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Foreword

The resources available to ensure the continuance of life on earth are finite. Any
resource can only serve alimited number of purposes at the same time and place. This
is particularly true of water which is a fundamental requirement not only for aquatic
but also for terrestrial organisms. It similarly applies to nutrients and energy.

With anincreasing demand for food, energy and space by growing population, the
pressure of exploitation is reaching alarming levels on an increasing number of
species and over an expanding area. To avoid overexploitation and loss, the resources
essential for human survival must be used efficiently and wisely. This requires
channeling their utilizationin ways that fulfill multiple and complementary objectives
wherever possible.

Modern agquaculture appeared at a time when many claims for use of the
resources had been made and competition was growing for those niches still available.
Labor was becoming increasingly expensive, leading to intensification in terms of
rationalization and mechanization to reduce costs. This meant higher stocking
densities and higher demand for feed and energy. Among the most immediate
environmental consequences were overloading of the waters with nutrients, contamination
with chemicals for the treatment of diseases and pests, and ecological damage
through the installation of voluminous infrastructure. The demand for feed increased
the pressure on other living resources such as small pelagic fish utilized as fishmeal.

Most of the more conspicuous mistakes made so far were committed by developed
countries. Some at least could have been avoided through more awareness, foresight
and readiness to renounce fast profits which were both questionable and harmful in
the long term. The most important lesson to be learnt from the past is more
consideration for the need to understand better the environmental and social context
in which aquaculture is being developed. Such better understanding should then lead
to the establishment of a general policy to guide development action in the most
promising directions and to keep negative side effects to a minimum.

In the majority of developing countries, intensification is of less immediate
concern, though on a mid- and long-term basis related problems will gain in
importance. The more urgent question is how to make the best possible use of the
productivity of natural systems without radical environmental changes and at low
levels of costly inputs. What is needed for the future is an approach which makes use
of the experience available, adds to the existing know-how through continued
research efforts, elaborates and refines guidelines, and creates appropriate frameworks
for further development. Aquaculture production is in great demand, but it must not
be achieved without due regard to safeguarding our basis of survival,

This proceedings volume presents detailed reviews of pertinent environmental
issues and the conclusions and recommendations of an international conference
convened by the International Center for Living Aquatic Resources Management
(ICLARM) and the Deutsche Gesellschaft fiir Technische Zusammenarbeit (GTZ),



GmbH at the Bellagio Conference and Study Centre of the Rockefeller Foundationin
September 1990. Only for a few of the issues are clear solutions becoming apparent.
Much remainstobe done and only intensive collaboration among all parties concerned
will bring us closer to success. The results of this conference should be seen as a step
in this direction.

Dr. Martin Bilio

Senior Adviser for Living

Aquatic Resources Utilization
Deutsche Gesselschaft fiir Technische
Zusammenarbeit (GTZ), GmbH
Federal Republic of Germany

vi
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Abstract

Aquaculture, like all interventions by humans to exploit or manage natural resources for food
production, has the potential for causing environmentalharm as well as for improving livelihood and
nutrition. Aquaculture development mustbeundertaken in a broad intersectoral context, considering
especially its interactions with agriculture, forestry and capture fisheries and its environmental
consequences. This paper examines types of aquaculture development and discusses the concept of
sustainability and demographic, political and economic factors before giving examples of recent

developments and criteria for assessing others.

Introduction

Aquaculture, like all food production
by farming, has large effects on the
environment, many of which can be
negative: occupation and fragmentation
of former natural habitats; reduction of
the abundance and diversity of wildlife
and changes in soil, water and landscape
quality. The same applies to agriculture
(Simons1988,1989). Because farming will
remain the mainstay of most developing-
country economies for the foreseeable
future and will cause much environmental
change, it is essential that the potential
negative effects of further development of
aquaculture be thoroughly appraised.
Environmental protection and nature
conservation now have much higher

"ICLARM Contribution No. 787

profiles in the political arena, mass media
and public awareness than before.
Environmental impacts at the relatively
new frontier of aquaculture need very
careful attention.

This paper gives working definitions
of terms (aquaculture, developing
countries, environment, sustainability and
agroecology) and discusses broad concepts,
summarizes the status of developing-
country aquaculture and considers the
future of aquaculture in developing
countries, emphasizing the search for
sustainability in the face of rapid change.

Aquaculture

Aquaculture is defined here as a
modification of the definition proposed by
FAO (1990a), omitting FAQ’s criterion
that produce can be considered as derived
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from aquaculture only if raised under
individual or corporate ownership.
Aquaculture is the farming of aquatic
organisms, including fish, molluscs,
crustaceans and aquatic plants. Farming
implies some form of intervention in the
rearing process to enhance production,
such as regular stocking, feeding,
protection from predators, ete.

This definition includes enhanced

fisheries (stock enhancement, aquatic’

ranching and management of natural
aquatic environments) within the scope of
production systems considered. FAQO
(1990b) includes in aquaculture statistics
those “culture-based” fisheries that are
stocked annually with propagated
juveniles, but regards fisheries that are
established through single or intermittent
introductions as contributing to capture
fisheries production.

Aquaculture can be broadly classified
as extensive, having no feed or fertilizer
inputs; semi-intensive, having some

fertilizer and/or feed inputs; and intensive, .

largely reliant on feed inputs (Edwards et
al.1988a;Pullin1989). Enhanced fisheries
resemble extensive aquaculture with low
levels of human intervention.
Classification of aquaculture according to
the economic goals or status of culturists -
for example as ‘subsistence’, ‘commercial’
and ‘entrepreneurial’ - has also been
attempted but is usually confusing. In
much of Asia and Africa, fish is ‘the other
staple’ (other than grains), the mainanimal
protein source of the people. All farmers
who try something new and profitable can
be considered ‘entrepreneurs’ whatever
the scale of their operations. Subsistence
aquaculture barely exists. Virtually all
aquaculture has a profit motive in cash or
in kind.

Developing Counliries
and Development

A developing country is defined here
largely as in a UN (1989a) report: all of

Africa, Asia (excluding Japan), Latin
America and Oceania (excluding Australia
and New Zealand), This UN report referred
back to a 1963 UN distinction between
‘developed’ and ‘developing’ countries based
on population growth and pronounced it
still valid:

No other criterion, be it per capita
(sie) income, urbanization, literaey,
industrialization, ete., defines this
dichotomy so sharply as the level of
fertility. With exceedingly few
exceptions, it can be said that where
the gross reproduction rate is greater
than 2.0, the country is a ‘developing’
one, and where it is less, the countryis
‘developed’.

Singapore, the Republic of Korea and
Taiwanarehere excluded from the definition
of developing countries.

The Club of Rome recognized the limits
to development.

We are further convinced that
demographicpressurein the world has
already attained such a high level, and
is moreover so unequally distributed,
that this alone must compel mankind
to seek a state of equilibrium on our
planet (Meadows et al. 1972).-

So, would “ransformation’ be a better
term than development? Probably not, as
human ‘states of equilibrium’ are always
highly dynamic. Development can be
defined simply as the betterment of living
standards for the disadvantaged.
Betterment implies improved quality of
life in, for example, health, education and
recreation.

Environment

The term ‘environment’ is defined here
broadly as the whole ecosystem and its
nonliving and living resources, including
human beings.

Sustainability

Sustainability has become a
fundamental consideration for all



development that involves the use of
natural resources, particularly
agriculture. The concept of sustainability
is examined here because of the parallels
that can be drawn between aquaculture
and agriculture.

The Concept of Sustainability

“Productivity without sustainability
is mining” (Dover and Talbot 1987). They
pointed to various viewpoints on
sustainable agriculture: supplyingenough
food for all - the food sufficiency/
productivity viewpoint; maintaining
average output indefinitely without
depleting renewable resources - the
ecological/stewardship viewpoint; and
conserving the sociocultural aspects of
rural society - the community viewpoint.

The Brundtland Report (WCED 1987)
stated:

The concept of sustainable
development does imply limits - not
absolute limits but limitations
imposed by the present state of
technology and social organization on
environmental resources and by the
ability of the biosphere to absorb the
effects of human activities.

... sustainable development can
onlybe achievedif population size and
growth are in harmony with the
changing productive potential of the
ecosystem.

The Consultative Group on
International Agricultural Research
(CGIAR) has a Sustainability Committee
which has stated:

. all Centers [International
Agricultural Research Centers
(IARCs)] should view the concept of
sustainability as a guidepost to the
development and introduction of
agricultural techniques and
technologies. IARC research and other
activities should seek to maximize
output and inerease efficiency in the
use of inputs, while minimizing the
extraction of nutrients and organic
matter from the soil and the

contamination of the environment....

Production of good quality genetic

materialsthrough basicscientifie work

on the physical, chemical, and

biological processes involved in plant

and animal growthremainsthe eritical

contribution that the CGIAR Centers

can make to the objective that must

underlie sustainable agriculture:

achieving more production per unit of
land and input atless total energy and

environmental cost (CGIAR 1989).

Dixon and Fallon (1989) have provided
an excellent review of the concept of
sustainability and the difficulties of
defining it. They favor:

a socioeconomic definition.... one that

revolves around social and economic

well-being for the present generation

and retention of future options for our

children.

A recent IUCN publication (McNeely
et al, 1990) defined sustainable
development as “a pattern of social and
structural transformations (.e.,
development) that optimizes the economic
and other societal benefits available in the
present without jeopardizing the likely
potential of similar benefits in the future”.

Is Sustainability
a Realistic Goal?

Development policymakers now tend
to use three criteria for assessing the
efficacy of change: sustainability,
equitability and environmental soundness.
Of these, sustainability is the hardest to
apply.

Ekins (1989) praised the Brundtland
Reportbut alsosawproblemsinreconciling
economic growth and sustainability. He -
referred to Mrs. Brundtland’s call for
economic growth thatisforceful and at the
same time socially and environmentally
sustainable; tothe Report’s callfor growth
rates of at least 5% in developing countries
and 3-4% in industrialized countries and
to its statement that:

such growth rates could be

environmentally sustainable if



industrialized nations can continue

the recent shifts in the contents of

their growth towards less material-

and energy-intensive activities and
the improvement of their efficiency in
many materials and energy (WCED

1987).

Ekins (1989) preferred routes to
sustainability based on improved human
welfare for the disadvantaged, not just
increases in production and consumption
and added the following:

In poverty-stricken countries one

can imagine a high weighting being
given to production even at some
environmental cost. In richer
countries, with long-term survival at
stake, as the [Brundtland]
Commission notes, therational choice
would tend to favour environment
and safety of the future, while of
course not ruling out the possibility
that some of these choices might also
produce some production growth.

Against such complexities, is
‘sustainability’ a realistic concept? The
word itself fails to combine a sense of
durability and adaptability - forwhichitis
difficult to find a single English word.
Development should comprise
evolutionary improvements in human
welfare for both rural areas and rapidly
growing cities and must make sense in
terms of changing internal and foreign
relations. “Evolvability” would be an
appropriate, though clumsy, term, Indeed
the fitness of organisms to their ecological
niches and the evolution of species are
useful analogies: capacity to adapt and
" prosper depends upon diversity. Diversity
and scope for change in the technologies
implemented for aquaculture development
will be their best guarantee of lasting long
enough to make substantial,
environmentally compatible contributions
to development and of leading to further
positive changes. No system with human
interventionslasts unchanged indefinitely.

Altieri (1989) presented the following
conclusion on sustainability that can be

applied to aquaculture as well as to
agriculture:

Current efforts aimed at soil and
water conservation, improved food
security, germplasm conservation, etc.
will serve to counteract hunger or loss
of resources temporarily.... However,
ultimate sustainability willbereached
asfarmers: ....inecrease their access to
land, resources and a suitable
technology that allows them tomanage
these resources ecologically.

Agroecology and the Inter-
action of Aquaculture
with Other Sectors

Agroecology is an approach advocated
for devising sustainable agricultural
systems and has been called a new
paradigm for world agriculture (Altieri
1989). Itemphasizes‘strengthin diversity’
offarming systems. Thisapproachignored,
however, the potential contributions of
aquaticproduction as did those of Charlton
(1987), Dover and Talbot (1987), Tivy
(1987), Edwards (1989) and Pimentel et al.
(1989). Inthese and manyother, otherwise
excellent publications, the authors’ vigion
was limited to terrestrial food production:
largely a crop sector viewpoint. Edwards
et al. (1988a) provided a framework for
integrated agriculture and inland
aquaculture but did not mention
agroforestry. Agroforestry scientists are
considering integration with crop and
livestock production, but not yet with
aquaculture (Hart 1987; Raintree and
Torres 1987). In other words, hardly
anyone has yet taken a truly holistie, all
sectors approach.

Aquaculturists must themselves avoid
similar narrowness of vision and recognize
the very broad sectorally interdependent
contextin which aquaculture development
takes place (Smith 1986). A broad
intersectoral approach, based onecosystem
management, is essential for developing-
country aquaculture development.
Hopefully the realization will spread that



analliance of aquaculture with-agroecology
greatly strengthens this new paradigm
(Lightfoot 1990). Similarly, aquaculture
in the coastal zone, capture fisheries,
industry, tourism and shipping allinteract.
Land-based activities (agriculture, forestry
and industry) have profound effects on
aquatic ecosystems (Chua et al. 1989a,
1989b). Moreover, most coastal
aquaculture depends upon terrestrial
resources for construction materials and
other inputs, particularly feeds.

The Status of Developing-Country
Aquaculture

General Considerations

Aquaculture is underdeveloped
throughout the developing world, Much
has been written about Asia being a region
of strength and various countries being
advanced in aquaculture. In comparative
terms this is true. As a statement on the
status of aquaculture vis-a-vis other
sectors, it is highly misleading. Even in
Asia, the number of farmers and coastal
dwellers involved in part-time or full-time
aquaculture is almost certainly below 1%
of food producers. Most developing-country
aquaculture is still the farming of
undomesticated organisms in poorly
understood systems. The supportive
research base for developing-country
aquaculture is weak (Pullin and Neal
1984). For enhanced fisheries it is very
weak.

Recent Statistics

Table 1 summarizes aquaculture
production in the developing regions in
1990. The predominance of Asia (especially
China) 1s obvious. Table 2 gives the global
picture in terms of aquatic environments.
It is complex and dynamic (Csavas 1988)
and thereislittle or nocorrelationbetween
the growth ofaquaculture and GDP(Table
3

5

FAO (1989b) concluded that recent
growth of aquaculture had been less
dramatic than had been forecast in the
mid-1970s; especially in developing
countries where, apart from the
spectacular rise of the shrimp culture
industry, there had been little change in
seaweed or molluse production and a
declinein African aquaculture production.
A further conclusion was that growth in
production of high value produce had been
greatest and that “rural small-scale
integrated aquaculture” had grown more
slowly than had been anticipated.

Shrimp culture has indeed expanded
in Asiaand Latin America, largely because
technology was available and there were
sites to be occupied, albeit often at high
environmental and social costs (seebelow).
Seaweed culture has also prospered. Such
operations have validated to some extent
the philosophy that emerged from the
1976 World Conference on Aquaculture in
Kyoto, that aquaculture could, and should,
be developed through production-
orientated research, parallel to which
more basic research would also expand.
However, the result is a developing-
country aquaculture sector in which a few
subsectorshave prospered but the majority
still lack reliable technology likely to
attract new entrants, especially those of
low-income groups.

Statistics currently available for 1988
(FAO 1990b) focused on a global increase
0of19% in the value of aquaculture produce
over 1987. Much of this was due to a 16%
increase in production in China.
Elsewhere, where research and
development have been well supported,
progress has sometimes been rapid in
relative terms though still limited in
absolute terms. For example, in Malawi,
small-scale pond culture has increased
from a very low level pre-1980 to several
hundred ponds at present and expansion
is continuing (ICLARM-GTZ 1991).
However, the total national annual
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Table 1. Aquaculture production (t) of important commodity groups in developing countries of four regions. (Source: FAQ
data (1992) except for India where production of carps is estimated at 200,000 t-year? and Taiwan Ficheries Bureau 1986,

1991).

Asia SubSaharan West Asia/ Latin America/
(excl. China) Africa North Africa Caribbean
Year (12 countries) China (29 countries) (11 countries) (21 countries) Totals
FINFISH
Carps and other 1984 691,469 1,766,168 516 14,888 1,837 2,474 867
cyprinids 19856 645,916 2,383,786 389 40,293 1,147 2,971,531
1988 633,372 3,868,500 647 17,846 4,156 4,514,620
1990 711,441 4,124 478 1,126 48,011 4,588 4,889,644
Tilapias and other 1984 71,768 18,100 4,141 3,328 26,311 123,648
cichlids 1985 105,825 77120 7,006 26,745 17,976 234,172
R . 1988 136,001 89,000 7,726 1,469 381,736 216,022
1990 154,716 160,369 8,799 80,665 26,622 881,061
Misc. spp.® 1984 459,259 9,359 4,430 26,589 7422 507,059
19856 410,380 118,683 3,185 2117 19,605 653,970
1988 508,938 32,671 2,848 60,098 7,500 612,060
1990 661,049 204,434 4,251 ' 15,691 51,864 937,289
Bivalve molluscs
Qysters 1984 21,768 40,688 37 119 41,795 104,407
: 1985 21,077 76,866 38 187 39,917 138,035
1988 73,954 73,954 170 214 53,641 201,933
1990 17,936 111,326 39 157 49,100 178,568
Mussels 1984 48131 136,582 - 99 1,111 185,928
1985 48,586 128,860 - 114 1,136 178,696
1988 77,981 429,675 - 316 2,230 510,202
1990 75,097 495,895 - 179 2,431 573,602
Misc. spp.P 1984 70,093 165,521 - - 947 236,561
1985 57,497 177,438 - - 5,917 240,862
1988 46,641 441,197 - - 966 488,804
1990 47,981 367421 - - 1,812 416,714 -
Seaweeds 1984 61,000 1,640,756 - - 6,804 1,708,560
1985 244,446 1,698,258 - - 4,924 1,942,628
1988 79,162 1,581,370 - - 23,113 1,683,645
1990 373,176 1,662,087 - - 38,017 2,078,280
Crustaceans® 1984 94,646 122,021 36 25 6,620 123,248
1986 124,418 51,027 42 26 9,515 185,028
1988 168,393 202,319 80 i 18,186 388,985
1990 837,169, 226,385 299 63 25,132 589,048
Totals 1984 1,518,134 3,799,185 9,159 45,048 92,747 5,464,273
1985 1,557,645 4,707,038 10,660 69,432 100,137 6,444,912
1988 1,724,582 6,668,686 11,466 79,950 141,627 8,616,161
1990 2,378,565 7,362,395 14,514 094,656 199,066 10,039,196

*Includes all other finfish, such as catfish, milkfish, mullets and a wide range of fi‘eshwater, brackishwater and marine
species.

bIncludes all other bivalves, such as ark shells, clams, cockles, ete.

“Mainly marine and brackishwater shrimp species, but also includes freshwater prawns.



Table 2. Global aquaculture production (t) by environment in 1987 (FAO 1989a),

) World
Major groups total
cultured Marine Freshwater Brackishwater Total (%)
Finfish 403,671 6,005,630 384,240 6,793,441 514
Crustaceans 34,806 61,592 478,508 - 574,906 44
Molluscs 2,572,395 9473 90,526 2,672,394 20.2
Seaweedsa 3,133,981 13 5,479 3,139,473 23.8
Others 26,715 839 148 27,702 0.2
Total 6,171,468 6,077,547 958,901 13,207,916

Percentage of

world total 46.7 46.0 7.3

Table 3. Average annual growth rates of GDP and
aquaculture production in Asian countries during
1983-87.

Aquaculture? GDP?
Country (% growth) (% growth)

China 30.66 11.02
Japan 0.94 3.80
Korea, Republic of 9.24 9.54
Philippines 6.30 -0.66
Indonesia 10.59 4.06
Taiwan 6.89 8.94
Vietnam 9.20 5.32
Bangladesh 9.29 404
Thailand 1416 616
Malaysia 1.92 8.90

sBasedon ADCP Aquacuiture Minutes(variousissues),
FAO Fish, Circ. 815, 1989.
bRased on Asian Dev. Qutlook 1989; ADB 1889; World
Development Report 1988,

aquaculture production is still only about
150t.In Nepal, cultured finfish production
(carps) increased from 150 t in 1982 to
5,175 t in 1988 - a huge relative increase,
but a small absolute tonnage.

Further Development

Demographic Considerations

The population of developing countries
increased from 1.7 billion in 1950 to 3.7
billion in1985 and a further increase to 6.8

Table 4. Population estimates (millions) for world,
developed countries and the main developing regions
of the world as assessed in 1984 (UN 1989b).

1960 1980 2025
World 3,019 4,450 B,206
Developed countries 945 1,137 1,396
Developing countries 2,074 3,313 6,809
Affrica 280 479 1,617
Latin America/Caribbean 217 361 779
China 657 996 1,475
South Asia 595 949 1,855
Southeast Asia 226 361 688
QOceania 16 23 38

billion by 2025 is estimated (UN 1989b).
Table 4 summarizes the picture. It is not
all discouraging. Feeding growing
populations poses a major, but not
insuperable, challenge if more productive
and profitable farming systems are
developed and implemented quickly.
However, demographic changes towardsa
better balance between population and
resources are sorely needed.

Political and Economic
Considerations

In campaigns against poverty and for
environmental conservation, most
decisions and actions are taken by nation
states. However, natural habitats and
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their biota do not conform to national
boundaries. Many waterbodies and
catchments are shared and one nation’s
actions affect others downstreamor across
the water. Effective environmental
conservation requires transnational
cooperation. Rhodes (1986) found this
possible, cited its proven success in the
eradication of smallpox and expected the
same in the avoidance of nuclear conflict.
Concerning the latter, he stated:

The preeminent transnational
community in our culture is science.
With the release of nuclear energy in
the first half of the twentieth century
that model commonwealth [present
author’s emphasis] decisively
challenged the power of the nation-
state.

A leading article in The Economist
(Anon,1990), titled “Goodbye to the nation
state?”, emphasized moves towards
federation in Europe, but found
nationalism and tribalism to be highly
durable and forecast more emergent nation
states over the next 50 years, including
perhaps a quite different map of Africa. It
also recognized a “Commonwealth model”
as a future mechanism for action on
transnationalissuesin which nation states
retain sovereignty and cooperate on
“foreign policy, defence and some aspects
of trade”. Environmental issues were not
mentioned, but clearly the time is ripe for
increasing transnational cooperation in
balancing development and conservation
strategies. The World Conservation Union
(IUCN) has an Ecology Commission, a
Sustainable Development Commissionand
anew strategicplanbased on sustainability
(TUCN1991), through which some of these
efforts could perhaps be coordinated.

Aquaculture scientists can also help to
set environmental issues in aquaculture
development in such a transnational
context, despite the enduring background
of regional, national and intranational
vested interests. A well-publicized
nonaquaculture example that adversely

affects developing countriesisthe Common
Agricultural Policy of the EEC. It is,
however, rather unfair to single out
developed countries and regions with such
examples, when in the developing
countries themselves the poor are usually
kept in poverty because the status quo
protects the interests of the rich, Inequity
pervades human endeavor, irrespective of
the stage of development of national
economies.

Grigg (1985) recognized the differing
situations of the main developing regions
and found that in Africa the natural
environment presents still unresolved
problemsfor crop and livestock production
which together with civil strife, wars and
lack of skilled personnel have caused a
decline in agricultural production per
caput and a shortfall in local supplies ina
majority of countries. His view of Asia was
that the small size of farms in most
countries need not be a hindrance to
increased food production and there could
be much higher farm yields and incomes
in South and Southeast Asia, as has
happenedinEast Asia. For Latin America.
he found the problem of reducing
malnutrition to be mainly a matter of
income distribution andland reform rather
than increasing agricultural production.

Ruddle and Rondinelli (1983) provided
a framework for development and
identified the failure of the “rickle down’
approach, the need for close partnership
with target beneficiaries, and posed the
following questions, relevant tothe present
underdeveloped status of developing-
country aquaculture:

In what ways could production of
a major resource be increased, made
more efficient or of better quality,
without affecting renewability of the
resource? What are the probable
ecosystemic and sociocultural costs of
recommended changes? How can these

be ameliorated? Are there other major

renewable resources in the area not

being utilized at present that could be



developed without major changes, by

existing resource system structures?

What are the probable ecosystemic

and sociocultural costs involved in

this?

Another important consideration,
mainly for small-scale operations (but also
relevant to larger-scale aquaculture and
always location specific) is the target fish
yield set by development agencies for
aquaculture systems. This is often set too
high in the belief that the high yields
obtained by research institutions and
resource-rich farmers (for example,
10t-hal.year! or more for semi-intensive
manured pond aquaculture) must also be
approached on farms, or else the
development is not worthwhile. For
existing fish farmers and potential new
entrants, especially in the poorest areas,
this is a counterproductive approach.
Modest yields from aquaculture can give
great nutritional and income improve-
ments in developing-country rural areas.
For example fishpond yields of 2 to 3
t-ha-year? would be very attractive in
much of rural Africa.

What Kinds of Aquaculture
Make Sense in Developing
Countries?

The Brundtland Report gave these
encouraging words on aquaculture
development: '

Agquaculture can be undertaken

in paddy fields, abandoned mining
excavations, small ponds and many
other areas with water, as well as on
various commercial seales: individual,
family, cooperative or corporate. The
expansion of aquaculture should be
given high priority in developing and
developed countries.

This is correct, but such aquaculture
development must be socially equitable,
environmentally compatible, and have
sufficient diversity and scope for change to
adapt to changing circumstances.
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Intensive aquaculture (in effect, using
the feedlot principle) usually poses much
greater threats to the environment than
does extensive or semi-intensive
aquaculture. Intensive fish farms are
often heavy users of antibiotics and
disinfectants and their operators need to
be aware of the dangers of release of such
chemicals to the mnatural environment
including the possibilities of producing
drug-resistant pathogens (see Austin, this
vol.). Pollution by intensive aquaculture is
wellknown. Fishfecal wastes anduneaten
food in effluents from fish farms and in
settlement from cages have high biological
oxygen demands (BODs) and contain large
quantities of particulate matter and
nutrients.

Such impacts greatly threaten
sustainability, but some less intensive
aquaculture systems can also be short-
lived (nonsustainable). The following
examples illustrate some of the relevant
issues.

Milkfish (Chanos chanos) pen
aquaculture in Laguna de Bay, a shallow
90,000 ha eutrophic lake adjacent to
Metropolitan Manila, Philippines, grew
from a single experimental pen in 1970 to
about 7,000 ha of pens in 1974 producing
ameanyield of about 7 t-ha? year™ (Pullin
1981). They resembled extensive fish
‘ranches’ with some individual units as
large as 50 ha or more. At its peak, the
total pen area may have been as much as
34,000ha, Itis now about 2,800 ha and the
average annual yield is about 3.8 t-ha™, Its
expansion phase was a ‘goldrush’in which
the pen owners (mainly upper-class
citizens) got richer and the lake’s small-
scale fishers and aquaculturists suffered
greatly. The decline has been because of
conflicts, losses due to typhoons and a
reduction in the lake’s productivity
attributed to multiple causes (pollution,
turbidity due to catchment erosion, and
altered flushing patterns due to flood
control structures). This was a



10

nonsustainable, socially inequitable
development and one not to emulate.

Parallel to the milkfish pens’ rise and
fall, there was a rise (and has recently
been a fall, because of deteriorating water
quality) in small-scale tilapia cage culture
in Laguna de Bay. As it developed, this
tilapia growout operation generated a
large demand for tilapia fry and fingerlings
which was met by small-scale hatchery
operators in the villages of lakeside
provinces. There were probably over 600
hatcheries in 1983. They also sold tilapia
seed to other farmers countrywide. The
benefitsthataccrued tohatchery operators,
their families and communities were great
(Gaite et al. 1985; Yater and Smith 1985).

The subsequent decline of these
hatcheries because of the decline of the
Laguna de Bay tilapia cage growout
operations and competition for markets
elsewhere from new tilapia seed suppliers
does not negate the very real benefits in
terms of improved housing, purchase of
household appliances, education, etc., that
this tilapia hatchery development gave to
some lakeside villages for a short but
significant period. Since in most
aquaculture worldwide hatchery/nursery
and growout operations are separate,
such examples of interdependence,
competition and change are common. This
development was not sustainable, but still
helped some villages for a significant
period.

Inboth these examples, environmental
degradation, in this case of the lake water,
was a contributing factor to their
nonsustainability.

The environmental problems caused
by the expansion of shrimp farming in
Latin America and Asia (another
aquaculture goldrush) are also becoming
gserious. These include destruction of
mangroves, salinization of inland areas
(soils and aquifers used for domestic water
supply), land subsidence and watertable
changes due to excessive pumping,

pollution of adjacent areas by farm
effluents, poor hygiene favoring the spread
of diseases, misuse of antibiotics and other
chemicals, and social disruption (New
1990).

Small-scale hatchery and growout
operations  are  socially  and
environmentally desirable. Small-scale is
a term synonymous with the household/
village-level, i.e., operations run by an
individual smallholder and family or a
village community group. The bulk of the
food production in developing nations will
be by small-scale producers for the
foreseeablefuture. The Brundtland Report
stated:

Most developing nations need
more effective incentive systems to
encourage production, especially of
food crops. In short, the ‘terms of
trade’ need to be turned in favour of
the small farmer.

This applies to aquaculture as well as
to agriculture. It would be socially,
politically and environmentally
undesirable to promote new technologies
for aquaculture development that would
lead to this food production role being
substantially transferred from small-scale
producers to larger concerns. The
aquaculture systems best suited to small-
scale producers are low-input systems,
particularly small ponds, cages and pens.
It has been previously argued (Pullin
1989) that small-scale, semi-intensive
aquaculture systems, particularly those
integrated with agriculture, are less
environmentally disruptive than larger or
more intensive systems. Nature
conservation organizations worldwide
have recognized that small-scale, diverse
farming systems permit much better
coexistence of agriculture and wildlife, in
terms of the latter’s abundance and
diversity, than larger-scale monocrop or
factory farming systems.

Nevertheless, the long-term survival
and improvement of small-scale farms,
while advantageous for the needs of rural



peoples and for environmental
conservation, may not suffice forthe needs
of all who will depend upon the food
production sector. Urbanization is
proceeding rapidly and affordable produce
will have to be available to maintain the
social fabric of developing-country cities.
This will probably require the development
of somelarge-scale aquaculture enterprises
(run by estates and corporations) to
increase fish supply and lower prices.

Bimbao and Smith (1988) reviewed
the economics of tilapia production in the
Philippines and found that the purchasing
power of the average Filipino had declined
by about 30% from 1983-85 (due mainly to
high inflation) and that tilapia, like most
fish, was becoming beyond the purchasing
power of the majority of low-income
consumers; this in a country where rice
and fish form the staple diet. This
illustrates the difficulty in fostering
development that will provide a balance
between benefits to low-income producers
andlow-income consumers, Tilapiaretails
at about US$3.00/kg in Metro Manila
markets. Bimbao and Ahmed (1990) found
that an expansion of tilapia supply of up to
40% would not depress prices significantly.
‘Thereafter, prices would fall with further
increases in supply but would still be
attractive to producers. The situation is
probably very different elsewhere; for
example, concurrent tilapia prices in
Bangkok were only about US$0.60/kg.

Opportunities for and needs of rural
producers and consumers, urban fringe
producers and consumers and city dweller
consumers must all be considered.
Therefore all kinds of aquaculture, small-
to large-scale and extensive to intensive,
including enhanced fisheries, can make
sense in developing-country aquaculture
development, depending upon the needs
of different sections of the community.

It is also most important to view
aquaculture development as only one of
several options for meeting livelihood and
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nutritional needs. One must avoid the
naive assumption that aquaculture ‘must’
be able to fill the fish supply or protein gap.
Fishis only one protein source. Expansion
of fish supply through aquaculture must
be weighed against the pros and cons of
increased supply of vegetable and other
animal proteins.

Experience Gained in
Developed Countries

In the pursuit of environmentally
compatible aquaculture development for
developing countries, experience gained
in developed countries is useful. However,
this must be applied with a realistic
appreciation of developing-country needs
and constraints. Environmental
conservation and human needs must be
balanced. Where pristine habitats are
disappearing there should be all possible
efforts to conserve their remnants but
developing countries need realistic policies
and legislationto suit their circumstances.
The contrast between Philippine coastal
waters and Scandinavian fjords is an
example. The former support the needs of
millions  of people, have virtually no
pristine habitats and have suffered massive
loss of, and damage to, coral reef and
mangrove ecosystems. The latter include
many pristine and near-pristine habitats
and support very low human populations.
Clearly, achievable environmental targets
are different for these two contrasting
locations,

This also applies to aquaculture
development in inland waters, Costa-
Pierce and Roem (1990) studied waste
productionand efficiency of feed utilization
in cage culture in a tropical eutrophic
reservoir (Saguling, near Bandung, West
Java, Indonesia) in which 1,300 cage units
produced 2,550 t of common carp (Cyprinus
carpio)in1988. The percentage loss of feed
nutrients in Saguling was low (C, 5.4%; N,
3.5%; P, undetectable) and the
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sedimentation rate (2.0-25.0 gom2-day?;
mean, 13.3 gm2day?) lower than that
reported for temperate zone cage culture:
e.g.,150 gm?.day* (Merican and Phillips
1985); 17-26 g-m-2-day!, (Enell and Lé&f
1983). The reservoir also received about
150,000 m3.day?! of organic wastes from
the Bandung conurbation and the natural
sedimentation rate was 1.7 + 1.2 gm™
-day?. This aquaculture development now
supplies about 20% of the freshwater fish
supply for a conurbation of 3 million
people.

In examining the environmental
impact of, and in setting limits to, the
density and siting of cages based on the
carrying capacity of lakes, it is essential to
balance benefits against any additional
polluting effect of the cages and to consider
exactly what environmental and social
targets are achievable. Costa-Pierce (1990)
made the general point that the
environmental impact of cage culture in
the Saguling Reservoir was insignificant
compared to the impacts of raw sewage
and of water level fluctuations, which
confound attempts to estimate absorptive
capacity.

A further example concerns the use of
chemicals 1in developing-country
aquaculture. The misuse of antibiotics
and pesticides should be prevented
everywhere, Steroid hormones, however,
against which there is a blanket ban in
food production in some developed
countries, can be used to good effect in
developing-country aquaculture to produce
monosex male tilapias (Guerrero 1982).
There is as yet no comparable practical
method for avoiding the problems of
uncontrolled tilapia breeding. Alternative
methods, such ashybridization,havemany
disadvantages, e.g., use of additional
(sometimes exotic) species and strict
management requirements. The benefits
from hormonal production of monosex
male tilapia fry (by short-duration
treatment of fry) are clear and the

technique is beginning to be adopted in
some developing countries (Macintosh et
al. 1985), All available evidence suggests
that hormones are eliminated in a few
days and no residues could possibly be left
in fish sold to consumers (Johnstone et al.
1983). Rothbard et al. (1990) even found
that an androgen fed to tilapia for 11
weeks as a growth promoter was also
eliminated in less than a week upon
cessation of treatment. There are some
risks tohatchery workersifthey mishandle
androgenic hormones and there are
possibilities of contamination of the fish
farm and adjacent environment (Rothbard
et al, 1990), but clearly it would be unwise
to prohibit entirely techniques, that are
valuable and that can be applied safely,
involving the use of hormones in tilapia
culture in developing countries.

Sewage-fed fish culture affords another
example. The risks may be insignificant,
provided that postharvest handling is
hygienic and produce is well-cooked
(Edwards1985). In China, India, Indonesia
and Vietnam, large quantities of fish and
vegetables are raised on human excreta.
Excreta reuse through aquaculture may
be one of the least environmentally harmful
disposal methods. It should also be more
feasible in developing countries where
sewage wastes and wastewater are less
mixed with detergents, heavy metals and
other chemicals than in industrialized
countries, though this is a worldwide
constraint.

All the above examples show that
technical advice and policy formulation
for aquaculture development must be
attuned tospecific needs and opportunities,
rather than being constrained by foreign
cultural biases. Experience gained in and
technical expertise from developed
countries can assist aquaculture
development with environmental
protection in the developing regiong
provided that this requirement is met.



Criteria for Assessing
Environmental Impact and Benefits

Sets of summary criteria, impacts and
benefits havebeen published for appraising
developing-country aquaculture
development (McAllister 1988; Pullin1989;
Tables 5 and 6). Table 5 highlights social
and environmental criteria and touches
oninternational equityissues. Itsmessage
is that the route to the greatest good for
the greatest number is fraught with
complex issues and side effects. The table
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merely notes these and makes no explicit
judgments.

Table 6 takes a more structured
approach to the social and environmental
pros and cons of different types of
aquaculture. Here the judgments are more
explicit and clearly favor the development
of semi-intensive systems.

Both tables identify only the broad
categories of impacts and benefits. More
detailed frameworks are required for
specific situations.

Table 5. Sacial, environmental and esthetic criteria for and against aquaculture developroent projects

(McAllister 1988).
0
Favorable project Less favorable or
Criteria unfavorable project
SOCIAL

Whose income does it
benefit?

Capital needed

Return to worker/
family

Operated by

Gender

Disturbance to
culture, customs

Working conditions
~capture {ishery or
gleaning

Nutritional quality
~natural food

Food for

Effect on public
health (drinking water,
mosquites, parasites,
ete.)

Who made the decigion?

ENVIRONMENTAL
Culture method

Poor

Low capital
Self-employment
Individual, family
€0-0p OT community

Benefits men,
women & children

None

High quality

Equal to or
greater than

Poor

Low

Local community
after mature
debate & discussion

Polyculture

Middle class, rich

Capital intensive

Low wages
Company
Exploits/neglects
wormen and children

Some, much

Low quality

Lower than

Wealthy
High

NGO, Washington,
London, Ottawa,
consulting company

Monoculture

continued
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Table 5 (continued)

Criteria

Yes
Favorable project

Less favorable or
unfavorable project

Relation to natural
environment

Used as an excuse not
to restore natural

environment or uses

restoration funding

Uses few artificial
genetic straing

Risks escape for
selected strains
into nature

Cultured stock

Risks to native
species - disease.
hybridization,
extinctions, etc.

Disease, predators
competitors
controlled by

Fertilizers

Output into natural

environment - chemical,
organic and physical

Culture subjectivity
to disease/stress

Facility design effect

an wildlife predatars

ESTHETIC

Culture area

WORLD ORDER

Produces food for

Profit flow ratio

Neecded supplies and
most goods from

Irmaport of foreign
technology

Needed ‘seed’ stock
from

Displaces none
or little

Not a0

Not so

No

Native
None
Biological
means
Organic
Low

Low

Naturally excludes
birds & mamrals

Beautiful

Developing countries
High for

Developing countries
Developing countries

None

Developing countries

Replaces one with
the other

Is used

Is used

Yes

Exotic

Some, much
Chemical means or
by drugs

Chemical

High,

High

Fish eating ducks,
herons, cormorants
otters, seals, ete.
controlled by gun

Ugly

Developed countries
High for developed
countries
Developed countries

Some, much

Developed countries
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Table 6. Developing-country aquaculture systems: environmental impact and benefits for producers.
Extensive systems are defined as havingno feed or fertilizer inputs; semi-intensive systems ashaving some
feed and/or fertilizer inputs; and intensive systems as being mainly reliant on external feed inputs. The
possible consequences of exotic breed transfers apply to all systems listed here (Pullin 1989). Enhanced
fisheries are not included here because of the general lack of developing-country examples.

System

Environmental Impact

Benefits

EXTENSIVE

1. Seaweed ¢ulture

2. Coagtal bivalve culture (muesels,
oysters, clams, cockles)

3. Coastal fishponds (mullets,
milkfish, shrimps, tilapias)

4. Pen and eage culture in eutrophic
waters and/or on rich benthos
(carpa, catfish, milkfish,
tilapias)

SEMI-INTENSIVE

1. Fresh- and brackishwater ponds
(shrimps and prawnas, carps, catfish,
milkfish, mullats, tilapias)

2. Integrated agriculture-aquaculture
(rica-fish; livestock/poultry-fish;
vegetables-fish and all

¢ombinations of these}

3. Sewage-fish culture (waste
treatment ponds; latrine westes and
septage used as pond inputs,
fish cages in wastewater channelg)

S

. Cage and pen culture,
eapecially in eutrophic
waters or on rich benthos
(carpe, catfish, milkfish,
tilapias)

May occupy formerly pristine reefs;
rough weather losses; market
competition; conllicte/Milures,
social disruption

Public health rieks and consumer
resistance {microbial diseases,

red tides, industrial pollution); rough
weather losses; seed shortages;
market competition especially for
export produce; failures, social
disruption

Destruction of ecosystems, especially
mangroves; increasingly noncompetitive
with more intensive systems; non-
sustainable with high population
growth; conflicta/failuras, social
disruption

Exclusion of traditional fishers;
navigational hazards; conflicts,
social disruption; management
difficulties; wood consumption

Freshwater: health rieks to farm
workers [rom waterborne disenses.
Brackiehwater: ealinization/acid-
iBication of soile/aquifers. Both:
market competition, especially for
axport. produce; feed and fertilizer
aveilabllity/prices; conflicta/failures,
social disruption

As freshwater above, plus poasible
conaumer resistance to excreta-fed
produce; competition from other users of
inputs such as livestock excreta and
cereal brans; toxi¢ substances in
livestock feede (e.g., heavy metals) may
accumulate in pond sediments and fish;
pesticides may accumulate in fish

Possible health risks to farm workers and
congumers; consumer rasjstance Lo produce

Ag extensive cage and pen syestemas above

Income; employment;
foreign exchange

Income; employment;
foreign exchange; directly
improved nutrition

Income, employment,
foreign exchange (shrimpe);
directly improved nutrition

Income; employment; directly
improved nutrition

Income; employment; foreign
axchange (shrimps and
prawng} directly improved
nutrition

Income; employment; directly
improved nutrition; synergistic
interactions between crop,
livestock, vegetable and

fish components;

recycles on-farm residues

and other cheap resources

Income; employment; directly
improved nutrition; turns waste
disposal liabilities into
productive assets

Income; employment; directly
improved nutrition

continued
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Table 6 (continued)

Bystem

Environmental Impact

Benefita

INTENSIVE

-

. Freshwater, brackishwater
and marine ponds (shrimps
and prawns; fish, especially
carnivores - catfish, snake-
heads, groupers, scabass, ete.

ba

. Freehwater, brackishwater
and marine cage and pen
culture (finfich, especially
carnivores - groupers, seabass,
etc. - but also some omnivores,
euch as common carp)

w

Other - raceways, silos,
tanks, ete.
specific problems

Effluentw/drainage high in BOD and
suspended solids; market competition,
especially for export product;
conflicts/Gailures, social disruption

Accumulation of anoxic sediments below
cages due to fecal and waste feed
build-up; market competition, especially
for export produce; conflictefailures,
social dieruplion; consumption of wood
and olther malerials

EMuents/drainage high in BOD
and suspended solids; many location-

Income; employment;
foraign exchange

Income; foreign exchange
(high priced carnivores);
a little employment

Income; foreign exchange;
a litila employment

Conclusions

Developing-country aquaculture
development is needed to help alleviate
poverty and increase protein food supply.
Poverty and effective environmental
conservation cannot coexist. Pauly et al.
(1989) illustrate this well for the issue of
prevention of dynamite fishing.
Development must complement
environmental conservation, not compete
with it, Therefore, developing-country
aquaculture development must be pursued
in harmony with realistic environmental
conservation objectives, with transnational
cooperation and with effective legislation,

This will require much more reliable
information on the environmental impact
of developing-country aquaculture thanis
available at present. This in turn will
require much more research on existing
and evolving developing-country
aquaculture systems, not just
extrapolations from developed-country
experience.

Above all, developing-country
aquaculture development and its
environmental aspects mustbe considered
inabroad intersectoral context so that the
use of natural resources to meet evolving
human needs (whether in agriculture,

fisheries, forestry or aquaculture) can be
optimized with respect to environmental .
conservation.

Finally, because aquaculture is a
relatively new and underdeveloped sector
in most developing countries, it will come
under increasingly close scrutiny with
respect to its environmental impact,
perhaps even unfairly so in comparison
with the safeguards demanded for better-
known sectors, especially agriculture. This
can lead to incomplete and unbalanced
commentaries. For example, several
agricultural serials publicized the paper
by Scholtissek and Naylor (1988) on the
possibility of new flu viruses from pig-
duck-fish zoonoses in Chinese integrated
farming but omitted to summarize the
rejoinders to this paper published by
aquaculturists (for example, Edwards et
al. 1988b), who pointed out the
improbability of this in most integrated
farming systems.

For these and other similar warnings
against the possible environmental
hazardsofaquaculture development, what
is needed is a balanced view - not
underestimating the environmental
concerns associated with developing-
country aquaculture development but
placingtheseinabroadrural development



context in which human needs and all
development options and environmental
issues receive full consideration.
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Discussion

BILIO: The statistics from all types of brackishwater
aguaculture need to be closely examined.

CSAVAS: The distinction between marine and
brackishwater aquaculture is vague; for example,
milkfish production comes from both marine and
brackishwater. The distinction should really be
between freshwater and coastal aquaculture.

BILIO: This distinction is not ideal but it is much
better.

EDWARDS: The paper draws attention to the low
level of aquaculture development in general, even in
Asia. This could be easily seen from comparison of
protein and energy (caloric) production of aquaculture
and agriculture for human food.

PULLIN: On statistics, I believe that FAO is now
planningto separate statistics forhatchery and growout
operations and forthe former to differentiate between
hatchery operations used to stock open waters once or
infrequently (in which case these statistics would be
conaidered part of culture-based orenhanced fisheries)
or frequently, in which case the hatchery operations
areclassified as aquaculture production. Is this correct?
If so, will it work?

MARTINEZ-ESPINOSA: Using such a modified
definition of aquaculture, about halfthe current Latin
American aquaculture production would disappear
and be considered as culture-based fisheries. For
Cuba it would be almost 100%. The questions of
ownership are important. The treatment of hatchery
data needs more discussion, This is a very important
point for Latin America.
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Abstract

The principal components of a resource systems paradigm for analyzing the human ecological

consequences of aquaculture development in developing countries are presented, specifically for
freshwater pond aquaculture, based on examples from eastern Central Africa, southern China and
Panamd. Aquaculture as an innovative food production technology is examined in terms of the main
perceptions in forming policy design, and the innovation adoption process by small-scale farm
households. The principal social ¢characteristics that influence the manner in which any innovation
is received are discussed and, in terms of those, the impacts at the household, community and
governmental-international agency levelofthe adoption of aquaculture, as well as major administrative

changes within an old-established system, are examined.

Introduction

Mirroringthe great complexity of many
tropical agroecosystems are the tasks of
inducing development in them, whether it
be transforming traditional systems
(Ruddle and Grandstaff 1978) or
introducing new ones. Not only must the
complex interactions of the biological and
physical components of the systems be
understood and accounted for, but, equally,
s0 must the complex characteristics of the
human managers of and consumers from
these systems, as well as complicating
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factors introduced by the larger regional,
national and international society, which
impinge on and often constrain local
managerial options.

Thus, the problems associated with
any natural resource development are not
justtechnical and agronomic, not ecological
and not socioeconomic. They are essentially
problems in human ecology, which
embraces all these factors and much more.

The Human Ecological
Perspective

The “natural” environment that forms
the context in which any individual,
community or nation exists and functions,



must, by definition, include physical,
biological and social phenomena. “Other
people” and institutions influence social
behavior and must be coped with, as with
any other component of the environment.
Thus, in any ecological examination of the
environmental impact of aquaculture
development, the “sociocultural
environment” or “human environment”
must be given equal weight with the
“biophysical” components.

Human ecologyis not a distinet science
with specialized practitioners. Like
aquaculture,itis rather a distinetive point
of integration of several disciplines. For
present purposes, human ecology may be
defined as the study of how and for what
purposes humans use resources and
incorporate them into society and, by so
doing, how humans, resources and society
become transformed (c.f. Bennett 1976).
Such studies should, therefore, be holistic,
use a systems methodology, in which
human behavioral (sociocultural) factors
and environmental (biophysical) factors
interact reciprocally and, wherever
possible, be quantified in terms of energy,
materials, information and cash or cash
equivalent flows, to facilitate both the
analysis of individual systems and
meaningful comparison among systems.

Human ecology is concerned
essentially with human adaptation; i.e,,
“the rational or purposive manipulation of
social and biophysical environments”
(Bennett 1976), and assessing the
performance of adaptation by measuring
the rate(s) and analyzing consequences of
sustained yield of the resource(s) in use.
Understanding the form(s) that adaptation
will take from such strategic behavior is
the key issue in policy-oriented human
ecology, which focuses on the joint
objectives of “environmental integrity” and
human survival at reasonable levels of
security, based on the sustained-yield use
of natural resources. Human ecology as a
policy science of sustained yield and
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Tresource use processes must, therefore,
deal with power and control overresources
and, in the process, over society.

