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SUMMARY - The paper summarizes the major perceived issues and challenges related to
aquaculture nutrition and feed development that will dictate the future sustainability or not of the
sector over the coming decade. The major issues and challenges discussed in the paper concern
aquaculture’s dependency upon agricultural and fishery resources as fertilizer and feed inputs and its
increasing competition with other users (i.e. humans and the animal livestock production sector) for
these finite and valuable resources or farm inputs, and concerning the need to sustain and further
increase aquaculture production in the face of increasing feed ingredient and farm input costs, static
or decreasing market costs for the major cultivated finfish and crustacean species, and the increased
awareness and degradation of the pristine aquatic environment. The paper also presenits some
general approaches concerning possible future research needs required to meet the above
challenges so as to improve the overall efficiency of resource-use within aguaculture and for the
development of improved and sustainable on-farm feeding strategies for use within semi-intensive
and intensive farming systems.

Key words: Aquaculture, nutrition, feeding, aquafeeds, research.

RESUME - ‘L alimentation aquacole du futur : Les déterminants de la durabilité”. Cet article présente
bridvement les grandes questions et défis percus en matliere de nutrition aquacole et de
développement d'aliments en aquaculture, qui détermineront la durabilité future du secteur sur les dix
prochaines années. Les principales questions et défis discuiés dans cet arficle concernent Ia
dépendance de l'aquaculture vis-a-vis des ressources agricoles et halieutiques telles que les
fertilisants et les produits entrant dans les aliments pour poissons, ainsi que son entrée en
concurrence chaque fois plus forte avec d'autres utilisations (par ex. les humains et le secteur de
l'élevage de bétail) pour ces précieuses ressources non renouvelables, ou intrants des exploitations.
Il est également nécessaire de maintenir et d'augmenter la production aquacole face au codt
croissant des ingrédients pour aliments et des intrants des exploitations, aux prix de marché
stagnants ou en baisse pour la plipart des espéces de poissons et de crusiacés d'élevage, et a la
prise de conscience grandissante de la dégradation de l'environnement aquatique originel. Cet article
présente également quelques approches générales sur la recherche qui serait nécessaire pour
répondre aux défis cités auparavant de facon a améliorer l'efficacité globale de [utilisation des
ressources en aquaculture et pour le développement de meilleures stratégies durables d'alimentation
au sein des exploitations, pour les systémes semi-intensifs et intensifs.

Mots-clés : Aquaculture, nutrition, alimentation, aliments pour poissons, recherche.

THE DILEMMA: WHAT APPROACH?
Developing country approach

If aquaculture is to become a major producer and provider of much needed
animal protein and food for direct human consumption then it follows that the farmed

species (ie. whether they be finfish, crustaceans, molluscs, or aquatic plants) be
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produced en masse using low-cost sustainable farming methods. In this respect
China (a Low-Income Food Deficit Country or LIFDC') stands out amongst other
countries in terms of both experience and output in that it has been producing
aquaculture products for domestic consumption for over 3,000 years using
sustainable extensive and semi-intensive farming systems; total aquaculture
production in China in 1994 reported as 15.4 million metric tonnes (mmt) and valued
at US$ 14.8 billion and representing 60.4% and 37.2% of total world aquaculture
production by weight and value, respectively (Figure 1).
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Fig 1. Aquaculture production in China from 1984 to 1994. Total production
15,377,499 tonnes and valued at US$ 14,810,015,000 in 1994. Growth of
major species categories (expressed as % increase since 1984 and APR for
1984-1994): Finfish 2.09 to 7.97 mmt, 282% and 14.3%; Crustaceans 0.02
to 0.12 mmt, 460% and 18.8%; Molluscs 0.34 to 2.52 mmt, 636% and
22.1%; Aquatic plants 1.64 to 4.76 mmt, 190% and 11.2%; Total aquaculture
4.09 to 15.38 mmt, 276% and 14.1% (Source: FAO, 1996).

