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Abstract

The wide variety of goods and services provided by the coastal zone (food, medicines, nutrient
recycling, control of flooding, typhoon protection) account for its many uses (fisheries, aquaculture,
agriculture, human settlements, harbors, ports, tourism, industries). Aquaculture now provides a
third of total fisheries production. Half of the total aquaculture yield comes from land-based ponds
and water-based pens, cages, longlines and stakes in brackish water and marine habitats. But the
opportunities for employment, income and foreign exchange from coastal aquaculture have been
overshadowed by negative environmental and social effects. The environmental impacts include:
mangrove loss, bycatch during collection of wild seed and broodstock, introductions and transfers of
species, spread of parasites and diseases, misuse of chemicals, and release of wastes. The
socioeconomic impacts include: privatization of public lands and waterways, loss of fisheries
livelihoods, food insecurity, and urban migration. The paper gives recommendations on the
attainment of responsible and sustainable aquaculture with emphasis on herbivorous and
omnivorous species, polyculture, integration with agriculture and mangroves, and self-regulation
in the form of codes of conduct and best management practices. Recommended approaches include
holistic Integrated Coastal Zone Management based on stakeholder needs, mechanisms for conflict
resolution, assimilative capacity of the environment, protection of community resources, and
rehabilitation of degraded habitats, to improvements in the aquaculture sector pertaining to
management of feed, water, and effluents.
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1. Introduction

Since time immemorial, the coastal zone has been a center of human activity because of
its high biological productivity and easy accessibility—close to half of the world’s
population resides within 100 km of the coastline. The wide variety of goods and services
provided by mangroves, seagrasses, coral reefs and other coastal ecosystems include the
production of aquatic plants and animals used for food, medicines, construction and other
human needs; recycling of nutrients and filtration of pollutants; control of flooding and
soil erosion; and protection from typhoons, storm surges and tsunamis. The global value
of coastal ecosystems has been estimated at US$12.57 trillion/year and those of mangrove
forests, together with tidal marshes, at US$1.65 trillion/year [1]. The many uses of the
coastal zone include artisanal and commercial fisheries; aquaculture; agriculture; human
settlements; harbors, ports and navigation; recreation and tourism; and mining and
industries. Such multiple uses have given rise to conflicts over resource use. In recent years,
some of the most controversial conflicts have been related to the apparent and potential
negative impacts of aquaculture.

2. Aquaculture

In 2002, aquaculture worldwide produced a total of 51.4 million metric tones (mmt)
valued at US$60 billion [2]. Freshwater fish contributed 47.7% of volume, followed by
mollusks (22.9%), plants (22.6%) and crustaceans (4.2%) (Fig. 1). Aquaculture harvests
were predominantly from Asia (91.2%), followed by Europe (4.0%) and the Americas
(3.6%). Around 55% of production in 2001 came from land-based ponds and water-based
pens, cages, longlines and stakes in brackish water and marine habitats; freshwater
habitats contributed ~45%. Table 1 matches commodities to their respective production
systems, e.g., ponds and pens.
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Fig. 1. 2001 World Aquaculture Production (FAO, 2002) = 48.4 million metric tons (mmt), US$ 61.5 billion
(values not drawn to scale).
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Table 1
Coastal aquaculture systems in Asia
Group System Method
Plants
Eucheuma, Kappaphycus, Laminaria, Stakes, rafts, longlines, Extensive
Porphyra beds
Molluscs
Oyster, Mussel, Cockle Rafts, longlines, stakes Extensive
Crustaceans
Prawns/Shrimps, Crabs Ponds, pens Extensive, semi-intensive, intensive

Marine/brackish water fish
Milkfish, Grouper, Snapper Ponds, pens/cages Extensive, semi-intensive, intensive

Fig. 2. Aerial view of Dagupan, Pangasinan, northern Philippines showing runaway development of culture
ponds and pens blocking access to waterways (Photo by G. Jacinto, U.P. Marine Science Institute).

Widely projected to compensate for declining fisheries catches, aquaculture now
provides a third of total fisheries production compared to only 16% in 1991. But the
phenomenal growth of aquaculture in recent years combined with a tendency to ease out
other stakeholders and convert multiple-use coastlines to a single-use resource have given
rise to social disruption and conflicts. A typical example is Dagupan, Philippines (Fig. 2)
where mangroves, tidal creeks, estuaries and nearshore areas traditionally accessible to
small-scale fishers, intertidal gleaners and other local folks have been converted first from
mangroves to fishponds in the 1950-80s, then later to pens and cages—both in estuarine
waterways and subtidal habitats such as seagrass beds. This paper reviews the negative
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impacts of coastal aquaculture and recommends measures to improve the environmental
and socioeconomic sustainability of the activities.

3. Environmental impacts

The coastal zone bears most of the ecological consequences of aquaculture development,
as shown in Fig. 3. These include habitat loss/modification, excessive harvesting of wild
seed/spawners and damage to bycatch, introductions of exotic species, escapes of cultured
animals, spread of diseases, interactions with wild populations, misuse of chemicals and
antibiotics, release of wastes, and dependence on wild fisheries.

