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 Constraints to the Sustainability of Cage
 Aquaculture for Resettlement From Hydropower

 Dams in Asia: An Indonesian Case Study

 Barry A. Costa-Pierce

 From 1985 to 1988, the Saguling and Citata hydropower reservoirs in the
 highlands of West Java , Indonesia , displaced more than 40,000 families. As
 part of a comprehensive resettlement plan, an attempt to resettle 3,000 families

 in water-based floating fish cage aquaculture and land-based aquaculture sup-
 port was initiated. Although the reservoir cage aquaculture developments
 were successful from a fish-production viewpoint, since 1944 cage aquaculture
 has not been socially or environmentally sustainable. Fish cage aquaculture in
 reservoirs can bean important new means of population resettlement from hy-

 dropower dam construction and protein production in tropical developing
 countries only with adequate government planning for fisheries ; adequate fi-
 nancial compensation for lost assets ; rigid enforcement of institutional regula-

 tions guaranteeing the long-term benefits of the new lakes for the exclusive use

 of the displaced people; enforcement of regulations on cage numbers to prevent
 environmental degradation ; and adequate government subsidies for aquacul-
 ture job creation, training, long-term extension support, and active monitoring.

 X) ue to increased demands for reliable supplies of electric power, irri-
 gation, and drinking water, the number of new hydropower reservoirs
 is increasing dramatically, especially in Asia. According to the last re-
 port of the International Commission on Large Dams, the total number
 of dams on earth grew from about 5,000 in 1950 to more than 40,000 in
 1986, with China the home to about 50% of these (McCully, 1996).

 Dams continue to be one of the only means to increase humanity's ac-
 cess to more of the earth's runoff for new cities and expansion of irri-
 gated agriculture, but they are increasingly expensive socially, environ-
 mentally, and economically (Postel, Daily, & Ehrlich, 1996). For
 example, in arid, rapidly urbanizing southern California, the new East-
 side Reservoir will flood only 1,800 ha but will cost some $2 billion. In
 addition, there is a trend toward construction of larger dams having
 greater combined costs. Construction of dams with elevations greater
 than 100 m rose by 27% between 1991 and 1993. More than half of these
 dams were in China, India, and Turkey (Gardner & Perry, 1995). Large
 hydropower reservoirs have caused massive social disruption, in-
 creased incidences of water-borne diseases, erosion, and other social
 and environmental degradation (Cernea, 1988, 1997; Hunter, Rey, &
 Scott, 1983; Lelek, 1984; McCully, 1996; Petr, 1978) (see Figure 1).
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 Figure 1: Social and Environmental Impacts of Hydropower Development on a Tropi-
 cal Watershed and Landscape Ecosystem

 Source: Costa-Pierce (1997).

 There is a need to develop new, more sustainable environmental
 planning and policy approaches that integrate social and ecological con-
 cerns in hydropower projects worldwide. These social ecological ap-
 proaches would formulate and carry out long-term rehabilitation efforts
 with rural societies to restore damaged aquatic environments from hy-
 dropower projects. New approaches are especially needed in densely
 populated areas of Asia where the pace of dam construction is accelerat-
 ing (Alam, Mirza, & Maughan, 1995; Cernea, 1997; Costa-Pierce, 1997;
 Sutandar, Costa-Pierce, Iskandar, Rusydi, & Hadikusumah, 1990).

 It has been estimated that annual inland fish production in Asia is 5.5
 million tons, composing 57% of the world's inland fish production (De
 Silva, 1988, 1992). However, fish yields from Asian reservoirs compose
 just 0.5 million tons of this 5.5 million tons (De Silva, 1988). De Silva
 (1988) estimated fish production from Asian reservoirs at only 20
 kg/ha/year, with a wide variability in production that was not always
 related to the size of the reservoir. Costa-Pierce and Soemarwoto (19 87)
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 calculated an average percentage increase in reservoir area in 15 Asian
 nations from 1987 to 2000 would be 511%, ranging from 50% (Singapore)
 to 9,900% (Laos). By 2000, it is predicted that the collective water surface
 in reservoirs (20.3 million ha) will exceed the surface area of Asia's natu-
 ral waters (18.5 million ha). Clearly, if the huge expanse of underused
 water areas locked behind Asia's dams could be used for increased fish

 production, thousands of tons of new aquatic protein could enter Asian
 markets. Production of new aquatic protein is especially urgent in Asia,
 which is a region where fish is the most important source of animal pro-
 tein. In addition, there is an evident need to create thousands of new ru-

 ral jobs due to population growth and to find innovative ways to stem
 the rapid rural to urban migration. It is argued that expansion of aquatic
 food production in Asian reservoirs could assist in mitigating Asia's
 growing food and population crises (Brown, 1997).

 The planned development, enhancement, and management of cap-
 ture (fishing) and culture fisheries (aquaculture) enterprises in new reser-
 voirs as alternative livelihoods for the people displaced by dam con-
 struction has received little or no attention. The incorporation of
 fisheries into the planning for dams and the technical, social, environ-
 mental, and economic benefits of fisheries to dams projects have not
 been done. Fisheries has not been incorporated into the social and envi-
 ronmental compensation packages of hydropower dam projects (Cernea,
 1997). Hydropower projects are usually controlled by dam engineers
 and government officials more concerned with moving people away
 from the new water bodies than promoting new forms of intimate con-
 tact with them (such as the Indonesian transmigration projects) (Fearn-
 side, 1997). An alternative view is to develop policies and planning
 structures to resettle the displaced people locally and encourage devel-
 opment and evolution of new, community-based, social-cultural inter-
 actions with the new aquatic ecosystems to rehabilitate the damaged so-
 cial and environmental situations. The evolution of sustainable,
 ecological aquaculture holds this kind of rehabilitation potential
 (Costa-Pierce, in press).

 Most of the world's current population growth is occurring in nations
 where there is little potential for increasing the area of arable land under
 cultivation (Brown, 1997; Engleman & LeRoy, 1995; Pimentai et al.,
 1997). States Engleman (1995), "The food that will be required to feed a
 world population of 8 billion or more in the next century will have to
 come almost entirely from today's farmland" (p. 112). The rapid rate of
 urbanization in most Asian nations is causing severe population pres-
 sure on existing rural and peri-urban agricultural ecosystems. Java is
 one of the most densely populated areas of the world, and the island is
 losing agricultural lands to urbanization at an alarming rate. Between
 1983 and 1992, new housing starts in just three cities in West Java
 (Bekasi, Bogor, Tangerang) ate up 61,000 ha of croplands (Firman &
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 Dharmapatni, 1995). The U.S. Department of Agriculture estimated that
 urban expansion claimed 20,000 ha on Java in 1994 alone (Thompson,
 1995). Rapid urbanization has increased the need to preserve and inten-
 sify agricultural production on the remaining agricultural areas and to
 find innovative ways to conduct intensification sustainably without fur-
 ther environmental and social damage.

 Densely populated Java and southern China have been two ancient
 centers of farmer innovations that have numerous sustainable examples
 of productive, ecologically sophisticated backyard and small farm eco-
 systems that merge agriculture and aquaculture in unique ways (De la
 Cruz, Lightfoot, Costa-Pierce, Carangal, & Bimbao, 1992; Koesoemadi-
 nata & Costa-Pierce, 1992; Ruddle & Zhong, 1988). However, due to ur-
 banization and associated population pressures, the era of consistent in-
 creases in the numbers of these sophisticated traditional aquaculture
 agroecosystems in Asia may be coming to a close, principally due to
 their land-intensive nature and their proximity to the main areas of ur-
 ban sprawl. In the peri-urban fringes of many large Asian megacities
 (Jakarta, Bangkok, Manila, etc.), there is an alarming loss of these tradi-
 tional agroecosystems and the indigenous knowledge systems that have
 developed throughout hundreds of years to manage them.

