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EDITORIAL
Hatcheries and Fishery Enhancement

With approximately 60% of the warld's capture fisheries overfished and a
groweing demand for increased fishery production for an expanding human population,
the use of hatcheries in stock - enhancemant of natural and mar-made water bogdies
is seen by several international organisations, including FAQ and the Consultative
Group an International Agriculiure Research (CGIAR), as a machanism to contribute
10 tuture food security.

However, the use of hatcheries to create or augrnent fisherigs has a history of
controversy and mixed results, Hatchery enharicement of marine and anadramaus
fisheries has been criticized on the grounds that it is not effective, not cost effective,
pravents alternative solutions from taing implemented and that it endangers native
aquatic resources. The use of hatcherias for enhancement of inland waters has nat
been as heavily criticized, but many of the same issues and concerns are invalved,

One problem with many past stocking programmes was their simplistic approzch
1o the problem of decreasing fish-stocks - simply dump large numbers of eggs or
l&rvae inta any canvenient water bady. Now, however, there is a greater apprEc.iaticrn
of the camplexities of stock enhancement. Size at release, disease cantrol, release-
habitat, fead preference, migrations, predatorcantrol, environmental carrying capacity,
inbreeding and genetic structure of enhanced stocks are being addrassed. Furthermare,
stock enhgncement is being considered as only one aspect of an overall fishery
management programme that includes habitat protection, fishing regulation and
sacip-gcanomic considerations,

These changes in the application of hatchery for the enhancement af fish stocks
are Indeed welcoma. But hatchery enhancement will not be appropriate for all
situations where stocks have beendepleted arwhere increased production is desired.
Conservation and development groups need to carefully assess each situation and
take Into account the reasons for stock depletion, the cbjectives of 3 stocking
programme, tﬁe real beneficiaries, and how to assess the impacts. Hatcheries have
avery important role to play and the Fisherles Department of FAD is anxious 1o nelp
determine when and how they can be utilized in support of focd security.

Devin M. Bartley
Fishery Resources Officer
Infand Water Resources and Agquaculture Service




AQUACULTURE FEEDS AND FEEDING
IN THE NEXT MILLENNIUM :
MAJOR CHALLENGES AND ISSUES

T piLEmmn © WHAT APPROAGH

If aguaculture is to play a major role in the focd
security of low-income developing countries (LIDCs)
as 3 much necded and affordable saurce of high-
quality animal protein then 0t is essantial that the
farmed species be produced en masse using low-
cost sustainable farming methods. In this respect
China {an LIDC) stands out alone in that it has been
producing food fish for home consumptian for over
3000 years!; China being the worlds largest produger
of aquaculture products [58.7 % of the world total of
22,63 million metric tonnes (mmt) in 1983], including
farmed finfish (58.4% of the world total of 11.19
mmtin 1993; Figure 1). The Chinese finfish farming
systamis based on the polyculture of complementary
frashwater ‘herbivorous/omnivorous fish species
(Figure 2) atlow fish stocking densities within closed
(e, static water) /ntegrated fish farms; aguaculiure
usually being the predominant farming activity and
combined with the production of farm livestock and
crops. Within these semi-intensive farming systems
{SIFS) fish growth and preductionis achieved throuah
the integrated wuse of low-cost locally available
nutrient inputs in the form of pond fertilizers and
law-proteinagricultural by-products. India, the second
largest aguaculture producer in the world {total
aguaculture production of 1.44 mmt in 1993,
including 1.38 mmt of finfish) also employs similar
polveulture farming techniques, These two countries
together producing over 65% of the total world
aguaculture production. |n fact, it is interesting to
note that whereas only 46.2% of world meat
production lie. cattle meat, pigmeat, poultry meat,
shesp meat, goat meat etc.) was produced within
developing countries in 1933, over 85.0% of total
world aguaculture production by weight {70.7% by
value) was produced within developing countries,
including 86.7% of all farmed finfish.

In marked contrast to China and India, Japan (the
third largest aquaculture producer in the world, and
thelargestaquaculture producer ameng the developed
countries with a total production of 1.43 mmt in
1393, Figure 3) employs high-cost intensive farming
methods for the production of food fish. The farming
gystem is based on the menoculture of high-value {in
marketing termsi maring carnivorous fish species
(Figure 4} at a high stocking density within open lie.
high water exchange) intensive pond, tank, raceway
or cage-based farming systems. Japan praduced
342,000 mtof finfishin 1883, Within these intensive
farming systems (IFS) fish growth/production is
achieved through the use of high-cost nutrient
inputs in the form of high-protein nutritionally-
campiete diets or In the form of a natural foodstuff

of high nutrient value such as fresh or frozen trash

fish ar shellfish.

Although both of the above mentioned farming
systemns gperate as economically viable operations
within their respective countries, they both have
their share of advantages and disadvantages,
depending upon ong's viewpaint [(ie. economic,;
socio-economic, environmental, technical, or
bialagicall and position in society (ie. resource-poar
farmer, resource-rich farmer, private investor,
politician, government official, scientist,
environmentalist, conservaticnist, angler, oar
layperson). However, whether these and other
alternative farming strategies will continue to be
sustainable in the coming decade or in the leng-run
is anather matter, For example, due largely to
population pressure and conflicting demands for
resources {including land and water) there is now an
emerging global trend in agriculture towards
intensification ef farming systems, and aquaculture
is no exception, to this. Howewver, although the
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Figure 1: Aguaculture production in China
from 1984 to 1893 (Source FAOC,
1985 Tatalvalug of agquaculture production
i 13323 was US$8,359 million),

Figure 2: Pyramid of farmed fish production
in China in 19932, (Total production
B.536,620 mt; FADQ, 1995].

Figure 3: Aquaculture production in Japan
from 1984 tp 1993, [Seurce: FAD, 1985,
Total value of aquaculture production in
1953 was USS55,532 million).

Figure &: Pyramid of farmed fish production

in Japan in 1393 (Total production

3714 mu; FAD, 1998).
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intensification process may increase production per
unit area and bring short term economic gaing in
terms of increased profits, intensification by its very
nature is dependent upon increased resource inputs
(including feed) and as such has its drawhacks and
risks. The aim of this paperis to highlight some of the
major issues and challenges related to aguaculture
nutrition and feed development which will dictate
sustainability of SIFS and IFS in developing countries.

MaJOR ISSUES AND CHALLENGES

1. Dependency of agquaculture on agricultural and
fishery resources as fertilizer and feed inputs

Availability and increased demand for feed resources

All finfish and crustacean farming systems are
dependent upon the market availability of ‘feed
resaurces’ forthe provision ef nutrientinputs, either
in the form of fertilizers, agricultural wastes and by-
products as supplementary feeds, or formulated
pelleted aguafeeds. It follows therefore that if the
finfish and crustacean aguaculture sector is 1o
maintain its curreént growth rate lincreasing by
11.2% from 10.90 mmtto 12,12 mmt from 1892 1o
1393} then it will have to compete with other users
lie. humans and/or farm livestock) for these feed
resourcas. Although the aguaculture sector may
hawve been successful in the past in obtaining the
nacessary fertilizer and feed inputs, this may not be
soin thefuture as farming systems intensify and the
demand far a finite pool of valuable feed resources
increases. It has been estimated that the total world
production of manufactured compound animal feeds
exceeded 550 mmtin 1294 {valued at over US$ 55
thousand millian), of which poultry feads constituted
32%, pig feeds 371%, dairy feeds 179%, beef feeds
11%; aguatic feeds 3%, and others 6%.

Dependency wpan fish meal and other fishery
resources as feed inguts

At present, the production of carnivorous finfish
species (1. 268 mmtor 11.3% of total farmed fish in
1993) and marine shrimp {(0.80 mmt in 1993) s
mainly dependent upon the use of fishmeal and fish
oil as the sole or major source of dietary protein and
lipid within farm-made or commercial aguafesds.
These two fishery praducts generally constituting
about 70% by weight of compound aquafeeds for
maost farmed carnivorous fish species and about

50% (together with shrimp meals and squid meal) by
weight of compound aquafeeds for marine shrimp
t5ee previous article by author in FAN No.8).

Althaugh the production of carnivarous fish species
and shrimp species will continue to be profitable for
those cauntries with ready access to fishery foed
resources and/or international credit facilities, This
will be only possible as long as fishmeal and fish oil
stocks last and prices remain stable or within
competitive limits, However, an unknown factor
which could upset the balance is the growing global
interest and demand for health foods (primarily
within ‘developed’ countries) and the recognition
that fish and fishery products lincluding fish oils)
could play a key role in the diet of 'modern man’; the
latter would either drive up the market price of fish
and fishery products or divert the use of small
pelagics for direct human consumption rather than
for fishmeal production,

2. Meed to sustain and further increase aquaculture
production

Increasing raw material and farm production costs

Increasing raw material and farm operating costs,
coupled with an often static and/or decreasing
market value for many farmed species, particularly
the high-value carnivarous fish and shrimp species,
necessitates thatthe farmer reduce production costs
0 as to maintain profitability, Since food and
feeding (including fertilization) usually represent the
largest single operating cost item within SIFS and
IFS, particular attention must be focused on the
development of research and farming strategies
aimed at reducing fertilizer/feed costs and improving
on-farm fertilizer/feed management techniques. A
logical step therefore is to make a detailed appraisal
of the fertilizer and feeding strategies currently
employed by the fish farming community within the
country in guestion (through the use of farm
questionnaires and figld visits) so as to identify the
fertilizer/feeding deficiencies and constraints. The
results of such studies would identify the subjects of
future on-farm field research investigations.

