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Today, shrimp ranks second in value terms for the most-traded product and sixth in quantity (live weight) terms. FAO (2014) reported that total global production of farmed shrimp reached more than 4.3 million tons with a value of US$ 22.4 billion. Shrimp is mainly produced in developing countries, where almost 80% of farmed shrimp is produced in Asia, particularly China Thailand, Indonesia, and Vietnam. The other 20% is produced mainly in Middle East/Northern Africa and Latin America, where Ecuador, Brazil, and Mexico are the largest producers. Nowadays, domestic demand grows in these countries, as economic conditions improve, which lead to lower exports (FAO, 2016).

The advancement of technology generates the development of culture systems, from extensive into super-intensive with much higher densities (Figure 1-1). The traditional (extensive) shrimp farming is a low-yield and low-intensity system that takes place in estuaries, where water management and for bringing in shrimp larvae and nutrients. Modern methods of shrimp farming include the semi-intensive and the intensive systems, which are characterized by higher yields, more involvement, and greater technology. They depend on hatchery for breeding and developing larvae. From there, the nauplii, or post-larval shrimp, are transferred to grow-out ponds (which are equipped with filtration systems and water pumps) and being given supplementary feeding, where the shrimp grow until they are harvested [START_REF] Fao | Manual on pond culture of penaeid shrimp[END_REF].

[21] The shrimp broodstocks have been transported worldwide. In Figure 1-2, the Penaeidae family, mainly included two species Litopenaeus vannamei (Pacific white shrimp) and

Penaeus monodon (giant tiger prawn), accounted about 94% of global shrimp production (FAO, 2014). The world per capita apparent fish consumption increased from an average of 9.9 kg in the 1960s to 14.4 kg in the 1990s and 19.7 kg in 2013, with preliminary estimates for 2014 and 2015 pointing towards further growth beyond 20 kg (FAO, 2016). It leads to growing demand for shrimp linked to population growth, rising incomes, and urbanization.

[22] 

The Importance of Shrimp Farming as production system

Shrimp aquaculture, as a part of Blue Revolution, is an effort to integrate aquatic species and coastal ecosystems into global food production system [START_REF] Boyd | Shrimp aquaculture and the environment[END_REF]. Blue

Revolution engages national and multinational corporations, national governments, and international development and donor agencies to expand shrimp farms and increase shrimp production. Aquaculture contributes to the world food supply by compensating for the decline of capture fisheries, also ensures food security and nutrition. It generates significant foreign currency earnings for developing countries also enhance employment opportunities and incomes in poor coastal communities [START_REF] Stonich | Farming shrimp, harvesting hunger: The costs and benefits of the blue revolution[END_REF]. Expansion of shrimp farming plays a significant role to develop roads and communication, marketing system, social and economic institutions (Islam and Wahab 2000). Aquaculture has a potential to compensate the low growth rate of capture fisheries [START_REF] Larkin | Mariculture and fisheries: future prospects and partnerships[END_REF]. Stocking and release of hatchery-reared organisms into inland and coastal waters can support culture-based fisheries. Sustainable development of aquaculture contributes to the prevention and control of water pollution since it relies primarily on good-quality water resources. Aquaculture can help rehabilitation of rural areas through reuse of degraded land [START_REF] Barg | Guidelines for the promotion of environmental management of coastal aquaculture development[END_REF].

A large number of industries supports shrimp farming. For example, input suppliers e.g.

Nauplii production, hatchery operators, manufacturers and vendors of feeds, equipment, chemicals, pond construction, and sediment removal. Other businesses associated with shrimp farming are postharvest handling and processing, distribution, marketing, and trade [START_REF] Fegan | Sustainable shrimp farming in Asia: vision or pipedream?[END_REF]. E, B6, B12 and even vitamin C. It also contains iodine, thiamine, riboflavin, and niacin.

Shrimp is a unique source of the antioxidant and anti-inflammatory carotenoid nutrient astaxanthin, also an excellent source of the antioxidant mineral selenium. Even small quantities of shrimp can have a positive nutritional impact on plant-based diets, and this is the case in many LIFDCs and least-developed countries [START_REF] Dayal | Shrimpsa nutritional perspective[END_REF][START_REF] Gebhardt | The contributions of science to coastal zone management[END_REF]. Besides a source of essential nutrients, shrimp processing generates chitin, chitosan and pigments (carotenoids and astaxanthin) from the shell as a by-product.

Chitosan showed a broad range of applications such as in water treatments, cosmetics and toiletries, food and beverages, agrochemicals and pharmaceuticals, while pigments for use in the pharmaceutical industry [START_REF] Rinaudo | Chitin and chitosan: Properties and applications[END_REF][START_REF] Ambati | Astaxanthin: sources, extraction, stability, biological activities and its commercial applicationsa review[END_REF] Production of shrimps is projected to continue to grow in the next decade. The share of aquaculture in total fishery production will rise from 44 percent on average in 2013-2015 to exceed capture fisheries in 2021. In 2025, this proportion will reach 52 percent (FAO, 2016).

However, the vast growth of aquaculture industry generated criticism over its social, economic, and environmental consequences. The enormous socio-environment costs of this industry, which are called "market externalities," did not take into account in the cost of shrimp production. The questions rise not only on the sustainability aquaculture but also whether profits of this industry are even worth the socio-environment costs.

Potential Adverse Effects of Shrimp Farming

Shrimp farming can generate ecological, social and economic impacts as a function of (1) the site selection and shrimp pond construction;

(2) the applied management and technology during the operation of shrimp ponds; (3) the size or scale of the production and the surface dedicated to it, and; (4) the capacity of the receiving waters. The adverse effects of shrimp farming have been well documented and have also raised the awareness of shrimp farming development in environmental and social economic aspects [START_REF] Bailey | The social consequences of tropical shrimp mariculture development[END_REF][START_REF] Chua | The environmental impact of aquaculture and the effects of pollution on coastal aquaculture development in Asia[END_REF][START_REF] Primavera | Intensive prawn farming in the Philippines: ecological, social, and economic implications[END_REF][START_REF] Hopkins | Environmental impacts of shrimp farming with special reference to the situation in the continental United States[END_REF][START_REF] Flaherty | Marine shrimp aquaculture and natural resource degradation in Thailand[END_REF][START_REF] Stonich | The environmental quality and social justice implications of shrimp mariculture development in Honduras[END_REF][START_REF] Dewalt | Shrimp aquaculture development and the environment: people, mangroves and fisheries on the Gulf of Fonseca, Honduras[END_REF][START_REF] Dierberg | Issues, impacts, and implications of shrimp aquaculture in Thailand[END_REF][START_REF] Beveridge | Aquaculture and the environment: the supply of and demand for environmental goods and services by Asian aquaculture and the implications for sustainability[END_REF][START_REF] Primavera | Socio-economic impacts of shrimp culture[END_REF][START_REF] Stonich | Globalization of shrimp mariculture: the impact on social justice and environmental quality in Central America[END_REF][START_REF] Boyd | Shrimp aquaculture and the environment[END_REF][START_REF] Deb | Fake blue revolution: environmental and socio-economic impacts of shrimp culture in the coastal areas of Bangladesh[END_REF][START_REF] Naylor | Nature's subsidies to shrimp and salmon farming[END_REF][START_REF] Páez-Osuna | The environmental impact of shrimp aquaculture and the coastal pollution in Mexico[END_REF][START_REF] Phillips | Tropical mariculture and coastal environmental integrity[END_REF][START_REF] Tobey | The economic, environmental and social impacts of shrimp farming in Latin America[END_REF][START_REF] Naylor | Nature's subsidies to shrimp and salmon farming[END_REF][START_REF] Jenkins | An assessment of the status of shrimp farming in Thailand. In Coastal shrimp aquaculture III Thailand: key issues for research[END_REF][START_REF] Páez-Osuna | Discharge of nutrients from shrimp farming to coastal waters of the Gulf of California[END_REF][START_REF] Naylor | Effect of aquaculture on world fish supplies[END_REF][START_REF] Neiland | Shrimp aquaculture: economic perspectives for policy development[END_REF][START_REF] Páez-Osuna | The environmental impact of shrimp aquaculture: causes, effects, and mitigating alternatives[END_REF][START_REF] Hein | Toward improved environmental and social management of Indian Shrimp Farming[END_REF][START_REF] Islam | Socioeconomic and environmental impacts of alternate shrimp-crop farming in Bangladesh[END_REF]EJF, 2003a,b;[START_REF] Ejf | Farming the sea, costing the earth: why we must green the Blue Revolution[END_REF][START_REF] Primavera | Overcoming the impacts of aquaculture on the coastal zone[END_REF][START_REF] Biao | Shrimp farming in China: operating characteristics, environmental impact and perspectives[END_REF][START_REF] Thomas | Spatial and temporal extension of eutrophication associated with shrimp farm wastewater discharges in the New Caledonia lagoon[END_REF][START_REF] Paul | Impacts of shrimp farming in Bangladesh: challenges and alternatives[END_REF][START_REF] Martinez-Porchas | World aquaculture: environmental impacts and troubleshooting alternatives[END_REF][START_REF] Afroz | Sustainable shrimp farming in Bangladesh: a quest for an integrated coastal zone management[END_REF][START_REF] Hossain | Impacts of shrimp farming on the coastal environment of Bangladesh and approach for management[END_REF][START_REF] Lan | Social and ecological challenges of market-oriented shrimp farming in Vietnam[END_REF][START_REF] Mitro | Socio-economic and environmental impacts of shrimp culture in some selected areas of Bagerhat District[END_REF][START_REF] Troell | Does aquaculture add resilience to the global food system[END_REF] (Table 1-1). 

Anthropogenic and Climate Change Effects on Aquaculture Industry

Coastal aquaculture suffers from polluted fresh and brackish waters, agricultural run-off, industrial wastes, untreated sewage, siltation, oil spills, loss of mangroves and other coastal habitats. However, these adverse effects on aquaculture are not well quantified. In shrimp farms located in semi-enclosed areas (for example, the inner part of Gulf of Thailand and Bohai Bay in China), the effects of poor water quality (usually disease outbreaks) can be extremely damaging. However, it is hard to determine the relative contribution of selfpollution to such losses. It is tough for shrimp farmers to obtain redress from a large number of other farmers, urban dwellers, or hotel owners, for polluted water [START_REF] Fao-Naca | Regional study and workshop on the environmental assessment and management of aquaculture development. Food and Agriculture Organization[END_REF]. The farmers' only choice seems to be to improve farm management to reduce the incidence of diseases or to abandon or relocate the farms.

Changes in rainfall will cause a spectrum of changes in water availability ranging from droughts and shortages to floods and will reduce water quality. The sea level rise may cause movement of saline water further upstream in rivers and salinization of groundwater stocks which could threaten the inland aquaculture, including shrimp farm [START_REF] Ipcc | Climate change 2007: synthesis reportcontribution of working groups I, II, and III to the fourth intergovernmental panel on climate change[END_REF]. Increased run-off bringing in nutrients from sewage or agricultural fertilizers may generate algal blooms which further produce to reduced levels of dissolved oxygen and kills aquatic biota [START_REF] Diersing | Florida Keys National Marine Sanctuary[END_REF].

The rise of temperatures similarly reduce levels of dissolved oxygen leading to increases in fish deaths and declining in production. It also accelerates metabolic rates of fish, increases in feed requirements while also increases the risk and spread of disease (FAO, 2008).

According to [START_REF] Roessig | Effects of global climate change on marine and estuarine fishes and fisheries[END_REF], the frequency and severity of extreme weather and climate events (e.g. flooding, tornado, hurricane, and tsunami) are likely to increase. It may cause major economic losses to coastal aquaculture.

However, not all of the changes will be negative. As sea levels rise, flooding of low-lying areas and salinization of groundwater and soil will create ideal conditions for aquaculture in many areas (MAB, 2009), while simultaneously rendering them unsuitable for conventional agriculture. There has been a suggestion that Bangladesh could turn from a "rice-bowl into a fish-pond" due to this and increases in another flooding (WorldFish Center, 2007a).

Rising of water temperatures and sea levels bring benefits in reducing cold water mortality of valuable fish. It enables the expansion of suitable areas for brackishwater or saltwater aquaculture, such as shrimp and mud crab (WorldFish Center, 2007b). Further, the investment in water storage infrastructure (e.g. dams, on-farm ponds, and irrigation systems)

to retain reduced levels of precipitation and buffer variability in supply will create many potential sites for aquaculture production (MAB, 2009).

[27]

In currently cooler areas, such as those at higher altitudes or in more northerly latitudes, rising temperatures may result in increased growth rates and food conversion efficiencies, longer growing seasons, reduced cold water mortality and expansion of areas suitable for aquaculture [START_REF] Brander | Global fish production and climate change[END_REF][START_REF] Ipcc | Climate change 2007: synthesis reportcontribution of working groups I, II, and III to the fourth intergovernmental panel on climate change[END_REF].

Sustainable Shrimp Farming?

The shrimp production collapses related to environmental impacts was experienced by communities in many countries. It led to expanding issues of sustainability shrimp farming worldwide and became a major concern of the industry [START_REF] Shang | Comparative economics of shrimp farming in Asia[END_REF][START_REF] Srinath | Group farming for sustainable aquaculture[END_REF].

Definitions

There are some definitions of sustainability in many points of view. Hence, FAO quoted [START_REF] Barg | Guidelines for the promotion of environmental management of coastal aquaculture development[END_REF] in explaining sustainability development. It is the management and conservation of the natural resource base (land, water, plant, and animal resources) and the orientation of technological and institutional change in such a manner as to ensure the attainment and continued satisfaction of human needs for present and future generations. For sustainability, the environment should be protected in such a condition and to such a degree that environmental capacities (the ability of environment to perform its various functions) are maintained over time, at least at levels sufficient to avoid future catastrophe, and at most at levels which give future generations the opportunity to enjoy an equal measure of environmental consumption (Jacobs, 1991[START_REF] Therivel | New Disease Detected in vannamei Shrimps. The Fish Site 10[END_REF].

In practices, sustainable development involves a consideration of technical, social, inter-and intra-generational equity, environmental, economic and institutional issues [START_REF] Muir | A systems approach to aquaculture and environmental management[END_REF]. With reference to shrimp farming, management of sustainable development requires attention to farming system and technology; economic/financial sustainability; social sustainability -social benefits, equity and interactions; environmental sustainability -mainly interactions and use of major resources such as land, water, seed and feed; and institutional and legal context [START_REF] Kongkeo | Developments in sustainable shrimp farming in Southeast Asia[END_REF]. Therefore, sustainable shrimp farming should be environmentally non-degrading, technically appropriate, economically viable, and socially acceptable.

Management strategies for supporting the sustainable shrimp farming

Sustainable shrimp farming development requires some strategies at different levels: (a)

farming activity (i.e. in term of suitable location, farm design, farming system, and operation management; (b) the integration of farming activity with the environment in the coastal area.

[28]

The different level of strategies for supporting the sustainable shrimp farming are described below.

At the ecosystem scale

ICZM

A holistic approach to implementing sustainable shrimp farming without causing negative environmental and socio-economic impacts can be generated in Integrated Coastal Zone Management (ICZM). It is a balance between protection of valuable ecosystems and the development of coast-dependent economies (agriculture, industry, shrimp aquaculture, tourism) [START_REF] Páez-Osuna | The environmental impact of shrimp aquaculture: causes, effects, and mitigating alternatives[END_REF]. It is also based on the ecological footprint which incorporates not only inputs as seed and feed, but also outputs, e.g. effluent treatment [START_REF] Kautsky | Ecological footprint for assessment of resource use and development limitations in shrimp and tilapia aquaculture[END_REF]. In ICZM, coastal zones should be delineated, and their allocations should be based on carrying or assimilative capacity of the environment for given use of coast-dependent economies [START_REF] Primavera | Overcoming the impacts of aquaculture on the coastal zone[END_REF]. It should deal with some constraints, such as lack of issues recognition, poor coordination among sectors, administrative discontinuity and inefficiency, diversion of resources, and inadequate information.

Role of government, market mechanisms, and self-regulation

The government has roles in preventing and reducing the adverse impacts of shrimp farming by creating certain instruments, such as environmental impact assessment, standard national for water quality, permissible emission level, etc. and government authorizations in the form of licenses, permits, or certifications [START_REF] Van Houtte | FAO/NACA Regional Study and Workshop on the Environmental Assessment and Management of Aquaculture Development, Fundamental techniques of environmental law and aquaculture law[END_REF]. For example, The [START_REF] Barraclough | Some ecological and social implications of commercial shrimp farming in Asia[END_REF].

Moreover, the government can take part in feed regulation by requiring the manufacturers to display the proximate composition in the product and regulate the composition, thereby it encourages rationing the amount of feed in the pond and preventing higher concentration of nitrogen, phosphorus and other nutrients than needed [START_REF] Boyd | Best management practices for responsible aquaculture[END_REF]. The government should also develop a national list of approved drugs and chemicals for use in aquaculture.

The disease diagnostic laboratories and quarantine system must be established to give adequate service to the farmers and to prevent the disease transmission. Furthermore, it is [29] important to labels the compositions of chemical products, permissible uses, methods of application, environmental hazards and restrictions [START_REF] Tonguthai | The use of chemicals in aquaculture in Thailand[END_REF].

Market mechanisms encourage the shrimp industry to modify the production process to be ecologically and socially responsible through eco-labelling and consumer boycott. Shrimp industry may put premium prices for eco-labelled shrimp to the environmentally aware consumers. The eco-labelling should be a joint certification of government representatives, independent third parties, and regular monitoring to comply with standard sets by the certifier [START_REF] Primavera | Overcoming the impacts of aquaculture on the coastal zone[END_REF].

At the farm scale

Best Management Practices (BMP)

It is the effective grow-out systems of reducing and mitigating negative impacts to those compatible with resource management goals [START_REF] Hairston | Alabama Soil and Water Conservation Committee[END_REF]. The practices may Approach to Aquaculture (EAA). Aquaculture area should be developed within the framework of ICZM scheme, whereby any proposed aquaculture plan integrates into an adequate allocation system (GESAMP, 1996). The selected site should be able to produce the highest possible yield with the least possible adverse impact on environment and society. The GISbased model is being recognized as a standard methodology for undertaking suitable site selection [START_REF] Nath | Applications of geographical information systems (GIS) for spatial decision support in aquaculture[END_REF].  Integrated brackishwater culture systems Integrated culture systems are defined as an output from one subsystem in an integrated farming system, which otherwise may have been wasted, becomes an input to another subsystem resulting in a greater efficiency of output of desired products from the land/water area under a farmer's control (Edward et al., 1988). The objectives are not only reduction of waste emission and improve culture environment for recirculation, but also addition products, habitat preservation, prevention of harmful bacteria, removal of pest species, or seed from unwanted spawning. It is expected that the growth of target species will improve (Edward, 1998;[START_REF] Chow | Utilization of Gracilaria chilensis (Rhodophyta: Gracilariaceae) as biofilter in the depuration of effluents from tank cultures of fish, oyster, and sea urchins[END_REF][START_REF] Brzeski | Integrated coastal food production systems -a review of current literature[END_REF][START_REF] Mcvey | Aquatic polyculture and balanced ecosystem management: new paradigms in seafood production[END_REF][START_REF] Troell | Integrated mariculture: asking the right questions[END_REF][START_REF] Neori | Integrated aquaculture: rationale, evolution and state of the art emphasizing seaweed biofiltration in modern mariculture[END_REF]. The structure and function can change according to such variables as location, season, species, and social environment [START_REF] Little | A Guide to integrated warm water aquaculture[END_REF]. monodon) and Tilapia [START_REF] Akiyama | Polyculture of shrimp and tilapia in East Java[END_REF]. [START_REF] Ranoemihardjo | Improved methods on finfish cultivation in brackishwater pond in Indonesia[END_REF] tested growth performance and water quality under different species combinations (milkfish monoculture, shrimp-milkfish, siganid-shrimp).

Further, integration of shrimp and seaweed (Gracilaria spp.) is not so common, and if it is practiced, it is mainly aimed at waste mitigation (FAO, 2007). However, in central Sulawesi, [START_REF] Martínez-Cordero | Evaluation of Productivity in Extensive Aquaculture Practices using Interspatial TFP Index, Sulawesi, Indonesia[END_REF] concluded that incorporating seaweeds (Gracilaria sp.) was a good production strategy as they could occupy an empty niche and also minimize negative environmental impacts from pond effluents (i.e. dissolved nutrients). et al., (1990) also tested to culture Shrimp (Penaeus monodon), Milkfish (Chanos chanos), and Seaweed (Gracilaria lichenoid).

Sutika

Technologies sequential practices (i.e. passing aquaculture effluents through subsequent culture units, stocked with biofiltering/extractive organisms, before discharge, have implemented commercially as recirculation systems consisting of shrimp culture and treatment ponds at an area ratio of 1:1 (Anonymous, 1996b). Treatment ponds were stocked with milkfish (Chanos chanos), mullet (Mugil spp.) and green mussels (Perna perna) or oysters (Crassostrea sp.). The water flow in this system was totally closed or partly closed. (Anonymous, 1996b, Fast and[START_REF] Fast | Some recent issues and innovations in marine shrimp pond aquaculture[END_REF]. [START_REF] Ahmad | The use of mangrove stands for shrimp ponds waste-water treatment[END_REF], and [START_REF] Ahmad | Performance of tiger shrimp culture in environmentally friendly ponds[END_REF] used natural mangroves in a "reservoir pond" to treat effluents from a culture of shrimp (Penaeus monodon), milkfish (Chanos chanos), seaweed (Gracilaria lichenoides).

Pond aquaculture in mangroves, where the forest is either part of a polyculture system or is used as a filter in sequential culturing, has been practiced in Indonesia (empang parit or tambak tumpeng sari). In Indonesia, the main Aqua silviculture areas are found in West Java (covering approx. 26 000 ha at the beginning of the 1990s) and in Southern Sulawesi (Fitzgerald, 2002). The total tambak area, also including extensive ponds with no mangroves, was in 1994 estimated at 326,910 ha (Martinez-Cordero, [START_REF] Martínez-Cordero | Evaluation of Productivity in Extensive Aquaculture Practices using Interspatial TFP Index, Sulawesi, Indonesia[END_REF]. [START_REF] Sukardjo | Tumpang sari pond as a multiple use concept to save the mangrove forest in Java[END_REF] showed that the tambak tumpang sari system in Java increased food supplies and contributed significantly to the socio-economic well-being of the coastal rural population. Thus, the tambak tumpang sari was more profitable than the just direct planting of mangrove trees, and the net financial benefits to the reforestation program of the State Forestry Corporation was considerable, particularly with species of Rhizophora. The National Consortium for Forest and Nature Conservation in Indonesia reviewed five mixed mangrove -aquaculture systems, ranging from traditional to more intensive, and concluded that a single sustainability model could not be identified for all locations, since such models are highly sited specific as well as subject to other local conditions that influence a system's sustainability (Anonymous, 1996c).

Integration can be directly beneficial to farmers. However, in some cases, the benefits from integration may not constitute any significant contribution to the farmer regarding profits.

Integration of species from e.g. different trophic levels may increase the degree of complexity, and hence the need for management (and skills). In traditional low input polyculture systems, this does not constitute a problem, as labor is usually readily available.

More recent approaches in sequential integrated systems rely to a larger extent on engineering inputs, something that can be costly and hence jeopardize the success of such systems. Thus, low input systems usually have low capabilities for investment as they mainly target on low valued species, or limited amounts of high valued species, whose main outlets are local or regional markets. Another aspect regarding the profitability of farming multiple species is the management of risks. A diversified product portfolio will increase the resilience of the operation, for instance when facing changing prices for one of the farmed species or the accidental catastrophic destruction of one of the crops [START_REF] Troell | Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects[END_REF].

 Farm and effluent management

The shrimp pond effluents should meet allowed water quality standards since they will be flushed into adjoining estuarine and marine environment. One way to minimize the adverse effects of shrimp aquaculture on coastal mangroves and wetlands is to invest in superintensive, closed or semi-closed recirculation systems and move ponds out of the intertidal zone [START_REF] Bush | Scenarios for Resilient Aquaculture in Tropical Coastal Areas[END_REF]. The system has greater potential for mechanization, fewer logistical problems in pond operations, and less effluent. It enables better control of disease in broodstock and more efficient use of water through effective waste water treatment [START_REF] Kongkeo | Comparison of intensive shrimp farming systems in Indonesia, Philippines, Taiwan and Thailand[END_REF]. New employment opportunities could also arise in these farms as well as in processing companies, while other employment could be generated through coastal restoration programs. Hence, small-scale shrimp producers are likely not able to build this system because of the high cost of investment required.

 Disease control

The most realistic and effective method to counter the disease is a combination of best management practice, good quality feed, and the use of prophylactic agents, including immunostimulants and probiotics. However, the chemicals should not be used to attempt to overcome poor management. The use of chemical and drugs should be the last resort after the effort to improve environment, nutrition and sanitation condition. Diseases should be treated based on accurate diagnoses and as early as possible [START_REF] Tonguthai | The use of chemicals in aquaculture in Thailand[END_REF]. Chemicals used should be safe, apply effective antibacterials and prevent discharge of effluents with toxic levels into adjacent water bodies [START_REF] Páez-Osuna | The environmental impact of shrimp aquaculture: causes, effects, and mitigating alternatives[END_REF].

[33]

 Low trophic level species, native species

There is a need to counter the market-driven trend towards carnivorous crustaceans and focus on herbivorous species that do not require fishmeal based pellets or raw fish [START_REF] Primavera | Overcoming the impacts of aquaculture on the coastal zone[END_REF]. Likewise, the introduction of non-native (exotic) species should be limited and strictly follow protocols of importation, quarantine, and distribution. The importation of species is often done to provide broodstock and small animals for restocking. As they may contain diseases, the disease inspection and quarantine should be enforced. Furthermore, culture systems should be designed to prevent escape into the environment since it possibly creates a biological nuisance [START_REF] Boyd | Best management practices for responsible aquaculture[END_REF]. Development of brackishwater aquaculture in Indonesia traversed some phases: 1) construction of brackishwater pond (tambaks) since the year the 1400s during the Hindu Majapahit Kingdom for milkfish culture [START_REF] Schuster | Fish culture in brackish-water ponds of Java[END_REF][START_REF] Poernomo | Peranan tata ruang dan desain interior kawasan pesisir dan pengelolaannya terhadap kelestarian budidaya tambak. Disampaikan pada pertemuan teknis pengembangan sistem pengendalian penyakit udang. Direktorat Jenderal Perikanan[END_REF]. It was initial indication mangrove deforestation in Indonesia. Since the brackishwater ponds play a significant role to the community livelihood, the coastal communities along the north coast of Java continued to convert the mangrove into brackishwater ponds until the 1900s [START_REF] Ilman | A historical analysis of the drivers of loss and degradation of Indonesia's mangroves[END_REF]. 2) After 1900, the communities built the ponds on the newly accreted lands from sediment deposition along the north coastal of Java. It made the pressure to convert the mangrove into ponds were halted [START_REF] Schuster | Fish culture in brackish-water ponds of Java[END_REF]; 3) the increasing of production between 1970 and 1990 with Penaeus monodon as main species cultured, as the effect of fish trawler gear prohibition and shrimp farm intensification program; 4) the stagnation shrimp production at around 150,000 tons from 1990 -2002 due to the outbreak of diseases which resulted in mass mortalities in ponds and pond abandonment; 5) The introduction of specific pathogenfree (SPF) white shrimp (Litopenaeus vannamei) and blue shrimp (Litopenaeus stylostris), which more resistant than the tiger shrimp, associated with the intensive culture system (bioflocs growth, small size, and high-aerated ponds, also stocking of 200 shrimp seeds.m -2 ).


The shrimp production in the coastal area was developed by area expansion and the new practice of aquaculture farming. Now shrimp farming has spread throughout the country, from Sumbawa to the east and South Sumatra to the west to Kalimantan, Sulawesi, and Maluku to the north (Figure 4 Indonesia is an archipelago with more than 17,000 islands and a coastline of about 81 000

km and has a vast potential for brackishwater aquaculture. In 2009, an area that can potentially be used for brackishwater aquaculture development was 1.22 million ha, and the existing area used for brackishwater aquaculture is about 613 thousand ha [START_REF] Mmaf | Marine and fisheries in figures 2009. The Center for Data[END_REF]. In 2014, the potential area increased to 2.96 million ha, and the existing use for brackishwater aquaculture area was about 667 thousand ha (MMAF, 2015b) (Figure 12345). The extent of areas with potential for brackishwater culture is calculated based on technical suitability criteria and areas which are already in use for brackishwater aquaculture (Nurdjana, 2006). and water exchange depend on the tidal. Intensive culture use higher technology with area 0.1 -1 ha using soil/liner/concrete base-pond; intensive feeding management; utilization of aerator; stocking density more than 100 individu.m -2 ; moreover, water exchange using the pump. While the semi-intensive culture is between extensive and intensive, the super-

[39]

intensive shows much higher technology with biosecurity implementation, real-time water quality monitoring, small concrete pond (<1 ha) with high depth (>1.5 m); stocking density >500 individu.m -2 with partial harvest system; bottom and surface aerator; and intensive feeding regime using automatic feeder.

[40]

Table 1-2. Typology of shrimp pond based on culture system [START_REF] Yusuf | Aquaculture in Indonesia[END_REF]Mujiman and Suyanto, 2002;Prihatman, 2000;[START_REF] Makmur | Pengaruh tipe kincir terhadap produksi tambak udang vaname (Litopenaeus vannamei) super intensif[END_REF][START_REF] Paul | Impacts of shrimp farming in Bangladesh: challenges and alternatives[END_REF] There are also various types of brackishwater aquaculture in Indonesia with different structures, such as fish culture (milkfish, grouper), seaweed culture (Gracillaria sp.), and silvofishery. The structure of fish and seaweed is ponds usually the same with shrimp ponds since they are generally grown in polyculture with shrimp. Though, historically, shrimp was cultured in previous milkfish pond.