 In contrast, there are vast areas of new inland waters locked up in hy-
 dropower and irrigation reservoirs in the region. The surface waters of
 these hydropower reservoirs are almost completely vacant of any sig-
 nificant productive enterprise other than being used for water storage
 and subsistence level fishing that provides little other than part-time in-
 comes (Munro, Iskandar, & Costa-Pierce, 1990). Nearly all Asian reser-
 voirs outside of China and Thailand have little or no water-based aquac-
 ulture systems, such as fish cages, and have underdeveloped capture
 fisheries management programs (Costa-Pierce, 1997; De Silva, 1988,
 1992). Development of aquaculture in and around Asia's hydropower
 and irrigation reservoirs to enhance fish production and as a manage-
 ment tool to enhance capture fisheries may be one means to provide
 thousands of new jobs in rural areas. Fisheries development may also be
 the only means left for creating new sources of freshwater aquatic pro-
 tein for many densely populated Asian nations (Costa-Pierce, 1997; De
 Silva, 1988). Indeed, hydropower and irrigation reservoirs maybe Asia's
 final aquatic frontier.

 The Case Study of Resettlement
 Aquaculture in Indonesia

 A cooperative Institute of Ecology (IOE), Padjadjaran University
 (Bandung, Indonesia), and International Center for Living Aquatic Re-
 sources Management (ICLARM, Manila, Philippines) project in the
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 highlands of West Java, Indonesia, was initiated to investigate the feasi-
 bility of developing cage aquaculture for local population resettlement
 from hydropower dam construction. Indonesia was chosen for the proj-
 ect due to ttie need to evolve alternative resettlement schemes to the

 transmigration program that had caused some social and environ-
 mental problems and was costly (Fearnside, 1997). The use of floating
 cage aquaculture (FCA) to resettle 3,000 of the 40,000 displaced families
 locally was proposed because FCA was deemed compatible with engi-
 neering forecasts of dam operations and drawdowns (Costa-Pierce &
 Soemarwoto, 1990). The purpose of this article is to describe the initial
 institutional framework, planning, and policy efforts and the extension
 and training programs conducted during the project and to discuss the
 reasons for project success, failures, and long-term constraints to envi-
 ronmental and social sustainability in light of the possible transfer of this
 model to other (especially Asian) nations with similar aquatic resources
 and social and economic development scenarios. Details of the project's
 technical, aquaculture, fisheries, and economic aspects have been re-
 ported elsewhere extensively (Costa-Pierce, 1997; Costa-Pierce & Soe-
 marwoto, 1990; Sutandar et al., 1990) and will be mentioned herein only
 for their relevance to the discussion of social, institutional, and environ-

 mental sustainability and transfer of technologies.

 Institutional Framework

 and Planning Process

 Funding for the resettlement aquaculture efforts was obtained from
 the World Bank as a small portion of a larger loan package to the Indone-
 sian State Electric Company (PLN) for dam construction at Cirata. The
 aquaculture development portion of the World Bank loan was divided
 into local (Rp 917,441,530) and foreign currency (U.S. $416,690) compo-
 nents and administered by IOE (local) and ICLARM (foreign) agencies
 for project implementation (at project initiation in January 1986, U.S. $1 =
 1,130 Indonesian Rp [IDR]; in September 1986, the IDR was devalued to
 1,640 Rp).

 The primary objectives of the project were to provide (a) technical sup-
 port, defined as applied ecological, capture fisheries, aquaculture re-
 search, extension, training, and other support services to the West Java
 Provincial Fisheries Agency (Bandung, Indonesia) to facilitate rapid re-
 settlement of 3,000 families in either full- or part-time jobs in reservoir
 aquaculture, capture fisheries, or related support industries in the two
 hydropower reservoir areas: the Saguling reservoir (1,500 families) and
 Cirata (1,500 families) reservoir areas; and (b) planning , that is, a compre-
 hensive reservoir fisheries and aquaculture development and manage-
 ment plan for population resettlement.
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 Despite the relatively large information base available in freshwater
 aquaculture development and capture fisheries management in Asia,
 there were no previous experiences anywhere involving the resettle-
 ment of such a large number of persons through a planned development
 program of reservoir cage aquaculture and its allied land-based aqua-
 culture support systems (such as hatcheries and nurseries). For this rea-
 son, the World Bank suggested that IOE associate with an international
 fisheries research organization (ICLARM) to assist with technical advice
 in fisheries and project implementation.

 A new institutional framework had to be formulated for project im-
 plementation because loan documents were inadequate in defining an
 overall administrative structure for the project and in delegating indi-
 vidual institutional responsibilities. The IOE was chosen as the lead
 agency to coordinate a multidisciplinary applied research and training
 program that involved agricultural economists, sociologists, demogra-
 phers, anthropologists, agronomists, forestry, animal husbandry, cap-
 ture fisheries, and aquaculture professionals. To assist IOE's applied re-
 search program, ICLARM provided the services of a full-time resident
 consultant fisheries scientist. ICLARM also provided specific short-term
 scientific expertise in capture fisheries, aquaculture, and fisheries mar-
 keting and economics. The Indonesian government's West Java Provin-
 cial Fisheries Agency created a special reservoir fisheries technical im-
 plementation unit that established offices at both the Saguling and
 Cirata dam sites to lead the local extension and training efforts. IOE also
 hired fisheries extension personnel on 3-year contracts to facilitate more
 rapid transfer of applied research results to villagers and to coordinate
 extension activities with the government's technical implementation
 unit. The PLN provided funding, institutional coordination, and unlim-
 ited access to the reservoir areas for research and development activities
 because, after compensation monies were paid, the reservoirs and their
 drawdown areas were PLN's private property.

 On delegation of responsibilities, a planning process was undertaken
 by IOE and ICLARM to apportion the large workload into teams to im-
 plement the diverse number of applied research activities to be con-
 ducted with the displaced people (see Table 1). Geographic areas where
 applied research was to be conducted were chosen in new or expanded
 villages having the largest numbers of displaced residents (taken from
 the electric company's compensation reports).