3.1. Habitat loss/modification
Mangrove conversion to shrimp ponds is the single major factor that has contributed to

the negative press received by aquaculture. Southeast Asia has 35% of the world’s 18
million ha of mangrove forests [3], but has also suffered from the highest rates of mangrove
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Fig. 3. Ecological links between intensive fish/shrimp aquaculture and capture fisheries. Thick lines = main flows
from aquatic production base through fisheries/aquaculture to human consumption; thin lines = other
production inputs, and hatched lines = negative feedbacks; numbers refer to mmt of fish, shellfish and seaweeds
in 1997 [41].
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loss, e.g., 70-80% in the Philippines and Vietnam for the last 30 years [4,5]. Around half of
the 279,000 ha of Philippine mangroves lost from 1951 to 1988 were developed into culture
ponds; 95% of Philippine brackish water ponds in 1952-1987 were derived from
mangroves [6]. Globally, more than a third of mangrove forests have disappeared in the
last two decades, and shrimp culture is the major human activity accounting for 35% of
such decline [7]. This transformation results in loss of essential ecosystem services
generated by mangroves, including the provision of fish/crustacean nurseries, wildlife
habitat, coastal protection, flood control, sediment trapping and water treatment. Fish
pens and cages also degrade nearshore habitats through their physical installations on
seagrass beds and sediment communities, or through deposits of uneaten feeds [§].

3.2. Collection of wild seed and broodstock; loss of bycatch

Many aquaculture farms in Asia stock wild-caught juveniles rather than hatchery-reared
post-larvae derived from wild spawners or broodstock. Collection of such ‘seedstock’ can
have major consequences for wild fisheries in terms of high rates of bycatch. For example,
juvenile milkfish collected for grow-out constitute only 15% of total finfish fry from
inshore seine net catches [9]; the remaining 85% are discarded and left to die on the beach.
The use of 1.7 billion wild milkfish fry stocked annually in Philippine milkfish ponds [10]
corresponds to a loss of about 10 billion fry of other finfish species. In shrimp culture, the
favored species, Penaeus monodon, constitutes a very small proportion of wild juvenile and
adult populations. For every fry of P. monodon, up to 330—475 other shrimp fry are caught
in Malaysia [11] and the Philippines [12]. Given a yearly collection of one billion
P. monodon in southeast Bangladesh, the amount of bycatch destroyed is likely to have
important consequences for marine food webs [13]. A similar problem occurs when wild
adult P. monodon are collected to provide eggs for hatcheries, or for broodstock. Adult
P. monodon are rare and comprise only 0.06-0.14% of total catch from trawls in
Peninsular Malaysia [14] and the Arafura Sea, Indonesia [15]. The high demand for wild
adult P. monodon in the late 1990s—220,000 broodstock for 185 hatcheries in India
[A. Ganapathy, pers. comm., 1996], 90,000 broodstock and spawners for > 200 hatcheries
in Indonesia (A. Taufik, pers. comm., 1998), and 6400 wild spawners for 300 hatcheries in
Vietnam (V.D. Qinh, pers. comm., 1998)—undoubtedly resulted in the loss of substantial
numbers of fish and invertebrates through bycatch.

3.3. Introductions and transfers of species, spread of diseases

The greatest number of introductions of exotic fish and crustacean species outside their
natural range has occurred for aquaculture purposes [16]. The potential negative effects of
such introductions include the degradation of host environment, disruption of the host
community, genetic degradation of the host stock, and the introduction of diseases and
parasites. Disease risks are particularly acute: almost all of the 20 identified viruses in
marine shrimp have been described in cultured animals [17]. Impacts from disease have
also been observed in the case of transfers of species within their range. In recent years,
viruses, notably the Whitespot Syndrome Virus (WSSV) and Yellowhead Virus, have
caused catastrophic multimillion dollar crop losses in shrimp farms across Asia. The origin
of the WSSV pandemic has been traced to the import into Japan of infected hatchery-
produced P. japonicus from Chinese hatcheries in 1993 [18]. Since then, it has spread to
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China, Taipei, Korea, India, the Philippines and even tropical America [19]. In the
Philippines, cultured P. monodon showed 100% incidence of the infectious hypodermal
and hematopoietic necrosis virus (IHHNV) compared to a mean of only 51% in four wild
tiger shrimp populations [20]. Moreover, IHHNV prevalence among the wild shrimp
populations was directly proportional to shrimp culture intensification and mangrove
degradation.

3.4. Use of antibiotics and chemicals

Chemicals used in shrimp culture may be classified as therapeutants, disinfectants, water
and soil treatment compounds, algicides and pesticides, plankton growth inducers
(fertilizers and minerals), and feed additives [21,22]. Excessive and unwanted use of such
chemicals can result in toxicity to non-target populations (cultured species, human
consumers, and wild biota), development of antibiotic resistance, and accumulation of
residues [23]. The widespread or excessive use of an antibiotic leads to the development of
resistance in bacterial populations, and the rotating use of several antibiotics contributes to
the occurrence of multiple drug resistance patterns [24]. High rates of antibiotic resistance
to tetracycline, oxytetracycline, oxolinic acid, furazolidone and chloramphenicol were
observed in bacteria from fish ponds [25] and from shrimp ponds [26] where antibiotics
were routinely used; widespread multiple resistance was observed in the latter study. A
majority of Thai shrimp farmers (74%) have used antibiotics [23], mostly on a prophylactic
basis. The collapse of the 1988 shrimp crop in Taiwan was due, among other factors, to the
indiscriminate use of antibiotics that led to higher short-term survival in the cultured
animals but long-term resistance among their pathogens [27].