Furthermore, sg as to ensure rapid transfer of
research results to farmers it is recommended that
wherever possible the fertilization and feeding/
nutrition-based research trials be conducted in-sity
on representative fish farms and that the data
generated from these on-farm research studies be
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alsg evaluated from the viewpoints of economic,
socio-economic, and environmental impact. Emphasis
must be placed on trving to find lacal solutions for
the existing preblems of the aquaculture secior by
supporting on-farm research (participatory systems
approach) rather than just conducting pure or
fundamental research within the aboratory. However,
the key to the success of on-farm research is the
participation of the farmers themselves, not only
assisting in the identification of research needs and
priorities but also in the actual implementation of an-
farm resgarch programmes. Sadly, inmanyinstances
the aguaculture R & D programmes of publicagencies
are selected on the basis of research interests of
individual government scigntists andfor donor
agencies rather than en the nesds of the farmers and
the farming communities.

Chaice of cultured species. herbivores, omnfvires or
carnivargs?

At presant, all IFS and SIFS for carnivorous finfish
species l(ie. salmonids, eels, marine fish species -
seabreams, yellowtail, seabass, grouper etc.) and
penasid shrimp are net fish protein ‘reducers’ rather
thian net fish protein "producers’; the total input of
fizhand fishary resources as fead inputs farexceeding
the output of new tish pratein by afactorof 210 5
depending upon the farming system and fishery
resource usad [ie. fishmazal-based diets ar "trash fish’
as major feed inputsh Thisis insharp contrast tothe
net fish protein producing status of the majority of
SIFS and IFS emplayed by farmers for the production
of herbivarous/omnivorous fish and prawn species;
the culture of herbiverous/omniveraus fish species
bizing generally realized by 'developing’ countries
(the two largest producers being China and India)
and constituting 88. 7% of total finfish aguaculture
production in 1993, tis also of interest to nate hare
that whilst the average incregasein glabal production
of cultivated carnivarous finfish species lie, rainbow
trout, Atlantic salmon; yellowtail, Japanese seabream
gtc.}) was 2.37% from 1932 10 1983, the average
ingrease in praoduction of the non-carnivorous fish
specias (ie. silver carp, grass carp, CoOmMmon carg,
bighead carp, milkfish, rohu, nile tilapia, catla, mrigal
carp, crucian carp etc.! has remained higher at
13.35% from 1892 ta 1993, On a country basis, it
isaf interest to compara the recent statistical dataon
aquaculture production fram China and Japan; finfish
production in China (97.9% aof total being
omnivorous/herbivaraus fish species) reportedly
increased by a staggering 21.4% from 5,387,107

mtto 8,536,820 mt from 1992 10 1893 and finfish
productioninJapan {84.5% carnivorous fish species)
decreasedby 2. 7% from 353,140 mtto 343,714 m
from 1992 to 1983 (FAD, 7995).

It follows from the above that if aguaculture
production is to maintain its current high growth rate
and continue to play an important rele in the food
security of developing countries as an "affordable”
source of high quality animal protein, then herbiverous
or omnivarous finfish/crustacean species (feeding
lowe on the aquatic food chain and therefore being
less demanding in terms of feed inputs) should be
targeted for productien rather than high-value
carnivorous fish/shrimp species; the latter being less
energy efficient in terms of resource use and
dependent upon the use of high-cost, protein-rich
ieedinputs, Inthis respectitis also high time that we
lgarn from our terrastrial counterparts whaose farming
systems are based on the production of non-
carnivarous animal species {ie, poultry, ducks, pigs,
sheep, rabbits, goats, cattla).

Lack of information an nuteent reguirements and
impartance of natura! food organisms

Despitethe factthat silver carp, grass carp, commaon
carp, bighead ¢arp, and the giant tiger prawn were
the top five cultivated fish'and crustacean sgpecies in
the world in 1993 (totalling 5.37 mmt or 49.2% of
total farmed finfish and crustacean production),-and
are all malnly cultivated within SIFS, little ar no
information exists concerning their dietary nutrient
requirements under practical semi-intensive pond
farming conditions; the majority of dietary nutrient
requirement studies to date having been performed
under contrelled indoor laboratory conditions [these
in turn anly being restricted to commaon carp and the
giant tiger prawn}, Whilst the information generated
from laboratory-based feeding trials mavbe useful
for the formulation of complete diets for use within
IF5, this: information cannot be applied for the
farmulation of diets for use within SIFS singe thea
fish/shrimp also derive @ substantial part of their
digtary nutrient nesds from naturally available food
organisms; this is particularly true for those species
which are gcapable of filtering fine particulate matter
from the water column {ie. bacterial laden detritus,
phytoplankton, zooplankton etc.), including silver
carp, bighead carp, catla, rohu, mrigal, kissing
gourami, Thal silver barb, milkfish, nilem carp, and
last but not lgast maring shrimp,
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For example, despite the dietary requiraments of
vitamins for Tilapia sp. under indoar laboratory
conditions, field studies have shown ng beneficial
effectof dietary vitamin supplementation with Tilagia
sp. in ponds, cages or concrete tanks at densities of
100 fish/m? with yields of up to 20 tonnes per
hectare. Moreover, crustaceans resgarchers have
recently been able to reduce feed costs by hall using
lower dietary protein and micronutrient levels with
no loss in the growth and feed efficiency of shrimp
within pond-based SIFS. Unfortunately, in the absence
of published infermation on the distary nutrient
requirements of finfish/crustaceans within SIFS,
almost all of the commercially available aquafeeds
produced for these farming systems are usually over
formulated as nutritionally complete diets, irrespective
of fish stocking density ‘and natural food availability.
Clearly, this situation will have to be rectified if
farmers are to reduce production costs and maximize
econgmig benefit from their semi-intensive pond
farming systems.

Polvcudiure and wuse of natural pond food resources

At present, the bulk of waorld finfish and crustacean
aguaculture production within develaping eountries
is rezlized from pond-based SIFS. Although the
nutritional and economic importance of natueral food
arganisms within the diet of pond raised finfish has
been wellrecognized and utilized by farmersin China
with the developmentand useof complex polyculture-
based farming strategies, with the possible exception
of India, such practices have not met with the same
degree of success outside China. Palyculture-based
farming systems are based ¢on the stocking of a
carefully balanced population of fish species with
different (ie. non-competitivel and complementary
feeding habits within the same pond ecosystem and
somaximizing the utiization of natural available food
resources g, phytoplankton, zooplankton, bacterial-
laden detritus, macrophytes, benthic algae,
invertebrate amimals etc.) and available water
rescurces (ie. surface, mid- and bottom-water) with
a consequent increase in pond productivity and fish
yield per unit area. For example, polycultures in
China commaonly include the use of filter feeding fish
species (e, silver carp, bighead carp; 26-52% of
total fish stocking weight), herbivores (ie. grass
carp, 30-37% of stocking weight}, omnivores (e,
common carp, crucian carp, Chinese bream, tlapia;
18-25% of stocking weight), @nd carnivares fie,
black carp; 0-11% of stocking weight): stocking
weights and gpatterns varying with the financial

resources of the farmer. Thus, within low-productivity
provinces {ie, low-income provinces/resource-poor
farmers; net fish yields averaging 3.3 mt/hafyr) fish
stocking densities are low [initial stocking weights
averaging 444 kg/ha) and the proportion of filter
feeding fishes is high (52%), whereas in the high-
productivity provinces tie, higher-income/resource-
rich farmers; net fish yields averaging 7.9 mt/hafyr)
fish stocking densities are about three times higher
tinitial stacking weights averaging 1,481 ka/hal and
the 'feeding fishes' (ie. herbivores. omnivores and
carniveres) are the dominant species stocked.

importance of farm-made aguafeeds within SIFS

Az mentioned previously the bulk of world aguaculture
production within develaping countries s currently
realized within SIFS and is small-scale in nature with
nutrient inputs supplied in the form of fertilizers and
supplementary ‘farm-made’ agquafeeds; the latter
ranging from the use of fresh grass cuntings, careal
by-products, to sophisticated on-farm pelleted feeds,
In gontrast to industrially produced compound
aquafeeds [more commonly used within IFS), farm-
made aquafeeds allow the small-scale farmer to
tailor feed inputs to their own financial resources and
requirements, and facilitata the use of locally available
agricultural by-products which would otherwise have
limited use within the community, In addition ta their
ahility to use locally available by-products and wastes,
farm-made agquafeeds are also potentially much
cheaper than commercial agquafeeds,

Need for increased environmental and sacial
compatibility

FParticular emphasis has been placed on the
enviranmental compatibility and central role played
by polyculture-based integrated farming systems in
aguaculiure development within developing countries,
and the need to carefully balance exogenous
supplementary feed inputs with the endogencus
supply of natural food organisms {achieved through
the use of fertilizers) within the pond ecosystem.
Furthermore, as mentioned previously, in addition to
theirminimal effects onthe environment, in terms of
resource use 5IFS are less dependent upon high-cost
‘food grade' exogenous feed inputs (ie. fishery
resources), facilitate maximum use of logally available
agricultural resources (ie. by-products and wastes),
have lower production costs, are less prone to
disease problems, and are usually net fish protein

producers and more energy efficient compared with
IF5.
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By contrast, the negative reported impacts of
agquafeed usage within IFS on the agquatic environment
have been largely due to the use of poor cn-farm
husbandry and management technigues (including
on-farm feed management practices) and lack of
appropriate aquaculture planning measures limiting
the size of existing farms or groups of neighbouring
farms to the ‘environmental carrying capacity’ of the
water body or coastal area in question. Despite this,
increasing attention is now being given by farmers,
feed manufacturers, and researchers alike to the
develecpment of farming systems and feeding
strategles which maximize nutrient retention by the
cultured fish or shrimp and minimize nutrignt loss
and negative enviranmental impacts,

It is also important to mention here the critical rale
played by nutrition (ie. undernutrition) and farm
management {ie. on-farm feed, water and pond
managementl on fish/shrnmp health and the incidencea
of disease cutbreaks within IFS land to a lesser
extent SIFS) and the need to satisfy not only the
dietary nutrient requirements of the farmed species
for maximum growth but also to satisfy their additional
dietary reguirements for increased immuno-
competence and disease resistance.