 Applied research was done in a participatory manner with villagers
 in capture fisheries, aquaculture, drawdown agriculture, sociology,
 fisheries economics, and marketing. A number of different types of
 low-cost, water-based, cage aquaculture systems were developed and
 tested (Costa-Pierce & Hadikusumah, 1990, 1995). Fish cage capital costs
 ranged from Rp 491,000 (U.S. $299) for cages having recycled oil drums
 and wood frames for flotation to Rp 177,500-274,500 (U.S. $108-$167) for
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 Table 1

 Planning Process Used to Complete an Implementation Plan for Applied
 Research in Integrated Reservoir Fisheries and Aquaculture Development

 Step 1
 Synthesis of project agreements and goals
 Formal and informal meetings with cooperating agencies
 Assignment of project staff into three subprograms:

 Aquaculture development
 Capture fisheries development and management
 Socioculture, economics, and marketing

 Step 2
 Preliminary surveys and data gathering in three subprogram areas
 of the project
 1. Aquaculture development

 Information on existing traditional and modern systems and
 knowledge base; production; feeds and feeding practices; systems
 design, economics, organization, and interactions; constraints; past
 performance; species; rationales for use; labor use; and success/
 failures

 Secondary data from national, provincial, regional, city, village
 fisheries institutions, universities, and private operators regarding
 specific systems likely to be of use in reservoirs
 Interviews with farmers and middlemen, trips to markets, infra-
 structure, daily/weekly routines, problems with materials and
 labor, environment, technology, and neighbor relations

 2. Capture fisheries development and management
 Broad environmental surveys of fisheries ecosystems and changes
 occurring in it, ports /harbors, industrial developments, value-
 added products, and postharvest traditional techniques
 Main hydromorphometric biological, limnological, and climato-
 logical factors;
 Information on past /present fishing efforts, species, yields, gear
 used, catch per unit efforts, labor, routines, and transportation
 costs /patterns
 Fishermen's impression of new environments and effects on new
 ecosystems from demographic, local, polluting, market, and politi-
 cal changes

 3. Sociocultural economics and marketing
 Data on population sizes, income, fish consumption patterns,
 forms /sizes of fish eaten, cultural reactions to fish products,
 land-use patterns, agricultural interfaces, land tenure, and rapid
 rural appraisals
 Adaptations to new reservoirs, special environment /people
 interactions, resource use patterns, and exploitation/mining
 activities

 Constraints and limiting factors to resource use and conservation
 Availability of funds; knowledge of loans, credit; use of banks;
 familiarity with the concepts of loans /credit

 (continued)
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 Table 1 Continued

 Step 2
 3. Sociocultural economics and marketing

 Analyses of fish markets, market structures, distribution and
 transportation systems, marketing costs, middlemen, market
 supply statistics from all administrative levels, market price
 fluctuations with peak supply, and market capability projections

 Step 3
 Summary report on findings in each subprogram area in chapters
 comprising draft implementation plans for the following:

 Aquaculture development
 Capture fisheries development and management
 Sociocultural economics and marketing

 Step 4
 Complete synthesis of three subprogram plans for a single implemen-
 tation plan through development
 Implementation plan is subject seminar of invited experts and is re-
 vised according to changes and recommendations
 Final implementation plan for fisheries and aquaculture development
 as a means of large-scale resettlement

 cages having bamboo or banana logs for flotation. Low cost "mini" cages
 (17.3 m3) were also developed that cost between U.S. $20 and $70 to con-
 struct (Costa-Pierce & Hadikusumah, 1990). In addition, a suite of low-
 cost land-based hatchery and nursery aquaculture systems were devel-
 oped. In contrast to the report of Zerner (1992), aquaculture systems
 developed were simple and not elaborate and were well within the fi-
 nancial means of the majority of the displaced people (Costa-Pierce &
 Hadikusumah, 1990; Rusydi & Lampe, 1990).

 Technological interventions in land-based aquaculture were based
 on existing models of traditional knowledge systems in integrated
 agriculture-aquaculture farming ecosystems present for more than 100
 years in West Java (Djajadiredja, Jangkaru, & Junus, 1980; Thornburn,
 1982). Cage aquaculture technologies were based on previous Indone-
 sian and overseas experiences (Costa-Pierce, Bimbao, Zainal, & Effendi,
 1989; Costa-Pierce, Rusydi, Safari, & Wira Atmadja, 1989a, 1989b, 1989c;
 Costa-Pierce, Wira Atmadja, Rusydi, & Safari, 1989; Costa-Pierce,
 Zainal, & Effendi, 1988; Gonzales, 1984; Hai & Zweig, 1987; Pullin, 1986;
 Rifai, 1985). Development of the land-based and water-based aquacul-
 ture systems was integrated in an attempt to combine the new, water-
 based reservoir cage systems into an existing social ecological system of
 traditional pond hatchery and rice-fish nursery systems, thereby creat-
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 ing as many new jobs as possible by using aquaculture's "multiplier ef-
 fects" (Costa-Pierce, 1992, p. 39; see also Costa-Pierce, 1997; Koesoe-
 madinata & Costa-Pierce, 1992).

 Farming Systems Extension
 and Training Programs

 Two extension approaches were used to disseminate aquaculture
 technologies to displaced persons. For new "water farmers" totally un-
 familiar with traditional aquaculture technologies in West Java, adoption/
 diffusion techniques (Pollnac, 1982) were chosen. For farmers who knew
 about traditional cage aquaculture or land-based aquaculture tech-
 niques, a farming systems research and extension approach was used
 (Chambers, Pacey, & Thrupp, 1989). This division of extension efforts
 was not a hard and fast categorization, however. It was left up to farmers
 themselves to choose which training sessions they wanted to attend.
 Many farmers attended sessions using both extension techniques.

 Traditional Training Methods

 In 1982, 3 years before the first reservoir was to be flooded (Saguling
 was flooded in 1985-1986), formal classroom and hands-on training in
 cage aquaculture was conducted with a small group of selected resi-
 dents (mostly village leaders) who were to be displaced. Hands-on prac-
 tical training in cage aquaculture was conducted in a small, shallow lake
 in Bogor (Lake Lido) and in an existing, downstream reservoir (Jati-
 luhur, Indonesia). In addition, a special fisheries dike area was created
 by the State Electric Company in the Saguling Reservoir for cage aqua-
 culture experiments before the flooding of the main part of the reservoir
 (Rifai, 1985). Aquaculture training was conducted for 24 displaced per-
 sons by the Research Institute for Freshwater Fisheries in Bogor and the
 Department of Fisheries in Padjadjaran University in this diked area.
 Two displaced farmers from this latter group subsequently received
 loans from the Bank of Indonesia to develop cage aquaculture busi-
 nesses after initial experimental results showed the potential for high
 yields and profits (Rifai, 1985).

 The two pioneer farmers successfully paid back loans from the Bank
 of Indonesia by the 2nd year of operation. Their positive results attracted
 a great deal of community interest. At the same time, the State Electric
 Company facilitated a highly publicized visit by the governor of West
 Java to these two farmers. These preinundation events created a wide-
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 spread awareness of the potential of cage aquaculture among Saguling's
 displaced people, and the two successful farmers later became kader-
 kader petani ikan (fish farmer facilitators).

 Further experimental work from 1986 to 1990 developed a basket of
 low cost technologies in cage aquaculture, small-scale ("backyard") fish
 hatcheries, water-based hatcheries, and integrated rice-fish nursery sys-
 tems appropriate to the rural expertise, availability of capital and con-
 struction materials, and management complexity of displaced farmers
 (Costa-Pierce, 1992, 1997; Costa-Pierce & Hadikusumah, 1990, 1995). All
 research employed displaced villagers (the beneficiaries for whom the
 technologies were intended) who worked with scientists from the out-
 set. Simultaneously, the West Java Provincial Fisheries Agency and
 IOE/ICLARM collaborated to offer a number of short courses of 1 week
 to 3 months duration for villagers at offices of village headmen. These
 courses were held in more than 20 districts in the Cirata region and were
 attended by more than 500 personsš Courses covered operations of nu-
 merous types of land and water-based aquaculture systems having high
 and low capital costs (e.g. intensive raceway systems, hatcheries, small
 and large cages, pen systems, rice-fish culture) in addition to instruction
 regarding how to formulate fish feeds and process and market fish (see
 Table 2).