Risk to humans also stems from the persistence of chemicals in edible tissues. The
antibiotics oxytetracycline and oxolinic acid were detected above permissible levels in 8.4%
of 1461 P. monodon sampled from Thai domestic markets in 1990-1991 [28]. The direct
effects of these chemotherapeutants and antibiotics on humans constitute a public health
concern—chloramphenicol can cause aplastic anemia, hypoplastic anemia, stomatitis and
other less severe conditions [29]. From June 1992 to April 1994, Japanese quarantine
stations found antimicrobial residues in 30 shipments of cultured shrimp from Thailand
[30]. Organotin pesticides have long been used to control Cerithidea cingulata snails that
prevent growth of natural food in Philippine milkfish ponds. More than 10 years ago, the
government banned these substances because of potential harm to humans and the
environment. But the ban has not stopped the clandestine use and backdoor smuggling of
these molluscicides from Indonesia and Malaysia where they remain legal. Coloso and
Borlongan [31] found evidence of triphenyltin contamination of sediment and milkfish
tissues collected from ponds previously treated with organotins. Milkfish is an important
food fish, accounting for a third of total aquaculture production in the Philippines.

3.5. Aquaculture wastes and coastal pollution

A major factor behind the mass mortalities in the 1988 Taiwanese shrimp crop was the
re-use of waste-laden pond water discharge [27]. As fish/shrimp biomass and feed inputs
grow, the water quality in intensive ponds, pens and cages deteriorates over the cropping
cycle. Total nitrogen (N) and phosphorus (P), nitrite, silicate, orthophosphate, dissolved
oxygen, and biological oxygen demand increased and water visibility decreased in intensive



J.H. Primavera | Ocean & Coastal Management 49 (2006) 531-545 537

Thai ponds throughout the grow-out period [32]. Sediment is the major sink accounting
for 31% of N output, 84% of P, 63% of organic matter and 93% of solids, and
accumulates in intensive shrimp ponds at the rate of 185-199 mt/ha/cycle DW while
effluent water during regular flushing and at harvest accounts for 45% of N and 22% of
organic matter output [33]. Intensive shrimp ponds form a thick sludge layer at the rate of
20-290 mt/ha/crop DW. Quality of receiving waters deteriorates if the assimilative capacity
of the environment is exceeded.

In early 2002, massive milkfish kills in pens and cages in Pangasinan, Philippines, of
110,000 mt valued at US$16 million were traced to overstocking, overfeeding and low
dissolved oxygen levels. Nutrient fluxes and organic matter levels were found to be higher
inside fish pens compared to outside levels [34]. Pens released 51-68% of total carbon and
nitrogen inputs to the surroundings, and P was bound in the sediments, resulting in
significant environmental impacts [34]. Another concern is that the composition of
phytoplankton communities may be altered by nutrients added to the water column from
aquaculture farm wastes. Nishimura [35] has shown that yellowtail feces may stimulate
growth of the red tide-forming dinoflagellate Gymnodinium. Mass mortalities in a Taiwan
shrimp pond were traced to blooms of the toxic dinoflagellate Alexandrium tamarense [36].
Closely related to A. tamarense, and also associated with paralytic shellfish poisoning, 4.
minutum appeared only in samples from aquaculture ponds and coastal areas but was not
present at other sites [37].

3.6. Salinization of soil and water

Pumping large volumes of underground water to achieve brackish water salinity in the
1980s to mid-1990s led to the lowering of groundwater levels, emptying of aquifers, land
subsidence and salinization of adjacent land and waterways in Taiwan and Southeast Asia.
Even when fresh water is no longer pumped from aquifers, the discharge of salt water from
shrimp farms located behind mangroves still causes salinization in adjoining rice and other
agricultural lands [38]. The development of low salinity shrimp farming in Thailand paved the
way for industry expansion into rice paddies and other inland sites [39]. However, due to
opposition from community groups, academicians and NGOs because of salinization (estimated
salt loading of 5.6 mt/ha/year), the government banned inland shrimp farming in 1998 [40].

3.7. Dependence on fish meal and fish oil

The promotion of aquaculture development has been based on the premise that it can
compensate for the shortfall in food production due to declining wild fisheries. To assess
whether farmed fish production adds to global fish supplies on a net basis, Naylor et al.
[41] traced the flow of aquatic primary production that moves through aquaculture
(Fig. 4). Of the total 1997 capture fisheries landings of 96 mmt (excluding bycatch), 66 mmt
was directly consumed by humans and 30mmt was used in fish meal and fish oil
production (Fig. 4). The total 1997 aquaculture production of 37 mmt—10 mmt of fish used
for aquafeeds gives a net aquaculture production of 27 mmt comprising seaweeds, filter
feeders and herbivorous species (41). The proportion of fish meal in aquaculture feeds is
much higher than in poultry and livestock feeds, with one kilogram of carnivorous fish
requiring up to 5 kg of wild fish [42]. The increasing demand for fish meal, fish oil and raw
(‘trash’) fish is fastest in aquaculture, growing from 10% in 1988 to 33% in 1997 and
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Fig. 4. Flow chart of capture and farmed fisheries products from aquatic primary production (in 1997 mmt of
fish). Heavy lines refer to direct flows, light lines to indirect and minor flows [41].