According to the Indonesian Ministry of Forestry ( 2004), there are four recognized models of silvo-fishery, which can be divided into systems with mangroves planted inside (type 1) or outside the ponds (type 2). The models and types largely correspond with Macintosh et al.

( 2002) and other FAO reports. Furthermore, there are some variations among them based on [START_REF] Sofiawan | Sustainable Mangrove Utilization: Developing Silvofishery models[END_REF], [START_REF] Bengen | Introduction and management of mangrove ecosystems[END_REF], [START_REF] Kusmana | Manual of mangrove silvi-culture in Indonesia[END_REF][START_REF] Sualia | Coastal Restoration and Conservation Programme -Indonesia[END_REF]. Models of silvofishery are displayed in Figure 1.7.

An important difference between the models, which is not described in the Ministry of Forestry's regulation ( 2004), relates to the presence of water inand outlets. Silvo-fishery type 1 can be separated into variations with a) just one water in-and outlet (model 1, figure 2), b) two separated in-and outlets, c) three or smaller mangrove patches, instead of d) one larger patch of mangrove planted inside the ponds. Also, some type 1 silvo-fisheries combine a traditional pond with a pond in which mangroves have been planted, separated by a dike.

Apart from being separated by dikes they also have water in-and outlet (combined) to manage the water. This last type is clearly an indication of formerly converted areas being strategically re-used by planting mangroves.

Type 2 silvo-fisheries, with mangroves around the ponds, generally have two separate water in-and outlets but can vary in the sense that they can have a) an elevated bank in the centre, (so-called Empang Terbuka, which makes harvesting easier and is supposed to provide "resting" area for shrimp; b) multiple uses, with different crops (rice, coconuts) grown on these embankments, or c) three ditches instead of one, for fish / shrimp. All variations of type 2 have mangroves around the ponds as well, some of which are planted on the dikes, some of which just inside the ponds as well. Whether mangroves are planted outside (on dikes) or just inside the pond can have consequences for the functions and services that are provided by planted mangroves.

[43] Local communities tend to use this option, some also without the elevation. It is then known as the 'Tanggul' model; (g) Model 7 (Type 2) Kao-Kao -with three separate ditches one-gate water inlet system. The water can flow from ditch to ditch, depending on the tide. Note that the lighter coloured areas are channels, not dikes; (h) Model 8 (Type 2) Tasik Rejo -in which regular agriculture is combined with agriculture (rice-paddy or coconut) on an elevated embankment; (i) Model 9 (Type 2) Ideal -with two-gate water inlet system, a separate mangrove area, a separate ditch for fish. Illustration by Audrie Siahainenia.

Current Situation of Brackishwater Aquaculture

From 1980's, Indonesian shrimp production has continuously increased through a large conversion of mangrove areas as well as an intensification of production [START_REF] Ilman | A historical analysis of the drivers of loss and degradation of Indonesia's mangroves[END_REF]. However, rapid growth in shrimp production, use of unsustainable production technologies and laxity in environmental regulation have generated negative ecological impacts on the environment as well as socio-economic issues on communities depending on coastal resources [START_REF] Hossain | Impacts of shrimp farming on the coastal environment of Bangladesh and approach for management[END_REF]. Impacts of shrimp farming include destruction of mangrove forests, salinization of coastal and agricultural lands, loss of genetic diversity in shrimp populations, conflicts over land rights and access to natural resources, and water pollution caused by discharge of pond waters (effluents) (Paez-Osuna, 2001). Effluents typically contain high concentrations of suspended particulate matter (mineral and organic), dissolved organic compounds, and nutrients [START_REF] Boyd | Effluent composition and water quality standards[END_REF][START_REF] Bui | Impact of shrimp farm effluent on water quality in coastal areas of the world heritage-listed Ha Long bay[END_REF][START_REF] Thomas | Spatial and temporal extension of eutrophication associated with shrimp farm wastewater discharges in the New Caledonia lagoon[END_REF]. With emitted chemical and biological pollutants, which are redistributed among high-density farms through hydraulic vectors, problems of self-pollution and transmission of diseases were likely to occur in the ecosystem (Salama and Muray, 2011). Alteration of environmental suitability leads to stressful environmental conditions experienced by animals, which can increase disease incidence, and results in mass mortality and harvesting failure [START_REF] Chanratchakool | Oxytetracycline sensitivity of Vibrio species isolated from diseased black tiger shrimp, Penaeus monodon, Fabricius[END_REF].

Disease incidence that was mostly hindered shrimp production in Indonesia was White Spot Syndrome Disease (WSSD). It was reported for the first time on Java island in 1994, and has become pandemic in Indonesia since then [START_REF] Sunarto | Current status of transboundary fish diseases in Indonesia: occurrence, surveillance, research and training: country report[END_REF] 

Issues and Challenges of Pond Rehabilitation

The effect of self-pollution, development of acid soils and disease outbreaks lead to failure of shrimp farming. Changes in market prices also made shrimp farming unprofitable. Shrimp farmers may continue shrimp culture until finances run out, before selling or abandoning the farm. The farm density at the specific site and the related topography may be the important contributors to the collapse [START_REF] Csavas | Recommendations for responsible aquaculture[END_REF]. The weak institutional arrangement, environmental awareness and deliberate policy of the shrimp farmer added some reasons for pond abandonment [START_REF] Stevenson | Disused shrimps ponds and mangrove rehabilitation[END_REF]World Bank, 1998). Problem tree for shrimp pond abandonment proposed by Hossain (2007) was showed in Figure 1-8 below.

[47] Some options are considered for pond restoration or rehabilitation [START_REF] Bosire | Functionality of restored mangroves: a review[END_REF][START_REF] Lewis | Thematic review on coastal wetland habitats and shrimp aquaculture. Report prepared under the World Bank[END_REF][START_REF] Lewis | Ecological engineering for successful management and restoration of mangrove forests[END_REF][START_REF] Stevenson | Disused shrimp ponds: options for redevelopment of mangrove[END_REF][START_REF] Stevenson | Disused shrimps ponds and mangrove rehabilitation[END_REF][START_REF] Di Nitto | Modelling drivers of mangrove propagule dispersal and restoration of abandoned shrimp farms[END_REF][START_REF] Hossain | Diversified uses of abandoned shrimp pondsa case study in the upper Gulf of Thailand[END_REF][START_REF] Duncan | Rehabilitating mangrove ecosystem services: a case study on the relative benefits of abandoned pond reversion from Panay Island, Philippines[END_REF]: (1) rehabilitation of pond sites into sustainable shrimp production;

(2) rehabilitation into sustainable rearing practices of other species such as artemia, fish (seabass, crab, tilapia or grouper) and polychaeta;

(3) rehabilitate the pond sites so that it can be put to some alternative, such as salt or coconut plantation; (4) left idle for opportunities for factory and residential development, or top soil sale for construction projects; and (5) restoration of environmental conditions within the pond and its surrounding area to rehabilitate the wetland ecosystem and its services by mangrove restoration and plantation.

The option of abandoned ponds rehabilitation should conform the objectives with consideration of the ecological, and socio-economical functions of the ponds in coastal zone.

Rehabilitation of abandoned aquaculture area with the objective of maintaining an aquaculture activity was mostly not planned and implemented on the landscape or ecosystem scales. It despites the fact that ponds are connected to each other and to open sea, and that rehabilitation of a pond could impact other ponds (Kausky et al., 2000;Salama and Murray, 2011;Tendencia et al., 2011a). Moreover, mangrove restoration and plantation are not always effective for pond rehabilitation. Most mangrove restoration projects fail completely, or rarely achieve their stated restoration goals (Field 1999;[START_REF] Stevenson | Disused shrimps ponds and mangrove rehabilitation[END_REF]Lewis , 2000)).

There are social, political, economic, and ecological considerations that are not being taken into account in the first assessment, such as soil stability and inundation pattern (Pulver, 1975), wave and tidal [START_REF] Lewis | Coastal habitat restoration as a fishery management tool[END_REF][START_REF] Field | Restoration of mangrove ecosystems[END_REF], elevation [START_REF] Hoffman | Habitat restoration in Tampa bay[END_REF], salinity and surface fresh water stream (Jiminez, 1990), propagule availability [START_REF] Loyche | Mangrove of West Africathe forest within the sea. Mangroves and Fish[END_REF][START_REF] Kairo | Restoration and management of mangrove systemsa lesson for and from the East African region[END_REF], propagule predation [START_REF] Dahdouh-Guebas | Food preferences of Neosarmatium meinerti de Man (Decapoda: Sesarminae) and its possible effect on the regeneration of mangroves[END_REF], 1998), distance, composition, and density (FAO, 1985[START_REF] Kairo | Restoration and management of mangrove systemsa lesson for and from the East African region[END_REF], Elster 2000;Primavera & Esteban 2008;[START_REF] Ahmad | Detection of change in vegetation cover using multi-spectral and multi-temporal information for District Sargodha, Pakistan[END_REF], weeds eradication (Saenger dan Siddique, 1993), plantation technique [START_REF] Siddique | Mangrove nurseries in Bangladesh[END_REF], monitoring and management [START_REF] Lewis | Wetlands restoration/creation/enhancement terminology: suggestions for standardization[END_REF][START_REF] Setyawan | Ekosistem mangrove di Jawa:2. Restorasi[END_REF], community participation [START_REF] Kairo | Restoration and management of mangrove systemsa lesson for and from the East African region[END_REF], waste disturbance [START_REF] Setyawan | Ekosistem mangrove di Jawa:2. Restorasi[END_REF], and the cost [START_REF] Field | Rationales and practices of mangrove afforestation[END_REF]. Some mangrove plantation projects in Indonesia were reported failed, e.g. Bangka Belitung [START_REF] Siburian | Konservasi mangrove dan kesejahteraan masyarakat[END_REF], South East Sulawesi [START_REF] Karim | Proyek rehabilitasi mangrove di Konkep gagal?[END_REF], North Sulawesi (MAP, 2013), Northern coastal of Java/Pantura (GoBlue Indonesia, 2008), Gorontalo [START_REF] Mano | Pertumbuhan mangrove di Pohuwato 79 persen[END_REF], West Sulawesi [START_REF] Daniel | Program Penanaman Mangrove di Mamuju Utara Gagal[END_REF], Jakarta (Anonymous, 2006), South Sulawesi [START_REF] Ronalyw | Program penanaman mangrove dinilai gagal[END_REF], North Maluku [START_REF] Ulhaz | Abrasi mengancam, warga Ternate tanam dan pelihara mangrove[END_REF], East Java [START_REF] Zamachsari | Ribuan pohon mangrove Dishutbun Sampang gagal tanam[END_REF].

Therefore, In its code of conduct, FAO (1995) encouraged "to implement effective procedures to undertake appropriate environmental assessment and monitoring (...) and strategies and plans to ensure that aquaculture development is ecologically sustainable

[48] (....)". Callaway and Zedler ( 2009) also suggested that it is much easier and cheaper to preserve an ecosystem rather than restoring them.

Trends and Developments

Indonesia's shrimp industry has continued to see higher demand from the export market compared to the domestic market. From 2011 -2015, the export market grew at Compound Annual Growth Rate (CAGR) of 6.9% compared to 5.0% for the local market. It means Indonesia is estimated to consume only around 40% of its shrimp production volume.

Domestic demand for shrimp is relatively lower compared to fish, since shrimp is still considered an expensive source of protein for most households (Ipsos, 2016). to weak demand from key markets, particularly from the USA and limited supply of largesized shrimp. However profit margins for intensive vannamei shrimp farming are still estimated to be significantly higher than other species, ranging between 30 -60% margins for successful harvests as compared to 15% for catfish farming (Ipsos, 2016). This potential margin should be a sign for expansion in shrimp industry or new market of products and services on this industry.

Industri Bisnis (2017) cited data from MMAF that potential of brackishwater aquaculture in Indonesia reaches 2.9 million hectares with total utilization until 2015 only 715,846 ha or only about 24.1%. Traditional ponds still dominated the land, with utilization rate more than 60%.

This reflects that many farmers still practice extensive culture system with poor infrastructure, irregular layout, and may carried out improper shrimp farming practice. To increase production and maintain sustainable shrimp farming, Indonesia's aquaculture will have to adopt more modern equipment and production techniques. Collaboration between government and private sector in providing financial and technical assistance could be beneficial to the farmers. The revitalization programs embarked by the government in 2012 has the aims to rehabilitate ponds structure and arrange the ponds in cluster to facilitate the implemention of biosecurity.

[49]

The government provided support such as free training, consultation, equipment, subsidized feed, fertilizer and larvae to help shrimp farmers maintain their production, especially after production or pond abandonment. These efforts need to be continuously sustained and reach larger number of farmers to create positive impacts for shrimp production in Indonesia. Therefore, there is a potential source of information to be exploited to draw aquaculture zones. To acquire images IKONOS (IKO), QUICKBIRD (QBD), GEOEYE (GEO) or WORLDVIEW 1/2/3 (WV1/2/3), it takes between US$ 14 and 23/km² for a panchromatic image, with additional cost between US$ 17 and 29/km² to obtain the associated multispectral images (4 bands for IKO, QBD, GEO and WV1/2, and 8 bands for WV3). The minimum area for which an order is registered is 25 km². This cost becomes more reasonable with all the information obtained from VHRS image analysis and their role in coastal zone management.

[50]

The VHRS imagery captures everywhere in the world and covers a wide area in a very short time frame. It offers enhanced characteristics such as higher resolution (area represented by a pixel which corresponds to the level of detail) and native accuracy (the error between an object's position on the image and its real-world position). With the development of satellite technology, VHRS imagery is even completed with higher bit-depth and more spectral bands.

These advantages increase the ability to distinct culture systems. Since the study of pond distinction is hard to find, we try to find shrimp farming features detected in VHRS imagery and generate a determination of pond typology.

Interest of using VHRS images in Indonesia

The land use for brackishwater ponds is estimated at 667,083 ha in 2014, and opportunity of 2,297,248 ha to be expanded [START_REF] Mmaf | Marine and fisheries in figures 2015[END_REF]. The satellite remote sensing techniques and GIS application has great potential to inventory, monitor and manage these brackishwater ponds due to its wide field of view and good temporal resolution [START_REF] Kapetsky | Geographic information systems, remote sensing and mapping for the development and management of marine aquaculture[END_REF][START_REF] Meaden | Advances in geographic information systems and remote sensing for fisheries and aquaculture[END_REF]. In Indonesia, remote sensing and GIS application were mostly used for determining extent, potency and land suitability for brackishwater aquaculture, for example: [START_REF] Mustafa | Analisis daya dukung lahan tambak berdasarkan pada kuantitas air perairan di sekitar Kecamatan Balusu, Kabupaten Barru, Provinsi Sulawesi Selatan[END_REF] in South Sulawesi, [START_REF] Utojo | Penentuan kesesuaian lahan budidaya tambak secara spasial di kabupaten tuban provinsi jawa timur menggunakan sistem informasi geografis (SIG)[END_REF] in Tuban, East Java; [START_REF] Syaugy | Evaluasi kesesuaian lahan tambak udang di kecamatan Cijulang dan Parigi, Ciamis, Jawa barat[END_REF] in Ciamis, West Java; and [START_REF] Tahir | Analisis kesesuaian lahan dan kebijakan pemanfaatan ruang kawasan pesisir teluk Balikpapan[END_REF] in Balikpapan, Kalimantan. The parameters of water source distance and salinity type of land use and land cover (LU/LC), soil conditions, rainfall days, and tidal were criteria which usually applied to determine the land suitability of brackishwater aquaculture.

Geomorphology and water quality (salinity, pH, dissolved oxygen, water visibility, and nitrate contents) were also analyzed [START_REF] Ramadhani | Analisis kesesuaian parameter perairan terhadap komoditas tambak menggunakan sistem informasi geografis (SIG) di Kabupaten Pidie Jaya[END_REF][START_REF] Winarso | Analisis geomorfologi untuk studi kesesuaian lahan tambak udang di Ketapang dan sekitarnya menggunakan data Landsat-TM[END_REF]. Ministry of Marine Affairs and Fisheries started to inventory and create thematic maps of aquaculture in Indonesia, including land use, infrastructure distribution, commodity distribution, aquaculture zone, feed, integrated aquaculture zone (Minapolitan), and location of aquaculture technical office using GIS online platform (http://semilir.kkp.go.id/). Other studies can be found in conference proceedings and student thesis. However, there are very few of international peer-review publication about utilization of satellite imagery, remote sensing and GIS application for Indonesian aquaculture.

Aquaculture assessment Using VHRS Imagery

The natural environmental conditions of Indonesia allow aquaculture development. Varied typology of the land and coastal areas enables the development of a wide variety of aquaculture commodities. Shrimp and milkfish are common commodities from the coastal area. They are reared inside a structure (pond/tambak) built in the tidal/inland area and

[51] meets biological requirements of species. The extensive, semi-intensive, intensive, and super intensive ponds have been developed for shrimps (Table 12 The general objective of the shrimp application is to support the Indonesian policies aiming at an increase of the development and the sustainability of the production of shrimp industry using an Integrated Coastal Zone Management framework. Methods and tools should be developed to enable better management for operating sites of shrimp industry and to rehabilitate abandoned site within the framework of sustainable development using products developed by INDESO core. In this framework, the objective of this thesis is to develop a methodology to monitor active ponds and develop a methodology to rehabilitate the abandoned ponds using very high-resolution imagery. Perancak Estuary in Bali Province is the study area. The goal is to provide tool and practical recommendation to the stakeholder.

The Thesis Works

General Research Objective and Research Questions

The objective of this thesis is to develop a methodology to survey active ponds and develop a methodology to rehabilitate the abandoned ponds using very high-resolution imagery.

Perancak Estuary in Bali Province is the study area.

The focus is on thematic interpretation and utilization of image VHRS, not in image processing method development. The goal is to provide tool and practical recommendation for a stakeholder in term of using remote sensing to monitor shrimp farming more effective since the extent of the shrimp farm in Indonesia is enormous.

The thesis can be divided into 3 series of important questions and steps, based on the information presented in previous sections:

1. Which tools to identify the shrimp ponds 2. Which method to monitor the activity of shrimp ponds 3. Which management to rehabilitate abandoned ponds.

After answering these questions, the potential for proposing recommendations for spatial management of shrimp farming will be discussed.

Specific objectives include (i) develop a method for automatic mapping of shrimp pond cadaster;

(2) develop integrated activity indicator to determine the activity of shrimp ponds; and (3) spatial and temporal analysis of aquaculture zone in an estuary.

Thesis Structure

This thesis has been divided into 8 chapters. Three of them are presented in the form of submitted papers to the peer-reviewed journal.

Chapter 1 presents the research background and key information used to define the subject;

with a brief presentation of INDESO project, shrimp farming in sustainable aquaculture, the case of Indonesia and tools development to monitor brackishwater shrimp ponds using remote sensing.

Chapter 2 presents general materials and methods including field survey and image processing method used in the following chapters.

Chapter 3 presents study site, Perancak estuary with a brief description of aquaculture status, climate condition, and hydrology.

Chapter 4 presents the application of tools includes a comparison of three methods for automatic cartography of shrimp pond, and development of integrated activity indicator to determine shrimp pond activity.

Chapter 5 presents a spatial and temporal analysis of Perancak agrosystem that explained the recent condition of shrimp production zone with hydrology and climate as background data.

Chapter 6 presents state of the art of Perancak agrosystem and changes on structure and aquaculture practices that give us some information to identify the aquaculture practices that had resisted to diseases.

Chapter 7 presents spatial management of aquaculture zone in Perancak estuary that reveals adaptation for aquaculture sustainability carried out by the stakeholders, and how to improve the sustainability for the future.

Chapter 8 reviews the result, highlight the findings and bring them into the broad context of understanding the sustainability of shrimp farming in Indonesia, and make suggestions for the future monitoring of shrimp farming using a combined remote sensing and monitoring approach.
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[59] dominated by Tukad Sowan watershed (135.32 km 2 ). The upstream area of the river is protected forest area, the mid section pass through agricultural land and the downstream area are the rice fields and settlement. The rainfall in the watershed is approximately 1,900 mm per year with semi-permanent river (not flowing along the year). [START_REF] Bps Bali | Bali Province in Figure 2016[END_REF]. The urban population, major commercial, industrial and agriculture sites discharge wastes via the rivers and the sea landed in the Perancak estuary, i.e. processing and canning of Sardinella lemuru in Pengambengan, about 6 km, northwest of Perancak estuary [START_REF] Mustiawan | Distribusi konsentrasi nitrogen anorganik terlarut pada saat pasang dan surut di muara sungai perancak dan industri pelabuhan perikanan Pengambengan, Bali[END_REF][START_REF] Aziz | Sebaran konsentrasi ortofosfat di lapisan permukaan perairan Pelabuhan Perikanan Nusantara Pengambengan dan Estuari Perancak, Bali[END_REF].

[60]

Land Use and Land cover (1965 -2015)

Land use status in 2015

A variety of land uses and land cover types occur in the Perancak estuary (Figure 2-3). This study site is especially interesting due to the diversity of farming practices and the dynamics of mangrove (natural and anthropic settlements) in the central region. It included active shrimp ponds using semi-intensive or intensive culture systems, abandoned shrimp ponds, fish ponds, polyculture ponds (algae/fish and shrimp), natural mangrove and mangrove plantations [START_REF] Rahmania | 13 Years of changes in the extent and physiognomy of mangroves after shrimp farming abandonment[END_REF][START_REF] Gusmawati | Aquaculture Pond Precise Mapping in Perancak Estuary, Bali, Indonesia[END_REF]. [61]

In Perancak estuary, the infrastructures such as road, houses, temples, etc were delineated in form of the polygons (Figure 2-3). They occupied approximately 8 hectares within the estuary. Some areas were planted with palm, such as Nypa fructicans, Wurmb in abandoned shrimp ponds and Cocos nucifera, L. in residential area.

Changes in the land use between 1965 and 2015

In 1965, ponds had been already implanted as observed in a Corona declassified image produced by the U.S. Geological Survey (Figure 234). They surrounded the central river catchment region and covered only about 30% of the whole estuary. By the late 1970s, almost total of mangrove area, about 4.4 km² has been converted to fish or shrimp aquaculture ponds. The Penaeus monodon shrimp industry flourished during the 80s with government support and success story of the farmers, but witnessed a productivity decline in the 90s [START_REF] Proisy | Monitoring mangrove forests after aquaculture abandonment using time series of very high spatial resolution satellite images: a case study from the Perancak estuary, Bali, Indonesia[END_REF].

Since the 90's, mangroves were reintroduced through plantations. The earliest ones were probably managed by the Japan International Cooperation Agency. After 2000, private and public land owners have continued to planted mangrove seedlings (Rhizophora sp.) in some abandoned ponds [START_REF] Proisy | Monitoring changes on mangroves coasts using high-resolution satellite images: a case study in the Perancak estuary[END_REF]. Motivations and planting specifications were not yet clearly identified. However, an adjacent plantation program of over 12.3 ha carried out by PT.

Angkasa Pura, Tbk. was said to be done for the compensation of the airport extension in Denpasar. Overall, any harvest plans (or management) of the planted mangroves are never heard, while large pond areas planted with Nypa fruticans palms trees are regularly harvested to build palm frond roofs [START_REF] Proisy | Monitoring mangrove forests after aquaculture abandonment using time series of very high spatial resolution satellite images: a case study from the Perancak estuary, Bali, Indonesia[END_REF].

Comparison between images from 2015 and 1965 revealed that aquaculture ponds (Figure 2-4) were constructed in northern part of estuary which were occupied by mangrove of Nypa fructicans formations, and in southern part where muddy flat and shrubby mangrove laid down. Small parts of coconut plantation and rice field in northwest of estuary were also converted to aquaculture ponds. This comparison also show transformation of hydrological network, where one river branch towards northwest of estuary was rectified to provide space for ponds and facilitate water supply to the ponds from main river. Ponds typology described below (Figure 23456) is based on predominantly agronomic criteria such as the type of production (fish shrimp, etc.) and on the intensification degree of the different production factors (extensive to intensive inputs as feed and/or aeration) [START_REF] Lazard | Aquaculture system diversity and sustainable development: fish farms and their representation[END_REF]. Ponds consisting essentially semi-intensive shrimp ponds represented 47% of the total active ponds (N = 172). In this type of production, facilities were earthen ponds, rectangular in shape, with surface ranging from 0.1 to 0.5 ha. Water depth rises between 0.6 to 1.2 m. The stocking rate ranged from 10 -100 post-larvae per m 2 . Formulated feed using moderate feeding management is given daily using feeding bridge(s). One to three paddle wheel aerators were installed during the rearing period in the pond. Farmers used the same water gate to exchange the water (inflow and outflow). Between culture periods, ponds were left dry for 1 to 10 weeks.

Landuse units

Intensive shrimp ponds represented 22% of the total active ponds (N = 83). The rearing facilities (0.1 -0.4 ha) were either earthen ponds, liner or concrete ponds with a water depth of 1 -1.5 m. The distinct features of this culture operation were the high stocking density (100 -160 post-larvae.m -2 ), high application of aeration (4 aerators/pond or more) and high feeding input rates. Water to culture shrimp was pumped in the river or in some cases in the groundwater. The system involved separate inlet and outlet gates and drainage system in the central part of the pond.

The number of milkfish ponds were 89, representing 24% of the total active ponds. Ponds were generally shallow (less than 100 cm of water). In this system, one aerator per pond can be used. Feed was dispersed manually with or without feeding bridge. Some farms also used [65] automatic feeder installed on dikes. The culture system of milkfish was similar with the shrimp culture, especially in water and pond preparation steps. However, in the Traditional Plus milkfish culture, the farmer will let the benthic algal mat kelekap grow and flourish before milkfish were stocked. Kelekap contains Cyanophyceae (Oscillatoria, Spirulina, Chroococcus, Lyngbya, Phormidinium and Trichodesmium), Bacillariophyceae (Navicula, Skeletonema, Nitzschia, Pleurosigma, Gyrosigma, Amphora, Coscinodiscus, Pinnularia, and Thalassiothrix), Chlorophyceae (Protococcus), Crustaceae, Rotatoria, Dynophyceae, Polychaeta [START_REF] Rachmansyah | Pemanfaatan Instalasi Pengolah Air Limbah pada Budidaya Udang Vaname Superintensif[END_REF][START_REF] Mumby | Tambak air payau budidaya udang dan bandeng[END_REF]Rachmansyah dan Pantjara, 1989;[START_REF] Untarso | Pengaruh pemupukan urea dan TSP terhadap komposisi jenis dan kelimpahan organisme penyusun klekap[END_REF]. The algal mat will be consumed by the fry for about 14 -30 days until they ready to consume formulated feed.

The last category was represented by two farm representing approximately 4% (N = 16) of the total pond in activity. These farms cultivated in the same pond shrimp at high density with algae (Ulva intestinata or Chaetomorpha sp) [START_REF] Neori | Integrated aquaculture: rationale, evolution and state of the art emphasizing seaweed biofiltration in modern mariculture[END_REF]. Four paddle-wheel aerators and bottom aerator were used by the farmers to manage oxygen concentrations in ponds.

Algae were cultured before shrimp stocking, in series of rows on the surface of the pond as an algal mat.

Climatic Condition

According to [START_REF] Setiawan | Analisis variabilitas curah hujan dan suhu di Bali[END_REF], this area has a type of climate D of Schmidt and Ferguson (1951) where . Due to its geographical location, the hydro-climatic environment of Perancak estuary is strongly driven by the Asian-Australian monsoon system [START_REF] As-Syakur | Indonesian rainfall variability observation using TRMM multi-satellite data[END_REF]. Moreover, regional rainfall exhibits important inter-annual variability controlled mainly by the El Nino-Southern Oscillation [START_REF] Vimont | Downscaling Indonesian precipitation using large-scale meteorological fields[END_REF] and Indian Ocean Dipole [START_REF] Saji | Possible impacts of Indian Ocean dipole mode events on global climate[END_REF] 

Bathymetry

Bathymetry map showed that blue dark area is deeper than light area. The survey revealed that the depth of Tukad Ijogading River and Tukad Daya Timur River mostly 0.5 -1.5 m, but Tukad Sowan River which directly connected to the sea are deeper, between 2 -6 m (Figure 2345678). The upper area of Perancak estuary, where shrimp ponds were located, the river depth is only 0.1 -1 m. In wet season, low depth of river may cause flood to the area adjacent since the high flow of water exceeded the river capacity. [72]

The daily average river flow measurements were conducted on July and August as dry months in the year with a few of wet days. Figure 2-15 showed that flow river of Tukad Daya Timur was generally higher than river flow of Tukad Ijogading River. The different flow may because Tukad Daya Timur River is a part of Sub Regional River Unit (sub-SWS) 03.01.07 with catchment area wider than sub-SWS 03.01.06 where Tukad Ijogading River is located.

