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Foreword
The resources available to ensure the continuance of life on earth are finite. Any
resource can only serve a limited number ofpurposes a t 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. I t similarly applies to nutrients and energy.
With a n increasing demand for food:energy and space by growingpopulation, the
pressure of exploitation is reaching alarming levels on an increasing number of
species and over a n expanding area. To avoid overexploitation and loss, the resources
essential for human survival must be used efficiently and wisely. This requires
channeling their utilization in ways that fulfill multiple and complementary objectives
wherever possible.
Modern aquaculture appeared a t 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 consequenceswere overloadingofthe 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 a s fishmeal.
Most of the more conspicuous mistakes made so far were committed by developed
countries. Some a t 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 a t low
levels of costly inputs. What is needed for the future is a n 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 a n international conference
convened by the International Center for Living Aquatic Resources Management
(ICLARM) and the Deutsche Gesellschaft fiir Technische Zusarnmenarbeit (GTZ),

GmbH a t the Bellagio Conference and Study Centre of the Rockefeller Foundation in
September 1990. Only for a few of the issues are clear solutions becoming apparent.
Much remains t o be 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

Acknowledgements
This conference was made possible by the Rockefeller Foundation which offered
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S.V. PULLIN
International Center for Living Aquatic Resources Management
MCPO Box 2631,0718 Makati
Metro Manila, Philippines
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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 environmental harm as well as for improving livelihood and
nutrition. Aquaculture development mustbeundertaken in a broad intersectnral 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 emnornic 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 developingcountry 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
*ICEARM Contribution No. 737

profiles in the political arena, mass media
and public awareness t h a n before.
Environmental impacts a t the relatj.vely
new frontier of aquaculture need very
careful attention.
This paper gives working definitions
of t e r m s (aquaculture, developing
countries, environment, sustainability and
agroecology) and discusses broad concepts,
summarizes the status of developingcountry aquaculture and considers the
future of aquaculture i n 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
FA0 (1990a), omitting FAO's criterion
that produce can be considered as derived

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 farm of intervention in the
rearing process to enhance production,
such a s regular stocking, feeding,
protection from predators, etc.
This definition includes enhanced
fisheries (stock enhancement, aquatic
ranching and management of natural
aquatic environments) within the scope of
production systems considered. FA0
(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 andlor feed inputs; andintensive,
largely reliant on feed inputs (Edwards et
al. l988a; Pullinl989). Enhanced fisheries
resemble extensive aquaculture with low
levels of h u m a n 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 main animal
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 Countries
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' andidevelsping'countries based
on population growth and pronounced it
still valid:
No other criterion, be i t per capita
(sic) income, urbanization, literacy,
industrialization, etc., 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 country is
'developed'.
Singapore, the Republic of Korea and
Taiwan are here excludedfrom the definition
of developing countries.
The Club of Rome recognized the limits
to development.
We are further convinced that
demographic pressure inthe worldhas
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 'transformati.on' 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
s t a n d a r d s for t h e disadvantaged.
Betterment implies improved quality of
life in, for example, health, education and
recreation.

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

Sustainability
Sustainability h a s 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
r u r a l society - the community viewpoint.
The Brundtland Report (WCED 1987)
stated:
T h e concept of sustainable
development does imply limits - not
absolute limits b u t 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
only be achievedifpopulation 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
a g r i c u l t u r a l techniques a n d
technologies. IARC research and other
activities should seek to maximize
output and increase efficiency in the
use of inputs, while minimizing the
extraction of nutrients and organic
m a t t e r from t h e soil and t h e

contamination of the environment....
Production of good quality genetic
materials through basic scientificwork
on t h e physical, chemical, and
biological processes involved in plant
and animal growthremains the critical
contribution that the CGIAR Centers
can make to the objective that must
underlie sustainable agriculture:
achieving more production per unit of
land and input a t less totalenergy'and
environmental cost (CGIAR1989).

Dixon andFallon (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 offuture options for our
children.

A recent IUCN publication (McNeely
e t al. 1990) defined sustainable
development as "a pattern of social and
s t r u c t u r a l transformations (i.e.,
development) that optimizes the economic
and other societal benefits available in the
present without jeopardizing the likely
potential of similar bnefits in the future".

Is Sustainability
a Realistic Goal?
Development policymakers now tend
to use three criteria for assessing the
efficacy of change: sustainabilitg,
equitability and environmental soundness.
Of these, sustainability is the hardest to
apply.
Ekins (1989) praised the Brundtland
Reportbut also saw problems in reconciling
economic growth and sustainability. He
referred to Mrs. Brundtland's call for
economic growth that is forceful and at the
same time socially and environmentally
sustainable; to the Report's call for growth
rates of at least 5%in developing countries
and 3-4% in industrialized countries and
to its statement that:
such growth r a t e s could b e
environmentally sustainable if

industrialized nations can continue
the recent shifts in the contents of
their growth towards less materialand 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-strickencountries 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]
Commissionnotes, 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.
A g a i n s t s u c h complexities, i s
'sustainability' a realistic concept? The
word itself fails to combine a sense of
durability and adaptability - for whichit is
diffkult 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 a n
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
interventions lasts unchanged indefinitely.
Altieri (1989) presented the following
conclusion on sustainability that can be

applied to aquaculture as well a s
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,
ultimatesustainability will bereached
as farmers: ....increase their access to
land, resources and a suitable
technologythat allows them tomanage
these resources ecologically.

Agroecology and the Interaction o f Aqu,aculture
with Other Sectors
Agroecology is an approach advocated
for devising sustainable agricultural
systems and h a s been called a new
paradigm for world agriculture (Altieri
1989).It emphasizes'strength in diversity'
offarmingsystems. This approach i ~ n o r e d ,
however, the potential contributions of
aquatic production as did those of Charlton
(19871, Dover and Talbot (19871, Tivy
(1%7), Edwards (1989) and Pimentel et al.
(1989).In these and many other, otherwise
excellent publications, the authors' vision
was limited to terrestrial food production:
largely a crop sector viewpoint. Edwards
et al. (1988a) provided a framework for
integrated agriculture and inland
a q u a c u l t u r e b u t did n o t m e n t i o n
agroforestry. Agroforestry scientists are
considering integration with crop and
livestock production, but not yet with
aquaculture (Hart 1987; Raintree and
Torres 1987). I n other words, hardly
anyone has yet taken a truly holistic, all
sectors approach.
Aqunculturists must themselves avoid
similar narrowness ofvision and recognize
the very broad sectorally interdependent
context in which aquaculture development
takes place (Smith 1986). A broad
intersectoral approach, based on ecosystem
management, is essential for developingcountry a q u a c u l t u r e development.
Hopefully the realization will spread that

FA0 (1989b) concluded that recent
growth of aquaculture had been less
dramatic than had been forecast in the
mid-1970s: especially in developing
countries where, a p a r t from t h e
spectacular rise of the shrimp culture
industry, there had been little change in
seaweed or mollusc production and a
decline in African aquaculture production.
A further conclusion was that growth in
production ofhigh value produce had been
greatest and t h a t "rural small-scale
integrated aquaculture" had grown more
The Status of Developing-Country
slowly than had been anticipated.
Aquaculture
Shrimp culture has indeed expanded
in Asiaand Latin America, largely because
General Considerations
technology was available and there were
Aquaculture i s underdeveloped sites to be occupied, albeit often a t high
throughout the developing world. Much environmental and social costs (see below).
has been written about Asia being a region Seaweed culture has also prospered. Such
of strength and various countries being operations have validated to some extent
advanced in aquaculture. In comparative the philosophy that emerged from the
terms this is true. As a statement on the 1976 World Conference on Aquaculture in
status of aquaculture vis-a-vis other Kyoto, that aquaculture could, and should,
sectors, it is highly misleading. Even in be developed through productionAsia, the number of farmers and coastal orientated research, parallel to which
dwellers involved in part-time or full-time more basic research would also expand.
aquaculture is almost certainly below 1% However, the result is a developingoffood producers. Most developing-country country aquaculture sector in which a few
aquaculture is still the farming of subsectorshave prospered but the majority
undomesticated organisms in poorly still lack reliable technology likely to
understood systems. The supportive attract new entrants, especially those of
research base for developing-country low-income groups.
Statistics currently available for 1988
aquaculture is weak (Pullin and Neal
(FA0
1990b) focused on a global increase
1984). For enhanced fisheries it is very
of1
9%
in the value bf aquaculture produce
weak.
over 1987. Much of this was due to a 16%
increase i n production in China.
Recent Statistics
Elsewhere, w h e r e research a n d
Table 1 summarizes aquaculture development have been well supported,
production in the developing regions in progress has sometimes been rapid in
1990.The predominance ofAsia (especially relative terms though still limited in
China) is obvious. Table 2 gives the global absolute terms. For example, in MalaGi,
picture in terms of aquatic environments. small-scale pond culture has increased
It is complex and dynamic (Csavas 1988) from a very low level pre-1980 t o several
and there is little or no correlation between hundred ponds a t present and expansion
the growth ofaquaculture and GDP (Table i s continuing (ICLARM-GTZ 1991).
3).
However, the total national annual
an alliance of aquaculture with-agroecology
greatly strengthens this new paradigm
(Lightfoot 1990). Similarly, aquaculture
in the coastal zone, capture fisheries,
industry, tourism and shipping all interact.
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.

Table 1.Aquaculture production (t) of important commodity p u p s in developingcountriea of four regions. (Source: F A 0
data (1992)except for India where production of carpa ia eatirnated at 200,000t.year1 and TaiwanFieherieaBureau 1988,
-

Year

Asia
(excl. China)
(12 -countries)

China

SubSaharan
Africa
(29muntries)

West Asid Latin America1
North Africa
Caribbean
(11 countries) (21countries) Totalu

FINFISH
Carps and other
cyprinids

Tilapias and other

cichlida

Misc. spp."

Bivalve molluscs
Oystera

Mussels

Miw. ~ p p . ~

Seaweeds

Cruatac~ans~

'Includes all other finfish, such as catfish, milkfish, mulleta and a wide range of freshwater, brackishwater and marine
species.
bIncludes all other bivalves, such as ark shells, clams, cockles, etc.
"Mainly marine and brackishwater shrimp speciea, but also includes freshwater prawna.

Table 2. Global aquaculture pmduction (t) by environment in 1987 (FA0 1989a).
-*.---

World
total

Major groups
cultured

Marine

Freshwater

Finlish
Crustaceans
Molluscs
Seaweeda
Others

403,571
34,806
2,572,395
3,133,981
26,715

6,005,630
61,592
9,473
13

Total

6,171,468

Pemntage of
world total

839

6,793,441
574,906
2,672,394
3,199,473
27,702

6,077,547

958,901

13,207,916

46.7

Aquaculturea
(% growth)

46.0

11.02
3.80
9.54
-0.66

Indonesia
Taiwan

10.59
6.89
9.20

4.06
8.94
5.32

9.29
14.16
1.92

4.04

Malaysia

-.

51.4
4.4
20.2
23.8
0.2

7.3

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

GDPb

30.66
0.94
9.24
6.30

Bangladesh
Thailand

(%)

(% growth)

China
Japan
Korea, Republic of
Philippines

Vietnam

Total

384,240
478,508
90,526
5,479
148

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

Country

Brackishwater

World
Developed countries
Developing countries
Africa
Latin AmericdCaribbean
China
South Asia
Southeast Asia
Occ ania

6.16
3.90

.Basedon ADCP Aquaculture ?tlinutes(various issues);

FA0 Fish. Circ. 816,1989.
"Basedon AsianDev. Outlook 1989;ADB 1989;World
Development Report 1988.

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

Further Development

Demographic Considerations
The population of developingcountries
increased from 1.7 billion in 1950 t o 3.7
billion in1985 and afurtherincrease to 6.8

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 towards a
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

their biota do not conform to national
boundaries. Many waterbodies and
catchments are shared and one nation's
actions affect others downstream or 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 nationstate.
A leading article in The Economist

(Anon. 19901, tit1ed"Goodbye to the nation
state?", emphasized moves towards
federation i n Europe, b u t 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 ofAfrica. It
also recognized a "Commonwealth model"
as a future mechanism for action on
transnationalissues in 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 ConservationUnion
(TCTCN) has an Ecology Commission) a
Sustainable Development Commission and
a new strategic plan basedon sustainability
(IUCN1991), 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 intranntional
vested interests. A well-publicized
nonaquaculture example that adversely

affectsdevelopingcountriesis the Common
Agricultural Policy of the EEC. It is,
however, rather unfair to single out
developed countries and regions with such
examples, when in t h e 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) recogn-ized the differing
situations of the main developing regions
and found that in Africa the natural
environment presents still unresolved
problemsfor crop andlivestock ~roduction
which together with civil strife, wars and
lack of skilled personnel have caused a
decline in agriculturnl production per
caput and a shortfall in local supplies in a
majority of countries. His view ofAsia 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 income,;
in South and Southeast Asia, as has
happened in East 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 andRondinelli (1983) provided
a framework for development and
identified the failure of the 'trickle down'
approach, the need for close partnership
with target beneficiaries, and posed the
followingquestions, relevant to the present
underdeveloped status of developingcountry aquaculture:
In what ways could production of
a major resource be increased, made
more emcient or of better quality,
without affecting renewability of the
resource? What are the probable
ecosystemicand sociocultural costs of
recommendedchanges?Howcan these
be ameliorated?Are thereother 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,
10 t aha-l-year-lor more for semi-intensive
manured pond aquaculture) must also be
approached on farms, or else t h e
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 improvements in developing-country rural areas.
For example fishpond yields of 2 to 3
taha-year1 would be very attractive in
much of rural Africa.

What Kinds ofAquaculture
Make Sense in Developing
Countries?
The Brundtland Report gave these
encouraging words on aquaculture
development:
Aquaculture can be undertaken
in paddy fields, abandoned mining
excavations, small ponds and many
other areas with water, as well as on
various commercial scales: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 t o changing circumstances.

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 natural 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 containlarge
quantities of particulate matter and
nutrients.
Such impacts greatly t h r e a t e n
sustainability, but some less intensive
aquaculture systems can also be shortlived (nonsustainable). The following
examples illustrate some of the relevant
issues.
Milkfish (Chanos c h a m s ) pen
aquaculture in Laguna de Bay, a shallow
90,000 h a eutrophic lake adjacent to
Metropolitan Manila, Philippines, grew
from a single experimental pen in 1970 to
about 7,000 h a of pens in 1974 producing
amean yield of about 7 taha-l year1 (Pullin
1981). They resembled extensive fish
'ranches' with some individual units as
large as 50 h a or more. At its peak, the
total pen area may have been as much as
34,000 ha. It is now about 2,800 ha and the
average annual yieldis about 3.8 t.haml.Its
expansion phase was a'goldrush'in which
the pen owners (mainly upper-class
citizens) got richer and the lake's smallscale fishers and aquaculturists suffered
greatly. The decline has been because of
conflicts, losses due to typhoons and a
reduction in t h e lake's productivity
attributed to multiple causes (pollution,
turbidity due to catchment erosion, and
altered flushing patterns due t o flood
control s t r u c t u r e s ) . T h i s was a

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 tilapiafry 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
benefits that accrued to hatchery 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
L a y n a 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 i n most
aquaculture worldwide hatcherylnursery
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.
In both 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
serious. These include destruction of
mangroves, salinization of inland areas
(soils and aquifers used for domestic water
supply), land subsidence and watertable
changes due t o 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 householdl
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
foreseeable future. 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
agriculture. It would be socially,
politically a n d 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 smallscale 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 thanlarger 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 a n d for environmental
conservation, may not suffice for the needs
of all who will depend upon the food
production sector. Urbanization i s
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 some large-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 ofthe 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
a t about US$3.00/kg in Metro Manila
markets. Bimbao and Ahrned (1990)found
that a n expansion of tilapia supply of up to
40%would not depress prices significantly.
Thereafter, prices would fall with further
increases in supply but wouId still be
attractive to producers. The situation is
probably very different elsewhere; for
example, concurrent tilapia prices in
Bangkok were only about US$O.GO/kg.
Opportunities for and needs of rural
producers and consumers, upban fringe
producers and consumers and city dweller
consumers must all be considered.
Therefore all kinds of aquaculture, smallto 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

nutritional needs. One must avoid the
naive assumption that aquaculture 'must'
be able to fill the fish supply or proteingap.
Fish is 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
a n d 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
developingcountries need realistic policies
and legislation to suit their circumstances.
The contrast between Philippine coastal
waters and Scandinavian fiords is an
example. The former support the needs of
millions of people, have virtually no
pristine habitats andhave 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. CostaPierce and Roem (1990) studied waste
production and efficiencyoffeedutilization
in cage culture in a tropical eutrophic
reservoir (Saguling, near Bandung, West
Java, Indonesia) in which 1,300 cage units
produced2,550 t ofcommon carp (Cyprinus
carpio)in1988.The percentage loss offeed
nutrients in Saguling was low (C,5.4%;N,
3.5%; P, undetectable) a n d t h e

sedimentation rate (2.0-25.0 g.rrr2.day-l;
mean, 13.3 gm-2.day-l)lower than that
reported for temperate zone cage culture:
e.g., 150 g.mL2.day-I
(Merican and Phillips
1985); 17-26 g.mm2.day-l,(Enell and L6f
1983). The reservoir also received about
150,000 m3.day-I of organic wastes from
the Bandung conurbation and the natural
sedimentation rate was 1.7 1.2 g a r 2
.day-l.This aquaculture development now
supplies about 20% of the freshwater fish
supply for a conurbation of 3 million
people.
I n examining the environmental
impact of, and in setting limits to, the
density and siting of cages based on the
carrying capacity oflakes, it is essential to
balance benefits against any additional
pollutingeffect ofthe cages and to consider
exactly what environmental and social
targets are achievable. Costa-Pierce (1990)
made t h e general point t h a t t h e
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.
Afurther example concerns the use of
chemicals i n 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, suchas hybridization, 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 to hatchery workers if they 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
(Edwards 1985).In China, India, Indonesia
and Vietnam, large quantities of fish and
vegetables are raised on human excreta.
Excreta reuse through aquaculture may
be one ofthe least environmentallyharmful
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 to specfic needs andopportunities,
rather than being constrained by foreign
cultural biases. Experience gained in and
technical expertise from developed
countries can a s s i s t a q u a c u l t u r e
development with environmental
protection in the developing regions
provided that this requirement is met.

Criteria for Assessing
Environmental Impact and Benefits
Sets of summary criteria, impacts and
benefits have been published for appraising
developing-country
aquaculture
development (McAllister1988; Pullinl989;
Tables 5 and 6). Table 5 highlights social
and environmental criteria and touches
oninternational equity issues. Its message
is that the route to the greatest good for
the greatest number is fraught with.
complex issues and side effects. The table

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 identi,fy only the broad
categories of impacts and benefits. More
detailed frameworks are required for
specific situations.

Table 5. Social, environmental and esthetic criteria for and against aquaculture development projects
(McAllister 1988).

ES

mk

Whose income does it
benefit?

Poor

Middle class. rich

Capital needed

Inw capital

Capital intensive

Return to worker1
family

Self-employment

Low wages

Operated by

Individual, family
co-op or community

Company

Gender

Benefits men,
women & children

Exploitdneglects
women and children

Disturbance to
culture, customs

None

Some, much

Working conditions
-capture fishery or
gleaning

High quality

Low quality

Nutritional quality
-natural food

Equal to or
greater than

Lower than

Food for

Poor

Wealthy

Efkct on public
health (drinking water,
rnosquitos, parasites,
ctc.)

Low

High

Who made the decision?

