in particular within those countries where
trash fish is consumed directly by the rural poor;
® The need for governments within major aquaculture producing countries to
prohibit the recycling of aquaculture products within aquafeeds, and in particular
the intra-species recycling of aquaculture products, for strict biosecurity concerns
and potential accumulation of environmental contaminants;
® The need for governments to encourage the increased use and recycling of
adequately processed terrestrial animal by-product meals within compound
aquafeeds as a means of safely recycling animal by-products from terrestrial
warm-blooded farm animals through a completely different animal food chain;
® The need for governments to promote and encourage the aquaculture sector to
utilize the largely untapped existing feed-grade waste streams within the fisheries
sector, including fisheries bycatch and discards and fishery processing wastes
(Bechtel, 2003; Li et al., 2004; Rathbone et al., 2001);
® The need for governments to further encourage and promote the culture of aquatic
species feeding low on the aquatic food chain, which can utilize locally available
nutrient and aquatic resources, including marine and freshwater aquatic plants,
filter feeding molluscs and fishes, herbivorous/omnivorous finfish and crustacean
species and aquatic species tolerant of poor water quality;
® The need for governments to further promote and encourage the integration
of aquaculture with other agricultural farming activities such as irrigation,
crop production and animal husbandry and by so doing improve resource use
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efficiency and productivity, including water and nutrient use and the development
of organic aquaculture production systems (Tacon and Brister, 2002);

® The need for governments to further promote and encourage the development of
new innovative floc-based zero water exchange culture systems to further reduce
the dependence of the marine shrimp aquaculture sector upon fishmeal and fish
oil as feed inputs (Tacon er al., 2002; Tacon, Nates and McNeil, 2005);

e Asstated in the FAO Code of Conducted for Responsible Fisheries “States should
encourage the use of fish for human consumption and promote consumption of
fish whenever appropriate” (FAO, 1995), and discourage the use of food-fish fit
for human consumption for animal feeding; and

e In line with the Rome Declaration on World Food Security and the World Food
Summit Plan of Action, that aquaculture activity do no harm to the existing food
supplies of the poor, but rather help by providing much needed affordable aquatic
food produce and employment opportunities within both inland and coastal rural
communities (Tacon, 2001).

REFERENCES

Barlow, S., 2003. World market overview of fishmeal and fish oil, pp. 11-25. In: Bechtel, PJ.
(editor), Advances in seafood by-products: 2002 conference proceedings. Alaska Sea Grant
College Program, University of Alaska Fairbanks, Fairbanks, 566 pp.

Bechtel, P.J. 2003. (ed.), Advances in seafood by-products: 2002 conference proceedings.
Alaska Sea Grant College Program, University of Alaska Fairbanks, Fairbanks, 566 pp.

D’Abramo, L.R., Mai, K. & Deng, D.-E. 2002. Aquaculture feeds and production in the
People’s Republic of China — progress and concerns. World Aquaculture, 33: 25-27.

De Silva, S.S. and Hasan, M.R. 2007. Feeds and fertilizers: the key to long term
sustainability of Asian aquaculture (this volume).

Edwards, P., Tuan L.A. & Allan, G.L. 2004. A survey of marine trash fish and fishmeal as
aquaculture feed ingredients in Vietnam. Australian Centre for International Agricultural
Research. ACIAR Working Paper 57, Elect Printing, Canberra, 56 pp.

FAO. 1995. Code of conduct for responsible fisheries. Rome, FAO. 41 pp.

FAO. 2001. Good aquaculture feed manufacturing practice. FAO Technical Guidelines for
Responsible Fisheries. No.5.1. Rome, FAO. 2001. 50 pp.

FAO. 2004. Press Release. Overfishing on the increase in Asia-Pacific seas: decline in
valuable fish species, better management required — FAO Report RAP 04/30 (http://
www.fao.or.th/Press_Releases/Rap04-30.htm)

FAO. 2005. FAO Fisheries Department, Fishery Information, Data and Statistics Unit.
Fishstat Plus: Universal software for fishery statistical time series. Aquaculture production:
quantities 1950-2003, Aquaculture production: values 1984-2003; Capture production:
1950-2003; Commodities production and trade: 1950-2003; Total production: 1970-2003,
Vers. 2.30

FAO. 2007. FAO Fisheries Department, Fishery Information, Data and Statistics Unit.
Fishstat Plus: Universal software for fishery statistical time series. Aquaculture production:
quantities 1950-2005, Aquaculture production: values 1984-2005; Capture production:
1950-2005; Commodities production and trade: 1950-2005; Total production: 1970-2005,
Vers. 2.30

FIN (Fishmeal Information Network). 2004. Fishmeal facts and figures — November 2004
update (http://www.gafta.com/fin/finfacts.html)

Flores-Nava, A. 2007. Analysis of feeds and fertilizers for sustainable aquaculture
development in Latin America (this volume).

Gill, C. 2007. World feed panorama: bigger cities, more feed. Feed International, 28(1):5-9.

Hardy, R.W. 2003. Marine byproducts for aquaculture, pp. 141-152. In P.J. Bechtel, (ed.)

Advances in seafood byproducts: 2002 conference proceedings. Fairbanks, Alaska Sea
Grant College Program, University of Alaska Fairbanks, 566 pp.



16

Study and analysis of feeds and fertilizers for sustainable aquaculture development

Hardy, R.W. & Tacon, A.G.]J. 2002. Fishmeal: historical uses, production trends and future
outlook for supplies, pp.311-325. In: Stickney, R.R. & MacVey, J.P. (eds.), Responsible
Marine Aquaculture. CABI Publishing, New York, 391 pp.

Hardy, R.W., Higgs, D.A., Lall, S.P. & Tacon, A.G.]. 2001. Alternative dietary protein and
lipid sources for sustainable production of salmonids. Fisken og Havet, No. 8,53 pp. (also
available at http://www.imr.no/english/products/imr_publications/fisken_og_havet)

Hecht, T. 2007. A review of feeds and fertilizers for sustainable aquaculture development
in sub-Saharan Africa (this volume).

Huntington, T.C. 2004. Feeding the fish: sustainable fish feed and Scottish aquaculture.
Report to the Joint Marine Programme (Scottish Wildlife Trust and WWF Scotland) and
RSPB Scotland. Poseidon Aquatic Resource Management Ltd, Lymington, Hampshire,
UK. August 2004.(http://www.wwf.org.uk/filelibrary/pdf/feedingthefish.pdf).

Huntington, T., Frid, C., Banks, R.,Scott, C. & Paramor, O. 2004. Assessment of the
sustainability of industrial fisheries producing fishmeal and fish oil. Report to the Royal
Society for the Protection of Birds (RSPB). Poseidon Aquatic Resource Management
Ltd, Lymington, Hampshire, UK. June 2004. (http://www.rspb.org.uk/Images/fishmeal
tcm5-58613.pdf).

Hishamunda, N. & Subasinghe, R. 2003. Aquaculture development in China. The role of
public sector policies. FAO Fisheries Technical Paper No. 427, FAO, Rome, Italy. 66 pp.
Hong, W. & Zhang, Q. 2001. The status of marine fish culture in China. World Aquaculture,

32:18-67.

Li, P., Wang, X., Hardy, R.W. & Gatlin III, D.M. 2004. Nutritional value of fisheries by-
catch and by-product meal in the diet of red drum (Sciaenops ocellatus). Aquaculture,
236: 485-496.

Normile, D. 2002. Poor to feel pinch of rising prices. Science, 298: 5596.

New, M.B. & Wijkstrom, U.N. 2002. Use of fishmeal and fish oil in aquafeeds: further
thoughts on the fishmeal trap. FAO Fisheries Circular No. 975. Rome. 61 pp.

Ottolenghi, E, Silvestri, C., Giordano, P.,, Lovatelli, A., & New, M.B. 2004. Capture-
based aquaculture. The fattening of eels, groupers, tunas and yellowtails. Rome, FAO.
2004. 308 pp.

Pike, L.H. 1998. Future supplies of fishmeal and fish oil: quality requirements for
aquaculture. pp. 39-49. In International aquafeed directory and buyers guide 1998.
Middelsex, Uxbridge, Turret Rai Plc.

Pike, I. H. 2005. Eco-efficiency in aquaculture: global catch of wild fish used in aquaculture.
International Aquafeed, 8(1): 38-40.

Pike, ILH. & Barlow, S.M. 2003. Impact of fish farming on fish stocks. pp. 24-29. In
International aquafeed —directory and buyers’ guide 2003. Luton, UK, Turret West Ltd,
Bartham Press.

Rathbone, C.K., Babbitt, J.K., Dong, EM. & Hardy, R.W. 2001. Performance of juvenile
Coho Salmon Oncorbynchus kisutch fed diets containing meals from fish wastes,
deboned fish wastes, or skin-and-bone by-product as the protein ingredient. Journal of
the World Aquaculture Society, 32: 21-29.

SEAFEEDS (Sustainable Environmental Aquaculture Feeds). 2003. Final report of the
Seafeeds Workshop organized and chaired by Nautilus Consultants in association with
the Stirling University Institute of Aquaculture, Stirling 8th — 9th April 2003. (http://
www.nautilus-consultants.co.uk/seafeeds/Files/Final %20Report.pdf).

Tacon, A.G.J. 2001. Increasing the contribution of aquaculture for food security and
poverty alleviation, pp.67-77. In: R.P. Subasinghe, P. Bueno, M.J. Phillips, C. Hough &
S.E. McGladdery (Eds.) Aquaculture in the Third Millennium. Technical Proceedings
of the Conference on Aquaculture in the Third Millennium, Bangkok, Thailand, 20-25
February 2000.

Tacon, A.G.]. 2004a. Estimated major finfish and crustacean aquafeed markets: 2000 to
2003. International Aquafeed, 7(5): 37-41.



Global synthesis of feeds and nutrients for sustainable aquaculture development

17

Tacon, A.G.]. 2004b. Use of fishmeal and fish oil in aquaculture: a global perspective.
Agquatic Resources, Culture & Development, 1: 3-14.

Tacon, A.G.J. 2004c. The recycling of nutrients within food wastes within aquatic
food production systems: aquaculture — the aquatic blue revolution phenomenon. In:
Waldron, K.W., Faulds, C.B. & Smith, A.C. (Eds.), Total Food 2004: Exploiting Co-
products, Minimising Waste. Institute of Food Research, Norwich, England (In press).

Tacon, A.G.J. 2005a. Aquaculture country statistical profile: China — an awakening and
hungry giant. International Aquafeed, 8(2): 34-35.

Tacon, A.G.J. 2005b. Salmon aquaculture dialogue: status of information on salmon
aquaculture feed and the environment. International Aquafeed, 8(4): 22-37.

Tacon, A.G.J. 2007. Global aquaculture production highlights and estimated compound
aquafeed use in 2005. International Aquafeed, 10(2):40-44.

Tacon, A.G.]. & De Silva,S.S. 1997. Feed preparation and feed management strategies
within semi-intensive fish farming systems in the tropics. Aguaculture, 151: 379-404.
Tacon, A.G.J. & Brister, D.J. 2002. Organic aquaculture: current status and future
prospects, pp. 163-176. In: Nadia El-Hage Scialabba & Caroline Hattam (Eds.), Organic
agriculture, environment and food security. Environment and Natural Resources Service,

Sustainable Development Department. Rome, FAO, 252 pp.

Tacon, A.G.J., Cody, ]J.J., Conquest, L.D., Divakaran, S., Forster, LP. & Decamp, O.E.
2002. Effect of culture system on the nutrition and growth performance of Pacific white
shrimp Litopenaeus vannamei (Boone) fed different diets. Aquaculture Nutrition, 8:
121-139.

Tacon, A.G.J., Nates, S.E. & McNeil, R.J. 2005. Overview of farming systems for marine
shrimp with particular reference to feeds and feeding. In: Shrimp Culture: Economics,
Market and Trade. Blackwell Publishing (In Press).

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, FAO, 99 pp.

Tuan, EC., Fang, C. & Cao, Z. 2004. China’s soybean imports expected to grow despite
short-term disruptions. Economic Research Service, USDA, Outlook Report No.
OCS04J01, Oct 2004, 14 pp.

Wray, T. 2001. Making the most of jack mackerel. Seafood International, July 2001,
pp-39-43.

Zaldivar, M.]. 2004. Review of the commercial situation of fishmeal and fish oil and the
new requirements imposed on them. Paper presented at Tecnica Aqua Sur 2004 (Chile),
March 2004 (http://www.iffo.org.uk/tech/TecnAqua.htm).






Feeds and fertilizers: the key to
long-term sustainability of Asian
aquaculture

Sena S. De Silva!

School of Life and Environmental Sciences, Deakin University
PO Box 423, Warrnambool, Victoria 3280

Australia

Mohammad R. Hasan

Agquaculture Management and Conservation Service

FAO Fisheries and Aquaculture Department, Rome 00153

Italy

Summary 20
1. Introduction 21
2. Feeds and feeding practices in Asian aquaculture 28
3. Fertilizer usage in Asian aquaculture 29
4. Aquafeeds 31
5. Major trends in relation to aquafeeds in Asian aquaculture 42
6. Asian aquafeeds in a global context: issues and challenges 42
7. Policy developments 43
8. Future needs 43
9. Conclusions 44
Acknowledgements 45
References 45

De Silva, S.S. and Hasan, M.R. 2007. Feeds and fertilizers: the key to long-term
sustainability of Asian aquaculture. In 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. FAO Fisheries Technical Paper. No. 497. Rome, FAO. pp. 19-47.

! Network of Aquaculture Centres in Asia-Pacific, Bangkok, PO Box 1040, Kasetsart Post Office,
Bangkok, 10903, Thailand.



20

Study and analysis of feeds and fertilizers for sustainable aquaculture development

SUMMARY

Asian aquaculture is dominated by inland, semi-intensive finfish culture and production
has been increasing over the years. However, the rate of increase is decreasing, except
in Viet Nam, and overall production is likely to stabilize around year 2015. The major
factors that will sustain aquaculture production in Asia are feeds and feed management.
Asian aquaculture is still largely a rural and semi-intensive activity, baring exceptions
such as shrimp culture, and consequently the sector to a large extent is dependent on
farm-made feeds. However, the use of commercial feeds in Asia is also increasing. There
have been substantive improvements in farm-made feed formulation and manufacturing.
Throughout the region there is an increase in the number of small-scale processors who
make customised feeds, according to required specifications and this has lead to greater
feed efficacy, reduction in feed costs and improved feed quality. There is an urgent need
to investigate ways and means to further improve farm-made feeds through suitable
research and development programmes in collaboration with farmers and small scale
processors and to develop appropriate policies to encourage growth in this sector. The
first step towards achieving these goals will be to assess the types of feed produced
by small-scale producers and the magnitude of the sector and to evaluate the current
efficacies of non-commercial feeds.

Asian finfish mariculture is almost totally dependent on the use of trash fish, a
resource that is declining and a practice that results in much environmental degradation.
As such there is an urgent need to encourage farmers to change to farm-made and or
commercial feeds. If this is not accomplished the sector is unlikely to be sustainable.

Asia is a net importer and the biggest user of fishmeal and fish oil. It is therefore not
immune to global issues in respect of fishmeal and fish oil usage in aquafeeds. Overall,
the use of animal by-products and fishing industry wastes for aquafeeds is restricted.
There is a need to encourage the use of such ingredients in aquafeeds. Although many
studies have been undertaken on fishmeal replacement the results are rarely translated
into practices, and as such there is a need to bring about an effective dialogue between
research and development and the feed industry. Throughout the region there are
growing concerns with regard to feed quality and consequently suitable guidelines and
certification processes have to be introduced.
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1. INTRODUCTION

Over the last three decades food fish production has become the domain of the
developing world, in particular Asia (Delgado et al., 2003). In 2004, world aquaculture
contributed nearly 33 percent to the global food fish supply, amounting to 54.8 million
tonnes and valued at US$67.3 billion. To this, Asia contributed 91.2 percent (49.98
million tonnes), valued at US$55.1 billion (FAO, 2006). Asia has an estimated human
population of 3.68 billion that is expected to increase to 4.78 billion by 2025 (http://
esa.un.org/unpp/). Most of the worlds major fish stocks are over fished and catches in
many of the major fisheries are either static or are declining. Aquaculture is the only
option to increase fish production and to narrow the gap between supply and demand.
Because of its rapid growth in the last three decades the aquaculture sector now faces
new and demanding environmental, social, resource allocation and technological
challenges. These must now be addressed and overcome to maintain the momentum
in the sector.

This paper considers the current use of feeds and other nutrients in Asian aquaculture
as key components for the sustainable development of the sector in the next two to
three decades. This synthesis is mostly based on comparable analyses undertaken for
Bangladesh, China, India, Indonesia, the Philippines, Thailand and Viet Nam, which
are the major contributors to aquaculture production in the region, a review of the
relevant literature and FAO (2006) production statistics.

Recent trends in aquaculture in the region are briefly summarized to place the
significance of feeds and feeding into perspective within the context of Asian aquaculture.
This provides the background for the analysis and is used to assess possible future trends
that might impact on the sustainable development of the sector as a whole.

1.1 Brief review of the Asian aquaculture sector

The trends and most of the key aspects of global and Asian aquaculture up to the
year 2000 are summarized in NACA/FAO (2001). Table 1 summarizes the trends and
developments in freshwater, brackish-water and marine aquaculture for the 15 year
period from 1995 to 2004. From these data it is evident that aquaculture production
by volume and value has increased substantially in all of the major producer countries.
Over the 15 year period the seven countries, which form the basis of this review,
contributed over 85 percent to the total Asian aquaculture production and over
70 percent globally. However, the contribution by value of marine aquaculture has
remained below 50 percent of the global total and there is no discernable up or
downward trend in this regard (Table 1). The data also clearly show the dominance of
China in aquaculture production in all three environments.

Aquaculture in the seven countries was dominated by finfish production (Table 2).
The seven countries contributed in excess of 90 percent to Asian and 80 percent to
global fish production, although the bulk of finfish produced are relatively low value
species. These trends are further summarized in Figures 1 to 4, using five year averages
for the period 1980 to 2004. The trends can be summarized as follows:

e aquaculture production, by volume and value, has increased significantly in all of

the countries under consideration;

o the main contributor has been China;

® marine and freshwater aquaculture have contributed almost equally to the total

production (including seaweeds and molluscs);

e in terms of finfish and crustaceans, fresh and brackish-water aquaculture

production is considerably higher than the output from mariculture; and

e apart from Viet Nam, there has been a significant decrease in the rate of growth in

production in Asia and globally.

In a nutshell, aquaculture production is still increasing in most countries in Asia
and globally. However, the rate of increase is declining and is likely to reach a plateau
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within the next two decades. As such, it is imperative that measures are taken to curtail
the decline in the growth rate of the sector.

FIGURE 1
Annual mean aquaculture production by volume (a) and value (b) in the seven
target countries, Asia and the world for the period 1980-2004. The mean is
based on five-year averages, except for the period 2000-2004
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FIGURE 2
Mean aquaculture production by volume (a) and value (b) by species groups

for the period 1980-2004 in Asian countries
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FIGURE 3
Percent rate of change in mean aquaculture production (in five year blocks) for
selected Asian nations, whole of Asia and the world
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1.2 Strategies for increasing FIGURE 4
aquaculture production in a Percent change in Asian aquaculture production
sustainable manner over time
While retaining a rural base, many 80
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and improvements, the foremost | %
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support by governments to develop 0 ‘ ‘ ‘ ‘
rural and industrial scale aquaculture. 0 5 10 15 20
The main technological advances Five year periods (1980-2004)

that contributed to the increases in | ¢ . caiculated from FAO (2006)
production were:

e advances in hypophysation
techniques and the virtual elimination of the dependency on wild juveniles (apart
from a few cultured species);

e advances in husbandry techniques, such as the adoption of “polyculture” systems
and improved management procedures;

® genetic improvement of a number of species and the development of monosex
tilapia culture

* improvements in disease prevention and control; and

e improvements in feed formulations and manufacture and feeding practices.

The surface area used for aquaculture in Asia has been increasing. The area currently
used for aquaculture in the region is summarized in Table 3. There is little scope to
increase production by increasing the area under culture, especially in inland waters.
The reason for this is although Asia has the largest inland/freshwater resources
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TABLE 3
Estimated area (ha) available and/or documented to be used for aquaculture in different environments in
seven Asian countries
Environment Country
Bangladesh China India Indonesia Philippines Thailand Viet Nam
Freshwater (finfish)
Ponds 305 025 1.858x10°8 247 500 97 821 14 531 118 002 120 000
Depressions 5488 130 000 2 007
Reservoirs/lakes 2.334 x10° 270 000 219 000 340 000
Cages 466* 59
Others 471 600 151 414** 23 432** 580 000**
Freshwater (prawn etc)
Ponds 41 870
Brackish water
Pond 217 877 154 600 370 824 239 323 83919
Cages
Marine -
Cage units 715 750 196 198 660 000***

* Inland cages; **primarily paddy fields; *** tidal flats; empty spaces = no data

Source: data for Bangladesh, China, India, Indonesia, Philippines, Thailand and Viet Nam were obtained respectively from Barman
and Karim (2007); Cen and Zhang (1999); Ayyappan and Ahamad Ali (2007); Nur (2007); Sumagaysay-Chavoso (2007); Thongrod

(2007); and Hung and Huy (2007)

among all continents, the per caput availability is lowest (Nguyen and De Silva, 2006;
Figure 5). As such, increasing competition for this relatively scarce primary resource
(in addition to the demand for land) will probably not permit significant expansion
of inland aquaculture, except perhaps the use of reservoirs for cage and cove culture
and culture-based fisheries (De Silva, 2003). On the other hand, unplanned and overly
ambitious developments in reservoir cage culture can be counter productive, as has
been the case in certain Asian countries (Abery et al., 2005).

In essence there are two possible strategies to increase future aquaculture production
in Asia. These are genetic improvements and advances in feed and feed technology. The
most notable advances in genetic improvements have been made for salmonids and
tilapias (Gedram, 2000) and these have to be emulated for some of the more important
aquaculture species in Asia. In following this approach care has to be taken to preserve
the genetic integrity of individual species and to conserve biodiversity. Some genetic
manipulations such as the hybridisation of the Asian catfish (Clarias macrocephalus)
with the African catfish (C. gariepinus) could have long term negative impacts on

FIGURE 5
Total and per caput inland water availability per continents
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FIGURE 6
Global and Asian production of soybean meal and fishmeal (in million tonnes) and the
percent contribution by Asia to global production and consumption
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natural population structure and the conservation of biodiversity (Na-Nakorn, 2005)
and could lead to negative public perception on aquaculture developments.

Developments in feeds and feed management have a crucial role to play in the future
expansion of Asian aquaculture, particularly with respect to the rapidly increasing
demand for commercial feeds by the shrimp, marine and freshwater finfish sectors
(Chamberlain, 1993; Gill, 1997; New and Csavas, 1995; Tacon and De Silva, 1997;
De Silva, 1999; Hasan, 2001; Tacon, 2004; Tacon, Hasan and Subasibghe, 2006). The
demand for commercial aquaculture feeds has also recently become more contentious,
particularly with regard to the supply of fishmeal and fish oil. Aquaculture has
become the single largest consumer of these commodities of all animal husbandry
sectors. Aquaculture’s share of fishmeal use has increased from 10 percent in 1988
to 46 percent in 2002 (Barlow and Pike, 2001; Pike, 2005). Similarly, there has been a
drastic increase in the share of fish oil usage from 16 percent in 1988 to 81 percent in
2002. Pike (2005) further predicted that in 2012, aquaculture will use 50 and 88 percent
fishmeal and fish oil, respectively. Aquaculture’s share of total fishmeal and fish oil
use is therefore expected to increase, respectively, from 46 percent and 81 percent in
2002, to 50 percent and 88 percent by 2012. The consequences of these trends to the
Asian region, that accounts for over 90 percent of global aquaculture production,
is immediately obvious. Moreover, the demand and use of fishmeal in some of the
emerging aquaculture countries in Asia is increasing rapidly. For example, Viet Nam
already uses approximately 62 500 tonnes of fishmeal per year, solely for aquaculture
(see Figure 6 and also refer to www.gafta.com/fin/finfacts3.html.)

2. FEEDS AND FEEDING PRACTICES IN ASIAN AQUACULTURE

Aquaculture is very diverse because of the number of species cultured, singly and or in
combination, the differences in the environment — freshwater, brackish water or marine,
the intensity of the practice, the nature of the containment — ponds, cages, raceways,
etc, as well as the socio-economic milien in which it occur. This diversity is similarly
reflected in the array of different feeds, feeding practices and the use of organic or
inorganic fertilizers. For the purposes of this paper, feeds and feeding practices in Asian
aquaculture are considered in relation to culture intensity, i.e. extensive, semi- and
intensive culture practices.
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Feed efficacy also has the potential to bring about major changes in culture
practices, even in the case of small-scale, rural aquaculture enterprises. For example,
in the Mekong Delta in southern Viet Nam it has been reported that high feed costs
in pangasiid cage culture has brought about a significant shift to pond culture (Hung
and Merican, 2006). The significant point is that the overall production cost per kg
ranged from VND 8 000 to 11 000 in ponds as opposed to VND 8 153 to 11 619 in
cages (US$1.00 = VND 15 000), of which feeds accounted for 78 to 90 percent of total
production costs, respectively, indicating that even minor reductions in unit production
cost can result in major shifts from one production system to another.

2.1 Extensive systems

Extensive aquaculture in Asia is practised in several ways. In all countries considered
here, large areas are devoted to extensive earthen pond aquaculture, primarily for finfish
and shrimp culture. By definition, external feeds are not applied in extensive systems,
but more often than not organic and inorganic fertilizers are applied to augment natural
food production in the systems.

2.2 Semi-intensive systems

Asian aquaculture is dominated by semi-intensive freshwater, earthen pond culture
systems. In these systems natural productivity is enhanced with fertilizers and the fish
or shrimp are provided with supplemental feeds. Feeds are mostly farm-made or made
according to farmer specifications by local feed processing plants. For example, in
India and Bangladesh almost all inland finfish production is semi-intensive and is based
on farm-made feeds. There is an increasing trend in some Asian countries for small-
scale, commercial feed manufacturers to produce relatively large quantities of feeds,
for a particular species and hence supply the demands within a region. Good examples
are the pangasiid feed producers in the Mekong delta in Viet Nam (Hung, Truc and
Huy, 2007). These feeds are not necessarily nutritionally wholesome and indeed need
not be so.

2.3 Intensive systems

Intensive aquaculture practices in Asia are by and large restricted to shrimp culture,
inland and marine finfish cage culture, as well as freshwater culture of some high value
species such as eels in China. In intensive systems the cultured stock has to be provided
with a complete feed that meets all the nutritional requirements of the species. Such
feeds are species specific and in most culture practices will account for 40 to 60 percent
of recurrent production costs.

3. FERTILIZER USAGE IN ASIAN AQUACULTURE

There is a long history of organic and inorganic fertilizer use in pond culture of
filter feeding finfish species in Asia. The dynamics of fertilizer use and its efficacy in
aquaculture is fairly well understood (Hepher, 1988; New, Tacon and Csavas, 1994).
In extensive systems fertilizers are often the only input and in semi-intensive systems
fertilizer may be regularly and or infrequently applied. Culture systems in which
fertilizer is the only input are more often than not small-scale, single pond operations,
except perhaps milk fish culture operations in which even large operations use
fertilizers to induce the growth of “lab lab”.

Almost all extensive and the majority of semi-intensive aquaculture operations
in Asia, with minor exceptions, are dependent on the use of fertilizer and organic
manures. Fertilizer and manure usage in aquaculture varies considerably among Asian
countries (Table 4). In general, the use of fresh manure is preferred over the application
of dry manure. This is because nutrient delivery from wet manure is faster and more
efficient. In India and Bangladesh cattle and buffalo manure is extensively used in
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aquaculture. With the increasing industrialisation of poultry production in most Asian
countries, in the last ten to fifteen years, poultry manure has become readily available
for use in aquaculture. In the Philippines poultry manure, which ranges in price from
US$16.36 to 21.82/tonne, is preferred over other organic fertilizers. Other livestock
manure, mudpress (agricultural waste from sugar mills) and rice bran are also used to
enhance natural pond productivity but to a much lesser extent. In most countries, fish
farmers usually only apply organic fertilizers during pond preparation, although some
also apply fertilizers during the rearing period to maintain the growth of phyto- and
zooplankton.

The availability of manure, particularly in rural areas has continued to sustain carp
culture practices in many countries, and milk fish culture in the Philippines in particular.
Improved manure and system management has contributed significantly towards the
growth of the carp and milkfish sectors and indirectly has made farmers independent
of commercial feeds. In Viet Nam, the use of fertilizers and manure in aquaculture is
less common than in other Asian countries and is often confined to the nursery stages
when juvenile fish generally perform better on natural food organisms. On the other
hand, sewage cum fish culture in urban areas in Viet Nam is popular and encouraged.
In the Philippines, there is a greater dependence on inorganic fertilizers in comparison
to most other countries. In some countries there are increasing bio-security concerns
with regard to the use of animal manure, especially in shrimp culture in Indonesia.

4. AQUAFEEDS
4.1 General considerations
It is difficult, if not impossible, to differentiate accurately between industrial aquafeed
production and total animal feed production. This is because the same ingredients are
often used for aqua- or other animal feeds and similar industrial production processes.
However, only a small proportion of feed production plants in Asia is dedicated aquafeed
manufacturers and the bulk of feeds used in Asian aquaculture are non-industrial feeds
and hence estimates can be made of total aquafeed production and consumption.
China and India are among the world’s top ten animal feed producers, accounting
for 11.9 percent (72.7 million tonnes) and 1.6 percent (9.6 million tonnes) respectively
of global industrial animal feed production (Gill, 2006). As will become apparent
later, only a very small proportion of the industrially produced feeds in both of these
countries, and Asia in general, are used in aquaculture. For example, aquaculture in
India used 0.24 millon tonnes of industrial feed in 2003 amounting to only 3.7 percent
of the total aquafeed of 6.4 million tonnes (Victor Suresh, pers. comm.).

4.2 Types of aquafeeds
Asian aquafeeds can be broadly divided into four categories. The potential of each of
these feed types in relation to production/yield is shown in Figure 7.

1. Materials and or ingredients of plant origin that are used singly or in combination
with others (of plant or animal origin) but with little or no processing. Such
feeds are mostly used at the lower end of the semi-intensive culture spectrum,
for example in home ponds. The feeds/ingredients vary in quality and nutrient
content, e.g. rice bran of rather limited nutritional value and/or mixed with dried
fish of high nutritional value.

2. Materials of animal origin, primarily trash fish that is used singly or in
combination with others but with little or no processing. Such feeds are mostly
used at the upper end of semi-intensive to intensive culture practices and mainly
in marine fish culture, e.g. grouper (Epinephelus spp.), Asian seabass (Lates
calcarifer) and cobia (Rachycentron canadum).

3. Mixtures of ingredients that are subjected to some form of processing (simple
grinding, mixing and cooking resulting in a moist dough or in simple pellets).
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Processing is done on farm or in small processing plants, according to the
specifications of the farmer. Collectively these feeds are designated as farm-made
feeds, and often are the main stay in semi-intensive aquaculture. In the literature
they are also commonly referred to as supplementary feeds (De Silva, 1994).

4. Feeds that are manufactured by industrial feed milling plants that are distributed
and sold using conventional market chains. Such feeds are expected to fulfil all
the nutrient requirements of the cultured species and are mostly used in intensive
practices, often by relatively large-scale aquaculture operations. The ingredient
composition and all aspects pertaining to feed formulation and manufacturing
processes are normally based on research findings and farmers normally do not
make any input into ingredient selection and or feed formulations. These feeds
are sold under different trade names, generally in 20-25 kg bags and are available
for post-larval and shrimp grow-out, tilapia fingerlings and grow-out, common
carp, eels, seabass and so forth. The nutrient specifications (percent moisture and
protein, lipid, ash, energy content and certain manufacturers will also provide
percent nitrogen free extract and fibre content data) as well as the pellet size are
indicated on the packaging.

Irrespective of the feed category the majority of the ingredients used in the feeds,
particularly in categories (iii) and (iv) are fairly common ingredients. The key ingredients,
fishmeal, soybean meal, various oilseed cakes are also used in the production of other
animal feeds and hence aquaculture is a direct competitor with other animal husbandry
practices. For Asia as a whole the situation is further exacerbated as its contribution to
the world supply of these three principal ingredients is minimal in comparison to the
proportion that is used by the regional animal feed industry (Figure 6). For example,
while Asia produces only 17 percent it consumes 47 percent of the global fishmeal

supply.

FIGURE 7
A schematic representation of the effectiveness of fertilizers and different feed types
on aquaculture production
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4.3 Current usage

A conservative estimate of current aquafeed use in Asia, based on data provided for the
target countries, is 19.3 and 10.3 million tonnes of farm-made and commercial feeds,
respectively (Tables 5 and 6). It is likely that the consumption of farm-made feeds is
significantly underestimated in view of the difficulties in accurately assessing feed use.
For example, feed usage in back yard pond culture, which is widespread throughput
the region, is rarely accounted for. Also, some countries with limited aquaculture
activities have not been taken into account in the above estimates. For example, Hong
Kong used 9 600 tonnes of trash fish in 2002 in its relatively small mariculture sector
(Chau and Sadovy, 2005), and Sri Lanka used 4 104 tonnes of shrimp feed in 2004
(Weerakoon, pers. comm.).

Based on the above feed use estimates and assuming, rather conservatively that
farm-made and commercial feeds have food conversion ratios of 2.0 and 1.3:1,
respectively, the total estimated feed use is expected to yield 17.6 million tonnes of
finfish and crustaceans. However, the recorded production for 2003 was 24.04 million
tonnes (marine finfish = 531 556 tonnes, freshwater finfish = 21 146 200 tonnes and
crustaceans = 2 361 055 tonnes), a difference of nearly 6.5 million tonnes. The question
therefore, arises whether feed usage is grossly under-represented and/or that the 6.5
million tonne difference is accounted for by extensive practices, although this is highly
unlikely. Unfortunately, data pertaining to production in relation to feed use in the
different countries are not available and are difficult to collate, except of course for
the use of commercial feeds in some practices (Abery er al., 2005). However, such data
may be very useful in evaluating the efficacy of feed types, which in turn would be of
use in bringing about improvements, especially in the case of farm-made feeds that are
extensively used in some countries in the region, e.g. India and Viet Nam.

4.4 Aquafeed projections

In Tables 5 and 6 an attempt is made to predict future feed use in the target countries.
The total estimates for farm-made and commercial feeds by 2013 are 30.7 million and
22.2 million tonnes, respectively (Figure 8). These predicted values represent increases
of 60 and 107 percent for farm-made and commercial feed use, respectively from
current levels. For both groups of feeds the highest demand will be from China. Even

FIGURE 8
Current and predicted use of farm-made and commercial feeds in Asia and projected
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TABLE 5
Current and projected use (tonnes) of single ingredient and farm-made feeds in aquaculture in selected
Asian countries

Feeds Bangladesh China India Indonesia Philippines Thailand Viet Nam
Current use

Finfish 50 000 10 350 000 6 144 947: 223 850 500 000
Shrimp 20 000 530 000 ~20 000° 42 000

Others 10 000

Total 70 000 10 880 000 6 164 947 275 850 384 896 762 173¢ 800 000
Projected needs: 2013

Finfish 13 056 000¢ 7 994 431 828 088

Shrimp 636 000¢ 276 134 1500 000
Trash fish 4000 000 1000 000
Total 91 000¢ 17 692 000 8 270 565 358 605¢ 828 088¢ 990 824¢ 2 500 000

2Rice and wheat bran, oilseed cakes, marine ingredients, others; “Fishmeal, squid meal, shrimp meal, mantis shrimp meal, soybean
meal, flour, fish oil, lecithin, binders; ‘including trash fish used in diets for seabass and grouper; YBased on a 20 percent increase
of current usage; ®Based on a 30 percent increase on current use. Note that in Viet Nam, an estimated 300 000 tonnes of trash
fish is used in aquafeeds. Predictions for the increase in shrimp production in India and for finfish and shrimp production and
trash fish usage in Viet Nam were made on estimated increases in production volume, and using reasonable FCRs. Calculations
were done using 2003 data to ensure consistency between different countries.

Source: Country reviews and personal communications with the authors.

TABLE 6

Number of aquafeed mills operating in selected Asian countries, current and projected production and the
major ingredients used (tonnes). Please note that the projections for India are for the year 2020 and the
others for 2013

Mills/production Bangladesh China India Indonesia Philippines Thailand Viet Nam
Number

Fish - - 1 - - 12 13
Shrimp - - 28 - - 34 23
Fish & shrimp 14 360 - 20 78 14 -
Production

Current

Fishmeal NA 1500 000 48 000' 34 485 30 630 248 500 62 500
Soybean meal NA 2 340 000 33 000 4523 55 437 145 950 100 000
Corn/wheat NA 1550 000 30 000 24 310 NA 78 750 NA
Total 60 000 7 800 000 238 883 490 000 204 396 822 500 696 000
Projected

Fishmeal NA 4 050 000 133 147" 70 000 105 905 NA NA
Soybean meal NA 4800 000 67 650 15 000 179 146 NA NA
Corn/wheat NA 3004 000 61500 50 000 297 334 NA NA
Total NA 16 000 000 347 500 1 000 000 658 313 2736 336 1500 000

" Also includes shrimp meal, mantis shrimp meal; NA= data not available or insufficient data available to make predictions.
Calculations were done using 2003 data to ensure consistency between different countries.