Wider catchment area means higher capacity of collecting, storing and discharging the water from rainfall to the water bodies resulted higher water flow in the river. [73] 2.7. Hydrobiology

Water Quality in outer area of Perancak estuary

Water Quality in outer part of Perancak estuary (Bali strait) may influence water quality in the inner part. The tidal and the water circulation in Bali strait may bring water mass into Perancak estuary. In high tide, water mass move from tenggara timur-tenggara towards barat-barat laut, while in low tide, water mass move from barat-barat laut towards timurtenggara [START_REF] Pranowo | Sirkulasi arus vertical di Selat Bali pada monsun tenggara 2004[END_REF][START_REF] Latifah | Studi Hidrodinamika dan Kualitas Perairan di Pelabuhan Perikanan Pengambengan -Bali[END_REF]. Strong currents in the narrow mouth of Perancak estuary may act as a jet stream of the tidal currents during tidal circulation [START_REF] Nugroho | The application of hydrodynamics and transport model to the Perancak estuary, Jembrana district, Bali-Indonesia[END_REF]. [START_REF] Mustiawan | Distribusi konsentrasi nitrogen anorganik terlarut pada saat pasang dan surut di muara sungai perancak dan industri pelabuhan perikanan Pengambengan, Bali[END_REF] and [START_REF] Aziz | Sebaran konsentrasi ortofosfat di lapisan permukaan perairan Pelabuhan Perikanan Nusantara Pengambengan dan Estuari Perancak, Bali[END_REF] were conducted water quality measurements for orthophosphate, nitrate, nitrite and ammonia level in the Pengambengan Port, outer area of Perancak estuary (Bali strait), and Sewon River which directly connect Perancak estuary with Bali strait. [START_REF] Aziz | Sebaran konsentrasi ortofosfat di lapisan permukaan perairan Pelabuhan Perikanan Nusantara Pengambengan dan Estuari Perancak, Bali[END_REF] reported that level of orthophosphat in high tide was 0.05 -0.5 mg.L -1 in Perancak estuary and 0.01 -0.05 mg.L -1 in outer area, in low tide was 0.03 -0.08 mg.L -1 in Perancak estuary and in outer area. [START_REF] Mustiawan | Distribusi konsentrasi nitrogen anorganik terlarut pada saat pasang dan surut di muara sungai perancak dan industri pelabuhan perikanan Pengambengan, Bali[END_REF] reported that nitrat level in Perancak estuary was ranged from 0.24 -0.41 mg.L -1 and the outer area was 0.4 -1.2 mg.L -1 in high tide, 0.8 -2.1 mg.L -1 and 0.2 -1.1 mg.L -1 , respectively in low tide. Nitrit level was found in Perancak estuary of 0.0009 -0.01 mg.L -1 and outer area of 0.0009 -0.008 mg.L -1 in high tide, 0.02 -0.08 mg.L -1 and 0.0009 -0.019 mg.L -1 , respectively in low tide. Ammonia level in Perancak estuary and outer area of 0.0009 -0.5 mg.L -1 in high tide and low tide. Both report also reported low level of oxygen dissolved level (< 5 mg.L -1 ). The tidal and water circulation in Bali strait may bring the waste into the Perancak estuary, especially in low tide. [START_REF] Pranowo | Sirkulasi arus vertical di Selat Bali pada monsun tenggara 2004[END_REF][START_REF] Latifah | Studi Hidrodinamika dan Kualitas Perairan di Pelabuhan Perikanan Pengambengan -Bali[END_REF].

Common sources of excess nitrate reaching estuary include septic systems, animal feed lots, agricultural fertilizers, manure, industrial waste waters, sanitary landfills, and garbage dumps.

For orthophosphate, as the dissolved form of phosphate, the sources are drainage from farmland (fertilizers, runoff from manure, etc.) and sewage effluent (which contains dishwasher detergents, food and drink additives). It is also used in drinking water treatment to control lead levels [START_REF] Mpca | Nurients: phosphorus, nitrogen sources, impact on water qualitya general overview[END_REF]. Large inputs of nitrogen and phosphorus to water bodies can lead to eutrophication and decomposition. Consequently, aerobic bacteria will thrive, consume oxygen, and dissolved oxygen levels will decrease as reported above. This condition may negatively affect the quality of aquatic animal life, include the shrimp cultured in pond which utilized water in the river as water source.

[75] correlated with high density of shrimp and organic waste inside the pond. The farmers of intensive and polyculture ponds explained that it was the period to exchange the water on the day of the survey conducted. Therefore, it was not surprising that the water quality levels were not so compliance with the standard for shrimp culture. However, the water quality of these ponds demonstrated condition of water which was flushed into river in Perancak estuary. fluorescence from 0 to 3.4 µg.L -1 ; and turbidity from 0 to 9.8 mg.L -1 . While measurements on 20 March 2015 were salinity ranged from 3.4 to 33.8; temperature from 27.9 to 31.6 o C; pH from 7.7 to 8.5; DO from 2.2 -2.9 mg.L -1 ; fluorescence from 0.8 to 2.5 µg.l -1 ; and turbidity from 2.6 to 40.8 mg.L -1 .

Temporal Variability

On 11 November 2014, when river water reaches low tide at 08:00 -09:00 am, river water was diluted with fresh water mass from the river watershed. It made river water less saline (26.0 -27.9) and turbid (0 mg.L -1 ), also lowering DO (1.9 mg.L -1 ) and pH (7.7). At low tide, fluorescence increased and reached 3.3 µg.L -1 . Assuming that fluorescence level was higher in ponds than in the river (Table 2-2), this increase could be explained by effluents that flushed from ponds into the river, as the usual practice of farmers.

At high tide (14:00 -15:00), highest values of oxygen and salinity, also lowest values of fluorescence and turbidity (effect of dilution by seawater) were shown.

Two hours after low tide and high tide, a high rise of fluorescence and turbidity were observed. This phenomenon can be explained by freshwater-saltwater transition zone , 2002). Alternatively, if an estuary functions as an ecotone, then the phytoplankton community be a discrete group of species found neither in the freshwater nor the marine habitats, but only within the narrow confines of the transition between these system (van der Maarel, 1990;Kent et al., 1997). The high rise [81]

The regression models for salinity as independent variable with pH and DO as dependent The estuary is a partially enclosed water body where freshwater from rivers and stream mixes with salt water from the ocean. The mixing occurs spatially and temporally from climatic influences including tidal action, seasonal variability and storms. They shape physical, chemical and biological characteristics of estuary. [START_REF] Montagna | Hydrological changes and Estuarine Dynamics[END_REF]. The water quality in estuary depends on the quality of freshwater flows and also oceanic water.

Salinity is a dynamic indicator of the nature of the exchange system and it is important in some chemical process. It brings effect to the magnitude of pH change because the concentration of salt in the water influences various equilibrium constants in acid-base reactions. In natural waters, pH increases with salinity until calcium carbonate (CaCO 3 ) saturation is reached [START_REF] Radke | pH of Coastal Waterways[END_REF].

Salinity of the water within the estuary tells how much sea water has mixed with the fresh water. Sea water has high level of oxygen from the air of the water surface mixing by wind of dissolved oxygen increases the carbon dioxide content in water, and lowering the pH level.

Therefore, when freshwater input mixes with seawater, pH tends to decrease [START_REF] Ayers | Rainwater composition at two BAPMoN regional stations in SE Australia[END_REF]. Seasonal and annual changes in river flow entering estuary can change the pH by whole units.

Spatial distribution of turbidity showed low values (< 10 mg.L - Mangrove survey data on seedlings facilitated the comparison between specific composition of the adult stand and its regeneration capacity. It revealed that there was few regeneration (Rahmania, 2016).

[88] Low, partial and full index values correspond to ponds fraction cover, respectively, lower than 50%, between 50% and 90% and above 90% [START_REF] Proisy | Monitoring mangrove forests after aquaculture abandonment using time series of very high spatial resolution satellite images: a case study from the Perancak estuary, Bali, Indonesia[END_REF].

Over the whole estuary, variability of plantation performance does not suggest evident spatial patterns that could indicate areas that are environmentally less adequate for mangrove growth. Plantations that are experiencing slow expansion or mortality can be actually found [89] in the neighboring of ponds demonstrating rapid canopy expansion and at any distance of river channels. Moreover, as observed in several ponds, canopy gaps due probably to illegal logging over areas larger than 100 m² could be detected within the year following the event.

The plantation indicated the change of active shrimp pond into abandoned pond and revealed the history of pond abandonment in Perancak estuary. The temporal analysis of mangrove planted ponds related to the number of active pond, climate conditions and shrimp production of Jembrana Regency will be given in the Chapter 4. Documentation of the past and present status of mangroves in every part of the fragmented land areas abandoned by aquaculture can be realized using VHSR images. It proves that time-series of VHSR images are essential for providing a comprehensive and intuitive level of information in developing sustainable management plans and supporting community-based ecological rehabilitation.

Conclusion

Perancak estuary and its aquaculture zone can be described as follows:

1. Perancak estuary is located in Jembrana Regency, southwest of Bali, Indonesia. It covers approximately 755 km 2 , with 4 main rivers (Tukad Sowan, Tukad Daya Timur, Tukad Ijo Gading and Tukad Daya Barat) which traverse urban population, major commercial, industrial and agriculture sites, and terminate in Perancak estuary.

2. Various land use types are found in Perancak Estuary including aquaculture ponds, mangrove, agriculture field (rice, palm, and coconut fields), also infrastructures such as residential and tourism areas and road.

3. In 2015, the area covered by aquaculture ponds was 381 ha, and abandoned ponds represented 72% of the total ponds. The aquaculture zone comprise 1546 ponds, where 176 ponds were semi-intensive, intensive were 83 ponds, polyculture were 16 ponds, fish culture were 94 ponds, and the others were inactive and not observed. 5. The depth of the rivers (Tukad Daya Timur, Tukad Ijogading, and Tukad Daya Barat) mostly 0.1 -1.5 m, but in some parts in Tukad Sewon River, which is directly connected to the sea are between 2 -6 m. The river depths where the shrimp ponds are located were only 0.1 -1 m.

[90] 6. Tidal regime showed that in full moon tide, water level in Sewon River can reach 2 m and 1 m in neap tide. In the pond, water level in full moon reaches 1 m and 0.5 m in neap tide. Formzahl number calculations indicated that tidal types of river and pond in Perancak estuary were semi-diurnal tides, where 2 high tides and 2 low tides happen in a day.

7. The rainfall survey for whole year of 1995 revealed that the flow of these rivers are influenced by the rain and identified as periodical rivers. The monthly average of river flow in a year ranged from 0.39 to 1.31 m 3 /sec in Tukad Ijogading River, and 0.48 to 4.23 m 3 /sec in Tukad Daya Timur River.

8. Temporal variability of water quality showed the phenomena of transition zone that linking typical freshwater from river with salt oceanic water (ecocline or ecotone). This mix zone showed gradient salinity and may influence the spatial and temporal distribution and abundance of phytoplankton in estuaries. 9. Spatial variability of water quality may show the limit of salt oceanic water distribution in the estuary according the tidal regime. [91]

[93]

Field work methods

The field works were aimed at characterizing Perancak estuary with its aquaculture area and environment. Field survey included global observation of the entire estuary, measurement of surface water quality in the ponds and river, also hydrology survey in the river. Mangrove survey contributed to the study site analysis and knowledge [START_REF] Rahmania | 13 Years of changes in the extent and physiognomy of mangroves after shrimp farming abandonment[END_REF]Proisy et al., 2014). [96] Bathymetry measurement was carried out along the river and sea using single beam echosounder and GPS Map Garmin 585. The transducer was placed on the side of boat where the censor was placed in the water. The antenna was mounted to obtain the position and record the depth data. A track has been prepared to facilitate the measurement. The beam was released every 30 seconds. The boat flew in a zig zag to obtain data representing the depth of the river and sea. The location and depth were corrected and exported into Surfer software. They were built into 2D and 3D maps of surface.

[97]

The tidal characteristics were directly measured in Sowan river, as main river in Perancak estuary and in the pond near the river by IMRO team (Figure 345). The measurement was conducted by installing pressure and temperature logger Hobo Onset from 1 -31 January 2015. Data was recorded from instrument every 2 minutes and processed using Microsoft Excel and application t_tide v.1.3 in Matlab R2008a to analyze tidal harmonic with least square method [START_REF] Pawlowicz | Classical tidal harmonic analysis including error estimates in MATLAB using T_TIDE[END_REF]. Type of tidal can be defined using tidal prediction of Formzahl number based on ratio of the sum of the diurnal and semi-diurnal components [START_REF] Defant | Physical Oceanography[END_REF]. This ratio increases when (Rahmania, 2016;Proisy, 2017) [99]

= + + ∑ = ,
where important numbers of natural and planted seedlings were encountered. Total area inventoried in this site reach 8875 m 2 (Figure 3-6).

VHSR Images

Fourteen very high-resolution images of Perancak estuary taken between 2001 and 2015 were provided by Digital Globe ( All the visual analysis was conducted under the software ArcGIS Advanced 10.2, provided under license network within the IFREMER. The first datasets integrated in the Geographic Information System (GIS) were the series of VHRS images. The panchromatic channel and multi-spectral channels were merged into well-contrasted images of red, green, blue whose
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pixel size was adjusted to that of the panchromatic channel, and registered in GeoTIFF format, a format particularly suitable for image-interpretation work under GIS. The majority of the GIS layers created are of vector format (polygon) and correspond to our objective to identify and evaluate changes in land use. The GIS layer created delineates various land cover types in the study area, i.e. the shrimp ponds and mangrove area. However, since some images did not cover the entire estuary zone, the area of study was adjusted to the highest common part of the whole image dataset. Extent of the entire estuary was about 7.6 km 2 and extent of the study area monitored through years was 7.1 km², representing nearly 95% of global coverage for this aquaculture area. Main river, secondary and artificial canals were also delineated. They accounted for about less than 1 km² with slight variations between images due to newly constructed water channels or emergence of new mangrove islands.

Climatic Environment

Owing to its geographical location, hydro-climatic environment of Perancak estuary is strongly driven by the Asian-Australian monsoon system [START_REF] As-Syakur | Indonesian rainfall variability observation using TRMM multi-satellite data[END_REF]. Moreover, regional rainfall exhibits important inter-annual variability controlled mainly by the El Nino-Southern Oscillation [START_REF] Vimont | Downscaling Indonesian precipitation using large-scale meteorological fields[END_REF] and Indian Ocean Dipole [START_REF] Saji | Possible impacts of Indian Ocean dipole mode events on global climate[END_REF]. Time series of monthly rainfall and temperature data over the 2001-2015 period, recorded at Negara weather station (08° 20' 40" S -114° 36' 98" E), were provided by the Indonesian Agency for Meteorology, Climatology and Geophysics (BMKG). Based on these data, monthly anomalies have been calculated for both atmospheric variables [START_REF] Lozowski | The use of cumulative monthly mean temperature anomalies in the analysis of local interannual climate variability[END_REF]. Annual cumulated anomalies were then derived by summing monthly anomalies of each year.
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CHAPTER 4 -DEVELOPMENT OF TOOLS

Introduction

Aquaculture has been growing at a rapid pace and is one of the fastest-growing food industries in the world. Most of aquaculture farms are situated in Asia, and Central and South America. For example, there were 7.1 million ha devoted to aquaculture in China in 2003;

902,900 ha in Vietnam in 2004 and 732,019 ha in Indonesia in 2003 (FAO, 2015).

Aquaculture farming has a major role in the rural employment and economic development of coastal communities. However, the aquaculture development has enormous environmental and socio-economic impacts at production site. Therefore, the sustainable practice of aquaculture farming, the preservation of coastal resources and the management of human activities is the high priorities of Indonesian government that aims to reduce these impacts.

Consequently, useful tools need to be developed in supporting decision makers in the elaboration of long-term planning of activity. Remote sensing and Geographic Information Systems (GIS) can take role as tools in providing spatial information on land use/land cover, tidal influence, coastal line, mangrove, infrastructure, water, and soil condition in integrated coastal zone management (ICZM). These tools which are complemented with the development of satellite sensor and imagery have great potential in aquaculture development, such as in identification and monitoring of spatial changes in aquaculture farms at different time periods (e.g. [START_REF] Nath | Applications of geographical information systems (GIS) for spatial decision support in aquaculture[END_REF], defining potential areas to build new farms (e.g. [START_REF] Beltrame | Pre-selection of areas for shrimp culture in a subtropical Brazilian lagoon based on multicriteria hydrological evaluation[END_REF], environmental surveys of aquaculture systems (e.g.

Meaden and Aguilar-Manjarrez, 2013), and detection of aquaculture facilities (e.g. [START_REF] Dwivedi | Delineation and monitoring of aquaculture areas using multitemporal space-borne multispectral data[END_REF][START_REF] Virdis | An object-based image analysis approach for aquaculture ponds precise mapping and monitoring: a case study of Tam Giang-Cau Hai Lagoon, Vietnam[END_REF]). Very High Resolution Satellite (VHRS) imagery with ground resolution ranged from 0.82 m to 0.31 m in the panchromatic and 3.2 m to 0.24 m in the multispectral of image IKONOS and Worldview-3, respectively, will provide higher resolution and accuracy in image analysis.

Through the remote sensing and GIS tools, the accurate mapping of aquaculture facilities is the first approach in detection type of aquaculture farms. It generates baseline data (cadaster) through classical field surveys and handled GPS, by visual delineation on remotely sensed images, or by a combination of both methods. Detection of the type of aquaculture farms (e.g. active or abandoned farms; fish, shrimp, seaweed or shellfish farms) is a framework to achieve sustainable management objectives. Furthermore, they are also increasingly allowing us to develop indicators that can be used to monitor and assess ecosystem and change at multiple scales [START_REF] Revenga | Developing indicators of ecosystem condition using geographic information systems and remote sensing[END_REF].

Automatic Mapping of Aquaculture Ponds

The cadastre of aquaculture farming can be developed using very high spatial resolution (VHSR) satellite imagery. Since VHSR images offer great detail and covers vast areas for visual observation, detection and delineation of aquaculture ponds can be conducted by utilizing the spectral response pattern of VHSR images and taking into consideration of field conditions [START_REF] Dwivedi | Delineation and monitoring of aquaculture areas using multitemporal space-borne multispectral data[END_REF]. Therefore, accurate maps of aquaculture farm locations, areas, and shapes can be established [START_REF] Alexandridis | The performance of satellite images in mapping aquacultures[END_REF].

Automatic mapping based on remote sensing and VHRS images is urgently required to provide promptly spatiotemporal information. The map resulted should be in acceptable quality, and efficient processing to support decision tools for sustainable aquaculture policy.

Several image classification techniques were developed to contribute to this mapping process. The method of classification and segmentation methods using Object-Based Image Analysis (OBIA) have been widely used [START_REF] Burnett | A multi-scale segmentation/object relationship modelling methodology for landscape analysis[END_REF]. They are particularly suitable for analyzing medium to high spatial resolution satellite images. Their mapping capabilities have been extended by incorporating spatial and textural attributes of homogenous sets of pixels [START_REF] Meinel | The potential use of very high-resolution satellite data for urban areasfirst experiences with IKONOS data, their classification, and application in urban planning and environmental monitoring[END_REF]. However, land use/cover classification analysis using high spatial resolution satellite images remains quite difficult due to the very high spatial variability of physical elements on the surface [START_REF] Tuan | Semi-automatic forest classification using free and open sources software[END_REF]. On the other hand, traditional Pixel-Based Image Analysis (PBIA) has encountered issues with high-resolution imagery, resulting in 'a salt and pepper appearance' that leads to very general land cover information, or limited accuracy in thematic maps [START_REF] Zhu | Accuracy assessment for the U.S. geological survey regional land-cover mapping program: New York and New Jersey region[END_REF]. In this section 4.2., a method based on edge detection was proposed [START_REF] Rahmania | 13 Years of changes in the extent and physiognomy of mangroves after shrimp farming abandonment[END_REF]. Images are processed to find the boundaries of objects to facilitate segmentation and object recognition [START_REF] Saini | A comparative analysis on edge detection techniques used in image processing[END_REF]. Results obtained with this method will be compared with those generated by two other methods: (i) Region Growing Segmentation followed by ISOSEG unsupervised classification (RGT) and (ii) Isocluster unsupervised classification (IUC). RGT method, which has been widely used in many remote sensing applications, can create closed regions [START_REF] Espindola | Parameter selection for region-growing image segmentation algorithms using spatial autocorrelation[END_REF]. It permits to extract the water surface and pond embankment limits [START_REF] Virdis | An object-based image analysis approach for aquaculture ponds precise mapping and monitoring: a case study of Tam Giang-Cau Hai Lagoon, Vietnam[END_REF]. IUC has been used to classify aquaculture zones and generate aquaculture farm cadastre [START_REF] Hossain | Monitoring shrimp farming development from the space: a RS and GIS approach in Kandleru creek area[END_REF].

Material and Methods

In this work, three segmentation and classification methods were conducted to build the cartography of ponds automatically: namely, Region Growing Segmentation algorithm followed by ISOSEG unsupervised classification method (RGT) using SPRING software, isocluster unsupervised classification method (IUC) using ArcGIS software, and Edge 

IUC Method

Image pre-processing and classification: After contrast enhancement, several classes of land cover were identified in the multispectral image using IUC, without knowledge of class type.

These classes were re-classed into pond and non-pond (2 classes) to generate two unique values.

Automatic vectorization: ArcScan, as an extension tool in ArcGIS, provides automatic vectorization. After creation of line and polygon, contour was chosen as method of vectorization. It is a type of outline vectorization which will generate vector features at the border of the raster linear elements. Automatic vectorization requires settings that influence how the output vector features are generated. Polygon was chosen in vectorization setting.

Once we have determined the appropriate settings, we can vectorize the entire raster layer.

Post-vectorization refinement: After data creation, we can use other editing tools, such as topology, advanced editing, and spatial adjustment, to further refine the data, if necessary.

Several connected ponds which may appear in the result could be separated by manual editing.

RGT method

Image pre-processing and filtering: Panchromatic image was spatial filtered 3x3 sliding kernel with one iteration, to enhance the contrast.

[105]

Image segmentation: Similarity describes the how similar a pixel can be in a group, and the area describes the smallest area a segment can be. Different threshold of similarity and minimum area (pixel) were tested to achieve optimally segmented output.

Image classification: A clustering algorithm ISODATA (Iterative Self Organizing Data Analysis Technique) allowed us to classify each segments in the image. ISODATA initially assigns the same class to all segments, and then reduces variability by creating new classes (Verbyla, 1995). Several acceptance thresholds and different number of interactions were tested. The classification output was converted into vector layers.

Post-vectorization refinement: After classification and vectorization, manual refinement using editing tools can be conducted using ArcGIS, as same as IUC post-vectorization.

EDB method

Image pre-processing and filtering: Panchromatic image was filtered by 3x3 Gaussian filter to remove noise and obtain a smooth image.

Edge detection based segmentation and adaptive thresholds: In this study, an improved

Canny edge detection method was employed to process the panchromatic image. Canny algorithm introduces hysteresis thresholds, which allow significant adaptation to local content in images. The higher threshold (Th) was calculated using Ostu method and the lower threshold (Tl) was determined by using Canny initial formula Tl = 0.5Th, which guarantee completeness and accuracy of the contours.

Pixel value above Th was classified as edge whereas pixel value lower than Tl were discarded. Pixel value between these thresholds would be recognized as contours if they were already connected to an accepted pixel ready classified as contour.

Color based segmentation and Image Fusion: For the purpose of extracting drained and ongoing development ponds, a color classification using a color threshold of 90 was performed in parallel with the color image using Hue-Saturation-Value (HSV) system.

Segmented panchromatic and segmented multispectral images were then fused together to get a complete map of ponds.

Shape Recognition and Image Classification:

A shape recognition method was applied to eliminate interference factors. An area threshold ranging from 300 to 10,000 pixels was optimal to identify aquaculture ponds. Moreover, a shape factor (SF), derived from the ratio of perimeter and area showed promising results in identifying of aquaculture ponds based on their elongated shape (SF ≥ 1.2). Vectorization was then conducted using ArcGIS tool.

[106]

Steps in automatic processings of aquaculture ponds mapping using IUC, RGT, and EDB methods are shown in Figure 4-1, 4-2 and 4-3, respectively.

To analyze the relative suitability of different classification methods for mapping, assessment of map accuracy was performed on the classification results from IUC, RGT and EDB by using the confusion matrix, the kappa coefficient of agreement and the proportion of ponds correctly identified [START_REF] Foody | Thematic map comparison: evaluating the statistical significance of differences in classification qccuracy[END_REF]).

[111]

The percentages of ponds identified by RGT, IUC and EDB, were 62%, 81%, and 96%, respectively (Table 4-1). EDB percentage was the highest because EDB was able to extract ponds in zones efficiently where the other methods could not. Accuracy assessment of the three methods is showed in Table 4-2. The overall accuracy for EDB was 84%, with a Kappa statistic of 0.68. The accuracy and Kappa statistic were higher for RGT and IUC. 

Discussion

Suitable segmentation parameters for RGT were a similarity of 5 pixels and a minimum area of 750 pixels. These settings were similar to the study of [START_REF] Virdis | An object-based image analysis approach for aquaculture ponds precise mapping and monitoring: a case study of Tam Giang-Cau Hai Lagoon, Vietnam[END_REF]. Homogeneous areas were well delineated, but RGT was hardly able to generate complete ponds in heterogeneous areas. In under-segmentation cases, region growing segmentation failed to recognize edges. It could not locate object boundaries and actual edges because neighboring pixels with the same or similar values could not be clustered in the same region.

Alternatively, region growing could detect boundaries but did not meet an actual adjacent edge in the image. When over-segmentation occurred, the actual edge pixels might be joined to other pixels in their neighborhood [START_REF] Singh | Edge Based Region Growing[END_REF][START_REF] Xiaohan | A new algorithm for image segmentation based on region growing and edge detection[END_REF].

The segmentation process for the image WV-2, which took more than 3 hours, made the operation and data handling more complicated, while steps consisting of cadastre integration into map tasks were easily performed within an external GIS software. IUC could create a smooth cadaster of the aquaculture ponds. The fast processing time and integration with GIS spatial analysis added advantages to this method. The method depends on spectral signature and statistical information in the image, and users did not have control of the clustering process. Determined classes did not correspond to characteristics in the field area, such as the roof of the building. As unsupervised classification method was not sensitive to covariation and variations in the spectral signature of objects, especially to the low contrast image. This method could produce some missing and connectivity of ponds that inevitably lead to a lower accuracy of the map [START_REF] Fraisse | Delineation of site-specific management zones by unsupervised classification of topographic attributes and soil electrical conductivity[END_REF].

Aquaculture

The EDB approach proposed in this paper achieved a high segmentation and classification accuracy. EDB had overcome the limitations related to sensitivity to noise and low image contrast by using a Gaussian filter and Canny operator. It did not need manual refinement of contours and it could improve the accuracy of segmentation in a significant manner. On the contrary, the other methods needed to be followed by manual refinement. Moreover, a result not presented in this paper showed that EDB could detect the broken structure of embankment between ponds. Although some of them were small and inconspicuous, they could be extracted by this procedure. That would be very beneficial for further analysis of abandoned ponds by experts.

The EDB approach possessed three key advantages over both IUC and RGT. Firstly, it could largely reduce the salt-pepper effect as a result of Gaussian filter. Secondly, it took into account not only spectral properties but also shape features that provided a dominant factor for the classification. Thirdly, the Canny operator improved by Ostu method permitted to improve segmentation accuracy by effectively conserving details and slight borders to delineate a clearer and complete enclosed map.

The result of visual observation and the proportion of ponds identified were in line with the overall accuracy and Kappa coefficient, and EDB results were consistently higher than IUC and RGT ones. With respect to classification performance suggested by [START_REF] Richards | Remote sensing digital analysis[END_REF] in [113]

Development of Activity Indicator

Within the framework to detect type of aquaculture farms, developing indicator should allow us to monitor changes in the activities of shrimp farms and should be able to discriminate active ponds from abandoned ponds. Identification of abandoned ponds is important to provide information in supporting decision makers for rehabilitation abandoned ponds with at pond and ecosystem scale. Even in a limited amount of data, the indicators should be able to simplify and communicate the current condition and complex phenomena. They are presented in sound, simple and understandable forms (i.e. maps, charts, trend lines).

The This section proposes a methodology (Figure 4-5) to develop an integrated indicator from GIS information and satellite images time series [START_REF] Gusmawati | Surveying shrimp aquaculture pond activity using multitemporal VHSR satellite images -case study from the Perancak estuary, Bali, Indonesia[END_REF]. The indicator has been built from several combinations of criteria determined by cross-referencing field survey information and visually extracted information on satellite images at a given time period (2014)(2015). A validation of this classification has been performed by applying a supervised classification method and an extractor of criteria association rules. Once the process is validated, it will be applied to images from 2001 to 2015 to survey the dynamic of abandonment in a declining aquaculture area over this long period and to cross it with shrimp production and climate environment. Thus, the lesson learned from this site was acknowledged to steer all stakeholders towards a science-based approach to ensure longterm planning of activity and livelihood opportunities in an integrated coastal zone management (ICZM) framework.

[114] [115]

They were delivered in a GeoTIFF format. Pixel size varied from 50 cm to 1 m for panchromatic channel whereas the resolution of visible and infrared wavelengths ranged between 1.5 and 4 m. Image analyses were based on multi-channel images composed of multi-spectral channels pan-sharpened to the spatial resolution of the panchromatic channel using ArcGIS ® software. Those images were registered in UTM projection (WGS 84 datum, UTM zone 50s) using 40 ground control points (GCPs) that were collected in 2014 during a GPS survey (Garmin ® GPSMAP 62SC). The co-registrations of all images were refined using the Worldview-3 image of 16 April 2015 as the reference image for superposition. The images used in this study were in sun-backward angular configurations to avoid amplification of sun backscattering and high brightness on water, which may mislead the identification of objects in the shrimp ponds.

Field surveys

Field surveys were conducted in May 2014, November 2014 and June 2015. These surveys were dedicated to spatially reference aquaculture farming landscape: pond structures, aerators, bridges, status of ponds, mangrove extents, rivers, and human infrastructures.

These three surveys permitted to explore the whole estuary area. It allowed us to locate abandoned and active ponds. Photographs and GPS positions were systematically recorded.

Aims of the surveys were also to associate specific features that discriminate active from abandoned ponds. Moreover, this protocol was used to a posteriori validate the visual interpretation step. Mangrove survey contributed to site analysis and knowledge [START_REF] Rahmania | 13 Years of changes in the extent and physiognomy of mangroves after shrimp farming abandonment[END_REF][START_REF] Proisy | Monitoring changes on mangroves coasts using high-resolution satellite images: a case study in the Perancak estuary[END_REF]Prosy, et al., 2017). Twenty-three farmer interviews were 

b. Development of Indicators

Image Analysis

Visual interpretation of image series was conducted to delineate various land cover types.