The Chinese farming system for the production of food fish is largely based on
the polyculture of freshwater herbivorous/omnivorous finfish species (Figure 2)
stocked at low densities within closed (ie. static water) semi-intensive and to a lesser
extent extensive pond-based farming systems (Chen, Hu & Charles, 1995;
GLOBEFISH, 1996). Within these low-input (and therefore low-output) semi-
intensive farming systems (SIFS) finfish production is usually integrated with the
production of animal livestock and agriculiural crops; these livestock/agricultural
production systems inturn serving as a source of nutrients for the cultured finfish
either indirectly in the form of pond fertilizers or directly in the form of low-protein
supplementary feed inputs (Tacon, 1995). India, the second largest aquaculture
producer in the world with a total production of 1.6 mmt in 1994 (FAO, 1996) also
employs similar polyculture pond-based farming techniques (Kumar, 1992) for the
production of over 1.5 mmt of freshwater food fish for domestic home consumption;

! Countries with an annual per caput income below the level used by the World Bank to determine
eligibility for IDA assistance of US$ 1,395 in 1994.
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these two LIFDC countries together producing about 67% and 73% of the total world
aquaculiure and finfish production in 1994, respectively. In fact globally in 1994
LIFDCs produced 75.1% of the total world aquaculture production by weight (19.13
mmt) and 55.3% of total world aquaculture production by value (US$ 22.0 biilion),
including 81.8% of total farmed finfish (of which 95.6% were freshwater fish
species), 76.8% of total farmed aquatic plants, 59.3% of total farmed crustaceans
(including 61.5% of total farmed shrimp), and 58.0% of total farmed molluscs. This
is in sharp conirast to world meat production where only 67.2 mmt or 33.8% of the
total world meat production of 199.1 mmt was produced within LIFDCs in 1994
(FAOSTAT Agriculture Statistics Database, 31 May 1996 update).

. CARNIVORES - 2.6% BLACK CARP 102,838 mt
I MARINE FISH NEI 101,110 mt

OMNIVORE/HERBIVORES - 97.4%
MUD CARP 100,000 mt

NILE TILAPIA 235,940 mt
WHITE AMUR BREAM 281,625 mt
CRUCIAN CARP 385,220 mt
MISC.FRESHWATER 649,400 mt

Fig.2. Pyramid of farmed finfish production in China in 1994 (Total production:
7,966,477 mt; FAO, 1996).

Developed country approach

In marked contrast to China and India, Japan (the third largest aquaculture
producer in the world and largest aquaculture producer of the developed or
industrialised countries with a total production of 1.44 mmt and valued at US$ 5.36
billion in 1994; Figure 3) employs high-cost intensive farming methods based on the
monoculture of high-value (in marketing terms) marine carnivorous finfish species
(Figure 4) stocked at high densities within open (ie. high water exchange) intensive
cage, tank, pond, tank, or raceway-based farming systems. Within these high-input
(and therefore high-output) intensive farming systems (IFS) fish growth and
production is achieved through the use of high-cost nutrient inputs in the form of
high-protein "nutritionally-complete diets' or in the form of a natural foodstuff of high
nutrient value such as fresh or frozen “trash’ fish or shellfish.
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Fig. 3. Aquaculture production in Japan from 1984 to 1994. Total production
1,436,516 tonnes and valued at US$ 5,364,766,000 in 1994. Growth of
major species categories (expressed as % increase since 1984 and APR for
1984-1994): Finfish 0.29 to 0.34 mmt, 21.2% and 1.9%; Aquatic plants 0.58
to 0.64 mmt, 10.5% and 1.0%; Molluscs 0.33 to 0.42 mmt, 27.9% and
2.51%; Others (miscellaneous aquatic animals + crustaceans) 0.028 to
0.025 mmt; Total aquaculiure 1.22 to 1.44 mmt, 17.2% and 1.6% (FAO,
1996).

COHO SALMON 22,824 mt

TROUTS 17,908 mt
COMMON CARP 13,284 mt
AYU 11,554 mt

OTHER MARINE 9,996 mt
BASTARD HALIBUT 7,292 mt

JACK MACKEREL 6,134 mt
TILAPIA 2,125 mt

CRUGIAN CARP {1,014 mt

CARNIVORES - 95.3%

OMNIVORE/HERBIVORES - 4.7%

Fig. 4. Pyramid of farmed fish production in Japan in 1994. Total production:
346,994 mt; FAO, 1996.
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Choice of approach and sustainability of production