The practical application of human
ecology to address development issueshas
been retarded by lack of suitable
paradigms. Attempts have been made to
overcome that by focusing specifically on
resource systems (Fig. 1) (Ruddle and
Grandstaff 1978; Grandstaff et al. 1980;
Ruddle and Rondinelli1983; ICLARM and
GTZ 1991), emphasizing the flows of
energy, materials and information.

Based on the resource system
approach, in this paperIoutline a paradigm
foranalyzingtheimpact ofthe development
of small-scale pond aquaculture on the
social and economic domain of developing-
country environments. Thisis not without
difficulties, because aquaculture remains
essentially a localized and innovative
human adaptation. This is no less true of
aquaculture as afield of scientific endeavor
which, despite established institutes, is
only now gaining recognition as a
“multidiscipline”. As a consequence,
holistic, human ecological studies in the
field are rare and socioeconomic
information is scant, fragmented and of
extremely limited time depth.

Thus, here I treat aquaculture as any
other agrotechnological innovation in the
generalized terms of external influences,
attributes of society relative toinnovation,
innovation adoption process, and impacts
on society (Fig. 2). The paper is based
mainly on my field research in southern
Chinaand Malawi, as well asonsecondary
sources for Panamd4.

External Influences

Theprincipal objectives ofaquaculture
development in developing countries are
to enhance the production offish ashuman
food, and thereby to improve thelivelihood
of farm families, by upgrading household
nutritional status and/or increasing cash
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Fig. 2. Paradigm of potential impacts of aquaculture innovation on social environments.

or in-kind income. There are other
relatively minor objectives.

But aquaculture is a new and not
uncommonly strange technology to many
organizations involved in development,
and most members of assistance
organizations, versed mainly in
agriculturaldevelopment, areill-equipped
to assess either the merits of aquatic food
production, the difficulty of sustaining
- aquaculture where there has been no

continuous tradition of it, or the potential
negative impact on environments and
societies of inappropriate aquaculture
development. On the other hand,
aquaculture is often promoted vigorously
as a panacea by specialists with vested
interests in it. Thus given the precarious
nutritional circumstances under which
vast numbers of people in developing
countries exist, coupled withthe incidence
of hunger and the occurrence of outright
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famine, there is a natural tendency to
react with incautious optimism to any
promising means, such as aquaculture, of
raising food production levels.

Essentially, development of
aquaculture has been severely retarded in
developing countries by the failure of
agencies, governments and farmers to
appreciate its basic requirements. In
particular it is not well appreciated that
aquaculture development must be
integrated within overall and
comprehensive rural development
programs, and also that it must be
supported by an appropriate range of
economic, physical, institutional,
structural and other investments.

Further, in many nations aquaculture
may have little or no role to play in the
national development process. In some
instances, “aquaculture” may just have
become a fashionable term entered into
national policy documents merely to satisfy
thepolicies of donors or assistance agencies.
In some nations or regions there may be no
justification other than this, and efforts
and funds might be better directed to
developing other sources of animal and
vegetable protein, lest effort and funds be
squandered.

Commonly, too, the human ecological
implications of biological and physical
environmental constraints to aquaculture
development are not fully appreciated. In
particular, high elevation above sea level
and aridity or drought-proneness are
fundamental and severe constraints on
the development of aquaculture, because
successful adaptationto them adds greatly
to the risk burden of small-scale farm
households and communities, Since rates
of fish growth correlate positively with
temperature, many parts of developing
countries are suboptimal for fish growth.
This also limits the species that can he
cultured. Obviously, where areliable water
supply is not available for at least most of
the year, aquaculture is infeasible.

Paradoxically, therefore, many areas best
suited to aquaculture development are
naturally fish-rich and are already
exploited by freshwater capture fisheries.
This is not to say that aquaculture
development in such areas would be
pointless, rather it highlights the need for
a parallel development of distribution and
marketing systems for fish products.

Aquaculture development must
conform to the overall development goals
and policies of a country and be adapted to
local biological, physical and sociocultural
norms that will be critical in determining
its success. Many otherwise excellent
aquaculture programshavefailed because
these two fundamental factors were not
fully considered (FAQ 1985). This has led
tothefrustrated expectationsand negative
perceptionsg of client populations with
respect to official competence and sincerity
in attempts to promote development and
thus to the emergence of new behavior
patterns among client populations that
can only retard the acceptance of later
innovations.

Innovation Adoption Process

. As is now well established, the
principal factors in the process which
impinge on the incorporation of any
innovation into rural society are: (1)
perceptions with respect to the innovation
and the requirements for its successful
adoption, together with motives for
adoption; and (2) decisionmaking,
principally regarding the perceived risks
inherent in its adoption.

Perceptions Regarding
an Innovation

Most official perceptions, including
those of donors, underlying the
introduction of aquaculture are that it
can: (1) improve local nutritional levels
and variety, by both the direct production



of food and through the increase of
household incomes; (2) increase local self-
reliance in food supply, particularly in
remote areas; (3) supplement the yield of
often declining capture fisheries; and (4)
generate employment opportunities. In
some cases the perceptions of change
agents go beyond these basic aspirations,
as in Panam4, where the introduction of
community aquaculture is viewed by the
government as an instrument of rural
social development that facilitates the
introduction of new organizational and
managerial structures (Molnaretal. 1985).

Perceptions of a target population
influence the degree of success of efforts to
introduce and diffuse an innovation. In
particular, major determinants of success
are: (1) the attractiveness of perceived
benefits as related to costs of adoption; (2)
compatibility of the objectives, demands,
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opportunity costs, and lifestyle of an
innovation with existing resource systems
and its potential for integration with them;
and (3) the degree of perceived complexity
of the innovation and its relationship with
existing skills or the ability and means to
acquire additional skills.

Voluminous research on the
acceptance ofinnovation in rural societies
demonstrates five basic and generic
attributes that characterize any new
technology and affect the way in which a
target population perceives it (Rogers and
Shoemaker 1971). These perceptions will
largely determine the way in which
communities respond to the proposed
changesthatthe technology heralds. These
attributes are simplicity, compatibility,
advantageousness, testability and
visibility (Table 1).

Table 1. Attributes of an aquaculture innovation affecting its adoption.

Attribute

Characteristics of attribute

Examples

Reference

(1) Simplicity

(2) Compatibility

(3) Advantageous

(4) Testability

(5) Appraisability

Aguacnlture sysiem and related institutions
is aimple, divisible and eazily mastered
without special skilla-training by many people.

Agquaculture system is compatible with existing
farming systems, in terms of land, capital,
labor, risk and opportunity cost, as well as
with community behavioral norms and social
roles.

Aguaculture makes better use of on-farm

resources and provides greater benefits than
do customary practices alone.

Aquacultiure must be capable of being tested by

a representative sample of community members,

80 a8 to be potentially available to all house-
holds. *

The essential qualitative and other results of
an aquaculture system are quickly appraised by
potential adopters through casual observation
and conversation with peers.

Panamd: Small-scale farmers perceive the
techniques, skills and vocabulary of aqua-
culture to be the same as those of tradi-

tional farming, and therefore eaaily mastered.

Molnar et al. (1985)

Central MalaWi: aguaculture perceived as not Likongwe (1989)
complex and can be learned by children.

Southern MalaWi: aquaculture skills learned Mille (1989)
from parents*.

MalaWi: Adoption of aquaculture not perceived Likongwe (1989)
as diarupting pre-existing labor allocation, Mills (1989)

and a6 having only a low labor demand.

Southern Malawi: advantages perceived (in rank
order) are: (1) additional caeh income, (2) en-
hanced eocial status within community, (3) pro-
vision of addilional items for reciprocal ex-
change, (4) improved houschold nutrition.
Central Malawi: (1) improved household nutri-
tion, (2) increased income. (However, in Dedza
area of Central Mala®i as well as in Cameroon,
aguaculture is adopted 50 aE to acerue prestige.)

Likongwe (1989)
Mille (1989)

Niji (1986)

Molnar et al. (1985)

In Central and Southern Malawi, adopied by a Banda (1989)

range of households representing various eco- Likongwe (19589)

nomic strata and not generally viewed as being Mills (1989)

limited to better-off families.

Thie has characterized the adoption process Banda (195%)

among small-scale fish farmers in Mula®i. Likongwe (1989)
Mille (1988)

*However, the knowledge and skills required to construct and manage a fishpond are viewed with “considerable inerest and awe”, and the social skills

raquired to deal with the Figheries Department and the Fish Farmers’ Club are seen as complex (Mills 1989).
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Table 2. Supply of inputs to household fishponds.

Extrapolated Actual application rates
application _—
rate Produced by household - Supplied externally

Input (tha-year?) ®) ® " (%) ® #® (%)

Household 1
Elephant grass 7.68 2,50 50.76 100.0 0.00 0.00 0.0
Pig excrement 151.60 42.00 127.92 84.0 8.00 24.36 16.0
Human excrement 10.60 1.84 24.24 52.5 1.66 21.94 47.5
Kitchen and field waste 18.60 2.25 0.76 50.0 2.25 0.76 50.0
Bugar cane waste 60.60 0.00 0.00 0.0 20.00 253.80 100.0
Concentrates 0.27 0.00 0.00 0.0 0.09 13.70 100.0
Fingerlings - 0.00 0.00 00 - 33841 100.0
Totals . - 203.68 - - 652.97 -

Household 2
Elephant grass 12,60 2.60 50.76 100.0 0.00 0.00 0.0
Pig excrement 113.60 22,50 101.62 100.0 0.00 0.00 0.0
Human excrement 25.60 5.07 66.98 100.0 0.00 0.00 0.0
Silkworm waste 8.3 1.66 42.26 100.0 0.00 0.00 0.0
Kitchen and field waste 0.00 0.00 0.00 0.0 0.00 0.00 0.0
Sugar cane waste 25.20 0.00 0.00 0.0 5.00 50.76 100.0
Concentrates 8.83 0.00 0.00 0.0 1.75 507.61 100.0
Fingerlings - 0.00 0.00 0.0 - 203.05 100.0
Totals - - 261,52 - - 761.42 -

Household 3
Elephant grass 26.26 2.50 50.76 100.0 0.00 0.00 0.0
Pig excrement 229.50 22.72 45.68 100.0 0.00 0.00 0.0
Human excrement 3010 298 3926 100.0 0.00 0.00 0.0
Concentrates 1010 0.00 0.00 0.0 1.00 152.28 100.0
Fingerlings - 0.00 0.00 0.0 - 101.52 1000
Totals - - 135.71 - - 253.80 .

Household 4
Elephant grass 28.40 3.75 7614 100.0 0.00 0.00 0.0
Pig excrement 34.09 4.50 13.71 100.0 0.00 0.00 0.0
Human excrement 34.84 4.60 61.04 100.0 0.00 0.00 0.0
Fingerlings - 0.00 0.00 0.0 - 135.36 100.0
Dipterex 1515 (kg) 0.00 0.00 0.0 2.00 (kg) 3.55 100.0
Teaseed cake 60.60 (kg) 0.00 0.00 0.0 8.00 kg) 0.73 100.0
Totals - - 150.89 - - 139.64 -

Source: Ruddle and Zhong (1988)



Risk-Taking
and Decisionmaking

Patterns of resource use within
developing-country communities usually
reflect the decisions of large numbers of
households and small groups, in addition
to individuals, as individual needs are
generally satisfied through small group
relationships. However, thereis generally
considerable variation in microeconomic
behavior, which is caused in large part by
the differential use of and access to
renewable resources, as well as by
perceptions thatinfluence risk-taking and
decisionmaking in social and economic
activities (Johnson1972: Rutz1977; Ruddle
19584).

Most small-scale farmers plant a
combination of crops, or may opt toinclude
afishpond withintheir operation, tospread
risk. But, as in tropical agroecosystems,
combinations of crops, livestock and fish
also ensure the exploitation of a range of
available ecological niches on a farm, as
well as providing a balanced household
food supply, thereby also enhancing
household food security. Thus,
distinguishing a single motive withrespect
to farming systems and the decision to
diversify operations by adding new
elements is a complex problem.

The productive activities of most
developing-country rural households
consist of several complementary economic
activities that together provide a balance
of subsistence goods. Commonly, small-
scale fishing, animal husbandry, hunting
and collecting of forest products are the
economic complements of cultivation. In
integrated systems of agriculture-
aquaculture, some of these components
are tightly fitted within a single system.
Thus an evaluation of risks is made with
respect to multiple activities and not just
a dominant one. An innovation, such as
aquaculture, will not be adopted if it is
perceived as unduly risky to household
basal subsistence.
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Diversification of sources of household
income has also been a traditional risk-
spreading device. Thus, for example, small-
scale farmers are not uncommonly either
part-time or seasonal fishers.
Opportunities to earn complementary,
supplementary or totally alternative
sources of income have been enhanced by
urbanization and by the industrialization
and commercialization of economies. The
relative stability of such non-agricultural
sources of income adds greatly to the
opportunity cost of small-scale farming
and, ironically, exacerbates risk by
destabilizing the age and gender balance
of rural labor supply. This is offset,
however, where incomes earned in those
other sectors are used to finance small-
scale farming or to mitigate the rigks
inherent in adopting an innovation such
as aquaculture (Laan 1984).

Where seasonality of rainfall is
pronounced most agricultural laborinputs
are concentrated within a typically short
four-month growing season. Thus
agricultural labor productivity is limited
by the amount of indispensible tasks that
can be performed during that limited time
period. Risk is introduced by the physical
ability of available labor to undertake the
tasks-theincidence ofillness andinfirmity,
age and gender, among other factors - and
by both the capacity to hire labor and the
availability of additional labor.
Aquaculture development schemes that
threaten this delicate balance by virtue of
either labor demands or increased
opportunity cost of labor are unacceptable
to most rural communities in developing
countries.

Farm household decisionmaking
ranges from very deliberate problem-
golving to automatic, subconscious
behavior, basedinlarge part ontraditional
teaching and community norms. In
developing nations, most tend toward the
latter type (Simon 1957). Moreover, most
decisionmakers apparently prefer tofollow
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the precedents of established patterns,
rather than to process data themselves.
This may go far toward explaining
“tradition”, “conservatism”, and “habit” in
resource use, and may help to explain the
considerable uniformity observed in
decisionmaking among small-scalefarmers
(Simon 1957).

All aspects of decisionmaking are
closely tied to local culture, technological
levels, and peer group pressure, Small-
scale farmers rarely make massive
decisions, but they do make small,
incremental decisions that in agpgregate
might lead to large-scale changes. Thus
they gradually adjust existing patterns so
that an optimum pattern might evolve
over a longer time period. This is closely
related to the availability of information;
the completeness of an individual’s
“decision environment” being a function of
both the customary and formal levels of
education achieved, the communication
system, and the motivationand willingness
to make an effort to obtain information,

There are major differences between
community and individual decisions. The
former appear to be more deliberate,
explicit and often hetter publicized.
Generally, too, they are of greater
importance in establishing and
maintaining patterns of resource use
within communities and regions. The
efficiency with which decisions are made,
together with the distribution of benefits,
are the two major determinants of success
inthe adoptionof aninnovation, especially
a community endeavor.

In agricultural households in Central
MalaWwi, for example, most household
decisions are made after consultation
between both conjugal partners and,
despite a matrilineal social organization,
the wife’s brother(s) have no say in the
decisions (Mthinda1980;Phiri1981), even
in female-headed households. The
traditional division of agricultural
responsibilities and associated

decisionmaking regarding resource
allocation has important implications for
the development of aquaculture and, in
particular, for the development of
integrated farming. Of the fish farmers
surveyed in Zomba District, Southern
Malawi, 31% of respondents reported
disagreements with their wives over
agricultural resource allocation. Sinceina
matrilineal society women perceive
themselves asbeing principally responsible
for household subsistence, which is seen
as being quite different from aquaculture,
the decision about the use of potential
pond inputs, such as maize bran, devolves
on the women rather than on the men,
who are those primarily responsible for
aquaculture decisionmaking. Five per cent
of fish farmers reported that their wives
had refused to permit the use of maize
bran as a pond input, claiming that there
were more pressing uses forit (Mills1989).

It has bheen frequently averred that
many subsistence farmers in developing
countries are concerned to produce only
enough to ensure their household
subsistence base, since they value “leisure”
more than a cash income obtained from
sale of agricultural surpluses. However,
in Malawi, for example, surveys
demonstrate the western economic
rationality of small-scale farmers who live
above a subsistence base. For example,
Minford and Ohs (1970) concluded that
there is a significant positive response by
farmers to higher producer prices and a
negative response to higher consumer
prices; Brown (n.d.), in a nationwide
survey, found that planting decisions
depend more on yield risk than on price or
income factors, that increased income
promoted increased labor input, and that
higher prices and incomes led toincreased
consumption, higher output and greater
use of improved technology; and Gordon
(1971) calculated the supply response
function and a production function for
each major crop and found that a 1% price



increase evoked a 2.3% increase in
cultivated area.

Subsistence households in Zomba
District, in contrast, generally base their
farming decisions more on social
considerations than on economic factors.
On the other hand, small-scale farmers in
transition from household subsistence to
an incipient commercial orientation, or
those with a holding large enough to
produce a saleable surplus, base their
decisionmaking more on economic than
social factors (G.A. Banda, pers. comm.).

Impacts of
Aquaculture Development
Without long-term evaluation

exercises or other longitudinal studies, it
isimpossible to assess the human ecological
impact per se of aquaculture development.
This is a task for the future. At this stage
in the development of a paradigm for that
purpose, potential impacts of aquaculture
development on households, its intra-
community consequences and, from these
levels, feedback to and impacts on external
influences, as manifested in modifications
to policy, programs and projects, or in the
provision of supplementary inputs to
aquaculture or complementary physical
and institutional infrastructures, are
examined. These can all be regarded as
indicators, although not amenable to
precise measurement, of the human
ecological consequences of aquaculture
development.

The Impacts of Aquaculture
Development on Households

LAND TENURE AND USE RIGHTS

Innovations such as aquaculture may
be most easily introduced and have the
least social environmental impact, other
things being equal, into communities
where land and improvements to it, as
well as access to water resources and the
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like, are vested in the individual. The
degree to which an individual will be
permitted use of land owned by the
extended kin group or the community
varies according to tradition and
particularly to conditions within ethnic
groups brought about by recent or ongoing
socioeconomic change. Members of most
developing-country rural societies are still
bound by traditional kinship obligations,
which they can ignore only at their peril.
The fundamental sociological element in
many developing-country societies is the
extended family, that forms a village or
hamlet, commonly based on a founding
lineage or its descendants,

A special and widespread case in
developing countries is presented by
matrilineal kinship societies, since descent
and inheritance, with associated primary
rights to resources, is through the female.
In many matrilineal societies an area
occupied by a matrilineage is recognized
as being owned by that lineage as a
corporate group. The lineage has the
general usufruct right to that area,
whereas the individual families which
compose that lineage have the recognized
usufruct. Under matrilineal kinship
systems land and resource rights are
inherited through the female line, and
decisions are made by a woman’s brothers;
Le., a man seeking permission to build a
fishpond would usually have to petition
his wife’s brother(s). Traditionally,
residence rules have been uxorilocal (i.e.,
on marriage a man takes up residence in
his wife’s household).

In such societies a male is in an
anomalousposition with respecttoresource
rights, since although the head of his
household, as a consequence of
matrilineality and uxorilocalitly,
respectively, he obtains access to land
through the female line and resides in his
wife’s village. Ahusband works the land of
his wife or wives. Further, although
heading his own household, a man must
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generally submit to the authority of his
wife’s brothers, with respect to his wife,
his children, and her land. Not
uncommonly, therefore, husbands
experience insecurity of tenure and divorce
rates might be high. On divorce, or on the
death of his wife, a man returns to his
mother’s village and his former wife, or
her descendants, retains all the usufruct
rights to the lands that formerly they
cultivated jointly.

Many traditional subsistence
communities are bound by close
interpersonalrelationships viainstitutions
for sharing, which demonstrate that all
peoplein a community are linked together
in one way or another, and that everybody
has access rights to a common property
resource, as well as rights to demand a
share in the product of resources to which
specific households hold exclusive rights.
Commonly, subsistence activities are not
viewed as a business undertaking, rather
asoperations on which depends the welfare
of allmembers of a community. Widespread
are sets of related concepts which stress
that more fundamental than increasing
profits, spreading risks and gaining
assistance, is the individual’s right to
survive; that nobody should go hungry
and that everybody should share in the
results of an economic activity, however
meagre they might be. Such obligations
have an important bearing on the decision
to adopt or not innovations leading to
increased productivity, as a concomitant
increase is the requirement to share.

In many such societies, people who
ignore or neglect their duties toward kin
are criticized and, finally, deserted by them,
thereby depriving themselves of social and
economic security in time of need (e.g.,
Mitchell 1951). In traditional communities
in parts of Southern Malawi, for example,
a person who ignores his kinship
obligations to such an extent that he is
deserted by his relatives is considered to
be the target of sorcery by them. Further,

he himself was likely to be suspected of
being a sorcerer (Mitchell 1951).

It has been widely claimed that the
insecurity of male tenure under matrilineal
systems of social organizationis a common
disincentive to make long-terminvestment
and improvement in a land unit, the
usufruct right of which belongs to a wife
(e.g., Lamport-Stokes 1970). This varies
greatly, however, and depends in large
part on the personality characteristics of
the individual male.

Land scarcity coupled with the
disincentives inherent in the traditional
social structure are an increasing cause of
divergence from cultural norms in any
matrilineal society. Menliving uxorilocally
frequently seek to establish their ownfarms
and particularly those for cash crops or
other long-term investments.

As a consequence of such highly
complex interaction of personal usufruct
rights to land, especially in areas of
matrilineal societies and high population
density, either those obtained through
village membership or those acquired
individually, patterns of cultivation rights
in many developing countries are
extremely complicated. It is almost
meaningless to attempt to resolve into a
checklist of simple, generalizable
principles, particularly since its inherent
complexity is now being additionally
ramified by population growth and
resultant pressures on land and land
fragmentation, and as aresultofincreasing
divergences from nominally prescribed
cultural forms attributable to general
“modernization”.

Access to Resources

InZomba District of Southern Malawi,
76% of fish farming households have a
total land holding of more than 2 ha, and
only 16 have 1.0 ha or less (Banda 1989).
Most fishfarmers therefore have relatively
large land holdings. Those with less than
0.8 ha who practice fish farming usually



do so because they have a piece of
waterlogged land not suitable for crop
production. Such people are usually young
and lack experience to obtain additional
land of better quality. Thusfew fishfarmers
are in the subsistence household category
(defined as having less than 1.6 ha), since
they are unwilling to risk adoption ofanas
yet unproven innovation and only 10.5%
of those sampled are in the “below
subsistence category” (defined as having
less than 0.8 ha).

Together with land, family laboris the
principal household resource in rural
Malawi, Extra labor is obtained by hiring,
the role of the formerly important
reciprocal labor having declined with the
rapid sociceconomic change that has
occurred in Southern Malawi (Banda
1989).

The Emergence
of Entrepreneurship

A rare case of household
entrepreneurship on a large scale in an
old-established aquaculture system is well
illustrated by changes that have occurred
during the last decade in the dike-pond
system of integrated farming in the
Zhujiang (Pear] River) Delta of Guangdong
Province, southern China (Ruddle and
Zhong 1988).

Fromlate 1978 there occurred in rural
China a progressive repudiation of the
notion of a highly collectivized and
egalitarian society and the concomitant
beginnings of amixed economy. Inessence,
the reforms decollectivized many
agricultural practices, transformed from
de facto to de jure the status of the
individualfamily as the fundamental rural
economic unit, and removed the controls
that prevented households from freely
marketing surplus production. Farm
households obtained considerable freedom
in deciding how to allocate their own
capital, labor and management resources.
As a result, productivity and household
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incomes rose dramatically and household
activity schedules and the allocation of
labor also became more flexible (Ruddle
and Zhong1988). Thus variations emerged
among households in terms, among other
things, of the allocation of working capital
and labor to the system, management
strategies and levels of productivity, the
energy efficiency of household ponds, and
household economics. This was, of course,
a response to individual household
circumstances that affected their physical
and financial capacity to supply different
inputs (such as excrements and elephant
grass on the one hand; and purchased
fingerlings and concentrated feed on the
other) at different rates, as well as differing
perceptions withregard tothe comparative
worth of traditional and modern inputs.

By manipulating energy inputs to
actualize opportunity costs of on-farm
sourced inputs, and thereby offset costs of
purchased energy sources, modelling
demonstrated that household cashincomes
could be raised 3-12% (Ruddle and Zhong
1988). Inpractice, rates would probably be
higher, since substituting concentrated
feed for traditional inputs would improve
water quality, thus, all things bheing equal,
improving fish yields. ._

However, to make these simple
changes at the household level requires
important changes at higher levels in the
system. Amongthe mostimportantofthese
are the regular and sufficient supply of
concentrated feed to local pond operators
from the newly opened factory in the
county; the adoption of concentrated feeds
asaconsequence of repeated and successful
demonstration effects; a continued market
for household produced and surplus
excrements that would absorb these
surpluses as they continued to increase
with the wider adoption of concentrates;
the ability to divert sugar cane waste to
other productive industrial uses (e.g.,
pelletized feeds); and the industrial use of
silkworm waste, among others.
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Impacts of Aquaculture
Development on Communities

Social Status Stratification

This may correspond to property
ownership patterns and especially toland
tenure. Large landowners, local officials
and relatively better educated persons
often become leaders and exert
disproportionate influence onthe adoption
of innovations.

Social stratification with respect to
wealth and authority can either impede or
facilitate the adoption and sustainment of
innovation, depending on local
circumstances. In some cases, other factors
being equal, the more homogeneous a
community themorelikelyisaninnovation
to be widely adopted (Oxby 1983).

On the other hand, participation or
sponsorship by widely respected elites may
legitimize an undertaking and encourage
broad participation, as in parts of MalaWwi,
where adoption of aquaculture by better-
off households is perceived to reduce the
element of risk for the poorer ones. Further,
elites may provide technical leadership,
ensure good management, and monitor
the distribution of benefits (Molnar et al.
1985). In other cases this may evolve into
or reinforce a dependency relationship,
rather than fostering self-reliant
community development. Further,
depending on the nature of the client-
patron relationship and the existence or
not of paternalism and/or personalism,
households may participate in an
aquaculture project for political reasons
rather than from true commitment.

Whereas elites generally support
innovations that they perceive as offering
additional opportunities for them to fulfill
their duties (and thereby enhance their
social status) as generous insurers of
general community welfare, as in
aquaculture developments in Zomba
District, Southern Malawi (Mills 1989),
they can alsoundermine projectsto thwart

perceived diminishment of their own
status. Any innovation may be perceived
by large landowners as a threat to a pool of
cheap and readily available labor, for
example, and so might be undermined to
remove competition, to monopolize access
to a new resource, or to achieve other
personal ends.

Authority-Power Structures
and Leadership

Many developing-country societies are
characterized by hierarchical social
organization, which ranges from aregional
leader/tribal chief through an individual
family member. Commonly, thisisreflected
inthe spatial organization of the territories
with which each social unit is associated.
In general, the highest level commonly
has three main categories of duty toward
his followers: land allocation, judicial
matters, and ritual and religious
responsibilities, The second level is
frequently that of the village headman,
whose various social roles mirror at the
village level those of the regional leader/
tribal chief. Dispute settlement is
invariably a major duty, particularly
concerning rights to and conflict over the
use of land, water and other resources.
Village headmen are also responsible for
representing the interests of their villagers
in dealings with other groups.

The structure of authority and
leadership in matrilineal societies is
relatively complex, because while
resources are controlled through the female
line, villages are governed according to
principles of male leadership, Thisleadsto
several inherent paradoxes and tensions
within the social system. Among the most
important of these are: the competition
between a husband and his spouse’s
brother for control of both his wife and
children; the ambivalent position of a man
in his wife’s village; the conflict between



the principle of uxorilocality and that of
malegovernance; the structural opposition
between proximate generations asaresult
of emphasis on the unity of the sibling
group; the division of 4 mother’s loyalties

betweenher siblinggroup and her children;
and the political competition among

uterine brothers for therr sisters’ loyalty.
These inherent conflicts among principles
of social organization may cause serious
social tensions within small communities
and can be easily exacerbated by
economically beneficial innovations, such
as aquaculture,

Aswould be anticipated from changing
political, economic, and social conditions,
as well as from the personality traits of
individuals, in few if any societies do
everydaysocial relationshipsand patterns
of behavior correspond exactly to such
nominal ideals of social structure.
Monetization, urbanization, industrial-
ization and the resultant migration for
wage labor have been among the principal
factors that have caused major changesin
developing-country social organization.

The principal function of community
leadership with respect to the adoption of
innovation is the ability to mobilize and
then sustain participation, by generating
labor  contributions, organizing
infrastructure, interfacing with external
authorities, effecting consensual
decisionmaking and ensuring the equitable
distribution of benefits, such that
community harmony is maintained.

Goodleadership canspeed the adoption
process and ensure its continuity. On the
negative side, however, strong leadership
can sap the initiative of other participants
to develop managerial skills and
overdependence on a single strong
individual leader can imperil long-term
continuity of development. Poor
Panamdnianfarmers,forexample,interact
best when theleaderisarespected member
of the community but still a peer;i.e., heis
neither so wealthy nor so powerful that he
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isnolongerregarded as beinga member of
the local group (Molnar et al, 1985).

Community Cohegiveness

Factionalism within a community
stemming from social and/or economic

status, caste, or ethnicity, among other
causes, can be a major obstacle to the
successful adoption and dissemination of
an innovation, particularly when accessto
common property resources, such as water,
is required. In addition to analyzing the
cost-benefits to themselves, individual
households also monitor those for their
group as a whole. Whereas costs and
benefits need not balance exactly for
individual households, a net gain must be
guaranteed by a group (Kikuchi et al,
1978). Further inequities may be
interpreted in the context of former existing
intra-community conflicts and resultant
factions (Peterson 1982), which tend to
become exacerbated as a consequence. A
positive aspect of intra-community conflict
and factionalism, on the other hand, is its
possible indication of a healthy level of
social energy which might be harnessable
in support of a well-designed development
project. In contrast, its lack may indicate
lethargic resignation and pessimism
toward innovation, among other negative
traits (Whyte and Albert 1976).

In Panami, for example, although
community aquaculture projects did not
engender any new intra-community
conflicts, some became enmeshed in earlier
ones between members of collective farms
and independent farmers. The latter,
resentful over their exclusion from the
aquaculture development project,
attempted to undermine it. However,
rather than achieving their object they
strengthened the cohesiveness of the
communal farmers, since aquaculture
became a further rallying point in their
ongoing conflict with the independents
(Molnaretal. 1985). Evidence of the success
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of innovations in general demonstrgtes
that commitment to an unc!er!;akmg,
regardless of what stimulates it, is more
important to the success of a project than
¢kills and competence, which can be

learned (Leonard and Marshall 1982).

Implementation of Social
Control Mechanisms

In many societies worldwide, levelling
mechanisms are fundamental in
controlling the individual and in
functioning to maintain community social
order and social status ranking. An
individual is prevented by a variety of
social pressures, obligations, proscriptions
and punishments from advancing
economically beyond his or her defined
social role. On the contrary, people are
commonly enmeshed by sets of reciprocal
rewards for conduct appropriate to their
social status. As a consequence, in many
developing-country societies, anindividual
who decides to devote time to economically
productive activities, as opposed to socially
productive activities, is commonly
regarded as a deviant who mustbearheavy
social costs.

Individuals and households incur
additional risks by participating in a
collective aquaculture enterprise that they
would not face in private undertakings.
These are no different from the additional
risks encountered in any collective
innovation. Especially important is the
individual’s perception of the balance of
costs and benefits (rewards), or
“distributive justice”, among all
participants (Popkin 1979). Participants
tend to avoid situations perceived as being
unfair and to seek out those with a clear
demonstration of equity (Homans 1961).
Perceptions that a group endeavor has
obvious winners and losers can torpedo
the undertaking in the short term and,
worse, lead to long-term and profound
social upheaval within a community,

Qocial controls, levelling mechanisms,
or sanctions are widely applied to eith'er
households or individuals wit_hm
communities when a majority perceives
that wealth accumulation by a few

members is to the defriment of the fIoun.

To prevent such an occurrence from
causing deep discord, some objective
criterion of balance or distributive justice
is generally recognized.

Thus, the rules of access to a collective
or commonproperty resource must depend
onsomeinvariable criteria. In aquaculture
this might be, for example, distribution of
harvest share proportionate to units of
labor supplied. However, a system of
benefits strictly proportionate to inputs
does not recognize inherent inequalities of
individual or household energy, talent, or
motivation, or the ability of a deprived
household to supply labor. The
enforcement of strict equity principles
could therefore lead to resentment. This
may be managed, as on community
managed aquaculture projeets in Panama
(Molnar et al. 1985), for example, by
informal compensatory mechanisms,
which, despite the normatively mandated
equal rewards, distribute the harvest by
size and quality classes according to
individual inputs. In other communal
aquaculture projects in Panams, records
arekepttoapportion accurately the harvest
benefit by labor input (Molnar et al. 1985).
Alsoin Panam4, conforming to the rules of
the rural culture, which are enforced by
peer pressure, a greater share of the
harvest than is mandated by input is
obtained by impoverished families, the
infirm, or the otherwize unfortunate
(Molnar et al. 1985).

Such mechanisms tend to be blurred
where an enterprise is operated within a
kinship or fictive kinship network and
resource use is characterized by sharing,
pooling, generalized exchange and
nonreciprocal giving, rather than by the
reciprocity or commercialism characteristic



of distant kin and nonkin (Sahlins 1965).
In nonkinship-based enterprises, the
degree of participation correlates closely
with anticipated direct benefits. If costs
continuously exceed benefits, individuals
will not contribute to collective action,
unless coerced by peer pressure,
punishment, or threat of sorcery, for
example. Further, innovation is likely to
be resisted by those who benefitleast from
existing situations, sincethey may perceive
itaslikely to perpetuate currentinequities
(Alexander 1975) and, hence, power.

Levelling mechanisms may be
implemented when activities such as the
accumulation of wealth by a particular
individual or family within a community
are perceived by traditional leaders as a
threat to either their power or status, or
both, and to the unity of the community. In
Malawi, for example, individual
advancement is often perceived by
guardians as a threat to the unity of the
female corporate group (Mitchell 1956)
andisrestrained by accusations of sorcery
(Lawry 1981), the frequency of which
commonlyleads to thefissioningofvillages.
For this reason successful farmers will
occasionally have difficulty in obtaining
hired labor (Lawry 1981).

Social levelling mechanisms are
strongest where there is little to share
(Humphrey 1971), In the Zomba District
of Southern Malawi belief in witchcraft is
so strong that small-scale farmers,
including fish farmers, dare not produce
beyond a certain level, for fear of being
bewitched by their peers (G.A. Banda,
pers. comm.).

Banda (1989) noted that jealous
members of communities in Mwanza
District deliberately damage the fishponds
of youngsters, of whom they have no fear.
The ponds of successful farmers are also
damaged or the stocked fish stolen (G.A.
Banda, pers. comm.).

One of the negative consequences of
the moral requirement to share resources
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is that some farmers might elect not to
improve their economic level, for example,
by incorporating a fishpond into their
holding. The commonly stated rationale
for this is that there is little point in
workingharder - and possibly thereby also
incurring social sanctions - if one will be
pressured to give away a large portion of
the fruits of the extra labor to relatives or
other members ofthe community (Mitchell
1951; Lawry 1981).

With the increasing commercialization
of the rural economy in Zomba District,
Southern Malawi, for example, there are
emerging signs of a corresponding decline
in the social role of pond-cultured fish as
both giftgiving and subsidized sales items
torelatives and friends. Of the subsistence
fish farmers interviewed, 37%revealed an
increasing inclination toward purely
commercial sales of their fish, since they
were nowadays no longer receiving equal
value in reciprocal exchanges for their
fish, and that “..some neighbors were
taking advantage of their fish farming
activity” (Mills 1989). Similarly, 36% of
the commercially oriented fish farmers
claimed that they had been motivated
toward commercial activities owing to the
decline beyond an acceptable level in the
economic value of return reciprocity. Two
commercial fish farmers in the area
characterized their commercial efforts as
a deliberate attempt to escape potential
reciprocal obligations. One such farmer
started to sell more of his productin alocal
market rather than using the conventional
pondside site venue in order to escape the
increasing and, as he perceived,
unneccessary economic burden of
subsidizing below-market-price sales to
friends and relatives. Further, he was able
to obtain prices 10% higher than
nonsubsidized rates in the conventional
venue (Mills 1989). However, in so doing a
farmer might incur social sanctions, or be
subjected to levelling mechanisms, since
the amount of fish available for subsidized
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sales to friends and relatives resident in
the producing community is reduced.

Belief Systems

Throughout the developing world,
belief systems have a major impact on
resource use. Local constraints embedded
in traditional magico-religious systems
may be the most widespread community-
wide sociocultural factor either impeding
the development of aquaculture in Africa
(Grove et al. 1980), or, in contrast, being
overwhelmed by it in combination with
other elements of change. Such phenomena
are not generalizable since they occur asa
plethora of local details.

Commonplace throughout Africa, for
example, is the animistic belief that
ancestral and guardian spirits of a
household or community reside in a wide
variety of natural or manmade landscape
features. For thisreason the development
of aquaculture may be either retarded or
precluded entirely in a particular locality
by a refusal to modify the environment,
such as to excavate fishponds, or even to
modify those constructed by ancestors
(Grove et al.1980). In MalaWwi, such beliefs
have retarded the development of small-
scale aquaculture in parts of Lilongwe
District (D.H. Ng'ong’ola, pers. comm.).

Impact on External Influences

CONCEPTUAL AND PLANNING DEFICIENCIES

As the history of past failures in
developing countries demonstrates, the
development of sustainable aquaculture
requires sound policy, well-conceived
planning, and proper implementation via
biotechnical and sociceconomie research
that works in tandem with a dedicated
extension service. These areindispensable
for ensuring successful and sustained
development. Ill-conceived projects coupled
with contradictory objectives have been

highlighted as a major source of prior
failures in aquaculture development
projects (FAQ 1975). For example, in one
appraisal of the status of aquaculture in
developing countries it was observed that
“most failures of aquaculture development
programs in Africa so far can be explained
by the lack of qualified technicians and of
an adequate infrastructure, as well as by
the absence of government policy
specifically aimed at this form of
development” (Coche 1983). This feedback
has revealed itself in the widespread
acknowledgement of (a) conceptual and
planning deficiencies, and (b) in
infrastructural deficiencies in systems.

Among the principal impacts on
external influences of developing-country
aquaculture development programsis the
realization that failure has stemmed
fundamentally from not having viewed
aquaculture as a system, the success of
which depends onthe parallel development
of a physical and institutional support
infrastructure. The long-term objectives
of alleviating malnutrition and poverty in
developing countries do not depend juston
increasing the production of a balanced
mix of foodstuffs, as is commonly
considered, as much as onincreasing their
distribution for either direct food use or of
the distribution of the benefits of the
commodities, when they are not used for
direct local consumption. For example,
throughout southern Africatransportation
costs are perhaps the principal constraint
on supplying inexpensive fish to
consumers; as in Zambia, where they can
sometimes be three or four times the value
of the fish transported (Subramaniam
1986).

The provision of appropriate
institutions is of perhaps greater
importance. Most evaluations ofintegrated
rural development programs assume either
the prior existence of, or the ability to
create quickly, an institutional structure
appropriate to local needs and capable of



distributingthe resourcesfor decentralized
investment and production to far-flung
and diverse rural regions (Rondinelli and
Ruddle 1977). This is particularly true for
a new idea, such as aquaculture. Most
reports on the status of aquaculture
developmentindeveloping countries stress
the overwhelminginstitutional deficiences
that preclude rapid growth of the sector.
A combination of at least four basic
institutional deficiencies commonly occurs
in programs for small-scale aquaculture
development:

(i) most organizations that provide
technical inputs and/or services
are either absent or exist in only
their traditional forms or
surrogates and the latter are
usually inadequate for promoting
and sustaining aquaculture
development directly;

(i) suchinstitutions arerarelylinked
into a hierarchy of supporting
institutions so as to provide a
reliable flow of inputs and their
resultant unreliability makes
adoption of their innovations,
services and techniques by small-
scalefarmersunnecessarilyrisky;

(iil) owing to a combination of scarce
finances, ineffective linkages, lack
of skilled manpower and weak
political support, among other
things, existing institutions
generally  have a low
administrative capacity to deal
with the complex problems and
procedures of aquaculture and
overall rural development; and

(iv) newly introduced governmental
institutions are commonly
incompatible with the traditions,
behavior and cultural patterns of
local “target” societies. As such
they may be a further source of

alienation and increased
impoverishment.
Like appropriate technology,
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appropriate institutions to serve
aquaculture and other sectors of the
economy should be adaptable to the wide
and complex variety of problems and
conditions characteristic of developing
countries. The development and transfer
of supporting institutions, like aquaculture
technology transfer and development, must
blend adaptation, innovation and creativity
with an intimate knowledge of local
capabilities and constraints.

DEFICIENCIES IN THE SUPPORTING
INFRASTRUCTURE FOR AQUACULTURE

Extension and information. The lack
of a well organized aquaculture extension
service - that indispensable link between
researcher, administrator and producer -
is usually a consequence of the general
scarcity oftrained specialist personnel and
is a factor contributing to low levels of
development, particularly of the small-
scale rural sector.

As a consequence of deficiencies in
infrastructure, the acquisition and
reinforcement of initial aquaculture skills
from earlier adopters is of major
importance. In Zomba District, Malawi,
forexample, 24% of fish farmers and former
fish farmers obtained them from
neighboring farmers, 26% from distant
farmers, and 26% from personal
observation of the activity by otherfarmers
(Banda1989). Farmers appear to prefer to
consult with other local, earlier-adopter
farmers of approximately similar social
and economic levels, since it 1s perceived
as giving a better evaluation of the risks
involved than would consultation with
extension personnel from an experiment
station backed by the resources of
government (Banda 1989).

Generally, early adopters of an
innovation have higher social status, such
as village headmen, that appear to make
them better evaluators of a new activity,
like aquaculture, at least in the early
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stages of an introduction. If they are
successful, other farmers with lower status
tend to emulate them (Banda 1989). Thus
in Zomba District, the role of one key
farmer, an early adopter, was cited by 75%
of established fish farmers as the principal
means by which initial fish farming skills
werereinforced and enhanced (Mills1989).
This farmer, a respected member of the
community,islocally renowned forrunning
a successful commercially oriented
aquaculture operation. Once initial
activities have developed, reinforcement
and enhancement of skills takes place
through contacts with key farmers, the
aquaculture and agricultural extension
services, and fish farmer clubs,

The situation is similar in Central
Malawi, where the principal skills learned
interpersonally from other farmers are
pond site selection (19% of respondents),
pond construction (14%) and fish-feeding
(21%) (Likongwe 1989). The informal
learning of aquaculture skills correlates
inversely with the frequency of extension
service contacts (Likongwe 1989). Such
skill acquisition appears to be systematic,
in that informal skill acquisition for pond
selection correlates positively with that
for pond site selection, arranging water
supply and fish feeding.

In Zomba District, knowledge about
pond construction and management is not
given freely, except to family and close
friends. Rather, it is perceived as being
difficult to acquire and thus an extremely
valuable asset that enhances social status
within the community. As such, it is a
commodity the giving of which requires
some form of recompense (Mills 1989).

Fish Seed Supply. Among the major
constraints to the morerapid development
of small-scale aquaculture in developing
countries is seed fish supply. Aresponseto
this problem in Malawi, for example, was
the institution of the “fingerling debt”
system, whereby farmers are supplied with

free seed for their start-up crop from the
extension center. In return they incur the
obligation to provide free seed to another
farmer when he begins operations (Q.V.
Msiska, pers. comm.).

Credit. Inmostinstances, the provision
of credit is essential to the establishment
of anew enterprise. However, fewpotential
small-scale fish farmers in developing
countries have suitable assets for use as
collateral. Further, giventherisksinherent
in adopting a generally locally unproven
innovation, especially in the absence of a
perceived adequate supporting
infrastructure, small-scale farmers are
usually reluctant to raise capital by selling
other farm produce to start aquaculture,
and thus to divert investment in such
proven agricultural inputs as field crop
fertilizers, until they are confident in the
profitability of aquaculture, asin Southern
Malawi, for example (Banda 1989).

Marketing. The commercial distri-
bution of the products of a new enterprise
is commonly problematical in developing
countries. As a consequence, it has been
suggested that aquaculture development
be planned to take advantage of existing
distribution and marketing systems for
the products of capture fisheries (Pillay
1977).

However, this is unnecessary in many
areas, particularly where fresh fish is a
preferred food and in short supply, at least
seasonally. Thus in the Zomba District of
Southern Malawi, for example, the sale of
cultured fish, regardless of species, is a
simple task, since demand always far
outstrips supply. Indeed, some farmers
ration the amount of fish sold to customers
attending a harvest to ensure reasonably
equitablesales (Mills1989). Further, some
enterprising farmers have developed
specialized markets. Most farmers simply
notify the community of an impending



harvest, and customers arrive on the
appointed day. In Zomba District, 96% of
commercially oriented fish farmers sell
their fish on site. This obviates the needs
for specialized marketing strategies, the
role of fish traders, and processing, thereby
side stepping potential constraints caused
by infrastructural deficiencies.

Prices of cash sales are tempered by
reciprocity and urban demand. Although
there is a close-to-current-market price
that fishfarmers could seek, many salesto
friends and relatives are “socially priced”
at a lower rate. Nevertheless, farmers are
mostly able to obtain close to current
market prices (Mills 1989).

Protective legislation. Aquaculture
developments in developing countries are
commonly unprotected by formal
legislation, and customary law does not
usually apply to the practice. On the
contrary, legislation governing water
abstraction, river pollution, public health,
fish handling, and water or coastal and
lakeshore rights all hinder the
development of aquaculture, especially by
small-scale farmers. Thus one impact of
aquaculture development, as in Southern
Malawi, is a widely perceived need to
formalize the processes for securing sites
and water, and obtaining various licenses
and obtaininglegal protection against theft
andthelike. Legislationis also required to
protect the water rights of fish farmers
against upstream pollution and damage to
watersheds. Insurance against accidental
loss is also required by small-scale
operators, particularly to mitigate
perceived risk that retards dissemination
of aquaculture.

IMPACTS ON COMMUNITY WELFARE

Public health. There is little evidence
that the development of small-scale
aquaculture anywhere hashad an adverse
impact on public health, by spreading
disease. Regardless ofthis, however, public
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health measures must be planned as an
integral part of aquaculture development,
since if the development of aquaculture is
perceived locally to be responsible for
increasing morbidity rates of
schistosomiasis and other debilitating
diseases, the innovation will be critically
evaluated by adopters and nonadopters
with respect to the trade-off between
nutritional and economic benefits
compared with health implications.
Aquaculture development has thepotential
to increase hazards to human health,
primarily from waterborne diseases
(especially schistosomiasis, malaria and
guinea worm) and fish parasites.
Schistosomiasis is perhaps the most
prevalent debilitating disease, with an
incidence of 70-90%.

Conclusions

Aquaculture development in
developing countries has had a chequered
history, at best. This is particularly true of
Africa, but also, to a lesser extent, of Asia.
Inlarge part, failures have stemmed from
social, cultural and economic causes, and,
in particular, from the lack of appreciation
among policymakers and planners that
aquaculture is just one dimension of a
much larger human ecological system,

Above all, aquaculture must be seenin
context, In particular, but not exclusively,
it must be planned for and assessed in the
context of (1) national development policy
and goals and existing levels of national
development and the constraintsthat these
impose on sustainability; (2) its
socioeconomic and other relationships to
alternative sources of both animal and
vegetable protein; (3) the physical and
biological environments into which its
introduction is proposed; (4) the
socioeconomic environment into which its
introduction is proposed; and (5) its
capacity for integration with existing or
potential resource use practices, especially
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farming systems.

A thorough understanding of the
sociocultural environmental context into
which the introduction of small-scale
aquaculture is proposed has been outlined
inthis paper. The tailoring of systemstofit
that context is an absolutely essential
prerequisite to any development project,
since congruence or not with often complex
sociocultural variables guarantees either
the success or failure of the introduction of
any innovation, all other variables being
equal. It is axiomatic therefore, although
not often appreciated, that agquaculture
must be adapted to society; the converse is
not worthy of consideration.
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Abstract

The development of freshwater aquaculture and culture-based fisheries in most developing
countries faces socioeconomic, environmental, biotechnical, institutional and legislative constraints.
In view of the increasing need and pressure for environmental conservation and control, emphasis
is given to difficulties already experienced in the implementation of development plans, management
schemes and regulatory measures, asrelated to the utilization of aquaculture and fisheries resources.