Finally, the dietary wvalue and importance of
aquaculture products in human nutrition as a much
needed source of ‘affordable’ animal protein should
nat be overlooked; fish being aone of the cheapest
sources of animal protein within rural and coastal
communities. For example, at present, freshwater
aguaculture {ie. mainly cyprinids and tilapia) affers
one of the cheapest sources of high quality animal
protein within the major rural inland communities of
Asia, including China, India, Indonesia, Bangladesh
and the Philippines.

MNeed for information and training

Last, but not least, ane of the major factors limiting
aguaculture development in most developing
countries is the lack of ready access to ug-to-date
information, either through publicaticns within
libraries and electronic bibliographic databases, or
through in-country training opportunities (ie. for
farmers, extensionists, I‘ESE%HI‘CE:IQFS, ar the trainers)
an aquaculture, and in particular concerning
aguaculture nutrition and feed technology. Clearly,
since information and training (ie. the dissemination
of information and knowledge through education)
are fundamental to any research, lgarmming or

development process, itis essential that this issuebe
addressed if farmers {the ultimate beneficiaries) are
toimprove their skills and farming operations. Sadly,
infoarmation is often overlocked as being an integral
part of the learning or research process; the net
result being the re-invention of the wheel and the
unnecessary duplication aof research effart rather
than building upon the knowledge base already
available and learning from past mistakes and
EXOBIENCES.

CLOSING REMARKS

Despite the fact that China has the longest histary
and experience in aguaculture development, the
sector has recently faced serious difficulties with tha
"intensification’ phenomenon and the shift of the
mare resource-rich provinces and farmers from
traditianal farming practices to more 'Developed
country-style’ market-ocriented farming practices;
farming practices shifting from the use of low-cost
and low-input {and therefore low output) palyculture-
based SIFS {aimed at the mass production of ‘food
fish" for local consumption) at one end of the
spectrum to the production of high-cost and high
input land therefore high cutput) monoculture-based
IFS {aimed at the production of high-valug (in
marketing terms) ‘luxury food fish’ {ie. carnivorous
fish/shrimp) for export at the othor end of the
spectrum. The particular case in point is the
spectacular ‘rise and fall' of the shrimp farming
industry, with shrimpg production collapsing from a
high of about 200,000 mt between 1988 and 1992
{China then being the largest producer of farmed
shrimpl tounder 50,000in 1994, Thecollapse of the
shrimp farming sector inmainland China was almost
identical to that which had occurred in Taiwan five
vears earlier in 1988 and was largely due to the
prograssive degradation and deternioration of the
aguatic and pond enviconment (due to pollution,
poor feed and pond management, and inadequate
planning and concern for the environmentl and
consequent massive disease authreaks.

It is evident from the abgve economic and
environmental disasters that although 'intensification’
and madern ‘high-tech’ high-input and high-output
IFS (ie: feedlotr systems) can bring considerable
gcanamic gain to farmers with access 10 resources
tie. finance, land, water, trained manpower, feed
and other off-farm inputs) these farming systems are
highly ‘stressed ecosystems” whose stability is
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entirely dependent upon 'human factors' and ‘the
tarmers control and use of resources’ rather than by
natural 'ecological factors' as in the cass of low-
input palyculture-based SIFS, Despite this, whether
we like it or not, intensification and IFS are here to
stay and aguaculture (like all other forms of animal
production) will ingreasingly be constrained by
increasing competition for land, water and resources,
including feed. For example, a8t present China's
econamy is ong of the most dynamic and fastest
growing economies in the world (GDF growth in
1983 being 13.4% and the highest amongst Asian
countries), in which livestock and farmed fish
productionis increasing atdouble digit figures (mean
annual growth rate for mutton and lamb 171.8% /v,
beef and veal 22.9%/yr, poultry meat 14.6%/Mr,
farmed fish 12.2%/yr, and pig meat 6.7%/yr from
1986 1o 1993). By contrast, cereal and oilsesd
production {used as feaed for humans and livestock)
is anly increasing at an average annual growth rate
of 2-3% per year, Coupled with an average annual
population growth rate of 1.3% per year and a huge
population resource base of 1.2 billion people, it
follows that if China (like the majarity of other
developing countries) is going to sustain and improve
tha nutritional and economic welfare of it's people
the traditional farming systems will have to be
improved and/or upgraded.

If the intensification process from extensive, semi-
intensive to intensive farming systems is to proceed
in a sustainable manner, it is essential that research
be aimed at developing farming systems which
produce more fish, but that the production be based
on the use of sustainable ecological/environmental
balances and the efficlent ‘integrated’ use of
resourges rather than just on  pure economics: It
follows, therefore, that for the survival of the industry
the overall efficiency of resource use isimproved and
that the agquatic environment be conserved for food
production, thus ensuring that long term sustainability
far food production prevails over the desire for rapid
gains and short term profits.
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INTEGRATED RICE-FISH CULTURE IN ASIA
WITH SPECIAL REFERENCE TO DEEPWATER RICE

Buased on a Paper submitted to the ]8th Session of the
International Rice Commission ; 3-8 September 1994, Rone

GLoBAL FISH PRODUCTION - PRESENT AND FUTURE

Fish is an important source of animal protein,
essential fatty acids, vitamins and minerals. Fish
currently make up about 19% of total animal
protein consumption in the world, However, in
some developing countries such as Bangladesh,
Indonesia, China, Myanmar, Philippines, SrilLanka,
Thailand etc. fish accounts for half or more of the
animal protein supply. In Bangladesh, fish
rapresents 80 percent of animal protein supply of
the diet. If the rate of fish production is not
substantially increased, severe strains on the
nutritional status of the countries with high
dependence on fish for their protein supply will
appear. It is estimated that just to maintain the
present level of consumption an additional 8.5
million t of fish will be required just for the East and
Southeast Asiaaloneby 2010, Takinginto account
the present rate of population growth, itis estimated
that by the year 2010 with a populatien of about
7 billian, maintaining the present level of 18 ko per
caput, the production of fish will have to ba raised
to over 125 millian t (FAQ Agriculture towards
20104,

It is estimated that the capture fisherigs may reach
to its maximum production level of 90-110 million
tby the year 2010, Onthe other hand, aquaculture
proaduction could be increased from 14 million t to
30 million t by 2010, through improved
management, species diversification, development
of new culture technologies and expansion of
aguaculture in the marine environment (FAQ
Agriculture; towards 2010}, However, the expectad
growth of aquaculture is not gaing to be very easy
as sign of serious problems related to environment,
disease and marketing have been surfacing.

Recognizing the constraints limiting the future
increase in fish production from the marine and
inland capture fisheries, aquaculture is seen as the
major potential cantributor. To achieve this, among
other things, improvement in the existing culture
technologies, development of new culture
technologies, genetic improvement of culturable
species will have to be made, In this cantext,
improvermnent in the traditional system of integrated
rice-fish culture and the development of new rice-
fish culture technologies with a view to increasing
food fish production in rural farm household level
should be consideraa.

TRADITIONAL RICE-FISH CULTURE

The practice of culturing fish in ricefields first started
in China 2000 years ago and in India about 1500
years ago. Out of approximately 144 million ha of
ricefields, 76.3 million ha (53%) are irrigated, 49
millign ha (34%) are rainfed, and 18.7 million ha
[13%) are classified as upland ricefields. Nearly all
rice-fish culture practices arein rrigated and rainfed
ricefields with less than 50 em depth of water. Haora
& Pillary (1962) reported that in the Indo-pacific
Region only an estimated 136,000 ha or 0.65% of
21 million ha of wet ricefields were used for growing
fish, and since then no reliable data on the area under
rice-fish culture and the guantity of fish produced
from there-in have been available. However, since
sixties with the adoption of culture of High Yields
Varigties (HYV) of rice which need much less water
and higher quantities of fertilizer and pesticides, the
overall environment of the ricefields became less
conducive ta fish culture; and as a result, the areas
under rice-fish culture decreased steadily. Since
early eighties, there has been a revival undarway in
Asia, especially in some countries like China
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(Li 1892}, Indonesia (Koesoemadinata gt al 1892)
and Thailand {Fedoruk et al 1992), the practice of
integrated fish culture in the ricefields have been
increasing. On the other hand, in industrialized
countries such as Japan, ltaly, Hungary etc., fish
culture in ricefields is rarely practised mainly because
of the facts thatitis no longer econamically attractive
and that the cultivation of rice has been mechanized
tosuch an extent that the ricefieldsin those countries
are becoming unsuitable for fish culture [Fernando,
1883). In the everchanging Scenery of rice-fizh
culture and in the absence of reliable data, itappears
that no more than one percent of total irrigated
ricefields in Asia is under rice-fish culture, Table 1
illustrates the paucity of data on the rice-fish culture
in Asia.

The aguatic phase of the traditional ricefields creates
a highly productive biolegical system that generates
and sustains agquatic organisms (both plants and
animals). The ricefieid aguatic fauna includes, inter
alia, birds, fish, maolluses, insects, crustaceans,
Shallow water {less than 50 cm) with fluctuating
temperature {20-30°C) makes the ricefields a kind of
modified marshland. Filamentous algae grows
abundantly. Also found are aguatic plants such as
lotus (Nelarmbo sp.) arrowhead (Sagitheria sp.) and
waterspinach {{pomea sp.): Bometimes, otherplants
like Azolla sp. are grown in the ricefields to help
increase soil fertilivy. fpomes and Wo/lffia species are
also grown - as fish feed. The main fish species
cultured in thericefields are Cvprinus carpio, Puntius
ganionotus, Trichogaster pectoralis, Osphronemus
garamy, QOrecchromis nitoticus, Oreochromis
meossambicus, Crenopharyngodon idellas,
Ophicephalus sp., Anabhas testudinius, Barbus
gonianotus, Clarizs sp. Also cultured are various
species of freshwater and brackishwater shrimps.