Source: Country reviews and personal communications with the authors.

in those Asian countries where aquaculture is a relatively minor industry the demand
for aquafeeds is expected to increase three to four fold by 2013. For example, in
Sri Lanka that has a small aquaculture industry it is projected that feed usage will increase
three fold to 12 400 tonnes by 2010 (Weerakoon, pers. comm.). Moreover, Malaysia has
adopted a suite of aggressive aquaculture development strategies (Malaysian Ninth
Five Year Plan, 2006 to 2010) and envisages to increase aquaculture production from
150 000 tonnes (current) to 600 000 tonnes by the year 2010. Obviously such increases
in production (approximately 20 percent per year) have to go hand in hand with feed
availability.
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4.5 Ingredients used in aquafeeds

As pointed out previously, the key ingredients used in aquafeeds, particularly those
used in commercial feeds, are common to those used in terrestrial animal feeds.
Consequently, there will be higher levels of competition for these ingredients in the
global market, in particular for ingredients such as fishmeal, fish oil, soybean meal
and vitamin and mineral pre-mixes. The advantage, if any, in favour of aquafeeds is
that aquaculture practices in Asia are predominantly extensive and semi-intensive and
for many more years to come will be using farm-made feeds. These feeds allow for
the incorporation of a much greater variety of ingredients. Moreover many of these
ingredients directly and or indirectly act as nutrient sources that augment natural
food production in ponds. These issues have been dealt with in detail previously (De
Silva, 1994; Wood et al., 1992). The study by Wood (op cit.) raised the question of the
value of conventional nutritional wisdom in relation to aquaculture in the tropics and
suggested that the provision of nutritionally complete diets in tropical systems may not
always be needed.

Ingredients used in aquafeeds are either of plant or of animal origin. Generally, the
plant products are less costly and also have the advantage of being relatively easily
accessible and available, baring a few exceptions and tend to be the mainstay of farm-
made feeds.

4.5.1 Plant and agricultural by-products used in aquafeeds

A large variety of plant by-products are used in the production of aquafeeds, pre-
dominantly for the extensive and semi-intensive aquaculture feed categories (i) and
(i) (see above). The exceptions are soybean meal and wheat flour that are also used in
feed categories (ii1) and (iv). Soybean meal is one of the most widely used ingredients
in all types of feeds. This is because of its favourable nutritional composition and
digestibility, its availability and long shelf life.

The most commonly used plant based ingredients in Asian aquafeeds and their
availability are summarized in Table 7. The data is by no means exhaustive but provides
an indication of the main ingredients that are used in the seven target countries.
The majority of these ingredients are either used singly or in various combinations.
However, the extent of use of plant based agricultural by-products, despite the fact that
some have a high protein content, in aquafeeds is limited. Foremost among factors that
discourage the use of agricultural plant based by-products are:

e unfavourable amino acid balance;

e inferior digestibility;

e presence of anti-nutritional factors; and

® Jocalised and seasonal availability.

The first three of the above factors have been addressed extensively (Tacon, 1987;
De Silva and Anderson, 1995; Hertrampf and Pascual, 2000; and contributions to this
volume). Despite extensive research the incorporation of plant based by-products in
aquafeeds is limited. This issue is discussed in greater detail later.

In general, Asian aquaculture relies heavily on agricultural produce and by-products.
Consequently, there is increasing competition from alternative users and this has led
to substantial price increases. Availability, seasonality and the demand for plant based
agricultural by-products varies appreciably between countries.

Throughout the region, there is little data on competitive uses of agricultural by-
products in animal husbandry and other forms of agriculture. The lack of this crucial
information is largely due to the difficulties of data collation and the absence of
interdisciplinary approaches to natural resource use patterns in all farming systems.
Aquaculture, as the newly emerged farming system, on the present scale of activities,
will in all probability have to take the lead in assessing comparative resource use,
particularly in rural areas where the issue is pivotal.
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TABLE 7

Commonly available and potentially useful agricultural by-products and plants used in Asian aquafeeds.
Where available, estimates of availability is in thousand tonnes/year. Figures in parentheses indicate current
estimated usage in aquafeeds

Ingredient

Bangladesh China India* Indonesia Philippines**  Thailand Viet Nam

Plants/leaf meals

Azolla +

Cassava + 201

Duckweed + + +

Leucaena + 0.6

Spirulina +

Water hyacinth + + +

Water velvet
Brans

Black gram + +
Corn 1137 4 000 (79)

Lentil +

Rice 1254 3 000-3 500 + 1450 + 3350 (300-500)
Wheat + + 2 000-2 500 + + +
Oil cakes

Coconut 86 140-160 + 704 (9.6) +

Cottonseed 4 000-5 000 750-800

Groundnut 30 14 000-15 000 8 000-8 500 +

Linseed + 100

Mustard/rapeseed 234 5 000-5 800

Rapeseed 5 000 (4 000)

Sesame + 450-500

Soybean meal/ 15 500-17 550 5 000-5 500 + (55.4) 298 (141) 1185 (80-132)
cake

Sunflower + 800-1 000
Others

Corn gluten

Corn meal + +

+

+ 3735 + +

Molasses

Pulses

+ i+ 4+

Rice (broken) + + 399 2010
Sorghum 7 500-8 000
Tapioca/cassava 5 600-6 000 + 1 040 + 5 230 (30-45)

Wheat flour + + + + +

Wheat gluten +

*Current usage in aquaculture: rice and wheat bran 85.8 thousand tonnes, oil cakes/meals 39.0 thousand tonnes, marine
ingredients 75.5 thousand tonnes, cereal 30.0 thousand tonnes, others 2.6 thousand tonnes; **current usage in aquaculture: rice
bran/corn bran/wheat flour 94 thousand tonnes.

Source: data for Bangladesh, China, India, Indonesia, the Philippines, Thailand and Viet Nam were obtained respectively from
Barman and Karim (2007); Weimin and Mengqing (2007); Ayyappan and Ahamad Ali (2007); Nur (2007); Sumagaysay-Chavoso
(2007); Thongrod (2007); and Hung and Huy (2007)

4.5.2 Animal industry by-products used in aquafeeds

a) The animal husbandry industry

Asia, particularly China, India and Thailand, has considerably large animal husbandry
industries, in particular poultry and pig industries. The processing waste resulting from
these industries are substantial. Overall, the use of animal husbandry by-products,
such as bone meal, blood meal and feather meal, is not adequately organized such
that the use of many of these highly nutritious materials, even though there are no
legal restrictions (e.g. such as in the use of bone meal in Europe), is rather sporadic
and isolated. The approximate availability of potentially useful animal industry by-
products for aquafeeds is presented in Table 8.
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In most instances, animal industry by-products are mainly used for farm-made
feeds and are rarely incorporated into commercial feeds.

b) Fishing industry by-products

The nutrient composition of fish by-products, from the surimi industry, fish canning
industries, filleting plants and the like has been shown to be very close to that of
fishmeal (Gunasekera et al., 2002). This clearly indicates the potential of these resources
as a possible replacement for fishmeal in aquafeeds. For example, it has been estimated
that India produces some 340 000 tonnes of fish industry waste that is available for
aquafeeds.

With one or two exceptions, the only by-product that has been used to any
substantial extent in Asian aquafeeds is shrimp processing waste, primarily in the form
of shrimp head meal. A recent development in Viet Nam is the use of processing waste
from Pangasius catfish culture. Viet Nam is the largest producer of pangasiid catfish
(Pangasins hypophthalamus and P. bocoutii) in the region, producing around 300 000
tonnes per annum, which generates approximately 210 000 tonnes of waste (Hung and
Huy, 2007; Hung, Truc and Huy, 2007). The bulk of the waste is used for the extraction
of oil and for inclusion in farm-made feeds. This is unique and illustrates how
aquaculture waste can be used efficiently and effectively. Considering that aquaculture
in Asia is often practised in sizeable clusters, the strategy adopted in the Mekong delta
should be replicated in areas where there are adequate volumes of waste products. This
could result in significant cost savings and employment in a region.

TABLE 8

Commonly available animal industry by-products (thousand tonnes) in several Asian countries. Figures in

parentheses indicate current estimated usage in aquafeeds

Country
Ingredient
Bangladesh  China India Indonesia Philippines Thailand Viet Nam
Blood meal + + + 46.8 +
Meat and bone meal + + 55.2 2435 +
Catfish waste 210
Feather meal + + 23.0 +
Fishmeal + + 202-208 + (30.6) 611 248-255
(234.5) (46.5-62.5)
Fish silage +
Krill meal +
Nereis meal +
Poultry offal 65 45.9 +
Shrimp meal + 106 +
Shrimp head meal 31 + 7.2 (1.7) + 60-70
Silk worm pupae + + 40
Slaughterhouse waste + + +
Snail meal +
Squid meal + 19-21 +
Trash fish 5316* + 756* 933.2

(131.9) (176.4-363.4)

Source: data for Bangladesh, China, India, Indonesia, the Philippines, Thailand and Viet Nam were obtained respectively from
Barman and Karim (2007); Weimin and Mengqing (2007); Ayyappan and Ahamad Ali (2007); Nur (2007); Sumagaysay-Chavoso

(2007); Thongrod (2007); and Hung and Huy (2007). *Fung-Smith et al. (2005)
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c) Trash fish

Asian finfish mariculture, particularly grouper and cobia farming, is growing rapidly
in China, Viet Nam and Indonesia and is largely still dependent on trash fish as a feed.
It has been estimated that Viet Nam will use nearly one million tonnes of trash fish
and China will require approximately 4 million tonnes of trash fish by 2013 to sustain
marine cage culture activities. Trash fish is mainly obtained from commercial marine
fisheries although a fair share is also supplied by artisanal fisheries, particularly in Viet
Nam. The supply of trash fish in Asia is highly seasonal and dwindling (Edwards,
Tuan and Allan, 2004). However, the demand for the commodity by the marine finfish
culture sector in many countries is high and increasing. There is a growing concern
with regard to the environmental effects of using trash fish in aquaculture. Moreover,
its efficacy as an aquafeed is debateable and its preferred use appears in many instances
to be based more on farmer perceptions than economic reality. For example, a recent
study on grouper cage culture in Viet Nam showed that the average survival, FCR and
cost of production using formulated pellets were 62.2 percent, 2.12:1 and US$2.18/kg
as opposed to 54.5 percent, 7.38:1 and US$2.58 using trash fish, respectively (Anon.,
2006).

There is an urgent need to reduce the dependence of the industry on trash fish in
the ensuing years. This can only be achieved through the development of suitable dry,
pellet feeds and appropriate on-farm R&D activities to convince farmers of the benefits
of being less reliant on trash fish.

4.6 Aquafeed formulations

4.6.1 Farm-made and or “semi-commercial” formulations

As mentioned above, semi-intensive finfish culture is the dominant aquaculture
practice in Asia and is primarily dependent on farm-made and/or “semi-commercially”
prepared aquafeeds. The formulations of these feeds differ considerably regionally and
nationally (Table 9) and are mostly determined by ingredient availability and cost.
In general however, a few base ingredients are used and these normally are soybean
meal, wheat flour and rice bran, supplemented with fishmeal or with an ingredient that
matches the composition of fishmeal as closely as possible. It is however, difficult to
generalise as farm-made feeds may be very species specific (Table 10).

Efficacy of farm-made and or “semi-commercial” feeds

Considering that the bulk of aquaculture production in Asia is dependent on
farm-made and or “semi-commercial” aquafeeds and the fact that there has been a
considerable increase in aquaculture production over the past decade, it is reasonable
to conclude that the efficacy of these feeds has contributed substantially to the growth
of the sector. However, this fact often goes un-noticed and receives little attention.
A possible way to infer the efficacy of these feeds is to consider production levels in
different culture systems (Table 11). From these data it is evident that the production
levels for a variety of systems are substantial, especially considering the level of inputs
and the capital investment. It would be most useful to obtain more detailed data on
these aspects and to conduct a comprehensive analysis. This would no doubt provide
valuable information to increase production even further. The recent changes in
pangasiid culture (see above and Hung, Truc and Huy, 2007) (Figure 9) serves as a good
example to illustrate this point. Clearly, many more such focused studies are needed
to increase our understanding of farm-made feeds, which can only result in bringing
about further improvements in feed efficacy.
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TABLE 10
Different feed formulations for two pangasiid catfish (Pangasius hypophthalamus and
P. bocoutii) in the Mekong Delta

Ingredients Formulation 1 Formulation 2
Trash fish 20-30%

Rice bran 50-70% 40-50%
Broken rice 10-20% -
Soybean meal - 20-30%
Fish by-products - 10 -30%
Others (corn, vegetables) - 20%

Source: Hung, Truc and Huy (2007)

TABLE 11
Production levels using farm-made and or “semi-commercial” aquafeeds in different countries
Country/ Species groups Type of culture Production (kg/ha/year)
Bangladesh
Major carps Pond/polyculture 2 000-3 000
Shrimp/ carps Pond 2 800-3 000
India
Major carps Pond/polyculture 5 000-8 000
Philippines
Milkfish Pond/monoculture 1 500-3 500*
Viet Nam
Pangasiid catfish Cage culture 150-200**

*kg/ha/crop; **kg/m3/crop

Source: data for Bangladesh, India, the Philippines, and Viet Nam were obtained respectively from Barman and
Karim (2007); Ayyappan and Ahamad Ali (2007); Sumagaysay-Chavoso (2007); and Hung and Huy (2007)

The future of farm-made feeds
It is important to note that production per unit area has increased over the years with
the use of farm-made and or “semi-commercially” aquafeeds. This increase is at least
partially attributable to improvements in feed formulations as well as improvements
in the processing techniques. As pointed out previously, such improvements as
well as the increasing trend to include vitamin and mineral pre-mixes and binders
are mostly brought about by farmer interventions and this has led to greater feed
utilization efficiency. Over a decade ago, De Silva and Davy (1992) identified the need
for a concerted research effort on farm-made feeds. They suggested then that farm-
made feeds will continue to constitute the “back-bone” of aquaculture in Asia and
those improvements to these feeds could result in very significant production gains.
For the following reason this call is made again. Farmers have continued to bring
about improvements to feed formulations primarily based on trial and error. If such
improvements were to be backed up with focused research then farm-made feeds will
make an even greater contribution to the sustainable development of aquaculture in
Asia.

Finally, there is an unknown factor in relation to the efficacy of farm-made feeds.
It is not known how much of the feed provided is utilized directly as opposed to its
indirect “fertilizer” value. The latter may be an important factor that could provide
clues for further increasing the efficacy of these feeds, therefore bringing about a saving
in ingredient use and costs.

Constraints and needs

As pointed out above, the lack of research has impeded and constrained developments
in farm-made and or “semi-commercial” aquafeeds. In addition, there are other local
constraints that operate and hinder growth in the sector. Foremost among these,
is the availability of key ingredients and access to these on a regular basis. This is
primarily a consequence of poor market chains, which in turn may be a reflection
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of the scant recognition by the
authorities of the importance of
efficient distribution channels
to aquaculture production. The
provision of suitable credit,

FIGURE 9

pangasiid aquaculture in the Mekong Delta
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The development of this
important feed manufacturing
sector would also be greatly facilitated by training extension officers to monitor and
provide advice on ingredient selection, feed formulation and processing. This will
enhance farmer and processor confidence and stimulate the adoption of new and cost
effective formulations.

4.6.2 Commercial formulations

Commercial aquafeed formulations are often considered as “trade secrets” and are not
generally available to the public. The bulk of aquafeed production in Asia comprises
shrimp feeds. Current regulations require the manufacturer to provide information
on the quantity in each container, the type of feed and its gross nutrient composition.
Needless to say, quality control measures with respect to food products in Asia are
not as stringent as in the developed world, and aquafeeds are no exception in this
regard. For example, a recent study has shown that in the majority of feeds the protein
content was overestimated, whilst the fibre and the fat content were underestimated
(Kader, Hossain and Hasan, 2005). Similarly, poor gonadal recrudescence and the
consequent inability to artificially propagate two mahseer species (Tor tambroides and
T. douronensis) in Sarawak, East Malaysia, was attributed to sub-standard (no HUFA)
commercial feeds on which these fish were reared (Ingram ez al., 2005).

4.6.3 The need for regulatory measures

Many of the Asian countries have recently introduced and or are in the process of
introducing quality control measures for commercial aquafeeds. However, in most
cases such regulations are restricted to the minimum and maximum inclusion levels
of the gross nutrients for a particular species or life history stage. In general there are
no regulations on heavy metal and or other organic compounds contents that may
affect human health. Exporters of aquaculture products have to comply with stringent
health and quality control measures and for this reason farmers require more detailed
information. Moreover, regulations are effectively quite useless if they are not enforced
through a regular monitoring programme.
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5. MAJOR TRENDS IN RELATION TO AQUAFEEDS IN ASIAN AQUACULTURE
Although there is a general increase in the use of commercial feeds in most Asian countries
this trend is often masked by changes that are occurring in semi-intensive aquaculture.
Increasingly, small-scale semi-intensive farmers are mechanizing their farm-made feed
processing facilities, mostly through improvisation and adaptation of old machinery
meant for other purposes. The other notable trend (see above) is the rapid growth of the
“semi-commercial” feed processors, who provide customised formulations on demand
and in small, affordable quantities. This trend is most prevalent in Bangladesh and India,
with the Philippines following suite. This practice enables the farmer to contain feed costs
and hence is in a better position to manage the cash flow of the enterprise. This practice
also allows the farmer to test various feed formulations at virtually no extra cost. As
referred to above, such farmer initiated trials have contributed substantially to increased
production levels. If a system were to be introduced to monitor the composition of the
feeds on a regular basis and to link this with the seasonal availability of ingredients then
further improvements and cost savings could most certainly be achieved.

During the last decade finfish mariculture has become increasingly dependent on
trash fish. This is a major concern and for several reasons is unlikely to be sustainable
in the long-term. The reasons include the rapidly dwindling “trash fish” resource
(Edwards, Tuan and Allan, 2004), environmental degradation resulting from the use of
trash fish and most importantly the growing public perception and awareness that the
resource should be used for food instead of an animal feed. There is an urgent need to
address this dilemma. The only possible option is for finfish mariculture operators to
shift from using trash fish to “semi-commercial” or commercial aquafeeds. To expedite
this shift may require the setting up of mariculture demonstration units to convince the
practitioners of the benefits of using specifically formulated feeds.

6. ASIAN AQUAFEEDS IN A GLOBAL CONTEXT: ISSUES AND CHALLENGES
Since the initial coining of the term “the fishmeal trap” and its potential consequences on
aquaculture developments (Wijkstrom and New, 1989), much water has “flown under
the bridge”. Public concern regarding the use of fishmeal and fish oil in aquaculture
has taken centre stage and has generated much controversy and debate (Naylor et al.,
2000). Two facts can be discerned from the controversies:
® Most of the criticisms were aimed at salmonid culture; and
® Many of the issues raised can, to a great extent, be refuted as the data that were
used for the analyses are not necessarily fool proof in trying to illustrate the
detrimental effects of salmon culture on the environment in a holistic manner.

Similarly, there is increasing public concern about the overall impacts of aquaculture
on environmental quality. Needless to say, the onus is on aquaculture, particularly
salmonid aquaculture, to defend its position and to clean up its act where necessary.
But what does all this mean for Asian aquaculture?

Tacon (2004) estimated that fishmeal usage by 2010 (Figure 10) for carnivorous,
temperate fish aquaculture will probably decrease by 10.7 percent to 305 378 tonnes
and that fishmeal use for tropical fish aquaculture (carps, tilapia, milk fish, Chinese
bream, etc), particularly in Asia, will increase by 7 percent to 713 500 tonnes. It is
suggested that the reduction in fishmeal usage by carnivorous species aquaculture will
be primarily achieved through decreases in the dietary protein content of feeds and
therefore the level of fishmeal inclusion. By 2010, Asia is also expected to account for
another 25 percent of global fishmeal usage for shrimp feeds and that this will amount
to 713 500 tonnes. Based on these estimates Asia will use a minimum of 50 percent
of global fishmeal production. Tacon (2004) also projected that “marine species”
aquaculture, by 2010, will use 27.1 percent of the global fishmeal supply. Given that
Asian marine finfish culture is currently based largely on trash fish it is difficult to
estimate what proportion of this will be consumed in Asia.
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FIGURE 10
Current and projected commercial feed usage by different categories of cultured finfish
groups and shrimp
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On the assumption that Tacon’s (2004) projections are reasonable it is clear that the
aquafeed industry in Asia, in the foreseeable future, will have to find ways and means
of reducing fishmeal usage. The biggest challenge lies in the reduction of fishmeal usage
in aquafeeds for omnivorous species.

7. POLICY DEVELOPMENTS

It is difficult to pin-point significant policy developments that have facilitated aquafeed
production in Asia. One reason for this may be that the aquafeed sector is too small to
have gained recognition and attention by government planners, except perhaps in Viet
Nam, where the sector is increasingly recognized as a significant contributor to foreign
exchange earnings and national GDP.

The aquafeed sector in most Asian countries is dependent on a number of imported
ingredients, most notably fishmeal and additives and will continue to be so well into
the foreseeable future. Perhaps one of the most important policy developments that
should be considered is the provision of appropriate tax incentives to small-scale feed
processors and the reduction and/or abolition of import duties on selected ingredients.
It is common knowledge that some of the larger aquafeed companies in the major
aquaculture countries in the region are recording large profit margins, while the
small-scale processors rarely make sufficient profits to enable expansion, resulting
in decreasing competitiveness in the market place. This is not a healthy trend for the
sector in general. It may be worthwhile for countries to consider levying a fee on
unit tonnage production by manufactures whose capacity and market share exceeds a
certain proportion. This revenue could be used for research and development activities.
However, such steps have to be in conformity with other feed manufacturing industries
in the primary production sector and have to be assessed and determined on a country
wise basis.

8. FUTURE NEEDS

The foremost future task of the aquafeed industry in Asia will be to reduce its
dependence on trash fish and fishmeal (and oil). Clearly, there will have to be a shift
from trash fish usage to farm-made, “semi-commercial” feeds and or commercial feeds.
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Such changes will have to involve a fair quantum of research and development work,
which will have to go hand in hand with extension services to facilitate the change. To
reduce the use of fishmeal in commercial feeds will be more difficult and can only be
affected by the industry. There has been on-going research on fishmeal substitution
for almost all species that are cultured in Asia. Some of the results are encouraging but
findings are rarely translated into commercial practice. The reasons for this are not clear
but a remedy has to be found. Perhaps feed manufacturers do not perceive the need to
change because of their current market share and profit margins. Alternatively, there
may be genuine practical problems in translating the research results into commercial
practise. Irrespective of the reason or reasons there is a need for urgent dialogue as the
sector as a whole faces serious challenges and these can only be wholly or partially
solved through cooperation and involvement by all.

It is most likely that the current regional growth of the aquaculture sector will
be sustained largely by improvements in farm-made and or “semi-commercial” feed
formulation and processing. It was previously concluded that most of the advances in
the efficacy of these feed can be attributed to farmers. To meet the needs and future
demands of the aquaculture sector it is imperative to launch a concerted research
effort on farm-made feeds and in particular on ingredient quality, seasonal variability,
marketing and storage, improvements in processing technology, feed formulation and
the most effective way of presenting the feeds. As most semi-intensive aquaculture
practices and their ancillary industries occur in clusters findings will be easily
disseminated and adopted by the practitioners.

More and more farm-made feeds are likely to be processed by dedicated small-
scale feed processors in future and feed “manufacturing/ processing” chains are likely
to develop in most clusters. To facilitate this process will require the engagement of
suitable qualified aquaculture extension workers.

There is a substantial information on the nutritional requirements of almost all
major fish and crustacean species cultured in Asia, as well as information on apparent
digestibilities, fishmeal substitution and other related aspects. The synoptic collation of
this information for each species will help to eliminate duplication of research efforts
and will provide useful information to bring about improved feed formulations.

The commercial aquafeed sector is not without its own problems, particularly the
smaller manufacturers and the specialized feed mills that manufacture shrimp feeds.
The highly seasonal nature of shrimp production forces many of the manufacturers to
operate far below their capacity, often making such operations barely viable. However,
these manufacturers are often located in areas where culture practices are clustered,
thereby reducing transport and storage costs. It is important that this sector is provided
with appropriate incentives to remain economically viable.

9. CONCLUSIONS

Globally and in Asia, aquaculture faces a challenging decade ahead, particularly because
of the increasing competition for primary resources and growing public concern and
perceptions about the sector. Added to all this are the increasingly stringent quahty
control measures imposed by exporters that may restrict aquaculture practices in
future. Asian aquaculture has a predominantly rural, small-holder base and is likely to
continue that way, except perhaps with regard to shrimp culture. This foundation is, in
a way, advantageous for it to retain its momentum and sustainability.

However, the momentum of Asian aquaculture can only be sustained if feed inputs
do not become a limiting factor, and if further improvements are made to feed quality
and availability at reasonable prices. In both semi-intensive and intensive aquaculture
feeds often account for 40 to 60 percent of recurrent costs, and as profit margins in
most aquaculture practices are relatively narrow, it is imperative that feeds are available
at a reasonable price.
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Asian aquaculture is dominated by semi-intensive production and the bulk of
production is dependent on farm-made and/or “semi-commercial” aquafeeds. Farmer
ingenuity has led to significant improvements in feed formulations and processing.
To further improve these feeds, which are the key to sustaining the sector and its
momentum, there is a need for a concerted research and development effort in all Asian
countries, backed up by improved extension services.

There has been a gradual increase in the use of commercial aquafeeds over the
years in Asian aquaculture and this is principally attributable to the growth in shrimp
culture, which has almost reached saturation levels in most countries. There is evidence
to suggest that some aquafeeds do not conform to their specified formulations and
hence there is a need for more stringent regulatory measures. Furthermore, throughout
Asia there is a need for the commercial feed industry to be more mindful of research
results, particularly with respect to fishmeal replacement studies and hence there is a
great need for improved dialogue between research and industry.

The Asian finfish mariculture sector has to rapidly reduce its dependence on trash
fish. Farmers must be encouraged to switch to commercial or other appropriate farm-
made feeds. This may require regional government support. If this switch does not
occur then finfish mariculture in Asia is doomed.

The commercial aquafeed sector in Asia is dependent on fishmeal (and fish oil)
imports. Furthermore, Asian aquaculture is not immune to global changes and
controversies that are emerging in regard to these key ingredients. Such changes
tend to influence policy makers at national and international level. Consequently the
Asian aquaculture industry needs to be proactive through suitable remedial and or
mitigating measures. It is in this context and the fact that the bulk of Asian aquaculture
production occurs in semi-intensive systems that it may be advantageous for the
sector to concentrate its efforts on improving farm-made and or “semi-commercial”
aquafeeds and developing more appropriate feeding practices.

ACKNOWLEDGEMENTS

The authors are thankful to the Food and Agriculture Organization of the United
Nations and in particular to the Aquaculture Management and Conservation Service
(FIMA) of the FAO Fisheries and Aquaculture Department for initiating the study.

REFERENCES

Abery, N.W., Sukadi, E, Budhiman, A.A., Kartamihardja, E.S., Koeshendrajana, S.,
Buddhiman & De Silva, S.S. 2005. Fisheries and cage culture of three reservoirs in
west Java, Indonesia; a case study of ambitious developments and resulting interactions.
Fisheries Management and Ecology, 12: 315-330.

Barlow, S.M. & Pike, I.LH. 2001. Sustainability of fishmeal and oil supply. Paper presented at
the Scottish Norwegian Marine Fish Farming Conference ‘Sustainable Future for Marine
Fish Farming’, 14-15 June 2001, University of Stirling, Stirling, Scotland (available at
http://www.stir.ac.uk/aqua.staq/conference).

Pike, I.H. 2005. Eco-efficiency in aquaculture: global catch of wild fish used in aquaculture.
International Aquafeed, 8 (1): 38—40.

Anonymous. 2006. First with grouper feeds in Vietnam. Agua Culture Asia Pacific, 2 (3):
8-9.

Ayyappan, S. & Ahamad Alj, S. 2007. Analysis of feeds and fertilizers for sustainable
aquaculture development in India (this volume).

Barman, B.K. & Karim, K. 2007. Analysis of feeds and fertilizers for sustainable
aquaculture development in Bangladesh (this volume).

Cen, D. & Zhang, D. 1998. Development and status of the aquaculture industry in the
People’s Republic of China. World Aquaculture, 29: 52-56.



46

Study and analysis of feeds and fertilizers for sustainable aquaculture development

Chamberlain, G.W. 1993. Aquaculture trends and feed projections. World Aquaculture,
24: 19-29.

De Silva, S.S. & Anderson, T.A. 1995. Finfish Nutrition in aquaculture. London, Chapman
& Hall. 395 pp.

De Silva, S.S. & Davy, EB. 1992. Strategies for finfish nutrition research for semi-intensive
aquaculture in Asia. Asian Fisheries Science, 5: 129-144.

De Silva, S.S. 1994. Supplementary feeding in semi-intensive aquaculture systems. pp. 24—
60. In M.B. New, A.G.]. Tacon & 1. Csavas, (eds.) Farm-made aquafeeds. FAO Fisheries
Technical Paper No. 343. Rome, FAO.

De Silva, S.S. 1999. Feed resources, usage and sustainability. pp. 223-244. In N. Svennevig,
H. Reinersten & M.B. New, (eds.) Sustainable Aquaculture. Food for the Future? A.A.
Balkema Publishers, Rotterdam.

De Silva, S.S. 2003. Culture-based fisheries: an underutilized opportunity in aquaculture.
Aquaculture, 221: 221-243.

Delgado, C.L., Wada, N., Rosegrant, M.W., Meijer, S. & Ahmed, M. 2003. Fish to 2020.
Supply and demand in a changing global market. International Food Policy Research
Institute, Washington, D.C. 226 pp.

Edwards, P., Tuan, L.H. & Allan, G. 2004. A survey of marine trash fish and fishmeal as
aquaculture feed ingredients in Vietnam. ACIAR Working paper 57, ACIAR, Canberra.
56 pp.

FAO. 2006. FAO Fisheries Department, Fishery Information, Data and Statistics Unit.
Fishstat Plus: Universal software for fishery statistical time series. Aquaculture production:
quantities 1950-2004, Aquaculture production: values 1984-2004; Capture production:
1950-2004; Commodities production and trade: 1950-2004; Total production: 1970-2004,
Vers. 2.30 (available at www.fao.org/fi/statist/FISOFT/FISHPLUS.asp).

Fung-Smith, S., Lindebo, E. and Staples, D. 2005. Asian fisheries today: the production
and use of low value/trash fish from marine fisheries in the Asia-Pacific region. RAP
Publication 2005/16. Bangkok, FAORAP. 38 pp.

Gedram, T. 2000. Genetic improvement of cold water fish species. Aquaculture Research,
31: 25-33.

Gill, C. 2006. World feed panorama. Feeds more profitable but disease breeds uncertainty.
Feed International, January 2006, pp. 5-12.

Gill, C. 1997. World feed panorama. High cost of feedstuffs: Global impact, response. Feed
International, January 1997, pp. 6-16.

Gunasekera, R.M. , Turoczy, N.]J., De Silva, S.S., Gavine, E & Gooley, G.J. 2002. An
evaluation of the potential suitability of selected aquatic food processing industry waste
products in feeds for three fish species, based on similarity of chemical constituents.
Journal of Aquatic Food Product Technology, 11: 57-78.

Hasan, ML.R. 2001. Nutrition and feeding for sustainable aquaculture development in the
third millennium. pp. 193-219. In R.P. Subasinghe, P. Bueno, M.]. Phillips, C. Hough,
S.E. McGladdery & J.R. Arthur, (eds.) Aguaculture in the Third Millennium. Technical
Proceedings of the Conference on Aquaculture in the Third Millennium, Bangkok,
Thailand, 20-25 February 2000, Bangkok, NACA and Rome, FAO.

Hepher, B. 1988. Nutrition of pond fishes. Cambridge, Cambridge University Press. 380 pp.

Hertrampf, J.W. & Pascual, EP. 2000. Handbook on Ingredients for Aquaculture Feeds.
London, Kluwer Academic Publishers. 573 pp.

Hung, L.T. & Huy, H.P.V. 2007. Analysis of feeds and fertilizers for sustainable aquaculture
development in Viet Nam (this volume).

Hung, L.T., Truc, L.T.T. & Huy, H.P.V. 2007. Case study on the use of farm-made feed
and commercially formulated pellets for pangasiid catfish culture in the Mekong Delta,
Viet Nam (this volume).

Hung, L.T. & Merican, Z. 2006. Freshwater fish culture in Vietnam for the global white
fish market. AquaCulture Asia-Pacific, 2 (3): 14-15.



Feeds and fertilizers: the key to long-term sustainability of Asian aquaculture

47

Ingram, B., Sungan, S., Gooley, G., Sim S.Y., Tinggi, D. & De Silva, S.S. 2005. Induced
spawning, larval development and rearing of two indigenous Malaysian mahseer, Tor
tambroides and T. douronensis. Aquaculture Research, 36: 1001-1014.

Kader, M.A., Hossain, M.A. & Hasan, M.R. 2005. A survey of the nutrient composition of
some commercial fish feeds available in Bangladesh. Asian Fisheries Science, 18: 59-69.
NACA/FAO. 2001. Aguaculture in the Third Millennium. In R.P.Subasinghe, P.B. Bueno,
M.J. Phillips, C. Hough, S.E. McGladdery, R.J. Arthur, eds. Technical Proceedings of
the Conference on Aquaculture in the Third Millennium, Bangkok, Thailand, 20-25

February 2000. Bangkok, NACA, and Rome, FAO. 471 pp.

Na-Nakorn, U. 2004. A perspective on breeding and genetics of walking catfish in
Thailand. Aquaculture Asia, IX (4): 10-14.

Naylor, R.L., Goldburg, R.]J., Primavera, J., Kautsky, N., Beveridge, M.C.M., Clay, ]J.,
Folkes, C., Lubchence, J., Mooney, H. & Troell, M. 2000. Effects of aquaculture on
world food supplies. Nature, 405: 1017— 1024.

New, M. & Csavas, I. 1995. The use of marine resource in aquafeeds. pp. 43-78. In H.
Reinersten & H.Haaland, (eds.), Sustainable Fish Farming. Proceedings of the First
International Symposium on Sustainable Fish Farming, Oslo, Norway, August 1994.
A.A. Balkema, Rotterdam.

New, M.B., Tacon, A.G.]. & Csavas, L. (eds.) 1994. Farm-made aquafeeds. FAO Fisheries
Technical Paper No. 343. Rome, FAO. 434 pp.

Nur, A. 2007. Analysis of feeds and fertilizers for sustainable aquaculture development in
Indonesia (this volume).

Sumagaysay-Chavoso, N.S. 2007. Analysis of feeds and fertilizers for sustainable
aquaculture development in the Philippines (this volume).

Tacon, A.G.J. & De Silva, S.S. 1997. Feed preparation and feed management strategies
within semi-intensive fish farming systems in the tropics. Aquaculture, 151: 379-405.
Tacon, A.G.]. 1987. The nutrition and feeding of farmed fish and shellfish- a training
manual. Nutrient sources and composition. FAO, GCP/RLA/075/ITA, Field Document

5/E. Rome, FAO. 129 pp.

Tacon, A.G.J. 2004. Use of fishmeal and fish oil in aquaculture: a global perspective.
Agquatic Resources Culture and Development, 1: 3—14.

Tacon, A.G.]., Hasan, M.R. and Subasinghe, R.P. 2006. Use of fishery resonrces as feed
inputs for aquaculture development: trends and policy implications. FAO Fisheries
Circular No. 1018. Rome, FAO. 99 pp.

Thongrod, S. 2007. Analysis of feeds and fertilizers for sustainable aquaculture development
in Thailand (this volume).

Weimin, M. & Mengqing, L. 2007. Analysis of feeds and fertilizers for sustainable
aquaculture development in China (this volume).

Wijkstrom, U.N. & New, M.B. 1989. Fish for feed: a help or a hindrance to aquaculture in
2000? INFOFISH International, 6/89: 48-52.

Wood, J.E, Brown, ].H., MacLean, M.H. & Rajendran, I. 1992. Feeds for artisanal shrimp
culture in India- their development and evaluation. BOBP/REP/52, Bay of Bengal
Programme. Madras, India. 60 pp.






Feeds and fertilizers for sustainable
aquaculture development:
a regional review for Latin America

A. Flores-Nava
Universidad Marista de Mérida
AP 151-CORDEMEX, Mérida, Yucatin, 97300

Meéxico
Summary 50
1. General overview of aquaculture in Latin America 51
2. Overview of aquaculture practices and farming systems 53
3. Review of fertilizers and fertilization 59
4. The aquafeed industry in Latin America 63
5. A review of feeds and feeding in aquaculture 65
6. The possible impact of feeds on the sustainable development of

aquaculture in Latin America 70
7. Recommendations 72
Acknowledgements 73
References 73

Flores-Nava, A. 2007. Feeds and fertilizers for sustainable aquaculture development: a
regional review for Latin America. In 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. FAO Fisheries Technical Paper. No. 497. Rome, FAO. pp. 49-75.