The estuary zone which contains mangrove and shrimp farm was digitized. Since some images did not cover the entire estuary zone, the study area was restricted to the area [116] covered by all images. The extent of the whole estuary was about 7.5 km² and extent of the study area monitored through years was 7.1 km². Main river, secondary and artificial channels were also delineated. They accounted for less than 1 km² with slight variations between images due to newly constructed water channels or emergence of new mangrove islands. Combined use of very high spatial resolution (VHSR) and multispectral information (MI) allowed us to discriminate pond activities. Four main Boolean criteria were defined for this purpose based either or both features (VHSR or MI) of satellite images: 1) dry or full pond (MI), 2) presence of aerator(s) (MI), 3) presence of wooden feeding bridge(s) (VHSR), 4) presence of vegetation (VHSR + MI). The presence of aerators and bridges appeared as discriminant criteria for active ponds, while presence of vegetation was considered as a significant criterion for abandoned ponds. Because ground truth was conducted between 

Integrated Pond Activity Indicator

An Integrated Pond Activity Indicator (IPAI) was developed, based on the four criteria described above. Sixteen possible combinations of criteria were used to define the activity status of ponds (Table 4-4). Ground truth allowed to establish simple empirical association rules to describe pond activity: if aerator and/or bridge are present in a pond then the pond is considered as active; if vegetation is observed then it is an inactive pond. Two associations over all possible combinations drew our attention. The first was case 9, i.e. absence of water, aerator, bridge and vegetation. Even though this case was defined later as an association rule that characterized inactive ponds (see section 3. below), this rule could lead to misinterpretation as ponds could be active but in a dry period. The other one (case 12:

presence of water but absence of aerator, bridge and vegetation) could also generate errors because corresponding ponds could hold extensive practice or could be abandoned but with presence of water due to tidal filling. In these two cases, pond status was determined based on other criteria. Indeed, soil color (when ponds were empty), water color (when ponds were filled), and presence or absence of dike, were then used to help support knowledge-based visual interpretation of pond activity. 

Data Analysis

A raw database was constructed by photo-interpretation. It consists of objects (ponds) described by criterion (absence or presence) defined above (aerator, water, bridge, etc.) and identified as active or non-active by ground truth. Ponds detected as active in the images of 2014 and 2015 thanks to the IPAI were compared to active ponds identified by ground truth.

A supervised classification tool based on the decision tree method J48 [START_REF] Quinlan | C4.5: Programs for Machine Learning[END_REF] implemented in Weka software (Franck et al., 2016) was used (with 10 folds cross-validation)

to evaluate the accuracy rate. This classification tool also provides a confusion matrix and a statistical kappa coefficient, which allowed for an accuracy assessment of the photointerpreted product. In addition, this tree decision method ranks criteria (here aerator, water, bridge, and vegetation) from strongest to weakest with respect to discrimination accuracy, by using information gain measure. Moreover, in order to refine pond activity characterization on a local scale, we applied a classification rule method [START_REF] Agrawal | Fast Algorithms for Mining Association Rules in Large Databases[END_REF] implemented also in Weka on R software. This method returns sets of criteria values (here: presence, absence) that are associated with a class (here: active pond, inactive pond). In [118] that context, an association rule is an expression of the form Cr1, Cr2, …, Crn → Class.

Quality or power of an association rule can be measured. Two simple measures commonly used are frequency and confidence. In our case, frequency gives the number of ponds verifying the rule, and confidence quantifies the ratio between the number of ponds belonging to a class targeted by the rule and the number of ponds verifying criteria values (Cr1, Cr2, …, Crn).

Results

a. Criteria analysis

In this section, we analyzed the distribution of criteria identified visually (section 4.3. Vegetation: a strong colonization of ponds by mangrove was observed in Perancak estuary central zone (Figure 4-6d). This colonization developed naturally and anthropically (Proisy et al., 2014;[START_REF] Rahmania | 13 Years of changes in the extent and physiognomy of mangroves after shrimp farming abandonment[END_REF]. Moreover, active ponds without vegetation represented 97,7%, 97,5% and 98,7% of active ponds reported in ground truth on the three dates, respectively. Table 4-5 presents the first twenty best rules extracted with higher frequency (> 70%) and confidence (> 90%). Results validated that presence or absence of aerator, water, bridge, and vegetation could define pond activity status with a reliable degree of confidence. They also demonstrated that a combination of two or three criteria could be used to determine pond activity. For example, the absence of bridge and presence of vegetation characterized inactive ponds with a 0.99 degree of confidence. The best rule characterizing active ponds had a confidence of 0.84. The combination of bridge and water criteria was enough to discriminate pond activity at the two 2014 dates. However, in 2015, vegetation criterion needed to be added to the combination bridgewater to discriminate pond activity status. Classification accuracies for the three dates were respectively 87%, 88% and 86%.

We noticed that classes (active and inactive ponds) were unbalanced (with respect to the number of individuals). One issue related to supervised classification methods can be a bias towards majority classes (here inactive pond class). To overcome this problem, we balanced classes by removing ponds randomly from the majority class. Technically, this experiment was repeated several times. We obtained an average accuracy of 80%, 82.7% and 82.3% for each date respectively. So we obtained accuracy levels slightly lower than the ones reported above, but still fairly satisfactory.

[123]

In conclusion, feeding bridge (Figure 4-9) appeared to be the most efficient criterion compared to aerator, water and vegetation, because it was firmly associated with activity in ground truth. It was also more likely to complement with other indicators such as vegetation and water to define active ponds. Aerators were not identified as a criterion by the classifier due to their absence in images, even though the presence of aerator could be discriminate criteria for activity indicator. The bridge size about 0.5-1 m x 3-5m and is placed on the dike. The bridge is not only to facilitate the feeding practice, but also to check the growth of shrimp.

Discussions a. Criteria Detection by image analysis

Visual image interpretation is the first approach in analyzing satellite images that does not require a high expertise in the remote sensing field. This technique allowed us to easily identify various features and objects in Perancak estuary, such as mangrove trees, rivers, pond structures, aerators, feeding bridges and water in ponds; and around the estuary, such as urban settlements, agriculture (coconut plantations and rice fields) and rangeland. They were analyzed according to size, shape, pattern, tone, texture, shadow, position and spatial relationships as well as contrast and color saturation. To interpret images, object recognition, previous knowledge and experience rely on one another through an iterative process [START_REF] Albertz | The Electromagnetic Spectrum and Atmospheric Transmittance[END_REF]. This task is nevertheless really time-consuming and can lead to errors because of human interpretations. Thus, next step in improving the present work will be to automate activity criteria detection, as already implemented for pond detection by image analysis [START_REF] Gusmawati | Aquaculture Pond Precise Mapping in Perancak Estuary, Bali, Indonesia[END_REF]. Due to sub-metric image spatial resolutions, activity criteria, except "water" were detected in a quite confident manner. For aerators of about 2 m

[124] large, their true colors coupled with water splash due to blade rotation generate contrasting colors that make distinction possible. Feeding bridges of several meters long are also easily recognizable due to their rectangular shapes located above water. Discriminating vegetation has been widely studied (e.g. [START_REF] Lee | Applying remote sensing techniques to monitor shifting wetland vegetation: A case study of Danshui River estuary mangrove communities[END_REF]. A common method is the use of composite bands in a multispectral image that may contrast vegetation areas in abandoned ponds, such as the ratio of near-infrared band to red band. This ratio is known as the Ratio Vegetation Index (RVI). Another commonly used vegetation index is the Normalized Difference Vegetation Index (NDVI), which can also be utilized to automatically detect vegetation inside ponds. Bournazel et al. (2015) demonstrated that shrimp ponds can be distinguished from salt pans based on their size; where ponds exceeding 50 x 50 m size were always classified as shrimp ponds. Also, functioning and non-functioning ponds were distinguished using various features. When the boundaries of ponds were even and well shaped, the ponds and/or dikes were free from any type of vegetation (i.e; herbs, bushes or tress) and not submerged by water; if they were full of homogenous water and some aerators were present then it was classified as a functioning pond.

Pond base may give distinct characteristic, especially in dry pond. There are many types of pond base in Indonesia (Table 5). The most common type uses concrete dikes and exposed bottom soils. Concrete and liner ponds need high investment at initial, but this type of construction is rigid, tough, and long life time. They may reduce erosion and enhance water quality. At large integrated shrimp farms in Lampung, most production ponds are lined with high-density Polyethylene plastic (HDPE). The ponds may be covered with geomembrane liner made from Ethylene Propylene Diene Monomer (EPDM). These liners have good physical and mechanic performance, high tearing resistance, strong deformation adaptability, puncture-resisting, aging resisting, ultra-violet radiation, oil and salt, good adaptability to high and low temperature, non-toxicity, good waterproof, drainage, anti-seepage and damp proof effects, relatively low cost and easy installation (Shrimp News, 2005).

In Bali, ponds especially built for L. vannamei culture are fully lined with concrete and even have ramps to allow access by small trucks during pond preparation and maintenance activities. These deep ponds have operational water levels over 2 m. Another type is the discrete-lined pond, which was started a few years ago in Indonesia. The dikes are built with concrete, and the pond bottoms are lined with locally available polyethylene plastic tugged onto the dikes. Layers of sand are spread on the plastic to keep it in place. Concerned with pond base, pond lined with polyethylene showed different water quality with earthen-pond (Prawitwilaikul et al., 2006).

[125] The most problematic criterion is clear water, because one could face cases where an active pond was not filled, or partially filled due to tidal oscillation, heavy rainfall on previous days before image acquisitions.

Identification cannot be conducted without VHSR images since medium and low spatial resolution images (> 4m) display fewer features and make difficult to differentiate between some earth and man-made materials (features) because of the mixed-pixel problem [START_REF] Suwanprasit | Impacts of spatial resolution on land cover classification[END_REF]. Studies were thus limited until the launch of new highresolution sensors, which occurred at the beginning of the 21st century. In our study, Quickbird and Worldview-2 images made small object detection (e.g. feeding bridge) easier than IKONOS-2 images. Finer spatial resolution used in hyperspectral imagery or aerial photography is very promising since, for example, hyperspectral imagery can discriminate different wetland vegetation types [START_REF] Ghioca-Robrecht | Assessing the use of multiseason quickbird imagery for mapping invasive species in a Lake Erie coastal marsh[END_REF]. Nowadays, low-cost solutions to acquire VHSR images are emerging with the rapid development of Unmanned Aerial Vehicles which can be equipped with hyperspectral sensors.

As already stated in studies using satellite or aerial images, ground truth was crucial to ensure robustness of visual interpretation and associated conclusions (e.g. [START_REF] Meaden | Advances in geographic information systems and remote sensing for fisheries and aquaculture[END_REF]. In our study site, presence of mangrove trees inside ponds permitted to conclude to inactivity whereas in some aquaculture areas, mangrove is integrated into the farming system [START_REF] Binh | Integrated shrimp-mangrove farming systems in the Mekong delta of Vietnam[END_REF]. For example in Gresik, East Java, traditional milkfish farmers keep mangrove growing inside ponds and on dikes [START_REF] Schuster | Fish culture in brackish-water ponds of Java[END_REF]. The mangrove criterion should thus be considered as specific to some aquaculture areas. Feeding bridges, which here represented the most efficient criterion to build the IPAI used to detect activity in Perancak, wouldn't necessary be an appropriate criterion in traditional systems. However, aerators would probably be the most powerful criterion for assessment of activity in super-intensive aquaculture areas. More generally, studies have shown that classification accuracy can be greatly improved by applying site-specific information, expert knowledge (empirical rules) and with addition of ancillary data to extract thematic features (e.g. vegetation groups, aerial photography, base region map, National Wetland Inventory maps) [START_REF] Henderson | Mapping coastal ecosystems over a steep development gradient using C-CAP Protocols[END_REF][START_REF] Gad | Lithological mapping in the Eastern Desert of Egypt, the Barramiya area, using Landsat thematic mapper (TM)[END_REF].

b. Integrated Activity Indicator

We visually identified four factors (presence/absence of water, bridge, aerator and vegetation) as first criteria to detect pond activity. This integrated indicator was defined as a set of significant combinations of these four criteria, given in the form of decision rules either observed visually on images (Table 4-4) or extracted automatically based on ground truth (Table 4-5 and Figure 4-8) using well-known supervised classification methods (decision tree and classification rules). Overall, obtained results confirmed, with a high statistical accuracy, the strength of the IPAI built automatically (Table 45). In addition, these decisions rules should not only allow to determine pond activity status (active or inactive pond) but also to predict it on new images in order to monitor pond activity dynamics. This will allow avoiding systematic ground truth surveys, which are tedious and very expensive. Furthermore, visual interpretation by experts with sound experience is robust but still subjective. Indeed, in Table 4-4, rules No. 9 and No. 12 corresponded to ponds for which expert could not visually identify the activity status on images, requiring additional information to make a decision (see section 2.4.3.). On the other hand, when rules were automatically extracted based on ground truth,

No. 9 rule concluded on inactive ponds (Table 4-5) and No. 12 rule concluded on active ponds (Figure 4). Even though presence/absence of water seems to dictate rule conclusions, some ponds could be in drying period or in discontinued production. Therefore, to differentiate these two situations more accurately, it is necessary to acquire more than two images a year.

While field expertise remains essential to interpret and validate results, decision support with powerful, automatic and semi-automatic modeling tools can lessen subjectivity, reduce computation time and increases result accuracy. Furthermore, the approach used to build our IPAI is generic and can be reproduced while adding other criteria to reinforce and increase its robustness. In this study, we only considered four criteria that were simple to identify, but others such as image radiometric values or remote sensing indices (vegetation index, brightness index, etc.) could be involved in IPAI construction. For decades, spectral indices, such as vegetation and soil indices, have been used to predict, model and monitor different land change processes [START_REF] Chen | Land-Cover Change Detection[END_REF]. Similarly, two and three-band indices have been utilized as water quality parameters in active aquaculture ponds [START_REF] Abd-Elrahman | In situ estimation of water quality parameters in freshwater aquaculture ponds using hyperspectral imaging system[END_REF]. Ground truth revealed that pond abandonment for years might result in broken dikes, characteristic which might be used as a criterion to detect abandoned ponds.

However, it could be only applied with the more recent images. State of disrepair of buildings

[127] such as warehouse, farmer hut, pumping station or central drainage system should also be additional characteristics to help to discriminate abandoned areas from active areas.

An integrated indicator has been developed to survey shrimp ponds activity at an hydro -and agro -system scale. It was based on the presence of water, feeding bridge, aerator, vegetation inside the ponds. In some cases, pond status was determined based on other criteria, such as soil color (when ponds were empty), water color (when ponds were filled), and presence or absence of dike. A decision tree classification revealed 87.8% of correctly classified instances (ponds) with a kappa value of 0.66, and the feeding bridge criterion was the most discriminant. Using this tool, the aquaculture area history was described with a series of temporal satellite images.

Conclusion and Perspectives

Development of new tools from VHR images

The baseline of information for a proper and sustainable development of aquaculture is critical to support decision-making. Some information can be generated from mapping and monitoring of aquaculture areas at regular intervals using satellite remote sensing. In general applications, RGT and IUC could be utilized in aquaculture mapping for intensive and superintensive farms that have homogeneous water and clear boundaries of embankments. EDB could be used to map more complex aquaculture systems, but it needs improvement with regards to smoothness of pond boundaries. These three methods failed to generate a cadaster for abandoned ponds with very dense vegetation. Therefore, classification by vegetation indices might be useful for that application and should thus be integrated into the mapping process.

An integrated indicator has been developed to survey shrimp ponds activity at an hydro -and agro -system scale. It was based on the presence of water, feeding bridge, aerator, vegetation inside the ponds. In some cases, pond status was determined based on other criteria, such as soil color (when ponds were empty), water color (when ponds were filled), and presence or absence of dike. A decision tree classification revealed 87.8% of correctly classified instances (ponds) with a kappa value of 0.66, and the feeding bridge criterion was the most discriminant. Using this tool, the aquaculture area history was described with a series of temporal satellite images.

Perspectives of automatic mapping and activity indicator development

Pond activity indicator using VHSR image analysis is time consuming and may be subjected to human errors. Therefore, an automation process should be applied to detect each criterion of pond activity, as already carried out for pond detection [START_REF] Gusmawati | Aquaculture Pond Precise Mapping in Perancak Estuary, Bali, Indonesia[END_REF].

New criteria to improve the integrated indicator for shrimp activity (IPAI) should be developed. This study only considered four criteria that were simple to identify, but others such as image radiometric values or remote sensing indices (vegetation index, brightness index, etc.) could be involved in IPAI construction. State of disrepair of buildings such as warehouse, farmer hut, pumping station or central drainage system should also be additional characteristics to help to discriminate abandoned areas from active areas. Moreover, some criterion should be considered as specific to some aquaculture systems. As example, the mangrove criterion should thus be considered as specific to some aquaculture areas.

Feeding bridges, which here represented the most efficient criterion to build the IPAI used to detect activity in Perancak, wouldn't necessary be an appropriate criterion in traditional systems.

There are various brackishwater aquaculture practices with different structures, i.e. 

Perspectives General

The development of satellite technology allows the constellation of satellite which can capture the image of the Earth more frequent and in higher resolution. Nowadays, a joint land monitoring project of the European Commission and the European Space Agency, called Copernicus, has launched the Sentinel-2 satellite constellation. This satellite provides high-resolution optical images of Earth, which can image the entire Earth in 5 days, and help the scientist to monitor changes in land formations [START_REF] Hess | The European space agency: new satellite will image earth every 5 days[END_REF]. Moreover, the next Sentinel-4 and -5 may able to monitor atmospheric conditions.

The advance capacity of satellite will allow the vast utilization of remote sensing and geographic information system (GIS) technology in monitoring soil, water and vegetation changes. Moreover, it opens up the opportunity to monitor the aquaculture in wide area. 

CHAPTER 5 -SURVEYING SHRIMP AQUACULTURE POND ACTIVITY USING MULTITEMPORAL VHR: CASE STUDY FROM PERANCAK ESTUARY

Introduction

In the previous chapter, a methodology has been proposed to develop an integrated indicator from GIS information and satellite images time series. This indicator should allow us to monitor changes in the activities of shrimp farms and should be able to discriminate active ponds from abandoned ponds. The indicator has been built from several combinations of criteria determined by cross-referencing field survey information and visually extracted information on satellite images at a given period (2014)(2015). A validation of this classification has been performed by applying a supervised classification method and criteria association rules.

The next step was to apply the indicator to images from 2001 to 2015 to survey the spatial and temporal changes in a declining aquaculture area over this period and to cross acquired information with shrimp production and climate environment. Thus, we acknowledged the lesson learned from this site to steer all stakeholders towards a sciencebased approach to ensure the sustainability of activity and livelihood opportunities in an integrated coastal zone management (ICZM) framework.

Spatiotemporal Changes

Change detection is the process of identifying the different states of an object or phenomenon by observing it at different times. When applied to time series data sets, it allows highlighting temporal effects or processes. Change detection with historical time series and high accuracy can provide a better understanding of the relationship and interactions between human activity patterns and natural phenomena. This understanding is necessary for improving resource management and improving decision making [START_REF] Cardille | Agricultural land-use change in Brazilian Amazonia between 1980 and 1995: evidence from integrated satellite and census data[END_REF][START_REF] Lu | Change detection techniques[END_REF][START_REF] Seif | Change detection of Gil Playa in the Northeast of Fars Province[END_REF][START_REF] Ahmad | Detection of change in vegetation cover using multi-spectral and multi-temporal information for District Sargodha, Pakistan[END_REF].

The study of spatiotemporal changes of the pond activity in Perancak estuary is motivated by the need to observe and further try to explain the changes. The final objective is to analyze the resilience of the system to disturbance(s). The study may provide useful information to identify the causes of pond abandonment. Since Perancak estuary is a complex system, it is often subject to multiple drivers of changes. Spatiotemporal changes in the activity of pond may be affected by external factors as climate, quality of water source, or social conflicts and/or internal factors as farming practice, diseases, soil, and water quality. Hence, the main [134] large nonlinear changes in the system [START_REF] Scheffer | Catastrophic shifts in ecosystems[END_REF], as severe drought in Vietnam on January -March period of 2016 made shrimp production down one percent from a year ago (Shrimp News, 2016). However, regime shifts do not always require abrupt tipping points and can result from long period of stressful conditions [START_REF] Spanbauer | Prolonged instability prior to a regime shift[END_REF]. The presence of viral diseases did not imply systematically pond abandonment. The farmers have adapted their practices to increase the resilience of their system to diseases. Some actions have been conducted, as widely used of a large number of disinfectants, also stocking of uninfected shrimp seeds and rearing them away from environmental stressors with extreme care. A study showed that shrimps farmed in areas with relatively low temperature fluctuations and at water temperatures greater than 29 °C had increased resistance to WSSV (Kakoolaki et al., 2016). Site selection may be one of the most crucial in preventing White Spot Disease (WSD). However, since WSSV still persist in the diseased pond and lower in surrounding canals, even 20 months after WSSV disease outbreak [START_REF] Quang | Persistence of white spot syndrome virus in shrimp ponds and surrounding areas after an outbreak[END_REF], therefore the WSSV outbreak may still occur and cause pond abandonment even if adaptation practices have been conducted. Regime shifts are typically associated with significant consequences (e.g. shrimp farming collapse, loss of water quality)

resulting in transboundary problems that are not easily accommodated in existing legal and governance frameworks [START_REF] Garmestani | Can law foster social ecological resilience?[END_REF][START_REF] Green | A multi-scalar examination of law for sustainable ecosystems[END_REF].

Spatial resilience

Environmental change may affect agrosystem, but also the landscapes in which they are embedded. It can create spatially and temporally complex dynamics. Spatial heterogeneity in the location, manifestation of, and responses to environmental change makes spatially explicit approaches to management necessary.

Spatial resilience, a crucial component of resilience theory, is at the forefront of attempts to operationalize and quantify resilience concepts in landscapes (Box 5-3). Improving the spatial resilience of the agrosystem could be critical to ensure the sustainability of shrimp production and preservation of the environment of Perancak estuary.

In spatial resilience thinking, the asymmetries are systemic heterogeneities, such as soil, water, and climate conditions. They can create gradients in environmental and biotic variables that characterize the regime in of the studied systems (Norberg and Cumming, 2008). The hydrological network connect water, wildlife, pathogenic agents and other processes such as nutrients exchanges (Amundrud et al., 2009, Frazer, 2009;[START_REF] Allen | Quantifying resilience[END_REF]. The networks consist of two primary elements, termed nodes and links. The nodes typically comprised of discrete elements, in this case is transition/mixing zones between

[138]

Materials and Methods

Identification of activity criterion of the pond

The activity criteria (aerator, water, bridge, and vegetation) were identified in the pond of Perancak estuary using VHSR images of 2001 -2015. Each criterion was transformed into cadastre of pond criteria for each date. The activity criterion maps were arranged chronologically from the earlier to recently period.

Application of Integrated Pond Activity Indicator (IPAI)

The Integrated Pond Activity Indicator (IPAI) was developed using activity criteria (aerator, water, bridge, and vegetation) in VHRS image, as explained in Chapter 4. The IPAI was applied in a series of VHRS images of 2001 -2015 into cadastre of activity ponds in Perancak estuary for each date. The integrated pond activity maps on each date were arranged chronologically before proceeding to a temporal and spatial analysis of the aquaculture area.

Data collection

Data of climate environment and shrimp production in 2001 -2015 of Jembrana Regency was collected from Local Government of Jembrana regency. Due to its geographical location, the hydro-climatic environment of Perancak estuary is strongly driven by the Asian-Australian monsoon system [START_REF] As-Syakur | Indonesian rainfall variability observation using TRMM multi-satellite data[END_REF]. Moreover, regional rainfall exhibits considerable inter-annual variability controlled mainly by the El Nino-Southern Oscillation [START_REF] Vimont | Downscaling Indonesian precipitation using large-scale meteorological fields[END_REF] and Indian Ocean Dipole [START_REF] Saji | Possible impacts of Indian Ocean dipole mode events on global climate[END_REF]. Time series of monthly rainfall and temperature data over the 2001-2015 period recorded at Negara weather station (08° 20' 40" S -114° 36' 98" E), were provided by the Badan Meteorologi, Klimatologi dan Geofisika (BMKG). Based on this data, monthly anomalies were calculated for both atmospheric variables [START_REF] Lozowski | The use of cumulative monthly mean temperature anomalies in the analysis of local interannual climate variability[END_REF]. Annual Cumulated anomalies were then derived by summing monthly anomalies.

Hydrodynamic modeling of the Perancak Estuary

The work for hydrological modelling was conducted in collaboration of IFREMER -LEAD and IMRO which consists of Romain Le Gendre, Benôit Soulard, Frida Sidik and M. Arief Rahman.

a. Hydrodynamic model

A high-resolution MARS (Model for Applications at Regional Scale) hydrodynamic model has been recently developped by IFREMER (Romain Legendre) with the aim of describing hydrodynamic processes that predominate over the Perancak estuary. One can find a

[139] thorough description of the MARS core in Lazure and Dumas (2008). Since region of interest (estuary) presents very-shallow water, we assumed a well-mixed water column and low variation of the horizontal current component from bottom to surface. The two-dimensional version of MARS has thus been selected. Bathymetry gridding has been undertaken using merging and interpolation of three different datasets: a specific field survey inside the estuary in March 2016, bathymetric isolines issued from Indonesian Navy [START_REF] Berlianty | Tide and tidal current in the Bali strait, Indonesia[END_REF] and the GEBCO 2014 dataset (30 arc-second). Coastline has been generated from VHRS images for the estuary year of 2015 and merged with Bali coastline. The final grid covers from 08°21'24" S to 08°28'44" S in latitude and from 114°31'45" E to 114°40'30" E in longitude which represent a 815 x 685 cells grid at 20 meter resolution. Boundaries elevation were forced using the global FES2012 solution (Carrère et al, 2012), atmospheric fluxes were injected using ERA-Interim over the whole domain [START_REF] Dee | The ERA-Interim reanalysis: configuration and performance of the data assimilation system[END_REF]. For estimating monthly river flows of the 5 main branches (namely Kaliakah, Tukad Ijogading, Tukad Daya Barat, Tukad Daya Timur and Tukad Air Kuning), simple laws were designed between GPCC monthly rainfall [START_REF] Schneider | GPCC's new land surface precipitation climatology based on quality-controlled in situ data and its role in quantifying the global water cycle[END_REF] and runoff data from year 1995 (BPPT, 1995a,b).

These laws were then applied to provide an estimation of more recent monthly runoffs.

Calibration and validation data used in this study were hourly elevations from Jembrana tidegauge station at PPI Pengambengan (08°22'55"S -114°34'22"E) on February 2015 and currents monitored with Acoustic Doppler Current Profiler inside the estuary in every 1 minute during a tidal cycle (Figure 345).

b. E-flushing time

In order to investigate the retention capability inside the estuary, a useful bulk variable called e-flushing time [START_REF] Dumas | Tidal flushing and wind driven circulation of Ahe atoll lagoon (Tuamotu Archipelago, French Polynesia) from in situ observations and numerical modelling[END_REF] was computed thanks to the model. It is defined as follows: at a given location, e-flushing represents the time needed for a tracer concentration to decrease by a factor e = 2.718. Initial concentration of a passive and conservative tracer is distributed homogeneously inside the whole estuary with a concentration of 1 unity.m -3 .

Every water flux, freshwaters coming from upstream nor oceanic waters entering the estuary, has a null concentration of this tracer.

c. Disease network approach

An numerical approach, using conservative tracers, was implemented to study connectivity between water masses inside estuary. Within the framework of potential disease spread from areas to others, this method were here called disease network approach. Perancak estuary was divided into 10 sectors in which we artificially released simultaneously 10 different substances (representing virtual viruses for instance). These susbtances had passive and

[140] conservative behaviour. Initial concentrations (100 unity.m -3 ) of these substances were also distributed homogeneously inside each sector. Freshwater inflows and oceanic waters have a null concentration. This approach allowed us to examine the connectivity from one sector to another, at different time steps. A way of synthetizing results (as it is usually done in larval dispersion study) was to create contamination matrix, which is a matrix, at a given time after release, where cell values indicate the percentage of the initial number of "viruses" from source sector Y present in destination sector Z.

Result

Temporal changes of each criterion

The pond activity criterion (aerator, feeding bridge, water, and vegetation) were identified in the VHRS images between 2001 and 2015. 

Spatial changes of each criterion

The pond activity criterion (aerator, feeding bridge, water, and vegetation) were identified in the VHRS images between 2001 and 2015 (Figure 5-5). It exposed a map displaying the date when the last presence of criterion was detected in each pond. It exhibited a gradient of last presence from the center to the periphery of this production site for the aerator, feeding bridge, and water criterion. Contrarily, in the center part, the vegetation has been colonized in the pond earlier than periphery part. However, there were some ponds in the northwestern area which exhibit the presence of vegetation in the early period, but show the presence of other activity criteria (the feeding bridge and water) in Figure 5-5b and 5-5c, and identified as an active pond in the recent period in Figure 5-6. Most of these ponds were transformed into semi-intensive shrimp ponds. Even, some of these ponds still keep the small part of vegetation area inside the pond, which may lead to misidentified of active ponds, as explained in Chapter 4.

[142] 

Spatial changes in pond activity

Pond activity changes for the study area are presented in Figure 5 2015. The number of ponds in these periods did not showed any significant changes. In estuary encountering mixed mainly semidiurnal tides, interaction between principal tidal waves and higher harmonics generated by the estuary morphology can induce tidal asymmetry [START_REF] Nidzieko | Tidal asymmetri in estuaries with mixed semidiurnal/diurnal tides[END_REF]. This is typically the case for Perancak estuary where durations of flood and ebb present a remarkably asymmetry. Within this cycle of observations, ebb durations lasted approximately 7 hours whereas flood durations were more around 5 hours.

Hydrodynamic characteristics of the perancak estuary

Perancak hydrodynamics model showed good ability to reproduce this feature even if some slight phase shifts are noticeable. In terms of current velocity, under-estimations of current velocity during the first ebb and last flood periods are visible, but model results stay satisfactory. Nevertheless, this result confirms variability of flushing behavior inside the estuary.