 Fish Farmers' Association (FF As)

 A Saguling Fish Farmers' Association (SFF A) was formed in late 1985
 and by the end of 1989 had more than 700 members. Leadership of the
 SFFA was by the two pioneers who successfully repaid their loans (sub-
 sequently, these two and their families became the most powerful mem-
 bers of the fish farming community). The SFFA was formed by the Tech-
 nical Implementation Unit of the West Java Provincial Fisheries Agency
 who also assisted farmers with obtaining bank loans and marketing fish.

 In Cirata, a government Village Cooperative Unit (Korporasi Unit
 Desa, or KUD) took the lead in cage aquaculture development with as-
 sistance from the government's Technical Implementation Unit. In 1989,
 the cooperative obtained a government loan package in excess of Rp 100
 million to develop cage aquaculture in Cirata.

 Farmer Participatory Training Methods

 A farming systems research and extension approach was chosen be-
 cause it was known that West Java had a unique cultural heritage and a
 large bank of traditional knowledge in many areas of land and water-
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 Table 2

 Subject Areas Covered in Formal Aquaculture Training Courses Offered
 by the Aquaculture Resettlement Project in Impacted Villages

 Aquaculture Systems Subject Areas

 Hatcheries Site selection

 Designs and construction
 Broodstock selection, management, and feeds/
 feeding

 Spawning, egg collectors
 Nursery pond management
 Water quality and natural feeds management
 Harvesting, economics, marketing, security

 Small bamboo cages; Site selection
 floating net cages Designs and construction

 Aquaculture species production
 Aquaculture management; seed management,
 feeds, feeding

 Diseases

 Harvesting, economics, marketing
 Pen systems Community organization, group process training

 Site selection

 Design and construction
 Seeding and fertilization
 Compost as feeds and fertilizers
 Harvesting methods
 Marketing and security

 Rice-fish culture Design and trench types
 System types and sizes
 Water quality and management
 Feeding and fertilization
 Integration with rice schedules
 Integrated pest management
 Harvesting methods
 Economics, marketing and security

 Running water systems Site selection
 Designs and construction
 Water quality and management
 Aquaculture species production
 Aquaculture management
 Harvesting, economics, marketing, security

 Fish feeds processing Feeds available, their composition and costs
 Raw materials available

 Low cost processing methods
 Economics and marketing

 Postharvest fish Traditional methods, techniques and materials
 processing Modified low cost methods

 Storage, marketing and economics
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 based aquaculture and integrated farming systems (for examples see
 Costa-Pierce & Effendi, 1988; Djajadiredja et al., 1980; Little & Muir,
 1987; Thornburn, 1982). Many traditional aquaculture systems and
 much of the existing farmers' knowledge could be used directly or modi-
 fied and adapted for use.

 It was decided that all adaptive research should employ the villagers
 from the outset and that the villagers would be involved throughout the
 success or failures of the aquaculture research, development, and adap-
 tation processes. Using this approach, farmer recipients were made ac-
 tive, valued participants in both the process and evaluation of the suit-
 ability of chosen technologies for their needs. There was a high level of
 indigenous, aquaculture farming knowledge in the rural society where
 the development project was undertaken. Surveys before the project be-
 gan documented that a wide diversity of aquaculture systems already
 existed, that farmers in the surrounding region had an impressive man-
 agement capability, and that farmers were already doing detailed prac-
 tical experiments (Koesoemadinata & Costa-Pierce, 1992). In the design
 of the efforts, project scientists realized that it was best if the scientists
 recognized these farmers and their indigenous knowledge for the value
 of their innovations, because this approach would speed the choice of
 more promising and relevant research topics of direct value to the in-
 tended beneficiaries. Lightfoot (1987) has also pointed to the unique
 value of indigenous research to setting the research agenda of both on-
 and off-station research workers.

 Three cage aquaculture research stations were constructed to test a
 variety of low-cost technologies (the so-called basket) under three differ-
 ent but prevailing limnological and social/cultural conditions in Sa-
 guling in the years just after reservoir filling (the on-station experimen-
 tation phase).

 Establishment of Community
 Integrated Aquaculture Schools

 Although development of the aquaculture resettlement option was
 the main concern of the project, it was clear from the outset that a more
 holistic approach to applied research, extension, and environmental res-
 toration would be necessary. To accomplish this, community schools
 (called Fusai Penelitian Sistem Terintegrasi Tanaman, Ternak dan Ikan, or
 Research Centers for the Integrated System of Plants, Farms Animals,
 and Fish) were created in three villages surrounding the Saguling reser-
 voir with the largest percentage of displaced residents.

 The project rented village houses for a 3-year period in two villages in
 Saguling's northern region (Cangkorah and Cipondoh villages) and one
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 in the southern region (Awilarangan village) in areas having excellent
 technical capabilities for cage aquaculture and boat and road access to
 markets. Another house was rented in Mande village to coordinate ap-
 plied research and community training activities in Cirata.

 Village schools had a permanent IOE/ICLARM staff member sta-
 tioned at the houses who coordinated all applied research projects,
 hands-on training, and community relationships. Villagers were em-
 ployed to carry out all aquaculture construction, labor, and routine tasks
 at the schools. Village schools were the center of all collaborative re-
 search activities with villagers and between the various outside institu-
 tions and other outside villagers visiting the schools. Village schools
 were visited regularly on overnight stays by IOE, ICLARM, and Provin-
 cial and Technical Unit personnel to mentor progress, discuss results in-
 ternally, and to meet and discuss progress with villagers.

 Village schools were replete with displays, photographs, and exten-
 sion aquaculture books written in both the local and national languages
 (Costa-Pierce et al., 1989a, 1989b, 1989c; Costa-Pierce, Bimbao, et al.,
 1989; Costa-Pierce, Wira Atmadja, et al., 1989). Programs at the village
 schools focused not only on aquaculture but also had working demon-
 strations in animal husbandry, composting, soil conservation, capture
 fisheries, fish feed formulation, and fish processing technologies. The
 village schools also promoted an environmental rehabilitation system
 that took a system ecology approach to small-farm development. Many
 ecological principles were intuitively familiar to the sophisticated rural
 farmers, but scientific staff also introduced them to a wide range of new
 technologies (cage aquaculture, land-based aquaculture systems such as
 hatcheries and new rice-fish systems), rabbit husbandry, earthworm
 culture and composting, insect culture, fish and animal processing and
 marketing, and agroforestry and erosion control (Maskana, Astuti, Su-
 diarto, & Soemarwoto, 1990).

 It was estimated from records kept at the schools that more than 4,000
 villagers visited the four village schools from 1986 to 1990.

 JF armer -to-F armer Visits

 Once the Saguling cage culture industry began its remarkable expan-
 sion, the task of attracting new entrants was of little concern for the proj-
 ect. Indeed, control of the number of cages became an issue as early as
 1989 when cages became concentrated in one of the southern sectors of
 Saguling reservoir (Bongas region). By the end of 1989, more than 80% of
 the cage aquaculturists in Saguling were concentrated in this region
 (Rusydi & Lampe, 1990). The Bongas region had excellent technical ca-
 pability for cage aquaculture (a long, deep, sheltered bay with good
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 flushing), good economic infrastructure, and excellent market access to
 fish fingerling and feed suppliers. Given the obvious success of cage
 aquaculture development in Saguling, by mid-1988 project extension ef-
 forts shifted to the new Cirata reservoir.