Local community
after mature
debate & discussion

NGO, Washington,
London, Ottawa,
consulting company

Culture method

Polyculture

Monoculture

Favorable project

Less favorable or
unfavorable project

SOCIAL

continued

Table 5 (continued)

Yes

HQ

Relation to natural
environment

Displacca none
or little

Replaces one with
the other

Used as a n excuse not
to restore natural
environment or uses
restoration funding

Not ao

Is used

Uses few artificial
genetic strains

Not so

Is used

Risks escape for
selected strains
into nature

No

Yes

Cultured stock

Native

Exotic

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

None

Some, much

Disease, predators
competitors
contmllod by

Biological
means

Chemical means or
by drugs

Fertilizers

Organic

Chemical

Output into natural
environmcnt - chemical,
organic and physical

Low

High.

Culture subj~ctivity
to diseaue/stress

Low

High

Facility design effect
on wildlifc predators

Naturally excludes
birds & mammals

Fish eating ducks,
herons, cormorants
otters, scals, etc.
controlled by gun

Favorable project

Criteria

Less favorable or
unfavorable project

+

ESTHETIC
Culture area

Beautiful

WORLD ORDER
Produces food for

Developing countries

Developed countries

Profit flow ratio

High for
Developing countries

High for developed
countries

Necdcd supplies and
most goods from

Developing countries

Developed countries

Import of foreign
technology

None

Some, much

Needed 'seed' stock
from

Developing countries

Developed countries

Table 6. Developing-country aquaculture systems: environmental impact and benefits for producers.
Extensive systems are defined as havingno feedorfcrtilizer inputs; semi-intensive systems as havingsome
feed a n d o r fertilizer inputs; and intensive systems as being mainly reliant on external feed inputs. The
possible consequences al exotic breed transfern 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 I m p c t

Benefits

M a y o~cupylonnerly pristine reefs;

Income; employment;
foreign a h a n g e

EXTENSIVE
1. Seaweed culture

rough weather losses; market
competition; c o n ~ i c t d ~ i l u r e s .
m i d disruption
2. Coastal bivalve culture (mussels.
oysters, clams, cockles)

Public haallh risks and consumer
resistance (microbial diseases,
red tides, industrial pollution): rough
weather lomas; wed shortages;
market competition espdnlly Tor
export produce; hilures, w i a l
disruplion

Income; employment;
foreign exchange: directly
improved nutrition

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

Destruction of ecosystems, especially
mangroves; increasin&Iy noncomptitiva
with more intensive oystems; nonsustainable with high population
growth; conflictdfailuros. social
disruption

Income, employment,
foreign exchange (shrimp):
directly improved nutrition

4. Pen and cage culture in eutrophic

Exclusion of traditional fishers:
navimtional hazards: conflicts.
mci; disruption; management
difficulties; wood consumption

Income; employment; directly
improved nutrition

1.Fresh- a n d brackishwater ponds
(rhrimpm and prawna; carpa, catfiah,
milkhh, mullets, tilapias)

Freshwater: health risks to farm
workern h m waterborne diseuses.
Brackishwater: unlinization/acidLBcation of soildaauirers. Both.
market competition, especially for
evporl produce; feed and fertilizer
availabllity/prices: codictdliluras,
Boeial diuruptlon

Income; employment; foreign
axchange (shrimps and
prawna) directly improved
nutrition

2. Integrated agriculture-aquaculture

An fwshwater above, plus possible
consumer r e ~ i ~ t a n to
c eexcreta-fed
produce; competition from other users of
inputs such as livestock m r e t a snd
cereal brans; taric rubstances i n
liveslock feeds (e.g.. heavy metals) may
accumulaie i n pond sediments and fish:
pesticides may accumulate in Kah

Income; employment; directly
improved nutrition: synermstic
int&ctions betweencrop:
livestock.. v e ~ e t a b land
t
fish componenls:
recycleu on-lam reaidues
and olher cheap resourceo

3. Sewage-fish culture (waste
treatment wnds: lalrine wantan and
septage u&d a s pond inputa;
fish cages in wastewater chsnnels)

Possible health riake to k r m workers and
consumers: consumer resishnce lo produce

Income; employment; directly
improved nutrition; turn. waste
disposal liabilities into
productive assetu

4. Cage and pen culture,
especially in eutrophic
waters or on rich benthos
(carpupa, catfish, milkhh,
tilapian)

An etensive cage and pen systems above

Income; employment; directly
improved nptrition

waters and/or on rich benthos
(carps, catfish, milkfiah,
tilapias)

(ricedsh; 1ivestocWpoultry-Rsh;
venetables-fish and all
combinations of these)

-

mntinued

Table 6 (continued)
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System

Environmental Impact

Bonefits

1.Freahwater. brackishwater
and marina ponds (shrimps
and prawns; fish, especially
carnivores catfish, snakeheads, groupers, seabass, ctc.

Emuentsldrninege high in BOD and
suspended solids: market competition,
especially lor export product;
conflicts/lailures, social disruption

Income; employment;
foroign ollchange

2. Freshwater, brackishwater
and marine cage and pen
culture (finfish, especially
carnivores - groupers, seabass,
otc. - b u t also some omnivores,
such a s common carp)

Accumulation oCanoldc sediments below
cage. due to fecal and waele Bod
build-up; market competition, especially
for export produce; conflictdfailures.
social disruption: consumption of wood
and other malerials

Income; foreign exchanga
(high priced carnivores):
a little employmont

Emuentddrainage high in BOD
and suspcndcd solids; many locationspecific problems

Income; foreign exchange:
a littlo employment

INTENSIVE

-

-

3. Other raceways, ailoa,
tankr, etc.

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 than is
available a t present. This in turn will
require much more research on existing
a n d evolving developing-country
a q u a c u l t u r e systems, not j u s t
extrapolations from developed-country
experience.
Above all, developing-country
a q u a c u l t u r e development a n d i t s
environmental aspects must be considered
in a broad 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 betterknown 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 pigduck-fish zoonoses in Chinese integrated
farming but omitted to summarize the
rejoinders to this paper published by
aquaculturists (for example, Edwards et
al. 1988b1, who pointed o u t t h e
improbability of this in most integrated
farming systems.
For these and other similar warnings
against the possible environmental
hazards of aquaculture development, what
is needed is a balanced view - not
underestimating the environmental
concerns associated with developingcountry aquaculture development but
placing these in a broad rural development
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Discussion
BILIO: The statistics from all types ofbrackishwater
aquaculture 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 i n
Asia. This could be easily seen from comparison of
pmtein and energy(ca1orie)production of aquaculture
and agriculture for human food.

PULLIN: On statistics, I believe that FA0 is now
planningto separate statistics forhatchery and gmwout
operations and forthe former to differentiate between
hatcheryoperations used to stock open waters once o r
infrequently (in which case these statistics would be
maaideredpart ofculture-basedorenhanced fisheries)
or frequently, in which case the hatchery operations
areclassified as aquaculture production. Is this correct?
If so, will it work?

MART~NEZ-ESPINOSA: Using such a modified
definitionof aquaculture, about half the 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.

The Impacts of Aquaculture Development
on Socioeconomic Environments in Developing
Countries: Toward a Paradigm for Assessment
KENNETH
RUDDLE*
Centre for Development Studies
University of Bergen
St3mgaten 54, N-5007 Bergen
Norway
RUDULE, K. 1993. The impacts of aquaculture development on socioeconomic environments in
developing countries: toward a paradigm for assessment, p. 20-41. I n R.S.V. Pullin, H. Rosenthal
and J.L. Maclean (eds.) Environment and aquaculture in developing countries. ICLAItM Conf.
Pmc. 31, 359 p.

Abstract
The principal componcnts of a resource ~ y s t e m paradigm
s
for analyzing the human ecological
consequences of aquaculture development in developing countries are presented, specifically br
freshwater pond aquaculture, based on examples fmm eastern Central Africa, southern China and
Panam&.Aquaculture as a n innovative food production technology i s examined in terms of the main
perceptions i n formhg 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 a t thc household, community and
governmental-international agency levelofthe adoption of aquaculture, as well as major administrative
changes within an old-establishcd system, are examined.

Introduction
Mirroring the great complexity of many
tropical agroecosystems are the tasks of
inducing development in them, whether it
be transforming traditional systems
(Ruddle a n d Grandstaff 1978) or
introducing new ones. Not only must the
complex interactions of the biological and
physical components of the systems be
understood and accountedfor, but, equally,
so must the complex characteristics of the
human managers of and consumers from
these systems, as well as complicating
*Present address: Matsugaoka-cho
Nishinomiya-shi, Ilyogo-ken 662, Japan.
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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
just technical and agronomic, not ecological
andnot socioeconomic.They are essentially
problems i n h u m a n 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,
t h e "sociocultural
environment" or "human environment"
must be given equal weight with the
"biophysical" components.
Human ecology is not a distinct science
with specialized practitioners. Like
aquaculture, it is rather a distinctive 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.
H u m a n ecology i s concerned
essentially with human adaptation; i.e.,
"the rational or purposive manipulation of
social and biophysical environments"
( B e n n e t t 1976), a n d assessing t h e
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 t h e joint
objectives of"environmenta1integrity" and
human survival a t reasonable levels of
security, based on the sustained-yield use
of natural resources. Human ecology as a
policy science of sustained yield and

resource use processes must, therefore,
deal with power andcontrol over resources
and, in the process, over society.
The practical application of human
ecology to address development issues has
been r e t a r d e d 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 t h e resource system
approach, in this paper1 outline aparadigm
for analyzing theimpact of the development
of small-scale pond aquaculture on the
social and economic domain of developingcountry environments. This is 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 a s a
"multidiscipline". As a consequence,
holistic, human ecological studies in the
field a r e r a r e a n d 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 to innovation,
innovation adoption process, and impacts
on society (Fig. 2). The paper is based
mainly on my field research in southern
ChinaandMalaGi, as well as on secondary
sources for Panama.

External Influences
The principal objectives ofaquaculture
development in developing countries are
t o enhance the production offish as human
food, and thereby to improve the livelihood
of farm families, by upgrading household
nutritional status andlor increasing cash
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or in-kind income. There a r e other
relatively minor objectives.
But aquaculture is a new and not
uncommonly strange technology to many
organizations involved in development,
a n d most members of assistance
organizations, versed mainly i n
agricultural development, are ill-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 t h e o t h e r h a n d ,
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 with the incidence
of hunger and the occurrence of outright

famine, there is a natural tendency to
react with incautious optimism to any
promising means, such a s 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
a q u a c u l t u r e development m u s t be
i n t e g r a t e d within overall a n d
comprehensive r u r a l development
programs, and also t h a t i t must be
supported by an appropriate range of
economic, physical, i n s t i t u t i o n a l ,
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 documentsmerely to satisfy
the policies ofdonors 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 adaptation to 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 be
cultured. Obviously,where areliable water
supply is not available for a t least most of
t h e year, aquaculture is infeasible.

Paradoxically, therefore, many areas best
suited to aquaculture development are
naturally fish-rich and a r e already
exploited by freshwater capture fisheries.
This i s not to say t h a t 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 m u s t
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 programs have failed because
these two fundamental factors were not
fully considered (FA0 1985).This has led
to the frustrated expectations and negative
perceptions 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, t h e
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; a n d (2) decisionmaking,
principally regarding the perceived risks
inherent in its adoption.
,

Perceptions Regarding
an Innovation
Most official perceptions, including
those of donors, underlying t h e
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 selfreliance 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 Panama, where the introduction of
community aquaculture is viewed by the
government as a n instrument of rural
social development that facilitates the
introduction of new organizational and
managerial structures (Molnar et al. 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,

opportunity costs, and lifestyle of an
innovation with existingresource systems
andits 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 t h e
acceptance of innovation in rural societies
demonstrates five basic and generic
attributes t h a t 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
changes that the technologyheralds. These
attributes are simplicity, compatibility,
advantageousness, testability and
visibility (Table 1).

Table 1.Attribubs of an aquaculture innovation affecting its adoption.
Attribute

a) Simplicity

Characteristics of attribute
Aquaculture system and related in~titutions
i s simple, divisible and easily mastered
without special skills-trainingby many people.

Examples

Reference

Panama: Small-wale fanners perceive the
tmhniques, skills and vocabulaly of aquaculture to be the same a s those oltraditional farming, and therefore easily martered.
Contra1 Malaivi: aquaculture perceived as not
complex and can be learned by children.
Southern Mala%: squnculturs skills learned
from parento*.

Molnar et al. (1985)

Likongwe (1989)
Mills (1984)

(2) Compatibility

Aquaculture system is compatible with existing
fuming syutems, in tcrrnn ofland, capital,
labor, rick and opportunity cost, a s well a s
vrith community behavioral norms and social
roles.

MalaGi: Adoption ~Caquaculturenot perceived
a s disrupting pre-mistinglabor allocation,
and a s having only a low labor demand.

L i k o n ~ (1
e 989)
Mills (1489)

(31 Advantageous

Aquaculture makes better use of on-farm
rewurces and provides g r a t e r benefits than
do customary pructicer slonc.

perceived (in rank
Southern ~ a l a & advantages
:
order) arc: (1) additional cashincome, (2) enhanced s o ~ i a status
l
within community, (3) p r o
vision of addilional itema for reciprocal exchange. (4) improved household nutrition.
Centrnl Mala%: (1) improved household nuttition, (2) increoscd income. (However, in D d r a
urea of Ccnlral ~ a l a Eais wcll a s in Cameroon,
aquaculture i s adopted 60 ns to accrue prestige.)

Likongwe (198%
Mills (1984)
Nji (1986)
Molnar ct al. (1985)

Aquaculture must bc capable of being tcsted by

In Central and Southern MalaEi, adoptcd by a
range of houwholds representing various ee*
nomic strata and not generally viewed a s being
limited to better-off families.

Banda (1989)
Likongwc (19891
Mill6 (1984)

This has characterized the adoption proccfis
among small-scale fish Canners in MalaEi.

Banda (1 989)
Likongwe (1989)
Mills (1989)

(4) Testability

a representative sample of community members,

so a s to be potentially a v a F b b to all households.
(5) Appraisability

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

-

*Howcvcr, the knowledge and skills required to construct and manage a fishpond arc viewed with 'considerable inicrest and awc", and the wcial skills
roquired to deal with the Fishcries Department and the Fish Farmcrs' Club are secn a s compla (Mills 1989).
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Table 2.Supply of inputs to household fishponds.

Input

Extrapolated
application
rate
(t.ha.yea1-l)

Actual application rates
Produced by household
($)
(%)
(t)

(t)

Supplied externally
($)
(46)

Household 1
Elephant grass
Pig excrement
Human excrement
Kitchen and field waste
Sugar cane waste
Concentrates
Fingerlings

7.68
161.60
10.60
19.60
60.60
0.27

Totals

Household 2
Elephant grass

Pig excrement
Human excrement
Silkworm waste
Kitchen and field waste
Sugar cane waste
Concentrates
Fingerlings

12.60
113.60
26.60
8.3
0.00
25.20
8.83

Totals

Household 3
Elephant graea
Pig excrement
Human excrement
Concentrates
Fingerlings

25.25
229.60
30.10
10.10

Totals

Household 4
Elephant grass

Pig excrement
Human excrement
Fingerlings
Dipterex
Teaseed cake

28.40
34.09
94.84
15.16 (kg)
60.60(kg)

0.00
0.00
0.00

0.00
0.00
0.00
135.36
2.00 (kg) 3.55
8.00 (kg) 0.73

0.0
0.0
0.0
100.0
100.0
100.0

Totals
-

Source: Ruddle and Zhong (1988)

-

-

-

Risk-Taking
and Decisionmahing
P a t t e r n s 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, there isgenerally
considerable variation in microeconomic
behavior, which is caused in large part by
the differential use of and access to
renewable resources, a s well a s by
perceptions that influence risk-taking and
decisionmaking in social and economic
activities (Johnson 1972;Rutz1977;Ruddle

1984).
Most small-scale farmers plant a
combination of crops, or may opt to include
a fishpond within their operation, to spread
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. T h u s ,
distinyishinga singlemotive 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 ofseveral complementary economic
activities that together provide a balance
of subsistence goods. Commonly, smallscale fishing, animal husbandry, hunting
and collecting of forest products are the
economic complements of cultivation. In
i n t e g r a t e d systems of agricultureaquaculture, some of these components
are tightly fitted within a single system.
Thus a n 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 i t is
perceived as unduly risky to household
basal subsistence.

Diversification of sources ofhousehold
income has also been a traditional riskspreadingdevice. Thus, for example, smallscale 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 smallscale farming or to mitigate the risks
inherent in adopting a n innovation such
as aquaculture (Laan 1984).
Where seasonality of rainfall is
pronounced most agricultural labor inputs
are concentrated within a typically short
four-month growing season. T h u s
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 the incidenceofillness 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.
F a r m household decisionmaking
ranges from very deliberate problemsolving to automatic, subconscious
behavior, basedinlarge part on traditional
teaching and community norms. In
developing nations, most tend toward the
latter type (Simon 1957).Moreover, most
decisionmakers apparently prefer to follow

-

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-scale farmers
(Simon 1957).
All aspects of decisionmaking are
closely tied to local culture, technological
levels, and peer group pressure. Smallscale farmers rarely make massive
decisions, but they do make small,
incremental decisions that in aggregate
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;
t h e completeness of a n individual's
"decision environment" beinga function of
both the customary and formal levels of
education achieved, the communication
system, and the motivation and willingness
to make a n effort to obtain information.
There are major differences between
community and individual decisions. The
former appear to be more deliberate,
explicit and often better publicized.
Generally, too, they are of greater
importance i n establishing a n d
maintaining patterns of resource use
within communities and regions. The
effkiency with which decisions are made,
together with the distribution of benefits,
are the two major determinants of success
in the adoption ofaninnovation, especially
a community endeavor.
In agricultural households in Central
MalaGi, for example, most household
decisions are made after consultation
between both conjugal partners and,
despite a matrilineal social organization,
the wife's brother(s1 have no say in the
decisions (Mthinda1980; Phiri1981), even
i n 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 t h e development of
integrated farming. Of the fish farmers
surveyed in Zomba District, Southern
MalaGi, 31% of respondents reported
disagreements with their wives over
agricultural resource allocation. Since i n a
matrilineal society women perceive
themselves as being 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 usesfor it (Mills1989).
It has been frequently averred that
many subsistence farmers in developing
countries are concerned to produce only
enough to e n s u r e t h e i r household
subsistence base, since they value"1eisure"
more than a cash income obtained from
sale of agricultural surpluses. However,
i n MalaGi, for example, surveys
demonstrate t h e 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 t h a t 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 to increased
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
f a r m i n g 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 thehuman ecological
i.mpactperse 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 intracommunity 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
ecolo~calconsequences of aquaculture
development.