Socially oriented aquaculture development projects require long-term public sector support
and improved project formulation and implementation to be successful in terms of socioeconomic
feasibility and ecological compatibility, Culiure-based fisheries in lakes and reservoirs need careful
assessment as to the potential ecological and genetic risks of exotic fish introductions and restocking
measures. Intensive aquaculture carries risks of polluting the aquatic environment with nutrient-
and chemical-laden effluents, spreading fish diseases and causing disruption of wild stocks through
fish escapes.

Multisectoral efforts should be continued on the integration of agquaculture with agriculture,
forestry and inland fisheries as well as its inclusion in river basin planning and management schemes,
Regulatory measures to prevent and to limit negative environmental impact of aquaculture should
be enforceable and cost-effective. Constructive formulation of such measures can benefit from the
scientific environmental capacity concept, using modern hazard assessment methodologies.

Introduction

When referring to aquaculture and
environmental issues it is very important
to classify types of aquaculture. We refer
to extensive, semi-intensive and intensive
aquaculture and culture-based fisheries.
In terms of sustainable and environmen-
tally sound development, however, it is
fundamental for these classifications that
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people involved in the activity are also
considered (e.g., producers, consumers,
retailers, etc.). Socially oriented
aquaculture can be clearly differentiated
from cash-crop oriented aquaculture. In
this context, aquaculture should be clas-
sified, when required, making use of both
technical and socioeconomic criteria. In
many cases, it may prove useful to refer
to “rural aquaculture” within the general



framework of agricultural development.
Rural aquaculture can be practised at
subsistence level as well as at semi-inten-
sive level with varying degrees of cash-
crop orientation,

This paper concentrates on Latin
America, as representative of the devel-
oping world where semi-intensive (shrimp)
and intensive aguaculture (salmon) have
experienced arapid development, whereas
culture-based fisheries are just beginning
to develop. For much of rural aquaculture,
results have been well below the expec-
tations and resources involved.

Aquaculture operations can haveboth
beneficial and adverse effects on the
environment. Aquaculture can provide a
way to use agriculture wastes to make
marginal lands more productive. Fish
convert plant and animal wastes into high
quality protein and enrich pond mud for
subsequent use on crop land. Aquaculture
can be a major source of fish supply where
inland fisheries have been virtually elimi-
nated because of damming, canalization
and other modifications of the ecosystem.
On the other hand, some freshwater
aquaculture can have negative impacts on
natural habitats and their biota, through
the culture process itself, and on human
health.

Rural Aquaculiure

Rural freshwater aquaculture in de-
veloping countriesis not normally a source
of environmental pollution but may have
some negative impacts; for example, the
spread of exotic fish species and conse-
quent effects on native species and habi-
tats, loss of genetic diversity, the spread
offish diseases and publichealth problems
due to unsafe produce, poor working
conditions, waterborne diseases and para-
sites.

Another important negative impact of
rural aquaculture derives from the nu-
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merous failures of projects aimed at de-
veloping the sector with the purpose of
contributing to a rise in the standard of
living of small-scale fish farmers in devel-
oping countries. Considering that rural
aquacultureisjust one activity carried out
by farmers, the negative impact in this
case is not on the environment alone, but
also on the farmer who is also part of the
ecosystem. It is in this context that any-
thing that threatens the sustainability of
aquaculture canbe considered as harmful
to the environment. The objective of de-
veloping “environment-compatible” sus-
tainable aquaculture will not be achieved
if most of the development projects fail.

Analysis of social-oriented rural
aquaculture projects (for example, Smith
and Peterson1982; Engle 1986; Martinez-
Espinosa 1986; Wijkstrom 1986; FAO-
SIDA 1987; FAO-UNDP-Norwegian Min-
istry of Development Cooperation 198%;
Martinez-Espinosa 1990) concluded that
international assistance had not produced
the expected results at farm level to es-
tablish a self-supporting aquaculture sec-
tor, A change of strategy has been pro-
posed towards institution building, plan-
ning, economics, credit facilitation, etc.,
thereby addressing a range of social fac-
tors,

Rural aquaculture must be considered
as an additional component of agriculture
and should therefore benefit from the wider
experience accumulated in this field.
Special efforts must be made in the iden-
tification of the potential target groups in
aquaculture development projects, as well
as in the appraisal of the socioeconomic
characteristics. Project formulation based
on wrong assumptions about social, eco-
nomicand political factors are the primary
cause of failures. The main reason for the
high desertion rate has been established
to be the lack of motivation in farmers due
to poor returns with no surplus to com-
mercialize. It is only in very specific cases
that the subsistence type of aquaculture,
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designed for self-consumption, is likely to
be pursued after the completion of exter-
nal assistance. Not enough attention has
been given to special credit facilities for
small-scale aquaculturists on terms and
conditions which address their weak eco-
nomic conditions and particular needs.

Integrated agriculture-aquaculture is
still evolving as a technology applicable
in many developing and industrialized
countries. Environmentally friendly, model
integrated farming systems, developed on
research stations are rarely adopted be-
cause of their complexity. Very few Farm-
ing Systems Research and Extension
(FSRE) initiatives attract sufficient
adopters to show any real impact.

Why are FSRE and agroecosystem tools
so little used in systems that incorporate
aquaculture? The first and most impor-
tant reason ig the institutional structure
in which agricultural research and devel-
opment is conducted. FSRE requires so-
cial scientists to work alongside biologists.
Such interdisciplinary teams require all
members to have a working knowledge of
the other disciplines but educational pro-
grams rarely offer appropriate courses
(Edwards et al. 1988). Agroecosystem
analysis and the new farming systems it
inspires require integration of crops, live-
stock, fish and forestry but these com-
modities are often separated into different
departments, ministries and research
institutes at national and international
levels. Institutional barriers inhibit the
growth of expertise, the flow of funds and
the use of FSRE and agroecosystem tools
(Lightfoot 1990).

Integrated aquaculture, if developed,
can become a very useful tool for water
management. Run-off from the catchment
area and the nutrients it carries can be
stored in fishponds and used for other
purposes such as livestock, irrigation and
domestic consumption. Ponds can raise or
sustain the local water table thus facili-
tating the excavation of shallow wells.

Nutrients in the run-off from small basins
can be trapped in fishponds where animal
excreta and plant residues can also be
recycled into proteins (Pretto 1989).

Aquaculture in Reservoirs
and Lakes

Freshwater aquaculture in lakes and
reservoirs canhave all the abovementioned
negativeimpacts, including eutrophication
through the organicfalloutfrom fish cages,
impairment of esthetic qualities and dis-
ruption of resident fish stocks.

The main constrzint to the develop-
ment of this sector is the lack of fisheries
management plans for reservoirs. For
example, in Venezuela, “the management
of these water bodies constitutes a conflict
area among different government organi-
zations which share legal competence”
(translated from Novoa, in press). Moreo-
ver, many such waterbodies do not have
even the minimum required infrastruc-
ture for exploitation and management of
theirfisheries, and physical and biological
limitations prevent, in many cases, any
development. Very often, long distances
to markets and a lack of functional roads
discourage attempts to develop activities.
Despite these Hmitations, culture-based
fisheries in reservoirs and lakes have a
significant potential, especially in regions
such as Latin America. This potential has
been only partially realized but affords
examples of successful experiences of
relevance to other parts of the world.

Virtually all the large drainage basins
in Latin Americaare progressively becom-
ing regulated by dams and will ultimately
form chains of reservoirs if existing plans
are completed. Out of a tetal of 182 dams
scheduled for the Parana River sub-basin
(Argentina, Paraguay, Brazil), 121 are
already in operation or under construc-
tion. Thirty-two dams are being built in
the Magdalena River basin which will alse



become a chain of reservoirs and others
are envisaged for its upper and middle
sections. There are, however relatively
few damsin the large Amazon and Orinoco
basins at present. This is why appropriate
measures from properly planned stepwise
construction should be formulated now to
avoid the problems prevailing in the other
basins mentioned (Quirds 1989).

The measures adopted to mitigate the
loss of ichthyofauna due to the construc-
tion of dams and other obstructions in-
clude fish passes in the dams and periodic
stocking of waterbodies with fingerlings
produced in hatcheries. In Brazil, there
is a law providing for the installation of
fish passes (Quirés 1989). In practice,
however, very few have been installed in
Brazilian dams or in the rest of Latin
America, and their effectiveness and eco-
nomic feasibility are controversial, Intro-
duction of exotic species to lakes and
reservoirs also has important impacts. In
Cuba, production of fishes in reservoirs
derives entirely from exotic species: 90%
from tilapias (Oreochromis aureus, O.
mossambicus) and the rest from cyprinids
(Cyprinus carpio, Ctenopharyngodon
idella, Aristichthys nobilis,
Hypophthalmichthys molitrix). In Mexico,
six main groups of fishes are produced in
reservoirs, four native (Chirostoma spp.,
Chirostoma estor, Ictalurus punctatus,
Micropterus salmoides), and two exotics
(tilapias and cyprinids) represent 80% of
the total catch (Olmos, in press). In the
northeast of Brazil, two-thirds of the
production through culture-based fisher-
ies in reservoirs is from introduced spe-
cies, both nonindigenous from other ba-
sins (Cichla ocellaris, Cichla temensis,
Plagioscion squamossisimus, Plagioscion
surinamensis,Arapaimagigas, Colossoma
macropomum, Astronotus ocelatus,
Macrobrachium amazonicus), and exotics
(tilapias and cyprinids) (Studart Gurgel,
in press). _ :

Fish introductions to the region and
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fish transfers among basins have been
reviewed by Welcomme (1988). There is
no rational policy on introductions and
follow-up control, but further progress in
the development of extensive aquaculture
activities in these waterbodies will obvi-
ously improve awareness of the need for
this. Less than 10% of the estimated
potential area for culture-based fisheries
of Latin American lakes and reservoirs is
being exploited at present. Some success-
ful examples are Cuba, 16,000 t (1986);
Brazil, 19,000 t (1987) from over 100
reservoirs in the northeast; and Mexico
109,000t (1987), which constitutes almost
half the total freshwater aquaculture
productionintheregion (Juarez,in press).

In these successful cases, different
organizational strategies were adopted.
For Cuba, there is a government-owned
company (Empresa Nacional de
Acuicultura), that integrates all the ac-
tivities from research to development. This
has avoided any problems of legal compe-
tence among organizations, and has al-
lowed efforts to be concentrated on tech-
nical and social issues. Three components
ofthe development process which are often
neglectedin other countries receivein this
case the attention they deserve: previous
studies of resident fauna and limnology,
fisheries resources management, and
general follow-up procedures. Studies are
carried out to establish when, which species
and how many fish to stock and how best
to regulate fishing effort, organize groups
of fishers and guarantee sales of the
produce to another government-owned
company which commercializes it.

This integrated form of management,
which includes the operation of a network
of hatcheries to produce the seed (mostly
for tilapia), has led to a wide variety of
basic studies. For example, studies of fish
parasites suggesting optimal times for fish
stocking (Vinjoy 1988); studies of abun-
dance of fish predators, some of them
introduced species, and work on their
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control with selective fishing gear; studies
onaquatic weeds and their control, includ-
ing the use of herbivorous carps and
mechanical methods; monitoring of pollu-
tion, particularly from sugar and paper
factories, as well asotherindustrial wastes,
fertilizers and pesticides; absolute control
of species and quantities of fish stocked;
and a genetic improvement program with
tilapia at aresearch centerinPavén, Santa
Clara Province (Mari-Diaz, in press).

In the semiarid zone of the Brazilian
northeast, the Departamento Nacional de
Obras ContralasSecas (DNOCS) hasbeen
responsible for the last 40 years for the
fisheries exploitation of 104 reservoirs,
with a total water surface of 140,000 ha
and a mean annual production of 17,000
t. DNOCS also carries out periodic stock-
ing of native and exotic species produced
in their hatcheries. These culture-based
fisheries activities are based on studies of
fish population dynamics and on effort
regulations to limit entry.

There is still controversy on cleaning
of the reservoir bottom before it is flooded.
The policy that prevails is to leave it
untouched in order to offer more fish
refuges and feeding areas, but submerged
vegetation can hamper fishing. For Brazil,
Godoy (1985) reports 35 structures to assist
fish migration after dam construction of
which 21 are located in the DNOCS area.
With respect to the introduction of species
from other parts of the country or exotic
to the Region, DNOCS’s experience is, in
general terms, positive because it has
increased the yield of commercially impor-
tant species (Studart Gurgel, in press).

In Chile, the rapidly growing salmonid
culture industry has already attracted
criticism with respect to its impact on the
aquatic environment, particularly fresh-
water lakes, concerning mainly the effects
of wastes and escapes of fishes. Some of
this criticism also questions the esthetic
impact of the activity. Alternative uses of
the environment such as recreation and

tourism do not seem to mix well with fish
farming (Munro 1990),

Much has still to be learned about the
long-term effects of aquaculture. Existing
regulations have been established empiri-
cally based on the quantities of harvested
fish per unit of area. Criteria for the
maximum permitted amounts of solids
and chemical compounds leaving and
entering aquacultureinstallations are still
being discussed (see below: Aquaculture
legislation and conservation of freshwater
ecosystems). When rivers carry farm
wastes into lakes, this must be included
in the overall calculations of their carry-
ing capacity for aquaculture. It is very
difficult to collect all the necessary infor-
mation for this, particularly in developing
countries.

Intensive Freshwater
Aquaculture

Intensive aquaculture in the majority
of developing countries is largely aimed
at export markets, although tourism-re-
lated consumption may generate some
seasonal demand. Intensive freshwater
aquaculture inmany developing countries
is only just starting to expand; for exam-
ple, trout and smolt productionin salmonid
culture (Oncorhynchus mykiss, O. kisutch,
0. tschawytscha, 0. masou, Salmo salar)
in Chile (Munro 1990) and tilapia culture
(Oreochromis aureus x O. hornorum) in
Costa Rica (Martinez-Palacios et al. 1989),
grass carp (Ctenopharyngodon idella) and
eel (Anguilla japonica) in China (FAQ
1983), snakehead (Channa striatus),
walking catfish (Clarias spp.) and giant
freshwater prawn (Macrobrachium
rosenbergii) in Thailand (Boonyaratpalin
and Akiyama 1989).

The nature and extent of the environ-
mental impact of intensive freshwater
aquaculture, drawn mainly from experi-
ence by industrialized countries (Alabaster



1982; ETFAC1988; Pursiainen1988; EIFAC
1990), depend on site selection and engi-
neering design of aquaculture installa-
tions; selection of appropriate species and
breeds; intensity of culture systems; qual-
ity of farm management and husbandry
(disease precautions, stress avoidance, feed
formulation, feeding strategies and water
quality); disposal and treatment effluents;
uses of waters affected by farm effluents;
and the sensitivity of these recipient waters
to farm effluents.

The freshwater environment can be
affected by the release from fish farms of
uneaten food; feces and dissolved excre-
tory products; high microbial loads, para-
sites, disease organisms and vectors; and
aquaculture chemiecals, such as
anesthetics, disinfectants, biocides, food
additives, drugs for disease prophylaxis/
treatment and inorganic and organic fer-
tilizers, The chemistry of the recipient
waterbodies and their bottom sediments
can be changed by an increase in sus-
pended solids, by biochemical and chemi-
cal oxygen demands, and by increased
nutrientloading, particularly nitrogenand
phosphorus. Thus, quantitative and quali-
tative changes in the biota (bacteria,
protozoa, plankton, benthos and fish) of
recipient waterbodies are very likely.
Nutrient and organicenrichmentmaylead
to local eutrophication and hypoxia or
anoxia(see also Beveridge 1984), although
- thefertilization of some oligotrophic waters
may increase fish production. Wild fish
populations may be threatened by dis-
eases and parasites emanating from high
levels of infection in aquaculture instal-
lations. Aquaculture chemicals and their
residues may cause sublethal and lethal
effects on wild aquaticorganisms, depend-
ing on their potential for bioaccumulation,
their toxicity and characteristics of
physicochemical persistence. The self-
purification capacity of recipient waters
may be diminished by antibiotics that
inhibit microbial growth. Also, the exces-
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sive use of drugs may generate drug-re-
sistant pathogens.

Such impacts on rivers and freshwa-
terlakes also dependontheresidence time
and amount of water flowing through the
aquaculture installations and on the ki-
netics of the recipient waters. Here, for
instance, seasonal changes in river flow,
lakeflushing and water space around cages
may well influence the dilution and dis-
tribution of contaminated waters.

Inland fisheries can be affected by
intensivefreshwater aquaculture. Abstrac-
tion of water, diversion of watercourses,
dam and pond construction, and setting
up of fishpens and cages in openwater
areas, can have serious implications for
aquatic wild life. Thefeeding and breeding
habitats of many species could be dis-
turbed. With aquatic life cycles being
disrupted and recruitment reduced, over-
all productivity may be lowered (Dunn
1989).

Fish species with good characteristics
for farming and stocking and good mar-
ketability have been and will continue to
be introduced to new habitats. However,
introduced exotic species and genetically
modified breeds may alter and impoverish
local aquatic biodiversity and genetic
resources, as they may affect endemic
speciesvia competition, predation, destrue-
tion of habitats, transmission of parasites
and diseases, and interspecific breeding
(Welcomme 1988).

Related concerns and recommenda-
tions on the conservation and utilization
of aquatic genetic resources have been
formulated at various expertconsultations
dealingwith geneticresources of fish, stock
enhancement and aquaculture genetics
(FAO/UNEP1981; EIFAC1982; Chevassus
and Coche 1986). Joint efforts by working
parties on stock enhancement and intro-
ductions of the European Inland Fisheries
Advisory Commission of FAQ (EIFAC) and
the working group on introductions and
transfers of marine organisms of the
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International Council for the Exploration
of the Sea (ICES) led to the formulation
of related Codes of Practice and protocols
(EIFAC 1984; FAO 1986; Turner 1988),
which have been adopted by EIFAC
member countries and which have been
reviewed subsequently by FAO regional
fisheries commissions such as the Com-
mission for Inland Fisheries of Latin
Americaandthe Caribbean (COPESCAL),
the Committee for Inland Fisheries of
Africa (CIFA) and the Indo-Pacific Fish-
ery Commission (IPFC) (see also IPFC
1988a,1988b; FAO1990; FA01991). Many
countrieshave enacted legislationtoregu-
late and control the movement of eggs,
larvae/juveniles and adult stages of exotic
fish species, often combined with compul-
sory certification of stocks to be free of
certain diseases and banning of all move-
ments of diseased stocks (Van Houtte et
al. 1989).

Good husbandry, particularly efficient
use of feeds and fertilizers, is essential to
minimize the harmful effects of effluents
from fish farms. Feed formulation is of
great importance. Feeding rates can be
optimized in order to avoid overfeeding
(New 1987). Poor processing and storage
of feed results in losses and deteriorative
changes, including microbial contamina-
tion and content of harmful substances,
e.g., solvent residues, aflatoxin, botulinum
toxin, therapeutic drugs, etc. (Tacon1987).
Extruded diets may help to improve feed
quality and digestibility thus reducing
pollution, but the extrusion technology is
costly and complex (Clarke 1990).

Fish farm effluents can also be treated
to reduce their impact. However, high
flow rates and dilute concentrations of
pollutants in such effluent pose problems.
Treatment facilities must be efficient, yet
economically feasible to install and to
operate. Treatment technologies for in-
tensive aquaculture are being developed
in industrialized countries based on sedi-
mentation, decantation, biological oxida-

tionand filtration (Petit and Maurel 1983),
Often these techniques are designed for
“high-tech” systems (Mikinen et al. 1988),
Economic constraints in production and
operating costs often make the treatment
of fish farm wastes difficult to support
(Muir 1982), particularly in developing
countries.

Integration of aquaculture with other
activities (agriculture, industrial and
urbanuse of water) is likely to be the most
effective means of development, by shar-
ing water use or enhancing its value
sufficiently to allow investment in im-
proved water supply or treatment (Muir
and Beveridge 1987).

Aquaculture Legislation
and Conservation
of Freshwater Ecosystems

According to Howarth (1990),
aquaculture ought to be environmentally
regulated for its own interest. Aquaculture
dependsuponagood aquatic environment.
It is particularly vulnerable to excessive
abstraction and water contaminationfrom
a range of industrial, agricultural and
domestic sources. However, aquaculture
is also susceptible to risks of self-pollution.
Hence, its own interests justify measures
directed towards the regulation of water
abstraction, and the prevention of unac-
ceptable contamination, including pollu-
tion and emission of potentially harmful
substances from fish farms. Likewise, the
restriction offish movementsis sometimes
required to avoid the spread of diseases
between farmed populations, and from
farmed populations into the wild and vice
versa.

Legislative and administrative meas-
ures aiming at the environmental compat-
ibility of the various aquaculture practices
should be considered within the broader
legislative context governing aquaculture.
Most developing countries have little or



no aquaculture-specific legislation pur-
posely designed to protect or allow this
activity. However, many aquaculturists
must cope with complex laws and regu-
lations on land tenure, waste use, envi-
ronment protection, pollution prevention,
public health and fisheries in general.

Few of these are specifically drafted to

promote or regulate aquaculture, and

confusion, conflicts and overlapping exist

(Van Houtte et al. 1989).

Constructive and adaptive concepts
onregulations are needed in order to avoid
obstaclesto aquaculturedevelopment and,
equally, to ensure that the aquatic envi-
ronment is adequately protected. Appar-
ent over-regulation and legal uncertain-
ties can, however, hamper aquaculture
development, by creating significant bar-
riers tothe establishment or the continued
operation of aquafarms.

Various preventative and remedial
measures for controlling and managing
the environmental impact of aquaculture
have been developed and applied (Van
Houtte et al. 1989; see also McCoy 1989;
Bye 1990; Quiney 1990; EIFAC 1992):
1) When planning the use of land and

water resources the zoning of areas for
aquaculture purposes should be in-
cluded. Also, once protected areas and
waterbodies such as parks and nature
reserves are established, it should be
clearly stated where and under which
conditions aquaculture practices would
be permitted, if at all.

2) In some countries, e.g., Venezuela,
Mexico, Philippines and France, en-
vironmental impact assessment stud-
ies on the potential effects of the
proposed aquaculture operation are
required prior to the authorization for
the installation of a fish farm.

3) InFrance,activities/installations may
be termed and classified as environ-
mentally critical undertakings, being
subject to special declaration or au-
thorization procedures.
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4) The installation of effluent guality
control equipment or water discharge
treatment facilities is being promoted
through fiscal incentives like direct
subsidies or tax deductions and ex-
emptions. Charges or taxes on pollut-
ing effluents also exist, e.g.,in Poland,
Hungary and France.

5) The introduction of pollutants into
freshwater ecosystems through
aquaculture or other industries may
be regulated by setting quantitative
and qualitative limits to the waste
waters discharged (FWPCA 1968).
Also,in order to meet these limits, the
treatment of effluents prior to dis-
charge is often required.

In general, regulatory standards on
the water quality of effluents and the
recipient waterbodies have been adopted
to meet scientifically derived water qual-
ity criteria (FWPCA 1968; Sprague 1976;
EEC 1978; Alabaster and Lloyd 1982),
Both standards and criteria are deter-
mined according to the choice of water
quality objectives formulated. The main
advantage of the water quality objectives
approach is that standards can be set
appropriate to particular uses of the water
resources (GESAMP 1986), but the appli-
cation and usefulness of water gquality
standards have also been increasingly
questioned by sclientists and
decisionmakers (see also GESAMP 1991),
This approach also neglects the effects of
aquatic sediments, bioaccumulationinthe
food chain, the impact and interactions of
multiple sources and the overall load and
the persistence characteristics of poten-
tially harmful substances.

There are now modern conceptual
frameworks for environmental
management and pollution control such
as the Environmental Capacity Approach
(GESAMP 1986, 1991) including Hazard
Assessment methodology (Bro-Rasmussen
and Christiansen 1984; Landner 1988,
1989). The concept of environmental
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capacity, originally proposed by Cairns
(1977), is based on the definition of the
assimilative capacity, which is defined as
the “ability of receiving system or ecosystem
to cope with certain concentrations or levels
of waste discharges without suffering any
significant deleterious effects” (see also
Cairns 1989). The environmental capacity
approach works well as an interactive
environmental management strategy. Other
traditionally used complex strategies, based
on environmental quality objectives or
simple but readily enforceable strategies,
such as those based on uniform emission
standards, maximum allowable
concentrations in effluent, the black/grey/
whitelists (Hellawell 1986) or the application
of principles of best practicable means
available, are considered as simple
components of this adaptive, interactive
strategy (GESAMP 1986, 1991).

This scientific approach requires
technical and socioeconomic inputs ag
parallel, interactive and complementary
activities in decisionmaking in integrated,
environmentally compatible, development
planning. It emphasizes the objectivity and
independence of technical inputs and their
influences on decisions related to
socioeconomicfeasibility. Italsoemphasizes
that the acceptability of environmental
impact rests on much more than political
considerations. Such acceptability can be
determined scientifically, assuming that the
environmental capacity can be quantified.
Once the environmental capacity of a given
substance is determined, it can be
apportioned for various resource uses and
needs. It is also important to recognize that
many ecosystems do have the potential to
recover from pollution, provided that
corrective or remedial measures are
implemented.

The methodology for the assessment
of the environmental capacity, which is
site- and contaminant-specific, uses criti-
cal pathway analysis for both conserva-
tive and nonconservative contaminants

and establishment of environmental qual-
ity objectives, criteria and standards. Faced
with the inevitability of several sources of
uncertainties in real situations, a
probabilistic approach is used as an alter-
native to deterministic analysis. The
methodology recommended (GESAMP
1986) consists of three decision stages.
Socioeconomic goals (priorities and objec-
tives) are assessed in the planning stage,
considering present and future use of
resources. In the preliminary scientific
assessment stage, the environmental
capacity is derived and quantified, result-
ing in the setup of allowable inputs. Fi-
nally, monitoring provides a continuous
test of whether the environmental capae-
ity is balanced, exceeded or underutilized.
Consequently, adaptation measures may
be required.

Within the environmental capacity
approach, hazard assessment is a key
scientific tool for predicting possible ad-
verse effects of the discharge of pollutants.
It is based on the relationship of the
expected environmental concentration of
a chemical substance (to which target
organisms are potentially exposed) and
the toxicological properties of the sub-
stance, i.e,, the predicted concentrations
with potential/possible adverse biological
effect (Cairns et al. 1978). The prediction
of the environmental concentration starts
with the determination of exposure-re-
lated data (Landner 1988), which refer to
the rate of chemical substance input, the
properties of the substance and the envi-
ronment. The persistence and the distri-
bution of the substance is evaluated from
data on physicochemical characteristics,
biogeochemical behavior, biodegradabil-
ity, bioaccumulation potential and
bioavailahility. Biological effects are pre-
dicted on the basis of acute and chronic
toxicity studies or are calculated on the
basis of quantitative stucture activity
relationships (QSARs) (Kénemann 1981;
Boudou and Ribeyre 1989; Halfon 1989).



Regulatorymeasuresmaythenbeadopted
upon comparison ofthe predicted environ-
mental concentration (in water, sediments
and organisms) and the information on
lowest concentration where adverse bio-
logical effects can be expected.

As for pollution control of African
waters, for which ecotoxicological data are
scarce, Biney et al. (1987 list the following
strategy options for the management of
polluting discharges:

1) Limitation oftheeffluentby means

of rigid effluent standards, both
with chemical concentration lim-
its and/or with a toxicological limit
derived by simple acute toxicity
tests on effluent. However, the
specific characteristics of the re-
ceiving waterbody are not consid-
ered.

2) Limitation of the effluent by flex-
ible standards, Here, the limits
are calculated in order to main-
tain water quality criteria in a
specific waterbody. Also, in this
case, the limit can be defined as
a threshold of the chemical and/
or its toxic effects.

3) For some chemical substances it
is scientifically unsound and in-
sufficient for environmental pro-
tection to set up objectives, crite-
riaand regulationsfor wateralone.
The classical case is mercury
(Moore and Ramamoorthy 1984).
In such cases, it is necessary to
indicate objectives or criteria for
another environmental compart-
ment (e.g., sediments and/or fish).

4) In some cases, where a species is
shown to be particularly sensitive
to certain substances (e.g., crus-
taceans to pesticides), an “indica-
tor species”-oriented management
strategy has to be preferred to the
water quality criteria approach
(Hellawell 1986).

5) The classification of chemical
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substances in usein a country into
“black”, “grey” and “white” lists
can be of help (Hellawell 1986),
especially in the framework of a
hazard assessment approach to
water quality control, i.e., the
comparison of predicted environ-
mental exposure with available
toxicity data. This does not nec-
essarily mean that blacklisted
chemicals are to be totally banned,
but that they should be used only
under certain conditions and strict
controls.

In summarizing, itis emphasized that
the particular role of aguaculture in uti-
lizing land and water resources for food
production calls for an integrative and
flexible environmental legislation which
is enforceable, effective and adaptive to
the socioeconomic conditions and develop-
ment needs inlocal communities, particu-
larly as prevailing in developing coun-
tries. Modern scientific methodologiesand
conceptual frameworks for the assessment
and prediction of environmental impact
are being developed and should be applied
in environmental management and regu-
lation of human activities, including
aquaculture,

Institutional Aspects

Duringthelast decades therehasbeen
an increasing awareness that environ-
mental protection cannot succeed as an
isolated activity, Biswas (1978) stressed
that planning and management of water
development projects should be such that
the economic benefits are maximized
without causing serious impacts on the
environment. In addressing preventative
control of water pollution in developing
countries, Diamant (1978) emphasized the
need for simultaneous planning of water
supply and wastewater disposal projects,
for water pollution control legislation and
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for river basin authorities to be estab-
lished. Prioritizing community water
supply and water for agriculture, the 1977
UN Water Conference recommended in-
tegrated planning of water management
(Falkenmark 1977), At the 1981 UN
Interregional Meeting of International
River Organizations, there was general
agreement that environmental considera-
tions have to be included in the develop-
ment of shared water resources, but not
on the degree of detail, nor on the weight
that should be given to environmental
factors; and, there was a clear impatience
among participants from developing coun-
tries to get on with development while
identifying positive as well as negative
aspects of projects (United Nations 1983).
Effective environmental management
must be inseparable from land and water
management and pursued in harmony
with socioeconomic interests in the catch-
ment zone (Eren 1977; Singh 1977,
Lundqgvist et al. 1985).

Can one local government organiza-
tion represent allinterests when planning
development in a catchment area or river
basin (Reynolds 1985) and how can re-
source and environmental conflicts be
managed (Bateld 1985)? What kind of
planning methodology is best applied (see
also Biswas 1985; Pantulu 1985; United
Nations 1988)? In attempting answers to
these interrelated questions, it is clear
that two conditions must be met if plan-
ning is to be useful: there must be the need
for desirable changes or for actions to
prevent undesirable changes, and there
must be the political will and ability,
including financial capacity, to put the
plan into effect.

Political will in developing countries
may be weaker than in developed coun-
tries. Indicative planningis conditionalon
the total or partial approval of the differ-
ent social, economic and political actors
involved. Each of these groups has a
different rationality and, additionally, in

most developing countries, social and
economic inequities constitute serious
obstacles to participation and consensus
in planning and decisionmaking. Moreo-
ver, some of these actors may represent
foreigninterests with little concern for the
long-term consequences of their actions.
For example, Latin America has seen,
during the last three decades, the formu-
lation by governments of sound plans
which, however, were never applied. Like-
wise, Satia (1986) states that “many plans
bear no evidence of internal initiative
within the country but are rather fruits
of external pressure”. Taking the case of
overfishing and competition between cap-
ture and culture fisheries in Laguna de
Bay, Philippines, Smith (1982) also advo-
cates a participatory and more decentral-
ized fisheries management approach.

In short, it is important to recognize
that existing planning deficiencies, lack
of coordination and difficulties in the
implementation of management plans
constitute severe constraints to many
sectoral and multisectoral development
efforts, which undoubtedly need to be
considered when addressing the environ-
mental implications of aquaculture devel-
opment.

Legal and administrative toolsto create
or enforce rational systems for water
management, land use or fisheries and
aquaculture development are frequently
proposed. Experience has shown that in
some cases such regulatory measures can
actasincentives or disincentives. In many
other cases, however, thesemeasureshave
been difficult to apply or to control by
relevant authorities, often due to
inappropriateinstitutional infrastructure,
Moreover, these measures are often not
specific and therefore not effective in
eliminating undesirable uses of land and
waterresources. Itistherefore emphasized
that there is a growing need to integrate
this experience on both the formulation
of adequate regulatory measures and



adaptive institutionalization into ongoing
efforts of establishing rules and institutions
aiming (sometimes exclusively) at
environmental conservation.

There are guidelines available, e.g.,
on the development of inland fisheries and
aquaculture in the context of multiple use
of resources (Bernacsek 1984; Alabaster
1985; Petr1985; Scudder and Conelly 1985;
Vanderpuye 1985; Welcomme 1985;
Baluyut 1986 Sreenivasan 1986; Dunn
1989), on land use planning (FAQ 1989),
and on rural area development planning
(Bendavid-Val 1990). However, it is
stressed that solutions and approaches
will be required that are country- and
basin area-specific and, in particular, also
site-specific when it comes to aquaculture
development, depending on the environ-
mental and socioceconomic circumstances
encountered.

Last not least, it is recalled that often
it is the discrepancy in distribution of
economic power among the various social
groups in a country which leads to envi-
ronmentally degrading practices. On one
side, it is poverty and marginalization
which forces subsistence farmers to
unsustainableland use (see also Lundqvist
et al. 1985). On the other side, it is con-
siderable short-term gains from trading in
international markets which make na-
tional and foreign entrepreneurs embark
onenvironmentallyunacceptableland and
water usage. Relevant national policies
need to be adjusted accordingly.

Conclusions

Freshwater aquaculture development
in Latin America, Africa and Asia needs
the benefit of internal and external expe-
rience for preventing environmental dam-
age and for avoiding harmful effects of
aquatic pollution and physical degrada-
tion on aquaculture resources. Environ-
mental compatibility, both in socioeco-
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nomic¢/sociocultural and biophysical terms,
needs to be emphasized in aquaculture
development efforts by public and private
initiatives.

Institutional, economic, social and
political factors in the aquaculture plan-
ning process are as important or more
important than biotechnical factors, par-
ticularly in developing countries. This is
especially true for those types of
aquaculture that have a social orientation
and therefore a strong governmental
intervention. Sustainability is also of
particular importance for socially oriented
aquaculture development projects, and
increased efforts have to be made to
improve efficiency in the implementation
of such projects and to reduce successfully
their negative impacts on humans and the
environment,

Small-scale aquaculture practices need
to be better integrated with other rural
activities in agriculture, forestry and
capture fisheries. Integrated agriculture-
aquaculture farming systems show a good
potential in this respect. However, these
systems still have to be studied in greater
depth in terms of financial and economic
viability, diversity and site-specificity.

Similarly,itis important to guarantee
the success of culture-based fisheries
development in lakes and reservoirs,
Strategies to compensate for the loss of
aquaticfauna due to physical obstructions
of rivers are directly linked to important
environmental issues, such as the intro-
duction of exotic species, the spread of
diseases and the loss of genetic diversity.

Furthermore, catchment area man-
agement approaches should also be con-
sidered, if not promoted, where appropri-
ate, when formulating policy recommen-
dations covering institutional and regu-
latory frameworks for both inland fisher-
ies and aquaculture development as well
as for environmental conservation and
rehabilitation of freshwater ecosystems.

Only few developing countries are
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enacting legislation supporting or even
dealing with aguaculture development,
which, instead, is often being constrained
by regulations on land tenure, water use
and public health. Additional legislative
measures for prevention and control of
aquatic pollution will have to be consid-
ered by aquaculturists, also for their own
interests. Constructive and adaptive
aquaculture-related regulations need to
be implemented in order to avoid obstacles
in socioeconomic growth in rural commu-
nities and to ensure that resources in the
aquatic environment are properly man-
aged and protected.

The potential of intensive freshwater
aquaculture to degrade the natural envi-
ronment is considerable, particularly in
view of current trends of intensification
and rapid expansion of the industry, In
this respect, environmental management
options will include improvements in
farming performance (especially related
to feeds and feeding, stocking densities
and water quality management, disease
prevention and chemical usage) andin the
selection of sites and species, installation
of effluent treatment facilities and, where
required, strict enforcement of environ-
mental regulations specific to intensive
freshwater aquaculture.
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Discussion

ROSENTHAL: This paper clearly highlights three
areas of concern: 1. the resource systems in which
aquaculture takes place and the environmental quality
therein; 2. the environmental conditions within the
farming system itself; and 3. the effect that aquaculture
activitiea can have on surrounding environments.

The concept of assimilative capacityisinteresting
but can be risky. For example, industrial operations
often try to push waste receiving capacity to its limits
and we are hardly able to set safe limits. For this
reason, the various conventions concerned with the
North Seahave controversially debated the optionsto
define its assimilative capacity. ICES at present feels
unable to adopt this approach because of the many
interactions among environmental factors (natural
and from pollution) about which we know little.
Scientists can therefore best help society and its
environmental regulatory authorities by documenting
environmental change while politicians will have to
decide what changes are acceptable to society.
Politicians usually want acientists to set benchmark
numbers, but this can be difficult and is often
dangerous.

PULLIN: The paper is concerned almost exclusively
with the freshwater environment. Freshwaler is
becoming averylimited resource, Itisused foririgation
and domestic supply and wastewater disposal.
Freshwater aquaculture may become less and less
viable if it competes with rather than complements
these uses, especially close to the huge and rapidly
growing cities of some developing countries. For
example, Laguna de Bay, the 90,000 ha freshwater
lake adjacent to Metropolitan Manila and famous for
its cage and pen aquaculture, will probably have to
supply some of the ¢ity’s drinking water in future.

ROSENTHAL: So again, we must consider the dynamic
nature ofthese situations and the multiple usc options
involved when we assess sustainability,

BILIO:InAfricanreservoirsthat are used for drinking
water supply, aquaculture is generally prohibited.

- Only fisheries are allowed. If the purpose of such

reservoirs is for irrigation or power generation,
however, both aquaculture and culture-based fisheries
are possible. One prerequisite for such culture-based
fisheries is to know in advance the characteristics of
the catchment area (geology and limnology).

MARTINEZ-ESPINOSA: This assimilative capacity
approach, although not yet fully formulated has a
flexibility that no other approach has ever had. It is
based on the situations of various cases. For example,
if a trout farm effluent causes eutrophication in a
freshwater body used for drinking purposes, this is
serious. If, however, it goes almost directly into the
sea, it is less serious. This is a site-specific approach.
This illustrates why we are recommending it.

EDWARDS: You mentioned integration of intensive
aquaculture with agriculture. We can also conceive
using the effluents from intensive aquaculture in less
intensive aquaculture, such as semi-intensive ponds
containing filter-feeding fish - bearing in mind Dr.
Pullin’s comment about water scarcity. Of course, the
other resources, especially land, and the farmers’ and
consumers’ interest in these species have also to be
there, but at least this seems theoretically feasible.

MARTINEZ-ESPINOSA: We must be careful though
not to attempt to introduce too many new and
demanding technologies into rural areas when trying
to develop ‘socially-oriented’ aquaculture. Too many
projects ignore this and bring in, for example, biogas
and wind power technologies.

EDWARDS: I totally agree. Such technologies rarely
get beyond the drawing board or prototype
development in most rural development projects. I
was referring specifically to the productive reuse of



effluents from intensive farming systems. There are
examples in Thailand of the reuse of effluents from
intensive culture of walking catfish (Clarias spp.) in
semi-intensive fishponds.

ROSENTHAL: It is clear that planning for fisheries
and aquaculture in reservoira must be done from the
inception ofthe planning of the reservoir development,
not as an afterthought. By analogy, the use of waste-
heat from power stations must be planned as part of
the whole development.

PULLIN: This planning for fisheries and aquaculture
development in new reservoirs is now becoming more
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commonplace. A good example is the World Bank-
funded project for the Saguling and Cirata reservoirs
near Bandung, Indonesial. The World Bank is now
meking this a matter of policy for new developments
and ICLARM is advising the Bank on another
development in Orissa, India.

1Costa-Pierce, B.A. and O. Soemarwoto, Editors.1990.
Reservoir fisheries and aquaculture for
resettlement in Indonesia. ICLARM Tech. Rep.
23, 278 p.
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Abstract

The history of aquaculture genetics and the effects of aquaculture on natural aquatic genetic
regources are summarized. Modern approaches to fish genetic characterization are discussed. Fish
gene pools and genetic impoverishment in fish populations are reviewed with reference to envi-
ronmental change, the effects of capture fisheries and enhanced fisheries, introduction of exotic
species and hybridization. The conservation of fish genetic resources is considered extremely
important and approaches to ex sifu conservation are discussed, together with examples of

international, regional and national efforts,

Introduction

Agriculture and animal husbandry
have been developed and intensified by
sustained manipulation and modification
of natural ecological balances. Wideknowl-
edge of living organisms and terrestrial
ecosystems has brought understanding of
the effects of thousands of years of such
manipulations and awareness that they
define the place of humans in nature,
During this process, however, genetic
resources and potential have been irre-
trievably lost. These losses have ethical
and esthetic aspects as well as causing an
actual diminution of production potential.
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Living aquatic resources, although
exploited by man since ancienttimes, have
s0 far suffered less than terrestrial re-
sources in this context. However, the
difficulty of access to aquatic environments
and the size of the hydrosphere have not
prevented humansfrom overexploitingfish
stocks and degrading many aquatic envi-
ronments through the impact of activities
on land.

Conservation of genetic resources in
relation to aquaculture must take into
account the two main approaches to
aquaculture: zootechnical and ecological.
The former follows the principles of inten-
sive rearing, using breeds adapted to the



aims of farmers, and invites genetic
manipulation to develop better breeds.
The latter uses seed similar to wildtypes
to enhance fisheries. For both, the main-
tenance of good performance requires
thorough knowledge of the characteristics
of the original populations and of .the
changes induced by human intervention
(choice of broodstock, techniques used for
captive breeding and larval rearing, and
genetic changes due to stock management,
e.g., inbreeding). Without this knowledge
there could be reduced performance due
to genetic deterioration from the original
populations. Moreover, the availability of
the original populations of selected and
manipulated lines is vital to permit the
recovery of genes lost by intentional or
unintentional manipulations.

The objective of aquacultureis tofarm
fish for food and income and to keep such
farming options open for future genera-
tions., A good understanding of genetic
variation within farmed aquatic
populations is a basic prerequisite for
efficient long-term management.

The application of genetics to
aquaculture and realization of the need
for conservation of aquatic genetic re-
sources (which are largely
nondomesticated) are very recent (Ryman
1991). Maintenance of intraspecific ge-
netic variability has been long neglected
inthe management of natural populations.
Indeed, farmed aquatic species were for-
merly considered to be more or less geneti-
cally homogeneous, with a large amount
of variation caused by environmental
factors. The existence of high levels of
inter- and intrapopulation genetic varia-
tioninfish was not widely recognized until
the 1960s, with the introduction of bio-
chemical analyses in population genetics
(mainly electrophoresis of enzymes) which
led to the detection of previously unrec-
ognized genetic variation. These tech-
niques are now used very widely (e.g.,
Ferguson and Thorpe 1991; Utter 1991;
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Whitmore 1991). It is very important to
investigate the consequences of breeding
practices on the genetic structure znd
performance of cultured stocks. Macaranas
and Fujio (1990) have suggested investi-
gations on genetic variability and differ-
ences atloci controllingbiochemical traits,
genetic differences at loci controlling
performance traits and the correlation
between these.

Parallel to the development of
aquaculture has emerged the need to
preserve natural living aquatic resources
(inter- and intrapopulation variation) and
toestablish conservationprogramsatlocal,
national, regional and international lev-
els. The widespread transfers of aquatic
species and the enormous impact of hu-
man interventions on aquatic genetic
resources (from increasing fishing efforts
and intensification of aquaculture prac-
tices) are now becoming widely discussed
in relation to conservation (Hindar et al.
1991). However, understanding of how to
conserve aquatic geneticresourcesremains
weak. Most assumptions derive from
experience with other organisms and
theoretical speculation (Frankel and Soulé
1981; Nelson and Soulé 1987). The con-
servation of cultured fish genetic resources
can use similar approaches to those ap-
plied for the conservation of genetic re-
sources of farm animals (Siler et al. 1984).
There has been increasing interest in
conservation of fish genetic resources in
the last decade as evidenced by numerous
national and international meetings (e.g.,
FAO/UNEP 1981; Ryman 1981; STOCS
1981;Pullin1988; Das and Jhingran1989;
Prace Vurh Vodnany 1989; Billington and
Hebert 1991; ICLARM 1992). An expert
consultation on “Utilization and conser-
vation of aquatic genetic resources” was
organized by FAO in November 1992 in
Rome.

There are at present two main fields
in aquaculture genetic research: genetic
characterization of farmed stocks and
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biotechnology. Although thereis anexten-
sive literature on the theory of breeding
plans and their application to livestock
and plant production, little attention has
yet been given to this in aquaculture (Gall
1990).

Manipulation of genotypes for produc-
tion purposes and conservation of genetic
resourcesin nondomesticated populations
should be complementary. Human activi-
ties have strong impacts on aquatic ge-
netic resources. Artificial selection may be
intentional (through fisheries management
and by selection of broodstock) or unin-
tentional (where no specific breeding goals
exist, but the culturist must still choose
broodstock). For example, the larger in-
dividuals may be removed fromapond and
sent to market and the smaller fish used
for restocking.

Genetic Characterization

General Considerations

A prerequisite to gene pool conserva-
tion is the characterization of the genetic
structure of populations (FAQ/UNEP
1981), Wild and farmed populations should
be monitored to determine their genetic
structure. Indeed, to manipulate better
the variation associated with quantitative
genetic traits in captive fish populations,
aquaculture geneticists should understand
the source of the variation of such traits
(Robinson and Doyle 1990). Moreover,
ecological and taxonomical studies are
required, particularly in tropical regions
where most ecosystems are poorly under-
stood and many species still undescribed
(FAQ/UNEP 1981). In freshwaters, data
should be collected within localities, be-
tween localities within a drainage system,
and between drainage systems (Meffe
1986). Documentation of aquatic genetic
resources includes database development
and circulation of literature.

Genetic analyses can provide impor-
tant information on the taxonomic status

of populations. Some landlocked forms of
Salmo salar in North America were for-
merly given subspecific status (S. salar
sebago). This was not confirmed by protein
polymorphism and mtDNA analyses (Stahl
1983, 1987; Birt et al. 1986). This species
is better considered as comprising thou-
sands of reproductively isolated breeding
groups, the adults having strong homing
behavior, returningto spawnintheir natal
rivers (Davidson et al. 1989).

Many techniques are used in the
characterization of fish genetic resources.
In the last decade, new techniques from
molecular biology have been introduced.
Although any one technique can provide
interesting data, a multitechnique ap-
proach is better (Chevassus and Coche
1986; Cataudella et al. 1987). Compara-
tive analyses of electrophoretic, meristic
and morphological variation should be
carried out to ensure unbiased estimates
of genetic variation (FAQ/UNEP 1981).
These techniques facilitate detection of
genetic markers that are characteristic of
some stocks, in order to monitor quanti-
tative and qualitative genetic changes.
Genetic markers can be used to label
specific hatchery strains or natural
populations unambiguously, or even as
identification systems for patenting strains
(Gyllensten and Wilson 1987). The main
genetic markers of fish are morphological
characteristics, isozymes and
mitochondrial DNA.

Multivariate Analysis of
Morphometric and Meristic Data

Multivariate analysis of morphometric
and meristic data is less expensive and
laboriousthan electrophoresis and is useful
for defining taxa and forms. However, it
must be carefully analyzed, as the expres-
sion of gene action on morphological
characters is greatly influenced by envi-
ronmental conditions (phenotypic plastie-
ity). Sometimes, morphological analyses
enable the detection of variation in fish



shape caused by selection practices (Corti
et al. 1988; Eknath et al. 1991), or provide
information on the origin of populations
present in mixed stock fisheries: as for
Atlantic salmon off the Greenland coast,
where different stocks have been deline-
ated according to scale morphology and
growth patterns (Thorpe, in press).

Morphometry has been recently de-
fined as “traditional (multivariate)
morphometrics” or “geometrical
morphometrics” (Reyment 1891). The
former is the formal codification of
morphometrics as we generally know it,
an extension of the univariate and
multivariate statistics applied to biologi-
cal characters that are generally repre-
sented by meristic characters (in fish, for
instance, number of vertebrae, fin rays,
gill rakers, etc.) or by distance characters
(totallength, maximumheight, fin length,
etc.). Numerical techniques (principal
components and derivates, canonical
analysis, etc.) have been developed and
are widely used to study morphological
variation in fish.