 Because diffusion of innovations can occur as rapidly with informal
 farmer contacts as in formal courses in familiar cultural settings (Kang &
 Song, 1984), a hands-off extension approach was used to develop aqua-
 culture in Cirata. Simple farmer-to-farmer visits were sponsored for dis-
 placed residents from the new Cirata reservoir. In structured visits, pro-
 spective water farmers from the Cirata reservoir region were sponsored
 to visit the aquaculturally developed regions of the Saguling reservoir.
 Extension personnel were present to answer questions, to distribute free
 aquaculture workbooks in the local language, to provide "social lubrica-
 tion," and to take care of personal needs. These visits were a tremendous
 success. By the end of 1989, 94 cages (40 families) were operating in Ci-
 rata with no formal course work or extension programs having been
 conducted. By the end of 1992, fish production in Cirata was estimated at
 3,880 tons (see Table 3).

 Information Resources

 It was found that Saguling's cage fish farmers were well-educated,
 with 94% having completed elementary school (Rusydi & Lampe, 1990).
 Almost all of the people could read extension workbooks if they were in
 the local Sundanese language. Far fewer villagers could read extension
 materials in the national language (Bahasa Indonesia), and almost no
 one could read English. As a result, simple comic-book-type workbooks
 on floating net cages, pens, small-scale hatcheries, and small cages were
 published in the local Sundanese dialect and distributed widely (Costa-
 Pierce, Rusydi, et al., 1989a, 1989b, 1989c; Costa-Pierce, Wira Atmadja,
 et al., 1989; Costa-Pierce, Bimbao, et al., 1989).

 Workbooks were made available free at all IOE/ICLARM commu-

 nity schools and at the offices of the government's Technical Implemen-
 tation Unit at the reservoir dam sites. Books were used widely by exten-
 sion officers and trainers in formal courses in villages. Workbooks were
 also available free to all members of the Saguling Fish Farmers' Associa-
 tion and Village Cooperative Units in Cirata.

 During visits to cage culture operators in Saguling and Cirata in 1989
 to 1990, it was frequently observed that these workbooks were among
 the only reading materials available in village residences. Children
 seemed to particularly value the comic-book nature of the materials to
 the point that cage culture toys appeared in one village.

This content downloaded from 132.174.255.223 on Thu, 01 Apr 2021 16:41:06 UTC
All use subject to https://about.jstor.org/terms



 Costa-Pierce / CAGE AQUACULTURE FOR RESETTLEMENT 347

 Table 3
 Fish Production in the Saguling and Cirata Reservoirs From 1985 to 1997

 Saguling Saguling Cirata Cirata Total
 Year Cages Production ft) Cages Production ft) Production ft)

 1985 0 0 0 0 0

 1986 NA 522 0 0 522

 1987 NA 1,443 0 0 1,443
 1988 765 2,043 NA 26 2,069
 1989 1,250 2,204 94 458 2,662
 1990 1,365 2,490 361 798 3,288
 1991 1,724 2,926 1,043 2,241 5,167
 1992 1,846 4,053 1,723 3,880 7,933
 1993 2,219 6,666 2,091 6,556 13,222
 1994 4,250 6,039 3,860 11,383 17,877
 1995 4,425 4,420 7,485 14,644 19,064
 1996 NA 4,405 NA 20,091 24,496
 1997 8,199 NA 25,558 NA NA

 Note: Saguling was filled in 1985 to 1986, and Cirata was filled in 1986 to 1987. NA = not
 available due to a year when no surveys were done or because the data are forthcoming.

 Study Tours to Nations
 with Relevant Experiences

 Many aquaculture technologies successful in one developing nation
 can be transferred to other nations with similar development circum-
 stances after adaptive research is undertaken (World Bank, 1982). How-
 ever, West Java has a unique aquaculture history, a wealth of experience,
 and capable fisheries institutions and scientists involved in aquaculture
 of common carp and other species (Costa-Pierce & Hadikusumah, 1990).
 However, the following was noted:

 1 . Saguling and Cirata were very eutrophic reservoirs with a large potential
 for "no feed" or extensive cage aquaculture.

 2. Much of the specific technology to diversify the reservoir cage culture in-
 dustry and assist the poorest of displaced residents (e.g., by evolving a
 low-cost or extensive cage aquaculture, particularly for Nile tilapia [Oreo-
 chromis niloticus] and Chinese silver [Hypophthalmichthys molitrix] and
 bighead [Aństichthys nobilis] carps) was lacking.

 It was felt by project scientists that transfer of modern methods and
 management practices in extensive aquaculture to the Indonesian reser-
 voirs would not be a prolonged proposition or expensive exercise. The
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 Philippines has a wide diversity of successful tilapia cage and pen aqua-
 culture, and extensive cage aquaculture for the Chinese carp has been
 successful in lakes in China, Nepal, and Singapore (Chookajorn, 1982;
 Gonzales, 1984; Guerrero, 1982; Hai & Zweig, 1987; Pullin, 1986).

 It was decided to arrange two study tours in 1987 to 1988 for selected
 scientists from the PLN, IOE, and the Technical Implementation Unit to
 transfer technology rapidly from Asian nations with relevant experi-
 ences in low-cost cage aquaculture to Indonesia (Costa-Pierce et al.,
 1988; Costa-Pierce, Bimbao, et al., 1989).

 This transfer of technology by sponsoring overseas study tours was
 very successful. By the end of 1989, 26 small-scale cage hatcheries for an
 Indonesian variety of red tilapia (hybrids of Oreochromis spp.) were be-
 ing operated by resource-poor farmers in Saguling. Two tilapia growout
 operations started in 1989 to 1990. In addition, in 1990 a number of cage
 operators started doing polycultures of common carp and red tilapia in
 cages. Active research in tilapia aquaculture was started by the Provin-
 cial Fisheries Agency at the local university (Department of Fisheries,
 Padjadjaran University) and at IOE.

 Short-Term Analysis of
 Successes and Failures (1986-1993)

 Aquaculture as a means of sustainable rural development in develop-
 ing nations has been sharply criticized by a number of authors (Costa-
 Pierce, 1996; Folke, Kautsky, & Troell, 1994; Kautsky, Berg, Folke, Lars-
 son, & Troell, 1997; Zerner, 1992) and, in general, remains an elusive
 goal. The main problems have been insufficient attention to realistic eco-
 nomic appraisals; a lack of social concerns, especially social impacts on
 equity; a lack of expertise; and a lack appropriate technologies incorpo-
 rating traditional knowledge (Pollnac & Sihombig, 1996).

 The reservoir aquaculture resettlement project was successful in a
 technical sense in developing numerous new land and water-based
 aquaculture systems and associated aquaculture support industries in
 villages surrounding the two new hydropower reservoirs (Costa-Pierce,
 1997; Costa-Pierce & Soemarwoto, 1990; IOE & ICLARM, 1989; Sutandar
 et al., 1990). The project trained a documented 2,081 persons and re-
 corded more than 4,000 visits to village schools; by 1992, an estimated
 7,527 persons were directly or indirectly involved in fish production;
 and at the end of 1996, total annual fish production from cages from the
 two reservoirs was an amazing 24,496 tons.