The Impacts of Aquaculture
Developnzent 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 t o water resources and the

like, are vested in the individual. The
degree to which a n individual will be
permitted use of land owned by the
extended kin group or the community
varies according to tradition a n d
particularly t o 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 a t their peril.
The fundamental sociological element in
many developing-country societies is the
extended family, that forms a village o r
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 a n area
occupied by a matrilineage is recognized
a s being owned by that lineage as a
corporate group. The lineage has the
general usufruct right to t h a t 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;
i.e., a man seeking permission to build a
fishpond would usually have to petition
h i s 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 i s i r ~an
anomalous position with respect to resource
rights, since although the head of his
household, a s a consequence of
matrilineality and uxorilocality,
respectively, he obtains access to land
through the female line and resides i n his
wife'svillage. Ahusband works the land of
his wife or wives. Further, although
heading his own household, a man rrlust

generally submit to the authority of his he himself was likely to be suspected of
wife's brothers, with respect to his -wife, being a sorcerer (Mitchell 1951).
It has been widely claimed that the
h i s children, a n d h e r l a n d . Not
uncommonly, therefore, h u s b a n d s insecurity ofmale tenure under matrilineal
experience insecurity oftenure and divorce systems of social organization is a common
rates might be high. On divorce, or on the disincentive to make long-term investment
death of his wife, a man returns to his and improvement in a land unit, the
mother's village and his former wife, or usufruct right of which belongs to a wife
her descendants, retains all the usufruct (e-g., Lamport-Stokes 1970). This varies
rights to the lands that formerly they greatly, however, and depends in large
part on the personality characteristics of
cultivated jointly.
Many t r a d i t i o n a l subsistence the individual male.
Land scarcity coupled with t h e
communities a r e bound by close
interpersonal relationshipsviainstitutions disincentives inherent in the traditional
for sharing, which demonstrate that all social structure are an increasing cause of
people in a community are linked together divergence from cultural norms in any
in one way or another, and that everybody matrilineal society. Menlivinguxorilocally
has access rights to a common property frequently seek to establish their own farms
resource, as well as rights to demand a and particularly those for cash crops or
share in the product of resources to which other long-term investments.
As a consequence of such highly
specific households hold exclusive rights.
Commonly, subsistence activities are not complex interaction of personal usufruct
viewed a s a business undertaking, rather rights to land, especially in areas of
as operations on which depends the welfare matrilineal societies and high population
ofall members ofa community. Widespread density, either those obtained through
are sets of related concepts which stress village membership or those acquired
that more fundamental than increasing individually, patterns ofcultivation rights
profits, spreading risks and gaining i n m a n y developing countries a r e
assistance, is the individual's right to extremely complicated. It i s almost
survive; that nobody should go hungry meaningless to attempt to resolve into a
and that everybody should share in the checklist of simple, generalizable
results of a n economic activity, however principles, particularly since its inherent
meagre they might be. Such obligations complexity is now being additionally
have an important bearing on the decision ramified by population growth and
to adopt or not innovations leading t o resultant pressures on land and land
increased productivity, a s a concomitant fragmentation, and as a result ofincreasing
increase is the requirement to share.
divergences from nominally prescribed
In many such societies, people who cultural forms attributable to general
ignore or neglect their duties toward kin "modernization".
are criticized and,finally, deserted by them,
thereby depriving themselves of social and Access to Resources
economic security in time of need (e.g.,
In Zomba District of Southern MalaGi,
Mitchell 1951). In traditional communities 76% of fish farming households have a
in parts of Southern MalaBi, for example, t a h l land holding of more than 2 ha, and
a person who ignores h i s kinship only 16 have 1.0 h a or less (Banda 1989).
obligations to such an extent that he is Most fishfarmers thereforehave relatively
deserted by his relatives is considered to large land holdings. Those with less than
be the target of sorcery by them. Further, 0.8 h a 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 ofbetter quality. Thus few fish farmers
are in the subsistence household category
(defined a s having less than 1.6 ha), since
they are unwilling to risk adoption of a n as
yet unproven innovation and only 10.5%
of those sampled are in t h e "below
subsistence category" (defined as having
less than 0.8 ha).
Together with land, family labor is the
principal household resource in rural
MalaGi. Extra labor is obtained by hiring,
t h e role of t h e formerly important
reciprocal labor having declined with the
rapid socioeconomic change that h a s
occurred in Southern MalaGi (Banda
1989).

The Emergence
of Entrepreneurship
A r a r e 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(Pear1 River) Delta of Guangdong
Province, southern China (Ruddle and
Zhong 1988).
From late 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,
t h e reforms decollectivized many
agricultural practices, transformed from
de facto to de j u r e the status of the
individual family 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

incomes rose dramatically and household
activity schedules and the allocation of
labor also became more flexible (Ruddle
and Zhong1988). Thusvariationsernerged
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 a s excrements and elephant
grass on the one hand; and purchased
fingerlings and concentrated feed on the
other) a t different rates, as well as differing
perceptions with regard to the comparative
worth of traditional and modern inputs.
By manipulating energy inputs t o
actualize opportunity costs of on-farm
sourced inputs, and thereby offset costs of
purchased energy sources, modelling
demonstrated that household cash incomes
could be raised 3-12%(Ruddle and Zhong
1988).In practice, rates would probably be
higher, since substituting concentrated
feed for traditional inputs would improve
water quality, thus, all things being equal,
improving fish yields.
However, to make these simple
changes a t the household level requires
important changes a t higher levels in the
system. Amongthe most important ofthese
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
as a consequence ofrepeated and successful
demonstration effects; a continued market
for household produced and surplus
excrements t h a t would absorb these
surpluses as they continued to increase
with the wider adoption of concentrates;
the ability to divert sugar cane waste t o
other productive industrial uses (e.g.,
pelletized feeds); and the industrial use of
silkworm waste, among others.

Impacts of Aquaculture
Development on Communities
Social Status Stratification
This may correspond to property
ownership patterns and especially to land
tenure. Large landowners, local officials
and relatively better educated persons
often become l e a d e r s a n d exert
disproportionate influence on the 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 the more likely is an innovation
to be widely adopted (Oxby 1983).
On the other hand, participation or
sponsorship by widely respectedelitesmay
legitimize a n undertaking and encourage
broad participation, as in parts of Mala&,
where adoption of aquaculture by betteroff households is perceived to reduce the
element ofrisk 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,
r a t h e r t h a n fostering self-reliant
community development. F u r t h e r ,
depending on the nature of the clientpatron relationship and the existence or
not of paternalism andlor personalism,
households may participate in a n
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, a s i n
aquaculture developments in Zomba
District, Southern MalaGi (Mills 1989),
they can also undermine projects to thwart

perceived diminishment of their own
status. Any innovation may be perceived
by large landowners a s a threat to apool 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 Strucfures
and Leadership
Many developing-country societies are
characterized by hierarchical social
organization, which ranges from a regional
leaderltribal chief through an individual
family member. Commonly,this is reflected
in the spatial organization ofthe 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
m a t t e r s , a n d r i t u a l a n d religious
responsibilities. The second level is
frequently that of the village headman,
whose various social roles mirror a t the
village level those of the regional leader1
tribal chief. Dispute settlement i s
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
representingthe interests oftheir villagers
in dealings with other groups.
The s t r u c t u r e of authority a n d
leadership in matrilineal societies is
relatively complex, because while
resources are controlled through the female
line, villages are governed according to
principles ofmale leadership. This leads to
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

male governance; the structural opposition
between proximategenerations as a result
of emphasis on the unity of the sibling
group; the division of a mother's loyalties

between her siblinggroup and her children;

is no longer regarded as being a member of
the local group (Molnar et al. 1985).

Community Cohesiveness

and the plitical

Factionalism within a community
competition among
stemming from social andlor economic
uterine brothers for their sisters'loyalty. status, caste, or ethnicity, among other

These inherent conflicts among principles
of social organization may cause serious
social tensions within small communities
a n d can be easily exacerbated by
economically beneficial innovations, such
as aquaculture.
As would be anticipated from changing
political, economic, and social conditions,
as well as from the personality traits of
individuals, in few if any societies do
everyday social relationships and patterns
of behavior correspond exactly to such
nominal ideals of social structure.
Monetization, urbanization, industrialization and the resultant migration for
wage labor have been among the principal
factors that have caused major changes in
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 ensuringthe equitable
distribution of benefits, such t h a t
community harmony is maintained.
Goodleadership can speed 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 a n d
overdependence on a single strong
individual leader can imperil long-term
continuity of development. Poor
Panamanian farmers, for example,interact
best when theleader is arespectedmember
of the community but still a peer; i.e., he is
neither so wealthy nor so powerful that he

causes, can be a major obstacle to the
successful adoption and dissemination of
an innovation, particularly when access to
commonpropertyresources, suchas 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). F u r t h e r inequities may be
interpretedin the context offormer existing
intra-community conflicts and resultant
factions (Peterson 19821, which tend to
become exacerbated as a consequence. A
positive aspect ofintra-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 Panama, for example, although
community aquaculture projects did not
engender any new intra-community
conflicts, some became enmeshedin 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
(Molnaret al. 1985).Evidence ofthe success

of innovations in general demonstrates
that commitment to a n undertaking,
regardless of what stimulates it, is more
important t o the success of a project than
skills and competence, which can be
learned (Leonard and Marshall 1982).

Social controls, levelling mechanisms,
or sanctions are widely applied to either
households or individuals within
communities when a majority perceives
that wealth accumulation by a few

members is to the detriment of the g

To

Implementation of Social
Control Mechanisms
In many societies worldwide, levelling
mechanisms a r e fundamental i n
controlling t h e individual a n d i n
functioning to maintain community social
order and social status ranking. An
individual is prevented by a variety of
social pressures, obligations, proscriptions
a n d p u n i s h m e n t s 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-countrysocieties, an individual
who decides to devote time to economically
productive activities, as opposed to socially
productive activities, i s commonly
regarded as a deviant who must bear heavy
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 a n y collective
innovation. Especially important is the
individual's perception of the balance of
costs a n d benefits (rewards), or
"distributive justice", among all
participants (Popkin 19791. 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.

r~~,

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 common property resource must depend
on some invariable 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 t o supply labor. The
enforcement of strict equity principles
could therefore lead to resentment. This
may be managed, as o n community
managed aquaculture projects in Panama
(Molnar e t 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 PanamA, records
arekept to apportion accurately the harvest
benefit by labor input (Molnar et al. 1985).
Also inPanama, 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 otherwise 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 a n d
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 p r e s s u r e ,
punishment, or threat of sorcery, for
example. Further, innovation is likely to
be resisted by those who benefit least from
existingsituations, since they may perceive
it as likely to perpetuate current inequities
(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
MalaGi, for example, individual
advancement i s often perceived by
guardians as a threat to the unity of the
female corporate group (Mitchell 1956)
and is restrained by accusations of sorcery
(Lawry 1981), the frequency of which
commonlyleads to the fissioning of villages.
For this reason successful farmers will
occasionally have dXiculty in obtaining
hired labor (Lawry 1981).
Social levelling mechanisms a r e
strongest where 'there is little to share
(Humphrey 1971). In the Zomba District
of Southern MalaGi belief in witchcraft is
so strong t h a t 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 t h a t 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

is that some farmers might elect not to
improve their economiclevel, 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 MalaGi, 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
to relatives 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 product in a local
market rather than using the conventional
pondside site venue in order to escape the
increasing a n d , as h e perceived,
unneccessary economic burden of
subsidizing below-market-price sales to
friends and relatives. Further, he was able
to obtain prices 1 0 % h i g h e r t h a n
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 offish available for subsidized

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 communitywide sociocultural factor either impeding
the development of aquaculture in Africa
(Grove et al. 19801, or, in contrast, being
overwhelmed by it in combination with
other elements of change. Such phenomena
are not generalizable since they occur as a
plethora of local details.
Commonplace throughout Africa, for
example, i s 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 this reason the development
of aquaculture may be either retarded or
precluded entirely in a particular locality
by a refusal to modify the environment,
such a s to excavate fishponds, or even to
modify those constructed by ancestors
(Grove et al. 1980).In MalaCi, such beliefs
have retarded the development of smallscale aquaculture in parts of Lilongwe
District (D.H. Ng'ong'ola, pers. comm.).

Impact on Exterrral 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 socioeconomic research
that works in tandem with a dedicated
extension service. These are indispensable
for ensuring successful and sustained
development. Ill-conceived projects coupled
with contradictory objectives have been

highlighted a s a major source of prior
failures i n aquaculture development
projects (FA0 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
t h e absence of government policy
specifically aimed a t t h i s form of
development" (Coche 1983).This feedback
has revealed itself in the widespread
acknowledgement of (a) conceptual and
planning deficiencies, a n d (b) i n
infrastructural deficiencies in systems.
Among t h e principal impacts on
external influences of developing-country
aquaculture development programs is the
realization that failure has stemmed
fundamentally from not having viewed
aquaculture as a system, the success of
which depends on the parallel development
of a physical and institutional support
infrastructure. The long-term objectives
of alleviating malnutrition and poverty in
developing countries do not depend just on
increasing the production of a balanced
mix of foodstuffs, a s i s commonly
considered, as much as on increasing 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 Africa transportation
costs are perhaps the principal constraint
on supplying inexpensive fish to
consumers; a s in Zambia, where they can
sometimes be three or four times the value
of the fish transported (Subramaniam
1986).
The provision of appropriate
i n s t i t u t i o n s i s of p e r h a p s g r e a t e r
importance. Most evaluations ofintegrated
rural development programsassume either
the prior existence of, or the ability to
create quickly, a n 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
development in developing countries stress
the overwhelming institutional deficiences
that preclude rapid growth of the sector.
A combination of a t 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
t h e i r traditional forms or
surrogates and the latter are
usually inadequate for promoting
and sustaining aquaculture
development directly;
(ii) such institutions are rarely linked
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 smallscale farmers unnecessarily risky;
(iii) owing to a combination of scarce
finances, ineffective linkages, lack
of skilled manpower and weak
political support, among other
t h i n g s , existing i n s t i t u t i o n s
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
i n s t i t u t i o n s a r e 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,

appropriate i n s t i t u t i o n s t o 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 supportinginstitutions, like aquaculture
technology transfer and development,must
blendadaptation, 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 smallscale rural sector.
As a consequence of deficiencies in
infrastructure, t h e acquisition and
reinforcement of initial aquaculture skills
from earlier adopters i s of major
importance. In Zomba District, MalaGi,
for example, 24%offish farmers and former
fish f a r m e r s obtained t h e m from
neighboring farmers, 26% from distant
f a r m e r s , a n d 26% from personal
observation ofthe activity by other farmers
(Banda 1989).Farmers appear to prefer to
consult with other local, earlier-adopter
farmers of approximately similar social
and economic levels, since it is 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 a n
innovation have higher social status, such
as village headmen, that appear to make
them better evaluators of a new activity,
like aquaculture, a t least in the early

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
were reinforced and enhanced (Mills 1989).
This farmer, a respected member of the
community, is locally renowned for running
a successful commercially oriented
aquaculture operation. Once initial
activi.ties 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
MalaGi, 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 a n 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 more rapid development
of small-scale aquaculture in developing
countries is seed fish supply. Aresponse to
this pi+oblemin Malafii, 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 (O.V.
Msiska, pers. comm.).

Credit. Inmost instances, the provision
of credit is essential to the establishment
ofa new enterprise. However,fewpotential
small-scale fish farmers in developing
countries have suitable assets for use as
collateral. Further, given the risks inherent
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 a s field crop
fertilizers, until they are confident in the
profitability of aquaculture, as in Southern
MalaGi, for example (Banda 1989).
Marketing. The commercial distribution 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, a t least
seasonally. Thus in the Zomba District of
Southern MalaGi, 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 offish sold to customers
attending a harvest to ensure reasonably
equitable sales (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. Tbis obviates the needs
for specialized marketing strategies, the
role offish 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 sales to
friends and relatives are "socially priced"
a t a lower rate. Nevertheless, farmers are
mostly able to obtain close to current
1989).
market
prices
(Mills

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 r i g h t s all h i n d e r t h e
development ofaquaculture, 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 obtainingvarious licenses
and obtaininglegal protection against theft
and the like. Legislation is also required to
protect the water rights of fish farmers
against upstream pollution and damage to
watersheds. Insurance against accidental
loss i s 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
t h a t t h e development of small-scale
aquaculture anywhere has had an adverse
impact on public health, by spreading
disease. Regardless ofthis, however, public

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
n u t r i t i o n a l and economic benefits
compared with health implications.
Aquaculture development has the potential
to increase hazards to human health,
primarily from waterborne diseases
(especially schistosomiasis, malaria and
guinea worm) a n d f i s h p a r a s i t e s .
Schistosomiasis is perhaps the most
prevalent debilitating disease, with an
incidence of 70-90%.

Conclusions
Aquaculture development i n
developing countries has had a chequered
history, a t best. This is particularly true of
Africa, but also, to a lesser extent, of Asia.
In large 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 seen in
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 constraints that these
impose on sustainability; (2) i t s
socioeconomic and other relationships to
alternative sources of both animal and
vegetable protein; (3) the physical and
biological environments into which its
introduction i s proposed; (4) t h e
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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Abstract
The development of freshwater aquaculture and culture-based fisheries in most developing
countries facee socioeconomic, environmcntal, biotechnical, institutional and legislative mnstraints.
In view of the increasing need and pressure for environmental conservation and control, emphasis
isgivento difficulties &ady exper&nced in the implementationof development plans, management
schemes and regulatory measures, as related to the utilization of aquaculture and fisheries resources.
SociaLly oriented aquamllure development projects require long-term public sector support
and improved project formulation and implementation to be successful in terms of socioeconomic
feasibility and ecological compatibilily. CulLure-Lad fisheries in lukes and reservoirs need careful
assessment a s to the potential ecological and genetic risks ofexotic fish introductions and restocking
measures. Intensive a q u a d t u r e carries risks of polluling the aquatic environment with nutrientand chemical-laden effluents, spreading iish diseases and causing disruption of wild stocks through
fish escapes.
Multisedoral efforts should be continued on the integration of aquaculture with agriculture,
forestry andinland fisheries as well as its inclusionin river basin planningandnianagement schemes.
Regulatory measures to prevent and to limit negative environmental impact of aquaculture should
be enforceable and cost-effective. Const~uctiveformulation of such measures can benefit from the
scientific environmcntal 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 environmentally sound development, however, it is
fundamental for these classifications that

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 classified, when required, making use of both
technical and socioeconomic criteria. In
niany cases, it may prove useful to refer

to "rural aqunculture" within the general

framework of agricultural development.
Rural aquaculture can be practised a t
subsistence level as well as a t semi-intensive level with varying degrees of cashcrop orientation.
This paper concentrates on Latin
America, as representative of the developing world where semi-intensive (shrimp)
and intensive aquaculture (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 expectations and resources involved.
Aquaculture operations can have both
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 eliminated 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 Aquaculture
Rural freshwater aquaculture in developing countries is not normally a source
of environmental pollution but may have
some negative impacts; for example, the
spread of exotic fish species and consequent effects on native species and habitats, loss of genetic diversity, the spread
offish diseases and public health problems
due to unsafe produce, poor working
conditions, waterborne diseases andparasites.
Another important negative impact of
rural aquaculture derives from the nu-

merous failures of projects aimed a t developing the sector with the purpose of
contributing to a rise in the standard of
living of small-scale fish farmers in developing countries. Considering that rural
aquacclture isjust 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 anything that threatens the sustainability of
aquaculture can be considered as harmful
to the environment. The objective of developing "environment-compatible" sustainable aquaculture will not be achieved
if most of the development projects fail.
Analysis of social-oriented r u r a l
aquaculture projects (for example, Smith
and Peterson 1982; Engle 1986;MartinezEspinosa 1986; Wijkstrijm 1986; FAOSIDA 1987; FAO-UNDP-Norwegian Ministry of Development Cooperation 1987;
Martinez-Espinosa 1990) concluded that
international assistance had not produced
the expected results a t farm level to establish a self-supporting aquaculture sector. A change of strategy has been proposed towards institution building, planning, economics, credit facilitation, etc.,
thereby addressing a range of social factors.
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 identification of the potential target groups in
aquaculture: development projects, a s well
as in the appraisal of the socioeconomic
characteristics. Project formulation based
on wrong assumptions about social, economic and 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 commercialize. It is only in very specific cases
that the subsistence type of aquaculture,

designed for self-consumption, is likely to
be pursued after the completion of external assistance. Not enough attention has
been given to special credit facilities for
small-scale aquaculturists on terms and
conditions which address their weak economic 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 because of their complexity. Very few Farming Systems Research and Extension
(FSRE) initiatives attract sufficient
adopters to show any real impact.
Why are FSRE and agroecosystemtools
so little used in systems that incorporate
aquaculture? The first and most important reason is the institutional structure
in which agricultural research and development is conducted. FSRE requires sscia1scientists to work alongside biologists.
Such interdisciplinary teams require all
members to have a working knowledge of
the other disciplines but educational programs rarely offer appropriate courses
(Edwards e t al. 1988). Agroecosystem
analysis and the new farming systems it
inspires require integration of crops, livestock, fish and forestry but these coamodities are often separated into different
departments, ministries and research
institutes a t 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-offfrom the catchment
area and the nutrients i t 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 facilitating 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 can have all the abovementioned
negative impacts, includingeutrophication
through the organic fallout from fish cages,
impairment of esthetic qualities and disruption of resident fish stocks.
The main constr~intto the development 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 organizations which share legal competence"
(translated from Novoa, in press). Moreover, many such waterbodies do not have
even the minimum required infrastructure for exploitation and management of
their fisheries, and physical and biological
limitations prevent, in many cases, any
developme~:t. Very often, long distances
t o markets and a lack of functional roads
discourage attempts to develop activities.
Despite these limitations, 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 America are progressively becoming regulated by dams and will ultimately
form chains of reservoirs if existing plans
are completed. Out of a tctal of 182 dams
scheduled for the Parand River sub-basin
(Argentina, Paraguay, Brazil), 121 are
already in operation or under construction. Thirty-two dams are being built in
the Magdalena River basin which will also

become a chain of reservoirs and others
are envisaged for its upper and middle
sections. There are, however relatively
few dams in the large Amazon and Orinoco
basins a t 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 (Quir6s 1989).
The measures adopted to mitigate the
loss of ichthyofauna due t o the construction of dams and other obstructions include fish passes in the dams and periodic
stocking of waterbodies with fingerlings
produced in hatcheries. I n Brazil, there
is a law providing for the installation of
fish passes ( Q u i r k 1989). I n practice,
however, very few have been installed in
Brazilian dams or in the rest of Latin
America, and their e,ffectiveness and economic feasibility are controversial. Introduction 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 (Oreochronzis aureus, 0.
mossambicus) and the rest from cyprinids
(Cyprinus curpio, Ctenopharyngodon
idella,
Aristichthys
nobilis,
Hypophthalmichthys molitrix). InMexico,
six main groups of fishes are produced in
reservoirs, four native (Chirostoma spp.,
Chirostoma estor, Ictalurus punctatus,
Micropterus salrnoides), 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 fisheries in reservoirs is from introduced species, both nonindigenous from other basins (Cichla ocellaris, Cichla temensis,
Plagioscion squamossisimus, Plugioscion
surinamensis,Arapaimagigas,Colossoma
macropomum, Astronotus ocelatus,
Macrobrachiurn amazonicus), and exotics
(tilapias and cyprinids) (Studart Gurgel,
in press).
Fish introductions to the region and