Geometrical morphometrics
(Bookstein 1991) represents a completely
new approach that analyzes the form
described in space by a set of landmarks
through superimposition methods, an
extension of D’Arcy Thomson’s (1917)
intuition: differences in the form are
geometrically described by the deforma-
tion of the plane given by the superimpo-
sition of one form over the other. Given
a formal description of the algebra
(Bookstein 1991), it is evident that this
approachis particularly suited also tostudy
how an individual changes in shape dur-
ing growth, relative to differences in the
environment. This has particular interest
in aquatic animals.

Starch-gel Electrophoresis
of Enzymes

Among biochemical techniques,
starch-gel electrophoresis of proteins is
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the predominant tool for population ge-
netics, and databases of proteins are con-
stantly expanding. Its success is based on
being a quick and simple technique that
provides high resolution. Indeed, the
combination of gel electrophoresis and
histochemical staining is the fastest and
most economical method for surveys of
variation at a large number of loci. Since
their introduction in the early 1960s,
electrophoretic techniques have been
widely used by population geneticists to
clarify the status of various taxa, and to
document the status of wild and cultured
stocks.

Many questions in fisheries and
aquaculture, like stock assessment, analy-
sis of mixed stock fisheries or recognition
of hybrid populations, can be addressed
readily through the study of genetic vari-
ability within and among populations(e.g.,
Ryman and Utter 1987; Ferguson and
Thorpe 1991; Gauldie 1991; Whitmore
1991). Although mostinformationisavail-
able on temperate species, studies are.
spreading to tropical species as well, es-
pecially those with economic interest.
Indeed, stock identification is essential to
both fish conservation and fisheries and
aquaculture management.

Correlation between the level of indi-
vidual multiple locus heterozygosity and
performance traits (such as growth rate
or growth-related traits, etc.) has been
suggested for different cultured organ-
isms (Leary et al. 1984; Macaranas and
Fujio 1986; Sbordoni et al, 1987; Kohen
1991).

Mitochondrial DNA

Restriction enzyme analyses of
mitochondrial DNA (mtDNA) have greater
resolving power and require fewer sam-
ples than allozyme studies. The relative
ease of applying this method to fish and
the rapid rate of mtDNA nucleotide diver-
gence have made mtDNA analysis a very
powerful method, now more and more
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used in fish biology and fisheries manage-
ment (Ferris and Berg1987; Bermingham
et al. 1991; Ferguson and Thorpe 1991).
Inparticular, itis an extremely useful tool
in the detection of intraspecific variability
(Avise et al. 1990; Seyoum and Kornfield
1992; Crosetti et al,, in press).

Cytogenetics and Karyotyping

Fish chromosomes are small and
homologies are difficult to detect without
refined techniques to show specific stain-
ing and banding. However, there are
groups which differ markedly in their
karyotypes and cytogenetic studies can
provide significant markers. The Atlantic
salmon, for instance, has a diploid number
varying from 55 to 60, and differences in
chromosome arm numbers have been
found among its European populations
(Davidson et al. 1989). Polymorphisms in
chromosome number have been detected
in different populations and among indi-
viduals of the same population in Seriola
dumerili (Vitturi et al. 1986).

Fish Gene Pools

The gene pool of a given population
or species 1s the set of genotypes of indi-
viduals that form that particular popula-
tion or species (Rab 1989). Being a dy-
narmic opensystem, it varies with time and
can be easily disturbed. At a given time,
a particular gene pool has evolved to
become adapted to the local physical,
chemical and biotic conditions of its en-
vironment. The gene pools of today are the
result of evolutionary processes that have
affected those taxa over thousands or
millions of years. For domesticated organ-
isms, however, humans have bypassed
natural selection with rapid and very
strong selection for specific traits.

Many fish species have a complex
structure of subpopulations more or less
genetically differentiated. Some are com-

posed of populations which are spatially
and genetically isolated and cannot mix
their gene pools. This applies particularly
tofreshwater fish speciesthatextendacross
different watersheds.

The concept of a fish stock has been
well discussed to define its different
meanings in fisheries and aquaculture
(STOCS 1981), Particular care has been
devoted to discriminating between fish
stocks forfishing purposes (more precisely
defined as mixed fisheries stocks), and
stocks in the genetic sense, i.e.,
subpopulations more orlessreproductively
isolated by time or spawning locations
(Nelson and Soulé 1987).

Genetic Impoverishment
in Fish Populations

There are many degrees of genetic
impoverishment, as evident by the scale
of danger criteria established by TUCN for
taxa threatened with extinction. Very
often, only the threat of species extinction
is strong enough to induce some kind of
human reaction towards protection. How-
ever, in the long term, reduced genetic
variability or the extinction of a single
stock could be very serious.

Human activities are the primary
cause of genetic impoverishment in many
fish stocks and species and trends towards
their extinction. Aquaticgeneticresources
can be affected by environmental changes
(particularly pollution); fisheries; artifi-
cial selection and domestication in
aquaculture; and transfers and introduc-
tion of species (which may result in hy-
bridization, introgression and founder and
bottleneck effects) (FAO/UNEP 1981;
Wohlfarth 1986).

In natural fish stocks, loss of diversity
is most evident in changes in species
composition in intensive and selective
fisheries, although these changes may be
confounded with losses brought about by



eutrophication, other forms of pollution,
or changes in the environment cdused by
humans (such as siltation of spawning
sites orintroduction of exotic species)which
may render a stock more vulnerable to the
stress of overexploitation (Smith 1968;
Regier 1973). Selective elimination of
subpopulations or stocks has attracted the
most attention (STOCS 1981). Within a
stock, Nelson and Soulé (1987) distinguish
between undirected loss of genetic vari-
ation (inbreeding, genetic drift) and direc-
tional changes (selection). These are dis-
tinct problems. Genetic erosion is the loss
of genes within a population/species, re-
sulting in a much smaller gene pool in the
individuals surviving from the original
population/species, which had formerly
much higher genetic diversity.

Environmental Change

Human activities cause severe habitat
alterations and produce different forms of
pollution, e.g., eutrophication, toxins from
industrial wastes and thermal pollution.
In some regions, water quality has been
severely affected by precipitation acidified
by combustion of fossil fuels. Some fish
species, especially their early life history
stages, are extremely sensitive to water
acidification (FAQ/UNEP 1981). In south-
ern Norway, this bas caused the total
disappearance of fish from hundreds of
lakes, and of salmon in many river sys-
tems (Gjedrem1981). Hydroelectric power
development has also affected fish
populations through the building of dams
which created barriers to spawning mi-
grations and destroyed spawning sites and
nurseries. New dams have led to the
extinction of many salmon stocks
(Saunders 1981).

Capture Fisheries

Capture fisheries can cause the loss
of aquatic genetic resources as a conse-
quence of averexploitation or from selec-
tive fishing practices. Infisheries, the first
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stocks to disappear are those with prop-
erties most desirable to the fisheries or to
future enhancement or aquaculture ef-
forts, e.g., rapid growth and high
catchability (Thorpe and Koonce 1981).
Recent technological improvementinfish-
ing gear has resulted in increasing har-
vesting efficiency, whichin some caseshas
caused the depletion of some fish stocks
and species. Overexploitation may also
cause genetic drift, where only a limited
gene pool survives harvesting. Fisheries
management may also have significant
but involuntary effects on genetic re-
sources, by setting up restrictions for time
and location of capture and type of gear
used. In particular, mesh size can be very
selective, affecting a particular size of the
population.

Inthe salmon fisheries of West Green-
land, different genetic stocks are pooled
together in fished stocks, as they gather
in common pelagic feeding areas (Stahl
1987). These “mixed-stock fisheries” are
therefore difficult to protect, but harvest-
ing may cause overexploitation of the
numerically smaller stocks. Overfishing
of Baltic salmon has resulted in slower
growth, smaller size at maturity and earlier
homing. In Lake George, fishing pressure
reduced the size and maturation size of
Oreochromisniloticus over an eleven-year
period (Gwahaba 1973; Lowe-McConnell
1982).

Overfishing can also affect an entire
fish community. In Lake Mala®i, inten-
sive fishing of cichlids has caused the
decrease of large species, which domi-
nated before, and now small species pre-
dominate (Turner 1976).

Enhanced Fisheries

There is a growing need to enhance
fisheries, particularly inland fisheries, by
stocking of hatchery-raised juveniles
followed by harvesting through fishing.
Fisheriesenhancementhasthreepurposes:
to create new fisheries (often introducing
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exotic species into a waterbody); to
supplement natural productiontoincrease
harvests; and to mitigate fish losses
resulting from human activities (Lannan
et al. 1989).

There may be insufficient local
broodstock for the required mass propa-
gation and other strains are often im-
ported. The growing practice of enhancing
fisheries formerly based on wild
populations by introductions of hatchery-
raised stocks can cause severe genetic
damage. Hatchery-raised stocks are com-
monly much less variable genetically than
wild stocks. For example, hatchery-raised
salmon are used for stocking rivers flow-
inginto the Baltic. Originally, these rivers
produced about 10 million smolts annu-
ally, but the building of hydropower sta-
tions in the 1940-1960s made natural
spawning impossible. In Sweden, the
Swedish Water Law obliged the generat-
ing companies to build hatcheries to
compensate for this loss, In Norway, 10-
15 million Atlantic salmon fry are pro-
duced annually for restocking purposes
(Hansenetal. 1987a)and are released into
rivers regardless of their origin. Moreo-
ver, escapees from the sea cages of salmon
farms are ‘homeless’, and reproduce in a
widerange of rivers (Hansen et al. 1987hb).
It is highly probable that such escapees
from cages and land-based farms interact
with local native populations (Skaala et
al. 1990).

Introduced populations can also cause
direct genetic changes by interbreeding or
have more indirect effects through preda-
tion, competition for food, mates, spawn-
ing sites, or introduction of pathogens and
parasites. The breeding of hatchery-raised
fish with wild populations can produce
hybrid or introgressed progeny that may
be less adapted to the local environment,
on the assumption that lecal populations
have evolved to be well adapted.

Over much of Europe, rivers and
streams have been and are regularly

restocked with non-native fry. Often,
hatchery programs work against the aim
of preserving natural populations, and
may cause a complete replacement of
natural populations with hatchery fish.
Natural populationsof brown trout (Salmo
trutta), each showing specific allele fre-
quencies and at least one allele at high
frequency not previously reported, have
been identified in Spain (Garcia-Marin et
al. 1991). Sea ranching is well developed
in Japan, where seed from shore-based
hatcheries are released to the wild where
they grow and are subsequently harvested
by the existing fisheries (Davy 1991).

Introduction of Exotic Species

Waterbodies have often been stocked
with exotic fish (Billington and Hebert
1991) without evaluating the genetic and
ecological impacts on local aquatice, ge-
netic resources and habitats, There are
many cases of successful colonizations by
exotic species [for example, common carp
(Cyprinus carpio) and brown trout (Salmo
trutta) in North America, or rainbow trout
(Oncorhynchus mykiss) in Europe and
Latin Americal. However, little is known
of the genetic consequences. There are
some examples of introductions which have
caused severe damage to local populations
gither by hybridizing with them, or by
outcompeting against them, leading even-
tually to extinetion. Moreover, introduc-
tions may fail in their objectives and may
lead to genetic degradation of natural
populations; for example, whitefish in
Czechoslovakia (Barus 1989). Introduc-
tions and transfersusually comprise small
numbers of fish. This can cause bottle-
necks and founder effects and reduced
genetic variation in future generations.

Introductions have increased with
demands from hatcheries and improved
communications. However, many intro-
ductions and transfers are uncontrolled
and undocumented. It is often difficult to
determine the origin of introduced stocks.



Pullin (1988) cites many cases where
tilapias have been found in countries to
which they are exotic and were previously
unrecorded. The earliest transfers of
tilapias in North Africa were probably by
the French Foreign Legion from one well
to another (Thys van den Audenaerde
1988). Oreachromis mossambicus wasfirst
reported in Asia in 1938, when two fe-
males and three males of unknown origin
were accidentally discovered in Java
(Schuster 1952).

Other problems are the accuracy of
identification of the original stock and its
possible admixtures of closely related
species. There are often mistakes in the
nomenclature of introduced species, cre-
ating much confusion. The Kafue strain
of O. macrochir was introduced to fish
culture ponds at Kipopo (Katanga, Zaire)
under the name of andersonii, and O.
mortimeri to Katanga under the name
“mossambica” (Lowe-McConnell 1988).

As an example of these introductions,
Barbotes spp., endemic to Lake Lanao
{Philippines) have become rare following
the intentional introductions of Clarias
batrachus, Channa striata, O.
mossambicus, together with the acciden-
tal introduction of Glossogobius giurus.
The native fish were formerly the prin-
cipal sources of livelihood and foodfish for
the local people (Frey 1969).

InQueensland (Australia), tilapias are
considered as pests (Bluhdorn and
Arthington 1990). Negative impact on
indigenous fish can be considered general
for tropical America, where piscivorous
fish were introduced predominantly
(Fernando 1991).

Introductions can produce hybridswith
indigenous species. Introgressive hy-
bridization has occurred in Lake Itasy in
Madagascar, where O. niloticus crossed
with O. macrochir has produced the so-
called “tilapia trois-quarts” (Vincke 1971;
Daget and Moreau 1981), and in the
Philippines with O. mossambicus and O.
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niloticus (Taniguchiet al. 1985;Macaranas
et al. 1986).

0. niloticus was introduced into Lake
Victoria in a shipment of Tilapia zillii
from Lake Albert, or spread through the
drainage system, having being used in
culture trials carried out at Kajansi
(Uganda) (Lowe-McConnell 1988). In the
same lake, T. zillii has largely displaced
the endemic O. variabilis.

In Lake Titicaca, endemic species of
Orestia suffered a rapid population de-
cline from infection with sporozoan para-
sites introduced with trout (FAQ/UNEP
1981). Introductions of non-native
salmonids have spread diseases into new
habitats, sometimes to the detriment of
native fish (Allendorf and Leary 1988).

Hybridization

Hybridization can be carried out in
breeding programs to obtain heterosis and
required characteristics in the hybrid
progeny, but may also be an unplanned
consequence of the introduction of one
population (or species) in the distribution
area of another. Hybrids between local
and domesticated stocks may affect
neighboring ecosystems if their genes and
parasites spread.

Although hybridization is often used
to increase the amount of genetic varia-
tion in a population, it can be a mode of
genetic diversity (Nelson and Soulé 1987).
The effect of loss of gene exchange be-
tween subpopulations is to increase the
variance within groups, decrease the
variance between groups and decrease the
total variance (Crow and Kimura 1970).
However, as intraspecific hybridization
breaks co-adapted gene complexes and
can cause an outbred depression (which
has been often empirically evidenced,
although numerical data are scarce), the
fitness of hybrid generations usually
declines with time.

The changein genotypic variance from
hybridization between small neighboring
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subpopulations may provide beneficial new
alleles without harming local adaptation
(Allendorf 1983).

Intraspecific hybridization mixes gene
pools, The present ‘Ivory Coast’ or Bouaké’
strain of O. niloticus is actually a mixture
of Volta and Nile strains, which became
mixed in captivity. Its genetic identity
depends on the degree of hybridization
between strains which is not well docu-
mented (Nugent 1988).

Over one hundred combinations of
distant hybridizations have been recently
carried out in China, including crosses
between families, subfamilies, genera and
species. Five crosses between common carp
strains showed hybrid vigor with poten-
tial application in aquaculture (Wu 1990).
The Kurst strain of common carp is pro-
duced through hybridization to obtain
higher cold resistance, achieved through
excessive accumulation of body fat (Gall
1990).

Conservation of Fish
Genetic Resources

Ex situ conservation

Ex situ fish gene banks offer an alter-
native to in situ conservation of genetic
resources, but are difficult and costly to
establish and to maintain. They include
techniques such as rotational line crossing
and sperm cryopreservation, These are
particularly valuable where only a few
hatchery populations survive from for-
merly abundant stocks. Although requir-
ing expensive skilled labor and high tech-
nology, they maybe in some cases the only
remaining means to prevent extinction of
some species and strains.

Fish gene banks should, as far as is
practical, represent the total gene pool. In
species where the spawning season is
protracted, material must be collected and
maintained to represent the entire spawn-
ing season. An adequate number of indi-
viduals must be kept to maintain high

genetic diversity. FAO recommends effec-
tive population size, Ne, of at least 50 for
short-term conservation, and 500 for long-
term conservation (FAO/UNEP 1981).
These figures vary slightly with authors
{Tave 1986; Smitherman and Tave 1987).
Fish farms and public aquaria can play
important roles in the breeding and
management of endangered species.

In addition to stock collections, gam-
ete cryopreservation is a useful technique
in the conservation of genetic variability
and has the advantage of maintaining
high levels of genetic variability, without
maintaining large numbers of breeders
(Harvey 1987). Spermatozoa can be col-
lected from a range of known strains and
stored. Sperm banks should be managed
following the Codes of Practice already
established for livestock sperm and em-
bryobanks. Cryopreservation offish sperm
constitutes a haploid gene bank: only half
the genome is stored. Moreover, although
techniques for sperm cryopreservation are
established for many fish species, nosperm
collection has yet been established for
commercial purposes. Finfish eggs and
embryos cannot yet be eryopreserved.

Examples of International, Re-
gional and National Efforts

The European Inland Fisheries Advi-
sory Commission (EIFAC), working with
FAO, has developed Codes of Practice for
fish introductions and transfers (Turner
1987). Recommendations have been for-
mulated and addressed to different audi-
ences: international organizations, gov-
ernments, aquaculturists, fisheries man-
agers, conservationists and research sci-
entists (FAO/UNEP 1981).

The Working Group on Genetics of the
International Council for Exploration of
the Sea (ICES) is promoting the develop-
ment of an International Register of
Available Strains of Fish and Shellfish.

ICLARM and FAQ are coordinating a
new international database (FishBase)



that will incorporate a tilapia strain reg-
istry and museum data, the assemblage
of which is the responsibility of the
Zoologisches Institut und Museum, Uni-
versity of Hamburg (Pullin 1990).

ICLARM, with Philippine and Norwe-
gian collaborators, established the GIFT
(GeneticImprovement of Farmed Tilapias)
project with the aim of developing more
productive stocks of tilapias by selection
for high growth rate and other economi-
cally important traits (Pullin et al. 1991).
This project includes a study of tilapia
genetic resources in Asia and Africa, and
the establishment of a collection of prom-
ising strains from new importations from
Africa and from existing Asian cultured
stocks.

A major component of the AADCP
(ASEAN-EEC Aquaculture and Coordina-
tion Programme) focuses on the role of
genetic manipulation and population
genetic techniques in aquaculture and
fisheries management in the ASEAN
region, twinning the National Aquaculture
Institute (NAGRI) in Thailand with the
Institute of Aquaculture of the University
of Stirling, Scotland.

IDRC has promoted the AGNA
(Aquaculture Genetics Network in Asia)
project, as a link between aquaculture
genetics projects in Asian countries with
each other and with Dalhousie University
in Canada. The objectives are to develop
new superior strains of fish by efficient
artificial selection and hybridization, to
maximize the rate of domestication and
to minimize the inbreeding of present
stocks.

A Nordic Symposium on Gene Banks
(1978) held in Helsinki recommended the
establishment of gene banks in each of the
Nordic countries with contact between
groups to exchange information, and re-
search results, particularly for gamete
storage (Gjedrem 1981).

Nyman and Norman (1987) suggested
a national strategy for the conservation
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of Atlantic salmon genetic resources in
Sweden, where most rivers have been
modified by the building of dams for hydro-
electric power production. The strategy
relies on restocking with river-specific
stocks bred from at least 25 pairs of
broodstock and requires that wild
populations be carefully protected from
hybridization with hatchery stocks, and
used as in situ gene-banks.

In Hungary, a government-sponsored
program maintains 18 “landraces” of com-
mon carp, including nine native races and
nine exotic races imported from elsewhere
in Europe and Asia (Lannan et al. 1989),
and coordinates activities tomeet the needs
of aquaculture and natural resource
management.

Genetics is one of the most important
fields of scientific research in Czech ich-
thyology and applied fisheries science
(Barus 1989) and three specialized meet-
ings on fish genetics have been organized
in Czechoslovakia. Endangered species
have been surveyed with analyses of the
causes of threats, present status, future
prospects and conservation efforts (Lusk
1989)., A specific program has been
launched for the preservation of the wild
Danube carp, Cyprinus carpio carpio
(Krupka et al. 1989).

Despite their richness in endemic fish
genetic resources, most African countries
have given low priority to aquaculture and
conservation of fish genetic resources.
Countries with sites of special significance
for aquatic genetic resources generally
lack funds to invest in their conservation.
However, Mala®i has recognized the
importance of genetic conservation and
prohibits introductions of exotic fish to
protect the native species, ecology and
fisheries of Lake Malawi. Many African
waterbodies are shared among countries
and conservation programs should be
established at the regional level

The International Study on Artemia
(ISA) was created in 1978 to establish an
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interdisciplinary approach to the charac-
terization of Artemia strains (chemical
composition, value as food for aquaculture
species, general biology, and genetics). In
arecent review of the genetics of Artemia,
Abreu-Grobois (1987) stressed the impor-
tance of protecting natural populations of
Artemia from extinction due to habitat
destruction or by the indiscriminate intro-
ductions of more competitive species when
inoculating brine-shrimp-free salterns.

Conclusions

Aquaculture production totalled about
15.8 million tonnes in 1990, using more
than 140 species: a wide range, for differ-
ent environmental conditions and mar-
kets. Constant progress is being made in
improving the methodologies for charac-
terization of aquatic genetic resources.
The evidence of damage to natural
populations continues to accumulate. Basic
research provides improved techniques
and methodologies for multidisciplinary
approaches. Analyses of these complex
problemsmustinclude environmental and
economic costs and benefits so that par-
ticipants are fully aware of their impor-
tance in development programs and do not
view them as merely of academic interest.

Conservation of aquatic genetic re-
sources concerns the whole world and
requires a global approach and global
awareness. Financial support by donors
is essential to initiate well-coordinated
programs that both support fundamental
research and facilitate stock conservation
in specialized centers and natural waters.
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Discussion

PULLIN: The lesson of history so far is that it is not
possible to control fish transfers effectively whatever
laws and regulations are made, The private sector
especially, in developed and developing countries,
usually {finds a way to transfer or introduce fish
irrespective of policy and regulations. I don’t think
this will change much. In fact, it may get worse. So, we
havetolive withthis and considerhow best to conserve
fish genetic diversity. This paperclearly pointsout the
in situ and ex situ approaches, For in sifu conservation
in natural habitats, however, we have to consider
what is practically and politically possible. I recently
wrote on this in Naga, the ICLARM Quarterly’.
Conservation of large natural fish species assemblages
in large natural waterbodies will become increasingly
difficult as aquaculture grows. By analogy,
conservation of natural plant successionis also difficult
adjacent to intensive agriculiure. What can work is
giving more attention to conservation of all aquatic
biota, including fish, in nature reserves and game
parks and insmall waterbodies that are sites of special
scientific interest. Of course, some large waterbodies
and their fish fauna are unique and very important
and all possible eflorts should be made to conserve and
protect them from all potentiallyharmful disturbances,
in¢luding harmful effects from agquaculture. This will
probably require transnational agreements and their
enforcement. Good examples are Lake Malawi and
Lake Tanganyika.

ROSENTHAL: Although necessary, transnational
control is not easy to achieve. In order to reduce risks
it will be necessary to stimulate more awareness
among farmers and traders on risks associated with
transfers and introductions. In other words, the
introduction of anyregulatory measure willhave tobe
accompanied by an adequate educational program to
achieve the required acceptability of these measures
by practitioners of aquaculture.

BILIO: We will have to learn how to cope with future
fish transfers irrespective of regulationa. We will have
to do ourbest fo anticipate their effects. Conservation
of aquatic genetic diversity needs an overall long-term
plan, recognizing where it is realistic or unrealistic to
even try.

EDWARDS: I even have to watch some of the
aquaculture faculty at AIT over plans for fish
introductions - never mind the private sectorl

PULLIN: Do you want that on record?

EDWARDS: Yes, I do, because it illustrates the
complexity of the problem.

BILIO: Expert advice on introductions needs very
cloge examination. In some culture-based fisheries
projects, experts have recommended introduction of
exotic species, like grass carp, to increase production.
Often introductions are unsuccesful. For example, in
Albania, introduction of exotic carps to supplement
common carp production hasbeen uscless becausethe
exotics are not wanted by consumers.

PULLIN: ICLARM has had one workshop on tilapia
genetic resources? and is planning another on Asiatic
carpsin collaboration with the Asian Wetland Bureau
and [UCN. Weknow from our Chinese colleagues that
the wild genetic resources of Chinese carps are under
threat.

1Pullin, R.8.V. 1990. Down-to-earth thoughts on
conserving aquatic genetic diversity. Naga,
ICLARM Q. 13(1):5-8.

2Pullin, R.$.V.Editor. 1988. Tilapia genetic resources
for aquaculture. ICLARM Conf. Proc. 16, 124 p.
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Abstract

The status of aquaculture in the Asia-Pacific region is described with special emphasis on the
developing countries of Asia. Characteristics of inland and coastal aquaculture are analyzed
separately, and differences in the role and environmental compatibility of major aquaculture
production systems are highlighted. The dominance of culturing aquatic organisms low in the food
chain is documented in the developing countries of the region. Trends in culturing noncarnivorous and
carnivorous finfishes, crustaceans, molluscs and seaweeds are studied individually; substantial
differences in their impact on the environment are demonstrated. Major environmental issues raised
by the rapid development of aquaculture are recounted and improved approaches are proposed to

achieve sustainable growth in the future.

Introduction

Any attempt to analyze the status and
trends of aquaculture production is
hindered by a generallack of reliable data.
FAOQO started onlyin 1984 to collect annual
aquaculture statistical data and results of
these enquiries were first published in
1989. Although the quality of data
improved over the years, much confusion
has arisen from the fact that the term
“aquaculture” was not properly defined.
To overcome this imprecision, in 1987
FAOQ adopted a definition of aguaculture
production which follows closely the
practical distinction between hunting/
gathering and agriculture (FAQO 1992a).
Its most important impact was the

exclusion of enhanced ‘culture-based’
fisheries (e.g., catch from stocked
reservoirs, sea ranching) from aquaculture
production. This led to the need to revise
earlier data. Thus, figures quoted in this
paper may not correspond fully with those

‘published in the literature before 1990.
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One continuing weakness of
aquaculture data is the rather unreliable
nature of their collection. A significant
portion of aquaculture production never
reaches a market where representative
sampling may be possible. A general
consequence of thisistheunderestimation
of subsistence aquaculture, although this
has an important impact on the nutrition
of the poorest segments of the Asian
population.



Nevertheless, the regional and global
trends deducedfrom thedata can be viewed
with some confidence. This is primarily
due to the efforts of those countries which
are supplying the more reliable data (e.g.,
Indonesia, Japan, Republic of Korea,
Malaysia, Taiwan, the Philippines and
Thailand) or have recently improved their
database (e.g., Bangladesh, China,
Vietnam).

Another source of frustration is the
timegap between the date of the attempted
review and that of the latest available
data. In this paper the latest data are for
1990.

Aquaculture Production

Volume and Value
of Production

The share of Asiainglobal aquaculture
increased from 80%1in1975t0 81%in 1980
and to 85% by 1990, despite significant
breakthroughs on other continents (e.g.,
in salmon culture in Europe and in shrimp
culture in Latin America). In 1990, out of
the 15.3 million tonnes of the world total,
12.9 million tonnes were produced in the
Asia-Pacific region (Table 1).

Developing countries of Asia produced
75% of the global aquaculture production
in1990. However, the value was only 63%
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of the world total (Table 2). The average
value of aquaculture productsin 1990 was
US$1 .44 perkginthe developing countries
of the region, while it reached $2.42/kg in
the rest of the world and as much as $2.89/
kg in the developed countries of Asia and
the Pacific (Japan, Australia and New
Zealand). The reason behind these
differencesisthatthe developing countries
of the region culture primarily aquatic
organisms low in the food chain (e.g.,
seaweeds, molluscs and noncarnivorous
finfishes). These commodities are usually
significantly cheaper than aquaticanimals
higher in the food chain (e.g., crustaceans
and carnivorous fish) preferred in
developed countries.

Table 1. Global aquaculture production in 1990.
(Source: FAO 1992a).

Production Share
Continent/region (x10%¢) (%)

Asia + Pacific 12,954.8 84.5
Europe + ex-USSR 1,628.2 10.6
North America 4071 2.7
South America + Caribbean 216.6 14
Africa + Middle East 115.8 0.8
World total 15,3225 100.0

Table 2. Volume and value of aquaculture production in 1990, (Source: FAO 1992a).

Volume Value
Countries/regions x10%¢t) (%) (x10%US$) (%)
Developing Asia/Pacific 11,5404 75.3 16,637.2 629
Developed Asia/Pacilic* 1,414.4 9.2 4,083.9 15.4
Asia/Pacific total 12,9548 84.5 20,721.1 783
Rest of the World 2,367.9 15.5 5,734.3 217
World total 15,322.7 100.0 26,4554 100.0

*Note: Daveloped countries of Asia/Pacific are Australia, Japan and New Zealand.
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Out of the 12.9 million t of aquatic
organisms cultured in 1990 in Asia and
the Pacific, 54% was finfish. Seaweeds
made up 24% of the total, while molluses
represented 17% (Table 3). Crustacean
aquaculture, which received most of the
attention in the past decade, produced
only 5% of the total volume in1990, Despite
some minor changesin the share of certain
commodities, total aquaculture production
in the Asia-Pacific region has shown a
remarkable steady and balanced growth
over the past decade (Fig. 1). Average
annual growth of total production was 7%
inthe region between1975 and 1990, with

developing countries showing more rapid
annual growth (8%) than the developed
ones (3%).

It should be noted, however, that
behind the generally bright picture there
are significant differences among the
individual countries of Asia and the Pacific.
Eight out of 44 countries/territories of the
region did not report aquaculture
production at all in 1990 (Maldives and
Mongolia in Asia; Cook Islands, Nauru,
Western Samoa, Tonga, Tuvalu and
Vanuatu in the Pacific) and ten others
produced less than 1,000 t (Bhutan and
Brunei in Asia; Fiji, French Polynesia,

Guam, Kiribati, Federated

Teble 3. Share of mai st Cth \ture of States of Micronesia, New
able 3. Share of major commodity groups in the agquaculture o : .
Asia and the Pacific. (Sources: FAO 1984, 1992a). Caledonia, Papua New Guinea
and the Solomon Islands in the
Commodity 1975 1990 Pacific). The top ten countries,
groups (x10%t) (%) (x10%) (%) on the other hand, all produced
Finfishes 1,8425 441 6,095.7 540 more than 100,000 ¢ in 1990
(Table 4).
Crustaceans 259 0.6 575.9 4.5
Molluscs 676.6 16.2 2,195.6 169 Inland Aquaculture
Seaweeds 1,630.8 390 31440 243 The details of total
aquaculture production by
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Fig. 1. Growth of aquaculture production in Asia and the Pacific. (Sources: Czavas 1988; FAQ

1992a).



aquaculture produces almost half (49%) of
the total. China is the leading inland
aquaculture producer, followed by India
and Indonesia.

The sheer volume of aguaculture
production precludes finer analyses,
thereforeitismore appropriate to compare
inland aquaculture production by land
area (Table 5). Countries and territories
with limited land area and high population
densities (Hong Kong, Taiwan and
Bangladesh)areoutstandinginthisrespect

7

(65.8, 41.1 and 11.6 kg-1,000 hall,
respectively), demonstrating the
competitiveness of inland aquaculture in
the use of searce land resources.
Another indicator shown in Table 5 is
the volume of inland aquaculture
production per renewable freshwater
resourcesin selected countries of Asia and
the Pacific (unfortunately, data on
renewable freshwater resources of some
countries are not available). High values
of China, Thailand and India (1,502, 841

Table 4. Inland and coastal aquaculture production in Asia and the Pacific in 1990.

(Source: FAQ 1992a).

Total Inland Coastal Share of

production  production  production coastal
Country/region t) t) ) aq. (%)
Bangladesh 169,758 151,161 18,624 11.0
Bhutan 3 31 0 0
Brunei Darussalam 2 2 0 0
Cambodia 6,080 6,080 0 0
China 7,200,383 4,204,728 2,995,656 ' 416
Hong Kong 10,256 5,525 4,731 46.).
India 1,011,136 982,136 29,000 2.9
Indonesia 558,795 242,625 316,170 56.6
Iran 45134 45134 0 0
Korea, D.P.R. 208,670 11,200 196,470 94.2
Korea, Rep. of 789,765 15,823 773,942 98.0
Laos 2,600 2,500 0 0
Malaysia 47,876 7,007 40,869 85.4
Myanmar 7,087 7.086 1 0
Nepal 9,258 9,268 0 0
Pacific Islands 1,442 172 1,270 88.1
Pakistan 40,057 40,016 41 01
Philippines 672,316 81,127 591,189 879
Singapore 1,857 0 1,857 100.0
Sri Lanka 5,700 6,000 700 12.3
Taiwan 343,954 148,795 195,159 56.7
Thailand 253,326 92,466 160,860 63.5
Vietnam 165,000 123,000 32,000 20.7
Developing countries 11,540,410 6,181,872 5,358,538 46.4
Australia 12,686 2,049 10,637 839
Japan 1,367,058 97,792 1,270,778 93.0°
New Zealand 34,660 0 34,660 100.0
Developed countries 1,414,404 98,329 1,316,076 a3.1
Regional total 12,954,814 6,280,201 6,674,613 61.6
Share (%) 100.0 48.5 51.58 .
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Table 5. Indicators of inland aquaculture production in Asia and the Pacific in 1990.

Renewable inland aquaculture
production per

Inland

aquaculture Land freshwater land water

production area resources aresa volume
Country/region t) (x107ha)  (km¥year!) (kg1,000hal) (tkm?yearl)
Bangladesh 151,161 13,017 1,357 116 1114
Bhutan 31 4,650 00
Brunei Darussalam 2 527 . 0.0 .
Cambodia 6,080 17,652 88 0.3 69.1
China 4,204,500 929,100 2,800 4.5 1,501.6
Hong Kong 5,626 99 . 55.8 .
India 982,136 297,319 1,850 3.3 530.9
Indonesia 242,625 181,157 2,530 1.3 95.9
Iran 45134 163,300 117 03 3858
Korea, D.P.R. 12,200 12,041 . 1.0 .
Korea, Rep. of 15,823 9,873 63 . 1.6 251.2
Laos 2,600 23,080 270 01 9.3
Malaysia 7,007 32,865 456 02 164
Myanmar 7,086 66,764 1,082 01 6.6
Nepal 9,268 13,680 170 0.7 54.5
Pacific Islands 172 54,607 . 0.0 .
Pakistan 40,016 77,088 298 0.5 134.3
Philippines 81,127 29,817 323 29 261.2
Singapore 0 G2 1 0.0 0.0
Sri Lanka 5,000 6,674 43 0.8 116.3
Taiwan 148,795 3,616 41.2 .
Thailand 92,466 51,089 110 1.8 840.6
Vietnam 123,000 32,636 3.8 .
Developing countries 6,181,872 2,100,299 (11,588) 2.9 (633.7)
Australia 2,049 761,793 843 0.0 6.0
Japan 96,280 37,652 b47 26 176.0
New Zealand 0 26,867 397 0.0 0.0
Developed countries 08,329 826,312 1,287 0.1 6.4
Regional total 6,280,201 2,926,611 (12,870) 2.2 (488.0)

Note: Figures in parentheses are totals/averages of countries with available data, not those of the whole

Asia/Pacific region.

and 531 t-km-.year, respectively) show
that, although on a per hectare basis these
countries do not belong to the top inland
fish producers, they utilize very well their
renewable freshwater resources with
inland aquaculture. Puttingitin a different
way: some countries may have land
constraints whereas others mayhave water
constraints to developing further their
inland aquaculture.

The advanced state of inland
aquaculture could also be characterized
by its share in the total inland fish
production. Data in Table 6 demonstrate
that in 1990, in the Asia-Pacific region, as
much as 62% of the total inland fish
production originated from aquaculture
against 27% in the rest of the world.
Aguaculture produced over 756% of the
total inland fish supply in China, Hong



79

Table 6. Inland fisheries and aquaculture production in Asia and the Pacificin 1990.

(Source: FAO 1992a).

Total inland  Production Production
production from capture from culture

Country/region (t) (t) (t) %

Alghanisian 1,500 1,500 0 0.0
Bangladegh 594,377 443,216 151,161 254
Bhutan 1,000 969 Ryt 31
Brunei Darussalam 130 128 2 1.5
Cambodia 65,100 59,020 6,080 9.3
China 5,237,621 1,032,893 4,204,728 80.3
Hong Kong 6,130 605 5,525 90.1
India 1,484,833 502,697 982,136 66.1
Indonesia 795,000 552,375 242,625 30.5
Iran 50,000 4,866 45134 90.83
Korea, D.P.R. 110,000 97,800 12,200 111
Korea, Rep. of 83,000 17177 15,823 48.0
Laos 20,000 17,500 2,600 12.5
Malaysia 14,664 7,657 7,007 47.8
Mongolia 131 131 0 0.0
Myanmar 144,586 137,500 7,086 4.9
Nepal 14,646 5,288 9,258 63.7
Pacific Islands 19,292 19,120 172 0.9
Pakistan 113,158 73,142 40,016 354
Philippines 585,766 504,639 81,127 139
Singapore 60 60 0 0.0
Sri Lanka 31,265 26,265 5,000 16.0
Taiwan 172,200 23,405 148,795 86.4
Thailand 200,000 107,534 92,466 46.2
Vietnam 240,000 117,000 123,000 51.3
Developing countries 9,934,359 3,752,487 6,181,872 51.6
Australia 4,306 2,257 2,049 476
Japan 208,120 111,840 96,280 46.3
New Zealand 103 108 : 0 0.0
Developed countries 212,529 114,200 98,329 46.3
Asia-Pacific total 10,146,888 3,866,687 6,280,201 61.9
Rest of World 4,298,608 3,123,098 1,175,410 273
World total 14,445,896 6,989,785 7,455,611 51.6

Kong, Iran and Taiwan. A significant shift
from capture to culture fisheries and an
increasing dominance of cultured fish in
the inland fish catch are sure signs of
diminishing natural freshwater habitats:
the impoverishment of the original fish
fauna due to overfishing and other human
interventions.

Inland aquaculture is dominated by
finfish production all over the world.
Freshwater crustaceans, molluscs and
aquatic plants contributed less than 1% to
the total in the Asia-Pacific region and
their share in the rest of the world is
similarly very low (3%). Freshwater fish
culture, especially in the developing
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countries of the region, produces primarily
cheapfoodfish(e.g., cyprinids andtilapias)
affordable for the poorer segments of the
population. More expensive commodities
(e.g., carnivorous fish species) are produced
mainly in the developed or newly
industrialized countries of the region.

Culture techniques in Asian inland
aquaculture are characterized by simple,
lowinput pond culture methods. Cage and
pen culture in inland waters, although
introducedin most countries of the region,
seldom reaches commercially important
proportions. However, in certain areas of
Cambodia, Indonesia, Nepal, the
Philippines, Thailand and Vietnam
commercial freshwater cage or pen culture
has demonstrated both economical and
social feasibility. At the same time, these
more intensive systems have the inherent
threatof overloading the carrying capacity
of the environment, as happened in the
well-documented case of Lagunade Bay in
the Philippines (Pullin 1981, this vol. p.1).
Raceway and tank culture are not really
typical for Asia; few examples are found
even in the developed and newly
industrialized countries of the region.

Typical freshwater culture systemsin
the region are the extensive or semi-
intensive polycultural systems with some
fertilization and supplementary feeding,
Suitable fish species (Chinese and Indian
major carps and tilapias) for such systems
were introduced in the 1960s and 1970s to
practically every country of the region (De
Silva 1989).

Freshwater aquaculture is generally
a small-scale activity in Asia. Most of the
ponds are operated by small farmers as
part of their simple, rice-based farming
systems. Thus, there are few problems
with their environmental compatibility.
Their competition for natural resources
(land, water) or external inputs (manure,
fertilizer, feed) remains also limited.
Governments in many developing
countries of the region, concerned about

rice self-sufficiency, were afraid of
converting too big a portion of ricefields to
fishponds. Some of these countries even
imposed bans on such conversions in the
rapid growth phase of inland aquaculture.
Later, however, these fears abated as it
was proventhat smallfarmers are unlikely
to convert too high a portion of their
ricefields tofishpondsin order to maintain
their simple but well balanced farming
Systems.

An interesting phenomenon was
witnessed in several countries of the region
where inland aquaculture was introduced
only recently (e.g., in Bhutan, Laos, and
Nepal). Although a significant portion of
fishponds were constructed by converting
ricefields, rice output of the affected
communities increased rather than
decreased. Theexplanationisthat because
of the intraduction of aquaculture (which
produces a high-value crop compared to
rice) farmers had to improve on their
traditional water and farm management
practices. This, in turn, raised their rice
yields.

Coastal Aquaculture

Coastal aquaculture in Asia received
much less attention than freshwater fish
culturein the past. Recently, however, the
rapid growth of shrimp culture hasfocused
attention on coastal areas and new
perceptions have appeared which regard
coastal aquaculture as a new, socially
contradictory and environmentally
incompatible phenomenon. A closer look
at the history and status of Asian coastal
aquaculture contradicts these views, Data
giveninTable 4 show thatin1990 as much
as 51.5% of the total production of the
region came from coastal aquaculture. This
ratio has decreased rather than increased
in the past 15 years; coastal aquaculture
produced 63.3% of the regional total in
1975.

Coastal aquaculture dominates the
scene 1n Australia, Japan, both Koreas,



Malaysia, New Zealand, the Philippines
and Singapore by contributing more than
75% to the total output, while its share is
between 50% and 75% in Indonesia,
Taiwan and Thailand. If landlocked
countries are disregarded, the least
developed countries in this respect are
Bangladesh, India, Cambodia, Myanmar,
Pakistan, Sri Lanka and Vietnam with
lessthan 25% oftheir total output produced
by coastal aquaculture. Out of the 6.7
million t of coastal aquaculture products
in the region, 81% comes from China,
Japan, the two Koreas and Taiwan,
showing awell defined geographical center
of coastal aquaculture in Asia.

A more detailed analysis based on
indicators showing coastal aquaculture
production per land area and per length of
coastline modulates but does not alter the
above picture (Table 7). It is interesting to
note that the two leading entities (China
and Taiwan) produce more than 100 t of
aquaculture products per every kilometer
of their coastline; production exceeds 50
t-km? in Thailand and the Republic of
Korea. The regional average is almost 25
t-km™.

Coastal aquaculture in the major
producing countries is dominated by
seaweeds and molluscs. In 1990, the
proportion of seaweeds was 47% in Asia,
while molluscs contributed 33%. These
ratios are typical for Asia. Inthe rest of the
world, seaweed culture produces only 4%
ofthe total coastal output whereasmolluscs
contribute as much as 65% to the total.
The share of finfishis11%in Asia and 23%
in the rest of the world, while crustaceans
contribute 9% ofthetotalin Asiaand other
regions.

Despite significant recent advancesin
marine fish cage culture and intensive
pond culture of shrimp in most of the
developing countries of the region, tradi-
tional extensive or semi-intensive pond
culture still dominate coastal fish and
shrimp production. Extensive, trapping/

81

growing ponds producing a mix of fish
(mainly milkfish and mullets) and crusta-
ceans are traditional in the tidal zones of
many Asian countries. The general ten-
dency over the past decade has been to
intensify these and to shift from an uncon-
trolled “polyculture” to monoculture of
shrimp by replacing trapping of wild juve-
niles with stocking. However, in the sec-
ond half of the 1980s, construction of more
intensive shrimp ponds started in several
countries, both in the mangrove belt and
behind it on higher grounds. This profit-
driven development raised serious envi-
ronmental and socioeconomic concerns,
especiallyin Taiwanand Thailand (Csavas
1990; Phillips et al., this vol.).

Cage culture of carnivorous marine
fish was practiced mainly in Japan and
Hong Kong in the 1970s, but has
proliferated in parts of Southeast Asia
during the past decade. Simple methods of
cage culture are accepted more easily by
coastal fishing communities than pond
culture of fish or shrimp, for which land
and significant investments are needed.
Expansion of cage culture was especially
spectacularin Thailandinthe early 1980s,
but constraints in feed supply and
marketing of the products soon slowed
down further growth. Environmental
problems related to marine cage culture
are not too common in the developing
countries of Asia due to the limited volume
of production. Hazards of overloading the
environment with marine cages, however,
are well documented in Hong Kong and
Japan (Anon, 1990; Davy 1991).

In mollusc and seaweed production,
both on-bottom and off-bottom culture
methods are common, although off-bottom
methods which offer better control over
the culture environment are gaining
ground. Intensification of seaweed culture
methods is also being pursued by the use
of fertilizers in open coastal waters.

Whereasinland aquaculturein Asiais
dominated by small-scale production, land



82

Table 7. Indicators of coastal aquaculture production in Asia and the Pacific in 1990,

Coastal aquaculture

Coastal production
aquaculture
production  Land area Coastline per area per coastline

Country/region (t) (x10% ha) (km) (kg1,000 hal) (tkm?)
Bangladesh 18,624 13,017 700 143 26.6
Bhutan 0 4,650 - - -
Brunei Darussalam 0 b27 130 0.00 0.0
Cambodia 0 17,652 435 0.00 0.0
China 2,995,655 929,100 18,000 3.22 166.4
Hong Kong 4,731 29 547 47.79 8.7
India 29,000 297,819 7,617 010 39
Indonesia 316,170 181,167 81,000 1.75 3.9
Iran 0 163,300 2,600 0.00 0.0
Korea, D.P.R. 196,470 12,041 18,313 16.32 10.7
Korea, Rep. of 773,942 9,873 18,200 78.39 586
Lao PDR. 0 23,080 - - -
Malaysia 40,869 382,855 3,432 1.24 11.9
Myanmar ) 1 65,754 2,278 0.00 0.0
Nepal 0 13,680 - - -
Pacific Islands 1,270 54,607 20,637 0.02 01
Pakistan a 71,088 1,120 0.00 0.0
Philippines 501,189 20,817 84,600 19.83 171
Singapore 1,857 ‘ 62 140 29.96 13.3
Sri Lanka 700 6,474 1,770 011 04
Taiwan 195,159 3,616 1,600 53.97 1220
Thailand 160,860 51,089 2,624 316 61.3
Vietnam 32,000 32,536 8,260 0.98 9.8
Developing countries 5,368,638 2,100,299 213,703 2.56 25.1
Australia 10,637 761,793 20,000 0.01 0.5
Japan 1,270,778 37,652 29,751 33.76 42,7
New Zealand 34,660 26,867 5,400 1.29 6.4
Developed countries 1,316,075 826,312 55,151 1.59 239
Asia-Pacific total 6,674,616 2,805,842 268,854 249 248

tenure patterns in the coastal zone have
produced a different picture. Tidal
wetlands were traditionally common
property resources with rather low
perceived value, used primarily by small-
scale fishers and other artisans. In most
countries of the region, traditional,
extensivetrapping/growing ponds, the size
of which far exceeded the dimensions of
freshwater ponds, were constructed in the
coastal zone. In Indonesia, for instance,
almost 80% of freshwater fishponds are
smaller than 0.1 ha, while more than 62%

of the brackishwater ponds are bigger
than 2 ha (Cholik 1988). In the recent rush
for suitable shrimp pond sites, influential
investors have had substantial advantages
over small farmers (Hannig 1988). Thus,
the ratio of small farms has further
decreased in coastal areas.

Coastal aquaculture also differs from
inland aquacultureinother ways. Whereas
semi-intensive freshwater pond fish
culture blends well with the rice-based
rural economy of Asia, some negative
environmental impacts of some coastal



aquaculture systems are beyond doubt.
Especially harmful are those pond systems
which are constructed in mangrove areas
and alter irreversibly the original rich
ecosystem. Another significant difference
lies in the nature of competition for the
available resources. Ininland areas, there
may be some competition between
aquaculture and crop production for land
and water, usually within an integrated
farm unit. In coastal aquaculture, the
competition is usually between the
traditional users of hitherto open-access
resources and those who are encroaching
on and expropriating these. Thisisbecause
traditional users of coastal wetlands do
not have property rights over these lands,
which legally belong to the state in most
countries of Asia. Moreover, small-scale
fishers and other users of coastal resources
(charcoal burners, gatherers, ete.) usually
belong to the poorest segment of the
population; they are easily outcompeted
by “outsiders”in acquiringlegal ownership
over coastal lands and transforming them
to shrimp/fish farms (Bailey 1988; Bailey
and Skladany 1988).