 It is important to reflect a little on the magnitude of this produc-
 tion. The reported range of capture fisheries production in southeast
 Asian reservoirs is just 5 to 675 kg/ha/year (De Silva, 1988). In 1996,
 cage aquaculture in the Saguling and Cirata reservoirs produced 2,130
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 kg/ha/year (24,496/11,500 ha), and expansion of production is possible
 with existing technology and better siting. Costa-Pierce and Hadikusu-
 mah (1990) demonstrated that each cage could produce fish at 3 tons/
 year if adequate supplies of fingerlings were available. Applied across
 the 16,400 cages (at carrying capacity), this would yield 49,200 tons of
 fish and generate an estimated U.S. $49.2 million per year ($1 per kg) at
 capacity. The production potential of simple cage systems does not stop
 there. Costa-Pierce (1997) noted the proliferation of a new type of "con-
 dominium" cage aquaculture system in the Bongas area of the Saguling
 reservoir that had a production potential of 10 tons per cage per year.
 Clearly, the cage aquaculture systems in the Saguling and Cirata reser-
 voirs present an exciting new model of large-scale protein food produc-
 tion for a protein-hungry Asia that, if sustainable, could represent a new
 globally important food resource ecosystem.

 The most important factors contributing to the initial technical suc-
 cess of the development efforts in the first 7 years were the following:

 1. Presence of a defined, educated target group. Lists of names with ad-
 dresses of displaced persons from reservoir inundation were obtained
 from the electric company along with how much compensation these
 people obtained. Whereas in many cases the electric company lists were
 found to be outdated or wrong, the fact that some information did exist
 helped to identify (a) the exact geographic scope of the project (new and
 old villages with largest numbers of displaced families) and (b) families
 who had backyard fish ponds before the reservoir and therefore had a
 traditional knowledge of aquaculture ecosystems.

 2. Ready availability of investment capital. Lack of the ready availability
 of start-up capital often constrains aquaculture development among the
 rural poor (the target group of many development assistance projects).
 All villagers in Saguling obtained compensation money from the electric
 company; 92% received less than Rp 6 million and 8% received more
 than Rp 6 million (Suwartapradja & Achmad, 1990). Having a large
 amount of cash available allowed immediate investment in new aqua-
 culture businesses. However, for the poorest residents, compensation
 was not enough to replace homes and lands lost due to increased land
 prices, speculation, and inflation (Cernea, 1997).

 3. Lack of alternative employment opportunities in both rural agricultural
 and human ecosystems. Rural population densities increased 2 to 3 times
 due to the reservoirs from a range of 237 to 1,691 persons/km2 before the
 reservoir to 476 to 4,292 persons/km2 after (Suwartapradja & Achmad,
 1990). These are among the highest rural population densities anywhere
 in the world. According to Collier, Hadikoesworo, and Saropie (1977),
 by the late 1970s the rice agroecosystem in Java could not absorb more
 rural labor. They predicted massive migration to coastal Javanese cities
 if a solution was not found (and one was not; Jakarta boomed from 11.9
 to 17.1 million in the 1980s).
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 4. Local traditional knowledge of aquaculture and cage culture . Dahlman
 and Westphal (1981) describe the success of development assistance in
 terms of the "technological mastery" of a system, which they define as
 "the autonomous ability to identify, select, and generate technological
 improvements and changes" (p. 22). Rapid adoption of the fish cage sys-
 tems in the reservoirs was influenced by the inherent innovativeness of
 farmers in West Java. Farmers operating existing agro- and aquaecosys-
 tems in the province had an impressive amount of indigenous knowl-
 edge and vibrant on-farm "trial and error research" systems that were
 characterized by a great deal of individual innovation. Fliegel (1984) also
 viewed the adoption of change as being directly influenced by the basal
 level of innovativeness present in a society.

 5. Large market demands and relatively high prices for freshwater fish. Ikan
 mas (common carp) are the most preferred fish in West Java. Common
 carp play a unique cultural role as food eaten at important celebrations
 (weddings, graduations, family reunions, etc.) among the dominant
 Sundanese culture in the province. The price for the fish is therefore
 higher than other fish such as tilapia. Kusnadi and Lampe (1990) ob-
 served that price fluctuations for common carp in Jakarta were small
 even though strong seasonal fluctuations in fish supplies occurred, indi-
 cating a large demand exists for the fish. Given the increasing popula-
 tion density and increasing incomes of Jakarta residents (who eat about
 14 kg of fish per capita per year), market demands for freshwater fish
 were large and unsaturated.

 6. Ready access to large urban markets on paved roads.
 7. Suitable environment. Saguling had many deep, sheltered bays very

 suitable for cage aquaculture (Costa-Pierce, 1997; IOE & ICLARM, 1989;
 Soemarwoto, Roem, Herawti, & Costa-Pierce, 1990).

 8. Institutional and international cooperation. Although difficult to coor-
 dinate and necessitating a larger than anticipated administrative load,
 the cooperation and technical assistance of international (ICLARM),
 government, electric company, university ecology, and local fisheries
 organizations was critical. Having an international reservoir fisheries
 expert on site for 3 years was also beneficial.

 9. Accessibility of rural extension services. Rusydi and Lampe (1990) re-
 port that 90% of Saguling's cage culturists with a single fish cage partici-
 pated in extension and training programs and that 44% of all cage farm-
 ers got information from training or extension programs.

 Problems and Lack of Sustainability of the
 Aquaculture Resettlement Option (1994-present)

 The main problems experienced in the course of this project were as
 follows:

This content downloaded from 132.174.255.223 on Thu, 01 Apr 2021 16:41:06 UTC
All use subject to https://about.jstor.org/terms



 VD
 OS
 Os
 rH
 mh
 O

 73
 G

 W
 v

 fi
 IS
 Ih

 O

 è:
 O)
 ÍA
 0>

 tí
 ««

 4-»

 í«
 »H

 • N

 U
 »

 5
 pg

 CA
 V
 te
 *

 U

 ^ .2
 *> fe

 S W3
 l5 ^ -S ^ 'S

 S
 a
 0
 ÎA

 .2¿

 1
 «3

 fe
 M
 V

 73

 3
 o
 M
 O

 73
 Jh

 a>
 (A
 V

 tó
 VM
 O

 E
 a>

 ,o

 S

 z

 C/3

 8 « 8 & 'S
 ïs I^ONCO^'£)(MvûNrOOO g
 U oo'ooinin^N^Nooifi c
 ^ h h vo o o' (S in N oo w •£
 Q CD LO rH rH rH LO rH rH rH fN| LH W
 0 ^ Ē
 ^ 8

 £
 c
 II

 2
 v> i?

 c
 r^S ^ OONHNONMHN^^ rH a¿ g» ^ rHT^OOlDrHrHQsCs,^ On fi
 5 rHr-Hr-HrH fO H rH f'| - U * O v U

 fr ~ §
 cL

 "S^v NoovoN^inooocooo rH ^ -2 d< vo^^voNo'Tj<inNco o ^ S
 jP ł-H CD r-H rH (N £
 H H 'S

 t
 <V
 C/5

 0»
 ņ ł-<
 6 >>

 u ļg
 > ^N^HHHNfON^ as 'S

 s ^ « £
 *§ 73

 iE-h|v 1 S oncsIo^onvooscmonoo oo £ 1 ^ S M 00 H H LO rH (N LO S
 o W

 5 5
 I

 I CA
 .2*

 <fí ř3
 gp S s ¡
 u M £
 CN ^ a»
 ^ rs mNOOOOO'D^ON t>s £ "5
 "*"* O 00 r- ł ł-H rH Tt< rHfNlCO 00 2^ QJ "*"* CM c/5
 Ch Ü 2