[149] 

Temporal changes in pond activity

Temporal variation in pond activity in Perancak estuary followed a pattern similar to production variation for Jembrana region. This study suggested that two events were associated with farm abandonments, the first taking place between mid-2003 and mid-2007, and the second between mid-2011 and mid-2012. These abandonments were followed by a decrease in shrimp production. It is, therefore, worthwhile to look critically at how we can improve Indonesian (and elsewhere) shrimp farming by learning lessons from these observations.

[150]

The shrimp farm industries, based on the culture of P. Monodon were devastated in Indonesia by white spot disease (WSD) from the mid-1980s continued to mid-2000s [START_REF] Flegel | Historic emergence, impact and current status of shrimp pathogens in Asia[END_REF]. As reported by farmers, shrimp industry in Perancak estuary was also highly impacted by this disease, which was one of the leading causes of farm abandonment. Production data from the Jembrana Regency showed that P. monodon culture was progressively abandoned from 2003 to 2006. Litopenaeus vannamei was introduced as an alternative species, which was more resistant to WSD than P. monodon [START_REF] Taukhid | Infectiousmyonecrosis virus (IMNV) in Pacificwhite shrimp, Litopenaeus vannamei in Indonesia[END_REF]. Because this species can be reared at very high density (> 100 shrimp.m -2 ), the production highly increased in 2002 -2003 (Figure 567). As confirmed by farmers in the Perancak estuary, WSSD is still the most serious threat to all cultivated species of shrimp, including L.

vannamei [START_REF] Flegel | Historic emergence, impact and current status of shrimp pathogens in Asia[END_REF].

Negative yearly temperature anomalies (low annual temperature comparatively to normal), recorded in 2004, 2011 and 2012 could be a significant factor of production drops. Use of cumulative variables in the analysis of climate problems is not new. It derives from the idea that certain climate-driven quantities respond not only to "instantaneous" climate but accumulated effects of climate variables over a period [START_REF] Lozowski | The use of cumulative monthly mean temperature anomalies in the analysis of local interannual climate variability[END_REF]. Low atmospheric temperature, which affects water temperature, is reported as a major WSD risk factor (Tendencia et al., 2010a,b;Tendencia et al., 2011b). This anomaly could explain activity drops in Perancak estuary recorded between mid-2003 and mid-2007 and between mid-2011 and mid-2012. Cases of high WSD prevalence in Ecuador in 1999 and Thailand in 2011 were induced by an atmospheric temperature lower than normal [START_REF] Rodríguez | White spot syndrome virus infection in cultured Penaeus vannamei (Boone) in Ecuador with emphasis on histopathology and ultrastructure[END_REF][START_REF] Piamsomboon | Climate factors influence the occurrence of white spot disease in cultured penaeid shrimp in Chanthaburi province, Thailand[END_REF]. Temperature is considered in the literature as a key factor to control WSD outbreaks. Viral replication increases and immune response decreases at the temperature of 26°C to > 30°C [START_REF] Vidal | A profound effect of hyperthermia on survival of Littopenaeus vannamei juveniles infected with white spot syndrome virus[END_REF][START_REF] Reyes | Temperature modifies gene expression in subcuticular epithelial cells of white spot syndrome virus-infected Litopenaeus vannamei[END_REF][START_REF] Xue | Effects of total ammonia, temperature and salinity on the mortality and viral replication of WSSV-infected Chinese shrimp (Fenneropenaeus chinensis)[END_REF]. WSD outbreaks could also be triggered by low salinity (Peinado-Guevara and López-Meyer 2006).

Van [START_REF] Van Thuong | Effects of acute change in salinity and moulting on the infection of white leg shrimp (Penaeus vannamei) with white spot syndrome virus upon immersion challenge[END_REF] indicate that during a drop in environmental salinity below 10, shrimp are at risk of white spot virus infection. Our study did not point out effects of rain anomalies, recorded in 2009 and 2010, on pond activity, thus suggesting that rain effects remained secondary compared to a temperature in inducing mortality and pond abandonment, as already reported by Tendencia et al. (2010a).

Other viral diseases have affected the production of L. vannamei in Indonesia [START_REF] Taukhid | Infectiousmyonecrosis virus (IMNV) in Pacificwhite shrimp, Litopenaeus vannamei in Indonesia[END_REF]. A serious outbreak of Taura Syndrome Virus (TSV) occurred in early 2003 in northern East Java and had spread fast to other provinces since then. In 2006, high mortalities caused by the infectious myonecrosis virus (IMNV) were reported by Indonesian farmers on the island of Java [START_REF] Senapin | Outbreaks of infectious myonecrosis virus (IMNV) in Indonesia confirmed by genome sequencing and use of an alternative RT-PCR detection method[END_REF]. By 2007, this disease had spread east to the neighboring island provinces of Bali and West Nusa Tenggara [START_REF] Naim | Genetic diversification of penaeid shrimp infectiousmyonecrosis virus between Indonesia and Brazil[END_REF]. The [151] presence of these viruses was recently confirmed in samples from Bali [START_REF] Koesharyani | Distribution of infection taura syndrome, infectious myonecrosis and Penaeus vannamei nervous virus (TSV, IMNV, and PvNV) in Litopenaeus vannamei cultured in West Java, East Java, and Bali[END_REF]. As reported for WSD, these viruses remains a grave threat to all cultivated species of shrimp and should be considered as additional factors weakening the shrimp production in the estuary.

To conclude, Figure 5-7a revealed 2 periods where some active ponds show slow trends and fluctuations. Combinations of diseases as internal drivers and the effects of climate as external forces lead to dynamic patterns of agrosystem [START_REF] Becker | Soziale ökologie. Grundzüge einer Wissenschaft von den gesellschaftlichen Naturverhältnissen[END_REF]. These 2 periods showed dynamic behavior as characterized by multiple regimes in Figure 5-2 and have the capacity for nonlinear change [START_REF] Holling | Resilience and adaptive cycles[END_REF][START_REF] Garmestani | Panarchy: discontinuities reveal similarities in the dynamic system struc-ture of ecological and social systems[END_REF]. When agrosystem exceeds the capacity to resist the internal and external drivers due to climate conditions, the system shift into a new regime characterized by abandonment of shrimp activity [START_REF] Allen | Panarchy: theory and application[END_REF]. Therefore, the obvious intuitive explanation for a sudden dramatic change in agrosystem in Figure 5-7 is the occurrence of the sudden large impact of anomalies climate large [START_REF] Scheffer | Catastrophic shifts in ecosystems[END_REF], and a result from long periods of system reorganization because of the diseases [START_REF] Spanbauer | Prolonged instability prior to a regime shift[END_REF].

Spatial changes in pond activity

Our results indicate that the establishment of a gradient of abandonment from periphery to center of the agrosystem over time. From 2000's, the cadaster showed a high density of ponds in activity. As a consequence, ponds were highly connected to each other through river and water canals. In an epidemiological study, Tendencia et al. (2011a) showed that sharing of the water source with other farms, use of the same receiving water source, and water change dependent on the tide, as in the Perancak estuary, increased the risk of disease development.

In aquaculture connectivity system (Figure 5-15), water transmits free-moving pathogenic agents between hydro-dynamically connected discrete farms (Amundrud and Murray 2009,

Frazer 2009) and infection can be initiated without the presence of an infected host within a naïve population. Hydro-dynamically transmission between adjacent farms has been demonstrated for WSSV because of water source sharing [START_REF] Mohan | Farm-level plans and husbandry measures for aquatic animal disease emergencies[END_REF]Tendencia et al., 2011a). Host population size often plays a role in the transmission, persistence and also dynamic trajectories [START_REF] Anderson | Population biology of infectious diseases: part 1[END_REF][START_REF] Grenfell | Ecology of infectious dis-eases in natural populations[END_REF] due to increased contact between infectious and susceptible individuals. The risk of the second naïve farm at a given time point is determined by the separation distances (Salama and Murray, 2011). In aquaculture connectivity system, water transmits wastes exported by farm effluents.

Approximately 80 % of nitrogen added to ponds as feed is not retained as biomass [START_REF] Jackson | Nitrogen budget and effluent nitrogen components at an intensive shrimp farm[END_REF], remaining nitrogen with other matters (suspended solid, organic compounds, also nutrient matters as phosphate and carbon) will light up the plankton and microbial production within ponds and receiving waters, thus, generates eutrophication and deteriorates the water quality [START_REF] Briggs | A nutrient budget of some intensive marine shrimp ponds in Thailand[END_REF][START_REF] Robertson | Mangroves as filters of shrimp pond effluent: predictions and biogeo-chemical research needs[END_REF].

Moreover, eutrophication is known to promote pathogenic infection in aquatic species [START_REF] Johnson | Aquatic eutrophication promotes pathogenic infection in amphibians[END_REF]. The connectivity may be considered as the factor that influences eutrophication of the agrosystem since the pond effluent is distributed to entire agrosystem through water and its network.

We assumed that connectivity level within and among farms are critical in understanding the regime shifts observed in agrosystem between 2001 and 2015. Our hypothesis is supported by data collected during the surveys of the present study, from farmer interviews, indicating that pond abandonments were mostly caused by low water quality and diseases. Water circulation in the estuary could imply that some shrimp farms were more frequently exposed to suspended solids, organic compounds, nutrient matters and free-moving pathogenic agents in water than other farms [START_REF] Wolanski | Chapter 2 -Estuarine water circulation[END_REF]. To validate the 'connectivity hypothesis', the hydrodynamics model has been developed on Perancak estuary.

Hydrodynamical structures of Perancak estuary

MARS3D hydrodynamic model reproduce relatively well the asymmetry phenomenon between flood and ebb duration. However, some slight phases are noticeable. It needs about [153] 7 hours to the water for receding in low tide, and 5 hours for high tide. This asymmetry seems to be fully coherent with the results obtained from fluorescence levels (see Figure 2-18, Chapter 2).

The model showed that e-flushing time pattern obtained (Figure 5-12) fits relatively well with the clustering in three zones issued from IPAI (Chapter 4) and Figure 5-8b. This model revealed that zone 1 has the highest water residence time. In this zone, water from the last flushing will be renewed within approximately 3 days. Added with the effluent of the aquaculture pond and the water flow from the upstream also contaminants from sea water, thus pollutants or contaminants should mainly be concentrated in zone 1 (see Pollution Network Approach). These results (e-flushing time and pollution network approach) are in full agreement with the fact that the first culture failure was observed in this area and the farmers abandoned their ponds. In zone 2, according to the definition of e-flushing time, it takes about two days for the water to be renewed. This condition may not suitable for shrimp farming and it may explain the collapse of shrimp farming. However, zone 3 exhibits the highest renewal rates. In this zone, "pollution" is lower that zone 1 and 2, and shrimp farming still can be carried out.

The Pollution Network Approach also showed that within the first time steps after dissemination (e.g 24h cf Figure 5-13) the global pattern over the 10 sectors of the estuary is mainly driven by self-pollution and/or disease transmission with different level. The practice of 10% of daily water exchange or daily water filling by the farmers made risk of self-pollution becomes higher. Figure 5-13 revealed that sectors of 4, 5, and 6 have the higher risk of selfpollution and/or disease transmission. These sectors correspond with zone 1 issued from IPAI, as the zone of abandoned and planted mangrove, even before 2001. However, there are some ponds in sector 5 (Figure 5-13) which was not included in the zones issued by IPAI. It is because those ponds have been abandoned before 2001 and cultured with Penaeus monodon. Other ponds that still continue the production in this sector are the milkfish farms.

In Perancak estuary, dispersion of pollutants is supposed to be affected by the transition nodes in sectors 1 to 10 (Figure 5-12) and the links (rivers and water canals). The transition nodes did not only display the limit of each sector, but they also showed the limit of zone 1, 2, and 3 issued by IPAI. The transition nodes were established in the branching of the rivers.

The water pressures from 2 branching rivers create physical borders and reduce the possibility of sea water from downstream to climb up into upstream. It also shortened the opportunity of exchange water and creates a long e-flushing time. The abandoned ponds in the sectors 4 and 6 marked that this zone has overpassed its capacity to receive and process intermittent inputs of pond-derived effluents. However, since there were not any [154] sufficient field data to optimize the hydrological model, we could not yet identify exact geographical positions of the transition nodes in the hydrological point of view. This future model data should be strongly important (i.e. spring and neap tide, actual water flow, and atmospheric conditions) to improve sensibility and realism of the results of flushing and connectivity. Further, the contamination risk map of aquaculture ponds in Perancak estuary could be improved by taking into account hydrological, oceanic and atmospheric temporal variability at season production scale.

Consequences for pond rehabilitation

The spatial characteristics of aquaculture zone affect the resilience of Perancak agrosystem.

There are two critical factors that bring consequences on resilience of agrosystem in Perancak estuary. These factors brings along the water pollution and/or pathogens as 'information processing'.

First, connectivity is a critical determinant of the direction and duration of reorganization following disturbance. In Perancak estuary, shrimp farms were fragmented, yet connected each other through hydrology network by the rivers and water canals . The high connectivity between farms may hamper reorganization of disturbed shrimp farm because of the exchange in information processing among farms. The strategy to limit water exchange between ponds should be adapted to limit the connectivity. However, this strategy could be not necessarily sufficient to end transmission of pathogens from farm to farm. The pathogen species occupying a shrimp farm structurally isolated from individual and neighboring farm, but functionally, the species can traverse to other farm or suitable habitat between farms.

Transmission of WSSV from one shrimp species to another can occur by feeding on infected animals, direct contact with WSSV-contaminated water or cohabitation with infected animals (Chou et al., 1998;[START_REF] Kanchanaphum | Experimental transmission of white spot syndrome virus (WSSV) from crabs to shrimp Penaeus monodon[END_REF][START_REF] Supamattaya | Experimental transmission of white spot syndrome virus (WSSV) from black tiger shrimp Penaeus monodon to the sand crab Portunus pelagicus, mud crab Scylla serrata and krill Acetes sp[END_REF][START_REF] Wang | Experimental infection of white spot baculovirus in some cultured and wild decapods in Taiwan[END_REF]. Shorebirds can carry infected shrimp from one place to the other or introduce the virus into a new location through their digestive tract. People may carry the virus from place to place on their boots or personal equipment and move contaminated equipment (traps, boats, and vehicle) from an infected location to a lean pond [START_REF] Lutz | Thematic review on coastal wetland habitats and shrimp aquaculture[END_REF].

The second factor is Ecological memory. It is also system elements that prevent to the return of shrimp productive system [START_REF] Nyström | Spatial resilience of coral reefs[END_REF]. The roles of ecological memory within and among system are critical to understand the ecological regime shifts and resilience. In a dynamic agrosystem, ecological memories will alter the reorganization of the system for coming back to previous desired process and structure. The storage of nutrient load (nitrogen and phosphorus) from last eutrophication events in the sediment in the [156] Temporal variation in pond activity in Perancak estuary followed a similar pattern to production variation for Jembrana region. There were two events associated with farm abandonments, the first taking place between mid-2003 and mid-2007, and Approach showed that, this area is also the sector that has high risk for self-contamination at short term since the pollutants (organic matter, nutrients and pathogens) from other zones will still present even after 72 hours. These results of hydrodynamic model will sharpen the determination of zonation based on IPAI and has improved our understanding of the causes of the current aquaculture structuration.

This study showed that Perancak estuary is a classic example of a bifurcation-type regime shift, which undergoes a regime shift in response to external factor from anomalies climatic, related to disease outbreaks and resulted multiple regime shifts in periods of 2004 -2007 and 2011 -2012.

[157]

[158] CHAPTER 6. SURVEYING THE STRUCTURE CHANGES AND AQUACULTURE PRACTICES BETWEEN 2001 AND 2015

Introduction

Shrimp farming zone is a production system. This system depends on the interaction of internal supporting and regulating ecosystem services, with principally support of anthropogenic inputs (e.g., fossil fuel, technology, nutrients, pesticides and antibiotics) to maintain the desired system state, sustain desired yields, minimize (and reveal) net losses of ecological capital, and are resilient to increased frequencies and magnitudes of disturbance resulting from environmental change [START_REF] Bennett | The future of production systems: challenges and opportunities in a globalized world[END_REF]Balvanera, 2007, Foley et al., 2011).

Beside anthropogenic inputs, the farmer's interventions may generate a capacity to absorb disturbances while the system retains essentially the same structure and function. These highly modified systems can, through anthropogenic efforts rather than ecological processes, mimic the response of resilient natural systems to a specified disturbance, in their capacity to return to pre-disturbance system states. In such cases, supporting ecological processes have been replaced to varying degrees by human-controlled processes that maintain a system in a particular desired state. The resilience that emerges at the system level as a consequence of anthropogenic input or action is referred as 'coerced resilience' [START_REF] Rist | Applying resilience thinking to production ecosystems[END_REF]. These structures was 26.9 %, where 17.8 % was split ponds, 4.7 % was merged ponds, 1.4 % was changed position, 1.4 % and 1.6 % were same structure but decrease and increase size, respectively. The new pond emerged was 1.4 %, but most of the ponds kept the same structure (71.7 %) (Figure 6-1). Most of structure changed was split pond. In this case, the ponds were divided into 2 or more ponds. and3 ha (Chapter 1, Table 1-2 The farms in periphery of Perancak estuary practiced, both semi-intensive and intensive shrimp farming. But, in the center of the estuary, the farms were abandoned, while in the area between, the farmers practiced semi-intensive shrimp farming. This gradient of intensification level corresponded with zonation of last activity observed.

Material and methods

Satellite images

Interviews

Diversification of cultured species

The farmers' interview revealed changes of farm managers or owners. Some shrimp farms were transformed into milkfish farms in the year of 2010s, or into polyculture of shrimp-fishseaweed in more recent years (Figure 6-5). The farmers continued their production with milkfish for bait in tuna capture. While some farmers started to polyculture of shrimp-fishseaweed since they believed in the function of fish and seaweed to improve water quality in shrimp farming. Their farms were located in zone 2. Number of milkfish ponds compared to active ponds in 2014 -2015 was about 25%, and polyculture was about 4%.

[163] Construction of aquaculture ponds in Perancak agrosystem. Most of aquaculture pond was built in soil, but nowadays, some earthen-ponds were reconstructed into concrete and liner ponds. These information were obtained from farmers' interviews.

Mangrove plantation

The mangrove plantation is one of alternative actions which were carried by the farmers to keep their ponds productive. The wood from the mangrove tree can be utilized for coal, and 

Discussion

Farmer's practices adaptation against diseases

Facing disturbances from internal and external of Perancak agrosystem (e.g. water quality degradation, diseases, and climate anomalies), the farmers took some efforts to improve resilience of agrosystem and maintain aquaculture activities. Sometimes, they changed aquaculture infrastructures and practices. The change in aquaculture infrastructures may be detected using VHRS imageries with two criteria, i.e. pond structure and presence of aerator.

Most of the changes on pond structure were carried out by splitting the pond into smaller ponds. According to [START_REF] Alam | Resource Allocation efficiency of the prawn carp farmers of Bangladesh[END_REF], pond size was seen to have a positive effect on technical and cost efficiency. Pond design, especially impact interactions of pond size, depth, and geometry with wind speed and placement of aerators on mixing of pond water may have correlation with DO level in ponds [START_REF] Garcia | Transport limitation of oxygen in shrimp culture ponds[END_REF]. [START_REF] Noryadi | A study on pond productivity in Mahakam delta, East Kalimantan[END_REF] and [START_REF] Islam | Production and economic return of shrimp aquaculture in coastal ponds of different sizes and and with different management regimes[END_REF] observed that the effective pond size is much smaller explaining both the low average yield and the lower productivity of larger ponds. It is because larger the pond, the greater odd of WSSV infection. Larger ponds are more difficult to manage. The inefficiency in farm management may lead to disease occurrence in cultured shrimp due to stress (Tendencia et al., 2010b).

Using a series of images, the number of aerators in a pond between two periods could indicate the change of culture system or culture stage. Aerators influence the rate of oxygen transfer from air to water by increasing turbulence and surface area of water in contact with air. Paddle wheel aerator which is mostly used in Perancak agrosystem will splash the water into the air to affect aeration. Splashing action also causes turbulence and circulation in the body of water being aerated. Circulation of pond water by aerators is an additional benefit of aeration for several reasons: (1) oxygenated water moves across the pond and shrimps can find zones with adequate DO concentrations more readily; (2) without constant movement of well-oxygenated water away from the aerator, aeration will increase DO concentrations in the vicinity of the aerator and greatly reduce oxygen-transfer efficiency; and (3) mixing of pond water by aerators reduces vertical stratification of temperature and chemical substances [START_REF] Boyd | Shrimp aquaculture and the environment[END_REF]. Beside to provide a sufficient DO level in the water for the cultured species, the aeration may also increase feed conversion efficiency [START_REF] Cole | Feeding rate, water quality, and channel catfish production in ponds[END_REF], raise the dissolved oxygen (DO) level to allow aerobic bacteria to reduce biochemical oxygen demand of the effluent and thus improve the water quality [START_REF] Moulick | Prediction of aeration performance of paddlewheel aerators[END_REF]. The higher stocking density, the higher quantity of aerators needed to compensate for the additional oxygen consumption [START_REF] Vinatea | The impact oxygen consumption by the shrimp Litopenaeus vannamei accoring to body weight, temperature, salinity and stocking density on pond aeration: a simulation[END_REF]. Figure 6-2 showed general trend of decreasing number of aerated pond. These results suggested that aeration alone is not sufficient to increase the resilience of agrosystem. Decrease of aerator number could be explained by a decreasing of intensification level from intensive to semi-intensive culture system This observation could be the result of the decreasing of pond activity. Analysis of aerator number in pond should be conducted using VHRS images to analyze the change in intensification level with time.

The culture system depends predominantly on the channeling of water in and out with the tides, controlled by sluice gates while other use water pumps. Further, some farmers pumped freshwater from groundwater reservoir to mix with river water to adjust water salinity and improve water quality, but also to decrease the risk of introducing contaminated water in their farms. This argument also holds for having the same receiving and water source as a risk factor. In Thailand, Office of Environmental Policy of Planning (1994) revealed higher economic losses from shrimp diseases among farmers using canal water than among those [166] using water direct from the sea. Contrary to Tendencia et al. (2010b), [START_REF] Mohan | Farm-level plans and husbandry measures for aquatic animal disease emergencies[END_REF] reported that WSSV infection is negatively correlated to ponds closely located within a given cluster.

Decreasing stocking density and changing culture system from intensive pond into semiintensive pond may decrease the risk of diseases emergences. Tendencia et al. (2010b) recommended to stock relatively less shrimp in larger ponds, since stocking density is a risk factor of WSSV infection. Higher stocking density is more difficult to manage. The higher the stocking density the more organic matter due to faeces and uneaten feed may accumulate at the pond bottom, and may create undesirable environment for shrimp health. The high density of shrimps in the pond enhances the possibility physical contacts of infected shrimp with the healthy ones, or ingestion of infected shrimp by healthy shrimps [START_REF] Corsin | Risk factors associated with white spot syndrome virus infection in a Vietnamese ricshrimp farming system[END_REF].

Eventhough [START_REF] Corsin | Risk factors associated with white spot syndrome virus infection in a Vietnamese ricshrimp farming system[END_REF] found no association between stocking density and WSSV infection at harvest. However, Pienado-Guevara and Lopez-Meyer (2006) reported that removal of 40% and 50% of shrimp population with low level WSSV infection may improve survival.

Farmers changed the pond construction from earthen-pond into liner/concrete pond to easily remove the sludge from pond bottom, dry the pond base completely, and prevent leak of contaminated water from adjacent ponds. Sludge is made up of accumulated organic matter such as excess feed and faeces. Organic matter attracts microorganisms that could be pathogenic to shrimp. In most instances, sludge removed from the pond bottom is placed on the dike. This might allow harmful microorganisms present in the sludge to be washed back into the pond or contaminated other farms (Tendencia et al, 2010b). Beside sludge removal, complete system dry-out between culture cycles, liming, water filtration through 300 μm mesh screen, and phosphorus application through fertilization were reported to reduce risk of WSSV infection [START_REF] Corsin | Risk factors associated with white spot syndrome virus infection in a Vietnamese ricshrimp farming system[END_REF]Velasco et al., 2002;[START_REF] Mohan | Farm-level plans and husbandry measures for aquatic animal disease emergencies[END_REF]. Drying period is the most practical cheap and effective method for eliminating undesirable species in pond prior to the culture period. In earthen-pond, the pond is dried until the soil cracks or when it is firm enough to hold one's weight without sinking more than 5 cm on walking over the surface.

Drying will oxidize harmful chemical substances especially sulfides and facilitate mineralization of organic matter [START_REF] Kungvankij | Shrimp Culture: Pond design, operation, and management[END_REF].

Changing cultured species from shrimp to milkfish was also one adaptation of farmers to maintain pond activity and still earn income in the estuary. With decreasing of water quality for years, milkfish may live in unsuitable environment for shrimp. Milkfish may be infected with Vibrio diseases, but no virus pathogen has ever been linked to milkfish including WSSV [167] ( [START_REF] Lio-Po | Diseases of milkfish[END_REF]. It is regarded as a high value food in Indonesia, thus, milkfish culture may become a good choice to replace shrimp culture, or to realize polyculture with shrimp.

Structuration of the aquaculture system in 2014-2015

In 2014-2015 Perancak estuary as an agrosystem consisted of various type of aquaculture system and cultured species. They are shrimp culture (semi-intensive and intensive system), polyculture (fish, shrimp, and seaweed) and milkfish culture (Figure 678). "A strategy for the integration of the activity within the wider ecosystem in such a way that it promotes sustainable development, equity, and resilience of interlinked social and ecological systems" [START_REF] Soto | Building an ecosystem approach to aquaculture[END_REF]. its watershed/coastal zone; and the global, market-trade scale. The EAA framework should also apply to all productive scales (from small-scale to intensive, large scale farming), and should also consider temporal scales. [START_REF] Soto | Building an ecosystem approach to aquaculture[END_REF] summarized some management measures of EAA as described below:

1. Apply the precautionary approach (PP) /adaptive management (AM) Farm, 2. Promote Appropriate "proactive" and long term goal-aimed research, guided by a participatory process and focusing on ecosystem functioning and services, 

Allocated Zone Aquaculture (AZA)

The establishment of suitable area is one principle of suitable aquaculture. Along with the development of aquaculture in coastal zones, there is high demand for suitable area in which aquaculture has secured use and priority over other activities, and where potential adverse environmental impacts and negative interactions with other users are minimized or avoided.

The competition with other land uses, e.g. agriculture, tourism, residential, and industry make available space for aquaculture area becomes limited. This competition for space has also resulted in negative interactions with traditional and new coastal users [START_REF] Dempster | Aquaculture and coastal space management in Europe: an ecological perspective[END_REF], and negative effects of other activities on aquaculture (e.g. agriculture and sewage discharges; Díaz et al., 2012).

The seventh session of the Sub-Committee on Aquaculture (SCA) of the FAO Committee on Fisheries expressed a strong interest in spatial planning to ensure the allocation of space for aquaculture growth. The SCA acknowledged that spatial planning needs to follow an ecosystem approach and to define socio-economic, environmental and governance objectives that result in the integrated management of land, water and living resources for the development and expansion of the sector in a sustainable and equitable way (FAO 2013). Therefore, to ensure a balance between conserving ecosystem services and other legitimate uses of coastal resources, spatial planning of aquaculture activities through optimal site selection is necessary.

Allocated Zone Aquaculture (AZA) is a suitable area for development of aquaculture.

Following the IUCN (2009) and FAO recommendations [START_REF] Ross | Site selection and carrying capacities for inland and coastal aquaculture[END_REF], identification of an
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AZA will result from zoning processes through participatory spatial planning, whereby administrative bodies legally establish that specific spatial areas within a region have priority for aquaculture development. Another consideration is that the specific site must match ecosystem carrying capacities and a permanent monitoring program within the relevant water body is needed to assess the impacts of each farm. Other potential issues, such as diseases, can be spread in AZAs and therefore biosecurity aspects must also be considered [START_REF] Ross | Site selection and carrying capacities for inland and coastal aquaculture[END_REF].

Ecological Intensification (EI)

Ecological intensification aquaculture is based on ecological functions to improve its productivity, strengthen the ecosystem services rendered, and decrease disservices [START_REF] Aubin | Guide for implementing ecological intensification of aquaculture systems[END_REF]. The consequences focus on greater autonomy and/or greater territorial integration of aquaculture systems. More widely, ecological intensification also contributes to the sustainable development of territories and relies on management of biodiversity and good use of local knowledge. It assumes and contributes to improvement in territorial governance (Figure 7-1).

The objective is not to propose a pre-existing model for implementing ecological intensification but to identify a variety of possible pathways and describe driving factors, mainly environmental and technico-economic, but also those related to questions of coordination and governance, so as to promote social adoption of these innovations. It can consist, for example, of substituting inputs or controlling waste and/or changing farm management to optimize interactions in the aquatic ecosystem by combining diverse species or types of production and/or of voluntarily developing non-market services or strengthening phenomena of ecological solidarity.

[179]

Conclusion

Tools to achieve sustainable activity of aquaculture in the framework of integrated coastal zone management, such as BMPs, code of conducts and ecological intensification have been explained above. They were not explicitly defined for rehabilitation processes but for the development of coastal aquaculture zones and/or to improve the sustainability of systems in activity. However, in a first approach, we propose to use them as a general framework to rehabilitate an activity in the estuary. Therefore, the objectives of this chapter are to expose general principles and to suggest the first actions that could be implemented in each zone of Perancak estuary taking into account our knowledge of the estuary.

Rehabilitation of aquaculture activity in Perancak estuary

Considerations in designing a rehabilitation program

Our results in previous chapters indicated that:

1. The presence of three areas for shrimp farming defined by their resilience to disease, Then, the rehabilitation program should be an environmentally non-degrading, which is technically appropriate, economically viable, and socially acceptable.

Therefore, two levels of decision and organization should be differentiated. Those are:  Actions mostly defined at the scale of aquaculture farms,

 Actions mostly at the scale of coastal zone and ecosystems concerned by aquaculture All these elements should be taken into account in our thinking to rehabilitate an activity in the estuary.