It is also important to realize that the
aspirationofcoastal aquacultureisusually
not to produce more food for local
consumption. Coastal communitiesusually
have a reasonable supply of cheap
captured/collected seafood with which no
cultured product can compete in price. In
coastal areas, the dominant function of
aguaculture is income generation, the
production of cash crops sold in distant
markets (often for export). This is as
legitimate an ambition as cheap food fish
production in inland areas. The real
problem is that coastal communities are
seldom direct beneficiaries of such
aquaculture development. Benefits of
shrimp culture development, forinstance,
trickledowntocoastalfishing communities
only by generating some additional
employment and by enhancing the overall
rural development of hitherto neglected,
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impoverished coastal areas. However, in
countries with high population densities,
coastal aquaculture can open up a new
frontier without putting more pressure on
the limited land resources. This is the
reason why China has turned towards this
type of aquaculture and has given its
development high priority over the past
decade. It is also important to realize that
out of the broad range of coastal
aquaculture systems only the pond culture
of marine fish and shrimp is
environmentally incompatible and socially
controversial. These systems do not
produce more than 13% of the total coastal
aquaculture production volume (0.9 million

't out of the 6.6 million t in 1990).

Finfish Culture

As already demonstrated, finfish
species form the biggest commodity group
in the aquaculture production of the Asia-
Pacific region (54% of the total in 1990),
and the mostimportant one in the nutrition
of the poor of the region’s developing
countries. Out of the 7 million t of cultured
fish produced in 1990 as much as 6.1
million t or 87% were freshwater fish; the
proportion of diadromous species was 9%,
that of marine fish only 4%. These values
are characteristic for the region. In the
rest of the world, the shares of both
freshwater and marinefish are lower (61%
and 2%, respectively), at the same time
diadromous fish (primarily salmonids)
have a much higher share (38%).

Production of finfish shows a
significant and steady growthintheregion
(Fig.2). Between1975and 1990, the annual
average growth rate was 8.7% per year,
the developing countries of the region
having a slightly higher rate of growth
(9.0% per year). Informationon the species
composition of finfish culture was rather
scanty before 1984 (when the regular data
collection work of FAQ started). However,
the improvement of the database now
makes possible a more detailed analysis.
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Fig. 2. Growth of cultured finfish production in Asia and the Pacific. (Sources: Caavas 1988;

FAO 1992a),

The most important question is how big a
portion of cultured finfish production
belongs to the cheap category and what is
the share of “luxury” species. Considering
the diversity of cultured fish species, a
distinction between carnivorous and
noncarnivorous species seems to be the
most suitable classification from this point
of view, This reflects not only the difference
inprice of the product but also a difference
in culture systems, because carnivores are
in most cases cultured in intensive
monoculture.

Table 8 shows that, out of the region’s
7.0 million t of finfish production in 1990,
93% belonged to noncarnivorous species.
Further, the vast majority (86%) of cultured
noncarnivorous fish comprises cyprinid
fish species (Table 9). Together with
tilapias (5%), these relatively cheap food
fishes add up to 91% of the noncarnivorous
finfish and 84% of the total finfish volume
cultured in the region. In the rest of the
world, the combined share of cyprinids
andtilapiasisonly 45% ofthetotal cultured
fish. Anotherfeature of Asia and the Pacific
is the 7% share of milkfish, a
noncarnivorous species not cultured
outside the region (Table 9).

Major producers of noncarnivorousfish
are Bangladesh, China, India, Indonesia,
the Philippines, Taiwan and Vietnam.
Aquaculture was not traditionally
practiced in Nepal, Laos and Bhutan (three
landlocked countries of the region) but,
during the past two decades, integrated
fish culture was introduced to these
countries, with international assistance,
and was very well received. It is based on
low-input polyculture of cyprinid fish
species. In nutrient-rich lakes/reservoirs
in Nepal and Laos, cage culture of filter-
feeding Chinese carps was alsointroduced
and has proven both economically and
ecologically viable.

In some Asian countries (most
characteristicallyin Bangladesh and India,
but alsoin China), relatively small seasonal
or perennial waterbodies, not originally
meant for fish culture, are now widely
utilized with low-input aquaculture. These
“tanks” (as they are called in much of
South Asia) were dug out as clay pits or
constructed as small reservoirs for storing
water for irrigation, domestic use and/or
watering livestock. They are in most cases
undrainable and have no additional water
supply during the dry season, However,



Table 8. Cultured noncarnivorous and carnivorous fish in Asia and the Pacificin 1990. (Source:
FAO 1992a).

Noncarnivorous Carnivorous
Total finfish :
Country/region production ) (%) (t) (%)
Bangladesh 161,161 151,161 100.0 0 0.0
Bhutan a1 3 100.0 0 0.0
Brunei Darussalam 2 2 100.0 0 0.0
Cambodia 6,080 5,714 94.0 366 6.0
China 4,232,895 4,199,195 99.2 38,700 0.8
Hong Kong 9,451 5,700 60.3 3,761 897
India 981,938 942,327 96.0 39,611 4.0
Indonesia 881,426 374,055 979 7,370 19
Iran 45,134 44,241 98.0 893 2.0
Korea, D.P.R. 12,200 11,000 90.2 1,200 9.8
Korea, Rep. of 17,934 12,157 67.8 8,777 322
Lao P.D.R. 2,600 2,600 100.0 0 0.0
Malaysia 8,742 6,254 n.s 2,488 28.6
Myanmar- 7,083 7,083 100.0 0 0.0
Nepal 9,258 9,258 100.0 0 0.0
Pacific Islands 204 192 941 12 5.9
Pakistan 40,016 40,000 99.9 16 01
Philippines 295,151 291,904 98.9 8,247 11
Singapore 560 7 1.2 553 98.8
Sri Lanka 5,000 5,000 100.0 0 0.0
Taiwan 236,540 172,241 728 64,299 272
Thailand 86,541 53,806 62.2 82,7385 37.8
Vietnam 115,000 115,000 100.0 0 0.0
Developing countries 6,644,846 6,448,828 971 196,018 29
Australia 8,733 1 Q.0 3,732 100.0
Japan 344,654 36,603 10.6 308,051 89.4
New Zealand 25610 0 0.0 2,610 100.0
Developed countries 360,897 36,604 104 314,293 89.6
Asia-Pacific total 6,995,743 6,485,432 927 510,311 7.3
Rest of World 1,414,991 706,549 499 708,442 50.1
World total 8,410,734 7,191,981 85.5 1,218.758 145

Table 9. Cultured noncarnivorous fish by species groups in 1990.
(Source: FAQ 1992a).

Asia-Pacific Rest of World
Species groups (x10%1) (%) (x103t) (%)
Cyprinids 5,589.6 86.2 562.6 79.6
Tilapias 320.7 5.0 701 9.9
Milkfish 4299 6.6 - -
Mullets 9.2 01 14.3 20
Others 136.0 21 59.6 8.5

Total 6,485.4 100.0 706.6 100.0
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with proper stocking, they can produce
significant amounts of fish without
endangering their other functions.
Similarly, in Vietnam -and Laos,
aquaculture is successfully practiced in
the millions of bomb craters which dot the
war-torn landscape using the same
(primarily photosynthesis-dependent)fish
culture method. These methods do not
compete forland, water, fertilizer and feed
with crop or livestock production, blend
well with their environment and produce
the cheapestfish next to those from capture
fisheries.

Culture of carnivorous fish, although
it produces only 7% of the regional finfish
production, cannot be neglected becauseit
has a significant economic and environ-
mental impact. Countries of the region
can be classified into three groups in this
regard: Australia, Japan, New Zealand
and Singapore produce almost exclusively
carnivorous species; Hong Kong, the Re-
public of Korea, Malaysia, Taiwan and
Thailand produce significant amounts of
carnivores (over 25% but below 60% of
their total finfish production); while car-
nivorous fish productionisinsignificant in
the rest ofthe region(Table 8). Itis obvious
that the production of the more expensive
carnivorous finfish species is closely re-
lated to the prosperity of the country. Also,
the total volume of cultured carnivores
produced in a country is not necessarily

areonly11% ofthe total and catfish species
represent 14%, The biggest contributor is
the yellowtail (Seriola quinqueradiata),
with a 33% share of the total carnivorous
fish production; eels amount to 19%; and
various species of seabreams make up
10%. The “other” category comprises
marine fish species too, of which the most
important are the sea perch (Lates
calcarifer), called “seabass” in Asia and
“barramundi” in Australia, and the bastard
halibutorJapaneseflounder (Paralichthys
olivaceus).

Despite the rapid growth in the
production of some minor groups of
cultured carnivores(e.g., salmon, groupers,
flatfishes), developmentofecarnivorousfish
production from 1984 to 1990 has been
slow (7% per year). The reason is the
overwhelming dominance of Japan, where
the required volume from one or another
species is limited and market niches get
saturated rather rapidly.

About 60% of the carnivorous fish in
the region are cultured in marine cages
(yellowtail, seabreams, salmons, seabass,
groupers, snappers) and 40% in intensive
ponds (eels, trouts, catfishes). Originally
all these species were fed with so-called
trashfish (by-catch of trawling) or, in
Japan, with low-value marine fish (like
sardines, anchovies, sand lances,
mackerels), Producersin Japan, however,
have shifted to formulated feeds, which

consumed there. High-value
export products play an im-
portant role in the foreign

Table 10. Cultured carnivorous fish by species groups in 1990.
(Source: FAO 1992a).

exchange earning of the

: L Asia-Pacific Rest of World
Southeast Asiancountriesin | Species groups x10°t) (%) (x10%t) (%)
which aquaculture is more

Yellowtails 169.1 381 03 0.0

developed. Eels 961 188 80 11

While in other regions of |. catfishes 704 138 1697 240

the world, salmonid species | Seabreams 3.0 104 51 0.7

and catfish dominate the Salmons 273 5.4 266.1 86.2

production of carnivores, g:%‘;ﬁ g;g 13'2 26‘23'3 33'2
Asia and the Pacific present ’ ’ - .

a different and more diverse | Total 510.3 1000 7084 1000

picture(Table10). Salmonids




are usually given in combination with
fresh or frozen fish (some 10% of the total).
In less developed countries, feeding of
carnivoresis still very much dependent on
by-catch or low-value marine fish, which
is increasingly in short supply. Fishing
communities engaged in marine fish cage
culture, therefore, often resort to capturing
small-sized juveniles of economically
valuable marine fish species in order to
feed their stocks, Formulated feeds are
also dependent on marine protein as they
contain 40 to 70% fish meal. Thus,
carnivorous fish culture is in direct
competition with animal husbandry for
the limited marine protein sources.
Globally about 10% of the total fish meal
production is used in aquaculture feeds
(Pike 1989).

Due to the high stocking densities and
heavy feeding, both cage culture and pond
culture of carnivores are potential sources
of pollution. Hazardous concentrations of
cages/cage farms are seldom controlled by
rules and regulations in the developing
countries of Asia; even if such legislation
exist, its enforcement is problematical.
However, as feeding is based almost
exclusively onfreshfish, themajorproblem
is organic pollution, which can often be
absorbed by the environment, provided
the site selection is properly done.

Polluted effluents from high density
eel or catfish ponds in inland areas are
more problematical as they usually enter
a common water supply network, from
where they may be reused in neighboring
ponds. Unfortunately, in developing
countries of the region, separate drainage
and irrigation networks rarely exist.

Another potential hazard is the
unchecked (and in most cases
unwarranted) use of various drugs,
primarily antibiotics, in intensive pond
culture of carnivores. Unscrupulous
dealers persuade fish farmers to use these
drugs as preventive measures (forinstance
in Clarias catfish ponds against the
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epizootic ulcerative syndrome) with very
dubious benefits but with high risks of
developing more virulent, antibiotic-
resistant strains of pathogens (see Austin,
this vol.).

Crustacean Culture

Asnoted earlier, untill 983 production
of this commodity group did not play a
significant role in Asian aquaculture,
although its share increased from 0.6 to
1.6% of the total volume between 1975 and
1983. Then a spectacular growth started
(Fig. 3). Between 1983 and 1988, the
average annual growth of crustacean
production was 41%, and by 1990
crustaceans reached 4.5% of the total
volume of cultured aquatic organisms in
the region.

Details of erustacean production in
Asia and the Pacific in 1987 are presented
in Table 11. Out of the 0.7 million t global
output, the region produced 81%. Almost
all came from the developing countries of
Asia. Major producers were China,
Indonesia, the Philippines, Taiwan,
Thailand and Vietnam. Marine shrimp
was the dominant species group in the
region, mostly Penaeus and Metapenaeus
spp. Freshwater prawns contributed 5%
to the regional total and crabs, lobsters
and other marine crustaceans provided
the rest. Production of freshwater crayfish,
which is an important species group in the
rest of the world, is insignificant in the
region, despite marked interest in the
culture of Cherax species in Australia.

As crustacean aquaculture in Asia is
dominated by brackishwater and marine
species, it is primarily a coastal activity.
When comparing the development of
crustacean culture in various countries,
the volume of production per kilometer of
coastline is a suitable indicator (Table 12).
In 1987, Taiwan (the leader in shrimp
culture development) produced 56.7 t of
crustaceans per kilometer of its coastline.
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Fig. 8. Growth of cultured crustacean production in Asia and the Pacific. Data aggregated up
to 1983, (Sources: Csavas 1988; FAO 1992a).

Table 11. Crustacean production in Asia and the Pacific in 1990. (Source: FAQ 1992a).

Freshwater Other marine
o crustaceans Shrimps crustaceans Total

Country/region () (t) t 169

Bangladesh - 18,624 - 18,624
China - 186,181 7,833 194,014
India 198 26,000 - 26,198
Indonesia - 94,960 2,410 97,370
Korea, D.P.R. - 11,000 . 11,000
Korea, Rep. of - 312 - 312
Malaysia 137 1,430 3 1,670
Myanmar 3 1 4
Pacific Islands 20 563 - 583
Pakistan - 41 - 41
Philippines - 53,989 1,000 54,989
Singapore - 82 200 282
Sri Lanka - 700 - 700
Taiwan 11,607 18,126 1,358 31,091
Thailand 8,000 89,300 30 97,330
Vietnam 8,000 80,000 - 38,000
Developing countries 27,965 581,309 12,834 572,108
Australia 109 594 - 703
Japan B0 . 3,000 30 3,080
Developed countries 159 8,594 30 3,783
Asia-Pacific total 28,124 534,908 12,864 575,891
Rest of World 37,7117 101,904 74 139,695

‘World total 65,841 636,807 12,938 715,586




Table12. Crustacean production perlength of coastline
in Asia. (Source: FAQ 1992a).

1987 1990
production  production

Countries/regions (tkm?) (tkm™)
Taiwan 56.7 194
Bangladesh 211 26.6
Thailand 135 371
Vietnam 8.8 11.7
China 8.7 10.8
Singapore 3.2 20
India 20 3.6
Philippines 11 1.6
Indonesia 0.7 1.2
Malaysia 0.2 0.5
Developing Asia-Pacific 21 27
Developed Asia-Pacific 01 01
Regional average 1.7 21

By 1990, however, production fell to 19.4
t-km™? in Taiwan, at the same time
Thailand, Bangladesh, Vietnam and China
increased their production to 37.1 t-km?,
26.6 t-km?, 11.7 t.km? and 10.8 t-km?,
respectively. The rest of the major
producers (including India, Indonesia and
the Philippines) remained well below 10
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t-km1. The high production level reached
by Taiwan in 1987 has not proven
sustainable, but the wide gap
between the first five countries/territories
and the rest shows that shrimp production
potentials in the region are still far from
being fully utilized.

Shrimp culture is presently regarded
as the most obdurate destroyer of man-
groves, which are now acknowledged as
highly valuable coastal resources. Beyond
doubt, pond culture not only eradicates
the natural mangrove vegetation, but the
construction of canals and dikes also alter
irreversibly the hydrological characteris-
tics of the areas. Much damage has been
done to mangrove habitats in the major
shrimp producing countries and the de-
struction continues despite major efforts
of the governments involved (Mepham
and Petr 1987). However, the develop-
ment of shrimp culture is not as closely
related to the availability of mangroves as
often perceived. The relationship between
the cultured shrimp production of a coun-
try and its mangrove resources is almost
an inverse one (Fig. 4). One could argue
that shrimp culture has already destroyed

Indonesia 2.2 [

Australia
Malaysia
Myanmar
Papua New Guinea
Bangladesh
India
Vietnam
Pakistan
Philippines
Thailand
China

| j

ol RO 802
AN J
|

186.2

|
25 2 |5

Mangrove areg (1983)
(ha-10%)

1 1 |
50 100 150 200 250

Cultured shrimp (1990}
(t-103)

L
05 O

Fig. 4. Relationship between mangrove resources and cultured shrimp production. (Sources:

Saenger et al. 1983; FAO 1992a).
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the mangrove areas in the major produc-
ing countries, but data presented in the
figure are from different years: mangrove
areas arerepresented by figures published
before the exponential growth of shrimp
culture started (Saenger et al. 1983),
whereas shrimp production data are from
1990.

Mangroves are infact suboptimal sites

for shrimp culture: constructionis difficult

to méchanize and expensive in the tidal
- zone and the soil is very often acidic and
has to be improved at additional cost.
There was only one advantage of selecting
shrimp pond sites within mangrove areas,
namely, the abundance of wild shrimp
seed for trapping/growingoperations. Once
shrimp culture became independent of
trapped wild seed, there was no goodreason
to place the ponds in mangrove areas; the
more $0 because, in more productive semi-
intensive systems, tidal water exchange is
not encugh and pumping has to be
introduced anyway. Moreover, complete
drainage of the ponds and drying of the
pond bottomis also needed and this cannot
be achieved by gravity alone in the tidal
zone,

Disadvantagesof converted mangroves
as shrimp ponds - primarily the
unfavorable experiences gained with acid
sulfate soils - have turned the farmers’
interests furtherinland. Pond construction
costs on drylands are considerably lower
thanin swamplands and 30 to 40% savings
have been reported from Thailand (FAO
1988). Marginal, salt-affected ricelands,
uneconomic sugarcane fields and aged
coconut plantations have been converted
to shrimp ponds in many countries of the
region (e.g., in Thailand, the Philippines,
Indonesia and Malaysia). While this trend
undoubtedlyhelpedto conserveremaining
mangroves, it involved another
environmental hazard, namely the
salinization of coastal subterranean
freshwater aquifers and hitherto

productive neighboring croplands (Phillips
et al., this vol.).

Unfortunately, there are no reliable
regional data on the siting of the new
shrimp farms, but a recent survey
implementedinthe central part of Thailand
provides some valuable information on
this topic. Chaichavalit (1989) reported
that only 32% of the new farms were
located in converted mangroves (including
nipa palm stands) and as much as 21% of
them occupied former coconut plantations
andotherhigher grounds. However, almost
half of the new farms were constructed on
the sites of former extensive trapping/
growing ponds or salt farms, which were
once also mangrove areas. The region had
already in 1981 almost 0.5 million ha of
trapping/growing ponds (called tambaks
inIndonesia), whilethetotal area of shrimp
ponds in 1990 was estimated at about 0.9
million hectares (Rosenberry 1991).

Inthe Philippines, some 310,000 ha of
mangroves were deforested since 1920
(Zamora 1989) but the total shrimp pond
area was only about 200,000 ha in 1989
and a significant part of this occupies
former sugarcane and coconut plantations,
coastal ricefields. In Thailand, about
172,000 ha of mangroves were converted
since 1961 (Chantadisai 1989). However,
the total area under shrimp culture in
1989 was only 90,000 ha, a significant part
of which is located outside the tidal zone.
InIndonesia, about 20% of the mangroves
or 800,000 ha are considered to be suitable
for being converted to shrimp ponds
(Adriawan and Jhamtani 1989), but the
total shrimp pond area in 1989 was only
250,000 ha and Indonesia had already
155,000 ha of tambaks in 1980
(Soenodihardjo and Soerianegara 1989),
most ofthem in use since the 15th century.

Shrimp farmers, after all, are usually
converting mangrove areas already
destroyed by the logging concessions or
pulp-wood, wood-chip or charcoal



industries which have expanded into the
coastal areas since the 1970s. Much of the
mangroves converted to shrimp pondswere
already worthless shrublandsrather than
high value forests, and would have needed
systematic and expensive reforestation to
become productive forests again. However,
because of the entrenched interests of the
logging industry inmany countries of Asia,
the least risky solution is to put the blame
on the end-users of destroyed mangroves,
that is, on shrimp farmers.

The environmental effects of shrimp
culture are discussed in more detail in
Phillips et al. (this vol.).

Mollusc Culture

Althoughseveral countries of East Asia
have traditions in culturing molluses,
aquaculture production of this commodity
group is not as widespread in the region as
that of finfishes or crustaceans. The share
of the Asia-Pacific region in the global
production of cultured molluscs was 55%
in1975and by1990it reached 74%. Several
ofthe major producers of other aquaculture
commodities (e.g., Bangladesh,Indonesia,
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Pakistan and Vietnam) do not report
mollusc culture at all. This list of countries
indicate cultural problems with the
acceptance of molluscs. The growth of
mollusc culturein the region wasrelatively
slow until 1983 after which it accelerated
toover1ll%peryear (Fig. 5). However, the
share of molluscs in the total aquaculture
output of the region has not changed since
1975; in 1990 it was 17% (Table 3).

Details of cultured molluse production
are given in Table 13. Major producers in
1988 in terms of total volume were China,
Japan and the Republic of Korea, followed
by Thailand and Taiwan. The comparison
of countries is again more accurate on the
basis of their production per length of
coastline (Table 14). In 1990, China
produced over 60 t-km? of cultured
molluscs; the next three(Taiwan, Thailand,
the Republic of Korea) between 25and 40
t-.kml. These figures show the dominant
role of cooler waters in the present
production pattern and also the potentials
in tropical countries.

Asin the rest of the world, freshwater
molluscs play only a minor role in the
region, although interest in freshwater
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Fig. 5. Growth of cultured mollusc production in Asia and the Pacific. Data aggregated before
1984. (Sources: Saenger et al. 1983; FAO 1992a).
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Table 13. Cultured mollusc production in Asia and the Pacific in 1990. (Source: FAO 1992a).

Clams, Other
Oysters Mussels cockles molluscs Total

Country t) t) (t) (t) t)

China 82,354 495,895 291,348 252,767 1,122,364
Hong Kong 805 0 0 0 805
India - - - 3,000 3,000
Korea, D.P.R. - - - 55,000 55,000
Korea, Rep. of 219,124 9,759 97,754 698 327,335
Malaysia - 1,682 35,931 61 37,564
Pacific [slands 92 7 - - 99
Philippines 13485 17,616 - - 31,000
Singapare - 1,016 - - 1,015
Taiwan 28,158 - 36,062 1,176 65,391
Thailand 1,400 £6,050 12,000 - 69,450
Developing countries 345,413 581,823 473,095 312,692 1,713,023
Australia 7171 929 . - 8,100
Japan 248,793 - 1,500 192,042 442,355
New Zealand 2100 30,000 - 50 32,150
Developed countries 258,064 30,929 1,600 192,092 482,585
ASia-chiﬁc total 603,477 612,762 474,595 504,784 2,195,608
Rest of World 273,152 469,022 25,093 2,165 769,432
World total 876,629 1,081,774 499,688 506,949 2,965,040

Table 14, Molluse production per length of
coastline in Asia in 1990, (Source: FAQ 1992a).

Molluse
production

Countries/regions (tkm1)
China 62.4
Taiwan 40.9
Thailand 26.5
Korea, Rep. of 24.8
Japan 14.9
Malaysia 11.0
Singapore 7.3
New Zealand 6.0
Korea, D.P.R. 3.0
Hong Kong 1.5
Developing Asia-Pacific 8.0
Developed Asia-Pacific 8.8
Regional average 82

pearl farming is increasing in several
countries. Otherwise, the share of the
major species groups in the region is

distinetly different from the rest of the
world. In other regions mussels dominate;
their share in the total in 1990 was 61%,
and almost all of the rest came from oyster
species (36%). In the Asia-Pacific region,
there are four almost equally important
species groups: oysters (27.5%), mussels
(27.9%), clams, cockles and arkshells
(21.6%), and scallops (15.4%). Another
special feature is the very high proportion
of cultured molluses in the total molluse
production. In 1990, 64% of mollusc
landings (excluding squids, cuttlefishes
and octopuses, the culture of which is not
yet commercialized) came from
aquaculture, while in the rest of the world
this share was 36% (FAO 1992a, 1992h).
In the case of some molluse culture
methods, the line between stock
enhancement and aquaculture is
somewhat blurred. However, the



application of the ownership principle laid
downin the FAO definition of aquaculture
helps to make reasonably accurate
distinctions. Therefore, the results of stock
enhancement efforts, which have reached
huge proportionsinJapan, are not reported
as aquaculture.

Mollusc culture is still almost entirely
dependent on collected seed, although
hatchery technologies are available for
the most important cultured species. The
high fecundity of commercially important
bivalves makes mass collection of spat
feasible in all those areas where breeding
stocks of the required species are not yet
depleted. Thanks to the hardy nature of
juveniles of most species, long distance
transport of seed from good breeding
grounds to depleted ones ig algo feasible.
However, in the case of some species (e.g.,
abalones, scallops), availability of natural
seed is limited. Pioneering mollusc
hatcheries are now in operation in some
countries of the region but seed production
from these hatcheries, although feasible
technically, does not yet seem to befeasible
economically. Governments are focusing
on protecting good seed producing areas
and on monitoring spatfall rather than on
the establishment of hatcheries (FAO
1988).

Availability of suitable culture sites is
becoming a serious constraint in those
countries where molluse culture is well
developed. Most of the suitable sites in the
two Koreas and Japan are already
occupied; even in peninsular Malaysia and
Thailand it is difficult to find new sites for
cockle (Anadara granosa) culture. Overuse
of suitable sites canlead to the deterioration
of the culture environment. Growth rates
of oysters in Japan have been decreasing,
attributed to the self-pollution with the
excreta of the cultured animals themselves.
Similar problems are emerging in the
Republic of Korea, where the government
plans to limit further access to culture
sites (Park 1988). Mollusc culture in both

93

of these countrieshas been declining since
1987/88.

Industrialpollutionresultinginheavy
metal accumulation in cultured mussels,
is not yet a widespread problem in the
developing countries of the region. On the
other hand, bacterial contamination of
cultured molluscs originating from
pollution with domestic sewage is a
widespread public health concern in the
region. Such pollution of marine areas is
much less documented than that of the
freshwaters in the region, although the
situation in Southeast Asia is now under
increasing scrutiny (Ruddle 1981;
Alabaster 1986). Untreated sewage from
the burgeoning coastal population centers
is well known to contaminate otherwise
ideal mollusc culture sites. Moreover, with
therapid development of tourism, hitherto
pristine sites are rapidly becoming polluted
with the untreated wastes of hotels and
beach resorts (Chua and Garces 1992).
Bacterial contamination is often reported
to occuralso as aresult of poor postharvest
handling of molluscs (FAO 1988).
Increasing occurrences of red tides are
further affecting culture sites inthe region
(Maclean, this vol.).

Molluses produced in the Asia-Pacific
region are in general low-priced. Supply
and demand are balanced and in recent
years production has decreased slightly in
Hong Kong, Japan, the Republic of Korea,
Malaysia, the Philippines, Singapore and
Thailand. The demand, however, would
increase if hygienic standards and the
general image of the productin this respect
were improved. Depuration, followed by
certification (already mandatory for some
export markets)isincreasingly recognized
as an important means of boosting
consumption. Protecting production sites
from pollution and improving the hygiene
of postharvest handling seem to be more
viable options for the time being. Export
markets, however, cannot be developed
without the introduction of efficient
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depuration and inspection/certification
methods. InMalaysia, ithasbeen estimated
that depuration would add about 10% to
the production costs and at the same time
shorten somewhat the shelf life of cockles
(FAO 1988).

In order to establish mollusc culture
or to diversify the available commodities,
several introductions of exotic mollusc
species have been made into the region
over thepasttwo decades, especiallyin the
Pacific Islands. This has raised
international concern because of the
danger of introducing new diseases and
parasites. In order to avoid such problems
in the future, introductions are now
controlled much more carefully. Future
proposed transfers will, hopefully, be
subject to international scrutiny under
codes of practice that are gaining wider
acceptance (Turner 1988; Coates 1992).
Thorough appraisal and safe methods for
transfers of molluscs are especially
important for the Pacific Islands, where
the track record of fish and shrimp
aquaculture development is not very
impressive (Uwate 1988). In most of the
island countries, seafood prices are not
high enough to make aquaculture
competitive with capture fisheries.
However, some commodities produced by
cultured mollusecs (e.g., pearl and pearl
shell, trochus shell, green snail shell) are
nonperishable, relatively high priced
products with good market potentials.
Thereis also a considerable interestin the
region in the culture of giant clams, the
technology of which was developed recently
withinternational inputs (see Munro, this
vol.),

Seaweed Culture

Several species of marine macroalgae
(called somewhat misleadingly seaweeds)
havebeen consumed by coastal populations
since ancient timesin Asia, particularlyin
Japan, Korea and China. Cultivation of

the purple laver (Porphyra tenera) started
in Japan as early as the 17th century. As
seaweed consumption and cultivation
remain Asian specialities, aquaculturists
outside the region tend to underestimate
the role and importance of cultured
seaweed production. Aquaculture statistics
are often quoted with the exclusion of
seaweeds, although this commodity group
represented 25% of the total aquaculture
production in the Asia-Pacific region in
1990 (Table 3).

Culture of seaweeds is restricted
geographically even within the Asia-Pacific
region, although during the past decade
several countries outside the traditional
culture areashaveintroduced it: Indonesia,
the Philippines and Vietnam in Asia; Fiji,
Kiribati and the Federated States of
Micronesia in the Pacific. Despite these
achievements, only ten out of the 34
countries/territories of the regionreported
commercial seaweed culture in 1990. The
growth of cultured seaweed production
(Fig. 6) shows surges and recessions, which
indicate marketing rather than
technological constraints. The annual
average growth rate of seaweed culture
between1975 and 1990 was only 4.2%, the
slowest among the major aquaculture
commodities.

Seaweed production data in Asia-
Pacific region for 1990 are presented in
Table15. The major producers were China,
Japan, thetwo Koreas and the Philippines.
The indicator showing the volume of
production per length of coastline (Table
16) demonstrates the intensity of seaweed
culture in relation to the available coastal
resources, China, with 91.7 t-km, shows
an outstanding achievement; the
production of the Republic of Korea and
Japan is also impressive (31.2 and 19.9
t-km?, respectively). The rest of the
countries are below the regional average
of 11.7 tkm™,

Half the regional cultured seaweed
production in 1990 was kelp (Laminaria



4,000

Seaw
s, = eeds m Red seaweeds [:] Brown seaweeds
EZZ=] other seuweeds

3,000

m 2500

Q
= 2000

~ 1,500

1,000

Yaar
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Tablel5. Cultured seaweed production in Asia and the Pacificin1990. (Source: FAQ 1992a).

Browa Red Other
seaweeds seaweeds seawecds Total

Country/region (t) {&) (t) t)

China 1,465,836 52,938 132,336 1,651,110
Indonesia - - 80,000 80,000
Korea, D.P.R. 117,500 2,970 10,000 130,470
Korea, Rep. of 277,417 97,637 36,828 411,882
Pacific Islanda - 550 - 550
Philippines - 201,176 - 2011176
Taiwan - 10,614 1 10,615
Vietnam - 2,000 2,000
Developing countries 1,860,753 457,885 259,165 2,577,803
Japan 172,974 387,245 6,000 566,219
Developed countries 172,974 387,245 6,000 566,219
Asia-Pacific total 2,033,727 845,130 265,165 3,144,022
Rest of World 5,388 38,021 260 43,669
World total 2,039,115 883,151 265,425 3,187,691

spp.). Laminaria is traditionally cultured
in Japan and both Koreas, but it is in
China where kelp culture has developed
into ahuge operation of around 1.5 million
t (wet weight) annually about a third of

whichis not for direct human consumption
but for extraction of alginates and iodine.
Undaria and Porphyra spp. form the
second and third most voluminous groups.

Both

commodities

are

produced
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tion per length of
Table 1G. Seaweed produc per
c:aatline in Asia and the Pacific in 1990.

(Source: FAQ 1992a).

Seaweed
Countries/regions Production
(km)
[
China 9T
Korea, Rep, of 19
Japan 19.0
Philippines 8.4
Korea, D.P.R. 7.1
Taiwan 6.6
Indonesia 1.0
Vietnam 0.6
Developing Asia-Pacific 121
Developed Asia-Pacific 10.3
117

Regional average ;

traditionally for human consumption
(primarily in Japan and the two Koreas)
but, since the middle of the 1980s, their
production has declined with increasing
competition from other users of resources.
The next group consists of Eucheuma
species, cultivated only since the 1970s,
and almost exclusively for extraction of
carrageenans. The well developed seaweed
industry in the Philippines and the
fledgling operationsinIndonesiaand some
Pacific Island countries are based on these
species. Gracilarie species are produced
primarily for agar extraction; the major
producer is Taiwan. Other species (mostly
green algae, like Monostroma, Caulerpa,
Enteromorpha, Ulva) are produced in
smaller quantifies for human consumption.

Seaweed supply in the Asia-Pacific
region is now entirely dependent on
aquaculture. Over the past five years,
more than 90% of the total regional
landings came from culture operations,
compared to less than 5% in the rest of the
world. However, even in Asia, only two
decades ago, most of the supply still came
from the exploitation of natural stocks
which were rapidly and, in many cases

i d culture
jrreversibly, depleted. Seawee
started with simple methods 'to repl‘ace
natural stocks but it is now bel,r’\g_ rapidly
transformed into a “high-tech” industry

with indoor “hatcheries’ . genetic
manipulation of stocks and fertilization of

ZROWOUL 31093 ﬂrm \W\ Chen ok 2

ng(}, guo and Wang 1992). Intensively
farmed coastal areas in China, Japan or
the Koreas are impressive examples of
how humans can open up such a new
frontier. The ecologicalimplications of such
changes, however, have not yet been
addressed.

International demand for phycocolloids
derived from various seaweed species
(agar, alginates and carrageenans) has
grown rapidly and has led to the rapid
depletion of natural seaweed stocks.
Culturing seaweed was promoted by the
processing industry itself. One of the most
sought after species was Laminaria, which
isthe raw material for alginate extraction.
This seaweed was already cultivated for
direct human consumption, and its
production was easily expanded to supply
the industrial demand. Presently there
seems to be an oversupply of Laminaria,
with production decreasing slightly since
1985, especially in China, the major
producerintheregion. Chinahasdeveloped
its own alginate extracting industry, but
about 70% of the global alginate production
is in the hands of two companies, one in
the UK and one in the USA. Norway,
Japan and France are also well known
producers (Santos et al. 1988).

Carrageenans were previously
manufactured from Chondrus and
Gigartina species. However, as natural
stocks of these seaweeds became rapidly
depleted, the processing industry turned
to alternative species. It is now estimated
that nearly half of the world supply of
these phycocolloids comesfrom Eucheuma
species, cultured primarily in the
Philippines. The carrageenan industry,
which is closely linked to the food and pet



food processing industry, is dominated by
gix major manufacturers in the USA,
Denmark and France, together with some
smaller ones in Japan, Portugal, Spain
and the Republic of Korea. The Philippines
also commenced producing semi-refined
carrageenan (Santos et al. 1988).
Production potentials of Eucheuma species
are immense In the tropical areas of Asia-
Pacific region. Moreover, culturing this
seaweed hasproven socially and culturally
acceptable to both the Southeast Asian
fishing communities and to the inhabitants
of the Pacific island countries. This was
reflected in the rapid establishment of
Eucheuma culture in the Philippines,
Indonesia, Fiji and Kiribati.
Unfortunately, the market demand for
carrageenan has a moderate growth rate
(not more than about 5% per year), and
this has resulted in an oversupplied,
buyers’ market for the raw material.
Spectacular increases in the culture of
Eucheuma species are therefore unlikely.

Furthest from saturation is the global
market for agar-agar, although this gel
has been used in Japan since the 17th
century (McHugh 1987). Originally agar
wasmanufactured from Gelidium species,
but after the depletion of natural stocks in
Japan, Korea and China, the attention
turned towards Gracilaria species found
alsoin tropical seas of southern China, the
Philippines, Indonesia, India, Sri Lanka,
Thailand and Vietnam. While significant
amounts of cultured Gelidium have yet to
be produced, a successful pond culture
method of Gracilaria was developed in
Taiwan (Trono 1987), Vietnam and
Thailand have launched promising
programs in order to develop Gracilaria
culture, together with the establishment
of domestic agar extraction industries, As
processing technology of agar-bearing
seaweeds is not yet monopolized by a few
companies, joint development of Gracilaria
culture and processing seems to be a
seaweed-related development with
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potentially wide social benefits for
producers.

Seaweeds, being autotrophie, are able
to synthetize high-energy organic
compounds from low-energy inorganic
ones. This makes them less problematical
from an ecological/environmental point of
view. Seaweeds are capable of removing
significant amounts of nutrients from
overloaded waterbodies and may be used
very efficiently in complex integrated
systems. Gracilaria is cultured in
southwestern Taiwan in semi-intensive
ponds stocked with shrimp and/or
mangrove crabs (Trono1987). Experiments
inshrimp ponds are underwayin Thailand.
Also in Thailand, agar-bearing seaweeds
areharvested from marine fish cages where
they grow exceptionally well because of
the nutrient-rich environment
(Chandrkrachang and Chinadit 1988). In
Korea, a multilevel polyculture is being
developed to produce kelp, abalone and
flounders (B.H. Park, pers. comm.).

Future Perspectives

Giving serious consideration to
environmental issues related to
aquaculture is a rather new phenomenon
in the general development process in the
Asia-Pacificregion, The current awareness
of aquaculturists in this respect, however,
exceedsthat of their counterparts working
in terrestrial food production sectors, due
to the strong dependence of the cultured
aquatic species on a healthy aquatic
environment. Re-reading the report of the
1976 FAO Technical Conference on
Aquaculture held in Kyoto, Japan (FAO
1976a) is an instructive exercise, because
participants of this historic meeting had
alreadyraised allthe major environmental

concerns raised by agquaculture
development.

An aquaculture planning workshop
organized by the Aquaculture



98

Development Coordination Programme of
FAQ in Bangkok in1975 (FAQ 1976b) set
a target of 3 million t of aquaculture
production by 1985 for ten Asian countries,
excluding China. However, actual
production in 1985 was only 53% of the
targeted amountin the selected countries.

Onlytwo countries out ofthe ten(Indonesia -

and Malaysia) reached their target within
the deadline, two more (Bangladesh and
Singapore) by 1987, By 1990, two more
countries (Nepal and Thailand) reached
thetargeted outputs, but Hong Kong, India,
the Philippines and Sri Lanka are not
likely to realize their ambitious plans in
the near future.

The reasons why the overly optimistic
expectations of the 1970s did not come
true were not simply technical or economic
or environmental. The projected average
annual growth rate was 11%, not
unattainable in the growth phase of
production, as demonstrated earlier. The
main problem was that some production
techniques and/or choice of species were
not socially or culturally acceptable or
feasiblein all of the countries of the region.
The marketability of certain produce
proved to be also much more limited than
expected, because thelocal markets(which
are the destination of most of the
aquaculture products in Asia) are rather
conservative. Nutritional traditions are
deeply embedded, especially in the rural
communities of the Asia-Pacific region. A
nontraditional commodity, however cheap
and valuable nutritionally, may not be
marketable in significant amounts.

On the other hand, the demonstrated
trendsinaquaculture developmentclearly
indicate that productionis goingtoincrease
steadily (although probably with a
decelerating pace) all over the region in
the forthcoming decade. In the developed
countries of the region, further
development will most likely continue to
be driven by the expansion of culturing
high-value species. Developing countries

are not expected to increase sigmficantly
their share of export-oriented aquaculture
production of crustaceans and high-value
fish species, although their volume may
continue to increase. The proportion of
specieslowerin the food chain for domestic
consumption is much more likely to
increase. The steadyincreaseinintensities
witnessed over the past decade is also
expected to continue.

When analyzing the potentials of
aquaculture development at the World
Conference on Aquaculture held in 1986
in Venice, Italy, Kinne remarked: “The
production of food for some 8 billion people
i3 a nightmare for an ecologist” (Kinne
1986). This global figure would mean an
average population density of 5.4 persons
per hectare of arable land. Asia, however,
had to feed 6.1 persons from every hectare
of its arable land already in 1987 and,
according to present predictions, this
indicator will reach 7.6 persons per hectare
by the year 2000. Asians have had to learn
to cope with the nightmare of feeding 55%
of the world’s population on 30% of the
arable land of the globe.

Considering the relatively low growth
rates of food production through the
cultivation of terrestrial crops and-also the
fact that inland and marine capture
fisheries are not expected to grow
significantly during the forthcoming
decade, continuing growth of both inland
and coastal aquaculture production will
beinstrumental inkeeping the nutritional
standards of the Asian population
improving. Luckily, present trends
indicate thattotal aquaculture production
in the region may reach as much as 20
million t by they year 2000, even if growth
rates decelerate to some 3% per year by
the end of the century.

Entrepreneurs of the private sector,
producing cash-crops in profit-oriented
aquaculture systems, willhave amarginal
role in Asia in the enormous task of
producing enough cheap food for the



common people, although their role in the
technical development of certain
production techniques, in the
establishment of marketing structures,
processing facilities, ete., will remain
essential. However, combating hunger
cannot be the primary responsibility of the
entrepreneur, as Kinne (1986) pointed out.
This daunting task cannot be resolved by
the public sector either, although
government support for research,
extension, demonstrations and training is
indispensable in this respect. Only the
hundreds of millions of small farmers/
fishers in Asia can cope with the mass
production of cheap fish and seafood
required by the poorer segments of the
population.

Luckily, what may not be profitable
enough for the entrepreneur, may turn
out an attractive cash crop for the small
farmer/fisher. Producing  cheap
planktonivorous/herbivorousfish, molluses
or seaweeds in a commercial enterprise is
quite different from producing the same
commodities within the framework of a
well balanced, complex farming system
with hitherto underutilized family labor.
This type of smallholder aquaculture should
not be mistaken for subsistence farming.
Those familiar with Asian aguaculture
know well thatonly themost entrepreneurial
small farmers embark on aquaculture and
the successful ones sell a substantial part
of their product instead of consumingit. In
fact, these farmers must know very well
theabsorption capacity of theirlocal markets
and adapt to it both with the produced
volume and the cultured species.

Increasing substantially the amount
of aquatic products low in the food chain is
getting more and more difficult by
expanding the area of production, because
of the increasing population pressure and
the stiffening inter- and intra-sectoral
competition for land and water. Options
forincreasing the yields of photosynthesis-
dependent systems without additional
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external inputs are also limited, even in
the tropics. However, integrated systems,
based on recycling wastes of other food
production branches (which may include
intensive fish or shrimp culture) and/or
domestic and communal wastes, offer
efficient and environmentally acceptable
solutions for boosting productivity of
smallholder aquaculture. Such systems
aretraditionalin China and othercountries
of the region (e.g., India, Indonesia,
Thailand and Vietnam), but there is a
need toimprove their efficiency and safety.
This cannot be achieved without the
support of the public sector for research,
development and extension of these
systems.

One of the major problems of the
expanding aquaculture production, which
caused most of the negative environmental
impacts in the developing countries of the
region, is the basically unplanned and
unregulated nature of the development
process. In view of the increasing
competition for suitable sites and water
resources bothininland and coastal areas,
future development of Asian aquaculture
will depend on its inclusion in watershed
management, irrigation and coastal zone
management plans. Another constraint is
that while in Japan, Australia and New
Zealand both the establishment and the
operation of aquaculture ventures are
strictly regulated and the regulations
enforced, usually thisisnot the case in the
developing countries, at least not until
environmental problems emerge.
Methodologies of aquaculture planning,
guidelines for site selection and models for
rules and regulations are much more
neededinthe present phase of development
in most of these countries than further
technology transfer projects of the
traditional type. These would help to keep
the negative environmental impacts of
aquaculture development at a reasonable
level.



100

References

Alabaster, J.S. 1986. Review of the state of water
pollution affecting inland fisheries in Southeast
Asia, FAQ Fish. Tech. Pap. 260, 25 p.

Adriawan, E. and J. Jhamtani. 1989. Mangrove forest
destruction in Indonesia and its impact on
community system, p. 215-223. In I. Soerianegara
et al, (eds.) Symposium on Mangrove
Management: Its Ecological and Economic
Considerationsg, 9-11 August 1988, Bogor,
Indonesia. BIOTROP Spec. Publ. 37. SEAMEO-
BIOTROP, Bogor.

Anon. 1990. Report highlights pollution problem in
Hong Kong. Fish Farmer November/December
1990: 23.

Bailey, C. 1988. The social consequences of tropical
shrimp mariculture development. Ocean
Shoreline Manage. 11(1): 31-44.

Bailey, C. and M. Skladany.1988, The political economy
of aquaculture development in the third world.
Paper presented at the Seventh World Congress
for Rural Sociology, 26 June 1988, Bologna, Italy.
13 p.

Chaichavalit, 5.1989. An economic analysis of intensive
giant tiger prawn culture: a case study of Samut
Songkram. Thammasart University, Bangkok.
92 p. MLE. thesis.

Chandrkrachang, 8. and U. Chinadit. 1988. Seaweed
production and processing - a new approach.
INFOFISH Intl. 4/88: 22-25.

Chantadisai, T. 1989. Environmental impact of
aquaculture on mangrove ecosystem, p. 21 5-223.
In 1. Soerianegara et al. (eds.) Symposium on
Mangrove Management: Its Ecological and
Economic considerations, 9-11 August 1988,
Bogor, Indonesia. BIOTROP Spec. Publ. 37.
SEAMEOQ-BIOTROP, Bogor.

Chen, C.M,, I. McCracken and M.A. Ragan. 1990.
Biotechnology potential for hoshi-nori production.
World Aquaculture 21(3): 106-107.

Cholik, F.1988, Review of the status of aquaculture in
Indonesia. Paper presented at the Seventh
Session of the IPFC Working Party of Experts on
Agquaculture, 1-6 August 1988, Bangkok. 36 p.

Chua, T.E. and L.R. Garces, Editors. 1992. Waste
management in the coastal areas of the ASEAN
region, ICLARM Conf. Proc. 33, 218 p.

Coates, D, 1892. Implementation of the EIFAC/ICES
codes of practice: experiences with the evaluation
of international transfers into the Sepik River
bagin, Papua New Guinea. Paper presented at
the World Fisheries Congress, 3-8 May, Athens.
26 p.

Csavas, 1. 1988. Problems of inland fisheries and
aquaculture, p. 137-180, In Fishing industry in
Asia and the Pacific. Asian Productivity
Organization, Tokyo.

Csavas, 1.1990. Shrimp aquaculture developments in

Asia, p. 207-222, In M.B. New, H. de Saram and
T.Singh (eds.) Technical and economic aspects of
shrimp farming. Proceedings ofthe AQUATECH
"30 Conference,11-14 June 1990, Kuala Lumpur,
Malaysia.

Davy, F.B, 1991. Mariculture research and
development in Japan - an evolutionary review.
IDRC-MR298e, 97 p. International Development
Research Centre, Ottawa,

De Silva, 8.8., Editor. Exotic aquatic organisms in
Asia. Asian Fish. Soc, Spec, Publ. 3,154 p, Asian
Fisheries Society, Manila,

FAQ.1976a. Report of the FAO Technical Conference
on Aquaculture, 26 May-2 June 1976, Kyoto.
FAO Fish. Rep. 188, 47 p.

FAQ.1976b. Aquaculture planning in Asia - Report of
the Regional Workshop on Aquaculture Planning
in Asia, 1-17 Qctober 1975, Bangkok. Rep.
Aquacult. Dev. Coord. Programme 2, 154 p.

FAQ. 1984, A study of methodologies for forecasting
aquaculture development, FAO Figh. Tech. Pap.
248, 47 p.

FAO. 1988, Report of the Seventh Session of the Indo
Pacific Fishery Commission (IPFC) Working
Party of Experts on Aquaculture, 1-6 August
1988, Bangkok. FAO Fish. Rep. 411, 37 p.

FA0.1992a, Aquaculture production(1984-1990). FAO
Fish. Circ. 815. Rev. 4, 206 p.

FAQ.1992b. FAQyearbook - fishery statistics - catches
and landings, 1990. Vol. 70, 646 p.

Hannig, W. 1988, Innovation and tenant survival:
brackishwater pond culture in Java. Naga,
ICLARM Q. 11(2): 5-6.

Kinne, 0. 1986. Realism in aquaculture - the view of
an ecologist, p. 11-24, In M. Bilio, H. Rosenthal
and C.J. Sindermann (eds.) Realism in
aquaculture: achievements, constraints,
perspectives. European Aquaculture Society, 21-
25 September 1981, Italy.

McHugh, D.J. 1987, Production and utilization of
products from commercial seaweeds. FAO Fish.
Tech. Pap. 288,189 p.