50

Study and analysis of feeds and fertilizers for sustainable aquaculture development

SUMMARY
In 2004 total aquaculture production in Latin America (South and Central America
and the Caribbean) was 1.32 million tonnes. This review focuses on six countries
(Brazil, Chile, Cuba, Ecuador, Mexico and the Bolivarian Republic of Venezuela),
which collectively accounted for 86.8 percent of the total production. The balance is
contributed by 29 other countries. Chile is the largest producer country contributing 51
percent to total production.

Given the semi-intensive and intensive nature of most production systems, there is
an almost exclusive dependence on manufactured feeds throughout the region. Although
fertilizers, chiefly inorganic, are still widely used there is a gradual decline in organic and
inorganic fertilizer use as farmers are shifting to more intensive systems.

High quality aquafeeds are produced for at least 9 species, in more than 200 feed mills
throughout the region. Sinking as well as extruded floating pellets are available in a wide
range of sizes. Protein levels, depending on the species, range from 25 to 42 percent. In
2003 Chile produced 750 000 tonnes of high protein feeds for Atlantic salmon and is the
largest producer in the region. Feeds for marine shrimp and tilapia follow in terms of
volume, and these are produced and traded in a number of countries in the region.

Despite the regions high biodiversity and availability of agricultural and industrial
by-products little has been done to gradually replace fishmeal, fish oil and soybean
meal. The price of these feed commodities is increasing due to rising demand and climate
induced erratic supplies, hence feed prices will continue to escalate.

The Latin American aquafeed industry maintains close links with farmers and
provides them with technical assistance and credit. This relationship influences the
feeding regimes and practices, which are practically the same throughout the region.
Farmers are increasingly forming clusters, which allow them to use economies of scale,
implement quality assurance strategies and strengthen their capacity to comply with
international food safety requirements. As a consequence traceability and food safety
programmes are rapidly being adopted by the industry and governments are gradually
following suite.

In response to disease outbreaks and national environmental regulations, heterotrophic
systems are gradually becoming common in the region, especially in shrimp and
tilapia farms. This presents opportunities for reducing aquaculture discharges into the
environment and improved feed utilization.

Small-scale aquaculture and agriculture farmers that wish to integrate aquaculture
into their traditional agricultural systems are constrained by the high cost of formulated
feeds and the lack of basic knowledge on the use of locally available ingredients for the
production of low cost, farm-made feeds. This could make a significant contribution
to the economic sustainability of rural aquaculture, thus benefiting large sectors of the
population.
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1. GENERAL OVERVIEW OF AQUACULTURE IN LATIN AMERICA

In 2004, the estimated total aquaculture production (excluding seaweeds and aquatic
plants) for the Latin American region (South and Central America and the Caribbean)
was 1.32 million tonnes, representing 2.3 percent of the global aquaculture production
(FAO, 2006a), showing an overall average growth of 21.3 percent per year during the
period 1950-2004 (FAO, 2006b). Throughout the region the aquaculture sector has
been growing rapidly in the last decade. Since 1994 total production for the region has
increased by 73 percent. This review focuses on the six countries (Figure 1), which on
a combined basis account for 86.8 percent of the regions total production.

FIGURE 1
Aquaculture production statistics for the six most important producer countries
in Latin America for 1970, 1990 and 2004
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Source: FAO (2006a)

The six countries included in this review are Brazil, Chile, Cuba, Ecuador, Mexico
and Bolivarian Republic of Venezuela. In 2004, Chile contributed 51.1 percent of
the regional total, based chiefly on the production of Atlantic salmon (Salmo salar),
followed by Brazil (20.4 percent) with a more diversified industry in which Pacific white
shrimp (Litopenaens vannamer) is the most important and with increasing production
levels of tilapia, carp and native finfish such as the tambaqui (Colossoma macropomum)
and pacu (Piaractus mesopotamicus). Mexico, in which marine shrimp and tilapia are the
most important species, is the third largest producer (6.7 percent), followed by Ecuador
(4.8 percent), which is the regions top exporter of shrimp (Table 1).

While the review only considers six countries to illustrate among other aspects the
geographical diversity of aquaculture in the region, the sector is also well developed in
several other countries (Table 2). The expansion of the aquaculture industry within the
region has been stimulated by a steady increase in foreign investment, as well as local
agricultural diversification and expansion of international markets for fishery products.
Overall this has resulted in a rapidly growing, export-orientated sector.

Apartfrom Chile, where the industry is based on temperate species, all other countries
of the region practice aquaculture of tropical and sub-tropical species. Since the early
1970’s there has been a general and distinct trend towards greater intensification,
from extensive to intensive systems. This has stimulated the development of support
industries and services such as producers and suppliers of feeds, fertilizers, consulting
services, equipment, drugs, etc.
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TABLE 1
Aquaculture production (tonnes) and value (thousand US$) of the top ten aquaculture
producing countries of Latin America in 2004

Country Volume % of regi_onal Value % of regional
(tonnes) production (thousand US$) value
Chile 674 979 51.1 2 814 837 53.6
Brazil 269 699 20.4 965 628 18.4
Mexico 89 037 6.7 291 329 5.5
Ecuador 63 579 4.8 292 077 5.6
Colombia 60 072 45 277 036 5.3
Cuba 27 562 2.1 29 434 0.6
Costa Rica 24708 1.9 80218 1.5
Honduras 22 520 1.7 114 942 2.2
Bolivarian Republic of Venezuela 22 210 1.7 65 785 1.3
Peru 22199 1.7 130 555 2.5
Source: FAO (2006a)
TABLE 2 Contrary to many Asian and African
The range of aquaculture production countries (see De Silva and Hasan, 2007 and
volumes (2004) in Latin American also Hecht, 2007), the bulk of the aquaculture
countries not included in this review . . . .. .
: industry in Latin America is export-orientated.
Production Country . .
(tonnes) However, price-related market constraints have
>60 000 Colombia recently prompted shrimp producers to focus on
20 00030 000 Costa Rica local markets. This has been greatly facilitated
Honduras in countries such as Brazil and Mexico where
Peru economic stability has improved the purchasing
10 000-12 000 Belize k .
4.000-8 000 Guatemala power of a growing mlddl.e class. .
Jamaica The Chilean salmon industry is expected
Nicaragua to keep pace with the rising global demand
Panama for the next decade. However, the number of
1000-3 000 Dominican Republic  salmon farming companies is likely to remain
El Salvador unchanged as the relatively few larger firms
2 Paraguay have strongly consolidated their international
00-1 000 Bolivia
Guyana market share.
Puerto Rica Overall, the regional expectations of
Source: FAO (20063) increased production levels of shrimp have been

high. However, both climatic (El Nifio events

in Ecuador) and pathogenic outbreaks (severe
viral epizootics in Central and South America) have caused regional production to
grow slower than expected over the last five years. The lower than expected growth
rate has to a certain extent been counterbalanced by an expansion in the overall regional
open pond surface area.

The regional aquaculture industry will face several challenges in the decade ahead.
In particular these are: decreasing international prices for some species like shrimp and
tilapia due to steady increases in supply; increasing cost of fishmeal; non-competitive
energy and wage levels in some Latin American countries in relation to Asian producers
and tougher environmental protection measures imposed by local governments as well
as regional and international agreements, which result in higher investment costs to
meet quality and sanitary standards.

Despite the challenges, the industry’s horizon seems promising, stimulated by
continued foreign investment, steady regional economic growth and stability and
local economic diversification towards aquaculture. These factors, together with
the increasing adoption of responsible, certifiable aquaculture practices by new and
established farmers, ensure higher productivity, better quality and continued presence
in both North American and European markets.
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2. OVERVIEW OF AQUACULTURE PRACTICES AND FARMING SYSTEMS

2.1 Chile

The evolution of Chilean aquaculture can be divided into “before and after” the salmon
industry. The first attempts to culture aquatic organisms in the country date back to
1850, with the introduction of rainbow trout and common carp. However, the sector
only really took off in the early 1990s after the introduction of Atlantic salmon (Salmo
salar).

Between 1993 and 2004 salmonid (trout and all salmon species) production increased
seven-fold from 77 500 tonnes to 568 900 tonnes (FAO, 2006a). In 2002, salmon
exports reached 350 000 tonnes (Figure 2), and in 2004 cultured salmon was second
to copper in the ranking of Chilean export products, reaching US$1 439.4 million and
representing five percent of the total national value of exports (Aqua.cl, 2005: www.
aqua.cl). Other aquaculture species of economic importance in the country include
rainbow trout (Onchorbynchus mykiss), oysters (Ostrea chilensis, Crassostrea gigas),
scallops (Argopecten purpuratus); macroalgae (Gracilaria spp); turbot (Scophthalmus
maximus) and abalone (Haliotis spp) (Table 3).

Culture systems

In general Chilean aquaculture is intensive and chiefly devoted to marine species, with
the exception of rainbow trout. Coastal aquaculture is practically feasible in all regions
of the country, although the density of aquafarms (salmon and trout), is significantly
higher in southern areas (regions X and XI), due to the presence of fjords and other
naturally protected areas (Figure 3). The culture of molluscs, flatfish and marine
macrophytes is practiced mostly in the north, in regions III and IV. Table 4 summarizes
the culture systems and production parameters of several commercially important
aquaculture species of Chile.

TABLE 3
Production (tonnes) and value (thousand US$) of the most important aquaculture species in
Chile for the period 1999-2003

Year Atlantic Rainbow Gracilaria Oysters Turbot Abalone Total export
salmon trout value
1999 179 774 50 414 31278 26 400 333 48 -
2000 296 311 79 566 33471 24 859 259 66 999 229
2001 460 065 109 895 65 638 25 852 303 73 1002 026
2002 345 582 105 410 14 597 18 482 217 60 1000 092
2003 377 350 109 658 16 259 18 723 340 80 1177 954
Source: Aqua.cl magazine (March, 2005) available at www.aqua.cl
FIGURE 3

FIGURE 2

Evolution of Chilean salmon exports for the period 1990-2002
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TABLE 4
Summary of culture parameters employed for important aquaculture species in Chile
Species System Culture facilities Stocking Feeding Source of larvae
density or juveniles
Atlantic salmon, Intensive Hatchery-reared alevines 10 000/m? 45% protein Artificial
Salmo salar cultured in round tanks (alevines) insemination in
in freshwater until smolts hatchery
are transferred to cages 60-120 kg/m?
in estuaries and fjords (fattening)
Rainbow trout, Intensive 2-6 m x 12-30m concrete 10-20 kg/m? 35-42% protein Artificial
Onchorhynchus or earthen raceways, (earthen ponds) trout feed insemination in
mykiss water exchange: hatchery
100-400%/day in 30-90 kg/m?
90-230 m? cages (cages)
Red abalone, Intensive Trocophore and veliger 200-300/m? Diatoms Thermal or UV-
Haliotis tank rearing. (larval stages) induction to
rufescens Settling tanks with algal Macrocystis spawn
grazing sheets. 60-100/m? Gracilaria and
Juvenile rearing tanks (juveniles) artificial feeds
(2x10m)

Source: M. Araneda, Universidad Catolica del Norte, Chile (2006, pers. comm.)

2.2 Mexico

Although dating back to the late 18th century, aquaculture in Mexico only became
an important economic activity in the early 1970s. Over the past three decades, the
industry has grown rapidly in terms of production volumes, economic contribution
and number of species cultured. In 2004, aquaculture production in Mexico amounted
to 89 037 tonnes, which accounted for approximately 5.7 percent of the total national
fisheries production (capture fisheries plus aquaculture) of 1.57 million tonnes (FAO,
2006a). The most important aquaculture species of the country, both by volume and
value, are marine shrimp and tilapia. In 2002, shrimp and tilapia accounted for 73 and
14 percent in terms of total aquaculture produce value, respectively (SAGARPA, 2002),
while in 2004 these proportions had shifted to 82.4 and 5.3 percent, respectively (FAO,
2006a). Pacific white shrimp (Litopenaens vannamei) accounts for over 90 percent of
shrimp production in Mexico.

Other finfish species include carp (Cyprinus carpio) along with Chinese carps,
rainbow trout (Oncorhynchus mykiss), channel catfish (Ictalurus punctatus), largemouth
bass (Micropterus salmoides) and the native white fish (Chirostoma spp.). The two most
important mollusc species are Crassostrea virginica, which accounts for 97 percent
of oyster production and the introduced C. gigas, through intensive, closed-cycle
production, contributed with the balance (SAGARPA 2002), although the former is
chiefly produced through enhanced fisheries. The industry is mainly concentrated in

the north western states of the country.

TABLE 5
Percent contribution by species groups to total
Mexican aquaculture production and value in 2004 Culture systems
Species Percent contribution Percent contribution Some 61 aquatic species are farmed in Mexico,
groups to total production to total value for which a wide spectrum of aquaculture
Shrimps 70.0 824 systems are employed, ranging from fisheries
Tilapia 7.9 5.2 h 1 : 1 :
enhancement, culture in enclosures, extensive,
Carps 133 4.0 semi-intensive and intensive pond culture
Trout 39 38 as well as tanks and raceways. In the case
Tuna 0.6 2.5 : : : :
of shrimp farming, larviculture is strongly
Catfish 1.1 0.7
encouraged by government, although small-
Shellfish 2.0 0.8 . .
scale farmers still depend on wild post larvae.
Others 1.0 0.6

Note: Total production = 89 037 tonnes; total value = US$291.33

million

Captive breeding is becoming a regular practice,
although the majority of hatcheries still rely on

Source: FAO (2006a) wild breeders.
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TABLE 6

Summary of aquaculture practices of commercially important aquaculture species in Mexico

Species Farming/culture Culture facilities Stocking density Fertilization/ Source of larvae
system feeding
Pacific white Extensive 5-80 ha ponds with tidal or 1-5 /m? Inorganic Mostly
shrimp, minimum water exchange fertilization seasonally
Litopenaeus (<5%/day stocked with wild PLs. sometimes caught larvae
vannamei No nursery stage' and generally supplemented from the wild.
with low input monitoring and with low quality
management. shrimp feed.

Semi-intensive 2-25 ha ponds with pumped water 6-25 /m? Initial inorganic  Hatchery-
exchange (5-30%/day), stocked fertilization. produced.
mostly with hatchery-produced Supplementary
PLs. Nursery stage. Weekly shrimp feed
monitoring for management throughout the
decision making. culture period.

Intensive 0.1-2 h ponds with pumped 25-150 /m? 100% high Most intensive
water exchange (30-100%/day). quality shrimp farms have
Acclimation period of PLs in feed. Use of hatcheries and
pvc-lined? or fibreglass aerated probiotics is produce their
raceways, nursery stage (2-3 common. own postlarvae.
weeks) in 0.01-0.1 earthen aerated
ponds. High aeration practiced in
on-growing ponds.

Tilapia, Cage culture  Two types: 56 m? (7x4x2m) used Initial stage: 100% tilapia Hatchery-

Oreochromis in northern states, and 18 m? 80-100/m?3. feed. produced,

spp. (3x3x2m) used in southern states. Final stage: sex-reversed
Nylon, 0.75-1.5"-meshed bag with 5'0_75/m39 ’ fingerlings. Most
pvc frame and floats and mooring farms buy from
devices. Two stages: initial (10-50g) independent
and terminal (50-450+g) hatcheries.
on- growing stage.

Semi-intensive Breeding 0.1—-0.2 ha earthen Broodstock: Initial inorganic ~ Hatchery-

pond culture  ponds. In-pond incubation. Sex- 1-2/m? fertilization in produced,
reversal “happas” or tanks nursery S I nursery stage. sex-reversed
ponds (0.1-0.5 ha) (from 0.1-10g). Ze(;(oz)eyrigsa ' Tilapia feed from fingerlings. Most
Transferred to initial on-growing : nursery through  farms buy from
ponds (0.1-0.75 ha) (from 10-40g). Nursery: to harvest. independent
Transferred to final on-growing 120-150/m2. hatcheries.
ponds (40-300g) ..

Initial stage on-
Pumped water exchange growing:
(10-25 Ips/ha3). 20-25/m2.

Final stage:

5-10/m?

Intensive Breeding in 0.1-0.2 ha earthen Broodstock: High quality Hatchery-

pond/tank ponds. Egg collection and indoor  1-2/m? tilapia feed. produced,

culture incubation. Sex-reversal tanks Sex reversal: sex-reversed
(0.025 ha), nursery ponds 3 000-2 500'/m3. _flnger!lngs. All
(0.1-0.5 ha) (from 0.1-10g). intensive farms
Transferred to initial on-growing  Nursery: produce their
ponds (0.1-0.75 ha) (from 120-300/m?. own seed.
10-40 g). Transferred to ..
intermediate ponds or raceways !gnrglv?llir?;a'ge on-
(0.1-0.15 ha) (40-150 g). 80_eom:
Transferred to final stage ponds or Intermediate
raceways (0.1 ha), stage: 40/m2,
100-400%/day water exchange. final stage:
25/m2.
Japanese Intensive raft/ Mass production of spat in Larval culture: Larval culture: Exclusively from
oyster, long line hatcheries: Broodstock thermally-  1-3 larvae/ml. Axenic culture of hatchery
Crassostrea induced to spawn. High (>150,000 Nestier b . phytoplankton.
gigas cells/ml) algal counts are ester boxes:

maintained in 5 m3-fiberglass
round tanks. Larvae attach onto
crushed or whole shells. Spat
(3-4mm) transferred to shallow,
productive coastal lagoons in
either Nestier boxes or hanging
ropes with shells in floating rafts.

Initial: 3 000
juveniles/box.
Culled down to
80/box at harvest.

Bags: 600/bag,
culled down
to 60/bag at
harvest.

Grow-out: natural

productivity.

"No nursery stage implies that PL/fry are stocked directly into on-growing ponds, as opposed to stocking them in nursery ponds
and then transferring for on-growing; 2Polyvinyl chloride; 3lps= litre per second

Source: author’s database
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A range of slight variants of the “Galveston method” are employed in the
approximately 40 shrimp hatcheries in the country. However, standard techniques
include mass-production of larvae in 10-20 m® indoor, highly aerated tanks, at densities
ranging between 45 and 100/1. Apart from live food, supplementary feeding is a
growing practice, including commercially produced dry, moist, semi-moist and liquid
formulae.

The bulk of tilapia farms (80 percent) have a closed-cycle operation, which allows
for year round production of juveniles. Table 6 presents several culture systems and
management practices used in Mexico.

2.3 Ecuador

Ecuadorian aquaculture began in the early 1970%s, when shrimp farming gradually
replaced banana plantations along the coastal plains of Guayas Province. Ideal climatic
conditions, low production costs and abundant naturally occurring shrimp larvae
stimulated the impressive growth of the Ecuadorian shrimp farming industry over the
last 30 years, thus becoming the largest marine shrimp producer of the Americas, and
the number one exporter to the United States.

Despite favourable climatic conditions, the spectrum of aquaculture species of
Ecuador is poor. Marine shrimp (Pacific white shrimp L. vanname: and blue shrimp
L stylirostris), are by far the most important culture species, constituting 93.7 percent of
the total national aquaculture production. The shrimp industry in Ecuador uses some
140 000 ha of extensive and semi-intensive ponds (National Agriculture Information
Service, Ministry of Agriculture of Ecuador, 2004). However, viral epizootics badly
impacted the shrimp industry during the 19807 and 19907, resulting in significant
reductions in shrimp production volumes. The industry began to recover in 2004/05
(Figure 4). As a result of the disease problems in the shrimp industry, farmers began to
look for alternatives, among which tilapia has been the most popular choice. Figure 5
shows the trend in tilapia production, which has grown almost three-fold over the past
4 years.
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TABLE 7
Summary of aquaculture practices for commercially important aquaculture species in Ecuador
Species Farming Culture facilities Stocking Fertilization/feeding
system density
Shrimp, 5-30 ha ponds with tidal or 1-5/m? Inorganic or organic
Litopenaeus minimum water exchange fertilization sometimes
vannamei (<5%/day), stocked with wild or supplemented with low
L. stylirostris Extensive  hatchery-reared PLs. Few with quality shrimp feed.
L. occidentalis nursery stage and low input
monitoring and management.
Semi- 1-10 ha ponds. 10-15%/day 10-12/m?  Inorganic fertilization and
intensive water exchange. Nursery and 20-35% protein shrimp
grow-out stages. feed. Use of probiotics.
Tilapia, Semi- 0.1-0.3 ha ponds. 10-100%/ 1-2.5/m? 20-35% protein tilapia
Oreochromis spp  intensive day water exchange. Nursery, feeds.
juvenile and grow-out stages.
Rainbow trout, Intensive 2-6 m x 12-30m concrete 10-20 35-42% protein trout feed
Oncorhynchus or earthen raceways, water kg/m?
mykiss exchange: 100-400%/day

Source: M. Dewind, National Chamber of Aquaculturists of Ecuador (2006, pers. comm.)

Other species include the native fish Pacific fat sleeper Dormitator latifrons, rainbow
trout Oncorbynchus mykiss and these are produced for the local market (M. Dewind,
National Chamber of Aquaculturists of Ecuador, pers. comm.). The Australian
crayfish/red claw Cherax quadricarinatus, introduced in 1988, became a popular
species during the late 1980°s and early 1990°s, when over 50 farms were established.
However, because of technical and market problems all have closed down. In addition,
there are some 20 North American bullfrog (Rana catesbeiana) farms and all products
are exported live.

Culture systems

Originally extensive shrimp farms have gradually been converted into semi-intensive
and to a lesser extent intensive culture operations. This trend has been largely driven
in an attempt to increase production and to prevent, through more rigorous control
measures, further pathogenic catastrophes, such as the Taura and the white spot
epizootics that severely hit the Ecuadorian shrimp industry during the 1990s.

There is a growing tendency to introduce tilapia into shrimp farms, either in
polyculture with shrimp or for parallel or rotational culture, thus reducing risks
through diversification. The availability of idle processing facilities also provides an
opportunity for expansion into fish processing. Table 7 summarizes the characteristics
of the main culture systems employed in Ecuador.

2.4 Bolivarian Republic of Venezuela
As for the whole of Latin America, aquaculture in Venezuela is a relatively new
economic activity. Its origins date back to the late 1930°s starting with the introduction
of rainbow trout (Oncorbynchus mykiss) and common carp (Cyprinus carpio).
According to the National Fisheries Institute of Venezuela some 25 species are
presently cultured in the country, at different levels of intensification. These include
three exotic fish species (tilapia, rainbow trout and common carp) and 12 native species
of finfish, including pirapitinga/black pact, (Piaractus brachypomus), which with a
production volume of 5 000 tonnes is the second most important aquaculture species in
the country after shrimp; tambaqui (Colossoma macropomum), striped mullet (Mugil
cephalus) and white bass (Morone chrysops), among others. Three species of marine
shrimp, Litopenaeus vanname, L. stylirostris, and L. schmitti are produced extensively
and semi-intensively. In 2004, approximately 16 500 tonnes of shrimp were produced,
which accounted for 74.3 percent of total production, while indigenous characins
contributed about 22.5 percent (FAO, 2006a).
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TABLE 9

TABLE 8
Summary of aquaculture practices of commercially important aquaculture species in the
Bolivarian Republic of Venezuela

Species

Shrimp

L. vannamei
L. stylirostris
L. schmitti

Tambaqui, Colossoma
macropomum

Culture facilities

0.05-0.1 ha nursery
raceways or ponds and 2-12
ha grow-out ponds

Stocking density
120-200/m? Fertilizer

nursery 7-40/m? and 25-35% protein
grow-out feed

Fertilization/feeding

Fresh fruits and 20%
protein feed

Pelleted feed

0.05-0.1 ha ponds 1/m?

Tilapia, Oreochromis spp 0.1-0.2 ha ponds 20/m? nursery and
3-5/m? grow-out

10-24 kg/m?

Rainbow trout,
Oncorhynchus mykiss

12-30 x 2.5-8m raceways 20-33% protein

tilapia feed

Source: J. Velazco, National Fisheries and Aquaculture Institute, Bolivarian Republic of Venezuela (2006, pers. comm.)

Culture systems
Table 8 summarizes the main characteristics of the most representative culture systems
employed by farmers in Venezuela.

2.5 PBrazil
Aquaculture has been practiced in Brazil since the early 1900%s. Given its continental
dimensions and climatic diversity, both temperate and tropical species are widely
cultured. Currently, there are at least 64 species cultured in the country, including a
number of native fish. Predominately based on small-scale farms, Brazilian aquaculture
production in 2004 amounted to some 269 699 tonnes, valued at some US$965.6
million (FAO, 2006a). In 2003 there were approximately 100 000 farms occupying an
area of 80 000 hectares. In 2004, finfish production comprised 62.7 percent by volume
(66.3 percent by value) and shrimp production accounted for 28.1 percent by volume
and 31.4 percent by value. Fish production was dominated by cichlids (25.6 percent),
characins (mainly chachama) 17.9 percent and cyprinids (16.7 percent) (FAO, 2006a)
Shrimp farming began in the early 1980°s and after the introduction of L. vannamei
in 1995 the industry expanded rapidly.

Culture systems

A wide range of aquaculture systems are employed in Brazil that include all levels
of intensification, depending on the species, the region and the environment. Table 9
presents a summary of the main characteristics of the culture strategies for the most
important aquaculture species of the country.

Summary of culture systems for important aquaculture species in Brazil

Scientific name Culture facilities Stocking density Fertilization/feeding

Shrimp,
L. vannamei
L. stylirostris and L. schmitti

0.05-0.1 ha nursery
flow-through channels
or ponds, and 2-40 ha
grow-out ponds.

120-200/m? for nursery
and 7-40/m? for grow-
out

Fertilizer and 25-35% protein
feed

Pacu, Piaractus mesopotamicus

0.05-0.1 ha ponds

1/m?

Fresh fruits and 20% protein
feed

Tilapia, Oreochromis spp

0.1-0.2 ha ponds

2-38 m? cages in
reservoirs

20/m? nursery,

3-5/m? grow-out
80-100/m? juveniles and
20-50/m? final stage

Pelleted feed

Extruded pelleted feed

Silver carp, Hypophthalmichthys
molitrix; grass carp,
Ctenopharyngodon idella;
common carp, Cyprinus carpio

0.1-1.5 ha ponds

0.1-0.5/m? in polyculture

Organic and inorganic fertilizer;
chopped grass.

Tambaqui, Colossoma
macropomum

0.05-0.1 ha ponds
2-16 m? cages

0.25-1.0/m?
30/m? initial stocking
and 10-15/m? final stage

Chopped meat and fruits in
juveniles and 20% pelleted feed
in final stage

Rainbow trout, Oncorhynchus
mykiss

12-30 x 2.5-8m
raceways

10-24 kg/m?

20-33% protein tilapia feed

Source: FAO Fisheries Global Information System (2006); M. Hipdlito, Biology Institute of Sao Paulo, Brazil (2005, pers. comm.)
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2.6 Cuba

Aquaculture is a strategic activity in Cuba both for producing animal protein and
for earning foreign currency through export. The absence of suitable native species
for cost-effective aquaculture was the reason for introducing a wide range of species.
These are cultured both extensively and semi-intensively in more than 148 000 ha of
small to medium sized reservoirs nationwide. In addition, there are 26 state-owned and
operated fish breeding stations where fry of different species are mass produced and
distributed to 30 stations for on-growing with approximately 1 000 ha of fish ponds.
In 2004, total Cuban aquaculture production amounted to some 27 562 tonnes valued
at US$29.4 million (FAO, 2006a).

Fish is the most important product and collectively contributed 94.3 percent to total
production by volume and 91.3 percent by value (FAO, 2006a). The main species are
Oreochromis spp, common carp Cyprinus carpio, channel catfish Ictalurus punctatus,
and Chinese grass carp Crenopharyngodon idella and silver carp Hypophthalmichthys
molitrix. The white shrimp L. vannamei and the native white shrimp L. schmitti
are cultured in 4 semi-intensive farms, using larvae produced in 3 hatcheries. Total
production of farmed shrimp was 1 370 tonnes in 2003, which then accounted for 5.1
percent by volume and 17.2 percent by value (the reported production for 2004 was
390 tonnes, but it is not known whether this is an error) (FAO, 2006a). Other species
cultured in the country are the African catfish Clarias gariepinus and the Australian
crayfish Cherax quadricarinatus, which were recently introduced.

Culture systems are mostly extensive. Stock enhancement is largely practiced
through stocking of hatchery-reared fingerlings in large to medium sized reservoirs,
which sometimes are organically or inorganically fertilized, as well as in earthen ponds
that range from 0.01-0.3 ha. Most finfish species are stocked at between 0.1 and 2/m?
and fed a wide variety of locally available protein sources, since aquaculture feeds are
almost only available for shrimp farming.

Shrimp farming is semi-intensive. Hatchery-reared post-larvae are stocked in
previously fertilized ponds at densities that vary between 80 and 150/m? during the
nursery stage and between 12 and 20/m? in the growout stage. Shrimp are fed 20-35
percent protein feeds. Water exchange in shrimp ponds fluctuates between 3 and 15
percent/day and aeration is not employed (Toledo, 2004).

3. REVIEW OF FERTILIZERS AND FERTILIZATION

Fertilization of aquaculture ponds for tropical species is a wide-spread practice
throughout Latin America. The exceptions are Chile, where temperate species such
as Atlantic salmon and abalone are reared intensively and other intensive farms in the
region where the species depend entirely on commercial feeds.

Given that shrimp and tilapia farming are the most important aquaculture activities in
Latin America, except Chile, management strategies including fertilization are similar in
most countries. Furthermore, international trade in fertilizers is dynamic within the region,
such that a variety of brands with different chemical compositions are readily available.

3.1 Inorganic fertilization
Brackish-water aquaculture
The majority (more than 80 percent) of shrimp farms in the region are considered to
be semi-intensive. Although higher levels of control and inputs are increasingly being
introduced to counteract possible pathogenic outbreaks, shrimp are still partially
dependent on natural pond productivity that is enhanced through the application of
inorganic fertilizers. Application rates and strategies have been standardized through
research by fertilizer companies and the academic sector.

A rapid survey carried out as part of the present analysis in Mexico, Guatemala
and Belize showed that respectively 22 out of 27 (81 percent); 8 out of 8 (100 percent)
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TABLE 10

and 4 out of 5 (80 percent) of the surveyed farmers use indirect or subjective methods
(Secchi disk or apparent colour of pond water) to determine whether a pond should be
fertilized or not, and only 4 out of 40 (10 percent) employ direct phytoplankton counts
as an indicator of the need to fertilize.

Two common application methods employed by shrimp farmers in the region were
observed during the present analysis, viz. direct application of water-dissolved fertilizers
and a point-source gradual release method. Direct application involves calculating the
amount of different fertilizers required according to standard equations, dissolving
the mixed fertilizers in water and applying the solution to ponds in which the water
level has been reduced to around 0.1 m during peak light hours, where after the pond
is gradually filled. The point-source application method is more commonly used by
small-scale farmers. It also involves calculating the required quantity of fertilizer per
pond and then dividing it into several bags through which nutrient leaching can take
place. The bags are submersed and tied to poles in the pond that have been arranged in
a pattern to ensure homogenous distribution of nutrients.

Inorganic nitrogen and phosphorus fertilizers are available in all countries of the
region. Table 10 presents a summary of chemical composition and application rates of
inorganic fertilizers employed by shrimp farmers in a selected number of countries in
Latin America.

A typical inorganic fertilization strategy employed by Brazilian farmers is presented
in Table 11. In some regions where soils are low in silicon, Sodium metasilicate is
applied at a rate of 750 cm?/ha (Nunes, 2000).

Summary of inorganic fertilizer application methods employed by shrimp farmers in Latin American

countries

Fertilizer

Composition Chemical Application Degree of Country
(% N, P and K) composition rate/cycle use

Urea

46-0-0 NH,-CO-NH, 20-24 kg/ha i Brazil, Colombia, Cuba,
Ecuador, El Salvador,
Guatemala, Honduras, Mexico,
Panama, Peru, Bolivarian
Republic of Venezuela

Single

0-20-0 Ca(H,PO,), 1.3-3.9 kg/ha ** Brazil, Ecuador, Mexico

superphosphate

Triple

0-42-0 Ca(H,PO,), 0.9-2.4 kg/ha *kk Brazil, Colombia Cuba, Ecuador,

superphosphate El Salvador, Honduras, Mexico,

(TSP)

Panama, Peru, Bolivarian
Republic of Venezuela

Diammonium 16-24-0 (NH,),HPO, 0.9-3.0 kg/ha * Ecuador, Mexico, Honduras,
phosphate (DAP) Panama

Monoammonium 8-24-0 NH,HPO, 3.7-5.2 kg/ha ** Ecuador

phosphate

***\\Videly used, **Common, *Low use
Sources: MIDA (1998); Nunes (2000, 2004); J. Zendejas, Cargill-Purina, Mexico (2006, pers. comm.); author’s own data

TABLE 11
Standard inorganic fertilization procedure employed by Brazilian shrimp farmers
Procedure (steps) Application rate
1 Pond water level is raised to 0.3 m 9 kg urea + 0.9 kg TSP/ha
2 Pond left for two days to bloom
3 Pond water level raised at 50% the operational level 14 kg urea + 1.4 kg TSP/ha
4 Pond water static for 3 days to bloom
5 Pond water level raised to full level (0.9-1.1 m) 23 kg urea + 2.3 kg TSP/ha
6 Pond water static for another five days
7 Stocking of juveniles. Water exchange starts and is Maintenance rates according to pond
gradually increased. productivity

Source: Cook and Clifford (1998)
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TABLE 12

Combined (organic/inorganic) fertilization strategy employed by Ecuadorian shrimp farmers
Fertilizer Initial application rate Maintenance application rate

(kg/ha) (kg/ha)*

Dried chicken manure 1000 0
Ground rice bran 50-200 6.8
Urea 28 2.4
Monoammonium phosphate 2.4 0.4
Sodium metasilicate 10 1.5

*If Secchi disk reading >45 cm
Source: Nicovita (1999)

In a relatively small proportion of farms (approximately 13 percent in the case
of Mexico and 25 percent in the case of Ecuador) a combination of inorganic and
organic fertilizers is employed. A typical combined fertilization strategy employed by
Ecuadorian shrimp farmers is presented in Table 12.

In Cuba, inorganic fertilizer is applied routinely during the production cycle of
Cherax quadricarinatus. Dry chicken manure (500 kg/ha) and hay (1 000-1 250 kg/ha)
are applied prior to stocking juveniles in grow-out ponds (Toledo, Centro de Preparacién
Acuicola Mampostén, 2005, pers. comm).

A new generation of more specifically “aqua-balanced” fertilizers is being used in
some countries of the region. Such is the case of a product called Fertilizarina (Protinal-
Proagro, Venezuela) manufactured in Venezuela and sold locally. This product is an
organic aquaculture fertilizer with a C:N ratio of 25:1 that has been specifically designed
to enhance microbiotic colonization of the pond, thus stimulating the development of
the heterotrophic food web.

Freshwater aquaculture

Because of the increasing shift towards intensification, inorganic fertilization of
freshwater aquaculture ponds is declining in the Americas. Only a few species of
commercial relevance are cultured in extensive and semi-intensive farming systems
using chemical fertilizers, e.g. monoculture of tilapia and common carp and to a lesser
extent polyculture of Chinese carps in certain areas in Brazil and Mexico. A typical
fertilizer schedule for juvenile tilapia in Ecuador is Urea at 20-30 kg/ha and TSP at
2-5 kg/ha. In southern Mexico, tilapia farmers administer single superphosphate at
8 kg/ha (dissolved in water) prior to stocking fingerling ponds. Depending on water
turbidity, they subsequently apply 200-250 kg/ha of dried chicken manure.

3.2 Organic fertilization
Some of the larger semi-intensive shrimp and/or tilapia farms, medium-sized fish (carp
or tilapia) and red claw farmers and many small-scale farmers use manure as fertilizer.
However, given the availability and relatively low price of chemical fertilizers, the
overall use of animal manure and or other forms of organic fertilizers in aquaculture
is limited.

Animal manure is the most widely used form, although many other agriculture by-
products are used to enhance nutrient levels in ponds. Table 13 presents a summary of
such products with recommended application rates.
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TABLE 13
Organic nutrients used as aquaculture fertilizers in Latin American countries
Source of Standard application Species cultured Countries Level of
nutrient rate* aquaculture
Chicken manure  250-500 kg/ha Shrimp, tilapia, Mexico, Ecuador, Cuba, Panama, Commercial
carp, red claw Honduras, Brazil, Guatemala, Peru,
Bolivarian Republic of Venezuela
Cattle manure 500 kg/ha Carps Brazil, Cuba Commercial
Pig manure 550-750 kg/ha Carps, tilapia Cuba Commercial
Rice bran 300-400 kg/ha Shrimp Brazil, Ecuador, Mexico Commercial
Sugar cane fibre 800 kg/ha Shrimp Belize, Brazil, Cuba, Honduras Commercial
Molasses 19-120 kg/ha/week Shrimp Belize, Ecuador, Panama, Peru, Commercial
Molasses 30-120 kg/ha Shrimp Colombia Commercial
Chopped fresh 1 000-1 250 kg/ha Tilapia, pacu Brazil, Cuba, Mexico, Bolivarian Subsistence
vegetable Republic of Venezuela
Chopped weed 2 000-2 500 kg/ha Tilapia Guatemala, El Salvador, Mexico, Subsistence
Panama
Soybean meal 300-500 kg/ha Shrimp Brazil, Ecuador, Mexico, Honduras, Commercial
Panama
Alfalfa meal 280 kg/ha Tilapia Mexico, Panama Experimental
Hay 1000-1 250 kg/ha Red claw Cuba
Chaya (green 20-30 kg/100 m?/day Tilapia Mexico Subsistence
leaves)
Coffee pulp 300-600 kg/ha Tilapia, carp Cuba, Brazil, Mexico Subsistence

Sources: Palomo and Arriaga (1993); MIDA (1998); Olvera (1994); S. Toledo, Mampostén, Cuba (2005, pers. comm.); M. Guillian,
Ecuador (2006, pers. comm.); J. Zendejas, Cargill-Purina, Mexico (2005, pers. comm.)