Our proposal

At the ecosystem scale

The Perancak agrosystem showed trophic and intensification gradients as consequences of the farmer's adaptation to disturbances and their efforts to improve resilience of their [180] agrosystem. These gradients were distributed gradually from the center to the periphery of the system. Since they seems to be adapted to the environmental conditions of this estuary, these gradients will have to be respected to implement a sustainable productive system. To reach this goal, we propose to implement an integrated multi-trophic aquaculture (IMTA) (Box 7-4) system at the ecosystem scale. Using this concept, the river network will be used to transfer energy and nutrient from an area to another. Zone A/1 could be the lowest level for producer/vegetation area. Thus, zone B/2 in Perancak estuary could be a production of detritivore, planktivore, and herbivore, tilapia and holothurian species, and/or lower trophic species, shellfish and zone C/3 and 4 could be an area to production shrimp and/or other carnivore species (Figure 7-2).

Figure 7-2. Proposed concept to rehabilitate the estuary of Perancak: develop an "Integrated Multi Trophic Aquaculture of Perancak estuary at the estuary ecosystem scale" with Zone 1 as a primary producer area, Zone 2 as an herbivore/planktivore/detritivore area, and Zone 3 as a carnivorous area.

IMTA systems could not only produce valuable biomass in zone B/2 and B/3-4, but also could provide waste reduction services (zone A/1). The integrated culture of fed species including inorganic and organic extractive species could contribute to the sustainability of aquaculture [START_REF] Chopin | Integrating seaweeds into marine aquaculture systems: a key toward sustainability[END_REF][START_REF] Neori | Integrated aquaculture: rationale, evolution and state of the art emphasizing seaweed biofiltration in modern mariculture[END_REF].

A/1 B/2 C/3-4 [182]
Objectives of rehabilitation zone 3 would be to implement different culture systems to limit the risk factors of diseases. It could be carried out by an increase of the biodiversity of species cultured and/or by an implementation of species reared rotation in space and time.

Which culture systems could be implemented?

Monoculture fish farming of commercial carnivore fish (Figure 7 Crop rotation of shrimp farming with fish farming is expected to improve sanitary conditions.

The rotation may limit the emergence and survival time of virus in the pond. The carnivore could eliminate the snail and wild crustacean which may become host of virus. Crop rotation process can be described as follows: the farmer releases certain amount of fish juvenile in ponds, feed them for some time and harvest them when they have reached an appropriate marketing weight. When the fish is harvested, space is made available for new shrimp postlarvae. [START_REF] Yuvaraj | Crop Rotation as a Better Sanitary Practice for the Sustainable Management of Litopenaeus vannamei Culture[END_REF] cultured finfishes, Mugil cephalus and chanos chanos (Figure 7-7) between crops of Litopenaeus vannamei shrimps for crop rotation. Shrimp pond yield has higher production, with 25% higher survival rate than continuous culture of shrimps. Farmers may earn more profit using crop rotation [START_REF] Thang | Shrimp, fish crop rotation in brackish water pond makes profits[END_REF].

Polyculture is co-culturing multiple species in a pond/tank/cage (also including enclosure of different species) [START_REF] Troell | Integrated marine and brackishwater aquaculture in tropical regions: research, implementation and prospects[END_REF]. In Perancak estuary, polyculture of shrimp/algae and shrimp/fish/algae have been already implemented in some farms. There are three general types of polyculture: direct polyculture (co-culture), cage-cum-pond polyculture and sequential polyculture [START_REF] Yi | Tilapia-shrimp polyculture in Thailand[END_REF]Bunting, 2008) (Figure 7-5). Direct polyculture refers to two or more species mixed in the same pond or aquaculture unit without partitioning. This type of polyculture does not require significant extra economical or human [183] effort in investment because the secondary species are simply added within the same space of the main species. However, species compatibility, species density, food requirement and specific environmental characteristics for certain species should be taken into consideration [START_REF] Pitt | Breeding and rearing of the sea cucumber Holothuria scabra in Viet Nam[END_REF][START_REF] Douglass | Herbivore and predator diversity interactively affect ecosystem properties in an experimental marine community[END_REF]. In some cases, as in intensive or super-intensive, extra aeration and an increase in the water exchange rate may be required [START_REF] Gonzales-Corre | Polyculture of the tiger shrimp Penaeus monodon with the Nile tilapia Oreochromis niloticus in brackishwater fishponds[END_REF]. Study of [START_REF] Yi | Tilapia-shrimp polyculture in Thailand[END_REF] revealed that tilapia-shrimp polyculture using red tilapia (Oreochromis spp.), Nile tilapia (O. niloticus), and Mossambique tilapia (O.

mossambicus) and Tiger shrimp (Penaeus monodon) has higher shrimp production and economic returns than shrimp monoculture system.

Cage-cum-pond polyculture is culture of different species in the same tank or pond, but one (or some) of them are enclosed within cages, limiting their space and physical contact with the main organism. As with direct polyculture, no extra space is needed and furthermore there is better control of the cultured species. However, this type of polyculture may need extra economical investment for construction and cage maintenance. Cage may be built using materials as wood, polyester⁄polyvinyl chloride, and plastic net. Breakthrough in polyculture science was shown by using sea urchin and shrimp as model in tanks [START_REF] Jensen | Evaluation of polyculture system involving the sea urchin Lytechinus variegatus and the shrimp Litopenaeus vannamei[END_REF]. The sea urchins support the shrimp through dropping their waste pellets through to the shrimp that live beneath the urchins, allowing them to consume the pellets and grow without the need for traditional food. The data suggest that urchin/shrimp polyculture can increase conversion efficiencies and production, thus decreasing the production costs in urchin and shrimp culture. Moreover, the shrimps harvested have better taste.

Sequential polyculture implies an integrated aquaculture system where the main and subordinate species are separated by different units and the shrimp effluents flow toward the culture units of the subordinate species. In some of these systems, the water is discharged to receiving ecosystems, whereas in others it is recirculated [START_REF] Chien | Integrated pond culture: a type of spatially sequential polyculture[END_REF][START_REF] Ruenglertpanyakul | Nutrient removal from shrimp farm effluent by aquatic plants[END_REF]. The secondary species depends on the effluents from the ponds (or tanks) of the main species, feeding on non-consumed food, organic matter and other nutrients. This process improves the quality of the discharged water so that it can be reused and decreases the environmental impact of the aquaculture. This system may serve species with different physical needs or have antagonistic (competitive or predator-prey)

relationship, but require much more economical investment, are time consuming and take up extra space.

[186]

Limiting the intensification of shrimp farming? Semi-intensive shrimp culture has been promoted as a means to avoid both the problems with diseases and waste produded byintensive culture, and unproductive use of large areas in extensive culture [START_REF] Primavera | The social, ecological and economic implications of intensive prawn farming[END_REF]). This may decrease harvest volume by 20-30% but the harvest value could increase by 8-10% due to bigger size and improved feed conversion. Feeding and nutrient loading is reduced by 20%, and the risk of opportunistic diseases is reduced as well (SEAFDEC, 2016). [START_REF] Hirasawa | Shrimp culture economics in Asia[END_REF] has argued that semi-intensive shrimp culture may be an economically viable method for farmers to survive fluctuations in market price. [START_REF] Fast | Marine Shrimp Culture: Principles and Practices[END_REF] have also observed that semi-intensive culture systems have the greatest profit per unit production, and have remained profitable during times of declining shrimp prices. Semiintensive culture produces lower effluent loads than intensive ponds. Indeed, where farmers use a water supply with limited water exchange and limited carrying capacity, semi-intensive farming is a more equitable use of that 'capacity' than intensive farms [START_REF] Gavine | Review of integrated farming of shrimp[END_REF]. However, experiences suggest that semi-intensive systems may still not prove sustainable if large areas of ponds are developed and the carrying capacity of the environment is exceeded [START_REF] Fao-Naca | Regional study and workshop on the environmental assessment and management of aquaculture development. Food and Agriculture Organization[END_REF]. In practice also, it is extremely difficult (impossible) to persuade farmers to remain at semi-intensive levels when they can see the immediate profits possible with intensive culture. This is true even when farmers know that what they are doing is unsustainable (Fegan 1994).

Which research activities should be conducted?

Epidemiological studies

To increase the resilience of shrimp farming to viral diseases, risk factors associated with different farming systems of shrimp in Perancak estuary, should be identified in this area.

The risk factors may related to pond location, pond history and site description, period of culture, pond preparation techniques, water management, culture methods, feed and other inputs, and biosecurity measures. Examples of risk factors were feeding live molluscs, sharing of water source with other farms, having the same receiving and water source, larger pond size, higher stocking density, climate (i.e. stocking during the cold months), and sludge removal and its deposition on the dikes. Protective factors should be also identified as explained by Tendencia et al. (2010b). Those factors could be specific management systems, feeding with planktons, high water quality or using natural therapeutics to enhance immunity (e.g. garlic, guava leaves, and meniran, Phyllanthus niruri) or probiotics of lactic acid bacteria and Bacillus spp [START_REF] Farzanfar | The use of probiotics in shrimp aquaculture[END_REF]. The risk factors of diseases can be classified from important to less important in order to prioritize the rehabilitation planning.

Further, studies about pathogen agents and diseases emerged in different culture system [187] should be conducted to recognize the infection signs, give early warning to the farmers before disease outbreak and infect other ponds or farms, also to define how to handle properly. Moreover, [START_REF] Walker | Emerging viral diseases of fish and shrimp[END_REF] exposed that there are still disease emergence risks associated with the increasing diversity of farmed species, the introduction of species into new farming areas. The increasing trend amongst small-holder farmers towards polyculture or alternate cropping of several fish and crustacean species to improve productivity could also increase the risk of diseases.

Experimentation to test new species and/or new production models

The occurrence of diseases in shrimp culture can be reduced by a shift from Penaeus vannamei monoculture to its diversification [START_REF] Panda | Earning animals[END_REF]. There is possibility to culture shrimp, carnivorous fish, and seaweed in this zone as explained earlier. However, suitability of these species and their culture system for Perancak agrosystem should to be tested. The economical feasibility of these cultures should be evaluated. The farmers and other stake holders will need to be encouraged for these approaches which may give technically and economically viable solutions for this zone.

To conclude:

We may increase resilience of shrimp farming to disease in zone 3 by limiting the connectivity between farms and improving the shrimp farming practices using BMPs. This can be implemented using some aquaculture practices, such as monoculture of fish, semiintensive and extensive shrimp farming, polyculture of shrimp/fish, IMTA of shrimp/fish/seaweed. With initial high investment, semi-closed and closed aquaculture practices may reduce waste water from shrimp farming and limit connectivity between farms.

However, epidemiological studies and experimentation of implementation of new species and new production models should be carried out to support the farmers in controlling the disease.

Zone 2

General principles for zone 2 would be to develop herbivore/planktivore/detritivore cultures in extensive systems to limit nutrient pollution of the environment due its restricted capacity to assimilate wastes.

Objective of rehabilitation in zone 2 would be to find suitable species and culture systems, both monoculture and polyculture by field experiments.

Which culture systems and species could be implemented in this area?

Herbivore/planktivore/detritivore species culture

The herbivore/planktivore/detritivore species will consume excess plankton and organic material in the water which flow from the carnivores cultured in zone 3. The following species may be suitable for culture in zone 2 (Figure 7-7). Milkfish has known as a fish with a high degree of ecological and physiological flexibility. This species feeds on cyanobacteria, algae and small invertebrates, is remarkably euryhaline, has a good adaptation to temperature fluctuations, a high survive in environemnt with low dissolved oxygen, and a high tolerance to ammonia and nitrite [START_REF] Bagarinao | Biology of milkfish (Chanos chanos Forsskal)[END_REF]. Therefore, milkfish can be cultured in unsuitable environment for shrimp. Milkfish is one of popular fish species with high nutrition and selling value in Indonesia. Hence, there is a certain time where milkfish production is very abundant but in terms of quality, health and size can vary greatly. Mullets have been cultured in extensive and semi-intensive ponds with milkfish for years. They may also be farmed with carp and Tilapia. Mullets are euryhaline. They fed by sucking up the top layer of sediment, removing detritus and microalgae. They also pick up some sediment which functions to grind food in the gizzard-like portion of stomach [START_REF] Harrison | Order Mugiliformes. Mugilidae. Mullets[END_REF]. The mullet can be cultured as human food or fish bait. However, full-scale commercial production of mullet is not yet common. [190]

Holothurian culture

Holothurian is not yet commonly cultured in ponds. However, [START_REF] Tangko | Pelestarian sumber daya teripang melalui restocking dan budi daya di Sulawesi Selatan[END_REF] found a farm in Luwu Utara, South Sulawesi which reared sand holothurian (Holothuria scabra) (Figure 7-9) with milkfish Chanos chanos and seaweed Gracilaria verrucosa in the same pond. The farmer did not intend to culture holothurian, as the seeds of holothuria came in the pond along the water flow. The pond soil contains organic matter, with sandy clay texture which could be suitable for holothurian growth (Mustafa et al., 2007). Silvofishery is an integration form of mangrove tree culture with brackishwater aquaculture.

This integrated approach to conservation and utilization of the mangrove resource allows for maintaining a relatively high level of integrity in the mangrove area while capitalizing on the economic benefits of brackishwater aquaculture.

The productivity of the pond is based essentially on the use of "green manure." The organic enrichment of the pond is from plant material, in this case mangrove tree debris. The amount of debris varies by the size and density of trees and rate of litter fall. This debris has to undergo a decay process before it becomes usable within the food chain of the cultured species (Fitzgerald, 2002). The models of silvofisheries have been presented in the Chapter 1.

Silvofisheries is in its early stage of development. The layout or design of this farming system varies in different places. The system usually consists of 1/4 pond area for shrimps or fishes and 3/4 forestry area for planted trees. The ponds are deeper than the planted area. Water is controlled such that both the ponds and the trees are inundated. During the first 3-5 years, the planted trees are in the seedling or sapling stage and the ponds can be used for fish production. In the next 5-10 years, the mangrove saplings (2-10 cm in diameter) and trees (>10 cm in diameter, 5 meters high) limit light penetration into the water and the production of natural food. The trees may be thinned or pruned and the wood used as fuel, posts or lowcost housing materials, and the leaves as forage for livestock (de la Cruz, 1995).

[191]

Silvofishery can take many forms of culture and species (IIRR-ICLARM, 2000). However, pond culture of fish within or adjacent to mangroves could be suitable for zone 2. Silvofishery using Empang Parit model in Cikiong and Cibuaya in West Java is a success stories for silvofishery in Indonesia. They showed an annual net profit (ha/year) of $1,347 for seabass, 2,601 for tilapia and chicken, and 1,322 for milkfish. In Bogor, West Java (9,047 ha), milkfish production was 1300 kg per ha per year, and 500 kg per ha per year in Indramayu, West Java (6421 ha) [START_REF] Surtida | Silvofisheries in Indonesia[END_REF]. Hence, productive capacity of silvofishery is small compared to closed systems, which are themselves more reliable than conventional intensive systems due to better disease risk management [START_REF] Schmitt | Capturing ecosystem services, stakeholders' preferences and trade-offs in coastal aquaculture decisions: a bayesian belief network application[END_REF].

The silvofishery may be implemented in zone 2 with more research on the proper spacing, density of trees, felling of trees, water level regulation, and other variables and techniques.

Productive and compatible silvofishery models could be developed, taking into account pond engineering and management, the appropriate species to be cultured, and the socioeconomic characteristics of the Perancak human community.

Which research activities should be conducted?

Experimentation to test new species and/or new production models Various species and new production models described above should be tested to analyze their suitability before implementation.

Waste assimilation capacity

The capacity of this area to assimilate waste from area 1 should be estimated. The aim is to improve this capacity to optimize the productivity of the ponds.

Zone 1

General principle for zone 1 would be to improve water quality in Perancak estuary by increasing nutrient recycling capacity.

Objective of rehabilitation in zone 1 would be to promote the development of mangrove.

Which culture systems could be implemented in this area?

Mangrove was reported to have the capacity to process nutrients from pond effluents prior to the release of effluents to estuarine waters (Trott and Alongi 2000). Mangrove is inhabited by diverse bacterial and phytoplankton communities that are responsible for the degradation and recycling of nutrients making them available to other organisms in the food web (Alongi [192] 1994;[START_REF] Mckinnon | Water column production and nutrient characteristics in mangrove creeks receiving farm effluent[END_REF][START_REF] Al-Sayed | Bacterial community and some physico-chemical characteristics in a subtropical mangrove environment in Bahrain[END_REF]. Presence of mangrove can reduce the risk of WSSV infection, the higher mangrove ratio to pond area (MPR), the less WSSV incidence (Tendencia et al., 2011a). The MPR needed to assimilate solids and nutrients (PO 4 , NH3-N, NO 3 -N, Sulfide and TSS) was calculated by several authors. The different ratios are shown Table 7-1. These studies indicated different assimilation capacity to assimilate solids and nutrient. The total active pond area and mangrove at Perancak in 2015 were 95 and 120 ha, respectively.

The MPR was 1.3 in this area and lower than general recommendations from references (Table 7.1), suggesting that the mangrove surface area in Perancak estuary was not sufficient to assimilate wastes from shrimp farming.

The mangrove-pond ratio required for environmental sustainability can be achieved by either sea/riverfront planting or reversion of abandoned ponds (Primavera et al., 2013). Silvofishery could also be proposed to be implemented in zone 2 to increase the surface of mangrove in Perancak estuary with culture of herbivore/planktivore/detritivore species. Mangrove reforestation initiatives have spread in the Perancak estuary from 1998. The plantation programs were conducted without ecological background and they juxtaposed evidences of mangrove natural recovery and expansion. The plantation approach does not restore a viable, biodiverse, and healthy mangrove ecosystem [START_REF] Proisy | Monitoring mangrove forests after aquaculture abandonment using time series of very high spatial resolution satellite images: a case study from the Perancak estuary, Bali, Indonesia[END_REF]. Rules and tools on ecological mangrove rehabilitation should be adopted for Perancak estuary, such as [193] described by [START_REF] Setyawan | Ekosistem mangrove di Jawa: 1. Kondisi terkini[END_REF], Primavera et al. (2013), [START_REF] Lewis | Ecological mangrove rehabilitation: a field manual for practitioners[END_REF], [START_REF] Brown | Community based ecolog-ical mangrove rehabilitation (CBEMR) in Indonesia[END_REF][START_REF] Van Loon | Hydrological classification, a practical tool for mangrove restoration[END_REF].

Hence, MAP (2007) recommended six critical steps that are necessary to achieve successful mangrove rehabilitation: Which research activities should be conducted?

The research activities proposed below was based on study of Rahmania (2016), Proisy et al. (2017).

Study of suitable species for mangrove plantation Most of abandoned pond was planted with Rhizophora sp. although Avicennia spp. and Sonneratia alba were the natural species mangrove of Perancak estuary. We should understand ecology of individual species of the mangrove species of the site, such as pattern of reproduction, propagule distribution, and successful seedling establishment to ensure regeneration and survival of mangrove tree in planted pond.

Study on hydrology pattern

Study on normal hydrology pattern in Perancak estuary, which related to river flow, and tidal, will provide information about distribution and successful establishment, also growth of targeted mangrove species.

Experiment of mangrove plantation on abandoned pond

There is a need to design rehabilitation program on abandoned pond which using natural volunteer mangrove propagule recruitment, or actual planting of propagules, collected seedlings or cultivated seedlings of natural species from the Perancak estuary.

Conclusion

Some scenarios to rehabilitate activity in Perancak estuary and to improve its sustainability using ecosystem approaches in the framework of integrated coastal zone management (ICZM) have been proposed. Those proposals were established at ecosystem scale and for three specific zones defined by their spatial resiliences to disease. At the ecosystem scale, the implementation of an Integrated Multi Trophic Aquaculture (IMTA) system has been proposed from center to periphery where three zones will take role as primary producer, Herbivorous/Planktonovorous/Detritivorous, and carnivorous, consecutively. At the three areas scale, general principles were proposed based on ecological approaches. New cultured species and production models were proposed. However, experimentations should be carried out to find suitable species and models for each area. Some studies should be conducted, especially on epidemiology, waste capacity assimilation, and nutrient transfer to improve the sustainability of the system.
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The implementation of these suggestions needs more studies and data, especially on the effects of disease outbreak. Socioeconomic aspects should be analyzed to complete this study. The support from the government through facilitation of capacity building, powerful financial, policy frameworks and regulatory incentives could be useful to increase societal acceptability for this concept and the implementation of these approaches.

A key point to remember is that these approaches do not provide the "answers". They only assist in helping the government and stakeholders in trying to enhance resilience of aquaculture activity in Perancak estuary. Hence, involvement of people in the management of each zone is critical in order to achieve the implementation of our suggestions.

[196]
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CONCLUSION and PERSPECTIVES

This thesis has provided new important results to rehabilitate abandoned ponds. This work provides automatic shrimp pond mapping and a first integrated pond activity indicator (IPAI)

to survey the activity using VHRS images. It shows that analysis of the spatial and temporal variability of the activity using an integrated indicator (IPAI) can be used to identify factors implied in the resilience of the agrosystem and as a consequence of its abandonment. This knowledge was useful and used to determine several scenarios to rehabilitate the Perancak estuary in a sustainable framework. However, this work should be considered as the first step toward rehabilitation of this area in the framework of the sustainability.

Remote sensing research Challenges to rehabilitate abandoned farms

In this work, the usefulness of the temporal series of VHRS images to analyze shrimp farming state, environment and history has been shown. The automatic mapping using classification and Edge Detection Based segmentation could map complex aquaculture systems, but still, needs improvement with regards to the smoothness of pond boundaries.

Since the EDB has failed to generate a cadastre for abandoned ponds with very dense vegetation, classification by vegetation indices might be useful for that application and should thus be integrated into the mapping process. 
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 1 3 showed typical shrimp farming operation model in Asia. The rise of shrimp farming has broad impacts on logistic and distribution. Larger volumes of farmed products initiate the need for new and advanced transportations solutions. Higher volumes [24]

  include development and dissemination  Farm site selection Farm site selection is the first important step to ensure the success and sustainability of shrimp farming. According to Ross et al. (2013), spatial planning should consider the environmental, socio-economic and governance objectives of sustainable development and carried out by the Code of Conduct for Responsible Fisheries (CCRF) and Ecosystem
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 1 Figure 1-5. The potential area of aquaculture in Indonesia. Brackishwater culture ( ), Freshwater culture ( ), and Mariculture ( ) (MMAF, 2015).
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 1 Figure 1-7. Models of silvofishery according to the Indonesian Ministry of Forestry (2004),[START_REF] Sofiawan | Sustainable Mangrove Utilization: Developing Silvofishery models[END_REF], and[START_REF] Bengen | Introduction and management of mangrove ecosystems[END_REF]. (a) Model 1 (Type 1). Empang Parit Tradisional -Regular fishpond with ditch and one-gate water inlet system; (b) Model 2. (Type 1). Empang Parit Tradisional -Regular fishpond with ditch and two-gate water inlet system; (c) Model 3 (Type 1). Empang Parit Tradisional -Regular fishpond with ditch and one-gate water inlet system and three mangrove platforms Officially recognized by the by the Ministry of Forestry (2004) as the third of four silvo-fishery options; (d) Model 4 (Type 1) Komplangan -Modification from regular ditch fishpond without central dike. Officially recognised by the by the Ministry of Forestry (2004) as the second of four silvofishery options; (e) Model 5 (Type 1) Komplangan -Modification from regular ditch fishpond with central dike; (f) Model 6 (Type 2) Empang Terbuka/Tanggul -Open fishpond type with two-gate water inlet system and elevated banks. Officially recognized by the by the Ministry of Forestry (2004) as the fourth of four silvo-fishery options.Local communities tend to use this option, some also without the elevation. It is then known as the 'Tanggul' model; (g) Model 7 (Type 2) Kao-Kao -with three separate ditches one-gate water inlet system. The water can flow from ditch to ditch, depending on the tide. Note that the lighter coloured areas are channels, not dikes; (h) Model 8 (Type 2) Tasik Rejo -in which regular agriculture is combined with agriculture (rice-paddy or coconut) on an elevated embankment; (i) Model 9 (Type 2) Ideal -with two-gate water inlet system, a separate mangrove area, a separate ditch for fish. Illustration by Audrie Siahainenia.

  Indonesia's shrimp production increases for the last five years from 380,972 tons in 2010 to 639,369 tons in 2014. The production was estimated will continue to exhibit healthy growth for the 2016 -2020 period (MMAF, 2016) even with the threat of diseases and new diseases emergences, such as Abdominal Segment Deformity Disease (ASDD) and microsporidian Enterocytozoon Heptopenaei (EHP) (The Fish Site, 2017). The shrimp industry provides the highest contribution in aquaculture export. In 2014, aquaculture export reached US$ 4.1 billion, where about of 51 % was shrimp commodity, thus Indonesia set the record as the highest shrimp exporter in USA in 2015. Prices of shrimp in global trade may fall recently due

  better management of shrimp farming region in the coastal zone, spatiotemporal assessment should be conducted, and relevant information should be provided. The assessment includes[START_REF] Robertson | Mangroves as filters of shrimp pond effluent: predictions and biogeo-chemical research needs[END_REF] the extent and some shrimp farming; (2) pond activity; and (3) plan for management or aquaculture sustainability in the coastal zone.Information from the field is coupled with the use of remote sensing integrated with GIS can provide relevant information for better management, such as land use/land cover, water quality, productivity, tidal influence and culture infrastructure. Since this objective requires the ability to map various brackishwater aquaculture feature, including the distinction between culture systems (extensive, semi-intensive, intensive, and super-intensive) (Figure1-9), to very fine scale, very high spatial resolution (VHRS) imagery is preferred rather than medium resolution (Figure1-10).However, since medium spatial resolution imagery covers larger coastal region and has been available since the 1980s, it is always interesting to consult these archives to obtain a rough vision of aquaculture development. Indonesia National Institute of Aeronautics and Space (LAPAN) facilitate the use of satellite images for observation of Indonesian surfaces which allows ordering images or obtaining free images of remote sensing (http://bdpjncatalog.lapan.go.id/catalog/index.php).Begin in 2001, with the orbiting of the IKONOS satellite, optical remote sensing offered images with a pixel size of up to 4 meters. Many regions, which is hard to reach through field survey or have not yet been aerial photographed, are observed on a fine scale from space.
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 11 Figure 1-9. Culture systems of shrimp ponds. (a) Extensive, (b) Semi-intensive, (c) Intensive, (d) Super intensive)
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 2 Figure 2-2. Potential of freswater from river n Bali Province. Perancak estuary is included in Sub-SWS 03.01.06 and 03.01.07 with 147.2 million m 3 and 228.4 million m 3 of freshwater potential, respectively.Perancak estuary covers approximately 755 ha. Four main branches of river (Tukad Sowan, Tukad Daya Timur, Tukad Ijo Gading and Tukad Daya Barat) compose this estuarine system with a main orientation from North (mountainous area) to South (Indian Ocean) and form whole hydrological network. Perancak estuary is located in Jembrana Regency with a rapidly growing urban population. The 2010 census puts its population at approximately 273.3 thousand inhabitants (BPS[START_REF] Bps Bali | Bali Province in Figure 2016[END_REF]. The urban population, major commercial, industrial

Figure 2

 2 Figure 2-3. Cadastre of the Perancak estuary in 2015 including Aquaculture ponds, water network, roads, infrastructures, and palm plantations.
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 2 Figure 2-5. Aquaculture ponds in Perancak estuary, consists of shrimp active and inactive/abandoned ponds.
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 2 Figure 2-6. Aquaculture ponds in Perancak estuary, consists of shrimp semi intensive and intensive ponds; milkfish pond; and polyculture ponds (algae-shrimp-fish).

  are based on the daily temperature measured. In period of 2001 -2015, temperature ranged from 24.7 o C to 27.5 o C. July and August were the lowest temperature in the year, while November and December were the highest temperature. It indicated that high rainfall rate do not lowering the temperature of air atmosphere. The high fluctuation of temperature appeared in February and May (Figure 2-7b).

  7. Climatic condition of Perancak estuary in 2001 -2015 from Climatology Station of BMKG Negara, Bali. (a) Average monthly rainfall (mm) and (b) Average monthly temperature (°C).
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 22 Figure 2-8. Bathymetry of rivers in Perancak Estuary (a) 2D, and (b) 3D (IMRO, pers. comM.)

  Figure 2-14. Average yearly average flow (m 3 .sec -1 ) of Tukad Daya Timur and Tukad Ijogading rivers in 1995 and 1999 -2009 (Pemprov Bali, 2010).
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 2 Figure 2-16. Locations of water flow measurements on July and August 2011 in Berangbang, Banjar tengah and Mertasari area (Tukad Ijogading River), also Petanahan and Jero Pengentuh Area (Tukad Daya Timur River).

  Figure 2-15a and 2-15b showed gradual decreasing of water flow from upstream towards downstream. The area of middle and downstream are water utilization zones, where the water is an essential demand for the agriculture land, settlement, and rice field. The sedimentation of suspended solid from land erosion, effluent of many human activities along the river, floods, broken structure, etc in the river may also decrease the river flow.

(

  ecotone or ecocline) in estuary. The transition zone linking freshwater and marine systems, and are therefore characterized by gradients of chemical, physical and biological components in the water column. It is a mixing zone of turbid, nutrient-rich and colored river discharge with relatively clear and nutrient-poor ocean water. Thus, the gradient of salinity, the availability of nutrients and light will represent a combination of physical and chemical stressors and strongly influence the spatial and temporal distribution and abundance of phytoplankton in estuaries (Quilan and Philips, 2007). The distribution and abundance of biota (phytoplankton) in estuary, which is indicated using fluorescence and turbidity values measurements, led to view estuaries as ecocline or ecotone. In ecocline, during periods of decreased or increased salinity (high or low tide), phytoplankton communities shift spatially into of preferred salinity (spatial displacement), which is measured as high rise of fluorescence and turbidity values, but the overall community structure remained intact. It creates gradual progressive change between freshwater and marine water systems (Atrill and Rundle

  Figure 2-19.