 8 11

 •g * w flî w 8 ¿i flî g¡>
 Ó**) > < OHO'NMfOvû(SNfO co^rjfOMoo^nNTř '£> oo m -e SS fe •-> <3

 > < co^rjfOMoo^nNTř oo -e •->
 m -e fe •-> <3

 OO X o
 o .2 £
 ■*-* ocNin^c^HN^rooo feo
 LO lT)HHCMCn'OHNN^ O ^ g

 "li g
 '> Jļ

 8 2 „

 § Z Sa^S^ñ&SSa S H 35 i w. H 3
 w. ^ t?c 2
 •2 ry- ^ OONhOnNOOOOOhLD CTN S 'n, 2 cv) ^ w vo H H M m (Mes Tf >ö-5

 ^ m ^ «H
 & ^ m 2 O -£ ^ o >

 V-i *Ä 4-* <- 2 j Ē Qí ^ 4-* a> 2 <- j K#s Ē § S c Qí ^ tun -ti ?. rv ^ o &0 K#s ca S p <u tun c J2 -ti & r F 5l ^ o u c v ve w. w-. c g^^'C J2 (Ö ÖT3 u r- 2'n c v "*_S_2¿

 laj i Si (Ö ÖT3 § I r- 2'n II i ali "*_S_2¿
 ä 1 ö«ü «zž&£0 I S 8? s s ä S 3 s g
 2 HNCO^LfìvONOOONO o $ £

 351

This content downloaded from 132.174.255.223 on Thu, 01 Apr 2021 16:41:06 UTC
All use subject to https://about.jstor.org/terms



 352 JOURNAL OF ENVIRONMENT & DEVELOPMENT

 1. Resources for whom? The problem of equity. When the cage aquacul-
 ture industry began to take off, rich people from the urban centers of
 Bandung/Jakarta began to enter the industry. By the end of 1996, these
 "outsiders" owned 52% of the cages in Cirata (see Table 4) and had ac-
 quired nearly complete control over the marketing sectors. The West
 Java Provincial Fisheries Agency made government regulations on the
 cage industry specifying that only displaced persons could get permits
 to use the reservoir waters for aquaculture and fisheries. These regula-
 tions were later codified into provincial laws, stipulating that only the
 displaced people were allowed to operate cages and that the number of
 cages could not exceed four cages per family. The permitting process
 was to be controlled by the Fisheries Department.

 However, by 1994 outsiders had found that the back door route was
 an easy way to obtain access, and they paid off government agents, vil-
 lage leaders, and other local people to get permits. Outsiders under-
 mined the ownership of the new aquatic resources with their financial
 abilities to employ the displaced persons as managers or laborers in the
 cage industry in return for shadow ownership. The aquaculture permit
 was in the name of a displaced person, but the owner was an absentee
 waterlord in the city. Consolidation of the aquaculture industry into the
 hands of the rich puts into question any long-term social benefits of the
 project (Zerner, 1992).

 2. Multidisciplinar y nature of the efforts . Although commendable, such
 multidisciplinary environmental efforts require more administration
 than traditional, disciplinary ones. Such extra administrative efforts
 must be funded. In this case, they were not. It was difficult to coordinate
 all of the professionals needed for project implementation. Many per-
 sons had difficulty seeing beyond the narrow bounds of their profes-
 sional training. It was felt, however, that a developmental situation
 would have been even worse if the project had been led by a conven-
 tional fisheries or aquaculture research organization rather than by an
 ecology institution. Ecologists, in general, have a more generalist train-
 ing and overall were more sensitive to interactions and interfaces.

 3. Vague nature of institutional agreements and responsibilities. The insti-
 tutional framework for project implementation between electric com-
 pany, university, fisheries, and regional and village political institutions
 had to be created by the project, necessitating the previously mentioned
 larger than anticipated administrative load. In addition, each institutior
 occasionally (and repeatedly) had its own interpretation of what the
 project agreement actually said. And in some cases, these separate institu-
 tions actually carried out their interpretations of the agreements withoul
 communicating with others, causing duplication and disagreements.
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 4. Self-pollution . IOE and ICLARM (1989) calculated the aquaculture
 carrying capacity of the two reservoirs as 16,400 cages (5,800 in Saguling
 and 10,600 in Cirata). Depending on the availability of adequate num-
 bers of fingerlings, each cage could produce, conservatively, 1 to 3 tons
 fish/year or a final carrying capacity of 16,400 to 49,200 tons of fish per
 year (Costa-Pierce & Hadikusumah, 1990). IOE and ICLARM (1989) also
 included a dispersal of cages throughout most of the suitable sites for
 cages (deep, sheltered, and well-flushed bays) (see Figure 2). This areal
 distribution of cages did not occur. Farmers crowded into a very few se-
 lect bays of the Saguling reservoir (southern Bongas region) and Cirata
 reservoir (Janggari region) due to better availability of the village and
 economic infrastructures and better access to large fish markets in Suka-
 bumi, Bandung, and Jakarta. This crowding led to self-pollution by the
 cages due to waste feed and nitrogen discharges from the cages (and the
 wastes of an increasing number of residents on the surface of the water)
 (Soemarwoto et al., 1990). The result has been development of nuisance
 algal blooms and more frequent oxygen depletions, leading to large fish
 kills.

 5. Industrial pollution . In the 1990s, Indonesia experienced high rates of
 industrial growth, especially in the manufacturing sector. In the
 Saguling-Cirata reservoir region, there has been especially rapid growth
 in the textile industry. Some of these textile mills discharged untreated
 wastes into the Saguling reservoir and were cited by residents as causing
 fish kills. Industrial wastes discharged to the reservoirs threaten the
 very basis of the entire cage aquaculture developments and are a princi-
 pal concern to the public and product safety now and into the future.

 The Lack of Social Sustainabilityê.
 Aquaculture' s Role in Equity and the Rural Poor

 Aquaculture development has often promised the rural poor in de-
 veloping countries increased access to rural jobs and better incomes in
 an environmentally sensitive, nonpolluting business. In this case study,
 however, even strong government laws and other regulations control-
 ling access, the number of cages (four per family), and a permitting sys-
 tem reserved only for displaced persons could not stop the new aquacul-
 ture industry from being usurped and consolidated into the hands of the
 urban rich. In addition, planning could not stop the haphazard crowd-
 ing of cages into a very few areas of the reservoirs where the wastes
 caused self-pollution and economic losses. Benefits of the new reservoir
 aquaculture enterprises in Indonesian reservoirs have accrued increas-
 ingly to those with adequate capital and power who are not displaced
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 Figure 2: Aquaculture Development Plan for the Cirata Reservoir
 Source: Effendi (1988).
 Note: The plan portions water-based aquaculture systems (floating cages, net pens) and
 land-based aquaculture systems (hatcheries, rice field fish nurseries, and intensive run-
 ning water systems) in and around the 6,200 ha reservoir. Effendi (1988) forecast aquacul-
 ture production from floating cages in Cirata to be 1,567 tons by 1992. Fish aquaculture
 production in Cirata actually grew much more rapidly; annual fish production reached
 3,880 tons by 1992 (see Table 3). Administratively, the reservoir was located in two regions
 (Bandung and Cianjur; kabupaten = kab.) and four districts (kecamatan = kec.) of kabu-
 paten Cianjur.

 persons (see Table 4). The poorest of the displaced residents have been
 largely resigned to laboring in the industry rather than controlling it.