65-68% in 2002 [42,43]. But the aquaculture industry cannot continue to rely on finite
stocks of wild-caught fish, a number of which are already overexploited or depleted. This
appropriation of aquatic productivity for fish feeds reduces wild fish supplies for human
consumption, e.g., small pelagic fishes, such as mackerel, anchovy and sardines in
Southeast Asia [44,45]. Only production of filter-feeding molluscs, and herbivorous and
omnivorous fish that directly consume microalgae and seaweeds, represents a net
contribution of aquaculture to global fish supplies.

4. Socio-economic impacts
4.1. Loss of mangrove goods and services

Reviews of mangrove valuation data give a range of US$6—400ha for individual and
combined forestry goods [46] and $40-5300ha for different fisheries products [47].
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However, they underestimate the true value of mangroves because of the difficulties in
assigning monetary values to functions like coastal protection and waste processing.
Aside from conventional cost-benefit analysis, valuation tools currently available include
non-market methods, e.g., hedonic pricing, contingency valuation and indirect opportu-
nity cost. In Trang Province, Thailand, maximum Net Present Value could be generated
from 35,665ha of mangrove economic zones by retaining 61% of the entire
area as mangrove forest, reforesting 10%, and allowing only 17% for wood concessions
and 12% for shrimp farms [48]. Considering forest products and fisheries, as well as
social benefits of coastal protection, shoreline stabilization and carbon sequestration,
Sathirathai [49] concluded that mangrove conversion to commercial shrimp farms in
Surat Thani, Thailand was economically viable only for private persons but not for society
as a whole. Further analysis of this mangrove system revealed that the intact forest
had a total economic value ~70% higher than when converted to a shrimp farm
(~$60,000 ha versus $16,700 ha) [50]. The recent tsunami in Southeast Asia has also
highlighted the critical role and immeasurable value of mangroves as protection for coastal
communities.

Other negative impacts of aquaculture include: blocked access to coastal resources by
pond and pen/cage structures; and navigational hazards; privatization of public lands and
waterways; conversion of residential, agricultural (rice, pastures) and common lands;
salinization of domestic and agricultural water supplies; fisheries decline and food
insecurity; rural unemployment and urban migration; and in some cases human rights
abuses, social disruption, conflicts and violence [51-55].

5. The way forward

For aquaculture to fulfill the promises of food security and poverty alleviation without
causing negative environmental and socioeconomic effects, a more holistic approach is
required. This must involve other stakeholders to avoid a sectoral focus on aquafarms. The
key issues to consider and address are outlined below.

5.1. Integrated coastal zone management

The groups vulnerable to the negative effects of shrimp culture generally do not
participate in the formulation and implementation of public policies, e.g., determining
location of ponds, pens and cages, regulating farm activities, and environmental impact
assessment preparation [56]. Community participation in coastal zone management is
essential if questions of social equity are to be satisfactorily addressed. In community-
based coastal resource management, fisherfolk and other local residents are the de facto
day-to-day managers of resources.

Coastal zones should be delineated for fisheries, aquaculture, tourism and other uses
through the process of integrated coastal zone management (ICZM). Allocation of
activities to locations should be based on the carrying or assimilative capacity of the
environment for a given use, protection of community resources, rehabilitation of
degraded habitats, stakeholder needs and mechanisms for conflict resolution. ICZM is
based on the concept of the ecological footprint which incorporates not only inputs such as
feed and seed, but also outputs, e.g., effluent treatment [57].
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5.2. Sustainable aquaculture

Grow-out systems need to reduce and mitigate negative impacts and improve
sustainability through the development and wider dissemination of available on-farm
technologies (e.g., recycling), and integration of aquatic species (polyculture of tilapia/fish
and shrimp in ponds).

5.2.1. Farm siting

Criteria include such standard physical factors such as water supply, tidal regime,
topography, soil quality and climate as well as the capacity of the environment to absorb
effluents. More important than fish/shrimp density inside ponds is the farm density in a
given area so that the (waste) absorbing or assimilative capacity of the environment is not
exceeded. Wide-scale abandonment of ponds is often due to the proliferation of initially
successful farms that ultimately overwhelm the system because they do not follow the
ecological footprint concept.

5.2.2. Farm and effluent management

Good management of cultured stock, food, water and soil is the first line of defense
against diseases and crop failures. Water quality standards should apply equally to influent
water in ponds as to drainage waters flushed into adjoining estuarine and marine habitats.
Closed and semi-closed water systems that recycle water through a series of reservoirs,
treatment ponds (with fish, bivalves and algae) and canals back to production ponds serve
to reduce the amount of discharged wastes and minimize the entry of disease organisms
from natural waters.

Pond sludge may be reduced through the application of probiotics, or by the tilling and
drying of the pond bottom. Alternatively, sludge may be collected and stored near the farm
for mangrove planting or subsequent transfer to agricultural or forest land. Mangroves
can be used to treat shrimp pond effluents with high levels of solids, organic matter and
nutrients. Seedlings of various mangrove species survived in an abandoned shrimp pond
[58], in intertidal dump sites near shrimp farms [59], and in shrimp pond effluents [60].
Abandoned ponds may be rehabilitated for shrimp production or other sustainable uses
such as salt making and integrated aquaculture, or restored to a productive mangrove
system.