3.3 Availability

Chemical fertilizers are inexpensive and readily available throughout Latin America,
due to an ever increasing demand by large and small-scale agriculture. The demand
for fertilizers by agriculture is several orders of magnitude higher than the demand
from aquaculture, hence aquafarmers are largely reliant on the types and composition
of chemical fertilizers used by their local agriculture counterparts. Any shifts in
the agriculture demand for certain fertilizers may hold distinct disadvantages for
aquafarmers. For example, because of decreasing demand the largest producer of
fertilizer in Mexico stopped the production of urea in 1998 (Espinosa-Carmona, 2002)
(Table 14), one of the most common nitrogen sources for aquaculture ponds in Mexico.
Since then urea is imported and this has put pressure on the price.

Throughout the region there is very little structured research on fertilization in
aquaculture, hence the adoption of general standard rates and methods of application.
For example, farmers take little cognisance of soil or incoming water chemistry.

Organic fertilizers are widely available throughout Latin America. The agriculture-
based economy of many of the countries in the region, provide a huge potential
resource base. The overall tendency to intensify culture practices on large-scale farms,
together with a more efficient cost/benefit ratio of using readily available inorganic
fertilizers, has encouraged the use of chemical as opposed to organic inputs. The
rapidly emerging demand for organically-grown products may however stimulate the
demand for organic nutrient sources by aquaculture.

TABLE 14
Production of inorganic fertilizers in Mexico between 1980 and 2000 (thousand tonnes)
Year

Fertilizer 1980 1985 1990 1995 2000
Urea 401 1367 1415 1508 0
Ammonium sulphate 1069 1614 1596 1108 1446
Diammonium phosphate 11 91 684 540 290
Single superphosphate 275 314 176 117 75
Triple superphosphate 115 253 235 281 85

Source: Espinosa-Carmona (2002)
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Generally speaking, prices of inorganic fertilizers are relatively low. The cost of
inorganic fertilization usually accounts for 5 percent of the costs of feeds in shrimp
farms (Flores-Nava, 1994). Prices of organic fertilizers have been gradually increasing
as a result of a growing demand for manure as a source of protein in animal husbandry
(e.g. reaching US$130/tonne for chicken manure in Mexico).

3.4 Sustainability
Table 15 presents a summary of factors affecting the sustainable use of fertilizers in
Latin American aquaculture.

TABLE 15

Summary of positive and negative externalities likely to affect the sustainability of the use of fertilizers in
aquaculture in Latin America

Factor Inorganic fertilizers Organic fertilizers
Positive Negative Positive Negative
Form of Increased number Risk of decline of Sustainable if sources Intensive form of
production of industries (i.e., phosphoric rocks if are chemical-free agriculture or animal
Brazil and Mexico) used in excess husbandry involves the
that produce use of antibiotics or
nitrogen fertilizers pesticides that can be
in sustainable forms transferred in by-products
(atmospheric sources) used in aquaculture
Potential Possibility of using the  Increasing risk of Could be a Potential dissemination of

environmental
impact of use

adequate chemical
balance for the type
of water and/or soil
where it is to be
applied

eutrophication of
receiving water
bodies. Most
countries in the
region still with soft
control measures

stimulating factor for
re-using agricultural
wastes, thus reducing
organic discharges.

pathogens if manures are
not certified by sanitary
personnel.

Market
related issues

Inexpensive due to
large supply for the
agriculture sector

Specific availability
dependent on the
needs of the local
agriculture sector.

Ecological awareness
of consumers will
decrease demand for
chemical inputs

Wide spectrum of
inexpensive nutrient
sources locally
available in every
region.

Growing demand for
“organic” labelled
products will trigger
demand for organic
inputs.

Opportunity cost of avian
manures is high due to
growing demand as a
source of protein for
cattle or pigs. An increase
in the demand by the
“organic aquaculture”
sector is likely to put
further pressure on prices.

Legal aspects

Growing concern
puts pressure on
governments for
tougher regulations

Adequate regulations
still a long way from
becoming strict laws.

Pressure upon
agriculture and live-
stock farmers to
adequately dispose
wastes. Their use in
aquaculture could be
a solution

No regulations regarding
possible toxicity or
pathogenicity of animal
or agricultural
by-products

Availability

Widely available

Limited diversity

Widely available.
Possibility of widening
the spectrum of
nutrient sources

Increasing demand for a
wider spectrum of users
will affect availability in
the short term

4. THE AQUAFEED INDUSTRY IN LATIN AMERICA

The animal feed milling industry of Latin America has grown steadily over the past
30 years, as a result of the intensification and expansion of the poultry, cattle, pig and
aquaculture sectors throughout the region. Brazil and Mexico rate among the worlds
top 10 animal feed producing nations (J. Cordeiro, Assoc. Nacional de Fabricantes de
Alimentos do Brasil (ANFAL), Brazil, 2005, pers. comm.). Animal feed production in
Latin American countries is summarized in Figure 6 and Table 16 summarizes aquafeed
production in the six target countries as well as in Guatemala.

Salmon, shrimp and tilapia farming are the largest and most dynamic aquaculture
activities in the region and the overall volume of aquafeed production is largely a
reflection of the performance of these sectors in each country. Large-scale events such
as over-production of feeds or the outbreak of epizootics can have a direct and serious
impact on the aquaculture sector, inclusive of the aquafeed industry.
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TABLE 16

Figure 7 shows the production of shrimp
and tilapia feeds in Brazil and Mexico. After
an unprecedented increase in shrimp feed
production of 46 percent in 2002, severe viral
epizootics hit the Mexican shrimp farming sector,
thus drastically reducing to only 4 percent the
expected feed demand, despite an expansion of
more than 10 percentin the shrimp culture surface
area. Ecuador, the largest shrimp producer on
the continent has also been severely hit by a
range of viral epizootics. The first occurred in
the early 1990s when Taura syndrome caused
a reduction of over 20 percent in the overall
shrimp production and then in 1999, a year
on year collapse of nearly 50 percent caused
by “white spot” disease. Similar events have
been experienced throughout Central America
and all have had a negative impact on aquafeed
production in the region.

Production of aquaculture feeds, percent contribution to total national animal feed production and the
number of aquafeed mills in several Latin American countries in 2003

Country Number of feed mills Production of aquafeeds in % of national Source
producing aquafeeds 2003 (tonnes) total animal feed
production
Chile 10 750 000 15 Villarroel (2003), Infante (2003)
Brazil 30 200 000 0.5 Waldige and Caseiro (2003); Scorvo
(2003)
Mexico 11 109 000 0.7 Panorama Acuicola (2004a)
Ecuador 12 97 000 6.9 M. Dewind, National Chamber of
Aquaculturists of Ecuador, pers. comm.
Sistema de Informacién Agropecuaria
de Ecuador (2003, pers. comm.)
Bolivarian 4 30 000 1.7 J. Velazco, National Institute of
Republic of Fisheries, pers. comm.
Venezuela
Cuba 2 4 000 (commercial shrimp - S. Toledo, Centro de Preparacion
(one experimental) feed) and 187 000 silage Acuicola Mampostén, Cuba, pers.
(experimental) comm. and Toledo (2004)
Guatemala 1 8 000 2 J. Zendejas, Cargill-Purina, pers. comm.

Shrimp and finfish feed production in Brazil and Mexico during the period 2001-2005
(figures for the year 2005 are estimated)

Thousand tonnes

Source: Waldige and Caseiro (2003); J. Zendejas, Cargill-Purina, Mexico (2005, pers. comm.)

160

FIGURE 7

140

120

100

80 |

60 |

40 -

20 -

2001

2003 2004 2005

o Mexico shrimp m Mexico finfish m Brazil shrimp m Brazil finfish




Feeds and fertilizers for sustainable aquaculture development: a regional review for Latin America

5. A REVIEW OF FEEDS AND FEEDING IN AQUACULTURE
5.1 Feed composition
Although only a few large feed companies compete for the growing aquafeed market in
the region, there is a wide spectrum of brands, species-specific feeds and formulations
available in the Americas. Typical proximate analyses and compositions of commercial
shrimp and freshwater fish feeds in Latin America are presented in Tables 17 and 18.

In Brazil and Mexico manufacturers recognise the growing environmental concerns
and state that their feeds are highly water stable to minimize leaching of nutrients such
as phosphorus into the environment. Paradoxically, feeds in Brazil have the highest
phosphorus levels in the region.

Water stability of shrimp feeds varies between 30 minutes and 3 hours, depending
on the binding agent used (author’s observations).

Water stability of pellets depends on the processing technique. Sinking pellets for
catfish and carp have a low stability (3-15 minutes, according to Nicovita, Ecuador),
while extruded floating pellets are significantly more water stable.

TABLE 17

Proximate composition of commercial marine shrimp diets in selected Latin American countries
Country Crude protein Crude lipid Crude fibre Phosphorus Sources (Brand)
Brazil 25-40 5.0-8.0 4.5-6.0 0.7-1.45 www.agribrands.com.br

www.guabi.com.br
www.classipet.com.br

Ecuador 20-45 5.0-8.0 3.0-5.0 1.0-1.5 www.nicovita.com.ec
Guatemala 20-35 6.5-8.5 4.0-5.0 0.9-1.25 www.agribrands.com.gu
Mexico 20-40 6.0-9.5 4.0-5.0 0.9-1.25 www.agribrands.com.mx

www.nutrinas.com.mx
WWwWWw.piasa.com.mx
www.ziegler.com.mx

Panama 20-35 4.0-9.0 3.5-6.0 1.20 J. Zendejas (2005, pers. comm.);
Agribrands Purina, Mexico (2005,
pers. comm.)

Bolivarian 25-35 4.0-8.0 3.0-5.0 0.9-1.4 www.agribrands.com.ve
Republic of
Venezuela
TABLE 18
Proximate composition of commercially available finfish feeds in Latin America
% Tilapia Carp Trout Sources (Brand)
Crude protein 20-42 20-35 30-55
. www.agribrands.com.br
5 Crude lipid 4-6 3-6 6-12 www.classipet.com.br
g:( : www.cocari.com.br
&= Crude fibre 6-10 6-10 4-5 www.guabi.com.br
Phosphorus 0.6-1.2 0.6-1.2 0.6-1.0 www.socil.com.br
Crude protein 25-45 - 35-50
"o: Crude lipid 36 _ 6-9 Www.hicovita.com.ec
<Dt M. Dewind, National Chamber
=) Crude fibre 5-9 - 4-6 of Aquaculturists of Ecuador,
3 (2005, pers. comm.)
Phosphorus 0.9-1.3 - 0.9-1.0
Crude protein 25-42 22-30 35-55
o) Crude lipid 3.4 3.4 8-12 www.agribrands.com.mx
5 www.nutrinas.com.mx
E Crude fibre 5-10 5-10 4-6 www.ziegler.com.mx
Phosphorus 0.7-1.0 0.7-1.0 0.9-1.2
Crude protein 20-28 - 40-45
2 5 <
S| L
zud  Crudelipid 5.0-6.5 - 10-12
<aN www.agribrands.com.ve
=88 Crude fibre 3-6 - 3-6 9
oLw
om o >

Phosphorus 1.0-1.2 - 0.9-1.2
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TABLE 19

5.2 Ingredients

Fishmeal continues to be the core protein source employed by aquafeed manufacturers
in Latin America. Other major protein sources include commodities such as soybean
meal and wheat meal, prices of which are a function of global availability and exchange
rates. These key standard ingredients are common to practically all commercially
available aquafeeds throughout the region and are traded within the region.

Other ingredients commonly used in aquafeed formulations include maize,
sorghum, wheat bran, maize gluten, cottonseed meal, groundnut meal, sesame
meal, meat meal, feather meal and alfalfa meal. For example, a Venezuelan aquafeed
manufacturer (Protinal, Zulia, Venezuela) reports the following ingredients in some
of their formulations: fish, soybean and meat meals; wheat bran, stabilized fat, fish
oil, calcium carbonate and calcium phosphate, trace minerals (Co, Zn, Mn, Cu, Se, I);
vitamins A, B1, B2, B6, B12, C, D, E, K, folic acid, biotin, pantothenic acid, choline,
niacin and inositol.

Table 19 summarizes the most common protein sources employed by aquaculture
feed manufacturers in Latin America, their country of origin, as well as some market
related factors likely to affect their availability and prices.

Generally speaking, the core protein sources employed by the Latin American
aquafeed industry are global commodities for which there is a high international
demand. World prices for fishmeal, corn, wheat and soybeans show an increasing trend
because of increasing demand and declining supplies caused by climatic events.

Most important protein sources used by aquafeed manufacturers in Latin America and factors likely to affect
their sustainable use

Source of Degree of Countries that produce it in Market/price-related constraints to the aquaculture
protein availability the region industry
Fishmeal High Chile, Peru, Ecuador, Brazil Prices have steadily increased as a direct function
and Mexico. (only relatively of global demand. Climatic changes have had an
small volumes produced in impact on catches
Brazil and Mexico)
Soybean High Brazil, Argentina, Uruguay, Regardless of local availability, prices are
meal Mexico determined by global supply/demand. Price of this
commodity has increased from US$92/tonne in 2000,
to US$221/tonne in 2003.
Corn High Argentina, Brazil, Mexico, High demand for direct human consumption (Staple
Colombia diet in many countries of the region) puts pressure
on prices, which combined with local crop failures
have increased prices by 100% in Brazil, or between
25 and 35% in Mexico
Blood meal, Medium Argentina, Uruguay, By-products of the cattle farming industry. Mostly
bone and Paraguay, Colombia, consumed locally, due to sanitary regulations.
meat meals Mexico, Bolivarian Republic Production in some countries like Mexico and
of Venezuela Paraguay, impacted indirectly by imports of low-cost
meat, which results in local herd reduction.
Wheat bran High Argentina, Brazil, Argentina is one of the top world producers and
Colombia, Mexico has experienced a reduction in production due to
adverse climatic conditions. Prices are also a function
of world supply and demand, and increased 100%
between 2000 and 2002.
Lupin seed High Chile, Argentina Most of the production devoted to salmonid

aquaculture. Culture areas expected to expand to
meet aquaculture needs.

Source: Waldige and Casseiro (2003); Panorama Acuicola (2004a); Ministerio de Agricultura de Ecuador (2004); J. Cordeiro, ANFAL,
Brazil (2005, pers. comm.); J. Zendejas, Cargill-Purina, Mexico (2005, pers. comm.); Infante (2003)

5.3 The case of Chilean salmon feeds

If aquaculture is to be sustainable in Latin America then a good example of the
challenges facing the industry is the case of the salmon feed industry in Chile. In 2003,
the salmon industry demanded 750 000 tonnes of feed, which included some 272 000
tonnes of fishmeal (this accounted for 78 percent of Chilean fishmeal usage in that year).
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The industry also consumed 211 000 tonnes of
fish oil, and a high proportion of grains produced
both in and out of the country (Figure 8).

Chilean production of salmon is expected to
grow at an average rate of 10 percent per annum
for the foreseeable future (Infante, 2003). At this
pace, within the next ten years, an additional
110 000 ha of wheat and lupin as well as 780 000
tonnes of fishmeal will be needed exclusively to
meet the core demands for salmon feeds.

5.4 Alternative protein sources
Following a global tendency, several research
groups particularly in Chile, Ecuador, Mexico
and Brazil have been working to identify and test
a range of protein sources to replace fishmeal.
However, despite the high biodiversity in
countries like Brazil, Ecuador and Mexico,
research and financial resources devoted to
aquaculture nutrition and more specifically to
finding fishmeal replacements in the region are
still very modest. Hence the Latin American

FIGURE 8

Schematic representation of the ingredient

demand by the Chilean salmon industry in 2003

750 000 tonnes
Salmon feed

*

272 000 tonnes
Fishmeal

211 000 tonnes
Fish oil

117 000 tonnes
Soybean meal

94 000 tonnes
Wheat meal

47 000 tonnes
Lupin

Source: Modified from Infante (2003)

aquafeeds industry is still almost exclusively dependent on the core protein sources
mentioned above. Table 20 lists a number of alternative protein sources that have been
tested experimentally or commercially in some countries in the region.

Lipid sources include mostly fish oil, sunflower oil, corn oil, soybean oil and
cottonseed oil. The main regional producer and exporter of fish oil, which is by far the
most common lipid source used in aquafeeds, is Chile followed by Peru. Lower quality
fish oil is produced in smaller quantities in Mexico, Brazil and Ecuador, although
mostly for domestic consumption. Vegetable oils are mainly produced in Mexico,

TABLE 20

Summary of non-conventional protein sources that have been tested and or used in some Latin American

countries

Common name Scientific name Species cultured

Purpose

Source

Coffee pulp Coffea arabica Tilapia Experimental Bayne, Dunseth and Ramiros
(1976)
Rum distillation Tilapia Experimental Kohler and Pagan-Font (1978)
wastes
Yeast Hanola anomala Rainbow trout Experimental De la Higuera et al. (1981)
Azolla Azolla mexicana Tilapia, carp Experimental Arrivillaga and Arredondo
(1987)
Lupin seed Lupinus spp Rainbow trout Experimental De la Higuera et al. (1988)
Jack bean seed Canavalia ensiformis Tilapia Experimental Martinez et al. (1988)
Huaxim seed Sesbania grandiflora Tilapia Experimental Olvera et al. (1988)
Alfalfa leaves Medicago sativa Tilapia Experimental Hernandez, Hernandez and
Martinez (1991)
Dendrocéfalo Dendrocephalus Tambaqui Experimental Torres et al. (2003)
geayi
Daphnia/fly Daphnia spp Cichlasoma Experimental Luna and Figueroa (2003)
larvae Culex istlanum
quinquefasciatus
Langostilla Pleuroncodes Shrimp Experimental Galicia (2003)
planipes
Fish silage Tilapia, carp, Experimental and
- Catfish (Clarias commercial Toledo (2004)
spp.)
Kelp Macrocystis pirifera Commercial Panorama Acuicola (2004b)
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Brazil, Argentina, Chile and Colombia and to a lesser extent in Uruguay and Venezuela.
Nonetheless, feed manufacturers import large quantities of high quality vegetable oils
from the United States of America and Canada. Prices of fish and vegetable oils have
increased substantially with increasing demand and reduced availability because of
periodic crop failures.

5.5 Feeding strategies

Shrimp farming

Feeding regimes and strategies are similar throughout Latin American aquaculture. In
general, farmers follow the recommendations and advice provided by technical staff of
large feed manufacturing companies.

The great majority of shrimp farms (more than 90 percent) produce Pacific white
shrimp, Litopenaens vannamei, therefore practically 100 percent of the commercially
available feeds are designed to meet the nutritional requirements of this species. The
most common practice is to follow feeding tables recommended by feed manufacturers.
These normally take into account standard stocking densities and climatic conditions
of the region. Table 21 presents standard feeding regimes followed by farmers in Brazil,
Ecuador, Mexico, Panama and Peru.

TABLE 21
Feeding regime employed by Pacific white shrimp (Litopenaeus vannamei) farmers in Latin
America

Shrimp weight % body weight/day

(9 Brazil' Ecuador? Mexico? Panama* Peru®
1 13 - 16 12 14
2 11 5.5 11.7 10 8.2
3 10.5 4.7 8.6 9.0 6.2
4 10 4.2 7.2 9.0 5.2
5 9.3 3.9 6.2 8.0 4.5
6 9.0 3.6 4.8 8.0 3.9
7 8.4 33 4.4 7.0 3.6
8 8.0 3.0 4.0 7.0 3.3
9 7.2 29 3.9 6.5 3.0
10 6.3 2.8 3.6 6.0 2.8
11 5.7 2.6 3.5 5.5 2.6
12 5.0 2.6 3.3 5.3 2.5
13 4.2 2.5 3.1 5.1 2.3
14 3.4 2.4 3.0 4.8 2.2
15 3.0 2.3 2.9 4.8 2.1
16 2.5 2.3 2.7 4.5 2.0
17 2.4 2.2 2.5 4.0 2.0
18 2.4 2.1 2.4 3.5 1.9
19 2.4 2.0 2.4 3.0 1.8
20 2.4 2.0 2.4 2.5 1.8
21 2.4 1.9 2.4 2.5 1.8
22 2.4 1.8 2.4 2.5 1.8

Sources: 2Villalon (1991); *Nunes (2000); *CODECA (2004); *Zendejas (2005)

5.6 Feeding schedules and practices
Farmers normally feed their fish or shrimp between noon and sunset to avoid low
DO periods. Throughout Latin America shrimp farmers feed a minimum of 2 and
a maximum of 4 times a day, depending on the number and size of ponds and the
available workforce. A recommended feeding schedule for white shrimp, Litopenaeus
setiferus in Yucatan, southeast Mexico is presented in Table 22.

Over the past 10 years, Latin American shrimp farmers have increasingly adopted
the use of feeding trays, as opposed to feeding manually with the aid of a boat. Feeding
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. . TABLE 22
trays are circular in shape, between 0.60 and 1.20m o ommended feeding

in diameter and usually made of galvanized wire and schedule for white shrimp,
plastic mosquito mesh. Such trays are evenly distributed Litopenaeus setiferus in semi-
throughout the pond, at between 20 and 30 trays/ha. intensive ponds in Yucatan,
Farmers place the corresponding sub-ration of feed into Southeast Mexico

each tray at pre-specified periods. The use of feeding S:;ZTQ'; Feeding :g:l’;
trays is becoming very popular due to their usefulness ration

in monitoring the feeding activity of shrimp as well 1030 11:00 >0
; - 17:00 50

as reducing the accumulation of wastes on the pond
bott 3.1-6.5 11:00 40
ottom. 17:00 30
22:00 30
Finfish >6.5 11:00 40
Given the level of intensification of salmon and trout 14:00 10
culture, automatic feeding is employed in most farms, 17:00 10
21:00 40

on a continuous intermittent basis. Feeding efficiency
is high with average feed conversion ratios of 1.3:1  Source:Flores-Nava (1994)
(Villarroel, 2003).

TABLE 23
Feeding schedules for catfish, common carp and tilapia, employed by pond farmers in Mexico
i Catfish Common carp Tilapia
Mean fish . . . . . .
weight (g) % l_)ody Times/day % l_)ody Times/day % l_)ody Times/day
weight/day weight/day weight/day
25 4.0 2 4.5 3 4.5 3
50 3.5 2 4.0 3 3.7 3
75 3.2 2 3.6 3 34 3
100 3.0 2 3.3 3 3.2 3
150 2.8 1 3.1 2 3.0 2
200 2.5 1 3.0 2 2.8 2
250 2.2 1 2.6 2 2.5 2
300 2.0 1 2.4 2 2.3 2
400 1.6 1 2.1 2 2.0 2
500 1.4 1 1.7 2 1.7 2
600 1.2 1 1.4 2 1.4 2

Source: Zendejas (2005)

Most of the tilapia, catfish and trout farms in Latin American are semi-intensive
and intensive, while carp and indigenous species are generally farmed extensively and
semi-intensively. Tilapia are normally fed during the warmest hours of the day between
noon and 16:00 hours, irrespective of the culture system (floating cages or ponds).
Farmers usually feed once or a maximum of twice a day, using a variety of methods that
include delivery by hand, feed blowers, automatic and demand feeders.

Channel catfish Ictalurus punctatus farms are intensive and 100 percent dependent on
commercial feeds, which are usually provided twice a day during the juvenile stages and
once a day during the grow-out stages between 11:00 and 15:00 hours. Sinking pellets are
fed using either feed blowers or are manually distributed. Rainbow trout Oncorbynchus
mykiss are fed floating extruded pellets, either manually (2—4 four times a day) or using
automatic feeders (46 times a day). Table 23 presents recommended feeding schedules
for catfish, common carp and tilapia, as employed by farmers in Mexico.

5.7 Supplementary and other feeds

Farm-made feeds

Farm-made feeds are practically non-existent in the region. A limited number of small-
scale farmers in Cuba and Brazil use agricultural by-products including coffee pulp, rice
and wheat bran as well as fishmeal, when available, to replace or complement formulated
complete diets when these are in short supply or when farm cash flow is problematic.
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Farm-made feeds are more common in the ornamental fish industry, regardless of
the production scale. A range of nutrient sources are used, ranging from ground, dried
shrimp heads to cereals and boiled eggs.

Given the wide range of agricultural and industrial by-products and other potential
nutrient sources that are readily available, capacity should be developed and built
to formulate and manufacture inexpensive, farm-made feeds using agricultural by-
products. This would stimulate rural aquaculture throughout the region and rural
development is desperately needed throughout the region.

Use of trash fish

Trash fish is only used as feed in the emerging tuna cage culture industry in Mexico.
More than 100 tonnes of tuna is currently produced and the industry is growing fast.
Given the exclusive dependence on trash fish and considering an FCR of at least 3:1,
then at least 300 tonnes of trash fish is used at current capacity.

6. THE POSSIBLE IMPACT OF FEEDS ON THE SUSTAINABLE

DEVELOPMENT OF AQUACULTURE IN LATIN AMERICA

The pattern of growth of the aquaculture industry in Latin America is similar to many
parts of the world and is characterized by intensification, increasing number and
size of farms and a growing number of cultured species. Consequently, the aquafeed
industry in the region has experienced dramatic growth over the past 20 years. On the
other hand, the collapse of shrimp production because of diseases in several countries
(Ecuador, Mexico and other Central American countries) during the 1980s and 1990s
had a hugely negative impact on the aquafeeds industry in the region.

The inter-dependence of feed manufacturers and farmers is the Achilles heel of
sustainable aquaculture development in Latin America. Given that the contribution
of feed to total production costs has reached levels of 65 percent (Panorama Acuicola,
2007) highlights a number of factors that will impact on the future development of a
sustainable aquaculture industry in Latin America. The most important of these are:

6.1 Food safety

Increasing trade of aquaculture inputs and farmed products is prompting governments,
farmers and feed manufacturers to adopt quality control measures and traceability
programmes to comply with international food safety requirements. This will
certainly induce a feedback system of practices that will improve product quality and
competitiveness within the sector.

6.2 Price-related factors

Large international corporations have been buying smaller feed manufacturers
throughout the region. This has resulted in a regionalisation of markets, reducing local
competition, fewer types of feeds and in some instances has resulted in reduced feed
quality and higher prices.

6.3 Availability of raw materials

The main protein and lipid ingredients are world trade commodities, the availability
of which is dependent upon a series of stochastic factors such as crop success or
failure and climatic conditions. These, together with local exchange rates determine
the pricing of such ingredients. Prices of raw materials have increased several times in
some cases over the past 10 years and are likely to continue increasing, due to recent
adverse climatic conditions in major producing countries (e.g. El Nifio events in Peru
and Ecuador have impacted on fishmeal production). Moreover, global warming and
climate change will in future also affect the availability of agricultural commodities.
The pressure on fishery resources to produce fishmeal and land surface area to grow
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increasing volumes of grains to meet a highly demanding industry will certainly
compromise the sustainability of the aquaculture sector within the next decade.

6.4 Research on alternative sources of protein

Despite the great biodiversity of the Latin American region research results on
potential sources of alternative protein and lipids to replace fishmeal and fish oil are
still very modest. This highlights the short sightedness of those large aquaculture
corporations that do not invest in research and development. The academic sector
lacks the necessary resources to accelerate investigations on the wide spectrum of
possible (plant and animal) feed resources to partially or completely replace fishmeal,
as well as for example research on improving the nutrient utilization of agricultural and
industrial by-products.

6.5 Responsible feeding practices

Although there is a growing tendency for farmers and technical advisors to implement
internationally accepted and responsible aquaculture practices, many large farms
throughout the region still practise feeding strategies that contribute little to
sustainability. Examples of this are the absence of a monitoring scheme of water
quality in relation to feeding and the absence of indicators of feed utilization and
efficiency. This is a reflection of the lack of structured national responsible aquaculture
programmes. Consequently and in many instances, farmer training and adoption of
sustainable practices depends exclusively on the technical assistance provided by feed
manufacturers and, to a lesser extent, the academic sector of each country. The use of
feeding trays in the shrimp industry has become a popular way of reducing feed waste
and reducing organic matter and nutrients discharges into the environment. However,
it is highly questionable whether the reliance of farmers on feed manufacturers is a
healthy situation with respect to the sustainable development of the sector.

6.6 Environmental regulations
The legislative frameworks in relation to sustainable aquaculture development in Latin
America are still very weak. Although important advances have been made in relation
to habitat modification, organic discharges and movement of exotic aquaculture
species, regulations regarding feeds and fertilizers are almost non-existent. Physical
properties of feed particles or levels of potentially leaching nutrients are not regulated.
However, the pace at which regulations are changing with respect to aquaculture inputs
is accelerating in some countries (e.g. Mexico, Brazil and Chile) and this is mainly
because of increasing international trade relations, requirements and agreements.

The use of trash fish, although still limited in volume, might escalate as tuna
aquaculture expands, especially in Mexico. This could raise several questions regarding
quality and competition with human consumption.

6.7 Use of fertilizers

Fertilizers used in aquaculture are in most instances identical to those used in
agriculture. This creates a dependency on the local agriculture sectors. Moreover,
chemical fertilization is a standard practice in semi-intensive shrimp or fish farms of the
region and large quantities of unused nutrients are discharged into the environment.
The use of organic fertilizers is gradually decreasing, as the demand for manure in other
agricultural sectors increases and consequently prices have reached non-competitive
levels.

6.8 Sustainable aquaculture technologies
Use of environmentally sound technologies for aquaculture in Latin America is still
incipient, although it is growing. Their use is stimulated by international acceptance
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and import tax reduction for “organic aquaculture products”. Although limited in
number, a few commercial farms in Belize, Brazil, Peru and Mexico have adopted zero-
water exchange practices, high aeration culture systems. Polyculture and integrated
aquaculture have slowly been adopted by farmers in Brazil, Mexico, Peru, Panama and
Honduras. Aquaponics is also becoming a popular alternative in small-scale aquaculture
in southeast Mexico. Such systems ensure maximum resource utilization and more
farmers should be encouraged to adopt a more organic approach to aquaculture in the
future.

The use of probiotics, enzymes and immuno-stimulants, as feed additives, or
prebiotics applied directly into the water is also still incipient but growing. Some
leading farmers have reported encouraging results, particularly in Ecuador (Garriques
and Arevalo, 1995).

6.9 Feed manufacturing technologies

Extruded, coated, highly stable feed particles are becoming more common in the
aquaculture industry. This directly contributes to lower levels of pollution and higher
production rates through improved feed utilization. The use of such feeds must be
promoted throughout the region.

7. RECOMMENDATIONS

® Governments should introduce national quality standards for raw materials and
feeds as well as for farmed products to strengthen the international competitiveness
of national aquaculture sectors, and to provide better quality food for human
consumption. This should be done taking into account the present range of
culture systems and intensification.

® Research on alternative sources of protein and energy to replace fishmeal and
fish oil at least partially, should be encouraged, particularly taking into account
the availability of regional resources, including agricultural and industrial by-
products. Tax incentives should be granted to feed manufacturers and aquaculture
farmers that invest in research and development.

e Levels of phosphorus and other potentially leaching nutrients, as well as
digestibility levels of feeds should be regulated to reduce organic pollution in
aquaculture discharges or cage sites.

® Aquaculture and agriculture farmers that wish to integrate aquaculture to their
traditional agricultural systems are constrained by the high cost of formulated
feeds and the lack of basic knowledge on the use of locally available ingredients for
the production of low cost, farm-made feeds, which could substantially increase
the economic sustainability of rural aquaculture, thus benefiting large sectors of
the population. Governments should take cognisance of the opportunities offered
by aquaculture for rural development.

e Capacity building of small-scale farmers, particularly with respect to farm-
made feeds should be prioritized in aquaculture development plans. A review
of locally available potential ingredients is essential, followed by training of
extension officers and farmers on basic aquaculture nutrition and farm-made feed
preparation. In many cases this will be the only alternative for rural aquaculture
to be sustainable.

® Governments should facilitate dialogue between researchers, farmers and feed
manufacturers to collectively tackle existing and emerging problems, focus
research and to strengthen the competitiveness of the aquaculture sector.

e Improved management of ponds including “ecological management” (i.e.
heterotrophic systems) should be promoted to increase system productivity,
reduce water use and lower the dependence on high protein, fishmeal-based

feeds.
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SUMMARY

Recent observed changes in production, technological developments and culture
practices in sub-Saharan Africa (SSA) have largely been driven by increasing fish prices
throughout the region and aquaculture in the region is now poised to increase rapidly.
In 2004, Africa as a whole contributed 1.8 percent to world aquaculture fish production,
while the SSA region contributed 0.26 percent. Egypt was the largest contributor to
African aquaculture (84.5 percent) followed by Nigeria (7.9 percent) and as a whole the
SSA region contributed 14.6 percent to African aquaculture output. During the period
2000 to 2004 aquaculture production in SSA increased by 50.8 percent from 54 109
tonnes to 81 598 tonnes. The highest increases in production were recorded in Uganda
(575 percent), Cameroon (560 percent) and Kenya (102 percent). Nigeria is the largest
producer in the region (43 950 tonnes in 2004), followed by Uganda and Zambia with
around 5 000 tonnes each.

This review focuses on seven target countries, namely Cameroon, Ghana, Kenya,
Malawi, Nigeria, Uganda and Zambia, and comparative information is provided for
other countries in the region. Over 80 percent of fish farmers in the region are small-
scale farmers who practise extensive aquaculture on a non-commercial basis to improve
household food security. However the bulk of production (~70 percent) is produced by
the commercial sector, ranging from small-scale semi-intensive enterprises to industrial
scale farming of high value products such as catfish (Nigeria), shrimp (Madagascar and
Mozambique) and abalone (South Africa). The most notable developments in the target
countries include high density catfish farming in Nigeria, medium and industrial scale
cage culture, a switch to commercial aquaculture by previously “non-commercial”
farmers (28 percent of farmers in Uganda switched to commercial aquaculture in the last
five years), establishment of intensive African catfish hatcheries in Kenya and Uganda,
a major expansion of peri-urban aquaculture and dynamic growth in African catfish
production.

Between 2000 and 2004 production of clariid catfish had increased by 452% from
5739 to 31 681 tonnes, contributing 38.8 percent to total SSA production. Over the same
period Nile tilapia (Oreochromis niloticus) production has increased by 37.2 percent and
contributes 25.9 percent to total SSA production. The contribution by common carp
(Cyprinus carpio) has declined by 11 percent and in 2004 contributed 3.4 percent. The
contribution by all other cichlid and non-cichlid species has also declined.

Aquaculture practices are diverse, ranging from single pond subsistence farming to
highly intensive pump-ashore abalone farms. The non-commercial sector is characterised
largely by the use of “green compost” cribs to enhance pond productivity, irregular
application of inadequate quantities of manure and the use of cereal bran, kitchen waste
and vegetable matter as feed inputs. Production levels are low (mean = 1.03 tonnes/ha/
year) and species choice depends largely on the availability of fingerlings. Commerecial,
semi-intensive pond culture and intensive cage and tank culture is gaining momentum.
Production levels in semi-intensive pond systems are comparable to global averages,
ranging from 2.5 to 15 tonnes/ha/year. Polyculture of Nile tilapia and African catfish
commonly practised throughout the region, though monoculture is preferred in intensive
cage or tank systems. Ornamental fish culture is emerging in several countries.

Except for Uganda and Kenya, the legislative and regulatory environment for
aquaculture in the region is weak. It is best developed in Namibia.

There is a clear dichotomy in pond fertilization methods. All non-commercial farmers
in the region are constrained either by on-farm availability of manure, price, access, cash
resources and transport costs and therefore mainly use compost cribs and some animal
manure when available. On the other hand, all commercial farmers, irrespective of scale,
use animal manure at appropriate levels and chemical fertilizers where and if necessary,
though rarely. Chicken manure is most often used and ranges in price from US$17 to
around US$30 per tonne. Animal manure requirement for optimum fish production in
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the target countries was estimated based on six possible scenarios. By 2020 total animal

manure requirements will be between 257 896 and 754 889 tonnes per annum.

Total animal feed production in the target countries, including South Africa, in
2005 amounted to some 9.0 million tonnes per annum, dominated by South Africa
and Nigeria (4.4 and 3.8 million tonnes per annum, respectively). Industrial aquafeeds,
manufactured by medium and large scale feed mills, are produced in Cameroon, Kenya,
Malawi, Nigeria, South Africa and Zambia, while other countries are on the threshold of
commercial aquafeed production. Some 17 000 tonnes of fish pellets and aquafeed mixes
were produced in 2005, of which Nigeria produced around 66 percent. The total feed
requirement by 2020 was projected based on three growth scenarios of fish production
and ranges between 139 000 tonnes and 545 000 tonnes. Only 50-65 percent of the feed
milling capacity is utilized and the industry has adequate capacity to provide the needs

of the commercial aquaculture sector until 2020.