Although both of the above mentioned farming sysiems function as economically
viable operations within their respective countries, they both have their share of
advantages and disadvantages, depending upon one’s perspective (ie. economic,
social, environmental, ecological etc.) and position in society (ie. resource-poor or
resource-rich farmer, investor, consumer, politian, government official, university
researcher, environmentalist, conservationist, angler, layperson, etc.). However,
whether one or more of these and other alternative farming strategies will be
sustainable in the long-run is another matter. For example, due to the increasingly
pressing demands on finite natural resources (ie. water, land, fossil fuels, metabolic
fuel - nutrients) to feed a growing world population, there is now an emerging global
trend in agriculture towards intensification of farming systems (Alexandratos, 1995),
and aquaculture is no exception to this (Milstein, 1993; Williams, 1996). However,
although the intensification process may increase production per unit area and bring
short term economic gains in terms of increased profits or a faster return on
investment, intensification by its very nature is dependent upon the increased use of
resources and inputs (including nutrient inputs) and as such has its drawbacks and
risks (Figures 5 and 6). In the light of the above the aim of the present paper is to
discuss the major perceived issues and challenges related to aquaculture nutrition
and feeding that will dictate the future sustainability of not of SIFS and IFS within the
North African and Mediterranean region over the coming decade, and to highlight
areas for future research effort.

S T

Yield (mt/halyr)

Fig. 5. Intensification of farming systems and feed management options (modified
after Edwards, 1993).
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Fig. 6. Major differences between extensive, semi-intensive and intensive farming
systems in terms of resource use and potential environmental impact
(Tacon, Phillips and Barg, 1995).

ISSUES, CHALLENGES AND RESEARCH NEEDS

Major Issue: Dependency of aquaculture on agricultural and fishery
resources as fertilizer and feed inputs and its increasing
competition with humans and animal livestock production for
these limited resources

Availability and increased demand for feed resources

All finfish and crustacean farming systems are dependent upon the market
availability of “feed resources’ for the provision of nutrient inputs, either in the form
of fertilizers (for the production of live food organisms), agricultural wastes and by-
products, fishery wastes and by-products, supplementary feed mixtures, or
formulated pelleted aquafeeds. It follows therefore that if the finfish and crustacean
aquaculture sector is to maintain its current high growth rate (total world finfish and
crustacean aquaculture production increasing from 4.9 mmt in 1984 to 14.1 mmt in
1994 and growing at an average compound rate of 11.1% per year since 1984, and
increasing by 14.7% since 1993) then it will have to compete with other users (ie.
humans and animal livestock) for these nutrient or feed resources. Although the
aquaculture sector may have been successful in the past (depending upon the
region) in obtaining the necessary fertilizer and feed inputs, this may not so in the
future as farming systems intensify and the demand for a finite pool of valuable feed
resources increases. For example, it has been estimated that the total world
production of manufactured compound animal feeds exceeded 560 mmt in 1995
(valued at over US$ 55 billion), of which poultry feeds constituted 32% of the total
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production, pig feeds 31%, dairy feeds 17%, beef feeds 11%, aquatic feeds 3%, and
others 6% (Gill, 1996). However, according to the industry estimates of Smith and
Guerin (1995) the total global production of commercial aquafeeds in 1994 was
about 4.25 mmt (less than 1% of total compound animal feed production) and
valued at US$ 2 to 4 billion (Figure 7). Assuming a modest annual growth rate of
10% per year it is estimated that total global aquafeed production will reach 7.5 mmt
by the year 2000 (Tacon, 1996).

BY REGION BY SPECIE
Far East Asia 37% Catfish 7% Eel 79% 300,000
S America 9% 1,550,000 300,000 \ 1

_ Marine spp 6%
270,000

385,000 \ Shrimp 25%

1,050,000~

N America 10%
430,000
__Other non-
carnivarous fish
spp 28%
1,185,000
Europe 21% . n
900,000 S & SE Asia 23% Salmonids 27%

985,000 1,145,000

Fig. 7. Estimated global aquafeed production in 1994 (values given in metric
tonnes; from Smith and Guerin, 1995). Total estimated aquafeed production
- 4,250,000 tonnes.

Dependency of aquaculture upon fishery resources as feed inputs

At present the production of carnivorous finfish species (1.45 mmt or 11.1% of
total farmed finfish production in 1994) and to a lesser extent marine shrimp (0.92
mmt) is totally dependent upon the use of fishmeal and fish oil as the sole or major
source of dietary protein and lipid within commercial aquafeeds; these two fishery
products generally constituting about 70% by weight of compound aquafeeds for
most farmed carnivorous finfish species and about 50% (together with shrimp meals
and squid meal) by weight of compound aquafeeds for marine shrimp (Tacon,
1994).