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 obviously 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 a t present. Some successful examples are Cuba, 16,000 t (1986);
Brazil, 19,000 t (1987) from over 100
reservoirs in the northeast; and Mexico
109,000 t (19871,which constitutes almost
half the total freshwater aquaculture
production in the region (Juarez,in press).
In these successful cases, different
organizational strategies were adopted.
For Cuba, there is a government-owned
company (Ernpresa Nacional de
Acuicultura), that integrates all the activities from research to development. This
has avoided any problems of legal competence among organizations, and has allowed efforts to be concentrated on technical and social issues. Three components
ofthe development process which are often
neglectedin other countries receive in 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 o f f sh
parasites suggestingoptimal times for fish
stocking (Vinjoy 1988); studies of abundance of fish predators, some of them
introduced species, and work on their

control with selective fishinggear; studies
on aquatic weeds and their control, including the use of herbivorous carps and
mechanical methods; monitoring of pollution, particularly from sugar and paper
factories, as well as other industrial wastes,
fertilizers and pesticides; absolute control
of species and quantities of fish stocked;
and a genetic improvement program with
tilapia a t a research center in Pav6n, Santa
Clara Province (Mari-Diaz, in press).
In the semiarid zone of the Brazilian
northeast, the Departamento Nacional de
Obras Contralas Secas (DNOCS) has been
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 stacking 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 i t has
increased the yield ofcommercially important 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 freshwater lakes, concerningmainly 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 empirically based on the quantities of harvested
fish per unit of area. Criteria for the
maximum permitted amounts of solids
and chemical compounds leaving and
enteringaquaculture installations are still
being discussed (see below: Aquaculture
legislation and conservation offreshwater
ecosystems). When rivers carry farm
wastes into lakes, this must be included
in the overall calculations of their carrying capacity for aquaculture. It is very
difficult to collect all the necessary information for this, particularly in developing
countries.

Intensive Freshwater
Aquaculture
Intensive aquaculture in the majority
of developing countries is largely aimed
a t export markets, although tourism-related consumption may generate some
seasonal demand. Intensive freshwater
aquaculture in many developing countries
is only just starting to expand; for example, trout and smoltproduction in salmonid
culture (Oncorhynchus mykiss, 0.kisutch,
0. tschawytscha, 0. masou, Salmo salar)
in Chile (Munro 1990) and tilapia culture
(0reoch.romis aureus x 0. hornorurn) in
CostaRica (Martinez-Palacioset al. 1989),
grass carp (Ctenopharyngodon idella) and
eel (Anguilla juponica) in China (FA0
1983), snakehead (Channa striatus),
walking catfish (Clarias spp.) and giant
freshwater prawn (Macrobrachiurn
rosenbergii) in Thailand (Boonyaratpalin
and Akiyama 1989).
The nature and extent of the environmental impact of intensive freshwater
aquaculture, drawn mainly from experience by industrialized countries (Alabaster

1982;EIFAC1988;Pursiainen 1988; EIFAC
1990), depend on site selection and engineering design of aquaculture installations; selection of appropriate species and
breeds; intensity of culture systems; quality of farm management and husbandry
(diseaseprecautions,stress avoidance, feed
formulation, feeding strategies and water
quality); disposal and treatment effluents;
uses of waters affected by farm effluents;
and the sensitivity ofthese recipient waters
to farm effluents.
The freshwater environment can be
affected by the release from fish farms of
uneaten food; feces and dissolved excretory products; high microbial loads, parasites, disease organisms and vectors; and
aquaculture chemicals, such a s
anesthetics, disinfectants, biocides, food
additives, drugs for disease prophylaxis'
treatment and inorganic and organic fertilizers. The chemistry of the recipient
waterbodies and their bottom sediments
can be changed by a n increase in suspended solids, by biochemical and chemical oxygen demands, and by increased
nutrient loading, particularly nitrogen and
phosphorus. Thus, quantitative and qualitative changes in the biota (bacteria,
protozoa, plankton, benthos and fish) of
recipient waterbodies are very likely.
Nutrient and organic enrichment may lead
to local eutrophication and hypoxia or
anoxia (see also Beveridge 19841, although
the fertilization of some oligotrophicwaters
may increase fish production. Wild fish
populations may be threatened by diseases and parasites emanating from high
levels of infection in aquaculture installations. Aquaculture chemicals and their
residues may cause sublethal and lethal
effects on wild aquatic organisms, depending on their potential for bioaccumulation,
their toxicity and characteristics of
physicochemical persistence. The selfpurification capacity of recipient waters
may be diminished by antibiotics that
inhibit microbial growth. Also, the exces-

sive use of drugs may generate drug-resistant pathogens.
Such impacts on rivers and freshwaterlakes also depend on the residence time
and amount of water flowing through the
aquaculture installations and on the kinetics of the recipient waters. Here, for
instance, seasonal changes in river flow,
lake flushingand water space around cages
may well influence the dilution and distribution of contaminated waters.
Inland fisheries can be affected by
intensive freshwater aquaculture. Abstraction 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. The feedingand breeding
habitats of many species could be disturbed. With aquatic life cycles being
disrupted and recruitment reduced, overall productivity may be lowered (Dunn

1989).
Fish species with good characteristics
for farming and stocking and good marketability have been and will continue to
be introduced to new habitats. However,
introduced exotic species and genetically
modified breedsmay alter and impoverish
local aquatic biodiversity and genetic
resources, as they may affect endemic
speciesvia cornpetition,predation, destruction of habitats, transmission of parasites
and diseases, and interspecific breeding
(Welcomme 1988).
Related concerns and recommendations on the conservation and utilization
of aquatic genetic resources have been
formulated atvarious expert consultations
dealingwithgeneticresources offish, stock
enhancement and aquaculture genetics
(FAOLJNEPl98l;EIFAC 1982; Chevassus
and Coche 1986).Joint efforts by working
parties on stock enhancement and introductions of the European Inland Fisheries
Advisory Commission of FA0 (EIFAC) and
the working group on introductions and
transfers of marine organisms of the

International Council for the Exploration
of the Sea (ICES)led to the formulation
of related Codes of Practice and protocols
(EIFAC 1984; FA0 1986; Turner 19881,
which have been adopted by EIFAC
member countries and which have been
reviewed subsequently by FA0 regional
fisheries commissions such as the Commission for Inland Fisheries of Latin
America and the Caribbean (COPESCAL),
the Committee for Inland Fisheries of
Africa (CIFA) and the Indo-Pacific Fishery Commission (IPFC) (see also IPFC
1988a, l988b; FA0 1990;FA0 1991).Many
countrieshave enactedlegislation to regulate and control the movement of eggs,
larvaeljuveniles and adult stages of exotic
fish species, often combined with compulsory certification of stocks to be free of
certain diseases and banning of all movements 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 contamination and content of harmful substances,
e.g., solvent residues, aflatoxin, botulinum
toxin, therapeutic drugs, etc. (Tacon 1987).
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 e f f ~ i e n tyet
,
economically feasible to install and to
operate. Treatment technologies for intensive aquaculture are being developed
in industrialized countries based on sedimentation, decantation, biological oxida-

tion and filtration (Petit andMaurel1983).
Often these techniques are designed for
'%igh-tech" systems (Makinen et a1.1988).
Economic constraints in production and
operating costs often make the treatment
of fish farm wastes dmcult to support
(Muir 1982), particularly in developing
countries.
Integration of aquaculture with other
activities (agriculture, industrial and
urban use of water) is likely t o be the most
effective means of development, by sharing water use or enhancing its value
sufficiently to allow investment in improved 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 owninterest. Aquaculture
depends upon a good aquatic environment.
It is particularly vulnerable to excessive
abstraction and water contamination from
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 unacceptable contamination, including pollution and emission of potentially harmful
substances from fish farms. Likewise, the
restriction offishmovementsis sometimes
required to avoid the spread of diseases
between farmed populations, and from
farmed populations into the wild and vice
versa.
Legislative and administrative measures ~.iminga t the environmental compatibility of the various aquaculture practices
should be considered within the broader
legislative context governingaquaculture.
Most developing countries have little or

no aquaculture-specific legislation purposely designed to protect or allow this
activity. However, many aquaculturists
must cope with complex laws and regulations on land tenure, waste use, environment 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
on regulations are neededin order to avoid
obstacles to aquaculture development and,
equally, to ensure that the aquatic environment is adequately protected. Apparent over-regulation and legal uncertainties can, however, hamper aquaculture
development, by creating significant barriers to the 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 zoningofareas for
aquaculture purposes should be included. 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 a t all.
2) In some countries, e.g., Venezuela,
Mexico, Philippines and France, environmental impact assessment studies on the potential effects of the
proposed aquaculture operation are
required prior to the authorization for
the installation of a fish farm.
3) In France, activities/installations may
be termed and classified as environmentally critical undertakings, being
subject to special declaration or authorization procedures.

The installation of effluent quality
control equipment or water discharge
treatment facilities is being promoted
through fiscal incentives like direct
subsidies or tax deductions and exemptions. Charges or taxes on polluting effluents also exist, e.g., in Poland,
Hungary and France.
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 discharge is often required.
In general, regulatory standards on
the water quality of effluents and th.e
recipient waterbodies have been adopted
t o meet scientifically derived water quality .criteria (FWPCA 1968; Sprague 1976;
EEC 1978; Alabaster and Lloyd 1982).
Both standards and criteria are determined 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 19861, but the application and usefulness of water quality
standards have also been increasingly
questioned
by
scientists
and
decisionmakers (see also GESAMP 1991).
This approach also neglects the effects of
aquatic sediments, bioaccumulation in the
food chain, the impact and interactions of
multiple sources and the overall load and
the persistence characteristics of potentially 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

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 a n interactive
environmentalmanagement strategy. Other
traaitionally 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 blacWgrey/
white lists (Hellawelll986) or the application
of principles of best practicable means
available, are considered a s simple
components of this adaptive, interactive
strategy (GESAMP 1986, 1991).
This scientific approach requires
technical and socioeconomic inputs as
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. It also emphasizes
that the acceptability of environmental
impact rests on much more than political
considerations. Such acceptability can be
determined scientifically, assuming that the
enviro~mentalcapacity can be quantified.
Once the environmental capacity of a given
substance is determined, i t 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 t h a t
corrective or remedial measures are
implemented.
The methodology for the assessment
of the environmental capacity, which is
site- and contaminant-specific, uses critical pathway analysis for both conservative and nonconservative contaminants

and establishment of environmental quality objectives, criteria and standards. Faced
with the inevitability of several sources of
uncertainties i n real situations, a
probabilistic approach is used as a n alternative to deterministic analysis. The
methodology recommended (GESAMP
1986) consists of three decision stages.
Socioeconomic goals (priorities and objectives) 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, resulting in the setup of allowable inputs. Finally, monitoring provides a continuous
test of whether the environmental capacity 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 adverse effects of the discharge ofpollutants.
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 substance, 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-related data (Landner 1988), which refer to
the rate of chemical substance input, the
properties of the substance and the environment. The persistence and the distribution of the substance is evaluated from
data on physicochemical characteristics,
biogeochemical behavior, biodegradability, bioaccumulation potential and
bioavailability. Biological effects are predicted on the basis of acute and chronic
toxicity studies or are calculated on the
basis of quantitative stucture activity
relationships (QSARs) (Konemann 1981;
Boudou and Ribeyre 1989; Halfon 1989).

Regulatory measuresmay then be adopted
upon comparison ofthe predicted environmental concentration (in water, sediments
and organisms) and the information on
lowest concentration where adverse biological effects can be expected.
As for pollution control of African
waters, for which e,cotoxicologicaldata are
scarce, Biney et al. (1987) list the following
strategy options for the management of
polluting discharges:
Limitation of the effluentby means
of rigid eMuent standards, both
with chemical concentration limits andlor with a toxicologicallimit
derived by simple acute toxicity
tests on effluent. However, the
specific characteristics of the receiving waterbody are not considered.
Limitation of the effluent by flexible standards. Here, the limits
are calculated in order to maintain water quality criteria in a
specific waterbody. Also, i n this
case, the limit can be defined as
a threshold of the chemical and/
or its toxic effects.
For some chemical substances it
is scientifically unsound and insufficient for environmental protection to set up objectives, criteria and regulations for water alone.
The classical case is mercury
(Moore and Ramamoorthy 1984).
In such cases, it is necessary to
indicate objectives or criteria for
another environmental compartment (e.g., sediments andlor fish).
In some cases, where a species is
shown to be particularly sensitive
to certain substances (e.g., crustaceans to pesticides), an "indicator speciesn-orientedmanagement
strategy has to be preferred to the
water quality criteria approach
(Hellawell 1986).
The classification of chemical

substances in use in 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 environmental exposure with available
toxicity data. This does not necessarily mean that blacklisted
chemicals are to be totally banned,
but that they should be used only
under certain conditions and strict
controls.
In summarizing, it is emphasized that
the particular role of aquaculture in utilizing 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 development needs in local communities, particularly as prevailing in developing countries. Modern scientific methodologies and
conceptual frameworksfor the assessment
and prediction of environmental impact
are being developed and should be applied
in environmental management and regulation of human activities, including
aquaculture.

Institutional Aspects
During the last decades there has been
an increasing awareness that environmental 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

for river basin authorities to be established. Prioritizing community water
supply and water for agriculture, the 1977
UN Water Conference recommended integrated planning of water management
(Falkenmark 1977). At the 1981 UN
Interregional Meeting of International
River Organizations, there was general
agreement that environmental considerations have to be included in the development 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 countries 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 catchment zone (Eren 1977; Singh 1977;
Lundqvist et al. 1985).
Can one local government organization represent all interests when planning
development in a catchment area or river
basin (Reynolds 1985) and how can resource 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, i t is clear
that two conditions must be met if planning is to be useful: there must be the need
for desirable changes or for actions t o
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 countries. Indicative planningis conditional on
the total or partial approval of the different 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. Moreover, some of these actors may represent
foreigninterests withlittle concern for the
long-term consequences of their actions.
For example, Latin America has seen,
during the last three decades, the formulation by governments of sound plans
which, however, were never applied. Likewise, 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 capture and culture fisheries in Laguna de
Bay, Philippines, Smith (1982) also advocates a participatory and more decentralized 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 rnultisectoral development
efforts, which undoubtedly need to be
considered when addressing the environmental implications of aquaculture development.
Legal and administrative tools to 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
act as incentives or disincentives. In many
other cases, however, these measures have
been difficult to apply or to control by
relevant authorities, often due to
inappropriate institutional infrastructure.
Moreover, these measures are often not
specific and therefore not effective in
eliminating undesirable uses of land and
waterresources. It is therefore 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 ofestablishingrules andinstitutions
aiming (sometimes exclusively) a t
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; Welcornme 1985;
Baluyut 1986; Sreenivasan 1986; Dunn
1989), on land use planning (FA0 19891,
and on rural area development planning
(Bendavid-Val 1990). However, i t 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 environmental and socioeconomic 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 environmentally degrading practices. On one
side, it is poverty and marginalization
which forces subsistence farmers to
unsustainable land use (see also Lundqvist
et al. 1985). On the other side, it is considerable short-term gains from tradingin
international markets which make national and foreign entrepreneurs embark
on environmentally unacceptable land 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 experience for preventing environmental damage and for avoiding harmful effects of
aquatic pollution and physical degradation on aquaculture resources. Environmental compatibility, both in socioeco-

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 planning process are as important or more
important than biotechnical factors, particularly in developing countries. This is
especially t r u e 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 ag-ricultureaquaculture 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, it is important to guarantee
the success of culture-based fisheries
development i n lakes and reservoirs.
Strategies to compensate for the loss of
aquatic fauna due to physical obstructions
of rivers are directly linked to important
environmental issues, such as the introduction of exotic species, the spread of
diseases and the loss of genetic diversity.
Furthermore, catchment area management approaches should also be considered, if not promoted, where appropriate, when formulating policy recommendations covering institutional and regulatory frameworks for both inland fisheries and aquaculture development as well
as for environmental conservation and
rehabilitation of freshwater ecosystems.
Only few developing countries are

enacting legislation supporting or even
dealing with aquaculture 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 considered 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 communities and to ensure that resources in the
aquatic environment are properly mnnaged and protected.
The potential of intensive freshwater
aquaculture to degrade the natural environment 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) and in the
selection of sites and species, installation
ofefluent treatment facilities and, where
required, strict enforcement of environmental 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
aquaculturetakes place andthe environmental quality
therein: 2. the environmental cunditions within the
farminisystemitself; and%the effect that aquaculture
activities can have on surroundinn- environments.
The concept of assimilative capacity isinteresting
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 wilh the
North Seahave controversially debated the options to
define its assimilative capacity. ICES a t 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 beat helo society and its
environmental regulatory authorities by doc~menting
environmental change while politicians will have to
decide what c h a n G s are acceptable to society.
Politicians usually want scientists to set benchmark
numbera, but this can be difficult and is oken
dangerous.
PULLM: The paper is concerned almost exclusively
with the freshwater environment. Freshwatcr is
becomingavery limitedresource. It isuscd for inigation
and domestic supply and wastewater disposal.
Freshwater aquaculturn may become less and less
viable if it competes with rather than complcments
these uscs, especially close to the huge and rapidly
growing cities of some developing countries. For
example, Laguna de Bay, the 90,000 ha Reshwater
lake adjacent to Metropolitan Manila and famous for
its cage and pen aquaculture, will probably have to
supply some of the city's drinking water in future.
ROSENTHAL: So again, wemust mnsidcr thc dynamic
nature ofthese situations and the multiple usc options
involved when wc asscss sustainability.