The general paucity of good quality aquafeeds in the region is generally a factor of
scale. In most countries local demand has not reached a critical mass for appropriate
attention and investment, though the threshold has now been reached in Nigeria where
substantial investments are planned. Only 22 percent of commercial fish production
is attributable to industrial aquafeeds. This highlights the pivotal importance of farm-
made feeds in the region. Most countries in the region have adequate resources to
manufacture appropriate feeds, though the availability and cost of fishmeal and soybean
meal or oilseed cake is a major constraint in most countries. The price of feed ingredients,
particularly fishmeal, oil seed cakes, soybean meal and maize, is highly variable among
countries and varies seasonally within countries. Farm-made feed formulations vary
by season, depending on availability and price of ingredients. Some 98 500 tonnes of
farm-made feeds are currently produced annually, with reported FCRs ranging from
1.1 to 3.2. In Nigeria some 69.8 percent of fish production is attributable to informal
feed manufacturers. There is a good body of knowledge with respect to the proximate
composition of locally available feed ingredients and much work has been undertaken
on optimal inclusion levels of these ingredients with particular emphasis on fishmeal
replacement. The importance of farm-made feeds in the region highlights the urgent and

desperate need for further nutritional research in the region.

The principle recommendations emanating from the synthesis include: training of
nutritionists and fish feed technologists, developing appropriate manufacturing machinery
and bulk storage facilities, evaluating and testing non-conventional feed ingredients,
developing databases of available feed and fertilizer resources, developing country
specific farm-made feed formulations, effective dissemination of information (availability
of ingredients, formulations, manufacturing technologies, feeding schedules), developing
country specific animal feed standards and reviewing pertinent legislation to ensure

stability, quality and food safety and establishing enabling business environments.
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1. INTRODUCTION

In arecent synopsis of sub-Saharan aquaculture the availability, quality, food conversion
ratio (FCR) and the high distribution costs of feeds and fertilizers, together with poor
quality fingerlings and the general absence of investor friendly regulatory frameworks
were singled out as some of the most important issues that constrain the development
of commercial and non-commercial aquaculture in the region. It was further concluded
that most non-commercial farmers use protein limiting diets, though the use of farm-
made feeds is increasing, while locally manufactured feeds, except for isolated cases,
are generally of poor quality (Hecht, 2006). This highlights the need for feed quality
assurance programmes.

This review focuses, in particular, on the use and availability of feeds and fertilizers
for sustainable aquaculture in a select group of sub-Saharan countries and is a sequel
to a review undertaken in 2001 (Shipton and Hecht, 2005). The target countries in this
instance were Cameroon, Ghana, Kenya, Malawi, Nigeria, Uganda and Zambia. As
will be shown later, Cameroon, Uganda and Zambia have recorded the most significant
increases in national production while Nigeria remains the giant in the region, though
interesting and noteworthy changes have taken place in the other target countries. The
most notable changes that have taken place in the last five years are summarized in Table
1. The rapidly escalating price of fish throughout most SSA countries is considered to
be the most important driving force of the rapid growth in the sector. For example in
Cameroon many previously abandoned ponds have recently been rehabilitated as a
consequence of the increasing fish price and this has often been done without technical
input from extension services. It was for these reasons that the countries were singled
out for this review. For comparison and where appropriate, information on fertilizers
and feeds is also presented from elsewhere on the sub continent and from Egypt.

It is currently in vogue to define aquaculture in SSA as being either commercial or
non-commercial (Moehl, Halwart and Brummett, 2005). While there is indeed great
merit for this distinction these categories are limiting when undertaking a review of
feeds and fertilizers for the sustainable development of the sector in the region. In a
recent review of SSA aquaculture it was shown that the face of aquaculture throughout
the region has and is changing rapidly towards a more commercially orientated activity
(Hecht, 2006). “Traditional” low-input/low-output small-holder fish farmers still
dominate the scene. However the greater proportion of SSA production is now produced
by commercial enterprises that range from small-scale semi-intensive to large industrial
scale operations. Therefore, for the purposes of this review, aquaculture in all target
countries is categorised by the level of intensity (extensive, semi-intensive, intensive)
with respect to culture systems, species cultured, the intensity of management inputs,
labour requirements, capital and operational costs, the level of business orientation,
the level of integration with other economic on-farm activities such as horticulture or
animal husbandry, feeding and fertilization levels. It is not the intention here to define

TABLE 1
Significant developments in sub-Saharan aquaculture since 2000

Uganda Over 28% of farmers switched to commercial aquaculture in last 5 years. Over 10
intensive African catfish (Clarias gariepinus) hatcheries established in last 5 years, now
producing around 0.5 million fingerlings per month. Major expansion of African catfish

farming.
Kenya Establishment of six C. gariepinus hatcheries, each producing between 10 000 and
50 000 fingerlings per month. Major expansion of catfish farming.
Malawi Development of a 3 000 tonne cage culture operation in Lake Malawi for
production of indigenous chambo Oreochromis species (O. karongae and O. shiranus)
Cameroon Significant expansion of peri-urban commercial aquaculture
Nigeria Development of high density clariid catfish culture, rapid expansion of urban

aquaculture.

Ghana Developments in Nile tilapia (O. niloticus) cage culture.

Source: Hecht (2006)



Review of feeds and fertilizers for sustainable aquaculture development in sub-Saharan Africa

81

TABLE 2

Characteristics of the aquaculture sector in sub-Saharan Africa

CATEGORIES and
CHARACTERISTICS

Extensive

Semi-intensive

Intensive

Culture systems

Earthen ponds

Earthen ponds and
cages

Cages, raceways,
tanks and earthen ponds

Species

Polyculture (various
tilapiine species, catfish
and carp)

Mainly polyculture
(Nile tilapia and
African catfish), some
monoculture (tilapia)

Mainly monoculture

Management input Low to medium Medium to high High

Labour needs Family labour to Medium Low to high
low requirement for (more capital intensive)
external labour

Capital costs Low to medium Medium Medium to high

Operational costs Zero to low Medium High

Business orientation Low to medium Medium to high High

Integration with other  Medium to high Low to high Low

farm activities

Feeding Zero to supplementary Scheduled to Scheduled intensive
unscheduled using feeding using pellets or
mainly farm-made feeds farm-made feeds

Fertilisation Zero to medium level Medium to high level Zero to high level

Source: Author's data and country reviews

the various categories, but simply to highlight the diverse nature of the sector and to
make the point that these categories better facilitate a review of the current situation
with respect to feeds and fertilizers. These categories and their general characteristics
are summarized in Table 2. Non-commercial farmers as per the definition of Moehl,
Halwart and Brummett (2005) would normally, but not exclusively, practice extensive
fish farming.

Except for experimental shrimp (Penaeus species) culture in Kenya, mariculture
is not practiced in any of the maritime countries considered here. Brackish-water
aquaculture is practiced only in Nigeria and at a low level. Mariculture in SSA is
restricted mainly to shrimp culture in Madagascar, Mozambique and Seychelles and
abalone aquaculture in South Africa. Therefore the review focuses mainly on inland
freshwater aquaculture. The analysis is based mainly on country reviews for Cameroon
(Pouomogne, 2007), Ghana (unpublished reports by Abban, 2005 and Hasan, 2005),
Kenya (Nyandat, 2007), Malawi (Chimatiro and Chirwa, 2007), Nigeria (Ayinla, 2007),
Uganda (Rutaisire, 2007) and Zambia (author’s data) and a review of the primary and
grey literature and government reports. For the purposes of this review sub-Saharan
Africa includes all continental sub-Saharan countries and Madagascar. Production
statistics extracted from Fishstat (FAO, 2006) for comparative purposes and with
which to put SSA aquaculture into perspective includes only data for species that
depend on feeds and fertilizers.

2. GENERAL OVERVIEW OF AQUACULTURE, FARMING PRACTICES AND
SYSTEMS

Aquaculture in sub-Saharan Africa contributes 0.26 percent and 14.6 percent to total
World and African aquaculture production, respectively (FAO, 2006). Nigeria with a
production of over 43 950 tonnes per annum in 2004 is by far the largest producer in
SSA, though this figure still falls far short of the 471 535 tonnes produced by Egypt in
2004. Nevertheless, since 1990 there have been substantial increases in production in
many of the SSA countries (Figure 1). For the SSA region as a whole total production
had increased by 434 percent between 1990 and 2004, while in the target countries
production had increased by 436 percent. During the last 5 years (2000-2004)
production in SSA has increased by 50.8 percent from 54 109 to 81 598 tonnes and
in the target countries by 56.4 percent from 36 870 to 57 662 tonnes. In 2994 Nigeria
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TABLE 3

Total aquaculture production (tonnes) by country
Country 2000 2001 2002 2003 2004 2005 I';‘Z’r::;;
Cameroon 50 150 330 320 330 820 560
Ghana * * * 938 950
Kenya 512 1009 798 1012 1035 102
Malawi 530 568 642 666 733 800 38
Nigeria 25718 24 398 30 663 30 677 43 950 71
Uganda 820 2 360 4915 5500 5539 575
Zambia 4240 4520 4 630 4501 5125 21
Target countries 36 870 39 005 47 978 43614 57 662 56
SSA 54 109 57 562 71802 68 121 81598 51

*Excluded because of questionable data

Source: FAO (2006) and country reviews

FIGURE 1
Aquaculture production by volume (left) and value (right) in SSA and target countries
for the period 1990 - 2004
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produced approximately 53.9 percent of the SSA total, while Uganda and Zambia
each contributed ca. 6.5 percent. Other target countries contributed between 0.4 and
1.2 percent to the 2004 SSA total (Figure 2). In terms of value Nigeria is the only SSA
country for which the percent value approximates the value for volume and this is most

likely because of the high price of fish in Nigeria

(up to US$4.50/kg in urban areas — Hecht,

_ FIGURE2 _ 2006). While Nigeria is clearly the giant in the

Percent contrlbutlo.n by target countries to total region, production over the last 5 years had
SSA production, volume and value . . .

only increased by 71 percent, in comparison to

60 increases of 575 percent, 560 and 102 percent

50 recorded for Uganda, Cameroon and Kenya,
-é 20 respectively (FAO, 2006). However, between
£ 2003 and 2004 production in Nigeria has
g 30 jumped from 30 677 tonnes to 43 950 tonnes.
5 20 This clearly illustrates the pace of development
& 1 of the sector in Nigeria in relation other SSA

. o countries. Despite these impressive increases

aquaculture in 2004 only made a measurable
contribution to national fish supply (sum of
capture fisheries, aquaculture and imports) in
Malawi (1.25 percent), Uganda (1.5 percent),

Nigeria (4.5 percent) and Zambia (6.7 percent),

Source: FAO (2006) while in the remainder of the target countries

Cameroon
Ghana
Kenya ]

Malawi
Nigeria
Uganda
Zambia
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the contribution was less than 1 percent (Figure 3). FIGURE 3
The contribution made by aquaculture to GDP in the Aquaculture production as percent of total
target countries is insignificant, ranging from 0.005 fish supply in 2004
percent for Cameroon to 0.154 in Nigeria (Hecht, 8
2006). However, aquaculture where practiced, 7 -
makes a significant contribution to food security 61
in rural areas. Table 3 summarizes the most recent A
production figures for the target countries. § :

Small-scale non-commercial fish farmers vastly 2 |
outnumber commercial farming enterprises. Using 1] ﬂ
information provided in the NASOs (National 0 le— == [ ﬂ A B
Aquaculture Sector Overviews) (FAO Fisheries § £ 2 § 2 § 3
Global Information System, 2006) of the target g 6 £ 2 3 2 g
countries, which formed the basis of the review of 8
aquacuhure in SSA (HeCht’ 2006) and the country Source: FAO (2006) and www.earthtrends.com

reviews on feeds and fertilizers it was possible to
obtain a rough estimate of the number of non-
commercial and commercial farmers and the size of the operations (Table 4). Non-
commercial farmers account for around 80 percent of the total number of fish farmers.

However, the bulk of production is produced by the commercial sector (Table 5).
The data suggest that 70.5 percent of fish in the target countries was produced by the
commercial sector. Of course this estimate is highly skewed by the size and output of
the commercial sector in Nigeria. Nevertheless, it shows that commercial aquaculture
in SSA, despite the constraints with respect to the availability of commercially produced
formulated pellets, is gaining momentum.

TABLE 4
Number of fish farming operations in target countries
Country Number of Number and type of Size of commercia Total area (ha) under
Non-commercial commercial enterprises culture (commercial
farmers enterprises and non-commercial)
Cameroon ca. 3200 2 large earthen pond Unspecified 270
farms
400-800 peri-urban Approx. 0.5 ha
earth pond farms
Ghana* ca. 800 1 cage culture 10 cages (15 m dia x 6 m) 154
operation
4 earthen pond farms  Pond farms (3.1 to 10 ha)
Kenya 5890 1 tilapia tank farm Unspecified 419
3 rainbow trout Unspecified
raceway/tank farms
Cage farms Unspecified
6 catfish hatcheries
Malawi 4 050 1 rainbow trout tank 0.5 ha 269
farm
1 cage operation 32 x16 m diameter cages
under development
12 ha
1 pond farm
Nigeria 50 000 >2600 earthen pond Unspecified 60 000
and tank farms
Uganda 8 000 11 catfish hatcheries 1200
Several pond farms Unspecified
Zambia 6 000 4 cage farms 44 cages (6x6x3 m) and 260

10 pond farms

10 pens
Total pond area = 195 ha

*Two of these farms (one cage culture and one earthen pond) produce >50% of Ghana’s aquaculture output

(Hasan, 2005)

Source: Country reviews
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TABLE 5
Estimates of commercial production (tonnes) in target countries
COUNTRY Year % of fish from commercial farms Total production Commercial production
Cameroon 2004 8% 650 52
Ghana 2004 32% 950 304
Kenya 2003 100% of trout, 29 29
15% of tilapia 600 90
85% of catfish 319 271
Malawi 2003 100% of trout 15 15
11% of other fish 651 72
Nigeria 2004 80% 43 950 35 160
Uganda 2003 40% (projected 60% in 2005) 5500 2 200
Zambia 2003 75% 4 501 3376
TOTAL 53 951 40 736

Source: FAO (2005), Hecht (2006) and modified using data provided in country reviews

3. THE SPECIES

Approximately 27 species are farmed in the seven target countries (Table 6). Table 7
providesasummary overview of the mostimportspecies groups, with particular reference
to Nile tilapia (Oreochromis niloticus), African catfish (Clarias gariepinus) and common

TABLE 6

Aquaculture species in target countries
SPECIES Cameroon  Ghana Kenya Malawi Nigeria Uganda Zambia
Cichlidae
Nile tilapia (Oreochromis niloticus) X X X X X X
Mozambique tilapia (O. mossambicus) X

Three spotted tilapia (O. andersonii)

Longfin tilapia (O. macrochir)

Chambo (O. shiranus shiranus)

Chambo (O. karongae)

Banded jewel fish (Hemichromis X
fasciatus)

Redbelly tilapia (Tilapia zillii) X
Redbreast tilapia (T. rendalli) X X
T. guineensis

Blackchin tilapia (Sarotherodon
melanotheron melanotheron)

Mango tilapia (Sarotherodon galilaeus X X X
galilaeus)

Clariidae

North African catfish (Clarias gariepinus) X X X X X X

Vundu (Heterobranchus longifilis)
Hybrid catfish*
Cyprinidae

Common carp (Cyprinus carpio) X X X X X X

Silver carp (Hypophthalmychthys
molitrix)

Grass carp (Ctenopharyngodon idella) X X
Others

African bonytongue (Heterotis niloticus) X X

Snake-head (Parachanna obscura) X

Kafue pike (Hepsetus odoe)

Rainbow trout (Oncorhynchus mykiss) X

Squeaker (Synodontis sp.)

Nile perch (Lates niloticus)

Aba (Gymnarchus niloticus)
Distichodus (Distichodus sp.)
Moon fish (Citharinus sp.)

X | X | X [X | X

*Clarias gariepinus x Heterobranchus longifilis (or H. bidorsalis)
Source: Country reviews, FAO Fisheries Global Information System (2006) and FAO (2006)
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TABLE 7

Production in 2004 by species groups in tonnes and percent contribution
Country Nile tilapia Other tilapia Clariid catfish Common carp Others Total
Cameroon 210 114 6 330
Ghana 760 190 950
Kenya 614 320 67 34 1035
Malawi 697 17 4 15 733
Nigeria 3000 1176 26 750 44 12 980 43 950
Uganda 1660 3827 50 2 5539
Zambia 2 900 2180 45 5125
Total 9 144 4 053 31028 216 13 221 57 662
Percent of total 15.9 7.0 53.8 0.4 22.9

Source: FAO (2006)

carp (Cyprinus carpio). In most FIGURE 4

countries except Malawi and Zambia, The change in percent contribution to total
O. niloticus is the dominant cichlid production by species groups in the target
produced in aquaculture. Malawi has countries between 1994 and 2004
managed to exclude O. niloticus from 60.0

its waters and in Zambia greenhead

tilapia (O. machrochir) accounts for 50.0 | = 1994]
over 41 percent of production, while 400 m 2004

O. niloticus accounts for 35 percent £ T

of total production. The farming g 300

and production of Cyprinus carpio * 200

and indigenous cichlids has declined 100 |

throughout the SSA region during the

last decade, while the production of O e . .

C. gariepinus, in particular, as well as 2 8 £& 2o £

O. niloticus has increased significantly s : °°% § 5 °
(Figure 4). Between 1999 and 2004 5

common carp production throughout
SSA has declined by 11 percent. The reasons for the decline are unclear but may be
related to consumer preferences and fish price.

4. AQUACULTURE PRACTICES AND THE FARMING SYSTEMS
The diversity of farming systems in the region varies according to the motivation and
circumstances of the farmers. Non-commercial fish farmers in all target countries
practise extensive aquaculture and normally own between 1 and 5 small ponds (average =
2 ponds), ranging from 100 to 350m?. Ponds are either situated on the farmers own land
or are clustered in fish farming “clubs” (Figure 5).

Diversion ponds are most commonly used, though in some instances (Malawi,
Cameroon, Ghana) ground water seepage ponds are also often used by small-holder
fish farmers. Production

technologiesare characterised FIGURE 5

prically by 'the ‘IOW leve‘l of Typical small-holder farm pond (left) and club ponds (right)
inputs resulting in low yield.

Annual production by non
commercial farmers in the
target countries ranges from
0.5 to 2.5 tonnes/ha/year and
averages around 1.2 tonnes/
ha/year. Most of the fish
produced onnon-commercial
farms is internalised, used for
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barter and cash income and plays a significant role in food security at the household
level. Most farmers in this category use “green compost” cribs and occasionally use
animal manure when available (chicken, goat, rabbit and cattle manure) to enhance
natural pond productivity and use cereal bran (maize, rice and wheat), kitchen waste,
green leaves and non-conventional animal protein products as feed, when available.
Substantial proportions of farmers in all target countries do not provide any pond
inputs and rely only on natural pond productivity. In Cameroon the cribs comprise
around 10 percent of pond surface area, though in other countries may comprise less
than 1 percent of the pond surface. Most farmers practise some form of arbitrary
polyculture, which is largely dependent on the availability of fingerlings. Because of
higher yields, polyculture of O.niloticus (or other Tilapia species (e.g. O.shiranus and
O.mossambicus in Malawi and O.andersonii in Zambia) with C.gariepinus or other
clariid species, such as Heterobranchus spp. is becoming the most preferred practice
even by non-commercial farmers, particularly in Nigeria as well as in Cameroon,
Ghana, and Uganda.

Stocking densities remain low, at an average of 1-4 fingerlings/m?. Fishponds are
usually stocked using fingerlings left over at harvest or purchased from neighbours.
More often than not, this means that small mature fish (stunted) that have no or very
little scope for growth are stocked as fingerlings. Some farmers stock their ponds
with fingerlings captured from rivers, lakes or wetlands and this leads to higher yields
(ADiM, 2005).

Management practices by the majority of non-commercial farmers in all target
countries, with respect to scheduled stocking, fertilization, feeding and harvesting is
rudimentary, except where farmers work in collaboration with development projects.
Labour on most non-commercial fish farms is provided by the family, though hired
labour is used where this is affordable. Many small-scale farmers do not have the cash
or other resources to hire labour and this is a major constraint on small-holder farms.
In Cameroon, Kenya, Malawi, Uganda and Zambia most small-scale fish farmers have
integrated their fish farming activities with agriculture in one or several ways. Though
not mentioned in the country reports it is assumed that the same holds true for Ghana
and Nigeria.

Semi-intensive and intensive commercial aquaculture except in Nigeria and Zambia,
where it is relatively well established, is a rapidly emerging activity in all target
countries. The sub-sector has gained particular momentum in the last five years. As
mentioned previously these developments are principally ascribed to the rapidly
escalating fish price in peri-urban and urban areas as well as to progressive changes
in government policy and support for the private sector, particularly in Kenya and
Uganda (Hecht, 2006 and see SSA country reports). In 2004 the average price of fish
in peri-urban and urban markets was US$2.5/kg (US$1.6 in Kenya to US$4.5/kg in
Nigeria). The adoption and implementation of strategic aquaculture development plans
also act as enabling tools for the development of the sector (Hecht, 2006). Strategic
plans have now been adopted in Cameroon, Zambia and Malawi, awaiting adoption in
Nigeria and in a preparatory phase in Ghana. Most importantly, these developments
have improved investor confidence in the sector in all target countries. Nevertheless, as
suggested by Hecht (2006), there is an urgent need to educate financial institutions in
all SSA countries as to the potential, risks and benefits of commercial aquaculture, such
that they are better equipped to assist the development of the sector.

There is a wide spectrum of commercial fish farms in SSA that range from small
to medium scale operations in peri-urban areas, to large pond and or cage farming
operations. The level of intensification in each of these categories ranges widely from
semi-intensive pond culture, to small and large cage culture operations to high density
tank culture of African catfish, using water recirculation technology (Figures 6-10). It
is clear from the country reviews that each system has evolved and is driven by market
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needs. For instance, limited
by space, urban and peri-
urban farmers in Nigeria are
using recirculation technology
(Figures 9 and 10), while
farmers in Uganda and
Kenya have recognized the
opportunities provided by the
Nile perch longline fishery in
Lake Victoria for the supply of
live African catfish fingerlings
as livebait and have therefore
become full-time fingerling
producers (Figure 11).

Except for Uganda and
Kenya, the legislative and
regulatory environment in the
other countries remains weak
and does not actively promote
investment in the sector. Where
these shortcomings exist
(Cameroon, Ghana, Malawi,
Nigeria and Zambia) the
problem has been recognized
and is being addressed through
the development of strategic
sector development plans
(Hecht, 2006).

Production by commercial
enterprises 1is variable and
depends on the systems
employed and the level of
intensification. Cage culture
production levels in Ghana,
Zimbabwe and Zambia with
O.niloticus range from 2 to 4
tonnes/100 m’. Cages range
from small locally made cages
to medium size square cages
(6x6x3m), to 796 m® in Ghana
to 1 200 m® circular cages
(Malawi). The largest cage
culture operation in SSA is Lake
Harvest (Pty) Ltd (Lake Kariba,
Zimbabwe), producing around
2 500to3 000 tonnes per annum,
most of which is exported to
the European Union (EU). A
similar operation is now being
established in Malawi. The
Malawian operation intends
to produce 3 000 tonnes of
chambo, O. karongae or

FIGURE 6
Emerging small-scale commercial farmers specialising in fingerling
production (left) and table fish production (right)

FIGURE 7
Large scale polyculture pond farming of C. carpio, C. gariepinus and
O. mossambicus

FIGURE 8
Small Nile tilapia cages in Lake Kanyaboli in Kenya (left) and large
chambo cages in Lake Malawi (right)

COURTESY OF M. MBUGUA

FIGURE 9
Trickle filter tower (left) and high density indoor rearing tank (right)
at an African catfish farm in Nigeria
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FIGURE 10 O. shiranus in 32 cages in Lake
African catfish broodstock and recirculating hatchery in Nigeria Malawi. Initial stocking density
ranges from 65 to 75 fingerlings
(30g average weight) per m®. Final
biomass at harvest ranges from 21
to 40 kg/m? after growth cycles of
6 to 9 months.

Commercial aquaculture in
earthen ponds is well developed
in Nigeria and Zambia. In many
of the target countries polyculture
of O. niloticus and C. gariepinus
is currently the most popular
practice, though some farmers

FIGURE 11 use other combinations. While
Clarias gariepinus hatchery in Uganda polyculture is practised in all
countries commercial farmers in
several countries also produce
O. niloticus (Zambia and Kenya)
and C. gariepinus (Nigeria) under
monoculture farming conditions.
Production levels range from 2.5 to
15 tonnes/ha/year for O. niloticus
(monoculture) and O. niloticus/
C. gariepinus polyculture and
up to 10-30 tonnes/ha/year for
C. gariepinus monoculture in Nigeria. The

FIGURE 12 size of production ponds ranges from 500 m?
Circular and D-ended O. niloticus tank to 1.5 ha. Stocking densities in earthen
farm in Kenya ponds average around 5 to 8 fingerlings per

square meter.

High  density mono-culture of
C. gariepinus in tanks (using water
recirculation) is expanding rapidly in
Nigeria, particularly in urban and peri-
urban areas. Final densities as high as
100 kg/m® have been reported and initial
stocking densities may be as high as
50 fingerlings/m?. Some of the high density
farms in Nigeria now produce in the region
of 3 tonnes of catfish per week. In response
to the demand by the Nile perch long line
tishery in Lake Victoria, farmers in Uganda
and Kenya have developed intensive hatchery and fingerling rearing technologies.
In Kenya there are six and in Uganda there are eleven commercial catfish hatcheries.
These hatcheries supply the Nile perch fishery with live fingerlings of around 10 g
and also supply other farmers with catfish fingerlings for grow-out. The capacity of
the Ugandan and Kenyan catfish hatchery operators ranges from 10 000 to 30 000
fingerlings per month. It is not known how many catfish hatcheries there are in
Nigeria, nor is there an accurate figure for the number of high density catfish farms.

Concrete raceways are the preferred mode of rainbow trout production in Malawi
and Kenya. Circular and D-ended concrete tanks are also used for the production of
O. niloticus in Kenya (Figure 12) and Zambia.
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Cameroon, Uganda, Kenya, Malawi and Zambia also boast an emerging ornamental
fish farming sector, which produces fish for the local as well as the export market.
Ornamentals are produced in concrete tanks and earthen ponds. The volumes and or
numbers produced are not known.

5. REVIEW AND ANALYSIS OF FERTILIZER USE IN POND AQUACULTURE
Pond fertilization practices and the use of different commodities to enhance pond
productivity in the region are very diverse and depend to a large extent on the scale
of operation. Table 8 summarizes the types of fertilizers used by commercial and non-
commercial farmers in the target countries. Compost cribs are not used by commercial
farmers and chemical fertilizers are only used by commercial farmers and then only
when these are available. Similarly, manure is only used intermittently by non-
commercial farmers, when available.

The vast majority of small-scale, non-commercial farmers use “green compost cribs”
to fertilize their ponds. In many instances this is supplemented by animal manure,
though there is no evidence to suggest that farmers adhere to any fixed fertilization
regimen. Depending on the resource base of the farmer some only fertilize their ponds
at irregular intervals and do not provide supplementary feeds. This practice has been
recorded in Kenya, Zambia, Malawi and Uganda and no doubt also occurs in the other
target countries. The size of the compost crib varies substantially. In Cameroon the
cribs comprise an average of 10 percent of pond surface area to less than 1 percent
(personal observations in Malawi and Zambia). Kitchen wastes and other agricultural
by-products are also often dumped into the cribs. The general recommendation
throughout the region is that the contents of the crib should be turned once every one
to two weeks (Figure13). It is however not known to what extent this is practiced.

Emerging commercial farmers in Cameroon, Ghana, Nigeria and Uganda often still
use a combination of crib and animal manure fertilization. However, as soon as they can
afford adequate quantities of animal manure they no longer use the crib technique.

The most commonly used manures are chicken, pig (depending on the religious
persuasion of the region and of the market) and cattle manure, though the prevalence
of use varies among countries. For example in Uganda most farmers (58 percent) use
cattle manure, while chicken manure was least used. In Malawi, Nigeria, Ghana and
Cameroon chicken manure is most commonly used. Other less often used manures
include goat, sheep, duck and rabbit manure. Chicken manure appears to be readily
available in all countries. In Cameroon, Ghana, Malawi and Uganda it is either available
free of charge or at a minimum cost from industrial broiler farms. However, the cost
of bagging and transport is often such that non-commercial farmers cannot afford

TABLE 8
Use of compost, manure and inorganic fertilizers by non-commercial (NC) and commercial (C)
fish farmers in target countries

Country Compost Manure Fertilizers
NC C NC C NC C

Cameroon Yes No Yes Yes No NPK (20:10:10), though rarely used

Ghana Yes No | Yes Yes No NPK though rarely used

Kenya Yes No Yes Yes No NPK, under semi-intensive conditions

Malawi Yes No Yes Yes No TSP, NPK, urea (used only occasionally and in
combination with animal manure)

Nigeria Yes No | Yes Yes No SP, TSP, NPK used only occasionally and in combination
with manure.

Uganda Yes No Yes Yes No DAP, NPK, urea and phosphoric acid used mainly to
start plankton blooms in catfish fingerling ponds.

Zambia Yes No | Yes Yes No TSP, NPK

NPK = nitrogen, phosphorus and potassium; TSP = triple super phosphate; SSP = single super phosphate;
DAP = di-ammonium phosphate.

Source: country reviews
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the commodity. Moreover, in most countries there is considerable competition from
vegetable farmers for chicken manure. Pig and cattle manure is apparently only used in
instances where the animals are kept in a kraal (enclosure) during the night to facilitate
collection. The practice of holding animals in pens above the ponds or in enclosures
adjacent to the pond is also increasing. The average density at which chickens and
pigs are kept for fish pond fertilization is 1 to 2 pigs (>25 kg) or 50 mature birds per
100 m2. It is well known that semi-intensive duck cum fish farming has been promoted
by development partners and is practiced in several countries in SSA. It was however
not mentioned in any of the country reports. This may indicate that the practice is not
popular, practical or profitable.

There is no doubt that adequate quantities of manure are produced in each country
to satisfy the requirements of agriculture and aquaculture. For instance, total manure
production in Cameroon and Kenya amounts to 30 000 and 18 788 tonnes per annum,
respectively (Pouomogne, 2007 and Nyandat (2007). Similar calculations using
livestock production figures from the various target countries would undoubtedly also
show that manure is available in adequate quantities. However, the costs involved in
collecting, bagging and transport prohibits its ready use by fish farmers. In summary,
it can be concluded that on a national basis adequate quantities of manure are available
in all countries. However, the low livestock holdings of small-holder farmers, or
alternatively the high cost of acquisition limits its use in non-commercial aquaculture
throughout the region.

The use of animal manure in small-holder aquaculture is further constrained by
free range farming practices and the limited number of livestock kept by farmers.
For example, in Malawi the average number of livestock per fish farming household
is around 4 chickens and 1 goat. Using on-farm livestock population estimates it was
calculated that small-holder farmers in Malawi have access to about 2.6 tonnes of wet
manure or 1.62 tonne of dry manure per annum. This quantity is not sufficient for the
production of the main food crop (maize), which requires about 12.5 tonnes/ha, hence
very little if any is left for fish production. In Uganda it was estimated that more than
80 percent of fish farmers have access to fertilizers (all types) all year round but not in
sufficient quantities. No doubt the same holds true for small-holder, non-commercial
farmers in other target countries.

Manure is either spread directly over the water or is incorporated into the crib or
is allowed to leach from grain bags that are tied to a stake in the centre or the side of
the pond. All of the target countries have aquaculture extension services of one kind or
another (Hecht, 2006), which for many years have been promoting basic aquaculture
and pond management techniques to small-holder farmers. Hence, while farmers
may understand the need for drying out their ponds after harvest and fertilization
with animal manure prior to filling and stocking, very few farmers actually practice
these basic techniques. The reasons for this are manifold but are also clearly related
to on-farm labour requirements for other economic activities and the need to adhere
to the agricultural calendar. Many small scale fish farmers in Malawi, Uganda, Kenya,
Cameroon and Ghana consider fish as a “free extra” and many farmers rely solely
on natural productivity to obtain a small but welcome intermittent harvest. In other
words, aquaculture is of a lower priority than staple food production.

Recommended initial manure application rates in the target countries are similar and
range from an initial start up fertilization regimen of 50-60 kg for chicken manure, 50—
65 kg for pig manure and 70-150 kg/100m?for cattle manure, with follow up rates of 6, 7
and 8-9 kg for chicken, pig and cattle manure respectively per 100 m? every 10-14 days.
However, in Cameroon (Pouomogne, 2007) and Ghana (Abban, 2005), and no doubt
elsewhere actual application rates are far below (<30 percent) the recommended rates. In
Malawi, Brummett (1994) calculated that only 27 percent of the nitrogen requirements
of ponds are met by the average fertilization rates, which is reflected by the low yields.
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It is clear from the country FIGURE 13
reviews and Hecht (2006) that Mixing of compost crib in Cameroon (left) and mechanical
commercial fish farmers follow application of cattle manure in Zambia (right)
more rigid pond management
regimens, with respect to drying,
liming and adequate fertilization
throughout the production
cycle. Crude Secchi disks are
now quite commonly used by
emerging commercial farmers to
gauge the need for fertilization in
Cameroon, Ghana, Uganda and
Malawi. The most commonly
used manures by commercial farmers are chicken, cattle and pig manure (depending
on availability and cost). Many of the larger commercial fish farms have integrated
fish production with other forms of animal husbandry. For example, one of the larger
fish farms in Zambia relies on manure from the farms cattle herd (Figure 13) and some
larger chicken farmers in Uganda, Zambia and Nigeria have expanded their activities
to include fish farming.

Inorganic fertilizer is used only by some commercial farmers and then mostly
to “kick start” pond productivity, which is thereafter maintained by the application
of animal manure. Several catfish fingerling producers in Uganda use only chemical
fertilizer (phosphoric acid and urea) with which to enhance pond productivity. The
price of inorganic and organic fertilizers in the target countries in 2004/5 is illustrated
in Table 9.

The data show that the average farm gate price of animal manure is substantially
lower than the average price of chemical fertilizers. However, while animal manure is
significantly cheaper per tonne than inorganic fertilizer, the quantities required and the
cost of transport makes it unaffordable to most small-holder farmers. In Malawi and
Uganda (for which data were available) the cost of transport ranges from US$0.5 to
1.11 km/tonne. If a farmer is located 50 km form the nearest chicken farm effectively
trebles the cost, unless purchased and transported in bulk (7 to 10 tonnes per trip).
Using the price of chicken manure and the average price of chemical fertilizers in
Uganda and Malawi and the theoretical quantities of manure required to 1 ha of fish
ponds on a yearly basis in relation to super phosphate makes the former three times
more expensive than the latter. The Malawi report revealed that 75 percent of small-
holder farmers cannot afford to purchase adequate quantities of fertilizer for their
annual maize crop. It stands to reason therefore that they would be even less able to

TABLE 9

Price of fertilizers and manure in target countries in 2004/5 (US$ per tonne)
Chemical fertilizers Cameroon Ghana Kenya Malawi Nigeria Uganda Zambia
Triple super phosphate 470
NPK 402 340 600
Urea 468 440
Di-ammonium phosphate 500
CAN 400
Average chemical fertilizer ~272-400 435 452.5 368.7 - 430-500 383
price
Manure
Chicken manure 74 11%-22 54 26.9 29 16.6 22
Cattle manure 45 130 4 18 10
Pig manure 45 60

* Poultry farm gate price
Source: Country reviews, Hasan (2005) and B. Thiga, Sagana Aquaculture Centre, Kenya, (pers. comm.)

COURTESY OF V. POUOMOGNE
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afford the cost of adequate manure (if they have to purchase it) for the fertilization of
fish ponds. In a survey conducted in 2004 it was found that only 9 percent of farmers
applied adequate amounts of fertilizer to their ponds and over 63 percent did not apply
any fertilizer at all. The picture with respect to manuring of crops was very similar,
with only 9 percent of farmers applying adequate quantities, 56 percent under applying
and 21 percent not applying any fertilizer at all (Singa, 2004). Similarly, in Uganda
farmers are all aware of the value of animal manure and many purchase some quantities
but cannot afford adequate amounts.

From this we may conclude that the cost of adequate quantities of manure to
effectively boost fish production is too high for the average non-commercial fish
farmer in the region. This conclusion is corroborated by the fact that the majority of
small-holder, non-commercial fish farmers use green compost cribs as the primary
method of fertilization. Unless there is a change in this dynamic it will not be possible
for small-holder farmers to make meaningful contributions to national fish supply.
However, the important contribution by fish ponds to household protein supply
should not be underestimated in rural areas.

6. REVIEW AND ANALYSIS OF FEEDS AND FEEDING
Analysis of the country reports revealed that commercial aquafeeds in 2005 were only
manufactured in Cameroon, Kenya, Malawi (non pelleted feed mix), Nigeria and
Zambia, though initiatives are now also underway to produce fish pellets in Ghana
and Uganda. Approximately 12 000 tonnes of commercial fish feed was manufactured
in the five target countries, of which the bulk (88 percent) was produced in Nigeria.
The types of feeds produced are shown in Table 10. Perhaps most importantly the
summarized information in Table 9 illustrates the pivotal role of farm-made feeds'.
Given the total volume of fish produced and the proportion produced by commercial
farmers (see Table 4) it is fair to conclude that the aquaculture sector relies almost
entirely on farm-made feeds. On the assumption that country production statistics
are realistic crude calculations using a food conversion ratio of 1.8:1, suggests that the
commercial aquafeed produced by the formal industry accounts for a maximum of 15.6
percent of total fish production in the target countries or 22 percent of fish produced
by the commercial aquaculture sector.