For fish culture in ricefields, wvarious simple
modifications may include raising the dikes to
accommodate higher water depth, digging trenches
(0.5 - 1.0 m) along the periphery er at regular
intervals within the ricefield, making one end of the
ricefield iower to have higher depth of water, making
a sump at the lowest end of the ricefigld etc.

The system of culturing fish in ricefields can be
classified into two main categories. Inthe rotational
systam fish (meaning fish and crustaceans) are
cultured in the ricefields in between rice crops.
Being cullured separately there is very little ar no
negative effect of one over the ather, This production

system allows deeper water in the ricefield and
oetter fish culture management practices such as
artificial fertilization of the water, providing
supplementary feed, etc. This system therefore
gives higher fish production per unit area under
culture. The residues from fish culture makes the
soil richer for rice cultivation; and the rice culture
residues such as rice stubs encourage rich growth of
fish food. Fish production under this system varies
from 300-1000 kg/ha/ crop depending on the intensity
af management. Under the concurrent system, rice
and fish are cultured together in the same field. Fish
production under this system is much less as rice is
the primary product and fish is the secondary or
supplementary product. Fish culture therefore is
adapted to the environment that is most suitable for
rice culture,

Fish yield under this system, therefore; is much less
{50-300 kg/ha/crop)). Theadvantages of this system
are that i) fish excreta increases soil fertilicy and (i)
fish help control insect pests and aguatic weeds.,
The cambined effects of these seem to help increase
rice production by as much as 15% (lightfoot et &/,
1980).

According to de la Cruz (1891) 20% of the irrigated

ricefield areas in South and Southeast Asia are

considered suitable for fish culture; and Lightfoot et
al (13580} poirited out that even modest adoplion of
Integrated rice-fish system could dramatically increase
farm income and food supply (see Table 2).

It is estimated that Vietnam could increase by 150
times its fish production {from 0.5 to 79 thousand t)
and income (from US$0.3 to 47 million) if she
reached a target of harvesting 300 kg/hafyr. of fish
from just 5% of herrice lands. Similarly, Bangladesh
could produce 140,000 t with a value of US364
million.  Thegretical potential for fish culture in
ricefields is enormous, if enly 5% aof 78 millian ha
of irrigated ricefields and 49 million ha of rainfed
ricefields (including nearly 9 million ha of deepwater
ricefields) could be brought under some form of
irtegrated rice-fish culture.

Heowever, there remains many constraints to the
development of integrated rice-fish culture, In an
integrated rice-fish culture system rice is the primary
crop and fish is the secondary crop. the ricefield
agranomic condition must be prepared and maintained
at optimum level for rice production. Fish, being the
secondary crop, has 1o be adaptad to the ricefield
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TaABLE 1: POTENTIAL AND EXISTING AREAS FOR RICE-FISH FARMING IN ASia

Country Ricofield arza Potentiallsuitable Existing araa
{1000 ha) {1000 ha) {1000 hal

Bangladesh Tatal 10,228 815 Mot knawn
Irrigated 1,227
Rainled 9,602

China Tatal 3z;7oe 5.000 JEBE(1886)
lrrigated 30,502
Rzinfed 2,296

India Total 40,9917 2.000 Mot known
Irrigated 14,349
Rainfed 26,642

Indonesia Tatal 3,889 1,570 B4.3(1985)
lrrigated 6,230
Rainfed 3,658

Karea Total 1,229 127 S 1rEay)
Irrigated 1.118
Rainfad 111

Malaysia Total G647 120 Mot known
Irrigated 427
Rainfed 220

Fhilippines Tatal 3,428 181 1.4{1282)
Ierigated 1.473 C.2{1886)
Rainfed 1.853

Thaitand Total 9,378 254
lrrigated 1,213
Rainfed B.055

Vietnam Tatal 5581 328 Mot known
Irrigated 2275
Rainied 3,415

!

TABLE 2*: TARGETS I FISH PRODUCTION ANG INCOME WHEN RICE-FISH FARMING

Adapiad from Lighidon £1

ol
(o]

5% oF mICE LaNDS

15 ADOPTED N

Fish production in
rica-fish area (1)

Incomes darived from
rica-fish cultura

(00DUSS)
Production targat Prica per kg Riceland{ha) " Aatual Targets Actupl Targats
1985-87 1983 Ed% 1983 5%
Indanasia (@57 1kg/ha) @US$1.36kg 8,504,540 49,544 | 217,29 B7,380 | 295518
Thailand (@1,044kg/ha) @US40.92/kg 9,096,560 2,944 | 474,848 2,708 | 43g.858
India (@450kahal @US$0.48/kg 34,842,350 720 | 783,953 331 | 360,818
Vistnam {@300kg/ha) @US$0.58/kg 5,292,630 485 79,389 274 46,840
Philippines (@300kga) @USS0.72/kg 3,014,880 0 45,223 o 32,561
Bangladesh [@300kgha) @US$0.46/kg 9,208,390 0| 139,626 0 64,228

*Adapted from Lightfoot er al, 1330

**Excludes upland rice area.
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ecosystem. Most countries are now switching over
ta the cultivation of HYY rice which requires much
tess water than what is required for fish cultuie.
Suceessiul fish culture in ricefields requires at least
15-20 cm depth of standing water in the paddy and
50-60 e¢m in the ditches and sumps. Maintaining
such a reliable supply of water thraughaout the fish
growing seascn may become difficult. Moreaver,
the shorter duration {100-125 days) required for
maturity of HYV does not sllow enough time for fish
togrovy to marketable size. Also, the HYV requirés
the use of high doses of fertilizers and pesticides,
most of which are toxic and slowly accumulate
evertime in the fish tissue, thus making the fish unfit
for human consumption. Other constraints refate to
lack of appropriate technology and lack of inputs
Isuch as fingerlings of desired species and size for
stocking intime). Finally, in most developing countries
the extension services are not geared for providing
technical support to farmers. Lack of institutional
credit facilities is alsc hindering progress. |n some
countries, land ownership, sezsonal flooding and
poaching are serious problems.

Ta resolve these problems, it will require strong
pafitical will, integrated development plan, institutional
strengthening and long-term funding support. The
technical problems could be resalved through national
and regional research programmes in the priority
areas suchasdevelopmentof appropriate production
technology packages, ecology of rice-fish culture,
engineering aspects of rice-fish culture, integrated
pest management, bic-ecangmic modalling. In this
dirgction, the Asian Rice Farming Systems Natwork
(ARFSM) together with International Rice Ressarch
Institute (IRRI) and Intarnational Centre for Living
Aquatic Resources Management {ICLARM) are miaking
collaborative effarts. The Integrated Rice-Fish
Group (IRFG) supparts national research and
developmentactivities in eight countries (Bangladesh,
India, Indonesia, Malaysia, Philippines, China,
Thailand and Vietnam| in the regien, |RRl and
ICLARM, in addition to their invalvementin strategic
research on rice-fish culture; assist national research
programmes, when requestad,

Rice-fish culture has had a chequered history during
thelast 150 years (Fernando, 1893). At present, the
focus on rice-fish culture is on Asia, especislly in
China, Indenesia, Thailand and Vietnam. Even with
many things favourable 1o rice-fish culture, it has not
succeeded as one would eéxpect, Many reasons
such as changing rice cultivation practices, rising

living conditions in some countries, ineffective
research, extension and investment support can be
cited for slow progress or demise of rice-fish culture
inmany countries, Fernando (1993) has pointed out
thatfish culture inrice fields will face many problems
in establishing economically viable operation and
that it is unlikely that these problems could be
satisfacterily resolved in the near future, However,
inmany Asian countries where fish isin high demand
in rural areas and where costs of labour and ather
inputs are relatively inexpensive, well-planned
integrated rice-fish culture should have a good
chance af success, as longas it is practised as an
extensive/semi-intensive system and at subsistence
level supplying badly needed animal protein for
family consumption and providing additional family
income,

DEEPWATER RICE - FISH CULTURE POTENTIAL

Fish culture in ricefields has always been carried out
in irrigated and rainfed ricefiglds with less than 50
cm of water, Exceptafew experimental trials, there
are no records of large scale integration of fish
culture with degpwater rice cultivation. Deepwater
rice is defined as cultivars that grows in areas which
usuaily get flooded deeper than 50 em for at least
one month during the growing period. The cultivars
which grow at depths of BO-100 o are called
Traditional Tall and the ocnes survive in mare than
100 cm are called Floating rice. Same floating rice
cultivars can withstand water depth of gover 3.5 m,
It is estimated that a total of 15.5 millian ha aor
10.8% of global total of 144 millien ha of ricefizlds
are rainfed with a floeding depth of over 50 cm (IRARI
Ricefacts, 1888). However, according to the
definition of deepwater rice there are a total of 8.33
million ha of deepwater rice in Asia and 0.47 million
ha in West Africa as shown in Table 3.

In Asia, Deepwater rice is mostly grown in the
backwaters of floodplains in the basins of major
rivers such as the Ganges, Brahmaputra, Irrawaddy
and Mekong. The floods in this region of the world
comes from June to October and the water starts
receding from October to December,

in Asia, over 30% of the deepwater rice areas are
cultivated, The cultivation practices, in general, are
as follows: the fields are ploughed and prepared in
January - April period; sowingis carried out between
April and May; planting is done in June, July and

12
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TapLe 3: EXTENT OF DEEPWATER RICE IN ASIA AND
WEST AFRICA BY COUNTRY

The deepwvater rice areas are generally very
richinalgae. More than 150 species of algae
that serve as fish food have been identified.