For example, although carnivorous finfish species represented only about 11% of
total finfish aquaculture production in 1994 (ie. 1,445,505 metric tonnes, wet basis)
they consumed an estimated 804,000 mt of fishmeal and 276,000 mt of fish oil (ie.
1,080,000 mt of fishmeal and fish oil, dry basis) within commercial aquafeeds or
about 70% and 80% of the total fishmeal and fish oil used in aquafeeds in 1994
(Figure 8, IFOMA, 1996); 804,000 mt of fishmeal being equivalent to the use of
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about 4,020,000 mt of small pelagics (ie. anchovy, jack mackerel, pilchard,
menhaden, capelin, tuna, herring, sardine etc.) using average conversion ratio for
pelagics to fishmeal of 5:1. Similarly, it has been reported that in Norway in 1994
approximately 400-450 kg of fishmeal and 225 kg of fish oil (dry weight basis) are
required to produce 1 mt of Atlantic salmon (wet basis; Anon, 1996). In addition to
carnivorous finfish species, the second largest aquaculture consumer were marine
shrimp (240,000 mt fishmeal and 25,000 mt fish oil or 21% and 7% of the fotal
consumption, respectively), followed by omnivorous/herbivorous finfish species at
(107,000 mt fishmeal and 45,000 mt fish oil or 9% and 13% of the total consumption,
respectively); the total estimated fishmeal and fish oil consumption in aquafeeds in
1994 being 1,151,000 mt and 346,000 mt or 15.5% and 23.7% of the total world
production of fishmeal and fish oil, respectively (Figure 9 & 10; FAO, 1996a).
However, it is most likely that the estimates of IFOMA (1996) concerning fishmeal
and fish oil usage in aquafeeds are underestimates as they calculated total
compound aquafeed production in 1994 as being only 3.26 mmt, as compared with
4.25 mmt estimated by Smith & Guerin (1995; Figure 7).

PRODUCTION BY FEEDING HABIT FISHMEAL CONSUMPTION
CARNIVORES 11.1% OMNIVORES/HERBIVORES 11.8%
1,445,505 mt 107,000 mt

OMNIVORES/HERBIVORES 88.9% CARNIVORES 88.2%
11,588,795 mt 804,000 mt

Fig. 8. Feeding habit and estimated fishmeal consumption of farmed finfish in 1994.
Carnivorous finfish include all marine fish (except mullets and rabbitfish),
diadromous fish (except milkfish and sturgeon), snakehead, pike, pike-
perch, black carp, murray perch, marble goby and blackbass. Production of
carnivorous and omnivorous/herbivorous finfish has increased at an average
compound rate of 9.8% and 10.9% per year since 1984, respectively (FAO,
1996; IFOMA, 19986).

Of particular concern is the fact that fish oil, and to a lesser extent brown fishmeal
and other lipid-rich fishery by-product meals, are currently the only available source
of the highly unsaturated fatty acids (HUFA) eicosapentaenoic acid (20:5n-3) and
docosahexaenoic acid (22:6n-3) for use within compound aquafeeds; the latter
being essential dietary nutrients for all marine carnivorous finfish and crustacean
species (NRC, 1993). The current dependence of aquafeeds for carnivorous finfish
and crustacean species upon fishmeal and fish oil is particularly worrisome in view
of the recent price increases for fish oil (prices doubling in one year) and fishmeal on
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the international market (Bololanik, 1995; IFOMA, 1996a). The high price increases
have been largely due to limited supplies and the strong demand from Asia and the
main fishmeal importing couniries; China being the world’s largest importer of
fishmeal (ca. 700,000 - 800,000 mt/year) and producer of hen’s eggs, and the
world’s second largest producer of poultry meat and compound animal feed
(exceeding 50 mmt/year) after the USA (Bololanik, 1995; Gill, 1996, IFOMA, 1996a).
Such price rises in these two basic (but currently essential) commodities would have
very serious implications for the commercial aquaculture sector (ie. for higher value
species such as salmonids, marine finfish and shrimp) as the industry is already
being faced with the threat of market saturation and decreasing fish prices (Anon,
19964a; Stephanis, 1995), and the need to further reduce production costs, including
feed costs, so as to maintain profitability.