A wide range of ingredients are available for feeding fish and or for the manufacture
of fish feeds in the region. Table 11 lists some of the ingredients commonly used by
feed manufacturers (formal and informal) and based on information provided in the

TABLE 10
Species and use of commercial and or farm-made feeds in sub-Saharan Africa

FEEDS Cameroon Ghana Kenya Malawi Nigeria Uganda® Zambia

Trout
Commercial
Farm-made

Tilapia

Commercial N

Farm-made v v
Catfish

Commercial J and** *%

Farm-made V V Vv V vV vV v
Common carp

Commercial

Farm-made v v v v v v N
Ornamental

Commercial N

Farm-made \V V V V vV

*Two firms are currently undertaking fish feed manufacturing trials; **Imports from Aquanutro (Pty) Ltd, South
Africa and elsewhere

< < < <
<
<

Farm-made feeds collectively describes fish feeds made by farmers as well as by informal small-scale feed

manufacturers.
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TABLE 11

Availability of the most common ingredients for the manufacture of animal feeds in sub-Saharan Africa
Commodity Cameroon Ghana Kenya Malawi Nigeria Uganda Zambia
PLANT ORIGIN
Coffee pulp ++ ++ + + ++
Cacao husks +++ - - ++ R
Rice ban + ++ ++ ++ +++ +++ ++
Wheat bran ++ + ++ + ++ ++ ++
Maize bran +++ ++ ++ +++ +++ +++ +++
Groundnut bran ? ++ ? ? ? ? ?
Wheat pollard ? ? ++ ? ? ? ?
Maize ++ + + ++ ++ ++ ++
Millet +
Soybean ? + + + + + +
Wheat + + ++
Oil seed cakes
Cotton ++ ++ + 4+ ++ +
Groundnut + ++ ++ + ++
Sunflower ? ++ ++ + ++ ++
Palm kernel ++ - - ++ -
Soybean +++ + + + + +
Copra ? ++ + - ? -
Sesame ? + - + -
Other seed cakes ++ ++
Brewery waste ++ ++ ++ ++ ++ ++ ++
Vegetable oils +++ ++ + ++ +++ ++ +++
ANIMAL ORIGIN
Fishmeal (local) + + + + + -
Fishmeal (imported) + ++ + ++ ++
Blood meal + + +++ ++ -
Hydrolyzed feather meal ? ++ -
Carcass & bone meal + ++ +++ -
Crayfish meal + ? ? -
Shrimp waste ? + ++ -
Chicken layer dropping ++
meal
Fish oil + ? + -
Rendered poultry oil ? ? -
Vitamin and mineral ++ ++ ++ ++ ++ ++ ++
premix*

* = Imported; + = limited supply, ++ = readily available, +++ = abundant supply

Source: Bentley and Bentley (2005), Fagbenro and Adebayo (2005), Hasan (2005); Radull, (2005), C. Mudenda, Dept. Fisheries,

Zambia (pers. comm.),

country reviews and Hasan (2005), provides a qualitative indication of availability.
From the information provided in the country reviews it would appear that the
animal feed industry in Kenya in particularly is severely constrained by shortages of
suitable ingredients. Table 12 provides an insight into the availability and use of non-
conventional ingredients as fish feeds by small-holder non-commercial fish farmers in
the region. The proximate composition of the various ingredients (crude protein, lipid,
fibre and ash) is provided in the country reviews.

The price of ingredients in the target countries is shown in Table 13. Prices
vary significantly between countries and this affects the formulations used by feed
manufacturers and farmers. For example, the price of fishmeal ranges from US$1 500
per tonne in Nigeria to US$370 per tonne in Kenya. Both Kenya and Uganda produce
substantial quantities of fishmeal from the Rastrineabola argentea fishery in Lake
Victoria, while the other target countries produce limited quantities of fishmeal (e.g.
9 000 tonnes in Nigeria in 2004). Uganda currently does not permit the import of
fishmeal and until recently Nigeria also imposed restrictions on the importation of
fishmeal. While some fishmeal is made by small-scale producers in several target
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TABLE 12

Non-conventional commodities used by small-scale, non-commercial farmers
Commodity Cameroon Ghana Kenya Malawi Nigeria Uganda Zambia
Napier & other grasses Common Common Common Common Common Common Common
Cacao husks Common Common No No ? No No
Cassava leaves Common Common Common Common Common Common Common
Cassava peels Common Common ? Common ? ? ?
Other vegetable peels Common Common Common Common Common Common Common
Vegetable leaves Common Common Common Common Common Common Common
Banana & other fruit Common Common Common Common Common Common Common
leaves
Over ripe fruit Common Common ? Common ? Common Common
Dead farm animals Rarely Rarely ? No ? ? ?
Animal viscera Rarely ? ? No Rarely ? ?
Termites Common Common Common Common Common Common Common
Maggots Rarely Rarely ? Rarely Rarely ? ?
Rice bran Common Common Common Common Common Common Common
Wheat bran If available ? If available  Rarely ? If available If available
Maize bran Common Common Common Common Common Common Common
Kitchen waste Common Common Common Common Common Common Common
Trash fish Rarely No Rarely No Rarely Rarely No

? = No information.

Source: Country reviews
TABLE 13
A comparison of prices (US $ per tonne) of common feed ingredients used in the manufacture of animal and
aquafeeds in sub-Saharan Africa

Commodity Cameroon Ghana Kenya Malawi Nigeria Uganda Zambia
Year 2005 2005 2005 2006 2005/6 2005 2006
Fishmeal 1132 453-1031 360-990 750 870-1 500 470-670 750
Carcass meal 1132 450

Blood meal 1320 320 420

Bone meal 190

Lake shrimp meal 200-400

Crayfish meal 1320

Soya seedcake 679 483 500 694
Sunflower seedcake 160

Cotton seedcake 301 260 192 305 140 442
Groundnut seedcake 471 544 300 330 170

Palm kernel oilcake 75 125

Dry layer droppings 94

Rice bran 91 90 27

Maize bran 68 90 30 80 70
Wheat bran 109 68 90 91
Brewery waste 28 2.3 30 150 11 **
Maize 264 191 210-230 345 280 205-240
Millet 283

Soybean 544 350 460

Vegetable oils 1600 1100

Fish oil 3800

Chicken mash 240 305 800 568
Dairy mash 220

Pig finisher mash 190 500 470
Mineral mix*/kg 2.8

Vitamin & mineral premix /kg 8.5 7 6.6 20

* Made in some countries and consists mainly of cattle horns, freshwater snail shells and oyster shells
** Brewery waste is normally obtained free of charge at the factory gate

Source: Country reviews

countries it is not known what quantities are produced. Given the high price of
fishmeal it is fair to conclude that the use of alternative protein sources for fish feed
in the region is a priority. The price of oilseed cakes, though readily available, is high
and also varies significantly among countries. Soya oil seedcake is the most expensive
throughout the region, while cotton oil seedcake is generally available at a lower price.
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Moreover, the price of feed commodities also varies seasonally and this also determines
the composition of feeds. Many of the smaller commercial farmers in Nigeria (and
probably elsewhere) purchase the cheapest feed ingredients on the market irrespective
of the nutritional value of the commodity. The majority of small-holder, non-
commercial farmers rely largely on enhanced pond productivity (green compost cribs)
and supplementary feeding using cereal bran, as and when available. For example, in
Kenya over 99 percent of farmers are reliant on this practice.

Trash fish and factory offal is recognised as a possible fish feed in Nigeria, Ghana
and Cameroon. However, very little if any, is used as most of it is sold as food for
human consumption.

A comparison of prices of some common feed ingredients used in the manufacture
of animal and aquafeeds is provided in Table 13.

7. THE ANIMAL FEED INDUSTRY

The animal feed industry in SSA consists of a formal and an informal sector. The formal
sector is embedded within the industrial sectors of the countries, while the informal
sector consists of small-scale feed manufacturers using less sophisticated machinery
and farm-based feed mills that may produce anything from a few kilogram’s to several
tonnes of feed per day. On the whole the animal feed industry is focused primarily
on the production of chicken feed and the formal or commercial feed industry in the
group of target countries is best developed in Nigeria.

The total production of animal feeds in the target countries is shown in Table 14.
Nigeria, after South Africa (which produced over 4.4 million tonnes in 2005), is the
biggest producer of animal feeds in SSA (Shipton and Hecht, 2005). Nigeria produces
around 3.8 million tonnes per annum. Kenya with 450 000 tonnes is the third largest
producer of animal feeds. Production by the other countries in 2005 ranged from 80 000
to 148 000 tonnes. It should be noted that the data for all countries is not for 2005. The
most recent available information for Nigeria for example was for 2000/1. In 2000/1
Fagbenro and Adebayo (2005) estimated that there were some 620 feed manufacturers
in Nigeria of which 59 percent were small operators with a capacity of between 0.5 and
5 tonnes/hour. They also calculated that only 51 percent of the production capacity
of the formal feed mills was being used. Currently there are 32 industrial scale feed
manufacturers in Nigeria (see Table 14 for more details).

TABLE 14
Commercial animal feed* production (tonnes) in target countries

Cameroon Ghana Kenya Malawi Nigeria ** Uganda

Zambia

Year 2004 2004/5 2005 2001 2005

2001

Poultry 52910 >28 000 256 440 2591732 68 000

Pig 15120 32 630 1084 214

Aquafeed <100 104 620 10 760

450

vV
Ornamental fish Vv \ V

Unspecified 7 524

Other 177 081

Total production 75594 466 255 >65 000 3799925 80 000

>120 000

Production capacity 150 000 ? 7 000 000 ?

Number of feed mills: 8 17 (63) 12 (2) 32 (500+) 27
formal and (informal)

2(?)

*  Produced by the formal animal feed industry

** Of the 54 large feed mills operating in 2001, only 32 industrial scale feed mills were functional in late 2005.
Since early 2006 bird flu has had a serious impact on animal feed production (O. Fagbenro, pers. comm.,
2005). The other 500+ feed producers are small-scale private operators and medium scale cooperatives. Over
78 percent of Nigeria's animal feed is made by the informal sector and 81.4 percent of aquafeeds is made by
the informal sector. On a total combined basis aquafeed production by the formal and informal sectors only
account for about 30 percent of the total estimated annual use. The rest is farm-made

Source: Shipton and Hecht (2005), country reviews and C. Mudenda, Dept. of Fisheries, Zambia (pers. comm.)
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8. AQUAFEEDS

Formulated aquafeeds are produced commercially only in Nigeria, Cameroon, Kenya,
Zambia, Malawi and Uganda. However, the country reviews reveal that the bulk of the
aquafeeds are made on farm or by informal small-scale feed manufacturers (Table 15).
In Nigeria it has been estimated that approximately 70 percent of fish feeds are farm-
made (Fagbenro and Adebayo 2005). Similarly, while some aquafeeds are made by the
formal sector in Cameroon, Ghana, Uganda and Malawi, most of the feeds used are
compounded and manufactured on farms and made by small-scale producers. Formal
and informal feed manufacturers in all countries have the capacity to make pellets of
some sort, although extruded floating pellets are only manufactured in South Africa
and Nigeria.

Formulated feeds for O. niloticus and/or C. gariepinus are manufactured in
Cameroon, Nigeria, Kenya and Uganda, and Zambia produces a formulated pellet for
O. niloticus. No specific feeds for C. carpio are compounded. Given the general decline
in the popularity and production of common carp throughout the region this is not
surprising. Cameroon, Uganda and Kenya also produce small quantities of flake feeds
for ornamental fish, which is used by hobbyists. Ornamental fish farmers all use farm-
made feeds. Despite better FCR’s commercial formulated pellets in most instances are
uneconomical to most small-holder fish farmers because of the high unit cost, transport
costs and the small-scale nature of their enterprises, hence are used only by medium
and large scale operations.

The formulations in most countries vary according to seasonal availability and
price of ingredients. The cost of tilapia feeds (20-25 percent crude protein) range from
US$225 to 599 per tonne (Table 16).

Both Nigeria and Uganda import feeds for rearing of juvenile clariid catfish from
South Africa, the Netherlands and the United States of America. However, it was not
possible to obtain sufficiently accurate estimates of imported volumes.

The country reports and the data above suggest that the status of the formal animal
feed industry in the target countries ranges from “just established” to “well established”.
In Nigeria it is comparatively well established, though unregulated, while in Uganda it is
in a nascent phase. Fish feeds have only been made since around 1999-2000 in the target
countries and the formal aquafeeds industry is currently still in a formative phase and
only reasonably well developed in Nigeria and to some extent in Zambia. Except for
Nigeria and South Africa, fish feeds in other countries are manufactured by the formal
animal feed industry on request. The reports however revealed that the informal aquafeed

TABLE 15
Production of aquafeeds (tonnes) used by the commercial aquaculture sector in target countries
Year Formal Informal and
farm-made feeds*
Cameroon 2004 <100 (estimated demand for 2005 = >300 tonnes)
Ghana 2005 Small pilot scale quantity produced 547
by one company (2 tonnes /month)
Kenya 2004 558
Tilapia 59
Trout 45
Malawi 2005 620 156
Nigeria 2000/1
Tilapia 6 554 14 258
Catfish 4 206 (plus 4 000 tonnes of imported feed) 10 552
Uganda 2005 <50 (plus and unknown quantity of catfish 3870
starter feed)
Zambia 2005 450 5400
South Africa 2004/5 3 864 ?

* Except for Nigeria, informal and farm-made feed production in the other countries are calculated estimates,
based on commercial production estimates and using a FCR of 1.3 for compounded pellets and 1.8 for farm-made
feeds.

Source: Shipton and Hecht (2005), country reviews and www.afma.co.za for South Africa
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TABLE 16
Retail price of fish pellets in target countries in US$ per tonne
COUNTRY Year Trout Nile tilapia African catfish
Cameroon 2006 381-424 943 (starter diet for catfish
and tilapia)
Ghana 520
Kenya 2005 542 225
Malawi NA NA NA
Nigeria 2005 1100* to 3 500 for
imported catfish starter
feed
Uganda 2006 250 300 (35% crude protein,
CP) to 6 100 for imported
catfish starter feed
Zambia 2006 599
South 2006 Pre-starter crumble 48% Starter 41% CP = 879 Pre-starter 52% CP = 2016
Africa** CP=2016 Grower 32% CP =771 Starter 41% CP = 879
Pre-starter 2mm 48% Semi-intensive 25% Grower 35% CP =715
CP=1532 CP = 645

Starter 45% CP = 1 035
Grower 38% CP =877
Finisher 38% CP = 1012

* = |local grow out sinking pellet, ** = Aquanutro (Pty) Ltd. pricelist Feb 2006, NA=Not Applicable

Source: country reviews

sector, consisting of small-scale feed manufacturers as well as on-farm facilities, provides
the bulk (60 percent and above) of the requirements of commercial farms. This situation
is simply a reflection of economies of scale. The demand for formulated aquafeeds in
the target countries (except Nigeria) is relatively small and hence it is not economically
viable for the formal sector to invest in dedicated aquafeed lines. The presently available
information for Cameroon, Nigeria and Zambia suggests that only between 50 and 65
percent of the formal industry’s total capacity is being utilized, which means that the
industry could and probably would be able to provide for the needs of the industry
if and when the demand reaches critical mass. For example, within the South African
economic realm a feed mill would only invest in a dedicated feed line and associated
costs (quality control, personnel etc) if the demand for a specific feed exceeds 5 000
tonnes per annum (L. de Wet, Aquanutro (Pty) Ltd, 2006, pers. comm.).

It is clear from the country reports that the formal aquafeed industry, in general, is
still in a developing phase. In Nigeria the aquafeed industry only emerged in 1999/2000
as a consequence of the upsurge of African catfish production and the resulting
demand for feed. In all countries were aquafeeds are produced there are problems with
consistency of supply and quality. The percentage of fines may be as high as 50 percent
(personal observation). In the absence of information on capacity within the industry it
is probably correct to assume, given the low demand for aquafeeds, that manufacturers
do not pay much attention to aquafeed quality control. It is perhaps for this reason that
farmers in Nigeria, and elsewhere, still prefer to deal with small-scale feed producers,
with whom they have established a feedback system with respect to fish performance
and food conversion ratios. For example, in Nigeria 69.75 percent of the 35 570 tonnes
of fish feed produced in 2001 was “farm-made” feed. Catfish farmers in Nigeria and
Uganda now also import a starter diet for African catfish from South Africa, the
Netherlands and the United States of America. Nigeria imported just over 4 000 tonnes
of catfish feed in 2004. It would appear that rapid steps, inclusive of foreign investment,
are being taken in Nigeria to supply the 27 000 tonne demand for catfish feeds.

9. FARM-MADE FEED FORMULATIONS AND MANUFACTURING
TECHNOLOGY

The emergence of informal small-scale fish feed manufacturers in most target countries
is extremely encouraging and suggests that commercial aquaculture in the region is
expanding. Several farm-made feed formulations as used in the region are shown in
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Table 17. It was not possible to obtain specific feed formulations from the formal
sector. Three basic feeds are manufactured, namely a starter diet for African catfish and
tilapia with a protein content of between 40 and 45 percent, grower formulations for
tilapia (also used for carp and other species) with a protein content ranging from 20 to
28 percent and a grower formulation for African catfish with 3240 percent CP. Several
of the formulations are based on research undertaken at local universities or research
institutes or have been formulated by farmers based on the nutritional requirements of
the dominant species.

TABLE 17
Some typical formulations (percent), proximate composition and price of feeds made by small-
scale feed producers and/or manufactured on-farm

Diet 1] 2 [ 3] a5 6] 7 8] 9 [1]1n]122]13
Ingredient composition

Fishmeal 20 55 50 25 15 16 30 2 11 30
Blood meal 10 48 | 135| 5
Carcass meal 15
Bone meal 1 4

Lake shrimp meal 34

Soya meal 35 | 45 15
Soya oilcake 13 15 5 3
Cotton oilcake 15 15 5 9 2

Groundnut oilcake 12 5 4 17

Sunflower oilcake 30

Copra cake 17

Brewery waste 10 15 10

Rice or wheat bran 20 15 2 66 8
Wheat bran 25 50 22
Maize bran 50 70 | 48 7 |10.5
Cocoa husk / Coffee pulp | 10

Layer dropping meal 15

Maize 8 3 15 25 49
Maize germ 15

Pigeon pea meal 20

Cassava flour 4

Palm oil 2 2 5

Vegetable oil 4 6

Fish oil 6 4

Starch/binder 2 2

Vitamin & mineral 2 5 5 1 3 3 05 | 25
premix

Proximate analysis

Crude protein (%) 28.5 1345|433 | 20 40 38 25 37
Crude lipid (%) 8 9 11 9 5 9.4
Energy (kJ/g) ?7 119.2|204

Cost per tonne (US$) 381 943 | 148 547 | 227 | 153 | 176 | 270 | 425 | 600
Retail price (US$/ tonnes) 519

1= Grower formulation (CP 31%) for O. niloticus farming in fertilised ponds (Cameroon).

2 = Grower formulation for intensive O. niloticus farming (Cameroon).

3 = Starter formulation (CP 45%) for C. gariepinus and O. niloticus (Cameroon).

4 = Grower formulation for C.carpio and O. mossambicus in fertilised ponds (Malawi).

5= Grower pellet for C. gariepinus (Kenya).

6 = Grower pellet for C. gariepinus (Nigeria).

7 = Grower pellet for O. niloticus (Nigeria).

8 = Tilapia grower pellets (Kenya).

9 = Grower pellet for C. gariepinus (Kenya).

10 = Farm-made grower formulation 1 (Uganda).

11 = Farmer made C. gariepinus grower formulation (Uganda)

12 = Industrial pellet formulation for O. niloticus and C. gariepinus polyculture (Cameroon)
13 = Catfish, carp and tilapia fingerling and broodstock formulation (Malawi)

Source: country reviews
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Several different kinds of farm-made feeds are produced, ranging from formulated
mixes fed to the fish in punctured bags (adapted from India) as practised in Malawi,
to moist feed cakes and dry pellets. Preparation and manufacturing technologies
are simple. The raw materials
are milled and mixed at pre-
determined ratios. Ingredients
are mixed by hand or mechanical
devices such as cement mixers.
Some of the ingredients such as
soybean meal and maize meal
are precooked (to eliminate anti-
nutritional factors where these
exist, to improve digestibility
and to improve binding
capacity). Warm or hot water
is added to the final mixture
to make a firm dough. Pellets
are hand made by extruding the

FIGURE 14
Cooking feed ingredients in Malawi (left) and locally made feed
in mixer in Kenya (right)

. FIGURE 15
dough througha meat-mincer or | on farm pelleting in Nigeria (left) and pellet plunger and handful
pasta maker (hand or electrically of dried pellets (right)

operated). The “spaghetti’s” are
then sun dried or dried in locally
manufactured driers and cut or
crumbled into appropriate sizes.
In some instances farmers order
their preferred formulation in
milled form and extrude their
own pellets on-farm. Figures
14 to 17 illustrate some of the
on-farm feed manufacturing
technologies and products.
There are several common
problems in the production of
farm-made feeds. Many small-
scale manufacturers throughout
the region do not use an anti-
oxidant, except in Nigeria
were producers add Sodium
propionate at an inclusion level
of 0.1 percent as an anti-mould

agent. Storage time is therefore

reduced and the incidence of - FIGURE17 _
spoilage is high. However, the Home made aquarium fish flakes in Cameroon (left) and (right)

main problem associated with farm-made pellets in Nigeria
pellets produced by small-
scale producers, is the high
percentage of fines resulting in
a high degree of wastage and
poor FCRs. Catfish farmers in
Nigeria report FCRs between 2
and 3:1 and above in comparison
to 0.95 using imported floating
pellets. However, the cost of the

FIGURE 16
Sun drying fish pellets (left) and (right) wind tunnel feed dryer

COURTESY OF M. UOMIZO AND M. MBUGUA

COURTESY OF O.A. AYINLA

COURTESY OF V. POUOMOGNE AND R. BRUMMETT

COURTESY OF T. MBONGO AND OF O.A. AYINLA
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TABLE 18
Maximum recommended inclusion rates of unconventional feed ingredients
Ingredient Maximum Replacement Species
inclusion rate (%)
Groundnut cake 25
Palm kernel cake 10-15
Cottonseed cake 20-30
Jackbean 10-30 Soybean meal C. gariepinus
Winged bean 50 Fishmeal C. gariepinus
Poultry offal 10
Sorghum 50
Cassava 40
Sweet potato 20
Fish silage 40 Fishmeal C. gariepinus
Shrimp head meal 10 Fishmeal C. gariepinus
Macadamia presscake 50 Protein source O. niloticus
Poultry by-product silage 15-30 Protein source C. gariepinus
Duckweed 15 Any carbohydrate source Tilapia
Corn oil 10
Soybean 10
Palm oil 10
Periwinkle shell 7.5
Limestone 5
Malt dust 2
Coffee bean pulp 20
Cacao husk 20

Source: see Ayinla (2007) and Pouomogne (2007) for detail and data sources

imported floating pellets for grow-out is uneconomical and farmers now only use the
imported starter pellets for a short period before switching to farm-made feeds.

Moreover, small-scale feed producers and commercial fish farms most often do not
have adequately sized and pest proof storage facility. This prohibits bulk purchase of
raw material when prices are low.

The price of farm-made feeds is generally lower than the products from the formal
sector (e.g. US$154 to 750 per tonne for farm-made feeds vs. US$227 to 1 110 per
tonne for industrially made pellets (excluding imported pellets) (see Tables 16 and 17).
Depending on feeding practices FCRs of 1.1:1 have been reported for some farm-made
feeds in Uganda and Kenya. Moreover, as mentioned above, farmers who make their
own feeds are normally also in a position to purchase raw materials directly from
producers, so that the middleman is cut out, which results in significant savings. The
reported average FCR for farm-made feeds is around 2:1 (range 0.95 to 3.8:1), although
upper level estimates by the author are in the region of 8:1.

There has been an intense research focus on the use of alternative ingredients and
agricultural by-products to replace fishmeal in fish feeds, optimal inclusion rates
and feed formulation, particularly in Nigeria, and to some extent in Cameroon and
Malawi (see country reports). Moreover, there is an excellent body of knowledge with
respect to the proximate composition of most non-conventional ingredients that may
be used in fish feeds (see country reports). Table 18 summarizes the recommended
maximum inclusion rates for some of these ingredients. For many years this research
was considered to have little impact on the development of commercial aquaculture in
the region. However, with a growing need for fish and a rapidly developing commercial
aquaculture sector this has changed and many non-conventional ingredients, depending
on price, are now used by small and medium scale informal feed producers.

10. FEEDING PRACTICES

Feeding practices are as diverse as the feeds used in the region. The most commonly
used feed by non-commercial farmers is maize or rice bran, which is spread over
the water surface. This practise is wasteful as any breeze will blow the feed into the
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grassy verges of the ponds, where it is unavailable. FIGURE 18
Some farmers have realised this and use floating rings | Floating grass pond divisions for improved
made of grass that are attached to a stake. The bran is feeding with leaves or bran

placed into the rings to contain it and to ensure that
feeding is optimised. Some farmers also place grass
ropes over the water surface area in a square pattern
and depending on wind direction will place the feed
(bran or vegetable leaves) into a pre-selected square
(Figure 18). Vegetable matter (where reported in the
country reviews) is generally not chopped prior to
feeding.

Though farmers are aware of the importance of
feeding their fish (Hecht, 2006), it would appear that
non-commercial farmers feed their fish less than once
a day and with an inadequate ration and many rely
entirely on natural pond productivity. To a great extent this is a consequence of the
financial circumstances of the farmer.

In all instances fish on commercial farms are fed regularly at fixed rations and
schedules that are adjusted according to average fish weight. Feeding frequencies range
from 2 times per day in earthen ponds to 6 times per day for juvenile African catfish
under high density tank culture conditions, to 1 or 2 times daily during grow-out.
Feeding is done mainly by hand, except for some experimental trials using automatic
feeders or demand feeders in high density catfish culture in tanks (Nigeria) and tilapia
cage culture (Ghana and Malawi).

Most farmers feed dry pellets or a formulated mash to juvenile tilapia. However,
several farmers use formulated wet dough, in some instances bound with sugar
cane molasses. The dough is offered to the juvenile fish in baseball size portions on
submerged feeding trays. According to one of these farmers this method allows for
better visual inspection and observation of feeding intensity and fish health and reduces
feed wastage (S. Pala, Aquafarms, Malawi, pers. comm.). The feed balls are made every
second day.

11. PROBLEMS AND CONSTRAINTS

Some of the problems and constraints facing feed manufacturers in general and the
farmers in particular have already been mentioned briefly in the preceding sections.
The following bullets summarize the general constraints as expressed in the country
reviews:

e variable ingredient quality and proximate composition;

e general shortage of fishmeal and within country variability in supply;

e inter-annual variability in supply of raw materials;

e competition for raw materials for human nutrition (e.g. Rastrineobola argentea
fishmeal in Uganda and Kenya) and the chicken feed industry (e.g. maize, brans,
fishmeal, oilseed cake);

e farmers in rural areas have poor access to feeds and fertilizers (cost of transport
increases price beyond their means);

e small scale feed manufacturers are limited by their ability to store raw materials
(pest control and warehouse space);

e poor and careless packaging of manufactured feeds;

e scasonal fluctuations in commodity prices (related to agricultural calendar);

® high level of fines in dry pellets;

® poor feed conversion ratios of some farm-made feeds (>4:1);

* high rate of spoilage of raw materials and feeds (mould, insects and rodent
faeces);
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* high transport costs (US$0.35 to US$1.00 per km for small loads less than
1 tonne) (e.g. transport adds minimum of 25-30 percent to cost of all imported
goods in landlocked countries);

* high duty on imported feeds and raw materials;

® lengthy customs clearance of raw material;

e lack of affordable industrially manufactured feeds;

® poor quality of industrially manufactured feeds and lack of quality control;

® lack of adequate feed manufacturing equipment (symptom of low demand and

investor hesitancy);

® limited and inadequate funding for research;

® operating within poor governance structures; and

® lack of expertise in feed manufacturing technologies.

While several of the constraints are uncontrollable factors (e.g. inter annual variability
in supply and price of raw materials) many of them are typical of poor quality control
in an unregulated industry, where the end user is to a large extent at the mercy of the
supplier. The upswing in the number of small-scale feed producers in Nigeria and
Cameroon is therefore not entirely surprising since it allows for better quality control
and feedback. In most countries, except perhaps in Nigeria, the commercial aquaculture
sector will for the foreseeable future be dependent on small-scale feed producers and
farm-made feeds. The situation will only change if and when there is a critical mass
of demand for high quality industrially manufactured feeds such that industry would
risk the initially high investment costs. The situation however provides competitive
advantages to small-scale operators to gear up and grow with the aquaculture sector.
Given the growth of the aquaculture sector in many SSA countries governments must
be sensitised as to the potential of aquaculture and the need for incentives to stimulate
the aquafeed industry and of the need for quality control measures. Moreover, the high
cost of imported feeds may in fact be inhibiting the growth and development of the
catfish farming sector.

Many of the constraints listed above are issues related to economies of scale. For
example, small-scale feed producers will only invest in improved and larger storage
facility if and when the demand for feed exceeds a certain threshold. Governments
in all countries should and must play a more facilitating role, such as reducing or
abolishing import duty on raw materials and improving the efficiency of customs and
excise for speedy release of perishable goods. Policy on these issues is being revised in
Cameroon, Nigeria, Malawi, Kenya and Uganda.

There is no doubt that there is lack of capacity in feed technology throughout
the region. Many, if not most, donor funded projects in the past have focused on
fish nutrition in some or other way. However, to our knowledge there has not been
one project that has focused specifically on feed technology. There is a serious need
to address this shortcoming by the provision of training opportunities and most
importantly by the inclusion of feed technologists in donor funded aquaculture
development programmes. In essence, aquaculture in SSA has now developed to stage
where it is no longer appropriate for donor countries to send general aquaculture
practitioners to partner countries. The time has arrived for deploying specialists to
foster the growth of the sector.

12. LABOUR COST

Labour requirements are dictated by the size of the farm, intensity of production and
the level of management employed. The average daily wage in the target countries is
US$1.10 per day (Range US$0.75 to US$2.70). From the data presented in Table 19
it can be concluded that the cost of labour in all countries is low in comparison to
the rest of the world. It was unfortunately not possible to calculate a realistic figure
for labour cost as a proportion of total production cost per tonne of fish produced.
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TABLE 19

However, as mentioned elsewhere the Labour requirements

cost of labour, despite the low daily

. L Farm size/number of ponds Scale of intensity Labour units
wage structure, 18 prohlbltlve to most (Max. pond surface area) required
small-holder farmers and restricts _ 1-4ponds(0.1ha) Extensive !
their on-farm activities. 1-2 ponds (0.2ha) Semi-intensive 2

3-10 ponds (1ha) Semi-intensive 4-8
Tank or raceway (25 tonnes/year) Intensive 8
13. COMMENTS ON RESOURCE Tank or raceway (50 tonnes/year) Intensive 12

AVAILABILITY AND EXPANSION
OF THE AQUACULTURE
INDUSTRY

In a reassessment of Kapetsky’s (1994) strategic assessment of warm water fish farming
in Africa, Aguilar Manjarrez and Nath (1998) showed that 50-76 percent of Africa’s
land, despite several constraints, has the highest pond culture yield range potential for
Nile tilapia, African catfish and common carp. Because of environmental tolerances
the spatial distribution of carp culture potential was found to be greater than for Nile
tilapia and African catfish. However, carp culture throughout the region is declining,
probably as a consequence of consumer preference and higher returns with the other
two species. All countries, except Malawi, Uganda and Zambia were shown to have
adequate resources for the expansion of pond based aquaculture. The potential in
Zambia is theoretically constrained by the high proportion of land incorporated as
protected areas (>30 percent of surface area), while the potential for pond aquaculture
in Malawi and Uganda is constrained by lacustrine environments and in the case of
Malawi the high population density in the most suitable areas. The potential of cage
culture was however not explored by Aguilar Manjarrez and Nath (1998). Given
the success of Nile tilapia cage culture in Lake Kariba highlights the opportunities
presented by the African Great Lakes in Uganda, Kenya, Zambia and Malawi, as well
as in other lakes and large man-made impoundments. Aguilar Manjarrez and Nath (op
cit.) also considered urban areas as a constraint for aquaculture development. However,
the notion that urban areas constrain aquaculture development has recently been
challenged by Costa-Pierce et al. (2005) and indeed urban and peri-urban aquaculture
is perhaps the most rapidly expanding sector in Cameroon, Ghana, Nigeria and
Uganda (Rana et al., 2005). Moreover, Aguilar Manjarrez and Nath (1998) suggest that
all the countries considered in this review (see country reviews for details) have the
required environmental conditions, livestock waste and agricultural by-products for
the expansion of the sector. Aguilar Manjarrez and Nath’s (1998) general conclusions
are discussed below in relation to current observations and the projected expansion of
the sector.

Itis clear from the country reviews that there are sufficient gross quantities of animal
manure in each of the target countries to satisfy the needs of aquaculture. However, as
mentioned previously, an increase in production by small-scale farmers will continue
to be constrained in most instances by the small number of farm animals and the cost
of transporting manure from source to farm. The problem of manure availability facing
small-holder fish farmers cannot and should not be considered on a country basis.
The problem can only be addressed at the district level, where the requirements can
be realistically quantified by the responsible lead agency or by NGOs and for them
to then devise the most appropriate and cost effective manner of delivering manure to
communities in conjunction with farmers.

The commercial sector in all target countries appears to be split, in various
proportions, between stand alone fish farms and those in which aquaculture is
integrated with other animal husbandry or agricultural activities, e.g. cattle, chicken,
pig or grain farming. Under such conditions the availability of manure is obviously not
a problem. However, commercial stand-alone pond fish farms of whatever scale that
have to source manure from chicken producers or cattle farms may face competition

Source: Country reviews and interviews with farmers
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from other users of manure. However, the current average price of chicken and cattle
manure is low particularly in Malawi, Nigeria, Uganda and Zambia, suggesting that
access to the resource should not be problematic in the short to medium term.

Inorganic fertilizers are rarely used to enhance pond productivity in the target
countries. This may be related to the high price and the general scarcity of fertilizers
in all countries.

During the last five years (see Table 3) aquaculture production has increased
significantly in most target countries and as mentioned previously approximately
70 percent is produced by the commercial sector. Because the vast majority of
“non-commercial” fish farmers use farm by-products and / or rely on natural pond
productivity for fish production, the projected future requirements for fish feeds has
been calculated for the commercial sector only. The projections are illustrated in Table
20 and are discussed on a per country basis below. The estimation procedures did not
consider the impacts of future commodity prices (particularly fishmeal and oil seed
cakes) as well as factors that could have a negatively impact on production cost (e.g.
international oil prices, inflation and cost of electricity) on the demand for feeds.

According to FAO statistics the aquaculture sector in Cameroon over the last five
years has grown by over 112 percent per annum. Clearly, the sector is making rapid
advances and examples set by some commercial farmers are being copied in increasing
numbers by others, particularly in peri-urban areas. The manufacture of aquafeeds is
a recent initiative in Cameroon and only 80-90 tonnes were produced in 2005. The
current animal feed production capacity is around 150 000 tonnes and only 50 percent
of this capacity is presently utilized. At the moment most commercial farmers use
farm-made feeds. Agricultural products and by-products used for the manufacture of
animal feeds, except fishmeal, are readily available and the formal feed industry has the
capacity to provide feeds under any one of the three growth scenarios.

In Ghana the sector has not shown the same high growth rate as in Cameroon.
Commercial aquaculture has only emerged during the last five years but is already
contributing between 30 and 35 percent of total production. Only small quantities
of fish feeds are made on a pilot scale level. (ca. 2 tonnes per month). The country
has a seemingly well established animal feed industry (though no quantitative data
were provided). Fishmeal is mainly imported. The report by Abban (2005) suggests
that Ghana has adequate oilseed cake resources to supply and future demand by
aquaculture. As in other countries most commercial farmers at this stage use farm-
made feeds and their feed production capacity exceeds their requirements.

In 2005, Kenya produced just over 100 tonnes of compounded fish feed for trout
and tilapia. The country’s feed industry is, within the group of countries examined,
the second largest after Nigeria, producing over 450 000 tonnes. The animal feed
industry in Kenya is relatively new, having been developed during the past 10 years. As
elsewhere, most commercial farmers use farm-made feeds or feeds produced by small-
scale feed producers. Kenya has adequate agricultural by-product resources though
the competition for locally produced fishmeal is intense, as it is also used for human
consumption and other animal feeds. Fishmeal supply, currently standing at around
30 000 tonnes per annum, is considered to be the major constraint facing the animal
feed industry as a whole. Even if aquaculture grows from its current base at 15 percent
per annum until 2020 the industry would require just under 2 percent of the current
animal feed production capacity. The Association of Kenya Feed Manufacturers was
formed in 2003 and functions as the industry’s voice to government.