Also, about 500 species of insects and
Country 000 ha Proportion spiders and over 30 species of fish have been
in Asia (%) found to inhabkit deepwater ricefields. From
Asia the limited information available it seems
Bangladesh 2482 30 that in general the deepwater ricefields are
India 2470 30 richiin fauna and flora that serve as fish food.
Burma 1281 15
;:’;‘::ﬁ ;gg g Mo fertilizer is used during the floodphase of
Cambodia 405 5 the deepwater rice cultivation. Because of
Indonesia 128 % the difficulties in applying and also due to the
MNepal 118 1 uncertainties of their effectiveness under
Philippines 76 1 flooded conditions, most deepwater rice
g:??.:nka 32 :: farmers do nat use pesticides.
Total for Asia 8334 Average yield vary from country to country,
Africa with just over 1 t/ha/erop in Myanmar to over
Mali 181 2t/ha/crop in Bangladesh, Inmost countries,
Guinea 151 a second crop of madern cultivars are grown
Nigeria 105 in the same fields in the dry seasen with
Si_erra Leone 20 irrigation.  During the dry season, in
::jgr:irna s 12 Bangladesh and India, most of the despwater
Togo g ricefields are planted with crops such as
Benin, Senegal and B peas, ol seeds imustard), grains, vegetables,
Gambia i etc.
Foral for Afeica 423 Arnother possibility ofincreasing productivity
Grand total 8804 of the deepwater ricefields is tointegrate fish

From Rice in Deepwater, David Catling, IRRI {1232

August; thinning and weeding are carried out in the
months of August and September; and harvesting
takes place in the pericd September to December,
Most deepwater rice therefore grow for 2-4 months
before the start of the main flood. This gives the
plants encugh time to establish themselves so that
they would be in a position 1o withstand and adapt
1o the flood conditions. Mastdeepwater rice varieties
grow for about 3-4 menths under flood conditions.
The general ecclogy of the deepwater ricefields has
been described in details by Catling (1832}, In
general, the flood waters are slightly acidic with low
dissolved salts. The wateris usually well oxygenated
and is fairly clear. Sedimentaticn in the deepwater
ricefialds are found to be low. The soils, in general,
are fertile with upper layers consisting of sands and
silts and the lower layers arg composed of various
types of clays. Some small areas in Vietnam and
Thailand have acid sulphate soils.

culture with deepwater rice cultivation. MNearly

all of the existing rice-fish culture is being

carried out inirrigated and rainfed rice fields
with water depth of less than 50 em. Fish culture
has not yet been integrated with despwater rice
cultivation mainly because of lack of appropriate
technology. |n the southern coastal districts of the
state of West Bangal, India and in Bangladesh some
deepwater rice farmers dike their ricefields and trap
the wild species of fish and shrimps and keep them
confined until the rice growing season.  Some
farmers even stock their ricefields without much
censideration 1o stocking density or species
camposition, From such extensive culture system a
harvest of 50-200 kg/ha/season is obtained.

In recent years, some research activities on the
development of semi-intensive fish culture technology
integrated with degpwatsar rice cultivation have been
initiated in India and Bangladesh. An interesting
study (Mukhopadhyay, 1392} on the ecology of the
deepwater ricefields near Chinsurah, West Bangal
revealed that the water depth in the deepwater
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ricefields increased from 20 cmin July 1o 144 cmin
Aygust. From September to mid-October a static
weater level condition prevailed. From then onwards,
water receded and by end of November it was
decreased to 21 cm. Large varieties of fish and a
number species of freshwater shrimp were found in
the ricefields, the most abundant species of fish
were (Chanda sp., Puntius sp. and Caolisa sp.
Freshwater shrimps represented 20% of the catch.
Algae, Maolluses and Arthropod population was
abundant, In addition, fifteen species of aquatic
weed were found to grow in the decpwaterricefields.
The study concluded that the physio-chemical
characteristics of the waterin the deepwater ricefield
was found well-suited for fish culture and that the
water containad rich flora and fauna as fish food. In
India, Datra et al (1987 reported fish {Catla catla.
Labeo rofita, Cyrrhirtus mrigals) production ef 1,7 1/
ha in 7 months in deepwater rice plot containing
maximum water depth of 160 cm. The same plot
produced 2.1 t/ha of rice after 5 months. Under an
IRRI/Government of India collaborative project on
Deepwater Rice Pest Management and Rice-Fish
Culture, based in Chinsurah, West Bangal, Roy gt al
(1980} reported very interesting results.  In diked
deepwater rice plots with water depth 0.5-1.5m
semi-intensive polyculture of Macrobrachium
rasenbergii{90%), Puntiusfavanicus (209%), Cyporinus
carpio {20%) and Labeo rohita (10%), and
monoculture of macrobrachivm rosenbergii were
carried out, Also, vegetables such as ridge gourd
{Luffe ecutanguia L. Roxb), cowpeas (wigna
unguicutata L. walp.) and french bean [Phaseolus
vulgaris L) were grown an the dikes. |ngomparisan
with traditional deepwater rice-fish culture where
rice vield ranges from 1.0-1.5t/ha seasen and fizsh
production varies from 50-200 kg/ha/season, semi-
intensive fish culture integrated with deepwater rice
cultivation produced 4.8t/hafcrop of rice and 1.2-
1.9 t/ha/erop of fish and prawns (freshwater!
brackishwater shrimp M. rosenbergil] with
supplementary feeding. In addition, with the
integration of vegetable farming on the dikes of the
rice plot, 2.3 t/ha of ridge gourd, 0.3t/ha of cowpea
and 0.6t/ha of French beans were produced. The
study concluded that the deepwater rice cultivation
integrated with fish culture and vegetable farming
was highly advantagecus because of synergistic
effect of fish onrice and vice versa; control of weeds
and pests by fish; increased efficiency in resourge
utilization and reduced investment risk through crop
diversification, and improved family income and
rutrition.

CoNcLUDING REMARKS

The traditional integrated rice-fish culture inirrigated,
rainfed ricefields is declining. This trend must be
reversed, To be able to do this the main technical
constraints should be resclved by development
oriented research on improving existing culture
technolegies, developing new culture technalogies,
integrating pest managemsant, big-economies
modelling, etc. MNational governments and
international organizations like 1RR], ICLARM and
FADQ should provide the needad technical support.
And to ensure adoption and rapid expansion of
integrated rice-fish culturg inirrigated/rainfed riceficlds
with water depth of less than 50 cm, national
governments should allocate development funds for
extension, training and credit facilities.

The results of the pioneering research activities on
integrated deepwater rice-fish culture in India has
demonstrated its potential. The higher production of
fish from integrated deepwater rice-fish culture
{over 1.0 t/ha/yr against 50-200 kg/hafyr fram the
traditional rice<fish culture in the irrigated ricefields)
can be accounted for by {i) the presence of deeper
water ensuring higher stocking density and better
survival, {ii] the availability of abundant natural fish
food, and (i) the better guality of water, free from
the toxic effects of pesticides and herbicides.
However, very little information on the ecology of
the deepwater ricefield is available and no technology
packages are available for adaptation to various
agro-climatic conditions. A lot of research and
developmentwaork, therefore, will have to be carried
out before large-scale adoption of integrated
deepwater rice-fish culture becomes a reality.

Because of its potential socic-economic benefits, a
global campaign shiould belaunched far the integration
of fish culture in ricefields. Within the next 10 years,
at least 5% of the irrigated ricefields with ‘a fish
production target of 300 kg/halyr and 15% of the
despwater ricefields with production target of 600
kg/halyrshould be brought underintegrated rice-fish
culture, Itisestimated that the achievementofthese
modest targets would vield 3.2 million t of fish, In
addition to contributing about 3% to the world fish
praduction, successful integration of fish culture
with rice cultivation would have lasting impacts on
rural development efforts of many develaping
countries by producing affardable animal protein for
local consumption, by creating additionalemployment
cpportunities and by generating additional farm
family income.
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Figure 30 Rive-Azella-fish culiure: The vicefield iy being prepared
Jurdzolla ineealarion wd fingerling stocking
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Seabass and seabream are usually traded in whole
form, mainly fresh but sometimes frozen. In the
wild, sizes of seabass Dicentrarchus labrax range up
to 10-12 kg, Sizes above 700 g are zold filleted as
weell as whole, The culture industey concentrates on
plate-sized fish, i.e., 300-500 g. The bream which
are cultured are gilthead bream, Sparus aurata,
commonly 0.5-3 kg reaching a maximum of § kg,
and are usually sold whale, Other breams are
captured from wild fisheries, notably the Spanish
bream, (Pagellus bogaraveo 1-2 kgl, red seabream,
{Pagrus pagrus, 1-3 kg, maximum 6 kag) and black
seabream, [Spondyliosama cantharus).  Smaller
seabream and seabass are usually cookead whale by
poaching, grilling or baking. Larger fish are filleted
or steaked and cooked in a similar manner.

Seanass

FProduction of sgabass doubled from 15986 10 1954
w18 000 MT. This expansion was exclusively dus
to a sharp increase in farmed seabass production.
The butk of the world production of seabassis in the
European Union, but inrecant years farmed seabass
production has expanded in the southern part of the
Mediterranean. Strong growth was experiencad in
Turkey, Egypt and Tunisiz.

Table 1 shows the impressive growth of productien
of cultured seabass. In 1934, same 13 B0O MT of
seabass was farmed and by 18595 the production is
expected to reach 14 000 MT [figure 1), By 1998,
some 21 000 MT of seabass will come from farms,
Conseguently, total production of seabass willexceed
26 000 t, mare than fourfold the 1988 figure.
Greece is by far the main seabass farming country
with some 8 500 MT in 1894, laly continues to be
animpartant seabass farming country, but no growth
has been experienced in recent years.