5.2.3. Mangrove-friendly aquaculture

Mangroves and aquaculture are not necessarily incompatible. For example, seaweeds,
bivalves and fish (seabass, grouper) in cages can be grown in mangrove waterways. Such
mangrove-friendly aquaculture technologies are amenable to small-scale, family-based
operations and can be adopted in mangrove conservation and restoration sites. Brackish
water culture ponds may not necessarily preclude the presence of mangroves. Dikes and
tidal flats fronting early Indonesian tambak were planted with mangroves to provide
firewood, fertilizers and protection from wave action [61]. Present-day versions of
integrated forestry-fisheries-aquaculture can be found in the traditional gei wai ponds in
Hong Kong, mangrove-shrimp ponds in Vietnam, aquasilviculture in the Philippines, and
silvofisheries in Indonesia [62]. Alternatively, mangroves adjacent to intensive ponds can
be used to process nutrients in pond effluents.
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5.2.4. Disease control

The most realistic approach to combat diseases is combining good husbandry and good
feed with the use of prophylactic agents, including immunostimulants and probiotics. The
control of diseases (and pests) through the use of chemicals should be a last resort only
after environmental conditions, nutrition and hygiene have been optimized. Chemicals
used should be safe to the cultured crop, farm staff, environment and consumer. Farmers
should avoid prophylactic treatment, apply effective and narrow spectrum antibacterials,
adopt withdrawal periods and avoid discharge of effluents with toxic chemical levels into
natural water bodies [63].

5.2.5. Low trophic level species, native species

There is a need to counter the market-driven trend towards carnivorous crustaceans and
marine fish and focus on herbivorous species that do not require fishmeal-based pellets or
raw (‘trash’) fish. Likewise, introduction of exotic species should be minimized and strictly
follow established protocols.

5.2.6. Role of government, market mechanisms and self-regulation

Legislation is designed to prevent or reduce harm created by aquaculture by means of
such instruments as: government authorizations (licenses, permits, certifications);
environmental impact assessments and regulation in the form of standards on water
quality, permissible emission levels, etc. [64]. However, the regulatory approach is fraught
with problems because the targeted sectors, i.e., shrimp farmers, can be powerful and
disregard or circumvent the laws [56]. Moreover, there is little will or ability to enforce
legislation, often because the delineation of the government agencies responsible for
enforcement of specific laws, and the level of authority, whether local, state, provincial,
regional or national, for enforcement remain vague. Economic incentives and disincentives
in the form of taxes, penalties and credits for effluent disposal, groundwater abstraction,
chemical use, etc., may be more effective than regulatory approaches in inducing
behavioral changes towards the environment and generating revenues to finance
environmental policy programs [64]. Such fees should reflect the economic rent of the
resource used, e.g., ground water and mangrove area converted to pond and encourage
efficient pond utilization. Green taxes (based on the Polluter Pays principle) can mitigate
the environmental and socioeconomic damage of shrimp farms by correcting water quality
problems, financing alternative water supplies in salt-contaminated areas, rehabilitating
mangroves and other damaged landscapes, and compensating local populations for the
loss in livelihoods [56].

Market mechanisms provide financial incentives for industry to modify its production
processes and include consumer boycotts and eco-labelling. Eco-labelled shrimp/fish
grown in ecologically and socially responsible farms can command premium prices from
generally affluent and environmentally aware consumers. There should be joint
certification of such products by government representatives and independent third
parties, and regular monitoring. Shrimp from extensive Indonesian farms certified as
organically grown are marketed by a Japanese company to consumers through a Swedish
cooperative. Site visits to the farms in Java revealed non-compliance by the shrimp farms
with standards set by the certifier (e.g., mangrove protection and non-use of chemicals by
hatcheries), and release of partially incorrect information to consumers by the cooperative
[65].



542 J.H. Primavera | Ocean & Coastal Management 49 (2006) 531-545

These recommendations have been discussed in detail elsewhere, e.g., [56,66—68].
Country specific recommendations for the Philippines [69], Thailand and Vietnam [38,70],
and Indonesia [71] also focus on redirections for industry and new strategies in political
ecology. For aquaculture to fulfill the promises of food security and poverty alleviation, a
paradigm shift is needed away from its sectoral promotion detached from traditional
coastal activities to a more holistic approach requiring the participation of other
stakeholders including fishers and local communities. Within the aquaculture sector itself,
sustainability requires improvements in farm management, especially with regard to feed,
water, effluents and diseases; focus on native and low trophic level species, and integration
with agriculture and silviculture, in particular mangroves. Finally, responsible aquaculture
can be promoted by government regulation, market mechanisms and self-regulation in the
form of codes of conduct and best management practices, e.g., the 1997 FAO Code for
Responsible Fisheries—Aquaculture Development, 1998 Homenkollen Guidelines, and
the 2001 ASEAN-SEAFDEC Millennium Conference on Sustainable Fisheries [72].

Acknowledgments

Thanks are due the organizers of the East Asian Seas Congress 2003, in particular
Dr. Chua Thia-Eng, for the invitation to present this paper, as well as to Dr. Max Troell of
the Department of Systems Ecology, Stockholm University and Dr. Rohana Subasinghe of
the FAO for retrieval of some data.

References

[1] Costanza R, d’Arge R, de Groot R, Farber S, Grasso M, Hannon B, et al. The value of the world’s ecosystem
services and natural capital. Nature 1997;387:253-60.