BILIO: In Africanreservoirsthat areused 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 andculture-basedfisheries
are possible. One prerequisite for such culture-based
fisheries is to know in advance the characteristics of
the catchment area (geology and limnology).
MART~NEZ-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
aerious. 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 mnceive
using the elfluente fmm intensive aquaculture i n less
intensive aquaculture, such as semi-intensive ponds
containing filter-feeding fish - bearing in mind Dr.
Pullin's comment about water scarcity. Of murse, 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.
MART~EZ-ESPINOSA:We must be careful though
not to attempt to introduce too many new and
demanding technolohies into rural areas when trying
to develop 'socially-orionlcd' 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 t h e 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 am
examples in Thailand of the reuse of effluents from
intensive culture of walking catfish (Clarias spp3 in
eemi-intensive fishponde.

ROSENTHAL: It is clear that planning for fisheries
and aquaculture in reservoira must be done from the
inceptionofthe planningofth~reservoir development,
not as an aficrthought. B y analogy, the use of wasteheat from power stations must ba planned as part of
the whole development.

PULLIN: This planning for fisheries and aquaculture
development in new reservoira ia now becoming more

commonplace. A good example is the World Bankfunded project for the Saguling and Ciratareservoim
near Bandung, Indonesia1. The World Bank is now
making this a matter of policy for new developments
and ICLARM is advising the Bank on another
development in Orissa, India.

lCosta-Pierce,B.A. a n d 0 . Soernamoto, Editom. 1990.
Reservoir fisheries a n d a q u a c u l t u r e for
resettlement in Indonesia. ICLARM Tech. Rep.
23,278 p.
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Abstract
The history of aquaculture genetics and the effwta of aquaculture on natural aquatic genetic
resourcee are summarized. Modern approaches to fish genetic characterization are discussed. Fish
gene pools and genetic impoverishment in fish populations are reviewed with reference to environmental change, the effects of capture fisheries and enhanced fisheries, introduction of exotic
species and hybridization. The mnservation of fish genetic resources i a considered extremely
important and approaches to ex situ conservation are discussed, together with examples of
international, regional and national efforta.

Introduction
Agriculture and animal husbandry
have been developed and intensified by
sustained manipulation and modification
of natural ecological balances. Wide knowledge 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 irretrievably lost. These losses have ethical
and esthetic aspects as well as causing an
actual diminution ofproduction potential.

Living aquatic resources, although
exploited by man since ancient times, have
so far suffered less than terrestrial resources in this context. However, the
dXiculty of access to aquatic environments
and the size of the hydrosphere have not
prevented humans from overexploitingfish
stocks and degrading many aquatic environments 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 intensive 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 maintenance of good performance requires
thorough knowledge of the characteristics
of the original populations and of .khe
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
t o 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 aquaculture is to farm
fish for food and income and to keep su.ch
farming options open for future generations. A good understanding of genetic
variation within farmed aquatic
populations is a basic prerequisite for
efficient long-term management.
The application of genetics t o
aquaculture and realization of the need
for conservation of aquatic genetic resources
(which
are
largely
nondomesticated) are very recent (Ryman
1991). Maintenance of intraspecific genetic variability has been long neglected
in the management of natural populations.
Indeed, farmed aquatic species were formerly considered to be more or less genetically homogeneous, with a large amount
of variation caused by environmental
factors. The existence of high levels of
inter- and intrapopulation genetic variation in fish was not widely recognized until
the 1960s, with the introduction of biochemical analyses in population genetics
(mainly electrophoresis of enzymes) which
led to the detection of previously unrecognized genetic variation. These techniques are now used very widely (e.g.,
F e r y s o n and Thorpe 1991; Utter 1991;

Whitmore 1991). It is very important t o
investigate the consequences of breeding
practices on the genetic structure cnd
performance of cultured stocks. Macaranas
and Fujio (1990) have suggested investigations on genetic variability and differences a t loci 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
t o establish conservation programs a t local,
national, regional and international levels. The widespread transfers of aquatic
species and the enormous impact of human interventions on aquatic genetic
resources (from increasing fishing efforts
and intensification of aquaculture practices) are now becoming widely discussed
in relation to conservation (Hindar et al.
1991). However, understanding of how to
conserve aquatic genetic resources remains
weak. Most assumptions derive from
experience with other organisms and
theoretical speculation (Frankel and Sould
1981; Nelson and Soul4 1987). The conservation ofcultured fish genetic resources
can use similar approaches to those applied for the conservation of genetic resources offarm 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.,
FAOLJNEP 1981; Ryman 1981; STOCS
1981;Pullin1988;DasandJhingran1989;
Prace VurhVodnany 1989;Billington and
Hebert 1991; ICLARM 1992). An expert
consultation on "Utilization and conservation of aquatic genetic resources" was
organized by FA0 in November 1992 in
Rome.
There are a t present two main fields
in aquaculture genetic research: genetic
characterization of farmed stocks and

biotechnology. Although there is an extensive 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 production purposes and conservation of genetic
resources in nondomesticated populations
should be complementary. Human activities have strong impacts on aquatic geneticresources. Artificial selection may be
intentional (through fisheries management
and by selection of broodstock) or unintentional (where no specificbreeding goals
exist, but the culturist must still choose
broodstock). For example, the larger individuals may be removed from apond and
sent to market and the smaller fish used
for restocking.

Genetic Characterization
General Considerations
A prerequisite to gene pool conservation is the characterization of the genetic
structure of populations (FAOAJNEP
19811. 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 understood and many species still undescribed
(FAO/UNEP 1981).In freshwaters, data
should be collected within localities, between 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 important information on the taxonomic status

of populations. Some landlocked forms of

Salmo salar in North America were formerly given subspecific status (S. salar
sebago). This was not confirmed by protein
polymorphism and mtDNAanalyses (Stahl
1983,1987; Birt et al. 1986). This species
is better considered as comprising thousands of reproductively isolated breeding
groups, the adults having strong homing
behavior, returning to spawn in their 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 approach is better (Chevassus and Coche
1986; Cataudella et al. 1987). Comparative analyses of electrophoretic, meristic
and morphological variation should be
carried out to ensure unbiased estimates
of genetic variation (FAOAJNEP 1981).
These techniques facilitate detection of
genetic markers that are characteristic of
some stocks, in order to monitor quantitative and qualitative genetic changes.
Genetic markers can be used to label
specific hatchery strains or natural
populations unambiguously, or even as
identification systems forpatentingstrains
(Gyllensten and Wilson 1987). The main
genetic markers of fish are morphological
characteristics,
isozymes
and
mitochondria1 DNA.

Multivariate Analysis of
Morphometric and Meristic Data
Multivariate analysis ofmorphometric
and meristic data is less expensive and
laborious than electrophoresis andisuseful
for defining taxa and forms. However, it
must be carefully analyzed, as the expression of gene action on morphological
characters is greatly influenced by environmental conditions (phenotypic plasticity). Sometimes, morphological analyses
enable the detection of variation in fish

shape caused by selection practices (Corti
et al. 1988;Eknath et al. 19911, 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 delineated according to scale morphology and
growth patterns (Thorpe, in press).
Morphometry has been recently defined a s "traditional (multivariate)
morphometrics"
or
"geometrical
morphometrics" (Reyment 1991). The
former is the formal codification of
morphometrics as we generally know it,
a n extension of t h e univariate and
multivariate statistics applied to biological characters that are generally represented by meristic characters (in fish, for
instance, number of vertebrae, fin rays,
gill rakers, etc.) or by distance characters
(total length, maximum height, 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, a n
extension of D'Arcy Thomson's (1917)
intuition: differences in the form are
geometrically described by the deformation of the plane given by the superimposition of one form over the other. Given
a formal description of t h e algebra
(Bookstein 1991), it is evident that this
approach is particularly suited also to study
how a n individual changes in shape during 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

the predominant tool for population genetics, and databases of proteins are constantly 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 a t a large number of loci. Since
their introduction in the early 1960s'
electrophoretic techniques have been
widely used by population geneticists t o
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, analysis of mixed stock fisheries or recognition
of hybrid populations, can be addressed
readily through the study of genetic variability within and among populations (e.g.,
Ryman and Utter 1987; Ferguson and
Thorpe 1991; Gauldie 1991; Whitmore
1991).Althoughmostinformationis available on temperate species, studies are
spreading to tropical species a s well, especially those with economic interest.
Indeed, stock identification is essential to
both fish conservation and fisheries and
aquaculture management.
Correlation between the level of individual multiple locus heterozygosity and
performance traits (such as growth rate
or growth-related traits, etc.) has been
suggested for different cultured organisms (Leary et al. 1984; Macaranas and
Fujio 1986; Sbordoni et al. 1987; Kohen
1991).

Mitochondria1 DNA
Restriction enzyme analyses of
mitochondria1DNA(mtDNA)have greater
resolving power and require fewer Samples than allozyme studies. The relative
ease of applying this method to fish and
the rapid rate of mtDNA nucleotide divergence have made mtDNA analysis a very
powerful method, now more and more

used in fish biology and fisheries management (Ferris and Berg1 987; Bermingham
et al. 1991; F e r y s o n and Thorpe 1991).
In particular, it is a n 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 staining 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 individuals of the same population in Seriola
dumerili CVitturi et al. 1986).

Fish Gene Pools
The gene pool of a given population
or species is the set of genotypes of individuals that form that particular population or species (Rab 1989). Being a dynamic open system, 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 environment. The gene pools of today are the
result of evolutionary processes that have
affected those taxa over thousands or
millions of years. For domesticated organisms, 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
to freshwater fish speciesthat extend across
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 for fishingpurposes (more precisely
defined as mixed fisheries stocks), and
stocks i n t h e genetic sense, i.e.,
subpopulations more orless reproductively
isolated by time or spawning locations
(Nelson and Soul& 1987).

Genetic Impoverishment
in Fish Populations
There are many degrees of genetic
impoverishment, as evident by the scale
of danger criteria established by IUCN 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. However, 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. Aquaticgenetic resources
can be affected by environmental changes
(particularly pollution); fisheries; artificial selection and domestication in
aquaculture; and transfers and introduction of species (which may result in hybridization, introgression and founder and
bottleneck effects) (FAOIUNEP 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 caused by
humans (such a s siltation of spawning
sites or introduction of exotic species)which
may render a stock more vulnerable to the
stress of overexploitation (Smith 1968;
Regier 1973). Selective elimination of
subpopulations o r stocks has attracted the
most attention (STOCS 1981). Within a
stock, Nelson and Soul6 (1987) distinguish
between undirected loss of genetic variation (inbreeding, genetic drift) and directional changes (selection). These are distinct problems. Genetic erosion is the loss
of genes within a populationlspecies, resulting in a much smaller gene pool in the
individuals surviving from the original
populationlspecies, which had formerly
much higher genetic diversity.

Enuironmenfal Change
Human activities cause severe habitat
alterations and produce djffferent forms of
pollution, e.g., eutrophication, toxins from
industrial wastes and thermal pollution.
In some regions, water quality has been
severely affected by precipitation acidifi.ed
by combustion of fossil fuels. Some fish
species, especially their early life history
stages, are extremely sensitive to water
acidification (FAO/LINEP 1981).In southern Norway, this has caused the total
disappearance of fish from hundreds of
lakes, and of salmon in many river systems (Gjedrem1981).Hydroelectric power
development h a s also affected fish
populations through the building of dams
which created barriers t o spawning migrations and destroyed spawningsites and
nurseries. New dams have led to the
extinction of many salmon stocks
(Saunders 1981).
Capf ure Fisheries
Capture fisheries can cause the loss
of aquatic genetic resources as a consequence of overexploitation or from selective fishingpractices. In fisheries, the first

stocks to disappear are those with properties most desirable to the fisheries or t o
future enhancement o r aquaculture efforts, e.g., rapid growth and high
catchability ( T h o r p and Koonce 1981).
Recent technological improvement in fishing gear has resulted in increasing harvesting efficiency, which in some cases has
caused the depletion of some fish stocks
and species. Overexploitation may also
cause genetic drift, where only a limited
gene pool survives hamesting. Fisheries
management may also have signifxant
but involuntary effects on genetic resources, 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.
In the salmon fisheries ofWest Greenland, 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 harvesting may cause overexploitation of the
numerically smaller stocks. Overfishing
of Baltic salmon has resulted in slower
growth, smaller size at maturity andearlier
homing. In Lake George, fishing pressure
reduced the size and maturation size of
Oreochromis niloticus over an eleven-year
period (Gwahaba 1973; Lowe-McConnell
1982).
Overfishing can also affect an entire
fish community. In Lake MalaGi, intensive fishing of cichlids has caused the
decrease of large species, which dominated before, and now small species predominate (Turner 1976).

Enhanced Pisheries
There is a growing need to enhance
fisheries, particularly inland fisheries, by
stocking of hatchery-raised juveniles
followed by harvesting through fishing.
Fisheries enhancementhas threepurposes:
to create new fisheries (often introducing

exotic species into a waterbody); to restocked with non-native fry. Often,
supplement natural production to increase hatchery programs work against the aim
harvests; and to mitigate fish losses of preserving natural populations, and
resulting from human activities (Lannan may cause a complete replacement of
natural populations with hatchery fish.
et al. 1989).
Natural
populations ofbrown trout (Salmo
There may be insufficient local
broodstock for the required mass propa- trutta), each showing specific allele fregation and other strains are often im- quencies and at least one allele at high
ported. The growingpractice of enhancing frequency not previously reported, have
fisheries formerly based on wild been identified in Spain (Garcia-Marin et
populations by introductions of hatchery- al. 1991). Sea ranching is well developed
raised stocks can cause severe genetic in Japan, where seed from shore-based
damage. Hatchery-raised stocks are com- hatcheries are released to the wild where
monly much less variable genetically than they grow and are subsequentlyharvested
wild stocks. For example, hatchery-raised by the existing fisheries (Davy 1991).
salmon are used for stocking rivers flowinginto theBaltic. Originally, these rivers Introduction of Exotic Species
produced about 10 million smolts annuWaterbodies have often been stocked
ally, but the building of hydropower sta- with exotic fish (Billington and Hebert
tions in the 1940-1960s made natural 1991) without evaluating the genetic and
spawning impossible. I n Sweden, the ecological impacts on local aquatic, geSwedish Water Law obliged the generat- netic resources and habitats. There are
ing companies to build hatcheries to many cases of successful colonizations by
compensate for this loss. In Norway, 10- exotic species [for example, common carp
15 million Atlantic salmon fry are pro- (Cyprinus carpi01 and brown trout (Salno
duced annually for restocking purposes trutta) in North America, or rainbow trout
(Hansen et al. 1987a)and are released into (Oncorhynchus mykiss) in Europe and
rivers regardless of their origin. Moreo- Latin America]. However, little is known
ver, escapees from the sea cages of salmon of the genetic consequences. There are
farms are 'homeless', and reproduce in a some examples ofintroductions which have
wide range ofrivers (Hansen et al. 1987b). caused severe damage to local populations
It is highly probable that such escapees either by hybridizing with them, or by
from cages and land-based farms interact outcompeting against them, leading evenwith local native populations (Skaala et tually to extinction. Moreover, introducal. 1990).
tions may fail in t h e i ~objectives and may
Introduced populations can also cause lead to genetic degradation of natural
direct genetic changes by interbreeding or populations; for example, whitefish in
have more indirect effects through preda- Czechoslovakia (Barus 1989). Introduction, competition for food, mates, spawn- tions and transfers usually comprise small
ing sites, or introduction of pathogens and numbers of fish. This can cause bottleparasites. The breeding ofhatchery-raised necks and founder effects and reduced
fish with wild populations can produce genetic variation in future generations.
hybrid or introgressed progeny that may
Introductions have increased with
be less adapted to the local environment, demands from hatcheries and improved
on the assumption that local populations communications. However, many introhave evolved to be well adapted.
ductions and transfers are uncontrolled
Over much of Europe, rivers and and undocumented. It is often djffkult to
streams have been and are regularly 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).Oreochromis mossambicus was first
reported in Asia in 1938, when two females 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, creating much confusion. The Kafue strain
of 0. macrochir was introduced to fish
culture ponds a t Kipopo (Katanga, Zaire)
under the name of andersonii, and 0.
mortimeri to Katanga under the name
"mossambica" (Lowe-McConnell 1988).
As a n example of these introductions,
Barbotes spp., endemic to Lake Lanao
(Philippines) have become rare following
the intentional introductions of Clarias
batrachus, Channa striata, 0.
mossambicus, together with the accidental introduction of Glossogobius giurus.
The native fish were formerly the principal sources of livelihood and foodfish for
the local people (Frey 1969).
In Queensland (Australia), tilapias are
considered a s pests (Bluhdorn a n d
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 hybrids with
indigenous species. Introgressive hybridization has occurred in Lake Itasy in
Madagascar, where 0. niloticus crossed
with 0. macrochir has produced the socalled "tilapia trois-quarts" (Vincke 1971;
Daget and Moreau 1981), and in the
Philippines with 0. mossambicus and 0.

niloticus (Taniguchi et 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 a t Kajansi
(Uganda) (Lowe-McConnell1988). In the
same lake, T. zillii has largely displaced
the endemic 0. variabilis.
In Lake Titicaca, endemic species of
Orestia suffered a rapid population decline from infection with sporozoan paras i t e ~introduced with trout (FAOIUNEP
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 variation in a population, it can be a mode of
genetic diversity (Nelson and Soule 1987).
The effect of loss of gene exchange between 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 change in genotypicvariance from
hybridization between small neighboring

subpopulations may provide beneficial new
alleles without harming local adaptation
(Allendorf 1983).
Intraspecific hybridization mixes gene
pools. The present 'Ivory Coast' orLBouake'
strain of 0. 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 documented (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 crossesbetween common carp
strains showed hybrid vigor with potential applicati.onin aquaculture (Wu 1990).
The Kurst strain of common carp is produced through hybridization to obtain
higher cold resistance, achieved through
excessive accumulation of body fat (Gall
1990).

Conservation of Fish
Genetic Resources
Ex sifu conservation
Ex situ fish gene banks offer an alternative 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 formerly abundant stocks. Although requiring expensive skilled labor and high technology, they may be 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 spawning season. An adequate number of individuals must be kept to maintain high

genetic diversity. FA0 recommends effective population size, Ne, of at least 50 for
short-term conservation, and 500 for longterm conservation (FAOLJNEP 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, gamete 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 collected from a range of known strains and
stored. Sperm banks should be managed
following the Codes of Practice already
established for livestock sperm and embryo banks. Cryopreservation offish sperm
constitutes a haploid gene bank: only half
the genome is stored. Moreover, although
techniquesfor sperm cryopreservation are
establishedformany fish species, no sperm
collection has yet been established for
commercial purposes. Finfish eggs and
embryos cannot yet be cryopreserved.