MARKETING OF FARMED SEABASS
SEABREAM AND TURBOT

The year 18383 was critical for the seabass market,
especially for Greek fish farms, for two reasons: a
massive increase in cultured seabass output and the
economic crisisin ltaly, the main market for seabass,
In 1883, estimated farmed seabass production in
Greece was 3 5001, threefaold the 1990 production;
while, in 1993, haly experiencedits worst economic
crisis in recent history, Restaurant consumption fell,
and in this sector, the consumer selecied cheaper
fish than seabass, a particularly high-priced species,
As a result, seabass prices dropped sharply during
18353, sometimes below US% 15.00/kg, while
“normally” they sell above USS 25.00/kg lfiqura 2].
For seabream, the situation was  substantially
different, Theincrease was less pronounced, and in
addition to ltaly, there are other market outlets
[France, Spain). Consequently, prices of seabream
were about steady during 1893, somatimes ahead
of the sgabass price, which usually sells ar about
US% 2:3/kg ahead of seabream, Since 1993, the
seabass market has improved somewhat, but prices
have nat gone back to the pre-1993 levael. The
consequences of this for seabiass farms in the whele
Mediterrangan area have been disastrous, and many
farms that had made their cost/benefit analysis
based on prices exceeding US$ 20.00/kg experienced
big problems,

GILTHEAD SEARREAM

Gilthead seabream production has grown strongly

during the past decade. In 1994, some 22 000 MT
were produced, more than triple the 1986 production.
The increase comes mainly from the booming
aguaculiure industry: in 1994 same 13 000 MT of
seabream were cultured, double the 1991 production
(figure 31, By 1958, the European mariculture industry
expects production 1o reach 25 000 MT.

ltaly used to be the world's main seatiream producer
with some 3 000-3 500 MT, butthe strong growth
in the Greek aguaculture industry made Greece the
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leader in seabream production with over 10 000 MT
in 1994, of which 70% from aguaculture. Spainis a
growing producer of cultured seabream. Egypt and
Turkey alsocreported Increasein seabream production
{Table 2}.

ltaly is the main market for seabream, but this
species has an established market also in France and
Spain. Due to this diversification, the economic
crisis in |taly did not have the same impact on price
developments for seabream as it had for seabass.
Prices went down, but not as dramatically as the
seabass prices [figure4). In 1984 and 1935, seabream
prices were in fact ahead of seabass prices, while
narmally seabass is more expensive than seabream.

Marker PrRosFeECTS

Projections put the likely level of farmed seabass at
around 14 000 MT by 1885. This represents an
increase of 5 500 MT an 1892 supply. The impact
on seabream is smaller. The 1995 seabream
production is forecastat 14 700 MT, 5000 MT more
than the 1992 supply. Market predictions are
difficult but prospects appear better than in 1993,
The Halian economy s expectad to improve soon;
thus increased demand for seabass is likely in the
coming years: Prices are expected to rise from theair
present low level, butitis unlikely that they will ever
return 1o levels attained before 1993,

A number of cautionary points must however ba
made!

fa) Scheduling

Fresent expericnce with these species suggests that
rapid seasonal and other short term changes in
supply can cause dramatic changes in prices,
Producers should thus discipline themselves to create
d slable year-round markat for these species to avoid
such instabil'ties.

{bl Bass and Breami: The Conlrasis
Prospects for bass are better than for bream. There

is stronger demand for bass than for bream. Only
the ftalian market regards bream as highly as bass.

fcl Price Relationships with Other Species

Bass and bream prices are affacted by the relative
supplies of other high value species such as salmon,
turbot and sole. Thus increasing supplies of salman
are likely to bring down bass and bream prices,
unless active efforts are made to expand markets for
them.

{d! Bifferantial Market Fraspects

Prospects at least in the short term are substantially
better in ltaly, Spain and France than in nerthern
European markets. Demand in the north is limited in
some cases to particular ethnic groups and the
species are unknown to wider markets. These are
good markets for limited volumes via specialist
imparters but any attempt to develop wider markets
would require considerable marketing effort,

TurpaT

Culturing of turbotis a relatively recent development,
It started in Morthern Eurcpe (Norway, Scotland),
but very spon it became evident that turbat culturing
in these cold waters was nat economically viable as
the water used in grow-out tanks has to be heated,
In contrast to the northern countries, Galicia in Spain
oifers excellent natural conditions (12-18°C range
of seawater temperaturel. In addition, the
development of turbot culture in Galicia has been
further enhanced by Spain's entry into the European
Union and funds from the Community plaved a
crucial role in establishing the industry,

Spain has thus become the major turbat culturing
country, but concentrates on growing-out impaerting
juvenilesfrom Norway, Denmark and the Netherlands,
Spanish production of turbot has grown steadily
from 40 MTin 1886 t0 1 675 MT in 1993 (Table 3.
The marketable size of the turbot cultured in Spain
is 2-3 kg, The farmers aveid taking out smaller
turbot as the biggest single element in the production
cost is the cost of juveniles. On the ather hand, it
is not economically viable to grow out the turbot to,
a size larger than 3 k.

Experience with turbot farming in other European
countries has been rather disappointing, but positive
developmentis are nove becoming apparent, especially
in France. In this country, praduction in 1383
reached 250MT, from the 15 MT three yvears earlier,
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ProoucT FoRms

Turbot is generally sold fresh and gutted, and it is
easy to handle. Transport is done in a variety of
ways. Tha main problem is that turbot is a flatfish
and is therefore not suitable for processing by
existing machinery (fish transfer pumps; grades;
counters, etc] without modifying them. Currently,
the fish is graded with a newly designed machines
when the weight is under 400 g/piece. Above 400
g it is generally graded manually., Counting is alsa
carried out manually,

Prices

Turbotis high priced; generally costing US% 10,00/
kg and above for fresh fish, Only in June/duly, the
spawning s2ason, the prica is much lower: During
this period, the price of the small sized turbat falls to
about US$ 8.00/ka. Brill lcophthalmus sirombus),
is turbot's main competitor on the European market,
[ts price is usually USE 1.00/ka below that of turbot
for the same size. |n JunefJuly, turbor prices
narmally remain the same as that of dover sole whila
in other months the prnice of small wrbot (500-1
0009} exceeds that of a large dover sole {400 gl
by 50-70%. Inltaly, turbot prices agproach those of
seabass, the highest pricad fish af the [talian market.
Bearing in mind the lower yield of turbot, it is the
most expensive fish on the ltalian market.

PRICE DEVELOPMENT

Wild turbiot prices fluctuate widely during the year
and arg higher during the Chiistmas seasen. In the
Metherfands, large sized turbotcan reach USS 21.00¢
kg, Indune-Jduly, prices decline to about US$13.00/
kg, The price of fresh wild turbet from the Netherlands
during the past b vears shows a regular fluctustion.
Cultured turbiat started to have an influence on the
market in 1922 and prices started to slip (figure 51,

ConsumMPTION

French impeorts of flatfish (excluding dover socle;
plaice, halibut] are stakle at 5 000 MT, of which
about 3 000 MT are turbat, In 1984, the imports of
cultured turbot, mainly from Spain, were estimated
at 1 500 MT. France is thus the major market for
turbotin Europe. The availability of fresh fish is vary

sgasanal as production is highest in June-July, The
French market appreciates the special taste of turbot;
and is willing 1o pay a relatively higher price:

The Spanish market is somewhat smaller than the
French, with about 3 Q00-4 000 MT., Due to the
limited size of the market, the arrival of culured
turbot has animportanteffecton prices, Prices have
dropped since 1991, sometmes below Ptas 1 000/
kg (USS 8.00/kgl, while the farms based thaoir
calculation on Ptas 1 400-1 B0O/kg. The price
decline was caused by the increased production
without corresponding marketing efforts. Promaotion
effarts have been nil, and now the Spanish turbhot
farmers realise that they will have to look far new
markets inside and gutside Spain.

PaosprcTs

The Spanish market seems 1o be aversupplied with
local products, Prices experienced a sudden decline,
and farmers fear that they will face reduced returns.
The main problem is the small $ize of the Galician
market, while shipments to the Madrid and Barcelona
wholesale markets have to compete with wild turbot
imports fram Metherlands, Denmark and the UK.
Further, Spanish turbot farms present turbot as
‘cultured” fish; while for cultured salmon, seabass
and seabream, producers avoid selling them as
‘cultured’1 fish. Asaresult, the Spanish consumers
consider cultured turbot as a low quality item {like
poultryl.

Thus, the only lucrative markat for turbat seems to
be France. The present market sizeis 3 000 MT,
absorbing almest all the turbot catch of the Dutch
fishing fleet. |n France, the geoed guality and flavour
of turbol are fully appreciated and there are many
different recipes on turbot. Prices are relatively high
and have increased during the past five yvears, This
rmarket will soon start to absorb the domestic farmed
productian, and Spanish farmed turbots are likely to
gnter the market soon.  French consumption af
turbot can be forecast 1o grow by 2 000 MT in the
next 2 of 3 years, with no significant decline in
prices, Any quantity exceeding this figure may
upset the markat. The best period for selling turbot
to the French market iz before Christmas, when
demand 1% strong and wild turbot supply is low.
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Seabass Aguaculture Production
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NEWS ITEMS

NEWS ITEMS

Freshwater Fish Culture Extension Preject - Vietnam

Under the ongoing econamic reforms, the individual
farm household is the main driving force of Vietnamese
agriculture. Success in agriculture sector, including
livestock and fisheries, is crucial 1o the achievement
of Vietnam's national socic-economic goal - poverty
allgviation. In this context it has been recognized
that the agricultural support services and extension
sarvices are going to play a vital role in this process.