[2] FAO. Fisheries Statistics, 2002.

[3] Spalding M, Blasco F, Field C. World Mangrove Atlas. Okinawa: International Society for Mangrove
Ecosystems; 1997 [178pp.].

[4] Low JKY, Arshad A, Lim KH. In: Wilkinson C, Sudara S, Ming CL, editors. Proceedings of the third
ASEAN-Australia symposium on living coastal resources. Chulalongkorn University, Bangkok, Thailand,
16-20 May 1994: Status Reviews 1. Townsville, Australia: Australian Institute of Marine Science; 1994.
p. 105-22.

[5] Sasekumar A. In: Wilkinson C, Sudara S, Ming CL, editors. Proceedings of the third ASEAN-Australia
symposium on living coastal resources, Chulalongkorn University, Bangkok, Thailand, 16-20 May 1994:
Status Reviews 1. Townsville, Australia: Australian Institute of Marine Science; 1994. p. 101-4.

[6] Primavera JH. Development and conservation of Philippine mangroves: institutional issues. Ecological
Economics 2000;35(1):91-106.

[7] Valiela I, Bowen JL, York JK. Mangrove forests: one of the world’s threatened major tropical environments.
Bioscience 2001;51(10):807—15.

[8] MSI. Development of marine environmental quality criteria for mariculture areas. Annual report. Quezon
City: Marine Science Institute, University of the Philippines; 2001.

[9] Bagarinao T, Taki Y. The larval and juvenile fish community in Pandan Bay, Panay Island, Philippines. In:
Uyeno T, Arai R, Taniuchi T, Matsuura K, editors. Indo-Pacific fish biology: proceedings of the second
international conference on Indo-Pacific fishes. Tokyo: Ichthyological Society of Japan; 1986. p. 728-39.

[10] Bagarinao T. Historical and current trends in milkfish farming in the Philippines. In: de Silva S, editor.
Tropical mariculture. London: Academic Press; 1998. p. 381-448.

[11] Chong VC, Sasekumar A, Leh MUC, D’Cruz R. The fish and prawn communities of a Malaysian coastal
mangrove system, with comparisons to adjacent mud flats and inshore waters. Estuarine Coastal Shelf
Science 1990;31:703-22.



J.H. Primavera | Ocean & Coastal Management 49 (2006) 531-545 543

[12] Primavera JH. Mangroves as nurseries: shrimp populations in mangrove and non-mangrove habitats.
Estuarine and Coastal Shelf Science 1998;46:457-64.

[13] Deb AK, Das NG, Alam MM. Colossal loss of shell-fish and fin-fish postlarvae for indiscriminate catch of
Penaeus monodon fry along the Cox’s Bazar-Teknaf Coast of Bangladesh. In: Wells PG, Ricketts PJ, editors.
Coastal zone Canada, Cooperation in the coastal zone: conference proceedings, vol. 4. Nova Scotia, Canada:
Coastal Zone Canada Association, Bedford Institute of Oceanography; 1994. p. 1530-45.

[14] Ahmad ATB. An assessment of the prawn resources off the west coast of Peninsular Malaysia. Kuala
Lumpur: Department of Fisheries; 1994.

[15] Evans SM, Wahju RI. The shrimp fishery of the Arafura Sea (eastern Indonesia). Fisheries Research
1996;26:365-71.

[16] Welcomme RL. International introductions of inland aquatic species. FAO Fisheries Technical Paper
1988;294:1-318.

[17] Lightner DV, Redman RM. Strategies for the control of viral diseases of shrimp in the Americas. Fish
Pathology 1998;33(4):165-80.

[18] Momoyama K, Hiraoka M, Nakano H, Koube H, Inouye K, Oseko N. Mass mortalities of cultured kuruma
shrimp, Penaeus japonicus, in Japan in 1993: histopathology study. Fish Pathology 1994;29(2):141-58.

[19] Belak J, Primavera J, dela Peiia L., Pettit P, Warren A. Prevalence of IHHNYV in Penaeus monodon from the
Philippines. World Aquaculture Society Meeting, Sydney, Australia, 26 April-1 May 1999 [abstract].

[20] OIE. Manual of diagnostic tests for aquatic animals, White Spot Disease. Paris: Office International des
Epizooties; 2003 [Chapter 4.1.2].

[21] Primavera JH, Lavilla-Pitogo CR, Ladja JM, dela Pena MR. A survey of chemical and biological products
used in intensive prawn farms in the Philippines. Marine Pollution Bulletin 1993;26(1):35-40.

[22] Graslund S, Bengtsson B-E. Chemicals and biological products used in south-east Asian shrimp farming and
their potential impact on the environment—a review. Science of the Total Environment 2001;280:93-131.

[23] Holmstrom K, Graslund S, Wahlstrom A, Poungshompoo S, Bengtsson B-E, Kautsky N. Antibiotic use in
shrimp farming and implications for environmental impacts and human health. International Journal of
Food Science Technology 2003;38:255-66.

[24] Aoki T, Sakaguchi T, Kitao T. Multiple drug-resistant plasmids from Edwardsiella tarda in eel culture ponds.
Bulletin of the Japan Society for Scientific Fisheries 1987;53:1821-5.