Mepham, RH. and T. Petr, Editors. 1887. Papers
contributed to the Workshop on Strategies for
the Management of Fisheries and Aquaculture
in Mangrove Ecosystems and Country Status
reports on inland fisheries presented at the Third
Session of the Indo-Pacific Fishery Commission
Working Party of Experts on Inland Fisheries,
23-25 June 198G, Bangkok. FAO Fish. Rep. 370
(Suppl.), 248 p.

Park, B.H. 1988. Review of the status of aquaculture
in the RepublicofKorea. Working Party of Experts
on Aquaculture,1-6 August 1988, Bangkok. 28 p.

Pike, I.LH. 1989. Global use of fish meal and
developmentsleadingtochangesin fotureuse, p-
10-22. In Proceedings of the Z29th Annual
Conference of the International Association of
FishMeal Manufacturers, 21-24 November1989,
Hong Kong.



Pullin, R.S.V. 1981. Fish pens of Laguna de Bay,
Philippines. ICLARM Newsl. 4(4): 11-13.

Rosenberry, B., Editor. 1991. World shrimp farming
1991. Aquaculture Digest, San Diego, California.
45 p.

Ruddle, K. 1981. Pollution in the marine coastal
environment af ASEAN countries, p.136-176./n
L.S. Chia and C. MacAndrews (eds.) Southeast
Asian seas - frontiers for development. McGraw
Hill, Singapore.

Saenger, P., E.J. Hegerl and J.D.S. Davie, Editors.
1983. Global status of mangrove ecosystems.
TUCN Comm. on Ecol. Pap. 3, 88 p.

Santos, C.A.L.D., G.L. Roessink, P.N.R. Rajadurai,
C.T.TaylorandI. Kano.1988. Seaweed processing
and marketing in Asia/Pacific. Paper presented
at the Seventh Session of the IPFC Working
Party of Experts on Aquaculture, 1-6 August
1988, Bangkok. 82 p.

Soenodibardjo, 8. and I. Soerianegara. 1989. The
status of mangrove forests in Indonesia, p. 215-
223.In1.80crianegara et al. (eds.) Symposiumon
Mangrove Management; Its Ecological and
Economic considerations, 9-11 August 1988,
Bogor. BIOTROP Spec. Publ. No. 37, SEAMEO-
BIOTROP, Bogor.

101

Suo, R. and Q. Wang. 1992. Laminaria culture in
China. INFOFISH Intl. 1/92: 40-43.

Trono, G.C. Jr. 1987. Seaweed culture in the Asia-
Pacificregion. RAPA Publ.1987/8, 41 p. Regional
Office for Asia and the Pacific, Bangkok.

Turner, G.E., Editor, 1988. Codes of practice and
manual of procedures for consideration of
introductions and transfers of marine and
freshwater organisms. FAO, EIFAC/CECPI
Occas. Pap. 23, 44 p.

Uwate, K.R.1988, Viable aquaculture technologies in
the Pacific islands region. IPFC WPA/WP 18, 28
p. Working Paper of the Seventh Session of the
IPFC Working Party of Experts on Aquaculture,
1-6 August 1988, Bangkok.

Zamora, P.M, 1989, Philippine mangroves: their
depletion, conversion and decreasing
productivity. Wallaceana 58: 1-5.

Discussion

BILIO: We should discuss further the interpretation
of these statistics and the question of definitions,
especially for coastal aquaculture, when time permits.
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Abstract

The initial development of salmonid farming in Europe and North America took place in
sheltered embayments with little regard for environmental consequences. These trendsin development,
copied in other countries, have raised similar concerns regarding environmental impact. Ecological
effects such as enrichment of the seabed ecosystem, nutrient enrichment of the water column (and
potentially eutrophication) and the effects of chemicals have implications forlong-term development.
Other potential effects such as genetic interaction and disturbance of wildlife communities may
conflict with nature conservation. Social and economic impacts generally relate to competition for
space with other activities such as recreation, tourism and traditional fishing. The complex nature of
the potential environmental impact which requires integrated planning, combining considerations of
ecological, social and economic {actors, has been recognized and employed to resolve conflicts. It is
suggested that proactive coastal zone planning with the careful selection of appropriate locations may
assist in the sustainable development of coastal aquaculture in developing countries and avoid many
of the problems experienced in Europe and North America,

Introduction production attained in a number of

countries are presented in Table 1. In

In northern Europe and North somecountries the increase in production
America, the expansion of coastal marine has been dramatic. In Canada (Atlantic
aquaculture has been predominantly *Present address: AquaticSciences Research Division,

through intFnSive floating cage production Department of Agriculture for Northern Ireland,
of salmonids. Data on the levels of Newforge Lane, Belfast, BT9 5PX.
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Table 1, Marine cage salmonid production (in tonnes) in Canada, Norway, Scotland and Ireland (Source
of material, country reports contained in reports ofthe ICES Working Group on the Environmental Impact

of Mariculture)
Country
Canada Norway Scotland Ireland
Pacific Atlantic
Year (Salmon/trout) (Salmon) (Salmon/trout)  (Salmon/trout)  (Salmon/trout)
1982 273 12,906
1983 128 14,954
1984 107 22,287
1985 120 25,936 7,000
1986 397 33,833 1,216
1987 (900) 49,740 15,928 2,652
1988 5,825 3,542 89,875 18,660 5,200
1989 12,083 4,750 119,278 29,039 6,400
1990 161,675 82,350 6,271
1991 16,500 9414 160,655 40,6938 8,690

and Pacific coasts) for example, production
increased by 263% and 283%, respectively,
during the period 1988 to1991. In Norway
salmonid production has increased from
an annual production of 12,906 to 160,655
tonnes (representing an average increase
of 138% per year) during the period 1982
to1991. This expansion, often without any
apparent control, hasbrought aquaculture
into conflict with other users of aquatic
resources, particularly with government
and nongovernmental organizations
promoting nature conservation.Itisknown
that substantial amounts of waste are
produced from intensive fish farming. For
example, from Gowen and Bradbury (1987)
it can be estimated that approximately 32
kg of soluble nitrogen and 300 kg of
particulate carbon waste are generated
per tonne of fish produced. The potential
for large amounts of waste to be generated
together with increased human activity
associated with fish farming has often
been cited as the reason why aquaculture
development is not in accord with the
requirements for coastal nature
conservation.

It is clear that in some cases the ways
in which theindustry began and expanded,
have compounded environmental change

associated with intensive fish farming. In
some locations, ecological change has had
a negative effect on farm production and
forced the fish farmer to move to an
alternative site. In addition, the rapid
development of cage farming in sheltered
coastal waters has brought the industry
into conflict with other activities such as
tourism and recreation. Inthispaper some
of the environmentalissues associated with
intensive fish farm development are
reviewed. Solutions are suggested which
may be of value in managing the
environmental impact associated with the
development of coastal aquaculture in
developing countries,

The Development and Expansion of
Intensive Cage Culture

During the initial development phase
of intensive fish farming in Norway and
Scotland, individual productionunits were
generally small, with an annual production
in the order of 50 to 100 tonnes.
Furthermore, at this time the primary
requirements for a site were: sufficient
water depth to accommodate cage netting;
shelter from potential storm damage,
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because cages were generally small (5 m?)
and of wood construction; and proximity to
supporting infrastructure such as roads
and distribution networks. In many cases
therefore, farms were located in sheltered
embayments, often at the head of fjords
and sea-lochs.

Improvements in technology,
especially cage design and construction,
for example robust15 m?aluminium cages
with 8 m deep nets allowed expansion into
more open sites, The early success of the
industry was built upon by developing
new sites although as the availability of
new sites declined existing sites were
expanded. Thus, in many cases the original
production of 50 to 100 tonnes per year
was increased four or five fold with some
sites producing three to four hundred
tonnes per year,

The development of farming in coastal
waters of southern Europe and North
America has generally followed
development in northern Europe. Rather
than an initial start-up period with small
production units, the tendency has been
for the establishment of large production
units, but following the European example
of often being located in sheltered coastal
waters. This has created environmental
issues similar to those experienced by the
cagefarmingindustryinnorthern Europe.

The Physical Environment of
Embayments Used for Cage Culture

In a number of European countries
the initial development of fish farming
took place in coastal embayments. While
these embayments provide suitable
locations for cage farming in terms of the
proximity of deep water to the shore and
shelter, they have a number of distinct
physical features which can compound the
ecological effects of the waste released
from cage farms.

A common feature of many of the

embayments used for cage farming is a
restricted entrance. Such restrictions,
which are narrow or shallow or both,
restrict the exchange of water between the
embayment and more open coastal waters.
In addition, shallow entrance sills prevent
thepenetration of seawater at depth; thus,
deep water within the embayment may
become isolated for a period of time which
in some fjords can be in the order of years
(Lazier 1963; Gade and Edwards 1980).

Ingeneral, water currents are weaker
inshore and since currents are due in part
to wind, may be considerably reduced in
sheltered inshore locations. For example,
Gowen et al. (1988) found that at anumber
of fish farm sites in Scottish sea-lochs
there was little evidence of a tidal
componentto water movement and that at
such sites the maximum current speed
was in the order of 0.16 m-s'. Further
offshore and outside these embayments,
tidal currents might be expected to be
higher, and for the Scottish west coast, are
in the order of 1 m-s?. In addition, it has
been shown that for some coastal regions
there is often a residual flow of water. On
the west coast of Scotland and Norway for
example, thereisa northerlyflow of coastal
water. Suchflow of water might be expected
to aid the transport and dilution of fish
farm waste.

Many coastal embaymentshaverivers
which discharge into them. Within such
embayments there is generally an
estuarine circulation with a net seaward
flow of surface brackishwater and a
compensating landward flow at depth.
Estuarine circulation may aid dispersal of
waste from the immediate vicinity of the
farm, but there is also the potential for
recirculation of embayment water. This is
particularly the case when tidal energy
causes mixing at entrance shallows or at
narrows. Gowen et al. (1983) estimated
that approximately 50% of the water
leaving Loch Ardbhair (a small sea-lochon
the west coast of Scotland) during the ebb



returned during the flood tide. Such
recirculation can increase the residence
time of water within the basin and thishas
implications for the dilution of soluble
waste from fish farms and the response of
the embayment ecosystem to the waste.

An understanding of the physical
characteristics of the coastal region in
which development is likely to take place
is critical for gauging the likelihood of the
accumulation or dispersal of waste from
intensive cage farming. In recognition of
this some workers (Weston 1986;
Hakanson et al. 1988; Lumb 1989) have
formulated simple principles, based on
coastal topography and bathymetric
features, for characterizing coastal areas
in terms of the potential for waste to
accumulate.

Ecological Change Associated with
Waste from Inteusive
Cage Culture

Inrecentyearsaconsiderable amount
of research has been conducted into the
effects of fish farm waste on the coastal
marine ecosystem (see reviews by
Rosenthal et al. 1988 and Gowen et al.
1990). In this paper, the intention is to
present a brief overview of some of the
main findings of these studies.

Fish farm waste can bring about
enrichment of the coastal marine
ecosystem through the release of soluble
dissolved nutrients and particulate organic
waste. There have been a number of
attempts to quantify the output of waste
from marine salmonid farms (Ervik et al.
1985; Gowen et al. 1988; Hall et al. 1990;
Ackefors and Enell 1990; Holby and Hall
1991: Makinen 1991). From these studies
a reasonable estimate of the type
(particulate or soluble) and quantities of
waste released can be derived and used to
estimate the loading (amount per unit
volume) to the recipient waterbody.
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It is important to realize that data
from the studies quoted above are derived
from salmonid cage culture in north
temperate coastal waters and as such might
not be appropriate for cage culture of
warmwater fish, For example, the amount
of food wasted has an important bearing
onthe severity of sedimentary enrichment
beneath the farm, Giventheimprovements
in feed composition and digestibility and
husbandry practice which are reflected in
improved food conversion ratios (in excess
of 2,0:1 some six to eight years ago to
current ratios of about 1.8:1) the early
estimates of dry feed wastage of 20%
(Beveridge 1984) are probably too high
and a value of 12% might be considered
more realistic, With respect to some
warmwater fish, however, food conversion
ratios in the order of 3.0:1 or higher have
beenreported. Clearly, adopting a value of
12%for food wastagein such circumstances
would be inappropriate.

Enrichment of the Seabed
Ecosystem

Enrichment of the seabed ecosystem
resulting from the deposition of particulate
organic waste released from fish farms
has been studied by workers in a number
of countries: Brownetal.(1987)in Scotland;
Ritz et al. (1989) in Australia (Tasmania);
Weston (1990) in the USA (Washington
State). The results show that the changes
which take place are similar to and
consistent with other forms of organic
enrichment suchas wood pulp and domestic
sewage sludge (Pearson and Rosenberg
1978).

The succession from undisturbed to
enriched sediment and the final
equilibrium conditions that result are
dependent on the quantity of material
deposited. Thelatteris,inturn, dependent
onthe size of the farm, husbandry practice
and the topographic and hydrographic
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characteristics of the site. The
accumulation of particulate waste causes
an increase in the oxygen demand by the
sediment ecosystem, probably due to
increased chemical oxygen demand and
microbial activity. Increased oxygen
demand has been measured in the vicinity
of freshwater cage farms and in earthen
marine ponds. With respect to the former,
Enell and Léf (1983) measured a rate of
between 34 and 41 mmol.0,-m*-day? and
Blackburn et al. (1988) measured an
oxygen consumption rate of between 42
and 60 mmol-m?day? in earthen ponds.
Similar rates have been measured in
sediments beneath salmon cage farms in
Norway (A. Ervik, pers. comm.).

Enhanced consumption of oxygen by
the sediment can result in depletion of
oxygeninthe water overlying the sediment
(Tsutsumiand Kikuchi 1983; Gowen et al.
1988). Inboth studies, however, the periods
of oxygen depletion were short, only lasting
for a few months during the summer. In
general, intensive cage culture of fish is
unlikely to cause widespread
deoxygenation of bottom water in coastal
waters of northern Europe and North
America. The exceptions to this are some
low energy coastal marine environments,
particularly in those coastal embayments
in which bottom water remains trapped
for a period in excess of several months
and in which natural deoxygenation is
likelytotakeplace (see, for example, Lazier
1963).

At those locations where particulate
waste accumulates on the seabed, the
amount of oxygen within the sediment
declines (and may fall to zero) due to an
imbalance between the supply and
consumption of oxygen. As a result, the
balance between oxidation and reduction
processes changes and the latter become
the dominant pathway for the turnover of
organic material. Of these, sulfate
reductionislikely tobe the mostimportant,
at least initially, but since gas bubbles

released from enriched sediments beneath
fish farms contain methane in addition to
hydrogen sulfide (Samuelsen et al. 1988),
it seems probable that methanogenic
bacteria also play an importantrole in the
decomposition of particulate waste.

Bacterial activity within enriched
sediments beneath fish farms can be
sufficiently high to cause outgassing from
the sediment (Braaten et al. 1983). The
many anecdotal observations of the smell
of hydrogen sulfide in sediment samples
collected from beneath fish farms and the
presence ofhydrogen sulfideingas bubbles
leaving the sediment surface has been
confirmed (Samuelsen et al. 1988). Since
hydrogen sulfide is toxic to fish there has
been considerable debate regarding the
potential for ‘self pollution’ and ‘souring of
sites’ tolimit the production potential. Itis
clear that problems have arisen in some
locations and fish farmers have been forced
to abandon their sites.

Braatenetal. (1983) attributed damage
to the gills of farmed fish to hydrogen
sulfide released from the sediment and a
similar effect was suggested by Rosenthal
and Rangeley (1989). In addition, it is
known that continual use of some gites for
four or five years or more has caused a
deterioration in fish health and a decline
in productivity (Gowen, unpubl. data). At
those shallow water sites where there is a
substantial accumulation of waste, with
increased particulateloading in the water,
short-term reduction in dissolved oxygen
in bottom water and vigorous outgassing,
it would be easy to link such changes with
a deterioration in fish health and reduced
production. However, the relationship
between the enrichment of sediments
(particularly hydrogen sulfide release) and
fishhealth remainsunclear. Furthermore,
experience in British Columbiahas shown
that the production potential has declined
at some locations where the water depthis
300m(E.A. Black, pers. comm.), indicating
that perhaps benthic enrichment is only



one of a number of potentially negative
interactions between intensive cage
culture and the coastal marine ecosystem.

The accumulationof particulate waste
together with changes in the physical
structure of the sediment, reduced levels
of oxygen and the presence of hydrogen
sulfide, resultinsignificant changesinthe
ecology and community structure of the
benthic macrofauna. In extreme cases the
macrofauna disappear altogether and in
many situations thereis a reductionin the
biomass, abundance and species
composition, with only afew ‘opportunistic’
species persisting, Most studies have
shown that the effects of enrichment are
limited to the immediate vicinity of the
farm. In Scotland, for example, Gowen et
al. (1988) found that the effects of
enrichment could not be detected beyond a
distance of 30 to 40 m from farms. The
work of Weston (1990), however, has shown
that in sorne locations more subtle effects
of enrichment can be detected at distances
of up to 100 m from the cages.

Enrichment of the
Water Column

The introduction of anthropogenic
nutrients into coastal waters can cause
hypernutrification (a substantial and
measurable increase in the concentration
of a nutrient). In turn, this could result in
eutrophication, that is, an increase in the
biological productivity of a water body (see
Jaworski 1979 and references cited
therein). The most likely first step in the
eutrophication process is an increase in
phytoplankton production and biomass
(Barlow et al. 1963; Caperon et al. 1971;
Eppley et al. 1972). In addition to this
direct effect on phytoplankton growth,
more subtle changes may occur in the
succession of phytoplankton species. For
example, where the growth of diatoms is
limited by the availability of silicate, other
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species such as dinoflagellates which do
not require silicate may dominate the
phytoplankton (Officer and Ryther 1980).

The increase in phytoplankton
production can have undesirable
consequences. In the Baltic, enhanced
phytoplankton growth has contributed to
deoxygenation of deep Baltic water;
enrichment of the benthos (Baden et al.
1990); and changes in natural fisheries
(Hansson and Rudstam 1990).
Hypernutrification has been linked to an
increase in the frequency of algal blooms
in some coastal waters (for example, Lam
and Ho 1989; Maclean, this vol.) and also
an increase in the occurrence of blooms of
species which are toxic to other marine
organisms (and indirectly humans and
other animals which may feed on such
organisms) Lam et al. (1989).

The recognition that intensive cage
culture of salmonids generates substantial
quantities of dissolved nutrients together
with the rapid expansion of this industry
in oligotrophic coastal waters of countries
like Scotland and Norwayhasbeenviewed
with concern by some government and
nongovernmental organizations (Anon.
1988; NCC 1989). Simple assessments of
the potential for large-scale
hypernutrification can be made (Gowen
and Ezzi 1992) and suggest that this is
unlikely at the current level of farming in
coastal waters of most countries.
Nevertheless, localized increases in the
concentration ofammoniain the immediate
vicinity of cage farms have been observed
by many researchers, and nutrient
enrichment of individual embayments
could occur. Gowen and Ezzi (1992) found
clear evidence of a fish farm having
increased the nutrient status of a Scottish
sea-loch basin and found that changes in
the concentration of ammonia were related
to the activity of the fish farm, During the
operation of the farm, ammonia
concentrations were significantly higher
(statistically) than concentrations in
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neighboring west coast sea-lochs but after
the farm had ceased operation the
differences were no longer apparent.
There is anecdotal evidence from
Norway (K. Tangen, pers. comm.) of an
increase in phytoplankton productionasa
result of fish farming activity. Persson
(1991) suggeststhatthereisclearevidence
of eutrophication resulting from fish
farming in coastal waters of Finland. In
the latter case, however, the measured
increase in phytoplankton biomass may
have been the result of accumulation due
to the ponding of near surface inshore
water, rather than an increase in growth
stimulated by fish farm waste (T. Midkinen,
pers. comm.). Gowen and Ezzi (1992) were
unable to measure any changes in
phytoplankton production or biomass in
relation to the nutrient enrichment they
observed and this raises an important
point: anthropogenic nutrients, including
fish farm waste, will only stimulate
phytoplankton growth if growthis limited
by the availability of nutrients. In those
coastal regions where phytoplankton
growth is limited by light or the
accumulation of biomass is restricted by
dilution, eutrophication is unlikely.

Use of Chemicals in Intensive Cage
Culture

Various therapeutants are used in
intensive cage culture to control disease
and other chemicals are used to control
external parasites such as sea lice.
Concerns over the use of these chemicals
relates to their ecotoxicology, the potential
for bicaccumulation and in the case of
antimicrobial compounds, the development
of disease resistance in target and
nontarget bacteria.

The problems experienced with the
antifouling compound tributyl tin, (used
on cage nets) serves as a good example of
why full evaluation and strict control is

necessary before a compound is licensed
for use in fish farming. Tributyl tin (now
banned for use in aquaculture in most
European countries) has been shown to be
toxic to nontarget organisms (Stepaenson
et al. 1986); accumulate in the flesh of the
farmed fish and cause mortality of farmed
fish (Short and Thrower 1986); and
accumulate through the food chain
(Laughlin 1986).

Current concerns center on the use of
dichlorvos (Nuvan or Aquaguard) an
organophosphorus compound use against
parasitic copepods (sea lice). This
compound is a general pesticide and
therefore is nonspecific, being toxic to a
range of crustacean larvae. Extensive use
ofthis compound in intensive cage culture
appears to have resulted in the
development of resistance in sea lice
populations and where repeated treatment
of fish has been carried out, increased the
sensitivity of fish to the compound. These
two factors have reduced the efficacy of
the treatment.

Interaction with Wildlife

In addition to the ecological effects of
the waste released from fish farms, the
physical presence of fish farms, the
presence of high biomasses of fish and
human activity can interact with wildlife
in a number of ways,

There have been a number of
accusations that fish farm development
has had a negative impact on wildlife, in
particular predatory birds and mammals
(Anon. 1988; Whilde 1990). While there is
clear evidence that many predatory birds
(such as cormorants, herons and shags)
and mammals (for example, seals) are
killed at fish farms (either as a result of
becomingtrappedinnettingordeliberately
killed), no objective studies into the effects
of these mortalities on breeding
populations have been carried out.



A number of studies have shown that
wild fish often congregate in the vicinity of
marine cage farms. In addition, the
presence of 1ish farms may influence the
population structure and act as areas for
recruitment because of the additional
supply of food (Henriksson 1991). The
significance of thesefindings is notknown.

The potential for the transfer of genetic
material from escaped farmed fish to wild
fish has recently caused considerable
debate (NASCO 1989). It has been
suggested that breeding programs in
aquaculture have resulted in significant
differences between farmed and wild fish
(Cross 1991). A consequence of
interbreeding between significant numbers
of escaped farmed fish and wild fish could
resultin the latter losing important traits
and becoming less well adapted. It is clear
thatlarge numbers of farmed fish do escape
and enter rivers. Gudjonsson (1991) found
that 30% of the fish caught in the River
Ellidaar in Iceland were of farm origin.
Furthermore, it has been shown that
genetic material can pass from farmed fish
into wild populations (Crozier, in press).
At the present time, the ecological
significance of such transfersis notknown,
butinrecognition ofthe potential problem,
several countries have established
regulations excluding development from
important river estuaries.
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Social and Economic Effects of the
Development of Intensive Cage
Culture

The potential social and economic
benefits of aquaculture development are
clear. In Scotland, it was estimated thatin
1990 approximately 1,600 people were in
full-time employment in aquaculture
(mainly finfish farming). Despite this,
expansion of fish farming in Scotland has
brought this industry into conflict with
otherusersof aquaticresources. Thistrend
of increasing conflict with other forms of
coastaldevelopmenthas alsobeen observed
in southern Europe and North America.

Some of the more obvious potential
conflicts are listed in Table 2. Only a few
attempts have been made to assess the
effects of aquaculture development on
tourism (Anon. 1988; Sargeant 1990) and
recreation (McNab et al. 1987). In general
however, such studies are subjective and
itisdifficult to obtain a clearunderstanding
of the effects of aquaculture development
onother users of the coastal environment.
In recognition of some of the problems
which have arisen, fish farming
associations have produced codes of
practice. The Scottish Salmon Growers’
Association hasproduced a voluntary code
for avoiding visualimpact of developments
on the landscape. Such codes of practice

Table 2. A summary of some of the main social issues associated with aquaculture development.

Competition for space

Traditional fishing
Navigation
Anchorages and marinas for recreational boating

Different forms of aquaculture and between aquaculture and other industries (e.g., wood pulp).

Amenity, recreation and tourism

Visual impact and loss of wilderness aspects of the countryside o

Restriction on access toland, foreshore and inshore areas which may affect outdoor activities (water sports)
and harvesting of shellfish for noncommercial purposes '

Reduction in amenity value of freshwater for recreational fishing

Reduction in the value of property
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have been criticized (Sergeant 1990) and
some organizations have gone further to
suggest that such codes should be
integrated into planning procedures and
thatifthis were the case suchissues would
be properly evaluated (Anon. 1988).

It is only recently that some countries
have attempted to consider coastal zone
management as an appropriate tool for
ensuring the equitable and sustainable
use of coastal marine resources. The
Norwegian Governmenthasimplemented
a scheme referred to as LENKA (see
Pedersen et al. 1988) which includes an
evaluation of the ecological, social and
economic implications of all potential
activities in the coastal region. The
Provincial Government in British
Columbia (Canada) has also developed a
coastal inventory scheme for minimizing
conflict between different activities by
identifying potential locations for
aquaculture and evaluating existing
demands (industrial development; natural
fisheries; tourism and recreation and
nature conservation)onthe coastal marine
environment (Black 1991).

Any coastal zone management scheme
should be designed to ensure that there is
equitable use of coastal resources and
thereforeinclude anenvironmentalimpact
assessment of all potential developments.
In relation to aquaculture, it is clear that
localized ecological change brought about
by the farm itself, can limit long-term
production. For this reason a detailed
assessment of the potential ecological
effects of development is desirable. The
necessary steps in undertaking such an
evaluation have been discussed by ICES
(1989) and Gowen et al. (1990) and adapted.
Animportantfeatureofsuch anassessment
is that it is proactive, the aim being to
anticipate or predict the degree of ecological
change and stop or modify the type and
scale of production prior to development,

Such an approach requires a full
understanding of the interaction between

aquaculture and the coastal marine
ecosystem, an ability to model and hence
make quantitative predictions about the
scale of these interactions, and finally the
establishment of ecologically based
acceptable levels of change. With respect
to the effects of the waste from intensive
cage culture of fish, the interactions are
known and modelshave been developed to
predictthe scale of these effects(see Gowen
et al. 1990 and references cited therein).
At the present time, there are few
standardsfor acceptable levelsof ecological
change, although there have been some
attempts to identify appropriate variables
(Jaworski and Orterio 1979) and develop
trophic indices based on nutrient
concentration scales for coastal waters
(Ignatiades et al. 1992). In most European
countries there are strict controls
governing the licensing of chemicals for
use in aquaculture but in relation to the
interaction between aquaculture and
wildlife (including possible genetic
interaction) there are few, if any, objective
criteria for controlling aquaculture
development.

One of the benefits of appropriately
formulated coastal zone management
schemes should be that the social, economic
and ecological implications of each
development are considered in parallel.
Furthermore, each development must be
regarded as part of the total rather than as
adiscrete development which has no effect
on existing or future activities. Properly
formulated therefore, coastal zone
management schemes should allow the
equitable and sustainable use of coastal
marine resources, based on a broad range

of activities.

Implications for Developing
Countries

Because of the potential for the
accumulation of waste in sheltered sites
within coastal embayments, such sites have



a limited potential for large-scale
sustainable fish farm development
compared to more open coastal waters.
The development of simple guidelines
together with technological advances in
cage designand construction should ensure
that in developing countries selection of
appropriate sites is achieved and that
‘overloading’ of sheltered inshore sites with
aquaculture waste does not occur.
Extensive use of chemicals has caused
a number of problems to the cage farming
industry in northern Europe, including:
adverse publicity from the perceived
ecological threat of this industry; direct
loss of revenue because of high mortalities;
and indirect loss of revenue due to the
image of high chemical usage reflectingon
the marketability ofthe product. Reduction
of the quantity of chemicals used for
intensive cage culture of fish has taken
place in some countries as a result of
improvements in husbandry (such as the
separation of year classes), and a
recognition that high density farming in
sheltered locations may increase disease
problems through stress to the fish and
increased susceptibility to disease. To avoid
the problems noted above, methods of
reducing chemical usage should be
recognized and fully exploited in coastal
fish farming in developing countries.
Many of the conflicts between fish
farm development and other users of
coastal marine resources have arisen
because of the failure of planning
procedures to ensure that thereis equitable
use of the resources. In developing
countries therefore, full use should be
made of integrated coastal zone
management procedures, such as the
Norwegian LENKA program and the
Canadian coastal inventory scheme.
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heritage site. The government 8aid no. The company
said that there are lots of people to feed. The company
subsequently occupied the site but was evicted by a
conservationist crew and the farm buildings were
burnt down. It remains arare exceptiontothe general
rule, ] cannot see that processes and procedures, such
as are being discussed here, will have much of a near-
terrma future in developing countries, given the pressure
on governments from entrepreneurs.

GOWEN: But isn't it a question of education of both
the governments and the entrepreneurs? The
entrepreneurs run the risk of negative feedback if
they cause damage.

MACLEAN: Yes. But we are talking about the near
future - perhaps the next 20 years.

PULLIN: Jay Maclean’s point is important, but I also
like the idea of devising the schemes. We will probably
need several schemes - say, one for policy evaluation,
another for project evaluation.

Governments may be ineffectual in stopping or
controlling individual projects, but they can develop
policies; for example, whether to encourage rice-fish
culture, or indeed aquaculture at all. Governments
need guidelines, decision trees, ete., for policy
formulation. The scheme presented here is excellent
but needs modifications for application in developing
countries because of the urgency with which they
must change. The option of doing little or nothing is
not there.

The question of acceptable environmental impact
is therefore very difficult. The scheme probably needs
feedback loops and decision points so that, if
environmental impact looks unacceptable, steps to
reduce it can be considered and the process gone
through again on anjterative basis. The environmental
costs need to weighed against benefits. Where
aquaculture canbe well integrated with other sectors,
the benefits can be great. In a developing - country
gituation, the decision whether or not to encourage an
aquaculture development will likely face a very
different environmental cost-benefit scenario than
say a decision whether or not to put salmon cages in
a sea loch or fjord. My main point, however, is that the
scheme should not just have a single pass - a yes/
proceed versus no/foreclose outcome, The option of
doing nothing, say in rural Bangladesh, is just not
there. The resources systems that are there must
generate more food and more cash and this needs
urgent change. Nevertheless, this scheme is an
excellent start.

BILIO: I agree with the pessimism and the reservations
expressed and that the scheme presented makes a
good start. GTZ seeks a political dialogue with a
government before proceeding with a project. If there
is no agreement on how to proceed, nothing proceeds.
The procedureused for planningis now very strict and

involves the target groups and all proper authorities
concerned. We then often have an orientation (or
pilot) phase where planning is continued. Changes are
made according to results achieved. If a major
environmental impact is foreseen, a special
environmental compatibility study has to be carried
out. Its results are decisive for the continuation of the
project.

KING: I agree very much with Dr. Pullin. In African
countries with urgent needs it is practically impossible
to get environmental issues to the top of the agenda
when congidering development. I remember assisting
a panel considering the development of a tannery. I
advocated stopping the credit for this development
because of its likely environmental impact, but the
view prevailed that the development should proceed
despiteitsenvironmental impact. Weneed toraise the
level of such debates to get a proper balance taking
acceptable imnpacts and benefits into account.

BILIO: I agree with you in principle, but in Africa most
development, even if successful, is 8o slow that the
process is delayed. Also, there are many examples of
how wrong it can go. Therefore, in an increasing
nurmber of countries, there is a consciousness that the
ways things were done before cannot be repeated. We
have, of course, to be realistic - as in the case of
introductions of exotic species. On the one hand we
havetotryto formulate and enforce Codes of Practice;
on the other hand we have to be prepared to cope with
what really happens. We still have the responsibility
to try to do something serious about these problems.

RUDDLE: The weak link in thisinteresting scheme is
evaluation, which is hardly ever conducted effectively,
if at all, for development projects - why they went
wrong, ete., especially the sociocultural aspects.
fvaluation must be built into such systems. Also, I
don't really like the yes/proceed vs. no/foreclose option.
It would be better to say foreclose this/these
(aquaculture)option but considerothers such asraising
chickens or other forms of protein.

BILIO: Yes. The GTZ planning process is not
dichotomous. It has multiple options.

RUDDLE: The real world is too complex for a simple
dichotomous system.

ROSENTHAL: One clarifying comment - the
foreclosure option indicated in the ICES flow chart on
impact management simply indicates that such an
option must exist in principle. There should be other
options as well and these should not only be concerned
with the aquatic environment. It may well be that the
principle scheme may have to be modified from region
toregion, The chart presented by ICES represents the
approach taken in Europe not only for aquaculture
but also for other industrial developments. Stringent



environmental regulatory conditions were often
considered tobe aconstraint toindustrial development
by many industries. It was often claimed that jobs
would be lost if environmental safeguards would have
to be met, but industries could scldom prove that this
is true and attitudes have changed. Often industries
once forced to comply with environmental quality
standards become more efficient and competitive as a
result of these enforced changes.

BILIO: In this context, what monitoring parameters
are used for cage culture? There remainsconfusion on
the use of socioeconomic as well as biotechnical
parameters. Some parameters may beuseless. Howto
get anoverall assessment of such a complex situatjon?
That is the question.

ROSENTHAL: I agree with you entirely.

CATAUDELLA: Examples from developed countries
are important, but their political stability has enabled
there to be a continuum from investment in industry
to more investment in environmental protection. They
can invest in both directions. In developing countries
thereis alack of such continuity. The scheme proposed
and the procedures used by donors cannot escape the
fact that environmental protection requires investment
for that purpose. Projects that have a limited budget
(say US$2 million for small-scale aquaculture) are less
likely to be able to gencrate investment for
environmental protection than larger projects (say
US$25 million for some hyperintensive ponds) It will
be difficult to educate the decisionmakers.

PULLIN: The word ‘acceptable’ has been used here.
This begs the question ‘acceptable to whom? ICLARM
and its collaborators have learned some hard lessons
over the years. Oneis that we should talk to farmers,
not last, but first. They often have very clear and
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accurate perspectives on what impacts changes would
bring to their families and communities and to the
natural environment. This sounds obvious, but many
agencies, institutions, scientists and consultants
simply do not do it effectively. Farmers should have
the major voice in what is or is not acceptable. This is
particularly true in the rural areas or developing
countrics where small-scale farmers and fishers are
not like some of the larger, corporate concerns that
will try to cut corners with no regard for the
environment or sustainability. Farmers’ perspectives
and indigenous knowledge are of paramount
importance in considering environmental issues.

BILIO: I wholeheartedly agree. GTZ has examples of
this in small-scale fisheries projects. Some of the best
suggestions came from the target groups.

BURAS: If we are really concerned about the
environment, then education should be the first
priority, starting with the farmers, the people. This
education should be with simple methods and concepts,
not sophisticated schemes. We need to work on such
simple schemes in our discussion period.

BILIO: I do not quite agree. Training and education,
are very important, but first the conlidence of the
target group must be secured. Second, we have to
learn what they already know. They know much
better than us what their needs and possibilities are
and the environmental constraints. This is certainly
go for rural developments. For industria] operations,
which we should also consider, a different approach
may be necessary.

KING: We geem tobe focusing on development financed
by projects and forgetting that entrepreneurial ativities
work differently. There is often a very well-developed
indigenous entrepreneurial capacity.
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Abstract

Aquaculture developmentin Africa and related environmental issues are reviewed inthe context
of different types of culture systems: extensive, semi-intensive and, to a lesser extent, intensive
aquaculture. Environmental impact is discussed in terms of the intensity of production of each system
and interactions with surrounding ecosystems.

The general paucity of empirical data, partly due to low levels of investment in aquaculture and
the weaknesses of scientific research in the region, necessitates approaching discussions in terms of
perceived current and future development trends. The most important issues of environmental
impact are identified and discussed: healthhazards to humans, water quality, ecosystem degradation,
fish disease and effects on genetic resources, Measures to control adverse environmentalimpacts are

discussed.
Introduction

In considering aquaculture develop-
ment and associated environmental is-
sues in Africa, it is necessary to specify
perceived current and future trends be-
cause of the dearth of information. On the
one hand, the present low level of invest-
ment suggests that most aquaculture in
Africa is extensive, uses low inputs and,
apparently, has limited impact on the en-
vironment; on the other hand, the short-
comings of related scientific research in
the region render it difficult to substanti-
ate interactive relationships between
aquaculture and the environment.

Specifying problems requires answer-
ing the following questions:

* Do problems exist now and, if so, to

what extent?

s Arethere future potential problems
and, if so, what are their possible
sources?

o Can present and likely future sce-
narios be studied together (for ex-
ample, by case studies) so that the
seeds of future problems are recog-
nized and can be avoided or solved?

Such questions are all valid and rel-
evant to aquaculture development in Af-
rica.

This paper attempts to identify the
status of aquaculture in relation to envi-
ronmentalissuesin Africa, focusing on the
impact of one on the other and suggesting
strategies for the control of negative im-
pacts. The proper management of
aquaculture and the environment also
raises fundamental development issues
and these are also discussed here.
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Aquaculture is defined here as any
human intervention in the production of
aquatic food organisms, through stocking,
feeding and/or disease control. The term
environment includes all living and
nonliving resources, their relationships
and interdependencies.

Fundamental Problems

The literature on aquaculture devel-
opment in relation to environmental is-
sues in Africa is sparse: general, often
incomplete, with few empirical data. This
suggests deep structural causes, remedies
for which appear to be and will probably
remain beyond the reach of most institu-
tions, unless necessary incentives are cre-
ated. It also means that identifying and
tackling problemsare severely constrained.

It is clear, however, that development
trends in many areas could pose potential
problems. For example, coastal
aquaculture of crustaceans (and perhaps
molluscs, under some circumstances) could
pose a threat to fragile ecosystems. Like-
wise, the uncontrolled use of agricultural
and vector control pesticides which wash
into river systems and reservoirs may
pose serious problems for the quality of
water sources for inland aquaculture, The
poorly developed treatment systems for
domestic sewage and industrial effluents
may cause similar water quality prob-
lems, Authorities in many African coun-
tries appreciate the need for aquatic pollu-
tion control, especially for provision of safe
drinking water and wastewater disposal,
but have yet to act effectively. Alabaster
(1981), Calamari (1985) and CIFA (1987)
identify some of the underlying structural
constraints. These include the poor distri-
bution of expertise, poor research facili-
ties, and the need for new and improved
legislation along with the means for its
enforcement.
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It is impossible not to perceive causal
links between the prevailing, depressed
macroeconomic climate in many countries
in Africa and the difficulties experienced
with what would otherwise be straightfor-
ward administrative procedures. Attract-
ing qualified staff is hampered, not neces-
sarily by poor financial rewards but more
significantly by poor working conditions.
This is reflected, for example, in the pau-
city or low quality of data available to
assess adequately the status of aquatic
pollution of fisheries data in general.

This scenario pervades any in-depth
discussion on any means of increasing
food productionin Africa and related envi-
ronmental issues. Such deep structural
weaknesses are evident from the worsen-
ing capabilities in many African fisheries
research institutions and extension serv-
ices over the last decade, in spite of a
multitude of studies and recommenda-
tions and substantial financial and techni-
cal assistance. Small as it is, aquaculture
production in Africa actually declined by
about 10 per cent between 1974 and 1985,
even though some US$150 million had
been spent on aquaculture development
over the same period (FAQ/UNDP 1987).

Aquaculture in Africa

The degree to which problems of
environmental impact might exist depends
on the type of aquaculture systems used
and particularly on the level of inputs (i.e.,
intensity). The systems in use vary within
countries and among countries reflecting
the existence of some aquaculture
traditions and more recent trends in
aquaculture practices from other regions.

Traditional Systemns

Balarin (1984a, 1984b, 1985, 1986a,
1986b, 1988) and ICLARM-GTZ (1991)
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have described some of the traditional
systems of fish farming in Africa. These
include:

THE BARACHOIS 8YSTEM

This is unique to Mauritius and is
practiced in coastallagoons. Fringing coral
reefs from sheltered lagoons, the inlets of
which are cut-off by stone walls to create
enclosures,known asbarachois, These are
stocked at variable rates with fingerlings
of a variety oflagoon fish. Stocking gener-
ally approaches 1,000 fish per hectare and
is performed annually, as is the harvest-
ing. The system relies entirely on natural
productivity, since intertidal exchanges
preclude the use of fertilizers.

THE ACADJA OR BRUSH-PARK SYSTEM

Thisisindigenous to Benin and Ghana
and has up to eight variations, depending
upon the size and configuration of the
system and the materials used. Acadjas
are made by placing wood (hard woods and
tree branches)in marked-off areas of some
150-300 m? in shallow lagoons and lakes.
The wood forms an aggregation device
which attracts the fish, mainly tilapias
(e.g., Sarotherodon melanotheron) and
catfishes (e.g., Chrysichthys spp.), due to
increased growth of epiphytes on the wood
and provision of refuges. Fish are har-
vested about twice each year in the larger
brush parks and as much as ten times per
yearin smaller varieties. The mainlimita-
tion of this system is the high requirement
for wood, with the obvious potential conse-
quence of deforestation.

THE WHEDOS OR FISH HOLE' SYSTEM

This is practiced mainly in Benin and
is also found in Cameroon and Togo.
Whedos are artificial ponds or river chan-
nels. Their production is dependent on
size: annual yields of 1.5-2.1 t-ha! have
been recorded. Species composition also

varies with size, since oxygen depletion in
smaller fish holes with excessive plant
growth makes them better suited to
airbreathing species like Clarias
gariepinus.

THE HOWASH SYSTEM

This is indigenous to the Nile delta of
Egypt and comprises three different types,
based on their location: coastal, lakeshore
and lakewater, It is a system of shallow
ponds constructed with earthen dikes. The
coastal howash are found along the
Mediterranean, constructed on land
between the deltaic lakes and sea and
filled and flushed by tidal movements. The
lakeshore howash are located around two
lakes, Manzala and Burullous, and depend
on the discharge from irrigation systems.
The lakewater howash are built within
the lake to a depth of some 2 m. Annual
production from howash ranges from 0.5
to 5.0 t-hal based on initial stocking
densities of carps, mullets and tilapias,
ie., between 1,000 and 5,000 fish per

hectare.
OTHERS

Apart from these familiar and often
cited traditional systems, others also exist.
Thesetend to be seasonal activitieslargely
performed by women, at a subsistence
level, supplementary to other work. For
example, in Ghana, women of the lower
Volta used to collect juvenile freshwater
clams (Egeria radiata) by diving, for
subsequent restocking in more fertile and
less saline areas. The creation of the
Akosombo Damhas curtailed this activity.
Also, in Ghana, catfish (e.g., Clarias
gariepinus) used to be reared in earthen
pots. In Gabon, women catch fingerlings
for stocking in ponds. In Liberia, juvenile
catfish and turtles have been stocked in
barrage ponds.



Introduced Systems

The introduced aquaculture systems
to Africa canbetraced back at least seventy
years: for example, the culture of tilapias
in Kenya in 1924 (Balarin 1985) and the
introduction of rainbow and brown trout
(Oncorhynchus mykiss and Salmo trutta)
in Kenya between 1910 and 1921
(Welcomme 1981) and in Swaziland, 1914-
15 (Chondoma 1988). More generally, the
genesis of aquaculture in most countries
in Africa dates from the late 1940s and
1950s (Table 1).

Introduced aquaculture systems are
practiced in different aquatic
environments, ranging from freshwater
to marine, and with the intensity of
production ranging from extensive to
intensive.

Extensive and semi-intensive
freshwater aquaculture systems are the
most widely practiced, and which account
for about 97% of Africa’s total aquaculture
production [about 10,500 t for 1985 (Satia
1989)]. Predominantly rural, such
aquaculture is normally practiced in
earthen ponds which range in size from
100 to 1,000 m? surface area. Inputs are
limited to domestic wastes and plant wastes
or by-products, such as compost. Annual
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vields vary with quality and quantity of
inputs, ranging from 0.5 to 5.0 t-ha, the
lower limit being more common.
Semi-intensive integrated farming
systems are becoming more prevalent,
finding acceptance in countries including
Benin, the Central African Republic (CAR),
Céte d’Ivoire, Egypt, Kenya, Mala®i,
Nigeria, Rwanda and Zambia. In addition
to natural productivity, the systems receive
applications of manure, inorganic
fertilizers and, where possible, artificial
feeds or wastes from farm produce such as
bagasse from sugar mills, Combined
systems of integrated poultry-fish or
livestock-fish farming, with duck, chicken
or pig excreta fertilizing the ponds is also
practiced as in the CAR, Madagascar,
Nigeria and Zambia - whereas combined
rice and fish production hashad successin
Madagascar, where tilapias and carp
(Cyprinus carpio) are raised in ricefields.
The most commonly cultured species
are indigenous tilapias, whose popularity
stems from their hardiness and prolific
breeding., Predatory species such as
Clarias gariepinus and Hemichromis
fasciatus are sometimes stocked to control
excessive tilapla reproduction, but with
mixed success. In the absence of adequate
management, pond culture of tilapias has

Table 1. Dates of the initiation of introduced aquaculture systemns in Africa.

Country System(s) Year Country System(s) Year
Benin 1955 Mozambique 1950
Burkina Faso 1952 Nigeria 1944
Cameroon 1947 Rwanda 1950s
Central African Republic 1952 Sierra Leone 19708
Cote d'Ivoire 1955 Sudan 1950
Egypt 1934 Swaziland 1972
The Gambia 1979 Tangzania 1972
Ghana 1953 Togo 1954
Kenya 1924 Uganda 1957
Madagascar 1951 Zaire 1943
Malawi 1954 Zimbahwe 1950s
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usually proved disastrous tothe chagrin of
fish farmers and extension agents alike,
and has led to the abandonment of tilapia
farming by many rural fish farmers in
most African countries. It is estimated
that some 300,000 fishponds wereinusein
the 1950s - a figure which had dropped to
about 50,000 by the mid-1980s.

Apart from pond culture, the stocking
of impoundments, irrigation reservoirs,
lakes and rivers has been tried out in most
subSaharan African countries, often
following species transfers within and
between countries. Thys van den
Audenaerde (1988) observed that from
1945, many transfers of tilapia were made
in Africa giving rise to confusion about
their natural patterns of distribution and
posing serious consequences for genetic
resources conservation,

Intensive systems are the least
common systems in Africa, Where they
exist, they are largely experimental, Satia
(1989) reported that commercialinitiatives
in Benin, Burkina Faso, Cote d’lvoire,
Congo and Nigeria have proved largely
nonviable. However, there are some
commercial intensive pond systems in
Benin, Céte d’Ivoire, Kenya and Nigeria.
Cage culture and pen culture have been
triedin Benin, Egypt, Cote d’'Tvoire, Kenya,
Niger and Nigeria. Benin has had success
with pen culture as a replacement for the
wood-dependent acadja system.

Intensive aquaculture in tanks and
raceways in Africa is very limited, Kenya
and Zimbabwe being the pioneers. In
Kenya, tilapia (Oreochromis niloticus and
O. spirulus) are produced commercially at
a private farm.

Hatcheries are rare and mostly owned
and operated by private farms. The
majority of government-owned
establishments, on which rural farmers
depend, are run down and unproductive.
In some countries, thishas motivated some
farmers tc produce their own fingerlings,
mainly tilapias and carp. No doubt these

limitations further constrain the
advancement of aquaculture.

Impact on the Environment

The relationships between aquaculture
and adjacent ecosystems are unique, com-
pared to other food production systems.
Pullin (1989) observed that ‘the aquatic
medium ig in direct and intimate contact
with the metabolic processes offish’. Where
relevant, soil structure and composition,
the impact of introduced substances, and
natural environmental factors (e.g., tem-
perature, salinity, oxygen concentration)
all influence the quality of water which in
turn determines the health of fish and
their performance as cultured organisms.

Similarly, the environmental conse-
quences of adoption of aquaculture sys-
tems must be weighed against their rela-
tive costs and benefits and pressing food
production and livelihood needs.

Extensive and Semi-Intensive
Systems'

Given their low input requirements
and productivity, these systemshave rela-
tively few direct negative impacts on the
environment, Nevertheless, they do in-
volve the loss of habitats, particularly
coastal zone wetlands, that support di-
verse fauna and flora. The unwitting de-
struction of mangroves for shrimp and
bivalve culture is an example. The culture
of penaeid shrimps is being actively pur-
sued in Cate d’'Ivoire, the Gambia, Guinea
Bissau, Madagascar, Mozambique and
Sénégal. In Mozambique, Paulyet al. (1989)
reported that the main emphasis on ma-
rine aquaculture research was shrimp
culture. They suggested, however, that
the 680,000 ha of mangrove (exclusive of
170,000 ha of tidal swamplands) should

1See p. 2,141-142 for definitions - Eds.



remain as natural nursery grounds for
various species, including shrimps.