Examples of International, Regional and National Efforts
The European Inland Fisheries Advisory Commission (EIFAC), working with
FAO, has developed Codes of Practice for
fish introductions and transfers (Turner
1987). Recommendations have been formulated and addressed to different audiences: international organizations, governments, aquaculturists, fisheries managers, conservationists and research scientists (FAOLJNEP 1981).
The Working Group on Genetics ofthe
International Council for Exploration of
the Sea (ICES) is promoting the development of a n International Register of
Available Strains of Fish and Shellfish.
ICLARM and FA0 are coordinating a
new international database (FishBase)

that will incorporate a tilapia strain registry and museum data, the assemblage
of which is the responsibility of the
Zoologisches Institut und Museum, University of Hamburg (Pullin 1990).
ICLARM, with Philippine and Norwegian collaborators, established the GIFT
(Genetic Improvement ofFarmed Tilapias)
project with the aim of developing more
productive stocks of' tilapias by selection
for high growth rate and other economically 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 promising strains from new importations from
Africa and from existing Asian cultured
stocks.
A major component of the AADCP
(ASEAN-EECAquaculture and Coordination 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 h a s promoted t h e 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 research results, particularly for gamete
storage (Gjedrem 1981).
Nyman and Norman (1987) suggested
a national strategy for the conservation

of Atlantic salmon genetic resources in
Sweden, where most rivers have been
modified by the building of damsforhydroelectric power production. The strategy
relies on restocking with river-specific
stocks bred from a t least 25 pairs of
broodstock and requires t h a t 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 common carp, including nine native races and
nine exotic races imported from elsewhere
in Europe and Asia (Lannan et al. 1989),
and coordinates activities to meet the needs
of aquaculture and natural resource
management.
Genetics is one of the most important
fields of scientific research in Czech ichthyology and applied fisheries science
(Barus 1989) and three specialized meetings 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 h a s 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, MalaGi h a s recognized the
importance of genetic conservation and
prohibits introductions of exotic fish to
protect the native species, ecology and
fisheries of Lake Mala%. Many African
waterbodies are shared among countries
and conservation programs should be
established a t the regional level.
The International Study on Artemia
(ISA) was created in 1978 to establish an

interdisciplinary approach to the characterization of Artemia strains (chemical
composition, value as food for aquaculture
species, general biology, and genetics). In
a recent review of the genetics ofArtemia,
Abreu-Grobois (1987) stressed the importance of protecting natural populations of
Artemia from extinction due to habitat
destruction or by the indiscriminate introductions ofmore competitive species when
inoculating brine-shrimp-free salterns.

Conclusions
Aquaculture production totalled about
15.3 million tonnes in 1990, using more
than 140 species: a wide range, for different environmental conditions and markets. Constant progress is being made in
improving the methodologies for characterization of aquatic genetic resources.
The evidence of damage to n a t u r a l
populations continues to accumulate. Basic
research provides improved techniques
and methodologies for multidisciplinary
approaches. Analyses of these complex
problems must include environmental and
economic costs and benefits so that participants are fully aware of their importance in development programs and do not
view them as merely of academic interest.
Conservation of aquatic genetic resources 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
poasible to control fish transfers effectively whatever
laws and regulations are made. The private sector
especially, in dcvclopcd 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
have tolive withthis andconsiderhow bestto conserve
fishgenoticdiversity. This paperclearly pointsoutthe
insitu andexsitu approaches. For in situ consewation
in natural habitats, however, we have to mnsider
what is practically and politically possible. I recently
wmte on this in Naga, the ICLAFtM QuarterlyL.
Conservation oflarge natural fishspecies assemblages
in large natural waterbodics will become increasingly
difficult a s a q u a c u l t u r e grows. By analogy,
conservation ofnatural plant successionis also difirult
adjacent to intensive agriculture. What can work is
giving more attention to conservation of all aquatic
biota, including fish, in nature reserves and game
parks andinsmall waterbodies that are sitesofspecial
scientific interest. Of course, some large waterbodies
and their fish fauna are unique and very important
and all possible cfforts should be made to conserve and
p m t e ~them
t
fmm all potentially harmful disturbances,
including harmlbl e f k t s Imm aquaculture. This will
probably requirc lransnationnl agreements andthcir
enforcement. Good examples are Lake Mala% and
Lake Tanganyika.
ROSENTHAL: ~ l t h o u g hncccssary, 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
introductionofany reyllatorymeasure willhave to be
accompanied by an adequate educational program to
achieve the required acceptability of those measures
by practitioners ol aquaculture.

BILIO: We will have to learn how to cope with future
fish transfers irrespective ofregulations.We will have
to do our bestto anticipate their effects. Conservation
of aquatic genetic diversity needs an overall long-term
plan, remgnizing where it is realistic or unrealistic to
even try.
EDWARDS: I even have to watch some of the
aquaculture faculty a t AIT over plans for fish
introductions - never mind the private sectorl

PULLIN: Do you want: that on mcord?
EDWARDS: Yes, I do, because it illustrates the
mmplexity of the problem.
BILIO: Expert advice on introductions needs very
close examination. In some culture-based fisheries
projects, expcrts 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
mrnmoncarp production has beenuscless bccause the
exotics are not wanted by mnsumers.
PUELIN: ICLARM has had one workshop on tilapia
genctic resources2 andis planning another on Asiatic
carps in collaboration with the Asian WetlandBureau
and WCN. We know from our Chinese colleagues that
the wildgenetic resources of Chinese carps are under
threat.
lPullin, R.S.V. 1990. Down-to-earth thoughts on
conserving aquatic genetic diversity. Naga,
ICLARM Q. 13(1):5-8.
2Pullin, B.S.V. Editor. 1988. Tilapia genetic resources
for aquaculture. ICLARM Conf. Froc. 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 aquaculturr: are analyzed
separatzly, 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 docurncntcd in the developingcountries ofthe region. Trends inculturing noncarnivorous and
carnivomus 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 i s
hindered by a general lack of reliable data.
FA0 started only in 1984 to collect annual
aquaculture statistical data and results of
these enquiries were first published in
1989. Although t h e quality of d a t a
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
FA0 adopted a definition of aquaculture
production which follows closely the
practical distinction between hunting1
gathering and agriculture (FA0 1992a).
I t s 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 t h o ~ e
published in the literature before 1990.
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 this is the underestimation
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 the data 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 ofthe attempted
review and that of the latest available
data. In this paper the latest data are for
1990.

of the world total (Table 2). The average
value of aquaculture products in 1990 was
US$1.44 perkgin the developingcountries
of the region, while i t reached $2.42/kg in
the rest of the world and as much as $2.891
kg in the developed countries of Asia and
the Pacific (Japan, Australia and New
Zealand). The reason behind these
differencesis that the developingcountries
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 aquatic animals
higher in the food chain (e.g., crustaceans
and carnivorous fish) preferred in
developed countries.

Aquaculture Production

Volume and Value
of Production
The share ofAsia inglobal aquaculture
increasedfrom 80%in1975 to 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).
Developingcountries ofAsia produced
75% of the global aquaculture production
in 1990. However, the value was only 63%

Tablc 1 . Global aquaculture production in 1990.
(Source: F A 0 1992a).
ContinenUregion
Asia + Pacific

Produdion
(x lo3t)

(%)

12,954.8

84.5

1,628.2

10.6

North America

407.1

2.7

South America + Caribbean

216.6

1.4

Akica + Middle East

115.8

0.13

15,322.5

100.0

Europe + ex-USSR

World total

Table 2. Volume and value of aquaculture production in 1990. (Source: FA0 1992a).
Volume
lo3t)
(%)

Value
(x106US$)
(%)

Countries/~*cgions

(X

Developing Asidl'acilic

11,540.4

75.3

16,637.2

62.9

Developed Asidl'acific*

1,414.4

9.2

4,083.9

16.4

AsiaPacific total

12,964.8

84.5

20,721.1

78.3

Rest uf the World

2,367.9

15.5

5,734.3

21.7

15,322.7

100.0

26,455.4

100.0

World total

Share

* N o t ~U: w A o p ~ dcountries otAsidlJacili~are Australia, Japan and New Zealand.

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 ofAsia and the Pacific.
Eight out of 44 countrieslterritories of the
region did not report a q u a c u l t u r e
production a t 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
s t a t e s of ~ i c r d n e s i a ,New
Table 3. Share of major commodity groups in the aquacultuw of caledonia, papua N~~ ~~i~~~
Asia and the Pacific. (Sources:FA0 1984,1992a).
and the Solomon Islands in the
Commodity
1975
Pacific). The top ten countries,
PUPS
( ~ 1 t)0 ~ (%)
(x 109lgg0 (%)
on the other hand, all produced
more than 100,000 t in 1990
Finfishes
1,842.6
44.1
6,996.7
54.0
(Table 4).

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 molluscs
represented 17% (Table 3). Crustacean
aquaculture, which received most of the
attention in the past decade, produced
only5%ofthe totalvolumein1990. Despite
some minor changes in the share ofcertain
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%
in the region between 1975and 1990, with

1

Mollusce
Seaweeds

Othem
Total

676.5

16.2

2,196.6

16.9

1,630.8

39.0

3,144.0

24.3

6.9

0.1

43.6

0.3

100.0

12,954.8

100.0

4,182.6

I

Inland Aquaculture
The details of total
aquaculture production by
inland and coastal aquaculture
in Asia and the Pacific are
presented in Table 4. Inland

I

Fig. 1. Gmwth of aquaculture production in Asia and the Pacific. (Sources: Csavas 1988; FA0
1992a).

aquaculture produces almost half (49%)of
the total. China is the lending inland
aquaculture producer, followed by India
and Indonesia.
The sheer volume of aquaculture
production precludes finer analyses,
therefore it is more appropriate to compare
inland aquaculture production by land
area (Table 5). Countries and territories
withlimitedland area andhigh population
densities (Hong Kong, Taiwan and
Bangladesh) are outstanding in this respect

(55.8, 41.1 a n d 11.6 kg.1,000 h a - l ,
respectively), d e m o n s t r a t i n g t h e
competitiveness of inland aquaculture in
the use of scarce land resources.
Another indicator shown in Table 5 is
t h e volume of i n l a n d a q u a c u l t u r e
production per renewable freshwater
resources in selected countries ofAsia and
t h e Pacific (unfortunately, d a t a on
renewable freshwater resources of some
countries are not available). High values
of China, Thailand and India (1,502, 841

Table 4.lnland and coavlal aquaculture production in Asia and the Pacific i n 1990.
(Source: FA0 1992a).
Total
production
(t)

Inland
production
(t)

Coastal
production
(t)

Share of
coastal
aq. (%I

11,540,410

6,181,872

6,358,538

46.4

Australia
Japan
New Zealand

12,686
1,367,058
34,660

2,049
97,792
0

10,637
1,270,778.
34,660

83.9
93.0100.0

Developed countries

1,414,404

98,329

1,316,076

93.1

12,954,814

6,280,201

6,674,613

61.5

Countrylrcgion
Bangladesh
Bhutan
Brunei Darussalam
Cambodia
China
Hong Kong
India
Indonesia
Iran
Korea, D.P.R.
Korea, Rep. of
Laos
Malaysia
Myanmar
Nepal
Pacific Islands
Pakistan
Philippinee
Singapore
S1-i Lanka
Taiwan
Thailand
Vietnam
Developing muntties

Regional total

Share (46)

100.0

48.5

51.5

Table 5. Indicators of inland aquaculture production in Asia and the Pacific in 1990.
Renewable inland aquaculture
production per

Countryhegion

Inland
aquaculture
production
(t)

Land
area
(X lo3 ha)

freshwater
land
resources
area
(km3.year1) (kg.1,000
ha-l)

water
volume
(t.km3.year-l)

Bangladesh
Bhutan
Brunei Darussalam
Cambodia
China
Hong Kong
India
Indonesia
Iran
Korea, D.P.R.
Korea, Rep. of
Laoa
Malaysia
Myanmar
Nepal
Pacific Islands

Pakistan
Philippines
Singapore
Sri Lanka
Taiwan
Thailand
Vietnam
Developing countries

6,181,872

2,100,299

(11,583)

2.9

(633.7)

0.0
0.O

6.0
176.0
0.0

Australia
Japan
New Zealand

2,049

761,793

96.280

37,652

0

26,867

343
647
397

Developed countriea

98,329

826,912

1,287

0.1

76.4

6,280,201

2,926,611

(12,870)

2.2

(488.0)

Regional total

2.6

Note: Figures in parentheses are totaldaverages of countries with available data, not those of the whole
AsiaPacific region.

and 531 t.km-3.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. Puttingit in a different
way: some countries may have land
constraints whereas others may have 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-Pacificregion, as
much as 62% of the total inland fish
production originated from aquaculture
against 27% in the rest of the world.
Aquaculture produced over 75% of the
total inland fish supply in China, Hong

Table 6. Inland fishcrics and aquaculture production in ksia and thePacific in 1990.
(Source: F A 0 1992a).
-

Total inland Production
production from capture
(t)
(t)

Countrylrchion

Production
from culture
(t)
%

Mghanistan
Bangladesh
Bhutan
Brunei Da~ussalarn
Cambodia
China
Hong Kong
India
Indonesia
Iran
Korea, D.P.R.
Korea, Rep. of
Laos
Malaysia
Mongolia
Myanmar
Nepal
Pacific Islanrls
Pakistan
Philippines
Singapore
Sri Lanka
Taiwan
Thailand
Vietnam
Developing countrice

9,934,359

Australia
Japan
New Zealand

4,306
208,120
103

2.257
111,840
103

2,049
96,280
0

47.6
46.3
0.0

Developed countries

212,529

114,200

98,329

46.3

10,146,888

3,866,687

6,280,201

61.9

4,298,608

3,123,098

1,176,410

27.3

14,445,396

6,989,785

7,455,611

61.6

Asia-Pacilic total
Rest of World
World total

--

.-

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 i n the Asia-Pacific region and
their share in the rest of the world is
similarly very low (3%).Freshwater fish
culture, especially i n the developing

countries ofthe region, produces primarily
cheap food fish (e.g., cyprinids and tilapias)
affordable for the poorer segments of the
population. More expensive commodities
(e.g.,carnivorous fish species) are produced
mainly i n t h e developed or newly
industrialized countries of the region.
Culture techniques in Asian inland
aguaculture are characterized by simple,
low input pond culture methods. Cage and
pen culture in inland waters, although
introduced in most countries of the region,
seldom reaches commercially important
proportions. However, in certain areas of
Cambodia, Indonesia, Nepal, t h e
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
threat of overloading the carryingcapacity
of the environment, a s happened in the
well-documented case of Laguna de 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 i n t h e developed a n d newly
industrialized countries of the region.
Typical freshwater culture systems in
the region are the extensive or semiintensive 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 aguaculture 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 i n many developing
countries of the region, concerned about

rice self-sufficiency, were afraid of
converting too big a portion ofricefields t o
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 proven that small farmers are unlikely
t o convert too high a portion of their
ricefields t o fishponds in order to maintain
their simple but well balanced farming
systems.
An interesting phenomenon was
witnessedin several countries ofthe 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 r a t h e r t h a n
decreased. The explanationis that because
of the introduction 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
rapidgrowth of shrimp culture has focused
attention on coastal areas and new
perceptions have appeared which regard
coastal aquaculture as a new, socially
contradictory a n d environmentally
incompatible phenomenon. A closer look
a t the history and status of Asian coastal
aquaculture contradicts these vi.ews.Data
given in Table 4 show that, in 1990 a s 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 in 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
less than25% 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,
J a p a n , the two Koreas and Taiwan,
showing a well definedgeographical 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 t o
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-l in Thailand and the Republic of
Korea. The regional average is almost 25
thkm-l.
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. i n the rest ofthe
world, seaweed culture produces only 4%
ofthe total coastal outputwhereas molluscs
contribute as much as 65% to the total.
The share offinfish i s l l % in Asia and 23%
in the rest of the world, while crustaceans
contribute 9% of the total in Asiaand other
regions.
Despite significant recent advances in
marine fish cage culture and intensive
pond culture of shrimp in most of the
developing countries of the region, traditional extensive or semi-intensive pond
culture still dominate coastal fish and
shrimp production. Extensive, trapping1

growing ponds producing a mix of fish
(mainly milkfish and mullets) and crustaceans are traditional in the tidal zones of
many Asian countries. The general tendency over the past decade has been to
intensify these and to shift from an uncontrolled *polyculturen to monoculture of
shrimp by replacing trapping of wild juveniles with stocking. However, in the second 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 profitdriven development raised serious environmental and socioeconomic concerns,
especiallyinTaiwan andThailand (Csavas
1990; Phillips et al., this vol.).
Cage culture of carnivorous marine
fish was practiced mainly in Japan and
Hong Kong i n t h e 1970s, b u t h a s
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
spectacular in Thailandin the early l98Os,
but constraints i n 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 ofAsia due to the limitedvolume
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 ofseaweed culture
methods is also being pursued by the use
of fertilizers in open coastal waters.
Whereas inland aquaculture in Asia is
dominated by small-scale production, land

Table 7. Indicators of coastal aquaculture production in Aaia and the Pacific in 1990.
Coastal
aquaculture
production
Countryfregion

(t)

Coastal a q u a c u l t u ~
production
Land area
(X lo3 ha)

Coastline
(krn)

(kg1,OOO ha1)

per area

per coastline
(tkm-l)

Bangladesh
Bhutan
Brunei Darussalam
Cambodia
China
Hong Kong
India
Indonesia
Iran
Korea, D.P.R.
Korea, Rep. of
Lao P.D.R.
Malaysia

Myanmar
Nepal
Pacific Islands
Pakistan
Philippines
Singapore
Sri Lanka
Taiwan
Thailand
Vietnam
Developing muntries
Australia
Japan
New Zealand

10,637
1,270,778
34,660

761,793
37,652
26,867

29,761
5,400

0.01
33.76
1.29

0.6
42.7
6.4

Developed countries

1,316,075

826,312

65,151

1.59

23.9

Asia-Pacific total

6,674,616

2,806,842

268,854

2.49

24.8

tenure patterns in the coastal zone have
produced a different picture. Tidal
wetlands were traditionally common
property resources with r a t h e r low
perceived value, used primarily by smallscale fishers and other artisans. In most
countries of the region, traditional,
extensive trappinglgrowingponds, 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 0.1ha, while more than 62%

20,000

of the brackishwater ponds are bigger
than 2 h a (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 h a s further
decreased in coastal areas.
Coastal aquaculture also differs from
inland aquaculture in other 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 t h e
traditional users of hitherto open-access
resources and those who are encroaching
on and expropriating these. This is because
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, etc.) 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 shrimplfish farms (Bailey 1988;Bailey
and Skladany 1988).
I t is also important to realize that the
aspiration of coastal aquaculture is usually
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
aquaculture is income generation, the
production of cash crops sold in distant
markets (often for export). This is a s
legitimate a n 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, for instance,
trickle down to coastal fishing communities
only by generating some additional
employment and by enhancing the overall
rural development of hitherto neglected,

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 t h e broad r a n g e of coastal
aquaculture systems only the pond culture
of m a r i n e f i s h a n d s h r i m p i s
environmentally incompatible and socially
controversial. These systems do not
produce more than13% of the total coastal
aquaculture productionvolume (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 AsiaPacific region (54% of 'the total in 1990),
and the most important 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 o r 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 marine fish are lower (61%
and 2%) respectively), a t the same time
diadromous fish (primarily salmonids)
have a much higher share (38%).
Production of finfish shows a
significant and steady growth in the region
(Fig. 2).Between1975 and1990, 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). Information on the species
composition of finfish culture was rather
scanty before 1984 (when the regular data
collection work ofFAO started). However,
the improvement of the database now
makes possible a more detailed analysis.

Freshwater fish
Diadromous fish
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'81

'82

'

'84
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Fin. 2. Growth of cultured fmfiuh production in Ada and the Paciilc. (Sources: Csavas 19M;

The most important question is how big a
portion of cultured finfish production
belongs t o 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
ofview. This reflects not only the difference
in price 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, thevastmajority(86%) ofcultured
noncarnivorous fish comprises cyprinid
fish species (Table 9). Together with
tilapias (5%), these relatively cheap food
fishes add up t o el 9% of the noncarnivorous
finfish and 84% of the total finfish volume
cultured in the region. I n the rest of the
world, the combined share of cyprinids
and tilapias is only 45%ofthe total cultured
fish. Another feature ofAsia and the Pacific
i s t h e 7% s h a r e of milkfish, a
noncarnivorous species not cultured
outside the region (Table 9).