[25] Twiddy DR, Reilly PJA. Occurrence of antibiotic resistance in human pathogens in integrated fish farms.
FAO Fisheries Report 14 (suppl). Rome: FAO; p. 23-37.

[26] Tendencia EA, dela Pena LD. Antibiotic resistance of bacteria from shrimp ponds. Aquaculture
2001;195:193-204.

[27] Lin CK. Prawn culture in Taiwan, what went wrong? World Aquaculture 1989;20(2):19-20.

[28] Saitanu K, Amornsin A, Kondo F, Tsai C-E. Antibiotic residues in tiger shrimp (Penaeus monodon). Asian
Fisheries Science 1994;7:47-52.

[29] Meyer FP, Schnick RA. A review of chemicals used for the control of fish diseases. Reviews in Aquatic
Science 1989;1:693-709.

[30] Srisomboon P, Poomchatra A. Antibiotic residues in farmed shrimp and consumer health. Infofish
International 1995;4(95):48-52.

[31] Coloso RM, Borlongan IG. Significant organotin contamination of sediment and tissues of milkfish in
brackish water ponds. Bulletin of Environmental Contamination and Toxicology 1999;63:297-304.

[32] Tookwinas S, Malem F, Songsangjinda P. Quality and quantity of discharged water from intensive marine
shrimp farms at Kung Krabaen Bay, Chanthaburi Province, eastern Thailand. In: Snidvongs A,
Utomprukporn W, Hungspreugs M, editors. Proceedings of the NRCT-JSPS joint seminar on marine
science, Songkhla, Thailand, 2-3 December 1993. Bangkok, Thailand: Chulalungkorn University; 1995.
p. 30-40.

[33] Briggs MRP, Funge-Smith SJ. A nutrient budget of some intensive marine shrimp ponds in Thailand.
Aquaculture Fisheries and Management 1994;25:789-811.

[34] Holmer M, Marba N, Terrados J, Duarte CM, Fortes MD. Impacts of milkfish (Chanos chanos) aquaculture
on carbon and nutrient fluxes in the Bolinao area, Philippines. Marine Pollution Bulletin 2002;44:685-96.

[35] Nishimura A. Effects of organic matters produced in fish farms on the growth of red tide algae Gymnodinium
type ‘65 and Chatonella antiqua. Bulletin of the Plankton Society of Japan 1982;29(1):1-7.

[36] Su H-M, Liao IC, Chiang Y-M. Mass mortality of prawn caused by Alexandrium tamarense blooming in a
culture pond in southern Taiwan. In: Smayda TJ, Shimizu Y, editors. Toxic phytoplankton blooms in the
sea. Amsterdam: Elsevier; 1993. p. 329-33.



544 J.H. Primavera | Ocean & Coastal Management 49 (2006) 531-545

[37] Hwang DF, Tsai Y-H, Liao H-J, Matsuoka K, Noguchi T, Jeng S-S. Toxins of the dinoflagellate
Alexandrium minutum Halim from the coastal waters and aquaculture ponds in Southern Taiwan. Fisheries
Science 1999;65(1):171-2.

[38] Dierberg FE, Kiattisimkul W. Issues, impacts, and implications of shrimp aquaculture in Thailand.
Environmental Management 1996;20(5):649-66.

[39] Flaherty M, Szuster B, Miller. Low salinity inland shrimp farming in Thailand. Ambio 2000;29(3):174-9.

[40] Flaherty M, Vandergeest P, Miller P. Rice paddy or shrimp pond: tough decisions in rural Thailand. World
Development 1999;27(12):2045-60.

[41] Naylor RN, Goldberg RJ, Primavera JH, Kautsky N, Beveridge M, Clay J, et al. Effect of aquaculture on
world fish supplies. Nature 2000;405:1017-24.

[42] Tacon GIJ. Use of fish meal and fish oil in aquaculture: a global perspective. Aquatic Resources, Culture and
History 2005;1(1):3-14.

[43] Barlow S, Pike IH, Tacon A, Naylor RN, Goldberg RJ, Primavera JH, et al. Effect of aquaculture on world
fish supplies. Nature 2000;405:1017-24.

[44] Dalzell P, Ganaden RA. A review of the fisheries for small pelagics in Philippine waters. Quezon City,
Philippines: Bureau of Fisheries and Aquatic Resources, International Center for Living Aquatic Resources
Management; 1987.

[45] Trinidad AC, Pomeroy RS, Corpuz PV, Aguero M. Bioeconomics of the Philippine small pelagics fishery.
Manila, Philippines: International Center for Living Aquatic Resources Management; 1993.

[46] Radstrom A. Economic evaluations of mangrove ecosystems—a review. Sweden: Department of Systems
Ecology, Stockholm University; 1998.

[47] Ronnback P. The ecological basis for economic value of seafood production supported by mangrove
ecosystems. Ecological Economics 1999;29:235-52.

[48] Pongthanapanich T. Applying linear programming: economic study suggests management guidelines for
mangroves to derive optimal economic and social benefits. Aquaculture Asia 1996;1(2):16-7.

[49] Sathirathai S. Economic valuation of mangroves and the roles of local communities in the conservation of
the resources: case study of Surat Thani, south of Thailand. Economy and Environment Program for
Southeast Asia (EEPSEA), 1997.

[50] Balmford A, Bruner A, Cooper P, Costanza R, Farber S, Green RE, et al. Economic reasons for conserving
wild nature. Science 2002;297:950-3.