After many false starts, commercial aquaculture in Malawi emerged in 2003. The
largest cage culture operation in the SSA region is currently being developed in Lake
Malawi, using indigenous tilapia, O. karongae and O.shiranus The company will
probably reach its production target of 3 000 tonnes in 3-5 years. At a conservative
FCR of 1.5:1 this single operation (excluding the requirements for broodstock
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maintenance and fingerling production) will require some 4 500 tonnes of feed per
annum. If this venture is successful then others will most certainly follow, which will
increase the demand for pelleted feeds substantially. The farm has installed a feed mill
and pelletizer but will probably not be able to, or want to, manufacture its own feeds
at full production. The Malawian scenario is different from that in other countries in
that the establishment of a single operation within a short time will create a demand
for a substantial quantity of formulated pellets. Though there are about 12 animal feed
producers the animal feed industry in Malawi is small, though fairly well established. As
elsewhere it is heavily reliant on imports (maize, oilseed cake and all fishmeal) and as in
the other target countries produces mainly poultry feed. In 2005 the industry produced
approximately 600 tonnes of formulated milled product for fish pellets. Amongst other
variables, the success of the cage culture operation in Malawi therefore also hinges
on co-operation with the formal feed industry. There is no animal feed association in
Malawi and all companies operate independently of each other, however the Malawi
Bureau of Standards regulates feed quality in the country. A call has recently been made
to improve the regulatory environment of the animal feed industry in Malawi.

Nigeria has shown the most dramatic increase in fish production, from 30 677
tonnes in 2003 to 43 950 tonnes in 2004, mainly as a result of significant increases in
African catfish and Nile tilapia production. Nigeria has the largest animal feed industry
in SSA after South Africa, producing around 4 million tonnes per annum. Currently
there are 32 functional commercial scale animal feed mills (O. Fagbenro, pers. comm.
2006). Over 35 000 tonnes of aquafeed was produced in 2003, of which approximately
60-80 percent was farm-made or produced by small-scale feed producers. Oilseed cake
and other primary agricultural products and by-products for animal feeds in Nigeria
are in short supply and the country is reliant on imports of oilseed cake, soybean and
fishmeal. An adequate supply of fishmeal is recognised as the major current and future
constraint, unless the country’s unexploited lanternfish resources are utilized. Only
13 percent of its annual fishmeal consumption was produced locally in 2004, while the
bulk of the 2004 demand (67 500 tonnes) was imported. All feed additives in Nigeria
(as well as in other countries) are imported. However, Nigeria has the capacity and
expertise to produce the required quantity of feed under any of the projected growth
scenarios. Several foreign companies are currently investing in aquafeed mills. Nigeria
and Uganda are currently the only countries that import fish feeds, mainly from South
Africa and specifically for early juvenile rearing of African catfish under intensive
farming conditions. There is no animal feed manufacturing association in Nigeria
and the industry is unregulated and not controlled by any organ of state with respect
to quality and bio-safety. Given that the animal feed industry is only operating at
56 percent efficiency (Fagbenro and Adebayo 2005) it is well placed to provide the
needs of the aquaculture sector in future, though its participation in meeting the
aquafeed requirements, as in other countries, depends entirely on the quality of the
product it can produce.

Aquaculture in Uganda is growing at a rapid rate. The animal feed industry in
Uganda was started around 1994 and currently produces around 80 000 tonnes. The
country is well endowed with natural resources and except for soybean produces
adequate quantities of produce and by-products that are readily available to the feed
industry. It has a reduction fishery of some 50 000 tonnes and fishmeal is also made
from the offal of the Nile perch fishery in Lake Victoria. However, because no fishmeal
is imported the competition for this commodity is intense and has serious negative
social implications in that the fish previously used for human consumption is now used
mainly for fishmeal. Aquafeed production is sporadic and is only produced on request
and the quality is poor. Most commercial farmers make their own feeds or purchase it
from informal feed producers. Uganda has developed a policy for animal feeds as well
as a draft bill to safeguard consumers and to ensure feed quality.
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Total fish production in Zambia is around 5 000 tonnes of which around 75 percent
is produced by the commercial sector. The animal feed industry is well established
and produces over 120 000 tonnes per annum. In 2005 some 450 tonnes of fish feed
was produced and until 2004 an unknown quantity of fish feed was imported from
Zimbabwe. Most of the commercial farmers produce their own feeds. Agricultural by-
products and other feed ingredients are readily available in Zambia though fishmeal is
scarce and is imported, mainly from Namibia. The formal feed sector has the capacity
to increase fish feed production

A common denominator throughout the region is that many, if not most,
commercial farmers rely more on farm-made feeds and feeds produced by the informal
sector than on the formal animal feed sector. This scenario will probably continue
until such time as the demand in the various countries reaches a critical mass. All
countries have established animal feed industries, which are capable of accommodating
the demand of the commercial aquaculture sector. However, at this stage the common
complaint is poor feed quality, particularly with respect to the high percent of fines,
water stability and poor FCRs. Unless there is a certain minimum demand it is highly
unlikely that the formal feed industry, with its focus on poultry feeds, would gear
up in any of the countries to manufacture high quality, competitively priced fish
feeds. Hence the small-scale aquafeed producers have a competitive advantage. The
synergistic growth of the commercial aquaculture and small-scale feed producing
sectors should therefore be strongly encouraged and supported. The projected demand
for aquafeed under three different growth scenarios of 5, 10 and 15 percent per annum
(Table 20) is substantial and certainly provides opportunity for some of the current
cadre of small-scale feed producers to carve a profitable niche for themselves. Overall,
commodities for inclusion into fish feeds in the target countries are readily available,
though seasonal price fluctuations can be significant. This has a serious impact on
small-scale producers who generally do not have adequate storage facility to purchase
product when prices are low (usually immediately after harvest). Fishmeal throughout
the region is a constraint, with respect to quality and quantity and most countries are
largely dependent on imports.

14. RECOMMENDATIONS

Recommendations for improved utilization of fertilizer and feed resources including
suggested policy guidelines emanating from the country reports can be grouped into
four major categories, viz. (i) Technological; (ii) Research and Development; (iii)
Outreach; (iv) Policy and legal.

1) Technology
The country reviews reveal that there is a serious lack of capacity and knowledge with
respect to feed technology. It is therefore necessary to;

e train private and public sector nutritionists and fish feed technologists
(formulation, pelleting, on-farm feed formulation and manufacture, small-scale
feed manufacturing);

* design, adapt and develop appropriate low-cost machinery for milling, mixing and
feed manufacture;

e adapt and improve low cost feed drying technologies; and

* design, develop and test appropriate bulk storage facilities to prevent spoilage as a
mitigating measure against seasonal price fluctuations.

i1) Research and development

It is necessary to:

e evaluate alternate feed ingredients and determine optimum inclusion rates;

e quantify the demand for animal manure in aquaculture at district level and devise
low-cost distribution plans;
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e develop appropriate agro-ecological fertilization regimens;

e undertake surveys and develop databases of available feed resources at district or
provincial basis;

e develop and test country specific “farm-made” feed formulations;

e develop and test appropriate feeding table; and

e develop and test appropriate feeding methods to reduce waste and improve
FCR.

ii1) Outreach
For maximum impact the outreach listed below should focus specifically on districts or
regions with high aquaculture potential; mainly to:

e train farmers, NGOs and extension staff in food storage methods;

e disseminate information on availability of ingredients suitable for fish feeds;

e disseminate information on “farm-made” feed formulations to fish farmer
associations, farmers, NGOs and extension staff;

e disseminate information on manufacturing technology for “farm-made” feeds to
fish farmer associations, farmers, NGOs and extension staff;

e disseminate information on feeding schedules and improved feeding practices to
fish farmer associations, farmers, NGOs and extension staff; and

e provide support services to small-scale feed producers to fine tune their production
processes and technologies to achieve optimum results.

iv) Policy and legal

It would appear from the country reviews that the animal feed industry in most
countries is inadequately regulated. Hence the relevant legislation, where this exists,
should be reviewed and amended to support the development of the industry.
Cameroon and Kenya are in the process of reviewing their legislation with respect to
the feed industry. The most pertinent recommendations are listed below:

* governments and financial institutions must be sensitized with respect to business
opportunities offered by the aquaculture sector;

e governments in all countries should provide incentives for the development of the
animal feed industry (including aquafeeds);

e the feed industry must be encouraged and assisted in lobbying governments to
change the legislation on import duty of raw materials and feeds (e.g. Ugandan
farmers have to pay holding tax at 6 percent, value added tax at 18 percent and
import duty at 10 percent for catfish feed from South Africa). and

* governments must be made aware of the need to regulate the formal and informal
animal feed industry, particularly in terms of quality assurance and certification.
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SUMMARY

This study focuses on feeds and nutrients used under different aquaculture farming

systems and practices in Bangladesh, which include:

e extensive and semi-intensive systems for the production of carp species (Indian and
Chinese major carps, common carp, Java barb) and to a lesser extent tilapia and catfish.
Over 89 percent of aquaculture production in Bangladesh is derived from these
systems. An overview of feed and nutrient utilisation in these systems as well as their
diversity, complexity and production potential are presented;

e intensive culture systems for sutchi catfish (Pangasius hypophthalmus) (local name:
Thai pangas). These have typically developed in clusters in several regions and depend
largely on the use of farm-made feeds, pelleted feeds supplied either by the industrial
aquafeed industry or by small-scale aquafeed mills. The increase in the number of
small-scale feed manufacturers is a direct response to the growth in demand for
pelleted feeds; and

e systems for the production of black tiger shrimp and giant freshwater prawn. These
include hatcheries, nurseries and grow-out facilities. Black tiger shrimp (Penaens
monodon) and giant freshwater prawn (Macrobrachium rosenberergii) production
is expanding rapidly and now contributes to the export earning of Bangladesh.
Developments in feed manufacturing technology and improved fertilization are
critically important for the expansion of the industry. The use of feeds and nutrients
in crustacean culture has been analysed based on existing farming practices.

The increase in aquaculture production in many Asian countries is mainly a
consequence of the expansion of semi-intensive, small-scale farming systems and the
more appropriate use of feeds and nutrients (Hasan, 2001). In Bangladesh, the average
yield from fishponds has increased from 0.85 tonnes/ha/year in 1986 to 2.48 tonnes/ha
in 2005. Potential exists to further increase production through improved use of feeds
and fertilizers. Even minor increases in production levels in the extensive and semi-
intensive farming systems would make significant contributions to total fish production
in Bangladesh. To achieve this goal there is a need for a better understanding of the
production systems, the quality, quantity and frequency of feed and fertilizer application
and the use of different species.

Different types of fertilizers and feeds (single ingredient or compounded) are used in
the diverse array of systems. The formal and informal aquafeed industries in Bangladesh
are developing rapidly, collectively contribute to job creation and improved aquaculture
production. This study analyses the potential for development and the constraints facing
the aquaculture sector in Bangladesh, with particular reference to feeds and fertilizers.
Recommendations are made to facilitate the sustainable development of the sector in the
country.
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1. INTRODUCTION

The fisheries sector in Bangladesh plays a vital role in the supply of animal
protein, creating employment, earning foreign currency and alleviating poverty. The
contribution of the sector accounts for 4.92 percent of GDDP, 5.7 percent of total export
earnings and directly and indirectly employs approximately 12 million people (BBS,
2004). During the period 1995-96 to 2004-05 fish production in Bangladesh increased
by 75.3 percent from 1.264 million tonnes to 2.216 million tonnes and the contribution
by aquaculture to total domestic fish supply increased from 31 to 40 percent (Figure 1).
Similarly, export volumes and earnings of fish and fish-products increased from 39 391
tonnes (US$263 million) in 1999-2000 to 63 377 tonnes (US$373 million in 2004-05
(DoF, 2006). Export earnings are largely contributed by black tiger shrimp, Penaeus
monodon and giant freshwater prawn, Macrobrachium rosenbergii.

FIGURE 1
Trends in fish production from inland aquaculture and capture fisheries in Bangladesh from
1994-95 to 2004-05
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Source: DoF (2006).

In 2004-5, pond fish production contributed to 85.8 percent of the total aquaculture
production, whilst the remainder was produced in coastal shrimp ponds (13.7 percent)
and oxbow lakes (0.5 percent). Overall, aquaculture contributed 39.8 percent to the
total national fish production (Table 1). Major species-group aquaculture production
and species-wise pond fish production during 20042005 are shown in Tables 3 and
respectively.

In many Asian countries, the increase in aquaculture production is a direct
consequence of the expansion of semi-intensive, small-scale pond aquaculture and
more appropriate use of feeds and nutrients (Hasan, 2001). This is particularly true
for Bangladesh, where the average yield from fish pond aquaculture increased from
0.85 tonnes/ha in 1986 to 2.48 tonnes/ha in 2005 (DoF, 2006). With the exception
of a small proportion of aquaculture production from rapidly growing intensive
aquaculture systems, the bulk (87 percent) comes from improved-extensive and semi-
intensive culture systems. There is great potential to increase the productivity of
these systems even further through better use of feeds and fertilizers and even minor
increases in production in these systems would significantly raise total fish production.
In order to achieve this goal an improved understanding of the production systems, the
use of feeds and nutrients and the various aquaculture species is required.
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TABLE 1
Aquaculture production from different water resources in Bangladesh, 2004-05

Total aquaculture Percent of total

Sources Area production Yield aquaculture . Perc_ent of tota_l
(ha) (tonnes) (tonnes/ha) production fisheries production
Inland fish ponds 305 025 756 993 2482 85.8 34.2
Coastal shrimp 217 877 120 710 554 13.7 5.4
farms
Oxbow lakes? 5488 4 388 800 0.5 0.2
Total 513 584 882 091 100 39.8
Source: DoF (2006)
TABLE 2
Major species-group aquaculture production (tonnes) in Bangladesh, 2004-2005
Major groups Freshwater Ponds Brackish-water shrimp farms  Oxbow lakes Total % of total
Major carps 413 137 - 1922 415 059 47.05
Exotic carps 236 088 - 1779 237 867 26.97
Other carps 6 469 - - 6 469 0.73
Snakeheads 10 738 - 2 10 740 1.22
Catfishes 8 509 - 4 8513 0.97
Live fishes 6 552 - 1 6 553 0.74
Other fishes 72 940 38 049 669 111 658 12.66
Shrimps and prawns 2 560 82 661 1 85232 9.67
Total 756 993 120 710 4 388 882 091 100.0
Source: DoF (2006)
TABLE 3
Species-wise pond fish production in Bangladesh, 2004-2005
Major groups Species Tonnes %
Rohu (Labeo rohita) 163 190 21.56
Major carps Catla (Catla catla) 137 685 18.19
Mrigal (Cirrhinus cirrhosus) 112 262 14.83
Sub-total 413 137 54.58
Silver carp (Hypophthalmichthys molotrix) 158 741 20.97
Grass carp (Ctenopharyngodon idellus) 15 897 2.10
. Common/mirror carp (Cyprinus carpio) 16 502 2.18
Exotic carps Java barb (Barbonymus gonionotus) 4 693 0.62
Mixed carps 34 897 4.61
Others 5357 0.71
Sub-total 236 088 31.19
oth Orange-fin labeo (Labeo calbasu) and 6 469 0.85
er carps kuria labeo (Labeo gonius)
Snakeheads Snakeheads (Channa spp.) 10 738 1.42
e e et #0374
Wallago (Wallago attu) and other catfishes 7 828 1.03
Sub-total 8 509 1.12
Live fishes Climbing perch (Anabas testudineus) 1892 0.25
Catfishes (Heteropneustes fossilis and Clarias batrachus) 4 660 0.62
Sub-total 6 552 0.87
Feather backs (Notopterus chitala and N. notopterus) 908 0.12
Olive barb (Puntius sarana) 3179 0.42
Other fishes Tilapias (Oreochromis niloticus and O. mossambicus) 9 992 1.32
Punti (Puntius spp.) 9 008 1.19
Others* 49 852 6.7
Sub-total 72 940 9.75
Giant freshwater prawn (Macrobrachium resenbergii), 2 560 0.34
Prawns monsoon river prawn (M. malcolmsoni) and other
freshwater prawn species
Grand total 756 993 100

*All other freshwater fish species not included above. See Annex A1 for details of major groups of aquaculture
species in Bangladesh.

Source: Modified from DoF (2006)

2 Oxbow lakes (local name: baors) are semi-closed water-bodies, cut off from old river channels in the
delta of the Ganges.
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2. METHODS

This review was undertaken using
secondary information from different
sources and supplemented, wherever
possible, with primary information
obtained through farm visits and
interviewing of appropriate stakeholders.
The primary stakeholders that were
interviewed included operators of
finfish hatcheries and nurseries, grow-
out farmers, operators of shrimp’ and
prawn hatcheries, nurseries and grow-
out farmers, fish feed millers, aquafeed
companies and feed dealers.

A brief overview of the areas from
which the data was collected is presented
below and the location of the areas is
shown in Figure 2. Geographically, the
country is divided into four regions,
viz. Northeast, Northwest, Southeast
and Southwest and administratively it
is divided into 64 districts. The survey
covered all four regions.

FIGURE 2
Map of Bangladesh showing the location (red dots) of the
areas surveyed for the review
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Rangpur and Dinajpur — these two districts are located in the northwest region of
Bangladesh. Aquaculture in these two districts is generally poorly developed, mainly
due to the seasonal nature of the ponds. However, semi-intensive carp polyculture is

rapidly developing in the area.

Bogra — is located in the northwest region of Bangladesh. This district is particularly
well known for the pangas hatcheries that supply juveniles for grow-out to farmers

throughout the country.

Mymensingh, Narshingdi and Comilla — located in the northeast region of
Bangladesh, these districts have well-developed semi-intensive carp polyculture and
rapidly growing intensive pond based pangas nursery and grow-out. Substantial
quantities of industrial and farm-made feeds are used in these districts and there are

several fish feed mills.

Noakhali and Laxmipur — located in the southeast region of Bangladesh. Semi-
intensive carp polyculture is well developed here and there are several new prawn
hatcheries and a number of feed mills. Prawn based semi-intensive carp polyculture in
ponds and in seasonal lowland rice fields is developing rapidly in these districts. The
potential for aquaculture expansion in these districts is high and prawns from where

are now being exported.

Cox’s bazaar — coastal district located in southeast Bangladesh. It has well developed
shrimp hatcheries that supply post larval shrimp to other areas in the country for

? Shrimp primarily refers to the black tiger shrimp, Penaeus monodon and includes other marine or
brackish-water shrimp species. Prawn primarily refers to giant freshwater prawn, Macrobrachinm

rosenbergii and other freshwater prawn species.
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grow-out. Shrimp farming is practised using extensive technologies in large ponds and
‘ghers®. There are several aquafeed mills in the district.

Sathkhira District — coastal district located in northwest Bangladesh with well-
developed shrimp grow-out farms. Improved-extensive and semi-intensive technologies
using industrial and farm-made feeds are employed. The culture of shrimp is carried
out in ‘and fish feed mills ghers’ as an alternate to crop production.

3. AQUACULTURE PRACTICES AND FARMING SYSTEMS

Aquaculture in Bangladesh developed primarily with Indian major carps (Labeo
rohita, Catla catla and Cirrbinus cirrbosus) using seed collected from the wild. The
sector expanded rapidly with the development of hatchery technologies for Indian
major carps and the introduction of exotic carps from China and Europe. Production
systems were largely extensive, with limited use of pond inputs. Significant advances in
pond management have been made in the last few decades, such that the current array
of systems can be classified into three distinct categories, viz. improved-extensive,
semi-intensive and intensive systems based on increasing pond inputs, levels of
intensification and management (Table 4).

3.1 Semi-intensive polyculture of carps’

Semi-intensive systems are the most commonly used aquaculture production systems
in the country. The improved availability of seed of various species as well as improved
trading networks have enabled these systems to become successful over the last
decade.

Overall, the use of feeds and fertilizers in ponds have increased. However, there is
considerable variation among farmers with respect to the quantities used and the mode
of application. One of the principal objectives of this review was to obtain a better
understanding of these variations to develop appropriate strategies for the development
of the sector. In particular, cognisance was taken of the high local demand for lower
priced fish by poor rural communities. Both poor and marginal farmers practice semi-
intensive aquaculture using small ponds or seasonal water bodies. Carp polyculture
systems are largely dependent on primary and secondary production through the
application of organic and inorganic fertilizers, though fish production can be improved
through the application of effective fertilization strategies and supplementary feeding.

3.2 Semi-intensive prawn based carp polyculture

Prawn/carp polyculture has developed rapidly in different areas of the country.
In particular this has been facilitated by the improved supply of post-larvae (PL)
from newly established hatcheries. Until recently, the major source of prawn seed
was from natural waters (Muir, 2003). Hatchery produced PLs fed with formulated
industrial feeds in ponds provide healthy juveniles with higher survival rates, improved
production and higher profit margins. Recently many low-lying areas have been
converted into ponds for prawn and fish culture, particularly in Jessore, Noakhali and
Laxmipur Districts. Due to the high price of prawns, their introduction into the carp
pond production systems acts as an incentive to use supplementary feed as well as

* Ghers are specially designed ponds used mainly for the culture of shrimp and prawns. These have largely
developed in the coastal areas of southwestern Bangladesh.

> ‘Carps’ as used in this review includes the Indian major carps (rohu, Labeo robita; catla, Catla catla; mrigal
Cirrhinus cirrbosus; orange-fin labeo, Labeo calbasu) and Chinese carps (silver carp, Hypophthalmichtys
molitrix; grass carp, Ctenopharyngodon idella; bighead carp, Aristichthys nobilis). Carp polyculutre also
includes species such as Java barb (Barbonymus gonionotus), common carp (Cyprinus carpio), mirror
carp (Cyprinus carpio var. specularis), Nile tilapia (Oreochromis niloticus) and sutchi catfish (Pangasius

hypophthalmus).
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inorganic and organic fertilizers on a regular basis (DoF, 2005; Muir, 2003; Demaine,
2005; Field Survey, 2005).

3.3 Intensive culture of sutchi catfish (local name: Thai pangas), mono-sex
Nile tilapia and Thai strain of climbing perch in ponds

The intensive culture of sutchi catfish (Pangasius hypophthalmus) (local name: Thai
pangas) and more recently, the production of monosex Nile tilapia (Oreochromis
niloticus) and the Thai strain of climbing perch (Anabas testudinens) have developed
rapidly, particularly in peri-urban areas in Mymensigh, Narshindi District close
to the capital city Dhaka and in the Bogra District. As elsewhere, intensive finfish
farming is dependent on a reliable and adequate source of appropriate feeds. Farmers
use formulated pellets, manufactured in their own or local cooperative feed mills or
purchased from the commercial aquafeed industry. The market price of Thai pangas
is lower than Nile tilapia or climbing perch and hence is an affordable protein source
for marginal and poor urban people. However, as large amounts of relatively expensive
feeds are used the profit margins are lower. This has resulted in a shift towards the
production of high-value fish such as mono-sex Nile tilapia, Thai strain of climbing
perch and walking catfish (Clarias batrachus) (Muir, 2003, Field Survey, 2005).

3.4 Extensive and improved-extensive shrimp culture
The major shrimp culture activities are located in the southeast and northwest regions
of Bangladesh (Cox’s bazaar, Sathkhira, Bagerhat, and Khulna) and PLs are obtained
mainly from hatcheries. Shrimp farming systems in Bangladesh can be generally
classified as extensive, in which the shrimp are reared under low-level input conditions
and farmers rely mainly on natural pond productivity. The level of production is
consequently very low. In recent years there has been a shift towards the greater use of
fertilizers and industrial feeds in smaller ghers and these systems are now described as
“improved-extensive systems” (Table 5).

The reliable production of PLs in hatcheries now ensures a consistent and adequate
supply of seed for the entire production period of around 8 to 9 months. Farmers use

TABLE 4
Characteristics of the different farming systems for carp, prawn and pangas, 2005
Descriptions Carp polyculture Prawn culture Pangas culture
System Improved-extensive and semi-intensive Semi-intensive Intensive
Species Indian major carps, Indian major carps, Indian major carps,  Thai pangas,
Chinese carps and Chinese carps, common | Chinese carps and carps and Nile
common carp carp, Java barb, tilapia prawn tilapia
and Thai pangas
Average farm size (ha) 0.05-2.0 0.05-2.0 0.12-0.58 0.97-2.02
Culture period 5-12 5-12 5-8 6-10
(months)
Yield (tonnes/ha) 2.0-2.5 2.0-3.0 2.8-3.0 12.0-15.0
Stocking density (per ha) | 12 000-15 000 15 000-20 000 10 000-12 000 25 000-30 000
Species ratio Major carps - 40% Major carps - 30% Major carps - 30% Pangas - 90%
Chinese and common Chinese carp, common Chinese carps - 40% tilapia - 10%
carp - 60% carp, Java barb - 40% prawn - 30%
tilapia - 10%
pangas - 20%
Types of feed used with Mixed feed (RB, Mixed and pellet feeds | Mixed and pellet Pellet feed
major ingredients MOC, WB) (RB, MOC, WB) feeds (RB, MOC, (RB, MOC,
WB, FM, BM) WB, FM, BM
vitamins,
minerals)
Types of fertilizers used Cow dung, urea, TSP Cow dung, urea, TSP Cow dung, urea, Lime
and lime and lime TSP and lime

Note: RB - rice bran, MOC - mustard oilcake, WB — wheat bran, FM - fishmeal and BM — bone meal
Source: Field Survey (2005)
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TABLE 5

Characteristics of the different types of shrimp culture systems, 2002
Description Extensive Improved-extensive Semi Intensive
Potential area (ha) 100 000 55 000 15 000
Shrimp yield (kg/ha/year) 200-400 400-800 1500-3000
Farm size (ha) >5.0 1.0-5.0 0.5-1.0
Stocking density (PL/m?) 2-4 5-8 8-15
Culture period (days) 100-120 100-120 100-120
Survival rate (percent) 40-50 50-60 60-70
Average harvest size (g) 35 30 25
Average price (BDT/kg) 350 350 300
Water exchange (time/year) 1 2 3
Expenses (BDT/ha/year)
Land rent 15 000 20 000 30 000
Pond preparation 5000 8 000 20 000
Fry 15 000 32 500 57 500
Lime 3 000 5000 10 000
Fertilizer 100 200 400

US$1.00 = BDT 57.00 ¢ (2003 average exchange rate)
Source: Muir (2003)

multiple stocking strategies, under which PLs are stocked at 15-30 day intervals. A
recent study by Muir (2003) suggests that improved organic and inorganic fertilization
strategies in these smaller systems can lead to a reduction in the use of pelleted feeds.

Farmers have developed several strategies to reduce risk. The most important of
these include the practices of multiple stocking and harvesting, stocking of larger
juveniles after extensive nursing of PLs and the combined production of shrimp with
prawns and carp at low salinity levels. The reduction in risk exposure has encouraged
intensification using feeds and fertilizers and has led to an improvement in overall
production.

4. FEEDS AND FERTILIZERS USE IN AQUACULTURE

4.1 Organic fertilizers

Cattle and buffalo manure is commonly used as a source of nutrients for fishponds in
rural areas of Bangladesh, though the bulk is used for crop farming. The 8.44 million
households in the country have a combined total of some 22.29 million cattle and buffalo
(BCA, 1996 cited in BBS, 2004). Rural households also rear goats, sheep, chickens and
ducks, though the collection of manure from these animals for use as fertilizer is not
a viable proposition. On a limited scale, the recent establishment of industrial scale
chicken farming provides an opportunity for commercial farmers to purchase and use
chicken manure in ponds. The use of biogas as a source of household energy by better-
off households with relatively large numbers of livestock is also increasing. The slurry
from these biogas plants may also be a good nutrient source for fishponds. A limited
number of farmers use compost in fishponds, which is made using crop by-products
such as water hyacinth, rice straw, urea (5-10 percent of total compost amount) and
lime (2-5 percent). There is considerable potential to increase the production and use
of compost in fishponds, though this would require training and raising the level of
awareness of the value of compost for pond fertilization.

A recent survey in Mymensingh District revealed that 63 percent of farmers use
cow dung, and only 20 percent use compost as pond nutrient inputs. The average
application rate was 6.7+6.5 tonnes per ha per year (Karim, 2006). It is well known
that the nutrient content of cow and buffalo dung is lower than that of poultry manure
and compost (Table 6). However, bovine manure is cheaper and more readily available

¢ Conversion rate of US$ and BDT was for the time when the data were collected. The present conversion
rate is US$1.00 = BDT 68.00)
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TABLE 6
Nutrient content of different organic manures and their price (BDT/kg, 2005)
Nutrient content (%) )
Manure - - - Price
Moisture Nitrogen Phosphorus Potassium Sulphur

Cow dung (fresh) 60.0 0.50 0.15 0.50 - 0.50
Cow dung (decomposed) 35.0 1.20 1.00 1.60 0.13 0.60
Poultry manure 55.0 1.90 0.56 0.75 1.10 2.00
Compost 40.0 0.75 0.60 1.00 - 2.50

US$1.00 = BDT 65.00
Source: BARC (2005) and Field Survey (2005)

to farmers than chicken litter or compost. For this reason, the promotion of the use
of cow and buffalo dung for semi-intensive aquaculture throughout the country has a
greater prospect for adoption.

Several different techniques are used to enhance natural productivity in nursery
ponds. Farmers who do not have access to adequate quantities of animal manure rely
on the decomposition of natural and / or supplementary vegetation in newly inundated
ponds to provide organic nutrients for plankton production. Some nursery owners
apply mustard oilseed cake to the ponds a few days before stocking to achieve the
same effect. The application of manure and slaughterhouse waste to enhance natural
productivity of nursery ponds (Field Survey, 2005) is strongly promoted. Mustard
oilseed cake and rice or wheat bran are commonly used feeds for fish fry. The non-
ingested proportion of the feed also serves as a nutrient source for primary and
secondary production.

4.2 Non-conventional organic nutrient sources

a) Solid biodegradable organic waste from urban areas

This includes unused parts of vegetables, fruits, fish, meat, kitchen waste from
households, markets, hospitals, restaurants, canteens, food processing plants (both
in small towns and in large cities). In most instances this valuable and nutrient rich
material is dumped, hence creates unhygienic conditions. Some of this waste could be
used effectively and profitably for fish production in peri-urban areas as a source of
nutrients as well as supplementary feed. Regular collection and “disposal” of waste
in fish ponds would contribute towards maintaining sanitary conditions in urban
areas. In order for this to be effectively implemented the awareness would need to be
raised among fish farmers, local authorities and the appropriate central government
departments.

b) Sewerage waste from urban areas

Urban and peri-urban aquaculture is rapidly developing in many countries and has
been stimulated principally by the proximity to markets, access to information and
the availability of wastes (Little and Bunting, 2005). Large volumes of sewerage are
disposed via drainage canals or accumulate in low land ditches, creating substantial
health problems for urban dwellers during the monsoon season when it mixes with
run-off water and enters into urban dwellings with floodwater. The problem is severe
in large cities and is becoming more and more of a crisis in smaller cities throughout
the country. Human waste from urban areas is disposed mainly into rivers and canals
via sewerage canals, resulting in the pollution of natural waterways. This neither is a
solution to the problem nor is it an acceptable environmental practise. The potential
exists to ‘harvest’ this rich nutrient source for use in crop production and after initial
treatment, for fish production (Bunting, Kundu and Mukherjee, 2005; Costa-Pierce et
al., 2005). There are some examples of sewerage fed water bodies in urban areas used
for the culture of tilapia in Bangladesh. However, these are unplanned and may pose
health hazards to workers and consumers (Barman, Little and Janssen, 2003). There



122

Study and analysis of feeds and fertilizers for sustainable aquaculture development

TABLE 7

is a need for scientific bodies and appropriate government departments to assess the
potential of sewerage fed aquaculture and, if feasible, to draw up guidelines for the safe
use of human waste in aquaculture.

4.3 Inorganic fertilizers

Nitrogen and phosphorous in the form of inorganic fertilizer are applied to fishponds
to stimulate algal growth to increase zooplankton production. Farmers are aware of the
benefits of using inorganic fertilizers such as urea, TSP and others. However, despite
government subsidies, the use of inorganic fertilizers in aquaculture is limited by its
price (Barman, Little and Edwards, 2002; Thompson, Sultana and Firoz Khan, 2005).

The national demand for inorganic fertilizers is estimated by the requirements for
crop production. The estimated amount of urea and TSP used by aquaculture is less
than 5 percent of national use and hence the requirement of the sector is not considered
(Table 7).

Farmers who are intensifying their aquaculture operations are encouraged to use
inorganic fertilizers in combination with organic manures and supplementary feeds
regularly. However, with experience, further intensification does not necessarily
require additional inorganic fertilization. Instead, production can be increased through
the application of pig manure as in Viet Nam (Barman, 2005) or through integration
with ducks and pigs as in NE Thailand (Edwards and Alan, 2001).

Lime is used to improve water quality and to increase productivity. The present
field survey showed that farmers use lime during pond preparation and as a disinfectant
prior to the winter months to prevent disease. Farmers who practise intensive pangas
aquaculture apply small quantities of lime to their ponds on a monthly basis to improve
water quality. Similarly, prawn farmers lime ponds prior to stocking, and at regular
intervals thereafter, to facilitate moulting (DoF, 2005, Field Survey, 2005). Several types of
lime are available in the market for use in aquaculture and are affordable to the farmers.

Despite the excellent nutrient composition of poultry manure, Banerjee ez al. (1979)
and Knud-Hansen (1998) showed that 1 kg of urea and 1 kg of TSP together contain
an amount of available nitrogen and phosphorus equivalent to about 100 kg of chicken
manure. In addition, it is a more cost effective source of nutrients (Knud-Hansen and
Pautong, 1993). Nevertheless, it remains extremely difficult to convince farmers of the
benefits of using inorganic fertilizers.

The increased and improved use of different nutrient inputs in semi-intensive
aquaculture systems has almost doubled fish production compared with conventional
(improved-extensive) carp polyculture systems (Table 8).

Fish production under semi-intensive culture practices can be improved further by

(a) increasing awareness of the effective
use of on-farm organic nutrients instead

Current use, domestic production and inorganic fertilizers of more expensive off-farm nutrients
imports in 2005-06 (thousand tonnes) and feeds; (b) improving the methods

Fertilizer

Use Domestic production Imports ~ of manure and inorganic fertilizer

Urea

2875 2000 875 application; (c) increasing the efficiency

Triple super phosphate 585 200 385

Single super phosphate 125 125

of the nutrients through improvements

Di-ammonium phosphate 550 250 300

of the culture environment and (d)

Gypsum

150 150 developing strategies and systems to

NPKS*

117 17 harvest and use nutrients from non-

Zinc

30 30 conventional sources such as ‘urban

*Mixed fertilizer containing nitrogen, phosphorus, potassium and sulfur organic solid waste’ and ‘Sewerage WaSte’,
Source: Tofazzal Mia, Deputy Director, pers. comm., DAE’, Dhaka, mn a planned manner, for sustainable

Bangladesh

development of aquaculture.

7 Department of Agricultural Extension, Ministry of Agriculture, Government of Bangladesh
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TABLE 8
Use of inputs (tonnes/ha/year) and comparative fish production data in two different culture systems in
Mymensigh district, 2005

i Feed Organic fertilizer Inorganic fertilizer i i
Production - Fish production
systems Rice ~ Wheat  Mustard | o, 4,0 Poultry | ine TSP Urea | (tonnes/halyear)

bran bran oil cake litter
L‘:&'ﬁ;ﬁg 6.83 0.12 0.99 6.55 0.64 0.08 0.04 0.03 2.99
() G41)  (0.37) (1.41) (5.94) (121) | (012  (0.09)  (0.03) (1.47)
isr?tr;‘;]'sive 9.36 0.30 3.2 6.37 1.26 0.14 0.27 0.62 5.83
(n=23) (5.29) (0.73) (1.86) (6.58) (2.35) (0.16) (0.25) (0.30) (1.91)

n= number of farmers; figures in parentheses are standard deviations
Source: Karim (2006)

In the context of the limited availability of feeds, the use of inorganic and organic
fertilizers together with supplementary feeding offers the best opportunity to increase
total fish production by the large number of small-scale farmers practising semi-
intensive carp polyculture. It is, therefore, important for institutions to focus on the
improvement of semi-intensive fish culture systems in Bangladesh.

5. FEED INGREDIENTS AND FEEDS

5.1 Cereal products and by-products

A variety of cereals and cereal by-products are either used, singly or mixed, for the
feeding of fish in ponds. The most commonly used feed in Bangladesh is rice bran, a
by-product of the principal cereal crop of the country. Three common types of rice are
grown in Bangladesh, viz. “Boro”, “Aus” and “Amon”. Boro-irrigated rice is grown
in the dry season and harvested before the monsoon (February to April). Aus is grown
in the dry season from May to August, while Amon rice is grown during the monsoon
season from September to January. Production of Aus is limited compared to other
two types. The three types of rice provide a year round supply of bran. National rice
production figures from 1997 and 2001 are given in Table 9.

Rice bran comprises five percent of the total rice yield. It is used mainly as feed for
cattle and buffalo and is an important ingredient in fish feeds. The nutrient quality and
price of rice bran varies depending on its fineness. The bran produced in automated
rice mills is finer and has a higher available nutrient content in comparison with bran
produced in rural husking mills. Coarse brans are about a quarter of the price of
the finer bran. The quality of the bran depends on freshness, storage conditions and
duration of storage and because it is a by-product millers normally take less care during
collection and storage.