Major producers ofnoncarnivorousfish
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 lakedreservoirs
in Nepal and Laos, cage culture of filterfeeding Chinese carps was also introduced
and has proven both economically and
ecologically viable.
I n some Asian countries (most
characteristically in Bangladesh and India,
but also in 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 a s clay pits or
constructed a s small reservoirs for storing
water for irrigation, domestic use and/or
wateringlivestock. They are in most cases
undrainable and have no additional water
supply during the dry season. However,

Table 8. Culturednoncarnivorous andcarnivoroue fish in Asia andthePacificin1990.(Sourn:
FA0 1992a).
Noncarnivomua
Countrylregion

Total firdish
production

Carnivorous

(%I

(t)

6)

(t)

Bangladesh

Bhutan
Brunei Darussalam
Cambodia
China
Hong Kong
India
Indonesia
Iran
Korea, D.P.R.
Korea, Rep. of
Lao P.D.R.
Malayeia
MyanmarNepal
PacSc Ielanda
Pakistan
Philippines
Singapore
Sri h n k a
Taiwan
Thailand
Vietnam
Developing muntriee
Australia
Japan
New Zealand

3,733
344,654
2,610

1
36,603
0

0.0
10.6
0 .O

3,732
308,051
2,610

100.0
89.4
100.0

Developed countries

360,897

36,604

10.4

314,293

89.6

Asia-Pacific total

6,995,743

6,485,432

92.7

610,311

7.3

Rest of World

1,414,991

706,549

49.9

708,442

50.1

World total

8,410,734

7,191,981

85.5

1,218.753

Table 9. Cultured noncarnivomus iish by species groups in 1990.
(Source: FA0 1992s).

.-

Species groups

Asia-Pacific
( ~ 1 t)0 ~ (46)

Rest of World
( ~ 1 t )0 ~ (96)

-

Cyprinids
Tilapias
Milkfish
Mullets
Olhers
--

Total

5,589.6
320.7
429.9
9.2

136.0

86.2
5.0
6.6
0.1
2.1

70.1

79.6
9.9

14.3
59.6

2.0
8.5

562.6

14.5

ofthe total and catfish species
with proper stocking, they can produce are only 11%
significant amounts of fish without represent 14%. The biggest contributor is
endangering their other functions. the yellowtail (Seriola quinquerudiata),
Similarly, in Vietnam -and Laos, with a 33% share of the total carnivorous
aquaculture is successfully practiced in fish production; eels amount to 19%; and
the millions of bomb craters which dot the various species of seabreams make up
war-torn landscape using the same 10%. The "other" category comprises
(primarilyphotosynthesis-dependent)fish marine fish species too, of which the most
culture method. These methods do not important are the sea perch (Lutes
compete for land, water, fertilizer and feed calcarifer), called "seabass" in Asia and
with crop or livestock production, blend "barramundi7'inAustralia,and the bastard
well with their environment and produce halibut or Japanese flounder(Paralichthys
the cheapestfishnext to those from capture olivaceusl.
fisheries.
Despite the rapid growth in the
Culture of carnivorous fish, although production of some minor groups of
it produces only 7% of the regional finfish cultured carnivores(e.g.,salmon,groupers,
production, cannot be neglected because it flatfishes),development of carnivorousfish
has a significant economic and environ- production from 1984 to 1990 has been
mental impact. Countries of the region slow (7% per year). The reason is the
can be classified into three groups in this overwhelmingdominance of Japan, where
regard: Australia, Japan, New Zealand the required volume from one or another
and Singapore produce almost exclusively species is limited and market niches get
carnivorous species; Hong Kong, the Re- saturated rather rapidly.
public of Korea, Malaysia, Taiwan and
About 60% of the carnivorous fish in
Thailand produce significant amounts of the region are cultured in marine cages
carnivores (over 25% but below 60% of (yellowtail, seabreams, salmons, seabass,
their total finfish production); while car- groupers, snappers) and 40%in intensive
nivorousfish productionis insignificant in ponds (eels, trouts, catfishes). Originally
the rest oftheregion(Tab1e8).It is obvious all these species were fed with so-called
that the production of the more expensive trashfish (by-catch of trawling) or, in
carnivorous finfish species is closely re- Japan, with low-value marine fish (like
lated to the prosperity of the country. Also, sardines, anchovies, sand lances,
the total volume of cultured carnivores mackerels).Producers in Japan, however,
produced in a country is not necessarily have shifted to formulated feeds, which
consumed there. ~ i ~ h - v a l u e
Table 10. Cultured carnivorous iish by species groups in 1990.
export products play an im(Source:FA0 1992a).
portant role in the foreign
exchange earning of the
Asia-Pacific
Reat of World
Southeast Asian countries in
Species groups
( x l o 3 t)
(%)
( ~ 1 t)0 ~ (%)
which aquaculture is more
Yellowtails
33.1
169.1
0.3
0.0
developed.
1.1
18.8
8.0
Eels
96.1
While in other regions of
Catfishes
70.4
13.8
169.7
24.0
the world, salmonid species
10.4
Seabreams
63.0
5.1
0.7
6.4
266.1
36.2
27.3
and catfish dominate the Balmone
27.2
6.3
266.3
Tmub
37.6
production of carnivores,
13.2
2.9
Othere
67.2
0.4
Asia and the Pacific present
a different and more diverse
510.3
100.0
708.4
100.0
picture (Table10).Salmonids

are usually given in combination with
fresh or frozen fish (some 10%of the total).
In less developed countries, feeding of
carnivores is 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 mnrine protein a s 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
cageslcage farms are seldom controlled by
rules and regulations in the developing
countries of Asia; even if such legislation
exist, its enforcement is problematical.
However, a s feeding is based almost
exclusively on fresh fish, the major problem
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, i n developing
countries of the region, separate drainage
and irrigation networks rarely exist.
Another potential hazard i s the
unchecked (and i n 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
i n Clarias catfish ponds against the

epizootic ulcerative syndrome) with very
dubious benefits but with high risks of
developing more virulent, antibioticresistant strains of pathogens (see Austin,
this vol.).

Crustacean Culture
As noted earlier, until1 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% ofthe total volume between1975 and
1983. Then a spectacular growth started
(Fig. 3). Between 1983 and 1988, the
average annual growth of crustacean
production was 4196, a n d by 1990
crustaceans reached 4.5% of the total
volume of cultured aquatic organisms in
the region.
Details of crustacean 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 offreshwater 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.

I
I
Fig. 3.Growth of cultumd cruetacean production in Asia and the Pacific. Data aggregated up
toi983. (Sources: Csavas 1988;FA0 i992a).

Table 11.Crustacean production in h i a and the Pacific in 1990.(Source: FA0 1992a).

Countrylregion
Bangladesh
China
India
Indonesia
Korea, D.P.R.
Korea, Rep. of
Malaysia
Myanmar
Pacific Islandn
Pakistan
Philippines
Singapore

Freshwater
crustaceans
(t)

Shrimps
(t)

18,624
186,181
26,000
94,960
11,000
312
1,430
1

198

137
3
20

Other marine
crustaceans
(t)

7,833
2,410
3

663

Taiwan
Thailand
Vietnam

11,607
8,000
8,000

41
53,989
82
700
18,126
89,300
90,000

Developing countries

27,966

531,909

Sri hnka

1,000
200
1,368
30

Total
(t)

18,624
194,014
26,198
97,370
11,000
312
1,670
4
K83
41
54,989
282
700
31,091
97,390
38,000

12,834

672,108

3,000

30

703
3,080

30

3,783

Australia
Japan

109

Developed countries

169

3,594

Asia-Pacific total

28,124

634,903

12,864

675,891

Rest of World

37,717

101,904

74

139,695

World total

66,841

636,807

12,938

715,586

50

694
,

Table 12. Cruelaceanproductionper lengthofmastline

bkm-l. The high production level reached
by Taiwan i n 1987 h a s not proven
sustainable, b u t t h e wide gap
between the first five countriedterritories
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 mangroves, 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 characteristics of the areas. Much damage has been
done to mangrove habitats in the major
shrimp producing countries and the destruction continues despite major efforts
of the governments involved (Mepham
and Petr 1987). However, the development of shrimp culture is not a s closely
related to the availability of mangroves as
often perceived. The relationship between
the cultured shrimp production of a country and its mangrove resources is almost
an inverse one (Fig. 4). One could argue
that shrimp culture has already destroyed

in Asia. (Source:FA0 1992a).

Countrieshgiona

1987
production
(kkrn-l)

1990
production

(tkm-l)

Taiwan
Bangladesh
Thailand
Vietnam
China
Singapore
India
Philippines
Indonesia
Malaysia

Developing Asia-Pacific
Developed Asia-Pacific

2.1
0.1

2.7
0.1

Regional average

1.7

2.1

By 1990, however, production fell to 19.4
t-km-l in Taiwan, a t the same time
Thailand,Bangladesh, Vietnam and China
increased their production to 37.1 t.km-l,
26.6 t.krnA1,11.7 t-km-l and 10.8 bkm-l,
respectively. The rest of the major
producers (including India, Indonesia and
the Philippines) remained well below 1 0

Australia
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Myanmar
Papua New Guinea
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Vietnam
Pakistan
Philippines
f hailand
China
I
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Fig. 4.Relationship between mangrove resources and cultured shrimp production. (Sources:
Saenger et al. 1983; FA0 1992a).

the mangrove areas in the major producing countries, but data presented in the
figure are from different years: mangrove
areas are represented by figures published
before the exponential growth of shrimp
culture started (Saenger et al. 1983),
whereas shrimp production data are from
1990.
Mangroves are in fact suboptimal sites
for shrimp culture: constructionis diffkult
to mechanize and expensive in the tidal
zone and the soil is very often acidic and
has to be improved a t additional cost.
There was only one advantage of selecting
shrimp pond sites within mangrove areas,
namely, the abundance of wild shrimp
seed for trappingfgrowingoperations. Once
shrimp culture became independent of
trapped wild seed, there was no good reason
to place the ponds in mangrove areas; the
more so because, in more productive semiintensive systems, tidal water exchange is
not enough and pumping h a s to be
introduced anyway. Moreover, complete
drainage of the ponds and drying of the
pond bottom is also needed and this cannot
be achieved by gravity alone in the tidal
zone.
Disadvantages of converted mangroves
as s h r i m p ponds - primarily t h e
unfavorable experiences gained with acid
sulfate soils - have turned the farmers'
interests further inland. Pond construction
costs on drylands are considerably lower
thanin swamplands and 30 to 40% savings
have been reported from Thailand (FA0
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
undoubtedly helped to conserve remaining
mangroves, i t involved a n o t h e r
environmental h a z a r d , namely t h e
salinization of coastal subterranean
f r e s h w a t e r aquifers a n d h i t h e r t o

productive neighboringcroplands (Phillips
et al., this vol.).
Unfortunately, there are no reliable
regional data on the siting of the new
shrimp farms, but a recent survey
implementedin the central part ofThailand
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
and other higher grounds. However, almost
half of the new farms were constructed on
the sites of former extensive trapping1
growing ponds or salt farms, which were
once also mangrove areas. The region had
already in 1981 almost 0.5 million h a of
trappinglgrowing ponds (called tambaks
in Indonesia),while the total area of shrimp
ponds in 1990 was estimated a t about 0.9
million hectares (Rosenberry 1991).
In the Philippines, some 3l0,OOO h a of
mangroves were deforested since 1920
(Zamora 1989) but the total shrimp pond
area was only about 200,000 h a 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.
In Indonesia, about 20% of the mangroves
or 800,000 ha are considered to be suitable
for being converted to shrimp ponds
(Adriawan and Jhamtani 19891, but the
total shrimp pond area in 1989 was only
250,000 ha and Indonesia had already
155,000 ha of t a m b a k s i n 1980
(Soenodihardjo and Soerianegara 19891,
most of them in use since the 15th century.
Shrimp farmers, after all, are usually
converting mangrove a r e a s 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 ponds were
already worthless shrublands rather 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
loggingindustry in many countries ofhsia,
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
Although.severalcountries ofEast Asia
have traditions in culturing molluscs,
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%
in1975 and by 1990 it reached 74%.Several
of the major producers of other aquaculture
commodities (e.g., Bangladesh, Indonesia,

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 culture in the region was relatively
slow until 1983 after which it accelerated
to over 11% per year (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 mollusc production
are given in Table 13. Major producers in
1988 in terms oftotal 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). I n 1990, China
produced over 60 t.km-l of cultured
molluscs; the next three (Taiwan, Thailand,
the Republic of Korea) between 25'hnd 40
t.km-l. These figures show the dominant
role of cooler waters in the present
production pattern and also the potentials
in tropical countries.
As in the rest of the world, freshwater
molluscs play only a minor role in the
region, although interest in freshwater

Fig. 5. Gmwth of cultured mollusc production in Asia and the Pacific. Data aggregatedbefore
1984. (Sources: Saenger et al. X983;FA0 1992a).

Table 13. Cultured mollusc production in Asia and the Pacific in 1990. (Source: FA0 1992a).

(t)

Mussels
(t)

Clams,
cockles
(t)

Other
molluscs
(t)

82,354
805

495,895
0

291,348
0

219,124

9,759
1,682
7
17,616
1,016

97,764
35,931

252,767
0
3,000
55,000
698
61

Oysters
Country
China
Hong Kong
India
Korea, D.P.R.
Korea, Rep. o f
Malaysia
Pacific Islands
Philippines
Singapore
Taiwan
Thailand

92
13.485
28.1 53
1,400

Developing countries
-

-

345,413
-

56,050

36,062
12,000

581,823

473,095

-

-

Australia
Japan
New Zealand

7J71
248,793
2,100

30,000

Developed countries

268,064

Asia-Pacific total

-

1,176

312,692
-

Total
(t)
1,122,364
805
3,000
55,000
327,336
37,564
99
31,000
1.015
66,391
69,450
1,713,029

-

929
1,500

192,042
KO

8,100
442,335
32,150

30,929

1,600

192,092

482,585

603,477

612,762

474,595

504,784

2,195,608

Rest of World

273,152

469,022

26,093

2,165

769,432

World total

876,629

1,081,774

499,688

506,949

2,965,040

Table 14. Molluec production per length of
coastline in Asia in 1990. (Source: F A 0 1 9 9 2 ~ ) .

Countries/regions

Mollusc
production
(t.krn-l)

China
Taiwan
Thailand
Korea, Rep. of
Japan
Malaysia
Singapore
New Zealand
Korea, D.P.R.
Hong Kong
Developing Asia-Pacific
Developed Asia-Pacific

8.0
8.8

Regional average

8.2

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

distinctly different from the rest of the
world. In other regions mussels dominate;
their share in the total in 1990 was 61%,
and almost all ofthe 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 molluscs in the total mollusc
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% (FA0 1992a, 199213).
In the case of some mollusc culture
methods, t h e line between stock
enhancement a n d aquaculture i s
somewhat blurred. However, t h e

application of the ownership principle laid
down in the FA0 definition of aquaculture
helps to make reasonably accurate
distinctions. Therefore, the results of stock
enhancement efforts, which have reached
huge proportions in Japan, 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 is also 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 ofthe region but seed production
from these hatcheries, although feasible
technically, does not yet seem to be feasible
economically. Governments are focusing
on protecting good seed producing areas
and on monitoring spatfall rather than on
the establishment of hatcheries (FA0

1988).
Availability of suitable culture sites is
becoming a serious constraint in those
countries where mollusc culture is well
developed. Most of the suitable sites in the
two Koreas a n d J a p a n are already
occupied;even in peninsular Malaysia and
Thailand it is difficult to find new sites for
cockle (Anadaragranosa) culture. Overuse
of suitable sites carilead to the deterioration
of the culture environment. Growth rates
of oysters in Japan have been decreasing,
attributed to the self-pollution with the
excreta ofthe 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

of these countries has been declining since
1987188.
Industrial pollution resultingin heavy
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
the rapid 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 occur also a s a result ofpoor postharvest
handling of molluscs ( F A 0 1988).
Increasing occurrences of red tides are
further affecting culture sites in the region
(Maclean, this vol.).
Molluscs 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 ofthe product in this respect
were improved. Depuration, followed by
certification (already mandatory for some
export markets) is increasingly recognized
a s a n important means of boosting
consumption. Protecting production sites
from pollution and improving the hygiene
of postharvest handling seem t o be more
viable options for the time being. Export
markets, however, cannot be developed
without the introduction of efficient

depuration and in~~ectionlcertification the purple laver (Porphyra tenera) started
methods. InMalaysia, it has been estimated in Japan as early as the 17th century. As
that depuration would add about 10% to seaweed consumption and cultivation
the production costs and a t the same time remain Asian specialities, aquaculturists
shorten somewhat the shelf life of cockles outside the region tend to underestimate
the role and importance of cultured
(FA0 1988).
In order to establish mollusc culture seaweed production. Aquaculture statistics
or to diversify the available commodities, are often quoted with the exclusion of
several introductions of exotic mollusc seaweeds, although this commodity group
species have been made into the region represented 25% of the total aquaculture
over the past two decades, especially in the production in the Asia-Pacific region in
Pacific Islands. This h a s raised 1990 (Table 3).
Culture of seaweeds is restricted
international concern because of the
danger of introducing new diseases and geographically even within the Asia-Pacific
parasites. In order to avoid such problems region, although during the past decade
in the future, introductions are now several countries outside the traditional
controlled much more carefully. Future culture areas have introducedit: Indonesia,
proposed transfers will, hopefully, be the Philippines and Vietnam in Asia; Fiji,
subject to international scrutiny under Kiribati and the Federated States of
codes of practice that are gaining wider Micronesia in the Pacific. Despite these
acceptance (Turner 1988; Coates 1992). achievements, only ten out of the 34
Thorough appraisal and safe methods for countriedterritories of the regionreported
transfers of molluscs a r e especially commercial seaweed culture in 1990. The
important for the Pacific Islands, where growth of cultured seaweed production
the track record of fish and shrimp (Fig. 6)shows surges andrecessions, which
aquaculture development is not very indicate m a r k e t i n g r a t h e r t h a n
impressive (Uwate 1988). In most of the technological constraints. The annual
island countries, seafood prices are not average growth rate of seaweed culture
h i g h enough to m a k e a q u a c u l t u r e between 1975 and 1990 was only 4.2%, the
competitive with capture fisheries. slowest among the major aquaculture
However, some commodities produced by commodities.
cultured molluscs (e.g., pearl and pearl
Seaweed production data in Asiashell, trochus shell, green snail shell) are Pacific region for 1990 are presented in
nonperishable, relatively high priced Table 15.The major producers were China,
products with good market potentials. Japan, the two Koreas and the Philippines.
There is also a considerable interest in the The indicator showing the volume of
region in the culture of giant clams, the production per length of coastline (Table
technology ofwhich was developed recently 16) demonstrates the intensity of seaweed
with international inputs (see Munro, this culture in relation to the available coastal
vol.).
resources. China, with 91.7 bkm-l, shows
a n o u t s t a n d i n g achievement; t h e
production of the Republic of Korea and
Seaweed Culture
Japan is also impressive (31.2 and 19.9
Several species of marine macroalgae t.km-l, respectively). The rest of the
(called somewhat misleadingly seaweeds) countries are below the regional average
have been consumed by coastal populations of 11.7 bkm-l.
Half the regional cultured seaweed
since ancient times in Asia, particularly in
production
in 1990 was kelp (Laminaria
Japan, Korea and China. Cultivation of

I

Year

Fig.6. Gmwth of cultured seaweed prnductjon in Asia and the Pacific. Data aggregated up to
1983. (Sources: Csavas 1988; F A 0 1992a).