The estimated population of 70 millicn (1993 is
expected to reach sbout 73 million by the end of
19495, given the annual growth rate of over 2 %. The
annual per capita fish supply has gone down from 18
kg in early sixties 1o about 10 kg in 1983,

The country has 1.4 million ha ef inland water area
which is considered suitable for aquaculture, Of
this, anly 38 % {530,000 ha) is presently used far
aquaculture purposes, with B1 % (325,000 ha) for
freshwater culture and the remaining 39 % (205,000
ha} for coastal shrimp culture. It is estimated that
mare than 90 % of the 325,003 ha, used for
freshwater culture, are under pond fish culture and
the restis under ricedfish culture and cage culture in
reservoirs, lakes and rivers,

Mational fish production amounted to about 1.2
million tons in 1934, aof which 878,000 tons werg
derived form maring fisheries and 333,000 tons
fraom intand fisheries and agquaculture. |tis estimated
that the total yield of inland aguaculiure would bein
the region of 135,000 tons per annum, of which
about 80 % was harvested from fish ponds and the
rest from paddy fields and cages. Most of the
aquaculture production s consumed domestically
except for cultured shrimp destined for export
markets,

Vietnam has a long tradition of culturing fish in
village ponds, However, the real breakthrough in
fish culture was made in the 19705 with the
successful introduction of induced breeding of carps
[mainly Chinase and Indian]. Common carp, tilapia

NEWS ITEMS
NEWS ITEMS

and catfish are also being cultured. Most pond
culture practices are still traditional with a production
of B0-500 kofhalye, A small number of farmers are
following the semi-intensive cullure systems with a
production 2 or 3 tons/halyr, especially in areas
where the farmers can receive support from the
government extension services. Intensive culture
system with production of 7-10 tons/halfyr has been
demonstrated in government fish farms.

FAOQ invelvement in agquaculture in Vietnam, started
in early eighties with the implementation of an
UNDP/FAQ project for the development of maring
shrimp culture. This was followed by a project on
the development of brine shrimp culture under the
FAD Technical Cooperation Programme {TCPY. During
the period 1983-1394, the FAQ/UNDFP projects
assisted Vietnam in strengthening the country’s
aguaculture research capacity and in the production
of hormones for induced fish breeding, The ongoing
FADQMIMNDGP project -Freshwater Fish Culture Extension
- started operation in early 1995 and is expected 1o
last for 2 years,

The fisheries extension services, including
aquaculture, are being regrganized in the light of the
overail economic reforms. At the central level, the
Department of Fisheries Managementof the Ministry
of Fisheries is responsible far the formulation of
national fisheries extension policy and programmes
and for providing guidance o pravincial extension
cenires on the implemantation of extension
programmes. At the provincial level, the
responsibilities for field coordination of extension
activities he with the agricultural extension cantre of
the provincial department of agriculture, forestry
and fisheries. The provincial agricultural extension
centres have anetwork of extension stations lecated
in the districts, Thase extension stations maintain
direct contact with the farmers through a network of
communal extensionists, In addition ta the regular
extension system described above, various voluntary
grganizations alsg provide extension services.
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The main objective of the ongoing project is 1o
establish a sustainable aguaculturg extension service
in 17 provinges of northern Vietnam and 4 provinces

of central Vietnam. The transfer of technology
centre (TOTC) of the Research Institute for
Agquaculture No. 1 (RIANo.1) of north Vigtnam is the
implementing unit. The BIA No.1 would pravide the
linkages between research functicns and the
technolagy transfer functions,

The project will provide:

e direct technical support to TOTC and its 4
SubCentres {SCs), 24 Demonstration Farms (DFs)
and 12 Integrated Farming Systems sites (locally
called VAT sites);

s develop a functicnal extension system natwark

and an extension input dalivery system,;

collect and analysa socio-economic base-line data/

information on 12 VAC sites;

« prepare training materals for extenszion work;

gstablish a network of professional extensionists;

etc.

The project is also designed 1o give special
consideration to (i} poverty alleviation through
generaténncfadd‘.'.icuna]incmmefarfarmhousehulds;
(i) wamen participation by ensuring that at least
0% of the beneficiaries are women; and (i)
prvironmental integrity by implementing measures
to minimize environmental impacts of agquaculture
operations,

International Canference en Preventing Spread of
Aquatic Animal Diseases Through International Trade,
O7-09 June 1885, FParis, France.

Office Internationial Des Epizooties {0IEF s an
organization with a clear mandate 10 provide
intormation an animal health, coordinate
internationally the contral of animal diseases, and to
harmonize import and export regulations fer animals
and animal products. The fish Diseases Commissions
(EDC) of the OIE recently prepared the International
Aguatic Animal Health Code and the GCiagnostic
Manual for Aguatic Animal Diseases with the view
1o harmanizing heaith guaranties for international

trade in sguatic animals (fish and shellfish] and
aguatic animal products, and to guide Veterinary
Administrations and/or other Competant Authorities
in the preparation of appropriate health certificates,
Since there is a growing concern about the recent
moves to develop animal health rules governing
trade in aguatic animals and animal products, DIE
called for this international conference on Preventing
Spread of Agquatic Animal Diseases Through
International Trade.

The conference was atténded by about 75 persons
from over 30 countries and 24 papers were presented.
The papers covered areas such as histarical aspects,
currentcharacteristics, associated disease problems,
and national and international legislation of the
aquatic animal trade. Dr. Subasinghe of this service
presented a paper entitled Historical Aspects of
Internatianal Movement of Living Aguatic Species,
which was jointly authgred with Dr Devin Bartley of
EAC/FIRL Dr. Subasinghe also chaired the session
an Characteristics of Current International Trade of
Finfish.

The International Agquatic Animal Health Code and
the Diagnostic Manual of the OIE provides detailed
infarmatian on basic principles as regards definitions,
natifications, ethics in connection with certification,
import risk analysis and impart/export procedures.
This information is intended to facilitate the
preparation of international health certificates based
on a uniform approach to health control in aguatic
animal populations, using the standardized techniques
described in the Diagnostic Manual. Health
certification in terms of the Codeis generally required
anly for diseases notifiable 1o the OlE, which are
listed in the Code. However, a list of other sericus
dizeases that need consideration is also givenin the
Code, The listed diseases are recognised as sarious
transmissible diseases of socic-economic and/for
public health importance and for which international
trade of aquatic animals and aquatic animal products
pase a significant risk of disease transfer between
countries.

Biscussions wera alsa held on the applicability of
0IE's Codeand Manual and the ICES/EIFAC Codes
af Practice in developing country situations, especially
i Asia and Latin America. Thelatest version (1924
af the International Council for the Exploration of the
Sea's [ICES) Code of Practice on the Introductions
and Transfer of Marine Organisms and the European
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Inland Fisheries Advisory Commission' s [EIFAC)
Code of Practice consider the movemeant of a) new
species that have not been previously used in
international trade, and bl spacigs that have been
transferred and introduced as part of long-standing
commercial practices.

It was concluded that considerable revision and
infrastructure development is necessary to ensure
effective implementation of the Codes in developing
countrigs.

FAOMAEA Consultants’ Meeting on Ildentifying
Support Aresas for Nuelear Technologies in
Agquaculture, 12-15 June 18985, Vienna, Austria.

The joint FAQ/IAEA Division on Muclear Technigueas
in Food and Agriculture, based in Vienna, Audstria
has a programme to suppeort member countries in
livestock production, They work with both state and
private sector agencies to produce assay kits and
other diagnostic tools for use in livestock. They also
praovide research grants to institutions 1o test these
tools and technolegies and promote technology
transfer to developing countries. Recently, they
have received requests from a number of member
countries and agencies 1o explore the possibilities of
using the above technigues to improve fish
production. The FAD/AEA programme has decided
to address this need and reqguested FAC/FIRI to
assistinorganizing a Consultants’ Meeting to identify
supportareas for nuclear technologies inaguaculture.

The main objective of the Consultants’ Meeting was
to identify and characterize research areas where
the introduction and use of nuclear and related
technologies are likely to have the most significant
impact on improving aguaculture in the developing
countries; The consultation was also expected to
advise FAO/IAEA on the most apprapriate
mechanisms for the implemantation of such research
programmes in developing countries.,

The consultancy team consisted of a group of
scientists representing a wide range of disciplines
relevant to utiization of the aguatic enviranment for
improving food production. They included expertise
in areas of fish and shelifish culture, health
management, nutrition, environmental toxicolony,

in both extensive and intensive farming systems.
The consultants werg Dr. J.R, Bonami {France),
Prof. C. Aguis (Malta), Dr. R, Waagbe (Norwayl, Dr.
L. Norrgren {Sweden) and Prof. R.J. Roberts (United
Kingdom). Dr. Subasinghe represented FAQ/FIRE,

Individual consultants reviewed the areas whera
nuclear technologies can be applied within their own
disciplines. Lengthy discussions werg held in order
to finalise the most appropriate area to be supported
in this initial phase. The group concluded that there
was indeed an urgent need for the incorporation of
modern technologies into the very rapidly developing
aquaculture industry which is nowadays, in many
developing countries, is of great economic
importance. Further information on this meeting will
be included in the next issue of the FAN,

HRohana P. Subasinghe
Fighery Resources Officer (Fish Health)

The Sixth Session of the Working Party on
Aquaculture of the Commission for Inland Fisheries
of Latin America (COPESCAL) was held in
Tegucigaltpa, Hondoras, from 3-7 July, 1835
Representatives from 123 countries of the Region
participated in the session. The main agenda items
included review of intersessional activities; review
of recammendations made by the last meeting of the
Commission; presentations of papers and discussions
an rural aguaculture; aquaculturg in small water
bodigs; aquaculture feed and fesding; and culture of
malluscs, algae, tilapia, marine shrimp, freshwater
shrimp etec.
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Indo-Pacific Fishery Commission

FAQ Figheries Report No. 512, Rome, FAD, 1994,
48 p.

This report is now availzble in English, The sixth
session of the Indo-pacific Fishery Commission
(IPEC) Working Party of Experts on Inland Fisheries
was held in Bangkok, Thailand, from 17 to 21
October 1994, It reviewed the activities in inland
ficherias since the establishment of the Working
Party in 1876, focussing especially on the last
intersessional period (1991-1834}. Among the
topics discussed were fisheries in small water bodies
tincluding culture based fisheries), in tropical rivers
and in saline inland waters, The document also
includes the repart of the Regional Symposium on
Sustainable Development of Inland Fisheries under
Environmental Constraints, which was held during
the sixth session of the Warking Party. The edited
proceedings of the symposium has baen published
as g supplement to the report.