SHRIMP 20.8% 240,000 MT
YELLOWTAIL 8.7% 100,000 MT

‘ EELS 7.6% 88,000 MT
TROUT 16.0% 184,000 MT %

SEABASS/SEABREAM 4.6%
63,000 MT

CARP 4.3% 50,000 MT

CATFISH 2.1% 24,000 MT
TILAPIA 1.6% 18,000 MT

SALMON 32.9% 379,000 MT MILKFISH 1.3% 15,000 MT

Fig. 9. Estimated use of fishmeal by farmed fish and shrimp within aquafeeds in
1994 (IFOMA, 1996). Total fishmeal used in aquafeeds in 1994 - 1,151,000
mt or 15.5% total world fishmeal production (7,443,929 mt) or 25.1% of
fishmeal available for export (4,591,840 mt in 1994; FAQO, 1996a).

Current estimates concerning fishmeal and fish oil use within aquafeeds suggest
that fishmeal and fish oil use will reach 1.5 to 2 mmt and 0.46 to 0.63 mmt by the
next decade, or equivalent to the use of 25-30% and 30-50% of the total world
fishmeal and fish oil supplies, respectively (assumes that future fishmeal and fish oil
production levels will remain at current levels and the continued growth of the
aquaculture sector at 5 to 10% per year; IFOMA, 1996, Rumsey, 1994, Smith and
Guerin, 1995; Tacon, 1996). Although the production of carnivorous fish species and
shrimp species will continue to be profitable for those countries with ready access to
fishery feed resources (ie. major fishmeal and fish oil producing countries being
Peru, Chile, Japan, USA, Denmark, Thailand, Norway, Russian Federation, and
Iceland; FAO, 1996a) and/or international credit facilities, this will be only possible
as long as stocks last and prices remain stable or within competitive limits.
Moreover, other outside factors could upset the fishmeal and fish oil international
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market such as the growing global interest to preserve fishery resources (ie.
Pelagics; Anon, 1996b) and the increasing demand for fish and fishery products
(including fish oils) as health foods in the diet of modern man (primarily within
developed countries; Sanders, 1993); the latter either driving up the market price of
fish and fishery products (including small pelagics) or diverting the use of small
pelagics for direct human consumption rather than for reduction into fishmeal.

SHRIMP 7.2% 25,000 MT
YELLOWTAIL 2.6% 9,000 MT
EELS 6.4% 22,000 MT

TROUT 24.0% 83,000 MT

SEABASS/ISEABREAM 6.9%
24,000 MT

CARP 8.7% 30,000 MT

SALMON 39.9% 138,000 MT CATFISH 2.6% 9,000 MT

TILAPIA 0.3% 1,000 MT
MILKFISH 1.4% 5,000 MT

Fig. 10. Estimated use of fish oil by farmed fish and shrimp within aquafeeds in
1994 (IFOMA, 1996). Total fish oil used in aquafeeds in 1994 - 346,000
mt or 23.7% total world fish oil production (1,458,676 mt) or 36.6% of fish
oil available for export (945,658 mt in 1994; FAO, 1996a).

On a closing note it is also of interest to mention here the serious problems
currently faced by marine finfish farmers in Japan due to the drastic collapse of their
pelagic pilchard fisheries; pilchard being used almost exclusively by farmers as a
complete feed and cheap source of high-grade protein for the culture of yellowtall
Seriola quinqueradiata, and catches of this pelagic species decreasing markedly
from over 4.5 million mt in 1988 to under 1.2 million mt in 1994. Farmers are now
faced with using alternative pelagic species or the development of feeding strategies
based on the use of dry pelleted feeds in which fishmeal is used as the major source
of dietary protein. Furthermore, of the 1.7 million mt catch of 1993, 700,000 mt was
consumed directly, leaving the remainder for use by fish farmers and the fishmeal
industry (IFOMA, 1995). In view of the steady decline of fishmeal production in
Japan from a high of 1.2 million mt in 1984 to a low of 0.53 million mt in 1994, it is
perhaps not surprising that fishmeal exports have decreased from 223,859 mt in
1989 to 20,696 mt in 1994 (FAO, 1996a), and that fishmeal imports have been
steadily increasing from 61,618 mt in 1984 to 588,377 mt in 1995 (Anon, 1996¢c).
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