The proximal composition of rice bran varies greatly and depends on the milling
process and original quality. Crude protein levels range from 9.8 to 17.2 percent,
crude lipid (7.7-22.4 percent), crude fibre (5.7-20.9 percent), ash (7.1-20.6 percent)
and nitrogen free extract (4041 percent). Rice bran is a good supplementary feed and
its high calorific value has a protein sparing effect (Xin, 1989). Fish fed on rice bran
usually have a high fat content, which is desirable from a human nutrition perspective,
as rural, rice-based diets in Asia are typically low in fat (Xin, 1989).

TABLE 9

Production of different types of rice by year in Bangladesh (thousand tonnes), 1997-2001
Year Amon rice Aus rice Boro rice Total production
1997-1998 8 850 1875 8 137 18 861
1998-1999 7 736 1617 10 552 19 905
1999-2000 10 306 1734 11 027 23 067
2000-2001 11 249 1916 11 921 25 086

Source: BBS (2004)
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Considering the importance of rice bran in animal feeds, or as a single feed, it
is important to maintain its quality during production, transportation and storage.
Broken rice is also produced as a by-product in rice mills and is used mainly as feed
for poultry but also as an ingredient in fish feed.

In recent years the production of maize has increased several fold from 3 000
tonnes in 1997-98 to 64 000 tonnes in 2001-2002 (BBS, 2004). In comparison to rice
and wheat, the demand for maize for direct human consumption is low. As a result,
there is more scope to use maize for animal feeds, particularly for poultry. The use
of maize as an ingredient in fish feed has increased in recent times especially for
feeding carp broodfish and during grow-out. It is also used as an ingredient for the
manufacture of pelleted feeds for pangas, at inclusion rate varying between 10 to 15
percent by weight. To reduce the cost of fish feeds farmers are inclined to mill their
own maize flour for inclusion into feeds rather than purchasing it (Field Survey,
2005).

The production of wheat in 2000-2001 was 1.673 million tonnes. Wheat flour is used
mainly for human consumption, though some portion (normally of inferior quality) is
used as an ingredient in pelleted fish feed. Wheat flour in small proportions is also used
as a feed for fish fry shortly after they are stocked into nursery ponds. The granular
form of wheat flour (su#zz) is used as a feed for prawn PLs a few days after stocking into
nursery ponds. Wheat bran is also used a fish feed ingredient.

5.2 Oilseed by-products

Oilseed cakes are important ingredients in fish feeds. Some 376 000 tonnes of various
oilseed cakes were produced in 2001-02. The most important seed cakes used in fish
feeds are rape and mustard oilseed cake, while groundnut, sesame and coconut seedcake
are less commonly used. Rape and mustard accounted for 62 percent, while coconut
comprised 23 percent, groundnut 8 percent, sesame sux percent and linseed less than
one percent to total fish feed production in Bangladesh. The nutritive composition of
the different types of oilseed cake is presented in Table 10.

The results of the field survey suggest that there is a reduction in the use of oilseed
cake as a single feed by fish farmers. More often, farmers are now using a combination
of ingredients (mustard oilcake, rice bran, wheat bran, maize bran and powder, bone
meal, fishmeal, minerals, snail shell powder, vitamins). Pangas and prawn farmers are
achieving higher yields using mixed feeds (Field Survey, 2005; Muir, 2003). However,
with the expansion of aquaculture activities and the rapid development of intensive
culture systems for pangas, tilapia and climbing perch, the overall demand for oilseed
cake in Bangladesh is increasing. Maintenance of oilseed cake quality during production
and storage is also important for its effective use.

5.3 Pulse powder and by-products as fish feed

Other than for direct use in human nutrition, powdered pulses and by-products (bran)
are largely used as livestock feed. Use of pulse powder (basan) in small proportions
in formulated pellets for Pangas has been reported. However, the scope for the use of
pulses is limited as the traditional production areas are now used for the cultivation of
rice and other crops.

5.4 Weeds/grasses and plant by-products as fish feed

Duckweed is commonly used as feed for Java barb and grass carp, which grows
prolifically in low land rice fields, mainly during the monsoon season, coinciding with
the fish production period. The collection of duckweed is labour-intensive. In Jessore,
poor people collect duckweed for sale to fish farmers (Field Survey, 2005). Generally, it
grows faster in ditches or small derelict water bodies that are connected to household
drainage systems where there is a good supply of nutrients.
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Grasses in wetland areas are used as a source of feed for grass carp, as are banana
leaves (BBS, 2004). Water hyacinth is a common aquatic weed but its use as a fish feed
is limited, due to its poor palatability. By-products of vegetables such as unused leaves
of cabbage and radish could be used as fish feed but the production of these vegetables
largely takes place during winter months when fish require less feed. However, the
development of early variety of cabbage has the potential to be used as an input in fish
feed due to its high production volumes, extended seasonal availability and low price.

5.5 Fish feed from animal sources

5.5.1 Fishmeal

Fishmeal in Bangladesh is made from trash fish and other marine aquatic animals.
However, it is important for the authorities to recognise the importance of this fish for
direct human consumption, instead of reducing it for the production of animal feeds.

Fish feed millers generally use industrial fishmeal, though some purchase trash fish
and other by-catch species for the manufacture of their own fishmeal. The Bangladesh
Fisheries Development Corporation (BFDC) has four fishmeal production plants with
a capacity to produce eight tonnes/day (Murtuza, 1998). Industrial fishmeal contains
around 56 percent protein, 20 percent lipid and 2 percent crude fibre (Table 8). The
amount of trash fish used in aquaculture in Bangladesh ranges between 5000 and
70 000 tonnes/year (NACA/FAO, 2004).

Dried fish is more readily available at the coast than in inland areas. A more
equitable distribution of fishmeal to facilitate the manufacture of animal and fish feeds
was addressed by a Danida (Danish International Development Assistance) supported
project. The project provided transportation facilities for the movement of dried fish,
which due to its smell is normally not permitted on public transport. This created a
win-win situation whereby the feed producers had access to good quality dried fish,
while the producer received a better price by selling their dried product directly to the
users instead of an intermediary. By linking the local feed factories directly with the
producers of dry fish enabled the factory to provide quality feeds at a competitive and
affordable price for the farmers (Harvey, 2005).

5.5.2 Bone and meat meal

The use of bone and meat meals in fish feed has recently increased as an alternative
to fishmeal. Large, though unspecified, quantities of bone and meat meal are now
imported from several countries such as Croatia, Denmark and Belgium. The protein
content of meat meal and bone meal ranged from 40-55 percent (Field Survey, 2006).

5.5.3 Otbher sources of animal protein as feed ingredients

Alternative animal sources include shrimp meal, blood meal and silkworm pupae.
However, the availability of these resources is limited such that their possible use in
fish feeds is at best marginal. For example, shrimp heads are used directly for human
consumption.

6. FEEDING PRACTICES IN RELATION TO FARMING SYSTEMS AND SPECIES,
FARM-MADE FEEDS AND NUTRIENT MANAGEMENT STRATEGIES

6.1 Carps

Broodstock feeds

Two to three months prior to breeding, carp broodstock are fed a mixed, high protein
feed. The composition of the feed is variable but normally consists of mustard oilcake
(40 percent), rice bran/rice polish (20 percent), wheat bran (30 percent), fishmeal
(9 percent) and vitamin premix 1 percent at 2 percent body weight per day. Other
ingredients that may be incorporated into the broodstock maturation diet include
molasses, corn flour, meat and bone meal, and fishmeal (Field Survey, 2005). Feed is



126

Study and analysis of feeds and fertilizers for sustainable aquaculture development

TABLE 10

delivered as ‘wet balls’ placed in one or two specific places within the pond. To increase
the availability of natural feed cow dung at 250 kg/ha, urea at 50 kg/ha and TSP at
25 kg/ha are applied after mixing with water.

Larval feeds

Feeding of carp larvae starts after yolk sac absorption (32-48 hours after hatching
depending on temperature). The larvae are commonly fed on hardboiled chicken
or duck egg yolk. Two egg yolks suffice for 0.4-0.5 million larvae. The egg yolk is
mixed with water, spread over the rearing tanks, and applied four times daily at six
hourly intervals until 4-5 days after hatching, after which they are offered for sale.
Zooplankton (rotifers and cladocerans) are the main natural food items of the larvae
in nursery ponds. To enhance zooplankton production farmers fertilise their ponds
in various ways. The most commonly applied fertilizers are cow dung, urea and TSP
at variable rates (Saha et al., 1989, Miah et al., 1996), depending on availability. Goat
litter and fermented / decomposed mustard oilseed cake can also be applied prior to
stocking. It is generally recommended that the litter of one goat is adequate for 40m?
pond surface area or 85 kg/ha of decomposed oilseed cake.

Chemical composition (percent dry matter) of major feed ingredients in Bangladesh

Dry Crude Crude Crude Gross energy

Ingredients matter protein lipid Ash fibre NFE! (kcal/kg)
Feed ingredients of animal origin

Fishmeal 91.8 56.4 19.7 19.5 2.2 2.2 4 365
Fish silage 90.1 56.8 7.5 12.2 6.5 17.0 5432
Blood meal 90.8 92.9 0.3 6.3 0.5 - 4250
Silkworm pupae meal 91.2 61.1 24.8 6.7 43 3.2 5939
Poultry offal meal 89.8 75.5 16.3 7.3 1.0 -

Bone meal 92.5 17.5 5.2 65.7 3.5 8.1 1988
Meat and bone meal? 90.9 55.6 1234 29.7 NA3 -

Protein concentrate® 91.6 61.0 11.5 18.1 NA -

Feed ingredients of plant origin

Soybean meal 91.4 45.2 20.5 6.2 5.0 23.1

Sesame meal 92.0 333 8.4 14.9 24.0 19.5 4743
Mustard oil cake 93.0 36.5 11.2 9.2 11.6 31.5 4978
Linseed meal 90.9 39.0 6.7 12.8 9.1 32.5 4 386
Coconut oil cake 95.5 18.2 10.2 6.5 11.7 53.5 4723
Cotton seed meal 87.6 35.7 17.1 6.1 18.3 22.8

Cotton seed oil cake 90.9 22.7 6.2 1.7 29.9 29.5

Rice 87.4 8.4 2.1 1.0 1.6 86.9

Rejected broken rice 86.6 10.6 2.1 2.2 3.1 82.1

Rice bran 90.0 12.6 16.5 13.6 16.3 40.9 4235
Wheat bran 88.5 18.2 4.4 4.8 14.0 58.6 4 488
Wheat flour 93.2 125 1.3 2.1 2.1 75.6 4 488
Broken maize 87.9 11.3 5.0 2.5 2.8 78.4

Lentil bran 84.3 19.5 0.5 7.3 25.9 46.9 4 286
Black gram bean meal 12.9 18.8 0.6 7.5 22.8 50.5 4252
Mung bean bran (green gram) 87.9 8.1 29 106 37.5 41.0

Grass pea bran 87.5 11.0 1.8 8.1 38.8 40.4

Black gram bran 87.5 17.9 2.4 7.4 24.3 48.0

Field pea bran 89.2 1.4 1.0 5.8 39.6 42.3

Leucaena meal (unsoaked) 90.0 27.2 6.3 6.6 19.4 40.5

Leucaena meal (soaked)® 90.2 29.6 5.3 4.4 18.8 419

Water hyacinth leaf meal 94.3 25.6 1.1 11.7 17.2 444 4031
Duck weed meal 94.9 17.6 1.4 381 8.1 348 3969
Molasses 31.7 4.5 0 11.9 0 83.6 3624

"NFE = Nitrogen free extract; 2imported, country of origin Australia; 3NA = not analyzed; ‘imported, country of orgin USA;
Sleucaena leaves were soaked in water at ambient temperature (25-28°C) for 48 hours to reduce the mimosine content of the leaf

Source: Hasan, Alam and Islam (1989); Zaher and Mazid (1994); Hasan, Roy and Akand (1994); Hossain (1996); Faruque (2006)
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TABLE 11

Feeds used in carp nursery ponds, 2005
Type of feed Duration _ Amount of_ feed Frequency of feed use

(days) (x weight of hatchlings stocked ) (no./day)

Wheat flour 3 3* 3
Wheat flour and mustard 4 4 2
oilcake**
Mustard oilcake and rice bran 7 5-7 2
Mustard oilcake, rice 7 8-10 2

bran/wheat bran

*Amount of feed used = 3 times the weight of the hatchlings stocked, **Ratio of ingredients in all feed mixtures
are usually 1:1.

Source: Field Survey (2005)

Nursery management

To improve survival and growth, carp nursery ponds are limed (250 kg/ha) and fertilised
(cow dung 5 — 7 tonnes/ha, urea 50 kg/ha and TSP 25 kg/ha) prior to the introduction
of early juvenile fish. An insecticide (sumithion or dipterex) is also applied 16-24 hours
before stocking to remove insects and larger zooplankton that may predate on the
larvae. After stocking, the larvae are fed at regular intervals for 3 weeks until the late
juvenile stage (Field Survey, 2005) (Table 11).

At the end of the three-week nursery period, the fry are transferred to separate
ponds at a lower density (thinning out) and grown to fingerlings for sale. During this
period, they are normally fed a diet consisting of mustard oilcake (50 percent) and rice
bran/wheat bran (50 percent) at a rate of 10-12 percent of body weight per day and
fed twice daily. In addition, inorganic and organic fertilizers such as cow dung 275-
500 kg/ha, urea 8.5 kg/ha and TSP 5.0-6.2 kg/ha are applied at weekly intervals. Before
application, cow dung and TSP are soaked in water overnight. Urea is then added and
the mixture is applied to the pond before noon.

Carp grow-out systems

Carp grow-out is practised either under “improved-extensive” (in flooded rice fields or
oxbow lakes) or under semi-intensive culture conditions in ponds. In the semi-intensive
systems, feeds are used to supplement natural food to achieve higher yields. Generally,
several carp species are farmed under polyculture conditions and this has been strongly
promoted throughout the country. Semi-intensive polyculture of carp has yielded good
results in communal ponds where the water is used for various purposes, particularly in
rural areas of Bangladesh (ADB, 2005). Studies in the districts of Kapasia and Sreepur
revealed that the average level of pond inputs were similar to those recommended by
the extension services with the exception of lime, which many did not apply before
stocking. The majority of pond owners use cow dung from their own sources and
about 50 percent of farmers used urea. Rice bran is used as a supplementary feed by
most farmers and is purchased from the local market. Where affordable, farmers also
use mustard oilseed cake (Thompson, Sultana and Firoz Khan 2005).

Several feeding methods are used by farmers in rural areas. Farmers will either
feed their fish on a daily basis by spreading the feed over the surface, while others
fill perforated bags with a mixture of mustard oilseed cake, wheat bran and auto rice
bran®. These are suspended in the water using bamboo poles for 7-10 days rather than
applying feed on a daily basis. Alternatively, ingredients such as mustard oilseed cake
(50 percent) and rice/wheat bran (50 percent) are mixed and kneaded into wet dough
and fed to the fish every 3 to 4 days at a rate of 2-3 percent of body mass twice per
day, in the morning and evening. Most of the more entrepreneurial farmers use semi-

¥ Rice bran produced from automatic rice mill. These rice brans are finely milled and have a better nutrient
content.
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TABLE 12
Feed and fertilizer use, production and income of entrepreneurial carp polyculture farmers in
different areas in Bangladesh, 2005

Categories/types Specifications

Pond area (ha) (mean+ SD) 2.1£2.0

Species (polyculture) Indian major carps, Chinese carps, Java barb, common
carp and pangas.

Fertilizers Lime, cow dung, urea, TSP

Feed ingredients (proportion in the feed ) Rice bran 20-50%, oilcake 25-70%, maize 10-50% and
wheat bran 10-50%

Feed ingredients used (% of respondent) Rice bran 60%, oilcake 100%, maize 65%, wheat bran
20%

Feeding frequency (times per day) Once (most common)
Once every alternative day (rarely)

Amount of feed used per farmer (kg/day) 10-35

Culture period (months) 5-12

Total feed use (tonnes) (mean = SD) 3.2+2.1

Total expenditure for feed (BDT) (mean + SD) 35 000+17 000

Price of feed (BDT/kg) 7.00-10.00

Total fish production (tonnes) (mean = SD) 6.2+5.8

Yield of fish (tonnes/ha) (mean = SD) 3.6x1.1

Price of fish (BDT/kg) 38.00-55.00

Total income per farmer (BDT/year) 90 000-1 200 000

SD = standard deviation; US$1.00 = BDT 65.00
Source: Field Survey (2005).

intensive systems of production with higher levels of organic and inorganic fertilization
and supplementary feeding. Their yield and income is significantly higher than that of
the average farmer (cf. Tables 4 and 12).

6.2 Pangas

Hatchery and nursery

Pangas hatcheries are located mainly in the Bogra District in northern Bangladesh.
Pangas fry and fingerling production has developed into a major activity in this area
at the expense of carp hatcheries. This change has been brought about mainly by the
higher price for pangas seed and improved transport and communication infrastructure.
Pond area of pangas hatcheries ranges from 0.2-6.2 ha, while the total amount of feeds
used for the management of broodfish varies from 5-40 tonnes per annum per farm.
Feed expenditure amounts to between 60 and 70 percent of total hatchery expenditure.
The hatcheries produce up to 20 million pangas hatchlings per season. Some of the
hatcheries also produce hybrid catfish seed. There have also been substantial advances
in pangas broodstock management. Instead of only using mustard oilseed cake and
bran, farmers now use mixed feeds containing up to 11 different ingredients (Table 13).
This has resulted in improved seed quality and survival (Field Survey, 2005).

TABLE 13
Composition of pangas broodstock feed in Bogra District, 2005

Proportion in feed mixture (%)

Ingredients — - Price (BDT/kg)
Minimum Maximum
Rice bran 30 91 11.0
Mustard oilcake 1 10 12.0
Corn flour 3 10 11.0
Broken rice 0 10 7.5
Pulse flour 0 5 40.0
Wheat bran 4 10 12.0
Fishmeal 2 10 32.0
Bone meal 2 5 10.0
Salt 0 3 10.0

US$1.00=BDT 65.00
Source: Field Survey (2005)
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Pangas larvae and early juveniles are reared in aluminium trays on mixed feeds
using ingredients such as egg yolk, wheat flour, pulse powder, refined dried fish
powder and vitamin premix. Some hatcheries also feed the larvae on a paste consisting
of rotifers, egg yolk and fresh fish, at two hour intervals (Field Survey, 2005). For
the first 15 days after stocking the early juveniles are fed on wheat flour mixed with
eggs and then on mixed feeds (rice bran, boiled broken rice, corn flour, wheat flour,
mustard oilcake and vitamin premix). Only some farmers use commercial pelleted
feeds for fry nursing. Pangas fingerlings in the Bogra district are sold when they are
2 to 3 cm in length. Farmers purchase seed directly from the hatcheries, generally in
large numbers of at least 0.2-0.3 million at a time and stock them in their own nursery
ponds before transferring them to grow-out ponds. Purchasing seed of this size reduces
transport stress and mortality. In the (secondary) nursery ponds they are fed either on
commercial pelleted feeds or farm-made, mixed, non-pelleted feed.

Pangas grow-out systems
The grow-out of pangas is mainly pond based. Fingerlings are stocked at between
25 000 and 75 000 fingerlings/ha. Grow-out periods range from 5-6 months to 8-10
months. For optimum feed utilization the fish are grown in polyculture with several
carp species and Nile tilapia. This practise also increases production and income.
Pangas production largely depends on the use of formulated pelleted feeds, though
farm-made feeds are also used. Consequently, there are numerous local feed mills in the
pangas farming areas. The reported annual yield in Mymensingh and Comilla districts
is in the region of 27 tonnes of pangas, four tonnes of tilapia and one tonne of carps per
ha/year. The ingredients used for pangas pelleted feeds vary widely between farmers
and amongst industrial pellet manufacturers. Normally 7- 8 types of ingredients are
used. Fine rice bran from industrial rice mills, mustard oilseed cake, wheat bran, fish,
squid or crustacean meal and wheat flour are the major ingredients. In addition, maize
flour, snail or mussels shell powder, bone or meat meal, vitamin and mineral premix are
also used (Field Survey, 2005). Ration size, the types of feed, price, feeding frequency
and food conversion ratio’s are illustrated in Tables 14 and 15.

The market has responded positively in supplying the increasing demand for fish
feed ingredients and compound feeds. Farmers are able to obtain several different
ingredients directly from local markets or

from feed millers. Some farmers use their TABLE 14

own pellet making machines, while others, Pangas rations during the grow-out cycle in
. ponds in Trishal, Mymensingh, 2002
who do not own the necessary machinery,

. . . Size of fish (g/fish) Ration (% body weight)
supply the ingredients to millers who prepare g y e

. P : 100 15-20
the feeds to their specifications (Figure 3). 700_150 0
Farm-made feeds and feeds produced by ~ 151-s00 5
local millers are cheaper than the industrially — >500 3

available feeds (Figure 4). However, many  source: Muir (2003)

TABLE 15
Feeds used in pangas grow-out in Mymensingh, Narshindi, Comilla and Dinajpur districts, 2005
Price Feeding frequency
Type of feed Source (BDT/kg) (no./day) FCR
Commercial pellet ~ Commercial aquafeed industry 16-22 2 1.8-2.0
feed
Commercial Pellet Small local feed manufacturers 14.00 2 2.0-2.2
feed
Pellet feed Farm-made or made in rice mill 12.00 2 2.0-2.5
facilities

Mixed non-pelleted Farm-made 5-10 2 -
feeds

US$1.00 = BDT 65.00
Source: Field Survey (2005)
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Ground mixed feed ingredients ready for

FIGURE 3 FIGURE 4
On-farm pelleted feeds ready to be applied to

pelleting in a small pellet machine pangas ponds

TABLE 16

farmers are aware of the nutritional requirements of the fish such that fish production
using farm-made feeds is often inferior to that achieved using industrial pellets. Semi-
intensive pangas culture has also developed in areas outside of the traditional clustered
pangas farming areas as in Mymensingh, Narshingdi, Tangail, Kishorgonj and Bogra
districts. Farmers in these areas, e.g. Dinajpur and Comilla Districts use mainly farm-
made feeds composed of various combinations of rice bran, maize powder, oilcake,
boiled broken rice, biogas slurry and occasionally dry fish powder, vitamins and
mineral premix. The price of feed varies between BDT 5.00-8.00/kg. Similar to their
counterparts elsewhere, farmers in the more isolated pangas growing regions also use
lime during pond preparation as well as urea and TSP at regular intervals. Production
costs are lower in the more isolated areas than in the clustered areas, though production
per unit area is lower at approximately 5 to 8 tonnes/ha/year.

6.3 Shrimp

Shrimp hatcheries and nurseries

The production of shrimp post-larvae (PL) in hatcheries is very successful and supply
reportedly exceeds demand. It is important to note that most of the high cost feeds
used for larval rearing is imported. Almost all hatcheries purchase brood shrimp from
trawlers, varying in size from 60-150g and price from BDT 1500 to 2500 per piece.
After capture, they are kept in broodstock rearing tanks for 5-7 days until the gonad
maturation process is completed. During this period they are fed on mixed feeds
consisting of crab muscle, cow liver, squid muscle and mussel meat as well as formulated
feeds. Most of the hatcheries use algae, produced in their own facilities, to feed the
larvae as well as other types of plankton purchased on the market. Various imported
feeds, including Artemia, (Table 16) are used for PL rearing. Annual production of PLs
varies from 100-300 million per hatchery.

Feed used for final maturation of shrimp broodstock, larval and post-larval rearing in hatcheries at Cox’s

bazaar, 2005

Amount and feeding

Shrimp Type of feeds Price of feed (BDT/kg) frequency

Broodstock Crab muscle, cow liver, Crab 40-45, Cow liver 120, squid 70-90 10% of body weight of
squid muscle, mussel meat and mussel meat 40-45 shrimp, applied 4 times/day

Larvae Algae (diatom) and other Algae from own source and Spirulina 6 times/day until post-larval
commercial feeds powder 3 000 stage

Post-larvae Artemia nauplii 40%, Artemia 3 500, brine shrimp flake 1 500  15-16 days after reaching
brine shrimp flake and and mixed feed 400 post-larval stage in nursing
mixed feed 60 % tanks

Source: Field Survey (2005)

COURTESY OF BIBHU BHUSAN MOJUMDAR
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There are no facilities dedicated solely to PL nursing. Nursing is carried out in
small sections of the gher for a short period (PL ,, ;5). These are called pocket nurseries.
PLs are stocked in the pocket nurseries for 4-7 days whereafter the outlet is opened
and PLs are allowed to enter into the gher. The process of stocking PLs in the pocket
nurseries and then transferring them to grow-out facilities is normally repeated at
15 day intervals and continued throughout the production season from February to
September. Before stocking PLs into the pocket nurseries (= 0.04 ha), 500g bleaching
powder, 4 kg lime, 2 kg urea and 1.5 kg TSP are applied. Within 5-6 days of urea
and TSP application, the colour of the water becomes light green and is then ready
for stocking of PLs. In the pocket nurseries formulated granular powdered feeds are
used (e.g. Tiger brand feed of CP Feed Ltd.). The feed contains 42 percent protein,
8 percent lipid and 10 percent moisture. The amount of feed used is 200g for every
0.1 million PLs twice per day at 07.00 and 19.00 hours. The price of granular feed is
around BDT 75.00/kg. The feed is moistened before use and applied by spreading it
along the shallow ends of the nursery pond. Wheat flour was used previously even
though mortalities often reached 50 percent. The use of formulated granular feed has
significantly increased the survival rate of PLs.

Shrimp grow-out systems

Shrimp grow-out in large gher systems in both Cox’s bazaar and Sathkira is an extensive
operation and production depends almost entirely on fertilization and natural food, with
a limited measure of supplementary feeding. Shrimp production in large gher’s rarely
exceeds 150 kg/ha. Previous studies on shrimp grow-out (Muir, 2003) also reported
low levels of pond inputs. Sixty four percent of farmers applied small quantities of
pre-stocking inputs and only 41 percent applied some form of post-stocking inputs,
such as lime, urea, cow dung, rice/wheat bran, fishmeal and oil cake (Muir, 2003). The
recent field survey confirmed these findings. Farmers who use small to medium size
ghers have adapted their technologies to a semi-intensive scale of operation. The size of
large ghers located in Cox’s Bazaar and Sathkhira Districts vary between 32 and 138 ha.
In this area shrimp culture is alternated with salt production and the culture period is
6-7 months. In Sathkhira, the ghers are used only for shrimp production. PL stocking
densities vary from 0.7-3.1/m?2. The first harvest occurs 3 months after stocking, when
the shrimp range in size form 100 to 65g (10-15 shrimp/kg). At such a size the price
varies from BDT 400-600/kg and production varies from 63-150 kg/ha. Large ghers
are generally prepared using lime at 31 kg/ha and cow dung at 250 kg/ha. Inorganic
fertilizers such as urea (@ 2.5-5.0 kg/ha) and TSP (2.5 kg/ha) are diluted and spread
throughout the gher area by boat and applied at one month intervals. Rice bran or
wheat bran at 5-6 kg/hais used as supplementary feed. The bran is soaked in water for
12 hours before it is applied in the evenings at 8 — 15 day intervals.

Small and medium ghers vary in size between 0.67 and 2.67 ha. They are used
for monoculture of P monodon or polyculture of shrimp in combination with M.
rosenbergii and several carp species. Production is higher than in the large ghers
and ranges from 500 to 1000 kg/ha under monoculture and polyculture conditions,
respectively. Rice and wheat bran, mustard
oilseed cake and commercial pellets are used
as feed, though the amount and frequency of medium size ghers per grow-out cycle, 2005

TABLE 17

Use of organic and inorganic fertilizers in small and

feeding varies greatly amongst farmers. All Input Pre-stocking Post-stocking
farmers with small and medium size ghers use (kg/ha) (kg/ha)
. . . - ; . Lime 63-250 15-62

organic and inorganic fertilizers, including

d I ) 4TSP Urea 6-42 6-125
cow dung, poultry droppings, urea an 0 e 0-15 3037
increase natural productivity. Lime, urea and ~ cow dung 4000
TSP are used as pre- and post-stocking inputs  Poultry dropping 1250

(Table 17). Source: Field Survey (2005)



132 Study and analysis of feeds and fertilizers for sustainable aquaculture development
6.4 Prawns
Hatcheries
Prawn hatchery operators use formulated granular feeds produced by local feed
manufacturers for the production of post-larval M. rosenbergii. The prawn broodstock
is stocked in separate ponds four months before use in the hatchery and are fed
regularly with granular feeds at a rate of 6 percent body weight, twice a day. Feeding
trays are used to check and adjust the amount of feed required. A proportion of feed
is also applied outside the trays to ensure feeding of all prawns in the pond. To induce
the broodstock to feed more, the granular feed is alternated with farm-made feeds
for 1-2 days at 15-20 day intervals. These farm-made feed generally include auto rice
bran (30 percent), wheat bran (10 percent), mustard oilseed cake (25 percent), fishmeal
(30 percent) and molasses (5 percent).
Twelve hours after hatching the larvae are fed Artemia nauplii, at a rate of 25g
Artemia per 200 000 larvae for the first 10 days, whereafter the feeding rate is doubled
until day 30. The Artemia is supplemented with farm-made chicken or duck egg
custard. After 30 days the PLs are ready for sale. The greater proportion of prawn PLs
used in Bangladesh are however still collected from the wild, so there is great potential
for the development of additional prawn hatcheries. However feed costs are high and
this calls for the development of alternative cheaper feeds.
Nursing of post-larvae
Laxmipur and Noakhali Districts are the major prawn nursery areas. The duration
of the nursery period ranges from 1-3 months and farmers normally use small (0.02
to 0.07 ha), shallow (90 — 100cm) ponds as nurseries, which are integrated with crop
farming in one way or another. PLs are stocked at a density of 25-35 PLs/m?. All
nursery operators apply lime to their ponds as a pre- and post-stocking management
strategy at 150-250 kg/ha and 13-150 kg/ha, respectively. Some also use cow dung at
250-800 kg/ha, urea at 13 kg/ha and TSP 13.0 kg/ha but only as pre-stocking inputs.
During the nursery period the juvenile prawns are fed on a variety of feeds, such as
wheat flour (local name: s#zi), broken rice or mixed feeds (mustard oilcake, wheat bran,
wheat flour and fishmeal) as well as farm-made pelleted or commercial feeds. Higher
survival rates are obtained with the use of formulated pelleted feeds.
TABLE 18
Formulation (%) and price (BDT/kg) of low cost prawn diets
Diet 1 Diet 2 Diet 3
Ingredient Inclusion % protein Price Inclusion % protein Price Inclusion % Price
(%) (BDT/kg) (%) (BDT/kg) (%) protein (BDT/kg)
Fishmeal 15 9.34 3.75 15 9.34 3.75 10 6.23 2.50
(local)
Meat and - - - 8 4.09 1.52 5 2.55 0.95
bone meal
Full-fat 10 4.29 1.70 - - - 10 4.29 1.70
soybean
Mustard 15 5.65 2.10 15 5.65 2.10 14 5.27 1.96
oilcake
Maize 15 1.45 1.65 15 1.45 1.65 20 1.93 220
Rice bran 25 1.98 213 27 2.14 230 12 0.95 1.02
Wheat bran 10 1.72 1.10 10 1.72 1.10 19 3.28 2.09
Wheat flour 5 0.64 0.75 5 0.64 0.75 5 0.64 0.75
Molasses 4 - 0.40 4 - 0.40 4 - 0.40
Salt/shell 1 - 0.10 1 - 0.10 1 - 0.10
powder
Total 100 25.06 13.68 100 25.02 13.67 100 25.13 13.67

US$1.00 = BDT 65.00

Source: Hossa

in (2006)
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TABLE 19
Calculated proximate composition and gross energy (kcal/100g) content of the three low-cost
prawn diets (percent dry matter basis)

Components Diet 1 Diet 2 Diet 3
Crude protein 25.1 25.0 25.1
Crude lipid 10.8 9.8 9.6
Carbohydrate 39.2 37.9 40.2
Gross energy (kcal/100g) 396 383 390
Price (BDT/kg) 13.7 13.7 13.7

Source: Hossain (2006)

Prawn grow-out

Prawn grow-out is generally undertaken in polyculture with several carp species (rohu,
catla, mrigal, grass carp and Java barb) under improved-extensive and semi-intensive
conditions. Farm-made pellets are normally used and these are made using mustard
oilseed cake (20 percent), fine rice bran (20 percent), wheat flour (8 percent), dry fish
powder (20 percent) and molasses (2 percent). The cost of on-farm pelleted feed is
cheaper than commercially produced pelleted feed. The mixed non-pelletized feeds
include rice bran, wheat and mustard oilseed cake in various proportions. Farmers are
of the view that it is beneficial to use both pelleted and non-pelleted feeds. Only a small
proportion of farmers use factory made pelleted feeds. The Danida supported project
at Noakhali and Potuakhali in northern Bangladesh suggested that farmers use one of
three formulations for the preparation of farm-made feeds (Table 18). The nutrient
content of these feeds are tested at the Bangladesh Agricultural University Laboratory
(Table 19). This is a good example of extending the practical role of an academic
institution to meet farmer needs (Masum, 2005). Average production figures range
between 575 and 1050 kg/ha for prawns and from 500 to 1 760 kg/ha for mixed fish.

Some farmers also use non-conventional feeds such as snail meat. However, the
rapid expansion of prawn farming makes this practise unsustainable. For example, in
Bagerhat the improved farm-made feeds has resulted in a significant decrease in the
use of snail meat by 34 percent from 164 192 tonnes in 1998 to 22 774 tonnes in 2000
(Islam, 2001). There is a definite move towards the intensification of prawn grow-out
systems. Most of the recently established farms are smaller (0.1 to 0.6 ha of pond area)
and these are used on a seasonal basis (5-6 months of the year) and alternated with
crop production. Farmers with perennial ponds generally extend the grow-out period
for up to 10 months.

As a pre-stocking management strategy farmers apply lime at 125-250 kg/ha, cow
dung and / or compost at 2-5 tonnes/ha. Lime is also applied two to three times during
the production season at 50-100 kg/ha. Lime is applied by diluting it in water and
spreading the liquid mixture over the water surface of the gher. Urea at 25 kg/ha and
TSP 20 kg/ha are occasionally also applied at certain intervals as post-stocking inputs.

As mentioned above, prawn farmers who previously practised carp polyculture
have increasingly adopted mixed prawn and fish culture. The underlying reason for this
is the added benefit of prawns, which are exported. Overall, this has resulted in better
managed systems, improved production and higher profit margins.

7. DEVELOPMENT OF THE AQUAFEED INDUSTRY
The increasing demand for formulated aquafeeds has resulted in the establishment of
dedicated feed companies. This development is largely linked to the intensification of
aquaculture in some areas of the country. Imported feeds from Europe, the United
States of America, Japan and Taiwan Province of China are mainly those used in
shrimp and prawn hatcheries. Mineral and vitamin premixes are also imported.

The aquafeed industry in Bangladesh has its origins in the poultry feed industry.
Presently there are some 14 aquafeed manufacturers in the country (Kader, Hossain
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FIGURE 5 and Hasan, 2005); Field Survey, 2005). Most of the

Workers involved in making pellets in a manufacturers are involved in the production and
small-scale fish feed mill at Narshindi Sadar, supply of feeds for finfish culture and principally
Narshindi, Bangladesh for pangas farming, though some are now also

producing feeds for shrimp and prawns. Six types
of feeds are produced for shrimp (Nursery, Starter
1, Starter 2, Starter 3, Grower and Finisher) and
seven different formulations are produced for
pangas farming (Pre-nursery, Nursery, Starter 1,
Starter 2, Starter 3, Grower 1 and Grower 2) (Field
Survey, 2005).

The industry is currently unregulated with
respect to quality assurance. However, policy
guidelines are presently being developed by MOFL
to regulate the industry so that feed quality can be
assured (DoF, 2005). The significant differences
between the factory quoted proximate composition
of feeds and independent laboratory tests (Kader,

_ FIGURE 6 ) Hossain and Hasan, 2005) emphasises the urgent
Common feed ingredients used for making d to develop a system for quality assurance for
pellet feed nee b asy 4 Y
the greater benefit of farmers.

Coupled with the development of the commercial
aquafeed industry there has been a marked increase
in the production of compound farm-made feeds
and a proliferation of small-scale feed mills in
aquaculture intensive districts throughout the
country (Figure 5).

Many of the small-scale feed millers simply
provide a service by making pellets with ingredients
supplied by the farmer. Dry fish, oilseed cake
(mainly mustard but also sesame and soybean), fine
rice bran, wheat flour maize, molasses, bone meal,
mussel shell powder and vitamin premix are the
main ingredients (Figure 6) of locally produced aquafeeds in the small-scale, micro-
enterprise mills. The most common formulation is dry fish (30 percent), oilseed cake
(23 percent), fine rice bran 25 percent), wheat flour (7 percent) and others (15 percent).
The current manufacturing cost (milling, mixing, pellet making and drying) is BDT
800/tonne.
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7.1 Aquafeed use in Bangladesh
Although based on limited information some 50 000 tonnes of feed are produced per
annum by the industrial aquafeed industry, mainly for intensive culture (hatchery,
nursery and grow-out) of panga