J. M. Kapetsky. A strategic assessment of warm
water fish farming potential in Africa. CIFA Technical
paper No. 27. Rome, FAQ, 1894, 67 p. Available
in English,

Aquaculture in Africa is in its early stages of
development. This study is a strategic assessment
of the areal expanses and locations ENCOMpPassing
suitable to optimum potential for subsistence and
commercial warm water fish farming in ponds.
Three temperature regimes werg specified using the
Nile tilapia as a maodel. la concert with gach
temperature regime, subsistence fish farming
potential was assessed on the basis of availability of
surface water for storage In ponds, suitability of
topography and soil texture for pond construction,
availability and variety of agricultural by-products as
inputs, and local market potential. For commercial
farming two criteria were added: perennial streams
and rivers as independent or supplementary sources
of water and availability of paved and motorable
roads. Thresholds were established for each criterion
corresponding 10 optimum, suitable and marginal
conditions. A geographic information system (GIS)
was used 1o evaluate the criteria en 10 minute (18
krn % 18 ken} grids and by country boundaries.

In all, there are some 9.2 million km?, equivalent to
31 9% of the African surface, suitahle for warm water
fish farming at asubsistencelevel. T hecorresponding
results for commercial fish farming indicate that
there are 3.9 million km?, equivalent to 13% of the
African surface, potentially suitable for warm water
fish farming.

NEW PUBLICATIONS

Albert G.J. Tacon.
lctiopatologla
nutricional. Signos
maorfoldgicos de la
carencia y toxicidad
de los nutrientes en
los peces cultivados,
FAQ Dogumentg
Tecnico de Pesca
220

El presente document
es una versidn revisada del
EAD/UMDP Figld Document ADCP/
REP/BGE/22, v forma parte de una
serie de informes gue |a Direccidn de
Recursos v Ambientes Pesqueros de
la FAQ elabora de forma perfodica
para contribuir a satisfacer las
necesidades de sintesis de
informacién en el dmbito de la
acuicultura de los trabdjadores de
este sector delos Estados Miembraos.
Este informe estd basado en los
textos del curso impartide por el
autor a los asistentes del Curso
International de Capagitacidn de la
FAQ sobre el Diagndstico de
Enfermedades de los Peces,
organizado or el Proyecto GCF/INT/
525/JPN en Coihaique {Chile) del 23
de noviembre al b de diciembre de
1892, Lainformacitn contenida en
gl presente documento &5 un
compendio de los datos publicados
por fuentes muy diversas relativos a
los signos maorfoldgicos de la
deficiencia v toxicidad de los
nutrientes en las alimentacidn de los
peces y, como tal, constituye un
manual de consulta muy Util paralas
personas o eguipos que se ocupan
de |la alimentacidn de los peces con
dietas nutricionalmente completas
en sistemas de pisciculturt intensive
en aguas claras:

This document is also avallable in
English and French.
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V. V. Sugunan. Reservoir Fisheries of India.
FAQ Fisheries Technical Paper No. 345,
FAD, 1885, 423 p.

Rome,

This first comprehensive review of reservoir fisheries
of India covers more than 100 reservoirs located in
various parts of the country, Itincludes an overview
on fish stock enhancement through transfer of fish
species, and culture-enhancement approaches such
as regular stocking and establishment of cage and
pen culture in some reservoirs. The policies hitherto
adopted in Indian reservoirs mainly consisted of
stocking fingerlings of a species or a combination of
species without any definite density levels or ratios
based on the biogenic capacity of the reservaoir, Rate
of stocking and the species mix are often determined
by the availability of fingerlings, rather than on
careful evaluation of the needs. The stocking of
hatchery reared seed, initiated since 18705, has
gradually substituted the stocking of the natural
spawn collected from rivers. Today, reservair fisheries
in India are largely based on carp fisheries.
Development of endemic candidates as stocking
material has not made much headway but it is
recognized that diversification of the stocking material
is essential for establishment of a multi-species fish
stock that utilize all food niches of the ecosystem.

Achieving the mostimpaortant objectives of stocking,
i.e. to augment yield, and to recover this increment
from the reservoir, are much easier in smaller
reservoirs than in the larger ones. It has been alsa
recognized that a stocking programme can be called
successful only when the stocked fish start breeding
in the new water body. In many cases, despite
persistent stocking, the transplanted species did not
show upin the catch. Indeed, anly in a few instances
the stocking operations were compensated by
generation of income through recapture of the stocked
fish. In small reservoirs, on the ather hand, stocking
has been more effective in improving the vield, The
management of small reservairs depends more on
recapturing the stocked fish rather than on their
building up a breeding population. The smaller watar
bodies have the advantage of easy stock mecnitoring
and manipulation. In India, an imaginative stocking
and harvesting schedule is the main theme of fisheries
management in small, shallow réservoirs,

Cage and pen culture have not yet become WErY
popular in India. Experiments on cage culture
conducted in India have been exploratory in nature
and the yields obtained, so far, are not impressive,

The supplemental feeds (oilcakes, soybean flour and
silkworm pupae) have great demand in cattle, and
pig rearing and in other animal husbandry practices,
and hence command a good price in the market. The
food quotient abtained in the cage culture of various
species has not been high, except in the case of
titapia, making conventional supplemental feading
unremunerative, One of the major constraints of the
cage culture system is the lack of suitable cage
designs to withstand severe wave action, common
in Indian reservoirs., Floating cages are considered tg
be most appropriate for Indian conditions and all the
experiments conducted so farin the country for seed
rearing, grow-gut, nutrition and biomonitoring have
been in such enclosures. Pen fish nurseries hawva
been used with remarkable success in Tungabhadra
reservair for some 15 years, and two other FESErvoirs
in the northeastern India.

Mare details on stocking practices and cage and pen
culture in Indian reservoirs are given on pages 38 to
&2 of this publication.
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H. R. Rabanal. Aguaculture: Extension Services
Review: the Philippines

FAQ Fisheries Circular. Mo, 832
1995. 57p.

The Philippines is a major fizsh producing country in
the world, ranking 11 amang the world fisheries
praoducers. |In aguaculture, the Philippines holds the
5th position in the world. The country 15 a nat
exporter of fishery products, exporting US$468
million against an import value of US5$26 million, Qut
of a total fish production of 2.8 million &, 28 %
(736,0001¢) comes from aguaculture {1992],

. Rome, FAD,

In Philippines, aquaculture production comes mainly
from six production system: brackishwater ponds,
freshwataer ponds, fish pens (mainly in freshwater),
fishcages (mainly in freshwater), molluscs farming
and seaweeds farming. The main species groups
cultured are milkfish, tilapia, jumbo tiger shrimp,
ayster, mussels and seawesads,

The country has high potential far further growth in
aguaculture, especially inmariculture of fish, molluscs
and seaweeds. Howewver, many technical,
administrative and management prablems must be
resolved before further growth in the aguaculiure
industry is possible,

Thegovernment gives high priority to the development
af fisheries, including aguaculiure. Under the national
Medium-term Economic Development Plan, a
Medium-tarm Fisheries Development Plan is being
implemented, The Departmentof Agriculture through
its Regional offices carry cut agricultural develapmant
activities including that of tisheries-and aquaculture;
The wvaricus specialized agencies under the
Department of Agriculture, especially the Bureau of
Fisheries and Aguatic Resources {BFAR), Bureau of
Agricultural Research {BAR), Bureau of Agricultural
Statistics (BAS) and the Agricultural Training Institute
{ATH, cooperate and contribute towards the
development of aguaculture.

The aquaculture extension services are provided by
the Department of Agriculture through two
nationwide programmes: (i} Fisheries Sector
Programme {FSP, and (i} National Fisheries Qutreach
Frogramme [(MFOP). The farmer is an inter-agency
pregramme to rehabilitate, conserve and regenerate
fisheries/aguaculture resources while at the same
time alleviating poverty amongst the marginal
fishermen/fishfarmers. The latter programme, NFOP,
is responsible for sustainable and equitable

management of fisheries and aguaculture and is
operated by the local government with full
participation and cooperation of NGOs and Local
Fishing Communities.

The aguaculture extension policies, plans and
programmes are embodied in the Medium Term
Fisheries Management and Development Plan
IMTFMDP) of 1883-88. The plan envisages
aquaculture production increase from Q.74 million in
1993 to 1.0 million tin 1998, at a cost of 5.395
billion pesos.

Aquaculture extension services cover brackishwater/
freshwater pond culture, rice-fish culture, fish culture
in pens and cages, and mariculture of molluscs and
seaweeds. The extension methods applied are
individual/group methods, demonstrations, training
and visits, mass media, field trips/workshops, and
training in extension schools and farmers training
centres, The review also contains information an
technologies, input supplies, subsidies, extension
control mechanisms, extension and research linkages,
part plaved by NGOs etc. Within the context of
agquaculture extension services in the country, the
subjects of aguaculture praduction, marketing of
aquaculture products and the socio-economic benefits
derived from aguaculture have been dealt with,

p .
NEW COMER

Dr. Matthias Halwart has been appointed Fishery Resources
Officer (Aguaculture and Farming Systems), Associate
FProfessional Officer, in the Infand Water Resources and
Agquaculture Service, effective 2 May 1985, He graduated in
Agricultural Sciences from Hohenheim University (Germany| in
1850 and was awarded PhD in 1894 for his research on fish
as bin-control agents in freigated rica.

From 1880 to 1994 he was Colfaborative Research Scientist
in the Asian Rice Farming Systems Network of the International
Rice Research Institute (AR In the Philippines, where he
caordinated and implemented a foint research project on the
use and potential of fish in biological control programmes in
irrigated rice.

Or. Haltwart will assist in the implememiation af programmes for
the incorporation of aquaculture inta farming systems,
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