Health hazards from extensive and
semi-intensive aquaculture can derive
from two sources: the aquatic medium
itself and the consumption of unsafe pro-
duce. Risks from the aquatic environment
are of particular importance in Africa,
where aquatic vectors and intermediate
hosts of human diseases are widespread;
for example, the snail intermediate hosts
of schistosomiasis, black flies for
onchocerciasis and mosquitos for malaria,
filariasis and viral infections.

Schistosomiasis is endemic to specific
areas and is considered an ‘occupational
disease’ amongst fishers of the Volta and
Niger deltas and amongst farmers in Su-
dan and Egypt. Aquaculture could create
new habitats for snail intermediate hosts
and new foci of infection. Fishponds, their
water supply and drainage systems may
be colonized by snails prevalent in adja-
cent natural habitats or by species whose
natural habitats have been reclaimed and
subsequently occupied by fish farmers.

Although the very successful practice
in Southeast Asia of using human excreta
for pond fertilization is very limited or
nonexistent in Africa, it is worth pointing
out some of its associated risks with re-
gard to schistosomiasis. The survival of
schistosome eggs in human excreta ap-
plied to ponds facilitates infestation of the
snail host. The cercariae, which are shed
by the snails into the aquatic environ-
ment, bore into the skin of humans in
contact with the pond water. Edwards
(1985) suggested that avoiding the use of
fresh excreta, in which the eggs can sur-
vive for up to a week, is a useful means of
avoiding infection.

Onchocerciasis is prevalent in com-
munities of West Africa settled along fast
flowing parts of rivers; for example, in the
Niger, Sénégal and Volta systems. The
vector is the black fly (Simulium). It does
not occur in slow-flowing or stagnant wa-
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ters such asfishponds, but may be foundin
associated raceways and water channels.
Interactions between the vector and
aquaculture concern mainly the effects of
the insecticides used in vector control pro-
grams which may be toxicto fish, although
the use of temephos (Abate) to control
Simulium has had no discernible long-
term effects on fish populations (CIFA
1987).

Habitatsfor mosquitolarvae vary with
species; for example, Anopheles funestus
prefers vegetated swamps and river mar-
gins whereas A, gambiae prefers open
pools. Recently built ponds are a good
habitat for the latter.

Risks from the consumption of con-
taminated fish produce result from the
invasion of fish by spoilage organisms due
to poor handling and processing methods,
the accumulation of enteric bacterial and
viral organisms, and the biocaccumulation
of pesticides. The accumulation in fish of
enteric bacteria, such as Salmonella and
Shigella spp., and viral hepatitis is possi-
ble where the fish have been cultured in
waters polluted by human excreta. Fur-
thermore, the widespread use of pesti-
cides and insecticides in Africa for disease
vector control and agriculture increases
thelikelihood of the accumulation of these
substances in fish cultured in contami-
nated sources, although supporting data
are sparse. Calamari (1985) reported that
several chlorinated hydrocarbons, includ-
ing DDT, have been banned in some West
African countries and replaced by less
toxic organophosphorus compounds,
carbamates and natural and artificial
pyrethroids.

Intensive Systems

Some of the concerns discussed above
for extensive and semi-intensive systems
are also applicable to intensive culture.
One area of concern is the prevalence of
antibiotics and other antimicrobial drugs
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for prophylaxis and disease management
in fish hatcheries. This may have far-
reaching consequences in the evolution
and spread of antibiotic-resistant strains
of potentially harmful pathogens. Moreo-
ver, intensive aquaculture and associated
fish stress may create situations in which
otherwise benign organisms become patho-
genic.

The use of antibiotics to control fish
mortalities, by reducing the levels of patho-
gens in the water, may impact not only on
the fish, but also on humans. They may
ingest pathogenic bacteria associated with
the culture system and these may be drug-
resistant. There are also risks associated
with consumption of fish with drug
residues and contamination from direct
exposure to the drugs used. Of particular
interestis chloramphenicol, whose attrac-
tiveness as a wide-spectrum antibiotic has
found “overwhelming preference among
hatchery managers” (Brown 1989). Alder-
man (1989) reported that such general use
of this drug was strongly discouraged in
the United Kingdom because of the drug’s
level of toxicity and its value in human
disease therapy, particularly against ty-
phoid. Direct chloramphenicol contami-
nation can cause potentially irreversible
aplastic anemia:fatalin 70% of cases, with
the increased incidence of leukemia in
survivors (Brown1989). Thisis a sobering
thought, given the lax attitude towards
protective clothing in many establishments
in Africa.

Apart from their effects on human
health, the indiscriminate use of antibiot-
ics and other antimicrobial drugs also con-
stitutes a source of pollution. Forexample,
only 20-30% of the oxytetracycline used as
medication in food pellets is taken up by
fish. The remainder reaches the environ-
ment andis detectable 3-6 months afterits
administration (Samuelsen 1989).

In addition, fecal material and the
excess, uneaten feeds find their way into
the environment through effluent dis-

charges, causing eutrophication and oxy-
gen depletion of adjacent waters and re-
ducing their quality and scope for
aquaculture or other uses.

Impact of the Aquatic Ecosystem
on Aguaculture

The quality of the aquatic medium
largely determines suceessinaquaculture.

Earlier discussions already referred to

some of the potential impact of pesticide
use. For Africa, Alabaster (1981) and
Calamari(1985) haveidentified pesticides
and organic pollutants with high biologi-
cal oxygen demand (BOD), as the major
potential sources of aquatic pollution of
inland waters. Saleh et al. (1988) in a
study of manmade reservoirs used for the
drainage of agricultural wastewater in
Egypt, reported the potential dangersfrom
inorganic pollutants (pesticides and ferti-
lizers). They concluded that although con-
centrations of heavy metals were low at
that time, evaporation could raise them to
dangerous levels which could affect fish
production.

Strategy for Environmental
Impact Control

CIFA (1987) identified the need for
regional cooperationin effecting pollution
control measures for the maintenance of
water quality to protect the aquatic envi-
ronment in Africa. There were calls for
action in three areas of concern: toxic
substances (such as pesticides and heavy
metals) from agricultural use and vector
control programs; discharges of organic
matter with ahigh BOD; and discharges of
suspended solids and nutrients. The coor-
dination and implementation of such meas-
ures depend on the availability of results
from field studies and the political will to
legislate and enforce guidelines.

Established criteria for aquatic pollu-
tion control are rigid (as they should be)



and often difficult to maintain in industri-
alized countries, necessitating the adop-
tion of intermediate measures. This would
be even more of a problem in Africa. CIFA
(1987) proposed a general scheme and a
strategy for the management of effluent
discharge which would offer the possibil-
ity for starting pollution monitoring and
control atlevels with less demanding tech-
nical and financial inputs.

The absence in many African coun-
tries of the necessary legal framework to
ensure adherence to pollution control
measures generally, but particularly
within fisherieslegislation, is indicative of
the urgent need for such action.
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Discussion

CATAUDELLA: We should compare the traditional
use of acadjas with the modern situation. The technique
requires the use of tree branches. In some locations,
increasing salinity is also killing trees. Both acadjas

and howash are good examples of traditional systems
that can be modified for future use provided that
conflicts between farmers and fishers are solved.
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BILIO: The requirements for wood need careful
appraisal, Afforeatationis very important; forexample,
mangrove replanting. In a GTZ project in Benin this
hasbeen started on the initiativeofthelocal community

target group.

EDWARDS: Integrated livestock-fish culture, which
was mentioned, nearly always implies integration of
intensive livestock raising with semi-intensive fish
culture. Are such systems really viable for amall-acale
farmers in Africa? My impression is that such ideas
don’t survive the development projectsthat introduce
them.

KING: You areright. The problem s that such projects
have made demonstrationsusing a well-chosen farmer
and supporting the activities with aid money. Once
this finishes, the available resources cannot sustain
the system. There is, however, an interesting system
onthe campusofthe International Institute for Tropical

Agriculture (IITA), Ibadan, Nigeria, which uses in-
house resources for simple, extensive fish culture.
There is also a livestock-fish integrated system. The
Institute is situated in a very dynamic farming area,
with substantial input from private and public sectors,
30 some of the ideas might spread.

PULLIN: It is encouraging that the CGIAR centers,
like IITA and the West African Rice Development
Agency (WARDA), Bouaké, Céite d'Ivoire, and other
agricultural and forestry institutions in Africa are
beginning more and more to consider how aquaculture
canbe integrated with their operations. In many rural
areas in Africaincomes are very low, as low as US$20/
month, and sections of the rural community may be
outside the cash economy for part of the year. We
should bear these socioeconomic constraints in mind
when considering how aquaculture can be integrated
with some African farming systems, The constraints
are not just technical.
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Abstract

Commercial aquaculture in Qceania is currently restricted to the red alga Eucheuma sp., the
blacklip pearl oyster, Pinctada margaritifera and penaeid shrimp, principally Penaeus monodon.
There have been numerous attempts to cultivate exotic species ofbivalves, crustaceans and fish, many
of which have been unsuccessful in terms of aquaculture but which have resulted in wild stocks of the
exotic 8pecies becoming established. Owing to a paucity of knowledge of the natural composition and
dynamics of the aquatic communities, the effects of the exotic species onthese communities are largely
unknovn. Few physical or chemical changes in the environment of Oceania are attributable to
aquaculture but it is clear that the coral reefs and lagoons which make up the principal nearshore
biotopes are sensitive to environmental perturbations and care will need to be taken to ensure that
future developments in giant clam cultivation, reef and lagoon ranching systems and cage cultivation
of finfisk. or crustaceans do not lead to environmental degradation. Almost all introductions of exotic
species or transfers of indigenous species have been of unquarantined stocks with concomitant

dangers of the introduction or spread of pathogens, parasites and predators.

Introduction

This paper concentrates on the
situation inthe developingisland countries
of Oceania, bounded by French Polynesia
inthe southeast, Palau, PapuaNew Guinea
and Australia in the west, ‘the Northern
Marianas, Federated States o\ﬁMicronesia
and Marshall Islands in the Yorth and
Tonga and New Caledonia to tlke south
(Fig. 1). : B \

%
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Aquaculture is in its infancy in
Oceania. There have been numerous
attempts at developing various forms of
fish and invertebrate culture in past years,
but fewhave come to fruition (Uwate et al.
1984). Most efforts have focused on the
marine sector, as lentic and lotic
environments are very limited in the
islands except for the larger landmasses
comprised of Papua New Guinea, Solomon
Islands and Fiji. Most past efforts have
been based on introductions of familiar
species such as oysters, shrimp, mussels,
tilapia, carp but there have been a few
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commercial successes. Remnants of
introduced stocks survive and are exploited
in many areas.

Successful commercial aquaculture in
Oceania is currently confined to the
cultivation of the red algae (Eucheuma
sp.), pearl oysters (Pinctada margaritifera)
and penaeid shrimp. These activities can
still be described as marginal in some
areas, depending very much onscale, access
of markets and level of technology and
only the pearl oysters can be said to
represent a substantial industry at the
presenttime; this being directed primarily
to the cultivation of cultured pearls, with
the pearl shell being an important
secondary product.

Previous reviews of the status and
prospects for aquaculture have been done
by Uwate and Kunatuba (1984), Uwate et
al. (1984) and Glude (1984). For the most
part these have been rather negative,
suggesting rather dismal prospects for

-most species groups.

Current Status of Commercial
Aquaculture

Species of the red alga Eucheuma are
of principalinterestat presentand farming
trials have been conducted in Fiji, Kiribati
and Solomon Islands, and there is much
interest elsewhere in the Region (Why
1985). However, Fiji is the only country
producing Eucheuma onaconsistent basis.
There are development trials in progress
in Kiribati and Solomon Islands. Other
species of algae which have been tried
include Gracilaria sp. (FitzGerald 1982)
and Spirulina sp. (Uwate et al. 1984).

Pearl oysters are the primary bivalve
product in the South Pacific Region, being
harvested principally for their shells.
However, in French Polynesia, the Cook
Islands and Fiji there are also substantial
pearl culture industries based on the
blacklip pearl oyster Pinctada
margaritifera. The goldlip pearl oyster, P.
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maxima, is used for pearl culture in
Australia and P. fucata is the dominant
commercial species and the foundation of
the Asian cultured pearl industry.

The only other bivalves of significance
are tridacnid clams (family Tridacnidae)
comprised of the genera Tridacna and
Hippopus. Substantial progress has been
made in recent years in the development
of cultivation systems (Copland and Lucas
1988) and there are a number of
organizations operating on a commercial
basis, although none have yet claimed to
operate at a profit.

Penaeid shrimp cultivation is
established on a small scale in some areas
and, where the local conditions are
favorable, farms appear to be making
substantial profits on local markets.
Hatcheries operate on a commercial scale
in New Caledonia, French Polynesia and
Guam (FitzGerald1982; AQUACOP1984).

Milkfish (Chanos chanos) are reared
on a quasi-commercial scale in a
government-operated fishfarminTarawa,
Kiribati. This was developed primarily to
supplylivebait for the skipjack tunafishery
(Uwate et al. 1984).

Apart from the above-mentioned
species, cultivation of all other speciesisor
has been on an experimental or trial basis;
mostly on a small scale. This has meant
that direct environmental impacts have
been minimal. Few habitats have been
significantly modified and none have been
physically or chemically degraded by
aquaculture activities.

Introductions and Transfer
of Organisms for Aquaculture

Whilethephysical and chemical effects
ofaquaculture onthe aquatic environment
have been minimal, the tropical Pacific
Ocean and the freshwaters of the islands
of Oceania have been subjected to the
widest possible range of transplantations
and introductions of exotic species in
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pursuit of aguaculture development or, to
a lesser degree, fisheries enhancement.
Many of these species have not survived
but there is no record of the effects of
concurrent introductions of species of
parasites, pathogens or predators.

A summary of introductions for
aquaculture purposes up to 1984 is given
by Uwate et al. (1984). Since 1984 the
major recorded transfers bave been of
Eucheuma spp. and of Tridacna derasa
and T. gigas. Table 1 summarizes the
situation.

Averyactiveroleintheseintroductions
was played by the South Pacific
Commission and by the South Pacific
Islands Fisheries Development Agency
(SPIFDA) in 1970-73. With very few
exceptions these transfers have violated
allaccepted protocols (Turner1987; Munro
et al. 1985; ICES, n.d.) for introductions
and transfersofaquatic organisms, despite
the known risks (Humphrey 1988). It
should be added that there is currently no
evidence that these transfers have had
any negative effects on the ecosystems of
QOceania, but so little is understood about
these systems that it is unlikely that any
but the grossest effect would be
recognizable.

Geographical distributions of Pacific
marine organisms have been substantially
altered in a number of cases. In the case of
Tridacna derasa the distribution of stocks
on the basis of early scientific records was
from southern Japanese waters, the
Philippines, Palau and Indonesia,
southwards to Australia and south-
eastwards from Palau to Tonga, thus
extending to175°W longitude in the South
Pacific, but only to 135°E longitude in the
northern hemisphere (Munro 1989). It is
suggested that the eastward extension to
Tonga might be anthropogenic in origin,
as a result of early seafarers carrying live
T. derasa in the bilges of canoes and
jettisoning their cargoes on arrival in new
territories. Whatever the case, this curious

distribution has now been dramatically
altered by the transfer of cultivated stocks
from the Micronesian Mariculture
Demonstration Center MMDC) in Palau
throughout Micronesia and to American
Samoa, Hawaii and the Cook Islands
(Heslinga et al. 1988; CTSA 1990). Some
MMDC stocks have recently been
transferred to the Caribbean (North 1990;
Grashofand Hensen1991). Unfortunately,
no quarantine procedures were used at
the MMDC before 1988 and the current
procedures (Heslinga et al. 1988) do not
conform with the protocol recommended
by the South Pacific Commission (Munro
et al. 1985) and are therefore a potential
source of introduced parasites and
pathogens (Pernetta 1987; Humphrey
1988).

Pests and parasites affecting giant
clam cultivation are as yet poorly known,
but a number of species of the gastropod
Cymatium and various members of the
Pyramidellidae are emerging as significant
pests. Current evidence is that the
important species are by no means
uniformly distributed around the Pacific
andinadvertentintroductions are possible
ifoceantooceantransfers are effected. For
example, juvenile Cymatium muricinum
are reported to embed themselves in the
tissues around the byssal orifice of
Tridacna derasa (Perron et al. 1985) and
could therefore easily be inadvertently
introduced to new areasalong with juvenile
clams whichhave beenreared intheocean.
Other species of Cymatium, possibly more
voracious than C. muricinum, have
recently beenidentified (H. Govan,unpubl.
data) and might not be as widespread as C.
muricinum.

Pyramidellid snails, ectoparasitic
opisthobranchs which feed on the body
fluids of their hosts, have been recorded
from almost all giant clam hatcheries and
nurseriesinthe Indo-Pacificbut the genera
and speciesimplicated ininfections appear
to be different at almost every location



Table 1. Species introduced for the purpose of aquaculture to territories and nations of Oceania.

Taxon Genus Country Species Source Date Outcome Reference
Rhodophyta

Eucheuma
Fiji ? ? ? Significant industry Uwate et al. (1984)
F.8.M. (Pohnpei} ? ? 1982 No industry yet Uwate et al. (1984)
French Polynesia ? ? ? No industry yvet Why (1985}
Kiribati sirtaium Hawaii 1977 No industry yet Why (1985)
Kiribati spinosum ? ? No industry yet Unpublished

Pinciada
Cook Islands margariiifera ? 1505 Stock established Uwate et al. {1984)
Kiribati fucaia ? 1502 Unsuccessful Uwate et al. (1984)
Tonga maxima ? 1802 Unsuccessful Tanaka (1990}
Tonga margartlifera ? 1902 Unsuccessful Tanaka (1990}
Tonga fucala ? 1902 Unsuceessful Tanaka (1990}
Tonga ? penguin ? 1975-79 Possible establishment Tanaka (1990}

of wild stocks

Crassosirea
Fiji iredales Philippines 1977 Unsuecessful Angell (1986)
Fiji ? ? 1895 Inconclusive Glude (1984)
Fiji gigas ? 1965 Cultivation failed but Angell (1986}

wild stocks found

French Polynesia gigas California Successful trials Coeroli et al. (1984)
New Caledonia gigas 1967 Some commercial development Coeroli et al. {1984)
Palau gigas mid-Tis Failed Angell (1986)
Papua New Guinea ? Faiied Glude (1984)
Tonga gigas Failed Glude (1984)
Yanuatu gigas ? Failed Glude (1984)

continued
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Table 1 continued

Taxon Genus Country Species Source Date Outcome Reference
Saccostrea
French Polynesia echinata New Caledonia ? Declined after 1975 Coeroli et al. (1984)
Guam cucullata Solomon Islands 7 Failed Braley {1984}
Guam echinata Solomon Islands ? Established Braley (1984}
Mytilidae
Perna
Fiji viridis Philippines 1975 ? Uwate et al. (1984}
French Polynesia viridis 1978 Succesful irials Coerol et al. (1984)
New Caledonia viridis 1972 Sucecessful but stocks Uwate et al. (1984)
lost in cyclone
Western Samoa viridis 1981 ? Uwate et al. (1984)
Western Samoa viridis Tahiti 1982-83 Successful trials Uwate et al. (1984)
Tridacnidae
Tridacna
American Samoa derasa Palau 1984 Continuing CTSA (1990)
Cock Islands derasa Palau 1984 Continuing Sims and Howard
{1988)
Federated States of derasa Palau 1984 Continuing Price and Fagolimul
Micronesia {1988)
Fiji gigas Australia 1986 Suecessful reintroduction Ledua and Adams
(1988}
Marshall Islands derasa Palau 1984 Continuing CTSA (1990)
Tuvalu derasa Palau 1984 Continuing CTSA (1990)
Western Samoa derasa Palau 1984 Continuing CTSA (1990}
Penaeidae
Penaeus
American Samoa ? ? 1979 Inconclusive Uwate et al. {1984)
French Polynesia aziecis Texas, USA 1972 Inconclusive AQUACOP (1975}
French Polynesia indicus ? ? Successful trials AQUACOP (1984)
French Polynesia Jeponicus Hawaii, USA 1972 Successful trials AQUACOP (1975)
French Polynesia Jjaponicus New Caledonia 1972 Successful trials AQUACOP (1975)
French Polynesia merguiensis New Caledonia 1972 Successful trials AQUACOP (1975)
French Polynesia monodon New Caledonia 1972 Successful trials AQUACOP (1975)

continued
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Table 1 continued

Taxon Genus Country Species Source Date Outcome Reference
French Polynesia monodon Fiji 1975 Suceessful trials AQUACOP (1977b)
French Polynesia sivlirostris ? ? Successful trials AQUACOP (1984)
French Polynesia vannamei ? ? Successfui trials AQUACOP (1984)
Guam monodon ? 1978 Initial hatchery operations Uwate et al. (1984)
failed (but recently
reapened)
Kiribati ? ? ? ? Uwate et al. (1984)
New Caledonia ? ? ? Successful
Palau ? ? <1975 ? Uwate et al. (1984)
Solomon Islands monodon Australia 1987 Successful Unpublished
Metapenaeus
French Polynesia ensis New Caledonia 1972 Inconclusive AQUACOP (1975a)
Palaemonidae
Macrobrachium
French Polynesia rosenbergii Hawaii 1973 Successful trials AQUACOP (1977=)
Guam rosenbergii Hawaii 1974 Commercial hatchery failed Uwate et al. (1984)
{but recently reopened}
Kiribati rosenbergii ? ? ? Uwate et al. (1984)
New Caledonia rosenbergii ? 1972 Technically feasible Uwate et al. (1984)
Palau rosenbergii ? ? Limited freshwater supplies Uwate ef al. (1984}
Solomen Islands rosenbergii Tahiti 1985 Abandoned in favor of Unpublished
penaeids
Vanuatu rosenbergis ? 1955 ? Uwate et al. (1984)
Western Samoa rosenbergii ? 1982 Some success Uwate et al. (1984)
Anguilla
Guam rosirala South Carclina 1977 Failed FitzGerald (1982}
Guam Japonica Taiwan 1973 Discontinued FitzGerald {1982)
Guam Japonica Hong Kong >1973 Discontinued FitzGerald (1982)
Guam Japonica China >1973 Discontinued FitzGerald (1982)
Poecilia
American Samoa ? ? 1972 Uneconcmic baitfish culture Uwate et al. (19584)
Fiji ? ? 1975 Unfeasible Uwate et al. (1984}

continued



Table 1 continued

Taxon Genus Country Species Source Date Qutcome Reference
Palau ? ? mid 70’s Discontinued Uwate et al. (1984)
Tonga ? ? 1974 Inconclusive Uwate et al. (1984)
Western Samoa ? ? 1978 Commercially infeasible Uwate et al. (1984)
Cichlidae
Oreochromis
American Samoa mossambicus ? 1950-60 Wild stocks established Uwaie et al. {1984)
Coak Islands mossambicus ? 1955 Wild stocks established Uwate et al. (1984)
Fiji mossambicus ? 1949 Smalt fishery developed Uwate et al. (1984)
Fiji niloticus Philippines 1980+ Broodstock liberated by flocds  Uwate et al. (1984)
French Polynesia meossambicus ? 1975 7 Uwate et al. {1984)
Guam mossembicus Taiwan 1954 Unsuccessful FitzGerald {1982)
x niloticus
Guam red hybrid Taiwan 1974 Commercial culture FitzGerald (1982}
Kiribati mossambicus ? 1963 Pests in milk{ish ponds Uwate et al. (1984}
Nauru mossaembicus ? 1961 Not acceptable as food Uwate et al. (1984)
New Caledonia mossambicus 7 1955 Uwate et al. (1984)
Papua New Guinea mossambicus Malaya 1954 Wild stocks established West and
Glucksman {1976)
Solomon Islands mossambicus ? 1957 Wild stocks established Uwaie et al. (1984}
Tonga mossambicus ? ? Now widespread Uwate et al. (1984)
Tuvalu mossambicus ? ? Widespread Uwate et al. (1984)
Western Samoa mossambicus ? 1961 Stocked in natural waters Uwate et al. (1984)
Belontiidae
Trichogaster
Papua New Guinea pecioralis ? ? Established in lowlands West and
Glucksman (1976}
Osphronemidae
Osphronemus
Papua New Guinea goramy ? ? Failed in highiands West and
Glucksman (1976}
Pangasiidae
Pangasius
Guam sutchi ? 1973 Unfavourable FitzGerald {1982}

continued
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Table 1 continued

Taxon Genus Country Species Source Date QOutcome Reference
Cyprinidae
Cyprinus
Biji carpio ? 1986 Ieconclusive Uwate et al. (1984)
Guam carpio Taiwan ? ?
Papua New Guinea carpio ? >1958 Widespread in natural waters  West and
Glucksman (1976)
Ctenopharyngodon
Fiji idella ? ? Broodstock liberated by Uwate et al. {1984)
floods
Guam idella Taiwan 1974 ? FitzGerald (1982)
Aristichthys
Fiji nobilis ? Uwate et al. (1984)
Guam nobilis Taiwan 1974 ?
Hypophthalmichthys
Fiji moliirix ? ? Uwate et al. (1984}
Guam molitrix Taiwan 1974 ?
Puntius
Fiji gonionotus ? ? Released into natural waters Uwate et al. (1984)
Salmonidae
Oncorhynchus
Papua New Guinea mykiss NZ and Australia Some commercial success West and
Glucksman (1976}
Salmo
Papua New Guinea trutta Australia Stock established in highlands West and
Glucksman {1976)
Testudines
Trionyx
Guam sinensis Taiwan 1977 Stock escaped FitzGerald {1982)
Guam sinensis Taiwan >1977 Marketed in Hawaii FitzGerald {(1982)

£el
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(Cumming 1988). The pyramidellids
retreat to the lower surfaces of the clam or
into gravel substrata by day and adults or
egg masses could easily be inadvertently
transferred withjuvenile clams whichhave
been exposed to untreated seawater. In
the past year, shipments of giant clam
spat to the Philippines, Guam and Fiji are
reported to have been contaminated in
this way.

The pearl oyster cultivation industry
at Takapoto Atollin French Polynesia was
devastated in 1985 by an unidentified
disease (Hauti et al. 1987), as a result of
which transfers of live pearl oysters from
the atoll were prohibited. A decade earlier
apearl oyster farm in Papua New Guinea,
using regular shipments of Pinctada
maxima from Western Australia, was
abandoned because of high mortality rates.
These are all indications that transfers
between ocean areas should not be lightly
undertaken.

Physical Environmental Changes

Physical environmental changes
attributable to aquaculture have been
minimal in Qceania up to the present.
Destruction of coastal mangroves and
shoreline vegetation for pond excavation
has been limited. To some extent this is
attributable to the communal ownership
of land and marine estates and the sheer
difficulty of obtaining agreement about
development projects. However, in other
cases the opportunities for aquaculture
development have only recently been
perceived and it appears that some
environmental lessons have been well
learned and that some of the mistakes
madein other parts of the world will not be
repeated in QOceania.

Nevertheless, where changes in the
physical environment have been wrought
in the interest of development the
consequences have been serious. This is
best observedinthe US affiliated territories

where environmental modifications in the
interests of harbor, airfield and road
construction, principally for military
purposes, have destroyed huge tracts of
reef, seagrass and mangrove habitats. In
other areas, the constructionof causeways
forlinkingthe smallislandsinatoll systems
have resulted in blockages of vital passes
whereby fresh oceanic water is flushed
into the atoll lagoon on each high tide, and
has led to severe changes in hydrographic
regimes, caused disruption of spawning
runs ofimportant fish species and, possibly,
reduced the numbers of recruits of various
fish species (Johannes 1975). Logging,
mining and poor land management have
contributed tosiltation of reefs andlagoons
in some areas but this is not a widespread
problem in Oceania. Such changes are not
attributable to aquaculture development
but do highlight the point that the island
environment is a sensitive instrument.

Future Developments

It is likely that aquaculture will
develop at a moderate pace in QOceania,
depending mostly on technical
breakthroughs, technology transfer and
development of marketing opportunities,
particularly through new air and shipping
routes.

Established marine aquaculture
technologies are for cultivation of
Eucheuma, pearl oyster and penaeid
shrimps. Giant clam cultivation is in a
rapidly developing phase and research is
currently underway or planned on
cultivation of various species of algae,
sponges, sea cucumbers, seaurchins, crabs,
spiny lobsters, topshell, green snails,
various species of reef fishes and a limited
variety of freshwater, brackishwater and
oceanic fish species, including anguillid
eels.

Many of the species under
consideration are coral reefor coral lagoon
species which, like giant clams and pearl
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Discussion

RUDDLE: There is evidence from Kiribati, where
aquaculture of milkfish (Chanos chanos) is an old-
established tradition, that the introduction of tilapia
has damaged this severely and that tilapiais regarded
there as a pest and a trash fish!.

MUNRO: That is true. Kiribati is in central Oceania
and has enormous stocks of juvenile milkfish which
have traditionally been gathered. They might have
been ‘husbanded’ to a small extent but I know of no

extensive pond systems otherthan those at Christmas
Island which was uninhabited untitrecently. Kiribati
people will not eat tilapia and these have infested
modern milk(ish culture ponds and taro swamps in
Tarawa. The species is Oreochromis mossambicus
which adapts readily to saltwater. It is regarded asa
pest.

D. PHILLIPS: Can you comment on the choice of
tridacnid clam species for aguaculture and also on the
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economics of giant clam farming? Does it dependupon
sales of the adductor muacle?

MUNRO: The three species of interest are Tridacna
gigas, Tridacna derasa and Hippopus hippopus - in
descending order of size. There are two separate
camps: One camp believes that 7. derasa is the
preferred species because of its hardiness. The other,
whichincludes ICLARM, favora 7" gigas because ofits
more rapid growth rate and larger asymiptotic size, T,
gigas can grow to a length of about 50 cm (30 kg
weight) in six years. It is undoubtedly & bit more
fragile than 7. derasa but, given the right techniques,
this problem can be overcome. Hippopus hippopus is
avery robust speciesbut it is quite small. The question
of choice remains openbut the weight of evidence is for
T. gigas.

The whole of the animal flesh is edible and has
been eaten in Oceania for thousands of years. The

adductor muscle is about 10% of the saleable parts -
which means 500 g of sashimi-grade adductor muscle
from a 50-cm clam. The adductor muscle is prized in
Taiwan and whole smalltridacnids are used for sashimi
in Okinawa, We are not discouraged by the market
prospects relative to production - which is very low at
present,

'futa, T. 1989. Formal address and personal letter
from the Minister of Natural Resources to
participants of the Kiribati Applied Atoll Research
Consultation. In R. Thaman (ed.) Applied atoll
research for development. Proceedings of the
Kiribati Applied Atoll Research for Development
Congultation, 27 February-2 March 1989, Tarawa.
Ministry of Natural Resources Development,
Tarawa, Kiribati,
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Abstract

There are {ew data on the environmental impact of semi-intensive fish culture systems.
Comparisons are made between a theoretical intensive aquaculture system using a complete
diet (food conversion ratios, FCR 1.0-2.5) which has complete water exchange or flowthrough,
and experimental semi-intensive fertilized fishpond systems in which water is released to the
environment only on draining the ponds at the end of the culture cycle. Data are presented
from two experimental semi-intensive systems, involving bagged chicken manure supplemented
with inorganic fertilizers and clarified sewage effluent: only 15 and 11% of the fertilizer nitrogen
(N) and 8 and 6% of the fertilizer phosphorus (P), respectively, were removed in harvested fish;
only 2 and 6% of the N and 6 and 10% of the P, respectively, were released to the environment
on draining the ponds at the end of the experiment; the remaining 83% of the N and 86 and
84% ofthe P, respectively, “disappeared” within the culture system, and probably most accumulated
in the sediments. While 21.53% of the N and 11-28% of the P in feed are removed in harvested
fish in the intensive system (with a higher feed nutrient conversion efficiency to fish than the
semi-intensive system), the remainder of the nutrients in the feed are voided to the environment
continuously throughout the culture cycle. In terms of weight of N and P released to the
environment per kg of fish produced, the intensive system is 7-31 and 3-11 times more polluting
than the semi-intensive system, respectively, depending on the FCR of complete feed.

The feeds in intensive systems are consumed directly by fish, whereas fertilizer nutrients
are utilized indirectly through natural feed production in the semi-intensive pond system.
However, the nutrient conversion cfficiency of the semi-intensive system (with nitrogen supplied
as fertilizer) is only slightly less than that of the intensive system (with nitrogen supplied in
the form of feed protein): less than one-tenth the dilference that might be expected from the
extra step in the food chain in the fertilized system. This finding has major implications for
reducing the cost of fish production because N and P are several times more expensive in the
formoflpelleted feed than as fertilizer. Interdisciplinary research to promote integrated agriculture-
aquaculture [arming systems is required. Promotion of wastewater-fed fish culture to recycle
nutrients from urban areas would alleviate eutrophication and produce [ish. Many developing
countries lack a tradition of excreta reuse, The challenge is to implement excreta reuse systems
which do not pose an unacceptable risk to public health in those countries where excreta reuse
is not traditional but where the need for increased efficiency of use of nutrient resources is
greatest.
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Introduction

A consideration of environmental
issues of integrated agriculture-
aquaculture and wastewater (or human
excreta)-fed fish culture systems together
might seem inappropriate atfirst glance.
However, it is logical to consider them
together because bothinvolvefertilization
of ponds to produce natural food for fish.
Furthermore, the prototype integrated
farming system with fish culture, which
probably originated in China, involved
the reuse of human excreta as well as
livestock manure and crop residues. It
isonlyrelatively recently, and in particular
in developed countries, that the cycling
of nutrients between agriculture and other
human activitieshas been broken, leading
to eutrophication.

Aholisticorsystems approachistaken
in this paper in which the environment
is defined in a broad sense with the
ecosystem/agroecosystem comprising all
nonliving and living resources, including
humans who are central to wastewater-
fed fish culture. The scope is restricted
to a consideration of nutrientsin general,
and tofertilized pond systemsinparticular,

Certainterms and concepts (integrated
farming, intensity of fish culture) germane
to fertilized systems are widely used but
with  various meanings and
interpretations. Rather than avoid their
usage, which is impractical because they
are in vogue, they are first defined as
used in this paper with a brief discussion
of alternative meanings. To aid in the
identification oflow cost, sustainablefish
culture systems, the derivation of fish
culturefrom the natural aquatic ecosystem
is presented, followed by a discussion of
fertilized aquaculture systems. Nutrient
cyclingisplacedinanecological perspective
to contrast natural ecosystems whichhave
more or less closed nutrient cycles with
agroecosystems characterized by more
open nutrient flows.

Integrated Farming

Integrated farming is defined here in
the sense of diversification of agriculture
with the development of aquaculture as
a subsystem on a farm with existing
crops, or crops and livestock, subsystems:
“an output from one subsystem in an
integrated farming system which
otherwise may have been wasted becomes
an input to another subsystem resulting
ina greater efficiency of output of desired
products from the land/water area under
afarmer’s control” (Edwards et al. 1988).

The main biological feature of
integrated farming from a nutrient flow
pointof viewis by-product recycling with
diminished reliance on inter-farm or
agroindustrialinputs. However, integrated
farming has been defined in other ways.
With the concern in developed countries
to reduce the adverse environmental
impact of agriculture, integrated farming
systems have been defined as those that
combine lower inputs of “conventional
agriculture” such as low inputs of
commercial fertilizers and pesticides with
more traditional methods of mixed
agriculture such as crop rotations and
increased use of organicresidues (Edwards
1989). Similarly, integrated farming aims
to satisfy a complex of environmental
and social aims rather than only being
concerned with maximizing profit through
predominantly agricultural objectives as
in “conventional farming” (Vereijken1986).

Muir (1986) used the term integrated
fish farming in 2 much broader sense to
include, in addition to integration with
agriculture, the association of aquaculture
withindustry to provide nutritionalinputs
fromagroindustrialby-products or heated
water from power stations, and with
sanitation in terms of sewage inputs to
ponds. While such a definition indicates
the wide spectrum of human activities
that can be linked with aquaculture, it
is too broad for the purpose of this paper



becauseitincludesintensive aquaculture
systems.

Yet another type of integration is
vertical integration, characteristic of
intensive agriculture,in which the various
inputs and stages of farming of an
organism, including processing, are all
controlled by a single company,incontrast
towithin-farmintegration as defined here.

Intensity of Fish
Farming Systems

Intensification of fish farming can be
classified into three categories as
previously recognized by Ling (1967),
who did not name them, and presented
more fully by Edwards et al. (1988):

a. Extensivesystemsrelyonnatural
feed produced withoutintentional
inputs. By definition they are
excluded fromintegrated farming
systems exceptforintegrated rice-
fish farming in which fish may
derivebenefits frominputs added
solely for rice.

b. Semi-intensive systems depend
onfertilization to produce natural
feed in situ and/or on feed given
to the fish, supplementary feed,
to complement the natural feed
which develops. A significant
amount of the fish nutrition is
derived from natural feed.
Integrated crop-livestock-fish
farms and wastewater-fed
fishponds have semi-intensive
pond systems,

¢. Intensive systems depend on
nutritionally completefeeds, either
in moist formulations or in dried
pelleted form, with fish deriving
little to no nutrition from natural
feed produced in situ.

The degree of intensificationis defined

according to feeding practice but
intensification may be accompanied by
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increasing amounts of capital, labor and
mechanization, The classification is
particularly useful for this paperbecause
fertilized systems are synonymous with
semi-intensive systems in which a
significant part of the fish diet is supplied
by natural feed.

The terms extensive, semi-intensive
and intensive have been widely used in
the literature butrarely defined precisely.
There appears to be a general consensus
of opinion that at one end of the spectrum,
extensive culture, fish rely on natural
feed without inputs and at the other end
of the spectrum, intensive culture, fish
derive nutrition entirely from complete
feed, with an intermediate area of semi-
intensive systems in which natural feed
isimportant, However, in contrast to the
definition usedinthis paper, both extensive
(Hickling 1971) and intensive systems
(Schaeperclaus 1933; Hora and Pillay
1962) have been defined as involving
fertilization.

Extrapolated fish yields that can be
expected in well-managed aquaculture
systems with different degrees of
intensification are presented in Fig, 1.
There is a distinct boundary in terms of
nutrition between extensive and semi-
intensive systems as defined here.
However, if a semi-intensive system is
given feed as well as fertilizer as the
biomass of individual fish and the total
weight of fish in the pond increase, the
proportion of fish nutrition derived from
natural food in a semi-intensive system
declines relative to that of the feed
(supplementary and/or complete feed).
Aeration may also be required later in
the culture cycle to maintain adequate
dissolved oxygen in the pond.

The avoidance of aeration by less
intensive culture in which nutritional
inputs are in balance with fish growth
may be a useful boundary to define the
practical upper limit of semi-intensive
systems for small-scale farmers, without
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Fig. 1. Intensification of aquaculture systems. Modified from Edwards et al. (1988).

further intensification involving
mechanical aeration and complete diets.

These definitions are discussed here
only with respect to growout systems but
they canbe applied tohatchery and nursery
systems.

Fish Nutrition in
Freshwater Aquaculture

In the quest for low-cost sustainable
aquaculture systems, systems which
depend on natural food chains in aquatic
ecosystems should be considered before
those which rely on fish feed imported
into the system as the former have less
subsidies than the latter. The former
should be more cost effective in terms of
nutritional inputs and have less adverse
environmental impact than the latter. A
useful analogy which was fully appreciated
more than 50 years ago is the comparison
of a fertilized fishpond with cattle or
dairy production on grass as animals
feed at the base of the food chain in both
systems (Schaeperclaus1933). Schroeder
(1977, 1980) stressed the importance of

using the pond not only as a medium in
which to grow the fish but also as an
“external rumen”in whichnutrients bound -
in a relatively indigestible form could be
released by microbial activity and provide
substrates for both heterotrophic and
autotrophic production that could
subsequently serve ashigh protein natural
food for the fish.

Derivation of Aquaculture Systems
from Natural Aquatic Ecosystems

There are three basic types of fish
culture systems that have been derived
from natural aquatic ecosystems (Fig. 2)
(Edwards et al. 1988):

System 1 - vegetation-fed systems,
Aquatic macrophytes in natural aquatic
ecosystems are grazed by macrophagous
feeding fish butin a well-managed fishpond
with adequate inputs to support good
fish growth they are rarely present as
they are shaded out by water turbidity
(plankton, detritus, and silt suspended
in the water column by fish disturbing
the sediments). Terrestrial plants and/



or aquatic macrophytes from outside the
fishpond are fed to herbivorous fish and
large amounts of fish excreta produced
by the inefficient digestion of vegetation
produce natural feed for plankton/detritus
filtering fish and omnivorous/detritus
benthic feeding fish. The central species
inthe traditional Chinese carp polyculture
is the grass carp (Ctenopharyngodon
idella). The culture of other macrophagous
feeding fish such as giant gourami
(Osphronemus goramy) and silver barb
or tawes (Puntius gonionotus) is also a
traditional practice in Southeast Asia.

System 2 - excreta or manure-fed
systems for plankton/detritus filtering
fish such as the Chinese carps, [silver
carp (Hypophthalmichthys molitrix) and
bighead carp (Aristichthys nobilis)], the
Indian major carps [catla (Catla catla)
and rohu (Labeo rohita)], and tilapias
such as Niletilapia (Oreochromis niloticus)
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and blue tilapia (O. aureus), and
omnivorous/detritivorous benthicfeeding
fish such as common carp (Cyprinus
carpio), the Chinese mud carp (Cirrhinus
molitorella) and the Indian major carp
mrigal (Cirrhinus mrigala).

System 3 - trash-fish fed systems for
carnivorous fish such as snakehead
(Channa striata) and walking catfish
(Clarias spp.).

Whereas carnivorous fish are usually
cultured in monoculture, fish are normally
cultured in polyculture in systems 1 and
2 with a considerable overlap of feeding
niches as indicated in Fig. 2. Fish feeding
in a minimum of three niches has been
recommendedfortypel systems(Edwards
et al. 1988). Inefficient digestion of
vegetation by macrophyte-feeding fish
results in copious feces which stimulate
food production for both water column
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Fig. 2. The relationship between a natural pond ecosystem and three traditional aquaculture systems.
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and benthic feeding fish. Fish feeding in
two niches would be appropriate for type
2 systems that receive only manure. In
the traditional pond culture of common
carpin Europe and Israel, an omnivorous/
detritus benthic feeding fish has been
made more productive by stocking
planktor/detritus filtering fish (Reich
1975; Opuszynski 1978).

Pond Fertilization

The fertilization of fishponds with
organic matter, particularly human
excreta and livestock manure, is widely
practicedin Asia (Ling1967; Prowse 1967).
According to Huet (1972), fish “must rely
to the greatest possible extent on natural
feed which contains all the constituents
of a complete diet - amino acids, vitamins,
minerals, ete”. Naturalfood contains about
50-60% protein on a dry weight basis
(Hepher1979).Ithasalsobeen appreciated
foralongtime that the culture of common
carp in Europe could not be conducted
economically with total dependence on
artificial feed but only with at least 50%
of nutrition from natural feed; the pond
cannot be only a “stall” or feedlot, it is
always “stall and pasture” in one and
“the natural nutrition in the carp fishery
is the basis for profitable feeding”
(Schaeperclaus 1933). However, the
promotion of organic fertilization is
constrained by sociological and public
health considerations for human excreta
reuse and by the need to confine livestock
in feedlots to utilize their manure in
fishpondsinintegrated farming systems.

Commercial inorganic fertilizers are
used infrequently in aquaculture despite
their widespread use in agriculture in
the developed world, and to anincreasing
degree in many developing countries.
Part of the reason for the limited use of
commercial fertilizers in fish culture is
there are few scientific data on how to
promote and maintain a rich growth of
natural food or on the optimal amount

required for growth of different fish species
at different stages of their life history,
at different stocking densities and in
various environmental conditions (Ling
1967). Nutrient dynamics in fertilized
fishponds are poorly understood and
strategiestoimprove yieldsinsuch systems
havenotbeendeveloped. However, proper
fertilization of ponds for the optimum
and manageable growth of algae could
bring about a substantial increase in fish
production (Barica 1976). While we now
have sufficient understanding of fishpond
nutrient dynamics to pose relevant
questions, their solutions through research
and practical strategies to implement
them at farm level are still wanting,

Supplementary Feed

Supplementary feed, by definition, is
meant to augment natural food. When
feeding on natural feed only, part of the
natural feed proteins are used for energy
which is wasteful. Furthermore, when
natural feed becomes scarce, energy
becomes limiting first and not protein.
Relatively cheap cereal grains which are
rich in carbohydrates as energy sources
should be used as the main supplementary
feeds (Hepher 1975, 1978; Opuszynski
1987). A corollary is that plant foods such
as cereals (and legumes), which are the
main supplementary feeds for common
carp would be nutritionally unbalanced
if fed alone; they must be given with
natural food, to be utilized effectively as
mentioned above (Opuszynskil987). Rice
bran is widely used as a supplementary
feed in fishponds but many ponds have
low fertility with limited natural feed, so
much is utilized inefficiently.

Complete Feed

Intensive systems depend either on
dry pelleted feed or on fish from capture
fisheries. Dryfeedformulationshavebeen
used increasingly inintensive aquaculture
since about 1960 (Hickling 1971; Huet

1



1972) and have gradually replaced fresh
fish as feed except for the culture of
certainmarine and freshwater carnivores
(Csavas 1989). As dry feed formulations
are usually dispensed from a bag, it is
more difficult to appreciate readily the
relatively more precarious supply of some
of the ingredients, particularly fishmeal,
than in former times. Dried marine fish
(Chatoessus nasus) was imported from
India before World War II to feed trout
in Germany (Schaeperclaus1933). Before
the use of pelleted feed formulations
permitted the widespread use of marine
fish in feed, inland salmonid farms used
fresh meat: cattle and horse meat, abattoir
waste, slaughtered condemmed animals
and also healthy animals purchased in
markets (Huet1972). The total freshmeat
requirement of trout culture was often
considerableand afarm producing10,359
pounds (4,550 kg) of trout annually
required a whole cattle or horse daily in
the summer (Schaeperclaus 1933).
Pelleted feed formulationsincorporate
fishmeal derived from marine capture
fisheries as the animal protein source. As
capture fisheries are limited, there is
increasing competition with livestock diets,
the major consumer (Wijkstréom and New
1989; Csavas 1989). Reservations about
the general relevance of intensive systems
in developing countries were expressed
about 30 years ago by Hora and Pillay
(1962) concerning intensive eel culture
in Japan: “if these methods are followed
in other countries, the price of fish may
increase beyond the reach of the common

man”.
Fertilized Aquaculture Systems

Integrated Farming Systems

Traditional small-scale integrated
agroecosystemsinvolving crops, livestock
and fish, as well as humans, probably
evolved in China. The major possible
interactions between the various
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subsystems in such systems, excluding
off-farminputsand produce, are presented
in Fig, 3. Livestock and human excreta
or manure may be used to fertilize crops
or the fishpond. Crops may be fed to
livestock or fish (or humans). Fishpond
water may be used to water crops or
provide drinking water for livestock. Mud
removed from the fishpond may be used
to fertilize crops.

Integrated agriculture-aquaculture
farming systems are most developed in
China which alsohas the greatest variety
of systems. Perhaps the bestknown system
is the mulberry dike-fishpond system in
which mulberry is raised on the pond
dike and the leaves are fed to silkworms.
Silkworm excreta and pupae are fishpond
inputs and pond mud is used to fertilize
mulberry (Ruddle and Zhong1988;Zhong
1989). Livestock are often integrated with
aquaculture, Someoftheirfeedis provided
fromecrops grownonthe farmand manure
isused tofertilize both crops and fishponds.
Crops are grown on fishpond dikes either
as vegetables for humans with the waste
leaves fed to fish or as crops grown
specifically for fish feed, e.g., grasses.

The most commonintegrated farming
system outside Chinaisfeedlotlivestock-
fish (Fig. 4). Integration of c¢rops with
fish is less common outside China (Pullin
and Shehadeh 1980). Nor isit general for
pond mud to be removed tofertilize crops.
Fish culture in ricefields is an example
of integration of crops with fish but, in
contrast to popular supposition, relatively
few farmers are involved to date.

Small-scalefarmerinterestin tropical
Asia in the culture of fish is increasing
as wild fish decline in abundance but
well-established strategies for semi-
intensive fish culture do not exist. The
majority of small-scale farms in tropical
Asia are crop-dominated with most of the
produce of the major crop, rice, being
consumed domestically (Fig. 5). Crop by-
products are fed to relatively small
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numbers of livestock, the manure of which
fertilizes the crops. Most small-scale
farmers are unableto raise feedlotlivestock
integrated with fish because they cannot
afford this method of livestock raising.
Moreover, farmers may dig ponds and
stock them with fish (research has

successfully addressed the problem of
seed production of most species cultured
in semi-intensive systems) but cost-
effectivefertilization and feeding strategies
remaintobedeveloped. Asa consequence,
farmers’ ponds usually produce very low
yields offish. Fishponds commonly become
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a crop-dominated small-scale farm,

infested with emergent aquatic
macrophytes stimulated by penetration
of light to the pond bottom or contain
silty water, both of which reflect the low
nutrient status of the pond water.