  Figure 2-20. Relationship between salinity with pH and DO determined from 12 hourswater quality measurements on 11 November 2014 and 20 March 2015.

  which is absorbed and dissolved into the water. The increasing of water salinity in estuary indicated that sea water has mixed to fresh water gradually, and increase the DO of water. However, in March 2015, increasing of salinity did not bring response to the DO level. This condition may indicate that the process of organic matters decomposition occurred in Perancak estuary. The process causes acceleration of oxygen consumption by aerobic microorganism, and lowering the level of DO. The fluorescence levels of the water pond in Table2-2 has showed the quality of shrimp pond effluent2.7.4. Spatial VariabilityData on the distribution of salinity, fluorescence, pH and turbidity were showed on Figure2-21. The measurements were conducted on May 2014 (intermediate period), November 2014 (dry period) and March 2016 (wet period). The first line in Figure 33 showed spatial distribution of salinity where low values (< 25) in the upper navigable parts of the estuary on wet and intermediate period (March 2016 and May 2014). In several areas of the mid estuary, salinity values approximately 26 -32 ppt were observed. High salinity values were reported 33 -34 near Bali strait in the lower estuary on November 2014. The lower value of salinity was explained by a higher input of freshwater in wet season than in dry season. The survey on May 2014 revealed the 0 salinity in the measurement of river water quality. This condition corresponds with the limit of geographical distribution of shrimp ponds since vannamei shrimp farming needs brackishwater in its practice. Spatial distribution of fluorescence in the center line showed values as low 5 µg.L -1 and relatively similar in all part of the estuary, especially on May 2014 and November 2014. In wet season, high rainfall which bring freshwater tends to dilute the water in the river and lower the fluorescence value. On March 2016, high values of fluorescence were reported in the upper part of the estuary (> 35 µg.L -1 ). This condition could be associated with the presence of algae from the upstream or algal growth in the estuary, or their combination. Poor tidal flushing is also likely to be a contributing factor. However, the fluorescence value in the middle and down part of estuary were varied from 0 -10 µg.L -1 . In the dry season 2014, it ranged from 0.5 -5 µg.L -1 in the upper and middle part of the estuary. In lower part of estuary, the fluorescence values stay low ranged from 0.1 -0.4 µg.L -1 . The pH in the upper part of estuary on May 2014 and March 2016 showed lower values of 7.2 -7.9 from the middle and down part (8.0 -8.3). However, pH values in May 2014 still displayed lower value than March 2016 on all part of the Estuary. The freshwater input from flow of the upper catchment and rainfall typically has a lower pH than ocean water (~7 compared to ~8). The freshwater flow from the upstream may also contain nutrient loading containing wastewater effluent or fertilizer. Decomposition of organic matter in the presence [83]
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 2 Figure 2-23. Time (year) of the mangrove emergence inside shrimp pond naturally or with plantation. The growth of mangrove relate to the abandonment process of shrimp pond(Rahmania, 2016).

  The map of planting years obtained from visual detection of seedling rows in all images revealed that 135 ponds, i.e. a surface area of about 40 ha (~10% of the total area of pond floors) were up to now planted. The map also showed that plantations made before 2001 (39%) and in 2008 (51%) largely dominated comparatively to other 2007 and 2009-2012 years accounting each for 1 to 3%. The map also decomposed the total mangrove extent found in the estuary at different dates into planted and non-planted mangroves (Figure 2-24). One observes that cover of planted mangroves continuously expand over pond floors (red square dots without contour) after 2007 from about 12 to 35 ha with an overall yearly rate of about 3.0 ha while, over unimpeded estuarine areas (yellow circle dots), mangroves naturally expand from 25 (in 2003) to 48 ha. In addition, it is worth noting that both pond floors and walls (green square dots) also experienced natural mangrove development from 5 (in 2003) to about 25 ha (in 2015), this corresponding to an expansion rate of about 1.7 ha per year. Newly formed river islands and banks were also colonized by mangrove with a total increase of about eight ha since 2001 (triangle dots). Yearly expansion rates of vegetation fraction cover, induced by the enlargement of planted tree crowns, and could greatly vary among these disused ponds. Some ponds experienced extensive mortality since early seedling stages while others could be totally covered in 5-6 years.
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 2 Figure 2-24. Map showing the aquaculture ponds planted, the years of plantations and a fraction cover index.Low, partial and full index values correspond to ponds fraction cover, respectively, lower than 50%, between 50% and 90% and above 90%[START_REF] Proisy | Monitoring mangrove forests after aquaculture abandonment using time series of very high spatial resolution satellite images: a case study from the Perancak estuary, Bali, Indonesia[END_REF].

4.

  Perancak estuary was exposed by low monthly average rainfall on July and August, 57.2 mm and 29.7 mm, respectively. Hence, December and January were high monthly average rainfalls, 273.4 mm and 298.4 mm. Monthly average temperatures ranged from 24.7 o C to 27.5 o C. July and August were the lowest temperatures in the year (24.7°C), while higher temperatures were inNovember and December (27.5°C and 27.4 °C, respectively).

  10. The season (wet and dry seasons) may influence the quality of water in the estuary because of water quality of freshwater input from catchment area. 11. Water quality measurement in the river of Perancak estuary showed low level of DO. It indicates that water is contaminated with organic matters from upstream and the ocean. The nutrient enrichment stimulates eutrophication and reduces dissolved oxygen concentrations. It also showed that river water influence more Perancak estuary 12. Plantations of abandoned ponds made before 2001 and in 2008 largely dominated comparatively to other 2007 and 2009-2015. Rhizopora species dominated the plantation plots. Expansion of mangrove inside abandoned ponds is indicated with the enlargement of mangrove tree crown. The successful expansion will cover the pond completely in 5 -6 years.

  Field surveys were conducted in May 2014, November 2014 and June 2015. Global observation will validate a priori visual interpretation of images as well as a dataset of aquaculture facilities built by GPS mapping. GPS point collection was performed as many 209 points for ponds and 181 points for water quality measurement. (Figure 3-2).

Figure 3

 3 Figure 3-2. GPS points collected in field surveys in Perancak estuary on May 2014, November 2014, and March 2016. It included 209 GPS points to mark the ponds and 181 GPS points of water quality measurements along the river.

Figure 3

 3 Figure 3-4. Farms where questionnaires were collected in field surveys in Perancak estuary on May 2014, November 2014, and March 2016. Name of the farmers is kept anonymous and only mentioned in alphabet.

Figure 3

 3 Figure 3-5. Hydrology survey. (a) Installation of ADCP and bathymetry transducer; (b) Locations of ADCPs in the river, and tidal measurements in the river and pond.
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  the diurnal inequality of the tides increases. It attains a maximum when there is only one high water in each day. The ratio is called the Formzahl number, : Semi-diurnal type (2 Highs, 2 Lows per day, similar strength.). 5 < < .5 = Mixed semi-diurnal dominant type (2 Highs, 2 Lows per day, but of different strength).5 < < . = Mixed diurnal dominant type (1 High, 1 Low per day, but of different strength) The work for mangrove study was conducted in collaboration with Mangrove Monitoring and ICZM Application team of INDESO Project which consists of: Christophe Proisy (IRD-UMR AMAP, Montpellier; Remote sensing of mangrove); Juliana Prosperi (CIRAD-UMR AMAP; [98] Botany); Gaëlle Viennois (CNRS-UMR AMAP; SIG and Remote Sensing); Rinny Rahmania (IRD-UMR AMAP/MMAF; PhD Student); Frida Sidik (IMRO, Perancak, Bali; Mangrove Environment); Nuryani Widagti (IMRO; Marine Biology); Komang Suraya (IMRO; technician); Suhardjono (LIPI, Bogor; Botany and Ecology); and Ariani Andayani (Balitbang KP, Jakarta; Botany and Remote Sensing). The mangrove surveys were carried out on May and November 2014 during a total of 20 days on the field. The location of mangrove patches will be visited was determined using visual analysis of VHR images. The variability of textures and spectral responses allowed to: 1) distinguish the mangroves of the other landscape units present in the images, and (2) to target interesting mangrove area which presenting mangrove in different composition, ages and types. The size of plot on the mangrove area was decided according to the heterogeneity of the forest stand and the density of plant stems. It ranged from 100 m 2 for a dense young mangrove forest to 2500 m 2 for an adult natural mangrove forest which was less dense and more heterogeneous. After species identification, diameters at breast height (DBH) for all individual trees of DBH values greater than 1 cm were measured. The heights of dominant trees using the hand-held LaserAce® rangefinder were evaluated and recorded the number of seedlings of a given species inside the considered plot. Several structural and floristic parameters from the forest data were also derived. In Perancak estuary, 11 plots of planted mangrove (P) and 5 plots so-called natural mangrove areas (N) have been identified. DBH and species identification of dozens adult mangrove trees in other 3 planted areas and 4 natural areas were also collected, without consideration of width area. Numerous observations of floristic diversity were made in areas

Figure 3

 3 Figure 3-6. Location of mangrove survey(Rahmania, 2016; Proisy, 2017) 

  EDB) segmentation method implemented in C++. A World-View-2 image acquired on March 14, 2014, with four bands of standard multispectral colors and one panchromatic band, was used as a reference image for visual interpretation and also for automatic mapping. The WV-2 image has a sensor resolution of 0.46 m GSD at nadir for panchromatic and 1.85 m for multispectral. It was registered in UTM Projection (WGS 84 datum, UTM Zone 50s) using 40 ground control points (GCPs) that were collected during a differential GPS survey in 2014. The image is clipped into selected Region of Interest (ROI) to show aquaculture areas. A dataset of aquaculture facilities built by GPS mapping and visual interpretation, and validated by field surveys in May and November 2014, was used as a reference. The boundaries of all ponds were delineated manually on-screen based on the reference map. This reference map allowed us to assess the accuracy of the maps resulting from different classification methods through calculation the proportion of well detected ponds.

  remote sensing and GIS can facilitate the development of indicators. Remote sensing technologies may gather repeated observations about shrimp farming activities. The utilization of VHRS image made the information extracted is digital, computer-based analysis for classifying type of aquaculture farms. Using GIS, the extracted information from imagery can be combined with physical, biological, and socio-economic data to analyze shrimp farming condition and change, also to assess the trends on a range of scales, from global to regional and local levels.

Figure 4

 4 Figure 4-5. Flowchart of combined ground and VHSR satellite image processing and analysis for monitoring aquaculture pond activity.

  carried out during field surveys to information on aquaculture practices representing approximately data from half (176) of total ponds in activity (369). The questionnaire was developed in Bahasa Indonesia by The Research Institute of Coastal Aquaculture (RICA) and was administered by the main author with help from staff from RICA and local services (Institute for Marine Research and Observation). This staff was knowledgeable of farm operation and techniques used by farmers. The database contains technical information about farm locations, pond culture systems, sources of seed, water and feed management, disease outbreaks, harvests, pond infrastructures and sources of pollution.
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 46 Figure 4-6. Ponds identified with the activity indicators in Perancak estuary (2014 and 2015). (a) Water; (b) Feeding Bridge; (c) Aerator; and (d) Vegetation.

Figure 4

 4 Figure 4-8. Classification of activity indicators using decision tree method. Bridge was the strongest indicator. (Bridge as root; Water and Vegetation as Internal Nodes; Active and Inactive Pond as leaf nodes). The first number represents the total number of instances reaching the leaf. The second number accounts for the number of those instances that are misclassified.

Figure 4

 4 Figure 4-9. Feeding bridge made from bamboo established in Perancak estuary.The bridge size about 0.5-1 m x 3-5m and is placed on the dike. The bridge is not only to facilitate the feeding practice, but also to check the growth of shrimp.

  extensive, semi intensive, intensive, super-intensive shrimp farming, fish and seaweed farming, polyculture farming, silvo-fishery, etc. Typology of ponds based on criteria detected by VHRS image should be developed to survey different aquaculture system at country or global scale. Further, the best criteria based on type of ponds can be developed into pond indicator.

  Figure 5-4 showed number of ponds with each pond activity criterion inside. The pond activity criterion as pond with aerator, water, and bridge tend to decrease in period of 2001 -2015. However, the decreasing number of pond with bridge was relatively small between 2003 and 2007.

Figure 5

 5 Figure 5-4. Number of ponds with aerator, water, bridge and vegetation in Perancak estuary from the satellite image of 2001 -2015.

Figure 5

 5 Figure 5-5. Spatial changes of each pond activity criterion using satellite images between 2001 and 2015. Those are the presence of the aerator, feeding bridge, water, and vegetation.

Figure 5

 5 Figure 5-6. Pond activity in Perancak estuary between 2001 and 2015 based on integrated pond activity indicator (IPAI).
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 57 Figure 5-7. The temporal analysis of activity in Perancak estuary (2000 -2015). (a) The number of active ponds based on integrated activity indicator; (b) Annual cumulated temperature and rainfall anomalies; (c) Brackishwater aquaculture production in Perancak estuary. It represents about 50% of the total production of Jembrana regency. Capital letters show the different periods identified between 2000 and 2015.

  -8. It shows a map displaying the date when the last activity was detected in each pond. It reveals a gradient of abandonment from the center to the periphery of this agrosystem. The center zone became inactive earlier than the periphery and was in 2014 highly colonized by mangrove. Middle zone contained ponds that became inactive during 2004 -2007 period in Figure 5-8a. Some of them were rehabilitated for polyculture and fish culture. Periphery zone comprised ponds which were still active in 2012 -2015.

Figure 5

 5 Figure 5-8. Pond activity changes in Perancak estuary between 2001 -2015 based on integrated pond activity indicator (IPAI). (a) Cadastres of the last activity detected in ponds; (a) Three zones of the last activity detected in ponds.

  and skill assessment has been done using elevation and currents dataset mentioned above (Figure5-9 and 5-10). Model showed good ability to simulate tidal elevation outside the estuary (Figure5-9) in terms of phase and amplitude. The tidal form factor (F = 0.46) computed by[START_REF] Berlianty | Tide and tidal current in the Bali strait, Indonesia[END_REF] for Jembrana station at PPI Pengambengan, classify tides near Perancak estuary as mixed tide, mainly semi-diurnal.As one can notice on Figure5-9, within the same lunar day, tidal range presents fluctuation[147] 
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 5 Figure 5-11. Modelled salinity at high tide (left), mid-ebb (middle) and low tide (right). Unit is PSU (Practical Salinity Unit). The three sectors identified using IPAI on the last available image (2015) are represented from lighter to darker colors (zone 1 to 3).

Figure 5 -

 5 Figure 5-11 showed three snapshots of the salinity fluctuations within the estuary. At high tide, the model simulates a haline intrusion that nearly reaches zone 3. At mid-ebb, brackish waters are still present all around the central sector. At low tide, the whole estuary is filled with freshwaters or with water characterised by very low salinity.
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 5 Figure 5-13. Definition of the 10 sectors used for pollution particles dispersion

Figure 5 -

 5 Figure 5-15. Hydrology connectivity between farms in Perancak estuary through rivers and water canals.

  the second between mid-2011 and mid-2012. These two events exhibit dynamic behavior as regime shifting. The anomaly of climate could explain the activity drops and the abandonment events in Perancak estuary since it may trigger the emergence of virus diseases, as WSV and probably TSV, IMNV, and IHNV.The abandonment occurred as a gradient from periphery to the center of Perancak estuary over time. The connectivity between farms through water network probably increased the risk of disease development since they share the same water source and water receiving of effluents. This network could be considered as a factor increasing eutrophication of the surrounding, particularly in the center of the estuary. The storage of nutrient load (nitrogen and phosphorus) from last eutrophication events in the sediment of a shrimp pond or the continued presence of shrimp pathogen species (i.e. White Spot Syndrome Virus, WSSV) may generate 'ecological memories' in the estuary. The ecological memory and connectivity will be critical challenges in the rehabilitation of abandoned pond and ecosystem management.The hydrodynamic model showed that the center zone of Perancak estuary (zone 1) is the place which needs the longest period (45 -75 hours) to renew its water in the conditions (rivers, tide) of the simulation. No tests of variability have been done. The Pollution Network

  interventions could be conducted by changing structures and aquaculture practices, e.g. changes of water sources, pond structures, species cultured, and intensification level. They may bring success in maintaining the production system. The analysis of aquaculture practices in 2014 -2015 could give us some information to identify the aquaculture practices used to fight against diseases. It should bring us further information to understand how the farmers faced the emergence of the diseases to continue their activity. This work should also allow us to identify factors of resilience on the scale of the agrosystem. Therefore, the objectives of this chapter are to define the state of aquaculture activity in 2014 -2015 and analyze the structures changes and aquaculture practices between 2001 and 2015.

  Twenty-three farmer interviews were made during field surveys to collect production data representing approximately data from half (176) of total pond in activity (369). The questionnaire was developed in Bahasa Indonesia by Research Institute of Coastal Aquaculture (RICA) and was administered with the help of the staff from RICA and local services (Institute for Marine Research and Observation/IMRO). These staffs were knowledgeable of the farm's operation and techniques used by the farmers. Database contains information about farmer, farm location, pond culture system, source of seed, water and feed management, disease outbreak, harvest, pond infrastructure and source of pollution.The recognition analysis of the image in 2001 -2015 showed slight changes of pond structures. The number of ponds ranged from 1400 to 1500 on that period. The changes on pond structure occurred in the whole estuary. The percentage of ponds that changed in their[160] 

Figure 6 - 1 .

 61 Figure 6-1. Pond structure changes in Perancak estuary based on comparison of images between 2001 and 2015. Farmers have transformed their ponds by splitting, merging, decreasing size, increasing size, and changing position. New ponds were also built.

  Introduction of the white shrimp species, Litopenaeus vannamei in the year of 2001 -2003 was also accompanied with the national intensification program as suggested by the high increase of production in 2000's (Chapter 5, Figure 5-6). The intensive ponds are characterized by high shrimp stocking density (80 -125 postlarvae/m 2 ), high number of aerators, and width area ranging from 0.1 to 1 ha. While semi-intensive ponds are lower stocking density (20 -80 postlarvae/m 2 ), no or few aerators, a soil pond base, and width area between 1

)Figure 6

 6 Figure 6-4 showed gradient of intensification level from center to the periphery of the Perancak estuary, which corresponded with zonation of the last activity observed (Chapter 5, Figure 5-6). The intensification level started from no culture in zone 1 to semi-intensive shrimp farming in zone 2, and both semi-intensive and intensive shrimp farming in zone 3.

Figure

  Figure 6-4. Intensification level of shrimp farms in Perancak agrosystem. The farms in periphery of Perancak estuary practiced, both semi-intensive and intensive shrimp farming. But, in the center of the estuary, the farms were abandoned, while in the area between, the farmers practiced semi-intensive shrimp farming. This gradient of intensification level corresponded with zonation of last activity observed.

Figure 6

 6 Figure 6-5. Cultured species in Perancak estuary, Bali, Indonesia in 2014 -2015. Beside shrimp, the farmers carried out monoculture of milkfish and also polyculture of shrimp/fish/seaweed.

Figure

  Figure 6-6.Construction of aquaculture ponds in Perancak agrosystem. Most of aquaculture pond was built in soil, but nowadays, some earthen-ponds were reconstructed into concrete and liner ponds. These information were obtained from farmers' interviews.

  Nypa fruticans is planted for the leaf of the house roof. The mangrove plantation have similar trend with the emergence of abandoned ponds (Figure 6-7). The number of plantation ponds ranged from 10 to 91 ponds each year. High rises of plantation pond were observed in 2008 and 2013. The number of abandoned ponds tends to display similar period of changes as [164] shown Figure (Chapter 5, Figure 5-7). The general trend exhibited an increase in pond inactivity between 2001 and 2015 which may appear similar pattern to the number of mangrove planted ponds. The number of inactive ponds was quite similar with number of mangrove planted ponds between 22/09/2007 and 15/04/2011 (period C), where the increasing of number inactive ponds tend to generate an increasing of number of planted pond. In period of 2001 -2003 (Period A) and 2012 -2014 (Period D), the increasing number of planted ponds was not exactly correlated with the number of abandoned ponds. It may show that the farmers did not directly decide to plant his pond with mangrove right after the pond became inactive.

Figure 6

 6 Figure 6-7. The emergence of pond plantation with abandoned pond in period of 2001 to 2015.

Figure 6

 6 Figure 6-8. Perancak as an agrosystem with various type of aquaculture system and cultured species

  This definition related to an ecosystem based management as proposed by CBD (UNEP/CBD/COP/5/23/ decision V/6, 103-106) to aquaculture and also following Code of Conduct for Responsible Fisheries (CCRF) indications. Such strategy should be guided by three main principles that should ensure the contribution of aquaculture to sustainable development: i) aquaculture should be developed in the context of ecosystem functions and services with no degradation of these beyond their resilience capacity; ii) aquaculture should improve human well-being and equity for all relevant stakeholders; and iii) aquaculture should be developed in the context of (and integrated to) other relevant sectors. Three scales/levels of EAA application were identified and discussed: the farm; the waterbody and[176] 

  the understanding and inclusion of people/societal values (their context), 7. Promote education and disseminate information on better practices considering ecosystem framework.

  2. The presence of an ecological memory prohibiting any development of shrimp culture in the system, 3. A high connectivity between ponds, 4. A limited capacity of the system to assimilate waste exported by ponds, 5. A low water quality in the Perancak estuary, 6. The presence of most of intensive shrimp farms at the periphery of the estuary, 7. The presence in 2014-2015 of a trophic gradient for the species cultured from the center to the periphery.

Figure 7

 7 Figure 7-4. Commercial carnivore fish species: (a) Tiger grouper, Epinephelus fuscoguttatus (Forsskal, 1775); (b) Asian seabass, Lates calcarifer(Bloch, 1970) 

Figure 7

 7 Figure 7-7. Brackiswater fish species which can be cultured in zone 2. Those are milkfish, mullet, Mozambique tilapia and red tilapia.

1 .

 1 Milkfish, Chanos chanos 2. Mullet, Mugil spp. and Moolgarda spp.

  3. Mozambique Tilapia, Oreochromis mossambicus (Peters, 1852) 4. Red Tilapia, Oreochromis niloticus (Linnaeus, 1758)

Figure 7

 7 Figure 7-9. Sand holothurian, Holothuria scabra, harvested from the pond in Luwu Utara, South Sulawesi

1 .

 1 Understand both the individual and community species ecology of the naturally occurring mangrove species at the site, paying particular attention to patterns of reproduction, distribution, and successful seedling establishment, 2. Understand the normal hydrology that controls the distribution and successful establishment and growth of targeted mangrove species, 3. Assess the modifications of the mangrove environment that occurred and that currently prevent natural secondary succession, 4. Select appropriate restoration areas through application of Steps 1-3, above, that are both likely to succeed in rehabilitating a forest ecosystem and are cost effective. Consider the available labor to carry out the projects, including adequate monitoring of their progress towards meeting quantitative goals established prior to restoration. This step includes resolving land ownership/use issues necessary for ensuring longterm access to and conservation of the site, 5. Design the restoration program at appropriate sites selected in Step 4, above, to restore the appropriate hydrology and utilize natural volunteer mangrove recruitment for natural plant establishment, 6. Utilize actual planting of propagules or seedlings only after determining through Steps 1-5, above, that natural recruitment will not provide the quantity of successfully established seedlings, rate of stabilization, or rate of growth as required for project success, Studies of Rahmania (2016) and Proisy et al. (2017) concluded that plantation in Perancak estuary should use natural species mangrove of Perancak estuary (Avicennia spp. and Sonneratia alba), and acknowledge the functional differences of mangrove trees. We should plant mangrove in low density to encourage the regeneration. Moreover, plantation program should consider water fluxes and dike openings. Sidik and Lovelock (2013) also promoted revegetation of pond walls as it may mitigate the important CO 2 release from non-vegetated dikes estimated 2.7 times higher than the pond floors release.The mangrove rehabilitation of abandoned ponds needs participation of local community from the planning to the implementation stage. The participation often requires physical adjustments to the site to the monitoring and follow-up, which may involve developing a[194] management plan. The participation of local community will empowering process that creates a sense of ownership of the rehabilitation project among the community and that helps maintain the project's benefits on the long run.

  An integrated pond activity indicator (IPAI) has been built to survey the shrimp pond activity and demonstrated good ability to diagnose spatial and temporal variability. Nevertheless, this IPAI should be improved by adding other criteria such as image radiometric values or remote sensing indices (vegetation index, water index, and brightness index). Specific characteristics may be identified to analyze activity in other systems (e.g. super-intensive or extensive). Moreover, an automatic indicator should be developed to discriminate between the brackishwater systems, e.g. extensive, semi-intensive, intensive, super-intensive shrimp farming, fish, and seaweed farming, polyculture farming, and silvofishery. This tool could be useful to analyze aquaculture practices and changes at country scale. The development of satellite technology allows the constellation of a satellite that can capture snapshots of the Earth more frequently and at a higher resolution. It would open up the opportunity to monitor the aquaculture in a wide area. For example, the more frequent images acquisition would allow us to work at fine temporal scale to draw a conclusion about each rearing. . . . . . . . . . m -Width in upper side . . . . . . . . . m -Width in lower side . . . . . . . . . m 17. Outlet channel : -Open channel -Center drainage -. . . . . . . . . . . . . . . . . . . 18. Water Stock Pond : -Width . . . . . . . . . . . . . . m 2 -Construction . . . . . . . . . -Treatment . . . . . . . . . 16. Effluent Stock Pond : -Width . . . . . . . . . . . . . . m 2 -Construction . . . . . . . . . -Treatment . . . . . . . . . E. POND PREPARATION 1. Remediation of pond bottom : -Yes Method . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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-INTRODUCTION 1.1. Location of Perancak Estuary 1.1.1. Generalizations

  

Table 1 -

 1 1. The cause and adverse effects of shrimp farming development during site selection, farm operational, and abandoned ponds.

	Cause	Effect
	Wetland (mangroves and salt	Loss of fish/crustacean habitats and nursery areas;
	marshes) destruction	Reduced catch yields of commercially important species
		including seed for the shrimp industry;
		Coastal erosion;
		Tsunami;
		Biodiversity disturbance;
		Acidification;
		Alteration of water drainage patterns;
		Lowering flood control;
		Loss of detrital material;
		Loss of forestry products (e.g., charcoal)
	Discharge of shrimp pond	Saline water production;
	effluents which are typically enriched in suspended solids, nutrients, chlorophyll-a, bacteria and characterized by a high biochemical oxygen demand (BOD).	Sediment accumulation (siltation); Oxygen depletion; Light reduction; Changes in benthic macrofauna Eutrophication
	Discharge of chemical	Toxicity to non-target populations (cultured species, human
	substances (therapeutics,	consumers, and wild biota);
	disinfectants, water and soil treatment compounds, algicides and pesticides, plankton growth	Drug resistance among pathogens; Accumulation of residues.
	inducers as fertilizers and	
	minerals, and feed additives)	
	Conversion of agricultural land	Saline soil production;
	(rice fields and orchard)	Alteration of water drainage pattern
	Excessive water use	Land subsidence;
		Competition with other users for water
	Wild fry bycatch	Decline in wild shrimp stocks and biodiversity;
		Reduced catch yields of commercially important species
	Escape of aquaculture stocks	"Biological pollution" of wild populations
	Release and spread of diseases	Disease outbreaks;
		Infection in the wild populations
	Saltwater intrusion	Contamination of ground water aquifers, surface waters, and
		soils
	Shrimp pond abandoned	Competition with other users for space
	Coastal livelihoods displaced	Conversion of residential, agricultural (rice, pastures)and
		common lands;
		Blocked access to coastal resources (artisanal fisheries for
		mollusk, crab, finfish, etc.);
		Charcoal production;
		Dependence on fish meal and fish oil;
		Navigational hazards;
		Privatization of public lands and waterways;
		Fisheries decline and food insecurity;
		Rural employment and urban migration;
		Human rights abuses;
		Social disruption, conflict, and violence.