Table 15. Cultured seaweedproductioninAsiaandthePacific in1990. (3ource:F A 0 1992a).
Bmwn
seaweeds

Red

Other

seaweeds
(t)

seaweeds

Countryfregion

(t)

(t)

China
Indonesia
Korea, D.P.R.
Korea, Rep. of
Panfic Islands
Philippines
Taiwan
Vietnam

1,465,836

52,938

132,336
80,000

117,500
277,417

2,970
97,637

10,000
36,828

Developing muntries

550

Total
(t)
1,651,110
80,000
130.470
411,882
550
291,176
10,615
2,000

291,176
10,614
2,000

1

1,860,753

457,885

259J65

2,577,803

Japan

172,974

387,245

6.000

566,219

Developed countries

172,974

387,245

6,000

566,219

2,033,727

845.1 30

265,165

3,144,022

5.388

38,021

260

43,669

2,039,115

883,151

265,425

3,187,691

Asia-Pacifictotal
Rest of World

World total

spp.). Laminnria is traditionally cultured
in Japan and both Koreas, but it is in
C h m a where kelp culture has developed
into ahuge operation ofaround1.5 million
t (wet weight) annually about a third of

whichis not for direct human consumption
but for extraction of alginates and iodine.
Undoria and Porphyra spp. form the
second and third m o ~ t v o l u m i ~groups.
l~u~
Both commodities are produced

>

-

Table 16. 5saweedpmdUCtiDnPeP1en@h~f
mastline in Asia d
,
aePacific in 1990(Source: F A 0 1992d.

seaweed

~ountries/regions

China

Korea,Rep, of
Japan
Philippines
Korea, D.P.R.
Taiwan
Indonesia
Vietnam

Production
(tkrn.l)

913
312
19.0
8.4
7.1
6.6
1.o
0.6

Developing Asia-Pacific
Developed ~aia-Pacific

12.1
10.3

Regional average

11.7

traditionally for human consumption
( ~ r i m a r i l yin Japan and the two Koreas)
but, since the middle of the 1980s, their
production has declined with inti-easing
cornpetition from other users ofresources.
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 t h e Philippines and the
fledgling operations in Indonesia and some
Pacific Island countries are based on these
species. Cracihria species are produced
primarily for agar extraction; the major
producer is Taiwan. Other species (mostly
green algae, like Monostroma, Caulerpa,
Enteromorphu, U h a ) are produced in
smaller quantitiesfor human consumption.
Seaweed supply in the Asia-Pacific
region is now entirely dependent on
aquaculture. Over the past five years,
more t h a n 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 ofthe supply still came
from the exploitation of natural stocks
which were rapidly and, in many cases

irreversibly,
Started with
natural
transformed

depleted- Seaweed
simple methods
but it is now being
into a %igh-tech'' industry

with indoor "hatcheties", genetic
manipulation of stocks and fertihzati~n

vowarm h t ,\95",:
1990;

ek

and Wang 1992). Intensively
f a m e d coastal areas in China, Japan or
the Koreas are impressive examples of
how humans can open up such a new
frontier. The eco~ogica~imp~ications
ofsuch
changes, however, have not yet been
addressed.
International demand forphycocollaids
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
processingindustry itself. One of the most
sought afterspecieswasLarninaria, which
is the raw material for alginate extraction.
This seaweed was already cultivated for
direct h u m a n consumption, and i t s
production was easily expanded to supply
the industrial demand. Presently there
seems to be a n oversupply ofLanzinaria,
with production decreasing slightly since
1985, especially in China, the major
producer in the region. Chinahas developed
its own alginate extracting industry, but
about 70% ofthe 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).
C a r r a g e e n a n s were previously
manufactured from Chondrus a n d
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
thesephycocolloids comesfromEucheuma
species, cultured primarily i n t h e
Philippines. The carrageenan industry,
which is closely linked to the food and pet

food processing industry, is dominated by
six 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 e t al. 1988).
Production potentials ofEucheuma species
are immense in the tropical areas of AsiaPac~ficregion. Moreover, culturing this
seaweed has proven socially and culturally
acceptable to both the Southeast Asian
fishingcommunities 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 a n 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
wasmanufacturedfrom Gelidium species,
but after the depletion of natural stocks in
Japan, Korea and China, the attention
turned towards Gracilaria species found
also in 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
pTograms in order t o develop Graci2aria
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 ofGracilaria
culture and processing seems to be a
seaweed-related development with

potentially wide social benefits for
producers.
Seaweeds, being autotrophic, are able
to synthetize high-energy organic
compounds from low-energy inorganic
ones. This makes them less problematical
from an ecologicallenvironmental 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. G r a c i l a r i a i s cultured in
southwestern Taiwan in semi-intensive
ponds stocked with shrimp and/or
mangrove crabs (Trono1987).Experiments
in shrimp ponds are underway in Thailand.
Also in Thailand, agar-bearing seaweeds
areharvestedfrom 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. cornm.).

Future Perspectives
Giving serious consideration to
environmental i s s u e s r e l a t e d 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,
exceeds that 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 F A 0 Technical Conference on
Aquaculture held in Kyoto, Japan (FA0
1976a) is an instructive exercise, because
participants of this historic meeting had
already raised all the major environmental
concerns ~ a i s e d by a q u a c u l t u r e
development.
An aquaculture planning workshop
by t h e Aquaculture
organized

Development Coordination Programme of
FA0 in Bangkok in 1975 (FA0 197613) set
a target of 3 million t of aquaculture
productionby l985for ten Asian countries,
excluding China. However, actual
production in 1985 was only 53% of the
targeted amount in the selected countries.
Only two 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
the targetedoutputs, 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 r a t e was 11%, not
unattainable in the growth phase of
production, as demonstrated earlier. The
main problem was that some production
techniques andlor choice of species were
not socially or culturally acceptable or
feasible in all of the countries of the region.
The marketability of certain produce
proved to be also much more limited than
expected,because the local 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
trendsin aquaculture developmentclearly
indicate that production is going to increase
steadily (although probably with a
decelerating pace) all over the region in
the forthcoming decade. In the developed
countries of t h e region, f u r t h e r
development will most likely continue to
be driven by the expansion of culturing
high-value species. Developing countries

are not expected to increase significantly
their share of export-oriented aquaculture
production of crustaceans and high-value
fish species, although their volume may
continue to increase. The proportion of
species lower in the food chain for domestic
consumption is much more likely to
increase. The steady increaseinintensities
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 offood for some 8 billion people
is 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 t o 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 ofterrestrial crops and also the
fact that inland and marine capture
fisheries a r e not expected to grow
significantly during the forthcoming
decade, continuing growth of both inland
and coastal aquaculture production will
be instrumental in keeping the nutritional
standards of t h e Asian population
improving. Luckily, present trends
indicate that total aquaculture production
in the region may reach a s much as 20
million t by they year 2000, even ifgrowth
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, will have 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, i n t h e
establishment of marketing structures,
processing facilities, etc., will remain
essential. However, combating hunger
cannot be the primary responsibility ofthe
entrepreneur, as Kinne (1986) pointed out.
This daunting task cannot be resolved by
t h e 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
farmerlfisher.
Producing
cheap
planktonivoroudherbivorousfish, molluscs
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 aquaculture
know well that only the most entrepreneurial
small farmers embark on aquaculture and
the successful ones sell a substantial part
oftheir product instead of consumingit. In
fact, these farmers must know very well
theabsorptioncapacity oftheir localmarkets
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 ofproduction, because
of the increasing population pressure and
the stiffening inter- and intra-sectoral
competition for land and water. Options
for increasing the yields of photosynthesisdependent systems without additional

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
are traditional in Chinaand other countries
of the region (e.g., India, Indonesia,
Thailand and Vietnam), but there is a
need to improve 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
causedmost ofthe negative environmental
impacts in the developing countries of the
region, is the basically unplanned and
unregulated nature of the development
process. I n view of t h e increasing
competition for suitable sites and water
resources both ininland 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 this is not the case in the
developing countries, a t least not until
environmental problems emerge.
Methodologies of aquaculture planning,
guidelines for site selection and models for
rules and regulations are much more
needed in the 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 a t a reasonable
level.
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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
ahelteredembayments withlittle regard for environmental consequences.Them t ~ n dins development,
copied i n other countries, have raised similar concerns regarding environmental impact. Ecological
effects such a s enrichment of the seabed ecosystem, nutrient enrichment of the water column (and
potentially eutrophication) and the efrects ofchemicals have implications for long-term development.
Other potential enects such a s genetic interaction and disturbance of wildlife communities may
m d i c t with nature conservation. Social and economic i m p a ~ t generally
s
relate to competition for
space with other activities such a s recreation, burism and traditional fishing. The complex nature of
the potential environmental impact which requires integrated planning, combining considerations of
ecological, social and economic factors, 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 a q u a d t u r e in developing countries and avoid many
of the problems experienced in Europe and North America.

In northern Europe a n d North
America, the expansion of coastal marine

production attained i n a number of
countries are presented in Table 1. In
some countries the increase in production
has been dramatic. In Canada (Atlantic

has been
through intensive
cageproduction
of salmonids. Data on the levels of

P~sentadd~sn:Aquatic&ience~Resear~hDivision,
Department of Agriculture for Northern Ireland,
Newforge Lane, B d h s t , BT9 5PX.
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Table 1. Marine cage salmonid production (in tonnes) in Canada, Norway, Scotland and Ireland (Source
of material, country reportscontainedinreports ofthe ICESWorking Gmup onthe Environmental Impact
of Mariculture)
Country

Year

Canada
Pacific
Atlantic
(Salmonhmt)
(Salmon)

Norway

Smtland

(Salrnodtmut)

(Salmonltmut)

and Pacific coasts)for example, production
increased byZ63% nnd283%,respectively,
during the period 1988 to 1991. 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
to 1991.This expansion, often without any
apparent control, has brought aquaculture
into conflict with other users of aquatic
resources, particularly with government
and nongovernmental organizations
promotingnature conservation. It isknown
that substantial amounts of waste are
produced from intensive fish farming. For
example, from Gowen andBradbury (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 n a t u r e
conservation.
It is clear that in some cases the ways
in which the industry began and expanded,
have compounded environmental change

Inland
(Salmodtmut)

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. I n this paper some
ofthe environmental issues associated with
intensive fish farm development are
reviewed. Solutions are suggested which
may be of value i n managing t h e
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 production units were
generally small, with an annual production
i n t h e order of 50 to 1 0 0 tonnes.
Furthermore, a t this time the primary
requirements for a site were: suffhient
water depth to accommodate cage netting;
shelter from potential storm damage,

because cages were generally small (5 m2)
and ofwood construction; and proximity to
supporting infrastructure such as roads
and distribution networks. In many cases
therefore, farms were located in sheltered
emba~ments,often a t the head of fiords
and sea-lochs.
Improvements i n technology,
especially cage design and construction,
for example robust 15m2aluminium 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, inmany 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 h a s generally followed
development in northern Europe. Rather
than a n initial start-up period with small
production units, the tendency has been
for the establishment 3f 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
cage farmingindustry in northern 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 cdge 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 andmore open coastal waters.
In addition, shallow entrance sills prevent
the penetration of seawater a t 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).
In general, 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 a t a number
of fish farm sites in Scottish sea-lochs
there was little evidence of a tidal
component to water movement and that a t
such sites the maximum current speed
was in the order of 0.16 mas1. 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 d . 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, there is a northerlyflow of coastal
water. Suchflow ofwater might be expected
t o aid the transport and dilution of fish
farm waste.
Many coastal embayments have rivers
which discharge into them. Within such
embayments t h e r e is generally a n
estuarine circulation with a net seaward
flow of surface brackishwater and a
compensati.ng landward flow a t depth.
Estuarine circulation may aid dispersal of
waste from the immediate vicinity of the
farm, but there is also the potential for
recirculati.on of ernbayment water. This is
particularly the case when tidal energy
causes mixing a t entrance shallows or a t
narrows. Gowen et al. (1983) estimated
that approximately 50% of the water
1eavingLochArdbhair (a small sea-loch on
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 this has
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
t h i s 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 Intensive
Cage Culture
Inrecent years a considerable 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 t h e coastal m a r i n e
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 t h e 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.

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 suchmight
not be appropriate for cage culture of
warmwater fish. For example, the amount
of food wasted has an important bearing
on the severity of sedimentary enrichment
beneath the farm. Giventhe improvements
in feed composition and digestibility and
husbandry practice which are reflected in
improved food conversion ratios (in excess
of 2.0:l some six to eight years ago to
current ratios of about 1.83) 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 3.03 or higher have
been reported. Clearly, adopting avalue of
12%forfoodwastagein such circumstances
would be inappropriate.

Enrichment of the Seabed
Ecosystem
Enrichment of the seabed ecosystem
resultingfrom the deposition ofparticulate
organic waste released from fish farms
has been studied by workers in a number
of countries: Brown et al. (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 such as wood pulp and domestic
sewage sludge (Pearson and Rosenberg
1978).
The succession from undisturbed to
enriched sediment a n d t h e final
equilibrium conditions that result are
dependent on the quantity of material
deposited. Thelatter is, in turn, dependent
on the size of the farm, husbandry practice
and the topographic and hydrographic

characteristics of t h e 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 Lijf (1983) measured a rate of
and
between 34 and 41 mrn~l.O,.m"-day-~
Blackburn et al. (1988) measured a n
oxygen consumption rate of between 42
and 60 rnm~l.rn-~.day-l
in earthen ponds.
Similar rates have been measured i.n
sediments beneath salmon cage farms in
Norway (A. Ervik, pers. comm.).
Enhanced consumption of oxygen by
the sediment can result in depletion of
oxygen in the water overlying the sediment
(Tsutsumi and Kikuchi 1983; Gowen et al.
1988).In both studi.es,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
likely to take place (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 t h e supply and
consumption of oxygen. As a result, the
balance between oxidation and reduction
processes changes and the latter become
the dominant path way for the turnover of
organic material. Of these, sulfate
reductionislikely to be the mostimportant,
at Ieast initially, but since gas bubbles

released from enriched sediments beneath
fish farms contain methane in addition to
hydrogen sulfide (Samuelsen et al. 1988),
i t seems probable that methanogenic
bacteria also play an important role 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 sulfide in gas 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' to limit the production potential. I t is
clear that problems have arisen in some
locations and fish farmers have beenforced
to abandon their sites.
Braaten et al. (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 sites 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 particulate loadingin 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,
experiencein British Columbia has shown
that the production potential has declined
at some locations where the water depth is
300 m (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 accumulation ofparticulate waste
together with changes in the physical
structure of the sediment, reduced levels
of oxygen and the presence of hydrogen
sulfide, result in significant changes in the
ecology and community structure of the
benthic macrofauna. In extreme cases the
macrofauna disappear altogether and in
many situations there is a reduction in the
biomass, abundance a n d species
composition,with only a few '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 t h a t the effects of
enrichment could not be detected beyond a
distance of 30 to 40 m from farms. The
workofWeston(1990), however,has shown
that in some locations more subtle effects
of enrichment can be detected a t 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 e t 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

species such as dinoflagellates which do
not require silicate may dominate the
phytoplankton (Officer and Ryther 1980).
The increase i n 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 a n d 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 m a y 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 Norway has beenviewed
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 a t the current level of farming in
coastal w a t e r s of most countries.
Nevertheless, localized increases in the
concentration ofammoniain the immediate
vicinity of cage farms have been observed
by many researchers, a n d 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 t h e f a r m , ammonia
concentrations were significantly higher
(statistically) t h a n concentrations i n

neighboringwest coast sea-lochs but after
t h e farm h a d ceased operation the
differences were no longer apparent.
There is anecdotal evidence from
Norway (K. Tangen, pers. comm.) of an
increase in phytoplankton production as a
result of fish farming activity. Persson
(1991) suggests that there is clear evidence
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 a n increase in growth
stimulated by fish farm waste (T.
Miikinen,
pers. comm.). Gowen and Ezzi (1992) were
unable to measure any changes i n
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 ifgrowth is limited
by the availability of nutrients. In those
coastal regions where phytoplankton
growth is limited by light or t h e
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 a s sen lice.
Concerns over the use of these chemicals
relates to their ecotoxicology,the potential
for bioaccumulation and in the case of
antimicrobialcompounds, the development
of disease resistance i n t a r g e t and
nontarget bacteria.
The problems experienced with the
antifouling compound tributyl tin, (used
on cage nets) serves a s 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 t h e food chain
(Laughlin 1986).
Current concerns center on the use of
dichlorvos (Nuvan or Aquaguard) a n
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
of this compound in intensive cage culture
a p p e a r s to have r e s u l t e d i n t h e
development of resistance in sea lice
populations andwhere 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 n u m b e r 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 a t fish farms (either as a result of
becoming trapped in netting or deliberately
killed), no objective studies into the effects
of t h e s e 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 ~ i s h
farms may influence the
population structure and act as areas for
recruitment because of the additional
supply of food (Henriksson 1991). The
significance ofthese findings is notknown.
The potential forthe transfer ofgenetic
material from escaped farmed fish to wild
fish has recently caused considerable
debate (NASCO 1989). I t h a s been
suggested that breeding programs in
aquaculture have resulted in significant
differences between farmed and wild fish
(Cross 1991). A consequence of
interbreedingbetween significant numbers
of escaped farmed fish and wild fish could
result in the latter losing important traits
and becoming less well adapted. It is clear
that large numbers offarmed 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, i t has been shown that
genetic material can pass fromfarmedfish
into wild populations (Crozier, in press).
At the present time, the ecological
significance of such transfers is not known,
but in recognition of the potential problem,
several countries have established
regulations excluding development from
important river estuaries.

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 that in
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
other users ofaquatic resources. This trend
of increasing conflict with other forms of
coastal developmenthas also been 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
it is difficultto obtain a clear understanding
of the effects of aquaculture development
on other users of the coastal environment.
In recognition of some of the problems
which have a r i s e n , fish farming
associations have produced codes of
practice. The Scottish Salmon Growers'
Association has produced a voluntary code
for avoidingvisual impact ofdevelopments
on the landscape. Such codes of practice

Table 2. A summary of some of the main social issue8 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
Restrictionon accesstoland, foreshore andinshore areas whichmay affect outdoor activities(watersports)
and harvesting of shellfish for nonmmmercial purposes
Reduction in amenity value of freshwater for recreational fishing
Reduction in the value of property

have been criticized (Sergeant 1990) and
some organizations have gone further to
suggest t h a t such codes should be
integrated into planning procedures and
that ifthis were the case such issues would
be properly evaluated (Anon. 1988).
I t 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 Government has implemented
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 i n the coastal region. The
Provincial Government i n B r i t i s h
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) on the coastal marine
environment (Black 1991).
Any coastal zone management scheme
should be designed to ensure that there is
equitable use of coastal resources and
therefore include an environmental impact
assessment of all potential developments.
In relation t o 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.
Animportant feature ofsuch an assessment
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 a n approach requires a full
understanding of the interaction between

aquaculture and t h e coastal marine
ecosystem, a n 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 models have been developed to
predict the scale ofthese effects (see Gowen
et al. 1990 and references cited therein).
At the present time, there a r e few
standardsfor acceptable levels ofecological
change, although there have been some
attempts to identify appropriate variables
(Jaworski and Orterio 1979) and develop
trophic indices based on n u t r i e n t
concentration scales for coastal waters
(Ignatiades et al. 1992).In most European
countries t h e r e a r e s t r i c t 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, ifany, 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
a discrete 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 t h e potential for the
accumulation of waste in sheltered sites
within coastal embayments, such sites have

a limited potential for large-scale
sustainable fish f a r m development
compared to more open coastal waters.
The development of simple guidelines
together with technological advances in
cage design and 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 ofhighmortalities;
and indirect loss of revenue due to the
image of high chemical usage reflecting on
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), a n d a
recognition that high density farming in

sheltered locations may increase disease
problems through stress t o 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 t h e failure of planning
procedures to ensure that there is equitable
use of the resources. I n developing
countries therefore, full use should be
made of i n t e g r a t e d coastal zone
management procedures, such a s the
Norwegian LENKA program and the
Canadian coastal inventory scheme.
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