[51] Bailey CM. The social consequences of tropical shrimp mariculture development. Ocean and Shoreline
Management 1988;11:31-44.

[52] Primavera JH. Socio-economic impacts of shrimp culture. Aquaculture Research 1997;28:815-27.

[53] EJF. Risky business: Vietnamese shrimp aquaculture—impacts and improvements. London: Environmental
Justice Foundation; 2003 [41pp.].

[54] EJF. Smash and grab: conflict, corruption and human rights abuses in the shrimp farming industry. London:
Environmental Justice Foundation; 2003 [33pp.].

[55] EJF. Farming the sea, costing the earth: why we must green the Blue Revolution. London: Environmental
Justice Foundation; 2004 [77pp.].

[56] Barraclough S, Finger-Stich A. Some ecological and social implications of commercial shrimp farming in
Asia. UNRISD Discussion Paper, No. 74. Switzerland: United Nations Research Institute for Social
Development and World Wide Fund for Nature; 1996 [62pp.].

[57] Kautsky N, Berg H, Folke C, Larsson J, Troell M. Ecological footprint for assessment of resource use and
development limitations in shrimp and tilapia aquaculture. Aquaculture Research 1997;28:753-66.

[58] Tantipuknont S, Paphavasit N, Aksornkae S. Growth and survival rate of three mangrove seedlings planted
on the abandoned shrimp pond, Changwat Samutsongkram. In: Sudara S, Wilkinson C, Chou LM, editors.
Proceedings of the third ASEAN-Australia symposium on living coastal resources: research papers 2.
Townsville, Australia: Australian Institute of Marine Science; 1994. p. 373-5.

[59] Macintosh D. Mangroves and coastal aquaculture: doing something positive for the environment.
Aquaculture Asia 1996;1(2):3-8.

[60] Rajendran N, Kathiresan K. Effect of effluent from a shrimp pond on shoot biomass of mangrove seedlings.
Aquaculture Research 1996;27:747-9.

[61] Schuster WH. Fish culture in the brackish water ponds of Java. IPFC Special Publication No. 1; 1952
[143pp.].

[62] Primavera JH. Integrated mangrove-aquaculture systems in Asia. Integrated Coastal Zone Management
(Autumn edn). p. 121-30.



J.H. Primavera | Ocean & Coastal Management 49 (2006) 531-545 545

[63] Arthur JR, Lavilla-Pitogo CR, Subasinghe R. Use of chemicals in aquaculture in Asia. In: Proceedings of the
meeting on the use of chemicals in aquaculture in Asia. Southeast Asian Fisheries Development Center, Food
and Agricultural Organization, Canadian International Development Agency, 2000.

[64] Van Houtte A. In: FAO/NACA Regional Study and Workshop on the Environmental Assessment and
Management of Aquaculture Development, Fundamental techniques of environmental law and aquaculture
law. Network of Aquaculture Centres in Asia-Pacific, Bangkok, Thailand, TCP/RAS/2253, 1995. p. 451-7.

[65] Ronnback P. Critical analysis of certified organic shrimp aquaculture in Sidoarjo, Indonesia. Report for the
Swedish Society for Nature Conservation, 2003. Unpublished.

[66] Primavera JH. Tropical shrimp farming and its sustainability. In: de Silva S, editor. Tropical mariculture.
London: Academic Press; 1998. p. 257-89.

[67] Fast A, Menasveta P. Some recent issues and innovations in marine shrimp pond culture. Reviews in
Fisheries Science 2000;8(3):151-233.

[68] Browdy C, Bratvold D, Hopkins JS, Stokes AD, Sandifer PA. Emerging technologies for mitigation of
environmental impacts associated with shrimp aquaculture pond effluents. Asian Fisheries Science
2001;14:255-67.

[69] Primavera JH. A critical review of shrimp pond culture in the Philippines. Reviews in Fisheries Science
1993;1:151-201.

[70] Lebel L, Tri NH, Saengnoree A, Pasong S, Buatama D, Le KT. Industrial transformation and shrimp
aquaculture in Thailand and Vietnam: pathways to ecological, social and economic sustainability? Ambio
2002;31(4):311-23.

[71] Armitage D. Socio-institutional dynamics and the political ecology of mangrove forest conservation in
Central Sulawesi, Indonesia. Global Environmental Change 2002;12:203-17.

[72] ASEAN-SEAFDEC. In: Proceedings Volume II: technical report, ASEAN-SEAFDEC conference on
sustainable fisheries for food security in the new millennium: fish for the People, Bangkok, Thailand, 19-24
November 2001.



	Overcoming the impacts of aquaculture on the coastal zone
	Introduction
	Aquaculture
	Environmental impacts
	Habitat loss/modification
	Collection of wild seed and broodstock; loss of bycatch
	Introductions and transfers of species; spread of diseases
	Use of antibiotics and chemicals
	Aquaculture wastes and coastal pollution
	Salinization of soil and water
	Dependence on fish meal and fish oil

	Socio-economic impacts
	Loss of mangrove goods and services

	The way forward
	Integrated coastal zone management
	Sustainable aquaculture
	Farm siting
	Farm and effluent management
	Mangrove-friendly aquaculture
	Disease control
	Low trophic level species, native species
	Role of government, market mechanisms and self-regulation


	Acknowledgments
	References