. Case of Indonesia 1.2.1. Historical development of brackishwater aquaculture in Indonesia

  

	management, also handling or harvest management. Moreover, the general principle of food
	hygiene, such as Hazard Analysis Critical Control Point (HACCP), will assure the safety and
	quality in every step of shrimp processing (MMAF, 2013).
	1.2
	Restriction of certain practices
	It would be difficult to regulate most activities at aquaculture facilities. However, some
	especially damaging practices can be controlled. The government should have regulations
	on groundwater use. Additionally, the use of freshwater from wells, to dilute salinity in
	brackishwater ponds, should be regulated. Discharge of brackishwater into freshwater bodies
	or onto agricultural land usually should not be allowed. Shrimp farms should not be permitted
	in mangrove areas or other wetlands. Some birds prey on fish and other aquatic animals,
	and heavy economic losses from bird predation sometimes occur. Nevertheless, farmers
	generally should not be allowed to kill birds, because there are non-destructive means of
	controlling birds (Boyd, 2008).
	Since sustainable shrimp farming involved complex interactions of environmental, social, and
	economic levels, the most critical factors are availability good quality seed, good practice in
	growing out the system, aquaculture environments, shrimp health management, quality of
	product and marketing. It is important to improve shrimp farming technology and
	management systems to address the need for the eco-friendly production process and food
	safety concerns in the sustainability of shrimp farming.
	The implementation of such management strategies requires human interventions from
	different levels, from the level of a farmer, investor, to government. Guidelines are already
	emerging for the improvement of management practices of shrimp farming, such as the more
	global FAO Code of Conduct for Responsible Fisheries (1995) and Homenkollen Guidelines
	(1998); Manual of ASEAN Good Shrimp Farm Management Practice (1998) and ASEAN-
	SEAFDEC Millenium Conference on Sustainable Fisheries (2001) in ASEAN, or MMAF
	Guidelines of Shrimp Farming in the pond (2004) in Indonesia. These guidelines include
	water management, pond preparation, how to provide good quality seed, feed and feeding
	management, restriction on the utilization of chemicals and drugs, solid waste and effluent
	[34]

1.2.2. Development of Brackishwater Aquaculture 1.2.2.1. Shrimp Aquaculture Structure and Production

  

	); 6) Application of advanced technology in water quality
	management such as real-time monitoring, also the development of super-intensive shrimp
	culture and eco-clustering. Best Management Practice (BMP) of shrimp culture has broadly
	known, implemented and certified (MMAF, 2016).
	Now, Indonesia has become one of the leading fisheries nations in Asia and ranks as a
	major exporting country in the world seafood industry. In shrimp industry, Indonesia is the
	third largest producer after China and India that reached production 639,369 tons in 2014
	(MMAF, 2015a).
	[35]

1.2.2.3. Government Organization and Support Services

  ). Study on aquaculture sustainability and the environment on 16 countries (ADB-NACA)

	Basic Legislation
	Law No. 31/2004 about Fisheries The government of Indonesia (GOI) has encouraged private, academic, scientific sectors and
	Emphasizes the importance of sustainable use of aquatic resources in the development of other stakeholders to participate in shrimp farming development. They establish associations
	fisheries. to exchange information about shrimp farming technology improvement, support the farmers
	to conduct better management and have some efforts to preserve the environment. For
	Law No. 22/1999 about Regional Administration example, Shrimp farming associations are, as Shrimp Club Indonesia (SCI), Indonesian
	Indicates the context of decentralization process in aquaculture. Provincial Government Shrimp Feed Entrepreneur Association (APPUI), Indonesian Hatchery Entrepreneur
	holds responsible for the management, utilization, and conservation of coastal and marine Association (APPU), Indonesian Fisheries Products Processing and Marketing Entrepreneur
	resources in their territory, within territorial waters. Association (AP5I), Masyarakat Akuakultur Indonesia (MAI), etc. GOI itself create semi-
	government organizations, Indonesian Shrimp Commission (KUI), where government staff,
	Guideline and codes of conduct relevant shrimp farming and fisheries associations, and other stakeholders have become
	Ministerial Decree No. KEP.10/MEN.2002 about General Guidelines for Integrated Coastal members of these committees.
	Management Planning In research, education, and training of shrimp farming, Agency for Research and
	Integrates planning of various sectoral, business, communities with regional development Development of Marine Affairs and Fisheries (Balitbang KP), a research organization under
	planning, so the utilization of coastal resources can be performed optimally and sustainable the Ministry of Marine Affairs and Fisheries (MMAF), has produced many research. Fisheries
	for the welfare of the people. It also reduces planning overlap, conflict in the use of coastal education is available in high schools and colleges, located throughout the country under the
	resources and conflict of jurisdiction, as well to avoid biophysical degradation. coordination of the Agency for Human Resources Development. There are some universities
	offering an academic education in fisheries subjects. Indonesia does not receive much Ministerial Decree No. KEP.28/MEN/2004/ about General Guide for Shrimp Farming in Pond foreign aid for fisheries development, recently. ADB, USAID, AUSAID, and World Bank have
	It is a guideline to build and develop consistent and responsible shrimp farming with supported shrimp farming development projects in the 80s and 90s. However, MMAF started
	considering the principles of fairness, productive, also based on environmentally-friendly INDESO Project, with shrimp farming monitoring as one of the programs, to improve shrimp
	technology and sustainability. farming development with the tool and sustainable approach.
	Ministerial Decree No. KEP.02/MEN/2007 about Good Aquaculture Practice (CBIB)
	It is a guideline and implementation to maintain and to raise fish and harvest their products in
	a controlled environment, to provide food security of farming by observing sanitation, fish
	drugs, chemicals and biological substances.
	in 1994 reported that the most serious constraints of shrimp farming in Indonesia are no
	suitable site for shrimp farming; high cost land; high capital for investment; insufficient Regulation of seed production
	supplies of water; the worsening water quality due to external pollution and self-pollution. Ministerial Decree No. KEP.41/2001 about Release of Litopenaeus vannamei
	Moderately serious are lack of seed, spawner and high skilled labor; high cost of feed, other Regulates the entry, procurement, and distribution of broodstock of Litopenaeus vannamei
	inputs and materials; high interest rate; and conflicts with non-aquaculture for land use, variety
	tourism and polluted seawater. Hence, production has been increasing multiple times, from Ministerial Decree KEP.15/2002 about Release of Penaeus stylirostris
	20 tons in 1962 to 584.000 tons in 2014. Regulates the entry, procurement, and distribution of broodstock of Penaeus stylirostris
	variety
	[37] [38]

1.2.2.4. Technical development in brackishwater farm management

  

	As shrimp has high economic value and competitiveness in the world market, production of
	shrimp was promoted and supported to be developed in Indonesian coastal area. Culture
	systems range from extensive to super-intensive depending on the stocking density of the
	aquatic organisms, the level of inputs and the degree of management The technology used
	for shrimp culture consist of low (extensive), middle (semi-intensive), high (intensive) and
	super high (super-intensive) according to pond construction, density, water and feeding
	management. (Table 1-2). The extensive culture use large earthen-pond (3-20 ha) with low
	depth (<70 cm), sometimes with mangrove tree inside pond or in the dike; low-level
	technology; with little or no feed; stocking density less than ten individu.m -2 ; without aerator;

  . Monitoring changes on mangroves coasts using high-resolution satellite images: a case study in the Perancak estuary. In: 12th Biennial Conference of Pan Ocean Remote Sensing Conference (PORSEC 2014), 4-7 Nov. 2014.Gusmawati, N., Zhi, C., Soulard, B., Lemonnier, H., Selmaoui-Folcher, N., 2016. Aquaculture Pond Precise Mapping in Perancak Estuary, Bali, Indonesia. Journal of Coastal Research SI 75, 637-641. 
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 2 

	-1. Land use units delineated visually in
	Perancak Estuary

2.7.3.1 Climatic conditions before our field survey

  Figure 2-18 showed a twelve hours of water quality monitoring on 11 November 2014 and 20 March 2015. The result on 11 November 2014 showed that salinity varied from 26.0 to 34.9; temperature from 29.2 o C to 33.3 o C; pH from 7.7 to 8.4; DO from 1.89 to 3.3 mg.l -1 ;

	During the field surveys in May	Table 2-3. Climatic conditions during field survey in May and
	and November 2014, also March	November 2014, also March 2015 (BMKG, 2016).
	2015, climatic conditions showed			
	that monthly average rainfall rate ranged from 109.0 -158 mm and temperature ranged from 26.7	Month and Year May 2014 November	Rainfall rate (mm) 109.0 116.9	Temperature (°C) 26.9 28.0
		2014		
		March 2015	158	26.7
	2.7.3.2. Temporal Variations			
	The water quality monitoring of Perancak estuary were conducted in position of (Lat:
	8 o 23'42''S Long: 114 o 37'40"E) in Sewon River which connect directly with the sea and where
	4 rivers in Jembrana Regency meet. Twelve hours of water quality monitoring did not only
	give a vision about range of water quality in main river of Perancak estuary, as water source
		[76]		

-28 °C (Table 2-3). These rainfall rate and temperature values were intermediate value in the years. The highest rainfall rate in 2014 was 378.8 mm on December, and the lowest was 3.2 mm on September. The highest rainfall rate in 2015 was 284.1 mm on January, and the lowest was 2.7 mm on August. The highest temperature in 2014 was 28°C, and the lowest was 24.8°C. Then, the highest temperature in 2015 was 28.2°C on November and December, also the lowest temperature was 24.2°C on July. At the time of survey on November 2014, it was considered as end of dry period, since it was sunny bright days with the highest temperature month in the year with medium rainfall rate. And, March 2015 was considered as mid of wet season.

for aquaculture ponds, but also water quality variability because of direct connection with sea water and influence of sea tidal.

  1 ) and relatively comparable in all part of the estuary in the dry season of 2014. Low input of freshwater from upstream and monthly low rainfall rate in the dry season may reduce the source of turbidity (i.e. wastewater discharges, catchment stormwater, runoff and drainage). The opposite, the wet period (March 2016) demonstrated high value of turbidity (> 25 mg.L -1 ) in the upper navigable parts of Perancak. Further, turbidity value decreased gradually from upper to down part of estuary. In general, the water quality measurements in whole estuary in May 2014 (intermediate period) showed fluorescence of 1.49±0.4 µg.L -1 , pH of 7.8±0.2 µg.L -1 , and salinity of 20.7±11.3; in November 2014 (dry period) showed fluorescence 2.0±1.6 µg.L -1 , turbidity 5.2±3.2 mg.L -1 , and salinity of 33.4±0.7, also in March 2016 (wet period) showed fluorescence 8.75±12.6 µg.L -1 , pH of 8.1±0.3, and salinity of 31.2±3.5.Figure 2-21. Spatial variability of water quality parameters in Perancak estuary taken on 14 May 2014, 7 November 2014 and 31 March 2016 (water quality measurment by sampling stations).Mangrove survey demonstrated forest plots made by nature and plantations. Plantation of mangrove was identified with rectilinear arrangement and the uniformity of forest cover with one or two species, while mostly natural processes of colonization are detected by a random spatial distribution of trees. In plantation plots, canopy heights ranging from 3 to 19 m, densities between 752 and 5000 trees per hectare and mean quadratic diameter Dq varied of 2.7 -10.6 cm for all trees. In mangrove natural areas, canopy heights from 7 to 20 m, mean quadratic diameter Dq varied of 4 -16 cm, and density of trees per hectare between 736 -6500, the latter corresponding to an area in full natural regeneration. In natural mangrove plots, especially located near Ijo Gading River, showed Dq around 18 cm for stands where Avicennia alba dominated as a relative small size tree (10 -12 m high). Other natural mangrove plots were clearly dominated by the species Avicennia alba, Avicennia officinalis,

	14 May 2014 (intermediate period) 2.8. Mangrove	7 November 2014 (dry period)	31 March 2016 (wet period)
	pH	pH	pH
	14 May 2014 (intermediate period)	7 November 2014 (dry period)	31 March 2016 (wet period)
	Salinity	Salinity	Salinity
	Turbidity	Turbidity	Turbidity
	Fluorescence	Fluorescence	Fluorescence
		[84] [85]	
	[86]		

Avicennia marina and Sonneratia alba. However, in plantation plots, Rhizopora was dominant species except in mixed-planted-not planted plots (i.e. P2, P3 and P14 in Figure

2

-

[START_REF]a Fisheries and aquaculture can provide solutions to cope with climate change[END_REF] 

where Avicennia alba, Avicennia marina or Sonneratia alba can overcrown Rhizophora species. Such dense of Rhizophora plantations could present very low regeneration capability compared to what have been observed in natural mangroves. Hence, plantation programs without ecological background juxtaposed evidences of mangrove natural recovery and expansion

[START_REF] Proisy | Monitoring mangrove forests after aquaculture abandonment using time series of very high spatial resolution satellite images: a case study from the Perancak estuary, Bali, Indonesia[END_REF]

. Forest inventories revealed 7 families and 17 species of mangrove in Perancak estuary (Table

2-4

).

Table 2 -

 2 4. Mangrove tree families and species in Perancak estuary(Rahmania, 2016) 

	Families	Species	Code
	Acanthaceae	Avicennia Alba	Aa
		Avicennia marina	Am
		Avicennia officinalis	Ao
	Euphorbiaceae	Exoecaria agallocha	Exa
	Myrsinaceae	Aegiceras corniculatum	Aec
	Meliaceae	Xylocarpus granatum	Xg
		Xylocarpus moluccensis	Xm
		Xylocarpus rumpii	Xr
	Rhizophoraceae	Bruguiera cylindrica	Bc
		Bruguiera gymnorrhiza	Bg
		Bruguiera sexangula	Bs
		Ceriops decandra	Cd
		Rhizophora apiculata	Ra
		Rhizophora mucronata	Rm
		Rhizophora stylosa	Rs
	Sonneratiaceae	Sonneratia alba	Sa
	Verbenaceae	Clerodendrum inerme	Ci

Table 3

 3 

	-1). These optical images came from five different

Table 3 -

 3 1. Condition of very high resolution satellite images acquisition.

	Satellite and size of pixel (MS, PAN)	Date of Acquisition	Season	Flooding level	Ɵ s (°)	Ɵ v (°)	Ɵ s-v (°)
	IKONOS-2	12-Oct-01	Intermediate	Low	20	15	95
	(4m; 1m)	09-Mar-02	Humid	Intermediate	28	23	16
		21-Feb-03	Humid	High	24	15	129
		27-Jun-03	Dry	High	39	15	62
	Quickbird-2	22-Sept-07	Dry	Low	19	19	112
	(2 m; 0.5 m)	19-Jul-08	Dry	High	36	11	148
		09-Jul-09	Dry	High	38	18	176
	Worldview-2 (2 m; 0.5m)	16-Aug-10	Dry	Intermediate	38	18	2
		15-Apr-11	Intermediate	High	29	26	81
		23-Oct-12	Intermediate	Low	13	20	144
		10-Dec-13	Humid	Intermediate	23	10	16
		26-Mar-14	Humid	Intermediate	25	17	86
	GeoEye-1 (2 m; 0.5 m)	11-Oct-14	Intermediate	High	20	19	52
	Worldview-3 (1.24 m; 0.3 m)	16-Apr-15	Intermediate	High	31	10	26

Table 4 -

 4 1. The proportion of identified and unidentified aquaculture ponds.

Table 4-2. Accuracy Assessment for different classification methods.

Table 4

 4 

		Table 4-3. Classification performance of Kappa
		Coefficient.	
		Kappa	Classification
		coefficient	performance
		Below 0.4	Poor
		0.41 -0.60	Moderate
	-3, Kappa value for EDB indicated that there was a good agreement between aquaculture maps generated from the VHR	0.61 -0.75 0.76 -0.80 Above 0.81	Good Excellent Almost perfect

image and the reference data. Thus, the EDB method could produce aquaculture map with good accuracy. On the contrary, the map accuracy was lower for IUC and RGT.

Table 4 -

 4 4. Combination of activity indicators (+ : presence; -: absence) to develop an integrated activity indicator using visual interpretation. A pond with aerator or with bridge is necessarily considered as active (cells in light grey) and a pond with vegetation is necessarily considered as inactive (cells in dark grey).

	No	Aerator	Water	Bridge	Vegetation	Activity
	1	+	+	+	-	
	2	+	+	-	-	
	3	+	-	+	-	
	4	-	+	+	-	
	5	+	-	-	-	
	6	-	-	+	-	
	7	+	+	-	+	
	8	+	-	+	+	
	9	-	-	-	-	determined by appraisal
	10	-	+	+	+	
	11	-	-	+	+	
	12	-	+	-	-	determined by appraisal
	13	+	+	+	+	
	14	+	-	-	+	
	15	-	+	-	+	
	16	-	-	-	+	

  These maps allowed us to analyze how each criterion contributed to the characterization of pond activity as reported in ground truth. We performed the same analysis on a composite image of three dates for each criterion.

	1 b.1.) on
	satellite images. Figure 4-6 shows maps representing the distribution of each criterion -
	water, aerator, feeding bridge and vegetation -at three dates (26/03/2014, 11/10/2014 and
	16/04/2015). Feeding bridge: ponds with the presence of feeding bridge were also scattered on Perancak
	estuary periphery (Figure 4-6b). Among active ponds listed during ground truth campaigns,
	51,5% had a feeding bridge on 26/03/2014, 51,5% on 11/10/2014, and 55,3% on
	16/04/2015.
	Aerator: All ponds with aerator(s) detected visually on superposed images were active ponds
	in ground truth data (Figure 4-6c). One would think that aerator was a strong criterion of
	activity. However, there were many active ponds without aerators, as aerators were detected
	in 11,6% (26/03/2014), 10,8% (11/10/2014) and 10,3% (16/04/2015) of active ponds.

Water: ponds with the presence of water were mainly distributed in the aquaculture zone periphery (Figure

4

-6a). Among active ponds listed during ground truth campaigns, 34,7% were filled with water on 26/03/2014, 35.3% on 11/10/2014, and 33,2% on 16/04/2015.

Table 4 -

 4 5. Best rules to identify pond activity using four activity indicators (Water, Aerator, Bridge, and Vegetation) extracted by classification rule method; presence: +; absence: -

	No	Aerator Water Bridge Vegetation	Activity Survey	Degree of confidence
	1			-	+	-	0.99
	2	-		-	+	-	0.99
	3		-	-	+	-	0.99
	4	-	-	-	+	-	0.99
	5				+	-	0.99
	6	-			+	-	0.99
	7		-		+	-	0.99
	8	-	-		+	-	0.99
	9		-	-		-	0.9
	10	-	-	-		-	0.9
	11	-		-		-	0.88
	12			-		-	0.88
	13			+	-	+	0.84
	14			+		+	0.83
	15	-	-			-	0.83
	16		-			-	0.82
	17		-	-	-	-	0.81
	18	-	-	-	-	-	0.81
	19	-		+	-	+	0.81
	20	-		+		+	0.80

Table 4 -

 4 6. Types of production pond construction in Indonesia[START_REF] Taw | Shrimp farming in Indonesia[END_REF] 

	Construction Type	Specifications
	Earthen	Earthen dikes and bottom
	Fully HDPE-lined	HDPE dikes and bottom
	Partially HDPE-lined	Dikes and 75% of bottom lined with 25% of bottom center soil exposed
	Concrete-lined	Concrete dikes and bottom
	Concrete-/HDPE-lined	Concrete dikes lined with HDPE,
	dikes	bottom soil exposed
	Biocrete-lined	Concrete dikes, bottom lined with plastic covered with sand

  GIS) were the series of VHRS images. The panchromatic channel and multi-spectral channels were merged into well-contrasted images of red, green, blue whose pixel size was adjusted to that of the panchromatic channel, and registered in GeoTIFF format, a format particularly suitable for image-interpretation work under GIS. The GIS layers created are of vector format (polygon). They consist of the attributes from visual interpretation of VHRS images (i.e. pond structure and presence of aerators), and farmers'

	sensors, namely IKONOS (images acquired in 12/10/01, 09/03/02, 21/02/03, and 27/06/03),
	Quickbird (22/09/07, 19/07/08, and 09/07/09), Worldview-2 (16/08/10, 15/04/11, 23/10/12,
	10/12/13, and 26/03/14), GeoEye-1 (11/10/14), also Worldview-3 (16/04/15). Pixel size
	varied from 30 cm to 1 m for panchromatic channels whereas resolution of multispectral
	channels ranged between 1.2 and 4 m. Those images were registered in UTM projection
	(WGS 84 datum, UTM zone 50s) using 40 ground control points (GCPs) that were collected
	during a differential GPS survey in 2014.
	All the visual analysis was conducted using software ArcGIS Advanced 10.2, provided under
	license network within the IFREMER. The first datasets integrated in the Geographic
	Information System (interviews.
	Fourteen very high-resolution images of Perancak estuary taken between 2001 and 2015
	were provided by Digital Globe. These optical images came from five different satellite
	[159]

Framework and tools for a sustainable aquaculture activity 7.2.1. Framework sustainable development

  Best Management Practices, BMP), at regional scale and global scale as integrated concepts (i.e. Code of Conducts, and Ecological Intensification).

	farm scale (i.e. 7.2.2.1
	The aquaculture has major importance in Sustainable development. The concept proposed
	during the 1972 Stockholm Conference in Environment of the UN (Box 7-1) was: "expansion
	of aquaculture should be given high priority in developing and developed countries" (WCED,
	1987).
	[174]

The next step of this work is to propose some scenarios to rehabilitate activity in Perancak estuary and to improve its sustainability using ecosystem approach in the framework of integrated coastal zone management (ICZM). In a first step, the tools and methods proposed by the literature on this topic are reviewed. In a second step, some scenarios to rehabilitate activity in Perancak estuary are proposed, taking into account acquired knowledge during this thesis.

7.2.

. Good, Better or Best Management Practices (GMPs/BMPs)

  At the farm scale, the tools to develop sustainable activity of aquaculture are named "Best Management Practice, usually referred as BMP". The term of BMP can be referring also to Better Management Practice (BMP) or Good Management Practice (GMP). The BMPs contain suggestion, guidelines and specifications for implementation of sustainable activity.Instead of applying BMP alone, a system of several BMPs is available for use in aquaculture.They are not a simple listing. Hence, it is a customary to group of BMPs according to specific operations or objectives. Some organizations have prepared BMPs. NACA for instance prepared BMPs for broodstocks, hatchery, stocking, grow out, and harvest. For example, a group of BMPs for tambak farming in Aceh (Indonesia) provides some practical guides in suitable site selection, design and construction of shrimp farms, pond preparation practices (e.g. completely draining out the water from the pond, remove the organic waste from bottom, and fertilizing the pond), shrimp seed selection and stocking (e.g. selection of active,

healthy, strong, and disease free shrimp seed), feed management, water management (e.g. carefully water exchange, maintain adequate oxygen level, not using pesticide), health management, harvest and post-harvest management, keeping pond record and improved marketing (ADB/ACIAR/AwF/BRR/DKP/FAO/GTZ/IFC/MMAF/NACA/WWF, 2007). Many other BMPs could be cited. The farmers would adopt only those BMPs appropriate for the particular site and operations, and, of course, only practices that would desirable for them.

7.

2.2.2. Code of Conducts

  framework for national and international efforts to ensure sustainable use of aquatic living resources in harmony with the environment.The Code is non-binding in nature and implemented on a voluntary basis. It is global in scope, and is directed toward members and non-members of FAO, fishing entities, subregional, regional, and global organizations, whether governmental or non-governmental. Some guidelines were established to clarify the requirement of the CCRF and to facilitate the formulation of global, regional, and national policies to enable the implementation of this code. For examples, we can cited the International Principles for Responsible Shrimp Farming of FAO, NACA, The World Bank, UNEP, GPA and WWF (NACA, 2006), the Regional Aquaculture Sustainability Action Plan in Asia (ADB/NACA, 1998), and the Regional Guidelines for Responsible Fisheries in Southeast Asia(SEAFDEC, 2005).

	It is organized by articles, one of which is exclusively with aquaculture development. Article 9
	of the Code contains provisions relating to responsible aquaculture, including culture-based
	fisheries. This Article is divided into four subsections, which refer to responsible development
	of aquaculture both in areas of national jurisdiction (9.1) as well as within trans-boundary
	aquatic ecosystems (9.2), to the use of genetic resources (9.3), and to responsible practices
	at the production level (9.4).
	7.2.2.3. Ecosystem Approach to Aquaculture (EAA)
	Management strategies for sustainability require implementation of CCRF through simple
	guides as Ecosystem Approach to Aquaculture (EAA). EAA is not a new planning and
	management frameworks, but a strategy to achieve sustainable development. The definition
	of the ecosystem approach to aquaculture is:
	In the scale of regional and global, code of conducts in aquaculture can be applied to
	develop sustainable activity of aquaculture. Code of Conduct for Responsible Fisheries
	(CCRF) of FAO provided principles and standard as guideline for implementation of
	Ecosystem Approach Aquaculture (EAA) in aquaculture practices, and Allocated Zone
	Aquaculture (AZA) in ICZM framework.
	Code of Conduct for Responsible Fisheries (CCRF)
	In 31 October 1995, the Food and Agriculture Organization of the United Nations formulated
	the Code of Conduct for Responsible Fisheries (CCRF). The code established principles and
	standards applicable to the conservation, management, and development of all fisheries,

while recognizing the nutritional, economic, social, environmental and cultural importance of fisheries, and the interests of all those concerned with the fisheries sector. Further, it

[175] provides a necessary

Table 7 -

 7 1. Mangrove ratio to shrimp pond area from references

	Reference	Ratio of Mangrove: Pond	Theoretical Mangrove surface to be implemented*
	Saenger et al. (1983)	4 : 1	380
	Larsson et al. (1994)	35 -190 : 1	3,330 -18,075
		Semi-intensive 2-3 : 1	Semi-intensive 190 -285
	Robertson and Phillips (1995)	Intensive 22 : 1	Intensive 2092
		(Rhizophora forest)	
	Robertson and Phillips (1995)	Remove N 1.6 : 1 Remove P 4.8 : 1	152 457
	Boonsong and Eiumnoh (1995)	7.82 -8.96 : 1	744 -852
	Kautsky et al. (1997)	6 : 1	571
	Kautsky et al. (1997)	35 -190 : 1 Semi-intensive	3,330 -18,075
	Primavera et al. (2000)	6 -9 : 1	570 -856
	Primavera et al. (2007)	1.8 -5.4 : 1	171 -514

*Notes: Aquaculture active ponds in Perancak estuary based on survey in 2014 and 2015 was 95 ha

  7. Initial pest cleaning : -Saponin Dosage . . . . kg; Water level . . . . cm -Brestan Dosage . . . . kg; Water level . . . . cm -. . . . . . . . . . Dosage . . . . kg; Water level . . . . cm -. . . . . . . . . . Dosage . . . . kg; Water level . . . . cm -Chlorine Dosage . . . . kg; Water level . . . . cm 8. Initial Liming : -Dolomit Dosage . . . . kg -Kaptan Dosage . . . . kg -Quicklime Dosage . . . . kg 9. Organic fertilizer : -Chicken excrement Dosage . . . . kg -. . . . . . . . . . . . . . . Dosage . . . . kg -. . . . . . . . . . . . . . . Dosage . . . . kg 10. Initial inorganic fertilizer : -Urea Dosage . . . . kg -SP-36 Dosage . . . . kg -. . . . . . . . . . . Dosage . . . . kg -. . . . . . . . . . . Dosage . . . . kg F. ORIGIN OF SEEDLING 1. Source of seedling : -Nature From . . . . . . . . . . . . . . . . . . . -Hatchery From . . . . . . . . . . . . . . . . . . .

	2. PCR test for seedling	: Yes	No
	3. Screening test for seedling	: Yes	
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LIST OF BOXES

Box 5-1

Temporal changes in pond activity

The general trend exhibited a decrease in pond activity between 2001 and2015 (Figure 5-7a). However, results showed that the number of active ponds was quite similar between 12/10/01 and 27/06/03 (period A) and between 22/09/2007 and 15/04/2011 (period C). A slight increase was even observed between 23/10/12 and 16/04/15 (period E).

Consequently, the general trend could be explained by two drop periods. The first one was observed between mid-2003 and mid-2007 (period B) and the second between mid-2011 and mid-2012 period D). 

The Perancak estuary as a pilot site to study rehabilitation of pond abandonment in Indonesia

We would like to emphasize the value of continuous work on Perancak agrosystem and Perancak estuary in general. Our study combined with studies from Rahmania (2016), Proisy et al. (2017) and previous work of [START_REF] Sidik | CO2 efflux from shrimp ponds in Indonesia[END_REF] had made the first step to this continuous work. The existence of research institute (IMRO) in Perancak estuary will support and facilitate the following studies.

Perancak estuary is a complex area. It can be set as a pilot site for the experiment of new species cultured and new system models. Perancak estuary offers many interesting areas to develop the new field and remote sensing research in shrimp farming. In particular, the Perancak estuary VHR image time-series could be maintained, and the analysis of the time series could be the object of various methodological projects in image processing. 

ANNEXES Annexe 1. List of questions

Abstract

Shrimp farming production in Indonesia has continuously increased through a large expansion of cultured areas and stocking density intensification. This activity supports rural economic development and contributes to national food security, employment and foreign exchange earnings. However, this development has generated adverse ecological and social effects. As consequences of diseases and environmental degradations, there are currently 250,000 ha of abandoned ponds. Their rehabilitation, within a sustainable aquaculture framework, is actually a high priority for the Indonesian government.

The objective of the present PhD work was to develop tools and methodologies to (1) enable better management for operating sites of shrimp industry and (2) rehabilitate abandoned sites using very high-resolution satellite (VHRS) imagery. The Perancak Estuary, located in Bali Province, is the production area in decline that has been chosen as study site. This work has been carried out in the frame of the INDESO project which was assigned to develop and provide tools and methods for better management of marine and coastal resources in Indonesia.

The first developed tool was an automatic classification procedure for aquaculture mapping. A method based on Edge Detection on VHRS images was proposed and compared with those generated by Region Growing segmentation and unsupervised classification Isocluster. Edge Detection method could successfully create aquaculture map in the Perancak estuary by identifying a large proportion of existing ponds, with good overall accuracy.

To implement effective procedure for appropriate aquaculture ecosystem assessment and monitoring, the second tool was an Integrated Pond Activity Indicator (IPAI). It aimed to discriminate active from abandoned ponds and was developed based on four criteria using VHRS images. Those criteria were: presence of water, aerator, feeding bridge and vegetation. This indicator succeeded in detecting active pond with a good accuracy, and feeding bridge appeared to be the most discriminant criteria.

This second indicator has then been applied to the Perancak estuary to highlight the abandonment dynamic due to disease between 2001 and 2015. Two risk factors that could contribute to explain dynamics of abandonment were identified: climate conditions and pond locations within the estuary, suggesting that a spatial approach should be integrated in planning processes to operationalize pond rehabilitation. Three areas were defined based on their disease resilience. Ponds connectivity through water network increased the risk of disease development. The continued presence of shrimp pathogen species in ponds and probably in the environment (i.e. White Spot Syndrome Virus, WSSV) may generate 'ecological memories' that prevent to the return of shrimp productive system.

These results were used to establish a first proposal of rehabilitation plan using an ecological approach. At the whole ecosystem scale, the development of an integrated multi-trophic aquaculture (IMTA), based on the diversity of cultured species and their trophic status would be implemented. Methods and studies that would be conducted to operationalize sustainable pond rehabilitation are briefly discussed. A partir de ces résultats, une première proposition de plan pour réhabiliter les bassins abandonnés a été formulée dans le cadre d'une approche écosystémique. Pour lutter contre les maladies, ce plan suggère de développer une aquaculture multi-trophique intégrée (AMTI), basée sur la diversité des espèces élevées et de leur positionnement dans la chaine trophique, à l'échelle de l'estuaire. Les méthodes et les études qui doivent être conduites pour rendre opérationnelle cette proposition sont discutées.
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