Extant Wastewater-fed
Aquaculture Systems

Wastewater is used here in the broad
sense to include the various forms of
human excreta:fresh or recently collected
excretaor nightsoil, fecally polluted surface
water, septage from septic tanks, and
sewage, Wastewater reuse in fishponds
occurs mainly in Asia but thereis a well-
known sewage-fed fishpond system in
Munich, Germany, which is now used
onlyfor the tertiary treatment ofactivated
sludge effluent (Prein 1990).

Most systems use fresh or only partially
treated wastewater with potential public
health problems. Cartage, the removal of
nightsoil by bucket, cart or vacuum truck,
is prevalentin China although the nightsoil
is now stored for four weeks prior to use

in fishponds. The overhung latrine, a
superstructure built on piles over a
fishpond, is widespreadin China, Indonesia
(WestJava)and southern Vietnam, Fecally
polluted surface water and conventional
sewage for fertilizing fishponds are used
in China where there are a total of 8,500
ha (Zhang 1990); India with 4,000 ha
(Edwards 1992); and Vietnam with 1,400
ha in Hanoi alone (Tuan and Trac 1990).

Wastewater reuse in aquaculture is
receiving increasing scientific attention
(Edwards and Pullin 1990; Edwards1992)
as its potential to recycle nutrients in
productive, socially acceptable systems
has been realized.

Nutrient Cycling in
Agroecosystems

An agroecosystem is simply an
ecosystem which is used for agricultural
purposes, The term agroecosystem is
somewhat contradictory as an ecosystem
is usually defined as a closed biological
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system, 1i.e., separated from its
surroundings by boundaries -through
which no transport of material occurs
(Fig. 6, upper). However, the main
characteristicofan agroecosystemisthat
itis a system which produces food or fiber
which is passed through its boundaries;
thusitisanopensystem asfar as nutrient
transportation across its boundaries is
concerned (Frissel 1977; Tivy 1987).
Agroecosystems are characterized by a
larger and morerapid turnover of nutrients
than unmanaged ecosystems (Fig. 6,
lower). Nutrientsremovedin farm produce
need tobe compensated by nutrient inputs,
the magrnitude of which depends on the
nature and intensity of the farming system
(Tivy 1987).

A gignificant event in our
understanding of nutrients in agriculture
was a 1976 symposium on the cycling of
mineral nutrients in agrecosystems
(Frissel 1977). Sixty-five agroecosystems
were described in the proceedings although
none included aquaculture, Agroecosystem
boundaries were those of individualfarms
and contained plants, soils and animals
but excluded humans. Nutrients crossing
the farm boundary as inputs in the form
of fertilizer and feed and outputs in the
form of crop or animal produce were
determined as well as other gains and
losses. The models for nutrient cycling
inagroecosystems consisted of three main
compartments or pools - plant, livestock
and soil. Nutrient transfers among pools
within the system wereindicated. Thirty-
one fluxes were used to describe inputs,
outputs and transfers with the system.

Nutrient cycles in agroecosystems
involving fish in addition to crops and
livestock involve even more nutrientfluxes
but these remain to be studied. However,
a preliminary attempt has been made to
identify nutrient cycles for an
agroecosystem involving crops, livestock
and fish (Fig. 7) (ICLARM 1988).
Furthermore, there is a need for a model

for wastewater reuse in aquaculture which
includes humans.

The two most important criteria
selected to classify the systems from an
agricultural point of view were type of
farming and yield, the latter expressed
as nitrogen (N) output (Frissel 1977).
Extensive agroecosystems depend to a
large extent onthe natural or little modified
soil nutrient reservoir, e.g., livestock
grazing where physical constraints limit
arable crop production and shifting
agriculture. Yields are low with an output
of consumable N of less than 20 kg
hal. Such an output in the form of fish
corresponds to an annual production of
781 kg-ha! of fish (assuming fish are 16%
protein, fresh weight basis). This figure
is close to the upper productivity of
extensively managed common carp ponds
in Europe in which natural productivity
without fertilization ranges from 20 to
600 kg-hal of fish, although maximal
values are rarely produced because most
ponds are not situated on high quality
soils (Qpuszynskil987). Ingeneral, yields
in extensive culture of common carp in
Europe range from 120 to 240 kg
‘hal.year?! ((’Grady and Spillet 1985),
Average fishpond yields of 690 kg
‘hal-year? in 1973 (compared to 2,070
kg-hal-year! in 1988) in China also
indicate thatthe pondsreceivedfewinputs
(Guan and Chen 1989).

At the opposite end of the spectrum,
intensive agroecosystems have high
productivity but are maintained by a
correspondingly large input of nutrients,
e.g., continuous and wholly arable systems
andintensive livestock systems. The latter
can be based on grass production with
high inputs of fertilizers or can be feedlots
with all feed supplied from off-farm (Frissel
1977). The highest output of consumable
N reported by Frissel (1977) was 400
kg-ha! (for French intensive grass

" production, without animals), an output

which corresponds to a fish production
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kitchen waste to livestock and fishponds.

of15.6t-hal, although yields in intensive
feedlot systems raising either fish or
livestock can greatly exceed this value.

Traditional, and formerly more
widespread, mixed farms characterized

by livestock production on the basis of

arable crops and improved grassland,
are intermediate between the extensive

and intensive systems defined by Frissel -
(1977) although they were classified as
moderately intengive agroecosystems by
Tivy (1987). They are essentiallyintegrated
farms which receivelow to moderateinputs
of nutrients from outside the farm. Losses
of nutrients are small, particularly on
farmsin which only livestock are produced,



and there is a close approximation to an
almost closed, self-sustaining, nutrient-
conserving cycle (Tivy 1987).

Perhaps the only detailed study of an
integrated agriculture-aquaculture system
is that by Ruddle and Zhong (1988) of the
dike-pond system of the Zhujiang Delta
in southern China. The authors claimed
that the system, when studied, was a
relatively closed ecological cycle “based
almost entirely on the tightly managed
recycling of materials” and “the bulk of
the inputs have always been generated
from within the system itself”. However,
thisis difficult toreconcile with themajor
objective of the system, the production
and export of commercial crops (fish, silk
and sugar), The mean yield of fish, about
7 t-hal, equates to the export of about
180 kg consumable N-ha.year'. The
maximum efficiency of N conversion to
fish in the form of high protein pelleted
feed is about 25% (see Table 1) which
means that an absolute minimum of 700
kg-N-ha-year is required to support the
fish yield. Most of the N could not have
been regenerated within the system. In
communes where the dike-system was
the dominant land use, 76% of the
agriculturalland was devoted tothe system
(43% fishponds, 15% mulberry, 18% sugar
cane) with 12% to rice and 11% to mixed
andmiscellaneouscrops. Rates of N fixation
are low in fertilized fishponds (Colman
and Edwards 1987) and most of the crops
in this southern China example were not
N-fixing plants. Data presented from a
detailed study of four households indicate
that 66-88% of the total inputs to the
fishpond were pig and human manure,
with the former far exceeding the latter
in three out of four households. With an
extremely high rural human population
density of 1,700 persons/km? and only
12% of the agricultural land under rice,
a considerable amount of human food
must have beenimported into the system.
Furthermore, it is unlikely that the feed
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requirements of the pigs were met by “a
diet of greens, particularly water hyacinth,
sugar cane tops and vegetable waste”.
While greens are traditionally fed to pigs
in China, pigs are monogastrics and require
more digestible sources of nutrients for
adequate growth. The large flow of
nutrients through the system was most
likely provided mainly by the import of
human and pig food which was not
considered in the study, i.e., the system
was, therefore, notaclosed agroecological
system.

Problems

The developing world is confronted
with two interrelated problems: how to
stimulate agricultural productivity and
in particular toincrease the productivity
and welfare of small-scale farmers, the
single most populous group in the world;
and how at the same time to safeguard
the environment from pollution. Pollution
is best defined broadly as an undesirable
change in the physical, chemical or
biological characteristies of air, water, or
land thatmay or willbe harmful tohumans
and other living organisms (Odum 1975).

The problems facing the developing
and the developed world are to a certain
extent different. Most agricultural systems
in developing countries, including pond
culture of fish, are characterized by low
productivity whereas developed world
agricultureishighly productive. However,
developed-country agriculture (and
aquaculture) depends to a large degree
onhighinputsfromindustry. Maximizing
agricultural yields withoutregard to other
consequences is producing a serious
environmental backlash (Loehr 1970;
Alexander1974; Killey-Worthington1980).
A ten-fold increase in agricultural
chemicals (fertilizers, pesticides) and
energy is required to double agricultural
cropyield (Odum1971). Thus, developed-
country agriculture (e.g., Japan) produces



Table 1. A comparison of nitrogen and phosphorus efficiences (in terms of nutrient inputs in feed or fertilizer relative to nutrient content of fish at harvest)in a theoretical intensive
systermn and experimental semi-intensive aquaculture systems. AIT, Asian Institute of Technology; DM, dry matter; FCR, feed conversion ratio; TSP, triple superphosphate; CRSP,
Collaborative Research Support Program.

Culture system

Intensive systems
Complete diet
Comlete diet
Complete diet
Complete diet

Semi-intensive systems

Integrated pig/lish

Integrated chicken/ish

Integrated duck/fish

Bagged chicken manure
plus urea and TSP

Buflale manure

Buflalo manure plus urea
and TSP

751

Nitrogen Phosphorus
Conversion Conversion N:P
Extrapolated net gto elliciency ol gto efficiency of ratio
fish yield produce N input te fish  produce P input to fish by
Treatment (kg-halyeart) 1 kg fish N (%) 1 kg fish P (%) weight Reference
FCR1.0 - 48 53 12 28 4 : 0 theoretical*
FCR1.5 - 72 36 18 19 4 : 0 theoreticall
FCR 2.0 - 96 27 24 14 4 :0 theoreticall
FCR 2.5 - 120 21 30 11 4 :0 theoretical
100 animals/ha 7,121 163 25 - - - Hopkins and Cruz {1982)%
5,000 animals/ha 10,475 124 21 - - - Hopkins and Cruz {1982¢
1,500 animals’ha 10,000 133 19 32 11 4 :1 AIT (15867
8.5 kg manure DM 8,601 170 15 42 8 4 :1 CRSP/AIT {unpubl. data)?
{total 4.0 N and
1.0 P/ha/day)
300 kg manure 3,120 491 5 70 5 72:1 ATT (1986)%
DM/Mha/day
100 kg manure 3,487 460 6 46 7 10 0 ATT {unpubl. data)®
DM/ha/day + total
4.4 kg N and 0.4 kg
Prha/day

1Assumptions: pelleted complete feed, crude protein content 30% on dry weight basis, 1.2% phospherus (Le 1989); fish 16% crude protein {Hastings 1979) and 0.34% P (Beveridge
1987) on Iresh weight basis; protein contains 16% nitrogen.
2Assumpticns: fish same nitrogen and protein contents as above.



4 times the areal yield of developing-
country agriculture as in India but is 100
times more demanding of resources and
energy with much greater consequential
adverse environmental impacts.
Agriculturalistsin general have “ignored
the large ecological framework in which
farming is conducted and, as a result,
agricultural production hasoften (perhaps
unconsciously) exploited the natural
environment” (Dent and Anderson1971).

Developing-country agriculture also
has an adverse effect on the environment
but one thatisrather different. Population
pressure leads to the expansion of
agriculture into marginal forested areas
with deforestation leading to soil erosion
and more unstable water regimes which
can threaten the very existence of
agriculture. The problem for developing
countries is essentially how to stimulate
agricultural (and aquaculture)
productivity and profitability without
further environmental degradation, in
contrast to the need to reduce the level
of intensification to a sustainable level
in the developed world.

Untilrelatively recently, nutrientflows
were more closed than they are in much
of the world today (Fig. 8). They have
become moreopenover thepast150years

N, B, K,

Sadimant

Fig. 8. Relatively closed nutrient cycles in pre-mid-
nineteenth century agriculture (left) contrasted with
more open nutrient cycles of developed-country
agriculture (right). Modified from Vallentyne (1974).
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because of increased urbanization and
because food production, processing and
distribution systems, particularly in the
developed world, have become increasingly
dependent on industrial products.
Borgstrom (1973) has referred to the
plethora of ecological problems associated
with the interruption of the flow of
nutrients between man and the soil as
“the breach in the flow of mineral
nutrients”. All are part of the unsuccessful
attempt to cope with the increasing rate
of urbanization over the past century
and the resulting large urban ecosystems.
Human food chains and nutrient cycles
have become exceedingly complex and
unstable because only half of the world’s
population now lives on farms where
agricultural by-products and wastes and
human excreta are returned to the land
(Duckham et al. 1976). Urbanization has
a higher rate of growth than that of the
human population (Odum 1971). Only
17% of the population oftheless developed
countries was urban in 1950 but over
50% is expected to be urban by 2020
(Keyfitz 1989).

The ultimate cause of the short-
circuiting of nutrients from humans to
the soil was the development in the mid-
nineteenth century of a waterborne
transport system or sewerage for toilet
waste, which led to 2 unidirectional flow
of nutrients to receiving water bodies
(Vallentyne 1974). The increasingrate of
population growth and urbanization led
tothe development of “artificial” or mineral
fertilizers to stimulate crop production.
The guano trade of the nineteenth century
was the first step in the development of
a “geographic imbalance” in the
distribution of nutrients (Borgstrom1973),
later followed by industrial manufacture
of fertilizers. Livestock were originally
fed with on-farm feed but in the
development of feedlot livestock (and
intensive aquaculture) there has been a
dissociation of plant and animal
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production, A good example is intensive
pig rearing in the Netherlands with “a
mountain of manure” to dispose of
{Armstrong1988); feed comes from other
continents: energy in cassava from
Thailand and fishmeal protein from Peru.
Nutrient enrichment of water from
intensive agriculture, agroindustry and
human sewage lead to eutrophication,
Natural eutrophication occurs without
human intervention in the natural
succession of a waterbody over geological
time due to weathering of rocks buthuman
intervention, referred to as artificial or
cultural eutrophication, can accelerate
the process alarmingly. Eutrophication
leads to the development of blooms of
phytoplankton which may be considered
undesirable because of increased
treatment costs to provide domestic water,
decomposition of algae to produce
unpleasant smells and decreased
recreational value for swimming and
boating, and occasional mass mortality
of fish when blooms collapse.
However, eutrophication needs to be
placed in a proper context because it also
providesthe nutritional basis for fertilized
fishponds (Colman and Edwards 1987).
Ryther (1971) proposed the term
“controlled eutrophication” for the use of
phytoplankton in artificially fertilized
systems, whichincludefertilized fishponds,
the basis of much of the world’s production
of farmed fish. In the development of
controlled eutrophication systems, there
has to be both organism and chemical
balance in which rates of natural food
production and oxygen regenerationlead
to sustainable fish production (Colman
and Edwards 1988). Similar conceptshave
been expressed inthe pollution literature.
Barica (1981) described the ultimate stage
of eutrophication, which must be avoided
in fish culture, as hypertrophy when the
system becomes unstable due to a large
biomass of phytoplankton which is light-
rather than nutrient-limited. Mee (1988)

defined the term “critical eutrophication”
toindicate the point at which deleterious
effects of nutrient enrichment begin, when
the rate of production of new organic
matter by algae exceeds the natural net
rate of oxygen to oxidize it.

Environmental Impact of
Aquaculture Systems

Nutrient Efficiency of Aquaculture
Systems

A comparison is made here of the
conversion efficiency to fish of N and
phosphorus (P) inputsinintensive systems
(intheform of protein and Pinnutritionally
balanced or complete pelleted feed) and
semi-intensive systems (in the form of
livestock manure with or without
commercial fertilizer supplementation).
Theoretical data are used for theintensive
system and experimental data are used
for the semi-intensive systems (Table 1).
Intensive aquaculture has the highest
nutrient conversion efficiencies because
feed is ideally formulated according to
the nutritional needs of the target species.
Nutrient conversion efficienciesin terms
of nutrient inputs and nutrients in fish
range of 21-53% for N and 11-28% for P
with food conversion ratios (FCR) of 1.0-
2.5, respectively. Nitrogen and P
conversion efficiences of semi-intensive
systemsare 5-256% and 5-11%, respectively.

Nutrient conversion efficiencies for
semi-intensive systems arelower because
there is at least one extra step involved
in the conversion of nutrients to fish
through natural feed production in the
pond. Animals in semi-intensive systems
also expend more energy in feeding than
those in intensive systems, which lowers
the efficiency further. However, the
nutrient conversion efficiences of semi-
intensive systems using pig and poultry
manure are much less than one order of
magnitude lower than those for intensive



systems as might be expected with at
least one additional step in thefood chain
involving natural food production as feed
for fish.

Efficiencies at the upper end of the
semi-intensive range for integrated/
livestock fish systems are remarkably
close to those for fish fed complete diets,
particularly for nitrogen (Table 1). While
spilled livestock feed undoubtedly
contributes tofish growthinanintegrated
system, N conversion efficiencies only a
little lower than those in pelleted feed
may be due in large part to nutrient
cycling in the static water system and to
the high nutritional quality of natural
foodin pondsmanured withhigh nutrient
guality livestock manure from feedlot
livestock.

Similar yields to those obtained in
integrated feedlot livestock/fish culture
systems have been obtained recently in
experimental systems fertilized with aged
(bagged) layer chicken manure
supplemented with urea and TSP (triple
superphosphate) (Table 1), with N and
P conversion efficiencies about 50% lower
than those of the intensive system fed
with a pelleted feed at a FCR of 2 (CRSP/
AIT, unpubl. data).

As the economics of raising confined
livestock are usually inappropriate for
small-scale farmers (Edwards 1983),
research is being carried out with buffalo
manure available on small-scale farms.
However, much lower yields were obtained
with buffalo manure (AIT 1986), about
3 t compared to about 10 t-hal.year?
with integration with feedlot livestock
(Table 1). This was due to the relatively
bigh dry matter (DM) loading rates of
buffalo manure required to provide
reasonable N and P fertilization rates
because of the low quality of the manure,
which caused poor water quality.
Reduction of the buffalo DM loading rate
and supplementation with commercial
fertilizers increased the yield a little but
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research is required to elucidate the rate
limiting factor(s) in such a system.

Comparison of Nutrient Pollution
of Semi-intensive
and Intensive Systems

In contrastto mostintensive systems
which are “open” in the sense that they
have water exchange and therefore
contribute nutrients to the adjacent
environment, semi-intensive systems are
usually “closed” or static water systems
with little to no exchange of water with
the surrounding area except when the
pond is drained. Without a static water
system it would be impractical tofertilize
the pond to produce natural food for fish
as a flowthrough system would flush out
nutrients before they had time to stimulate
natural food production. Nutrient rich
water in fertilized ponds may be used to
water crops grown on pond dikes in
integrated farming systemsbut this should
have little to no adverse environmental
impact.

There is a dearth of information in
the literature concerning the
environmental impact of semi-intensive
fish culture systems. A tentative nutrient
balance for an intensively fed but static
water fishpond in Israel had a yield of
7.3-12.3 t-hal-year! over a 4-year period
(Avnimelech and Lacher 1979), similar
to those reported from semi-intensive
systems fertilized with the manure of
feedlotlivestock. Common carp wereraised
in the 0.3-ha, 1-m deep pond and were
fed with sorghum and pelleted feed. The
water N and P contents did not show
increasing concentrations with time but
fluctuated around mean values of1.5 and
0.5 mg-1"}, respectively. About 75% of the
N and about 80% of the P supplied in feed
were not utilized by the fish, about 1.0
t-hal of N and 0.17 t-ha? of P, and most
accumulated in the sediments.

A similar absence of accumulation of
nutrients occurred in the water of a series
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of fishponds stocked with Nile tilapia
fertilized with urea and TSP supplemented
chicken manure (Table 2). The 280-m? x
0.95-m deep ponds were stocked with
Nile tilapia and fertilized with 46.0 g N
and 8.9 g P per square meter for 147 days
which gave a net fish yield of 97.0 kg,
equivalent to 8.6 t-hal.yearl. The fish
removed only 15.1 and 8.1% of the N and
P added to the ponds, respectively. The
total N and total P (TP) concentrations
of pond water at the end of the experiment
were 1.12 and 0,91 mgl!, respectively,
from which it ecan be ealculated that only
1.8 and 5.9 % of the N and P remained
inthe water, respectively. The difference
represents the N (83.1%)and the P(86.0%)
which disappeared within the system.

Data were collected on sewage treatment
in wastewater-fed aquaculture over a 5-
year period from a 10.7-ha complex of
experimental ponds with a mean depth
of 1.0-1.3 m in Hungary (Kovacs and
Olah 1982, 1984). Raw sewage was
subjected tophysical treatmentinvolving
primary filtering by a wire net, a sand
trap to remove finer particles and a
sedimentation tank. The mechanically
treated clarified effluent was then pumped
daily under high pressure into the ponds
through a series of sprinklers. The system
was batch fed without an effluent except
when the ponds were drained at the end

of the fish growing period. The optional
fish stocking structure was 50-65% silver
carp, 22-30% bighead carp, 8-10% grass
carp,and 5-10% common carp. The imtial
stocked weight of fish was 0.8-1.1
t-hal with a net yield of 1.8-2.0
t-hal.120-day growing season, or an
extrapolated net yield of 5.5-6.1
t-hal.year?. The optimal sewage dosage
of settled sewage with a biological oxygen
demand (BOD,) of 110-120 mgl! was
100m®-hal-day?!, equivalent toa domestic
sewage production of 800-1,200 persons,
which gave an organic loading of 11-12
kg-BOD hal-day?. Over the 120-day
period, 400-500 kg of N and 80-120 kg
of Pwere sprayedintothe system. Treated
water on draining the ponds at the end
of the fish growing season had 2-3
mg-11 total Kjeldahl N and 0.7-1.0
mg-1"1 TP, Based on mean data, 11% of
the N and 6% ofthe P added to the system
were removed in fish, 6% of the N and
10% of the P were drained from the pond
in water, and 83% of the N and 84% of
the P were removed by the system.
Acomparisonofthe nutrients released
from semi-intensive and intensive systems
is presented using the data for semi-
intensive systems from Table 2 (chicken
manure +urea + TSP)and thehypothetical
data for intensive systems from Table 1
(complete diet, FCR 2). To facilitate

Table 2. Preliminary nutrient budget for a semi-intensive pond fertilized with bagged
chicken manure supplemented with urea and triple superphosphate and stocked with Nile
tilapia (Oreochromis niloticus). The 280-m? ponds gave a net {ish yield of 96.3 kg fish over
the 146-day cxperiment. See text for more details: Section on Comparison of Nutrient
Pollution of Semi-intensive and Intensive Systems. Figures in parentheses are percentages
of nutrients (CRSP/AIT, unpubl. data). N, total nitrogen; I, total phosphorus.

Added in Utilized Remaining Disappeared
fertilizer by fish in water within the
Nutrient kg) (kg) kg system (kg)
N 16.352 (100) 2466 (15.1) 0298 (1.8) 13.588 (831)
P 4.088 (100) 0.328 (81) 0.242 (5.9) 3.518 (86.0)

1Assumptions: {ish 16% crude protein and protein 16% N; fish 0.34% P, bolh on fresh weight

basis.



comparison, extremes are agsumed with
water released to the surrounding
environment only ondraining the system
at the end of the culture cycle for the
static water, semi-intensive pond system
but with complete water exchange or
flowthrough for the intensive system as
in a cage or raceway systems (Fig. 9).
Relatively small amounts of nutrients
are removed in harvested fish, 15% N
and 8% P in the semi-intensive, and 27%
N and 14% P in the intensive system of
the total nutrients added to the systems.
Amounts removed in fish differin the two
systems despite the same hypothesized
yield because nutrient conversion
efficiencies of N and P are higher in the
intensive than in the semi-intensive

157

system. The nutrients that are removed
by the system are assumed to be the
difference between those added and
accounted for in water immediately prior
to fish harvest and in the harvested fish
for the semi-intensive system. Eighty-
three per cent of N and 86% of P are
removed by the system and do not pollute
the environment. Most were probably
immobilized in the sediments. In contrast,
no nutrients in the intensive system are
sequestered by the culture system and
pass through the system in the water,
73% N and 86% P, to pollute the external
environment, Relatively few nutrients
occur in the drainage water of the semi-
intensive system, only 2% N and 6% P,
although in practice some nutrients
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Fig. 9. A comparison of the environmental impact of semi-intensive aquaculture
gystems with the same fish yield. Partitioning of added nitrogen and phosphorus
nutrients are expresscd as a per cent of those added in fertilizer and feed for semi-
intensive and intensive systems, respectively. Nutrients are removed in fish at
harvest, disappear within the system, or are removed in water when the system is
drained in the semi-intensive system or continually in the intensive system.
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retained in sediments would be flushed
out ondrainingthe pond. While the initial
N:P ratios by weight were 4.0 for both
systems, the final N:P ratios in the water
of 0.3 and 3.4 for the semi-intensive and
intensive systems, respectively, indicate
that both systems are much more efficient
at removing N than P, but the semi-
intensive more so than the intensive
system.

A comparison is also made of the
polluting capacity of the above semi-
intensive system (chicken manure plus
urea and TSP) and the intensive system
at FCRs ranging from 1.0 to 2.5 (Table
3). The intensive system is 26-44 times
more polluting than the semi-intensive
system in terms of N, and 12-15 times
in terms of P, expressed as a percentage
of the nutrients required to producel kg
of fish. However, the pollutiondifferential
isreduced based onthe weights of nutrients
released to the environment because the
intensive system has higher N and P
conversion efficiencies than the semi-
intensive system (Table 1). In terms of
weight of N and P released to the
environmentinwater, the intensive system
is 7-31 and 3-11 times more polluting
than the semi-intensive system,
respectively (Table 3).

It is stressed that the comparison
above is based on data from a single
experiment. However, further study is
unlikely to disprove the conclusion that
semi-intensive systems are much less
polluting than intensive systems.
Furthermore, asintensive systems usually
have a far higher per unit area fish
production capaecity than semi-intensive
systems, the latter clearly have
considerably less adverse environmental
impact than the former.

Guidelines for Research and
Development of Semi-intensive
Aquaculture Systems

Misconceptions Concerning
Developing-Country Aquaculture

There is considerable misunder-
standing concerning the distribution, the
amount of production, and the types and
degree of development of various systems
of Asian aquaculture which constrains
the provision of support for research and
development.

Aquacultureisfarless widespreadin
Asia than is widely supposed; although
Asia accounts for about 85% of the world’s
total production, more than other

Table 3. A comparison of the pollution capacity (per kg of fish) of intensive and semi-
intensive aquaculture systems, Nitrogen (N) and phosphorus (P) leave the system
continuously in a flawthrough intensive system but only when the pond is drained at the
end of the culture cycle in the static water semi-intensive system. Pollution potential data

are derived from Tables 1 and 2.

Intensive system more polluting than semi-intensive syatem

(number of times)

Food conversion

Percentage of nutrients added

Weight of nutrients added (g)

ratio of

intensive system N P N P
1.0 26 12 7 3
1.5 36 14 15 5
2.0 41 15 23 8
2.5 44 15 a1 11




continents, aquaculture is dwarfed by
the contributions of agronomy and animal
husbandry to food production. Perhaps
less than 1% of farmers are involved in
aquaculture in the region as a whole
which indicates considerable scope for
development. Huet (1972) in his seminal
“Textbook of fish culture” was certainly
mistaken when he wrote “In the Far East
where all farmers are fish farmers and
vice versa”... and ... “In general, all fish
culturists are farmers and all farmers
cultivate fish”. By the Far East, Huet
meant East, Southeast and probably South
Asia. More recently, the “Thematic
Evaluation of Aquaculture”, a joint study
by the United Nations Development
Programme, the Norwegian Ministry of
Development Cooperation, and the Food
and Agriculture Organization of the United
Nations overstated the status of
aquaculturein Asia asfollows: “the region’s
aquaculture sector is highly developed”
and “aquaculturally advanced countries
of Southeast Asia” (Anon. 1987). Such
misunderstanding has probably arisen
because of the short time spent by the
authors in developing countries and by
their hoststaking themto seetherelatively
few areas in the various countries in the
region where aquaculture operations are
common, Extrapolation from limited
observations to the region as a whole is
grossly misleading.

Overseas visitors are invariably
interestedin, and taken to see, the limited
number of more glamorous intensive
gystems. In fact, carnivorous finfish
productioninthe Asia-Pacific Region was
only 6.4% of the total finfish production
in 1986, Furthermore, for all countries
in the region except three (Japan 80%,
Taiwan 11% and Thailand 5% of the
regional output), carnivorous finfish
production was less than 1% of the total
fish production (Csavas1989). Whenonly
inland aquaculture with the greatest
potential for integrated farming is
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considered, herbivorous/omnivorous fish
comprised about 99% of the total finfish
production in the Asia-Pacific Region.

Need for a Systems Approach

A holistic or systems approach is
required to promote aquaculture on small-
scalefarmsindeveloping countries. Future
fish farmers are already engaged in the
production of crops and livestock and
nutrient inputs to the fishpond need to
be produced on-farm as much as possible
to reduce cost of production and adverse
environmentalimpact. From thisitfollows
that aquaculturists need to study existing
agricultural systems,

A framework has been proposed for
aninterdisciplinary approach toresearch
and education in integrated agriculture-
aquaculture farming systems (Edwards
et al. 1988), This is no mean task as it
involves studying not only the fishpond
but also theintegrated crop and livestock
subsystems. To study these chains and
cycles it is necessary to draw on at least
20 academic disciplines to identify the
various links, to quantify them, and to
strengthenorbypass weaklinkstoimprove
the efficiency of nutrient cycling (Duckham
et al. 1976).

A schema of the possible evolutionary
development ofintegrated farming systems
ispresentedin Fig.10, Settled agriculture,
which has aquaculture development
potential (in contrast to pastoral nomadism
and shifting cultivation, two other major
types of agriculture with limited
aquaculture development potential), has
beendividedintothree phasestoillustrate
the potential role of integrated farming
in the development of aquaculture for
small-scale farmers in developing
countries. In settled agriculture phase 1
(erop dominated), characteristic of densely
populated pre-industrial societies, most
land is under food crops and livestock are
kept mainly for draught but there may
be scavenging pigs and poultry. There is
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Fig. 10. A schema of possible
evolutionary phages in farming systems
development to highlight the potential
role of integrated farming systems in
developing-country agricultural
development. Source: Edwards et al.
(1988).

little or nointegration between
crops and animals. Large
ruminants depend on rough
grazing and although they also
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(Industrlal monoculture)

farmingsystem is mainly crop

based because of the limited
number oflivestock. It was characteristic
of much of western Europe until about
1850;itappliestomost small-scale farmers
in developing countries today except those
who “leap-frogged” to settled agriculture
phase 3 through the green revolution.

In settled agriculture phase 2
(integrated crop/livestock), crops are
integrated with livestock. It was a major
feature of much of western Europe and
the eastern USA from about 1850 t01945
and some still exists today. Such farms
are usually referred to as mixed farms
and are characterized by livestock
production on the basis of arable crops
and improved grassland. Livestock
productionis clearly integrated with crop
production because the former feed on
the latter and animal manure helps to
maintain soil fertility together with
nitrogenfixing legumes. They are a“close
approximation to an almost closed, local
or farm-based, self-sustaining nutrient-
conserving cycle” (Tivy 1987).

The trend towards settled agriculture
phase 3 (industrial monoculture), in which
farming has become increasingly
dependent on industrial inputs derived
from science and engineering, beganabout
1850; but it is only since World War II
that traditional mixed farming in western

Europe has been largely replaced. The
major components of industrial
monoculture or “conventional farming”
as it has come to be called are: improved
varieties, chemical fertilizers, herbicides,
pesticides, pharmaceutical chemicals, feed
concentrates, pelleted feed and
mechanization. Most farms now raise
only a single product because ofincreasing
technical complexity and economies of
scale. Much aquaculture in Japan and
the West is industrial monoculture. In
fact, the development of feedlot systems
for fish (salmonids in Europe and eels in
Japan) occurred about 100 years ago (Hora
and Pillay 1962; Huet 1972), prior to the
development of feedlots for animal
husbandry (pigs, poultry) which took place
only about 50 years ago (Shaw 1936,
1938), possibly because the only efficient
way to raise carnivorousfishisinfeedlots.
Dependence onindustrialinputshasmade
theneedforintegrated farming redundant
(Duckham1959,1966) but thedrawbacks
to industrial monoculture, including a
muchgreater adverse environment impact,
are now apparent.

A major premise of the Edwards et
al. (1988) study is that major increases
in developing-country farm produectivity
and profitability can be made by moving



farmers up from crop dominated settled
agriculture phasel to settled agriculture
phase 2 characterized by integrated crop-
livestock-fish farming systems, without
the need for wholesale adoption of
environmentally damaging industrial
monoculture (settled agriculture phase
3).

The development of a fishpond on a
small-scalefarmisadefactodiversification
of farming activities. For the promotion
of integrated farming systems involving
fish, ponds need tobe built on agricultural
land to facilitate integration, It has been
stated that fish culture can use poor soils
or land of marginal agricultural potential
such assandy or soursoils, and undrainable
wetlands (Hickling 1971; Pantulu 1980).
Fishponds in continental Europe were
usually built in the past on such poor
soils or by damming a small stream or
a spring in an open valley occupied by
wetland (Korinek et al, 1987; Matena
and Berka1987; Opuszynski1987). Such
a practice militates against integration.
While fish culture might compete with
agriculture in terms of land area, the
relatively small area occupied by afishpond
compared tothelarger area ofland required
for meaningfulintegration should be more
than compensated for by the overall
increased production of the farm through
synergism associated with integrated
farming. The use of good agricultural
land for fishponds should not be conceived
as misuse but rather as an integral part
of strategies to increase food production.

To optimize output from the system,

the fishpond subsystem should be

integrated as much as possible with
existing farming activities, However,
small-scale farmers in resource-poor
regions in the tropics and with limited
capital require new solutions to the
problem of increasing the output of their
farms (Francis et al. 1986), even before
integration of aquaculture is considered.
The key to increased agricultural
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production on such small-scale farms is
a thorough understanding of the ecology
of traditional agroecosystems upon which
more productive systems can be based
(Gliessman et al. 1981).

Altieri and Anderson (1986) proposed
a strategy to develop small-scale farms
in developing countries basged on a grass
roots or bottom-up approach. They
suggested that the development and
diffusion ofimproved agricultural practices
for small-scale farmers must meet four
criteria: 1) be based on small-scale farmers’
needs as they perceive them; 2) use local
technologies; 3)involve active participation
of the farmers; and 4) emphasize local
and indigenous resources. They
recommended detailed study of the highly
heterogenous andlocalized nature of small-
scale farms in developing countriesbecause
of variations in more technical aspects
such as local climate, crops and soils;
social factors such as demography and
social organization; and economic factors
such as availability of capital and credit,
farm gate prices and marketing. Aholistic
approach to account for this complexity
isessential asmany different causal factors
interact.

Crop diversification is required to
stabilize the environment of which the
fishpond is an integral part as well as
to provide a source of nutrients for fish.
According to Harrison (1987) in his book
“The Greening of Africa”, agroforestry,
which he defines simply as “tree planting
on and around farms” is arguably “the
single most important discipline for the
future of sustainable development in
Africa”. Trees counteract soil erosion,
particularly on slopes, draw up nutrients
from deeper soil layers and deposit them
on the surface in leaf litter, and increase
the organic content, fertility and water
holding capacity of the soil. The promotion
of intercropping is recommended, the
combining of a range of species in the
same field, a characteristic of many
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traditional agricultural systems, Nitrogen-
fixing legumes can be combined with
plants having a high nitrogenrequirement.
The rooting systems of different crops
can tap nutrients at different levels in
the soil profile leading to greater total
nutrient uptake (Charlton 1987).

Cropsarelikely to play anincreasingly
importantroleinthe development of small-
scaleintegrated farming systems involving
fish culture because of major constraints
in the development of livestock on small-
scale farms, particularly limited feed
(Devendral983). Aquaculture cannot wait
untillivestock promotionhas successfully
provided a source of manure as a potential
fishpond input. Nor are livestock going
to play a major role in the development
of small-scale aquaculture in much of
Africa where many farming systems are
crop based.

Extensive, Semi-intensive
or Intensive Systems?

Extensive pond aguaculture was
widespread in the past but, with the
exception of stocking fish in ricefields, it
should not be promoted today except for
culture-based fisheries in small
waterbodies such as farm dams and
reservoirs which are not primarily
fishponds. Extensive and semi-intensive
fishponds are usually between 10 and
100 ha in Europe although they can be
severalhundred ha (Korinek et al. 1987).
The largest drainable fishpond in
Czechoslovakia is 742 ha (Matena and
Berka 1987). However, fishponds in
developing countries where farm holdings
may be less than 1 ha are usually much
smaller, and both the size of the pond as
well as the intensity of fish culture need
to be balanced with the resources at the
farmer’s disposal, For semi-intensive fish
culture on a small-scalefarm, this equates
to a pond size measured in ares (100s m2)
rather than hectares (10,000s m?).

With decreasing land area/caput due

to increasing population growth,
agricultural production (including
aquaculture) must be intensified.
Furthermore, because of the relatively
high cost of pond construction, the use
of nutrient inputs is essential to justify
its use. The presence of an extensively
managed fishpond with minimal fish
production, readily recognized by
containing either silty water or clearer
water with a dense growth of emergent
and/or floating aquatic macrophytes, is
an indication of improper management
due usually to lack of knowledge
concerning fertilization and feeding.
Semi-intensive systems can be
recommended for promotion on the basis
of minimal environmental impact (see
Section on Comparison of Nutrient
Pollution of Semi-intensive and Intensive
Systems), cost of production of fish, and
protein production efficiency. While not
all fish species can be raised in fertilized
systems, the similarity of the nutrient
conversion efficiencies between fertilized
systems and those fed complete diets has
important implications in producing fish
at least cost. Using Thai data, it can be
caleulated that both N and P cost 24
times more in the form of pelleted feed
than in urea and TSP, respectively
(assumptions; pelleted feed 30% protein,
1.2%P,Baht 9.5 (US$0.38)/kg; urea Baht
4.5 ($0.18)kg; TSP Baht 8 ($0.32)/kg).
Nitrogen and P are provided together in
pelleted feed rather than separately as
in urea and TSP and the N conversion
efficiency of pelleted feed is slightly higher
than that of a fertilized system but the
cost of fish production per unit weight
using pelleted feed is still about 7 times
higher than that of using fertilizer
(assumptions: FCR of 2 for pelleted feed
with corresponding nutrient conversion
efficiencies; decreased but conservative
nutrient conversions for the fertilized
system with 150 g N and 40 g P per
kilogram of fish produced; and all N and



Psupplied by urea and TSP, respectively,
Table 1).

Furthermore, Hepher (1978) showed
that there is a net loss of protein in
intensive fish culture with high protein
pelleted feed: a 1-kg trout contains 150
gprotein but 600 gof protein arerequired
to produce the fish protein assuming an
FCR of 1.5 of a 40% protein pellet. The
system may be profitable to the individual
farmer because of the cost differential
between feed and the high market value
fish cultured but intensive systems do
not generate a net gain in protein.

Semi-intensive methods of fish culture
are thusmore appropriate for the current
socioeconomic conditions of developing
countries in Asia than are intensive
systems because they utilize natural
resources better, generate more
employment, are less dependent on off-
farminputs and are net protein producers.
Furthermore, they are more flexible in
adjusting to the marketing constraint of
production outstripping demand, a
characteristic ofthe culture of high market
value fish (Csavas 1989). In contrast,
intensive fish culture systems are
analogousto “feedlot” methods of livestock
rearing {Wohlfarth and Schroeder 1979).
It has been established for some time
that such methods are energy intensive
(Purdom and Preston 1977; Weatherly
and Cogger 1977) and protein intensive
(Hepher1978;Schroeder1980) and there
isincreasing concernabouttheir adverse
environmental impact.

The Need for Research in
Semi-intensive Aquaculture

Tropical aquaculture has a weak
research base in comparison to the other
two major food producing activities,
agronomy and animal husbandry (Pullin
and Neal 1984). Research in tropical
aquaculture hasbeen constrained by most
aquaculture scientists, being concerned
with only the fish and their requirements
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and not the complete resource system
upon which most developing-country
aquaculture depends. This is a result of
most aquaculture scientistsbeingeducated
as zoologists or fisheries biologists with
the consequence that the emphasis in
research on nutrition of fish has been on
complete diets which are more appropriate
forintensive aquaculture. There hasbeen
much less emphasis on pond fertilization
to produce natural feed and its
augmentation by supplementary feed
which are essential features of semi-
intensive aquaculture.

It waspointed out more than 50 years
ago that the development of integrated
agriculture-aquaculture systemsin Ching,
which were developed empirically by
farmers over thousands of years, were
not supported by scientific study (Chen
1934; Hoffmann 1934). While research is
proceeding on such systems, they are
still little understood scientifically (Li
1987). It has been suggested that the
principles of Chinese integrated
aquaculture be more widely applied in
developing countries and quantifiedunder
tropical conditions (Edwards 1987).

Research Needs on Nutrient
Dynamics in Semi-intensive
Aquaculture Systems

A major research effort on the
production of natural feed in fertilized
ponds andits utilization by fish was called
for atthe Bellagio Conference on “Detritus
and Microbial Ecology in Aquaculture”
(Moriarty and Pullin 1987). To the list
of research topics recommended by the
conferees should be added those pertaining
to nutrient dynamics and the
environmental impact of semi-intensive
systems.

Analyses of nutrient budgets in
fertilized fishponds have revealed that
83% of the N and 84-86% of the P added
to fishponds in the form of fertilizer are
not accounted for in either harvested fish
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or in water drained from the pond but
are removed by the system (see Section
on Comparison of Nutrient Pollution of
Semi-intensive and Intensive Systems).
Studies in fishponds (Shilo and Rimon
1982) and in waste stabilization ponds
(Ferrara and Avci 1982) both indicate
that most of the N and P accumulate in
the sediments through sedimentation of
organic matter. A major question is how
can the large amounts of nutrients tied
up in the sediments be brought back into
productive use? A traditional method in
fish cultureismineralizing the sediments
through exposure to the air by draining
the ponds (Schaeperclaus1933). In China,
pond muds are excavated to repair the
dikes and fertilize crops but the practice
is being abandoned as it is very labor
intensive (Li 1987). The relationship
between the sediments and the water is
extremely complex with various biological,
chemical, mechanical and physical
processes involved. Stirring the bottom
sediments during the fish culture cycle
hasbeen proposed toimprove the efficiency
of nutrient use (Pullin1987; Costa-Pierce
and Pullin 1989) but experimentation is
required before this canberecommended
inview of the complexity of factorsinvolved.
Researchisstillrequired ontherelative
rates of N, P and carbon fertilization to
promote primary productivity to sustain
adequate fish production. The nutrient
content and nutrient availability of diverse
potential on-farm pond inputs and
commercial fertilizers and their
effectiveness in ponds with sediments
and water of differing physicochemical
characteristics require elucidation.

The Case for Use of Commercial
Fertilizers in Aquaculture

The adverse environmental impact
of developed-country agriculture with its
high levels of industrial inputs has led
to the study of systems which use lower
external inputs such as the old European

integrated system of mixed crop and
livestock farming (Frissel 1977). Other
systemshavebeenstudiedbut these either
relied on organic matter built up in the
soil during previous years whenfertilizers
were used or imported manure from
elsewhere (Frissel1977). Ithasevenbeen
argued that the use of inorganic fertilizers
should be suspended (Killey-Worthington
1981). However, low-input sustainable
agriculture implies lower use of external
industrial inputs rather than their total
elimination, with minimal adverse
environmental impact (Ikerd 1990).
Most tropical soils are low in fertility.
The productivity of tropical virgin soils
declines rapidly in the first few years
after they have been brought into
cultivation and thereafter liberal and
judicious application of fertilizers is
essential for the maintenance of soil
fertility (Chang 1977). Subsistence
agriculture with very low levels of
production may be self sustaining from
an environmental point of view but it is
not from a human aspect with rapid
increase in population growth (Evans
1976). Low nutrient inputsinto developing-
country agroecosystems contrast markedly
with the intensively farmed systems of
the developed world (Tivy1987) but small-
scale farms must intensify as they are
currently not sufficiently productive to
support a decent standard of living. It
can be argued that, for the small-scale
developing country farmer, the main
concern is where the nutrients will come
from rather than excessive fertilizer use.
A recent FAO study on the potential
capacities of developing countries to
support their burgeoning populations
indicated that the largest annualincrease
in world population in history will take
place from 1980 to 2020 and the fastest
rates will occur in areas where the land
resources areleast able tomeetthe demand
forincreasedfood production (FAQ1984).
The study pointed out that increased



levels of inputs are essential. While it
wasrecognized thatimproved agricultural
methods must be appropriate to national
social conditions and safeguard the
environment, the study recommended
increased use of commercial fertilizers
although complemented by reuse of organic
residues and biological N fixation. A
balance is required between the slower
but sustainable traditional methods of
“organic farming” and more rapid
“conventional agriculture” involving use
of inorganic fertilizers to increase the
flow of nutrients in developing-country
agroecosystems.

Until recently it was believed that
the greatest potential for integrating fish
into small-scale farming systemslay with
integration with feedlot livestock as the
manure from such livestock supports high
yields of fish (Edwards 1983, 1986).
However, small-scale farmers face
constraints to raising monogastrics in
large enough numbers to integrate with
fish, due in part to underdeveloped on-
farm supplies of livestock feed (Devendra
1983). In contrast, the manure of buffalo
and cattle used for draught on small-
scale farms is nutrient poor as they feed
mainly on volunteer (wild, uncultivated)
vegetation, rice stubble, and rice straw.
It was necessary to use a high dry matter
loading rate of buffalo manure to provide
reasonable N and P inputs to the pond.
However, this led to a poor dissolved
oxygenregime and low levels of plankton
which resulted in a low fish yield (AIT
1986).

The supplementation of nutrient-poor,
on-farm pond inputs with commercial
fertilizers is recommended for fishpond
subsystems of small-scaleintegrated farms.
However, broader studies concerning
nutrient cycling through crop andlivestock
as well as fish subsystems of small-scale
farms are required. Research should
determine whether to fertilize thefishpond
or crops, whether the crops should be
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consumed by fish, livestock or humans,
and whether livestock manure should
fertilize the fishpond or crops.

Promotion of Wastewater-fed Fish
Culture Systems

The recommended system for
wastewater treatment in developing
countries, provided thatland is available
at reasonable cost, is the stabilization
pond system (Mara and Pearson 1986;
Pescod and Mara 1988). This comprises
a series of shallow artificial lagoons with
theearlier ponds(anaerobicand facultative
ponds)intheseriesloaded with wastewater
at too high a rate for fish to survive.
However, fish culture is feasible in later
ponds in the series (maturation ponds)
which are aerobic and function principally
in pathogen removal.

Fish have been assessed for their
ability to improve wastewater treatment
in stabilization ponds. Thelimited evidence
to date indicates that they do not reduce
phytoplankton biomass significantly, a
desirable objective as maturation pond
effluents contain too high a concentration
of suspended solids to conform to effluent
standards for secondary treatment
(Edwards 1992), As fish cause a more
rapid circulation of nutrients in the pond
by mixing the sediments and by
accelerating the mineralization of seston
(living and nonliving floating matter),
they may increase the phytoplankton
biomass in the pond, which may be
increased further by grazing on
zooplankton which also filter
phytoplankton. This has been called
ichthyoeutrophication by Opuszynski
1987).

It has been proposed that fish be
raised in the final ponds, the maturation
ponds, in stabilization pond series Mara
and Cairncross 1989). However, this may
not lead to much fish production with the
available wastewater because most of the
nutrients will have been removed from
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the water during treatment in the earlier
pondsin the series and the concentration
reaching the maturation ponds in the
flow may be insufficient for adequate
natural feed production for fish. Assuming
that public health can be safeguarded
(for a review of the public health aspects
of wastewater-fed fish culture systems
see Edwards 1992), it may be more
sociologically as well as economically
desirable, depending on the cost and
availability of land, to optimize a system
for maximum fish production. This would
essentially entail loading wastewater
which has received a lower degree of
pretreatment (but contains more
nutrients)into fishponds at amuchlower
organic loading rate although this would
require an increase in the total area of
land needed.

With the rapid growth and
urbanization of the population in
developing countries, wastewater reuse
in aquaculture may have a role to play
in closing the nutrient eycle again and
alleviatingeutrophication. It 