 KEC. MANDE - V '7 ' " ?§B10 "

 ^ KAB. BANDUNG
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 The institutional will to enforce control over access has evaporated
 when cage numbers exceeded the guidelines and problems appeared.
 Although the fisheries department is the responsible authority for the
 cages, the water resources directorate owns the water, and the State Elec-
 tric Company owns the dam and the reservoir bottom. Yet, none of these
 agencies is willing to restrict new cage development or enforce its own
 laws (T. Walton, personal communication, 1997). In addition, there is a
 new problem, because in the drive for privatization, the reservoirs are
 now operated not by the PLN but by wholly owned subsidiary compa-
 nies of the PLN.

 However, there have been a number of positive, trickle-down type of
 benefits for the rural poor. It has been estimated that the new aquacul-
 ture industry created many new jobs in a rural area of severe underem-
 ployment (22 new types of rural jobs have been documented) (Costa-
 Pierce, 1997). These new jobs were higher paying (it has been estimated
 that cage aquaculture workers earned about Rp 56,000 per month more
 than rice field workers in the same area), and the new work was less rig-
 orous than hard labor in rice paddies (Costa-Pierce, 1997). In 1992, it was
 estimated that 7,527 persons were employed either full- or part-time in
 the reservoir aquaculture industry in the two reservoirs: 1,162 directly
 and 6,365 indirectly (Costa-Pierce, 1997). More difficult to discern is
 whether the trickle-down benefits are due to these new and high-paying
 aquaculture jobs or are simply due to the increased economic opportuni-
 ties that have been available to most of Java in the 1990s.

 The Lack of Environmental Sustainability:
 How to Ensure Sustainability of Cage Aquaculture

 Production in Tropical Reservoirs

 The West Java Provincial Fisheries Agency led the drafting of two 5-
 year plans for reservoir aquaculture development in Saguling (1985-1989)
 and Cirata (1988-1992) (Effendi, 1985, 1988). Plans called for a stepwise
 development of cage aquaculture with 3,195 tons of fish to be produced
 from cages in Saguling and Cirata in equal amounts by 1992 (6,390 tons
 total) along with development of other land and water-based aquacul-
 ture support systems (see Tables 5 and 6). Cage aquaculture developed
 much more rapidly and in a much more haphazard fashion. Instead of
 6,390 tons by the end of 1992, fish production was estimated at 7,933 tons
 (see Table 3). The IOE and ICLARM (1989) reservoir fisheries and aqua-
 culture development plan estimated a carrying capacity of 5,800 cages
 for Saguling and 10,600 for Cirata, or 16,400 total fish cages distributed
 throughout the reservoirs (see Figure 2). There were an estimated 25,558
 cages in Cirata in 1996 (see Table 4), and these were crowded into very
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 few areas. As a result, more frequent oxygen depletions have occurred
 since 1993, leading to large fish kills in Saguling (more than 500 tons in
 1994-1995).

 There is a significant role for an ecosystems approach to developing
 aquaculture by designing nonpolluting aquaculture ecosystems and
 closing biogeochemical nutrient cycles as an alternative approach to the
 "feedlot" aquaculture scenarios (Costa-Pierce, 1996; Folke & Kautsky,
 1992). High-nutrient inputs enter the reservoirs from surrounding ur-
 ban areas, making a high biomass of plankton available year-round.
 Plankton could be cropped by fish in cages in extensive or no-feed cage
 culture of the tilapias and Chinese carps (Costa-Pierce, 1997; Hai &
 Zweig, 1987). In addition, condominium cages having one insert cage
 suspended above another with fish that are fed and an outer cage having
 a crop of fish that is unfed could increase fish production from the same
 area of water surface, increase feed efficiency, and decrease self- and ex-
 ternal environmental pollution (Costa-Pierce, 1997). It is recommended
 that an expansion of no-feed cage aquaculture systems for Chinese carps
 and tilapias be developed and that more emphasis on development of
 land-based hatcheries and rice-fish nursery systems be given. Empha-
 sizing an ecosystems approach and developing ecosystems technologies
 would also better concentrate aquaculture's local economic develop-
 ment and multiplier effects.

 Conclusion

 Due to uncontrolled population growth and increased demands for
 water and power, there has been a boom in hydropower construction
 since the 1950s, especially in Asia. New methods are needed to manage
 reservoirs for sustainable food production and restore the livelihoods of
 displaced peoples. In these studies, an interdisciplinary, social-
 ecological approach was used to develop aquaculture as a means of local
 population resettlement and income restoration. Village participatory
 research methods were used to develop a basket of low-cost aquaculture
 systems and encourage development of intimate societal interactions
 with the new land-water aquatic ecosystems in villages most impacted
 from hydropower reservoirs, as opposed to moving people far away
 from these new environments. There are numerous situations in the de-

 veloping countries of Asia where this paradigm may be of interest.
 Aquaculture's role in sustainable rural development must be deter-

 mined by the agenda of the intended beneficiaries. Sophisticated tradi-
 tional methods of aquatic ecosystems management exist in numerous
 developing nations, especially in Asia. By involving the target group
 from the outset to develop a step-by-step technology and social adapta-
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 tion program, we have evolved a set of appropriate technologies based
 on traditional aquaculture ecosystems in the Saguling-Cirata reservoir
 region that presents an exciting new model of large-scale protein food
 production for protein-hungry Asia. It is argued that social and environ-
 mental restoration of damaged watersheds from dam construction can
 only be accomplished through such active involvement of displaced
 people who have an investment in rehabilitation. In this case, an inte-
 grated program using the principles of farming systems research and ex-
 tension methods allowed the necessary flexibility of choices to be made
 by the people themselves on the best component technologies they
 could capitalize on and manage. Reservoirs offer unique opportunities
 to educate people about their new environments and for formulating in-
 novative, flexible, and evolutionary ownership patterns and agreements
 between electric companies, research institutions, nongovernmental or-
 ganizations, and communities to meet a common set of restoration
 goals.

 Few reported aquaculture development experiences in any country
 have met with such remarkable success in as short a period of time as the
 reservoir cage aquaculture developments in Saguling and Cirata in In-
 donesia. But success of the fish cage aquaculture industry can not only
 be measured by tons of fish. These aquaculture systems are fragile and
 presently are unsustainable both environmentally and socially. This
 study shows clearly that sustainability of aquaculture requires govern-
 ment support in the form of technical extension inputs, strict enforce-
 ment of its own regulations on access permits, systems numbers and
 pollutant discharges, and clear institutional commitments to equity. If a
 means could be found to ensure the more equitable distribution of long-
 term benefits to the target group, this notion of developing floating cage
 aquaculture in artificial reservoirs as a new source of aquatic protein
 could, in the future, represent a new, globally important food resource.

 The development scenario reviewed here is characterized by rapid,
 dynamic, and constant change. For this reason, it is recommended that
 comprehensive, long-term studies of the fish cages and the people be
 done. These people have made a huge social leap from being principally
 highland rice farmers to fish farmers, transiting in a few short years from
 being land farmers to water farmers. They are a remarkable group of
 people and a unique living laboratory of new indigenous knowledge.
 These people could teach us a great deal about the global and localized
 factors contributing to success and provide more accurate forecasts
 for scientists and policy makers to better judge the applicability of the
 aquaculture resettlement option to other developing countries.

 Manuscript submitted January 6, 1998; revised manuscript accepted for publication
 April 7, 1998.
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